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Increased  s t rech ingof  the wall of the pos te r ior  vena cava in rats  is accompanied by the appearance 
in the wall of cells with increased diameter ,  length and volume of the nucleus, and the number of double 
nuclei is also increased.  Cytophotometric examination reveals  smooth muscle  cells containing an increased 
quantity of nucleic acids in their nucleus, and autoradiographic studies show incorporat ion of thymidine-H 3. 
After adminstrat ion of various hormones  the d iameter  of the nuclei of the smooth muscle cells was changed, 
although the length and volume of the nuclei and also the quantity of gallocyanin absorbed by the nuclei 
showed little difference from the corresponding values in intact control rats .  

There  are  indications in the l i terature of morphological  adaptation of the components of the tunica 
media of blood vesse ls  to regional changes in the hemodynamics.  However, repor t s  of hypert rophy of 
smooth muscle cells in response to changes in the hemodynamics are  made on a pr ior i  grounds because 
no cytological investigations have been ca r r i ed  out in this field. This is because it is impossible to obtain 
a section through the wall of a blood vessel  which is s t r ic t ly  para l le l  to the smooth muscle  cells,  an essen-  
tial condition for ka ryomet ry  [5]. On the o~her hand, methods based on isolation of smooth muscle cells  
are  ineffective for blood vessels .  

In this investigation we studied the possibili ty of hypertrophy of smooth muscle cells taking place 
in blood vesse ls  during hemodynamic changes. Changes in volume of the nuclei of these cells during ad-  
minis trat ion of various hormones were also studied. 

EXPERIMENTAL METHOD 

The posterior vena cava of the albino rat was used as test object. The wall of this vein when 

straightened out has a single layer of smoothmuscle cells, which means that karyometry, eytophotometry, 

and other investigations can be carried out on total preparations of the film type. 

The posterior vena cava of noninbred rats weighing 120-160 g was constricted to a measured de- 

gree by a silk ligature to about one-quarter of its lumen (to 1 mm in diameter) just above the point where 

it receives the right renal vein. The venous pressure measured in the proximal portion of the femoral 
vein thereupon rose during the first day to 10-12 times above its maximal normal value, and then fell 
slightly, although remaining at 3.5-4 times above normal throughout the experiment. The increase in dia- 

meter was thus also increased in accordance with the Laplace formula T = Rx P (T represents tangential 

pressure or stress of the wall, R radius of the lumen, and P pressure). 

We studied 16 preparations of the posterior vena cava (6 from healthy rats not undergoing operation, 

4 from rats sacrificed 7 days after the operation, 3 from rats sacrificed 2.5 weeks after operation, and 3 

from rats sacrificed 1.5 months after operation. 

Experiments with adminstration of hormones were carried out on sexually immature female Wistar 

rats weighing 50-60 g, altogether 6 groups of animals with 12-15 in each group being used (group 6 consisted 
of intact rats). Hormones were administered for a short time (i0 days) to rule out the possible effect of 
changes in the hemodynamics (DOCA and cortisone were given in doses of 5 mg per animal for 7 days and 
10-15 mg for 3 days; testosterone in doses of 4 rag, folliculin of 400 units, and progesterone of 5 mg daily). 

Laboratory of General Pathological Anatomy and Laboratory of His tochemistry ,  Institute of Human 
Morphology, Academy of Medical Sciences of the USSR, Moscow (Presented by Active Member of the Academy 
of Medical Sciences of the USSR A. P. Avtsyn). Transla ted from Byulleten'  Eksper imental 'noi  Biologii i 
Meditsiny, Vol. 66, No. 11, pp. 117-120, November,  1968. Original ar t ic le  submitted September 27, 1967. 
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Fig .  1. Nuc le i  of s m o o t h  m u s c l e  c e l l s  of 
p o s t e r i o r  vena cava  of  an a lb ino  r a t .  A) 
Vein  of  a h e a l t h y  r a t ;  B) ve in  of  r a t  1.5 
mon ths  a f t e r  c o n s t r i c t i o n  b y  l i g a t u r e ;  n u -  
c l e i  i n c r e a s e d  in length  and t h i c k n e s s ;  
doub le  nuc l e i  a r e  s een .  S ta ined  by  E i n a r -  
s o n ' s  g a l l o c y a n i n .  1350 x ( i m m e r s i o n ) .  

