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Variation of Thickness  of Glomerular Basement  Membrane in Various Experimental  Circumstances 

Since  i n t r o d u c t i o n  o f  e l e c t r o n  m i c r o s c o p y  i n t o  t h e  f ie ld  
o f  r e n a l  p a t h o h i s t o l o g y ,  p r e c i s e  c h a n g e s  o f  t h e  t h i c k n e s s  
o f  t h e  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) h a v e  b e e n  
d i s c u s s e d  b y  m a n y  i n v e s t i g a t o r s .  T h e r e  h a v e  b e e n ,  h o w -  
ever ,  o n l y  a f ew  b a s i c  s t u d i e s  o n  G B M  of  t h e  k i d n e y  in  a 
v a r i e t y  o f  n o n - p a t h o l o g i c a l  c i r c u m s t a n c e s .  T h u s ,  s e v e r a l  
f a c t o r s  w h i c h  m a y  i n f l u e n c e  t h e  t h i c k n e s s  of  G B M  h a v e  
b e e n  i n v e s t i g a t e d .  

Materials and methods. A d u l t  m a l e  a l b i n o  r a t s  of  W i s t e r -  
K i n g  A s t r a i n  w e r e  u s e d  t h r o u g h o u t  t h e  e x p e r i m e n t s .  T h e  
e x p e r i m e n t s  w e r e  d e s i g n e d  as  i n d i c a t e d  in  T a b l e  I.  
E x p e r i m e n t  I (18 r a t s )  w a s  to  e v a l u a t e  t h e  v a r i a t i o n  of  
G B M  t h i c k n e s s  a c c o r d i n g  t o  t h e  m e t h o d s  o f  sac r i f i ce  o f  
a n i m a l s .  S i m i l a r l y ,  e x p e r i m e n t  I I  (18 r a t s )  w a s  m a d e  for  
t h e  e v a l u a t i o n  of  t h e  h e m o d y n a m i c  c o n d i t i o n s  w h i c h  
m a y  c a u s e  t h e  c h a n g e s  in  G B M  t h i c k n e s s ;  e x p e r i m e n t  I I I  

Table I 

Experiment I 

No. Method of sacrifice 
of rats 

Ether 6 (3) Ether anesthesia 
Pentobarbital 6 (3) 10 mg/100 body wt. 

Pentobarbital (i.p. injection) 
Decapitation 6 (3) Decapitation and exanguination 

Experiment  II 

No. Experimental  condition 
of rats 

Water  deprivation 6 (3) Water  deprivation for 3 days 
Water  diuresis 6 (3) Feeding only 20% sucrose 

solution for 6 days 
Saline perfusion 6 (3) Saline perfusion with high pres- 

sure through renal artery in site 

Experiment III 

~ C o n t r o l  / ._.J('sa1.or7 Kidney ~ C o m p e n  
/ I1r I~ypertmphic 

Unilateral nephreciomy 
Ether anesti~esia 

Experiment IV 

/.,,,,,,,\ 

77n~l~nc~ RBlees.~ Item / \ Co,1,rol 
= ischemia J~-~- ~ KidneY -X,E; 

Isctlemia was made by 1.emporary 
Iiga1,lon of left renal artery 

(6 r a t s )  for  t h e  e v a l u a t i o n  i n  c o m p e n s a t o r y  h y p e r t r o p h y ;  
a n d  e x p e r i m e n t  I V  (6 r a t s )  for  t h e  e v a l u a t i o n  of  t h e  
c h a n g e s  d u e  to  i s c h e m i c  g l o m e r u l a r  l es ion .  

