
MORPHOLOGY AND PATHOMORPHOLOGY 

U L T R A S T R U C T U R E  OF S M O O T H - M U S C L E  C E L L S  

OF T H E  C A U D A L  V E N A  C A V A  OF A L B I N O  R A T S  

F O L L O W I N G  I N C R E A S E D  S T R E T C H I N G  OF I T S  W A L L  

O. Y a .  K a u f m a n  a n d  A.  K.  B o i k o v  UDC 611.146-018.61-019 : 599.323.4 

An e l ec t ron -mic roscop ic  study was made of the smooth-muscle  cells  of the caudal vena cava 
of intact albino ra ts  and of ra ts  14 days af ter  experimental  interference with the drainage of 
blood. After  disturbance of the hemodynamics,  the smooth-muscle  cel ls  showed signs of 
activation of protein synthesis ,  an increase  in the number of micropinocytotie ves ic les ,  and 
a decrease  in the number  of dense par t ic les .  

The u l t ras t ruc ture  of the smooth-muscle  cells of mammalian blood vesse l s  under normal  conditions 
has been adequately studied [6, 11-13, 15], but the fine s t ructure  of these cells after changes in the hemo- 
dynamics has received comparat ively  little attention [3, 5, 7, 8]. 

In some previous investigations the drainage of blood f rom the caudal vena cava of albino rats  was 
used as a model for studying hypertrophy of the muscular  coat of the blood vesse ls  [1, 2]. The resul ts  
showed that, s tart ing f rom the second week after  induced stasis  of blood, hypertrophy of the nuclei of the 
smooth-muscle  cells and evidence of activation of protein synthesis in them were visible [1, 2]. However, 
the resul ts  required  fur ther  e l ec t ron -mic roscop ic  confirmation.  In par t icular ,  it was not c lear  whether 
the s t ructure  of the contract i le  sys tem of the smooth-muscle  cells  is modified as the result  of its hyper-  
trophy. 

EXPERIMENTAL METHOD 

To shed light on the problems which had not been c leared up by the previous investigation, the caudal 
vena cava was constr ic ted in male Wis tar  ra ts  weighing 160 g by the standard method [1]. After  14 days 
under ether  anesthesia (two experimental  and two control animals) ,pieces of the caudal vena cava were ex- 
cised and fixed in buffered O s Q  solution by the usual method [9] at 4~ The mater ia l  was embedded in 
Araldite-212. Sections were cut on the LKB-4801A ul tratome,  shadow-cast  by Watson's  method [17], and 
examined in the UEMV-100V microscope .  In addition, total preparat ions  of the caudal vena cava of these 
animals were fixed in neutral  formalin and stained with Heidenhain's iron hematoxylin for comparison with 
the e lec t ron-mic roscop ic  data. 

EXPERIMENTAL RESULTS 

In sections stained with iron hematoxylin and examined under the light microscope, these  smooth-  
muscle cells  of the caudal vena cava were 80-120 p long and 5-6 p wide; their  nuclei were 20-35 ~ long and 
2-3 ~ wide. These ceils appeared spindle-shaped,  with a few (one or two) p rocesses  leaving the cell body 
near  its middle at an acute angle to its long axis. 
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Fig. 1. Smooth-muscle cell of the caudal vena cava of an 
intact sexual ly-mature  albino rat :  large numbers  of dense 
par t ic les  are  visible (original magnification 4800 • 

Above on the right, detail of the s t ructure :  M -  mitochondria; 
D P -  dense part icles  (12,000• B M -  basement membrane;  
PV - pinocytotic ves ic les .  

In the electron micrograph the smooth-muscle  cells were flattened in shape. Their  nucleus was e lec-  
t ron-dense  and occupied i/4-1/5 of the cell, which was usually elongated in shape with deep indentation. The 
nucleus was surrounded completely by a double nuclear  membrane.  The chromatin was uniformly dis t r ib-  
uted with a slight increase in concentration at the periphery.  One or several  nucleoli could be seen. The 
cytoplasm of the smooth-muscle  cells of the caudal vena cava had low electron density, and the cell organ-  
oids were usually concentrated at the poles of the nucleus. The mitochondria were small ,  c i rcu lar  or oval 
in shape, with a few t r ansve r se ly  a r ranged  cr i s tae ,  and they lay in groups (up to 20 in the section) mainly 
in the central  part  of the cell. Sometimes mitochondria were seen between the fi laments and in the pro-  
cesses .  There was a weU-developed Golgi apparatus,  but the rough endoplasmic ret iculum was poorly de- 
veloped. Free r ibosomes and tiny granules of glycogen were observed in the cytoplasm of the smooth-  
muscle cel ls ,  e i ther  at the i r  center  or at the periphery.  

