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Introduction 

When young animals are amply fed until they cease 

to grow after a period of inanition or maintenance, one 

of three results might be expected concerning their 

recovery: (1) There might be a complete recovery in the 

weight of the body as a whole, with normal proportions 

of the individual organs and parts. (2) Since the 

growth impulse and the power of maintenance varies con

siderably in the different organs and parts of the bOdy, 

one might expect certain individual organs having a re

latively weak growth and maintenance tendency to show 

lingering effects of stunting (which possibly would not 

be apparent on oonsideration of the gross body-weight 

alone, on account of its normal variation). (3) If the 

stunting were sufficiently severe to lower the final 

adult body-weight, then the different organs and parts 

might be either similarly or dissimilarly affected. 

Thus in the first case, an adult of normal size and pro

portions would be obtained; in the seoond case, an adult 

of normal size but abnormal proportions; in the third 
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case, a dwarf of either normal or abnormal proportions. 

Numerous observations are recorded in the litera

ture on the recovery of the body-weight as a whole upon 

refeeding after various periods of growth suppression; 

but very few observations have been made upon the indi

vidual organs and parts. A more complete and thorough 

study of this question seemed deSirable, and therefore 

the present investigation was undertaken. This oppor

tunity is taken to express my indebtedness to Dr. C. M. " 

Jackson for valuable aid and suggestions. 

t 



Literature 

The recovery of animals from the effects of inani

tion interested investigators before the middle of the 

19th century. Chossat ('38-'41), Manassein (169), 

Mankawski {'82),and others observed that animals, 

suffering a considerable loss in body- weight through 

starvation, still possessed the capacity to make good 

that loss when refed. 

Fagliani ('79) noted that under~ourishment 
. 

exerted a retarding influence upon growth. He found 

Italian children growing up in poverty to be notioeably 

undersized, but possessing, nevertheless, when placed 

under favorable conditions. a remarkable power to re-

cover. 

Kahan ('85) observed a complete recovery in the 
. 

rabbit, even after 31% of the animal's initial body-

weight had been lost by starvation. 

Later Kahan ('86) was interested in the effect of 

periodic starvation on the growth of pigeons. In his 

first experiment he star~ed a pigeon weighing 354 grams 
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for 12 days, during which time it lost 40.1% of its ini

tial weight, the daily average loss being 11.8 grams or 

3.3 per cent. The pigeon was then refed until its weight 

was 364 grams. Again it was starved, this time for 11 

days, with a resultant loss of 42.3% of the initial 

weight. Thesvarage daily loss during the second fast 

amounted to 14 grams, or 3.8 %. After 90 days of re

feeding, the weight of the pigeon had returned to 360 

grams . It was then starved the third time for 10 days, 

with a resultant loss of 42.7% of the pigeon's initial 

weight. During this fast the average daily loss was 

15.4 grams or 4.2%. 

In the second series of experiments, one adult 

pigeon was starved for 11 days sustaining a loss of 37.8% 

of its initial weight, the daily average loss being 3.4%. 

After 102 days of refeeding the pigeon had returned to 

its original weight. Again it was starved, this time for 

9 days, whereby the pigeon lost 45.1% of its initial 

weight. The average daily loss during the second fast 

was 5.1%. In both of the experiments, with each repeated 
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fast, the daily average loss in body weight inoreased. 

The results indioated that the repeated fasting 

diminished the power of the animal to withstand starva-

tion. 

Beland ('88 ) was also interested in the effeot of 

periodio hunger upon growth. He starved adult rabbits 

and ohiokens for short perio6s (1 to 2 days), end dur

ing the intervening time fed them abundantly. He ob

served that Jin spite of the assimilation of less food 

than the oontrols, the experimented animals were oon

stantly heavier than the former during the refeeding 

periods. Later the animals were killed, and the weights 
~ 

of the fresh, dried, and the fat-free organs were deter-

mined. An inorease in the experimented animals, not 

only of fat, but also of other solid oonstituents was 

deteoted. The results indioated that the short periods 

of starvation exerted a stimulating effeot upon the 

growth of the fasting animals. 

Minot ('91) observed that pregnanoy did not retard 

the growth of young female guinea pigs. He mentions 
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that Edlefsen and Hensen ('68) obtained similar results 

upon the same animal. 

Later ]tlnot ('07) pointed out that the most rapid 

decline in the rate of normal growth occurs very early 

in life. He attributed the rapid growth characteristic 

of the embryonic cells to the relative abundance of 

nuclear material at that period, and the later decreasing 

rate of growth to an increase. in the amount and differ

entiation of the cytoplasm-

Bechterew ('96) observed that underfeeding exerted 
~ 

a retarding i~luence upon developmental processes, thus 

delaying the opening of the eyelids in hungering 

puppies and kittens. 

The effect of partial starvation upon the growth 
, 

of silk-worms (Bombyx mori) was investigated by Bell and 
~ 

Kellogg ('03). These investigators found that the under-
, --

fed individuals were constantly smaller than the well 

nourished. and the lingering effects of the dwarfing 

were handed down even unto the third generation. 

although the progeny of the starved generation were fed 



the optimum amount of food. When the underfeeding was 

imposed upon two or three successive generations, there 

was produced a dwarfed, but still fertile race of silk

worms. The results indicated that a generation of 

famine had left its imprint upon at least three genera

tions that followed. The power of reoovery exhibited by 

the progeny of the stunted individuals upon generous 

feeding, however, suggested that every traoe left by the 

famine upon the raoe would finally disappear. 

Hatai (104) investigated the effect of partial 
. . 

starvation u~on the oentral nervous system. He found 

that with a loss of 29% of the initial body-weight, the 

brain in young albino rats not only oeased to grow, but 

slightly lost weight (4.6%). The ohemioal composition 

was also affected, the water-content being decreased and 

the ether-aloohol extracts inoreased in the experimented 

rats as oompared with the controls. Raving established 

the fact that the nervous system was definitely modified 

by partial starvation. the question arose as to whether 

it would oompletely recover when the animals were fed 



the normal diet. 

This point was investigated by Hatai ('07). He fed 

young albino rats upon an unsatisfactory diet of corn- . 

starch and water for 21 days, at the end of whioh time 

the males had lost 24 per cent and the females 21 per 

oent of their initial body-weight. When refed the 

starved rats recuperated very rapidly. After 200 days of 

ample feeding the body and brain had completely reoovered 

so far as weight was ooncerned. The ohemioal oomposition 

of the oentral nervous system was apparently not free 

from the effects of the starvation, as was shown by 8 

slightly higher per cent of water, and lower' per oent of 

ether-alcohol xtraots in the experimented rats as oom

pared with the controls. 

Hatai ('08) further investigated the size and oon

dition of the central nervous system in experimentally 

stunted rats. The underfed rats in this experiment 

weighed when 170 days old~the average 91.5 grams, where

as the controls weighed 146.5 grams. On examination 

Hatai found the weight of the brain to be normal to the 
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body-weight in the stunted rats. The percentage of 

water in the central nervous system of the experimented 

animals was also normal, dUB regard being given for age 

and body-weight. 
~ 

Watson ('06) was interested in the effeot of the 
. . 

bearing of young on the weight of the body and of the 

oentral nervous system. He found that the mated female 

albino rats grew to be somewhat heavier and also had a 

heavier brain and spinal oord than the un~ted, this 

being especially true concerning the spinal cord. 

Waters ('08) observed that the height and breadth 

continued to inorease for a considerable P9riod in young 

oalves held at a constant body-weight, the skeletal 

growth evidently being maintained at the expense of the 

other parts of the body. He also mentioned that sexual 

maturity was considerably delayed in underfed oalves. 

In experiments upon salamanders (DiemYQtXlus 

viridescens), Miss Springer ('09) observed the growth 

of animals refed after periods of starvation to be 

somewhat higher than that of the oontrols. 
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The effect of inanition on growth was also investi

gated by Aron (Ill). He found, among other things, that 

while dogs were being held at a constant weight the 

tissues become relatively rich in water, the accumulation 

of which displaced a part of the body protein. Aron 

succeeded in permanently stunting a young dog by holding 

it at nearly a constant body-weight until it was 366 

days old. Upon ample feeding this dog fattened and be 

came heavier, but failed to reach the size attained by 

the control. The dwarfed dog was apparently of nearly 

normal proportions, so far as can be judged by the data 

upon the individual organs and parts of the body. Aron 

mentioned that at first it was necessary to feed the 

experimented dogs their maintenance ration in two por

tions, but after a few days of underfeeding they were 

able to eat their entire allowance in a very few 

minutes. 
Later Aron ('14") experimented upon rats. By feed-

~ 

ing them a limited amount of food of ample variety, he 

held young rats at nearly a constant body-weight (40-60 
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grams) for oonsiderable periods. Axon observed that 

during this period of maintenanoe the development of the 

external sex oharaoters in the experimented animals 

actually prooeeded, although somewhat slower than in 

the oontrols. 

