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Rdsumd. On a cherch6 ~ d6terminer  la presence d ' u n  
A R N  bi-ca%naire  lors de la r6plication du virus herp6t ique.  
La pr6cipi ta t ion de LiC12 M, la f i l t ra t ion sur gel Sephadex,  

la ch romat0graph ie  sur cellulose, la s6d imenta t ion  en 
grad ien t  de densi t6 et  l ' i nduc t ion  d ' in ter f6ron in vivo et  in 
vi t ro  s emblen t  d6mont re r  qu 'une  telle s t ruc tu re  n ' e s t  pas  
indispensable  5, la r6plicat ion du virus herp6tique.  
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PRO E X P E R I M E N T I S  

R a d i o l o g i c a l  D e t e r m i n a t i o n  of Hear t  V o l u m e  in Rats  

In  a p re l iminary  s tudy  on exper imen ta l ly  induced  
cardiac h y p e r t r o p h y  and  regression of the  h y p e r t r o p h y  in 
rats,  we found i t  necessary  to develop a m e t h o d  for in 
v ivo e s t i m a t i o n  of the  hea r t  volume.  Our a im was to 
ob ta in  in format ion  on changes  in the  hea r t  volume of t he  
same animal  a t  d i f ferent  s tages of t he  exper iment .  The 
m e t h o d  by  JONSELL 1 for e s t ima t ion  of the  hea r t  volume in 
h u m a n  beings was modif ied  for use in rats.  This  paper  is a 
repor t  on the  m e t h o d  and  the  changes  of the  hea r t  vo lume 
rela t ive to body  weight  in growing rats .  

Animals and methods. Albino Wis t a r  male ra ts  aged 16 
(group A) and  24 weeks (group B) were used. E a c h  group 
consis ted of 10 rats.  The animals  were reared on a com- 
mercial  pe l le ted  die t  (Hankkija) .  The ra ts  in group A were 
followed up to  the  age of 20 weeks, and  in group B to  the  
age of 35 weeks. Af ter  ini t ial  de t e rmina t i on  of the  hea r t  
vo lume and  body  weight ,  these  pa rame te r s  were de te rmin-  
ed 5 t imes  in group A and  4 t imes  in group B at  the  t ime  
in tervals  ind ica ted  in the  Table.  Dur ing  the  s t u d y  2 ra t s  
in group A and  i in group B died. The rad iographs  for 
de t e rmina t i on  of the  hea r t  vo lume were t aken  under  l ight  
e ther  anaes thaes ia  wi th  the  ra t s  f ixed wi th  adhesive  t ape  
to a p la te  especially des igned for th is  purpose  (Figure 1). 
At  each de t e rmina t i on  3 pairs  of f ronta l  and lateral  f i lms 
were made.  The hea r t  volume was expressed  as t he  mean  
value of the  volumes calcula ted f rom those  films. The 
f ronta l  and  lateral  f i lms were exposed wi th  the  same 
values:  55 kV, 500 mA and 3 msec at  a focus-fi lm dis tance  
of 60 cm. The X - r a y  tube  used had  a focus size of 1.2 • 

Heart volume/body weight ratios of growing rats 

Group No. of Age Heart volume/body weight 
animals (weeks) ratio 

mm3/g P 

A) 10 6 10.0 ~ 0.9 �9 
9 8 9.2 4- 0.9 NS b 
9 10 9.5 q- 1.1 NS 
8 15 8.4 4- 0.6 <0.005 b 
8 20 7.7 4- 0.4 <0.05 b 

B) 10 24 8.6 -t- 0.6 NS o 
9 27 9.0 i 1.1 NS c 
9 31 8.8 4- 0.9 NS ~ 
9 35 8.7 4- 0.5 NS ~ 

Fig. 1. Plate made of plexiglass on which the rats were fixed during 
picture-taking. 

1.2 m m  2. The pic tures  were t aken  on an ord inary  X- ray  
f i lm for 90 s processing,  and  h igh  resolut ion screens 
were  used in the  caset te .  E q u i p m e n t  for s imul taneous  
exposure  of t he  f ronta l  and  lateral  pro jec t ions  was no t  
available.  

For  d e t e rmi n a t i o n  of the  hea r t  volume,  the  ra t  hea r t  
was assumed to  be an ellipsoid. Thus,  t he  formula  V = 
1 x b • 2 1 5  general ly used for de t e rmina t i on  of t he  
h u m a n  hear t  vo lume 1 could be used. In  th is  formula  1 
(length) and  b (breadh) were measured  f rom the  f ronta l  
f i lm and  d (depth) f rom the  la tera l  one (Figure 2). The 
co n s t an t  k = 0.47 was calcula ted f rom the  formula  for the  
volume of an ell ipsoid 3 a/4 I/2 • •  v Allowance was 
made  for the  geometr ical  en la rgement  due to  the  rat io of 
the  focus-f i lm and  hear t - f i lm distances.  

