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S T U D I O R U M  P R O G R E S S U S  

Connec t ive  T i s s u e  R e a c t i o n s  in E x p e r i m e n t a l l y  

Induced  H y p e r t e n s i o n  ~ 

I-I. J. BEIN, P. A. DESAULLES, and P. LOUSTALOT g 

MEIER et al. h a v e  e l a b o r a t e d  a m e t h o d  b y  which ,  w i t h  
t he  aid of a f o r e i g n - b o d y  g ranu loma ,  i t  is poss ib le  to  
m a k e  a q u a n t i t a t i v e  a s s e s s m e n t  of c o n n e c t i v e  t i s sue  
r e a c t i v i t y  3. In  a d d i t i o n  to  i ts  va lue  for pu rpose s  of p h a r -  
macolog ica l  t e s t i n g  4, th is  m e t h o d  has  also been  used  to  
s t u d y  c e r t a i n  q u e s t i o n s  c o n n e c t e d  w i t h  i n f l a m m a t i o n  ~ 
a n d  w i t h  t h e  in f luence  of h o r m o n e s  on m e s e n c h y m a l  
processes% I n  v i ew of th is ,  i t  s e e m e d  i n t e r e s t i n g  to  in- 
ve s t i ga t e  a s y s t e m i c  d isease  w h i c h  is k n o w n  to  invo lve  
pa tho log ica l  changes  in t he  m e s e n c h y m a  such  as occur  
in c e r t a i n  fo rms  of e x p e r i m e n t a l l y  i n d u c e d  h y p e r t e n s i o n ,  
in o rde r  to  d e t e r m i n e  w h e t h e r  such  changes  could  be as- 
sessed q u a n t i t a t i v e l y  w i t h  t he  aid of th i s  m e t h o d  and  to  
c o m p a r e  t h e  resu l t s  w i t h  t h e  pa tho log ica l  lesions af fec t -  
ing t h e  b lood  vessels .  

I n  t h e  course  of e x p e r i m e n t a l  h y p e r t e n s i o n ,  c e r t a i n  
a n a t o m i c o p a t h o l o g i e a t  c h a n g e s  t a k e  p lace  in t h e  b lood  
vessels  as ev idence  of a m e s e n c h y m a l  reac t ion .  W o r k e r s  
engaged  in r e sea rch  on  e x p e r i m e n t a l  h y p e r t e n s i o n  h a v e  
a lways  pa id  g rea t  a t t e n t i o n  to  such  changes ,  s ince  lesions 
of t he  v e s s e l s - - t o g e t h e r  w i t h  an increase  in b lood  pres-  
s u r e - a r e  t h e  c h a r ac t e r i s t i c  f e a tu r e s  of h y p e r t e n s i v e  
d isease  in m a n L  Les ions  of t h i s  k ind ,  occu r r ing  in ex-  
p e r i m e n t a l l y  i n d u c e d  h y p e r t e n s i o n ,  were  desc r ibed  in 
1934 b y  GOLDBLATT, LYNCH, HANZAL, a n d  SUMMER- 
VILLE s in t he i r  f i rs t  p a p e r  re fe r r ing  to  cons t r i c t i on  of t h e  
rena l  a r t e r i es  as a m e t h o d  of p r o v o k i n g  p e r m a n e n t  h igh  
b lood  pressure .  The  o b s e r v a t i o n s  m a d e  by  these  au tho r s ,  
i nvo lv ing  t h e  b lood  vesse ls  a n d  p a r e n c h y m a  of t he  kid-  
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iley, were  ampl i f i ed  in  1938 b y  CHILD 9, GOLDBLATT 10, 
WILSON a n d  PICKERING 11, w h o  s t u d i e d  lesions produced 
in o t h e r  o rgans ;  t h e y  h a v e  s ince b e e n  c o n f i r m e d  by a 
large n u m b e r  of a u t h o r s  12. Typ ica l  of t he  changes  oc- 
cu r r ing  in t h e  in i t ia l  s t ages  are  p a t c h e s  of hya l ine  de- 
g e n e r a t i o n  a n d  necros is  of t h e  ar te r io les  w i t h  secondary 
reac t ions ,  w h i c h  m a y  lead to  o b l i t e r a t i o n  of t h e  lumea 
a n d  s u b s e q u e n t  d a m a g e  t o  t h e  organs .  These  lesions 
a f fec t  p a r t i c u l a r l y  t h e  m e s o s t e n i u m ,  panc rea s ,  s tomach,  
in t e s t ine ,  m y o c a r d i u m ,  adrena ls ,  a n d  bra in .  