No permanent stunting effeots were observed so far 

as the body-weight was oonoerned in those rats whioh 

were underfed less than 150 days, but when the partial 

starvation exceeded that time the rats were unable to 

oompletely reoover. Nevertheless, even after 280 days 

of stunting the experimented animals were found still to 

possess a considerable tendency to grow when amply fed, 

although the oontrols had physiologically lost that 

power having reaohed the normal adult size. 

Morgulis ('11) observed that salamanders 

(Diemyctylus viridescens) after starving for 125 days, 

reouperated very rapidly on refeeding. In faot, his 

animals ~ined even more than the weight of ingested 

~ood, which exoess he attributed to an absorption of 

water from the surrounding medium. ~rgulis also 
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notioed that the cytoplasm of the tissue-cel1s lost re

latively heavily, so that the nucleus became relatively 

large turing starvation; but following refeeding the 

normal relation was soon restored. 

By experiments upon young albino rats Donaldson 

('11) found among other things that underfeeding appar

ently did not arrest medullation of nerve fibers. 

Jackson ('12) pointed out a simple and accurate 

method of determining the sex of young albino rats, 

which is of considerable value in experiments upon this 

animal in enabling a satisfactory distribution of sexes 

when experiments are started upon very young rats. In 

the same paper Jackson noted that the external vaginal 

aperture usually appears in the female albino rat about 

the middle or end of the second month. 

Miss Ferry ('13) found the growth rate of rats . ,.. 
generously fed after long periods of partial starvation 

to be somewhat higher than that of the normal rat of 

the same body-weight. 

The changes which occur in young albino rats while 
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being held at a oonstant body-weight for various periods 

was investigated by Jaokson ('15). He found that during 

maintenanoe the relative weight of the head, trunk and 

extremities remained praotioally unohanged. There was 

also little or no ohange in the musoulature, the visoer

al group (as a whole) and the "remainder ll • The integu

ment, however, suffered a marked loss being off- set by 

an inorease in the skeleton. FUrthermore, the skeletal 

growth oontinued along the lines of normal development, 

as was indioated by the formation and union oj epiphyses, 

relative elongation of tail, eto. The same was also true 

oonoerning the formation and eruption of the teeth. 

The various organs presented individual oharaoter

istios. While the body-weight was held oonstant there 

was a well~ked inorease in the weight of the spinal 

oord and eyeballs; usually also of the alimentary oanal 

(both empty and inoluding oontents), and of the hypo

physis. The liver was found to be quite variable, show

ing a slight tendenoy to inorease in the younger rats, 

and to deorease in the older. The weight of the brain, 
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heart, suprarenals, kidneys and gonads remained prac-

tically unchanged. The thymus markedly lost weight. 
, 

The same was usually true of the spleen, especially in 

the earlier stages, and also probable to a slight ex

tent of the lungs and thyroid gland. In the case of 

the suprarenals sex differentiation (the glands being 

normally larger in the female) occurred during main

tenance, but this did not happen in the case of the 

hypophysis. 



Material and Methods. 
-

The albino rat (Mus norvegicus albinus) was used in 
, 

these experiments for several reasons. It is easily 

reared under ordinary laboratory conditions, and its 

vigor and rapid growth makes it a very su~table animal 

for experimental purposes. Furthermore, the litters are 

usually large and the period of gestation is only three 

weeks. Thus a large number of animals can be obtained 

in a relatively short time. Aside from these and other 

advantages, the albino rat is the only mammal for which 
~ 

we have complete data on the normal post~natal growth 

of the body and its various organs and parts, which are 

obviously invaluable for comparison. 

In the present experiments 17 litters were used 

(table I~, which included originally a total of 61 males 

and 45 females. Of this number 12 of each sex served as 

controls, and the rest as the experimented animals. 

Among the experimented rats the death rate was rather 
, 
high, the mortality record including 14 of each sex, 

while of the controls only g males have died. 
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The following data are utilized in this paper. 

Observations on the average daily gain in weight follow

ing frequent short fasting periods, on the daily average 

loss during repeated severe fasts, and on the pe~ent of 

ingested food applied toward inorement of body weight on 

refeeding are given for 6 rats in tables 2, 3 and 4 

respeotively. Observations on the appear.ance of the 

vaginal- aperture were made for 9 control females 

(table 5) and for 6 experimented females (t ble 6). The 

amount of food required for maintenanoe is given in 

tables 7 and 8 for 10 and 3 rats respectively. Table 9 

shows the increase in weight of 18 controls during the 

first three weeks following weaning, and for 16 experi

mental rats during the first three weeks of refeeding. 

The net body-weight, the body and tail ratiOS, and the 

relative weights of the various organs and parts for 12 

experimented rats and 3 controls are given in tables 10 

to 14. In all oases where necessary the tables show the 

distribution of the sexes. 

Of the data available for comparison, there should 



be mentioned the observations by Donaldson ('06-'08), 
-

Jaokson and Lowrey (112), Jaokson ('13), Ratai (113), 

and by the istar Referenoe Tables. These data, how

ever, are not inoluded in the present paper, but were 

utilized merely for oomparison. 

The experiments started when the rats were 3 weeks 

old (age of weaning), exoept in the oase of litter 129M 

(table I) whioh was 6 weeks old when started. Usually 

at the beginning of the experiment one rat of eaoh sex 

was seleoted to serve as a oontrol, the reoognition of 

the sex being suooessfully aocomplished through the 

examination of the external sex oharacters as pointed 

out by Jaokson (112). The other rats were placed upon 

the experiment. 

The experimented individuals of litters #23 and 
1 

#24 (table I) were held repeatedly at a oonstant body 

weight for short periods during the first 2 or 3 months, 

and during the intervening time were amply fed. Later 

a different plan was adopted, the rats of these two 

litters being alternately severely starved and refed • 
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The experimented rats of the other litters were held 
at nearly a constant body-weight for long periods, after 

which they were to be amply fed until they ceased to 

grow. It was found very difficult to hold the rats 

strictly at maintenance for more than 13 to 14 weeks, 

and keep them alive, so as a rule they were permitted 
-wei!i!"t 

to increase slightly in body aIter that time. Axon 
" 

('11) and Jackson ('15) had a similar experience.finding 

it to become increasingly difficult as the experiment 

progressed to hold animals at a constant body-weight. 

The rats were kept in ordinary wire cages with wire 

net bottoms. which permitted feces and other waste 

materials to drop into the box base below. It was found 

advisable to use this type of cage to prevent the under

fed rats from eating their feces . The cages were kept 

as clean and sanitary as possible, but in spite of all 

precautions, some trouble was experienced with lung in

fection. especially among the older rats. It should be 

mentioned, however. that the trouble was confined 

largely to the control rats, the experimented animals 
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being apparently remarkably free from the infeotion. 

The high death rate previously mentioned among the exper

imented rats in most oases seemed to be due to emaoia-

tion and not to the infeotion prevalent among the con

trols. 

The temperature of the room in which the control 

rats were kept remained usually at 10 0 F t but occasion

ally it dropped as low as 66 oF. Inasmuch as the under

fed rats were very susoeptible to cOld t even a slight 

chilling being often fatal. they were kept in a separate 

room where the temperature ranged constantly between 

80 o -90 oF. The reduced power of the underfed rats to re-

sist cold was possibly due to the exhaustion of reserve 

materials in the body. whioh ordinarily would have been 

oxidised to maintain the life of the individuals when 

chilled. 

Individual records were kept of the rats. which in

volved, of course, marking each animal so it could be 

identified. This was easily accomplished by staining 

the fur in various places with picric acid, and there-



after each rat was identified by the position of the 

stained area. 

