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Considerable changes in the s t ruc ture  of the capi l lar ies ,  interst i t ial  t issues,  and epithelium 
were found in the renal  medulla of guinea pigs exposed to hyper thermia  in a hot (34-36 ~ 
and humid chamber .  

Comparat ive morphological  and functional investigations have shown that there is a di rect  re la t ion-  
ship in mammals  between the available supply of water  and electrolytes  in the habitat of the species and the 
cha rac te r  of the function and morphology of the eountercur ren t  concentrating sys tem of the renal  medulla 
[1, 5, 7]. One of us (T. L. Dubynin) has previously  descr ibed corresponding morphological  changes in the 
renal  medulla of ra ts  kept under different conditions [2-4]. 

The object of the p resen t  investigation was to examine the morphology of the renal  medulla of guinea 
pigs under normal  conditions and after  exposure to hyper thermia . (Under  natural  conditions guinea pigs live 
in a wet climate.) Attention was concentrated on the lipids of the interst i t ia l  cells in connection with the 
hypothetical role  of medullin, a substance which is considered to have a dilator action on capi l lar ies .  Me- 
dullin has now been isolated, its hypotensive proper t ies  have been demonstrated experimentally,  and some 
invest igators  have associated {or even identified) it with lipids found in the interst i t ia l  cells of the papilla 
in the renal medulla of rodents [6, 8-14]. 

EXPERIMENTAL METHOD 

Experiments  were ca r r i ed  out on male guinea pigs weighing 430-680 g, which were exposed to a tem-  
pera tu re  of 34-36~ in a special  chamber  with a relat ive humidity of 60~o. The duration of hyper thermia  
varied f rom l h  to 18 days. In one se r ies  of experiments (18 days) the animals were subjected to s t r e ss  
(immobilization) for 5 h before sacr i f ice .  The animals received food and water  ad lib. They were killed by 
decapitation and the kidneys were fixed in cold 10~ formalin solution. Serial  sections were cut paral lel  and 
perpendicular ly  to the long .axis of the papilla f rom blocks emberred  In parafi in wax. The sections were 
stained by a combined method, using dialyzed iron and the PAS react ion with tes t icular  hyaluronidase con- 
trol,  hematoxylin-eosin,  picrofuehsin (by Van Gieson's  method), and Heidenhain's method. To detect lipids 
in the interst i t ial  t issue, sections cut on a freezing mic ro tome  were stained with Sudan black. 

EXPERIMENTAL R E S U L T S  

The medullary layer  of the guinea pig kidney possesses  cer ta in  s t ruc tura l  features distinguishing it 
f rom the r a t ' s  renal  medulla. The papil lary par t  is relat ively shor t e r  and wider. The papilla has a well-  
defined network of smooth muscle,  intimately connected with the epithelium eovering the papillae and lining 
the Bellini ducts.  The proximal  pa r t  of the papilla contains numerous limbs of short  loops of Henle, 
reaching at the per iphery  of the papilla about one fifth of its length, while in the central  a rea  it lies slightly 
above its visible border .  The levels of the turns of the long loops of Henle occur  all over  the papilla, but 
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Fig. 1. Papi l la  of renal  medul la  of a guinea pig: a, c) no r -  
ma l ;  b, d) kept in the c h a m b e r  18 days with s t r e s s ;  a, b) acid 
mucopolysacchar ides  (stained by the R i t t e r - O l e s o n  method; 
120• c, d) lipids (stained with Sudan black; 530x 7. 

the density of the i r  d is t r ibut ion i nc rea se s  toward the apex, where it at tains 7-8 pe r  s t r u c t u r a l  unit. The 
cen te r  of such a s t r uc tu r a l  unit is a l a rge  capi l la ry ,  giving off s ingle l a t e r a l  b ranches .  Ascending and de-  
scending thin segmen t s  of the loop of Henle lie around this cap i l l a ry  and a re  sur rounded by s m a l l e r ,  s t r a igh t  
cap i l l a r i e s  with numerous  l a t e ra l  branches ,  espec ia l ly  well developed in the middle p a r t  of the papil la .  
These  thin, Straight  ves se l s  s e p a r a t e  the tubules of the loops of Henle f rom the collect ing tubules (or, in the 
lower pa r t s  of the papil la ,  f rom the ducts of Bellini). The rena l  papi l la  of the guinea pig has a we l l -de -  
veloped speci f ic  in te rs t i t i a l  t issue,  r ich in acid mucopolysaechar ides ,  the content of which i nc r ea se s ,  with- 
out v is ible  granules ,  toward the apex o f thepap i l l a  {Fig. la) .  In the medul la  of no rma l  guinea pigs the su-  
danophilic granules  a r e  concent ra ted  main ly  around the nuclei of the in te rs t i t i a l  ce l l s  and, to a l e s s e r  de-  
gree ,  in the i r  p r o c e s s e s .  Collect ions of these  granules  constantly fo rm cuffs around individual cap i l l a r ies  
which, as a rule,  a r e  cons t r ic ted  (Fig. le) .  This phenomenon is obse rved  m o r e  often in the pe r iphe ra l  pa r t s  
of the apex of the papil la .  The number  of grsnules  diminishes  in a p rox ima l  direct ion,  but they a r e  absent  
in the external  zone of the papi l la .  This boundary co r re sponds  to the lower  l imi t  of s p r e a d  of the shor t  
loops of  Henle.  