The  v a s c u l a r  lesions m a y  v a r y  in s e v e r i t y  : in prolong- 
ed, s lowly increas ing  h y p e r t e n s i o n ,  t h e y  cons i s t  mainly 
in h y p e r t r o p h y  of t he  lunica media; where  t h e  blood 
p ressu re  rises rap id ly ,  t he  d e g e n e r a t i v e  processes  and 
cel lular  r eac t ions  are  m o r e  p r o n o u n c e d ,  p resen t ing  a 
c o m p l e x  p i c t u r e  r e m i n i s c e n t  of periarteritis nodosa. No 
increase  in  t h e  n u m b e r  of e las t ic  f ibres  occurs  a t  the 
s t a r t ,  no r  a n y  p ro l i f e r a t ion  invo lv ing  t h e  in t iraa-al-  
t h o u g h  such  p ro l i f e r a t ion  m a y  la te r  b e c o me  ve ry  mark- 
ed, especia l ly  where  cel lular  r eac t ions  t a k e  place. 
Les ions  of t h e  k i d n e y  di f fer  acco rd ing  to  w h e t h e r  both 
or on ly  one  k i d n e y  is left  in t h e  o rgan i sm;  t h e y  involve 
to  a v a r y i n g  degree  t h e  g lomerul i ,  ar ter ioles ,  arteries, 
a n d  tubu l i ,  a n d  are  a c c o m p a n i e d  b y  in t e r s t i t i a l  cellular 
r eac t ions .  

Such  lesions are  m e t  w i th  in a l m o s t  all f o rms  of ex- 
p e r i m e n t a l  h y p e r t e n s i o n .  I t  is on ly  in so-cal led neuro- 
genie  h y p e r t e n s i o n ,  p r o v o k e d  e i the r  b y  in t ra-cerebra l  
i n j ec t ion  of kaol in  or  b y  d e n e r v a t i o n  of t h e  carotid 
sinus,  t h a t  few, if any ,  a r t e r i a l  lesions occur  In. Accord- 
ing  to PICKERING 14, the reason for this is probably that 
neither of these two forms of hypertension involves a 
continuously elevated blood pressure. In various species 
of animal, all other forms of experimental hypertension 
(whether of renal or extrarenal origin) give rise to ana- 
tomicopathological changes. 

Lesions similar to those occurring after interventions 
on t h e  k i d n e y - - e x c e p t  t h a t  o e d e m a  is usua l ly  more 
p r o n o u n c e d - - a r e  also o b s e r v e d  in an ima l s  m a d e  hyper- 
t e n s i v e  b y  an  ove rdosage  of c e r t a i n  s t e ro ids  (e.g. cor- 
t e x o u e  x~, oes t rogens ,  t e s t o s t e r o n e ,  p r o g e s t e r o n e  x6, corti- 
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sone 17, methyl-androstenediollS), by NaC119, by  adrenal  
enucleation *0, by  renin in combinat ion either with cor- 
texone and NaC1 *x or with cortisone 22, by  renal damage 
produced with sodium-acetyt-sulphathiazole ~s, by cho- 
line deficiency 2* or, finally, by  prolonged t rea tment  
with large doses of vasopressin ~ and v i tamin  Dof"- to  
mention only a few typical  examples. Generally speak- 
ing, the number  and severity of the vascular lesions 
increases following unilateral  nephrectomy. 

Despite all the efforts tha t  have been made to discover 
the ul t imate reason for the appearance of these ana- 
tomicopathological changes, just  as little is known about  
them today as about  the causes of the rise in blood pres- 
sure. The development  of the anatomicopathological 
lesions has been a t t r ibuted  to alterations in the intra-  
and extra-cellular concentrat ions of electrolytes ~, some 
authors suggesting that,  in addition, the elevated blood 
pressure ~s or endogenous pressor substances such as 
renin 2° are also responsible. The fact tha t  steroids which 
exert  a m a r k e d  ef fec t  on  e l e c t r o l y t e  a n d  w a t e r  m e t a -  
bolism are  c a p a b l e  df  c a u s i n g  v a s c u l a r  d a m a g e  a l so  
appea r s  t o  s u p p o r t  t h e  a s s u m p t i o n  t h a t  c h a n g e s  t a k e  
place in t h e  i n t r a / e x t r a c e l l u l a r  d i s t r i b u t i o n  of  e l ec t ro ly -  
tes and  w a t e r .  

T h a t  h i g h  b l o o d  p r e s s u r e  in i t se l f  is s u f f i c i e n t  t o  
produce  v a s c u l a r  l e s i ons  s e e m s  r a t h e r  u n l i k e l y .  As  l o n g  
ago as 1922, F ~ r ~  a° p o s t u l a t e d  t h a t ,  b e s i d e s  t h e  in -  
crease in b l o o d  p r e s s u r e ,  a d d i t i o n a l  c a u s a t i v e  f a c t o r s  
were e v i d e n t l y  o p e r a t i v e .  T o d a y ,  t h e r e  c a n  n o  l o n g e r  be  
any d o u b t  t h a t - - a t  l e a s t  u n d e r  e x p e r i m e n t a l  c o n d i t i o n s  
- ' n e i t h e r  t h e  a b s o l u t e  level  of  t h e  b l o o d  p r e s s u r e ,  n o r  
its duration is an essential factor'3L When the functional  
symptom, i.e. elevated blood pressure, is correlated with 
the organic lesions, it  will be found, in fact, tha t  there 
are animals which--despite prolonged high blood pres- 
sure-present  few, if any, pathological changes. I t  has 
been suggested, however, tha t  the occurrence of the 
lesions is pr imari ly  determined by  the speed at  which 
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the hypertension develops as. But  if high bIood pressure 
were indeed to some extent  responsible, there are on the 
other hand animals which, although subjected to the 
selfsame experimental intervention,  do not  become 
hypertensive and yet show vascular changes such as are 
typical of experimentally induced hypertension. This 
disparity has been noted where various different ex- 
perimental  methods were applied, such as clamping a 
renal artery aa, cellophane perinephritis 33, total  nephrec- 
tomy in one of two parabiotic animals 34, or adminis t ra-  
t ion of NaCI in large doses as. 

