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Membrane Structures of Red Salmon (Oncorhynchus nerka) Nephron Cells During 
Magnes ium Secretion 

The  k idneys  of s a lmon idae  acqui re  a n  ab i l i t y  to  secret  
m a g n e s i u m  in f resh  w a t e r  before m i g r a t i o n  of t h e  f ish 
to  t he  sea. The  t r a n s i t i o n  f rom r e a b s o r p t i o n  to  in t ense  
m a g n e s i u m  secre t ion  is obse rved  a f t e r  m a g n e s i u m  chlor ide  
so lu t ion  in jec t ion  to red  sa lmon  fry  in f resh w a t e r  1. Th i s  
e x p e r i m e n t  serves  as a c o n v e n i e n t  model  for s t u d y i n g  
a l t e r a t i o n  in t h e  u l t r a s t r u c t u r e  of n e p h r o n  cells d u r i n g  
m a g n e s i u m  secre t ion  f rom b lood  in to  t he  t u b u l e  lumen.  

Migra t ing  f ry  of t h e  red s a l m o n  Oncorhynchus nerha 
Walb .  ( K a m c h a t k a ,  D a l n ey e  Lake),  weighing  20-30 g, 
rece ived  i.m. i n j ec t i on  of a MgC12 so lu t ion  a f te r  wh ich  t he  
u r i n a r y  pap i l l a  was  t i ed  w i t h  a Z-like su ture .  2 -3  h l a t e r  
ur ine  was r e m o v e d  f rom t h e  u r i n a r y  b ladder .  Blood was 
col lected b y  p u n c t i o n i n g  t h e  c a u d a l  vessel. In  ur ine  a n d  
b lood  s e r u m  s o d i u m  was  de t ec t ed  b y  f l ame  p h o t o m e t r y  
an d  m a g n e s i u m  - b y  a t o m i c  a b s o r p t i o n  spec t ropho to -  

Fig. 1. Distal segment from the 
Oncorhynchus nerka showing the 
elongate mitochondria (M) which 
are perpendicular to the basement 
plasma membrane (PM) and 
parallel to the membrane structure 
of basallabyrinth (BL). A) control, 
B) injection of 0.1 ml 10% IV[gCl~ 
solution. Spaces of the basal 
labyrinth are wider and there is 
fragmentation of the basal la- 
byrinth canals (arrows). • 42,000. 
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Fig. 2. Part of cell of distal segment from the Oncorhynchus nerka 
showing the swelling of mitochondria external chamber (arrows). 
Injection of 0.1 ml 40% MgCl~ solution. • 

m e t r y L  Pieces of the  cauda l  p a r t  of k i d n e y  were f ixed in 
1%) OsO4 using p h o s p h a t e  or cacodi la te  buf fer  3 w i t h  
o s m o l a r i t y  of the  m e d i u m  a b o u t  310 mosm/1. Af te r  
dehyd ra t i on ,  the  spec imens  were e m b e d d e d  in Ara ld i te .  
Sect ions  were o b t a i n e d  on a L K B  I I I  mic ro tome ,  con-  
t r a s t e d  w i th  u r a n y l a c e t a t e  and  lead c i t r a t e  a n d  e x a m i n e d  
in a J E M  7 e lec t ron  microscope.  

Af ter  in jec t ion  of 0.1 ml  of 10% MgC!2 solut ion,  t h e  
m a g n e s i u m  c o n c e n t r a t i o n  in b lood se rum increased  f rom 
1.5 • 0.32 mM/1 to  5.3 ~ 0.5 mM/1 (n -- 16), a n d  the  
m a g n e s i u m  c o n c e n t r a t i o n  in ur ine  f rom 5.3 ~ 1.05 mM/1 
to  75.5 • 2.0 raM~1. As in b o t h  cases, t he  inu l in  concen-  
t r a t i o n  index  was 2.5; th i s  was an  ev idence  of in t ense  
m a g n e s i u m  secre t ion  a f te r  in jec t ion  of MgC12 solut ion.  
Af te r  m a g n e s i u m  inject ion,  sod ium r e a b s o r p t i o n  b y  
k i d n e y  was found  to  increase whereas  t he  sod ium c o n t e n t  
in u r ine  decreased  f rom 52.0 • 2.3 raM~1 to  8.7 • 
0.96 mM/1. Since such  h igh  sod ium r e a b s o r p t i o n  ag a i n s t  
g r ad i en t  is t yp i ca l  for d is ta l  s egmen t  cells of nephron ,  i t  
seemed of i n t e r e s t  to  i nves t i ga t e  t he i r  u l t r a s t r u c t u r e  in  
cond i t ions  of increas ing  sod ium r e a b s o r p t i o n  a n d  magne -  
s ium secre t ion in t he  k idney.  

