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SUMMARY

F a m i l a r i t y  w i t h  t h e  a n a t o m y  of t h e  n o r m a l  

glomerulus would seem to be an e s s e n t i a l  p r e - r e q u i s i t e  

to t h e  u n d e r s t a n d i n g  a n d  the i n t e r p r e t a t i o n  of the 

glomerular abnormalities as detected by light, e l e c t r o n  

m i c r o s c o p y  and imm unofluorescence both during and after 

patho log ical conditions.

As glomerulonephriti s is now recognised as being an 

i m p o r t a n t  f e l i n e  n e p h r o p a t h y  the n e e d  f o r  s u c h  a 

b a s e - l i n e  s t u d y  of the n o r m a l  f e l i n e  g l o m e r u l u s  was 

h i g h l i g h t e d .

In Chapter 1 of the p r e s e n t  w o rk, an a t t e m p t  was 

m a d e  to e l u c i d a t e  t h e  m o r e  i m p o r t a n t  g a p s  in our 

u n d e r s t a n d i n g  of the n o r m a l  cat g l o m e r u l u s .  This was 

d o n e  w i t h  part icular reference to a number of important 

parameters such as m e t h o d s  of f i x a t i o n  and e m b e d d i n g ,  

s e c t i o n  t h i c k n e s s  and gl omerular size variation within 

the kidney. In the course of this part of the w o r k  nine 

cats w e r e  fo un d ,  at n e c r o p s y ,  to be s u f f e r i n g  from a 

diffuse glomerular endothelial lytic lesion.



C h a p t e r  2 p r o v i d e d  a d e t a i l e d  s t u d y  of the 

sequential autolytic changes taking place after death in 

the cat k i d n e y .  T h e  t i m e  s c a l e  of t h i s  e x p e r i m e n t  

r a n g i n g  f r o m  f iv e m i n u t e s  to six days f o l l o w i n g  the 

a n i m a l s  d e m i s e .  A u t o l y t i c  c h a n g e s  w ere seen  to occur 

v e r y  r a p i d l y  after death, although even with TEM, there 

w e r e  s i g n i f i c a n t  a r e a s  of t i s s u e  w h e r e  r e c o g n i s a b l e  

c y t o l o g i c a l  i n t e g r i t y  had  been preserved as late as 60 

hours after death.

In Chapter 3 the n e o n a t a l  k i d n e y  was e x a m i n e d  at 

the tim e of b i r t h  and at th ree day intervals until 70 

days. This study a t t e m p t e d ,  once a g a i n ,  to i l l u m i n a t e  

t h o s e  a r e a s  which no previous study had examined in the 

c a t .  T h u s  it w a s  f o u n d  t h a t  t he  n e p h r o g e n i c  z o n e  

persisted as late as eight weeks after birth.

C h a p t e r  4 dea lt  w i t h  t h os e a n i m a l s  excluded from 

C h a pter 1 due to t h eir e x h i b i t i n g  a s e v e r e  f o r m  of a 

g l o m e r u l a r  e n d o t h e l i a l  lesion not previously described 

in the literature. This was a c o m b i n e d  light, e l e c t r o n  

microscop y and immunofluorescence study. It revealed the 

c o m p l e t e  d e s t r u c t i o n  of the g l o m e r u l a r  e n d o t h e l i u m  

together with the partial destruction of the g l o m e r u l a r  

m e s a n g i u m .  This was a c c o m p a n i e d  by granular deposition 

of both IgG and C3 in the glomerular capillaries.



In C h a p t e r s  5, 6 and 7 s u c c e s s i v e  e x p e r i m e n t a l

attempts to elucidate the nature and o c c u rr en ce of this 

n o v e l  l e s i o n  by e x a m i n i n g  both the physical parameters 

and the chemicals used in the primary study.

O v e r a l l ,  by h i s t o l o g i c a l ,  u 1 1 r a s t r u c t u r a  1 a nd  

i m m u n o f l u o r e s c e n c e  m e t h o d s  of e x a m i n a t i o n ,  the lesion 

recreated in Chapters 6 and 7 was seen to be i d e n t i c a l ,  

if differing in severity, to that noted in spontaneously 

occurring cases in Chapter 4.

It w a s  c o n c l u d e d  t h a t  t he a n a e s t h e t i c  a g e n t s  

employed in the p r e s e n t  study, w h i c h  are also  u se d in 

general practice, were responsible for this novel lesion 

yet in an e n t i r e l y  r a n d o m  fashion. The consequences of 

this lesion occurring in the cat during routine and / or 

experimental procedures in w h i c h  the s t r u c t u r a l  det a i l  

of the g l o m e r u l u s  was u n d e r  s t u d y  w e r e  c o n s i d e r e d  to 

merit further study.
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INTRODUCTION

W i t h i n  t h e  l a s t  t wo d e c a d e s  i n v e s t i g a t i o n  of 

n a t u r a l l y - o c c u r r i n g  r e n a l  d i s e a s e  in m a n  a n d  h i s  

domesti cat ed animals has undergone major advances.

These have been brought about by the development of 

s e v e r a l  i n v e s t i g a t i v e  t e c h n i q u e s  suc h  as renal biopsy 

an d the i n c r e a s e d  u s e  of t he e l e c t r o n  m i c r o s c o p e .  

F u r t h e r m o r e ,  w i d e s p r e a d  a p p l i c a t i o n  of 

im munofluo rescence techniques has c r e a t e d  an i n c r e a s e d  

a w a r e n e s s  a n d  u n d e r s t a n d i n g  of the p a t h o g e n e s i s  of 

k i d n e y  d i s e a s e  t h r o u g h  t h e  r e a l i s a t i o n  t h a t  

i m m u  n o 1 o g i c a 1 l y - m e d i a t e d  i n j u r y  to the k i d n e y  is an 

important pathogenic mechanism (Sakaguchi e t .a 1 . , 1 965 ;

Germuth and Rodriguez, 1973).

In particular, these techniques have emphasised the 

i m p o r t a n c e  of p r i m a r y  g l o m e r u l o p a t h y ,  e s p e c i a l l y  

g l o m e r u l o n e p h r i t i s ,  in the o v e r a l l  s p e c t r u m  of renal 

d i s e a s e  of m a n  and a n i m a l s  (Fish e t .a l . , 1971; Churg

e t .a l . , 1973).

Primary glomerulopathy is a renal disease -- though 

in r e a l i t y  a w h o l e  r a nge of d i f f e r e n t  c o n d i t i o n s  -- 

w h i c h  i n i t i a l l y  a c t s  u p o n  t he g l o m e r u l u s  b u t  the 

m o r p h o l o g i c a l  a n d  f u n c t i o n a l  a b n o r m a l i t i e s  o f t e n  

p r o g r e s s  to a l t e r a t i o n s  in renal tubules, interstitium

2



a nd v a s c u l a t u r e .  Indeed, a major feature of the disease 

is l e a k a g e  of p r o t e i n  i n t o  t he  u r i n e  a n d  t h i s  is 

s o m e t i m e s  s u f f i c i e n t  to c a u s e  s e v e r e  hypoproteinaemia 

and oedema, character istic of the nephrotic syndrome. In 

a pr oportion  of cases where the severity of the d i s e a s e  

is s u f f i c i e n t l y  g r e a t  p r o g r e s s i v e  r e na l f a i l u r e  may 

follow.

The apparent increase of spontaneous glomerulopathy 

in d o m e s t i c  a n i m a l s ,  p a r t i c u l a r l y  in the dog and cat 

( s e e  r e v i e w s  by O s b o r n e  e t .a 1 . , 1 9 7 2 ;  O s b o r n e  and

Vernier, 1973; Osborne e t .a l . , 1977; Slauson and Lewis, 

1979), and the r e a l i s a t i o n  that s i m i l a r  p a t h o g e n e t i c  

m e c h a n i s m s  to t h o s e  in m a n  a r e  o p e r a t i n g  in t h e s e  

animals is shown by the substantial number of reports in 

t h e  r e c e n t  l i t e r a t u r e  ( M e a d o w s ,  1973; L u c k e , 1978;

Murray and Wright, 1974; Krakowka, 1979 ; W r i g h t  e t .a 1. , 

1981 and Lucke, 1982).

H o w e v e r ,  despi te  these reports there has, with the 

e x c e p t i o n  of m a n  and l a b o r a t o r y  a n i m a l s ,  only been a 

l i m i t e d  n u m b e r  of r e p o r t s  on the n o rmal morphology of 

the renal glomerulus (Arakawa, 1970; Spinelli, 1976 and 

Osborne e t .a l . , 1977).

Yet it w o u l d  seem that such information must be of 

the u t m o s t  i m p o r t a n c e  to the v e t e r i n a r y  d i a g n o s t i c  

p a t h o l o g i s t  who wishes to distinguish the abnormal from 

the normal.
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In the ca s e  of the cat, which has been shown to be 

s u s c e p t i b l e  to a r a n g e  of r e n a l  d i s e a s e s  s i m i l a r  to 

t h o s e  of man, no up-to-date detailed information on the 

n o r m a l  s t r u c t u r e  of th e  c a t  k i d n e y  is a v a i l a b l e  

(Zimmerman, 1935 (cited by Mueller, 1958)).

As m e m b r a n o u s  n e p h r o p a t h y ,  in p a r t i c u l a r ,  is 

emerging as an i m p o r t a n t  d i s e a s e  of cats ( O s b o r n e  and 

V e r n i e r ,  1973 ; N a s h  e t .a l . , 19 79 ; Wright e t .a l . , 1981

and L u c k e ,  1982), a d e f i n i t i v e  s t u d y  of the  n o r m a l  

f e l i n e  g l o m e r u l u s  w o u l d  be of g r e a t  v a l u e .  Such a 

b a s e - l i n e  s t u d y  i n v o l v i n g  b o t h  l i g h t  a n d  e l e c t r o n  

m i c r o s c o p y  w o u l d  e s t a b l i s h  a r e p r e s e n t a t i v e  

morpholo gi cal picture of the feline renal g l o m e r u l u s  to 

w h i c h  f u r t h e r  studies on spontaneous glomerular disease 

could be referred and compared.

T h e  p r e s e n t  s t u d y  h a d  t h e  p r i m a r y  a i m  of 

e s t a b l i s h i n g  n o r m a l  m o r p h o l o g i c a l  p a r a m e t e r s  for the 

renal g l o m e r u l u s  of the cat f r o m  b i r t h  to a d u l t h o o d .  

This  i n v o l v e d  the use of histological, transmission and 

scanning electron micro scopical and i m m u n o f l u o r e s c e n c e  

technique s •

A d e t a i l e d  a c c o u n t  of the s e q u e n t i a l  a u t o l y t i c  

c h a n g e s  w h i c h  take p l a c e  in the g l o m e r u l u s  w a s  a l s o  

carried out.

4
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MATERIALS and METHODS

1. Source of Animals.

For the purpose of this study, 20 young adult cats, 

r a n g i n g  in a g e  f r o m  n i n e  m o n t h s  to 18 m o n t h s ,  were 

obtained from c o m m e r c i a l  s o u r c e s  s p e c i f i c a l l y  for the 

p u r p o s e  of examining normal glomerular histological and 

ultrastruc tural parameters.

Prior to commencement of the study, ha ema t o 1 o g i c a 1 

e x a m i n a t i o n  and u r i n e  b i o c h e m i c a l  analysis showed the 

animals to be healthy and free of s u b c l i n i c a l  or overt 

re n a l  d i s e a s e .  Care was t a k e n  to a s c ert ai n whether or 

not the cats had evidence of any extra-renal disease.

2. Euthanasia.

The method of euthanasia e m p l o y e d  was as fol lo ws; 

t h e  a n i m a l s  w e r e  f i r s t  s e d a t e d  by an i n t r a m u s c u l a r  

injection of Ketamine h y d r o c h l o r i d e  ( ' V e t a l a r ' ;  Parke, 

D a v i s  & Co., Pontypool, Gwent) at a dose rate of 22 mg/ 

kg body weight, into  the q u a d r i c e p s  m u s c l e  mas s. This 

p r e l i m i n a r y  i n j e c t i o n  of K e t a m i n e  was necessitated by 

the f r a c t i o u s  n a t u r e  of the a n i m a l s  us e d  and for the 

s a f t e y  of the o p e r a t o r .  After a period of some five to 

ten minutes when sufficient sedation was a c h i e v e d ,  deep 

anaesthesia was induced by a slow intravenous injection, 

i n t o  t he c e p h a l i c  v e i n ,  of a 6 % s o l u t i o n  of s o d i u m

6



pento bar bitone ('Sagatal'; May & B a k e r  Ltd., D a g e n h a m ,  

E n g l a n d ) .  O n c e  t h e  f e m o r a l  p u l s e  w a s  on l y  f a i n t l y  

d i s c e r n i b l e  the a x i l l a r y  a r t e r y  was s e v e r e d  a n d  the 

animal exsanguinated.

3. Sampling of Tissues.

Following e x s a n g u i n a t i o n , the abdomen was opened by 

a m i d - l i n e  i n c i s i o n ,  the abdominal organs displaced to 

one side and both kidneys removed (see Fig. 1.1, Chapter 

1). T h e  k i d n e y s  w e r e  t h e n  h a l v e d  l o n g i t u d i n a l l y  

revealing cortex and medulla whereupon samples of kidney 

m a t e r i a l  w e r e  r e m o v e d  f o r  h i s t o l o g i c a l  a n d  

ultrastruc tural examination.

The interval between e x s a n g u i n a t i o n  and i m m e r s i o n  

in fixative never exceeded three minutes.

Transmission Electron Microscopy (TEM):

S a m p l e s  f r o m  the r e n a l  c o r t e x  w e r e  d i c e d  into 

b l o c k s  no g r e a t e r  t h a n  1m m. t h i c k  a n d  i m m e r s e d  in 

K a r n o v s k y ' s  f i x a t i v e  ( K a r n o v s k y ,  1 9 6 5 )  ( 2 %

p a r a f o r m a l d e h y d e  - 2.5% g l u t e r a l d e h y d e ) at 4°C for a 

m i n i m u m  of one ho ur . T i s s u e s  w e r e  then washed in 0.1M 

c a c o d y l a t e  b u f f e r  b e f o r e  p o s t - f i x a t i o n  i n  

c a c o d y 1 a t e - b u f f e r e d  1% o s m i u m  t e t r o x i d e  for a further

7



h o u r .  S a m p l e s  w e r e  t h e n  w a s h e d  a n d  s u b s e q u e n t l y  

d e h y d r a t e d  t h r o u g h  a g r a d e d  s e r i e s  of a c e t o n e s  (70%, 

90%, 100%), cleared using p r o p y l e n e  o x ide  and e m b e d d e d  

i n  'E m i x '  ( E M S c o p e , A s h f o r d ,  K e n t )  w h i c h  w a s  

pol ymerised overnight at 60°C.

lum. sections were prepared using an LKB pyramitome 

and s t a i n e d  w i t h  t o l u i d i n e  blue. S u b s e q u e n t l y ,  after 

i d e n t i f i c a t i o n  of g l o m e r u l i  u l t r a t h i n  s e c t i o n s  w e r e  

prepared with an LKB Mk.III ultramicrotome and collected 

on G 3 0 0  c o p p e r  g r i d s  ( P o l a r o n  E q u i p m e n t ,  W a t f o r d ,  

England). These w e r e  s t a i n e d  u s i n g  u r a n y l  a c e t a t e  and 

lead citrate (Millonig, 1961) and examined by means of a 

H i t a c h i  H S  8 a n d  l a t t e r l y  b y  a J E O L  1 0 0  C X  II 

tra nsmission electron microscope.

Scanning Electron Microscopy (SEM):

At the same  time, t h i n  slices of cortex, again no 

thicker than 2mm., were immersed in Karnovsky's fixative 

at 4°C for a minimum of 24 hours to be subsequently used 

for SEM studies. After fixation, specimens w e r e  t r i m m e d  

to e x p o s e  the s u r f a c e  to be e x a m i n e d ,  the n w a s h e d  in

0.1M cacodylate buffer and d e h y d r a t e d  t h r o u g h  a series 

of a c e t o n e s  (70%, 90%, 100%) before being dried using a

P o l a r o n  c r i t i c a l  p o i n t  dr ier. The t i s s u e s  w e r e  t h e n  

a t t a c h e d  to a l u m i n i u m  st ubs  u s i n g  c o n d u c t i v e  si lver



paint, which was allowed to dry before the s p e c i m e n  was 

c o a t e d  w i t h  a g o l d / p a l l a d i u m  m i x t u r e  using an EMScope 

sputter coater. T h e s e  s p e c i m e n s  w e r e  e x a m i n e d  u s i n g  a 

Philips SEM 501B scanning electron microscope.

Light Microsc ope studies :

M a t e r i a l  for his tological examination was immersed 

in 10% buffered neutral formalin for seven to ten days, 

t h e n  p o s t - f i x e d  in m e r c u r i c  c h l o r i d e - f o r m a l  for an 

additional 24 hours. Tissue b l o ck s, a p p r o x i m a t e l y  5mm. 

in t h i c k n e s s  w e r e  th e n  d e h y d r a t e d  through a series of 

p h e n o l  a l c o h o l s ,  c l e a r e d  a n d  f i n a l l y  e m b e d d e d  in 

p a r a f f i n  wax. S e c t i o n s  were cut on a Leitz 1510 rotary 

m i c r o t o m e  at 3um. and r o u t i n e l y  s t a i n e d  w i t h  M a y e r ' s  

h a e m a t o x y l i n  and Putt's eosin. Other stains used as the 

o c c a s i o n  d e m a n d e d  i n c l u d e d  M a s s o n ' s  t r i c h r o m e  

(collagen), Martius scalet blue (M. S . B . )  ( c o l l a g e n  and 

fibrin) and periodic acid-Schiff (basement membranes).

H i s t o l o g i c a l  s l i d e s  wer e  e x a m i n e d  u s i n g  a Leitz 

L a b o r l u x  12 m i c r o s c o p e  a n d  b y  m e a n s  of a W i l d  

P h o t o a u t o m a t  M PS  45 unit and a W i l d  MPS 51S c a m e r a  a 

p h o t o g r a p h i c  r e c o r d  of the h i s t o l o g i c a l  f i n d i n g s  was 

o b t a i n e d .
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Immunofluorescence

Once tissue had been taken for u l t r a s t r u c t u r a l  and 

h i s t o l o g i c a l  e x a m i n a t i o n  s m a l l  b l o c k s  of renal cortex 

were r e m o v e d  and snap f r o z e n  in l i q u i d  n i t r o g e n  then 

s t o r e d  at — 20°C to be used later for immunofluorescence 

s t u d i e s .

F r o z e n  s e c t i o n s  4 u m .  t h i c k  w e r e  c u t  o n  a 

R e i c h a r t - Jun g  s e r i e s  2700 F r i g o c u t  freezing microtome 

( A m e r i c a n  O p t i c a l  C o . ,  L o n d o n ) .  T he s e c t i o n s  w e r e  

a l l o w e d  to c o m e  to r o o m  t e m p e r a t u r e  then w a s h e d  in 

isotonic phosphate buffered saline (pH 7.4) (PBS) before 

being fixed in a c e t o n e  for f ive m i n u t e s .  The s e c t i o n s  

w e r e  the n  s t a i n e d  w i t h  anti-cat immunoglobulin G (Evai 

Bios, H o r s h a m ,  E n g l a n d )  or a n t i - c a t  c o m p l e m e n t  ( ^ 3 ) 

( k i n d l y  s u p p l i e d  by Dr. Nei l G o r ma n, U n i v e r s i t y  of 

Cambridge) c o n g u j a t e d  w i t h  f l u o r e s c e i n  i s o t h i o c y a n a t e  

(FITC). After further washing in PBS, they were examined 

by m e a n s  of a L e i t z  O r t h o p l a n  f l u o r e s c e n c e  microscope 

equipped for incident light fluorescence.

4. Perfusion studies :

For comparison with tissues fixed by immersion, six 

k i d n e y s  w e r e  p e r f u s e d  w i t h  f i x a t i v e .  H e r e  o n c e  the 

a n i m a l  had b e e n  e x s a n g u i n a t e d  the abdominal cavity was 

opened to reveal the kidneys. The aorta was l o c a t e d  and

10



f o l l o w e d  to its j u n c t i o n s  with the renal arteries. The 

aorta was then clamped, both proximally and d i s t a l l y  to 

the r e n a l  arteries, and removed together with the renal 

arteries and kidneys.

Whilst one of the r e n a l  a r t e r i e s  was c l a m p e d - o f f  

the o t h e r  was cannulated using a flexible nylon cannula 

(No. 12 gauge) t h r o u g h  w h i c h  p h y s i o l o g i c a l  s a l i n e  was 

i n j e c t e d ,  w i t h  the i n t e n t i o n  of clearing the kidney of 

residual blood, at a flow rate of a p p r o x i m a t e l y  2ml per 

m i n u t e .  At the same f l o w  rate, a p p r o x i m a t e l y  20ml of 

Karnovsky's fixative was then injected into the k i d ney.  

A n y  e x c e s s  f i x a t i v e  e s c a p e d  t h r o u g h  the severed renal 

vein.

M a t e r i a l  for u 1 1 r a s t r u c t u r a  1 s t u d i e s  w a s  t h e n  

r e m o v e d  f r o m  the p e r f u s e d  k i d n e y  and immersed in cold 

Karnovsky's fi xa ti ve w h i l e  m a t e r i a l  for h i s t o l o g y  was 

i m m e r s e d  in b u f f e r e d  n e u t r a l  f o r m a l i n .  For dire c t  

comparison, samples were also taken from the un-perfused 

kidney in the manner previously described.

5. Preparation of Arterial Casts :

Corrosion casts of two kidneys were also p r e p a r e d .  

This was achieved by flushing the renal circulation with 

PBS, as p r e v i o u s l y  described, then injecting 15 ml of a 

mixture of Tensol A & B (I.C.I. Plastic Division, Welwyn
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Garden City, England) in a ratio of 25 to 1 respectively 

via the cannulated artery.

W h e n  f i l l i n g  w a s  c o m p l e t e  t h e  k i d n e y  w a s  

t r a n s f e r r e d  to an incubator at 37°C for eight hours (or 

overnight), then immersed in a 30% solution of potassium 

hydroxide for three days. Once the digestion process was 

completed, the k i d n e y  was p l a c e d  in a b a t h  of r u n n i n g  

w a t e r  in o r d e r  to r e m o v e  any c r y s t a l l i s e d  p o t a s s i u m  

hydroxide. After drying at 37°C o v e r n i g h t  s m all  pi eces  

of c o r t e x  w e r e  c a r e f u l l y  r e m o v e d  for examination with 

the SEM as previously described.
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CHAPTER 1

A HIST OL OGICAL AND ULTRAS TRUCTURAL  STUDY OF 

THE NORMAL CAT GLOMERULUS
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INTRODUCTION

1. A brief review of the structure of the mammalian 

g l o m e r u l u s :

The normal renal corpuscle as we know it today is a 

c l u s t e r  of c a p i l l a r i e s  c o m p o s e d  of t h ree cell types, 

n a m e l y  the c a p i l l a r y  e n d o t h e l i a l  cell, the v i s c e r a l  

e p i t h e l i a l  cell, b e t w e e n  which two there is a basement 

membrane, and a third cell type the mesangial cell which 

has associated with it a mesangial matrix.

Surrounding the g l o m e r l u s  is a c a p s u l e ,  B o w m a n ' s  

c a p s u l e ,  l i n e d  w i t h  flat e p i t h e l i a l  ce ll s w h i c h  are 

continuous with both the vis c e r a l  e p i t h e l i a l  ce ll s and 

w i t h  t h e  e p i t h l i a l  c e ll s of the p r o x i m a l  c o n v o l u t e d  

t u b u l e •

The b a s i c  s t r u c t u r e  of t h e s e  c o m p o n e n t s  of the 

glomerulus can be seen in diagram 1.
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Diagram 1.
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To aid in the understa nding of glomerular structure 

a b r i e f  h i s t o r i c a l  b a c k g r o u n d  to the d e v e l o p m e n t  of 

glomerular anatomy now follows:

The renal corpuscle was first discovered in 1669 by 

M a r c e l l o  M a l p i g h i  ( c i t e d  by B o w m a n ,  1 8 4 2 )  w h o  by 

i n j e c t i n g  t h e  r e n a l  a r t e r y  d i s c o v e r e d  a " c u r i o u s l y  

tufted spherical arrangement" of capillaries w h i c h  were 

l a t e r  to be  n a m e d  a f t e r  h i m  as t he " M a l p i g h i a n  

c o r p u s c l e " .  T h i s  a r r a n g e m e n t  of c a p i l l a r i e s  h a s  

s u b s e q u e n t l y  b e c o m e  k n o w n  as the r e na l c o r p u s c l e  and 

contains the g l o m e r u l u s .  H o w e v e r ,  M a l p i g h i  c o n s i d e r e d  

t h e  c o r p u s c l e  to be a g l a n d  w h i c h  g ave  rise to the 

u r i n i f e r o u s  tube  and f r o m  w h i c h  u r i n e  was e l a b o r a t e d  

from the blood.

During the 19th. century several investigators, for 

e x a m p l e  R u y s c h  and A l b i n u s  (c it e d  by B o w m a n ,  1842), 

extended this pioneering work by trying to show that the 

a r t e r i e s  s u p p l y i n g  th e  M a l p i g h i a n  c o r p u s c l e s  w e r e  

c o n t i n u o u s  w i t h  the u r i n i f e r o u s  t u b u l e s .  C o n v e r s e l y  

there were others, for example S c h u m l a n s k y  and M u l le r,  

( a g a i n  c i t e d  by B o w m a n ,  1842) who h e l d  the o p p o s i t e  

o p i n i o n  t h a t  t h e  ' M a l p i g h i a n  b o d i e s '  a n d  t h e  

'uriniferous ducts' had no connection.

It was in this atmosphere of doubt and uncertainty 

that Bowman spent the years 1840 to 1842 i n q u i r i n g  into
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the n a t u r e  of the M a l p i g h i a n  corpuscle. He discovered, 

b y  m e a n s  of t h e  i n j e c t i o n  of p r e c i p i t a t e - f o r m i n g  

chemical solutions (namely potassium bichromate and lead 

acetate), that the afferent vessel entered the capillary 

tuft, w h e r e  it s p l i t  into a number of smaller vessels, 

only to rejoin to exit as the e f f e r e n t  v e s s e l  w h e r e  it 

f o r m e d  a c a p i l l a r y  p l e x u s  s u r r o u n d i n g  the uriniferous 

tubules. It then re-united with o t h e r  e f f e r e n t  v e s s e l s  

to leave the kidney as the renal vein (Bowman, 1842).

But perhaps Bowman's most notable discovery at this 

tim e was that the b a s e m e n t  membrane of the uriniferous 

t u b e  w a s  e x p a n d e d  o v e r  t h e  M a l p i g h i a n  t u f t  of 

capillaries to form its capsule. In the basment membrane 

of this capsule, which now bears his name, he could find 

no s t r u c t u r e ;  h o w e v e r  he c o n s i d e r e d  t h a t  it w a s  

p e r f o r a t e d  by and not r e f l e c t e d  ove r the afferent and 

efferent vessels of the M a l p i g h i a n  c o r p u s c l e  w h i c h  he 

c o n s i d e r e d  w e r e  " b a r e "  l y i n g  c o i l e d  freely within the 

space of Bowman's capsule (Bowman, 1842).

This c o n c e p t  that the v e s s e l s  of the g l o m e r u l a r  

t u f t  l a y  " c o i l e d  f r e e l y "  a n d  w e r e  " b a r e "  b e i n g  a 

"simple, homogenous and tran s p a r e n t  m e m b r a n e "  g a i n e d  a 

n u m b e r  of followers. The most notable of whom was Henle 

(cited by McGregor, 1929) who w i t h  f u r t h e r  e x a m i n a t i o n  

s t a t e d  t h a t  "the v e s s e l s  in the g l o m e r u l u s  have the 

c a l i b r e  of c a p i l l a r i e s " .  T h e i r  f r a m e w o r k  b e i n g  a
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s t r u c t u r e l e s s  w a l l  p o s s e s s i n g  e l l i p t i c a l  n u c l e i " .  

H o w e v e r ,  a g r e a t  d eal of investigation was carried out 

u s i n g  s i l v e r  s t a i n s  and i n j e c t i o n s  of a r g y r o p h i l i c  

m a t e r i a l s  in an a t t e m p t  to d e s c r i b e  these cells and 

their b o u n d a r i e s .  U n f o r t u n a t e l y  the se  i n v e s t i g a t i o n s  

p r o v e d  u n s u c c e s s f u l  a l t h o u g h  the se b o u n d a r i e s  could 

easily be dem onstrated between the en do thelial cell s of 

the vas afferens and the vas efferens.

It was not u n t i l  1927, some 85 y e a r s  later, that 

von Moel lendorff (cited by McGregor, 1929) described the 

h u m a n  g l o m e r u l a r  e n d o t h e l i u m  as b e i n g  a " s p a r s e l y  

n u c l e a t e d  layer having visible cytoplasm only where the 

nuclei lay".

In the 1940's and '50's the a g r e e d  v i e w  was that 

the e n d o t h e l i a l  cell was s h a p e d  like a tube of fairly 

short length. On cross section it appeared 'signet ring' 

shaped with a thin layer of c y t o p l a s m  e x t e n d i n g  a r o u n d  

the c a p i l l a r y  l u m e n  f r o m  the m a s s  of c y t o p l a s m  which 

contains the nucleus. This thin layer of cytoplasm lying 

a d j a c e n t  to th e  b a s e m e n t  c o n s i s t s  of t w o  p l a s m a  

membranes of approximately 150A width separated by a 200 

to 300A cytoplasmic space (Mueller, 1958).

T h i s  e n d o t h e l i a l  l a y e r  a p p e a r e d  to be 

d i s c o n t i n u o u s ,  as t h o u g h  p e r f o r a t e d  at r e g u l a r  

i n t e r v a l s ,  to H a l l  a n d  he n a m e d  the s t r u c t u r e  the 

" l a m i n a  f e n e s t r a t a "  ( H a l l ,  1 9 5 4  a a n d  b ) .  He
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s u b s e q u e n t l y  r e n a m e d  t h e  s t r u c t u r e  t h e  " l a m i n a  

a t t e n u a t a "  d u e  to d o u b t s  r a i s e d  a b o u t  his f i x a t i o n  

t e c h n i q u e s .  H o w e v e r ,  F a r q u h a r  e._t 1.•_ ( 1 9 6 1 )  l a t e r  

c o n f i r m e d  t h e  e x i s t e n c e  of t h e s e  l a r g e  p o r e s  or 

f e n e s t r a e  and m e a s u r e d  t h e m  at f r o m  500 to 1 0 0 0 A  in 

d i a m e t e r .  A l t h o u g h  6 0 A  t h i c k  d i a p h r a g m s  hav e been  

o b s e r v e d  i n  t h e  f e n e s t r a e  of m o u s e  g l o m e r u l a r  

endo th elium (Rhodin, 1962) such diaphragms have not been 

observed in other species (Farquhar e t .a l . , 1961; Latta,

1970).

The epithelial covering of this "simple, homogenous 

and transparent membrane" was first described by Gerlach 

in 1845 ( c i t e d  by M c G r e g o r ,  1 9 2 9 ) .  He d i d  t h i s  by 

examining glomeruli after having injected the kidney via 

the u r e t e r .  He f u r t h e r  suggested that these cells were 

glandular in nature. Once again opinions d i f f e r e d  as to 

the s t r u c t u r e  and f u n c t i o n  of t h ese  cells but in 1874 

H e i d e n h a i n  ( c i t e d  by Clark, 1 9 5 7 ) ,  a f t e r  e x a m i n i n g  

s e v e r a l  m a m m a l i a n  s p e c i e s ,  f o u n d  that the e p i t h e l i a l  

cells f o r m e d  a c o n t i n u o u s  l a y e r  ove r and b e t w e e n  the 

capillary loops. This work was subsequently confirmed by 

s e v e r a l  i n v e s t i g a t o r s  unti l in 1886 Nussbaum (cited by 

Vimtrup, 1928) clearly distinguished between g l o m e r u l a r  

e p i t h e l i u m  a n d  th e  s m a l l e r  e n d o t h e l i u m  of the frog 

g l o m e r u l u s .  He a lso r e c o g n i s e d  the c o n t i n u i t y  of the
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g l o m e r u l a r  and the p a r i e t a l  epithel ium  of the Bowman's 

c a p s u l e •

It was not until 1927 that von M o e l l e n d o r f f  (cited  

by M c G r e g o r ,  1929) d e s c r i b e d  the epithelium, which he 

referred to as " d e c k z e l l e n " , as h a v i n g  long b r a n c h i n g  

a n a s t o m o s i n g  p r o c e s s e s  w h i c h  f o r m  a n e t w o r k  over the 

c a p i l l a r y  l o o p s .  As i m p o r t a n t  to l a t e r  s t u d i e s  he 

r e c o g n i s e d  the ability of these cells to transform into 

round process-less cells during pathological c o n d i t i o n s  

(e.g. Seiler e t .a l . , 197 7).

T h e s e  e p i t h e l i a l  cells,  or "deckzellen", have now 

b e e n  n a m e d  " p o d o c y t e s "  and t h e i r  p r o c e s s e s  as " f o o t  

p r o c e s s e s " .  They are now seen to abut directly onto the 

glomerular basement membrane. Between each process there 

is a di aphragm of 200 to 300A termed the "slit membrane" 

(Yamada, 1955). The role of t h ese slit m e m b r a n e s  as a 

" p r i m a r y  f i l t r a t i o n  b a r r i e r "  h as  b e e n  e x t e n s i v e l y  

reviewed by Farquhar (1975).

In r e c e n t  y e a r s  the i n t r o d u c t i o n  of s c a n n i n g  

e l e c t r o n  m i c r o s c o p y  has done  m u c h  to i l l u m i n a t e  the 

topography of these interdigitating foot p r o c e s s e s .  The 

p r i m a r y ,  s e c o n d a r y  a n d  t e r t i a r y  a r r a n g e m e n t  of the 

processes has now b e e n  d e s c r i b e d  in v a r i o u s  m a m m a l i a n  

s p e c i e s  ( A r a k a w a ,  1970; F u j i t a  e t .a 1 . , 1970; Arakawa,

1971; Andrews, 1975 and Spinelli, 1976).
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In the normal g l o m e r u l u s  t h er e is, l y ing b e t w e e n  

t h e  e n d o t h e l i u m  a n d  t h e  e p i t h e l i u m ,  a g l o m e r u l a r  

b a s e m e n t  m e m b r a n e  (GBM) w h i c h  was f i r s t  d e s c r i b e d  by 

S e n g  in  1 87 1 ( c i t e d  by M c G r e g o r ,  1929), some thir t y  

years after Bowman had rejected its existence. Seng also 

d e s c r i b e d  the c o n t i n u i t y  of the G BM and the c a p s u l a r  

basement membrane of Bowman's capsule.

