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compared  in animals  which  had  received te t racyc l ine  and  
in the  control  animals.  I t  was found to  be p resen t  to a 
s imilar  degree following a period of i schaemia  or a par t icu-  
lar nephro tox in  i r respect ive  of whe the r  or no t  te t racyc l ine  
had been  given. 

There  was no evidence in these  expe r imen t s  t h a t  t e t ra -  
cycline is capable  of po ten t i a t i ng  o ther  procedures  which  
cause tubu la r  necrosis. I t  would appea r  therefore  t h a t  
the  t ubu la r  necrosis p roduced  by  te t racyc l ine  in ra ts  wi th  
hemoglobinur ia  is re la ted  to some pecul ia r i ty  of hemo-  
globin and  m a y  no t  occur under  o ther  c i rcumstances .  

Rdsumd. On a 6tudi6 la toxici t6 de t6t racycl ine  injeCt6e 
par vole in t r aveneuse  chez le rat .  On a mont r6  qu ' i t  n ' y  a 
pas d ' i sch6mie signif icat ive du rein apr6s l ' admin i s t r a t i on  
de t6tracycl ine.  On a demont r6  aussi que la n6crose ex- 
p6r imenta le  des tubules  r6nales du ra t  provoqu6e  par 
diverses  subs tances  ch imiques  n ' e s t  pas  augment6e  pa r  
la t6tracycl ine.  
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C o u r s e  of H y p e r t e n s i o n  D u r i n g  P r o l o n g e d  T r e a t -  
m e n t  w i t h  H e t e r o l o g o u s  R e n i n  ~ 

A type  of hype r t ens ion  similar  to expe r imen ta l  renal  
hyper t ens ion  has been produced  by  admin i s t r a t ion  of 
renin to un inephrec tomized  ra ts  ~. Hog renin  being readi ly  
avai lable  has been  mos t ly  used. Knowing  t h a t  its he tero-  
genici ty in ra ts  would lead to fo rmat ion  of an t i ren in  3, 
such s tudies  have  been arb i t ra r i ly  l imited to  periods of 
abou t  10 days.  Tile p resen t  expe r imen t s  were u n d e r t a k e n  
to see whe the r  and  when  comple te  remission of hyper -  
tension occurs under  prolonged t r e a t m e n t  and if so, its 
re la t ionship  to an t i ren in  format ion.  Also included are 
observa t ions  (m cardiovascular  reac t iv i ty  to renin and 
angiotensin.  

Methods. Female  Sprague Dawley rats  weighing a round  
150 g were un inephrec tomized  and divided into 4 groups 
of 12 animals  each:  2 exper imenta l  (groups 1 and 2) and 
2 contro l  (groups 3 and 4). Animals  of groups 1 and 2 
received hog renin dissolved in physiologic saline conta in-  
ing 7% gelat in;  a dai ly dose of 40 Goldb la t t  U was ad- 
minis te red  in 2 s.c. injections.  Animals  were kep t  in 
metabol i sm cages. Blood pressure was measured  regularly 
by tail  s p h y g m o g r a p h y  abou t  7 h af ter  the  morn ing  in- 
jection.  The diet  consis ted of a commercia l  chow and t ap  
water .  Renin  t r e a t m e n t  las ted 8 days  in group 1 and 20 
days  in group 2. On the  9th day, animals  of groups 1 and 
3, and on the  21st day,  animals  of groups 2 and 4 were 
tes ted  for cardiovascular  respons iveness  to  angio tens in  I I  
and hog renin. U n d e r  e ther  anesthesia ,  a plast ic  ca the te r  
was inser ted  into the  aor ta  th rough  the  femoral  ar tery .  
Fol lowing recovery,  animals  were placed in a harness  
which p e r m i t t e d  free m o v e m e n t ;  a r te r ia l  pressure  was 
then  regis tered on a Sanborn  recorder  t h rough  a S t a t h a m  
P23db pressure  t ransducer .  Angiotens in  I I  and  hog renin  
were admin is te red  subcu taneous ly  at  the  s t a n d a r d  doses 
of 10/*g and  25 U respect ively.  At  the  end of each experi-  
m e n t  blood was collected for de t e rmina t i on  of an t i ren in  
t i ter ,  by  adding  k n o w n  amoun t s  of p lasma to 1 U of hog 
or ra t  renin and de te rmin ing  the  pressor  ac t iv i ty  of the  
mix tu re  by  bioassay in rats.  Tissues were r emoved  for 
weighing and histologic examina t ion .  A piece f rom each 
kidney was kept  frozen for de te rmina t ion  of renin conten t .  