In  t he  con t ro l  g roup  of fishes, cells of t h e  d i s ta l  t u b u l e  
are  closely a d j a c e n t  (Figure 1). There  are s m o o t h  vesicles, 
single r ibosomes  or po lysomes  in  t he  ap ica l  p a r t  of t h e  
cell. The  nuc leus  as a rule  lies in t he  cen t r a l  p a r t  of t h e  
cell. I t  is s u r r o u n d e d  b y  rough  endop la smic  re t i cu lum.  
The  basa l  p a r t  of t he  cell con ta ins  a g rea t  n u m b e r  of 
large e longa ted  m i t o c h o n d r i a  ly ing para l le l  wh ich  are 
pe rpend icu l a r  to  t h e  basa l  p l a s m a  m e m b r a n e .  The  m a t r y x  
on  m i t o c h o n d r i a  is of average  dens i ty ,  c rys t s  are t u b u l a r  
or  lamel la r .  Spaces  of t i le basa l  l a b y r i n t h  are  3 0 0 - 4 0 0 ~  
wid th ,  m i t o c h o n d r i a  lie be tween  m e m b r a n e s  de l imi t ing  
these  spaces.  I n  close v i c in i ty  to  t he  p l a s m a  m e m b r a n e ,  
t h e r e  are a smal l  n u m b e r  of vesicles wi th  t he  same d iam-  

e te r  as t i le spaces  of t h e  basa l  l a b y r i n t h .  Occasional ly ,  
one can  t r ace  t h e i r  assoc ia t ion  w i t h  basa l  p l a s m a  m e m -  
brane .  

Af te r  in j ec t ion  of 10% MgC12 solut ion,  the  spaces  of t he  
basa l  l a b y r i n t h  are  widen  up  to 1 0 0 0 ~  a n d  even  more,  
a n d  t h e  e lec t ron  d en s i t y  of t h e i r  c o n t e n t  decreases  (Figure  
1). I n  some p a r t s  of t h e  cells, t h e  widen ing  of these  spaces  
is less s t rong ly  p r o n o u n c e d  a n d  the re  is the  f r a g m e n t a t i o n  
of t h e  basa l  l a b y r i n t h  cana l s  w i t h o u t  changes  of t h e i r  
d i a m e t e r  an d  e lec t ron  dens i ty .  Af te r  in j ec t ion  of 0.1 ml  
of 40% MgC12 so lu t ion  t h e  a l t e r a t i o n  in t h e  cells becomes  
more  obvious ,  a n d  t h e  increase  of the  d i s t ance  b e t w e e n  
t h e  ex t e rna l  a n d  i n t e rna l  de l imi t i ng  m i t o c h o n d r i a l  men l -  
b r a n e s  is revealed .  This  is i n d i c a t i v e  of swell ing of t h e i r  
ex t e rna l  c h a m b e r  (Figure 2). A s imi la r  r eac t ion  of m e m -  
b r a n e  s t r u c t u r e s  a n d  m i t o c h o n d r i a  of t h e  basa l  p a r t  of t he  
cell can  be  also obse rved  in cells of t h e  n e p h r o n  p r o x i m a l  
tubule .  

The  cor re la t ion  b e t w e e n  m a g n e s i u m  secre t ion a n d  t o t a l  
sod ium r e a b s o r p t i o n  1, s h a r p  decrease  of t h e  sod ium 
c o n c e n t r a t i o n  in u r ine  a f t e r  m a g n e s i u m  in j ec t ion  a l low 
t h e  sugges t ion  t h a t  th i s  process  occurs  b o t h  in cells of t h e  
p r o x i m a l  an d  d i s t a l  p a r t  of t h e  nephron .  The  increase  
in sod ium r e a b s o r p t i o n  enhances  sod ium f lux in to  spaces  
of t h e  basa l  l a b y r i n t h .  Much  like in  o the r  o rgans  in w h i c h  
increase  of sod ium a b s o r p t i o n  resul t s  in  w iden ing  of 
in te rce l lu la r  spaces  4, th i s  effect  m a y  be obse rved  in t he  
d i s ta l  tubu le ,  b u t  i t  is localized in spaces of t h e  basa l  
l a b y r i n t h .  I t  is n o t  inconce ivab le  t h a t  s t e c h i o m e t r y  
b e t w een  sod ium r e a b s o r p t i o n  an d  m a g n e s i u m  secre t ion  
is an  i n d i c a t i o n  t h a t  m a g n e s i u m  en te r s  t h e  cell in  ex- 
change  w i t h  r e a b s o r b e d  sodium.  The  increase  of m a g n e -  
s ium in f lux  a n d  c o n t e n t  in  t h e  c y t o p l a s m  leads to i n t en -  
s i f ica t ion of t r ansce l lu l a r  t r a n s p o r t  (magnes ium secret ion)  
an d  a c c u m u l a t i o n  of m a g n e s i u m  in m i t o c h o n d r i a  wh ich  
is d ibplayed  as swell ing of t h e  ex t e rna l  m i t o c h o n d r i a l  
chamber .  These  changes  in t h e  s t r u c t u r e  of n e p h r o n  cells 
are l ikely to  ref lect  a t r a n s i t i o n  f rom r e a b s o r p t i o n  to  
secre t ion  of magnes ium.  

B b l B O ~ b l .  Hoc~e HH~eKUHH paCTB0pa MgC1 z HOKaTHO~ 
MOLOCH HepKH yBe~HqHBaeTc~ pea6cop6~H~ HaTpHa K~eT- 
KaMH n0qeqHblX KaHa~baeB H HaqHHaeTc~ HHTeHCHBHaH ce- 
KpeUH~ MaFHHH. g K~eTKaX Hp0KCHMa~bHOP0 H ~HCTa~hHOF0 
KaHa~b~eB He~p0Ha npH ceKpe~HH MaFHHH pacmHp~mTCa 
HpocTpaHCTBa 6a3a~hHOrO ha6HpHHTa H Ha6yxaeT Hapy~KHaa 
KaMepa MHT0X0H~pH~. 
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