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To understand the nature of the compensation and adaptation which take place during myocardia l  hyper-  
t rophy it is important  to a s se s s  absolute total volumes and surface a reas  of t issue and cel lular  s t ruc tures  [4]. 
Relative pa rame te r s ,  which have most  frequently been considered during the study of myocardial  hyper t rophy 
[3, 6, 12-14], provide information on the cha rac te r  of relat ions between the various tissue and cel lular  com- 
ponents. More recently,  the attention of invest igators  has been increasingly drawn to the analysis  of absolute 
volumes and surface areas ,  numbers,  and l inear dimensions of var ious t issue and cel lular  s t ruc tures  during 
hypert rophy of the hear t  [4, 7-11], because these p a r a m e t e r s  give some idea of the degree of changes in pa r -  
t tcular  s t ruc tures  in the ceil o r  in the whole organ. Changes in volume, surface area, and number of the o r -  
ganelles in the "average"  cardiomyocyte  have been descr ibed in the grea tes t  detail, and these pa rame te r s  in 
the whole organ or  in the ventr ic les  of the hear t  have been assessed  less  frequently. 

The aim of this investigation was to study the charac te r  of changes in absolute pa r ame te r s  of the o r -  
ganelles of the eard iomyocytes  during the development of hypertrophy of the hearts .  

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

Ten male Wis t a r  ra t s  weighing initially 200.9=~20.3 g, in which ar te r ia l  hypertension was produced by 
constr ic t ing the lumen of the abdominal aorta  by Selye'e method [5], were used. The absolute total volume 
and surface area  of the organel les  of the card iomyocytes  were calculated from the left ventricle for intact 
animals and for  r a t s  on the 35th day after  constr ict ion of the lumen of the abdominal aorta.  For  this purpose, 
the ra t s  were decapitated and the hear t  removed and placed in a cold chamber  until it completely stopped 
beating. After fixation in 4% paraformaldehyde for 30 rain, the hear t  and each ventricle were accurate ly  
weighed (the left ventr ic le  was weighed together with the centr icular  septum). Tissue samples f rom the left 
ventr icle  were again fixed in 4% paraformaldehyde,  postfixed in 2% OsO 4, dehydrated, and embedded in a mix- 
ture of Epon and Araldite. 

The volume of t issue of the left and right ventr ic les  (Vlv and Vrv respectively) was calculated by divid- 
ing their  mass  by the specific gravi ty  of the myocardium, namely 1.06~0.006 g / c m  3 [7]. Absolute values were 
calculated by using relative values calculated for the tissue. The bulk and surface density of the organel les  of 
the card iomyoeytes  in the tissue were calculated by the equations 

v yt v:c  " 
cyt .v.t 

s t j  ~ S ~ s ~ c y t  " 

cyt  s 7. t 
The values of v~  and were calculated during e lec t ron-microscopic  investigation, whereas  those 

of t Vvcy t were calculated during a light-optical study of semithin sections, by methods described previ-  

ously [1, 4]. 

The absolute total volume and surface area  of the organel les  of the card iomyocytes  in t issue of the left 
ventr icle  were determined by the equations 

V t . V i =  o i V l v '  

S / =  S. t 
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TABLE 1. R e s u l t s  of C a l c u l a t i o n s  of A b s o l u t e  S t e r e o l o g i c  P a r a m e t e r s  of C a r d i o m y o c y t e s  of 
H y p e r t r o p h i e d  M y o c a r d i u m  in W i s t a r  Ra t s  with A r t e r i a l  H y p e r t e n s i o n  Due to C o n s t r i c t i o n  of 
A b d o m i n a l  A o r t a  (M~m) 

35th day after 
Parameter Control operation Change, in % 

Weight of left ventricle, g 
Weight of right ventricle, g 
Volume of left ventricle, c-ms 
Volume of right ventricle, c~ra,S 
Relative volume in tissue, cmO/cm 3, of: 

my 0 fibrils 
mlto cho ndria 
SSR 
T system 

Surface area per unit volume of tissue, m2/cm 3, of: 

0,6874-0,018 
0,108-+0,004 
0,648.+0,016 
0,102.+0,004 

0,426--+0,005 
0,2984-0,014 
0,012.+ 0,0008 
0,01 I.+0,0008 

0,980• 
O, I42.+0,005"* 
0,924.+0,014"** 
O, 134.+0,005"* 

0,512.+0,014'* 
0,208.+0,003 
0,018.+0,002" 
0,011.+0,0005 

myotibdls 
mito chondrta 
SSR 
T system 

Absolute volume, cm a, of: 
myofibrils 
rnito chondria 
SSR 
T system 

Surface area, m ~, of: 
m}~o fibril~ 
mlto ehondria 
SSR 
T system 

Legend .  