O nc e  a g a i n  there were as many proponents of Seng's 

beliefs as there w e r e  o p p o n e n t s .  For e x a m p l e  N u s s b a u m  

( 1 8 8 6 )  ( c i t e d  b y  V i m t r u p ,  1 9 2 8 )  h a v i n g  s e a r c h e d  

uns ucc essf ul ly  for a GBM c o n c l u d e d  that the g l o m e r u l a r  

w a l l  w a s  c o m p r i s e d  of o n l y  tw o  l a y e r s  n a m e l y  the 

endothelial and epithelial cell layers.

However, Drasch (1877) and Ruhle (1897) (both cited 

by McGregor, 1929), both using d i g e s t i o n  m e t h o d s ,  were 

able to show the GBM, the capsular basement membrane and 

t h e i r  j u n c t i o n .  S u b s e q u e n t l y  w i t h  the a d v e n t  of the 

latest staining techniques Regaud and Policard, (1903); 

H u e t e r ,  (1 908 ); Gross, (1919) and Ohmori, (1921) (all 

cited by McGregor, 1929) all confirmed the presence of a 

G B M .  N e v e r t h e l e s s  c o n t r o v e r s y  r e m a i n e d  as to i t s  

e x i s t e n c e .  This c o n t r o v e r s y  was not helped by the fact 

t h a t  w h e r e a s  m o s t  b a s e m e n t  m e m b r a n e s  s t a i n ,  l i k e  

r e t i c u l i n ,  w i t h  a p p r o p r i a t e  silver staining techniques 

t h e  G B M  w a s  t h o u g h t  to be n e g a t i v e  to s i l v e r  

i m p r e g n a t i o n  with the normal glomerulus containing only
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a s m a l l  a m o u n t  of a r g y r o p h i l i c  f i b r e s  ( B e n s l e y  a n d  

Bensley, 1930).

S u b s e q u e n t l y  it w a s  d i s c o v e r e d  t h a t  c e r t a i n  

aldehydes from carbohydrate containing material, in this 

c a s e  G B M ,  w i l l  s e l e c t i v e l y  r e d u c e  a n  a l k a l i n e  

h e x a m i n e - s i l v e r  s a l t  m i x t u r e  t h u s  f a c i l i t a t i n g  

vi sua li sa tion of the GBM (Gomori, 1946; Jones, 1957).

W i t h  the adve n t  of the electron microscope the GBM 

was first seen as a h o m o g e n o u s  l a y e r  w i t h o u t  the same 

f i b r i l l a r  n a t u r e  as t he c a p s u l a r  b a s e m e n t  m e m b r a n e  

(Mueller, 1958).

The des cription now a c c epte d was f i rst p r o p o u n d e d  

by Rhodin (1955) when he described the GBM of the rat as 

h a v i n g  t h r e e  s e p a r a t e  l a y e r s  n a m e l y  a c e n t r a l  dense 

layer, the lamina densa, of a p p r o x i m a t e l y  6 50A and two 

o u t e r ,  less dens e ,  l a y e r s  the l a m i n a  rara externa and 

the lamina rara i n t e r n a  b o t h  of a p p r o x i m a t e l y  300 A  in 

size. The current status of the GBM has been reviewed by 

Crowell e t . a l . (1974) and Churg and Grishman (1975) and

i s  l a r g e l y  u n c h a n g e d  f r o m  R h o d i n ' s  o r i g i n a l  

o b s e r v a t i o n s .

The c o m p o s i t i o n  of the G BM  has b e e n  e x t e n s i v e l y  

r e v i e w e d  by K e f a l i d e s  (1972).  B a s i c a l l y ,  it has been 

s h o w n  to be  a c o l l a g e n o u s  p r o t e i n  c o n t a i n i n g  

h e t e r o - s a c c h a r i d e  r e s i d u e s  and d i s u l p h i d e  l i n k a g e s  

(Latta et.al., 1975; Latta and J o h n s t o n ,  1976; Os b o r n e
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e t .a 1. , 1 9 7 7 ) .  T h e  p e p t i d e  p o r t i o n  is formed,  not

surprisingly, by a m i n o  a c i d s  in a s e q u e n c e  s i m i l a r  to 

that  of o t h e r  organs (Albini e t .a l . , 1979). By chemical

co mparison a striking similarity has been s h o w n  b e t w e e n  

the com position of the GBM in terms of carbohydrates and 

p h o s p h o l i p i d s  in t h r e e  species namely man, rat and the 

rabbit (Sachot e t .a l . , 1975).

Recent histoc hemical  studies of these peptides have 

s h o w n  t h e m  to c o n t a i n  l a r g e  a m o u n t s  of s i a l i c  a n d  

a s p a r t i c  a c i d ,  b o t h  s t r o n g l y  p o l y a n i o n i c  m o l e c u l e s  

(Ven ka tacha la m and R e n n k e , 1978).

The significance of this charge structure has been 

s h o w n  e x p e r i m e n t a l l y  w h e r e b y  n e u t r a l i s a t i o n  of the 

a n i o n i c  c h a r g e  on t he G B M ,  u s i n g  p o l y c a t i o n s ,  has 

r e s u l t e d  in an i n c r e a s e  in the u r i n a r y  e x c r e t i o n  of 

albumin and immunoglobulin G (Hunsicker e t .a l . , 1982 and

Vehaskari e t .a l . , 1982) and has i n c r e a s e d  p e r m e a b i l i t y

to n a t i v e  s u b s t a n c e s ,  s u c h  as f e r r i t i n ,  w h i c h  are 

anionic (Batsford e t .a l . , 1980 and Barnes e t .a l . , 1984).

It has b e e n  s u g g e s t e d  that w h e n  t he  e l e c t r i c a l  

c h a r g e  on the GBM is neutralised anionic proteins, such 

as ferritin, albumin and in su lin are a d s o r b e d  onto the 

G B M  by h y d r o g e n - i o n  b o n d i n g  and thus clog the filter 

which reduces u l t r a f i 1 t r a t i o n  ( K a n w a r  and R o s e n z w e i g ,  

1982). W h e r e a s  u n d e r  n o r m a l  c o n d i t i o n s  the sulph at ed  

p o l y a n i o n i c  m a c r o m o l e c u l e s  p r e v e n t  b o n d i n g  a n d  t h u s
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m a i n t a i n  a n  e f f i c i e n t  u 1 t r a f i 1 t r a t i o n  ( G r e g o r  and 

G r e g o r ,  1978).  It has als o  b e e n  s u g g e s t e d  t h a t  the 

d i s r u p t i o n  of this e l e c t r i c a l  c h a r g e  structure on the 

G B M  m a y  c o n t r i b u t e  t o  t h e  p a t h o g e n e s i s  of  

g l o m e r u l o n e p h r i t i s  ( B o r d e r  e_ , 1 9 8 2 ) .  I n d e e d

p r o t e i n u r i a  has b e e n  r e c o r d e d  in rats as a r e s u l t  of 

e l e c t r o s t a t i c  d i s r u p t i o n  of the G B M  ( B r e n n e r  e t .a l . , 

1978).

The g lo me rular m e s a n g i a l  cell and its a s s o c i a t e d  

i n t e r c e l l u l a r  m a t r i x  h a v e  b e e n  th e s u b j e c t  of the 

greatest controversy since they w e r e  d e s c r i b e d  in 1865 

b y  K e y  ( c i t e d  b y  M c G r e g o r ,  1 9 2 9 ) .  K e y  d e s c r i b e d  

" s t a r - s h a p e d "  c e l l s  w h i c h  he c o n s i d e r e d  to be of a 

connective tissue type.

B r i e f l y ,  the e a r l y  w o r k e r s  in this field who saw 

t h e s e  c e ll s d e s c r i b e d  them  as b e i n g  c o m p o n e n t s  of a 

c o n n e c t i v e  t i s s u e  " s t a l k "  w h i c h  g a v e  r i s e  to the 

g l o m e r u l a r  c a p i l l a r i e s .  It w a s  n o t  u n t i l  1 9 3 3  w h e n  

Z i m m e r m a n  ( c i t e d  by  M u e l l e r ,  1 9 5 8 )  p r o p o u n d e d  and 

explicitly described the "third cell" c o n c e p t  that the 

s i t u a t i o n  b e c a m e  c l e a r e r .  By his use of s p e c i a l i s e d  

stains he was able to show that not all the cells within 

the c o n f i n e s  of the G B M  w e r e  e n d o t h e l i a l  in n a t u r e .  

H o w e v e r ,  this " t h i r d  cell" type which he identified he 

described as being fibrocytic in nature despite the fact
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th at  n e i t h e r  he n o r  a n y  o t h e r  a n a t o m i s t  f o u n d  a n y  

e v i d e n c e  of c o l l a g e n  in the n o r m a l  glomerulus. It was 

also he who first n a m e d  t h e s e  c e ll s " m e s a n g i a l  cells" 

a n d  t h i s  s o - c a l l e d  c o n n e c t i v e  t i s s u e  s t a l k  the 

" m e s a n g i u m " .

More recently two d i f f e r e n t  w o r k e r s  G o o r m a g h t i g h  

a n d  Y a m a d a  d e s c r i b e d  t he m e s a n g i a l  ce lls  as h a v i n g  

similarities to smooth muscle cel ls  but a g a i n  they  saw 

t h e i r  f u n c t i o n  as c o n t r o l l i n g  t he s u p p o r t  for the 

g l o m e r u l a r  c a p i l l a r i e s  ( G o o r m a g h t i g h ,  1951 (cited  by 

Jones, 1953) and Yamada, 1955).

S u b s e q u e n t  to t h e s e  s t u d i e s  i n v e s t i g a t i o n  of 

glomerular localisation and transport of m a c r o m o l e c u l a r  

t r a c e r  s u b s t a n c e s  hav e  r e v e a l e d  that f o l l o w i n g  their 

int rav ascular injection they were seen to be taken up by 

m e s a n g i a l  c e l l  p r o c e s s e s  w h i c h  c a n  e x t e n d  b e t w e e n  

e n d o t h e l i a l  cell c y t o p l a s m  and the GBM. The fate of 

these phagocyt osed m a c r o m o l e c u l e s  is as yet u n c e r t a i n  

b u t  it h a s  b e e n  s u g g e s t e d  that t h er e is a t r a n s p o r t  

s y s t e m  w i t h i n  t h e  m e s a n g i u m  w h i c h  s l o w l y  m o v e s  

m a c r o m o l e c u l e s  towards the base of the glomerulus where 

t h e y  a r e  r e m o v e d  b y  t h e  r e n a l  l y m p h a t i c  s y s t e m  

( B e r n a c e r r a f  e t .a l . , 1 957 ; A s h w o r t h  and James, 1961;

Farquhar and Palade, 1962; L a t t a  and M a u n s b a c h ,  1962; 

M e n a f e e £_t ̂ a. 1 ^  , 1 9 6 4 ;  C r o w e l l  e t . a 1 . , 1 9 7 4 ; a nd

F a r q u h a r , 19 75).
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It h a s  a l s o  b e e n  s u g g e s t e d  t h a t  t h e s e  

m a c r o m o l e c u l e s  e n t e r  the m e s a n g i u m  t h r o u g h  channels, 

c o n t a i n i n g  m e s a n g i a l  m a t r i x ,  b e t w e e n  m e s a n g i a l  cells 

w h e r e u p o n  they are phagocytosed by individual mesangial 

c e l l s .

T h i s  m e s a n g i a l  m a t r i x  c o m p r i s e s  a b a n d  of 

a m o r p h o u s ,  f i b r i l l a r ,  d e n s e  b a s e m e n t  m e m b r a n e - 1 ike 

m a t e r i a l  of, as yet, u n k n o w n  c o m p o s i t i o n  and o r i g i n  

(Osborne e t . a l . , 1977). C u r re ntly it has b e e n  p r o p o s e d  

t h a t  it is f o r m e d ,  in p art at least, f o l l o w i n g  the 

turnover and r e n ewal  of the G BM (W al ke r, 1973) by the 

m e s a n g i a l  c e l l s  t h e m s e l v e s  ( R o m e n  e_ t._̂ a_.l , 1 9 7 6 ).

H o w e v e r ,  i m m u n o 1 o g i c a  1 1 y s p e a k i n g  it p o s s e s s e s  no 

c r o s s - r e a c t i v i t y  w i t h  G B M  i t s e l f  ( S c h e i n m a n n  e t .a l . , 

1974).

R e c e n t l y ,  B u r k h o l d e r  ( 1 9 8 2 )  h a s  r e v i e w e d  the 

n u m e r o u s  f u n c t i o n s  so far a t t r i b u t e d  to the mesangial 

cell. T h e s e  f u n c t i o n s  i n c l u d e  f i b r o c y t i c  a c t i v i t y ,  

s m o o t h  m u s c l e  c o n t r a c t i l i t y ,  p h a g o c y t o s i s ,  h o r m o n e  

r e c e p t i o n ,  p r o s t a g l a n d i n  p r o d u c t i o n ,  s y n t h e s i s  of 

m e s a n g i a l  m a t r i x  a n d  p r o l i f e r a t i o n  in r e s p o n s e  to 

injury.

These mesangial cells are also continu ous  w i t h  the 

" L a c i s "  o r  p s e u d o - M e i s s n e r i a n  c e l l s  of  t h e  

juxta-glomerular apparatus and may assist these cells in 

c o n j u n c t i o n  w i t h  the g r a n u l a r  e p i t h e l i o d  c e l l s  in
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c o n t r o l l i n g  g l o m e r u l a r  b l o o d  f l o w  (Latta e t .a l . , 1962 

and Latta and Maunsbach, 1962).

Almost com pletely encircling these three cell types 

lies the ep ithelium of Bowman's capsule w h ich  is a thin 

f l a t t e n e d  l a y e r  of c e l l s  i n t i m a t e l y  o p p o s e d  to the 

c a p s u l a r  b a s e m e n t .  This l a y e r  of c e l l s ,  w h o s e  c e l l  

j u n c t i o n s  a r e  q u i t e  d i s t i n c t  ( M c G r e g o r ,  1929), is 

continuous with the proximal tubular epithelium and also 

with the visceral epithelium covering the capillaries.

Electron microsco pical studies of these cells have  

r e v e a l e d  t h e m  as h a v i n g  few cytoplasmic organelles and 

apart from a few mitoch ondria s c a t t e r e d  t h r o u g h o u t  the 

c y t o p l a s m ,  they do not have the internal organisational 

complexity characteristic of the cells of the p r o x i m a l  

tubule (Mueller e t .a l . , 1955 and Yamada, 1955).

Despite their seemingly non-complex nature there is 

an accumulation of distinctively granular parietal cells 

e n c i r c l i n g  the e n t r a n c e  to the p r o x i m a l  tubule. These 

are known as the "peripolar cells" (Ryan e t .a 1 . , 1 9 79 )

a nd a l t h o u g h  their function is unclear they may exert a 

regulatory role on the glomerular filtrate.

27



2. The renal glomerulus of the cat :

During the past twenty years the cat has frequently 

b e e n  u s e d  as the e x p e r i m e n t a l  a n i m a l  in f u n c t i o n a l  

s t u d i e s  of t h e  k i d n e y  ( N i s s e n  a n d  G a l s k o v ,  1 9 72;  

S p i e l m a n  and O s s w a l d ,  1977; F r e i d m a n  and R o c h - R a m e 1, 

1977 and  Jon es e t . a l . , 1979) yet little ultrastruetural 

information is available in the literature. The majority 

of mo rphological  s t u d i e s  of the ren al g l o m e r u l u s  have 

b e e n  c a r r i e d  out in the rat, m o u s e  and m a n  (Arakawa, 

1970; Spinelli, 1976; Osborne e t . a l . , 1977).

F u r t h e r m o r e ,  the r e c e n t l y  i n c r e a s i n g  n u m b e r s  of 

r e p o r t s  of g l o m e r u l o n e p h r i t i s  in the cat (L uck e and 

Hun t, 1965; W r i g h t  et .al. , 1976; N a s h  e t . al. , 1 9 7 9 ;

L u c k e  e t . a l . , 1980; Luck e ,  1982) h a v e  highlighted the

i m p o r t a n c e  of an u n d e r s t a n d i n g  of n o r m a l  g l o m e r u l a r  

s t r u c t u r e  i n  t h i s  s p e c i e s  n o t  o n l y  at the l i g h t  

microscope level but also in view of the i n c r e a s i n g  use 

of transmission and scanning electron microscopy.

T h e  h i s t o l o g i c a l  e x a m i n a t i o n  of the cat k i d n e y  

b e g a n  m o r e  t han 50 y e a r s  ag o  w i t h  Z i m m e r m a n  ( 1 9 3 5 )  

( c i t e d  by M u e l l e r ,  1958). H o w e v e r ,  since that initial 

study data from a p p a r e n t l y  n o r m a l  f e l i n e  k i d n e y s  that 

c o u l d  be u s e d  f o r  q u a n t i t a t i v e  c o m p a r i s o n  has been 

m e a g r e  in the e x t r e m e .  I n d e e d  on l y  two r e p o r t s  h a v e
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e x a m i n e d  the n o r m a l  g l o m e r u l u s  histologically and then 

o n l y  in r e l a t i o n  to the a u t o l y t i c  c h a n g e s  o c c u r r i n g  

w i t h i n  the k i d n e y  ( M a y e r  and Ottolenghi, 1947; Crowell 

and Leininger, 1976). Another deals with the preparation 

of the k i d n e y  for u l t r a s t r u c t u r a 1 s t u d i e s  a n d  a g a i n  

m a k e s  o n l y  s c a n t  r e f e r e n c e  to the glomerulus (Yun and 

K e n n y ,  1976). A t h i r d  c o n c e n t r a t e s  on t h e  c h a n g e s  

o c c u r r i n g  d u r i n g  a w i d e  r a n g e  of p a t h o l o g i c a l  

conditions. Even though this work uses a large number of 

h e a l t h y  cats  no a t t e m p t  is m a d e  to describe or define 

the normal renal glomerulus (Lucke, 1968).

Other aspects of feline glomerular m o r p h o l o g y  such 

as o v e r a l l  number of glomeruli having been studied. The 

number of glome ruli in the cat has b e e n  c a l c u l a t e d  at 

2 0 2 , 0 0 0  ( V i m t r u p ,  1928), 1 8 4 , 0 0 0  and 214,500 (Kunkel,

1920) and 184,000 and 214,000 (Rytand, 1938).

In this c h a p t e r  of the t h e s i s  t h e  n o r m a l  r e n a l  

glomerulus of the adult cat will be examined by means of 

h i s t o l o g i c a l  m e t h o d s ,  tr an smi ssion electron microscopy 

and scanning electron micr oscopy. The use of p e r f u s i o n  

f i x a t i o n  t e c h n i q u e s  t o g e t h e r  w i t h  Tensol casting will 

also be described.
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MATERIALS and METHODS.

1. Source of Animals.

T w e n t y  a d u l t  cats w e r e  o b t a i n e d  f r o m  c o m m e r c i a l  

sources to be used in this s e c t i o n  of the study . Prior 

to t h e i r  b e i n g  used in the study detailed examinations, 

as previou sly described on page 6 were carried out.

Upon examination nine animals were found to hav e  a 

h i t h e r t o  u n r e c o g n i s e d  glom eru lar lesion. These animals 

were excluded from this part of the s t u d y  and w i l l  be 

more closely examined in chapter 4.

2. Euthanasia.

The m e t h o d  of e u t h a n s i a  employed was as stated in 

the general Materials and Methods, pages 6-7.

3. Sampling of Tissues.

After euthanasia tissues were sampled as d e s c r i b e d  

on p a g e s  7 - 10 of the g e n e r a l  M a t e r i a l s  and Methods

section. All histological and ultrastructural techniques 

are also as previously stated.

A summary of the methods of investi ga tion e m p l o y e d  

and the number of animals involved of those 11 remaining 

a n i m a l s  w h i c h  w e r e  f o u n d  t o  b e  c l i n i c a l l y ,  

m ac ros cop ically and histologicall y normal now follows
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TABLE 1.1

Summary of Tissues Obtained.

Methods of Number of

Investigation Animals

Hi st ol ogy-Imme rsion 11

Perfusion 4

T .E. M.-Immers ion 11

Perfusion 4

S .E.M.- Immersi on 8

Perfusion 4

Tensol Casting 2

Immunofluorescence 8
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RESULTS

On e x a m i n a t i o n  of the kidneys of these 20 animals, 

it was found that nine had a glomerular lesion of a type 

not p r e v i o u s l y  d e s c r i b e d  in t h e  l i t e r a t u r e .  T h e s e  

animals were excluded from this part of the study and an 

i n - d e p t h  e x a m i n a t i o n  of this condition will be reported 

later in this work (Chapter 4).

1. LIGHT MICRO SCOPY

T h e  a i m  of t h i s  s e c t i o n  of t h e  w o r k  w a s  to 

a s c e r t a i n  the o p t i m a l  t h i c k n e s s  for paraffin-embedded 

k i d n e y  s e c t i o n s  u s i n g  b o t h  i m m e r s i o n  a n d  p e r f u s i o n  

f i x a t i o n  t e c h n i q u e s  in o r d e r  to s t u d y  t he n o r m a l  

mo rphology  of the cat renal corpuscle.

a) Immersion fixation:

Six cats were u t i l i s e d  in this study. Figs. 1.2, 

1.3 and 1.5 show glomeruli illustrating sections cut at 

10, 6 and 2 urn. respectively. It can be seen that in the

lOum. section (Fig. 1.2) little glomerular d e t a i l  could 

be d e t e r m i n e d  due to the s e e m i n g l y  closed capillaries 

and a glomerular tuft which appeared h y p e r c e l l u l a r . This 

a p p a r e n t  h y p e r c e l l u l a r i t y  c o m p r i s e d  d a r k l y  s t a i n e d  

nuclei whose cell type was difficult to identify. In the 

6u m • s e c t i o n  (Fig. 1.3) the m a j o r i t y  of the capillary 

loops appeared closed and again there was the impression
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of h y p e r c e l l u l a r i t y  w h i c h  o b s t r u c t e d  th e  o v e r a l l  

m i c r o s c o p i c  v i e w  of g l o m e r u l a r  morphology. In the 2um. 

s e c t i o n  (Fig. 1.5), a l e v e l  of t h i c k n e s s  was r e a c h e d  

w h e r e  e a c h  and every cell type could be identified with 

c e r t a i n t y .  The c a p i l l a r i e s  w e r e  p a t e n t  a n d  it w as  

p o s s i b l e  to e x a m i n e  the c a p i l l a r y  l o ops d i r e c t l y  to 

ascer tai n the detailed structural features.

b) Perfusion fixation:

With the present perfusion fixation m e t h o d  not all 

the g l o m e r u l i  w e r e  e v e n l y  perfused, particularly those 

in the outer cortex. If one c o m p a r e s  Figs. 1.3 and 1.4 

it c a n  be o b s e r v e d  t h a t  F i g .  1.3 i l l u s t r a t e s  well 

p e r f u s e d  j u x t a m e d u l l a r y  g l o m e r u l i  w i t h  p a t e n t  

capillaries the lumina of which are largely free of any 

d e b r i s .  In a d d i t i o n ,  t h er e is good differentiation of 

individual cell types. On the other hand Fig. 1.4 (also 

a p e r f u s i o n - f i x e d  s p e c i m e n )  sh ows an o u ter c o r t i c a l  

glomerulus in which perfusion failed to produce adequate 

f i l l i n g  of the g l o m e r u l a r  c a p i l l a r i e s .  It w a s  a l s o  

n o t i c e a b l e  in this s t u d y  that the deep juxtamedullary 

glomeruli were l a r g e r  in size th a n  t h os e g l o m e r u l i  of 

the mid and outer cortex.

O n c e  a g a i n  d i f f e r e n c e s  in s e c t i o n  t h i c k n e s s  

affected the histological results of perfusion fixation. 

Any advantage accrued from p e r f u s i o n  f i x a t i o n  was lost 

by u s i n g  s e c t i o n s  of too g r ea t a t h i c k n e s s .  This is
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ill ustrated by Figs. 1.2 and 1.3, w h i c h  sho w  p e r f u s e d  

j u x t a m e d u l l a r y  g l o m e r u l i  s e c t i o n e d  at 10 and 6um. 

r e s p e c t i v e l y  w i t h  Fig. 1.5 s h o w i n g  s i m i l a r  g l o m e r u l i  

s e c t i o n e d  at 2 u m .  T h e  d i f f e r e n c e s  i l l u s t r a t e d  are 

identical to those observed using immersion fixation.

One area of note with p e r f u s i o n  f i x a t i o n  was that 

the u r i n a r y  s p a c e  was o f t e n  e n l a r g e d  compared to that 

for immersion fixation regardless of whether or not the 

gl omerulus was from the outer or inner cortex.

c) Plastic lum. sections:

Fi g .  1.6 sh ow s a g l o m e r u l u s  w h i c h  was p e r f u s i o n  

fixed in Karnovsky's fixative prior to embedding.

On o c c a s i o n  a g l o m e r u l u s  w a s  a l s o  a b l e  to be 

v i s u a l i s e d  a c c u r a t e l y  u n d e r  i m m e r s i o n  f i x a t i o n  

conditions (see Fig. 4.3, Chapter 4). In both i n s t a n c e s  

t h e  c a p i l l a r i e s  w e r e  p a t e n t  and d e t a i l e d  s t r u c t u r a l  

features could be examined w i t h i n  the c a p i l l a r y  loops. 

H o w e v e r ,  the perfusion of kidney material used for lum. 

p l a s t i c  s e c t i o n s  and u l t i m a t e l y  for T EM  a p p e a r e d  to 

offer little advantage to the operator as the difference 

in the r e s u l t s  obtained from these procedures for light 

m i c r o s c o p y  is m i n i m a l ,  yet the a d d i t i o n a l  t e c h n i c a l  

problems are not inconsiderable.

34



2. TR ANSMISSIO N ELECTRON MICROSC OPY  (TEM) 

P a r t i c u l a r  a t t e n t i o n  w a s  p a i d  to the m a j o r  

s t r u c t u r a l  c o m p o n e n t s  of the f e l i n e  r e n a l  c o r p u s c l e  

n a m e l y  a) the v i s c e r a l  epithelium, b) the endothelium,

c) the mesangium, d) the g l o m e r u l a r  b a s e m e n t  m e m b r a n e  

(GBM) and e) the parietal epithelium of Bowman's capsule 

(see diagram; page 15).

a) Visceral epithelial cell:

F r o m  the m a i n  mass of the epithelial cell body, in 

w h i c h  the n u c l e u s  and the m a j o r i t y  of the c e l l u l a r  

organelles were located, a number of primary cytoplasmic 

p r o c e s s e s  g a v e  r i s e  to n u m e r o u s  s m a l l e r  s e c o n d a r y  

branches (Fig. 1.7). Tertiary, or 'foot', processes then 

a r o s e  f r o m  t h e s e  b r a n c h e s  a n d  c o u l d  be  o b s e r v e d  

r e g u l a r l y  a r r a n g e d  a l o n g  t h e  G B M .  A s i n g l e  u n i t  

m e m b r a n e ,  the ' s l i t  m e m b r a n e ' ,  w a s  o f t e n  o b s e r v e d  

running between adjacent foot processes (Fig. 1.10, also 

see Fig 2.12, chapter 2).

O r g a n e l l e s  w i t h i n  the cytop lasm of this cell type 

showed little difference to that of other mammals. Golgi 

c o m p l e x e s  w e r e  p r o m i n e n t  b e i n g  c h a r a c t e r i s t i c a l l y  

r e c o g n i s e d  as a s t a c k  of c y l i n d e r s  in l o n g i t u d i n a l  

section or as a group of vesicles in transverse section. 

Both rough and smooth endoplasmic reticulum was p r e s e n t 

but o n l y  in s m a l l  qu an t i t i e s .  The former had a coating 

of r i b o s o m e s  g i v i n g  it its c h a r a c t e r i s t i c  r o u g h e n e d
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a p p e a r a n c e .  However, fragments of endoplasmic reticulum 

could also be fou nd in an y  of the p r o c e s s e s  e m a n a t i n g  

f r o m  t h e  m a i n  cel l  bod y. In a d d i t i o n ,  a g g r e g a t e s  of 

r i b o s o m e s  w e r e  c o m m o n l y  d i s c o v e r e d  t h r o u g h o u t  the 

cyt oplasmic processes. Mito chondri a were not conspicuous 

wi thi n either the cell body or its numerous processes.

b) Endothelial cell:

T h e  e n d o t h e l i a l  c e l l  l i n i n g  th e  g l o m e r u l a r  

c a p i l l a r y  a p p e a r e d  d i s c o n t i n u o u s  as it e n c i r c l e d  the 

c a p i l l a r y  (Fig 1.8). This was due to the p r e s e n c e  of 

fenestrae in the attenuated p o r t i o n  of the e n d o t h e l i a l  

c y t o p l a s m  w h i c h  e x t e n d s  a w a y  f r o m  the cell body which 

lay in the a x i a l  p o r t i o n  of the c a p i l l a r y  l o o p .  The 

p l a s m a  c o n t a i n e d  w i t h i n  the capillary loop appeared to 

have direct access to the lamina rara interna.

The cytoplasmic organelles of this cell appeared to 

be r e s t r i c t e d ,  in the m a in, to the c y t o p l a s m i c  m a s s  

c o n t a i n i n g  the n u c l e u s .  H o w e v e r ,  s m all m i t o c h o n d r i a  

c o u l d  be f o u n d  t h r o u g h o u t  the c e l l ,  e v e n  i n  t h e  

f e n e s t r a t e d  p o r t i o n ,  tho ugh in low numbers. Occasional 

m em br ane-bound xd e n s e  b o d i e s  / c o u l d  be f o u n d  and man y 

small pinocytotic vesicles could always be seen.

This a t t e n u a t e d  p o r t i o n  of the cell appeared only 

to be a p p r o x i m a t e l y  4 0 0 A  t h i c k  w i t h  the f e n e s t r a e  

t h e m s e l v e s  m e a s u r i n g  a p p r o x i m a t e l y  500 to 1000A  in 

diameter.
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B e t w e e n  the e n d o t h e l i a l  cell a n d  t h e  m e s a n g i u m  

t h e r e  w a s  a c e l l  m e m b r a n e ,  t h o u g h  its p r e s e n c e  was 

s o m e t i m e s  d i f f i c u l t  to d i s t i n g u i s h ,  h o w e v e r ,  t h i s  

t o g e t h e r  w i t h  t h e  d i f f e r i n g  a p p e a r a n c e  of t h e i r  

c y t o p l a s m i c  m a t r i c e s  a l l o w e d  t h e s e  t w o  c e l l s  to be 

easily distingu ishable (Fig. 1.9).

c) Mesangial cell:

Between each capillary loop usually only one or two 

m e s a n g i a l  c e l l s  c o u l d  be i d e n t i f i e d .  These cells were 

bounded laterally by the GBM and at the axial portion of 

the capillary loops by the cell body of the endothelium. 

Frequently, mesangial cell c y t o p l a s m i c  p r o c e s s e s  could 

be s e e n  p r o j e c t i n g  e i t h e r  b e t w e e n  t he  GBM and the 

e n d o t h e l i a l  c e l l ,  f or a s h o r t  d i s t a n c e ,  or s i m p l y  

p r o j e c t i n g  t h r o u g h  the e n d o t h e l i a l  cell body into the 

c a p i l l a r y  l u m e n  (Fig. 1.9). T h ese p r o t r u s i o n s  of the 

m e s a n g i a l  c e l l s ,  t h e  ' I n t r a k a p i 11 a r h o c k e r c h e n ' 

(Zimmerman, 1933) (cited by Mueller, 1958) could also be 

seen as isolated cytoplasmic masses in the l u m e n  of the 

capillaries (Also see Fig. 6.5, Chapter 6 ).

I n  t h e  c y t o p l a s m  o f  t h e s e  c e l l s  s l e n d e r  

mitochondria; endoplasmic reti c u l u m ,  m o s t l y  b o u n d e d  by 

r i b o s o m e s ,  and occasional electron dense me m b r a n e -bound 

g r a n u l e s  c o u l d  be s e e n  in v a r y i n g  q u a n t i t i e s .  In 

a d d i t i o n ,  n u m e r o u s  b u n d l e s  of t h i n  f i l a m e n t s  were 

arranged along the axes of the cell p r o c e s s e s .  To wards
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the p e r i p h e r y  of the glomerular tuft, there appeared to 

be a diminut ion of m e s a n g i a l  c e l l u l a r  m a t e r i a l  t h o u g h  

its s t r u c t u r a l  pattern was the same as that at the base 

of the tuft.

The cha racteristic structure of the m e s a n g i a l  cell 

a l l o w e d  t h e m  to be e a s i l y  d i f f e r e n t i a t e d  f ro m both 

e n d o t h e l i a l  a n d  e p i t h e l i a l  c e l l s .  M o r e o v e r ,  a n y  

con fusion with epithelial cells was rendered unlikely by 

v i r t u e  of the i n t e r p o s e d  G B M  and the c h a r a c t e r i s t i c  

top ography and processes of the epithelial cell.

An amorphous, relatively h o m o g e n e o u s  m a t e r i a l  was 

o b s e r v e d  to s e p a r a t e  a d j a c e n t  m e s a n g i a l  cell s and, 

a l t h o u g h  c h a n n e l s  h a v e  b e e n  f o u n d  in this m a t r i x  in 

c e r t a i n  s p eci es  (Latta e t . a l . , 1960), no channels could

be found in this series of cats.

d) Glomerular basement membrane:

T h e  p r o m i n e n t  G B M  w i t h  i t s  c h a r a c t e r i s t i c  

appearance of a thick electron dense central layer, the 

l a m i n a  d e nsa,  and two t h i n n e r  e l e c t r o n  l u c e n t  layers 

namely the lamina rara externa on w h i c h  the e p i t h e l i a l  

f o o t  p r o c e s s e s  w e r e  i m p l a n t e d  a n d  t h e  l a m i n a  rara

interna adjacent to the f e n e s t r a t e d  e n d o t h e l i a l  cell,

was easily identifiable (Fig. 1.10).