Since the question whether there is an independent  
factor present responsible for the mesenchymal reaction 
had not  been extensively studied in animals  with renal  
hypertension, we conducted experiments on 136 rats, 
using the method of WILSON et  al .  31 with and wi thout  
contralateral  nephrectomy. In  addition to hypertensive 
animals, these rats included 59 which remained hor- 
motensive despite operation. Parallel with these ex- 
periments, we d e t e r m i n e d  t h e  m e s e n c h y m a l  r e a c t i o n  
p r o d u c e d  b y  a f o r e i g n - b o d y  g r a n u l o m a  a n d  c o m p a r e d  i t  
w i t h  t h e  a n a t o m i c o p a t h o l o g i c a l  les ions.  

In order to assess the anatomicopathological changes which occurred, 
the kidney, heart, mesenterie vessels, and adrenals were examined 
histologically [fixation in 4% Formot and Helly solution; staining 
with: Oil Red O, haemalaun eosin, aldehyde fuchsin (Go~tog1's 
method) and PAS reaction (MAeMANUS' method)]. The quantitative 
histological assessment was made without knowledge of the blood 
pressure levels recorded for each individual animal. 

The experimental animals, weighing between 140-160 g at the 
onset of the experiments, were kept in metal cages at a constant air 
temperature of 23-25°C and a constant relative humidity of 75%, 
each cage coutaining 3 to 6 animals. They were given full-standard 
rat-cake (Wayne Lab-Blox Rat Diet, Allied Mills Inc., Chicago) and 
water ad lib., but no additional NaC1. The maximum NaCl-eontent 
of this diet amounted to roughly 0.5%. 

Before and after the operation, which were performed under ether 
anaesthesia, the systolic pressure was measured once or twice a 
week, using the method described by WILLIAMS et al. ~s, the measure- 
ments being taken immediately during recovery from mild ether 
anaesthesia. Levels of 160 mm Hg or more were regarded as indicative 
of pathologically high blood pressure. Prior to the operation, the 
blood pressure levels varied between 100 and 130 mm Hg in the 
females, the average being 116 ~ 9 mm HE, and in the males between 
95 and 130 mm ttg (average 112 :J: 9). 

In our experiments, involving several hundred female rats, 
hypertension developed in 25% of all animals following unilateral 
clamping of the renal artery, and in 53% where contralateral ne- 
phrectomy was performed as well; within 8 weeks, 10% of all animals 
in the former category and El% of all in the latter had died, i.e. ex- 
cluding those which failed to survive the intervention itself. 

The animals examined histologically consisted not only of females 
(numbering 58, of which 32 were in addition nephrectomised) but  
also of males (78, including 3~ unilaterally nephreetomised), so that 
possible differences attributable to sex could be taken into account. 
The females were killed off at the latest after 143 days, and the males 
after 171 days. 

To determine connective tissue reactivity with the aid of a 
foreign-body granuloma (cotton pellets; for the method employed, 
see 3) in a separate series of animals, only female rats were used at 
first, i.e. 218 animals upon which operations had been performed, in- 
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eluding 96 which were hypertensive; for purposes of comparison, 
280 normotensive controls were employed. Deviations from the cor- 
responding normal values are shown in Figures 3, 4, and 5; these 
values have, in the case of each animal, been evaluated by comparison 
with rats of the same weight. The weight of the granuloma was de- 
termined on the 7th day following implantation; possible differences 
in the course of the development or regression of the granuloma were 
thus not taken into account. Both the fresh and dry weight of the 
granuloma were measured; in cases where a gain in granuloma weight 
was recorded~ both weights were always found to increase to the 
same extent: hence, an increase in the weight of the granuloma is 
very unlikely to have been due simply to oedema of the granuloma 
tissue. 
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Fig. 1.--Development of hypertension in male and female rats which 
were examined histologically after clamping of the left renal artery, 
with or without contralateral nephrectomy. The ordinate shows the 
number of weeks elapsing before the maximum blood pressure was 
attained (Fig. 2). Each dot represents one animal. 