Al l  r a t  k i d n e y s  w e r e  e x a m i n e d  b y  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 .  A q u a n t i t a t i v e  m e a s u r e m e n t  o f  t h e  t h i c k n e s s  
o f  G B M  w a s  m a d e  a t  t h e  p e r i p h e r y  o f  t h e  g l o m e r u l a r  
l oops  1 f r o m  e l e c t r o n  m i c r o g r a p h s .  200 m e a s u r e m e n t s  of  
G B M  w e r e  m a d e  in  t h e  g l o m e r u l i  o f  e a c h  r a t .  A l so  t h e  
m e a n  a n d  t h e  s t a n d a r d  d e v i a t i o n  (S .D.)  w e r e  c a l c u l a t e d  

f r o m  e a c h  g r o u p  (600 m e a s u r e m e n t s  in  3 r a t  k i d n e y s ) .  
Results. T h e  m e a n  G B M  t h i c k n e s s  a n d  t h e  f r e q u e n c y  

d i s t r i b u t i o n  c u r v e  o f  e a c h  e x p e r i m e n t  g r o u p  we re  s h o w n  
in  T a b l e  I I ,  F i g u r e s  1 a n d  2. 

E x p e r i m e n t  I :  L i g h t  m i c r o s c o p i c a l l y ,  n o  s i g n i f i c a n t  
c h a n g e  w a s  n o t e d  in  t h e  g l o m e r u l i  of  3 g r o u p s  of  r a t  
k i d n e y s .  B u t  t h e  g l o m e r u l a r  c a p i l l a r y  l u m e n s  of  ' E t h e r '  
a n d  ' P e n t o b a r b i t a l '  w e r e  a p p a r e n t l y  p a t e n t ,  w h e r e a s  
t h o s e  o f  ' D e c a p i t a t i o n '  we re  r e l a t i v e l y  r e d u c e d  in  t h e i r  
space ,  g i v i n g  a n  i m p r e s s i o n  of  c o m p r e s s e d  g l o m e r u l a r  
t u f t .  T h e  f r e q u e n c y  d i s t r i b u t i o n  c u r v e  o f  G B M  in  t h e s e  

Table II 

Experiment I 

Method Mean thick- T value 
of sacrifice hess of GBM Decapitation Pento- 

S.D, A barbital 

Ether 1892 -4- 402 Diff. = 142 A Diff. = 71 It 
T = 6.34 T = 3.43 

Pentobarbital 1963 i 371 Diff. = 71 ~- 
T = 3.31 

Decapitation 2034 :t= 372 

Experiment lI 

Method Mean thick- T value 
of t reatment  hess of GBM Saline Water  

S.D. )~ perfusion diuresis 

Water 1822 ~: 375 Diff. = 126 A Diff. = 61 A 
deprivation T = 5.83 T = 2.77 
Water  1883 • 389 Diff. = 187 A 
diuresis T -  = 8.30 
Saline 1696 -t- 129 
perfusion 

Experiment III 

Wt. of Mean Control vs. 
kidney thickness Hypertrophic 
average of GBM kidney 
(g) S.D. A 

Control kidney 0.78 1885 • 375 
Compensatory 1.63 1990 -4- 560 Diff. = 105 
hypertrophic kidney T = 3.5 

Experiment IV 

Wt. of Mean ~ Excluding 
kidney thickness damaged 
average of GBM glomeruli 
(g) S .D .  /~ 

Control kidney 
Ischeinic kidney 

1.44 1981 • 457 b Including 
1.30 1965 :E 565 ~ damaged 

2237 t 564b glomeruli 

T >  2.56 was significant at P = 0.01. 
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groups had a single peak. The  shape of the  curve  in 
'Decapi ta t ion '  was re la t ive ly  f la t te r  t h a n  the  o ther  two. 