The b a s e m e n t  m e m b r a n e  was s h o w n  to be continuous 

with the capsular basement membrane at their junction at 

the base of the tuft.
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The thickness of the feline G B M  was a p p r o x i m a t e l y  

1000 - 1500 A.

e) Parietal epithelium:

The p a r i e t a l  epi thelium was an extremely flattened 

l a y e r  of c y t o p l a s m  and had  d e n s e  b a s i l a r  c l u m p s  of 

p a r a l l e l  f i l a m e n t s  r e s e m b l i n g  t h ose in the p r o x i m a l  

tubule with which it was continuous at the urinary pole.

However, exa mination of these cells s h ow ed  the m to 

h a v e  a f e w  m i t o c h o n d r i a  s c a t t e r e d  t h r o u g h o u t  the 

c y t o p l a s m  but no i n t r i c a t e  o r g a n i s a t i o n  of i n t e r n a l  

s t r u c t u r e  s u c h  as c h a r a c t e r i s e s  the c e l l s  of the 

p r o x i m a l  t u b u l e .  S i m i l a r l y ,  no p e r i p o l a r  c e l l s  w e r e  

f o u n d .

3. SCANNING ELECTRON MIC ROSCOPY

O b s e r v a t i o n s  w e r e  c a r r i e d  o u t  o n  b o t h  

j u x t a m e d u l l a r y  and o u t e r  c o r t i c a l  g l o m e r u l i  w i t h  the 

s c a n n i n g  e l e c t r o n  microscope, these areas being readily 

i d e n t i f i a b l e  at l o w  m a g n i f i c a t i o n  p r i o r  to a h i g h  

magnific at io n study.

When the kidney was sectioned with a razor Bowman's 

c a p s u l e s ,  r e n a l  c o r p u s c l e s ,  u r i n i f e r o u s  t u b u l e s  and 

blood vessels were severed. Tissues prepared for SEM in 

t h i s  m a n n e r ,  t h e r e f o r e ,  a f f o r d e d  a good  v i e w  of the 

topography of those areas. At low magnification, the cut 

surface revealed numerous renal corpuscles complete with
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their glomeruli as well as empty capsules. For the most  

p a rt, g l o m e r u l i  w e r e  i n t a c t ;  h o w e v e r  a f e w  sectio ne d 

g l o m e r u l i  c o u l d  be f o u n d  but w e r e  less o b v i o u s  (Fig.

1. 11).
a) Parietal epithelium:

T h e  n u c l e a t e d  r e g i o n s  of the i n n e r  i.e. l u m i n a l  

p a r i e t a l  s u r f a c e  b u l g e d  into the c a v i t y  of B o w m a n ' s  

c a p s u l e .  In c e r t a i n  ca ses the aperture of the proximal 

tubule could be observed.

A prominent spa ce , the u r i n a r y  or B o w m a n ' s  space 

s e p a r a t e d  the p a r i e t a l  e p i t h e l i u m  fro m the glomerulus 

(Fig. 1.11).

b) Visceral epithelium:

The visceral epithelium consisted of the p o d o c y t e s  

w i t h  t h e i r  i n t e r d i g i t a t i n g  cell processes arising from 

large nucleated cell bodies and enveloping the capillary 

loops (F i g . 1 .1 2 ).

The arm-like processes (primary processes) a r i s i n g  

f r o m  a n y  g i v e n  cell  b o d y  u s u a l l y  gave off s e c o n d a r y  

p r o c e s s e s  w h i c h  in t u r n  t e r m i n a t e d  in  t e r t i a r y  

p r o c e s s e s .  T h e  r e l a t i v e  l e n g t h s  of t h ese p r o c e s s e s  

t o g e t h e r  w i t h  the a n g l e s  at w h i c h  they a r o s e  v a r i e d  

c o n s i d e r a b l y .  A d d i t i o n a l l y ,  the d i a m e t e r s  of these 

processes varied and often a process appeared to flatten 

before giving rise to other processes.

O c c a s i o n a l l y ,  the p r o c e s s e s  a r i s i n g  fro m one of
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t h e s e  a r m s  f u s e d  w i t h  a n o t h e r  p r o c e s s  f r o m  the same 

cell; howe ver none could be found fusing w i t h  p r o c e s s e s  

from any other cell (Figs. 1.12 and 1.13).

The tertiary (or foot) processes which emerged from 

a ll the p o d o c y t e  p r o c e s s e s  and o c c a s i o n a l l y  fro m  the 

c e l l  b o d y  i t s e l f  w e r e  as p o l y m o r p h i c  as t he m a j o r  

processes. They varied considerably in their lengths and 

d i a m e t e r s  an d u s u a l l y  e x h i b i t e d  t a p e r e d  or i r r e gu la r 

bulbous ends. When traced to their cell of origin it was 

f o u n d  that the f o o t  p r o c e s s e s  f r o m  o n e  c e l l  a l w a y s  

i n t e r d i g i t a t e d  w i t h  foot p r o c e s s e s  f r o m  a n o t h e r  cell 

(Fig. 1.13).

Slender micr ovilli on both the visceral e p i t h e l i a l  

c e l l  b o d y  a n d  i t s  p r o c e s s e s  t o g e t h e r  w i t h  s h o r t e r  

projections from t h e s e  a r e a s  c o u l d  a l s o  be s ee n (Fig.

1. 12).
c) Endothelium:

S e v e r e d  g l o m e r u l i  a l l o w e d  v i s u a l i s a t i o n  of the 

lumina of glomerular capillaries and their r e l a t i o n s h i p  

to the GBM and to the visceral epithelium.

At h i g h  m a g n i f i c a t i o n ,  the f e n e s t r a t e d  nature of 

the attenuated portion of the endothelial cell c o u l d  be 

d i s c e r n e d .  These pores ranged in size from 500 to 1000A 

and were usually separated by a s p a c e  of a p p r o x i m a t e l y  

800 A (Fig. 1.14).

On the l u m i n a l  c a p i l l a r y  s u r f a c e  there were many
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long , b r a n c h i n g  t h i c k e n i n g s  on the e n d o t h e l i a l  c e l l  

w h i c h  a p p e a r e d  to f o r m  a s u p p o r t  n e t w o r k  for the thin 

fe nes trated e n d o t h e l i u m .  The s u r f a c e s  of this n e t w o r k  

are r e l a t i v e l y  s p a r s e l y  c o v e r e d  w i t h  microprojections 

found on the free s u r f a c e s  of the v i s c e r a l  e p i t h e l i u m  

(F i g . 1.14).

4. ART ER IAL CASTS

C a s t s  of r e n a l  g l o m e r u l i ,  and t h e i r  afferent and 

e f f e r e n t  a r t e r i o l e s ,  s u c c e s s f u l l y  d e m o n s t r a t e d  the 

general mor ph ol ogy of the renal glomerulus. The afferent 

art eriole was seen to arise from the interlobular artery 

and then divide into three or four capillary branches as 

it e n t e r e d  the g l o m e r u l a r  tuft. Extensive branching of 

these p r i m a r y  c a p i l l a r i e s  was o b s e r v e d  w i t h  n u m e r o u s  

a n a s t o m o s e s  occurring between the capillaries and their 

b r a n c h e s .

The branches rejoined to form the sma ller e f f e r e n t  

v e s s e l  w h i c h  e m e r g e d  f r o m  the v a s c u l a r  pol e of the 

c a p i l l a r y  t u f t  o n l y  to d i v i d e  i n t o  a n e t w o r k  of 

per itubular capillaries.

No v a s c u l a r  s h u n t s  l e a d i n g  d i r e c t l y  b e t w e e n  the 

a f f e r e n t  an d e f f e r e n t  v e s s e l s  c o u l d  be d e m o n s t r a t e d  

u s i n g  t h i s  m e t h o d  of i n v e s t i g a t i o n  (Figs. 1.15 and 

1.16).
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Figure 1.1 
Cat Kidney  

Fresh Specimen 
(x 4)

Figure 1.2 
Normal Cat Glomerulus 

10 urn. thick 
Inner Cortex 

Note the apparent h y p e r c e l l u l a r i t y 
H & E (x 300)





Figure 1.3 
Normal Cat Glomerulus 

6 urn. thick 
Inner Cortex 

Note the in cr eased v i s u a l i s a t i o n  over 
Fig. 1.2 due to the de crease in thickness 

H & E (x 300)

Figure 1.4 
Normal Cat Glomerulus 

6 urn. thick 
Outer Cortex 

Note the smaller dimen sion as 
compared to Fig. 1.3 

H & E (x 300)





Figure 1.7 
Vis cer al Epitheli al Cell (v) 

Ca pil lary (c) 
Po doc ytic Processes (arrows) 

T.E.M. (x 5000)

Figure 1.8 
End ot he lial Cells (e) 

Fenestra te d E n d o t h e l i u m  (arrows) 
Red Blood Corpuscle (rbc) 

Capillary (c)
T.E.M. (x 5000)
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Figure 1.9 
Mesangi al  Cell (m) 

M e s a ng ia l Matr i x  (mm) 
Capillary (c) 

T.E.M. (x 5000)

Figure 1.10 
Glomerular Basement Me mbrane (gbm) 
E nd ot hel ial Fenestration s (arrow 1) 
Epi the lial Slit Membra ne (arrow 2) 

T.E.M. (x 20000)





Figure 1.11 
Normal Cat Glomerulus 

Bowman's space (asterisk) 
Se ctioned capillaries (arrows) 

S.E.M. (x 640)

Figure 1.12 
Vis cer al Epi the lial investm ent 

of glomerular capillar ies 
Cell body (asterisk)

S.E.M. (x 2500)





Figure 1.13 
Vi sce ra l Ep it h e l i a l  Cell 
Primary, Se co ndary and 

Ter ti ary Podo cy tic Proc esses 
S.E.M. (x 20,000)

Fi gur e 1.14 
E n d o t h e l i a l  Cell 

F e n e s t r a t e d  E n d o t h e l i u m  
Note s u p p o r t i n g  ridges 

(asterisk)
S.E.M. (x 40,000)





Figure 1.15 
Tensol cast: Inte rlobular artery 
sup plying a group of glom eruli 

S.E.M. (x 160)

Figure 1.16 
Tensol cast: afferent arte rioles  

can be seen branching  into a 
number of lobular vessels 

S.E.M. (x 320)
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DISCUSSION

T h e  t w o  m e t h o d s  of f i x a t i o n  d e s c r i b e d ,  bo t h  of 

wh ich  were s u c c e s s f u l  in p r e s e r v i n g  r e n a l  s t r u c t u r e s ,  

w e r e  i m m e r s i o n  and p e r f u s i o n  f i x a t i o n .  The comparison 

made in the p r e s e n t  s t u d y  s h o w e d  that, a l t h o u g h  bot h 

m e t h o d s  r e s u l t e d  in f i x a t i o n  w h i c h  w a s  m o r e  t h a n  

a d e q u a t e  for b o t h  l i g h t  and t r a n s m i s s i o n  m i c r o s c o p y ,  

p e r f u s i o n  fi x a t i o n  appeared to be superior to immersion 

f i x a t i o n  f i x a t i o n  i n  r e s p e c t  of t h e  p a t e n c y  of 

g l o m e r u l a r  cap illaries which was achieved. This patency 

fac ilita te d d i f f e r e n t i a t i o n  of g l o m e r u l a r  c e ll s u s i n g  

light microscopy.

H o w e v e r ,  p e r f u s i o n  f i x a t i o n  d i d  h a v e  i t s  

dis adv antages  namely i) the capillary lumina and urinary 

space w e r e  s o m e t i m e s  a r t i f i c i a l l y  w i d e n e d ;  ii) small 

numbers of glomeruli in the outer cortex appeared not to 

be p e r f u s e d  at all. Thus the t e c h n i c a l  d i f f i c u l t i e s  

p r e s e n t e d  by p e r f u s i o n  f i x a t i o n  c o u l d  in s o m e  c a s e s  

outweigh the advantages gained.

H o w e v e r ,  d e s p i t e  t h e s e  d i f f i c u l t i e s  p e r f u s i o n  

f i x a t i o n  r e m a i n s  t h e  o p t i m a l  m e t h o d  of c h o i c e  

pa rt ic ularly  for TEM and SEM studies.

In the present inves tigat io n, the role of s e c t i o n  

t h i c k n e s s  in the study of the renal glomerulus with the 

light micros cope was highlighted. In the thickest of the
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s e c t i o n s  examine d,  i.e. l O u m . , glomeruli appeared to be 

h y p e r c e l l u l a r  a nd e v e n  w h e n  the k i d n e y  w a s  f i x e d  by 

p e r f u s i o n ,  g l o m e r u l a r  de ta il  was obscured by the sheer 

mass of tissue. In 6um. sections , the ease of c e l l u l a r  

d i f f e r e n t i a t i o n  w a s  b e t t e r ;  h o w e v e r ,  o v e r a l l ,  the 

a d v a n t a g e s  of g o o d  f i x a t i o n  w e r e  l o s t  d u e  to t h e  

thickness of the section. It is interesting to note that 

in m o s t  of the p r e v i o u s  h i s t o l o g i c a l  s t u d i e s  on the 

r e n a l  g l o m e r u l u s ,  s e c t i o n s  of t h i s  t h i c k n e s s  w e r e  

r o u t i n e l y  u s e d  (e.g. M c M a n u s ,  1 948 and Bulger e t .a l . , 

1979).

For l i g h t  m i c r o s c o p y ,  u s i n g  p a r a f f i n - e m b e d d e d  

m a t e r i a l  the 2um. s e c t i o n  appeared to be optimal as it 

allowed good visual isati on  of glomerular capillaries and 

cellular d i ffer en tiation  was made relatively easy.

The use of lum. p l a s t i c - e m b e d d e d  s e c t i o n s ,  w h i l s t  

o f f e r i n g  t h e  t h i n n e s t  s e c t i o n  a v a i l a b l e  for li ght 

micros cop y, had distinct disadvantages. For e x a m p l e  the 

fa c t  that o n l y  a s m a l l  a r e a  of k i d n e y  cortex could be 

examined at any one time w i t h  onl y  a r e l a t i v e l y  small 

n u m b e r  of g l o m e r u l i  p r e s e n t  i n c r e a s e d  the t e c h n i c a l  

di f f icult i e s .

The u l t r a s  t r u e t u r a l  f i n d i n g s  p r e s e n t e d  in t h i s  

c h a p t e r  w e r e  t h e  f i r s t  d e t a i l e d  e x a m i n a t i o n  of the 

n o r m a l  f e l i n e  r e n a l  g l o m e r u l u s .  As s u c h ,  t h e y  h a v e
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p r o v i d e d  a b a s i s  f o r  f u t u r e  s t u d i e s  of t h e  c a t  

g l o m e r u l u s  w i t h  a v i e w  to evaluating the morphological 

changes whi ch accompany  various kidney disorders.

Previous ultrastr uc tural studies of the g l o m e r u l u s  

h a v e  b e e n  c a r ried out in the dog (Mueller e t . a l . , 1955;

Movat and Steiner, 1961; C r o w e l l  e t .a l . , 1974 ; B u l g e r

e t . a 1 . , 1 9 7 9 ) ,  rat ( P e a s e  and B a ke r, 1950; G r i f f i t h

e t .a l . , 1967; Bulger e t .a l . , 1974), mouse (Yamada, 1955) 

a n d  m a n  ( P a k  P o y ,  1 9 5 8 ;  B u l g e r  e _ t^  ̂ _a_  1 ^,  1 9 6 7 a n d

Jorgensen and Bentzon, 1968).

Th i s  s t u d y  has c o n f i r m e d  that the cat kidney lies 

w i t h i n  t h e  g e n e r a l  p a t t e r n  of m a m m a l i a n  k i d n e y  

u 1 1 r a s t r u c t u r a  1 m o r p h o l o g y  a n d  h a s  e m p h a s i s e d  the 

similarity of structure to that of mammals in general.

Likewise, the present study also provided the first 

detailed SEM views of the normal  cat g l o m e r u l u s  and as 

s u c h  p r o v i d e d  a b a s i s  fo r e v a l u a t i n g  m o r p h o l o g i c a l  

changes which will be described later in this work.

Whilst the maj or ity of SEM s t u d i e s ,  to date, have 

c o n c e n t r a t e d  on t h e  r a t  t h e r e  h a v e  b e e n  s u f f i c i e n t  

examinations of o t h e r  m a m m a l i a n  k i d n e y  m a t e r i a l  for a 

c l e a r  p i c t u r e  of the SEM m o r p h o l o g y  of the m a m m a l i a n  

k i d n e y  in g e n e r a l  to h a v e  b e e n  f o r m e d .  O n e  a r e a  of 

c o n t r o v e r s y  still remaining concerns the arrangement of 

the visceral epithel ium and its processes. Thus Buss and
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and Kronert (1969) d e s c r i b e d  the i n t e r d i g i t a t i n g  foot 

p r o c e s s e s  as arising from either different podocytes or 

f r o m  the sa m e  p a r e n t  cell. H o w e v e r ,  in 1 9 7 0 F u j i t a  

e t . a l . , l i k e  Buss a nd  Kr onert using the rat, indicated 

that n e i g hbou ri ng foot pro ce sses a r o s e  i n v a r i a b l y  from 

different podocytes.

The p r e s e n t  work is in agreement with the findings 

of Fujita e t .a l . .

The p r e s e n c e  of s l e n d e r  m i c r o v i l l i  a n d  s m a l l e r  

p r o j e c t i o n s  on b o t h  t h e  p o d o c y t e  cell b o d y  and its 

processes were also noted. This is in agreement with the 

w o r k s  of b o t h  B u s s  a n d  K r o n e r t  ( 1 9 6 9 )  a n d  F u j i t a  

e t . a l . (1970) who described these features in the rat and 

rabbi t .

O t h e r  f e a t u r e s  s u c h  as cytop lasmic bridges, which 

h a v e  b e e n  g i v e n  a ro l e  in the a n c h o r a g e  of t he f o o t  

p r o c e s s e s ,  h a v e  b e e n  d e s c r i b e d  as r u n n i n g  b e t w e e n  

adjacent i n t e r d i g i t a t i n g  foot  p r o c e s s e s  in the rat by 

Bu ss  and K r o n e r t  (1969) and Andrews and Porter (1974). 

However Fujita e t . a l . (1970 ) and A r a k a w a  (1970) d e n i e d  

t h e i r  e x i s t e n c e .  The present work was in agreement with 

the former workers.

Andrews and Porter (1974) were the first authors to 

suggest that a l t h o u g h  w h e n  v i e w e d  by the SEM a d j a c e n t  

foo t  p r o c e s s e s  s e e m e d  to be irregularly spaced the TEM 

revealed that the portion of any single foot p r o c e s s  in
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c o n t a c t  w i t h  the b a s a l  lamina varied to such an extent 

that adjacent foot processes were actually s e p a r a t e d  by 

a r e m a r k a b l y  u n i f o r m  gap. H o w e v e r ,  the p r e s e n t  w o r k  

failed to concur with this observation.

Despite the large number of light mic roscopical and 

u l t r a s tr uctur al  reports on the m a m m a l i a n  k i d n e y ,  th er e 

h a v e  b e e n  r e l a t i v e l y  f e w  r e p o r t s  of c i l i a  in th e  

g l o m e r u l i  of h i g h e r  v e r t e b r a t e s .  The m o s t  n o t a b l e  of 

these was u n d e rta ke n by Latta et.al. (1961) who reported 

finding single cilia on the parietal epithelial cells of 

B o w m a n ' s  c a p s u l e  in t h e  r a t .  T h i s  w o r k  h a s ,  m o r e  

recently, been confirmed for the parietal e p i t h e l i u m  of 

the rat ( T y s o n  and B u l g e r ,  1972) and for m a n  (Tisher 

et.al. , 1966).

The present work found no cilia emanat in g f r o m  the 

p a r i e t a l  e p i t h e l i u m ,  thus a g r e e i n g ,  at least in part, 

with the studies of Latta et.al. (1961).

The SEM o b s e r v a t i o n  of c o r r o s i o n  c a st s of b l o o d  

v e s s e l s  e n a b l e d  a d e t a i l e d  m o r p h o l o g i c a l  study of the 

m i c r o c i r c u 1 a t i o n  p a t t e r n s  of the f e l i n e  g l o m e r u l u s .  

H o w e v e r ,  the reliability of vascular casting using high 

v i s c o s i t y  r e s i n s  has b e e n  q u e s t i o n e d  by some w o r k e r s  

(L j u n g q v i  s t , 1963). The m a i n  r e a s o n  for doubt lies in

the p o s s i b i l i t y  of i n c o m p l e t e  f i l l i n g  and c o n s e q u e n t  

m i s i nt er pretat io n of the vascular features perfused with
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resin.

H o w e v e r ,  t h e  p r e s e n t  i n v e s t i g a t i o n  f o u n d  no 

jus tific at io n for these doubts as glomerular capillaries 

appear ed to be evenly filled. Leakage of cast resin from 

r u p t u r e d  c a p i l l a r i e s  did not o c c u r  and, as has bee n 

d e s c r i b e d ,  e v e n  t h e  m o s t  d e l i c a t e  of a n a s t o m o s i n g  

i nt erlobul ar channels were easily examined.

In the present study no interar teriolar shunts were 

f o u n d  in the cat g l o m e r u l u s  thus c o n c u r r i n g  w i t h  the 

o b s e r v a t i o n s  of S p i n e l l i  et .a l .  (1972) a n d  M o h a m m e d  

( 1 9 8 5 )  w h o  a l s o  f a i l e d  to d e t e c t  d i r e c t  a f f e r e n t  / 

efferent arteriola r anastomoses in normal dogs.
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CHAPTER 2

A  H I S T O LO GI CAL AND ULTRAST RUCTURAL STUDY 

OF THE NEONATAL CAT GLOMERULUS
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INTRODUCTION

G e n e r a l  m o r p h o l o g i c a l  events in the development of 

the m a m m a l i a n  kidney are well e s t a b l i s h e d  (see r e v i e w s  

by P a t t e n  ( 1 9 5 3 ) ,  A r e y  (195 4) and P o t t e r  (1 965)) and 

require only brief re ca pitulation here:

Three suc cessive "kidneys" are formed in m a m m a l i a n  

e m b r y o s  n a m e l y  t h e  p r o n e p h r o s ,  m e s o n e p h r o s  a n d  

m e t a n e p h r o s .  To a c e r t a i n  e x t e n t  t h e s e  d i s t i n c t  

s t r u c t u r e s  o v e r l a p  not o n l y  c h r o n o l o g i c a l l y  but also 

morpholog ic ally;  that is the metanephros which forms the 

d e f i n i t i v e  k i d n e y  in all a m n i o t e s  f o r m s  b e f o r e  the 

m e s o n e p h r o s  d i s a p p e a r s  and s i m i l a r l y  the m e s o n e p h r o s  

b e g i n s  to f o r m  b e f o r e  t h e  p r o n e p h r o s  r e g r e s s e s  

c o m p l e t e l y .

M o r e o v e r ,  e a c h  of t h e s e  s e q u e n t i a l  s y s t e m s  

pre-empts certain c o m p o n e n t s  of its p r e c u r s o r  so that 

the f i n a l  u r i n o g e n i t a l  system is a montage derived from 

antecedent pairs of organs. From the be g i n n i n g  of h u m a n  

n e p h r o g e n e s i s  at seven to eight weeks of embryonic life 

until it ceases the developmental pattern of i n d i v i d u a l  

glomeruli follows similar lines viz:

In the e a r l i e s t  s t a g e s  of d e v e l o p m e n t  individual 

ampullae surrounded by fairly w e l l —de line ated m a s s e s  of 

n e p h r o g e n i c  c e l l s  are p r e s e n t  i m m e d i a t e l y  beneath the 

r e n a l  c a p s u l e .  T h e s e  a m p u l l a e  go on to p r o d u c e  the
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c o l l e c t i n g  t u b u l e  s y s t e m  w h i l s t  the n e p h r o g e n i c  caps 

c o n d e n s e  i n t o  o v a l  m a s s e s  in w h i c h  a c e n t r a l  c a v i t y  

a p p e a r s .  Thi s s t r u c t u r e  is k n o w n  as the renal vesicle 

w h i c h  u n d e r g o e s  e l o n g a t i o n  a n d  d i f f e r e n t i a t i o n  to 

produce an entire nephron.

It doe s  this by f i r s t l y  d e v e l o p i n g  an e l o n g a t e d  

l u m e n  a n d  t h e n  by d i f f e r e n t i a l  g r o w t h  a p a i r  of 

invaginations  are found in the wall of the cell mass. As 

t h e s e  i n v a g i n a t i o n s  e n l a r g e  t h e  c h a r a c t e r i s t i c  

'S-shaped' s t r u c t u r e  is f o r m e d  w i t h i n  w h i c h  p r e c u r s o r  

c e l l s  of t h e  f u t u r e  r e n a l  c o r p u s c l e  cell t y pe s can 

c l e a r l y  be d i s t i n g u i s h e d .  P r i m i t i v e  c a p i l l a r i e s  then 

i n v a d e  this s t r u c t u r e  w i t h  capillary growth proceeding 

at a rapid rate and with l o b u l a t i o n  of the c a p i l l a r i e s  

w i t h i n  the pr imi tiv e glomerulus being particularly well 

m a r k e d  e v e n  at a n  e a r l y  s t a g e .  T h e  b a s e  of t h e  

g l o m e r u l u s  n o w  b e g i n s  to c o n s t r i c t  so that onl y the 

a f f e r e n t  and  e f f e r e n t  v e s s e l s  m a y  p a s s  t h r o u g h  the 

c o n s t r i c t i o n ,  thus f o r m i n g  the c l a s s i c a l  g l o m e r u l a r  

s h a p e .  At t h e  e n d  of t h i s  p r o c e s s  t he g l o m e r u l a r  

c a p i l l a r i e s  are c o v e r e d  by an e p i t h e l i a l  i n v e s t m e n t  

continuous with that comprising B o w m a n ' s  c a p s u l e  w h i c h  

is, i n  t u r n ,  c o n t i n u o u s  w i t h  that of the c o l l e c t i n g  

tubule (Osathanondh and Potter, 1963a and b).

The c a p i l la ries in the f u n c t i o n a l  g l o m e r u l u s  are 

f o r m e d  by the p r o l i f e r a t i o n  and r e p e a t e d  splitting of
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t h e  o r i g i n a l  i n v a d i n g  c a p i l l a r y  ( 0 s a t h a n o n d h , 

unpubli sh ed information, as cited by Potter, 1965). The 

complicat ed vas cular  pat tern of the mature glomerulus is 

p r o d u c e d  as a r e s u l t  of s e v e r a l  g e n e r a t i o n s  of such 

s p l i t t i n g s .  This  p a t t e r n  is e n t i r e l y  v a r i a b l e  but it 

g e n e r a l l y  c o n s i s t s  of two m a i n  b r a n c h e s  w i t h  two or 

three later g e n e r a t i o n s  of b r a n c h e s  a r i s i n g  f r o m  each  

m a j o r  b r a n c h  ( V i m t r u p ,  1 9 2 8 )  e a c h  of w h i c h  m a y  

c o m m u n i c a t e  w i t h  o n e  a n o t h e r  at a n y  l e v e l  of t h e  

glomerulus (Potter, 1965).

T h e s e  g l o m e r u l i  f o r m e d  during the first twenty to 

twenty-second  weeks of foetal life constitute those that 

will lie in the juxtamedullary r e g i o n  of the c o r t e x  in 

the m a t u r e  foetus. Further development of the glomeruli 

in the c o r t e x  w i l l  t ake p l a c e  r a d i a l l y  w i t h  g r o w t h  

proceeding  periferally.

In t h e  r a t  w h e r e  g r o w t h  of the k i d n e y  has been  

in ve stigate d more extens ively than in any o t h e r  s p e c i e s  

it has b e e n  s h o w n  that only approxim ately one third of 

the numbers of glomeruli that comprise the a d u l t  k i d n e y  

are present at birth (Kittelson, 1917 and Arataki, 1926) 

w i t h  g l o m e r u l i  c o n t i n u i n g  to be f o r m e d  for 100 days 

after birth. Though the m a j o r i t y  are f o r m e d  w i t h i n  the 

first three to four weeks of life.

In this animal the oldest and largest glomeruli are 

in the c o r t i c o —me dul la r y region of the kidney with the
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y o u n g e s t  s i t u a t e d  in t h e  o u t e r  c o r t e x  i m m e d i a t e l y  

b e n e a t h  t h e  c a p s u l e  a nd o n c e  a g a i n  g r o w t h  c o n t i n u e s  

p e r i ph er ally as in the general mammal ia n description.

Apart from the develo pment of g l o m e r u l i  t h e r e  are 

g r a d u a l  a n d  p r o g r e s s i v e  c h a n g e s  w i t h i n  t he r e n a l  

g l o m e r u l u s  t h r o u g h o u t  its life. For e x a m p l e ,  in the 

h u m a n  i n f a n t  the g l o m e r u l a r  basement membrane measures 

only 1000 A (Vernier, 1961). It gradually thickens until 

at ap pr o x i m a t e l y  three years of age it m e a s u r e s  2850  + 

550 A ( V e r n i e r  e t . a 1 . , 1 958). After this time there is

v e r y  l i t t l e  c h a n g e  in t h i c k n e s s  w i t h  a d u l t  f i g u r e s  

q u o t e d  at 2700 A (Farquhar, 1959) to 3500 A (Bergstrand 

and Bucht, 1958).

In the glomerulus of the rat the a g i n g  p r o c e s s  is 

r e f l e c t e d  in the r e l a t i v e  t h i c k n e s s e s  of the l a m i n a  

densa and the laminae rarae in that the la mina d e n s a  is 

s e e n  to b e c o m e  t h i c k e r  at the e x p e n s e  of the laminae 

rarae with  aging (Ashworth e t .a l . , 1960).
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Whilst it was b e y o n d  the s c o p e  of this t h e s i s  to 

e x a m i n e  the d e v e l o p m e n t  t a k i n g  p l a c e  in the embryonic 

kidney the aim of this section of the p r e s e n t  w o r k  was 

to e l u c i d a t e  t h e  d e v e l o p m e n t  o c c u r r i n g  w i t h i n  the 

neonat al animal.

To this end, n e o n a t a l  k i d n e y s  w e r e  e x a m i n e d  by 

m e a n s  of l i g h t  and electro n mic ros co py to ascertain how 

closely the feline glo mer ular development c o m p a r e d  w i t h  

development in the general mamm al ian glomerulus.

The p r e s e n t  study also served to provide the first 

detailed scanning e l e c t r o n  m i c r o s c o p i c a l  v i e w s  of the 

neonatal feline glomerulus.
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MATERIALS and METHODS

1. Source of Animals.

S i x  a d u l t  c a t s  w h i c h  w e r e  f o u n d  to be p r e g n a n t  

d u r i n g  t h e i r  p h y s i c a l  e x a m i n a t i o n  w e r e  u s e d  in t h i s  

experiment to provide suitable numbers of kittens. These 

animals were either unwanted strays or cats which owners 

wished euthana sia for personal reasons. A summary of the 

n u m b e r  of litte rs and the numbers of kittens per litter 

is g i v e n  in T a b l e  2.1. In T a b l e  2.2 a s u m m a r y  of the 

i n t e r v a l s  at w h i c h  l i t t e r - m a t e s  w e r e  sacrificed after 

birth is shown.

2. Euthanasia.

The m e t h o d  of e u t h a n a s i a  w a s  as f o l l o w s :  the

kittens were injected int ra-p er itoneal ly  with a computed 

d o s e  of a 2 0 % s o l u t i o n  of s o d i u m  p e n t o b a r b i t o n e  

('Euthatal'; May & Baker, Dagenham, England) at the rate 

of l m l / k g .  Once the f e m o r a l  p u l s e  w a s  o n l y  f a i n t l y  

d i s c e r n i b l e ,  the a x i l l a r y  a r t e r y  was s e v e r e d  and the 

animal exsanguinated.

3. Sampling of Tissues.

Following exsanguination, the abdomen was opened by 

a mid -l ine incision, the abdominal organs d i s p l a c e d  and 

b o t h  k i d n e y s  r e m o v e d .  The kidneys were then hemisected
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l o n g i t u d i n a l l y  r e v e a l i n g  t h e  c o r t e x  a n d  m e d u l l a  

w h e r e u p o n  s a m p l e s  w e r e  r e m o v e d  for h i s t o l o g i c a l  and 

ul tras t r u c t u r a l  examination.

Once again the interval between e x s a n g u i n a t i o n  and 

imme rsion  in fixative never exceeded three minutes.

D u e  to t h e  s m a l l  size of the k i d n e y s  and their 

renal arteries no pe rfu sion fixation was attempted.

The  m e t h o d s  of h i s t o l o g i c a l  and u l t r a s t r u c t u r a  1 

e x a m i n a t i o n  w e r e  all as p r e v i o u s l y  d e s c r i b e d  in the 

section on general Materials and Methods.

TABLE 2.1

Summary of Kittens per Litter

Cat No. No. of Litters No. per Litter

1

2
3

4

5

6

5

6 
7 

4 

6
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TABLE 2.2

Summary of Sampling Times.

t No • Litter T i m e ( d a y s ) Cat No. Litter Time(days

2.1 1 0 2.19 2 36

2.2 3 1 2.20 3 39

2.3 2 2 2.21 2 42

2.4 1 3 2.22 4 45

2.5 3 4 2.23 5 48

2.6 4 5 2.24 4 51

2.7 1 6 2.25 6 54

2.8 4 7 2.26 5 57

2.9 4 8 2.27 2 60

2.10 1 9 2.28 6 63

2.11 1 12 2.29 4 66

2.12 1 15 2.30 3 69

2.13 6 18 2.31 5 70

2.14 1 21 2.32 5 3 Mths.

2.15 3 24 2.33 6 4

2.16 2 27 2.34 6 5

2.17 4 30 2.35 6 6

2.18 3 33
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RESULTS

W h i l s t  m a t u r a t i o n  of t h e  k i d n e y  p r o c e e d s  at 

d i f f e r i n g  r a t e s  w i t h i n  d i f f e r i n g  i n d i v i d u a l s  t h e  

f o l l o w i n g  a c c o u n t  d e t a i l s  the g e n e r a l  d e v e l o p m e n t s  

oc cur ring during the period of the investigation.