F ig .  2. I n c o r p o r a t i o n  of 
t h y m i d i n e - H  B into nuc l eus  
of  a s m o o t h  m u s c l e  c e l l s  
of  the  p o s t e r i o r  vena cava  

of  an a lb ino  r a t  7 days  
a f t e r  c o n s t r i c t i o n .  Ex'-  
p l a n a t i o n  in t ex t .  1350 x 
( i m m e r s i o n ) .  

Fig. 3. Nucleiof smooth 

mucle cells of posterior 

vena cava of an albino 

rat after injections of 5 

mg testosterone daily 
for i0 days, showing 

thickening. Einarson's 

gallocyanin, 1350 x 

( i m m e r s i o n ) .  

The action of the hormones was verified by weighing the 

genital apparatus of the rats and the adrenals. In every 
case total preparations of the posterior vena cava were 
fixed in Carnoy's fluid, stained with gallocyanin by Einar- 

son's method [6], passed through alcohols and xylol, and 

embedded in balsam. The length and diameter of the nu- 
cleus was measured on the graduated scale of the ocular. 

The volume of the nucleus was calculated as the volume 

of a cylinder with diameter equal to the diameter of the 

nucleus and height equal to its length [5]. In each prepara- 

tion karyometry was carried out on i00 nuclei of smooth 

muscle cells. Cytophotometry of these nuclei, stained with 
gallocyanin, was carried out on a scanning microspectropho- 

tometer*. In the preparation of the posterior vena cava 

of intact rats and of rats sacrificed 1.5 months after the 

operation cytophotometry was carried out on i00 nuclei, 

and in all other experiments on 50 nuclei. The relative 

density of gallocyanin in the nuclei was recorded through 

the microspectrophotometcr on an electronic potentio- 

meter. The number of double nuclei, evidence of amitotic 

division of the smooth muscle cells [3], was counted. 

Double  n u c l e i  w e r e  coun ted  in each  of  16 c a s e s  in 36 f i e ld s  of  v i s i o n  u n d e r  a m a g n i f i c a t i o n  of  1350 t i m e s  
( i m m e r s i o n ) ,  and t h e i r  r e l a t i v e  p r o p o r t i o n  among  s ing l e  nuc l e i  coun ted  in the  s a m e  36 f i e lds  of  v i s i o n  was  
then c a l c u l a t e d .  E s t e r a s e  h y d r o l y z i n g  ~ - n a p h t h y l a c e t a t e  was  d e t e r m i n e d .  P i e c e s  of  the  p o s t e r i o r  vena 
c a v a  t aken  f r o m  a r a t  7 d a y s  a f t e r  c o n s t r i c t i o n  w e r e  incuba ted  in a m e d i u m  con ta in ing  t h y m i d i n e - H  3 (5 
#Ci/ml, specific activity 120 #Ci/mg) or uridine-H 3 (2.5/~Ci/ml, specific activity 500 ~tCi/ml) for 1 and 
2.5 h, and then embedded in paraffin wax. The sections were coated with type M NII Khimfoto emulsion. 
Exposure continued for 7, 14, and 21 days at 4 ~ . 

Al l  n u m e r i c a l  da t a  w e r e  a n a l y z e d  by  a p p r o p r i a t e  s t a t i s t i c a l  m e t h o d s .  

* F o r  d e t a i l s  of the me thod ,  s ee :  Yu. E.  M o r o z o v  and V. V. Rogozhin .  M e c h a n i c a l  A n a l y s i s  of M i c r o s c o p i -  
ca l  Ob jec t s  [in Russ i an ] ,  Moscow (1968), p.  47. 
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TABLE 1. DNA Content in Nuclei of Smooth 
Muscle Cel ls  a f t e r  Hormone A d m i n i s t r a t i o n  