Results. Ini t ia l ly  renin t r e a t m e n t  caused g rowth  inhibi-  
t ion;  in animals  of group 1 killed on the  9th day  b o d y  
weight  averaged 164 g as compared  wi th  204 g in the  
contro l  group 3. However ,  on cont inued  t r e a t m e n t  g rowth  
was gradual ly  r e sumed  and accelerated (group 2) so t h a t  
final values were similar  to those of cont ro l  group 4. 

Renin  caused an ear ly  and  in tense  diuresis, which was 
ma in ta ined  dur ing  abou t  the  first  7 days  t hen  decreased 
to near  normal  values a round  the  14th day  (Figure 1). 
Arter ia l  pressure  remained  wi th in  the  normal  range 
dur ing  the f irs t  2 days  t h e n  increased sha rp ly  to hyper -  
tensive levels; a m a x i m u m  was reached a round  the  8th 
day  followed by  a gradual  decline to normal .  Blood pres-  
sure curves paral leled qui te  closely those of urine flow. 
Hea r t  weights  ref lected final blood pressure values, being 
s ignif icant ly  e leva ted  in group 1 and  near  no rma l  in 
group 2 (Table). Pressor  responses  to a s t an d a rd  dose of 
angio tens in  were increased in group 1 and normal  in 
group 2, while responses  to renin were increased in group 1 
and a lmost  abolished in group 2 (Figure 2). I t  should be 
no ted  t h a t  since these  tes ts  were pe r fo rmed  abou t  16 h 
af ter  the  last  renin inject ion ar ter ial  pressure  in animals  
of group 1 was back to normal.  All devia t ions  f rom normal  
were s ta t is t ica l ly  s ignif icant  (P  < 0.01). No an t i ren in  to 
hog or ra t  renin was demons t r ab l e  in the p lasma of con- 
t rol  ra ts  (groups 3 and 4) as well as in t h a t  of animals  
which were hyper tens ive  (group 1). Ra t s  of group 2, on 
the  o the r  hand,  were found to have  an average an t i ren in  
level of 9.5 U/ml  against  hog renin_ This an t i ren in  cross- 
reacted with ra t  renin with app rox ima te ly  20~ efficiency 
(ti ter 2.0 U/ml).  Renin  concen t ra t ion  in k idneys  was de- 
creased in group 1 (P  < 0.01) and increased in group  2 
(P  < 0.05). The wid th  of the  zona glomerulosa was sig- 
n i f icant ly  increased in group 1 ( P  < 0.01) bu t  no t  signifi- 
can t ly  d i f ferent  f rom normal  in group 2. Vascular  disease 
was p resen t  in animals  of groups  1 and 2. However ,  lesions 
in animals  of group 1 were in the  act ive stage wi th  
p rominen t  i n f l a m m a t o r y  cells and exuda te  par t i cu la r ly  
in the  small  hepa t ic  ar ter ies  while those in an imals  of 
group 2 were healing. A similar reversal  has  been noted  
af ter  removal  of a cl ipped k idney or cessat ion of renin 
t r e a t m e n t  4. I t  is of in teres t  to note  t h a t  2 out  of 12 ani- 
mals of group 2 behaved  in mos t  respects  like animals  of 
group 1. R a t  No. 1 ma in t a ined  a pressure  a round  200 m m  
Hg  from the  7th day  unti l  the  20th day. R a t  No. 2 had  a 
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final  pressure of 160 m m  Hg,  which  had  gradual ly  fallen 
f rom a high of 200 m m  Hg. On the  20th day  ra t  No. 1 
showed the  following changes :  diuresis, 30 ml/24 h;  
h e a r t  weight ,  430 mg;  response  to angiotensin  and  renin,  
30 and  43 m m  H g  respec t ive ly ;  an t i ren in  t i ter ,  no t  
measurab le ;  renal  renin, 3.9 U/g;  and w i d t h  of the  zona 
glomerulosa,  73 #. Al though  the  zona glomerulosa was 
no t  larger t h a n  in animals  of group 1, it  showed numerous  
vacuoles similar  to the  w a t e r y  vacuoles descr ibed in 
animals  on low sodium die t  5. 

