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effect of diet on survival time of chicks was 
not significant. However, the survival times 
were 72.8 and 68.0 minutes for the control 
and fat-fed birds, respectively. The signifi- 
cant run x diet interaction apparently caused 
the main effect of diet to (be obscured. 

The chicks used in Experiment 2 were a 
commercial strain not previously selected for 
heat tolerance. Therefore, the variation in 
this ppulation was considerably greaker than 
that of the selected population used in Ex- 

Differences between runs and run x diet 
interaction were both significant. This was 
attributed to the greater individual varia- 
tion in the chicks used. 

Results from these two experiments indi- 
cated that i t  was of utmost importance to 
know the previous breeding program of the 
experimental birds. Since the background of 
the chicks used in Experiment 1 was k n m ,  
it was possible to explain why they were 
less variable than the chicks in Experiment 2 .  

Summary. Two experiments were con- 
ducted to test (the effect of diet composition 
on heat tolerance. The addition of 12% 
animal fat to the diet significantly reduced 
the survival time of chicks when they were 
exposed to 40.8 t 0.3OC and 75 t 5% rela- 
tive humidity. The level of protein in the 
diets had no effect. The (birds used had been 
previously selected for either a high or low 
tolerance to heat. In  Experiment 2,  the dif- 

peiment 1. 

ferences between runs and the run X diet 
interaction were !both highly significant. The 
interaction obscured the main effect of diet 
which was not significant. This population 
which was unselected with regard to heat 
tolerance had such great variation Ithat large 
numbers of birds would 'be required to test 
effects of diet on heat 'tolerance. 
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Effect of Hypocapnia and Respiratory Alkalosis on Cardiac 
Contractility.* (32519) 
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The effect of hypocapnia on cardiac per- 
formance remains open to question. Studies 
on isolated muscle by Vaughan Williams( 1) 
and others (2,3) suggested that a reduction in 
Pco2 is accompanied by an increase in myo- 

*Condensed report of thesis presented by W. B. 
W. in ,partial fulfillment of )the requirements for M.  
S. degree in Physiology. Supported in part by a grant 
from the Central Ohio Heart Association. 

cardial contractility. This finding has been 
supported by data from unanesthetized hu- 
man studies(4) and the dog hart-lung prep- 
aration (5). Recently, Little and Smith( 6)  
and Theye and coworkers( 7) have presented 
evidence that the drop in arterial Pco, that 
accompanies hyperventilation in anesthetized 
dogs or man is associated with a reduction 
in cardiac performance, Other investigators 
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(8,9,10,11) have shown that a low arterial 
Pco2 may be present without significant 
change in myocardial function. Sane of these 
studies were complicated 'by respiratory and 
other effects of hypocapnia. We have, there- 
fore, elected to restudy ithis relathnshilp in 
the isolated cardiac muscle preparation where 
Pcoz, pH, and bicarbonate concentration 
could be closely regulated. 

Methods. Atrial strips, approximately 2 X 
10 mm, were prepared from the right atrial 
appendage of rabbits lightly anesthetized 
with sodium pentobarbital. These s t r i p  were 
placed in an oxygenated modified Ringer- 
Locke's solution containing the following 
components in mM par liter of solution: 
NaCI, 124.8 NaHC03, 20.0; Dextrose, 10.0; 

Each strip was m u r e d  by stainless steel hook 
electrodes placed at each end. Resting ten- 
sion was adjusted to 2 g and essentially iso- 
metric contractions were produced by external 
stimulation at a rate of 60 per minute. Con- 
traction force was measured with a Grass 
Model F t  .03 Force Displacement Trans- 
ducer. 

The control bathing solution was adjusted 
to a pH of 7.38, Pc% of 34 m Hg, and bi- 
carbonate concentration of 20 mM per liter. 
Thirtyminute periods of exposure to this 
bathing solution were alternated in most ex- 
periments with an  equal exposure to an 
experimental solution. In this way, each 
experimental solution was preceded and fol- 
lowed by a control exposure. Solution A had 
a Pc@ less than 10 mm Hg and a bicarbo- 
nate concentration of lass than 10 mM per 
liter. The pH of this Yolutioa was the same 
as the control. Solution B had the same 
P C O ~  as solution A but a pH of 7.7 to 7.9 
with a bicarbonate concentration the same 
as control. Osmotic changes caused by re- 
ducing the NaHC03 concentration in solu- 
tion A were adjusted 'by reciprocally increas- 
ing the sodium chloride concentratioa. 

The isometric contraction force was re- 
corded and evaluated [by measuring (1) the 
maximum rate of force development (force- 
time ratio) and ( 2 )  the maximum force pro- 
duced. The height of the contraotion record 
was measured in rnm and used as an index 

KCl, 5.63; CaC12, 2.16 and MgClB, 2.10. 

of contraction force. A typical record labeled 
to show these measurements is shown in Fig. 
1. Each observation reported here is the 
average of 5 consecutive conltractim. 

Results. A series of tontml observatiom 
was made over a 6-hour period. A semilog 
plot of foxe index data from such an experi- 
ment is shown in Fig. 2. A similar linear 
regression with time was abserved in all our 
experiments far both the index of contraction 
force and the forcetime ratio. 

