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M e e r s o n ' s  iFS (intensity of functioning of s t ruc tu res )  index fo r  the left  ventr ic le  in r a t s  with al loxan 
diabetes  under conditions of re la t ive  r e s t  is identical  with the control  value,  but is lowered by 15% when the 
ao r t a  is c l amped .  In r a t s  with coa rc ta t ion  of the ao r t a  produced aga ins t  the background of alloxan diabetes ,  
the IFS index fai ls  p r o g r e s s i v e l y  with repea ted  c o m p r e s s i o n  of the aor t i c  Orifice and by the 9th c o m p r e s -  
sion is app rox ima te ly  half  its level in the control  an ima l s .  

In insu la r  def ic iency the nuclei acid content and ra te  of prote in  synthes is  in the myoca rd ium of r a t s  
a r e  cons ide rab ly  reduced,  while the development  of c o m p e n s a t o r y - m y o c a r d i a l  hyper t rophy during prolonged 
hyperfunet ion of the hear t  is r e t a rded  if a l loxandiabe tes  is p r e sen t  [2, 4]. The suggestion has  been made 
that disturbances of nucleic acid and protein metabolism, as well as of energy production during diabetes 
[7] may lead to weakening of the contractile function of the myocardium. 

In the present investigation the contractile function of the left ventricle was studied in animals with 
alloxan diabetes and in animals with compensatory hyperfunction of the heart caused by experimental coarc- 
tation Of the aorta superposed on alloxan diabetes. 

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

Expe r imen t s  w e r e  c a r r i e d  out on 33 ma le  albino r a t s  weighing 180-220 g. The animals  we re  divided 
into four  groups :  1) in tact ,  2) r a t s  with coarc ta t ion  of the ao r t a ,  3) an ima l s  with alloxan d iabe tes ,  and 4) 
r a t s  in which coa rc ta t ion  of the ao r t a  was produced agains t  the background of alloxan diabetes  caused by a 
s ingle  subcutaneous  inject ion of 5% al loxan solution in a dose  of 18mg/100  g body weight. The blood suga r  
was de te rmined  by the H a g e d o r n - J e n s e n  method [1]. Animals  whose blood suga r  exceeded 300 mg % were  
used in the inves t igat ion.  M eas u red  coa rc t a t ion  of the abdominal  ao r t a  immedia te ly  below the d iaphragm 
was produced by B e s n a k ' s  method as  modif ied by Kogan [3] four days  be fo re  the acute exper imen t .  The  
c r o s s  sect ion of the a o r t a  was reduced  by about two- th i rds .  Acute expe r imen t s  to de te rmine  the p a r a m -  
e t e r s  of con t rac t i l e  function were  c a r r i e d  out under  urethane anes thes i a  (160 rag/100 g body weight,  i n t r a -  
per i toneal ly)  with the ches t  opened and under ar t i f ic ia l  r e sp i r a t ion .  A polycarbonate  cannular  connected 
to a " B a r o v a r "  e l e c t r o m a n o m e t e r ,  was introduced into the left ven t r i c l e  through an opening in the apex.  
The p r e s s u r e  inside the ! e f t  ven t r i c l e ,  the r a t e  of i ts  change (using a differential  circuit) and the ECG were  
recorded  on a type 6 N E K I F  2 appara tus .  The index of s t rength  of m y o c a r d i a l  contract ion was the sys to l ic  
p r e s s u r e  in the ven t r i c l e  divided by i ts  weight,  the intensi ty of functioning of s t ruc tu re s  (IFS) as  desc r ibed  
by Meerson  and Pshemaikova [5]. The index of the veloci ty  of con t rac t ion  was the index of con t rac t i l i ty  o r i -  
g inal ly  sugges ted  by Siegel an~ Connenbliek and modif ied by Veragut  and Krayenbiihl  [11]. This index was 
de te rmined  by dividing the m ax i m a l  veloci ty  of development  of p r e s s u r e  by the p r e s s u r e  i t se l f  in the v e n -  
t r i c l e  at  the m o m e n t  of  m a x i m a l  Velocity of p r e s s u r e  development .  