0,978• 0,029 
0,962-+0,044 
0,228• 
0,1224-0,007 

0,276+0,009 
O, 193.+0,006 
0,008.+0,0007 
0,007_+0,0006 

0,633.+0,016 
0,622.+0,013 
O, 148.+0,005 
0,079.+0,006 

1,177• 
0,91 i.+0,051 
0,412.+0,012"** 
0,1224-0,019 

0,473.+0,005"** 
0,192.+0,005 
0,017.+0,002"* 
0,010.+0,0003" 

1,086.+0,052"** 
0,842__+0,050* 
0,38l.+0,005"** 
0,122_-4-0,014 

*P < 0.05, **P < 0.01, ***P < 0.001. 

+43 
+31 
-}-43 
-}-31 

+20 
--30 
+50 

T20 
--5 
§ 

-}-7l 

-}- 113 
-}-43 

q72 
+35 
q-157 
+54 

The vo lume  and s u r f a c e  a r e a  w e r e  c a l c u l a t e d  fo r  m y o f t b r i l l a r y  bund le s ,  m i t o c h o n d r i a ,  the smoo th  s a r -  
c o p I a s t i c  r e t t c u l u m  (SSR), and the  T s y s t e m .  The r e s u l t s  of the  c a l c u l a t i o n s  w e r e  s u b j e c t e d  to s t a t i s t i c a l  
a n a l y s i s .  

EXPERIMENTAL RESULTS 

Dur ing  h y p e r t r o p h y  of the h e a r t  u n d e r  c ond i t i ons  of a r t e r i a l  h y p e r t e n s i o n  due to c o n s t r i c t i o n  of the lu-  
men  of the  a b d o m i n a l  a o r t a ,  the we igh t  and vo lume  of the le f t  v e n t r i c l e  i n c r e a s e d  s i g n i f i c a n t l y  (by 43%; T a b l e  1). 
The r i g h t  v e n t r i c l e  a l so  w a s  invo lved  in the p r o c e s s  of h y p e r t r o p h y ,  but  the  i n c r e a s e  in i t s  we igh t  and vo lume  
w e r e  s m a l l e r  (by 31%). The p r e d o m i n a n t  i n c r e a s e  in s i ze  of the l e f t  v e n t r i c l e  and in i t s  m a s s  d u r i n g  the d e -  
v e l o p m e n t  of  h y p e r t e n s i o n  of the s y s t e m i c  c i r c u l a t i o n  was  d e m o n s t r a t e d  p r e v i o u s l y  [9, 15]. I t  was  a c c o r d i n g l y  
c o n s i d e r e d  tha t  t i s s u e  s a m p l e s  f r o m  the wa l l  of the  l e f t  v e n t r i c l e  would be r e p r e s e n t a t i v e  when a s s e s s i n g  the 
d y n a m i c s  and the d e g r e e  of the  changes  in the  p a r e n c h y m a t o u s  and s t r o m a l  s t r u c t u r e s  in the h y p e r t r o p h i e d  
m y o c a r d i u m .  When  the  h e a r t  h y p e r t r o p h i e d  by  41% the to ta l  vo lume of  the  c a r d i o m y o c y t e s  i n c r e a s e d  ( f rom 
0.550~:0.018 c m  3 in the c o n t r o l  to 0 .777~0.005 cm 3 on the 35th day  of the e x p e r i m e n t ,  P < 0.001). The to ta l  
vo lume  of  the  s t r u c t u r a l  c o m p o n e n t s  of the  i n t e r s t i t i a l  connec t ive  t i s s u e  i n c r e a s e d  by a g r e a t e r  d e g r e e  (by 
50%; f r o m  0 .098~0.004  to 0.148:~0.013 c m  3, P < 0.05); an i m p o r t a n t  c o n t r i b u t i o n  to t h i s  i n c r e a s e  was  m a d e  by  
the c e l l s ,  f i b e r s ,  and g round  s u b s t a n c e s  of the  connec t ive  t i s s u e .  T h e s e  qua n t i t a t i ve  c h a n g e s  in the p a r e n -  
c h y m a  and s t r o m a  r e f l e c t  i n t e n s i f i c a t i o n  of s c l e r o t i c  c h a n g e s  in the t i s s u e  of the h y p e r t r o p h i e d  m y o c a r d i u m .  
S t e r e o l o g i c  a n a l y s i s  a l so  r e v e a l e d  a s i g n i f i c a n t  i n c r e a s e  in the r e l a t i v e  vo lume  of the m y o f i b r i l s  (by 20%) and 
of SSR (by 50%) in the h e a r t  t i s s u e ,  w h e r e a s  the  t o t a l  r e l a t i v e  vo lume  of the m i t o c h o n d r i a  d e c r e a s e d  s o m e w h a t  
(Tab le  1). S i m i l a r  c h a n g e s  took p l a c e  in the vo lume  of t h e s e  o r g a n e i l e s  p e r  uni t  v o l u m e  of c y t o p l a s m  of the 
c a r d i o m y o c y t e s  [2]. The bulk  d e n s i t y  of the  T - s y s t e m  was  unchanged  in the  t i s s u e  with the  d e v e l o p m e n t  of 
h y p e r t r o p h y .  The s u r f a c e  d e n s i t y  of the o r g a n e l l e s  showed a s i m i l a r  change  to t h e i r  t o t a l  r e l a t i v e  vo lume .  