Expe~inwntal data suibible for analysis 
were obtained from 8 muscle preparations. 
In  these experiments the control and the 
expArimenta.1 bathing solutions were alter- 
nated. The index of contraction force data 
from a t y p i d  experiment is shown in Fig. 3 
as a semilog plot against time. Only data 
from the control periods are shown in this 
figure, and the calculated control regression 
line is extended thrwugh the time period when 
experimental bathing solutions were used. I t  
is interesting that this regression line cal- 
culated for interrupted exposure to the con- 
trol solution is very similar to the regres- 
sion line shown in Fig. 2 where the muscle 
was continuously exposed to the control solu- 
tion. This plot serves to eshblish the con- 
trol regression line which by extrapolation 
can !be utilized to predict the expected per- 
f o r m c e  during the experilrnentd periods. 

Data from this same experiment lbu4 db- 
tained during the exposure to  experimenltal 
solutions A and B are plotted in Fig. 4. 
The solid line shows the same control r e g r e  
sioln line plotted in Fig. 3. The data obtained 
during exposure It0 solution A are b w n  by 
triangles and coincides very closely with the 
extrapolated control regrassion line. The data 
obtained with solution B, which had the m e  
low P C O ~  as solution A but 'an alkdine pH, 
are s h a m  by the open circles. They are 
clearly displaced above the mnltrol regression 
line. The dashed line in the Figure shows 
the calculated regression line for the data 
obtained with solution B. Force-time data 
from the same experiment are plotted in 
Fig. 5. The control regression line for this 
parameter was plotted in the same manner 
as was done for #the index of contraction 
force. This is shm as the sollid line in 
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FIG. 1. A typical record of a muscle contraction labeled to show the measurement used for 
evaluation of myocardial performance. 

FIG. 2. Semilog plot af index af contraction force during exposure to Ithe control bathing 
solution, The calculated regression line and its formula are shown. The stippled area comprises 
one sample standard deviation (S) on each side of regression line. 

FIG. 3. semilag graph of index of contraction force showing data obtained during exposure 
to the control Ihthing solution. The calculated regression line and sample standard deviation 
are plotted as in Fig. 2. See text for discussion. 

FIG. 4. Semilog plot of index of contraction force from same experiment shown in Fig. 3 but 
showing data obtained during exposure of a low Pco., control pH (triangles), and low Pco? 
high pH (circles). The calculated regression line for the open circles is shown by the dashed line. 
The solid line and  stippled area are the same as shown in Fig. 3. See text for further discussion. 

the Figure. The maximal rate of tension de- ever, the index of contraction force and f r c e -  
velopment (AF/At) during exposure to the time ratio were significantly different when 
low Pcoz, control pH bathing solution (tri- exposed to the low Pcoz solution if the pH 
angles) also agrees closely with the extrapo- was permitted to rise above control 
lated control regression line while the data for (P< 0.01 ) . 
this parameter recorded during exposure to Discussion. The data presented above sug- 
the same Pco2 but a higher than control pH gest that cardiac contractility is increased 
(open circles) are again displaced above the above control when the isolated myocardium 
regression line. is exposed to an environment with a low 

Data from this study were subjected to Pco2 and a pH above the usual level of 7.38. 
an amlysis of covariance. The results indi- Our findings do not permit a final explana- 
cate that the data abtained with the low tion for this positive inotropic effect. Various 
P C O ~  control pH 'bathing solution were not mechanisms have been postulated to explain 
significantly different (P>O.OS) from results the action of CQZ on cardiac contraction. 
predicted from the control observations. How- These include changes in intracellular pH 
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FIG. 5. Semilog giwph o f  force-time data plotted 
in same manner as Fig. 4. The %lid regression line 
and its formula shows the control data. Data 
points for tihis measurement lare not induded in 
Figure. The dashed liine shoaws the calculated 
regression line for the low Pcoz, high pH data 
(circles). Data for exposure to a low Pcos, control 
pH is shown by triangles. See text for further 
discussion. 

and movement of ions( 1,12), release of intra- 
cardiac potentiating suibstances ( 13), and 
changes in enzyme kinetics( 14). The data 
from this study suggest that the change ia 
pH that accompanies the reduiction in Pcoz 
is the important factor and not the level of 
C 0 2  itself. 

I t  would have been 04 value in our study 
to have used an alkaline ibathing solution 
with a Pco2 in the control range. However, 
this required a bicarbonate concentration 
above 20 mM per liter. At these levels we 
observed the =me wide fluctuation in results 
that were first reported by Vaughan Williams 
(1)  and thus were not able to  w u r e  useful 
data when this solution was used. 

Summary. Isolated myocardial strips of 
rabbit atrium were expsed to an oxygenated, 

modified Ringer-Locke's solution having vari- 
ous levels of Pco2, pH, and bicarbonate. Peak 
contraction force and maximum rate of ten- 
sion development were used to evaluate myo- 
cardial contractility. Exposure to a lm P C O ~  
and control pH envimment did not cause a 
significant change in contractility. Myocar- 
dial performance wa significantly increased 
by exposure to a b t h i n g  solution containing 
a low Pco2 and high pH. The results are 
interpreted to indicate that the change in 
pH is the sign,ificamt factor in the positive 
inotiropic response to low Pco~.  
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