The weight of the rats waS always recorded imme-
, 

diately before feeding. The experimented individuals 

were weighed daily, whereas the controls were weighed 

after gradually increasing intervals as they grew · 

heavier, so when they had reached 200 grams and more, 

their weight waS recorded about once each week. 

Previous to reaohing sexual maturity the control 

males and females were usually separated in order to 

prevent complicayions in the growth of the females re

sulting from pregnancy. In the case of the experimented 

rats it was found unnecessary to separate the sexes 

while being underfed for reasons which will be explained 

later. 

All the rats were fed on Whole wheat (Graham) bread 

soaked in whole milk. Although this diet is very simple, 

nevertheless, it was evidently adequate in variety of 

constituents, for upon it the animals thrived. 

The control rats were given the optimum amount of 
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£ood, whereas the others received during the under

£eeding just that amount of £ood required to hold them 

at nearly a constant body-weight. Water in abundance 

was given to all of the animals. 

After being held at maintenance for various periods 

the experimented rats were to be amply £ed until they 

ceased to grow. So far two litters (#8 and i9,table I) 

have reached their maximum growth and been autopsied. 

The dissection was conducted according to the method 

used by Jackson and Lowrey ('12) and Jackson (t13),with 

a few modifications, namely, including the removal of 

the hypophysis and epiphysis and the separation of the 

testes £rom the epididymi, which Jackson did not do. 

To prevent evaporation the organs were kept in a 

moist chamber and weighed in a closed container. The 

small organs were weighed to .2 mgm., while 1 mgm. was 

conSidered sufficiently close in the case of the large 

organs. 

The head and extremities were weighed separately, 

the difference between these and the total body-weight 



being taken as the trunk-weight. The weights of the 

inte~ent and musoulature were taken later. 

Three weighings were taken of the skeleton. (1) 

The oombined weight of the skeleton and ligaments whiCh 

oonsti tuted the "ligamentous skeleton" was first re-
- ~ 

oorded. (2) The "cartilaginous skeletonll (bones and 
was 

cartilages)",prepared by immersing the "ligamentous 

skeleton tl for about 1 hour in a 1 percent solution of 
~ 

"Gold Dust" kept just below the boiling pOint.(3)The oar-

tilaginous skeleton was then dried in an oven at 90 0 0 

until it reached a oonstant weight, which was reoorded. 

All observations were recorded on printed record 
-cards prepared especially for this purpose. The oalcu-

lations made from the data were computed by the aid of 

Orelles' Reohentafeln, end independently ohecked to 

eliminate errors. 
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Alternate Fasting and Refeeding Experiments. 

The two litters utilized for the alternate fasting 

and refeeding experiment s included 6 rats (table 2), of 

whioh 3 served as the experimented animals and 3 as the 

oontrois. The experimented individuals were frequently 

held at a constant body-weight for short periods (3-4 

dfYs), and abundantly fed during the intervening time. 

ith each repeated fast the body-weight was held oon

stant at progressively higher levels. 



r-: 
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Table 2. 
The average daily gain in body-weight in rats refed after being 

held at a constant body-weight for short repeated ~eriodst as 
compared with the controll • 

Llt- Rat Sex iC==Oon - No.of No.of Inl- Final Gain Daily 
ter No. trol days days tiel wt.of in a.verage 
No. ~Exp- Rats Rats wt. of Rats Grams gain in 

erimen- were in- Rats in Grams 
ted held at crea.sed in Grams 

Main- in body Grams 
tenance weight. 

23 895 M 0 -- 143 22.4 276.0 253.6 1.77 

896 1-11 C -- 143 24.1 218.0 193.9 1.39 

897 M E 42 101 22.8 246.0 223.2 2.21 

898 M E 42 101 22.1 247.0 224.9 2.22 
-

24 599 M C -- 134 20.8 271.5 250.7 1.87 

SlQQ M E 43 91 19.0 254.6 236.6 2.59 



For eaoh litter the daily average inorease in 
~ 

weight when growth was permitted was somewhat higher in 

the experimented rats than in the oontrols. 

During the first 143 days of the experiment the 

oontrols 895 and S96 of litter #23 (table 2) gained 

2536 and i939 grams respeotively. The average daily 

gain was 1.77 grams for rat 895 and 1.39 grams for 896. 

The other two rats were permitted to inorease in weight 

on only 101 days. During this time rats S97 and S98 

increased 223.2 and 224.9 grams respeotively. The aver

age daily gain for the two rats in the order named was 

2.21 and 2.22 grams. Table 2 also shows that the con

trol ~at of litter #24 increased 250.7 grams in 134 days, 

the average taily gain being 1.87 grams. The experi

mented rat of this litter was permitted to increase in 

weight only on 91 days, being able to accumulate 235.5 

grams in that time. The daily average gain was 2.59 

grams. 

On the whole therefore the data show the growth of 

the experimented rats after short periods of mainten-



ance to be constantly much more rapid than in the con

trols. Seland ('88), Hata! ('07), Miss Spr inger ('09), 

orgulis (Ill), and others have likewise observed growth 

following periods of inanition to be unusually rapid. 

Seland (188). however, noted that his animals (rabbits 
~ 

and chicks) enduring alternate short periods of fasting 

and ample feeding, became even heavier than the con

trols. pparently he obtained a stimulation of growth 

which enabled the hungering animals even to exoeed the 

controls. Thinking that this difference in the degfee 

of stimulation might possibly be due to the fact that 

Seland's animals suffered a more severe starvation than 

mine. it was decided to starve my rats more severely 

than had previously been done in the experiment above 

mentioned. 

To oarry out this plan the experimented rats of 

litter 123 suffered oomplete starvation for 3 days and 

the experimented rat of litter #24 fasted in the same 

manner for 4 days. They were then abundantly fed for 

15 and 20 days respectively. and still failed to exoeed 
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Table 3 

The average daily loss in grams following repeated 
I S4~vere t t s arv~~~ ion. 
Lit- Rat 1 1st Days wt. be- it.at Loss Per- Avg. 
ter . No. fast fast- fore end in centage daily 
No. 2=2nd ad fast of Grams loss loss in 

, fast fast Grams 
-

24 3100 1 7 269.5 202.0 67.5 25.0 9.6 
.. , .. ~ 

SlOO 2 7 269.0 201.2 67.8 25.1 9.6 
.. -

23 S9"l 1 6 240.0 177.5 62.5 26.0 10.4 

397 2 7 241.5 177.5 64.0 26.5 9.1 

S98 1 7 254.8 191.0 63.8 25.0 9.1 

398 2 7 259.5 192.0 67.5 26.0 8.4 



ly data (table 3) show no evidence that this is 

true for the albino rats. In fact the average loss of 

rats 397 and 398 was slightly less during the second 

fast than during the first, which suggests that 

possibly their power to resist starvation had been in

creased. The difference between my results and those 

obtained by Kahan may be due to the fact that his 

animals were more severely starved than mine. It is 

also possible that different species of animals may 

react differently in this respect. 



Table 4. 

The peroent of ingested food applied toward inorement 

of body weight following eaoh fast shown in table 3. 

Litter Rat ~t. be- Days Wt.of Result- Gain Peroent 
No. Uo. ~ore _ ltefed food ant in of food , Refeed- eaten body Grams applied 

ing Grams weight toward 
increment 
of wei~ht 

23 897 177.5 5 235 209.0 31.5 13.4 
, 

897 117.5 4 195 210 32.5 16.6 

398 191.0 4 240 228.0 37.0 15.4 

S98 192.0 4 232 230 38.0 16.3 

24 S100 202.0 4 280 246.0 42.0 15.7 . - -
42.8 14.1 S100 201.2 5 304 244.0 

- - I- -



Following each period of severe starvation the 

amount of food eaten daily ~y my rats and their result

ant gain in body-weight was carefully observed. Table 4 

shows that not more than 16.6 percent of the ingested 

~ood was applied toward the increment of body-weight. 

In this respect my results are markedly different from 

those obtained by Morgulis (Ill), who found the increase 

in body-weight of starved salamanders following refeed

ing might even exceed the weight of the ingested food. 

Here again, however, we are dealing with greatly differ

ent animals. 

To summarize, the fasting and refeeding experiments 

on rats yielded the following results. (1) The daily 

average gain in weight was greater in the experimented 

rats on generous feeding following short periods of 

fasting than in the controls. (2) The average daily 

loss in weight did not increase on a seoond period of 

starvation causing a lo.ss of 25 peioent of the initial 

body-weight. (3) The gain in weight following the 

severe fasts did not exceed 16.6 pe~ent of the weight 



of the ingested food. 