A charac ter i s t ic  feature of the u l t ras t ructure  of the smooth-muscle  cells was the presence of e lec-  
t ron-dense zones in the cytoplasm of the cells and the myofibri ls .  Electron-dense par t ic les  were ve ry  
numerous (Fig. 1). These were elongated in shape, and some of them were connected to the plasma m e m -  
brane. Nevertheless ,  most of them lay f reely  in the cytoplasm. The myofibrils  of the smooth-muscle  cells 
of the caudal vena cava were comparat ively short  and thin and they did not form bands. They were ar ranged 
mainly along the long axis of the cell. 

Numerous micropinocytotic ves ic les  were present  in the smooth-muscle  ceils of the caudal vena cava, 
and as a rule they were located beneath the sa rco lemma,  i r regular ly  along the length of the cell. Some 
micropinocytotic vesic les  lay f reely  in the cytoplasm while others communicated with the intercel lular  
space. The basement membrane surrounding smooth-muscle  ceils  of the caudal vena cava var ied  consid- 
erably in thickness and it was difficult to determine its size.  In some places the basement membrane was 
homogeneous, while in other a reas  e lectron-opt ical ly  dark and light zones were visible.  

The place of contact between neighboring smooth-muscle  cells (end to end) consisted of long, f inger-  
like p rocesses  of cytoplasm surrounded by a basement membrane;  many myofibri ls  and pinocytotic vesic les  
could be seen in these p rocesses .  

The s t ructure  of the nucleus was unchanged 14 days after  constrict ion of the caudal vena cava. Often 
the mitochondria were almost  indistinguishable f rom those in the control,  although occasionally the i r  cr is tae  
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Fig. 2. Smooth-muscle  cell of caudal vena cava 14 days 
af ter  disturbance of blood drainage; slight decrease  in 
number of dense par t ic les ,  numerous r ibosomes ,  basement 
membrane not thickened (original magnification 12,000 • 
ER - endoplasmic ret iculum; R - r ibosomes;  MF - myo-  
f ibri ls .  Remainder  of legend as in Fig. 1. 

Fig. 3. Place of contact between two smooth-muscle  cells of 
the caudal vena cava of a rat 14 days af ter  interference with 
the blood drainage (original magnification 12,000 • Legend 
as in Figs.  1 and 2. 

appeared edematous.  The number of mitochondria were slightly reduced. The amount of endoplasmicgran-  
ular  ret iculum and the number of free r ibosomes  in the cytoplasm of the cells were increased.  

The number and size of the e lec t ron-dense  par t ic les  were considerably reduced !Fig. 2). They were 
elongated in shape and most of them were located in the sarcoplasm.  The myofibri ls  had a tendency to 
be grouped into ill-defined bundles, and they were e lectron-opt ical ly  denser than in the control. The num- 
ber of micropinocytotic ves ic les  was great ly  increased  (Fig. 3), and in some areas  these vesic les  formed 
a chain running into the depth of the cytoplasm, or they were a r ranged  in severa l  rows in the sarcoplasm.  

The e l ec t ron -mic roscop ic  findings (an increase  in the number of r ibosomes ,  a more powerfully de- 
veloped, rough endoplasmic reticulum) thus indicate activation of protein synthesis in the smooth-muscle  
cells of the caudal vena cava af ter  an increase  in s tretching and hypertrophy of these cel ls ,  in agreement  
~ t h  resul ts  obtained by other workers  [3, 16] and with the resul ts  of the present  wr i t e r s '  ea r l i e r  histo-  
chemical studies [2]. An increase  in the number of micropinocytotic vesic les  was discovered;  this was 
related to the br isk t ranspor t  of mater ia ls  and is evidence of an increased intensity of metabol ism [4]. 
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At this stage of hyper t rophy of the smoo th -musc l e  cel ls  no inc rease  in the number  or  size of the mi to-  
chondria could be detected.  However ,  the possibi l i ty  is not ruled out tha t changes of this sor t  could occur  
at e a r l i e r  s tages  of the p roce s s ,  as has been demons t ra ted  in the case  of some f o r m  of ca rd iac  hyper t rophy 
[101. 

The change in the density of distr ibution of the myof ibr i l s  in the hyper t rophied  smoo th -musc le  cel ls  
could be due to aggregat ion of the myosin  [14], r a t h e r  than to changes in the s t rength  of the contract i le  ap-  
para tus .  The fact is that  thin actin f i laments  a re  constantly seen in smooth -musc le  cel ls ,  whereas  myosin  
is found only during contract ion of the cell  or  at a cer ta in  pH value [14]. This  fact  undoubtedly influenced 
the observed  pat tern  of the contract i le  s t ruc tu res .  

The same can be said regard ing  the dec rease  in number  of dense pa r t i c les  which was discovered.  
These par t i c les  a re  of two types  [14]: those of the f i r s t  type a re  analogous to the discs  of c r o s s - s t r i a t e d  
muscle  cel ls ,  while the second type is f o rm ed  of compounds of actin and myosin.  Depending on the state 
of aggregat ion of the myosin ,  the number  of pa r t i c les  of the second type may va ry ,  as the r e su l t s  of s eve ra l  
invest igat ions have shown [5, 8, 12]. 
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