
EXPERIMENTAL BIOLOGY 

V I T A L  F I X A T I O N  O F  D Y E  B Y  T I S S U E S  

A N D  D I U R N A L  P H Y S I O L O G I C A L  R H Y T H M  

G.  D.  G u b i n  UDC 612.015.34"52" 

A d i u r n a l  r h y t h m  of v i t a l  f ixa t ion  of n e u t r a l  r e d  by  the l i v e r ,  t h y r o i d ,  and b r a i n  t i s s u e s  of m i c e  and 
l i v e r  t i s s u e  of f r o g s  is  found. The a m p l i t u d e  of d i u r n a l  f l uc tua t ions  in f ixa t ion  of dye by  the m o u s e  t i s s u e s  
a v e r a g e d  30%, r i s i n g  to a m a x i m u m  at  9 P .M.  and f a l l i ng  to a m i n i m u m  at  3 A.M. F i x a t i o n  of dye by f rog  
l i v e r  t i s s u e  r e a c h e s  a m a x i m u m  at n ight  and a m i n i m u m  at  3 P .M.  

One of the c l e a r e s t  s i g n s  of a p a r a n e c r o t i c  s t a t e  is  an i n c r e a s e  in v i t a l  s t a i n i n g  of the t i s s u e s  [9]. An 
i n c r e a s e  in d e p o s i t i o n  of v i t a l  dye in the c e l l s  is  o b s e r v e d  not only a f t e r  i n ju ry ,  but  a l so  in e x c i t e d  t i s s u e  
IS, 12]. The use  of th i s  c y t o p h y s i o l o g i c a l  me thod  of i n v e s t i g a t i o n  by D. N. Nasonov,  and his  pup i l s  and fo l -  
l o w c r s ,  has  r e s u l t e d  in the a c c u m u l a t i o n  of a v a s t  e x p e r i m e n t a l  m a t e r i a l  d e m o n s t r a t i n g  the g e n e r a l  b i o l o g i -  
cal  s i g n i f i c a n c e  of the p a r a n e c r o t i c  s t a t e ,  t t o w e v e r ,  th is  me thod  has  not  been  u s e d  to i n v e s t i g a t e  the c h a r -  
a c t e r  of v i t a l  f ixa t ion  of dye by  the t i s s u e s  of he a l t hy  a n i m a l s  a t  d i f f e r en t  t i m e s  of day ,  i . e . ,  the p a t t e r n  o[ 
f ixa t ions  of v i t a l  dye by  t i s s u e  c e l l s  in the d i u r n a l  p h y s i o l o g i c a l  rhy thm has  not  been  s tud ied .  

The o b j e c t  of the p r e s e n t  i n v e s t i g a t i o n  was  to e x a m i n e  the d y n a m i c s  of f ixa t ion  of a v i t a l  dye by the 
l i s s u e s  in the b i o l o g i c a l  24-h  r h y t h m ,  to c o m p a r e  the r e s u l t s  with those  of our  p r e v i o u s  h i s t o c h e m i c a l  in-  
v c s i i g a t i o n s  [5, 6], and to deduce  c o n c l u s i o n s  r e g a r d i n g  the m e c h a n i s m  of f i xa t ion  of v i t a l  dye.  