These results, while significant, are not conclu-

sive, on account of the small number of observations, 

and the possibility of individual variations in the 

animals used. 



. 
Longer Maintenance and Refeeding 

Experiments. 

1. Observations on Fur. 

While the young albino rats were being held at a 

constant body-weight local changes in the length and 

thickness of the fur coat were observed. The most oon

stant change was the appearance of a dorsal and a ven

tral strip of shorter and thinner hair, with much longer 

and heavier patches on the sides. Occasionally the 

dorsal strip did not extend all along the back, but was 

confined to the regions immediately behind the head and 

above the tail. The markings were noticeable in a large 

percent of the underfed rats, whereas careful examina

tion revealed this condition in only 4 controls. The 

markings perSisted longer and were more prominent in the 

experimented rats than in the controls. upo~bundant 
feeding these peculiarities soon disappeared in the 

stunted rats as they did in the normally fed individuals. 

The cause of markings in the fur coat is obscure. 

3', 



Careful examination revealed, no evidenoe of any skin 

infeotion to which they could be attributed. It is per

haps an indioation of the marked atrophy of the skin t 

whioh loses greatly in weight while the body weight is 

held constant in young rats (Jackson). 

2. Effeot of Underfeeding on the 

Development of the External 

Sex Features. 

Recent work has shown that inanition exerts a re

tarding influence upon developmental processes. 

Bechterew (196) observed that starvation delayed the 

opening of the eyelids in hungering puppies and kittens. 

aters (108) reported that underfed oalves reaohed 

sexual maturity at a later age than the well-fed animals. 

It was not surprising then to find the s.xnal 

development to be greatly retarded in my rats which 

were being held at maintenance. Among these rats the 

developmental prooesses were so greatly restrioted, that 

in no instance has the vagina been observed to open in 

females while being held at nearly a constant body-

31 



weight (under 55 grams), even when 32 weeks old. Like-
, 

vvise in the males the development of the extern~l sex -

characters (descent of the testes) did not proceed to 

completion, but remained in a condition quite c?mparab1e 

to that found in the normal male albino rat when 4 or 5 

weeks old. The rat normally reaches sexual maturity 

before the age of ten weeks • 

.My results are somewhat different from those 

obtained by Aron ('14) in similar experiments, who in 
-

discussing the effect of holding rats at a constant 

body-weight on the development of the external sex-
~ 

characters states, "--die Entwick1,ung der ltusseren 

Gesch1echtsmerkma1e schreitet bei Ratten deutlich, wenn 

auch langsamer a1s in der NorIll.l fort". It is possible 

that the difference in results may be due to the fact 

that Aron's rats, . when placed upon the experiment were 
-

heavier (40 to 80 grams) than mine (20 to 40 grams), and 

thus probably older and hearer to sexual maturity. 

After the 18th or 20th week of underfeeding, the 

penis in my experimented male rats frequently descended 



from its Sheath, and remained in this unsheathed oondition. 

Whether or not this was what Aron oonsidered as evidenoe of 

sexual maturity is unoertain, for his statements are not 

definite regarding this point. 

~on ample feeding the external sex- oharaoters of the 
. 

maintenanoe males and females developed rapidly to oomple-

tion. For this reaSon it was neoessary to separate the 

sexes at onoe to prevent pregnanoies, whioh never ooourred 

while the rats were being held at a oonstant body_weight 

on aooount of the retarded sexual development. 

Observations upon the male were not as satisfaotory 

as those upon the female, for the desoent of the testes is 

suoh a gradual prooess that the point of oompletion is not 

readily determined. 
~he exaot time of the appearanoe of the vaginal aper-

ture, however, oan be determined very easily, so speoial 

attention was given to the development of the external sex-

oharaoters in the female. 
Conoerning the appearanoe of the vaginal aperture in 

the normal albino rat Jaokson ('12) states that it ooours 



about the middle or end of the seoond month. Table 5 shows 

that for 9 of my controls the vagina opened when they were 

on the average 54 days old, and weighing 106.1 grams. 



4 {. 

Table 5. 

Weight and age of the oontrol females when the vaginal 

t aper ure appeared. 

Litter Rat No. Weight in grams when ge in days 
No. vagina opened 
-

26 81.04 127.4 60 

29 S111 89.2 54 

33 116 91.0 54 

35 S122 138.6 64 

39 124 124.0 54 

44 8140 97.5 52 . 
46 S143 90 50 

52 S1.55 94.5 48 

40 _~131 1D3.0 50 
. 

Avg. 106.1 54 



From the data for 6 experimented rats (table 6) it 

is evident that the vaginal aperture appeared in these 

animals at a correspondingly lighter body-weight (74.3 

grams) than in the controls (106.1 grams). 

This difference would have been still greater pro

bably if the refed rats had grown only as rapidly as the 

controls of the same weight did; for as will be shown 

later the growth of the stunted rate following ample feed

ing was unusually rapid. 

Table 6. 

The weight of the experimented rats when the vaginal aper

ture appeared, and the days of ample feeding required to 

produce it. 

Litter No. Ra.t No. 
wiIght in grams when Days of 
vaginal aperture refeeding. 
appeared. 

14 885 71.3 9 

21 892 45.0 5 

33 $120 69.8 14 

33 8121 82.0 14 

35 8123 69.5 10 

40 8134 108.0 21 

. Avg. '14.3 12 



Table 6 also shows that the vagina opened in a very 

few days when the maintenance rats were well fed. At the 

time the experiments started (21 days of age) the stage of 

development of the vagina in the controls and experimented 

rats was no doubt nearly identical. On the average, 33 

days later (table 5) the vaginal aperture appeared in the 

controls. The other rats, as previously stated, were held 

at a constant body-weight for various periods at the end 

of which they weighed practically the seme as they did 

when 21 days old. If the development of the sexual charac

ters had been suspended in these underfed rats, then the 

condition at the end of the fasting would have been the 

same as it was when the experiment started. We should 

expect then that an average of 33 days of ample feeding 

would be required for the vagina to open. Table 6 shows, 

however, that an average of 12 days of refeeding sufficed 

to produce the appearanoe of the vaginal aperture. This 

fact, together with the observation that the vagina opened 

at a lighter body weight in the experimented rats as com

pared with the controls, indicates that the developmental 
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process in this part of the body was not completely sup

pressed even though the body-weight was held constant. It 

is not surprising to find evidence of this tendenc'y, for 

in recent work more or less development has been observed 

in different parts of the body during inanition. 

Donaldson ('11) notes that underfeeding young albino rats 

apparently does not arrest medullation of nerve fibers. 

Jackson ( '16) finds that skeletal development and the 

appearance and formation of teeth proceeds normally, 

though probably somewhat slower than usual, in young rats 

held at a constant body-weight. orgulis ('11) and others 

have found that the sex glands possess a considerable 

degree of resistanoe to inanition and may even continue to 

grow and develop at ~he expense of the remainder of the 

body (as occurs nor~ly in the salmon). 

In general, the results of the present experiments 

may be summarized as follows. The development of the 

external sex-characters in young albino rats held at 

nearly const~t body-weight from 3 to 32 weekS of age 

prevented the opening of the vagina and the complete 

4- 4-. 



descent of the testioles. Upon subsequent ample feeding, 

however, sexual maturity was soon reaohed, and in the case 

of the female the very prompt opening of the vagina at a 

lighter body-weight in the experimented rats indicates that 

~he developm~ntal process continued while the body-weight 

was held constant. 

3. Amount of Food Required for Maintenance. 

As previously stated the experimented rats were fed 

just that amount 'of bread soaked in milk required to hold 

them at a constant body-weight. In order to prevent any 

food from being lost, at the time of feeding, pans were put 

in the ca es to cover the wire net bottoms, and were left 

there until all the food was eaten. At first the pans had 

to be left in the cages several hours, but in a few days 

all the food was eaten very promptly- Aron (Ill) had a 

Similar experience, finding it necessary to feed dogs their 

maintenance ration in two portions during the fiDst few 

days of the experimentj but after that time the animals 

were able to eat their entire allowance at one feeding. 

