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The mouse l iver was fixed in 12 different  kinds of f ixative based on giutaraldehyde,  p a r a fo rm -  
aldehyde, p ic r ic  acid, and lysine and the location of albumin was studied by an indi rec t  im-  
munoperoxidase  method. Comparison of the r e su l t s  showed that the best  method of f ixat ionis  
by i m m e r s i o n  in 8% paraformaidehyde  solution. Albumin was found on r ibosomes  and nuclear  
membranes  and on the granular  endoplasmic re t icu lum and also in the ma t r ix  of the hepato-  
cyte cytoplasm. It is suggested that newly synthesized albumin is s ec re t ed  di rec t ly  into the 
eytosol,  f rom which it  en te rs  the ex t race l lu la r  space. 
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One of the main functions of the mammal ian  l iver is to synthesize se rum albumin. Immunof luorescence  
and immunohis tochemica[  invest igat ions have shown that this synthesis  is located in the hepatocytes  [1, 2, 5, 
10, 13] and at the same t ime,  they have r a i s ed  a number of questions:  the distr ibution and possible cycl ic  
charac te r  of the p rocess ,  and the mechanisms by which albumin leaves the cell. Some help with the study of 
these problems is provided by the highly sensi t ive  e l ec t ron -mic roscop ic  immunoperoxidase  method, which 
allows the prote in  under investigation to be tagged select ively  and int racel lu lar[y .  However,  the widespread 
introduction of this method into hepatology has been delayed by the absence of any s tandard methods of p r e p a r a -  
tion of the t i ssue for  investigation. This is  p r imar i ly  t rue  of the individual f ixation of the in t raeeHular  p ro-  
tein, without changing its antigen[city or i ts distr ibution in the cell. Previous  e l ec t ron -mic roscop ic  studies 
aimed at detecting albumin in hepatocytes  have used the d i rec t  immunoperoxidase  method [6-9]. However,  
according to S ternberger  [15], the indi rec t  var ian t  of the method is m o re  sensi t ive and specific.  

This paper descr ibes  an at tempt  to discover  the optima[ p a r a m e t e r s  of fixation of l iver t i ssue for de tec-  
tion of albumin by the indi rec t  e l ec t ron -mic roscop ic  immunoperoxidase  method. At the same t ime the r e su l t s  
obtained by the d i rec t  [6-9] and indi rec t  var iants  of the method were  compared.  

E X P E R I M E N T A L  M E T H O D  

1. P repara t ion  of Pure  Antibodies. Monospecifie antibodies against  mouse albumin were  used. The 
antibodies were  p repa red  f rom the cor responding  rabbi t  an t i se rum on a solid adsorbent ,  namely Sepharose 4B, 
act ivated with cyanogen bromide (from Sigma, USA) [3]. Pure  goat antibodies against  rabbi t  IgG were  isolated 
f rom the corresponding an t i se rum on glutaraldehyde immunosorbent  [4]. The goat antibodies were  conjugated 
wi thhor se rad i sh  peroxidase  (RZ =3.0; Serva, West Germany) by a two-stage method [15]. 

2. Indirect  Immuuoperoxidase  Method. P ieces  of l iver  f r o m BA LB/C  mice  were  fixed by immers ion  in 12 
different  kinds of f ixative based on glutaraldehyde (GA), paraformaldehyde  (PF), p icr ic  acid (PA), and lysine 
(L): 1) 2.5% G A f o r  2h ;  2) 2.5% GA+4% P F f o r  2 h ; 3 )  1.25% GA+2% P F f o r  2 a n d 5 h ;  4) 0.25% GA+ 7% PF 
for  5 and 16 h; 5) 0.05% GA+ 8% PF for 2, 5, and 16 h; 6) 8% PF  for 5 and 16 h; 7) 6% PF for  5 and 16 h; 8) 4% 
for  5 and 16 h; 9) 4% PF+  PA for  1, 5, and 16 h [14]; 10) 2% P F +  PA for  2 h; 11) 2~0 P F +  L for 2 h [12]; 12) 
4% P F +  L for 2 h. When fixat ives of types 1, 3, 6, and 7 wereused ,  prefixat ion of the fiver by perfusion was 
ca r r i e d  out in half of the cases .  The f ixat ives were  made up in 0.1M phosphate or cacodylate buffer, pH 7.2, 
with or without the addition of 7% sucrose. Fixation was carried out at 4~ with constant mixing. The pieces 

