
con t ra l a t e ra l  kidney during splanchnic nerve s t imulat ion without a l te r ing  the value of the maximal  glucose r e -  
absorpt ion in the two kidneys. 

In the kidney on the side of splanchnie nerve s t imulat ion maximal  reabsorp t ion  of glucose was thus un- 
changed although the ra te  of the f i l t ra t ion p r o c e s s  was reduced. After  adrenal  demedullat ion splanehnie nerve 
s t imulat ion inc reased  f i l t ra t ion in the con t ra l a t e ra l  kidney but had no effect  on maximal  glucose t r a n s p o r t  in the 
two kidneys. Consequently, max imal  glucose reabsorp t ton  was unchanged during smal l  f luctuations in g l o m e r u l a r  
f i l t rat ion.  The ad rene rg ic  f ibers  of the splanehnic nerve  evidently have no d i rec t  influence on the ve loc i ty  of 
maximal  glucose t r a n s p o r t  in the p rox imal  tubules of the kidneys. 
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P O T E N T I A T I O N  A N D  R E S T I T U T I O N  O F  H E A R T  M U S C L E  

C O N T R A C T I O N  I N  R A T S  A D A P T E D  T O  E X E R C I S E  

C.  P f e i f f e r ,  V.  I .  K a p e l T k o ,  
a n d  F .  Z .  M e e r s o n  

UDC 612.176 

The or iginal  ampli tude of contract ion of s t r i p s  of myocard ium de te rmined  the inotropic response  
to pa i red  st imulat ion.  The higher the initial ampli tude,  the lower  the degree  of potentiat ion and 
the higher the degree  of res t i tu t ion of contract ion.  For  equal amplitude,  the degree  of potent ia -  
tion of myocard ia l  contract ion of e x e r c i s e - a d a p t e d  r a t s  was g r ea t e r  and the degree  of res t i tu t ion 
s m a l l e r  than in the control .  These  changes probably  re f lec t  changes in the ion t r a n s p o r t  s y s t e m  
of the myocard ia l  cel ls .  

KEY WORDS: isolated pap i l l a ry  musc les ;  pa i red  st imulation;  res t i tu t ion and potentiat ion of con- 
t r ac t ions ;  adaptation to exerc ise~ 

The dynamics  of the ampli tude of p r e m a t u r e  and potentiated cont rac t ions  of a musc le  during pa i red  s t imu-  
lat ion with different  in te r t r i a l  intervals_ Can be used to a s s e s s  the ra te  of res t i tu t ion and subsequent potentiat ion 
of contract ion.  The cent ra l  r01e of Ca 2+, as a regu la to r  of the contract ion p r o c e s s  suggests  that  the ra te  of 
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Fig. 1. Degree of potentiation of amplitude of contract ions of myocardial  s t r ips  f rom 
control (shaded symbols) and adapted (unshaded symbols) ra ts  as a function of interval 
between main and additional pulses,  expressed  as a percentage of initial value of in ter -  
val for that par t icular  frequency. Frequency of pulses per  minute: 40 (circles),  120 
(triangles), 240 (squares). Each point is mean of 8-11 experiments.  

Fig. 2. Degree of potentiation (A) and degree of resti tution (B) as functions of initial 
amplitude of contract ion at a frequency of 120/min for myocardium of control (dots) and 
adapted (crosses)  rats.  Amplitude of contraction in each experiment expressed  as a 
percentage of initial length of muscle.  

rest i tution of contract ion ref lec ts  the rate of accumulation of Ca 2+ in regions of the sa rcoplasmic  reticulum, 
and that the degree of potentiation ref lects  the magnitude of additional Ca 2+ accumulation in these regions 
[12, 15]. 

During massive hypertrophy of the heart  caused by an experimental  defect the rate of uptake of Ca 2+ by 
elements of the sa rcoplasmic  ret iculum is reduced [9, 14]. This is combined with an increase in the rate of 
rest i tution [2] and a decrease  in the degree of potentiation [3, 4]. In the case of moderate hypertrophy ar is ing 
as  a resul t  of adaptation of animals to physical  exertion, changes in the contract i le  function are  largely  opposite 
to those ar is ing during massive hypertrophy of the heart [5]. 