While holding the rats at a constant body-weight, it 

- ' 



was notioed that the food required for maintenanee 

(table 7) deoreased as the er~eriment progressed. This 

was just the opposite of what might ordinarily be expeoted, 

for as the experiments progressed the available food

stores in the body were no doubt gradually exhausted. 

Furthermore, the experimented rats were more active than 

the controls, whioh evidently involved the expenditure of 

a considerable amount of energy, and for whioh a larger 

food-intake might be neoessary. 



t-' 
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Table 7. 

Fo~( reql ired to hold ra-t s at oonst~~t body-weJ~t. 

Lit- No. Total wt.of 1 2 3 4 6 6 
ter of food eaten in one 1 at diE Id so 
No. Rats 10 daY~I>eriods 203 187 166 124 reoo~~ d was disoon-

IDaily avg. amt· tinue Id. 
of food eaten 

14 3 Iller rat. 6.76 6.2 6.2 4.1 
Avg. weight 
of rats. 23.7 24.3 24.3 26.1 
lJail.y rood 
~r rat. 

• of ra1: 28.6% 26.6 21.4 16.3 

Total wt. of 
food eaten in 

62 7 10 day periods 463 3'76 344 333 322 322 
Daily amount 
of food eaten 
..E..er rat 6.33 5.37 4.91 4.76 4.6 4.6 
iAvg. weight 
of rats 27.2 27.2 26.6 27.3 27.6 26.4 
.l)ail.y rood 
~er r a t 
t. of rat 23.2 19.4 18.5 17.4 16.7 17.4 

- -- --- ---"- _ . --~--~--



Since the observations were very similar for all the 

litters, the reoords of only two are given (table 7), which 

show the decrease to continue for about 50 days. Jackson 

(115) obtained similar results in experiments of the same 

type. In discussing this point he suggests that the 

gradual reduction in the amount of food required to hold 

the body-weight constant might be due to any of three 
~ 

oaases: (1) to a greater efficiency of metabolism; (2) to 

an inorease in water in the tissues during inanition 

whereby the metabolism is diminished through the reduo

tion in the amount of living protoplasm; (3) to the 

gradual cessation of growth changes taking place in the 

body, which in the earlier stages of the experiment no 

doubt required considerable energy. The amount of food 

required for maintenance was less than that found in the 

present experiments, because the rats were lighter in 

body-weight, and naturally required less food for main-
, 

tenance. 
My data (table 9) indicate that the decrease in the 

amount of food required ceases to a large extent after 



the first 50 days of the experiment. 

Table 8. Litter 26 - 3 rats. 

Food required fOl" maintenance from 6) to 120 days of exper. 
6 rJ 8 9 10 11 

Grams of food 
eaten in 10 
daxperiods 173 170 170 175 175 170 

Total weight 
of rats 114.3 113.2 114.0 115.5 112.9 114.3 

Average daily 
food per rat 5.8 5.7 5.7 5.8 5.8 5.7 

Average body-
wei~ht 38.1 37.7 38.0 38.5 37.6 38.1 

vg. daily food 
,E.er rat. 
~~g.boa.y-wel.ght 15.2 15.1 15.0 15·1 15.1 15.0 

The f1gures for litter #26 (the only litter with a . 
satisfactory feeding record after the 60th day of the 

experiment) show no decrease in the amount of food re

qUired to hold the rats at a constant body~,eight from 

the 60th to the 120th day of the experiment. so in the 

-case of the litter #52 (table 7) the food required for 

maintenance did not decrease between the 50th and 60th 

days of underfeeding . 

The relative amount of food required for maintenance 



in the smaller and younger rats of litters #14 and f 52 

(table 7) in the earlier periods, is higher than that re

quired for the larger and older rats of litter #26 

(table 8) in the later periods. This may have been due 

partly to the normal variation in the amount of food re

quired for maintenance which exists between litters as is 

shown by the data in table 7, and partly to a relatively 

more intense and less economical metabolism in the smaller 

rats than in the larger individuals. 

In general the results show that the amount of food 

required for maintenance gradually deoreases as the exper

iment progresses for about 50 days; and after that time no 

further reduction takes place. This may indioate that the 

accumulation of water in the tissues and the cessation of 

grovrth activities probably occurs to a large extent during 

the first 50 days of maintenance, otherwise. if we aocept 

the explanations given for the phenomenon observed we 

would expect the deorease to continue. 
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4. Growth following Ample Feeding after longer 

Periods of Maintenance. 

The growth of the experimented rats during the first 

three weeks of generous feeding as compared with the 

growth of the normal rats of the same body-weight (but 

much younger) is given in table 9. Since the data for all 

the litters were practically the same, only the combined 

data of litters is and 19 are given. 

5 1. 
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Table 9. (combined data of litters 8 and 9). 

Growth of maintenance rats following generous feeding as compared 

"~~U ~uo uvu~~v~c. "OQA~'y ~OJ.~.1.Vu.l::I' 

No.of IC=Con- History Avg. Rain in Gain in Gain in 
Rats Sex trol of initial wt. dur- wt. dur- wt. dur-

iE==Exp. rats weight ing 1st ing 2nd ing 3rd 
week week week 

1 M C Well fed from 24.0 12.0 17.5 18.0 
3 to 48 wks of 
age 
Held at maint. 

2 M E 3-4 wks. of age 25.4 25.8 16.7 16.0 
Held at maint. 

2 M E 3 -6 wks of age 26.7 23.6 19.5 22.7 
Held at maint. 

2 M E 3 -10 wks of age 28.7 26.3 27.4 17.4 

2 F C Well fed from :3 
to 48 wks of age 24.8 15.2 16.7 10.7 
Held at maint. 

2 F E 3-4 wks of age 23.6 23.1 13.8 15.1 
.t1eJ.Q. au ma~nu. 

2 F E 3-6 wks of age 25.2 20.9 18.4 16.3 
I Held at maint. 

2 F E 3 -10 wks of age 25.0 27.1 20.4 14.6 
-~--~---



Aron (' 11-' 14), Miss Ferry (' 13) and other investi-
- . . 

gators have observed that animals still possess the power 

to grow after long periods of growth suppression, but 

apparently no one has carefully compared their growth with 

that of the normal animals. 

The figures in table 9 show the increase in body-w~t 

of the experimented rats in the first week of refeeding to 

be about twice as great as that of the younger oontrol rats 

of the same weight. During the second week the gain of the 

experimented rats was in most cases less than that for the 

first week. Whereas just the opposite was true regarding 

the controls. Still in the seoond week all the refed rats. 

except those that had been held at maintenanee only one 

week. inoreased more than the controls. while during the 

third week all the experimented females gained more than 

the controls, while among the males some gained more and 

some less than the oontrols. After the third week the 

variation became considerable for both sexes, so it was 

impossible to deteot any tendenoy either to\vard more rapid 

or slower growth from a oonsideration of the figures alone. 
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The growth curves for litters #a and #9 (see separate 

charts 1 and 2), however, indicate that the more rapid 

growth persisted for a considerable period in the experi

mented rats thus enabling them to overtake the controls be

fore the latter ceased to grow. This was t~ue for all the 

individuals of litter #a. Of litter 19 the male which had 

fasted 7 weeks. and the females which had fasted 3 and 7 

weeks respectively show a tendency to lag behind the other 

individuals of this litter. but in the case of the females 

the difference is well within the limits of normal varia

tion. On the whole then the evidenoe indicates that the 

rapid gro\~h persisted for a considerable period in the 

experimented rats thus enabling them to overtake the con

trol rats. If any permanent retarding influence were 

exerted by the longer periods of maintenance. it is evi

dently so small that the normal variation obscures it. and 

the data at present available are too ~imited to be oon

clusive. The growth curves alsO shOW that the periods of 

fasting did not augment the final bOdy-weight. at least 

beyond the limits of normal variation. 



Attention should be called to the fact that the 

weight of the females of litter ia immediately after de

livery was greater than it was 21 days previously. From 

this it is evident that they continued to grow during preg

nancy. The data, however, are inadequate to determine 

whether or not their growth during this period waS normal 

as Minot('9l) found to be true of the female guinea pig. 

Watson (106) demonstrated that in the albino rat pregnancy 
, -~ 

acts as a stimulant to growth, the final body-neight in 

this case exceeding that of the virgin females. 

Concerning the growth of the experimented rats upon 

refeeding it can be said in general that they grew more 

rapidly for a few days than the normal (younger) rats of 

the same size the acceleration apparently persisting longer 

in those rats which had fasted the longer. 