Probability: I/II p <7 0,001 
I/III p < 0'05 
II/IV p > 0'01 
III/IV p <~ 0"001 

Diagrams of the operative procedures based on FLOVERaL 

I t  h a s  b e e n  r e p o r t e d  t h a t ,  in  t h e  case  of r a t s ,  f e m a l e s  
a re  m o r e  s u s c e p t i b l e  to  h y p e r t e n s i o n  t h a n  m a l e s ,  es-  
pec ia l ly  w h e r e  t h e  h y p e r t e n s i o n  is i n d u c e d  w i t h  cor-  
t e x o n e  3s. F i g u r e s  1 a n d  2 a n d  T a b l e  I s h o w  q u i t e  c lea r ly  
t h a t ,  a l so  in t h e  case  of r e n a l  h y p e r t e n s i o n ,  g i v e n  t h e  
s a m e  e x p e r i m e n t a l  c o n d i t i o n s  f e m a l e s  a t t a i n  (a) a p re s -  
s u r e  of 160 m m  H g  a n d  (b) m a x i m u m  b lood  p r e s s u r e  
levels  m u c h  m o r e  r a p i d l y  t h a n  m a l e s ;  w h e r e  c o n t r a -  
l a t e r a l  n e p h r e c t o m y  is p e r f o r m e d  t h e  o n s e t  of  t h e  r ise in 
b lood p r e s s u r e  a n d  t h e  r a t e  a t  w h i c h  t h e  p r e s s u r e  in-  
c r e a s e s  is a cce l e r a t ed  in b o t h  m a l e s  a n d  f ema les .  

a7 M. A. FLOYER, Clin. Science 10, 405 (1951). 
as H. SELVE and IRENE E. PENTZ, Canad, Med. Ass. J. 49, 264 

,(1943). 

Table I 

Experimental  
proeedure 

G© 

Number of 
weeks elapsing 

Sex before pressure 
of 160 mm Hg 

attained 

2.7 4- 1.7 

d' 10.7 :[: 6.7 

2-4 4- 1.3 

8.0 4- 6.2 

Average 
pressure in 

mm Hg 
until death 

Duration of 
hypertension 

in weeks 

182 ± 17 14.2 4- 1.9 

163 4- 12 12.4 4- 5.1 

188 ± 21 6.8 4- 5.4 

175 4- 12 5.8 4- 4.4 

W h e n  t h e  l e s ions  a f f e c t i n g  i n d i v i d u a l  h y p e r t e n s i v e  
a n i m a l s ,  w h e t h e r  m a l e  or  f e ma l e ,  were  a s s e s s e d  quant i -  
t a t i v e l y ,  i t  w a s  f o u n d  t h a t  t h e  s e v e r i t y  a n d  inc idence  of 
t h e  a n a t o m i c o p a t h o l o g i c a l  d a m a g e  s u s t a i n e d  b y  the 
a r t e r i e s  a n d  a r t e r io les  w a s  n o t  d i r e c t l y  propor t iona l  
e i t h e r  to  t h e  a v e r a g e  level  of t h e  b lood  p r e s s u r e  or  to the 
s p e e d  a t  w h i c h  t h e  o n s e t  of h y p e r t e n s i o n  o c c u r r e d ;  the 
deg ree  of d a m a g e  w a s  also u n r e l a t e d  to  t h e  d u r a t i o n  of 
t h e  h y p e r t e n s i o n ,  w h i c h  v a r i e d  p a r t i c u l a r l y  a m o n g  male 
r a t s  (1-23  weeks) .  If, o n  t h e  o n e  h a n d ,  t h e  m a l e s  and 
f e m a l e s  a re  e x a m i n e d  s e p a r a t e l y  a n d ,  o n  t h e  o t h e r  hand,  
t h o s e  a n i m a l s  w h i c h  h a v e  n o t  d e v e l o p e d  h y p e r t e n s i o n  
a re  a lso  t a k e n  i n t o  c o n s i d e r a t i o n ,  t h e  d i s soc ia t ion  is 
b r o u g h t  o u t  e v e n  m o r e  c l ea r ly  (Tab le  I I ) .  

A l t h o u g h  t h e  h y p e r t e n s i o n  in  m a l e s  d e v e l o p s  more 
s lowly  a n d  is less  m a r k e d  t h a n  in  f ema les ,  t h e  occur- 
r e n c e  of s e v e r e  v a s c u l a r  sc leros is  of t h e  k i d n e y  a n d  myo- 
c a r d i u m  is f a r  m o r e  f r e q u e n t  a m o n g  m a l e  t h a n  among  
f e m a l e  r a t s .  Sclerosis  of t h i s  k i n d  is a lso e n c o u n t e r e d  in 
a n i m a l s  w h i c h  h a v e  n o t  d e v e l o p e d  h y p e r t e n s i o n .  In 
fac t ,  whi le  d i f f e rences  a t t r i b u t a b l e  to  s e x  were  to  be  seen 
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Fig. 2.--Maximum blood pressure levels (in mm Hg) of the hyper- 
tensive animals which were examined histologically. Each dot re- 
presents one animal, 

Probability: I/II p > 0-01 
I/III p > O-O5 
II/IV p > 0-O5 
III/IV p > 0-001 
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E x p e r i m e n t a l  procedures  Sex Sever i ty  and incidence of ex t ra rena l  Inf luence on g r a n n l o m a  weight  
vascular lesions 

Average blood pressure : Average blood pressure 

O 

¢o O 

• A 

0© 

I 

ct 

c~ 

? 