Expe r imen t  I I :  W i t h  t h e  l ight  microscopic observa-  
tions, there  was no obvious difference be tween  'Diuresis '  
and 'Depr iva t ion '  in the  glomerular  lumen. However ,  
g lomerular  lumens of 'Perfusion '  were dilated, and also 
the number  of the  loops of capi l lary were reduced. The 
f requency dis t r ibut ion curve  of GBM in this exper iment  I I  
showed a single peak. The  curve  of 'Perfus ion '  had  a 
large shoulder a t  th inner  side, and the  curve  of 'Diuresis '  
had a small  shoulder a t  th icker  side. 

of the  disease (e.g. diabet ic  glomerulosclerosis) have  been 
cont rad ic tory  in spite of extens ive  studies. One reason 
m a y  be the  fact  t ha t  the  thickness of GBM in the  h u m a n  
can v a r y  considerably even in normal  persons ~. Most 
invest igators ,  however,  have  no t  been much  concerned 
wi th  this fact. On the  o ther  hand, there  is no avai lable  
da ta  concerning to the  factor  responsible for the  var ia t ion  
of the  thickness of the  GBM in var ious funct ional  s ta te  
of capillaries, a l though t(I~MELSmlEL ~ suggested t h a t  
expansion and cont rac t ion  of the  capi l lary lumen  m a y  
be one of the  factors of this var iat ion.  
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Fig. 1. Distribution curves of the thickness of basement membrane. 
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Fig. 2. Distribution curves of the thickness of basement membrane. 

E x p e r i m e n t  I I I :  L ight  microscopically,  the  size of the  
glomerulus of the  hyper t rophic  k idney  was increased, the  
capi l lary lumens, however,  were no t  di la ted in compar ison 
wi th  the  control  kidney.  The  f requency dis t r ibut ion  
curves of these k idney  glomerul i  showed a single peak, 
but  the  curve  in the  hyper t roph ic  k idney  was f la t te r  
than the  control  one. 

E x p e r i m e n t  IV:  Grossly, ischemic k idney was reduced 
in size and the  subcapsular  surface was rough. L igh t  
microscopically,  ma jo r i ty  of the  glomerul i  of the  ischemic 
k idney  were unchanged,  bu t  the  glomerul i  of affected 
areas showed va ry ing  degrees of scarring, and thei r  base- 
m e n t  membrane  were wrinkled.  There  was no marked  
difference be tween  the  ischemic and the  control  k idney 
in respect  to the  pa tency  of the  glomerular  capi l lary  
lumens, when damaged (scarred) glomerul i  were excluded.  
The f requency dis t r ibut ion  curves of GBM in the  control  
k idney and ischemic k idney excluding damaged glomerular  
loops showed a single peak, bu t  the  curve  of GBM in the  
ischemic k idney  including damaged  glomerular  loops 
showed 2 peaks. 

Discussion. The significance of the  thickness of GBM 
in m a n y  pathological  condit ions has a t t rac ted  m a n y  
researchers '  interest ,  and a large number  of studies have  
been publ ished on this subject .  However ,  the  results 
obta ined by  quan t i t a t i ve  methods  in the  s tudy  of glom- 
erular  basement  membrane  thickness in the  same na ture  

According to our observat ion,  the  mean  thickness and 
the  shape of f requency dis t r ibut ion  curve  of the  glomer- 
ular  basement  membrane  var ied  wi th  the  condi t ion of 
the  kidney.  Fo r  example,  expansion or contraction of 
capi l lary lumens  gives rise to Zhin or thick basement  
membrane .  Thus,  these changes of the  capi l lary lumens 
mus t  be one of the  impor t an t  factors responsible for the 
var ia t ion  oi the  thickness.  And  these results agree essenti- 
al ly wi th  }{IMMI~LSTI1~L'S predict ion,  and also are similar  
to the  observat ion  in the  wall  of small  arteries dur ing 
vasoconst r ic t ion and vasodi la ta t ion  4,5. These results, 
however, not concur' with SIP]~RSTEIN'S 6 observation 
that the basement membrane width is not a function of 
the size of vessel, although his conclusion was not drawn 
from the functional state of the capillaries and also not 
from glomerular capillary. 