This phenomenon of rapid growth following periods of 

growth suppression has been observed in variouS animals 

by Ratai ('07), Miss Springer ('09), orgulis ('11), 

M1 ss Ferry ('13), and others. If we acoept r not's (' 07 ) 

Opinion that relative abundanoe ' of nuclear material in 
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embryonic cells accounts in part for the greater intensity 

of growth at that period, this phenomenon, especially after 

the longer periods of inanition may be attributed in part 

to the nucleus-plasma relation in the starved oells. For 

it is well known that the nuoleus beoomes relatively large 

during inanition, the loss being greater in the oytoplasm. 

But part of the rapid inorease in body-weight follow-
. 

ing ample feeding might be due to the restoration in the 

oiroulating medium and body-oells of food substanoes whioh 

were mOre or less exhausted during inanition. This faotor 

although contributing to the initial rapid increase in 

weight, like the increase in the contents of the alimentary 

canal, could not be conSidered, strictly speaking, a true 

growth. 

5. The Adult Proportions of the Body as a hole and 

of the VariouS Organs and Parts upon Refeeding 

after Maintenance for VariouS Periods. 

a. The Body-Weight. 

~. 
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~ab1e 10. 

Gross and net bodl-weight of experimen. t .. ed and oontro1 rats of litters 
f8 and #9 at age of 1 year. 

Males Females 
Litter Rat IC=con- Weeks IGross INe't Lit- ,Rat C=Con- Wks pross liet 
No. No. tro1 held body- body ter No. itro1 held body body 

E=Exp. at wt. wt. No. IE'l-Exp. at wt. wt. 
maint. main. 

8 636 C -- 381.0 369.3 8 S3'1 C -- 216.5 208.'1 

8 642 E 1 389.0 2'19.3 8 S43 E 1 221.5 210.3 

8 ~38 E 3 3'16.5 366.2 8 S39 E 3 205.6 198.6 

8 640 E '1 364.0 351.2 8 841 E '1 1228.0 218.2 

9 S53 E 1 325.5 315.9 9 848 C -- 205.0 19'1.8 

9 S49 E 3 3'12.0 363.0 9 S54 E 1 206.0 198.8 

9 ~51 E '1 ~ 2'16.0 2'10.3 9 852 E 3 199.5 193.1 

' 9 850 E '1 192.2 183.6 

Averag e C 381.0 369.3 Ave age C 210.'1 203.2 

n E 350.5 341.0 E 208.9 200.4 

*Low weight f or rat #851 due to illness . 



The average adult body-weight for the control rats of 

each sex (table 10) is slightly higher than that of the 

experimented rats. The difference, however, is small, 

well within the limits of normal variation, and probably 

insignificant. At any rate the lower average body-weight 

for the experimented rats cannot be attributed to the 

period of maintenance, for in some cases the animals which 

were underfed the longest became heavier eventually than 

the controls. 

On the whole then we may conclude that the experi

mented rats apparently reoovered completely after periods 

of maintenanoe ranging from 1 to 7 weekS, so far as their 

body-weight was concerned. 

Consideration of the weigh~ of the variouS organs 

and parts of the body will shOW whether or not they also 

completely recovered. First, however, the data for my 

control rats were carefully compared with the figures 

given for the normal albino rat by Donaldson (r09), 

Jackson and Lowrey (112), Jackson (113), Ratai (113), and 

the"Wistar Reference Tables". The oomparison showed that 



_ I~ngth 
my adult rats were unusually heavy for their body-we:i~ht. 

probably due to an unusual amount of fat. On the other 

hand the various organs and systems were in most instances 
il1-t h .. co,.,t,o). 

somewhat lighter than normal for rats either of the same 
1\ 

age, the same weight, or the same body ength. This was 

espeCially true of the relative weight, (percentage of net 

body-weight). This is probably because less fat was de

pOsited in the various organs than in the body as a whole, 

especially (in most cases) in the integument. 
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b. Adult Body and Tail Ratio. (For Body-Weight see table 10.) 

Table 11. 

Males Females 

No. of C=con- Tail Weeks No. C=con- Tail Weeks 
Rats trol length Range of of trol length Range of 

E Exp. Body me-into Rats ]}:=expo Body maint. 
length length 

1 C 81.6 -- -- 2 C 87.7 89.3 --
86.1 

2 E 83.8 83.1 1 2 E 88.5 88.2 1 
84.6 88.9 

2 E 79.9 80.9 3 2 E 90.6 91.6 3 
'79.0 89.7 

2 E 81.5 82.1 '7 2 E 87.3 90.~ '7 
81.0 83.8 

averag E 81.'7 Avg. E 88.8 



Jaokson ('15) found that while young rats were being 

held at a oonstant body-weight, the tail oontinues to grow 

so the rats beoome relatively long-tailed. The same condi 

tion no doubt existed in my rats especially at the end of 

the longer maintenanoe periods, although no direot observa

tions were made upon this point. 

In the adult rats of the present series, table 11 shows 

the ratio of tail-length to body-length to be very slightly 

higher in the exp~rimented rats than in the oontrols. If 

the differenoe were very marked we would suspeot then that 

the oondition produoed by underfeeding had persisted. The 

ratios, however, are very olose, so the slightly higher 

value in favor of the experimented rats is of ooubtful 

signifioanoe, especially since the differenoe is within the 

limits of normal variation. On the whole then it seems that 

the tail and body assumed their normal proportions in the 

experimented rats when refed. If any difference exists, it 

is so small that a much larger number of observations would 

be necessary for final conclUsion. 



C. Head - Trunk and Extremities ............. 
The average relative weights of the head and of lower 

and upper extremitLes(table l2)~re very slightly higher. 

and the trunk lower, in the experimented rats than in the 

controls. In all cases the differences are well within 

the limits of normal variation and experimental error. 

~d are probably insignificant. 
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Table 12 
I, 

Relative Weight (Peroentage of Net Body Weight) of Read, Extremities and Trunk. I,! 
I 

(For Body~leights. see table 10.) 

f 
Mil-les Females , 

i 
Litter Rat p=Con- Length Read Upper Lower Trunk Lit- Rat C=Con- Weeks Head ~pper Lowor Trunk 

ITo. lio. ttrol of Extre Extre. ter No. trol held iE:lIltrem Extrem. 
Iffi=Exper. maint. Ho. E=Exp. at 

period maint 
in 

weeks 
-

7.8% 8 S37 C -- 5.98% 13.7% 72.3% 8 S36 C -- 6.97j 5.47% 14.3% 7:3.4~ 
-

8 S43 E 1 8.19 5.86 15.5 70.6 8 842 E 1 6.65 14.83 14.5 74.5 

8 839 E 3 8.24 6.84 14.8 70.0 8 838 E :3 6.89 6.57 16.1 72.6 

8 841 E 7 8.03 5.00 15.6 71.4 8 840 E 7 6.70 6.27 14.4 72.7 

9 848 C -- 8.54 5.61 16.4 69.4 9 853 E 1 7.63 5.76 16.8 70.8 
, 

9 854 E 1 9.4 6.53 18.5 65.5 9 849 E 3 7.11 5.26 15.3 72.3 

9 852 • 3 8.86 5.96 16.2 69.0 9 S51 E 7 8.18 5.63 15.0 71.3 

9 850 E 7 9.13 5.92 15.0 69.7 
, 

:~ Averag' C 8.17 5.79 15.0 70.8 C 6.97 5.47 14.3 73.4 

Averag' E 8.64 6.02 15.9 69.3 E 6.99 5.55 15.0 72.3 

1 j ~~ 
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On the whole then the relative weight§of the head, 

trunk, and extremities show nothing which could be attri

buted to the fasting endured by some of the animals, and are 

apparently normal in the experimented rats as compared with 

the controls. 

d. Integument, Skeleton,and Musculature. 

The method of preparing the skeleton and integument 

has been desoribed. The weight of the musculature was 
. ' ~h& 

obtained by subtracting~ weight of the ligamentous skeleton 

from the bombined weight of the musculature and skeleton. 

The average relative weight of the integument, ligamentous, 

and mOist and dried oartilaginous skeleton (table 13) $Sare 

almost constantly heavier in the experimented rats than in 

the oontrols, and just the reverse is the case concerning 

the musculature. 