2 

+ +  

+ + ( + )  

+ +  

+ +  

(+) 

+ 

+ +  

182=~17 

1634-12 

188+21 

175=[=12 

128-1-10 

1184- 8 

127-t-10 

1284-10 

+ 

+ 

169+21  

1 7 3 ± 2 9  

1114-18 

113 =~ 13 

in hypertensive rats, such differences were even more 
pronounced in the group of animals which remained 
normotensive: of 9 male rats  which were examined 
histologically 29-135 days after  the left renal ar tery  
had been clamped and contralateral  nephrec tomy per- 
formed, 8 showed severe vascular  and 3 severe renal 
lesions, whereas no such lesions were found in 10 simi- 
larly treated females after 65-142 days. In non-nephrec- 
tomised males (after 79-171 days) lesions, al though 
generally less pronounced, were also evident  in the 
majority of cases, i.e. in 20 of 27 animals (only 6 had 
severe renal lesions in the contralateral  kidney) ; among 
13 females (after 111-143 days) lesions were found in 
7 cases, but  only in 2 instances were these of moderate ly  
severe degree. 

One obvious question arising at  this point  is tha t  of 
drawing a distinction between hypertensive and non- 
hypertensive blood pressure. Within certain limits, at  
least, the choice of a 'cri t ical '  blood pressure level must  
to begin with remain somewhat  arbitrary,  part icularly 
since--owing to the technical shortcomings of present- 
day methods of measuring the blood pressure-- the 
diastolic levels, though probably of decisive importance,  
cannot be taken into consideration. The l imit  of 160 mm 
Hg selected by us is undoubtedly  so far in excess of the 
margins between which the average pre-operat ive level 
ranged tha t  animals reaching a pressure of 160 mm Hg 
can certainly be described as t ru ly  hypertensive.  On the 
other hand, if e levated blood pressure is to be excluded 
as a possible influence on the animals which, despite 
operation, remained 'normotensive ' ,  then it might  well 
be argued tha t  the l imit  of 160 mm Hg is too high. The 
average blood pressure levels recorded in these groups of 
experimental animals are given in table I I.This table shows 
that, although the average levels rose, the rise was only 
slight and was confined mainly to the animals which had 
undergone addit ional  uni lateral  nephrectomy. In in- 
dividual eases, however, permanent  increases in blood 
pressure--even of a very mild na ture- -can  certainly 
have had no influence, since severe vascular lesions 
developed in the myocardium and kidneys of male rats 
whose systolic pressure during the period of the experi- 
ment (lasting 94-118 days) had averaged 110 mm Hg. 

However ,  the effect of occasional brief rises ill blood 
pressure cannot  be disregarded, since a rise in pressure 
of this kind was, in fact, observed in two animals--a l -  
though not exceeding 145 mm Hg in the one and 155 mm 
Hg in the other. I t  is thus apparent  tha t - -par t icu lar ly ,  
for example,  in male rats which remain normotensive--  
anatomical  changes occur in a large proportion of cases ; 
hence, these cannot be caused by high blood pressure 
alone. 

I t  is unlikely that - -as  suggested in connection with 
o ther  experimentsSg-pre-exist ing renal damage or in- 
fections could have been responsible for the results 
which we obtained, since in this group of contrala teral ly  
nephrectomised rats (64 animals) no histological damage 
was found in the kidney extirpated at the outset  of the 
experiment.  Moreover, in our rat colony, degenerat ive 
vascular changes have not otherwise been encountered.  

In the experimental  procedure of WILSON and 
BYROM 4°, the contralateral  kidney appears to be im- 
por tant  from several aspects: one part icularly str iking 
fact is tha t  the kidney whose ar tery  has been only 
slightly constricted by the clip shows few, if any, 
characteris t ic  anatomicopathological changes. As a rule, 
such changes occur in hypertensive animals only after 
the contralateral  kidney has been removed as, a finding 
which we have been able to confirm in our own experi- 
ments. There thus seems to be a tendency for these 
glomerular,  arteriolar, and tubular  lesions to be more 
frequent  and more clearly pronounced in females than  
in males, so that ,  in comparison with the ext rarenal  
vascular  changes, unilateral ly nephrectomised rats ap- 
pear to exhibit  an inverse sex-dependent  reaction. 
W'ILSON et al. 31 and BYROM 41 assume that ,  where the 
renal ar tery  is clamped, the kidney involved is to some 
ex ten t  "protected' from d a m a g e - i n  which case, however,  

39 H. GOLDBLATT, Physiol.  Rev,  27, 120 (1947). - H.  A. SCHROE- 
DER and CH. NEUMANN, J .  exp.  Med. 75, 527 (1942). - H.  S. PATTON, 
E. W. PACe, and E. OGDEN, Surg., Gynecol. and Obst. 76, 493 
(1943). 

a0 C. WILSON and F. B. BYROM, Lancet Z36, 136 (1939); Quart. 
J. Mcd. 10, 65 (1941). 