At the beginning of the e x p e r i m e n t  a tes t  was c a r r i e d  out with imposi t ion  of an increas ing  hear t  r a te .  
E lec t r i ca l  s t imula t ion  with pulses  4 V in ampli tude and 3 m s e c  in durat ion was ca r r i ed  out at  a f requency  
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Fig .  1. Dynamics  of  !FS index for  
an imals  with coarc ta t ion  of the a o ~ a  
(1) and an imals  with c0arc ta t ion  of 
the ao r t a  against  a background of a l -  
loxan diabetes  (2)' during repeated  
c o m p r e s s i o n  of the aor ta .  

slightly higher than the initia[ heart rate, which was grad~mlly in- 
creased to 500 pulses/rain. The indices of co~trac=i:e function were 
determined 5 min after completion of the test trader conditions of 
re la t ive  phyiologicaI r es t ,  and then again vr the {cuticle working 
isovolumic condit ions,  i . e . ,  with t h e  myocardimm pe=-forming ~ o -  
m e t r i c  cont rac t ions .  This  situation was c rea ted  by compress ,  iyL~ 
the ascending aorta for 30 sec during artificial ~t1~.~at~on- "~-,I " of the 
heaz~t at a frequency which was constant in all the e.xaeriments. 

E X P E R I M E N T A L  R E S U L T S  

During imposi t ion of the ar t i f ic ia l  rhythm the heart  of an imals  
with alloxan diabetes  took ove r  the higher ra te  of  con=ruction with fa r  
g r e a t e r  difficulty than the hear t  o f  intact r a t s .  Fo r  ex.ample, a f r e -  
quency of 440 bea t s / r a in ,  much higher  than the spon:aneous value ,  
was taken over  by 87.5% of intact  an imals  but only 33.4~ of an ima l s  
with allo-xan diabetes .  In insu la r  deficiency the ability of the hea r t  
to reproduce  a high f requency  of contract ion is thu~ reduced. 

In the control  an imals  the initial hear t  ra te  waz 329 ~- 19.6, and remained the s a n e  a ~ e r  the 9th c o m -  
p ress ion  of the aor ta ,  while in an imals  w i t h d i a b e t e s t h e h e a r t  r a t e  a f t e r  the f i r s t  compress ion  was 292 ~- 13, 
and a f t e r  the 9th c o m p r e s s i o n  235 -~ 22, i .e. ,  by the end of the expe r imen t  it was reduced by 2S% (P < 0.01). 
Consequently,  in the c o u r s e  of the exper iment  the level of au tomat i sm cha rac t e r i s t i c  of the spontaneous 
hear t  ra te  was lowered in the an imals  with alloxan d iabe tes .  

The s t r e r ro~  of myocard ia l  contract ion under conditions of physiological  r e s t  was not significantly 
different  in the an imals  of the two groups .  Under i some t r i c  conditions (with compress ion  of the aor ta) ,  
however ,  the IFS index of the control  an imals  was 43.2 + 2.5 and in the animals  with diabetes 36.6 ~ 1.7 
ram/100  mg t i ssue ,  i .e . ,  15% lower  (P < 0~ The index of cont rac t i l i ty  in the experimew~al ra ts  both at  
relative physiological rest and under isometric conditions was identical with that in the con~.rol animals. 

Insular deficiency produced by alloxan administration thus has an adverse effect on contractile func- 
tion of the myocardium, as is clearly seen when maximal demands are made on the heart. It might be ex- 
pected that this effect would be more rrlarked during compensatory hyperfunction of the heart caused by 
coarctation of the aorta. 

In an ima l s  with coarc ta t ion  of the aor ta  but without al loxan diabets  the curve  showing changes in IFS 
during repea ted  c o m p r e s s i o n  of the aor ta  remained at the s a m e  level ,  while the curve  for ~ a l s  in which 
compensa to ry  hyperfunction of the hear t  was superposed on al loxan diabets fell fa i r ly  s teeply,  so that by the 
9th c o m p r e s s i o n  the IFS index was approximate ly  half that of the an imals  with coarc ta t ion  of the ao r t a  but 
without damage  to the insu lar  appara tus  (Fig. 1). Consequently,  in animals  with compensatory  hyper func-  
t ioa of the hear t  against  the background of insular  def ic iency,  during repeated loads in the shape of c o m -  
p r e s s ion  of the aor ta  the max imal  s t rength  of contract ion fell cons iderably  and fatigue of the myocard ium 
developed rapidly.  

