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In blological researches, especlally those involving the
use of exrerimental animals, the results obtained are often of
such irregularity that the interpretation of the data 13 a
perplexing part of the investigation. This is, in large measure,
due to that element termed *individual variastion® which ig an
admission of the fact that we are as yet unable to control many
of the factors affecting our results. The biologist does not
have 8t his command the precision of technic employed by the
chemist or the physiclast. It is therefore sdvissble in biolog-
ioal work to use statistioal method as an aid in the inter-
pretation of data in order to eliminate, in s0 far as possible,
unwarranted conclusions due to ohance variations. Statisticsl
method can also be used as a tool in determining the general
trend of reactions now on record with a view to making prediotions
ag to future reactions. Such predictions must, of course, be
- verified by experimental data.

The methods of vitamin assay are based upon thﬁé;oary
that when all food essentials except one vitamin ar& present in
the diet in adeguate smounts, the gain in weight 1g due to the
vitamin added as & supplement. Iven when performed under oare-
fully standardized teohnic the gains in weight made by the
experimental animals show conglderable wariability. Because of
this lack of uniformity it was thought advigable to make a
statigtioal study of the dsta now on record in this laboratory
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with & view to deteymining, if possible, the oruses of the
wxi,abiiiw in our animals and to devige ohanges in teohnie
which might lead to more accurate results.

The work reported in this thesis is divided into four
seotions. Seoction I deals with the means and correlations of
the yarisbles measured during the experimental period of a
vitamin A Sest, togsther with the per ¢ent effect of thesa
variables upon the gailn in weight. The seoond ceotion is 8
roport of the influenve of the oomposition of the basal diet
on the responses of vitamin A test animale during the depletion
period. The third section is an anslysis of the reactions of
vitamin A test snimals from different stook colonies and the
fourth & report of an attempt to reduce the variability of the
welght gaina by controlling the food intake.



In the blological method for the assay of vitamin A,
standerd tesl animals are maint&tnéd upon a basal diet free of
vitemin A until the body store of that'vitamin i depleted.
During this preliminary or depletion period the animals grow
at approximately & normal rate until the body store of vitamin
A wenes. The growih curves then flatten 7nd the animels begin
to show the symptome charasteristio of vitamin A deficienoy.

At a point at which experience indicates that the body store

of vitemin A is exhausted measured portions of the suppleémentary
vitamin containing food are added to the dfet. The weight of
the animal at this »oint is considered the initial weight of

the teat veriod and s identical with the final weight of the
depletion period. The gain in weight made by the animal during
the experimental pertod, 1.e., the eight weeks following the
depletion period, is considered a measure of the vitamin potency
of the food under investigation.

The vitamin tests performed in this laboratory have had
to do largely with the effect of cultural conditions and degree
of maturity upon the vitamin content of vegetables. In perform-
ing these experiments a relatively large variation in the
reactions of the test snimals has been found. This is especially
true in the case of vitamin A tests. In one experiment for
ingtance, two standsrd test animals received exactly the same

treatment during both the denletion and experimental periods.
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Both were fed 0.5 grams of tomato 2s a gource of vitamin A. One
of these animals ¢ 3692 gained 5 grams during the & weeks
~experimental period and a litter-mate 2 3690 gained 57 grams.
Both of these animals welghed 4O grams at 28 days of age and
their weightes at the end of the depletion period were 95 and 91
gramg respectively. Such marked differences in gain make it
necesgsary t0 use relstively large numbers of animals in order
to disoriminate between differences. Because of this variation
in the responses of the enimals we begame interested in making
a statistioal etudy of their reactions in an attempt to discern
reasons for this extreme variation.