1. His tol og ic al findings:

A t  b i r t h  a n d  u p  to t h r e e  d a y s  of l i f e  t h e  

n e p h r o g e n i c  zon e  c o u l d  e a s i l y  be o b s e r v e d  as b e i n g  a 

wide band extending as far as the juxta-medullary region 

( F i g .  2 . 1 ) .  T h e r e  w e r e  a s m a l l  n u m b e r  of p r i m i t i v e  

g l o m e r u l i  in this a r e a  w h i c h  w e r e  c h a r a c t e r i s e d  by a 

p r o m i n e n t  c u b o i d a l  e p i t h e l i u m  (Fig. 2.4). In these 

g l o m e r u l i ,  o n l y  a p o r t i o n  of the c a p i l l a r i e s  p r e s e n t  

were fully patent. However, in this deep cortical region 

a n u m b e r  of w e l l  d e v e l o p e d  apparently fully functional 

glomeruli were also present. The latter contained patent 

capillaries which were observed to contain e r y t h r o c y t e s  

(Fig. 2.5).

In t h e  n e p h r o g e n i c  zone e x t e n d i n g  to the outer 

cortex, below the capsule, numerous stages of developing 

g l o m e r u l i  c o u l d  be s e e n .  T h e s e  i n c l u d e d  n u m e r o u s  

m e t a n e p h r i c  caps, v e s i c l e s  and 'S - s h a p e d ' s t r u c t u r e s  

(Figs. 2.2 and 2.3).

F r o m  t h r e e  d a y s  o n w a r d s  th e  n e p h r o g e n i c  z o n e
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g r a d u a l l y  r e d u c e d  r a d i a l l y  f r o m  t h e  d e e p  c o r t e x  

outwards. The nephro genic zone r e m a i n e d  p r o m i n e n t  even  

at 21 d a ys; howe ver the numbers of functional glomeruli 

only slowly i n c r e a s e d  so that  by da y 18 a l m o s t  25% of 

the c o r t e x  h ad  f u n c t i o n i n g  glomeruli. These glomeruli, 

though, were still considered not quite mature, as could 

be d e t e r m i n e d  by t h e i r  b a s o p h i l i c  c u b o i d a l  v i s c e r a l  

e p i t h e l i u m ,  t h e i r  h y p e r  c e l l u l a r  a p p e a r a n c e  and the 

presence of only a s m a l l  n u m b e r  of p a t e n t  c a p i l l a r i e s  

(Fig. 2.4).

By 24 days, the nep hrogenic zone had narrowed to be 

c o n f i n e d  w i t h i n  the o u t e r  c o r t i c a l  zone. The m id  and 

o u t e r  c o r t i c a l  r e g i o n s  s t i l l  c o n t a i n e d  d e v e l o p i n g  

h y p e r c e 1 l u l a r  g l o m e r u l i  w i t h  f e w  p a t e n t  c a p i l l a r i e s .  

H o w e v e r ,  m a n y  m o r e  g l o m e r u l i  w i t h  p a t e n t  c a p i l l a r i e s  

c o u l d  n o w  be s e e n  in t h e  d e e p e r  c o r t i c a l  r e g i o n s  

a l t h o u g h  a p r o p o r t i o n  r e m a i n e d  h y p e r c e 1 1 u 1 ar in  

a p p e a r a n c e .  At this stage, mature functioning glomeruli 

now comprised approx imatel y 50% of the t o t a l  n u m b e r  of 

g l o m e r u l i .

By 55 days, the n e p h r o g e n i c  zone had  disappeared 

w i t h  the p e r c e n t a g e  of f u n c t i o n i n g  g l o m e r u l i  h a v i n g  

i n c r e a s e d  to m o r e  t h a n  80% of the t o t a l  g l o m e r u l a r  

n u m b e r s .  H o w e v e r ,  m a n y  less w e l l  d e v e l o p e d  g l o m e r u l i  

were still to be found scattered throughout the mid- and 

outer-cort ex  (Fig. 2.6).
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B y  65 d a y s ,  m a t u r e  w e l l  d e v e l o p e d  g l o m e r u l i  

predom ina ted, however, even at this stage of development 

5 - 10% of the glome ruli pr ese nt  s t i l l  s h o w e d  c u b o i d a l  

visceral e p i t he lium and had few patent capillaries.

At t h r e e  m o n t h s  of age, development of the kidney 

a p p a r e n t l y  w a s  s t i l l  n o t  c o m p l e t e  w i t h  a s m a l l  

p r o p o r t i o n  of s t i l l  a p p a r e n t l y  f u n c t i o n a l l y  im matu re  

glo meruli persis ting in the outer cortex.

A f t e r  the age of f o u r  m o n t h s  t h e s e  a p p a r e n t l y  

f u n c t i o n a l l y  immature glomeruli were not in evidence in 

any of the animals examined.

2. T.E.M. findings:

The e a r l i e s t  d i s t i n g u i s h a b l e  r e n a l  c o r p u s c l e  

comp rised of a mass of loosely arranged und iff erentiated 

c e l l s .  B e t w e e n  t h e s e  c e l l s  l a y  a s m a l l  a m o u n t  of 

amorphous material, the p r i m i t i v e  G B M  (Fig. 2.7). This 

can be s e e n  in cros s-s ectio n in Fig. 2.8. At this stage 

the primi tive GBM has condensed into a more recognisable 

f o r m  a n d  the p r e v i o u s l y  u n d i f f e r e n t i a t e d  c e l l s  a r e  

begin nin g to differe ntiate (Fig. 2.8).

As d e v e l o p m e n t  p r o g r e s s e d ,  a cleft formed between 

the d e v e l o p i n g  g l o m e r u l a r  tuft an d a s i n g l e  l a y e r  of 

c e l l s  w h i c h  w e r e  l a t e r  to form the parietal epithelium 

(Fig. 2.9). For a period of time t h e s e  c e lls  a s s u m e d  a 

c u b o i d a l  a p p e a r a n c e  w h i c h  had no d i s t in ctive feature;
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h o w e v e r ,  l a t e r  t h e y  b e c a m e  s t r e t c h e d  and t e n u o u s  in 

o r d e r  to c o v e r  t h e  e n t i r e  p a r i e t a l  a s p e c t  of the 

de ve loping corpuscle (Fig. 2.10).

T h e  d e v e l o p i n g  g l o m e r u l a r  t u f t  a l s o  q u i c k l y  

d i f f e r e n t i a t e d  i n  a p p e a r a n c e .  I t s  c e l l s  w e r e  

c h a r a c t e r i s e d  by an i n c r e a s e d  d e n s i t y  of n u c l e a r  and 

c y t o p l a s m i c  p r o t e i n s ,  a b u n d a n t  p o o r l y  d e f i n e d  

mi t o c h o n d r i a  and occasional Golgi bodies.

The v i s c e r a l  epithelial processes quickly initiate 

the process of applying themselves along the d e v e l o p i n g  

c a p i l l a r y  n e t w o r k  (Fig. 2.11). The development of the 

GBM a l s o  t o o k  p l a c e  at a s i m i l a r  rate w h e r e b y  it n o w  

o c c u p i e d  a p o s i t i o n  b e t w e e n  the developing endothelial 

n e t w o r k  a nd  the d e v e l o p i n g  v i s c e r a l  e p i t h e l i u m  (Fig. 

2.12; also see Fig. 2.18)

3. S.E.M. Findings:

U s i n g  t h e  S E M  t h e  e a r l y  s t a g e s  of g l o m e r u l a r  

formation can be observed r a n g i n g  f r o m  v e s i c l e s ,  w h e r e  

the i n v a s i o n  by a s i n g l e  capillary had only just begun 

(Fig. 2.13 ) t h r o u g h  the c l a s s i c a l  S - s h a p e d  s t r u c t u r e  

(Fig. 2.14 ) to the m o r e  complex structures where the S 

had doubled back on itself several times (Fig. 2.15).

The l e a s t  d e r i v e d  g l o m e r u l i ,  w h i c h  w e r e  d e r i v e d  

f r o m  t h e  S - s h a p e d  s t r u c t u r e s  o b s e r v e d  by l i g h t  

m i c r o s c o p y ,  a p p e a r e d  as m o r u l a r  s t r u c t u r e s  c o n t a i n e d
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w i t h i n  a B o w m a n ' s  c a p s u l e .  T h e  p r o m i n e n c e  of t h e  

c u b o i d a l  v i s c e r a l  e p i t h e l i u m  in t h i s  s t r u c t u r e ,  

previousl y seen by both light and t r a n s m i s s i o n  e l e c t r o n  

microscopy, was well illu strated by use of the SEM (Fig. 

2.16).

In the e a r l i e s t  s t a g e s  of d e v e l o p m e n t  individual 

capil lar ies were not discern ib le; h o w e v e r ,  the y b e c a m e  

m o r e  n o t i c e a b l e  a s  d e v e l o p m e n t  of t h e  v i s c e r a l  

epithel ial  p o d o c y t e s  p r o g r e s s e d .  Fig. 2.17 s h ow s this 

t r a n s i t i o n  of the c u b o i d a l  e p i t h e l i u m  into the f or m 

p r e v i o u s l y  d e s c r i b e d  in C h a p t e r  1. At h i g h  p o w e r  the 

fla ttened sheet of the visceral epithel ium could be seen 

to form the primary, secondary and tertiary processes so 

c h a r a c t e r i s t i c  of the m a t u r e  f o r m  of this cell type 

(Fig. 2.18).
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TABLE 2.3

Summary

Time

0-12 Days

13-24

25 Days- 

2 Mths.

2-4

4-6

of Results.

Nephrogenic Zone

Extends as far as 

Cortico-medullary 

j u n c t i o n .

Slowly

Reducing

Radially

Peripheral yet 

still prominent

Disappeared

ii

Glomeruli

5%

25%

50%

80%

90-95%

100%
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Figure 2.1 
Ne ph r o g e n i c  Zone 

Neonate 
Arrows indicate extent 

of N e p h rogenic  Zone 
H & E (x 60)

Figure 2.2 
Early S-Shaped primitive 
nephron with ascending  

collecting tubule (arrow) 
H & E (x 300)
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Figure 2.3 
Primitive glo merul us  

Bowman's space appea ri ng 
Cuboidal e p i t h e l i u m  (arrow) 

H & E (x 300)

Figure 2.4 
Tr ansitiona l glomerulus 

Cuboidal e p i t helium giving 
way to visceral e p i t he li um 

Note juxta po si tion of dev elo pi ng 
tubule with the asc end in g 
coll ect ing tubule (arrow)

H & E (x 300)





Figure 2.5 
F un cti ona l glomerulus 

Deep cortical 
Note patent capillaries 

H & E (x 300)

Figure 2.6 
Normal cat ki dney 

Day 60 
Note absence of 
nephrogen ic  zone 

H & E (x 60)





Figure 2.7 
Tangential sect ion through 

S-Shaped ves icl e 
TEM (x 3000)

Figure 2.8 
De vel oping glom erulus 
Pr e-c a p i l l a r y  in va sion 

Note p e r i p he ra lly developin g 
blood vessels (arrows) 
and primitive GBM (gbm) 

TEM (x 3000)





Figure 2.9 
De ve loping glom erulus 

Cell types d i f f e r e n t i a t i n g 
Note visceral e p i t h e l i u m  (v) 

end othel ia l cell (e) and Me s a n g i a l  cell (m)
TEM (x 3000)

Figure 2.10 
Dev eloping glomerulus 

Further dif f e r e n t i a t i o n  of cell types 
Note the cuboidal visce ral 

e p i t he li um with foot pr oce sse s (v) 
Parietal e pith el ium fl at tening (p) 
Capi lla ry with red blood cell (c) 

Endot hel ial cell (e) and Me s a n g i a l  cell (m)
TEM (x 3000)





Figure 2.11 
D ev el oping e n d o t h e l i u m  (e) and 

v i s ceral e p i t h e l i u m  (v)
Note split GBM (arrow) 

Capillary  (c) and ur in ar y space (u) 
TEM (x 5000)

Figure 2.12 
Split GBM (asterisk)

Tertiary po doc ytic processes (p) 
Note slit membr an es (arrow 1) 

e ndoth el ium with fe nestrae (arrow 2) 
Capillary (c) and ur inary space (u) 

TEM (x 20,000)





Figure 2.13 
Renal ves icl e 

Note in va g i n a t i o n  formed by 
the develo pi ng c a p i llary  (asterisk) 

SEM (x 320)

Figure 2.14 
S-Shaped str ucture 

As the capilla ry  develops tors ional 
forces t r a n sf or m ve sic le into S-shape 

SEM (x 320)





Figure 2.15 
Developin g S-shap ed st ructure 
Note increas e in c o m p l e x i t y  

SEM (x 320)

Figure 2.16 
Cuboidal e p i t h e l i u m  (arrow)

This surrounds the pr imitive glo merul us  
SEM (x 640)





Figure 2.17 
Transit io nal glo merulus 

Cuboidal e p i t h e l i u m  ma t u r i n g  into 
formal v i s ce ra l e p i t h e l i u m  (arrows) 

SEM (x 160)

Figure 2.18 
Visceral e p i t he li um  

Developing podocytic process es (arrow) 
SEM (x 2500)





DISCUSSION

In the c a t , as in many other species having a short 

g e s t a t i o n  p e r i o d ,  the k i d n e y s  are still in a state of 

d e v e l o p m e n t  at the time of bi rt h .  In the p e r i p h e r a l  

c o r t e x  the n e p h r o g e n i c  zone was s een to p e r s i s t  with 

aggregates of mese nc hymal cells, vesicles and 'S-shaped' 

bodies in c l o s e  a p p o s i t i o n  to the d i s t a l  ends of the 

c o l l e c t i n g  d u c t s .  It is t h es e c o l l e c t i n g  duct endings 

which are thought to be the t r a n s m i t t e r s  of i n d u c t i v e  

s i g n a l s  for n e p h r  o g e n e s  is (Gruenwald, 1952; Grobstein, 

1957). Deeper in the cortex the glomeruli were in a more 

advanced state of dif ferenti ation but only those in the 

most ju xt a- medull ar y areas did the glomeruli appear well 

developed. This situation lasted until approximately the 

e i g h t h  w e e k  of life during which time the formation and 

d e v e l o p m e n t  of n e w  g l o m e r u l i  was t a k i n g  p l ac e in the 

outer cortex.

This s i t u a t i o n  was s i m i l a r  to the reports of the 

d e v e l o p m e n t  of g l o m e r u l i  in dog and the r a t .  In the 

f o r m e r  the total number of functional glomeruli did not 

increase after 23 days of life ( H o r s t e r  e t .a 1. , 1971).

Th e s e  w o r k e r s  s t a t e d  c a t e g o r i c a l l y  that nephrogenesis 

did not take place in the B e a g l e  a f t e r  three w e e k s  of 

age. This conclusion was based on three propositions: i) 

that g l o m e r u l a r  numbers fell within the range of values
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for m a t u r e  d o g s ,  i i ) that the c o n s t a n c y  of t h e s e  

findings was maintained during the subsequent post-natal 

period, and iii) there was an absence of any visible 

nephrogenic tissue.

In the rat, altho u g h  several widely quoted early 

works have suggested that the formation of new nephrons 

continues for several days or even weeks after birth 

(Kittleson, 1917; Arataki, 1926) in actual fact recent 

reports using more up to date methods have concluded 

that n e phrogenesis terminates within a few days of life 

(Larsson, 1975; Kazimierczak, 1978; Kazimierczak, 1980)^

and that the a d u l t  n u m b e r  of n e p h r o n s  is a l r e a d y  

established at that time.

M a c D o n a l d  and Emery (1959) have postulated kidney 

maturation, in man, as occurring in three phases namely 

i) a nephrogenic phase which may continue until 44 weeks 

after c o n c e p t i o n  but is usually over by the 36th. week 

of g e s t a t i o n ,  i i ) a s e c o n d  p h a s e  w h e r e  th e  f u l l  

complement of glomeruli are present; however almost all 

are immature (this lasts until the i n d ividual reaches 

three to five years of age) and iii) a third phase which 

g e n e r a l l y  lasts from the third to the twelfth year of 

life and in this period there is a steady increase in 

the proportion of fully mature glomeruli.

The d e v e l o p m e n t  of the c a p i l l a r i e s  wit h i n  the 

d i f f e r e n t i a t i n g  g l o m e r u l u s  lasts for a c o n s i d e r a b l e
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p e r i o d  a f t e r  n e p h r o g e n e s i s  f i n i s h e s .  In d i f f e r e n t  

species this period changes; In the ten day old rat the 

b e s t  d i f f e r e n t i a t e d  g l o m e r u l i  c o n t a i n  r e l a t i v e l y  few 

c a p i l l a r y  l o o p s  w i t h i n  t h e  l o b u l e s  of t h e  a d u l t  

g l o m e r u l u s  (K a z i m i e r c z a k , 1980). On the other hand, in 

the n e w bo rn  huma n it has been reported that the vascular 

patt ern  of the dev elo ping glomerulus was almost complete 

by the time of basal constriction of the renal corpuscle 

( P o t t e r , 1965).

In the p r e s e n t  w o r k  a m i d d l e  g r o u n d  p o s i t i o n  of 

these two extremes has been adopted. This was seen where 

the best differ entia te d glomeruli in the juxta-medullary 

r e g i o n  c o n t a i n e d  a h i g h  p r o p o r t i o n  of p a t e n t  

c a p i l l a r i e s ;  y e t  t h o s e  d e v e l o p i n g  n e p h r o n s  in the 

n e p h r o g e n i c  zone w e r e  at a ' p r e - c a p i l l a r y  i n v a s i o n '  

s t a g e .

The c o n s t r i c t i o n  of the b a s e  of t he  d e v e l o p i n g  

g l o m e r u l i  br ings the afferent and efferent vessels into 

ap position  to form the vascular pole. It is at this site 

t h a t  L j u n g v i s t  ( 1 9 6 4 ,  1 9 7 5 )  d e s c r i b e d ,  i n  t h e

juxt a-m edullar y g l o m e r u l i  of man, r a b b i t  and the rat, 

d i r e c t  s h u n t s  b e t w e e n  t h e s e  v e s s e l s ,  thus f o r m i n g  a 

by-pass to the glomerulus.

However, the presence of these shunts c o u l d  not be 

c o n f i r m e d  by e i t h e r  SEM studies of glomerular casts in 

the rat (Murakami, 1972) or in the a d u l t  dog ( S p i n e l l i
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e t .a l . , 1972 ; M o h a m m e d ,  1985) or in the a d u l t  cat as

pres en tl y d e s c r i b e d  or by a c o m b i n e d  T E M / S E M  s t u d y  in 

the rat (K a z i m i e r ^ c z a k , 1980),

T h e  s t r u c t u r a l  d e v e l o p m e n t  of the g l o m e r u l u s  as 

desc rib ed by Trabucco and Marquez (1952) i.e. that of a 

s i n g l e  v e s s e l  b e n t  in an a c u t e  a n g l e  and t h e n  simply 

e v a g i n a t  ing i n t o  a m u l t i p l e  b l i n d  e n d i n g  s a c c u l a r  

t u b u l a r  a r r a n g e m e n t  a l s o  failed to be confirmed in the 

present study.

This leaves an apparent contradiction in the cat in 

that the g l o m e r u l i  a p p e a r  to be f u l l y  f u n c t i o n a l  at 

a p p r o x i m a t e l y  t h e  e i g h t h  w e e k  of life, and, as the 

n e p h r o g e n i c  zone was no l o n g e r  p r e s e n t  at this time, 

n e p h r o g e n e s i s  had apparen tly  finished. However the size 

and weight of the kidneys at this stage of the cats life 

is only a fraction of their eventual size and w e i g h t  in 

th e f u l l y  m a t u r e  cat. This p r o b l e m  w o u l d  s e e m  to be 

a n s w e r e d  by H o r s t e r  e_ t__i.ji.2iJL ( 1 9 7 1 )  w h o  d e s c r i b e d  a 

s i m i l a r  s i t u a t i o n  in the dog w h e r e ,  f r o m  the end of 

n e p h r o g e n e s i s  u n t i l  t h e  t e r m i n a t i o n  of t h e i r  

e x p e r i m e n t a t i o n  (i.e. at 74 da ys ) ,  the tubular volume 

increased by 235% whereas glomerular volume increased by 

a mere 33%. This is also in agreement with the situation 

found in ma n by Fetterman e t .a 1. ( 1965). H o w e v e r ,  this

c h a n g e  i n  t h e  r e l a t i v e  p r o p o r t i o n s  of t u b u l a r  and 

g l o m e r u l a r  v o l u m e s  h a s  n o t  b e e n  s e e n  to c a u s e  a n y
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f u n c t i o n a l  i m b a l a n c e  as d e t e r m i n e d  by m i c r o p u n c t u r e  

analysis (Horster and Valtin, 1971). Thus it w o u l d  s e e m  

r e a s o n a b l e  to a s s u m e  that the s ize difference between 

the immature cat, where nep hrogenesis has ended, and the 

mature cat is due o n l y  to the t u b u l a r  d e v e l o p m e n t  and 

the d i s p r o p o r t i o n a t e  i n c r e a s e  in t u b u l a r  as c o m pa re d  

with glom er ular volumes.

It has been stated, by Wilmer (1941) and Ljungquist 

(1963), that except for the juxta-medu llary glomeruli no 

other glome ruli have functioning efferent v e s s e l s  u n t i l  

b i r t h  or at l e a s t  u n t i l  late foetal life. However, for 

this opinion to be c o r r e c t  t h e r e  w o u l d  h a v e  to be two 

s e p a r a t e  s t a g e s  i n  g l o m e r u l a r  d e v e l o p m e n t  i.e . 

p r e - f o r m a t i o n  of the j u x t a - m e d u l l a r y  g l o m e r u l i  and a 

p e r i o d  a f t e r  t h e i r  d e v e l o p m e n t .  It w o u l d  als o i m pl y 

s t a s i s  of the b l o o d  w i t h i n  t h e  c a p i l l a r i e s  of t h i s  

s e c o n d  g r o u p  of g l o m e r u l i .  The p r e s e n t  s t u d y  concurs 

w i t h  that  of P o t t e r  (1965) in the r e j e c t i o n  of t h i s  

t h e o r y .  The g r o u n d s  for this r e j e c t i o n  b e i n g  that no 

evidence of this phenomenon has been produced other than 

by W i l m e r  a nd L j u n g q u i s t  to l e n d  s u p p o r t  to t h e i r  

a r g u m e n t  tha t renal development differs so dramatically 

at any one particular stage of the developmental process 

and s e c o n d l y  that b l o o d  m a y  e n t e r  the g l o m e r u l i  y et 

f a i l s  t o  f i n d  a n y  e x i t  f o r  i t s  r e t u r n  to t h e  

c i r c u l a t i o n .
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-CHAPTER 3

HISTOLO GI CAL AND UL TRA ST RUCTURA L STUDY 

OF THE AUTOLYTIC CAT GLOMERULUS



INTRODUCTION

R e n a l  t i s s u e  cannot always be obtained immediately 

after an animal dies or is destroyed, even under optimal 

c o n d i t i o n s .

The m o r p h o l o g i c a l  c h a n g e s  w h i c h  o c c u r  d u e  to 

a u t o l y s i s  m u s t  t h e r e f o r e  b e  k n o w n  in  o r d e r  to 

d i f f e r e n t i a t e  t h e s e  f r o m  any c h a n g e s  occurring during 

pa thologica l processes.

These a u t o l y t i c  a l t e r a t i o n s  h a v e  b e e n  s t u d i e d  by 

s e v e r a l  a u t h o r s  in a n u m b e r  of m a m m a l i a n  species. For 

example Osvaldo e t .a l . (1965), u s i n g  the rat k i d n e y  as

t h e i r  m o d e l ,  sampled kidney tissue samples at intervals 

a f t e r  d e a t h  for h i s t o l o g i c a l  e x a m i n a t i o n .  A f u r t h e r  

s t u d y  d e a l t  w i t h  the u l t r a s t r u c t u r a 1 c h a n g e s  t a k i n g  

place (Cook e t .a l . , 1965). Likewise, in the dog C r o w e l l

e t .a 1 . ( 1 9 7 4 )  p e r f o r m e d  a c o m b i n e d  h i s t o l o g i c a l  and

ul trast ru ct ural s t u d y  in b i o p s y ,  p e r f u s e d  and iji situ 

a u t o l y s e d  k i d n e y s .  L a n g l i n a i s  (1981) also studied the 

au tolytic changes occurring in the dog by using the SEM. 

This latter study was c a r r i e d  out as part of a l a r g e r  

study on several other species of laboratory animals.

I n d e e d ,  as w o u l d  be expected,  the majority of the 

a u t o l y t i c  s t u d i e s  h a v e  c o n c e n t r a t e d  on l a b o r a t o r y  

a n i m a l s  e . g .  H a n s s e n  ( 1960a and b) and T r u m p  e t . a 1.

( 1962) using the laboratory mo us e;  Cook e t .a 1 . ( 1965),
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L a t t a  e t . a 1. ( 1965) and Osvaldo et.al. (1965) employing

the rat; M u l l i n k  a nd  F e r o n  (1967) and C r o w e l l  et.al . 

(1974) who concent ra ted on the dog.

H o w e v e r ,  o n l y  two r e p o r t s  of a u t o l y t i c  c h a n g e s  

o c c u r r i n g  in f e l i n e  g l o m e r u l i  c a n  be f o u n d  in the 

l i t e r a t u r e ,  n a m e l y  t h e  c o n t r i b u t i o n s  of M a y e r  and 

Ottolenghi (1947) and Crowell and Leininger (1976). The 

work of Mayer and Ottolenghi was concerned only with the 

" p r o t r u s i o n " ,  or reflux, of proximal tubular epithelium 

b a c k  i n t o  B o w m a n ' s  s p a c e  at the time of, or s h o r t l y  

af t e r ,  d e a t h .  This s t udy,  h o w e v e r ,  was only part of a 

m u c h  l a r g e r  s t u d y  of the same p h e n o m e n o n  in t he  d og  

k i d n e y .  T h e  C r o w e l l  a n d  L e i n i n g e r  s t u d y  u s i n g  both  

c o n v e n t i o n a l  h i s t o l o g i c a l  m e t h o d s  a n d  t r a n s m i s s i o n  

e l e c t r o n  m i c r o s c o p y  compared the kidneys of normal cats 

w i t h  t h o s e  of s e v e r a l  a b n o r m a l  cats, s u f f e r i n g  f r o m  

membranous glomerulonephritis, as well as describing the 

autolytic changes occurring in normal kidneys.
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I n f o r m a t i o n  c o l l e c t e d  f r o m  this part of the study 

was aimed at e x p a n d i n g  u p o n  t h e s e  i n i t i a l  f i n d i n g s  by 

the us e of m o r e  p r e c i s e  i n v e s t i g a t i v e  t e c h n i q u e s .  In 

particular, the present study s o u g h t  to e s t a b l i s h  m o r e  

t h o r o u g h l y  t h e  g l o m e r u l a r  a u t o l y t i c  c h a n g e s  in the 

f e l i n e  k i d n e y  as d e t e c t e d  by  l i g h t  m i c r o s c o p y  a n d  

t r a n s m i s s i o n  e l e c t r o n  m i c r o s c o p y  as w e l l  as, for the 

first time, scanning electron microscopy.
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MATERIALS and METHODS

1. Source of Animals.

F o u r  y o u n g  a d u l t  d o m e s t i c ,  s h o r t - h a i r  cats wer e 

obtained from c o m m e r c i a l  s o u r c e s  s p e c i f i c a l l y  for the 

p u r p o s e  o f  e x a m i n i n g  t h e  h i s t o l o g i c a l  a n d  

u lt r a s t r u c t u r a l  c h a n g e s  t a k i n g  p l a c e  in the a u t o l y t i c  

k i d n e y .

P h y s i c a l  an d  b i o c h e m i c a l  examinations carried out 

prior to the commence ment of the experiment showed these 

cat s to be n o r m a l  and d i s e a s e  free a fact w h i c h  w a s  

s u b s e q u e n t l y  c o n f i r m e d  by h i s t o l o g i c a l  examination of 

nec ro psy specimens.

2. Euthanasia.

The me tho d of euthana sia was as p r e v i o u s l y  s t a t e d  

on pages 6-7 of the general Materials and Methods.

3. Sampling of Tissues.

F o l l o w i n g  e u t h a n a s i a ,  tissues were sampled in the 

mann er as previously described (pages 7-10).

F r o m  e a c h  of t h e  f o u r  c a t s  b o t h  k i d n e y s  w e r e  

r e m o v e d  i m m e d i a t e l y  a f t e r  e u t h a n a s i a .  As b e f o r e ,  the 

kidneys were incised l o n g i t u d i n a l l y  to r e v e a l  b o t h  the 

c o r t i c a l  a n d  m e d u l l a r y  a r e a s  and s a m p l e s  w e r e  t a k e n  

im med iately to act as '0 hour' c o n t r o l  s p e c i m e n s .  The
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r e m a i n d e r  of the kidneys were then stored at 4°C during 

the p o s t  m o r t e m  i n t e r v a l .  S a m p l e s  w e r e  t h e n  t a k e n  at 

f i v e  m i n u t e  i n t e r v a l s  for the f i r s t  h o u r  t h e n  at 30 

mi nu te  intervals for the following six hours. Subsequent 

to that time further samples were taken every six h o ur s  

for six days (i.e. up to 144 hours).

T h e s e  s a m p l e s  p r o v i d e d  m a t e r i a l  for h i s t o l o g y ,  

transmi ss ion and s c a n n i n g  e l e c t r o n  m i c r o s c o p y  s t u d i e s  

with all the his to logica l and ultrastru ctural techniques 

employed being as previou sly described.

A s u m m a r y  of t h e  t i s s u e  s a m p l e s  t a k e n  and the 

metho d of i n v e s ti gatio n employ ed  on t h e s e  f o u r  a n i m a l s  

now follows:



TABLE 3.1

Summary of Sampling Times.

Cat No. Sample Times after Death (mins.)

3.1 5, 10, 15, 20, 25, 30.

3.2 35, 40, 45, 50, 55, 60.

Sample Times after Death (hrs.)

3.3 0.5, 1, 1.5, 2, 2.5, 3, 3.5, 4,

4.5, 5, 5.5, 6.

3.4 12, 18, 24, 30, 36, 42, 48, 54, 60,

6 6 , 72, 78, 84, 90, 96, 102, 108, 

114, 120, 126, 132, 138, 144.
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RESULTS

A l t h o u g h  t h e  n a t u r e  a n d  s e v e r i t y  of a u t o l y t i c  

changes often varied in d i f f e r e n t  g l o m e r u l i  w i t h i n  the 

s a m e  t i s s u e  s e c t i o n ,  n e v e r t h e l e s s  t he  p a t t e r n  of 

m o r p h o l o g i c a l  a l t e r a t i o n s  w a s  s i m i l a r  at e a c h  t i m e  

interval in all four cats.

1. Light Mi cr oscopy

No h i s t o l o g i c a l  c h a n g e s  w e r e  d e t e c t e d  u n t i l  20 

m i n u t e s  a f t e r  e x c i s i o n .  At t h i s  t i m e  th e  g l o m e r u l i  

a p p e a r e d  n o r m a l  a p a r t  f ro m a small number which showed 

tubular epithelial reflux into the u r i n a r y  s p ace (Fig. 

3.1).

T h i s  t u b u l a r  e p i t h e l i a l  r e f l u x  e x t e n d e d ,  w ith 

i n c r e a s i n g  t i m e  a f t e r  d e a t h ,  to the r e m a i n d e r  of the 

g l o m e r u l i  so t h a t  by 24 h o u r s  all g l o m e r u l i  s h o w e d  

tubular epithelial debris to a greater or l e s s e r  e x t e n t  

in the urinary space. Fig. 3.2 illustrates the extent to 

w h i c h  the r e f l u x  had reached by 12 hours after excision 

of the k i d n e y s  w i t h  Fig. 3.3 s h o w i n g  t he  a m o u n t  of 

t u b u l a r  e p i t h e l i a l  reflux, together with the consequent 

splitting of the glomerulus, at approximately 36 hours.

In a s i m i l a r  f a s h i o n  m a r g i n a t i o n  of n u c l e a r  

c h r o m a t i n  p r o g r e s s e d ,  at d i f f e r e n t  r a t e s  w i t h i n  

d i f f e r e n t  g l o m e r u l i ,  and t o g e t h e r  w i t h  s o m e  n u c l e a r
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shrinkage, resulted in the appearance of pyknotic nuclei 

b y  12 h o u r s *  T h i s  t i m e  s c a l e  a p p l i e d  to v i s c e r a l  

epithelial cells* Mesangial and endothelial cells, whose 

n u c l e i  n o r m a l l y  a p p e a r  s m a l l e r  a n d  d a r k e r  b e f o r e  

a u t o l y s i s  c o m m e n c e s ,  s h o w e d  n u c l e a r  p y k n o s i s  mo r e  

rapidly in the shorter time of six hours.

After 24 hours a proportion of nuclei began to show 

k a r y o r r h e x i s , where the nuclear material f r a g m e n t s ,  and 

this c o n d i t i o n  had e x t e n d e d  to virtually all nuclei by 

48 hours.

The capillary lumina also appeared to be p a r t i a l l y  

o c c l u d e d  d u r i n g  this time. B e g i n n i n g  at 30 m i n u t e s ,  

glomerular capillaries were n o t i c e d  to c o n t a i n  s w o l l e n  

e n d o t h e l i a l  and m e s a n g i a l  cell c y t o p l a s m .  Indeed, a 

s m a l l  n u m b e r  w e r e  c o m p l e t e l y  c l o s e d  by o ne h o u r ;  

h o w e v e r ,  f o r  the m o s t  part they r e m a i n e d  open u n til 

a p p r o x i m a t e l y  24 h o u r s  w h e n  all a p p e a r e d  c o m p l e t e l y  

o c c l u d e d •

T h e  s w o l l e n  p r o c e s s e s  of the m e s a n g i a l  c e l l s  

appeared to protrude through the endothelial ce ll s thus 

c o n t r i b u t i n g  to the c y t o p l a s m i c  p r o f i l e s  f i l l i n g  the

capillary lumina.