No changes were  found in the dis tr ibut ion of acid mucopolysacchar ides  in the papil la  of an imals  kept 
for  a sho r t  t ime  (from 1 to 24 h) in the chamber .  With an i nc rea se  in the durat ion of s tay  in the chamber ,  
the number  of open cap i l l a r i e s ,  filled with p l a sma  and e ry th roey tes ,  increased ,  as also did the number  of 
gaping lumens of the thin segments  of  the loops of Henle.  No r e g u l s r  pa t t e rn  of dis t r ibut ion of e ry th rocy te s  
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and p l a s m a  could be d i scerned .  All that could be obse rved  was that, because  of intensive staining of the 
p l a sma ,  e ry th rocy te s  could not always be seen  in the cap i l l a r i es ,  and they were  c l ea r ly  vis ible  only when 
they filled the lumen of a cap i l l a ry .  The number  of lipid granules  in the in te rs t i t i a l  cel ls  dec rea sed  toward 
the apex of the papi l la  as the length of the an ima l s '  s t ay  in the chamber  lengthened. In the late s tages  no 
cuffs of lipid granules  a r e  obse rved  around the cap i l l a r i e s ,  whereas  la rge  numbers  of granules  can s t i l l  be 
found around the cel l  nuclei  (Fig. ld). After  long per iods  in the chamber ,  including when the animal  was 
immobi l ized  before  sac r i f i ce ,  the content of acid mucopo lysaeehar ides  in the in te rs t i t i a l  ce l ls  was reduced.  
This d e c r e a s e  also occu r r ed  in the di rect ion f rom the outer  zone to the apex. It  began with a gradual  loss  
of s taining p r o p e r t i e s  of the cell  cy top lasm with dialyzed iron.  Instead,  it began to s ta in  weakly by the PAS 
react ion,  and the r e su l t  was unaffected by t e s t i eu la r  hyaluronidase .  At the l a tes t  per iods  of the exper iment  
the acid mucopo lysacehar ides  did not d i sappear  comple te ly ,  as they did in the outer  zone of the papil la .  
Addition of the s t r e s s  fac tor  ( immobil izat ion) had no marked  effect  on the content  of acid mueopo lysaecha -  
r ides  in the in te rs t i t i a l  ce l ls .  Cons iderable  changes in the muscu l a r  s y s t e m  of the papi l la  were  obse rved  
in these  exper iments .  The papi l la  in these  guinea pigs was g rea t ly  shor tened  and rounded. The musc le  
t i s sue  cover ing  it was in a sha rp ly  cont rac ted  s ta te ,  as shown by the fact  that the individual musc le  cel ls  
we re  much c lose r  together .  The su r f ace  of the papi l la  had a faceted pat tern ,  and in sect ions  it had a ea t e -  
na ry  appearance .  The m us cu l a r  ne twork of Bel l in i ' s  ducts also was contracted,  although less  so, the lumen 
of the ducts was rounded, and the i r  epithel ium was p r i s m a t i c  in c h a r a c t e r .  The c a p i l l a r i e s  and vasa  rec ta  
were  highly tortuous (Fig. lb).  

Hence, in this mo i s tu re - lov ing  animal  (guinea pig), in con t r a s t  to r a t s  and dese r t  rodents ,  the m o r -  
phological ly mos t  labile  por t ion of the papi l la  is not its apex, but its outer ,  m o r e  p rox ima l  zone, where  the 
osmot ic  gradient  is lower.  The r ea s on  for  this is evidently evolut ionary fac tors ,  demanding f rom the ani-  
ma l s  (or, pe rhaps ,  f r o m  their  ances to r s  living in humid regions)  economy in e lec t ro ly tes ,  r a t h e r  than the 
p r e s e r v a t i o n  of water .  The inconstancy of the changes in the number  and dis tr ibut ion of lipid granules  in 
the in te rs t i t i a l  t i s sue  sugges ts  the pure ly  local  r egu la to ry  ro le  of this cap i l l a ry-d i la t ing  agent. 
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