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Calculations of percentage stimulation (Table I )  were based on 
the assumption that had no DNP been added the rate of decrease of 
oxygen consumption after the initial control period would have 
been the same as that observed in the longer control experiments. 
Controls showed this assumption valid within & 5 %. Accordingly, 
no change in oxygen consumption was considered significant unless 
it esceeded 10%. 

If undissociated D N P  is the active agent in the stimulation or 
inhibition of tissue respiration by this substance, one would expect 
to find the optimum total concentration to be a function of pH, 
while the optimum concentration in terms of the undissociated form 
should lie quite constant. Furthermore, it should be possible to find 
a total DNP collcentration which \vould stimulate respiration at one 
pH level and inhibit at another. It is sho\\-n in TalAe I that these 
expectations were realized. Such results are most directly es- 
plicable on the assumption that, over tlie pH range investigated, un- 
dissociated DKP is the active agent in the stimulation or inhibition 
or' oxygen consumption of ralhit htriated muscle (diaphragm). 
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Metabolism of Anesthetized Rats. 

The experiments reported in this paper were undertaken chiefly in 
order to find out whether or not anesthesia could be used with ad- 
vantage in metabolism studies as a means of reducing the variability 
of metaliolic rates between different rats. 

Female rats weighing from 65 to 163 gm. were anesthetized with 
a suspension of one per cent sodium amytal in 0.9% NaCl solution. 
The effect of intraperitoneal injection of the drug was tested in 15 
rats. When 2 out of 3 rats injected intraperitoneally with 1.5 to 
2 cc. of the suspension per 100 gm. of body weight died, the dosage 
mas reduced, yet the mortality among the intraperitoneally injected 
rats remained high, so that only 6 results of this group could be 
used for comparison. The dosage of amytal for these intraperi- 
toneally injected rats varied from 7.6 to 10.4 with an average of 9.2 

* The authors are indebted to C. 3'. Winchester for  tlie inensurement of the 
reslbirntory excliaiige of the rats. 



mg. per 100 gm. of  lmly weight. T h e  drug was injected subcutan- 
eously into 11 female rats in doses of 5.8 to 9.8 with an average of 
7.4 mg. per 100 gm. of lmotly weight. Five litter mates served as 
controls for the intraperitoneally injected rats and 7 for the sub- 
cutaneously injected rats. The controls were so selected. that their 
body weights matched those of the experimental rats. 

Prior to the iiijectioti of the anesthetic the experimental rats as 
well as the controls were fasted for 24 hours. The respiratory 
exchange of each rat was determined individually in a closed respi- 
ration apparatus of the Regnault-Reiset type. Seven such appara- 
tuses are combined in a thermostatic cabinet and are operated simul- 
taneously. The respiration trials were started approximately one- 
half hour after injection of the experimental rats and lasted over 
a period of 6 hours during \yhich time the oxygen consumption was 
recorded every ha1 f hour. T h e  C'O, production was determined at  
the end o i  the trial for the entire periotl. 

In ortler to eliminate the influence of hotly size on tlie results. the 
amount of oxygen consumetl per half hour was divided by the 3 .'1 
power of body weight. The results thus obtained with the indi- 
vidual rats of each of the 4 groups (2 groups of injected rats and 
2 corresponding groups of controls) were averaged ior each of the 
half-hour periods of the respiration experiment. The standard 
deviation for one result expressed in per cent of the respective mean 
is the coefficient of variability for the metabolism of tliffereiit rats 
of one group within one period. The average of these coefficients 
of variability for all half-hour periods was t12 .4  t 1.2% for the 
intraperitoneally injected and t12 .5  t 1.0% ior the corresponding 
control rats. The average coefficient of variability ior the subcu- 
taneously injected rats was 9.0 k 0.5 %, that for the corresponding 
controls amounted to 13.3 % 1.1%. 