'T'able' '13 . 

Relative Weights (Peroentage of Net Body- Weight) of Integument, Skeleton and Musoulature. 

(For Body-Weights, see table 10.) 

----------------------------------------------~~--------------------------------------------- ~I 
Males Females Ii 

I 
Lit- Rat C~on- Weeks Integ. Skeleton Lit- Rat C~on Weeks Integ. Skeleton 
ter No. trol held Lig. Moist Dry ~usou ter No . trol held Lig. '!oist Dry Musou-
No. E=exp. at oart- oarti-~aturE No . E=Exp at !Oarti- oarti- lature 

maint ilaEe lage maint. lage lage 
----~~------~~_4 % % % ~o ~ % % % % 10 

8 836 C -- 15. 8 6. 99 5. 67 3.32 39·7 8 837 C -- 18. 6 8. 5'1 6.79 3.8 42.4 _ 

8 342 E 1 18.8 7.10 6.33 3.51 43.4 ~~ 843 E 1 16.0 9.8J 7.05 4 .11 42.9 

8 338 E 3 20.5 7.24 5.86 3.15 41.3 8 839 E 3 17.7 8.64 6.78 3.92 44.3 

8 840 E '7 20.9 7.52 5.76 3.17 41.0 8 841 E 7 15.7 7.8 7.06 3.95 42.9 

9 853 E 1 20.2 9.15 6.39 3.78 41.8 9 848 C _ -- 16.5 9.0~ 6.92 4.15 43.2 

9 849 E 3 21.0 6.91 5.56 3.29 42.9 9 854 E 1 21.0 8.84 6.78 4.11 45.3 

9 851 E "I 21.1 8.82 "1.78 4.2 41.8 9 552 E 3 19.0 11.~ 6."18 4.11 42.1 

9 850 E "I 18.2 9.~ "1.82 4.42 46.3 

Average C 15.8 6.99 5.67 3.32 39.7 C 17.5 8.8~ 6.a 3.97 42.8 

;.\ver ge E 20.4 7 ."10 6.10_ 3._5g __ 42.0 E 17.9 9.3C 7.1 4.10 43.9 



These conditions, however, were constantly true only of 

the average values, and not of the individual weights, so 

consequently their significance is doubtful. Moreover the 

number of observations is comparatively small, and the 

differences well within the limits of individual variation 

and experimental error. 

In general, therefore, we may conclude that the 

weights of the integument, skeleton, and musculature show 

no p8~ent effects due to the period of fasting exper

ienced by the experimented rats. Apparently these parts 

are practically normal in the refed (adult) individuals as 

compared with the controls .. 

e. The'vi sceral Group and "Remainder". (Table 14) 
_ Pl'4il1] tilt. 

ith the visceral group are included theA spinal cord 

and eyeballs, together with the thoracic and abdominal 

viscera. 

The "remainder ff table 14) whlch is obtained by de-
, -ducting the weight of the integQment, skeleton, muscula-

tUre and viscera from the net body-weight, includes blood

loss, loss by evaporation, dissectable fat, large vessels, 



oesophagus, trachea, lymph glands, etc. As was th be 

expected the remainder shows considerable variation, but 

still the average relative weights for the experimented 

and control females are fairly close. For the male con

trol the relative weight is unusually high which is in 

part due to the fact that it includes the subcutaneous I muscle which ordinarily is weighed with the integument. 

I 
I 
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Table 14 . 

of visceral grou , reo 'nder , nd d d1v1du 1 viscer . 

(Fo body-tei hts see table 10) . 

ax C= eaks 
con- held 
tro1 at 

maint. 
Exp . 

C 

E 1 

3 

7 

1 

3 

7 

1 

3 

7 

Vis- Remain 
car der 
Group 
% % 

12.3 18.1 

12 . 8 18.6 

12.2 17·1 

14.0 15.0 

12.2 19.9 

12.9 11.8 

12.2 

13.7 

10.6 

11. 16.7 

11- 19.6 

10.7 

10.8 

l-

10.6 26. 

11.0 17 2 

12. 

12.9 16.9 

.91 . 32 

.90 . 30 

. 94 . 32 

. 86 .27 

. 88 . 32 

. 88 . 33 

96 . 33 

. 32 

.19 

.18 

.29 

. 22 

.2 

.1 

in dis ct10 or to 

.149 

.144 

.157 

.140 

.16 

. 162 

.171 

.169 

. 096 

. 0 6 

. 097 

.015 . 037 . 34 

. 012 .026 . 34 

. 012 .039 . 35 

. 012 . 03 .36 

. 015 . 038 .59 

. 3 

. 40 

. 1 

.48 

. 5 

. 53 4 . 

. 6 
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t9. 

"TabI"e" "14. (Continued) 

~elati ve weights of visceral group, remainder, and individual viscera· 

(For bodY~Neights see table 10. ) 

Lit -lRat Sex c= Weeks Spleen lA-lim. Alim. Supra- Kid- Go- mpidi - Epi- Hypo-
ter ~o. con- held tract tract renals neys Inads ~ymi physis physis 
iNo. trol at with with-

E= maint. con- out 
Exp. tents cont. 

% % % % % % % 

8 837 F C -- .22 9.05 5.31 .019 .79 .023 .00056 .0079 

8 843 F E 1 .24 10.6 5.32 .020 .84 .022 . 00052 .0068 
~ 

8 839 F E 3 .30 8.04 4.54 .021 .85 .026 .00060 .0081 

8 lS4l F E 7 .40 9.63 5.11 .026 .93 .018 .00064 .0085 -
9 848 F C -- .49 7.93 4.3 .021 .90 .017 I .00076 .0099 

9 854 F E 1 .46 7.42 3.79 .021 ~.05 .021 .00080 .0087 

9 852 F E 3 .43 7.63 4.32 .025 .97 .026 .00083 .0071 

9 S50 lJ E 7 .20 9.66 5.01 .022 .98 .016 . 00065 .0111 '- -
8 S36 M C -- .34 6.86 3.68 .009 .69 .58 .23 .00043 .0024 

8 342 M E 1 .73 6.25 3.66 .012 .76 .65 .24 .00020* .0032 

8 S38 M E 3 .491 6.42 3.61 .011 .84 .64 .24 .00049 .0035 

L S40 M E 7 .32 6.54 2.88 .013 .81 .48 .18 .00046 .0036 

~ S53 M E 1 .19 6.10 3.08 . 013 .86 ~i9 .13 . 00051 .0038 

~ S49 E :3 .18 5.85 3.39 .011 b .66 .21 .00041 .0033 

L S51 11 E 7 .36 5.59 3.46 .018 1.00 .79 .24 .00059 .0044 

II.Verage C .339 6.86 3.68 00948 .687 .580 . 227 .000433 .00238 

" r E .307 6.23 3.36 .0121 . 816 . 607 .219 .000467 .00347 

lJ F C .354 8.49 4.80 .020 .842 .020( .000606 .00892 

11 F E .338 8 . 83 4 .68 .0258 .935 .02U .000679 .00839 
~ 

b) Kidneys overlooked. 
• 1 d f the. aV<i.rae~J d) Testes patholog~cal. (e~c. vdlZ. .,0"'" 

* 1'Qyt of <2.f' Jp hy, 's proPQ bly lost 1-'" ~"ssoz.c.t'o." 
( <2;t c.lude<l fro.,.., -thll. Q"<LlQ8~) 

lJiI 
_ .. 

A._ -



The average relative weight of the visoeral group 
, 

(table 14) taken as a whole is nearly the same for the 

experimented and oontrol rats. For eaoh sex the differ

enoe is in favor of the former, but is too small to be 

significant. It therefore appears that the weight of the 

visoeral group oolleotively is apparently normal in the 

experimented rats. 

f. Individual Visoera. -
The average relative weights of the brain, 

-M~,. heart, lungs, liver, suprarenals, kidneys, testes(?) 

ovarieJ~ and epiphysiS (table 14) are slightly higher in 

the experimented rats than in the oontrols. This indi

oates then that these organs completely recovered from the 

effeots of the starvation experienoed by the experimented 

rats. The fact that the brain, spinal cord, and ovaries 

are rel~tivelY lighter in the experimented rat 1541, whioh 

was a virgin, than in the other rats of this litter whioh 

bore young, may be signifioant, espeoially since atson 

('05) found the weight of the central nervous system to be 

slightly heavier in the mated than in the unmated rats. 

