
tical analysis by the t test, the difference miglit be 
imputed to chance variation. 

I n  Heymans' experiments the action of D F P  on the 
brain was isolated from that of other portions of the body. 
A similar isolation of the influence of DFP could be 
achieved only in the experiments on the decapitated heads 
of newborn rats. The respiratory centers, however, are 
sensitive to morphine and pentobarbital. 

Thus, under the conditions of these experiments D F P  
did not increase the survival time in acute anoxia, hypoxia,, 
or following pentobarbital and morphine administration. 
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The Importance of the Time Element in 
Feeding of Growing Rats: Experiments 
With Delayed Supplementation 
of Protein 

Van Camp Laboratories, Terminal Island, California, 

and Department of Physiology, 


Universitu of Southern California Medical Selzool, 

Los Angeles 


Recent reports from two laboratories (1, 3) indicate 
that simultaneous feeding of all the essential amino 
acids is necessary to obtain maximurn growth in animals 
(cf. 5). As an extension of these studies, i t  seemed de- 
sirable to investigate the general importance of the time 
factor in feeding with respect to the synthesis of new 
body substance of infantile rats. 

A survey of the literature reveals that the significance 
of the time factors in nutrition was recognized as early 
as 1937 by Larsen and Chaikoff, who demonstrated that 
the degree of N sparing in adult dogs "effected by a 
single feeding of carbohydrate was related to the time 
that elapsed between the consumption of the daily meal 
and the ingestion of the extra carbohydrate." Cuth-
bertson, AlcCutcheon, and Munro ( 2 )  confirmed these re- 
sults for the adult rat and the adult human subject. 
However, they reported that, in  contrast to the adult 
animds, the metabolism in the infantile rat  was un-
affected by the separation in the time of ingestion of 
the protein and carbohydrate moieties of the diet. Anal-
ysis of their data reveals that the growth rates of the 
animals in the experiments bearing on this point were 
all abnormally low, suggesting that some general de-
ficiency in the food mixture used may have been the 
limiting factor in determining the growth rates. 

We therefore decided tq reinvestigate the problem, 
using diets which have proved adequate for the promo- 
tion of growth of young rats in earlier experiments. 

With the technical assistance of Miss Gloria E. Lusk. 

Three distinct diets were prepared with the following 
composition: 

Diet A (protein free) : corn starch, 3,050 gm (78.3%) ; 
rice bran concentrate, 400 gm (10.26%) ; cottonseed 
oil, 200 gm (5.13%) ; U. S. P. salt mixture, 200 gm 
(5.13%) ; fish oil ( 1  gm contains 2,000 I.U. vitamin A 
and 400 I.U. vitamin D),  50 gm (1.27%) ; riboflavin, 
75 mg; Ca pantothenate, 150 mg; and choline chloride, 
2.5 gm. 

Diet 4 (protein fraction) : 50% washed casein and 
50% fish proteins. 

Diet G (combination) : 80% Diet A and 20% Diet B. 
Two groups of 6 male litter-mate Sprague-Dawley 

rats were used in these experiments. The experimental 
group was fed Diet A from 4: 00 P.M. until 7: 30 A.M. 
of the next day. The quantity of food consumed by 
each rat  was determined, and between 11:00 A.M. and 
1:00 P.M. sugcient quantities of Diet B were fed to 
give a total combined diet during the day with 20% 
protein. During the next day, the control animals were 
given an amount of Diet C equal to the total of the 
diets consumed by their corresponding animals on the 
mixed diet. The controls were permitted 80% of their 

FIG.1. Average growth curve of rats: -on 
mixed diet ;-- - on delayed supplementation of protein. 

total ration from 4: 00 P.M. until 7: 30 A.M. and 20% 
from 11:00 A.M. to 1:00 P.M. Weights on all ani- 
mals were determined daily. 

The experimental animals fed the separate diets failed 
to grow a t  a rate comparable to the control group. 
Within each group the weight curves were remarkably 
uniform, so that the results are presented in Fig. 1 as 
the average curves for the two groups. 

During the 21-day period of the experiment, the con-
trol animals showed an average weight gain of 95 gm, 
while the experimental animals showed a gain of only 
62 gnl during the same period. The difference in the 
effectiveness of the diet when fed in  toto as compared 
to the divided feeding may be judged from the values 
for the ratio: total consumed feed in grams/gain in 
body weight in  grams. For the control animals the 
ratio becomes 2.6 + 0.23, while in the experimental ani- 
mals with the divided feedings the value is 3.7 2 0.29 gm. 