1 R.O. ~IANsEN, Diabetologia 7, 97 (1965). 
G. OSAWA, P. KII~IMIgLSTIEL and V. SELING, Am. J. clin. Path. 
dh, 7 (1966). 

8 p. KII~IMELSTIEL, Structural Be, sis o/ Re~r Disease (Ed. Beaker, 
Hobber, Medical Division, New York, :Evanstor~, London 1968), 
p. 462. 

4 E. R. WEIBlgR, Lab.  Invest. 12, 131 (1963). 
R. L. VAN CITTERS, B. IVL WAGINE and  R. F. RUSHMER, Circulation 
Res. 10, 668 (1963). 
R. H. U. SIPERSWEI~, J. clin. Invest. 47, 1937 (1968). 
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I t  is i n t e r e s t i ng  t h a t ,  even  w h e n  t he  m e a n  th i ckness  
of t h e  G B M  in  d i f fe ren t  cond i t ions  are  v e r y  dose ,  t h e i r  
f r equency  d i s t r i b u t i o n  curves  are n o t  a lways  s imi la r  in  
shape  a n d  peak.  These  fac to rs  m a y  cause  a mis l ead ing  
impress ion  on  t he  th i ckness  of t h e  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  w h e n  a conc lus ion  is m a d e  f rom a smal l  
n u m b e r  of m e a s u r e m e n t s .  Therefore ,  i t  m u s t  be  s t ressed  
t h a t  a f r e q u e n c y  d i s t r i b u t i o n  cu rve  of t h e  t h i c k n e s s  of 
t he  G B M  based  on  large  n u m b e r  of m e a s u r e m e n t s  is 
essent ia l  for t h e  e v a l u a t i o n  of t h e  th ickness .  

Conclusion. Severa l  fac tors  respons ib le  for t h e  va r i a -  
t ion  of t h e  th i ckness  of 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  
of t h e  r a t  k i d n e y  in  va r ious  non - pa t ho l og i ca l  c i rcum-  
s tances  are  inves t iga ted ,  a n d  fol lowing resu l t s  are  ob ta ined .  

(1) The  m e a n  th i ckness  a n d  t he  shape  of f r equency  
d i s t r i b u t i o n  cu rve  in t h e  g lomeru la r  b a s e m e n t  m e m b r a n e  
v a r y  w i t h  cond i t i on  of t he  k idney .  (2) T he  e x p a n s i o n  
and  t he  c o n t r a c t i o n  of t h e  cap i l la ry  l umens  can  be  one 
of t h e  i m p o r t a n t  fac to rs  respons ib le  for t h e  v a r i a t i o n  in 
t he  th i ckness  in  t he  non - pa t ho l og i ca l  subjec t .  (3) E v e n  
w h e n  t he  m e a n  th i ckness  of t he  g lomeru la r  b a s e m e n t  
m e m b r a n e  in d i f fe ren t  cond i t ions  are close, t h e i r  Ire- 

q u e n c y  d i s t r i b u t i o n  cu rve  are no t  a lways  s imi la r  in  shape  
and  peak.  (4) A c o m p e n s a t o r y  h y p e r t r o p h y  m a y  n o t  
p roduce  gross change  in  w i d t h  of t he  g lomeru la r  base-  
m e n t  m e m b r a n e  in c o m p a r i s o n  w i t h  t h a t  of controls .  
(5) Affec ted  (scarred) g lomeru la r  loops in t he  i schemic  
k i d n e y  show t h i c k  i r regu la r  b a s e m e n t  m e m b r a n e ,  whereas  
una f fec t ed  g lomeru la r  loops in such  k idneys  do n o t  show 
t h i c k e n i n g  of t he  b a s e m e n t  m e m b r a n e .  

Zusammen/assung. Mehrere  F a k t o r e n  w u r d e n  u n t e r -  
sucht ,  die v e r a n t w o r t l i c h  s ind fiir die Dickenvariabi l i tS~t  
der  G l o m e r u l i s b a s a l m e m b r a n  der  R a t t e n n i e r e  u n t e r  ver-  
schiedenen,  n i c h t  pa tho log i s chen  Bed ingungen .  D u r c h -  
s chn i t t sd i cke  u n d  F r e q u e n z v e r b r e i t u n g s k u r v e  der  Basa l -  
m e m b r a n  / indern  sich in AbhXngigke i t  v o m  Nieren-  
zus tand .  