The teohnic used in all of the vitamin work in this
laboratory has been esaentially that of Ferry (1) each rat being
kept in an individual ell metzl cage with & false hottom. The
bagal diet and distilled water were fed ad libitum snd the
daily allotment of ¢ua vitamin ocontaining food was fed separately.
Daily food consumption records were kept and the snimals weighed
once each week or more often. The dats eva@»waa from these
experiments were tabulated for this statistical study under the
following beadinge: animal number, strain, sex, initial weight,
finel weight, total experimental gain, days on experiment,
vitamin studied, weight of the vitamin containling food, kind of
vitamin contailning food, condition of vitsmin containing food,
total bagal diet, kind of bagel diet, and average daily consump~
tion of the basal diet.
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The first study made was a comparison of the means and
correlations of the measured variables. The most significant
correlation was found to be that between the quantity of basal
diet ingested and the gain in weight, 0.83 + 0.02. This
gorrelation coefficient ia relatively high and led to the \
belief that 1t mipght be nossible to reduce the variability in
the weight-gains by controlling the food intake.

Two vitamin A free diets have been used in the laboratory.
One of these diets contained 22 per cent of Criscod and the other
contained no fat. The differences in the reactions of the test
animals fed these diets indiecated that the vitamin A free diet
ocontaining fat was preferadle beosuse it shortened the depletion
perioﬁ. This possibility was tegted in a more csrefully con-
trolled experiment but no sipnifiocant differences were found.

During the course of the work of this laboratory two gtook
oolonles of rats have been used. A study was made of the
differences in the reactions of vitemin A test animals from
these two colonies. Significent differences were apparent.

The records of 123 vitamin A test animals were separated
out for further study. These animals were all offspring of an
inbred stock colomy. Their parents had all been fed the same
stock retion. The test animals had been treated exactly alike
during the depletion period of a vitamin A test. It was
thought that thege data offered an opportunity to study the
effect of food intake upon the galn in weight. A method of

*Crisco 1s a hydrogenated vegetable oll.
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eontrolling the food intake which was bssed upon the knowledge
gained by studying the reactiong of these 123 test animels wes
devised. The method was then tested experimentally.
The results of the stud&uﬂ briefly outlined above are
reported in detail under the heading "Resulte®.
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RESULTS

Section I
Heans and qauwawgauoﬁa of the Measured Variables
Together with the Per ocent Effect of these Variables
on the Galn in xaawwa

The records of 429 vitamin A test-animals were tabulated
ag desoribed sbove and a giudy was made of the reactions of the
animals during the experimental period of a vitemin A test.

For the purpose of this study 1t has been assumed that the
animals received the game quantity of vitamin, which is not
strictly true, as they have been fed different kinde and
different smounts of vegetables sg the source of the vitamin
under investigation. It may be gtated here that »m all our
vitamin work an attempt hae been made t0 aﬁvaawov‘wa@ three gram
gein per week for vitamin A tests, 80 that the data are not as
heterogeneous as might be supposed at first thought.

The animals used in these tests were albino rats twenty-
eight days of age. It hag been shown by several investigators
that the diet of the mother rat during pregnancy and lactation
is a determining faotor in the growth response of the young
rats uged for vitamin tests. The rate whose records were used
in this study were not all reared on the asrme basal diet.
Approximately seventy~five per cent of the animals were reared