of liver were then rinsed for 24 h in physiological saline buffered with 0.1 M phosphate buffer in the ratio of 
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Fig. 1. Immunocy tochemica l  location of albumin in mouse  hepatocytes :  a) semi th in  sec t ion  
through l iver.  Different  in tensi t ies  of staining on hepatocyte  (H) cytoplasm,  900 x; b) location of 
r eac t ion  product  on r i b o s o m e s  and l aye r s  of nilclear m e m b r a n e  (NM), m e m b r a n e s  of granular  
endoplasmic  r e t i cu lum (GR), and in cy top lasm (arrows).  N) Nucleus, 20,000x; e) l o c a t i o u o f r e a c -  
tion product  on m e m b r a n e s  and r i b o s o m e s  of granular  endoplasmic  re t i cu lum (arrows) ,  34,000x; 
d) on r ight ,  hepatocyte  (H) with diffuse deposit ion of reac t ion  product  in cytoplasm.  On left, hepa-  
tocyte  containing t r a c e s  of r eac t ion  product ,  l l ,000x;  e) location of r eac t ion  product  in D e s s e ' s  
space  (D), 15,000• 

9 : 1 (BPS). After  slow f reez ing  of the f r agmen t s  in a c ryos t a t  a t - Z 0 ~  sect ions  1 5 # m t h i c k w e r e  cut. Sections 
of the expe r imen ta l  s e r i e s  w e r e  incubated in a solution of pure  antibodies agains t  mouse  a lbumin (0.05 m g / m l )  
at 4~ with constant  mixing for  2 h. Sections of the control  s e r i e s  we re  t r ea t ed  with a solution of no rma l  r a b -  
bit IgG. After  r ins ing  in BPS for  12-16 h the sect ions  of the expe r imen ta l  and control  s e r i e s  we re  t r ea t ed  with 
a conjugate of pure  goat antibodies aga ins t  r abb i t  IgG (0.3 m g / m l )  at  4~ with gentle mixing for  4 h. The s e c -  
t ions we re  r i n sed  for  14-16 h in cold BPS. The sec t ions  were  r in sed  with deionlzed wate r ,  a f te r  which the 
reac t ion  for  detect ion of peroxidase  act ivi ty with 3 ,3-diaminobenzidine was c a r r i e d  out. After  th ree  washi;ngs 
with deionized wate r  the sec t ions  were  fixed in 1.33% osmium te t roxide  solution in 0.1 M phosphate buffer, pH 
7.4. The sect ions  were  quickly dehydrated in acetones  of inc reas ing  concentra t ion and embedded in a mix tu re  
of Epon and Araldi te .  Semithin and ul t ra thin sect ions  were  cut on the L K B  III U[trotome.  Ultrathtn sect ions  
were  examined without additional s taining with the JEM-100 S e lec t ron  mic roscope .  
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EXPERIMENTAL RESIULTS 

i. Evaluation of Fixation. The suitability of the fixative was assessed by preservation of the ultrastruc- 
ture of the hepatocytes and the intensity and reproducibility of the immunologic reaction. The resuRs of these 
tests showed that the most suitable method of fimation is by immersion in 8% PF for 16 h. Poor preservation 
of the tissue was obtained by the use of lower concentrations of PF or a shorter period of fixation. The addi- 
tion of even smal[ amounts of GA to the fixative caused a marked decrease in the strength of the immunologic 
reaction. Fixation with PF+ PA or PF+ L mixtures gave poor preservation of the ultrastructure and com- 
pletely suppressed the immunologic reaction. The type of buffer and the presence of sucrose had no signifi- 
cant effect on these parameters, but better results were obtained by the use of cacodylate buffer without the 
addition of sucrose. 

