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Changes in the muscle  tissue of the caudal vena cava of ra ts  and its branches  af ter  disturbance 
of the blood drainage were studied by the methods of isotope biochemistry ,  autoradiography,  
immunomorphology,  and cytophotometry.  Enlargement  and potyploidy of the DNA-synthesiz-  
ing muscle cel ls  with activation of protein synthesis  in them and the formation of intimal 
layers  resembling the muscular  layers  were found in the main trunk of the vein which was 
dilated the most. Activation of DNA and protein synthesis  in the less distended femoral  vein 
was much less marked than in the main trunk. Activation of protein synthesis occur red  af ter  
a delay compared  with the activation of DNA synthesis  but both p rocesses  were phases of de-  
velopment of hyper t rophy of the muscle  t issue of the vessel  wall in response to increased 
functional loading. 

KEY WORDS: smooth muscle  of blood vessels;  protein synthesis;  t issue hypertrophy. 

One way of imposing a ftmctional load on the smooth muscle cel ls  of the blood vessel  wall is by s t rongly 
s tretching it [5]. If this p rocess  is reproduced in vivo, for example by interfering with the drainage of blood 
from a vein and increas ing the la teral  p res su re ,  the mass  of smooth muscle cells  in the vessel  wall in- 
c r ea ses  [2]. This increase  is based on an increase  in the number of DNA-synthesizing muscle cells  and 
intensification of protein syntheses in the smooth muscles  [2]. It is not c lea r  whether these p rocesses  are  
interconnected, nor  is it c lea r  what is the nature of their dynamics or  the specific contribution of each of 
them to the increase  in the muscle  mass .  

In this investigation the problems were studied by methods of isotope biochemis t ry ,  his toautoradio-  
graphy, cytophotometry,  and immunomorphology.  

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

Constr ict ion of the caudal vena cava was produced as descr ibed previously [2] in noninbred female 
rats  weighing 280-320 g. 

In the exper iments  of se r i e s  I the veins of 5 rats  af ter  stenosis  for 4 days,  the veins of 9 rats  af ter  
stenosis  for 6, 17, and 30 days, and the veins of 2 intact animals were studied. To study DNA and protein 
biosynthesis ,  0.1 ~tCi/g thymidine-H 3 (specific activity 15.3 Ci /mmole)  and 0.01 mCi /g  leucine-C 14 (specific 
activity 120 mCi /mmole)  were injected intraperi toneal ly  into the rats  at the same time. The duration of 
exposure was 4 h. The rats  were decapitated, the caudal vena cava was freed from the adventitia, and the 
inner surface of the vessel  was wiped with gauze. Pieces  of the femoral  veins and the cranial  and caudal 
portions of the pos te r io r  vena cava were fixed in Carnoy ' s  fluid. The remaining par ts  of the pos te r ior  v.ena 
cava were used to study incorporation of the p r e c u r s o r s  into DNA and protein with the aid of a Mark 2 (USA) 
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Fig. 1, Intensi ty of DNA (A) 
mid prote in  (B) synthes is  in 
smoo th -musc le  ce l l s  of dilated 
pa r t  of r a t  vena cava.  Ord i -  
nate, intensi ty of synthesis  
(in percen t  of control);  absc i s sa ,  
days a f t e r  operat ion;  1) total 
intensity of incorporat ion of 
thymidine-H 3 into DNA; 2) f r e -  
quency with which DNA-syn-  
thesizing musc le  ce l l s  were  
found in the vena cava;  3) the 
same p a r a m e t e r  for the femora l  
veins of an imals  undergoing the 
operat ion;  4) total  intensity of 
incorporat ion of leucine-C 14 
into protein; 5) number  of gra ins  
of s i l ve r  in C14-tracks per  10 ~2 
sect ion of musc le  ce l l s  (intensity 
of protein synthesis);  6) the same 
as 5, but for  f emora l  veins of 

scint i l lat ion counter  p rog ramed  for  the double label.  The ma te r i a l  
was p repared  in accordance  with the approved scheme [6]. Sec-  
t ions 4 lz in thickness were  cut f rom the fixed segments  of the blood 
v e s s e l s ,  coated with "M" emuls ion,  and exposed for  21-60 days  at  
5~ By examinat ion of the developed h is toautoradiographs ,  stained 
with 0.1% c r e sy l  violet  solution, the number  of gra ins  of s i lve r  in 
the t r acks  of the C 14 f l -par t ic les  was de te rmined  per  10 ~2 a r ea  of 
the muscle  coat  without distinction between ka ryop l a sm and cy to-  
p lasm.  