T h e  resu l t s  of these  expe r imen t s  show that in an imals  with insu la r  deficiency, the strength of con -  
t rac t ion  of the myocard ium under conditions of re la t ive  physiological  r e s t  is a lmos t  i nd i~ t~u i shab l e  f r o m  
that in control  an imals ,  but definitely fails  when maximal  demands  a r e  made  on the h e a ~ .  ] 'his is in 
a g r e e m e n t  with the o b s e r v a t i o n s  of Kar le fors  [5], who found that  the minute volume of the heart  in pat ients  
with diabetes  rfi'ellitus is unchanged a t  res t ,but  falls apprec iab ly  during physical exert ion.  

In insu lar  def ic iency the Supply of glucose to the musc le  ce l l s  is slowed down conside~.bly and the 
p roce s s  of i t sphosphory l a t i on  iS inhibited [9]. Under these conditions energy format ion takes place p r e -  
dominantly on account of inqreased  0xidation of fat ty acids [6], which evidently can sat isfy to some extent 
the ene rgy  r equ i r emen t s  under conditions Of physiological  r e s t ,  but is inadequate in cases  when increased  
ca rd iac  act ivi ty  is requi red .  In compensa to ry  hyperfunct ion of the hear t ,  superposed  on diabetes,  the 
degree  of act ivat ion of nucleic acid and protein synthes is  in the myocard ium is reduced [2, 4I, possibly 
because  of inhibition of the s t imulant  effect"of insulin on prote in  synthes is  [12]: On these grounds it is 
t he re fo re  reasonable  to suppose that the cont rac t i le  function of the myocardiura  is lowered in insular  d e -  
f ic iency because  of d is turbance  in the supply of ene rgy - fo rming  and synthetic m a t e r i a l s  required for  phys io -  
logical function of the myocardia ;  ~olis .  

955 



1. 

2. 

3. 
4. 
5. 

6~ 
7. 
8. 
9, 

10. 
11. 
12, 

L I T  E R A ' 1 7 ~  E C I T E D  

S. D. Balakhov~kii and I. S. Balakhovskii ~r~,~, ,-~ of Chem~::~i Analysis of the Blood ~'~ Russian} 
Moscow (1953). 
K. M. Kartyev, in: Abstracts  of Pr0eeedtngs of ~:,e 12th Cc,~erenee Of junior  Research Workers at 
the Institute of Normal and Pathological Physio!{:~ [in guss-~n], Moscow (1~86), p. 57. 
A. Kh~ Kogan, Byul. t~ksperim. Biol. i Med., No. 2, 112 (19W). 
F .  Z. ~[eerson and K. M, Karlyev, Dokl. Akad. Na2< SSSR, ~77, 1493 (1967). 
M. G, Pshennikova, in: Pathologieal Phys i0 lo~  -f the C a r ~ o v a s e u l a r  system [in Ru~sian], Vol. 1, 
Tbiltsi  (1964), p. 87. 
P.  B. Garland and P. J .  Randie, Bt0chem. J . ,  9? ,~78 (1964). 
E. S. Haugaard and N. Haugaard, j .  Biol. Chem__ 239,705 {2~,64). 
T. Kar lefors ,  Aeta Med. Scand., 180, Suppl. 44~. 45 (1966}. 
H. E. Morgan, D. M. Regen, M. E. Henderson, m M., J .  Bio!. c h e m . ,  2a__~6, 2182 (t961). 
J .  Siegel and E. H. Sonnenbiiek, Circular.  R e s . , ~ .  597 (19~).  
U. P. Veragut and H. P. Krayenbiihl, Cardiolog4~ (Basel), 47.96 (1965). 
1. G. Wool, in: Action of Hormones on .Moieeu~: P r o e e s s ~ .  New York (1964), p. 422. 

956 