2. Determination of the Location of Albumin. In unstained semithin sections of the liver a positive 
intracellular reaction for albumin appeared as deposits of dark brown reaction product. In the control series 
no such deposits were found. In the experimental series most hepatocytes contained reaction product, but its 
amount and, consequently, the intensity of staining of the cytoplasm varied considerably. Besides hepatocytes 
with weak or patchy staining there were also a few cells with intensively and diffusely stained cytoplasm (Fig. 
la). As a result of the irregular distribution of hepatocytes containing albumin in the tissue and the weak 
positive reaction in some hepatocytes it was impossible to estimate the number of positively stained cells 
quantitatively. 

Electron-microscopic examination of material from the control series revealed weak nonspecific de- 
posits of reaction product on the membranes of the hepatocytes and, in particular, in the region of the micro- 
villi. Definite endogenous peroxidase activity was found in the cytoplasm of the erythrocytes and on membranes 
of the granular  endoplasmic  r e t i cu lum of the Kupffer cel ls  and ce r ta in  endothelial  ce l ls  of the sinusoids.  

In the exper imen ta l  s e r i e s ,  an e l ec t ron -dense  prec ip i ta te  was located in m o s t  hepatocytes  on the va r ious  
l aye r s  and r i b o s o m e s  of the nuclear  m e m b r a n e ,  on m e m b r a n e s  of the granular  endoplasmic  re t icu lum,  and 
as speckled  deposi ts  actual ly  in the m a t r i x  of the cy top lasm (Fig. lb, c). The number  of tagged c i s t e rns  of the 
e r g a s t o p i a s m  and the s ize  of the speckled  foci in the m a t r i x  va r i ed  f r o m  one cel l  to another .  In some  hepa-  
tocytes  m a s s i v e  deposi ts  of r eac t ion  product  occupied the whole ma t r i x  of the cy top lasm (Fig. ld). T r i m m i n g  
the blocks to a point showed that  these  ce l l s  co r re sponded  to diffusely and intensively  stained hepatocytes  in 
semithin  sect ions .  A ve ry  smal l  quantity of p rec ip i ta te  could be obse rved  s o m e t i m e s  in the lumen of s t r u c -  
tu res  of the granular and smooth endoplasmie reticulum and Golgi complex. As regards the extracellular dis- 
tribution of reaction product, it was almost constantly present in the Desse's space (Fig. le). 

If these results are compsmed with those obtained by the direct immunoperoxidase method [6-9] it can 
be concluded that, besides its usual situation on the membranes and ribosomes of the granular endoplasmic 
reticulum, albumin is also located on the layers of the nuclear membrane and in the cytoplasmic matrix of 
the hepatocytes, where it had not previously been described. Selective labeling of the ergastoplasm and nuclear 
membrane is evidence that albumin is synthesized at this level, like other proteins. Meanwhile, the low inten- 
sity of labeling of structures of the smooth endoplasmic reticulum and Golgi complex despite the presence of 
albumin in the cytoplasmic matrix suggests that hepatocytes can secrete albumin without the participation of 
those organelles. This conclusion confirms the views of Lin alld Chang [ii], according to whom albumin mole- 
cules synthes ized  on po lysomal  aggrega tes  of m e m b r a n e s  of the granular  endoplasmic  r e t i cu lum and nuclear  
m e m b r a n e  pass  d i rec t ly  into the cytosol ,  f r o m  which they enter  the ex t race l lu la r  space.  The p re sen t  inves t i -  
gation, however ,  does not comple te ly  ru le  out the possibi l i ty  that  the location of albumin in the m a t r i x  of the 
hepatocytes  could be the r e s u l t  of i ts  diffusion f r o m  the s i te  of i ts  synthes is  or  t r a n s p o r t  during the f ixation 
p rocess .  
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POLYFUNCTIONAL ROLE 