Results. The hea r t  volumes  of the  ra t s  in b o t h  groups are 
given in Figure  3. The devia t ions  of t he  indiv idual  hea r t  
vo lumes  f rom the  g rowth  curve increased wi th  age. F r o m  
6 to  35 weeks the  s t a n d a r d  devia t ions  of the  hea r t  
vo lumes  f rom fhe  means  increased f rom 245 to  655 m m  s. 
Despi te  these  dev ia t ions ,  the  indiv idual  hea r t  vo lume 
g rowth  p a t t e r n s  were ve ry  similar,  ind ica t ing  t h a t  t he  
devia t ions  did no t  resul t  f rom differences in volume 
de te rmina t ions .  Up to t he  age of 15 weeks, the re  was a 
s ta t i s t ica l ly  s ignif icant  increase (p < 0.001) in the  hea r t  
vo lumes  be tween  the  given t ime  intervals .  Af te r  th is  
age, a non-s igni f icant  increase was no ted  up to 35 weeks 
of age. 

Mean • S D b Compared to group A, 6 weeks. ~ Compared to 1 S. JONSELL, Aeta radiol. 20, 325 (1939). 
group A, 15 weeks. The same rats as in Figure 3. 2 j .  yon KNORRING, Aeta physiol, scan& 79, 216 (1970). 
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Fig. 2, Frontal and lateral pictures of a rat  at 20 weeks of age. The measures marked on the pictures indicates 1, length; b, breadth; and 
d, depth of the heart. R.a., right atr ium; R.v., right ventricle; L.a., left atr ium; L.v., left ventricle; v.c.i., inferior caval vein. 

A c lose  r e l a t i o n s h i p  w a s  o b s e r v e d  b e t w e e n  b o d y  5000 
w e i g h t  a n d  h e a r t  v o l u m e  ( F i g u r e  4). T h e  c o r r e l a t i o n  
f a c t o r  b e t w e e n  t h e s e  p a r a m e t e r s  w a s  0.930 a n d  d i f f e r e d  
s i g n i f i c a n t l y  f r o m  0 a t  t h e  l eve l  of  p < 0 . 0 0 1 .  T h e  h e a r t  
v o l u m e / b o d y  w e i g h t  r a t i o ,  e x p r e s s e d  i n  m m ~ / g  d e c r e a s e d  ge 4000 
f r o m  6 t o  20 w e e k s  of  age ,  a n d  t h e r e a f t e r  r e m a i n e d  a t  
n e a r l y  t h e  s a m e  l eve l  (Table) .  

Discussion. T h e  h e a r t  w e i g h t / b o d y  w e i g h t  r a t i o  h a s  
b e e n  f o u n d  t o  be  a r e l i a b l e  i n d e x  of  t h e  r e l a t i v e  h e a r t  s ize  o~ 3ooo 
in  n o r m a l l y  g r o w i n g  r a t s  2 a n d  in  r a t s  in  w h i c h  a n  i n c r e a s e  ~- s 
o r  d e c r e a s e  5 of  h e a r t  s ize  h a s  b e e n  i n d u c e d  e x p e r i m e n t a l l y .  < 
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Fig. 3. Growth of heart  volumes in 2 groups (A and B) of normal rats. 
The thick lines represent the mean heart  volume in the 2 groups. 
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Fig. 4. Relation between body weight and heart  volume In growing 
rats. Each point represents the heart  volume of the animals at the 
time intervals indicated in the Table. y indicates the heart  volume and 
x the body weight of the same animal. 
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The  h e a r t  v o l u m e / b o d y  we igh t  r a t i o  ha s  b e e n  used as a n  
i ndex  of r e l a t ive  h e a r t  size in m a n  7. However ,  in  m a n  t h e  
b o d y  w e i g h t  is a n  incomple t e  express ion  of t h e  phys ica l  
s t a t u s  of t he  ind iv idua l ,  owing to t he  wide v a r i a t i o n  in 
n u t r i t i o n a l  s t a t e  a n d  b o d y  hab i tu s .  Therefore,  in  man ,  
radio logica l ly  e s t i m a t e d  h e a r t  v o l u m e  expressed  pe r  
squa re  m e t r e  of t h e  b o d y  surface  bears '  a closer r e la t ion-  
ship  to  the '  h e a r t  size 1 I n  rats ,  l iv ing  in s t r i c t ly  s t a n d a r d -  
ized condi t ions ,  t he  dev ia t ions  in  t he  i n d i v i d u a l  nu t r i -  
t i ona l  s t a t e  a n d  phys ica l  s t a tu s  are  v e r y  sl ight,  as s h o w n  
b y  t he  close r e l a t i on  b e t w e e n  b o d y  we igh t  a n d  h e a r t  
v o l u m e  (Figure 4). In  h e a l t h y  growing  ra t s  t he  cor re la t ion  
b e t w e e n  t he  h e a r t  vo lume  and  t he  h e a r t  we igh t  also was 
found  to be  s ign i f ican t  a t  t h e  P < 0 .001 level  s. Th i s  
r e l a t i onsh ip  could be  expressed  b y  t he  regress ion l ine 
y ~ 347 + 2.44x. The  cor re la t ion  fac tor  was  0.880. 
Owing  to these  corre la t ions ,  we found  i t  unneces sa ry  to 
cor re la te  t he  h e a r t  v o l u m e  w i t h  o the r  pa rame te r s .  