.\nesthesia decreased the metabolism of the rats considerably. 
During the first half-hour period of the respiration experiment, the 
rate of 0, consumption of the intraperitoneally injected rats was 
only 6876, that of the subcutaneously injected rats only 80% of 
the rate of oxygen consumption of the respective controls. This 
depressing influence of the drug gradually disappeared in time and 
during the last 3 periods of the respiration experiment, i. e . .  later 
than 5 hours after the injection the metabolic rates of the injected 
rats were practically equal to those of the controls. In order to 
eliminate individual differences in the metabolic level the results for 
each rat in the various periods of the experiment were expressed in 
per cent of the average results of tlie last 3 periods for the same rat. 
The relative figures thus obtained for the injected rats in each 
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FIG. 1. 

Relative rate of’ oxygen consumption of anesthetized ra t s  in  I J C ~  c m t  of the 
corresponding rate of control rats. 

period were in turn expressed in per cent o i  the a\-erage ior the 
control rats in the same period. This calculation \\-as carried out 
in order to eliminate possible systematic influences o i  time as such 
on the metabolic rates of the rats. The results obtainul are ])lotted 
in Fig. 1. The crosses indicate tlie relative oxygen consumption 
of the subcutaneously injected rats ; tlie circles represent the cor- 
responding data for the intraperitoneally injected rats. T h e  double 
cross and the double circle indicate data obtained during two periods 
together. The heavy straight lines in the figure illustrate the result 
of linear interpolation of the data by the method o i  least squares 
which led to the following equations: 

Mi =z ti8.2 + 6.66 ( t  - 0.5) 
Ms = 79.9 + 3.64 (t - 0.5) 

where Mi z oxygen consumption of tlie intraperitonenlly injected r:its in per cent 

MB = corresponding results for the subcutaneously injected rats 
t = time in hours a f te r  the injection 

of the corresponding values for the controls 

The difference in the regression coefficients (6.66 * 0.72 - 3.64 
-+ 0.40) which determine the slope of the two lines in the figure is 
statistically highly significant. Its random probability is l ~ l o \ v  one 
per cent. The dash point lines on the figure indicate the hintlaries 
of the standard deviation of the lines. 



380 METABOLISM OF ANESTHETIZED RATS 

The results indicate that amytal injected intraperitoneally had 
a more 1)ronouncetl effect on metabolism but lo.it this effect faster 
than did the drug injected under tlie skin. 

The total elrect o f  the drug o n  meta1)olism may lie measured as 
the product o f  the decrease in metal)oIic rate and the time. This 
total effect is itidicatetl on the figure as the area of the triangle 
formed 1)y the ordinate at the start of the experiment, the inclined 
straight line and the horizontal line which represents the metabolic 
rate of the controls. This total effect contains an element of un- 
certainty liecause the respiration trials started approximately half 
an hour after the injection of the drug. The total effect on the 
subcutaneously injected rats amounted to 7370 of the effect on the 
intraperitoneally injected rats. 'The dosage of aiuytal per unit of 
body weight in  the sul)cutaneouslT injected rats amounted to 80% 
of the dosage apl)lietl iiitral)eritoneally. This tlifference may partly 
explain the tlifference in the total effect. The differences in dosage 
within each group. Iio\\-e\-er, ( l i t1  not systematically affect the rate 
of nietal~olism per unit o i  the 3/4 po\ver of body weight, measured 
during the entire 1)eriotl of 6 hour+, \rhich averaged to 93.8 _+ 4.3 
C'als. daily tor the iiitral)eritoiieaII~ injected, and to 91.8 -t 2.0 Cals. 
for the sul~cutaneously iiijectetl rats. 

Intraperitoiieal injection of aiiiytal did not decrease 
the varialdity i n  the rate of osygen consumption I>et\veen different 
rats. Sul)cutaneous injection oi the drug decreased this varialdity 
so that average results of a given standard deviation of the mean 
could be o1)tainetl \\-it11 approximately half as many rats under anes- 
thesia as \I oultl lx required \\-it11 non-treated rats. I t  is questionable 
whether or not this decrease in variability justifies the application 
of anesthesia i n  respiration trials since this application may intro- 
duce influences on meta1)olim tending- to make the results less con- 
clusive in niany cases even though tlie variability may be decreased. 
The application of the anesthetic also makes the metabolic rate 
dependent on the time after injection so that a result on an anes- 
thetized rat is not conclusive unless the time after the injection and 
its influence on the rate of meta1)olism are defined. 

Coric-lztsioirs. 