in this laboratory, where it is standard practice to reduce all
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litters to eight rats. The mothers of these animals received a
modified form of gteenbock's basal ration ﬁhiah has the follow-
ing composition: yellow corn meal ﬁ#,‘iinaaed oil meal 16,
yeast 2, wheat germ 10, orude casein 5,‘graund alfalfa 2, NaCl
-5, and 08GOy .5. Ten co. fresh whole milk was fed daily.
The other twenty~five per cent of the animals were supplied by
our Chemistry Department. Their mothers were fed a diet of the
wheat 9, tankage 6, linseed oi) meal 5, and dried buttermilk 3.
During the course of the experimental work, ¢wo basal diets
have been used, namely, those of Sherman and Munsell (2) and of
Osborne and Mendel (3). The composition of each of these
rations with their approximate ealoric value per gram of the
bagal dlet ia given in Table 1. The chief difference detween
the two vitamin A free diets is the amount of fat they contain.
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The data of the wmr&mmtu mm uwuraud into two
groups according to the ‘bual diw mx, thus mking tr0
groups. The means were oaloulated in order to detect any
striking differences between the two groups of snimals.
The mesns, standard deviations, and ﬁwtﬁaimﬁn of
variability are shown im Table II.
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It will be sesn in Table II that the mean initial weilghts
with their standard deviations and coefficients of wvariability
are praptically the same for both dlets. The aversge number of
days required for depletion is lese on the Osborne and Mendel
diet ocontaining fat than on the Sherman and Mungell fat free
diet, the ratic of the mesn 4ifference to its standard deviation
being 5.4. By examining the table further, it will be seen that
during the experimental pericd the gain i7 weight on the Shermsn
and Munsell fat free dlet 1is greater than on the Osborne and
Hendel diet contaiming fat. In this case the ratio of the mesa
difference to its standard deviation is 4.3. The anﬁ»a»anaw.aa
the two diete caloulated ss grams gained per gram of diet
consumed and the grams gained per calorie of diet oonsumed can
alsc be seen from the table. Whetber the differenmce in gain is
due to the difference in calorio intake or to some metabolio
property of the fas 1tself is a question. It will also be
observed that wheress the initial weights snd their astandard
devistions are praptically the same on both diets, the standard
deviation of the final weights of the animale fed the Osborne
and Mendel Dasal diet 1s greater than that of the animals fed
the Sherman and Munsell bassl diet. The ratio of auaAnasu
differsnce $0 its standard deviation in this case is 4.7. What
is the vause of this wvarisbility? Were thease animsls ueing
their vitamin A for fat metabolism and oonseguently receiving
less for protection againsgt infections? Does this susceptibility
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| ﬁu‘iuramtianxnaoﬁwni for the greater variuﬁility in their
reactions? If the animuls making smaller gains are more varisble
in their reactions is & minimum gain of thrse grams per week a
desirable standard? These gquestions must remainm unsnswered for
the prasent.

Correlations were run between the varisbles; initlal
weight, final weight, days on experiment, total food intake
and total gain.

The more striking of these correlations are those dDetwaen
initial weight and total food intake, initial weight and total
gain, total food intake and tokal gain. These correlations
with their probable errors are recorded in Table III.

“The blological significance of the sorrelaticns between
initial weight and total food intake and between initisl weight
and total gain ie guestionable but the correlation between
total food intake and totel gaim is undoubtedly aignifioant.

fultinle Regreseion Coefficients and Regression Zquations

rﬁw eaoh gwéup of data a’maltipza um#relatian coeffiolent
(R} and a regression sguation were caloulated aeccording ﬁo.thn
method of Wallace and @nedecor (%), The independent veriables
were initial welght (A), days on the experiment (C), and total
bagal diet (D), and the dependent variable was total gain (X).
The coeffiolent and sguation for the dats of the vitamin A
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Vitamin A
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Variables 3 Diet NI W - .
+ Gorrelat aefil~ 1 x Ién doelli-
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tests wherein the animals recelved the Sherman and Munsell
vitamin A free dlet are as followe:
Vitamin A. Bherman and Munsell vitamin & free diet.

R=0.%%

¥=23«0.612~0.3204+0.20D

This four variable regresaion egustion ig interpreted in the
following manner:
The gain X, inoreases:

{1} 0.61 grams per gram deorease in initial weight.

{2) 0.32 grams per day decrease in the experimental period,
snd (3} 0.20 grame per grsm inoresse ia the total basal diet.
The similar mltiple regression coefficient end regression
equation for the group of animals receiving the Osborne and
uandai vitamin A free dlet are as Tollows:

Vitemin A. Osborne and Mendel vitamin A fres dlist.
Rw Q‘«Ql
¥wbs«0.580 ~ 1.960 + 0.53D

1f we knew and oould measure all of the factors affeoting
the gain in weight of an experimental animal and if all the
relationships wers linear, each multiple correlation coeffi-
olent would be 1.00. The difference between 1.00 and the
square of the multiple sorrelstion soefficlient of any one group
represents roughly the extent to which other uncontrolled and
unneasured ruaﬁsri, and curvilinearity affeot the gain in welght.
These multiple correlation coefficients are relatively high and
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represant our sucoess in estimating the gain in weight from the
three independent varisbles. In other worde, they represent the |
extent to whioh the variables, initial weight, daye on experiment,
and total intake of basnl diet influence the gain in weight.
S8core cardas representing the per cent of the measured effect of
esch of the three independent variables on the dependent variable
bave been made saccording %o the method of Wallace and Snedecor
{%) and are given in Table IV.