In the expe r imen t s  of s e r i e s  II 0.3 IzCt/g thymidine-H 3 was 
injected in t raper i tonea l ly  into ra t s  on the 1st, 4th, 6th, and 10th 
days a f t e r  the opera t ion (2 r a t s  at  each time) and into 2 intact  an i -  
m a l s .  The r a t s  were  decapi ta ted 1.5 h l a t e r  and pa r t s  of the pos-  
t e r i o r  yeas  cava  taken f rom the c ran ia l  and caudal port ions ( re la -  
tive to the s i te  of s tenosis)  in o r d e r  to p r epa re  h is toautoradiographs .  
The percentage  of labeled smoo th -musc l e  ce l l s  (in 1000-2000 
counted) was calculated.  

In the exper imen t s  of s e r i e s  ItI  c ryos t a t  sect ions  through the 
wall  of the caudal  portion of the p o s t e r i o r  vena cava  of 7 r a t s  30 
days a f te r  the operat ion were  t rea ted  by the indirect  Coons'  method 
[7] using monospecif ic  s e r u m  agains t  smooth muscle  myosin [8]. 

The r e su l t s  of this s e r i e s  were  compared  with the o b s e r v a -  
tions of light mic roscopy  and with e lec t ron  mic rog raphs  obtained 
previous ly  [3]. 

In the expe r imen t s  of s e r i e s  IV the caudal  and  c ran ia l  p o r -  
tions of the vena cava  f rom ra t s  on the 8th and 30th days a f t e r  the 
opera t ion (3 at each time) and 2 intact  an imals  were  stained by 
Feulgen ' s  method, F i lms  of splenic lymphocytes  f rom intact  r a t s  
were  stained as  diploid cel ls ,  The DNA content was de te rmined  in 
total p repara t ion  of the veins and in f i lms of the lymphocytes  by 
means  of the mic rocy topho tomete r  cons t ruc ted  by Morozov [4]. The 
re la t ive  pe rcen tages  of diploid, te t raploid,  and octaploid muscle  
ce l l s  were  calculated.  

E X P E R I M E N T A L  R E S U L T S  
animals  undergoing the operat ion.  

T h e  cu rves  in Fig. 1A show that on the 4th day a f t e r  i n t e r -  
ference  with the dra inage of blood the intensi ty of DNA synthes is  

inc reased  sharply  in the s m o o t h - m u s c l e  ce l l s  of the dilated par t  of the pos t e r io r  vena cava. Fo r  instance,  
the total incorporat ion of thymidine-H 3 (continuo,ls line) was increased  by 14 t imes ,  whereas  the number  of 
DNA-synthesiz ing s m oo t h -m us c l e  ce l l s  was increased  by 26 t imes  (from 0.3 to 7.8%; P < 0.01). By the 6th 
day these values were  lower  but were  s t i l l  higher than in the control .  

In the slightly dilated f em ora l  vein the number  of DNA-synthesiz ing cel ls  was not inc reased  on the 
4th day; a sl ight inc rease  in this index was obse rved  only on the 6th day (from 0.3 to 1.7 %); l a t e r  it re turned 
to its initial level.  In addition, on the 6th day single DNA-syuthesiz ing muscle  cei ls  began to appear  in the 
undilated c ran ia l  port ion of the vein (0.8 %), ~ ) s s ib ly  in connection with diffusion of the products  of injury 
f rom the distended segment .  

DNA-synthesiz ing s m o o t h - m u s c l e  ce l l s  in the dilated portion of the vein were  found ve ry  frequently 
close to the l igature ,  but even at a cons iderable  dis tance f rom it they were  sti l l  seen both singly and in 
groups.  No smooth muscle  ce l l s  dividing by mi tos is  could be fomld. 

The cytophotometr ic  invest igat ions showed the appearance  of polyploid cel ls  f rom the 8th day a f te r  
the operat ion in the dilated segments  of  the vein. At that t ime the number  of  te t raploid ce l l s  was 30%, r i s -  
ing to 33 % on tile 30th day. The number  of octaploid ce l l s  on the 30th day was 6 %. These  r e su l t s  indicate 
convers ion  of some of the DNA-synthesiz ing smoo th -musc l e  ce l l s  into polyploid cel ls .  