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

The l i v e r ,  t hy ro id ,  and b r a i n  of 400 a lb ino  m i c e  and the l i v e r  of 100 f r o g s  w e r e  i n v e s t i g a t e d .  At  d i f -  
f e r e n t  t i m e s  of y e a r  (winter ,  f a l l ,  s u m m e r ,  sp r i ng )  11 s e r i e s  of e x p e r i m e n t s  w e r e  u n d e r t a k e n  wi th  the 
l i v e r ,  7 s e r i e s  wi th  the t h y r o i d ,  and 5 s e r i e s  wi th  the b r a i n  of the a lb ino  m i c e ,  and th ree  s e r i e s  of e x p e r i -  
m e n t s  wi th  f r o g s '  l i v e r  w e r e  c a r r i e d  out in the s p r i n g .  E a c h  s e r i e s  of e x p e r i m e n t s  was  c a r r i e d  out on 
a n i m a l s  of the s a m e  sex  and weight .  The c y t o p h y s i o l o g i c a l  me thod  of v i t a l  s t a i n i n g  of the t i s s u e s  (Nasono~?s 
m e t h o d  as  m o d i f i e d  by  A. A. Braun  [1]) was  u s e d  in the i n v e s t i g a t i o n .  At  d i f f e r e n t  t i m e s  of day and n ight  
the a n i m a l s  w e r e  d e c a p i t a t e d ,  the o r g a n s  to be t e s t e d  w e r e  qu ick ly  r e m o v e d  and r i n s e d  in R i n g e r ' s  s o l u -  
t ion,  a f t e r  which  they  w e r e  s t a i n e d  with  0.025% n e u t r a l  r e d  made  up in s o d a - f r e e  R i n g e r ' s  s o l u t i o n  (a t37  ~ 
for  m i c e ,  a t  r o o m  t e m p e r a t u r e  fo r  f r ogs ) .  A f t e r  s t a i n i n g  for  15 ra in  the t i s s u e  was  gen t ly  d r i e d  wi th  f i l t e r  
p a p e r  and i m m e r s e d  in 70 ~ a l coho l  a c i d i f i e d  with  2% s u l f u r i c  ac id .  A f t e r  24 h p h o t o m e t r y  of the a l c o h o l i c  
e x t r a c t s  of dye f r o m  the t i s s u e s  t aken  f r o m  the a n i m a l s  d e c a p i t a t e d  at  d i f f e r e n t  t i m e s  of day and n ight  was  
c a r r i e d  out on a wedge  p h o t o m e t e r .  The c o n c e n t r a t i o n  of dye e x t r a c t e d  f r o m  the t i s s u e s  was  e x p r e s s e d  in 
conven t iona l  p h o t o m e t e r  (ext inct ion)  un i t s  and c a l c u l a t e d  p e r  100 mg we igh t  of t i s s u e  (both d r y  and m o i s t  
weight ) .  The m e a n  d i u r n a l  e x t i n c t i o n  was  then c a l c u l a t e d  f o r  e a c h  t i s s u e  in each  s e r i e s  of e x p e r i m e n t s  
and the i n c r e a s e  o r  d e c r e a s e  in the d e g r e e  of f i xa t ion  of  v i t a l  dye by  the t i s s u e  c a l c u l a t e d  a s  a r a t i o  of th is  
e x t i n c t i o n  fo r  e ach  i n v e s t i g a t e d  t ime  of the 24-h  p e r i o d .  The d y n a m i c s  of f ixa t ion  of dye by  the l i v e r  of the 
a lb ino  m i c e  was  i n v e s t i g a t e d  e v e r y  3 h, that  of the t h y r o i d  3 t i m e s  da i ly  (at 3A.M. and at  3 and 9 P.M.)  and 
that  in the f r o g s '  l i v e r  twice  da i ly  (at 3 A.M.  and 3 P .M. ) .  T h e s e  t i m e s  w e r e  c h o s e n  fo r  i n v e s t i g a t i o n  of the 
p a t t e r n  of f i xa t i on  of v i t a l  dye by the t i s s u e s  b e c a u s e  i t  was  at  these  t i m e s  that  the m o s t  s i g n i f i c a n t  d i f f e r -  
e n c e s  in c o n c e n t r a t i o n  of r i b o n u c l e i c  a c i d  w e r e  found by  the use  of h i s t o c h e m i c a l  m e t h o d s  [5, 6]. At  e a c h  
t i m e  not  l e s s  than 50 a n i m a l s  w e r e  i n v e s t i g a t e d ;  in add i t ion ,  when s t u d y i n g  a d s o r p t i o n  of v i t a l  dye by the 
l i v e r  of the m i c e  and f r o g s ,  not  l e s s  than 3 o r  4 p i e c e s  of abou t  equa l  weight  and s i z e  w e r e  cut  f r o m  the 

D e p a r t m e n t  of G e n e r a l  B io logy ,  T y u m e n '  M e d i c a l  In s t i t u t e  ( P r e s e n t e d  by  A c a d e m i c i a n  V. N. C h e r n i -  
govsk i i ) .  T r a n s l a t e d  f r o m  B y u l l e t e n '  t ~ k s p e r i m e n t a l ' n o i  B io log i i  i M e d i t s i n y ,  Vol.  66, No. 8, pp.  100-103,  
Augus t ,  1968. O r i g i n a l  a r t i c l e  s u b m i t t e d  N o v e m b e r  12, 1966. 
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Fig. 1. Diurnal rhythm of fixation of vital dye by t issues 
of mean extinction for 24 h). 1) Mouse l iver;  2) mouse 

thyroid; 3) mouse brain;  4) frog liver.  

l iver  tissue of each animal with a r azo r  blade. Consequently, at each time of investigation at least  ].50 
measurements  were made for  the l iver .  The experimental  resul ts  were analyzed by stat is t ical  methods. 

E X P E R I M E N T A L  R E S U L T S  

A study of the dynamics of fixation of vital dye by the l iver of the mice throughout the 24-h period re-  
vealed (Fig. 1) that at night (3 A.M.) the degree of fixation of dye is minimal and significantly below the 
mean adsorption of dye (difference 18.6 4- 1.76%). 