C a l c u l a t i o n  of  the a b s o l u t e  v a l u e s  showed tha t  in the  h y p e r t r o p h i e d  m y o c a r d t u m  the t o t a l  v o l u m e  (F ig .  1) 
�9 and s u r f a c e  a r e a  (F ig .  2 ) o f  the  m y o f i b r i l l a r y  b u n d l e s  i n c r e a s e d  s i g n i f i c a n t l y  (by 71 and 72% r e s p e c t i v e l y ) .  

The a b s o l u t e  t o t a l  v o l u m e  of  the m t t o c h o n d r i a  r e m a i n e d  v i r t u a l l y  unchanged ,  but  the  to ta l  s u r f a c e  a r e a  of  
t h e s e  o r g a n e l l e s  i n c r e a s e d  (by 35%). Th i s  t i m e  c o u r s e  of  the c h a n g e s  w a s  found d u r i n g  the d e v e l o p m e n t  of  
c a r d i a c  h y p e r t r o p h y  u n d e r  cond i t i ons  of h y p o b a r i c  hypox ia  [7], and it p r o b a b l y  r e f l e c t s  an i n c r e a s e  in the num-  
b e r  and a d e c r e a s e  in s i z e  of the  m i t o c h o n d r i a ,  a s s o c i a t e d  with  i n c r e a s e d  e f f i c i e n c y  of t h e i r  work .  It i s  a l so  
c o n s i d e r e d  tha t  d u r i n g  a r a p i d  i n c r e a s e  in we igh t  of  the  m y o f i b r i l s ,  t h i s  k ind  of  r e o r g a n i z a t i o n  of the  e n e r g y -  
p r o d u c i n g  a p p a r a t u s  h e l p s  to m a i n t a i n  the  r e s e r v e s  of s t r u c t u r a l  m a t e r i a l s  fo r  the m u s c l e  c e i l s  of the  h e a r t .  
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Fig. 1. Absolute volume of o rgane l !es  of ca rd iomyo-  
cy tes  in left ven t r ic le  of control  an imals  (I) and on 
35th day a f te r  cons t r ic t ion  of abdominal aor ta  (II). 
Here  and in Fig. 2: 1) myof ibr i l s ,  2) mitochondria ,  
3) SSR, 4) T - s y s t e m .  