T. SHIRAI, M. TAKASUGI 
a n d  A. I~ITAMURA 

Third Department o/ Internal Medicine, 
Faculty o/ Medicine, Kyushu University, 
Fukuoka (Japan), 72 May 1969. 

Effect of 17fl-Estradiol on Early Cleavage Patterns in the Embryo ofFucus  dist ichus 

A t  12 ~ ear ly  d e v e l o p m e n t  in  Fucus distichus L. Powel l  
( =  Fucus gardneri Silva) is cha rac t e r i zed  b y  a n  oogamous  
fer t i l iza t ion,  With t h e  i m m e d i a t e  f o r m a t i o n  of a fert i l iza-  
t i on  m e m b r a n e .  A ge la t inous  s h e a t h  deve lops  a r o u n d  t he  
zygote  ove r  t h e  n e x t  6-8  h, fol lowed b y  a d r a m a t i c  
po la r i z ing  response  in t he  f o r m a t i o n  of a rh izo ida l  pro- 
t u b e r a n c e  w i t h i n  12 h. T he  rh izo id  is ful ly fo rmed  b y  
24 h a t  wh ich  t i m e  t h e  f i rs t  c leavage  p la t e  is fo rmed  a t  
r i g h t  angles  to  t h e  po la r  rh izo ida l  axis.  T he  re su l t ing  
ceils are  now p r e s u m e d  to be  d i f fe ren t  f rom each  o t h e r  
in  t h a t  t he  rh izo ida l  cell gives rise to  t he  ho ld fa s t  of t he  
m a t u r e  p lan t ,  whi le  t h e  o the r  cell gives rise to  t h e  tha l lus .  
Var ious  e n v i r o n m e n t a l  fac to rs  d i rec t ly  a f fec t  rh izo ida l  
f o r m a t i o n  in Fucus 1. However ,  t he  rh izo ida l  or po la r  
axis  once  e s t ab l i shed  p recond i t i ons  t h e  s u b s e q u e n t  
3 -d imens iona l  d i s t r i b u t i o n  of e m b r y o n i c  mass  wh ich  is 
cha rac t e r i zed  b y  a n  o rder ly  d i s p l a c e m e n t  of ceils. Orde r ly  
cell d i s p l a c e m e n t  can  be  v iewed a s  a r egu la t i ng  mecha -  
n i s m  for  c u t t i n g  off t h e  regions  of in t r ace l lu la r  d i f fe ren t ia -  
t i on  i n i t i a t e d  b y  t h e  zygote  a n d  p r econd i t i oned  b y  t he  
po la r iz ing  act ion.  These  2 fac to rs  then ,  po l a r i za t i on  a n d  
a p r e d e t e r m i n e d  cell d i sp lacement ,  seeming ly  are essent ia l  
cond i t ions  for  n o r m a l  d e v e l o p m e n t  in  Fucus as in  m a n y  
o t h e r  o rgan isms .  