Experiments with adult rats with protein depletion 
showed that the weight increase during the period of 
protein restoration was retarded if the protein and the 
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other food constituents were fed a t  separate times. 
These results in general confirm the findings of Larsen 
and Chaikoff and of Cuthbertson, McCutcheon, and 
Munro under somewhat different experimental conditions. 

The experiments described above prove that, like the 
nitrogen equilibrium of the adult rat, the growth rate of 
the infantile r a t  is affected by separation in the time 
of feeding of protein from the feeding of the remain- 
der of the diet. Our experiments throw no light on 
the possible mechanism of growth retardation by the 
temporal separation of feeding constituents of the diet. 
We plan to investigate whether simultaneous feeding 
of carbohydrates, fats, vitamins, or salts with the pro- 
tein is necessary in order to achieve optimal growth. 
These experiments may help to clarify the contradiction 
between our results and those obtained by Cuthbertson, 
et al. 
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Formaldehyde as a Mutagen in Drosophila 

Department of Zoologg, 
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Rapoport (1)reported that a high lethal mutation rate, 
chemically induced by the use of formaldehyde, was ob- 
tained ill Drosophila melanogaster. He transferred 48-hr 
larvae and eggs of wild type Drosophila from "standard 
food" to food containing a water solution of formalde- 
hyde ( ( a t  sub-lethal concentrations." Directly after 
emergence, males from these formaldehyde cultures were 
tested for lethal mutations by the CLB method. The 
treated Bies showed a mutation rate of 5.92% (47 lethals 
among 794 cultures). Among his 833 control cultures, 
only 1lethal, or 0.32%, was recorded. 

The work herein reported confirms Rapoport's findings. 
The food medium used contained cornmeal, molasses, agar- 
agar, and water and was enriched with a yeast extract. 
Formalin was added to the test medium after it had 
cooled, but was still the consistency which permitted the 
complete mixing of the formalin throughout the medinm. 
The percentage of formalin added was determined using 
the water content of the medium as the point of refer-
ence and was expressed as per cent of formaldehyde. It 
is not lmown, however, whether or not the effective con- 
centration of formaldehyde present in the medinm was 
the same as  that added to i t  originally, as some volatiliza- 
tion i s  certain to have taken place. 

I t  was found that no eclosions were obtained from a 
medium containing more than 0.25% formaldehyde. Con-

sequently, this may be said to be the highest "sub-lethal 
concentration ' ' that was used. 

Eggs from 1to 4 hrs old were collected on agar blocks 
and permitted to hatch out and develop for  an additional 
48 hrs. Following this period the larvae were transferred 
to formaldehyde-containing medium. Table 1gives data 
on the number of adults obtained in experiments with 
different concentrations of formaldehyde. Eclosions in 
untreated controls were close to 100%. I t  will be noted 
that a greater percentage of eclosions was obtained from 
0.10% and 0.15% formaldehyde than from the two higher 
concentrations. 

TABLE 1 

PERCENTAGE OA ECLOSIONS DIA~II{ENTOBTLIINED WITH FOUR 
CONCENTRATIONSov FORDZALDEHYDE 

Concentration of No. of Percentage of 
formaldehyde (YO) larvae eclosions 

The Muller-5 method of detecting lethals in the X 
chromosome was used. The newly-hatched formaldehyde- 
treated males were crossed to Muller-5 females, and the 
daughters of these matings were individually crossed to 
Muller-5 males. All flies were raised a t  25O C. 

A lethal mutation was indicated as having occurred 
when there were more than four males in the culture, none 
of which possessed the wild type eye. Progeny tests were 
run from cultures that contained four or less males, all 
with the Muller-5 type eye. 

Table 2 gives the number and percentage of lethal 
mutations obtained. 

TABLE 2 
Nu&rsenAND PERCENTAGE O F  LETHALMUTATIONS 

Formalde- No. of No. of Lethals 
hsde (%) cultures lethals ( % ) 

0.10 713 46 6.45 
0.15 644 29 4.50 
0.20 441 27 6.12 
0.25 212 12 5.66 

Total treated 2010 114 5.66 
Controls* . . 505 1 0.20 

* Two doubtful cases not included. (Less than four Mul- 
ler-5 males obtained from progeny tests.) 

There is a very significant difference in the percentage 
of lethals obtained by the use of formaldehyde and the 
percentage obtained in the control animals. Moreover, 
the 5.66% herein obtained is very close to the 5.92% 
reported by Rapoport. The data presented here do not 
show a correlation between the concentration of formalde- 
hyde and the induced rate of mutation. More extensive 
data and tests for the occurrence of lethal clusters will 
be needed to elucidate this question. 
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