Fig. 2. Surface a r ea  of o rgane l l e s  of ca rd iomyocy tes  
in left vent r ic le  of control  an imals  (I) and on 35th day 
a f te r  const r ic t ion of abdominal  aor ta  (II). 

The total volume and surface  a rea  of SSR (by 113 and 157% respect ive ly)  and of the T sys tem (by 43 and 
54% respec t ive ly)  also inc reased  significantly during myoca rd ia l  hyper t rophy.  It is evident that  in myocard ia l  
hyper t rophy  as a r e su l t  of a r t e r i a l  hyper tens ion  the control lable  p a r a m e t e r s  a re  not only the total  volume of 
the myof ib r i l s  and the a r ea  of the outer  m e m b r a n e s  of the mi tochondr ia  [7], but also the volume and sur face  
a rea  of s t r u c t u r e s  maintaining ion exchange. 

Simi lar  changes in the absolute volume and sur face  a r ea  of the pr inc ipa l  in t race l lu la r  o rgane l l e s  (but 
calcula ted pe r  card iomyocyte)  were  found when myocard ia l  hyper t rophy  was studied on the 8th day a f t e r  sub- 
d iaphragmat ic  aor t ic  s tenos is  in Wis tar  r a t s  [9], evidence that the compensa to ry  and adaptive r eac t ions  which 
develop in these two models  of myoca rd ia l  hyper t rophy  are  common.  The g r e a t e r  inc rease  in the absolute vol-  
ume of the mi tochondr la  [9] than in the p r e s e n t  expe r imen t s  can be explained on the grounds that the authors  
cited used younger an ima l s  (initial body weight 90 g), in which physiological  growth has  not yet ceased,  

Analysis  of the dynamics  of changes in the re la t ive  and absolute total  p a r a m e t e r s  of the o rgane l l e s  of 
the ca rd tomyocy te s  during hyper t rophy  of the hea r t  r evea led  cer ta in  d i f ferences .  The inc rease  in weight and 
volume of the left vent r ic le  was accompanied  by an inc rease  in the volume and surface  a r ea  of all the o rgan-  
el les .  However ,  these p r o c e s s e s  were  m o r e  marked  in re la t ion  to the myof ib r i l s  of SSR, and this r e f l ec t s  the 
c h a r a c t e r  of development  of ca rd iac  hyper t rophy  under  the exper imenta l  conditions used. 

LITERATURE CITED 

1. 

2. 

3. 

4. 

5. 

6. 

7. 
8. 
9. 

G. G. Av~candilov, V. P. Nevzorov,  and O. F. Nevzorova,  Systemic S te reomet r ic  Analysis  of U l t r a s t ruc -  
l u re s  of Cel ls  [in Russian],  Kishinev (1984). 
E. L. Lushnikova,  L .M.  Nepomnyashehikh,  V. P. Tumanov, et al., Byull. Eksp. Biol. Med., No. 3, 366 
(1984). 
L. h4. Nepomnyashchikh,  Pathological  Anatomy and Ul t r a s t ruc tu re  of the Hear t  [in Russian],  Novos ib i r sk  
(1981). 
Lo M. Nepomnyashchikh,  E. L. Lushnikova,  L. V. Kolesnikova, et  al., Morphomet r ic  and Stereologle An- 
a lys i s  of the Myocardium.  Tissue  and Ut t r a s t ruc tu ra [  Organizat ion [in Russian],  Novos ib i r sk  (1984). 
L. Mo Nepomnyashehikh,  V. P. ~ m a n o v ,  E. L. Lushnikova, et al., Byull. Eksp. Biol. Med., No. 4, 478 
(1984). 
V. S. Paukov and V. A. Frolov,  E lements  of a Theory  of Pathology of the Hear t  [in Russian],  Moscow 
(1982). 
Yu. G. Tse l l a r i u s  and N. K. Er i skovskaya ,  Byull. Eksp.  Biol. Med., No. 6, 627 (1979). 
P. Anversa ,  A. V. Lond, F. Giacomell i ,  et  al., Lab. Invest . ,  3..88, 597 {1978). 
P. Anversa ,  G. Olivetti ,  M. Mel i s sa r l ,  et  al., Lab~ Invest . ,  4_0_0, 341 (1979). 