In this investigation the rate of resti tution and degree of potentiation of myocardial  contract ion were deter-  
mined in rats  adapted to exercise .  

EXPERIMENTAL METHOD 

Rats were adapted to exercise by making them swim in water at 32~ for 30-60 rain daily for 7-11 weeks. 

The increase in relative weight of the left ventricle in the experimental  animals compared  withthe controls was 
7 • 1.2%. Strips of the papi l lary muscles  of the left ventr icle,  with a calculated a rea  of c ross  section of 0.5-1.0 
mm 2, were made to contract  by e lect r ical  stimulation and to lift a small  constant load in Krebs '  solution with a 
Ca 2+ concentrat ion of 1.2 mM at 30~ The use of isolated str ips avoided possible differences in the thickness 
of the papil lary muscles  result ing f rom training and growth of the animals,  which l imits theeontraet i le  function, 
especial ly if the frequency of contract ions is high [1, 11]. The design of the apparatus for  recording isotonic 
contract ion of the muscles  was descr ibed previously [3, 4]. The mechaaogram was recorded  on a Disc E lec -  
t ronic  osci l loscope,  by means of a 51V21 capacitance t ransducer .  

In experiments  on eight s tr ips f rom the hear ts  of the control animals and 11 str ips  from the hearts  of the 
adapted animals,  af ter  measurement  of the basic indices of contraction and relaxation, the inotropic response 
was determined to paired stimulation at increasing frequency: 40, 120, and 240 putses /min.  The duration of the 
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Fig. 3. Relat ionship between degree  of r e s t i -  
tution (abscissa)  and degree  of potentiat ion 
(ordinate) for  myocard ium of control  (shaded 
symbols)  and adapted (unshaded symbols)  r a t s  
for  a f requency of contract ions  of 40 (ci rc les) ,  
120 (tr iangles),  and 240 (squares) pe r  minute. 
Each point is mean of 8-11 exper iments .  

in te r t r i a l  in tervals  va r i ed  under these c i r c u m s t a n c e s  f rom 150 t o  1200 msec .  The degree  of potentiat ion was 
e x p r e s s e d  as  the ra t io  to the or iginal  amplitttde of contract ion at the given frequency,  and the degree  of r e s t i -  
tution of ampli tude in r esponse  to the second pulse of the pa i r  was e x p r e s s e d  re la t ive  to the ampli tude of the 
preceding  contract ion.  To compare  the ampli tude of contract ion of s t r i p s  with different  lengths,  the degree  of 
r ea l  shortening was e x p r e s s e d  as  a percen tage  of the length of the s t r ips .  

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

It will be c l ea r  f rom Fig. 1 that  potentiat ion of the contract ions  inc reased  as  the in te r t r i a l  in terval  was 
shor tened and the f requency of contract ions  rose .  At each  f requency the degree  of potentiat ion in expe r imen t s  
on the myoeard ium of the adapted an imals  was r a the r  higher than in the control exper iments ,  but the difference 
was not s ta t i s t ica l ly  significant.  

The degree  of potentiat ion in each group depended on the original  ampli tude of contract ion.  A high ampl i -  
tude of contract ion was combined with a low degree  of potentiat ion (Fig. 2A). As Fig. 2A shows, the genera l ly  
equal degree  of potentiat ion in the expe r imen t s  on the myocard ium of the adapted an imals  was assoc ia ted  with a 
higher ampli tude of contract ion.  For  an equal ampli tude the degree  of potentiat ion was higher for  the myo-  
ca rd ium of the exper imenta l  an imals  than in the control .  The ampli tude of contract ion a lso  de te rmined  to some 
extent the degree  of res t i tu t ion for  a given in te r t r i a l  interval .  A higher ampl i tudes  was combined with a higher 
degree  of res t i tu t ion (Fig. 2B). According to the ave rage  data the difference between the control  and e x p e r i -  
mental  s e r i e s  was not significant,  but for  equal ampl i tudes  the degree  of res t i tu t ion was lower  for  the myo-  
ca rd ium of the exper imenta l  an imals .  