Hormone Conventional cytophotometric 
index 

t e s t o s t e r o n e  
folliculin 
cortisone 
D OCA 
progesterone 

5,7-----0,26 
6,8m0,29 
4,4~0,29 
4,6~0,29 
7,2~0,37 

c-1,8 
a-2,0 
~-2,0 
o-2,0 
(~-2,5 

n -50 
n-50 
n-50 
n-50 
n-50 

EXPERIMENTAL RESULTS 

Under normal conditions in sexually mature 

albino rats the nuclei of smooth muscle cells of the 

posterior vena cava have a diameter usually (82% of 

cells) of 2/z and length from 20 to 35 Iz. The volume of 
the overwhelming majority of the cells (77 %) varies 
from 50 to i00/z 3. On the 7th day after constriction 

the number of cells with diameter 3-4 # is increased 

(67%), and so also is the relative number of cells with 

a nucleus more than 30/z in length (53%). Correspond- 

ingly, the proportion of cells in which the volume of the 
nucleus is  200-400 #3 at this  pe r iod  is 57% (compared  with a no rma l  10%). The r e su l t s  of k a r y o m e t r y  2.5 
weeks af te r  the opera t ion  we re  not s igni f icant ly  di f ferent  f rom those obtained af te r  1 week.  The number  of 
nuclei  with a d i a m e t e r  of 4 # 1.5 months a f te r  the opera t ion  was 43% of the to ta l  number  of ce l l s ,  the num-  
b e r  with a d i a m e t e r  of 6/1 was 33%, 72% of nuclei  were  more  than 30/~ in length (more  than 40/~ in nea r ly  
half  of these) ,  75% of nuclei  exceeded 350/z 3 in volume,  and 33% exceeded 800/~ (Fig.  1). 

Bes ides  an i n c r e a s e  in the d imens ions  of the nuclei ,  the number  of double nucle i  was a lso  inc reased .  
In the no rma l  p o s t e r i o r  vena cava,  for  ins tance ,  in 184 f ie lds  of v is ion  9 double nuclei  were  found for 3419 
nuclei  of smooth m u s c l e  ce l l s ,  while 7 days  a f te r  the opera t ion  in 99 f ields of vis ion the re  we re  7 double 
nuclei  in 1496 ce l l s ,  and 1.5 months af ter  the opera t ion  46 double nuclei  to 907 ce l l s  in 76 f ie lds  of vis ion.  

Autographic  s tudies  showed that by the 7th day af te r  opera t ion  thymid ine-H 3 was inco rpora t ed  into 
the nuclei  of individual  smooth musc le  ce l l s  (Fig.  2), indicat ing syn thes i s  of DNA in these  c e l l s .  Cytopho- 
t o m e t r i c a l l y  an i n c r e a s e  in the p ropor t ion  of ce l l s  whose nuclei  contained r e l a t i ve l y  m o r e  DNA was found 
2.5 weeks a f te r  the opera t ion .  Whereas  under  no rma l  condit ions the cy tophotomet r ic  index for the m a -  
j o r i t y  of ce l l s  (75%) was 4-10 conventional  uni ts ,  and only 10% of nuclei  had a cy tophotomet r ic  index g r e a t e r  
than 10 units ,  2.5 weeks a f te r  the opera t ion  the re  we re  30% of such nuclei .  The s a m e  number  of smooth 
musc le  ce l l s  with nuclei  having a high DNA content than usual  was s t i l l  found 1.5 months a f t e r  the o p e r a -  
tion. In individual  nuclei  this  i n c r e a s e  was due not only to an i n c r e a s e  in volume of the nucleus ,  but  also 
to an i n c r e a s e  in i ts  r e l a t i v e  DNA concentra t ion .  In connection with the appearance  of many nuclei  with 
a high DNA content,  the mean gal locyanin content  pe r  nucleus a lso  i nc r e a s e d .  Whereas  nucle i  of smooth 
musc le  ce l l s  of the p o s t e r i o r  vena cava of the intact  r a t s  had a mean DNA content of 7 . 3 i  0.2 conventional  
units ,  1.5 months a f te r  the opera t ion  the DNA content had i n c r e a s e d  to 8.5• 0.3 (P < 0.001). No i n c o r p o r a -  
tion of u r id ine -H 3 into smooth musc le  ce l l s  of the p o s t e r i o r  vena c a va w a s  found at the pe r iods  studied.  