Vital fixation of the dye then began to increase ,  but f rom 6 A.M. until 12 noon it remained below the 
mean daily level. After 3 P.M. fixation of dye by the liver tissue increased considerably (+11.9 :L~.2%), 
the difference between the mean percentages  of the adsorption values at 3 P.M. and 3 A.M. being s ta t is t ical-  
ly significant (Mdiff = 30.5 +0.4%). Maximal fixation of neutral  red by the l iver  t issue was found at 9 P.M. 
(+16.8 ~6.4%). The difference between the percentage increase  in dye fixation at 9 P.M. and the percentage 
decrease  in adsorption at 3 A.M. was 35.4 ~: 6.68%, and was s tat is t ical ly significant. After 12 midnight, as a 
rule fixation of dye by the mouse l iver  t issue began to decrease ,  although in some ser ies  it remained slight- 
ly above the mean daily extinction, while in others  it was lower. 

In the course of the 24 h, the l iver t issue of healthy mice thus showed variat ion in its ability to fix 
neutral  red, minimal adsorption being found at night and during the f i rs t  half of the day, whi le  maximal ability 
to adsorb the dye was observed in the second half of the day s tar t ing at 3 P.M. and reaching a maximum at 
9 P.M. The amplitude of fluctuation in the degree of vital fixation of dye by the liver of the albino mice 
was over  35%. 

The dynamics of fixation of neutral  red by the thyroid of albino mice in the course of the 24 h proved 
to be very  s imi la r  to that for the l iver.  At 3 A.M., for instance, the level of fixation of vital dye was 20 
:L 9.3% below the mean daily level. At 3 P.M. the adsorption of neutral  red showed an increase  of 14.5%, 
and at 9 P.M. it was 18.2 4- 8.4% above the mean daily level. The difference between the mean percentages  
at 3 A.M. and 9 P.M. was 39.2 ~: 2.6 and was s ta t is t ical ly  significant. 

A s imi la r  picture was found during the study of the dynamics of neutral  red fixation during the 24-h 
period of mouse brain t issue:  at 3 A.M. a s ta t is t ical ly  significant decrease  of 19.2 ~.45% was found in the 
fixation of the vital dye, followed by a tendency for adsorption of the dye to increase  (+0.6% at 3 P.M.). 
Vital fixation of the dye by the mouse brain at its maximum exceeded the mean daily level by 25.8% at 9 
P.M., and the difference between the mean percentages  of dye fixation at 9 P.M. and 3 A.M. was 45 :e 16.3%. 

Consequently, a definite diurnal and synchronized rhythmic fluctuation is found in the ability of the 
liver,  thyroid, and brain t issues of mice to fix vital dye, the amplitude between ma d m u m  and minimum 
reaching 30%. 

The cha rac te r  of fixation of vital dye by the frog l iver  during the 24-h period was found to be different: 
maximal adsorption of neutral  red was observed at 3 A.M. (+ 12.3 + 5.5% ), and at 3 P.M. fixation of the dye 
was 8.6 4- 0.33% below the mean daily level. The difference between mean percentages  at 3 A.M. and 3 P.M. 
was 20.9 4- 5.9%. The amplitude of diurnal fluctuations in dye fixation was considerably less for frog l iver  
t issue than for mouse l iver  tissue. 
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With what is the diurnal rhythm of vital staining of mouse and frog tissue associated ? Since the in- 
jury factor  was excluded in these experiments  with intact animals,  it must  be assumed,  in accordance with 
the theory of pa ranecros i s ,  that the increase in dye fixation by the t issues at certain t imes of day is con- 
neeted with the diurnal rhythm in the state of excitation of the organism,  with its phases of waxing and 
waning of activity. According to our experimental  resul ts ,  an increase  in fixation of vital dye by the t issues 
is observed at t imes of day or  night at which the animals exhibit grea tes t  physiological activity (in mice 
during the second half of the day, par t icu la r ly  in the evening, and in frogs at night). 

The question of the mechanism of fixation of vital dye by the tissue remains  open. Some investiga- 
tors ,  notably the authors of the denaturation theory of injury [2-4, 10, 13, 15] consider  that vital dye is 
fixed by proteins.  There are indications that vital fixation of dye is due to lip'ids [18]. Finally, some evi- 
dense has been obtained to show that a decisive factor  in the mechanism of vital fixation of dye is the nu- 
cleic acids [7, 11, 14, 16, 17]. Compar ison of the resul ts  of the present  investigation with those of cyto-  
chemical  studies of the dynamics of changes in RNA content in the t issues  of mice [5, 6] and frogs during 
the 24-h period suggest  that RNA plays a highly important  role in the mechanism of fixation of vital dye by 
the t issues ,  because dye fixation reaches  a maximum at the t imes of day and night when the RNA concentra-  
tion in the cells of these t issues reaches  a maximum and, conversely,  when the RNA concentration reaches  
a minimum, so also does the fixation of vital dye in the ceils of these t issues.  Our resul ts  show that nu- 
cleie acids are  to some extent responsible for vital staining of t issues.  
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