CELLS IN THE RAT LUNG 

L. K.  Romanova 
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An invest igat ion by scanning and t r a n s m i s s i o n  e lec t ron  m i c r o s c o p y  r evea l ed  an i nc r ea se  in 
the number  of vacuoles  in the apica l  pa r t  of the cy top lasm in the a lveolar  brush ce i l s  of the r e -  
genera t ing r a t  lung, hype rp la s i a  of the l amel la r  complex,  and act ivat ion of the p ro t e in - syn the -  
s iz ing appara tus .  I m m a t u r e  sur fac tan t  m a t e r i a l  and s e c r e t o r y  granules  with an osmiophi l ic  
center  we re  found in the cy top lasm of the brush  ce i l s .  Colchicine, injected i n t r amuscu l a r l y  
into r a t s  s ix t imes  in the course  of the 24 h before  sac r i f i ce  in a dose of 0.1 mg/100 g body 
weight, affected nei ther  the number ,  topography,  nor  the s t r u c t u r e  of the bundles of m i c r o -  
f ib r i l s  p r e s e n t  in la rge  number s  in the brush cel ls .  Meanwhile, under the influence of coichi -  
cine, some  of the mic rov i l l i  of the a lveolar  brush  cel ls  undergo des t ruc t ion  and reso rp t ion .  
These  data on the u l t r a s t r uc t u r a I  organizat ion of these  cel ls  indicate that  they can p e r f o r m  
s e v e r a l  functions: absorp t ive ,  contract i le ,  and sec re to ry .  

KEY WORDS: regenera t ion ;  surfactant ;  lung chemorecep to r s .  

I n t e r e s t  in the study of c h e m o r e c e p t o r s  of the lung has  inc reased  cons iderably  in r e cen t  y e a r s .  Accord -  
ing to some observa t ions  [7], single Kulchitsky cel ls  or  concentra t ions  of them (neuroepithet ial  bodies), capable  
of r eac t i ng  to a change in the gaseous med ium through inc rea sed  sec re t ion  of granules  containing biogenie 
amines ,  a r e  p r e se n t  in the epithel ial  layer  of the bronchi of the m a m m a l i a n  and human lung. No Kulchitsky 
cel ls  a r e  found in the r e s p i r a t o r y  bronchioles ,  a lveo l a r  p a s s a g e s  or  alveoli .  Meanwhile, ce l l s  desc r ibed  by 
Meyr ick  and Reid as "brush  cel ls"  [8] a r e  found in the epi thel ial  lining of the a i r  pa s sages  and also of the 
alveoli.  The pa r t i cu la r  f ea tu res  of the u l t r a s t r u c t u r a l  organizat ion of these  cel ls ,  located in the alveoli ,  or  
a lveola r  brush  cel ls  (for instance,  the p r e s ence  of numerous  vacuoles  in the apica l  cytoplasm,  and of m i c r o -  
villi  on the cel l  su r face  facing the lumen of the alveolus) suggest  that  these  cel ls ,  which p e r f o r m  an absorp t ive  
function, a r e  a lveolar  c h e m o r e c e p t o r s  [3, 6, 8]. 

The wr i t e r  has  prev ious ly  postulated pr inc ip les  of autonomous regula t ion of su r f ace  tension within the 
"sur fac ton  *,  the functional analog of the acinus of the lungs, in which the a lveo la r  b rush  ce l l s  play a leading 
ro le .  This hypothes is  is  based  on the assumpt ion  that al l  ce l ls  of the surfacton,  including a lveolar  brush cel ls ,  
~surfacton,"* the functional with a r i ch  network of feedback [3]. The a lveolar  brush  cel ls  analyze the compos i -  
tion of the hypophase and sur fac tan t  and respond  p r i m a r i l y  to a change in su r face  tension of the alveoli .  The 
u l t r a s t ruc t~ve  of the a lveo la r  brush  ce l l s  of the lungs of in tact  an ima l s  has  been desc r ibed  s e v e r a l  t imes  [3, 6, 
8]. However,  none of the authors  cited s t a t e s  that  these  cel ls  abso rb  sur fac tan t  ma te r i a l .  Yet this phenomenon 
is  evidently the f i r s t  s tage that  is e s sen t i a l  for  the ro le  of a lveo la r  brush ce l l s  in the regula t ion  of the intensi ty  
of su r fac tan t  secre t ion .  

The objects  of the p re sen t  invest igat ion were  accordingly:  1) to d i scover  whether  a lveola r  brush Cells 
can abso rb  su r fac tan t  and, in pa r t i cu la r ,  a t  the t ime  of i ts  act ive  secre t ion;  2) to study the nature  of t h e m i c r o -  
f ib r i l l a ry  appara tus  of these  cel ls .  

* T h e t e r m  ~surfacton" was suggested or iginal ly  in the Russ ian  h t e r a t u r e  [3]. 
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