Changes in the d imens ions  and shape of the nuclei  of smooth musc le  ce l l s  of the p o s t e r i o r  vena 
were  obse rved  following hormone admin i s t r a t i on ,  notably thickening of the nuclei  (Fig .  3). This  p r o c e s s  
was mos t  marked  a f t e r  admin i s t r a t i on  of sex  hormones  (e spec ia l ly  t e s tos t e rone ) .  In that ca se ,  for example ,  
30% of ce l l s  had a nucleus  with d i a m e t e r  5/~, 13% a d i a m e t e r  of 6/~,  and 12% a d i a m e t e r  of 7/~. Lengthen-  
ing of the nuclei  was l ess  marked .  Correspondingly ,  a f te r  hormone  admin i s t r a t ion ,  ce l l s  with a l a r g e r  
nuc l ea r  volume than no rma l ly  appeared ,  but this  p r o c e s s  was not so marked  as a f te r  cons t r i c t i on  of the 
p o s t e r i o r  vena cava by a l iga tu re .  F o r  ins tance ,  a f t e r  admin i s t r a t ion  of sex  hormones  up to 30% of ce l l s  
had a volume exceeding 400-500/~3, and nuclei  with volumes exceeding 650-700/~3 were  p r a c t i c a l l y  never  
found in the p r e p a r a t i o n s .  The d i s t r ibu t ion  of nucle i  by ga l locyanin  content in them, which p r e s u m a b l y  is 
p ropor t iona l  to the i r  DNA content,  showed that  the curves  for  di f ferent  hormones  were  b a s i c a l l y  s i m i l a r  
to each o ther  and to the curves  for  the p o s t e r i o r  vena cava of the no rma l  r a t .  This  s i m i l a r i t y  was shown 
by the fact that no nuclei  could be found with cy tome t r i c  indices  exceeding 10 conventional  units ,  whe reas  
a f te r  cons t r i c t ion  of the p o s t e r i o r  vena cava the re  was up to 30% of such ce l l s .  Af ter  a d m i n i s t r a t i o n  of 
co r t i co ids  there  was a shif t  toward ce l l s  with a s l ight ly  reduced  DNA content (cytophotometr ic  index 2-4 
conventional units), and after administration of sex hormones a moderate shift toward cells with a higher 

DNA content (Table I). 

No double nuclei were seen among the smooth muscle cells of the posterior vena cava after ad- 
minis~Tation of hormones. 

After cortisone administration a considerable weakening of esterase activity of the smooth muscle 
cells of the posterior vena cava was observed, while after administration of DOCA moderate weakening 
took place, and testosterone and folliculin caused a moderate increase in esterase activity. 
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After increased  stretching of the wall of the pos te r io r  vena cava, cells  thus appeared in which the 
nucleus was g rea t e r  in length, diameter ,  and volume than the normal  nucleus. These charac te r i s t i cs  are  
regarded by some workers  as evidence of hyper t rophy of cells [1], although analogous changes can take 
place in cer ta in  types of cell  reproduction (endoreproduction, initial s tages of amitosis ,  polyploidy [2]}. 
The signs of DNA synthesis which we found in individual nuclei of the smooth muscle cell,  the mosaic pat -  
te rn  of the p rocess ,  and the increase  in number  of double nuclei in associat ionwith increased stretching of 
the wall of the pos te r io r  vena cava indicates that the changes taking place under these c i rcumstances  in 
the sys tem of smooth muscle  cells  are  complex in their genesis.  The possibil i ty cannot be ruled out at 
p resen t  that the appearance under these conditions of smooth muscle  cells with a nucleus of l a rger  than 
normal  volume may be connected with stages in the reproduct ion of smooth muscle cells (in par t icular ,  
with polyploidy). Following s h o r t - t e r m  administrat ion of hormones ,  changes also take place in the shape 
and volume of nuclei of the smooth muscle cells of the pos te r io r  vena cava, while changes in the length 
and volume of the nuclei under these c i rcumstances  are  slight. Signs of reproduct ion of smooth muscle 
cells,  such as the appearance of smooth muscle  cells with a double nucleus, or  with a large increase  inthe 
content of nucleic acids in the nucleus, also are  absent. These factors  distinguish the effect of s h o r t - t e r m  
hormonal  action from adaptation of the smooth muscle  cells  to constr ic t ion of the pos te r io r  vena cava. 

1~ 

2. 
3. 
4. 
5. 
6. 
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