I n  p r e l i m i n a r y  expe r imen t s  s we were able  to  follow t h e  

d e v e l o p m e n t  an d  regress ion  Of va r ious  fo rms  of exper i -  
m e n t a l  c a rd iomega ly  in  rats ,  us ing  t h i s  m e t h o d  for 
d e t e r m i n a t i o n  of h e a r t  vo lume.  

Zusammen/assung. Radiologische,  u n b l u t i g e  Bes t im-  
m u n g  des H e r z v o l u m e n s  be i  der  R a t t e  m i t  Mod i f ika t i on  
der  Me t h o d e  zur  B e s t i m m u n g  des H e r z v o l u m e n s  beina 
Menschen  u n d  Nachweis  e iner  Kor re l a t i on  zwischen 
K 6 r p e r g e w i c h t  u n d  H e rzv o l u men .  
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" r w o - D i m e n s i o n a l  E l e c t r o p h o r e s i s  of Rat  S e r u m  E s t e r a s e s  in Ce l lu lose  Ace ta te  and 
A c r y l a m i d e  Gradient  Gel 

Elec t rophore t i c  s e p a r a t i o n  of se rum esterases  of d i f fe ren t  
species ha s  been  d e m o n s t r a t e d  in  a n u m b e r  of inves t iga -  
t ions.  The  s e p a r a t i o n  a n d  c lass i f ica t ion are ma in Iy  b a s e d  
on e lec t rophores is  on  cellulose co lumns  1-4 and  on s t a r c h  s, s. 
Two-d imens iona l  t echn ique ,  c o m b i n i n g  p a p e r  and  s t a r c h  

gel e lectrophoresis ,  was  used b y  HUNTER, DENUC~ a n d  
STRACHAN 7. T h e y  obse rved  8 new areas  of es terase  ac t ive  
p ro t e i n  in  mouse  sera.  W i t h  p o l y a c r y l a m i d e  get e lectro-  
phoresis ,  i t  p r o v e d  poss ib le  to  d e m o n s t r a t e  more  p ro t e ins  
w i t h  es terase  ac t iv i ty ,  because  t h i s  s y s t e m  s i mu l t an eo u s l y  
explo i t s  dif ferences  in  molecu la r  size a n d  charge  for pur -  
poses of f r a c t i o n a t i o n  s,9. H u m a n  se rum p ro t e ins  h a v e  
been  s epa ra t ed  b y  a t w o - d i m e n s i o n a l  cellulose ace ta te ,  
s t e p - g r a d i e n t  p o l y a c r y l a m i d e  gel e lec t rophore t i c  s y s t e m  10 
an d  t h e  f ine r e so lu t ion  m a d e  i t  possible  to  i den t i fy  as m a n y  
as 30 pro te ins .  

In  t h e  p re sen t  s tudy ,  a s imi la r  t w o - d i m e n s i o n a l  electro-  
phores i s  s y s t e m  was used to  s epa ra t e  non-speci f ic  es terases  
in  t h e  r a t  serum. As was expected ,  i t  was  poss ible  to  ob- 
t a i n  a more  cr i t ica l  s e p a r a t i o n  of t h e  esferases  an d  to  re- 
vea l  new e n z y m e  spo ts  wh ich  c a n n o t  be  d e m o n s t r a t e d  
w i t h  o n e -d i men s i o n a l  a c r y l a m i d e  gel e tectrophoresis .  

Material and methods. Blood was col lected b y  ca rd iac  
p u n c t u r e  f rom male  Sp rag u e -D aw l ey  r a t s  u n d e r  e the r  
anaes thes ia .  T h e  se rum was s epa ra t ed  f rom t h e  b lood  cells 
b y  cen t r i fuga t ion .  S e r u m  samples  were s tud ied  w i t h  t h e  
Or tec  h igh  re so lu t ion  e lec t rophores i s  u n i t  u s ing  a s tep  gra- 
d ien t ,  f l a t  bed  a c r y l a m i d e  gel s y s t e m  n.  However ,  s ince 
di f f icul t ies  were e n c o u n t e r e d  w i t h  t h e  r e m o v a l  of gels f rom 
t h e  or iginM cells, new cells were des igned w h i c h  were easy  

Fig. 1. a) A gel ceil, assembled for casting in the cell holder, b) The 
same ceil dismantled. The cell holder on the left. The gel 'sandwich'  
layers consist of an outer glass plate, 2 inner methacrylate plates 
separated by  2 glass spacer strips and another  glass plate. The plates 
are damped  together With 4 steel clips. 
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