B y  5 4  - 60 h o u r s  t h e  n o r m a l  h i s t o l o g i c a l

c o n f i g u r a t i o n  of the glomerulus was completely lost and 

the uri nar y space almost completely filled w i t h  t u b u l a r  

epithelial debris (Fig* 3.4).
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The red blood cells present in the v e s s e l s  bega n, 

by a b o u t  two h o u r s  to alter their normal configuration 

to show discoid forms with cup— shaped forms appearing at 

eight hours in the l a r g e r  v e s s e l s .  In s m a l l e r  v e s s e l s  

w h i c h  c o n t a i n  s w o l l e n  m e s a n g i a l  a n d  e n d o t h e l i a l  

cyto plasm the red b l o o d  c e l l s  are p a c k e d  t i g h t l y  into 

s o l i d  m a s s e s  and by 24 h o u r s  onl y  s w o l l e n  h a e m o l y s e d  

forms may be identified.

2. Tra nsmi ssion  electron microscopy.

As w i t h  c o n v e n t i a l  l i g h t  m i c r o s c o p y ,  r e f l u x  of 

t u b u l a r  e p i t h e l i u m  into the u r i n a r y  space began to be 

n o t i c e a b l e  as e a r l y  as ten m i n u t e s  a f t e r  d e a t h  (Fig.

3 . 5 ) .  R e f l u x  w a s  p r e s e n t  in t h e  g r e a t  m a j o r i t y  of 

g l o m e r u l i  by  24 h o u r s  a n d  c o n t i n u e d  t h e r e a f t e r  

eventually affecting all the glomeruli to some extent.

In the v i s c e r a l  e p i t h e l i a l  cells distinct changes 

began at a p p r o x i m a t e l y  ten — 20 m i n u t e s  at w h i c h  time 

slight swelling of some of the epithelial foot processes 

c o u l d  be s e e n  (Figs. 3.5 and 3.6). N e v e r t h e l e s s  some 

foot pro cesses r e m a i n e d  n o r m a l  u n t i l  a p p r o x i m a t e l y  60 

hours when general epithelial cytoplasmic disintegration

had developed (Fig. 3.8).

The c y t o p l a s m i c  o r g a n e l l e s  w i t h i n  the epithelium 

also underwent change. The m i t o c h o n d r i a  b e g a n  to swell 

and l o s e  t h e i r  e l e c t r o n  density within the first hour,
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a l t h o u g h  a s m a l l  n u m b e r  c o u l d  be o b s e r v e d  to h a v e  

c h a n g e d  l i t t l e  e v e n  a f t e r  24 hours. In the endoplasmic 

reti cul um ves icles had formed by four hours post— mortem 

and the end op la sm ic reticulum as a w h o l e  had d e c r e a s e d  

in n u m b e r s  and size by e i g h t  h o urs . By one hou r the 

Golgi bodies were prominent and had distended cisternae. 

W h i l e  at f o u r  h o u r s  m y e l i n  f i g u r e s  c o u l d  be f o u n d  

f r e q u e n t l y  a s s o c i a t e d  w i t h  th e  d e g e n e r a t i n g  Golgi 

bodies. Nuclei were observed to develop pyknosis by four 

to eight hours with marg ination of chromatin a prominent 

f e a t u r e .  On t h e  s u r f a c e  of t h e s e  c e l l s  n u m e r o u s  

m i c r o v i l l o u s  p r o c e s s e s  w e r e  p r e s e n t  at eight hours at 

w h i c h  t i m e  t h e r e  w e r e  a l s o  i n c r e a s e d  n u m b e r s  of 

irregular cellular processes.

T h e  b a s e m e n t  m e m b r a n e  a p p e a r e d  n o r m a l  u n t i l  

approxima tely 24 h o u r s  w h e n  the l a m i n a  d e n s a  b e g a n  to 

t h i c k e n .  The t o t a l  t h i c k n e s s  of the basement membrane 

was me as ured as increasing from appro ximately 1400 A to 

a p p r o x i m a t e l y  1600 A ( C o m p a r e  Fig. 3.5 with Figs. 3.9 

and 3.10).

W i t h i n  fo u r  h o u r s  the e n d o t h e l i a l  c y t o p l a s m  h a d  

b e g u n  to e n l a r g e  and o c c u p y  the ca p i l l a r y  lumina thus 

compressing any erythrocytes contained within them (Fig.

3.6). However, the fenestrated portion of the c y t o p l a s m  

persists even when the lumen of the capillary was filled 

w it h t h e s e  c y t o p l a s m i c  p r o f i l e s .  At this time many of
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the nuclei had become pyknotic. Pyknosis being c o m p l e t e  

in an e n d o t h e l i a l  n u c l e u s  by e i gh t hours. By 24 hours 

e r y t h r o c y t e s  a nd p y k n o t i c  n u c l e i  b e c a m e  d i f f i c u l t  to 

d i s t i n g u i s h .  T h e  m e s a n g i a l  cells u n d e r w e n t  si m i l a r  

changes in a similar time scale as those that had taken 

p l a c e  in the e n d o t h e l i a l  cells. However, the mesangial 

p r o c e s s e s  w h i c h  c o u l d  be see n  p r o t r u d i n g  t h r o u g h  the 

e n d o t h e l i u m  in t o  the c a p i l l a r y  l u m ina, the so-cal led 

'I n t r a k a p i l l a r h o c h e r c h e n ', were seen to undergo a marked 

swelling whi ch became noticeable at ten m i n u t e s  and was 

q u ite p r o m i n e n t  at 60 minutes. These swollen processes 

c o n t r i b u t e d  to the o c c l u s i o n  of the c a p i l l a r y  l u m i n a 

w i t h  c y t o p l a s m i c  p r o f i l e s  yet r e m a i n e d  d i s t i n c t  from 

endothelial profiles (Fig. 3.7).

Complete disintegration of glomerular structure was 

o b s e r v e d  a n y  t i m e  a f t e r  24 h o u r s  p o s t  m o r t e m  as 

i l l u s t r a t e d  by Figs. 3.9 and 3.10 t a k e n  at 48 and 96 

hours after excision respectively.

3. Scanning electron microscopy.

U s i n g  t h e  S E M  s e v e r a l  d i s t i n c t  c h a n g e s  in 

glomerular mor pholo gy  were observed. The more i m m e d i a t e  

changes included i) the constriction of capillary loops, 

ii) the appearance of blunt or rounded microvilli on the 

s u r f a c e s  of the cell b o d i e s  of the visceral podocytes 

and iii) the formation of 'blebs' of various s h ap es and
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sizes on the surface of the podocyte and its p r o c e s s e s .  

These changes began to appear at 20 minutes and remained 

c o n s t a n t  in s e v e r i t y  and d i s t r i b u t i o n  u n t i l  24 hours 

(and a f t e r w a r d s ) .  S u b s e q u e n t  c h a n g e s  in the v i s c e r a l  

epithelium included fusion of adjacent podocytes as well 

as adjace nt podocyte processes. This erosion of podocyte 

i n t e g r i t y  e x p o s e d  i n t r a c e l l u l a r  c o n t e n t s  and also 

exposed the GBM in patches (Fig. 3.11).

At a later stage i.e. after 24 hours the epithelial 

s u r f a c e  of m o s t  c a p i l l a r i e s  w a s  t r a n s f o r m e d  i n t o  a 

r o u g h e n e d  s h e e t - l i k e  struc tur e without any discernible 

features. Nev ertheless occasional patches of g l o m e r u l a r  

c a p i l l a r i e s  s t i l l  s h o w e d  n o r m a l  v i s c e r a l  e p i t h e l i a l  

features (Fig. 3.12).
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Figure 3.1 
Tubular epithelial reflux  

(arrow) (30 mins PM)
H & E (x 300)

Figure 3.2 
Tubular epithelial reflux 

(arrow) (12 hrs PM)
H & E (x 300)





Figure 3.3 
Tubular epit helial reflux 

Note glo meru la r splitting and 
capsular di sr u p t i o n  (arrow) 

(36 hrs PM)
H & E (x 300)

Figure 3.4 
Glomerular di s i n t e g r a t i o n  

Note nuc lear pyknosis 
(60 hrs PM)

H & E (x 300)





Figure 3.5 
Tubular epi the li al reflux 

into ur inary  space (u) (arrows) 
vi s cer al  e p i t h e l i u m  (v), capil larie s (c) 

(10 mins PM)
TEM (x 5000)

Figure 3.6 
Tubular epit hel ial reflux 
into urin ary  space (u) + 

filling of capillaries (c) wit h debris 
(arrows)

(30 mins PM)
TEM (x 2000) I





Figure 3.7 
Ca pillary occ lu sion (x)

Vi scera l epit helial  d i s i n t e g r a t i o n  (arrows)
(60 mins PM)
TEM (x 4000)

Figure 3.8 
Patchy p r e s e r v a t i o n  of 
foot pro cesses (arrow) 

(60 hrs PM)
TEM (x 3000)





Figure 3.9 
Glomerular  d i s i n t e g r a t i o n  

E n d o t heli al  cell (e), cap il lary (c) 
Remnants of ep it helial pod oc yte (p) 

(48 hrs PM)
TEM (x 6000)

Figure 3.10 
Glomerular d i s i n t e g r a t i o n  
Note pyknoti c nuclei (n) 

and occluded ca pi llaries (c) 
(96 hrs PM)
TEM (x 3000)





Figure 3.11 
Podocytic  er osion 

Note loss of process integ rity 
(12 hrs PM)
SEM (x 160)

Figure 3.12 
Pod ocy te d i s i n t e g r a t i o n  

(> 24 hrs PM)
SEM (x 320)





DISCUSSION

Of f u n d a m e n t a l  importance for the understanding of 

pa thologic  p r o c e s s e s  is the r e l a t i o n s h i p  of a u t o l y t i c  

v i s - a - v i s  d i s e a s e  c h a n g e s  o p e r a t i n g  in the tissues at 

the same time. It is clearly essential to e s t a b l i s h  the 

s e q u e n t i a l  a u t o l y t i c  ch anges  in normal tissue in order 

to ev aluate with accuracy  pathological change in similar 

t is sue s f i x e d  and p r o c e s s e d  by the same m e t h o d s .  The 

m a j o r  s t i m u l u s  for the init iatio n of autolytic changes 

is the removal from the c i r c u l a t i o n  of the k i d n e y s  and 

the s u b s e q u e n t  a n o x i a .  M o r e o v e r  t r a u m a  as a result of 

ov er-handl ing the tissue has been shown previously to be 

a major c o n t r i b u t a r y  f a c t o r  to the d e v e l o p m e n t  of the 

autolytic changes (Cook e t .a l ., 1965).

T h e  h i s t o l o g i c a l  f i n d i n g s  in the p r e s e n t  s t u d y 

began with the observation of tubular e p i t h e l i a l  r e f l u x  

into B o w m a n ' s  space at approxi mately 20 minutes whereas 

the same con ditio n in the sections prepared for electron 

mi cro scopy appeared as early as ten minutes w h i c h  w o u l d  

t e n d  to c o n f i r m  the s i m i l a r  f i n d i n g s  of Cook  e t .a 1. 

( 1 9 6 5 )  a n d  t h e i r  s u g g e s t i o n  t h a t  t h e  a d d i t i o n a l  

m a n i p u l a t i o n  involved in the preparation of tissues for 

e l e c t r o n  m i c r o s c o p y  r e s u l t e d  in b o t h  e a r l i e r  a n d  

increased reflux.

T h i s  t u b u l a r  e p i t h e l i a l  r e f l u x  is, as the name
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suggests, due to the detachment of the uppermost part of 

the proximal tubular epithelial cells and has also bee n 

o b s e r v e d  to d e v e l o p  in the dog and rat u n d e r  n o r m a l  

p o s t - m o r t e m  c o n d i t i o n s  ( M u l l i n k  a n d  F e r o n ,  1 9 6 7 ) .  

H o w e v e r ,  it h a s  a l s o  b e e n  s e e n  to o c c u r  d ue  to 

i n t r a v i t a l  i s c h a e m i a  in dog s  a n d  r a t s  ( M u l l i n k  a n d  

Feron, 1967 ) a nd  has b e e n  found in acute and sub-acute 

nephritis in humans (Dixon e t . a l . , 1971).

The swelling of the v i s c e r a l  e p i t h e l i a l  p o d o c y t e s  

seen in this  s t u d y  was a c c o m p a n i e d  by the swelling of 

its cyto plasmi c processes; ho we v e r ,  the foot p r o c e s s e s  

r e s i s t e d  the a u t o l y t i c  changes much longer. This is in 

agreement with Cook et.al. (1965) who worked on the rat 

as w e l l  as C r o w e l l  et .al.  (1974) and M o h a m m e d  (1985) 

both using the dog who noted a "remarkable preservation" 

of the f o o t  p r o c e s s e s  and the GBM d e s p i t e  the e a r l y  

d i s i n t e g r a t i o n  of the e n d o t h e l i a l  ce lls and the cell 

bodies of the visceral epithelial cells.

In these earlier studies as well as in the p r e s e n t  

study m o r p h o l o g i c a l l y  recognisable foot processes were 

distin ct as l a t e  as 60 h o urs p o s t - m o r t e m  d e s p i t e  the 

fact that the cell bodies had long disappeared.

O t h e r  f e a t u r e s  o b s e r v e d  d u r i n g  a u t o l y s i s  in the 

present study have also been described in other previous 

studies; i) the m y e l i n  f i g u r e s  o b s e r v e d  w i t h i n  the 

v i s c e r a l  e p i t h e l i u m  a f t e r  s e v e r a l  hou rs  of aut ol ys is
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have also been observed during uranium poi s o n i n g  in the 

rat ( B e n s c o m e  e t . a U ,  1 9 5 9 ) .  ii) d e v e l o p m e n t  of 

m i c r o v i l l i  a n d / o r  i r r e g u l a r  s u r f a c e  ' b l e b s '  d u r i n g  

a u t o l y s i s  h a v e  a l s o  b e e n  described m  human glomerular 

disease by Latta (1960) (cited by Cook e t . a l . , 1965) and 

Jackson et.al. (1 96 2). It has bee n  s u g g e s t e d  by these 

a u t h o r s  t h a t  this  d e v e l o p m e n t  is at lea st part of a 

degenerative phenomenon, iii) m a r g i n a t i o n  of c h r o m a t i n  

was o b s e r v e d  by b o t h  l i g h t  and e l e c t r o n  microscopy in 

all t y p e s  of g l o m e r u l a r  c e l l  a n d  a p p e a r e d  to be a 

f o r e r u n n e r  of p y k n o s i s ;  in deed, even  when the nucleus 

was seen to shrink the granules of margina ted  c h r o m a t i n  

usually remain peri pherally clumped. This phenomenon has 

been observed in other animals used in similar autolytic 

studies s u c h  as the rat (Osvaldo et.al. , 1965 and Cook

et.al., 1965) and the dog ( C r o w e l l  e t . a l . , 1974). iv)

the swelling of the mesangial cells is thought to be the 

main e x p l a n a t i o n  why the capillary lumina are filled by 

cytoplasmic debris. This swelling has been postulated as 

explaining the 'I n t r a k a p i l la rhocher ch en' first described 

by Zimmerman (1933) (cited by Mueller, 1958) and several 

subsequent authors. For example, they have been te rmed  

c o l l i c u l i ' ( Y a m a d a ,  1 9 5 5 ) ,  b a l l o o n  s w e l l i n g  

(B e r g s t r a n d ,  1957) and ' d i v e r t i c u l u m s '  ( M i c h e l s o n ,  

1962). M o r e o v e r ,  similar structures have been described 

in temporary renal ischaemia (Thoe nes, 1962) (cite d by
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Cook e t . a l . , 1965) as well as in pathological conditions 

in m a n  a n d  rats (Miller and Bohle, 1957 and Latta, 1960 

(cited by Cook ej: .al. , 1965)). The latter i n c l u d e  acut e 

g l o m e r u l o n e p h r i t i s  (Vernier e t . a l . , 1958; Movat e t . a l . , 

1962 and Strunk e t . a l . , 1964), diabetes (Farquhar et.al. 

1959 an d  S u z u k i  a. > 1 9 6 3 )  a n d  t o x a e m i a  d u r i n g

p r e g n a n c y  ( P o l l a c k  an d N e t t l e s ,  1960; Mautner et.al., 

1962 and Wakamo ri e t . a l . , 1962).

The m o r p h o l o g y  of autolytic change appears a little 

less dramati c when viewed with the SEM as c o m p a r e d  wit h 

the u l t r a s  t r u e t u r a l  c h a n g e s  se e n  w h e n  u s i n g  the TEM. 

Indeed, a small proportion of glomeruli a p p e a r e d  n o r m a l  

even as late as 48 hours.

In v i s c e r a l  e p i t h e l i a l  cells undergoing autolysis 

the developm ent of surface irregularities t o g e t h e r  w i t h  

the e n l a r g e m e n t  of p o d o c y t i c  p r o c e s s e s  b e g a n  at 20 

minutes. Al t h o u g h  primary and s e c o n d a r y  p r o c e s s e s  were 

s e e n  to f u s e  at this time and lose any s e m b l a n c e  of 

orderly i n t e r d i g i t a t i o n  some foot p r o c e s s e s  r e m a i n e d  

m o r p h o l o g i c a l l y  recognisable and attached to the GBM as 

late as 60 hours.

D i r e c t  c o m p a r i s o n  of the p r e s e n t  s t ud y w i t h  th e 

more r e c e n t  of the o nly two other reports dealing with 

au t o l y t i c  c h a n g e s  in the cat (C r o w e l l  and L e i n i n g e r ,  

19 7 6) is n o t  p o s s i b l e  due to the d i f f e r e n c e s  in the 

parameters examined, for example the time scale of their
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examination is s h o r t e r  and t h e i r  m e t h o d  of s t o r a g e  of 

the ki dne y is different from the present study. However, 

these w o r k e r s  did d e s c r i b e  h e r n i a t i o n  of the tubular 

epithelium into Bowman's space yet did not give a time 

scale to its a p p e a r a n c e  or a scale of severity to the 

p h e n o m e n o n .  T h i s  h e r n i a t i o n  h a d  b e e n  p r e v i o u s l y  

d e s c r i b e d  by Mayer and Ottolenghi (1947) for the cat as 

part of a larger s t u d y  in the dog; h o w e v e r ,  a g a i n  the 

a m o u n t  of r e f l u x  wa s not c o r r e l a t e d  w i t h  time aft er 

d e a t h .
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CHAPTER 4

A H I S T O L O G I C A L  AND ULTRAST RUC TURAL INVESTIGATION 

INTO A NOVEL GLOMERULA R LESION
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INTRODUCTION

D u r i n g  the i n v e s t i g a t i o n  into the n o r m a l  fe line 

glomerular m o r p h o l o g y  as previously reported in C h a p t e r  

1 , a h i t h e r t o  u n r e c o g n i s e d  g l o m e r u l a r  l e s i o n  w as  

d e t e c t e d .

The p u r p o s e  of this s e c t i o n  of th e w o r k  w a s  to 

c o n d u c t  a d e t a i l e d  histological, immunofluorescence and 

u l t r a s t r u c t u r a l  s t u d y  of  t h i s  n o v e l  f o r m  of 

g l o m e r u l o p a t h y •

h ‘; : J
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MATERIALS and METHODS

1 . Source of Animals.

N i n e  a d u l t  c a t s  w e r e  o b t a i n e d  fr o m  c o m m e r c i a l  

sources as part of a l a r g e r  g r o u p  of 20 a n i m a l s  w h i c h  

were the subject of a study concerning the normal feline 

g l o m e r u l a r  m o r p h o l o g i c a l  p a r a m e t e r s  as d e s c r i b e d  in 

Chapter 1.

P r i o r  to t h e i r  u s e  d e t a i l e d  e x a m i n a t i o n s ,  as 

previously described in the section on general Materials 

and M e t h o d s  w e r e  c a r r i e d  out. The o u t c o m e  of these 

examinations showed there to be n o t h i n g  to d i s t i n g u i s h  

these n i n e  a n i m a l s  f r o m  the r e m a i n d e r  of the initial 

group of 20 animals.

2. Euthanasia.

The me thod of e u t h a n a s i a  e m p l o y e d  for these nine 

a n i m a l s  wa s a g a i n  no d i f f e r e n t  f r o m  that us e d  on the 

initial group of animals and is described in full in the 

general Mat er ials and Methods (pages 6-7).

As b e f o r e ,  t h e  a n i m a l s  w e r e  e x s a n g u i n a t e d  by 

s e v e r i n g  t he a x i l l a r y  a r t e r y  as soo n as the f e m o r a l  

pulse w a s  o n l y  f a i n t l y  d i s c e r n i b l e .  This was done to 

e n s u r e  a d e q u a t e  e x s a n g u i n a t i o n  a n d  the c o n s e q u e n t  

enhancement of histological preparations.
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3. Sampling of Tissues.

Fo llowi ng  e x s a n g u i n a t i o n , the abdomen was opened by 

a mid -li ne in cision  and the a b d o m i n a l  o r g a n s  d i s p l a c e d  

to a l l o w  e a s y  r e m o v a l  of b o t h  k i d n e y s .  Tissue samples 

were t h e n  t a k e n ,  as p r e v i o u s l y  d e s c r i b e d ,  f or b o t h  

h i s t o l o g i c a l  and  u l t r a s t r u e t u r a l  studies. In addition 

small b l o c k s  of f r e s h  r e n a l  c o r t e x  w e r e  r e m o v e d  a nd 

s n a p - f r o z e n  by immersion in liquid nitrogen (LN^). They 

were t h e n  s t o r e d  at - 2 0 ° C  to be s u b s e q u e n t l y  used in 

i m m u n o f l u o r e s c e n c e  s t u d i e s  as p r e v i o u s l y  d e s c r i b e d  

(pages 7-10).

All the tissues used were prepared for e x a m i n a t i o n  

by t h e  m e t h o d s  p r e v i o u s l y  s t a t e d  a n d  these r e m a i n  

u n c h a n g e d .
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RESULTS

1 . H i s t o l o g i c a l  findings:

A l l  n i n e  c a t s  s h o w e d  a m a r k e d  d i f f u s e  

g l o m e r u l o p a t h y  c h a r a c t e r i s e d  by n e c r o s i s  of t h e  

glomerular end ot helia l and mesangial cells together with 

the a p p e a r a n c e  of g r a n u l a r  n e c r o t i c  debris within the 

lumina of the glom erula r capillaries. It was n o t i c e a b l e  

that all the glomeruli were involved to an equal extent 

(Figs. 4.1 and 4.2).

The nuclei of the endothelial cells together with a 

p r o p o r t i o n  of m e s a n g i a l  c e ll s w er e q u it e d e f i n i t e l y  

p y k n o t i c  w h e r e a s  t h o s e  cells c o m p r i s i n g  the visceral  

epithelium appear ed largely u n c h a n g e d .  The d e s t r u c t i v e  

e f f e c t  s u f f e r e d  by t he g l o m e r u l a r  e n d o t h e l i u m  was 

subsequently confirmed by use of 1 urn. plastic s e c t i o n s  

(Fig. 4.3).

In m a r k e d  contrast, the histological appearance of 

the t u b u l e s  r e m a i n e d  u n c h a n g e d  w i t h  t h e  t u b u l a r  

e p i t h e l i a l  cells remaining well preserved likewise, the 

tubular capillarie s were unaltered.

A search for any occlusive v a s c u l a r  l e s i o n  of the 

renal mi c r o c i r cul a t i on proved fruitless and apart from 

the g l o m e r u l a r  l e s i o n s  the k i d n e y s  were in all oth er 

respects normal.
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2. TEM findings:

The m o s t  s t r i k i n g  f e a t u r e  o b s e r v e d  in these nine 

cases was lysis of the glomerular endothelial cells with 

d e t a c h m e n t  of w h o l e  s e g m e n t s  of n e c r o t i c  e n d o t h e l i a l  

c y t o p l a s m  f r o m  the G BM  ( F i g . 4.4). In m a n y  c a p i l l a r y  

loops, the GBM was completely denuded of any endothelial 

covering with the lumina of capillaries often completely 

filled w i t h  c y t o p l a s m i c  d e b r i s .  P y k n o t i c  n u c l e i  from  

these d i s r u p t e d  cells could also be found floating free 

in the capil la ry lumina (Fig. 4.5).

In addition, swollen p r o c e s s e s  of m e s a n g i a l  cells 

were s e e n  to be e x t r u d i n g  t h r o u g h  the axial region of 

the c a p i l l a r y  l o o p s  i n t o  t h e  l u m i n a  w h e r e  t h e y  

i n t e r m i n g l e d  w i t h  t h e  d e t a c h e d  p r o f i l e s  of the 

endothelial c y t o p l a s m .  The m e s a n g i a l  cells fro m  w h i c h  

these pro cesses arose showed varying degrees of necrosis 

with many of them having pyknotic nuclei (Fig. 4.6).

In m a r k e d  c o n t r a s t ,  t he v i s c e r a l  e p i t h e l i a l  

podocytes, al tho u g h  somewhat swollen, showed r e l a t i v e l y  

little change with the normal orderly arrangement of the 

p o d o c y t i c  p r o c e s s e s  remaining undisturbed except for an 

occasional patch y area of swelling or fusion (Fig. 4.7).

The GBM, too, was for the m o s t  part quite n o r m a l  

though there were occasional areas of thickening.

92



3. SEM findings:

W h e n  v i e w e d  by the SEM the glomeruli appeared, to 

all i n t e n t s  a n d  p u r p o s e s ,  n o r m a l .  T h e r e  w a s  l i t t l e  

o u t w a r d  i n d i c a t i o n  that these glomeruli were suffering 

f r o m  a s e v e r e  e n d o t h e l i a l  l e s i o n  a p a r t  f r o m  an 

o c c a s i o n a l  a r e a  of e p i t h e l i a l  p o d o c y t e  f u s i o n .  

Surrounding tubules in the remainder of the k i d n e y  were 

also normal  in appearance (Figs. 4.8 and 4.9).

P r o b a b l y  d u e  to th e  p r e p a r a t i v e  t e c h n i q u e s  no 

l u m i n a l  d e p o s i t s  of d e b r i s  w e r e  f o u n d  in s e c t i o n e d  

glomeruli; likewise due to the lesion itself there was a 

complete loss of the fenestrated epithelium.

4. Im mu nofluoresce nce findings:

These are summarised in Table 4.1.

E i g h t  out of the nine c a se s w e r e  f o un d to have a 

m a r k e d  g r a n u l a r  d e p o s i t i o n  of c o m p l e m e n t  ( C ^)» The 

distribution of this was such that it appeared to lie 

w i t h i n  the capilla ry  loops rather than along the GBM or 

in the m e s a n g i u m  (Figs. 4.10).

S i m i l a r  d e p o s i t s  of i m m u n o g l o b u l i n  G (IgG) w e r e  

also f o u n d  in t h e s e  cases and, h e r e  ag ai n, a similar 

g r a n u l a r  d e p o s i t i o n  p a t t e r n  w a s  o b s e r v e d  y e t  at a 

diminished level of intensity (Fig 4.11)*

Also noted in several of these animals (five out of 

nine) w as  a p a t c h y  d i s t r i b u t i o n  of staining a small
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number of tubules of the a f f e c t e d  k i d n e y s  in a li ne a r  

f a s h i o n .  Th e s i g n i f i c a n c e  of this finding is, as yet, 

unclear as no tubular lesion c o u l d  be f o u n d  in s i m i l a r  

areas w i t h i n  hi sto log ical prepartions.

A r e t r o sp ective  examination, by immunofluorescence, 

of the o t h e r  eleven animals in the original group of 20 

(Chapter 1) u s i n g  b o t h  a n t i - c a t  and IgG s h o w e d  no

deposition of either of these two reagents either within 

the glomeruli.



TABLE 4.1

Summary of Immunofluorescence results.

Immunofluorescence * 

Cat No. IgG

1.2 3+ 2+

1.3 2+ 1 +

1.4 3+ 2+

1.6 2+ 1+

1.8 1 + 1+

1.9 - 1 +

1.13 3+ +

1.14 2+ 2+

1.17 3+ 1+

* The deposits were graded j

acc or ding  to their severity.

Note: + represents the minimum change

observ ed using immunofluorescence.
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Figure 4.1 
The glomerular lytic lesion. 
Note the granular debris in 
capillary lumina (arrows).

H & E (x 300)
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Figure 4.2 
Lytic lesion.

Note the intact GBM and 
the cellular di sruptio n (arrows). 

H & E (x 300)

Figure 4.3 
Lytic lesion.

Note the complete d i s r upt io n 
of many mesa ngial  areas (arrows). 
Toluidine blue lum.plastic (x 300)





Fi gu re  4.4 
Lyt ic lesion.

Note the a b s e n c e  of e n d o t h e l i u m ;  
c a p i l l a r y  (c), debris  ( aster is ks)  
and re m a i n s  of m e s a n g i a l  cell (m). 

Note in tac t p o d o c y t i c  p r o c e s s e s  (p). 
T EM  (x 4000)

Fi gure 4.5 
Lytic lesion.

Note o c c l u s i o n  of c a p i l l a r y  (c) 
w i t h  c a p i l l a r y  debris (asterisks). 

Note also the u n a l t e r e d  
p o d o c y t i c  p r o c e s s e s  (arrow).

TEM (x 4000)
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F i g u r e  4.6 
Ly ti c lesion .

N ot e the m e s a n g i a l  d e s t r u c t i o n  (m) and 
the a b s e n c e  of f e n e s t r a t e d  e n d o t h e l i u m .  
D e b r i s  f i lls the c a p i l l a r y  ( a s t e r i s k s ) . 

TE M  (x 4000)

F i g u r e  4.7 
Lyt ic l e s i o n  

Note the v i s c e r a l  cell (v) and 
its u n a l t e r e d  p r o c e s s e s .  

C a p i l l a r i e s  c o n t a i n  c e l l u l a r  d e b r i s  (c). 
T E M  (x 4000)





Figure 4.8 
Lytic lesion. 

Visceral epit h e l i u m -  
unaltered  from normal. 

SEM (x 2500)

Figure 4.9 
Lytic lesion.

Visce ral  e p i t h e l i u m - 
Cell body (c) and process es (p) 

u na ltered from normal.
SEM (x 5000)





Figure 4.10 
Glo me ru lar complem ent deposition. 
Note the gra nul ar deposits  of 

Im mun o f l u o r e s c e n c e  (x 250)

Figure 4.11 
Gl ome rular IgG dep osition.

Note the granular deposits of IgG. 
I m m unofluo re scence (x 250)





DISCUSSION

In t h e s e  n i n e  animals, a severe necrotising lesion 

o f  the glo m e r u l a r  endothelium and to a lesser exte n t  of 

the g l o m er ular me sa ngium was identified.

The u l t r a s truct ur al features of this lesion left no 

d o u b t  as to t h e  r e c e n t  an d  s e v e r e  n a t u r e  of the 

endothelial damage. Indeed, if the le si o n  had o c c u r r e d  

at s o m e  t i m e  p r i o r  to e u t h a n a s i a  s u b s e q u e n t  t u b u l a r 

e p i t h e l i a l  d e t e r i o r a t i o n  must c e r t a i n l y  of have been 

e x p e c t e d ,  g i v e n  t h e  s e v e r i t y  of the g l o m e r u l a r  

p a t h o l o g y .

Fur the rmore, the speed  at w h i c h  the k i d n e y s  were 

f i x e d  f o r  b o t h  c o n v e n t i o n a l  l i g h t  m i c r o s c o p y  a nd 

electron m i c r o s c o p y  m a k e s  it u n l i k e l y  that the lesi o n 

was a s i m p l e  autolytic change. This was especially true 

as the cortica l tubules, which are m u c h  more s e n s i t i v e  

to a n o x i a  t h a n  the g l o m eruli  (Latta e t . a l . , 1965) were 

themselves well preserved.

The only feature common to all nine a f f ected cats, 

and, i n c i d e n t a l l y  to the other 11 of the initial study 

group, was the fact that they had r e c e i v e d  both K HC1 

and Na P , the latter within three minutes prior to the 

removal and fixation of the kidneys.
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For the purposes of general anaesthesia in the cat 

the m a n u f a c t u r e r s  of K HC1 ( ' V e t a l a r ' ;  Parke, Davis) 

recommend that the a n a e s t h e t i c  s h o u l d  not be g i v e n  in 

the s a m e  s y r i n g e  as barbiturate due to the formation of 

insoluble p r e c i p i t a t e s  w i t h i n  the s y r i n g e  ( V e t e r i n a r y  

Data Book, 1984). This was tested by the author in vitro 

and f o u n d  to be the case (see Chapter 7, Materials and 

Methods, page 132).

Ho we ve r the use of the two drugs in c o m b i n a t i o n  in 

the c a t  ( or  i n d e e d  in p r i m a t e s )  is not d i s c o u r a g e d .  

Indeed there is the s t a t e m e n t  that in a p r o p o r t i o n  of 

c a s e s  it is n e c e s s a r y  to s u p p l e m e n t  K H C1 w i t h  

barbiturates following the pri mar y a d m i n i s t r a t i o n  of K 

HC1 a l t h o u g h  s u i t a b l e  adjustments to the dose level of 

b a r b i t u r a t e  ar e r e c o m m e n d e d  in a c c o r d a n c e  w i t h  the 

general principl es of veterinary anaesthesia.

T h e r e  is no d o u b t  t h a t ,  in the pres en t study, 

deeper a n a e s t h e s i a  than normal was employed in order to 

ensure s a t i s f a c t o r y  exsanguination prior to death. Thus 

the dose of bar biturate would have been beyond the usual 

employed for general anaesthetic purposes.

N e v e r t h e l e s s ,  it s e e m s  h i g h l y  l i k e l y  t h a t  the 

g l o m e r u l o p a t h y  d e s c r i b e d  above in euthanased cats was 

a s s o c i a t e d ,  in  s o m e  w a y ,  w i t h  a n  i n t r a v a s c u 1 ar 

i n t e r a c t i o n  b e t w e e n  K HC1 , or an associated compound 

resulting from its detoxification in the liver, and Na P
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with a re sul tan t cytotoxicity for glomerular endothelial 

and m e s a n g i a l  cells.

T h e  d e p o s i t i o n  of c o m p l e m e n t ,  in the d e t e c t a b l e  

form of C^* via an ' a l t e r n a t i v e  p a t h w a y '  i.e. w i t h o u t  

t he p r e s e n c e  of a ' t r i g g e r i n g  a n t i b o d y '  or a n  

a n t i b o d y / a n t i g e n  complex within affected glomeruli would 

tend to support this view.