830 



Fig. 2. S t ruc ture  of newly formed int imal  (identified 
by a r rows)  m u s c u l a r  l aye r  in the dilated port ion of the 
p o s t e r i o r  vena cava:  a) 10 days a f t e r  operat ion a f i -  
b roce l l u l a r  int imal  l aye r  equal in thickness  to the m e -  
dia can be seen  in the su rvey  sect ions.  The outer  
boundary of the l aye r  with the inner e last ic  m e m b r a n e  
(~ ~) is c l e a r l y  visible.  Combined staining with fuehselin 
and by VanGieson 's  method, 200x; b) the cel ls  of this 
l aye r  contain antigen s i m i l a r  to smooth musc le  myosin  
( luminescent  on t r ea tmen t  of the sect ions  by the indirect  
Coons '  method),  200• c) f r agmen t  of e lec t ron  micro-- 
graph of int imal  cel l  in which the dilated rough endoplas-  
mic  re t icu lum (ER) and a wel l -def ined Golgi complex  (GC) 
can be seen,  7700• 

In the light mic roscope  the format ion  of new m u s c u l a r  l a y e r s ,  a r r anged  longitudinally within the m e -  
dia (Fig. 2a), could be seen in the a r e a s  occupied by the DNA-synthesiz ing smoo th -musc l e  cells~ Immuno-  
morphologica l ly ,  smooth musc le  myos in  was detected in the ce l l s  of this l aye r  (Fig. 2b). On the e lec t ron  
m i c r o g r a p h s  these ce l l s  c lose ly  r e s e m b l e d  f ibroblas ts ;  they were  dist inguished by a w e l l - m a r k e d  rough 
endoplasmic  re t icu lum,  a hyperp las t i c  Golgi complex  (Fig. 2c), and also a reduced f i l amenta ry  appara tus .  
These ce l l s  can be c l a s sed  as ac t ivated s m o o t h - m u s c l e  ce l l s  [9, 11, 12]. Af ter  var ious  types of injury to 
the ves se l  wall they mig ra t e  into the int ima and give r i se  to an intimal muscu la r  l aye r  [9-11]. 

In por t ions  of the caudal vena cava  that a re  s t rongly  dis tended there is thus an inc rease  in the number  
of DNA-synthes iz ing  s m o o t h - m u s c l e  cells~ subsequent ly  undergoing polyploidization, with the appearance  of 
newly formed muscu l a r  l ayers .  

Bes ides  act ivat ion of DNA synthes is ,  ac t ivat ion of prote in  synthes is  is also obse rved  in the smooth -  
musc le  ce l l s  of the dis tended por t ions  of the vein. It will be c l e a r  f rom the d i a g r a m  (Fig. 1B) that the a c -  
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t ivation of prote in  synthes is  is delayed compared  with the act ivat ion of DNA synthes is  and reaches  its max i -  
mum on the 6th-17th day, a f t e r  which it s t a r t s  to fall. The act ivat ion of prote in  synthes is  was s m a l l e r  in 
degree  (not more  than 4 t imes);  the labeled amino acid was dis t r ibuted re la t ive ly  uniformly among the 
musc le  cel ls .  

Apprec iable  act ivat ion of prote in  synthes is  was also obse rved  in the smooth  musc l e s  of the f emora l  
vein (Fig. 1, cu rve  6), i .e. ,  where  ~he inc rease  in the number  of DNA-syathes iz ing  muscle  cel ls  was smal l .  
However ,  in the s t rongly  dilated main t runk of the p o s t e r i o r  yeas  c a r s ,  where  marked  act ivat ion of DNA 
synthes is  and polyploidization of the musc le  ce i l s  occur red ,  the act ivat ion of prote in  synthes is  was about 
twice as high as in the f emora l  vein (P < 0.01). It is in those pa r t s ,  as  was shown prev ious ly  [2], that  the 
hyper t rophy  of the musc le  t issue r eaches  its maximum.  The hyper t rophy  of this t i ssue  s t a r t s  to appea r  at  
the t ime of ma rked  act ivat ion of prote in  synthes is  (the 3rd-4th  week a f t e r  the operat ion).  These  resu l t s  
agree  with those obtained by Brodski i  on the role of  polyploidy for  t i ssue nutri t ion [1]. 

Although the act ivat ion of DNA and protein synthes is  in the smooth musc les  of the dis tended wall of 
the caudal  vena cava  thus d o e s  not coincide in t ime,  it neve r the l e s s  re f lec t s  the phases  of  the same  p ro -  
cess  - working hyper t rophy  of the musc le  t i ssue of the blood vesse l  in response  to an inc rease  in the f tmc- 
tional load. 
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