I n  Fucus distichus i t  h a d  been  obse rved  t h a t  y o u n g  
e m b r y o s  w i t h  a typ i ca l  c leavage  p a t t e r n s  d u r i n g  t h e  f i rs t  
4 -6  cell d iv is ions  were able  to  deve lop  in to  n o r m a l  em- 
b ryos  w i t h i n  a few weeks 2. As a consequence ,  a n  a t t e m p t  
was m a d e  to  induce  th i s  effect  in  y o u n g  e m b r y o s  in 
cu l tu re  t h r o u g h  t he  a d m i n i s t r a t i o n  of m i t o t i c  poisons ;  
namely ,  17 f l-estradiol  a n d  d i -e thy l - s t i lbes t ro l ,  s ince these  
h o r m o n e s  were used  successful ly  in i nduc ing  a typ i ca l  
c leavages  in deve lop ing  sea u r c h i n  e m b r y o s  a n d  o t h e r  
a n i m a l  t i ssues  a. The  ob jec t ive  was to  d e t e r m i n e  w h e t h e r  
t h e  he re to fore  descr ibed  order ly  d i s p l a c e m e n t  of cells 
a r o u n d  t he  e m b r y o n i c  po la r  axis  was  essent ia l  to  con- 
t i n u e d  e m b r y o  g r o w t h  a n d  surv iva l .  Prev ious ly ,  spindles  
h a d  been  r o t a t e d  in Fucus using  l igh t  as a s t imulus .  How-  
ever,  t he  r e su l t ing  ceils were s y m m e t r i c a l l y  d iv ided  a n d  
t h e  u l t i m a t e  fa te  of t he  e m b r y o s  was n o t  r epo r t ed  4. 

U n i f o r m  cu l tures  of zygotes  1 h old were  o b t a i n e d  b y  
fol lowing t he  n l e thods  for  mass  d i scharge  of game tes  and  
t i m i n g  of fe r t i l i za t ion  in th i s  monec ious  alga. 

Percentage of population with rhizoids 

Hormone concen- After 24 h 
tration in ng/ml 

After 4 days After 5 days 

12 40.0 68 98.0 
37 34.7 65 97.5 

111 24.0 69 97.0 
333 17.0 60 91.0 

1000 00.0 00 00.0 

The relationship of di-ethyl-stilbestrol to the growth rate of young 
Fucus embryos. The growth rate, as evidenced by that percentage 
of the population which has well-formed rbizoids within a 24 h 
period, is retarded by an increasing concentration of hormone in 
a straight-line relationship. By 4 days about 70% of the embryos 
in all concentrations (except 1000 ng/ml) had polarized and by the 
5th day it was close to 100%. Thus, the greater part of an embryo 
population is affected by a concentration of 333 ng/ml of hormone 
and growth lags by about 5 days. 

The  Tab le  shows t h e  r e l a t i onsh ip  of v a r y i n g  concen t r a -  
t ions  of s t i lbes t ro l  to  t h e  ea r ly  g r o w t h  r a t e  of Fucus. Di- 
e thy l - s t i lbes t ro l  has  exac t ly  t he  same  effect  as 17fl- 
es t rad io l  excep t  a t  lower  concen t r a t i ons .  The  de lay  in  
g r o w t h  closely paral le ls  t he  increase  in  c o n c e n t r a t i o n  up  
to  1000 n g / m l  of t he  h o r m o n e  in seawater .  A t  th i s ,  t h e  
h ighes t  c o n c e n t r a t i o n  level  tes ted ,  all  g r o w t h  ceases a n d  
t h e  e m b r y o s  do no t  surv ive .  A t  333 n g / m t  rh izo id  fo rma-  
t i on  is de layed  up  to 5 days  for t h e  g rea te r  m a j o r i t y  of 
embryos .  A t  t he  end  of t h i s  t ime,  however ,  m o s t  of t h e  
e m b r y o s  h a v e  Well-formed rh izo ids  b u t  some of t h e  
zygotes  r e m a i n  apolar .  Subsequen t ly ,  these  cells unde rgo  
t he  f i rs t  c leavage  r a t h e r  un i formly .  However ,  t he  cells 
fo rmed  are m a r k e d l y  u n e q u a l  Jn size, t he  p l ane  of t he  
sp indle  is qu i t e  r a n d o m l y  o r i en ted  and  a wide  v a r i e t y  
of 2-celled e m b r y o s  resu l t s  (Figure).  The  second a n d  sub-  
s e q u e n t  c leavages  are also d isor iented .  Th i s  effect  con- 
t inues  w i t h  d imin i sh ing  cons i s t ency  for severa l  cell 
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