41 F. B. BvRo~t, Lancet 267, 201 (1954), 
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i t  is d i f f icu l t  t o  u n d e r s t a n d  why ,  fo l lowing  n e p h r e c t o m y ,  
les ions  q u i c k l y  d e v e l o p  in  t h e  c l a m p e d  k i dney .  I n  con-  
n e c t i o n  w i t h  t h e  a p p e a r a n c e  of p a t h o l o g i c a l  c h a n g e s  in 
t h e  c l a m p e d  k idney ,  i t  is i n t e r e s t i n g  to  n o t e  t h a t  
SCHLOSS .2 f o u n d  les ions  o n l y  in  t h o s e  p o r t i o n s  of t h e  
k i d n e y  w h i c h  were  s t i l l  b e i n g  supp l i ed  f r o m  co l l a t e r a l  
vessels .  

r e t a i n e d - - a l t h o u g h , . i n  males ,  l es ions  a lso  deve lop  follow- 
i ng  n e p h r e c t o m y .  T h e  n o n - c l a m p e d ,  c o n t r a l a t e r a l  k idney 
m u s t  t h e r e f o r e  b e  of f u n d a m e n t a l  i m p o r t a n c e ,  since 
a f t e r  i t s  r e m o v a l  no  de f in i t e  a n a t o m i c o p a t h o l o g i c a l  
v a s c u l a r  les ions  or  a l t e r a t i o n s  in  t h e  f o r e i g n - b o d y  reac- 
t i o n  c a n  be  d e t e c t e d  in f ema le  r a t s  w h i c h  h a v e  remained  
n o r m o t e n s i v e .  

mg A, • 
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Fig. 3.--Iuerease in granuloma weight, as a function of duration of 
the experiment, in female rats which, despite clamping of the left 
renal artery, did not develop hypertension. 
Abscissa: Duration of the experiment in weeks. 
Ordinate: Difference between fresh weight of the granuloma (in mg) 

in experimental animals and controls. In each case, the 
animals were of the same weight. 

Other figures: Probability (p-values) (upper row), Nmnber of 
granulomas (lower row). 

U n d e r  c e r t a i n  e x p e r i m e n t a l  c o n d i t i o n s  t h e  p r e s e n c e  
of t h e  k i d n e y s - a n d  of t h e  a d r e n a l s - i s  n o t  a n  e s sen t i a l  
p r e r e q u i s i t e  for  t h e  o c c u r r e n c e  of p a t h o l o g i c a l  v a s c u l a r  
c h a n g e s ;  t h i s  is t h e  c o n c l u s i o n  r e a c h e d  b y  TURNER a n d  
GROLL~A:~ ~s on  t h e  bas i s  of t h e i r  e x p e r i m e n t s  in  w h i c h  
dogs  w i t h  h i g h  b lood  p r e s s u r e  were  k e p t  a l ive  for  u p  t o  
40 d a y s  b y  m e a n s  of p e r i t o n e a l  l avage .  D e s p i t e  th is ,  
h o w e v e r - - a t  l e a s t  in  ou r  e x p e r i m e n t s - - t h e  c o n t r a l a t e r a l  
k i d n e y  seems  t o  p l a y  a dec i s ive  role,  in  p a r t i c u l a r  w i t h  
r e g a r d  to  t h e  a p p e a r a n c e  of les ions  b o t h  in  t h e  c l a m p e d  
k i d n e y  as  wel l  as in  t h e  e x t r a r e n a l  vessels .  T h e  expe r i -  
m e n t s  p e r f o r m e d  s h o w  t h a t  in  a n i m a l s  w i t h  a c l a m p e d  
k i d n e y  t h e r e  a re  s eve r a l  f a c t o r s  w h i c h  m i g h t  be  r e spon -  
s ib le  for  t h e  p r o d u c t i o n  of v a s c u l a r  les ions  a n d  t h a t  some  
of t h e s e  f ac to r s  a re  a p p a r e n t l y  i n d e p e n d e n t  of t h e  c h a n g e  
in  Mood  pressure .  T h e  r e s u l t s  for  t h e  gene r a l  m e s e n -  
c h y m a l  r e a c t i o n  as  r e v e a l e d  in  t h e  g r a n u l o m a  t e s t s  show 
a s imi la r ,  t h o u g h  n o t  i den t i ca l ,  p i c tu r e .  

I n  u n i l a t e r a l l y  c l a m p e d  f ema le  r a t s  w h i c h  h a v e  n o t  
d e v e l o p e d  h y p e r t e n s i o n ,  t h e  w e i g h t  of t h e  g r a n u l o m a  
rises, i n d i c a t i n g  a n  i n c r e a s e d  m e s e n c h y m a l  r eac t i on .  
T h i s  p h e n o m e n o n  is on  t h e  one  h a n d  d e p e n d e n t  on  h o w  
long  t h e  e x p e r i m e n t  las ts ,  i.e. a c e r t a i n  l a t e n c y  pe r iod  
is n e c e s s a r y  (Fig. 3). 

On  t h e  o t h e r  h a n d ,  t h e  w e i g h t  of t h e  g r a n u l o m a  no  
longer  u n d e r g o e s  a n y  s i g n i f i c a n t  c h a n g e  if h y p e r t e n s i o n  
deve lops  o r  if t h e  k i d n e y  is e x t i r p a t e d .  A l t h o u g h  t h e  
h i s to log ica l  e x a m i n a t i o n s  c a r r i e d  o u t  o n  f e m a l e  r a t s  
w h i c h  r e m a i n e d  n o r m o t e n s i v e  a re  n o t  s u f f i c i en t l y  
n u m e r o u s  to  p e r m i t  of a n y  f ina l  conc lus ions ,  t h e  f i n d i n g s  
t h e y  y ie ld  do  t a l l y  b a s i c a l l y  w i t h  t h e  r e s u l t s  o b t a i n e d  
f rom e x p e r i m e n t s  p e r f o r m e d  w i t h  t h e  f o r e i g n - b o d y  
g r a n u l o m a :  p a t h o l o g i c a l  v a s c u l a r  a n d  r e n a l  les ions  o n l y  
a p p e a r  in  cases w h e r e  t h e  c o n t r a l a t e r a l  k i d n e y  h a s  b e e n  