Discussion. Remiss ion  of hyper tens ion ,  heal ing of vas-  
cular lesions and  normM h e a r t  weight  in ra ts  chronical ly  
t r ea t ed  wi th  renin  are all cons i s ten t  wi th  neut ra l iza t ion  
of exogenous renin by c i rcula t ing ant i renin .  First ,  h igh 
an t i ren in  t i lers  were found only  in animals  which became 
normotens ive .  Secondly,  o the r  effects specifically a t t r i -  
bu ted  to renin,  such as diuresis and s t imula t ion  of the  
zona glomerulosa,  gradual ly  van ished ;  there  is an inverse  
re la t ionship  be tween  diuresis, p ro te inur ia  and  an t i ren in  
t i te rs  3. Finally,  pressor  responses  to  a s t anda rd  dose of 
renin were e i ther  abol ished or marked ly  decreased,  while 
responses  to angio tens in  r emained  unaffected.  The h igh  
an t i ren in  t i t e r  also expla ins  the  h igh  renin  con ten t  found  
in the  k idneys  of these  animals.  A l though  the  neutra l iz ing 
capac i ty  of hog an t i ren in  aga ins t  ra t  renin is only  20% of 
t h a t  against  hog renin,  the  to ta l  a m o u n t  p resen t  in p lasma  
m a y  be suff icient  to inac t iva te  endogenous  ra t  renin.  
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Fig. 1. Changes in blood pressure (solid lines) and urine tlow (broken 
lines) during chronic treatment with hog reniI1. Curves with black 
circles are from group 1 and those with black arrows from group 2. 

Thus  the  h igh  renin co n t en t  would represen t  a compen-  
s a to ry  react ion to an absence  of feedback  mechan i sms  
resul t ing f rom lack of c i rculat ing renin,  exogenous as well 
as endogenous.  A similar  increase has  been  repor ted  in 
dogs chronical ly  t r ea t ed  wi th  hog renin  6. The large re- 
sponses  to  s t a n d a r d  doses of renin  and  angio tens in  found 
dur ing  ren in- induced  hype r t ens ion  can n o t  be clearly in- 
t e rpre ted .  Previous  expe r imen t s  in which  animals  were 
made  hype r t ens ive  by  renin  or angio tens in  7 admin i s t ra -  
t ion,  indica ted  t h a t  such h y p e r t e n s i o n  could no t  be ex- 
p la ined exclusively on the  basis of the  acute  pressor  effect  
of angiotensin.  The in t e rven t ion  of o the r  mechan i sms  
p r e s u m a b l y  of adrena l  8 or nervous  origin 2 has been sug- 
gested.  The p o t e n t i a t i o n  to renin and to angiotens in  seen 
in ra t s  which  were hype r t ens ive  and  i ts  absence in those  
which  rever ted  to no rmo tens ion  is no t  incompat ib le  wi th  
such an in te rpre ta t ion .  

Effects of chronic treatment with hog renin 

Group 1 Group 2 Groups 
3 and 4 

Renin 8 days Renin 20 days None 

Heart weight 
mg/100 g body weight 439 zL 41 350 • 24 316 dz 12 

Pressor response mm Hg 
to angiotensin 63.2 i 10.6 23.9 -L 10 25.8 • 13.2 
torenin 90.5 • 39.7 12.7 -4- 11.7 46.7 i 9.3 

Zona glomerulosa 
widthiI1/~ 74.5 i 10.7 51.0 2t= 5.7 44.1 i 1.9 

Renin content 
U/g 1.9 • 1 25.4 4- 16.8 12.4 i 3.8 

Rdsumd. L ' h y p e r t e n s i o n  art6rielle caus6e par  des in- 
ject ions  sous-cutan6es de r6nine de pore  d ispara i t  gra- 
due l l ement  au cours d ' u n  t r a i t e m e n t  prolong6. L'616va- 
t ion  du t aux  d 'an t i - r6nine  p la smat ique  est  vra isemblable-  
m e n t  responsable  de ce r e t o u r / t  la t ens ion  normale.  Pen-  
d a n t  la phase  d ' hype r t ens ion ,  on a not6 une po ten t i a t ion  
des effets cardiovasculaires  de la r6nine et  de l 'angio- 
tensine,  po t en t i a t i on  d o n t  le r61e dans  la pathog6n6se de 
l ' hype r t ens ion  reste  & d6terminer .  
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Fig. 2. Pressor responses to administration of a test dose of 25 U of 
hog renin to control, 'hypertensive' and normotensive rats. 
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