It can be seen from Table IV that the amount of food in-
geated is by far the most important of thees faotors. In both
groups the per cent effect of the amount of baeal diet eaten is
consistently greater than that of the initial weight or days om
the experiment.

gherman (5) has suggested that the initial weights of
vitamin A test animals be controlled by controlling the diet of
the mother and by establishing certain arbitrary limits of
weight for the experimental animals in any one laboratory.

Unless the animal dies befors the expiration of the experimental
poriod the time limit proposed ie 56 deys. Since these two
faotors have much less influence on the gain in weight than the
amount of bagal diet esten would it not be well to consider

some regulation of this factor?
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gestion I
A Comparison of the Resotions of Vitamin A
Test-Animals Fed Different Basal Diets
during the Depletion Period

In the disouseion of Table II Seotion I the guestion of the
relationship of the fat oontent of the dlet 4o the vitamin A
requirement of the animal is raimed. The data of Table IT show
a shorter depletion period for those animals receiving a diet
containing fat. In vitamin A experiments a shorter depletion
period is advantageous from the standpolnt of eoconomy of time,
laboratory space and exvenditure for food ar»aapnwu. It also
places the sanimale on experiment at a lower age level and prevents
the experimental period from extending beyond the logarithmic
phese of the growth ourve. If & higher per cent of fat in the
diet will shorten the depletion period such a diet would be
preferable for vitamin A tests.

Osborne and Mendel {6) have obimined good growth on dlets
low in fat. MoAmis, Anderson and ¥endel (7) state that rate
will grow on diets free of fat but that better growth is obtained
if a small percentage of fat iz inoluded in the diet. Whether
the fat acts as a vehiole for the transport of vitamin A or
whether the fat itself is responsible for the inorement of growth
is new determined. Liang and Wacker (%) are of the opinion that
vitamin A i@ necessary for the synthesie of fat from glycerol and
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the welght-gains is not significant but that between the
number of days to depletion is significant. These data
bear out those presented in Table IT and indigate that the
ﬂ’emﬂ.u A free dlet contalning fet is prefersble to the fat
free dlet Devsuse it shortens the depletion perioed,
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Ohemistry males and Chemistry females. The mean initial welight,
mean gain, mean days to depletion, and mean basal diet eaten
duily for esch of these four groups of rats is recorded in
Table VI. An examination of the differences in the reactions
between the groups 1s recorded in Table VII.

By holding to the eoriterion of a mean difference being three
times as large am 1te standard deviation as a test of signifiocance
and referring to Table VII, we see that there are no significant
differences in the resctions of the males and females of the
Ohemiptry stook. The only difference in the resotions of the
males and femnleg of the Wigtar piock which is statistically
significant is the difference in number of days required for
depletion, the females requiring a longer period. Comparing the
Chemistry stook with the Wistar stook we observe differsncea which
are statistionlly significant between the mean initial weights
and between the mean duys required for depletion. The differences
between the mean gaing and the mean dagal diet ingested by the
two stooks of animals are not statistically significans.

It iuu thought that these differencea warranted a geparation
of the two stooks but that the msles and females of each stook
night be grouped together Tor further atudy. The portion of a
rat's life span covered by the depletion period preliminary %o a
vitamin A test is that from 28 to 70 days ot‘nge; At thieg pertiod
the animals have not matured sexuslly whioh prohably acocounts for
the faot that there are no significant differences between the
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Seotion IV
Report of an Attempt to Reduce the Vawiability of
the Weight Gains of Vitamin A Test-Animals by
Oontrolling the Food Intake

In Beotion I of this thesls it was shown that the
amount of basal diet eaten by an animal sffsoted the gain in
weight 0 » muoh greater extent than any other measured
varisble and it was nﬁgg#atod that this might be a good point
of attack in attempting to produce less variable weight gaine
among our animals. Using the statistioal analysis of our dats
as & gulde, an attempt hae been made to devise a method of
teohnio which will control this variable.