42 G. SCIILOSS, Schweiz. Z. Path. Bakt. 11, 109 (1948), 
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Fig. 4.--hlerease in granuloma weight, as a function of speed of onset 
of hypertension, in feulale rats subjected to clamping of the left renal 

artery and eontralateral nephreetomy. 
Abscissa: Number of weeks elapsing before pressure of 160 mm Hg 

attained. Other figures as for Figure 3. 

T h e  s i t u a t i o n  is d i f f e r e n t  in  t h e  case  of  a n i m a l s  which 
b e c o m e  h y p e r t e n s i v e .  VVhile n e p h r e c t o m y  h a s  n o  signifi- 
c a n t  i n f l u e n c e  on  t h e  h i s to log ica l  v a s c u l a r  changes ,  by 
e m p l o y i n g  t h e  f o r e i g n - b o d y  g r a n u l o m a  i t  is poss ib le  to 
d i f f e r e n t i a t e  b e t w e e n  t h e  h i s to log ica l  f ind ings ,  a l though  
o n  t h e  o t h e r  h a n d  t h i s  m e t h o d  also shows  t h a t  t h e  two 
p h e n o m e n a  of d e g e n e r a t i v e  v a s c u l a r  les ions  a n d  altered 
r e a c t i o n s  to  a f o r e i g n - b o d y  s t i m u l u s  do n o t  r u n  a n  identi-  
ca l  course.  I n  h y p e r t e n s i v e  an ima l s ,  i t  is i n  f ac t  n o t  until  
t h e  c o n t r a l a t e r a l  k i d n e y  h a s  b e e n  r e m o v e d  t h a t  the 
g r a n u l o m a  b e g i n s  t o  show a n  i nc r ea se  in  w e i g h t - - a n  in- 
c rease  w h i c h  can,  m o r e o v e r ,  be  c o r r e l a t e d  w i t h  the 
cou r se  of t h e  h y p e r t e n s i o n ,  i.e. w i t h  t h e  speed  of onset 
a n d  d u r a t i o n  of t h e  h y p e r t e n s i o n .  A s i g n i f i c a n t  increase 
in  t h e  w e i g h t  of  t h e  g r a n u l o m a  is o n l y  f o u n d  in animals  
a t t a i n i n g  b l o o d - p r e s s u r e  leve ls  of  160 m m  H g  or  more 
w i t h i n  4 -5  weeks ,  s ince  in  cases  w h e r e  t h e  r ise  in  pres- 
su re  is m o r e  g r a d u a l  t h e  w e i g h t  of t h e  g r a n u l o m a  no 
l o n g e r  d e v i a t e s  s i g n i f i c a n t l y  f r o m  t h e  n o r m  (Fig. 4). In 
a d d i t i o n ,  t h e  r a t s  m u s t  a v e r a g e  a p r e s s u r e  of a t  least 
160 m m  H g  for  a m i n i m u m  of 7 - 9  weeks  (Fig. 5). 
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Fig. 5.--Increase in granuloma weight, as a Iunction of duration of 
hypertension, in female rats subjected to clamping of the left renal 

artery and contralateral nephrectomy. 
Abscissa: Time in weeks. Other figures as for Figure 3. 
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From this it follows, firstly, tha t  the mesenchymal 
reactions and high blood pressure are not  interl inked; 
hence, one factor responsible for the development  of 
hypertension can be postulated and another  responsible 
for the mesenchymal  reactions. Both mechanisms are 
triggered off by the unilateral  clamping of a renal artery. 
Secondly, removal  of the contralateral  kidney serves 
to promote both hypertension and pathological changes, 
besides which this additional in tervent ion also produces 
a qual i ta t ive change in the type  of hypertension affect- 
ing the animal. I t  can be assumed with cer ta in ty  tha t  an 
interplay, not  merely of two, but  of several elements is 
involved. The la t ter  also include sex-specific elements, 
inasmuch as the principle or principles giving rise to the 
lesions are either antagonised by female or enhanced by 
male factors. 

The mesenchymal  reactions to  the stimulus of a 
foreign-body and the degenerat ive vascular  changes do 
not go hand in hand in every case--a t  least, where fe- 
male rats  are concerned--a l though both processes can 
be elicited by  the same operat ive  procedures. Differen- 
ces in localisation might,  among other  things, have some 
influence in this respect;  i t  is, in fact, a lready known 
from morphological studies tha t  certain vascular beds, 
e.g. the kidneys, myocardium,  and mesostenium, are 
particularly liable to develop lesions. 

In unilaterally clamped female rats, the appearance 
of hypertension alters the reaction to a foreign-body 
inasmuch as the weight of the granuloma ceases to in- 
c rease -bu t  only if the contralateral  kidney is retained. 
This is a fact which cannot  be explained on the basis of 
present-day knowledge unless it be assumed tha t  the 
conditions governing the growth of the granuloma are 
decisively modified either by the high blood pressur.e 
itself or by mechanisms--possibly of a peripheral vascu- 
lar nature--which it  elicits. 