CHAPTER 5

A H I S T O L O G I C A L  AND ULTRASTRUCTURAL INVESTIGATION 

OF THE INDIVIDUAL CHEMICAL COMPONENTS OF THE 

GLOMERULAR LYTIC LESION
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INTRODUCTION

In a n  a t t e m p t  to e x a m i n e  the e f f e c t s  of the 

constituent drugs i n v o l v e d  in the l e s i o n  d e s c r i b e d  in 

C h a p t e r  4 , a m e t h o d  w a s  r e q u i r e d  to o b t a i n  k i d n e y  

m a t e r i a l  f r o m  t h e  a d u l t  c a t  u s i n g  e a c h  d r u g  

i n d e p e n d e n t l y  of the other. However, both drugs present 

problems with respect to their use in the cat;

a) Ke tam ine hydrochloride (K HC1) is a rapid- onset 

a n a e s t h e t i c  w h i c h  c a n  be a d m i n i s t e r e d  v i a  a n  

i n t r a m u s c u l a r  route making it ideal for use in the cat, 

especially if the a n i m a l  is at all f r a c t i o u s .  H o w e v e r  

the a n a e s t h e t i c  s t a t e  p r o d u c e d  does not fit into the 

conventional cl assi fi cation of the stages of anaesthesia 

but instead p r o d u c e s  a state of u n c o n s c i o u s n e s s  w h i c h  

has b e e n  t e r m e d  ' d i s s o c i a t i v e '  a n a e s t h e s i a .  This, in 

effect, acts as a block to sensory input into the b r a i n  

a l t h o u g h  p r o t e c t i v e  r e f l e x e s  s u c h  as c o u g h i n g  or 

swallowing are maintained.

It is, ho w e v e r ,  r e l a t i v e l y  short ac ti ng w i t h  the 

r e c i p i e n t  b e c o m i n g  a t a x i c  at five - ten m i n u t e s  with 

a n a e s t h e s i a  l a s t i n g  not l o n g e r  than 30 - 40 m i n u t e s  

d e p e n d  i n g  o n  t h e  p a r t i c u l a r  i n d i v i d u a l  s g e n e r a l  

condition and age.
b) S o d i u m  p e n t o b a r b i t o n e  (Na P) thi s  d r u g  is 

c u r r e n t l y  a v a i l a b l e  in two differing preparations such
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as 'Euthatal' (May and Baker, Dagenham, England), a 20% 

s o l u t i o n  of  s o d i u m  p e n t o b a r b i t o n e ,  w h o s e  u s e  is 

p r i m a r i l y  for r a p i d  e u t h a n a s i a  a n d  as s u c h  is not 

s u i t a b l e  f o r  t h e  c o n t r o l l e d  a n a e s t h e s i a  l e a d i n g  to 

e x s a n g u i n a t i o n  as u s e d  in t h i s  s t u d y .  A n o t h e r  

preparation in common use is 'Saga tal' (May and Baker, 

D a g e n h a m ,  E n g l a n d ) ,  a 6% s o l u t i o n ,  w h i c h  can be used 

either as a sedative or a general anaesthetic d e p e n d i n g  

on the dose administered.

U n f o r t u n a t e l y  the problem with the use of this drug 

is i n  i t s  a d m i n i s t r a t i o n .  T h e  m a n u f a c t u r e r ' s  

r e c o m m e n d a t i o n  for a d m i n i s t r a t i o n  of the d r u g  is by 

i n t r a v e n o u s  i n j e c t i o n ;  indeed they suggest that though 

the computed dose should be used the drug should only be 

administered to e f f e c t ,  a d m i n i s t e r i n g  the dose s l o w l y  

and thus  g i v i n g  time for a s s e s s m e n t  of the d e g r e e  of 

narcosis or a na esthe si a to be judged until the r e q u i r e d  

depth is attained.

H o w e v e r ,  t h e  cat is n ot the m o s t  h e l p f u l  of 

p a t i e n t s  to a d m i n i s t e r  s u c h  a d r u g  to, h e n c e  t h e  

w i d e s p r e a d  u se  of K HC1 as a simple, yet eff e c t i v e ,  

means of rap id -onset anaesthesia.

For the p u r p o s e  of this s e c t i o n  of the work, two 

e x p e r i m e n t s  w e r e  c a r r i e d  out. The aim of these was to 

test the s e p a r a t e  e f f e c t ( s )  of K HC1 and Na P m  two 

groups of cats.
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MATERIALS and METHODS

P r i o r  to the commencement of these two experiments 

each cat was examined, weighed and samples of b l o o d  via 

jugular puncture, and urine via manual expression of the 

bladder, were taken. Full ha em atological  and biochemical 

e x a m i n a t i o n s  were perf ormed to assess normal functional 

p a r a m e t e r s .

E X P E RI ME NT 1: The effect of K HC1 alone.

T h e  11 c a t s  w e r e  p r i m a r i l y  s e d a t e d  b y  a n  

i n t r a m u s c u l a r  i n j e c t i o n  of K HC1, into the quadriceps 

muscle mass, using the m a n u f a c t u r e r ' s  r e c o m m e n d e d  do s e  

(22 m g / k g . ) .  A f t e r  f iv e - ten minutes a second similar 

d o s e  of K H C 1  w a s  g i v e n .  S u b s e q u e n t  to t h e s e  t w o  

i n j e c t i o n s ,  f u r t h e r  a m o u n t s  of K HC1 were adm inistered 

in tr av enousl y in order to a c h i e v e  p r o f o u n d  a n a e s t h e s i a  

of s u f f i c i e n t  d e p t h  for e x s a n g u i n a t i o n  to be c a r ried 

out. However, all attempts to sedate animals to a l e v e l  

of a n a e s t h e s i a  s u f f i c i e n t  to c a r r y  o u t  p a i n l e s s  

euthanasia, using only K HC1, was unsuccessful.

In order to overcome the insufficient a n a e s t h e s i a /  

a n a l g e s i a  o b t a i n e d  b y  K HC1 a r e v i s e d  e x p e r i m e n t a l  

m e t h o d  u s i n g  p e r c u t a n e o u s  r e n a l  b i o p s y  wa s e m p l o y e d .
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This was d o n e  a f t e r  a p e r i o d  of s e v e n  to ten day s to 

al low  the cats an adequate recovery period. This m e t h o d  

had the a d v a n t a g e  of being a relatively straightforward 

and safe pro cedure in the cat which allows assessment of 

the effects of K HC1 on the k i d n e y  at n o r m a l  l e v e l s  of 

a n a e s t h e s i a •

T h e s e  11 a n i m a l s  w e r e  g i v e n  a s i n g l e  i n j e c t i o n  

(22mg/kg.), again into the quadriceps mu scl e m a s s ,  of K 

HC1 an d  t h e n  the left f l ank was prepared for biopsy by 

either shaving or plucking a portion of the a n i m a l s  fur 

a d j a c e n t  to where the kidne y would be positioned during 

biopsy. The animal's flank was t h e n  c l e a n e d  by w a s h i n g  

with antiseptic.

O n c e  s u f f i c i e n t l y  a n a e s t h e t i s e d  an i n c i s i o n  was 

made in the animals flank w i t h i n  the s h a v e d  a r e a  and a 

s i n g l e  b l i n d  p e r c u t a n e o u s  b i o p s y  of the left k i d n e y  

p e r f o r m e d .  T h i s  w a s  c a r r i e d  o u t  u s i n g  a 4 . 5  i n c h  

' T r u - C u t '  d i s p o s a b l e  b i o p s y  n e e d l e .  ( T r a v e n o l  

L a b o r a t o r i e s  Inc., D e e r f i e l d ,  I l l i n o i s ,  U . S . A . )  The 

b i o p s y  s p e c i m e n  was t he n d i v i d e d  int o t h re e p o r t i o n s  

w i t h  one e a c h  b e i n g  fi xed, by immersion, for his tology 

an d t r a n s m i s s i o n  e l e c t r o n  m i c r o s c o p y  by t h e  m e t h o d s  

p r e v i o u s l y  d e t a i l e d  in t h e  g e n e r a l  M a t e r i a l s  a n d  

Methods. The remaining portion wa s t h e n  snap f r o z e n  in 

l i q u i d  n i t r o g e n  a n d  s t o r e d  at - 2 0 ° C  for s u b s e q u e n t  

investig at ion using immunofluorescence.

103



A d e s c r i p t i o n  of t h i s  b i o p s y  m e t h o d  h a s  b e e n  

reported elsewhere (Nash e t . a l . , 1983).

EX P E RIMENT  2: The effect of Na P alone.

For the p u r p o s e  of anae sthesia six adult cats were 

used; each cat was ma nually  r e s t r a i n e d  by at l e a s t  two 

a n i m a l  t e c h n i c i a n s  p r i o r  to intravenous injection, via 

the cephalic vein, of a 6% solution of Na P at the dose 

r a t e  of 1 m l /  2 kg; by  t h i s  m e t h o d  t h e  a n i m a l  w a s  

sufficientl y deeply anaes th et ised for e x s a n g u i n a  t i on to 

be p a i n l e s s l y  a c c o m p l i s h e d .  Ex sanguinati on was carried 

out by severing the axilla ry artery.

As b e f o r e ,  the a b d o m e n  was o p e n e d  by a m i d - l i n e  

incision, the abd ominal organs displaced and the kidneys 

removed. Once again, tissues were fixed by immersion for 

m o r p h o l o g i c a l  and. u l t r a s t r u c t u r a l  studies by identical 

methods to those previou sly d e s c r i b e d .  S i m i l a r l y  s m a l l  

b l o c k s  of r e n a l  c o r t e x  w e r e  s n a p - f r o z e n  in l i q u i d  

n i t r o g e n  b e f o r e  b e i n g  s t o r e d  at - 2 0 ° C  for s u b s e q u e n t  

i m m unofluo re scence studies.

A 1 1 t i s s u e s  w e r e  p r e p a r e d  for e x a m i n a t i o n  by the 

me th ods previously stated in the g e n e r a l  M a t e r i a l s  and 

Methods (pages 7-10).
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RESULTS

E X P E RI ME NT 1: The effect of K HC1 alone.

1. Clinical findings:

The a n a e s t h e t i c  was well tolerated by all the cats 

used in this chapter. In each case sufficient relaxation 

was i n d u c e d  to a l l o w  e a s y  l o c a t i o n ,  p o s i t i o n i n g  a n d  

b i o p s y  of the k i d n e y .  Du ri ng recovery no complications 

w e r e  e n c o u n t e r e d  and t h o u g h  the a n i m a l s  w e r e  a t a x i c  

d u r i n g  the first two hours post biopsy they had, in the 

m a j o r i t y  of cases, regained the power of thei r l i mb s by 

f o u r  h o u r s  post biopsy. Certainly, by twenty four hours 

p o s t  b i o p s y ,  f u l l  r e c o v e r y  to n o r m a l  m o v e m e n t  a n d  

a p p e t i t e  was o b s e r v e d .  No evidence of any pain whether 

localised renal or g e n e r a l i s e d  a b d o m i n a l  was o b s e r v e d  

p o s t  b i o p s y .  T h e  r e c t a l  t e m p e r a t u r e s  a l s o  r e m a i n e d  

normal over the length of the experiment.

The majori ty  of the animals (nine out of 11) showed 

e v i d e n c e  of h a e m a t u r i a  a f t e r  t h e  b i o p s y  p r o c e d u r e ,  

t h o u g h  t h i s  h a d  b e e n  a b s e n t  p r i o r  to the b i o p s y ;  

however, in only three cases did this haematuria persist 

after 48 hours post-biopsy.
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2. H i s t o l o g i c a l ,  T E M  a n d  i m m u n o f l u o r e s c e n c e  

f i n d i n g s :

In n i n e  of the 11 a n i m a l s  used in this experiment 

biopsy mate ri al obtained contained suf ficient  g l o m e r u l i  

f o r  a s s e s s m e n t .  The a v e r a g e  n u m b e r  of g l o m e r u l i  per 

sample being 13.8 for the 9 animals.

No evidence of any renal lesion was observed in the 

b i o p s y  m a t e r i a l  t a k e n  f o r  h i s t o l o g y .  I n d e e d ,  t h e  

g l o m e r u l i  p r e s e n t  in the s e c t i o n s  a p p e a r e d  e n t i r e l y  

normal with no indi cat ion of a n y  e n d o t h e l i a l  l e s i o n  or 

m e s a n g i a l  i n v o l v e m e n t .  This was subseque ntl y confirmed 

by  u s e  of t h e  T E M  w h e r e  a g a i n  no e v i d e n c e  of a n y  

en do the lia l or mesangial  damage could be observed.

W i t h  i m m u n o f l u o r e s c e n c e  all the b i o p s y  specimens 

p r o v e d  t o  b e  n o n - r e a c t i v e  a g a i n s t  a n t i - c a t  

i m m u n oglo bu lin G (IgG) and complement (C^)*
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EXP ER IMEN T 2: The effect of Na P alone.

H i s t o l o g i c a l ,  T E M ,  S E M  a n d  i m m u n o f l u o r e s c e n c e  

findings :

As for the group of cats where K HC1 alone was used 

there was no e v i d e n c e  of a n y  g l o m e r u l a r  l e s i o n  in the 

h istol og ic al specimens obtained from necropsy material.

S i m i l a r l y  no a b n o r m a l i t i e s  in s t r u c t u r e  w e r e  

o b s e r v e d  w h e n  t h e  k i d n e y  s a m p l e s  w e r e  e x a m i n e d  by 

e l e c t r o n  m i c r o s c o p y .  T h e r e  w a s  no e v i d e n c e  of any  

endothelial or mesangial damage of the type described in 

C h a p t e r  4. L i k e w i s e ,  in a l l  r e s p e c t s  t h e  s a m p l e s  

appear ed normal when viewed by the SEM.

The r e s u l t s  of the i m m u n o f l u o r e s c e n c e  testing of 

t h e s e  f r o z e n  k i d n e y  s a m p l e s  w e r e  a g a i n  as w o u l d  be 

e x p e c t e d  f r o m  n o r m a l  k i d n e y s  i.e. having no depositio n 

of or IgG withi n the glomeruli.
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DISCUSSION

The i n i t i a l  f i n d i n g  of this s e c t i o n  was that the 

ma nufa c t u r e r s  claim that MK HC1, at the recommended dose 

of 22 m g / k g .  b o d y  w e i g h t  i n t r a m u s c u l a r l y  w i l l  g i v e  

s a t i s f a c t o r y  r e s t r a i n t  w i t h  p r o f o u n d  a n a l g e s i a "  was 

f o u n d  to he o n l y  p a r t i a l l y  c o r r e c t  in t h a t  t h o u g h  

s e d a t i o n  w a s  s u f f i c i e n t  to e f f e c t  a r e n a l  b i o p s y  

sa ti sf actory  anaesthesia, even at l a r g e  d o s e s ,  was not 

profou nd enough for euthanasia.

S e c o n d l y ,  the findings that each anaesthetic agent 

a c t i n g  i n d i v i d u a l l y  in the cat c a u s e d  no g l o m e r u l a r  

lesions lends further support to the hypothesis that the 

t w o  c h e m i c a l s  are, in som e m a n n e r ,  i n t e r a c t i n g  w h e n  

introduced into the cat.

T h e r e  a r e  o n l y  a s m a l l  n u m b e r  of p o s s i b l e  

alternativ es  to explain the course of events observed in 

t h e  a f f e c t e d  c a t s .  F i r s t l y ,  t h a t  t h e  i n t e r a c t i o n  

o c c u r r e d  i n t r a v a s c u l a r l y  with the resultant combination 

of t h e  t w o  d r u g s  b e i n g  d e p o s i t e d  i n  t h e  k i d n e y .  

Alter n a t i v e l y  as K HC1 requires a certain period of time 

(say f i v e  - ten m i n u t e s )  to achieve anaesthesia, it is 

possible that some breakdown product was p r o d u c e d  w h i c h  

r e a c t e d  w i t h  t h e  b a r b i t u r a t e  b e f o r e ,  a g a i n  

i n t r a v a s c u l a r l y , being deposited in the kidney.
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A third poss ib ility is that the K HC1 is, in some  

way , ' f i xed ' i i i  situ within  the glomeruli where it then 

reacted with the barbiturate.

The aim of the following s e c t i o n  of this w o r k  was 

a i m e d  at  a s c e r t a i n i n g  w h i c h ,  if a n y ,  of t h e s e  

e xp lanatio ns is the most likely.
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CHAPTER 6

AN INV ES TIGAT IO N INTO THE CHANGING PHYSICAL 

PAR AM ETER S INVOLVED IN THE INDUCTION OF THE 

GLOM ER ULAR LYTIC LESION.
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INTRODUCTION

W i t h  t h e  f i n d i n g  of the n e c r o t i s i n g  g l o m e r u l a r  

lesion descr ibe d in Chapter 4 and its subsequent absence 

w h e n  the two i n d i v i d u a l  c h e m i c a l  c o m p o n e n t s  of t he 

s y s t e m  w e r e  t e s t e d ,  a f u r t h e r  s e r i e s  of t r i a l s  w e r e  

t h o u g h t  n e c e s s a r y .  This was d o n e  in o r d e r  to e x a m i n e  

w h e t h e r  or not the lesion was dose dependent or whether 

or not the i n t e r v a l  b e t w e e n  a d m i n i s t r a t i o n  of t he  

i n i t i a l  d r u g  k e t a m i n e  h y d r o c h l o r i d e  (K HC1) and the 

second drug sodium pen toba rbito ne  (Na P) c o n t r i b u t e d  to 

the de ve lop men t of the lesion.

For this reason, several differing regimes of drug 

dosage and time interval b e t w e e n  the a d m i n i s t r a t i o n  of 

t h e  t w o  d r u g s  w e r e  e m p l o y e d  i n  a n  a t t e m p t  to 

a r t i f i c i a l l y  induce the lesion.
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MATERIA LS  and METHODS

1. Source of Animals.

As p r e v i o u s l y  d e s c r i b e d ,  all the an i m a l s  used in 

this chapter, w h i c h  w e r e  u n w a n t e d  s t r a y s  d e s t i n e d  for 

h u m a n e  d e s t r u c t i o n ,  w e r e  t h o r o u g h l y  e x a m i n e d  b o t h  

cl in ical ly  and b ioche mi cally p r i o r  to the c o m m e n c e m e n t  

of the s t u d y .  A s u m m a r y  of the numbers of animals used

in each group is given in Table 6.1.

2. Methods of Drug Administration:

Group 1: The influence of the time interval between 

the ad m i n i s t r a t i o n  of K HC1 and Na P.

In this group, a series of 17 cats were s e d a t e d  by

an i n t r a m u s c u l a r  i n j e c t i o n  of K HC1 at the recommended

dose r a t e  of 22 mg/ kg. A t i m e  i n t e r v a l  r a n g i n g  f r o m  

f i v e  to 50 m i n u t e s  was then allowed to elapse prior to 

the intra ven ous admini stratio n of a 6% solution of Na P, 

a g a i n  at the r e c o m m e n d e d  d o s e  of 1 m l /  2 kg. b o d y  

w e i g h t .  The d u r a t i o n  of this time interval is detailed 

f o r  e a c h  a n i m a l  in T a b l e  6 . 2 .  S u b s e q u e n t  to . t h e  

a d m i n i s t r a t i o n  of Na P the a n i m a l s  were exsangui nated 

when the f e m o r a l  p u l s e  w as  o n l y  f a i n t l y  d i s c e r n i b l e ,  

this taking no more than five minutes in the ma jor it y of 

c a s e s .
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Group 2: The effect of an increased dosage of 

K HC1 •

In this group, a s e r i e s  of six cats  r e c e i v e d  the 

a p p r o p r i a t e  d ose of K HC1 in o r d e r  to i n d u c e  ini ti al 

sedation. This was followed by a second similar dose, in 

this case given intravenously; this second dose was not 

s u f f i c i e n t  to induce profound anaesthesia necessary for 

e x s a n g u i n a t i o n . A period of 15 minutes was t h e n  a l l o w e d  

before intravenous ad minist ra tion of a 6% solution of Na 

P. As p r e v i o u s l y  stated, the animals were exsanguinated 

when the femoral pulse was only faintly discernible.

Group 3: The effect of an increased dose of Na P.

In this group six cats w e r e  e m p l o y e d .  Once  the K 

H C 1  h a d  b e e n  a d m i n i s t e r e d  to t h e  r e c i p i e n t ,  a 

' s u b - l e t h a l '  dose of Na P was given intra venously after 

a t i m e  i n t e r v a l  of 15 m i n u t e s  had e l a p s e d .  A s e c o n d  

s i m i l a r  d o s e  of lia P was then given very slowly by the 

s a m e  r o u t e .  A l t h o u g h  t h e  c a t s  w e r e  n o w  i n  d e e p  

a n a e s t h e s i a ,  a ten m i n u t e  time i n t e r v a l  was a l l o w e d  

prior to e x s a n g u i n a t i o n .

Group 4: The effect of multiple doses of K HC1.

In this g r o u p  o n l y  t h r e e  a n i m a l s  w e r e  used.  T h e  

a n i m a l s  w e r e  a g a i n  s e d a t e d  by an injection of K HC1 at 

22 m g / k g .  f o l l o w e d ,  at i n t e r v a l s  of 45 m i n u t e s ,  by
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r e p e a t e d  i n t r a m u s c u l a r  d o s e s .  This was carried on for 

six h o u r s  at w h i c h  t i m e  a 6 % s o l u t i o n  of Na P w a s  

a d m i n i s t e r e d  to a c h i e v e  a n a e s t h e s i a  of the r e q u i r e d  

depth for e x s a n g ui natio n to be commenced.

Group 5: The effect of multip le doses of Na P.

A s e r i e s  of six cats w e r e  g i v e n  the r e c o m m e n d e d  

d o s e  of K HC1 (22 m g / k g . ) ,  a g a i n  intramusc ularly. The 

a n i m a l s  w e r e  the n  k e p t  u n d e r  d e e p  a n a e s t h e s i a  u s i n g  

m u l t i p l e  d o s e s  of a 6% solution of Na P. This procedure 

was carried on at regular intervals over a period of six 

hours before a lethal dose of Na P was administered.

Group 6 : The effect of an i n c r e a s e d  c o n c e n t r a t i o n  

of Na P.

In t h i s  g r o u p  t h e  K H C 1  ( 2 2 m g / k g . )  w a s  g i v e n  

i n t r a m u s c u l a r l y  to t he 12 a n i m a l s  u s e d .  T h i s  w a s  

f o l l o w e d  by an intravenous injection of 'Euthatal' (May 

and Baker, Dagenham, England), a 20% s o l u t i o n  of Na P. 

In this g r o u p  c a r d i a c  arrest occurred in less than ten 

s e c o n d s .  A s u m m a r y  of t h e  t i m e  i n t e r v a l s  b e t w e e n  

ad m i n is tration  of K HC1 and Na P is given in Table 6.3.
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3. Sampling of Tissues.

I mme diately  each animal had been exsanguinated, the 

ab do me n was opened by a mid -l ine incision, the abdominal 

organs di spl aced and the kidneys removed.

Tissue samples were then taken for h i s t o l o g y ,  TEM, 

SEM a nd i m m u n o f l u o r e s c e n c e  by the m e t h o d s  p r e v i o u s l y  

d e t a i l e d .

A l l  t h e  s a m p l e s  o b t a i n e d  w e r e  p r e p a r e d  f o r  

e x a m i n a t i o n  by the m e t h o d s  previo usly described in the 

general Mat er ials and Methods section.

TABLE 6.1.

Summary of Cat numbers in each Group.

Group No. of Animals

1 17

2 6
3 6
4 3

5 6

6 12
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TABLE 6.2.

Summary of time intervals (in min s . ) ( G r o u p  1) 

Cat No. Time Cat No. -Time

6.1 5 6.10 25

6.2 5 6.11 25

6.3 5 6.12 30

6.4 10 6.13 30

6.5 10 6.14 35

6.6 15 6.15 40

6.7 15 6.16 45

6.8 20 6.17 50

6.9 20

TABLE 6 .3

Summary of time intervals (in mins. ) ( Gr ou]

6.39 5 6.45 20

6.40 5 6.46 20

6.41 10 6.47 25

6.42 10 6.48 25

6.43 15 6.49 30

6.44 15 6.50 30
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RESULTS

The r e s u l t s  g i v e n  b e l o w  are s u m m a r i s e d  in Tables

6.4 to 6.9.

Group 1: The influence of the time interval between 

the a d m i n i s t r a t i o n  of K HC1 and Na P.

Two of the 17 animals used in this grou p d e v e l o p e d  

a s e v e r e  n e c r o t i s i n g  g l o m e r u l o p a t h y  as d e s c r i b e d  in 

C h a p t e r  4, y e t  at w i d e l y  d i f f e r i n g  t i m e  i n t e r v a l s  

( n a m e l y  t e n  a n d  30 m i n u t e s  r e s p e c t i v e l y )  b e t w e e n  

a d m i n i s t r a t i o n  of the two d r u g s .  As can be s e e n  f r o m  

F i gs . 6.3 and 6.7 the g l o m e r u l a r  l e s i o n  in t h e s e  two 

a n i m a l s  w as d i f f u s e  i n v o l v i n g  all g l o m e r u l i  a n d  w a s  

id entical to that prev iously graded as 'severe'.

In a f u r t h e r  four animals a less severe lesion was 

found which, again, involved all g l o m e r u l i  (Figs. 6.1, 

6 . 2 ,  6 . 4 ,  6.5 and 6 . 6 ). This less s e v e r e  or 11 m i l d "

lesion, whi ch was not described previously in Chapter 4, 

was c h a r a c t e r i s e d  on h i s t o l o g i c a l  e x a m i n a t i o n  by the 

p r e s e n c e  of l a r g e  a m o u n t s  of cytoplasmic debris in the 

c a p i l l a r y  l u m i n a  t o g e t h e r  w i t h  a l t e r a t i o n s  of the  

g l o m e r u l a r  e n d o t h e l i u m  i t s e l f .  The l a t t e r  a l t e r a t i o n  

comprised of swelling of the e n d o t h e l i a l  c y t o p l a s m  and 

c o n s e q u e n t  o c c l us io n of the glomerular capillary. Large 

scale detachment of endoth eli al c y t o p l a s m  f r o m  the G BM
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w a s ,  h o w e v e r ,  n o t  o b s e r v e d .  In a f e w  i n s t a n c e s ,  

glo mer ular m e s a n g i a l  c e l l s  w e r e  a l s o  to be s e e n  to be 

s w o l l e n  an d this c o n t r i b u t e d  to the o c c l u s i o n  of the 

glo mer ular capillary  lumen.

These observations were s u b s e q u e n t l y  c o n f i r m e d  by 

use of the T.E.M. (Figs. 6.4, 6.5 and 6 .6 ).

W i t h  the S . E . M . ,  v i e w s  of g l o m e r u l a r  capillaries 

s h o w e d  s o m e  s w e l l i n g  of t h e  v i s c e r a l  e p i t h e l i u m ,  

h o w e v e r ,  this was extremely limited in its dist ribut ion 

(Figs. 6.8 and 6.9).

A s u m m a r y  of the i m m u n o f l u o r e s c e n c e  r e s u l t s  is 

given in Table 6.4. The tabulated findings show that the 

t w o  c a t s  w h i c h  e x h i b i t e d  t h e  " s e v e r e "  f o r m  of the 

gl o m e r u l o p a t h y  had large amounts of granular d e p o s i t i o n  

of IgG and in all glomeruli (See Figs. 4.10 and 4.11, 

C h a p t e r  4). The a n i m a l s  w i t h  the " m i l d "  f o r m  of the 

l e s i o n  a l s o  s h o w e d  a p o s i t i v e ,  a l b e i t  d i m i n i s h e d ,  

r e s p o n s e  to s t a i n i n g  w i t h  a n t i - c a t  IgG and (Figs.

6.10 and  6. 11 ) .  The r e m a i n d e r  of the a n i m a l s  in this 

group were imm unofl uo rescenc e negative.
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Group 2: The effect of an increased dosage of 

K HC1 •

Of the s i x  animals used in this group, five showed 

no e v i d e n c e  of a ny g l o m e r u l a r  l e s i o n .  The r e m a i n i n g  

a n i m a l  e x h i b i t e d  t h e  " m i l d "  f o r m  of the l e s i o n  as 

desc rib ed in group 1 .

No animal in this g r o u p  s h o w e d  any d e p o s i t i o n  of 

either IgG or wi thin the glomeruli (Table 6.5).

Group 3: The effect of an increased dose of Na P.

O n l y  o n e  of t h e  si x  a n i m a l s  u s e d  in this g r o u p  

exhibited the " s e v e r e "  f o r m  of the l e s i o n  and, a g a i n ,  

this ha d a d i f f u s e  d i s t r i b u t i o n  (Figs. 6.3 and 6.7). A 

further animal showed the "mild" lesion a g a i n  i n v o l v i n g  

a l l  g l o m e r u l i  w i t h  s w o l l e n  e n d o t h e l i a l  p r o f i l e s  

occ luding the capillary lumina (Fig. 6.5).

Once again only the "sever e"  ca s e  s h o w e d  g r a n u l a r  

d e p o s i t i o n  of I g G ;and w i t h  the "mild" case and the

n o n - a f f e c t e d  c a s e s  e l i c i t i n g  no r e s p o n s e  ( T a b l e  6 .6 , 

also see Figs. 4.10 and 4.11, Chapter 4).

Group 4: The effect of multiple doses of K HC1.

O n l y  o n e  of t h e  t h r e e  c a t s  u s e d  in this g r o u p  

developed the "severe" n e c r o t i s i n g  g l o m e r u l o p a t h y  w i t h  

an a s s o c i a t e d  g r a n u l a r  d e p o s i t i o n  of IgG and (See

Figs. 4.10 and 4.11, Chapter 4).
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The two r e m a i n i n g  cat s had h i s t o l o g i c a l l y  n o r m a l  

g l o m e r u l i  a n d  i m m u n o f l u o r e s c e n c e  f a i l e d  to s h o w  

depo sitio n of either IgG or (Table 6.7).

Group 5: The effect of multiple doses of Na P.

O n l y  one of the si x cats e x h i b i t e d  the " s e v e r e "  

n e c r o t i s i n g  g l o m e r u l a r  l e s i o n  and this was f o c a l  in 

distribution. In affected g l o m e r u l i ,  h e a v y  d e p o s i t s  of 

l u m i n a l  d e b r i s  and complete necrosis of the endothelial 

lining was noted (Fig. 6.3). One further animal showed a 

d i f f u s e  b u t  " m i l d "  f o r m  of t h e  l e s i o n  w h e r e  t h e  

c a p i l l a r y  l u m i n a  c o n t a i n e d  n u m e r o u s  c y t o p l a s m i c  

profiles, yet the endo theliu m r e m a i n e d  a t t a c h e d  to the 

GBM (Fig. 6 .6 ).

The two a f f e c t e d  animals both exhibited a reaction 

to t e s t i n g  w i t h  a n t i - c a t  I g G  a n d  ^ 3 * n e v e r t h e l e s s  

d e s p i t e  the d i f f e r e n c e  in i n t e n s i t y  of the l e s i o n  in 

both animals the reaction was diffuse and of c o m p a r a b l e  

intensity (Table 6 .8 ).

G r o u p  6 : The e f f e c t  of an increased concentration

of Na P.

Of the 12 cats  c o m p r i s i n g  this g r o u p ,  n i n e  h a d  

v a r y i n g  d e g r e e s  of c a p i l l a r y  l u m i n a l  d e b r i s .  Two of 

t h e s e  a n i m a l s  w e r e  f o u n d  to h a v e  t h e  " s e v e r e "  

n e c r o t i s i n g  f o r m  of the l e s i o n  and e x h i b i t e d  d i f f u s e
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glomerula r lesions characteri sed by swelling, detachment 

and necrosis of the glomerular endothelium.

A ll  s e v e n  r e m a i n i n g  a f f e c t e d  animals were defined 

as s h o w i n g  a m i l d e r  l e s i o n  w i t h  d i f f u s e  c a p i l l a r y  

e n d o t h e l i a l ,  and to a lesser extent, mesangial swelling 

without, however, any evidence of capillary e n d o t h e l i a l  

necros is .

D e s p i t e  the f r e q u e n c y  of o c c u r r e n c e  of capillary 

e n d o t h e l i a l  s w e l l i n g  or n e c r o s i s  t h e r e  w a s  n o  

co rr el ati on betw een the severity of the le s i o n s  and  the 

time interval between the admini strati on  of K HC1 and 

Na P.

I m m u n o f l u o r e s c e n c e  t e sts s h o w e d  that five of the 

nine affected animals, inc lu ding the two a n i m a l s  w h i c h  

had " s e v e r e "  n e c r o t i s i n g  g l o m e r u l o p a t h y ,  had d i ff us e 

g r a n u l a r  d e p o s i t s  of IgG and in t h e i r  g l o m e r u l i ,

w h i l s t  t h e  r e m a i n i n g  f o u r  a f f e c t e d  a n i m a l s  w e r e  

im m u n o f luores ce nce -negative (Table 6.9).
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TABLE 6.4

Summary of Results (Group 1- The i n f l u e n c e  of the 

time interval be tween the a d m i n i st ration  of K HC1 and 

Na P)

Immunof lu orescence*

Cat No. Debris IgG

6.1 None 1+ +

6.2 Mild 1+ +

6.3 None - -

6.4 Mild 2+ 1+

6.5 Severe 3+ 2+

6.6 None - -

6.7 None - -

6.8 Mild + li* +

6.9 None - "

6.10 None - “

6.11 None - “

6.12 Severe 4+ 3+

6.13 None - ~

6.14 None - ”

6.15 None - “

6.16 None - “

6.17 Mild + ±
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TABLE 6.5

S u m m a r y  of R e s u l t s  ( G r o u p  2- The e f f e c t  of an 

i nc reased dosage of K HC1)

Immunof lu orescence* 

Cat No. Debris IgG

6.18 None - -

6.19 None - -

6.20 Mild

6.21 None - -

6.22 None - -

6.23 None - -

TABLE 6.6

S u m m a r y  of R e s u l t s  ( G r o u p  3 -  T h e  e f f e c t  of an 

increased dosage of-Na P)

6.24 None - -

6.25 None - -

6.26 None - ~

6.27 Mild

6.28 Severe 3+ 1+

6.29 None - “
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TABLE 6.7

Summary of Results (Group 4- The effect of multiple 

doses of K HC1)

Immunofluor es cence* 

Cat No. Debris IgG C„

6.30 Severe 4+ 2+

6.31 None - -

6.32 None - -

TABLE 6.8

Summary of Results (Group 5- The effect of multip le 

doses of Na P)

6.33 None - -

6.34 Severe 3+ 2+

6.35 None - -

6.36 None - -

6.37 Mild 3+ 2+

6.38 None - -
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TABLE 6.9

Summary of Results (Group 6- The effect of 

of an increased  con centra ti on of Na P)

Immunofluoresce nee*  

Cat No. Debris IgG

6.39

6.40

6.41

6.42

6.43

6.44

6.45

6.46

6.47

6.48

6.49

6.50

* These immunofl uoresce nc e results were 

graded + to 4+ according to their severity.