Other conditions being equal, the ampli tude of contract ion is de te rmined  by the degree  of interact ion be-  
tween Ca 2+ ions and cont rac t i le  pro te ins .  Contraction is absent  if the Ca 2+ concentra t ion in the myop la sm is 
below 10 -7 M, but a concentra t ion of 5 " 10 -6 M is sufficient for  maximal  act ivat ion of the myof ibr i l s  [10]. It can 
be postulated that  the increased  ampli tude of contract ion in each group of expe r imen t s  was due to the higher 
concentra t ion of Ca 2+ acting on the myof ibr i l s .  This  hypothesis  is suppor ted  by the dec rease  in the degree  of 
potentiat ion and inc rease  in the deKree of res t i tu t ion of the heart  musc le  found when the Ca 2+ concentrat ion in 
the so lu t ionis  inc reased  [7, 8, 13]. As Fig. 3 shows, at any of the f requencies  tes ted,  as  the degree  of r e s t i t u -  
t ion grew, the degree  of potentiation in both groups fell. For  the same  degree  of res t i tu t ion,  the myoca rd ium 
of the adapted an ima l s  was c h a r a c t e r i z e d  by an inc reased  degree  of potentiation. 

The r ec ip roca l  re la t ionship  between the degree  of res t i tu t ion  and the degree  of potentiat ion is the e s s e n -  
t ial  rule  of act ivi ty  of hear t  muscle .  It is obse rved  under conditions when the initial s t rength or  ampli tude of 
contract ions  is va r i ed  within wide l imi ts ,  for  example ,  during an inc rease  in the Ca 2+ concentrat ion [7, 13], the 
action of heavy water  [6], or  hyper t rophy of the hear t  induced by an exper imenta l  defect  [2, 3, 4]. This  rule is  
pe rhaps  de te rmined  by a red is t r ibut ion  of Ca z+ between the p r e m a t u r e  and potent ia ted contract ions .  

During adaptat ion to exe rc i s e  changes in the degree  of res t i tu t ion and potentiat ion were  opposite to the 
changes a r i s ing  during compensa to ry  hyper t rophy  of the hear t  [2, 3, 4]. Biochemica l  and physiological  data 
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point to a dec rea se  in the functional power  of the mechan i sms  of ionic t r a n s p o r t  in the p r e s e n c e  of mass ive  
hyper t rophy  of the hear t  [2, 3, 4, 9, 14]. This  sugges ts  that during adaptation to physical  exe rc i se ,  the power  of 
the ionic t r anspo r t  s y s t e m  in hear t  musc le  ce i l s  i nc reases .  
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E F F E C T  O F  S A L I V A R Y  K A L L I K R E I N S  ON 

O F  T H E  H A M S T E R  R E T R O B U C C A L  P O U C H  
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The effect  of pur i f ied  human, ra t ,  and h ams t e r  s a l iva ry  ka l l ikre ins  on m i c r o v e s s e l s  of the ra t  
m e s e n t e r y  and h a m s t e r  r e t robueca l  pouch was studied by in t ravi ta l  microscopy .  Dilatation of 
a r t e r i o l e s ,  a reduct ion in d i am e t e r  of  the venules ,  and an inc rease  in the number  of act ive  capi l -  
l a r i e s  were  found. These effects  differed depending on the spec ies  and organ concerned.  Homo-  
genates of the m e s e n t e r y  and r e t robucca l  pouch, pro te ins  of the albumin type, h is tamine,  and c e r -  
tain amino acids were  found to ac t iva te  the sa l iva ry  kal l ikre ins .  

KEY WORDS: kal l ikrein;  sal iva;  blood supply; digest ive organs .  

The physiological  role  of the s a l i va ry  ka l l ikre ins  in the digest ive sy s t em has v i r tua l ly  not been studied 
except  for  t he i r  par t ic ipat ion  in the development  of working hyperemia  of the sa l iva ry  glands [12]. 

The object  of this invest igat ion was to study the effect  of purif ied sa l iva ry  ka l l ikre ins  on the m i c r o e i r e u -  
lation in the ra t  m e s e n t e r y  and h a m s t e r  r e t robueca l  pouch. 

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

The effect  of  pur i f ied  ka l l ikre ins  isolated by the w r i t e r s '  own methods f r o m  ra t ,  hams te r ,  and human 
sal iva  [3, 5], on m i c r o v e s s e l s  10-75 ~ in d i ame te r  in the m e s e n t e r y  and re t robucca l  pouch was studied in ex-  
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