I t  is also not  yet  possible to say what  factors may  
ultimately determine the change in mesenchymal  re- 
activity. Furthermore,  i t  is still an open question 
whether adrenal  substances--ei ther  in a pr imary  or 
only in a secondary capaci ty  (e.g. via  the parathyroid  
glands4~)--are responsible and whether  the decisive 
factor is an excess or a deficiency of the regulatory 
principles in question. 

In conclusion, it may be said tha t  high blood pressure 
is not the only factor to be considered when approaching 
the problem of vascular damage in the syndrome of 
hypertensive disease. Histological studies and use of the 
foreign-body granuloma technique indicate a clear 
distinction between permanent  hypertension and changes 
in mesenchymal react ivi ty,  despite the fact tha t  both 
symptoms can be provoked by applying the same ex- 
perimental procedure. Vascular lesions such as are 
typical of exper imental  hypertension are also found in 
animals which have remained normotensive.  The 
presence of high blood pressure does not  necessarily go 
hand in hand with an increase in the severity or extent  
of vascular lesions. Sex-specific factors are also of im- 
portance, since females tend to show a more pronounced 
blood-pressure reaction, while males are more susceptible 
to vascular lesions, par t icular ly of a sclerotic type.  
Where a renM ar te ry  is clamped, simultaneous extirpa-  
tion of the contralateral  kidney leads to a qual i ta t ive  
change in the type  of hypertension involved. 

ta D. LEHR and CONSTANCE R. MARTIN, 20th Int. Physiol. Congr. 
Abstr. of communicat. Bruxelles, 555 (1956). 

We should like to express our thanks to Mr. H. D. PmLPs (M. A. 
Cantab.) for his kind cooperation in translating this paper. 

Zusammen]assung 

Histologische Untersuchungen verschiedener Gef~ss- 
gebiete yon renal hypertonischen Ra t ten  zeigten keine 
Abh~ingigkeit der Gef~Bschliden vom Verlauf des Hoch- 
druckes. Typische Gef~ssver~nderungen ffir den experi-  
mentellen Hochdruck sind auch bei solchen Tieren zu 
finden, deren systolischer Druck t rotz  Einengen einer 
Nierenarterie nicht signifikant anstieg. Die Binde- 
gewebsreaktion gegeniiber einem Fremdk6rper  wird 
gesteigert. Es wird unterschieden zwischen Faktoren,  
die ffir die Hochdruckentstehung, und solchen, die iiir 
eine Umst immung  des Mesenchyms verantwor t l ich  
sind. Beide Prozesse k6nnen methodisch gleichartig aus- 
gel6st werden. Es sind sexualspezifische Unterschiede 
vorhanden,  d a i m  allgemeinen Weibchen zu einer ver-  
s t~rkten Blutdruckreaktion,  Mgnnchen dagegen zu ver-  
mehrten Gef~Bschiidigungen neigen, besonders zn sklero- 
tischen VerAndernngen. Bei Klammerung einer Nieren- 
arterie ffihrt die gleichzeitige Exst i rpat ion der zweiten 
Niere zu einer •nderung des Hochdrueks in qua l i t a t ive r  
Hinsicht. 

P R O P O S I T A  

The  Val idat ion of Soviet  Cla ims  of Vegetat ive  

Hybrid izat ion  in An imal s  

The program of the recently held In terna t ional  Ge- 
netics Symposia in Tokyo included several contr ibut ions 
from the Soviet  Union. Of outstanding interest  to ani- 
mal geneticists was the paper of Professor H. F. KOSH- 
NER, who, together  with other material, presented da ta  
which presumed to demonstrate,  tha t  by means of blood 
transfusions it  is possible to change the heredi ta ry  
consti tut ion of animals. Thus, in one experiment,  Whi te  
Leghorn chickens were induced to change their  p lumage 
to a black color and almost to double their  weight  af ter  
four generations of transfusions of blood from Black 
Australorps. Similarly, turkey blood transfused into 
chickens led to the production of plumage pat terns  
characterist ic of turkeys. Other means of successful 
modifications of heredity (by transfer of a lbumen from 
eggs of one breed to those of another,  parabiosis of 
mammals,  and gonad transplants) were also described. 

I t  is obvious tha t  should the exper iments  repor ted  
be found to be repeatable with purebred mater ia l  outside 
of the Soviet Union or its allied countries, no geneticist  
anywhere would he able to ignore Lysenko theories.  
Hence, i t  should be of considerable impor tance  to  the  
Lysenko school of thought  to faci l i tate repet i t ion of the 
work under controlled conditions by workers who could 
not  be accused of being under any sort  of pressures to  
obtain one type  of result  in preference to another.  

On the other hand, Western  geneticists, somewhat  
skeptical of the conclusions reached by KUSHNER 
(though they  were presented with  apparen t  sincerity, 
eagerness to convince his listeners, and with  friendliness 
ra ther  than belligerency) woutd be justif ied in a t t empt ing  
repeti t ion of his experiments,  only if they  had assurance 