Mild 1+ 1+

Mild 1+ 1+

Severe 3+ 2+

None - -

Mild 1+ +

Mild 2+ +

None - -

Mild -

None - -

Severe 3+ 1+

Mild 

Mild
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Figure 6.1 
'Mild' no n- lytic lesio n 

Note the capi ll ary debris (arrow) 
al thoug h a p r o p ortion of cap ilaries 

appear normal 
H & E (x 300)





Figure 6.2 
'Mild' no n - l y t i c  lesion 

Note the sig ni fican t amounts of 
capi ll ary debris (arrow)

H & E (x 300)

Figure 6.3 
Lytic lesion 

Note the severe d i s r up ti on  
of the glomerulus 

H & E (x 300)





Figure 6.4 
'Mild' n o n - l y t i c  lesion 

Note the amounts of capi ll ary debris (c) 
and the intact e n d o t h e l i u m  (arrows), 

vi scera l e p i t h e l i u m  (v) mes a n g i a l  cell (m)
TEM (x 2000)

Figure 6.5 
'Mild' non-lyt ic  lesion 

Note- m e s ang ia l processes (arrow 1) 
and the unaltere d foot processes  (arrow 2 ) 

TEM (x 3000)
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Figure 6.6 
'Mild' non - l y t i c  lesion 

C ha ra c t e r i s t i c  circular  profil es conta ined 
wi t h i n  the capillar ies (c) Note the largely  

un a lte re d pod oc ytic processes (p)
TEM (x 3000)

Figure 6.7 
Lytic Lesion 

Endothelial d e s t r u c t i o n  wi thin 
capillaries (c) al th ough pa ri etal (p) 

and epithelial cells (e) re main u n a l te re d 
TEM (x 3000)





Figure 6.8 
Un al tere d vi sc eral e p i t h e l i u m  with 

proces ses  radiating away to encircle 
the ca pi llary (cell body (c)) 

Note the small area of podocytic 
fusion (asterisk)

SEM (x 2500)

Figure 6.9 
Visceral e pitheli um  cell body (c) 

Note norm al ity of processe s (p) and 
the small area of podocy te fusion 

(asterisk)
SEM (x 10,000)
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Figure 6.10 
'Mild' non - l y t i c  lesio n 

dep o s i t i o n  
Note g r a n u l a r i t y  of deposits 
Immun o f l u o r e s c e n c e  (x 250)

Figure 6.11 
'Mild' no n-lytic  lesion 

IgG deposit io n  
Note g r a n ul ar ity of deposits 
Immunoflu or escence  (x 250)
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D IS CUS SIO N

In G r o u p  1 w h e r e  an i n c r e a s e d  time  i n t e r v a l  was 

allowed betw een  the primary sedation with K HC1 and deep 

a n a e s thes ia  using Na P, two of the 17 cats exhibited the 

" s e v e r e "  n e c r o t i s i n g  l e s i o n  as f i r s t  d e s c r i b e d  in 

Chapter 4.

A f u r t h e r  four animals suffered from a milder form 

of this lesion where although the e n d o t h e l i u m  r e m a i n e d  

i n t a c t ,  n e v e r t h e l e s s  c y t o p l a s m i c  debris, sometimes in 

co ns ider ab le  amounts, was found in capillary lumina.

Two main findings emerge f r o m  the r e s u l t s  of this 

g r o u p :  a) the m a j o r i t y  of the 17 animals in this group

showed no signs of endothelial d a m a g e  and b) t h e r e  did 

n o t  s e e m  to be a ny  c o r r e l a t i o n  b e t w e e n  the t i m e s  of 

ad mini s t r a t i o n  of the two drugs and the d e v e l o p m e n t  of 

g l o m e r u l a r  e n d o t h e l i a l  d a m a g e ,  as in all six affected 

animals the interval between a d m i n i s t r a t i o n  of the two 

drugs differed.

This would suggest that there is no particular time 

a f t e r  the a d m i n i s t r a t i o n  of K HC1 at which subsequent 

a dm in i s t r a t i o n  of Na P can be considered safe i.e. w i t h  

t h e  p r o d u c t i o n  of d e e p  a n a e s t h e s i a  w i t h o u t  t h e  

p o s s i b i l i t y  of p r o d u c i n g  the g l o m e r u l a r  e n d o t h e l i a l  

lesion.

In the s e c o n d  g r o u p  w h e r e  a h i g h e r  dose of K HC1
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than normal was e m p l o y e d ,  a g a i n  no d e t e c t a b l e  p a t t e r n  

f o r  t h e  o c c u r r e n c e  of t h e  l e s i o n  w a s  o b s e r v e d .  An 

important co ns ideration  of the experimental p r o t o c o l  of 

t h i s  g r o u p  was that a p a r t i c u l a r l y  f r a c t i o u s  a n i m a l  

might well receive a larger than usual dose of K HC 1 in 

order to initiate more rapid sedation.

Of the s ix cats used in this group only one showed

a n y  e v i d e n c e  of g l o m e r u l a r  d a m a g e  a n d  t h a t  w a s

c o n s i d e r e d  o n l y  to be m i l d .  This a f f e c t e d  a n i m a l  was 

treated no di fferent ly from the r e m a i n d e r  in the g r o u p  

a nd t h e r e  was no e v i d e n c e  to support the view that the 

o c c u r r e n c e  of the l e s i o n  w as  a n y t h i n g  o t h e r  t h a n  a 

random event.

In the t h i r d  group, a "double-dose" of barbiturate 

was e m p l o y e d  in an a t t e m p t  to s i m u l a t e  the s i t u a t i o n  

w h e r e b y  an a n i m a l  was ins ufficie nt ly anaesthe tised for 

ex s a n g u i n a t i o n  to be commenced. Again no p a t t e r n  to the

i n i t i a t i o n  of the lesion was shown with only two of the

six cats in the g r o u p  s h o w i n g  a ny  s i gns of g l o m e r u l a r  

damage. One of these exhibited a mild form of the lesion 

w i t h  c o n s i d e r a b l e  a m o u n t s  of debris to be found within 

the capil lary loops, whereas the o t h e r  a f f e c t e d  a n i m a l  

showed the severe diffuse necrotising lesion.

In the f o u r t h  g r o u p  of t h r e e  cats g i v e n  multiple 

doses of K H C 1 , one a n i m a l  e x a m i n e d  s h o w e d  the s e v e r e  

d i f f u s e  l e s i o n  a n d  h a d  h e a v y  d e p o s i t s  of d e b r i s

127



cont ain ed wi th in  the g l o m e r u l a r  c a p i l l a r i e s .  H o w e v e r ,  

t h e  o t h e r  two a n i m a l s  e x a m i n e d  s h o w e d  n o n e  of t h ese  

c h a n g e s  an d  a p p e a r e d  c o m p l e t e l y  n o r m a l .  T h u s  a h i g h  

c o n c e n t r a t i o n  of K HC1 over a protracted time scale did 

not appear to predispose to the appearance of the severe 

necr ot ising lesion.

In Group 5 w h i c h  i n v o l v e d  r e p e a t e d  d o s e s  of Na P 

a f t e r  o n e  i n i t i a l  d o s e  of K H C 1 ,  o n l y  o n e  a n i m a l  

e x h i b i t e d  t h e  s e v e r e  n e c r o t i s i n g  l e s i o n  w i t h  i t s  

a c c o m p a n y i n g  h e a v y  d e p o s i t s  of debris in the capillary 

l u m i n a .  One o t h e r  a n i m a l  s h o w e d  a m u c h  l e s s  s e v e r e  

d e g r e e  of c a p i l l a r y  l u m i n a l  debris deposition with the 

rema ind er of the animals within the group p r o v i n g  to be 

com ple tely normal.

In t h e  f i n a l  g r o u p  of 12 c a t s  w h e r e  a h i g h e r  

c o n c e n t r a t i o n  of Na P was e m p l o y e d  (a 2 0 %  s o l u t i o n  

c o m p a r e d  w i t h  the 6 % s o l u t i o n  p r e v i o u s l y  u s e d )  ni n e  

animals used showed either the m i l d  or s e v e r e  f o r m s  of 

t h e  g l o m e r u l a r  l e s i o n  w i t h  c o r r e s p o n d i n g  a m o u n t s  of 

glomeru lar  capillary debris.

A 20% solu ti on  of Na P is p r i m a r i l y  i n t e n d e d  for 

euth ana sia rather than anaesthesia and, as such, animals 

b e i n g  s a c r i f i c e d  s u b s e q u e n t  to e x p e r i m e n t a t i o n  might 

w e l l  r e c e i v e  t h i s  s t r e n g t h  of Na P as a q u i c k  a n d  

e f f i c i e n t  means of euthanasia. The disadvantages of the 

inc reased likelihood of the l e s i o n  i t s e l f  a p p e a r i n g  or
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at l e a s t  the p r e s e n c e  of not inc onsiderable amounts of 

g l o m e r u l a r  d e b r i s  s h o u l d  be a p p a r e n t  to a ny  r e s e a r c h  

carried out in the kidney using this drug regime.

T h u s ,  it can be c o n c l u d e d  that a l t h o u g h  the two 

drugs in c o m b i n a t i o n  do c a u s e  a c y t o t o x i c  g l o m e r u l a r  

lesion the timing of the ad ministra tion of one drug with 

r e s p e c t  to the o t h e r  is not critical to the initiation 

of the lesion. From the final group of anim al s it w o u l d  

a l s o  a p p e a r  that the relative concentrations of the two 

drugs are also important.

H o w e v e r ,  d e s p i t e  a t t e m p t s  to e l u c i d a t e  t h e  

m e c h a n i s m  of the lesion by varying the concentrations of 

t h e  t w o  d r u g s  a n d  t h e  t i m e  i n t e r v a l  b e t w e e n  

ad m i n i s t r a t i o n  the l e s i o n  w o u l d  a p p e a r  to o c c u r  in an 

e n t i r e l y  r a n d o m  fashion and be entirely variable in its 

effect in any particular animal.
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CH APTER 7

A HISTO LO GICAL AND ULTRA ST RUCTU RAL STUDY 

INTO THE USE OF PRE-FORMED PRECIPITATES 

OF K HCL AND Na P IN THE INDUCTION OF 

THE GLOM ERULAR LYTIC LESION
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INTRODUCTION

I n  C h a p t e r  6 i t  w a s  c o n c l u d e d  t h a t  t h e  

g l o m e r u l o p a t h y  was induced by som e  f o r m  of c o m b i n a t i o n  

of the d r u g s  K HC1 and Na P i n t r a v a s c u l a r l y  and that 

this had led to a cytotoxic effect on the endotheliu m of 

the glo me ru lar capillaries.

A l t h o u g h  the m a n u f a c t u r e r s  of K HC1 h a v e  s t a t e d  

that, due to the f o r m a t i o n  of i n s o l u b l e  precipitates, 

the two drugs should not be adminis tered e i t h e r  f r o m  or 

i n  t h e  s a m e  s y r i n g e ,  t h e y  a c t u a l l y  r e c o m m e n d  the 

c o m b i n e d  use of the two d r u g s  in the same i n d i v i d u a l  

a n i m a l .  In C h a p t e r s  4 a n d  6 a t t e m p t s  to i n d u c e  the 

lesion by varying the d o s a g e s  of the two d r u g s  and by 

var yin g the time intervals between admini stration of the 

two drugs and exs an guination led to a variable response. 

It was  c o n s i d e r e d  worthwhile, therefore, to investigate 

the outcome of i n t r o d u c i n g  p r e - f o r m e d  i n s o l u b l e  K HC1 

and Na P precipitates directly into the circulation.

To e l i m i n a t e  a n y  p o s s i b l e  ' s e n s i t i s i n g '  or 

'targetting' effect the initial dose of K HC1 might have 

had on the g l o m e r u l i ,  the use of H a l o t h a n e  ( M a y  a n d  

B a k e r ,  D a g e n h a m ,  E n g l a n d )  (a c o m m o n l y  u s e d  g a s e o u s  

anaesthet ic  agent) was also tested.
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MATERIALS and METHODS

1. Source of Animals.

T h e  c a t s  u s e d  in this c h a p t e r  of the w o r k  w e r e  

again stray unwanted animals due for humane destruction. 

As in pre vi ousl y d e s c r i b e d  e x p e r i m e n t s ,  t h e s e  a n i m a l s  

w e r e  t h o r o u g h l y  e x a m i n e d  p r i o r  to the commencement of 

this study.

2. Pre -f ormed  precipitates of K HC1 and Na P.

These were prepared prior to injection by m i x i n g  K

HC 1  at the r a t e  of 22 mg/kg. body weight with 6% Na P, 

at 1 ml / 2 kg. body weight in a test-tube. This mixture 

i m m e d i a t e l y  b e c a m e  c l o u d y  d u e  to t h e  f o r m a t i o n  of 

i n s o l u b l e  p r e c i p i t a t e s .  This m e a n t  that a 2kg. animal 

woul d receive 1.5 ml of 'precipitate'.

This pre cipitate was even more evident when the 20% 

p r e p arati on  of Na P (Euthatal) was employed as c o m p a r e d  

to the 6% prepar ation of Na P (Sagatal) (Fig. 7.1).

3. Experimental groups .

G r o u p  1 : I n t r a v e n o u s  a d m i n i s t r a t i o n  o f

p r e c i p i t a t e s •

The six cats in this group were first s e d a t e d  by a 

s i n g l e  i n t r a m u s c u l a r  i n j e c t i o n  of K HC1 (at the dose 

rate of 22mg/kg.) into the quadriceps muscle mass. After
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a p e r i o d  of five - ten minutes when sufficient sedation 

was achieved, each animal was w e i g h e d  and the s p e c i f i c  

q u a n t i t y  of the pre — f o r m e d  precipitates calculated for 

each individual animal was injected into the circulation 

v i a  the c e p h a l i c  ve in . A f t e r  a s h o r t  p e r i o d  of t i m e  

( u s u a l l y  f i v e  - ten minutes) when the femoral pulse was 

only faintly dis cernible the axillary artery was severed 

and the animal exsanguinated.

G r o u p  2: I n t r a c a r d i a c  a d m i n i s t r a t i o n  of

p re cipitat es .

As in Group 1, the animals were first sedated by an 

int ram us cular injec tion of K HC1. Again after five - ten 

m i n u t e s  w h e n  s e d a t i o n  was satisfactory an ind ividually 

m e a s u r e d  q u a n t i t y  of the p r e - f o r m e d  p r e c i p i t a t e s  was 

i n j e c t e d  d i r e c t l y  into the left ventricle of the heart. 

Once deep anaest hes ia had been achieved and the f e m o r a l  

p u l s e  o n l y  faintly discernible, the axillary artery was 

severed and the animal exsanguinated.

Group 3: A d m i n i s t r a t i o n  of p r e c i p i t a t e s  into  the 

renal artery.

As in G r o u p s  1 and 2 the six cats that constituted 

th is  g r o u p  w e r e  f i r s t  s e d a t e d  by an  i n t r a m u s c u l a r  

i n j e c t i o n  of K HC1. This was followed, when the animal 

b e c a m e  m o r e  m a n a g e a b l e  by an  i n j e c t i o n  of Na P to
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produce a deeper anaesthesia.

U s i n g  s u r g i c a l  p r o c e d u r e s  t h e  a b d o m e n  of e a c h  

animal was opened by a mid-line incision. The a b d o m i n a l  

o r g a n s  w e r e  d i s p l a c e d  an d  the aorta and renal arteries 

l o c a t e d .  One of the r e n a l  a r t e r i e s ,  u s u a l l y  t h e  o n e  

leading to the right kidney, was then cannulated using a 

12 g a u g e  n y l o n  intravenous cannula and this was tied in 

place by cotton thread. At the same time the r e n a l  v e i n  

was clamped using artery forceps. Again, an individually 

c o m p u t e d  d o s e  of p r e - f o r m e d  p r e c i p i t a t e s  was s l o w l y  

introduced directly into the renal artery.

After a short time interval of two - t h r e e  m i n u t e s  

the a n i m a l  was  e x s a n g u i n a t e d  by s e v e r i n g  the axillary 

a r t e r y •

Group 4: Halothane alone.

Six cats were euthanised u s i n g  H a l o t h a n e  (May and 

B a k e r ,  D a g e n h a m ,  E n g l a n d ) .  E a c h  w a s  p l a c e d  in an  

enclosed wooden  box, fitted with an o b s e r v a t i o n  w i n d o w .  

T h e  c o n t a i n e r  was t he n f i l l e d  w i t h  H a l o t h a n e  gas by 

p a s s i n g  a s t r e a m  of a i r  (at a t m o s p h e r i c  p r e s s u r e )  

t h r o u g h  a g l a s s  f l a s k  contain in g liquid Halothane. The 

stream of air saturated with gaseous Ha l o t h a n e  was th e n  

p i p e d  f r o m  the flask into the observation box through a 

o n e - w a y  v a l v e .  T h e  a n i m a l  w i t h i n  t h e  b o x  c o u l d  be 

o b s e r v e d  u n t i l  d eep a n a e s t h e s i a  had been attained. At
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t h a t  t i m e  ( u s u a l l y  ten — 15 m i n u t e s )  the a n i m a l  was 

removed from the box and e x s a n g u i n a t e d  by s e v e r i n g  the 

axill ar y artery.

Group 5: Halothane plus Na P.

W i t h  the s e c o n d  g r o u p  of six cats the same basic 

procedure  was f o l l o w e d ,  o n l y  the d e p t h  of a n a e s t h e s i a  

wa s  s o m e w h a t  lighter than that required for the cats in 

Group 1. When a satisfactory d e g r e e  of a n a e s t h e s i a  was 

a c h i e v e d ,  the animal was removed from its container and 

i n j e c t e d  i n t r a v e n o u s l y  w i t h  a 6% s o l u t i o n  of Na P 

c a l c u l a t e d  to p r o d u c e  d e e p  a n a e s t h e s i a .  F i v e  - ten 

m i n u t e s  a f t e r  a d m i n i s t r a t i o n  of the Na P w h e n  t he  

femoral pulse was only barely discernible the animal was 

exs an gu inated  by severing the axillary artery.

Group 6: Halothane plus intracardiac precipitates.

A f u r t h e r  si x cats  w e r e  deeply anaesthe tised with 

Halothane. The animals were then weighed and the a m o u n t  

of K HC1 and  Na P p r e c i p i t a t e  c a l c u l a t e d  by the same 

m e t h o d  as p r e v i o u s l y  d e s c r i b e d .  T h e y  w e r e  t h e n  

in oculated  in tra cardially  with this measured quantity of 

p r e - f o r m e d  p r e c i p i t a t e s .  T h e s e  p r e c i p i t a t e s  were then 

g i v e n  s l o w l y  in t o  the lef t v e n t r i c l e .  In f i v e  - t e n  

m i n u t e s  w h e n  t h e  f e m o r a l  p u l s e  w a s  o n l y  b a r e l y  

d i s c e r n i b l e  e x s a n g u i n a t i o n  was a g a i n  c a r r i e d  o u t  by
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severing the axi lla ry artery.

4. Sampling of Tissues.

F o l l o w i n g  e x s a n g u i n a t i o n , the a b d o m e n  was opened 

(if it had not been so already d u r i n g  e x p e r i m e n t a t i o n ,  

as in G r o u p  3) b o t h  k i d n e y s  w e r e  r e m o v e d  and  samples 

w e r e  t a k e n  f o r  h i s t o l o g i c a l ,  T E M , S E M  a n d  

i m m u n o f l u o r e s c e n c e  s t u d i e s  in the manner as previously 

d e s c r i b e d  in t h e  g e n e r a l  s e c t i o n  on M a t e r i a l s  a n d  

M e t h o d s .

In the t h i r d  group samples for further examination 

were taken from e a c h  k i d n e y  a nd  p r o c e s s e d  s e p a r a t e l y .  

T h u s  t h e  k i d n e y  n o t  h a v i n g  r e c i e v e d  the p r e - f o r m e d  

prec ip itates acted as a "normal" control for the k i d n e y  

wh ic h had recieved the precipitates.
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Figure 7.1
1. Keta mine hy d r o c h l o r i d e
2. Sodium p e n t o b arb it one

3. K HC1 + 6% Na P
4. K HC1 + 20% Na P 

Note the increased floc c u l e n c y
of 4. over 3.





RESULTS

A s u m m a r y  of t h e s e  r e s u l t s  is given in Tables 7.1 

to 7.6.

G r o u p  1: I n t r a v e n o u s  a d m i n i s t r a t i o n  o f

p r e c i p i t a t e s .

In this group, four of the six cats showed varying 

d e g r e e s  of g l o m e r u l o p a t h y .  Two of t h e s e  f o u r  a n i m a l s  

exhibited only mild amounts of cytoplasmic debris in the 

capillary lumina. This "mild" form of gl om erulopath y was 

i d e n t i c a l  to that first described in Chapter 6 (compare 

Figs. 7.2 and 7.3 with Figs. 6.1 and 6.2).

This was sub sequently c o n f i r m e d  by use of the T EM  

( c o m p a r e  F i g s .  7. 6 a n d  7.7 w i t h  Figs. 6.4 an d 6.5, 

Chapter 6).

The o t h e r  two a f f e c t e d  cats, h o w e v e r ,  had l a r g e  

a m o u n t s  of debris within their capillary loops and this 

c o m p r i s e d  b o t h  of t he r e m a i n s  of e n d o t h e l i a l  a n d  

m e s a n g i a l  c e l l  t y p e s  t o g e t h e r  w i t h  p r o f i l e s  of the 

pr e- formed precipitates (Fig. 7.4). This " s e v e r e "  f o r m  

of g l o m e r u l o p a t h y  w a s  t h e  s a m e  as t h a t  p r e v i o u s l y  

described in Chapters 4 and 6. In one of these cats the 

l e s i o n  wa s f o c a l  b e i n g  restricted to only a proportion 

of the glomeruli (approximately 60%) with the r e m a i n i n g  

40% of g l o m e r u l i  being unaffected, whereas in the other
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"severe" case, a diffuse form of the /lytic l e s i o n 7 was 

e v i d e n t .  All  f ou r cats  showed granular deposits of IgG 

an d C 3 in all g l o m e r u l i  a l t h o u g h  t h e  i n t e n s i t y  of 

fl uorescenc e was less in the two "mild" cases.

The k i d n e y s  of the remaining two animals proved to 

b e  e n t i r e l y  f r e e  f r o m  c a p i l l a r y  d e b r i s  a n d  

i m m u n o f l u o r e s c e n c e  e x a m i n a t i o n  f a i l e d  to d e t e c t  any 

de position  of IgG or (Table 7.1).

G r o u p  2: I n t r a c a r d i a c  a d m i n i s t r a t i o n  o f

p r e c i p i t a t e s .

In this g r o u p  of six cats only one animal did not 

show any evidence of glomerulopathy.

Of t h e  r e m a i n i n g  f i v e  c a t s ,  t w o  d e v e l o p e d  a 

" s e v e r e "  d i f f u s e  l y t i c  l e s i o n  s i m i l a r  to that f i r s t  

de scribed in Chapter 4. The other three cats s h o w e d  the 

" m i l d "  f o r m  of t h e  g l o m e r u l o p a t h y  w i t h  l u m i n a l  

c yto plasmic  debris but i n t a c t  e n d o t h e l i u m .  A ll  of the 

glomeruli were affected more or less equally.

The two animals exhibiting the diffuse lytic lesion 

b o t h  s h o w e d  a s t r o n g l y  p o s i t i v e  r e a c t i o n  to 

i mm un ofl uorescenc e testing for IgG and C^. However, only 

two of the r e m a i n i n g  t h r e e  a f f e c t e d  a n i m a l s  s h o w e d  a 

positive reaction (Table 7.2).
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G r o u p  3: A d m i n i s t r a t i o n  of p r e c i p i t a t e s  into the 

renal artery.

In this  g r o u p  of s ix cats  the c a n n u l a t e d  k i d n e y  

w h i c h  r e c e i v e d  the p r e - f o r m e d  precipitates was seen to 

contain very heavy  a m o u n t s  of d e b r i s  d e p o s i t e d  w i t h i n  

its g l o m e r u l a r  c a p i l l a r y  loops together with a diffuse 

n e c r o t i s i n g  l e s i o n  e v e n  m o r e  s e v e r e  th a n  t h a t  f i r s t  

described in Chapter 4 (Fig. 7.5).

The hist ol ogical  findings of severe lytic damage to 

t h e  e n d o t h e l i a l  c e l l s  a n d  to t he m a j o r i t y  of t he 

m e s a n g i a l  c e l l s  was c o n f i r m e d  by T EM ( F i g s .  7 . 8  a n d  

7.9). Th i s  d a m a g e  h ad  led to the d e s t r u c t i o n  of these 

two glo merul ar cell types and the c o n s e q u e n t  o c c l u s i o n  

of t h e  g l o m e r u l a r  c a p i l l a r i e s  w i t h  t h e i r  n e c r o t i c  

c e l l u l a r  c o n t e n t s .  H o w e v e r ,  onc e a g a i n ,  the v i s c e r a l  

e p i t h e l i u m  a p p e a r e d  l a r g e l y  u n s c a t h e d  and only patchy 

areas of e f f a c e m e n t  of the foot p r o c e s s e s  w e r e  seen. 

Fig. 7.9 shows the severity of the lesion in this group 

wh ereby the visceral epithel ium has been d a m a g e d .  T h e r e 

was also some swelling of these processes to be observed 

with the SEM but, again, this was patchy in dis tribution 

(See Figs. 6.8 and 6.9, Chapter 6).

In o n l y  one of the n o n - c a n n u l a t e d  kidn ey s (which 

received no pre-formed precipitates yet did receive both 

K HC1 and Na P i n d e p e n d e n t l y )  wa s t h e r e  e v i d e n c e  of a 

s e v e r e  d i f f u s e  l y t i c  g l o m e r u l o p a t h y  w i t h  m o d e r a t e l y
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large a m o u n t s  of c y t o p l a s m i c  d e b r i s  in the c a p i l l a r y  

1 u m i n a • T h e  r e m a i n i n g  n o n - c a n n u l a t e d  k i d n e y s  a l l  

appea red  normal both by histologic al and ultras truetural 

e x a m i n a t i o n .

W h e n  t e s t e d  b y  i m m u n o f l u o r e s c e n c e  a l l  of the 

c a n n u l a t e d  kidn eys  proved strongly positive for IgG and 

as did the con tralateral n o n - c a n n u l a t e d  k i d n e y  f r o m  

cat 7.16 w h i c h  also showed a diffuse necrotising lesion 

( F i g s .  7 . 1 0  a n d  7 . 1 1 ) .  H o w e v e r ,  of the r e m a i n i n g  

n o n - c a n n u l a t e d  k i d n e y s  only one was positive, although 

fl uo rescenc e was less intensive than in the animals with 

the lytic lesion (Tables 7.3A and 7.3B).

Group 4: Halothane alone.

T h e  k i d n e y s  o f  a l l  s i x  c a t s ,  w h i c h  w e r e  

anaesthe ti sed using Halothane alone, were histol og ically  

n o r m a l  an d this f i n d i n g  was s u b s e q u e n t l y  confirmed by 

u l t r a s t r u c t u r a 1 e x a m i n a t i o n .  The o n l y  f e a t u r e  w h i c h  

d i s t i n g u i s h e d  t h e s e  a n i m a l s  f r o m  t h o s e  r e c o r d e d  in 

C h a p t e r  1 was the p r e s e n c e  of i n c r e a s e d  n u m b e r s  of 

erythrocytes to be found within the capillary loops.

I m m u n o f l u o r e s c e n t  s t a i n i n g  for IgG and proved 

negative in all cases (Table 7.4)*
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Group 5: Halothane plus Na P.

As in t h e  p r e v i o u s  g r o u p ,  no e v i d e n c e  of t h e  

n e c r o t i s i n g  g l o m e r u l o p a t h y  or of any d e p o s i t i o n  of 

cyt oplasmic debris within the capillary loops wa s f o u n d  

o n  h i s t o l o g i c a l  a n d  u 1 1 r a s t r u c t u r a  1 e x a m i n a t i o n .  

Likewise, imm un of luore sc ence tests failed to d e t e c t  IgG 

or in any animal (Table 7.5).

Group 6: Halothane plus intracardiac admini strat io n 

of precipitates.

In each of the six cats in this group small amounts 

of cytoplasmic debris were to be found in the glomerular 

capi lla ry loops, sufficient for the glo merulopat hy to be 

c l a s s i f i e d  as "mild". However, there was no evidence of 

s e v e r e  d a m a g e  to the e n d o t h e l i a l  and m e s a n g i a l  c e l l  

t y p e s •

I m m u n o f l u o r e s c e n c e  t e s t s  showed granular deposits 

of IgG and in all six a n i m a l s  ( T a b l e  7.6, a l s o  see 

Figs. 6.10 and 6.11, Chapter 6).
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TABLE 7.1

S u m m  a r y  o f  R e s u l t s  ( G r o u p  1- I n t r a v e n o u s  

ad m i n i s t r a t i o n  of pre cipitates)

Imm uno fluorescence*

Cat No. Debris IgG

7.1 Severe 2+ 1+

7.2 Severe 2+ 1+

7.3 Mild 1+ 1+

7.4 Mild 1+ 1+

7.5 None - -

7.6 None - -

TABLE 7.2

S u m m a r y  of R e s u l t s  ( G r o u p  2 •  I n t r a c a r d i a c  

a dm in i s t r a t i o n  of precipitates)

7.7 Severe 3+ 1+

7.8 Severe 3+ 1+

7.9 Mild 2+ 1+

7.10 Mild 1+ +

7.11 - Mild

7.12 None - - .
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TABLE 7.3A

S u m m a r y  of R e s u l t s  ( G r o u p  3- A d m i n i s t r a t i o n  of 

p re cip ita tes into the renal artery (c a n n u l a t e d ))

Immunofluorescence*

Cat No. Debris IgG C3

7.13 Severe 3+ 1 +

7.14 Severe 3+ 1 +

7.15 Severe 2+ 2+

7.16 Severe 1 + 2+

7.17 Severe 3+ 1 +

7.18 Severe 2+ 1 +

TABLE 7. 3B

S u m m a  r y of R e s u l t s ( G r o u p  3- A d m i n i s t r a t i o n

precipitates into the renal artery (non - c a n n u l a t e d ))

7.13 None - -

7.14 None - -

7.15 None 1 + +

7.16 Severe 2+ 1 +

7.17 None - -

7.18 None - -
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TABLE 7.4

Summary of Results (Group 4- Halothane alone)

Immunofluorescence* 

Cat No. Debris IgG

7.19 None - -

7.20 None -

7.21 None -

7.22 None -

7.23 None -

7.24 None -

TABLE 7.5

Summary of Result s (Group 5- Halothane

7.25 None -

7.26 None ; . -

7.27 None

7.28 None -

7.29 None -

7.30 None —  -
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TABLE 7.6

Summary of Results (Group 6- Halothane plus 

intracardiac adm inist ra tion of precipitates)

Immunofluorescence* 

Cat No. Debris IgG

7.31 Mild 2+ 1+

7.32 Mild 2+ 1+

7.33 Mild 1+ 1+

7.34 Mild 2+ 2+

7.35 Mild 3+ 1+

7.36 Mild 1+ 1+

* These ' immunofl uorescenc e results were 

graded + to 4+ according to their severity.
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Figure 7.2 
'Mild' non - l y t i c  lesion 

Note the ca pillary  debris (arrow) 
al tho ug h a p r o p o r t i o n  of ca pilla ries 

appear no rmal 
H & E (x 300)

Figure 7.3 
'Mild' n o n - ly tic lesion 

Note the increased  amounts of debris 
as compared to Fig. 7.2 (arrows)

H & E (x 300)





F i g u r e 7 •4 
Lytic le si on  

Note the severe g l o m erula r dis r u p t i o n  
H & E (x 300)

/

Figure 7.5 
Lytic lesion 

Note the large amounts of debris 
and extr eme  d i s r up ti on 

H & E (x 300)





Figure 7.6 
'Mild' no n - l y t i c  lesion 

Note the m e s a n g i a l  pro cesse s (arrow) 
the intact e n d o t h e l i u m  ema na ting from 

the e n d o th elial cell (e) and surrou nding 
the ca pi llary (c)

TEM (x 3000)

Figure 7.7 
'Mild' non -lyt ic  lesion 

Note the hea vy amounts of 
capillary debris (asterisk) 

TEM (x 5000)
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Figure 7.8 
Lytic lesion 

Note the e nd otheli al  and me s a n g i a l  de st r u c t i o n 
The debris of these cells fill the ca pi llaries (c)

TEM (x 3000)

Figure 7.9 
Lytic lesion 

Note the heavy capillary (c) debris 
(asterisk) together with the partial 

destruction of the epithelial cell (e)(arrow)
TEM (x 4000)





Figure 7.10 
IgG d epo si tion 

Note the g r a n u l a r i t y  of deposits 
Im m uno fl uoresce nc e (x 250)

Figure 7.11 
C~ de po sit ion 

Note the heavy granular 
deposition appears almost linear 

Immunof luo resce nce (x 250)





DISCUSSION

T h e  a i m  of this e x p e r i m e n t  was to i n t r o d u c e  the 

pre-fo rme d com bination of the two drugs into the general 

c i r c u l a t i o n  w i t h  t h e  o b j e c t  of s i m u l a t i n g  t h e  

d e v e l o p m e n t  of the s p o n t a n e o u s l y  i n d u c e d  l e s i o n  w i t h  

separate injections of K HC1 and Na P.