1(}, 



It should also be mentioned that in the case of the 

he~rt and the kidneys, the relative weights are greater 

in all of the experimented than in the controls, which 

suggests the possibility that the partial starvation might 

have stimulated an excess growth in these organs. If such 

were the case then we should naturally expect to find the 

heart and kidneys relatively largest in those rats which 
. 

had fasted the longest. The data however show this not to 

be constantly true, an the possibility that the partial 

starvation stimulated an excessive growth in these organs 

is doubtful . 

The average relative weight of the spleen, epididymi, 
, 

and the alimentary tract (minus contents) (table 14) is 

slightly lower in the experimented rats than in the con

trols. This condition is true only of the average values 
, 

and not of the individual weights. This inconstanoy, 

together with the fact that the average differences are 

very small, suggests that the lower relative weight in the 

ixperimented rats is due to normal variation,and not the 

result of the fasting. 



The relative weight of the eyeballs and the alimen

tary tract (plus contents) is higher, and that of the spiMl <°'4 

, 
thyroid, thymus. and hypophysis is lower in the control 

males than in the experimented males. Just the opposite 

is true concerning these organs in the other sex, except 

in case of the thyroid gland, where the relative weight 

is the same in the experimented and control females. The 

differences are therefore in~onstant as well as small, -
and probably insig$ificant. In the case of the hypophysis 

it should be noted that sexual differentiation of this 

organ (female relatively larger) evidently occurred in the 

refed maintenance rats, which Jackson ('15) observed did 

not take place while rats were being held at a constant 

body-vveight. 
In general then the data indicate that the varioUS 

organs and parts of the body in the adult refed experi-

mented rats are appro~mately normal. 
There is possibly 

even a slight indication of increase in 
the brain, heart, 

lungs, 
"'f" p h ysi s- In view, however, 

liver, kidneys and suprarenals. 
1/' 

of the amount of normal variability and 
the comparatively 



small number of observations available, it is doubtful 

whether any final conclusion is justified regarding this 

increase. 

The present experiments have shown that the ,marked 

tendency of the body as a whole to recover from the effects 

of inanition is likewise characteristic of the various 

organs and parts. 

The results of recent work however suggest that the 

recovery may involve a modification of the growth curves of 

the component parts of the body. Jackson ('15) finds that 

while young albinO rats are held at a constant body-weight 

certain parts continue to grow; some merely hold their own; 

whi~e still others lose weight, disturbing thereby the 

normal proportions. This unbalanced condition no doubt 

existed in my rats at the end of the variOUS maintenance 

periods, but disappeared eventuallY when the rats were 

well-fed. This readjustment which occurred evidently 

invoived 'a ~odification of the growth curves of many of the 

various organs and parts of the body somewhere along their 

course; thereby restoring the normal proportions before the 

adult condition is reached. 



I 

Summary_ 

The more important resu~ts of the present investiga

tion may be summarized as follows: 
wh,"ch hod b"''''ll 

1. The average daily gain in weight of young rats 
" 

held at constant body-weight for short repeated periods 

was somewhat higher than that of the controls. This en

ables the experimented rat to make up lost time and over

take the controls, but not to exoeed them in bodyfWeight. 
,. 

2. The average daily loss in weight did not increase 

in my rats in successive periods of severe fasting involv

ing a loss of 25% of the initial weight. 

3. Only about 16% of the ingested food is applied 

toward increment of body-weight upon refeeding the experi-
,. 

mented rats after each severe fast. 

4. Sexual maturity did not ooour in the experimented 

rats held-at nearly a constant body-weight (under 55 grams) 

even when 32 weeks old, although normally sexual maturity 

is reached before 10 weeks of age. 

6. Following refeeding, the external sex-£eatures 

developed -rapidly to oompletion in the experimented males 



and females. The vaginal aperture appeared in the experi'" 

mented rats much sooner than was to be expeoted, and at a 

lighter body-weight than in the controls. This indioates 

that the developmental prooess~continued during maintenance. 
c;lQ dr 

6. The amount of food required for maintenanoe de-,.. 
oreased during the first fifty days of the experiment, but 

after that time apparently no further diminution oocurred. 

7. The growth of the experimented rats following re

feeding after being held at a constant body-weight for 
'"' h 

various periods wasAhigher for a few days than that of the 

controls of the same average body- eight but some hat 

younger. Also the rapid growth apparently persisted the 

longer in those rats hich had fasted longer. Throu this 

initial acceleratibn, the retarded rats are able to make up 

lost time, and eventually overtake the controls before the 

permanent adult body-wei t is reached. 

8. The final net body eight was approximately normal 

in the experimented rats as com red ith the controls. 

9. The body and tall-length assumed t eir nornw.l pro-

portions in the refed maintenanoe rata. 



10. ~he relative weights of the various organs and 

parts of the body were found on the average approximately 

normal in the experimented rats as oompared with the oon
epilO hyS' S , 

trols. In the oase of several organs (brain. heart, lungs. 
" 

liver, kidney. suprarenals) the evidenoe indioates that the 

periods of fasting experienoed by the experimented rats 

oaused a slight permanent enlargement. In view of the small 

number of observations, however, and the knovm variability 

in the weight of the organs. no final oonolusions oan be 

drawn upon this point. 

7(" 
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Explanation of Growth Charts (1 and 2). 

The growth curves represent the absolute increase in 

weight of the rats of litters 18 and 49 from 3 to 52 and 

48 weeks of age respectively- On the abscissa each space 

is equivalent to 1 day. and on the ordinate each space is 

equivalent to 1 gram- The age and weight of each rat at 

any point can be readily determined by referring to the 

ordinate (for weight) and to the abscissa (for age) at the 

coreesponding levels· 

The curves for the control rats are drawn in red, and 

those for the individuals which were held I, 3 or 7 weeks 

are drawn in black, green. and yellOW respectively

Females are represented by broken lines and males by solld 

lines. 



Table I. 

History of Litters Used. 

Litter No. and sex of 
No. and 
Source Controls • Rats 

8 * 

9 W 

14 W 

20 W 

21 W 

23 W 

24 W 

26 W 

29 At! 

29 W 

33 W 

35 W 

1 M 

1 F 

1 F 

1 M 

1 M (died) 

1 F 

2 M 

1 M (died) 

1 M 
1 F 

1 M 
1 F 

1 M (died) 
1 F 

1 M 
F 

1 F 

39 M-W 1 Y 
1 F 

40 M-W 1 M 
1 F 

44 M-W 

46 M-W 

52 M-W 

1 M 
1 F 

1 M 
1 F 

1 M 
1 F 

3 M 

3 F 

3 M 

4 F 

2 M (1 died) 
1 F 

2 M (1 died) 

2 F (1 died) 

1 M 

2 M 
2 F 

2 M 
2 F 

2 M 
2 F 

3 M 
5 F 

3M 
4 F 

1 M 
2 F 

2 M 
1 F 

5 (2 died) 
1 F 

3 
3 F 

No. and sex of rats held at 
maintenance. and 

of maintenance iods. 

1 M and 1 F 3 to 4 wks of age 
1 M and 1 F 3 to 6 If " It 

1 M and 1 F 3 to 10 It n tI 

1 M and 1 F 3 to 4 " " " 
1 M and 1 F :3 to 6 IT It II 

1 AI and 1 F 3 to 10" II II 

1 M 
1 F 

1 M 

1 F 

:3 to 10 II " 

3 to 16" " 

:3 to 10" " 

3 to 10" tf 

+ 

of 

of 

" 
If 

II 

II 

1 M and 1 F 3 to wks of age 

2 M and 1 F 5 to + " " 11 

2 M and 2 F 3 to 30 n " If 

2 M and 2 F 3 to 20 n IT " 

1 F 3 to 16 n " 11 

3 and 1 F 3 to + n rr If 

1 F 3 to 13 If It II 

2 and 1 F 3 to + " 11 " 

3 and 1 F 3 to + " " " 

1 and 2 F 3 to + " rr " 

Litter 8 was killed at 52 weeks, and litter 9 at 48 weeks.of age. 
The other litters are still on experiment. 

*W = Litters from Wistar stock. 
M = Litters from finnesota stock. t k 
Y-W = Litters crossed between Wistar and Minnesota s oc . 

.. 
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