661 



10. P. Anversa,  G. Olivetti, M. Melissari ,  et  al., J .  Mol. Cell. Cardiol.,  122, 781 (1980). 
11. J. Dammrieh and U. Pfeifer,  Arch. Path. Anat., Abt. B Zellpath., 4_33, 265 (1983). 
12. B, N. Data, D. Malcolm, and M. D. Silver, Lab. Invest., 3_~2, 503 (1975). 
13. D.D.  Lund and R. J. Tomanek, Am. J. Anat., 15___22, 141 (1978). 
14. E. Page and L. P. McCall ister ,  Am. J. Cardiol.,  3__~1, 172 (1973). 
15. R . J .  Tomanek, Lab. Invest., 40, 83 (1979). 

S T R U C T U R A L  AND H I S T O C H E M I C A L  C H A R A C T E R I S T I C S  

OF E X P E R I M E N T A L  P E R I M U S C U L A R I Z A T I O N  

OF T H E  F E M O R A L  V E I N  IN D I F F E R E N T  W A Y S  

N. S. Z u e v ,  P .  V. D u n a e v ,  
a n d  V. A. A g a r k o v  

UDC 616.147.3-008.64- 036.12-092.9-07 

KEY WORDS: vein; blood flow; vesse l - t i s sue  relations.  

Attempts have recent ly  been made to prevent the reflux of blood in the altered valveless  deep veins of 
the lower limbs by creat ing artificial  valves [2, 4, 6, 8], and also by extravasal  constr ict ion by the fascia  lata 
[1] or  by perivenous cuffs made of tantalum wire, 0.3 mm in diameter ,  in the form of a coil [3]. Unfortunate- 
ly, in t r avascu la rva lvemeehan i sms  create  a turbulent blood flow, which leads to thrombus formation,  whereas  
permanent  perivenous stenosing devices,  while reducing re t rograde  reflux of blood, lead to disturbance of the 
centripetal  blood flow. 

Accordingly, in the investigation described below, an attempt was made to create  par t ia l ly  acting per i -  
venous mechanisms,  using autogenous t issue for  this purpose. 

EXPERIMENTAL METHOD 

Operations were per formed on 32 mongrel  dogs under general  anesthesia (intrapleurai  injection of 10~o 
hexobarbita[ solution in a dose of 0.5 mg/kg  body weight). Two methods of per imuscular iza t ion  were used, 
followed by comparat ive study of the histological changes in the s t ructure  of the muscnlo-vasa l  complex in 
order  to choose the optimal version.  

An anter ior  flap was cut in the frontal plane f rom the medial head of the quadriceps femor l s  muscle,  
located pos te r ior ly  to the femoral  vein, and after  division of its lateral  edge it was t ransposed to the anter ior  
surface of the mobilized femoral  vein behind the a r t e ry  (18 dogs). The edges of the excised piece of muscle  
were then sutured together  and the vein was buried in its mass .  

A tunnel was formed in the thickness of the medial head of the quadriceps femor is  muscle  (14 dogs). 
After division of the mobilized femoral  vein distally to the level of the tunnel, the proximal segment of the 
divided vein was passed through the tunnel. Continuity of the femoral  vein was res tored  by a vascular  suture 
apparatus, by the end to end technique. 

A segment of the per imuscular ized  vein was chosen during life under general  anesthesia for histological 
investigation of the musculo-vasa l  complex 2 weeks, 1, 3, and 6 months, and 1 yea r  after the operation. Mate- 
rial was fixed in 10% neutral formalin and in Carnoy ' s  fluid, and then taken up through absolute alcohols. For  
the same preparat ion two or  three  experiments  were undertaken by each method and at each time. 

Serial paraffin histological sect ions were stained with hematoxylin and eosin and by Van Gieson 's  and 
Weiger t ' s  methods. Staining for histochemieal  study was ca r r i ed  out by the methods of McManus, Hale, Rit- 

t e r  and Oleson, and Brachet .  The experimental  resul ts  were analyzed in total for all exper iments  at each 
time of observation, but separately for each preparation.  
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