Of t h e  t h r e e  m e t h o d s  of a d m i n i s t r a t i o n  of the 

pre cipitates employed in this chapter the f i r s t  ( d i r e c t  

intravenous inoculation, Group 1) proved to be the least 

s u c c e s s f u l  in  t e r m s  of r e p r o d u c i n g  t h e  s e v e r e  

n e c r o t i s i n g  l e s i o n .  It is p o s s i b l e  that the l a c k  of 

success was due to a dilution effect of the precipitates 

w h i c h  w as s u c h  t h a t  t h e  a m o u n t  of t h e  p r e c i p i t a t e  

a c t u a l l y  r e a c h i n g  t h e  g l o m e r u l a r  c a p i l l a r i e s  w a s  

insufficient to initiate damage within the glomeruli.

Nevertheless, in two of the cats examined from this 

g r o u p  the l e s i o n  was e v i d e n t  a l t h o u g h  in o n e  o n l y  a 

f o c a l  f o r m  of the glomerulo pathy was observed. Overall, 

however, Group 1 showed a lower i n c i d e n c e  of c a p i l l a r y  

d e b r i s  d e p o s i t i o n  t h a n  t h a t  d e s c r i b e d  f o r  t h e  

spontaneous cases in Chapter 4.

In the second group, on the assumption that most of 

t h e  p r e c i p i t a t e s  m i g h t  w e l l  be f i l t e r e d  out of the 

circulation by the mon onuclear system prior to r e a c h i n g  

t h e  g l o m e r u l a r  c a p i l l a r i e s ,  t h e  i n j e c t i o n  of
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p r e c i p i t a t e s  w as g i v e n  i n t r a c a r d i a l l y  i n t o  t h e  l e f t  

v e n t r i c l e  t h u s  e n s u r i n g  that the m a x i m u m  a m o u n t  of 

precipitates should reach the aorta and h e nc e the r e n a l  

a r t e r i e s .

This regimen proved more successful than Group 1 as 

f iv e of the six a n i m a l s  u s e d  s h o w e d  heavy deposits of 

debris l y i n g  w i t h i n  the g l o m e r u l i ,  w i t h  two of t h e s e 

five cats exh ibiting a diffuse lytic glomerulopathy.

The t h i r d  m e t h o d  of administ ration of precipitates 

i.e. the can nulation of an individual kidney, p r o v e d  to 

b e  t h e  m o s t  e f f e c t i v e  i n  r e c r e a t i n g  t h e  s e v e r e  

necrotising glomerulopathy.

In each of the animals examined from this group the 

kidney which received the c o m b i n a t i o n  of the two d r u g s  

s h o w e d  s e v e r e  lys is of the e n d o t h e l i a l  and m e s a n g i a l  

ce ll  t y p e s  of e a c h  g l o m e r u l u s  e x a m i n e d .  T h e r e  w e r e ,  

therefore, large amounts of glomerular capillary debris. 

N e v e r t h e l e s s ,  d e s p i t e  the n e c r o s i s  of endothelial and 

m e s a n g i a l  c e l l s  t he v i s c e r a l  e p i t h e l i a l  p o d o c y t e s  

a p p e a r e d  l a r g e l y  u n c h a n g e d  w i t h  the TEM, although, on 

occasion, the am ou nt  of d a m a g e  was so s e v e r e  that the 

v i s c e r a l  e p i t h e l i u m  b e g a n  to be affected. With the SEM 

only o c c a s i o n a l  a r e a s  of f u s i o n  and / or s w e l l i n g  of 

processes to be seen.

In only one of the contralateral kidneys from these 

a n i m a l s  i n  G r o u p  3 w a s  t h e r e  a n y  e v i d e n c e  of
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g l o m e r u l o p a t h y .  In this a n i m a l  a s e v e r e  n e c r o t i s i n g  

l e s i o n  a s s o c i a t e d  w i t h  h e a v y  c a p i l l a r y  c y t o p l a s m i c  

debris was found. As the r e n a l  v e i n  of the c a n n u l a t e d  

k i d n e y  was c l a m p e d  up to the time of exsang uinatio n it 

can only be assumed that the lytic lesion in this kidney 

was a spontaneous event.

Thus, in general, the intravascular c o m b i n a t i o n  of 

the two a n a e s t h e t i c  a g e n t s  K HC1 and Na P was clearly 

seen to be the initiating factor b e h i n d  the o c c u r r e n c e  

of the s p o n t a n e o u s  l e s i o n  first described in Chapter 4 

and tended to support the premise that an int r ava s c u l a r  

r e a c t i o n  b e t w e e n  K HC1 and Na P occurs with subsequent 

d e p o s i t i o n  of t h i s  c y t o t o x i c  c o m b i n a t i o n  i n  t h e  

glomerular capillaries.

The experiments described in Groups 4 and 5 of this 

c h a p t e r  h a v e  i n d i c a t e d  that ana esthesia with Halothane 

alone or in combination with Na P did not appear to have 

any injurious effects on the renal glomeruli of the cat. 

However, for the routine veterin ary e x a m i n a t i o n  of cats 

the use of H a l o t h a n e  r e q u i r e s  a g r e a t  deal of care to 

ensure its safe and e f f i c i e n t  a d m i n i s t r a t i o n .  This is 

part icu larly so in the fractious animal.

F u r t h e r m o r e ,  t he a s s e s s m e n t  of any g l o m e r u l a r  

lesion induced by the use of p r e - f  o r m e d  K HC1 a nd  Na P 

p r e c i p i t a t e s  (Group 6) could be correctly assumed to be 

due to this drug c o m b i n a t i o n  an d not to the H a l o t h a n e
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alone. It was shown that only when precipitates of K HC1 

a n d  N a  P w e r e  g i v e n  i n t r a c a r d i a l l y  to H a l o t h a n e  

a n a e s t h e t i s e d  c a t s  t h a t  a m i l d  g l o m e r u l o p a t h y  w a s  

produced. However, unlike Group 2, there was no evidence 

of the severe necro tising lesion occurring in any of the 

animals within  this group.

Thus  if G r o u p s  2 and 6 are compared i.e. comparing 

the use of K HC1, as the primary sedative, a d m i n i s t e r e d  

in c o m b i n a t i o n  w i t h  t h e  p r e c i p i t a t e  f o r m e d  by the 

a d d i t i o n  of K H C 1  a n d  Na P ( G r o u p  2) to H a l o t h a n e  

followed by similarly formed precipitates (Group 6), and 

i n j e c t e d  i n t o  t h e  c at by the sam e r o u t e ,  it can be 

observed that in each and every case the former group of 

animals exhibited more severe luminal debris t h a n  t h o s e  

f o u n d  i n  t h e  c a t s  of t he l a t t e r  g r o u p .  T h i s  w a s  

reflected in the h i g h e r  o c c u r r e n c e  of the n e c r o t i s i n g  

lesion in the former group.

Thus there would seem to be an indication that even 

w h e n  u s i n g  t h e  a r t i f i c i a l  s i t u a t i o n  w h e r e b y  the 

combi nat ion of the two drugs in the form of precipitates 

is given to the animal in a pre-formed state the e f f e c t  

u p o n  the gl o m e r u l i  appears to be enhanced if the animal 

was already anaesthetised with K HC1.

This hypothesis was also tested using Na P alone in 

p l a c e  of the p r e - f o r m e d  p r e c i p i t a t e s  ( G r o u p  5) i . e .  

H a l o t h a n e  f o l l o w e d  by Na P. It can be s e e n  f r o m  the
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r es ults s e c t i o n  that this r e g i m e  did not p r o d u c e  an y  

evidence of the necrotising lesion or of the presence of 

the luminal debris as seen elsewhere.

In t h e  n o n - e x p e r i m e n t a 1 s t a t e  t w o  s e p a r a t e  

phenomena may be occurring in that a) the i n i t i a l  dose  

of K H C 1 , used as a sedative, may be circulating in the 

v a s c u l a t u r e  and t h e r e  c o m b i n e s  w i t h  the s u b s e q u e n t l y  

a d m i n i s t e r e d  Na P. W i t h  a c e r t a i n  p r o p o r t i o n  of the 

p r e c i p i t a t e s  f o r m e d  as a r e s u l t  of this c o m b i n a t i o n  

b e i n g  f i l t e r e d  out in the g l o m e r u l i ;  and / or b) that 

the K HC1 attaches itself either  p a s s i v e l y  or a c t i v e l y  

to the glomerular endothe lium and following injection of 

Na P c a u s e s  the combination of the two drugs in. situ on 

the glomerular endothelium.

Both of these situations, or a c o m b i n a t i o n  of the 

two, l e a d i n g  to the f o r m a t i o n  of p r e c i p i t a t e s  iri vivo 

an d h e n c e  to the p o s s i b l e  c o n s e q u e n c e  of g l o m e r u l a r  

endothelial and glomerular mesangial destruction.

However, as has previously been examined this would 

s e e m  to be a completely random event depending entirely 

on the individual case.
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T h e  r e c e n t  s u r g e  of i n t e r e s t  into s p o n t a n e o u s  

g l o m e r u l a r  d i s e a s e  in the cat ( O s b o r n e  a n d  V e r n i e r ,  

1973 ; N a s h  e t . a l .  , 1 979 ; W r i g h t  et . a l . , 1981; Lucke,

1 9 8 2 )  h a s  h i g h l i g h t e d  t h e  i m p o r t a n c e  of a r e a l  

u n d e r s t a n d i n g  of n o r m a l  g l o m e r u l a r  s t r u c t u r e  and the 

n e e d  to e s t a b l i s h  h o w  the c at g l o m e r u l u s  r e a c t s  to 

autolytic as well as pathological change.

C h a p t e r  1 of t h i s  w o r k  s o u g h t  to d e s c r i b e  the 

n o r m a l  m o r p h o l o g y  of the cat g l o m e r u l u s  a n d  t h u s  

e x p a n d e d  t h e  o n l y  o t h e r  k n o w n  w o r k  of it s  k i n d  

(Zimmerman, 1933 (cited by Mueller, 1958)). This section 

of the work also added i n f o r m a t i o n  c o n c e r n i n g  f i x a t i o n  

m e t h o d s ,  t h i c k n e s s  of s e c t i o n  a n d  v a r i a t i o n  of 

glomerular mo rp hology in different regions of the r e n a l  

cortex.

The c o m p a r i s o n  of fixation methods employed showed 

that, althou gh both immersion and perfusion m e t h o d s  are 

a d e q u a t e  f o r  b o t h  c o n v e n t u a l  l i g h t  a n d  e l e c t r o n  

microscopy, perfusion fixation a p p e a r e d  to be s u p e r i o r  

to i m m e r s i o n  f i x a t i o n  w i t h  r e s p e c t  to i m p r o v e d  

d i f f e r e n t i a t i o n  of c o n s t i t u e n t  g l o m e r u l a r  c e l l s  a n d  

associated glomerular capillary patency.

S e v e r a l  d i s a d v a n t a g e s  of perfusion fixation were, 

h o w e v e r ,  a p p a r e n t ;  t h e s e  i n c l u d e d  t h e  a r t i f i c i a l
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widening of capillary lumina and urinary spaces together 

w i t h  p o o r  p e r f u s i o n  of a s m a l l ,  b u t  s i g n i f i c a n t ,  

p r o p o r t i o n  of o u t e r  c o r t i c a l  g l o m e r u l i .  In g e n e r a l ,  

however, most glomeruli appeared well-perfused.

In the p r e s e n t  s t u d y  the high osmolarity fixative 

employed ( K arnovs ky 's) was i n t r o d u c e d  into the k i d n e y  

u n d e r  s i m p l e  m a n u a l  pressu re , although at a controlled 

flow rate. There is some evidence in the literature that 

this method may h a v e  a n u m b e r  of d i s a d v a n t a g e s .  T h e s e  

i n c l u d e  a) the use of excess manipu la tion of the kidney 

w h i c h  m a y  a f f e c t  s u b s e q u e n t  h i s t o l o g i c a l  a n d  

u 1 1 ras t r uc tu ral detail (Cook e t .a l . , 1965), b) the need 

to ensure a fixative of suitable o s m o l a r i t y  to p r e v e n t  

t h e  p h e n o m e n o n  k n o w n  as " O s m o l a r i t y  S h o c k "  (Yun and 

K e n n y ,  1976) and c) the n e e d  f o r  a c o n s t a n t  s u p p l y  

p r e s s u r e  a p p r o a c h i n g  that of the blood supply entering 

the kidneys under normal conditions.

To c o u n t e r  t h e s e  p o i n t s  a c o n t r o l l e d  p r e s s u r e  

s y s t e m ,  d e s i g n e d  to g i v e  a m o r e  u n i f o r m  g l o m e r u l a r  

p e r f u s i o n ,  m i g h t  w e l l  be d e v i s e d  a n d  a c o m p a t i b l e  

f i x a t i v e  of a p p r o p r i a t e  o s m o l a r i t y  e m p l o y e d .  B o t h  of 

these innovations h a v e  b e e n  f o u n d  to be s u c c e s s f u l  by 

Griffith e t . a l . (1967) and Elling e t .a l . (1977) in their 

s t u d i e s  of the rat and pi g k i d n e y .  The routine use of 

c o n t r o l l e d  p e r f u s i o n  t e c h n i q u e s  d u r i n g  p o s t - m o r t e m  

p r o c e d u r e s  w o u l d ,  h o w e v e r ,  not normally be a practical

153



proposit i o n .

The crucial role of section thickness in the s t u d y  

of the glomerulus was also hi ghlighted  in this study. In 

t h i c k  p a r a f f i n  w a x  s e c t i o n s  (i.e. l O u m . ), g l o m e r u l i  

a p p e a r e d  h y p e r c e 1 1 u 1 ar a n d  it w a s  n o t  p o s s i b l e  to 

i d e n t i f y  w i t h  any certainty the various glomerular cell 

types. The use of 6um. s e c t i o n s ,  w h i c h  are r o u t i n e l y  

u s e d  in m a n y  instances reported in the literature (e.g. 

M c M a n u s ,  1 9 4 8 ;  B u l g e r  ê * 1 9 7 9 )  a l s o  p r o v e d

unacceptable in the present study. Again this was due to 

the p o o r  d i f f e r e n t i a t i o n  of g l o m e r u l a r  cell types and 

tended to negate the benefits of good fi xat ion . The use 

of t h i n  p a r a f f i n  w a x  s e c t i o n s  of 2 - 3 u m . , h o w e v e r ,  

o v e r c a m e  t h e  p r o b l e m s  of  v i s u a l i s a t i o n  a n d  

di ff er entiation of cell types.

The p r e s e n t  study also provided the first detailed 

T E M  s t u d y  of the n o r m a l  cat g l o m e r u l u s .  As s u c h  it 

p r o v i d e d  e s s e n t i a l  b a s e - l i n e  parameters for any future 

study c o n c e r n e d  w i t h  the e v a l u a t i o n  of m o r p h o l o g i c a l  

changes accompanying various glomerular disorders.

A c o m p a r i s o n  was made with previous TEM studies in 

other species in order to examine to what extent the cat 

glomerulus exhibited similar morp hol ogica l s t r u c t u r e  to 

t h o s e  s p e c i e s .  Thus the o b s e r v a t i o n s  of A n d r e w s  and 

P o r t e r  (1974 ) on the s i m i l a r i t y  of gap s i z e  b e t w e e n  

a d j a c e n t  t e r t i a r y  p o d o c y t i c  p r o c e s s e s  on the GBM were
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not confirmed in this study. The e x i s t e n c e  of a s i n g l e  

cilium issuing from the cells of the parietal epithel ium  

of B o w m a n ' s  c a p s u l e  a l s o  failed to be confirmed and as 

s u c h  adds to the m a j o r  w o r k  on the s u b j e c t ,  t h a t  of 

L a t t a  e t . a 1. (1 96 1) , who neglected to examine the cat.

Likewise, the presence of direct s h u n t s  b y - p a s s i n g  the 

g l o m e r u l i ,  as d e s c r i b e d  by L j u n q v i s t  (1964, 1975) was 

not found in the present work.

The present study also provided the first SEM views 

of the normal cat g l o m e r u l u s .  On c e  a g a i n ,  as w i t h  the 

T E M ,  it p r o v i d e d  e s s e n t i a l  b a s e - l i n e  p a r a m e t e r s  for 

future SEM studies involving pathological a l t e r a t i o n  to 

t h e  g l o m e r u l u s .  S i m i l a r i t i e s  as w e l l  as d i f f e r e n c e s  

b e t w e e n  the cat and o t h e r  m a m m a l s  w e r e  d e s c r i b e d  and 

discussed. For example, the diverse observations of Buss 

a nd K r o n e r t  ( 1969) in the rat and Fujita e t . a l . ( 1970) 

in the rat and r a b b i t ,  c o n c e r n i n g  the a r r a n g e m e n t  of 

t e r t i a r y  p r o c e s s e s  on the v i s c e r a l  epithelium. In the 

present study, the evidence s u p p o r t e d  the o b s e r v a t i o n s  

of the latter workers. The presence of microvilli on the 

c e l l  b o d y  a n d  a l s o  on t h e  p r i m a r y  a n d  s e c o n d a r y  

processes also confirmed the f i n d i n g s  of F u j i t a  e t .a l . 

(1970).
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In C h a p t e r  2 of the p r e s e n t  work, only the second 

a c c o u n t  of the p o s t - n a t a l  d e v e l o p m e n t  of t h e  f e l i n e  

k i d n e y  w as  r e c o r d e d .  This part of the w o r k  c o n f i r m e d  

that the process of nephrogenesis in the cat was similar 

to the g e n e r a l  m a m m a l i a n  p a t t e r n ;  d i f f e r e n c e s  w e r e  

p e r c e i v e d  o n l y  in the o v e r a l l  t i m i n g  of e v e n t s .  For 

example, new glomeruli were formed from the n e p h r o g e n i c  

zone u n t i l  well into the second month of life and these 

glomeruli only attained full functional mat urity  towards 

the end of the third month of life. This is in c o n t r a s t  

to t h e  d o g  w h e r e  n e w  g l o m e r u l a r  f o r m a t i o n  f i n i s h e s  

during the first month of life and f u n c t i o n a l  m a t u r i t y  

is a t t a i n e d  by the s i x t h  week of life (Horster e t . a l . , 

1971). The time scale for the cat was  a l s o  m u c h  l o n g e r  

t h a n  p r e s e n t  s t u d i e s  w o u l d  s u g g e s t  for the rat where 

glomerular nephrogenesis is concluded wi th in a f e w  days 

of b i r t h  (K a z i m i e r c z a k , 1978; 1980). However, according

to M a c D o n a l d  and E m e r y  ( 1959) the time s c a l e  in the 

h u m a n  is m u c h  longer than that of the cat with the time 

taken to attain the full complement of glomeruli lasting 

until perhaps 11 months after birth. These glomeruli may 

remain immature until the fifth year of life w i t h  t h ere  

t h e n  b e i n g  a steady increase in the proportion of fully 

mature glomeruli until full functionality is attained at 

a p p r o x i m a t e l y  12 y e a r s  of age ( M a c D o n a l d  a n d  E m e r y ,  

1959).
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A l t h o u g h  t h er e is g r o w i n g  interest in spontaneous 

gl ome rulon ep hr itis in the cat, o n l y  a s m a l l  n u m b e r  of 

s t u d i e s  h a v e  b e e n  c a r r i e d  out on the aut olytic changes 

occurring in the cat g l o m e r u l u s .  To date, no d e t a i l e d  

s e q u e n t i a l  h i s t o l o g i c a l  and u l t r a s t r u c t u r a l  study has 

been u n d e r t a k e n .  Yet, as p r e v i o u s l y  d i s c u s s e d ,  r e n a l  

t i s s u e  c a n n o t  a l w a y s  be o b t a i n e d  i m m e d i a t e l y  after an 

a n i m a l  d i e s  or is d e s t r o y e d .  T h i s  is e s p e c i a l l y  

i m p o r t a n t  w h e r e  p a t h o l o g i c a l  c h a n g e s  i n v o l v i n g  the 

kidney are under investigation.

I n i t i a l l y  the m a i n  f e a t u r e  e v i d e n t  in a u t o l y t i c  

g l o m e r u l i  s t u d i e d  in C h a p t e r  3, b o t h  by l i g h t  and 

e l e c t r o n  m i c r o s c o p y ,  w a s  t u b u l a r  i n t r a - g l o m e r u l a r  

e p i t h e l i a l  r e f l u x .  This phenomenon has previously been 

observed in the normal dog and cat ( M u l l i n k  and F e r o n ,  

1 9 6 7 ) ,  t he n o r m a l  ra t  ( C o o k  ê_t a_ 1_ •_, 1 9 6 5 )  a n d  in

pathological conditions in man (Dixon e t .a l . , 1971). The

main  r e a s o n  for this r e f l u x  has b e e n  s u g g e s t e d  to be 

o v e r - h a n d l i n g  of the k i d n e y s  p r i o r  to f i x a t i o n  (Cook 

e t .a l . , 1965).

In this part of the work o t h e r  p h e n o m e n a  o b s e r v e d  

included necrosis of both endothelial cells and visceral 

epithelial cells. These are features which are sometimes 

a s s o c i a t e d  w i t h  p a t h o l o g i c a l  c h a n g e s  s u c h  as 

glo mer ulonephritis (Movat e t .a 1 . , 1 962 ; S t r u n k  e t .a 1 . ,
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1964), d i a b e t e s  ( F a r q u h a r  e t .a l . , 1959; Suzuki e t . a l . , 

1966), and toxaemia of pre g n a n c y  ( P o l l a c k  a nd N e t t l e s ,  

I960; Wakamori e t . a l . , 1962).

In the p r e s e n t  s t u d y  the main feature of interest 

o b s e r v e d  in a u t o l y t i c  k i d n e y s  w i t h  t h e  T E M  w a s  t h e  

remarkable pres ervation of the GBM and the attached foot 

p r o c e s s e s .  This was despite the disin tegra tion of their 

p a r e n t  c e l l s .  T h e  t e r t i a r y  p r o c e s s e s  r e m a i n e d  

m o rp hologi ca ll y d i s t i n c t  u n t i l  a p p r o x i m a t e l y  60 h o u r s  

after death.

The first SEM study of the autolytic cat kidney was 

a l s o  r e p o r t e d  in this d i s s e r t a t i o n .  The assessment of 

autolytic glomerular changes was d i m i n i s h e d  due to the 

S E M ' s  i n a b i l i t y  to f u l l y  e x a m i n e  t h e  g l o m e r u l a r  

en dot helium and mesan gium within the g l o m e r u l u s  i t s e l f .  

A l t h o u g h  m o s t  of the v i s c e r a l  e p i t h e l i u m  was s e e n  to 

fuse into a roughened cy to p l a s m i c  s h ee t as e a r l y  as 24 

hours after death there were areas, which were also seen 

b y  t h e  T E M ,  of m o r p h o l o g i c a l l y  r e c o g n i s a b l e  f o o t  

p r o c e s s e s  as lat e  as 60 h o u r s  p o s t - m o r t e m .  S u r f a c e  

microvilli and 'blebs' were also evident on the visceral 

e p i t h e l i u m  f r o m  20 m i n u t e s  o n w a r d s .  These remained in 

e v i d e n c e  f o r  s o m e  t i m e  u n t i l  a g e n e r a l  l o s s  of 

preservation took place.

In t h e  l i g h t  of the r e s u l t s  d e s c r i b e d ,  s e v e r a l  

i m p o r t a n t  f a c t o r s  h a v e  e m e r g e d .  F i r s t ,  t h e r e  is a
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v a r i a t i o n  at w h i c h  a u t o l y t i c  d e g e n e r a t i o n  takes place 

and, although morph olo gic a l t e r a t i o n s  w e r e  o b s e r v e d  as 

e a r l y  as f i v e  m i n u t e s  p o s t - m o r t e m  with the TEM and ten 

m i n u t e s  w i t h  the l i g h t  m i c r o s c o p e ,  a r e a s  of n o r m a l  

g l o m e r u l a r  m o r p h o l o g y  r e m a i n e d  d i s t i n c t  u n d e r  T EM  

e x a m i n a t i o n  u n t i l  as lat e as 24 h o u r s  p o s t - m o r t e m .  

S e c o n d ,  a l t h o u g h  t he G B M  w a s  s o m e w h a t  s w o l l e n  as 

o b s e r v e d  w i t h  t he T E M  it r e m a i n e d  i n t a c t  w i t h  a 

p r o p o r t i o n  of its a p p o s e d  foot p r o c e s s e s  remaining in 

position and d i s t i n c t i v e l y  so u n t i l  at l e ast 60 h o u r s  

after death.

In C h a p t e r  4 of this w o r k ,  a s e v e r e  n e c r o t i s i n g  

lesion primarily of the glomerular en dothelium  and, to a 

l e s s e r  e x t e n t ,  of t h e  g l o m e r u l a r  m e s a n g i u m  w a s  

i d e n t i f i e d  for the fi r s t  time. The in formation gained 

from the study of autolytic kidneys left no d o u b t  as to 

the r e c e n t  and severe nature of the lesion. Indeed, the 

severity of the pathology o b s e r v e d  i n d i c a t e d  that, had 

t h e  l e s i o n  o c c u r r e d  s o m e  time p r i o r  to d e a t h ,  then 

tu bu la r e p i t h e l i a l  d a m a g e  m u s t  s u r e l y  h a v e  r e s u l t e d .  

This is e s p e c i a l l y  true of the p r o x i m a l  tubules which 

are much more sensitive to anoxia than are the glomeruli 

(Latta e t .a l . , 1965), yet no damage was observed.

The only feature common to all the a n i m a l s  u s e d  in 

this c h a p t e r ,  and i n c i d e n t a l l y  the animals used in the
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p r e v i o u s  t h r e e  c h a p t e r s ,  was the fac t t h a t  t h e y  h a d  

r e c e i v e d  b o t h  K HC1 and  Na P, the latt er no more than 

three minutes prior to the r e m o v a l  and f i x a t i o n  of the 

k i d n e y s .  T h e s e  f i n d i n g s  t e n d e d  to s u g g e s t  a n  

intravascular interaction b e t w e e n  the two d r u g s  w i t h  a 

r e s u l t a n t  c y t o t o x i c i t y  for g l o m e r u l a r  endothelial and 

mesangial cells.

Th e  d e p o s i t i o n  of a n d  I g G  as d e t e c t e d  b y

i m m u n o f l u o r e s c e n c e ,  w i t h i n  the glomerular capillaries, 

lent support to the immediacy of the lesion.

The e f f e c t  of suc h  a l e s i o n  b e i n g  p r e s e n t  in an 

e x p e r i m e n t a l  s t u d y  of the cat g l o m e r u l u s  would surely 

negate or render inc onsequential any other mo rphologic al  

event under study.

In Chapter 5, any possible effect either of the two 

above menti oned d r u g s  ha d on its own wa s e x a m i n e d .  In 

b o t h  c a s e s  no e f f e c t  was d e t e c t e d  e i t h e r  by l i g h t  or 

electron mic ros copy or by immunofluorescence.

T h u s  t h e  c o n c l u s i o n  w a s  r e a c h e d  t h a t  t h e  

c o m b i n a t i o n  of the two drugs in_ v i v o , which was seen to 

form a white precipitate iji vi t r o , was r e s p o n s i b l e  for 

the initiation of the lesion.
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In C h a p t e r  6 , an a t t e m p t  was m a d e  to d e f i n e  the 

p h y s i c a l  p a r a m e t e r s  w h i c h  m a y  h a v e  i n f l u e n c e d  t h e  

d e v e l o p m e n t  of the l e s i o n .  The r e s u l t s  indicated that 

t h e r e  w a s  no  c o r r e l a t i o n  b e t w e e n  t h e  t i m e s  of 

administra ti on of the two drugs and the d e v e l o p m e n t  of 

t h e  g l o m e r u l a r  l y t i c  l e s i o n .  T h e r e  w o u l d  a p p e a r ,  

h o w e v e r ,  to be a r e l a t i o n s h i p  b e t w e e n  t h e  r e l a t i v e  

c o n c e n t r a t i o n s  of the two drugs in so far as increasing 

relative concentrations of the two d r u g s  i n c r e a s e d  the 

likelyhood of the development of the lesion.

In a d d i t i o n  to the r a n d o m  appearance of the lytic 

lesion, a less s e v e r e  or " m i l d "  l e s i o n  not p r e v i o u s l y  

d e s c r i b e d  w a s  a l s o  o b s e r v e d .  O n  h i s t o l o g i c a l  

e x a m i n a t i o n ,  t h i s  l e s i o n  w a s  c h a r a c t e r i s e d  by the 

p r e s e n c e  of l a r g e  a m o u n t s  of cytoplasmic debris in the 

c a p i l l a r y  l u m i n a  t o g e t h e r  w i t h  a l t e r a t i o n s  to the 

g l o m e r u l a r  e n d o t h e l i u m  i t s e l f .  W h e n  viewed by the TEM 

and SEM occlusion of the glomerular capillaries was seen 

to be caused by s w e l l i n g  of the e n d o t h e l i a l  c y t o p l a s m  

t o g e t h e r  w i t h  some  m e s a n g i a l  swelling. However, unlike 

the severe lytic lesion there was no d e t a c h m e n t  of the 

en dot helial cyt oplasm from the GBM.

A s  i n  t h e  l y t i c  l e s i o n  t h e r e  w a s ,  h o w e v e r ,  

deposi tio n of both and IgG; however, this was seen in 

only a proportion  of those a n i m a l s  e x h i b i t i n g  the m i l d  

lesion and then only of diminished intensity.
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N e v e r t h e l e s s ,  d e s p i t e  a t t e m p t s  to e l u c i d a t e  the 

me c h a n i s m  of the lesion by varying the concentrations of 

the two d r u g s  a n d  t h e  t i m e  i n t e r v a l  b e t w e e n  t h e i r  

a d mini st ration both forms of this lesion would appear to 

o c c u r  in an  e n t i r e l y  r a n d o m  f a s h i o n  an d be e n t i r e l y  

variab le in its effect in any particular animal.

In the final chapter (C ha pt er 7), use was m a d e  of 

p r e - f o r m e d  c o m b i n a t i o n s  of the two drugs to mimic the 

p r o p o s e d  r e a c t i o n  t a k i n g  p l a c e  i n  t h e  g e n e r a l  

c i r c u l a t i o n  and / or the r e n a l  v a s c u l a t u r e .  This was 

e f f e c t e d  u s i n g  e i t h e r  K HC1 as the primary sedative or 

Halothane to act as a negative control.

W h e n  u s i n g  K HC1, the d i r e c t  a d m i n i s t r a t i o n  of 

t h e s e  ' p r e c i p i t a t e s '  into the renal artery resulted in 

the p r o d u c t i o n  of a l e s i o n  i d e n t i c a l  to t h a t  f i r s t  

d e s c r i b e d  in C h a p t e r  4 i.e. g l o m e r u l a r  e n d o t h e l i a l  

l y s i s .  The a d m i n i s t r a t i o n  of t h e s e  ' p r e c i p i t a t e s '  

i n t r a v e n o u s l y  or int r a c a r d i a l l y  was also successful in 

producing the lytic lesion, however the la tte r was o nly 

p r e s e n t  in fou r out of 12 cats us ed . A f u r t h e r  five 

animals out of the group of 12 e x h i b i t e d  the m i l d  f o r m 

of the l e s i o n  w i t h  the remaining three animals showing 

no signs of endothelial damage.

However, when using H a l o t h a n e  as the p r i m a r y  d os e 

instead of K HC1 and then administering the precipitates
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t h e  m o s t  t h a t  was o b s e r v e d  was the m i l d  f o r m  of the 

lesion.

This tended to suggest that the p r i m a r y  d o s e  of K 

HC1 may adhere tem porarily to the glomerular endot hel ium 

wher eu pon a more violent reaction takes place in situ on 

the arrival of Na P into the glomerular capillaries.

N e v e r t h e l e s s ,  it w o u l d  a p p e a r  that both the mild 

a n d  s e v e r e  l y t i c  l e s i o n s  a r e  n o t h i n g  o t h e r  t h a n  

c o m p l e t e l y  r a n d o m  e v e n t s  w i t h  the conditi ons required 

for the l e s i o n ' s  i n d u c t i o n  in a ny p a r t i c u l a r  a n i m a l  

being quite unpredictable.

T h u s  t h e  t h e o r y  g e n e r a t e d  in the p r e s e n t  s t u d y  

w o u l d  t end  to s u g g e s t  that t h e s e  t w o  c h e m i c a l s  a r e  

r e a c t i n g ,  p r o d u c i n g  a precipitate, iii vivo in the same 

manner as they do in_ v i t r o .

The effect of this precipitate genera te d by the in 

vivo reaction would surely negate or at least invalidate 

a n y  m o r p h o l o g i c a l  e v e n t  u n d e r  s t u d y  in t h e  r e n a l  

glomerulus. The e f f e c t  on p h y s i o l o g i c a l  s t u d i e s  a f t e r  

the p r i m a r y  sedation of the animal of the animal with K 

H C 1  a n d  t h e n  f u r t h e r  m a i n t e n e n c e  of s e d a t i o n  b y  

barbiturate must also raise questions as to the validity 

of any results obtained.

N e v e r t h e l e s s  this combination of chemicals is used 

in t h e  c l i n i c a l  s i t u a t i o n  b o t h  in t h e  ca t  a n d  in
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s ub -human primates.

It is also evident from the present work that there 

is a n e e d  f o r  a m u c h  l o n g e r  t e r m  s t u d y  i n t o  t he 

effect(s) gen erated in cats by the use of t h e s e  drug s .  

H o w e v e r ,  w i t h  o n l y  a r e l a t i v e l y  s m a l l  p r o p o r t i o n  of 

a n i m a l s  b e i n g  a f f e c t e d ,  e v e n  u n d e r  t h e  a r t i f i c i a l  

c o n d i t i o n s  employed in the present study, the number of 

animals presented for clinical examinatio n subsequent to 

a clinical situation where the two c h e m i c a l s  w e r e  u s e d  

in com bination at normal levels might be very low.

D e s p i t e  t h i s  n e e d ,  a l o n g e r  t e r m  s t u d y  was not 

p o s s i b l e  in the p r e s e n t  w o r k  as the a n i m a l s  i n v o l v e d  

w e r e ,  in the m a i n ,  p r e s e n t e d  expressly for the purpose 

of humane destruction.

In c o n c l u s i o n ,  a l o n g  t e r m  f o l l o w - u p  s t u d y  

e n t a i l i n g  the c o l l e c t i o n  of a r e c o r d  of e a c h  a n i m a l  

undergoing clinical procedures which involved the use of 

t h e s e  two d r u g s  and the a n i m a l s  s u b s e q u e n t  m e d i c a l  

history, especially involving any renal disease.
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