Bherman and Burtis (5) have gompared the weight gains of
small, medium-gized una large test animals when fed the same
amounts of vitamin A‘nnd econclude the following: *In order to
obtain resulte of the highest aocursey in quantitative deter-
minations of vitamin A by the rat growth method, only such
animals as do not differ greetly among themselves in size at the
end of the depletion period should be used. For conditions such
an ihwou‘ar our leboratory, & minimam limit of 70 to 75 gm. and
e maximum 1imit of 100 gm. at the end of the depletion period
would naax-fu be degirable.* The mean weight at the end of the
aaplat&un'periad of all of the vitamin A test rais recorded by
Fherman and Burtis is &4 grams. They are recommending then, that
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animals whose weighta at the end of the depletion pericd range
sbout the mean be used in order to cbtain the most accurate
repults in quantitative tests for vitamin A.

. Rather than set arbitrary limite of weight and discard
those animals whose weights do not fall within the limite we
became interested in the possibility of controlling the weight
gains of our animals during the depletion period.

A statistioal treatment of the date of the vitamin A
depletion period of 123 standard test animals from our Wistar
oolony was made, and upon the basis of the knowledge thus gained
w mﬁ attempted o control the weight gains of our animals by
controlliing the amount of basal diet they consumed. The method

‘we have used was dcgtgm& té,prmw snimals whose weights at
the aml of the mam,m period approach mf& olosely the mean
than the weights of animals fed the basal diet ad libitum.

The m'mu a,né probable errore for the depletion peried of
these 125 animpls used for vitamin A tests in this laboratory
are

Mean initial welght............51.9

OB BRI, .. o0vorrineerinsaaesr 0.2

Mean days to depletion.........35.9

Kean bassl diet eaten daily... &.66%
The correlations between the variablea are:

Inttiel weight and total gain.........c.v......0.24 ¢ 0.06
Initial weight and days to depletion.......... .6.2; ¥ 0.04
Initial weight and mesn bagal diet eaten daily.0.27 % 0.06
Total gain and days to depletiom...............0.31 % 0.02
Total gain and mean basal dlet eaten daily.....0.6% % 0.0
Days to depletion and mean basal diet eaten. _
ﬁa}iiy&qcn-. .............. ,.q»t.,.p;.q.q-;opqooO.Qg:‘;Q-,O&
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The largest and most significant of thﬁn sorrelations is
that between the total gain and the mean basal diet eaten daily,
O.6% & 0.08, |
A multiple correlation coeffiscient (R), and " regression
equation were oaloulated asoording to the method of Wallace and
Snedecor (4). The initial weight (A), tota) gain (B), and daye
to depletion (Q), were used as the independent variables and the
mean daily food intake (¥) as the dependent varisble, The
multiple correlation coefficient (R), is 0.77 4 0.0h. The
regression equation is:
¥ »0.070 + 0.088 « 0.090 + 4.56
This equation is interpreted to hma the fonmrmg mesning.
The mean daily food inteke:
(1) Immmmm 0. 67 gus. per unit inorease in the initial
weight. |
(2) Inoremses 0.0% gms. per unit incresss in the total
| gain.
{3) Inoreases 0.09 gms. per unit decrease in the days to
depletion.
By substituting sctual walues for A, B, and 0 in the squation,
the mean dally food intakes can be oaloulated. From the stand-
point of theoyy it follows that i{f the amount of basal diet
ingested by the animal ie maintained at the eatimated mean
during the depletion period, and 1f the varisbles A end U
approximate their means, the gain in weight should also
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approximete its mean. Thus fewer animals would need to be dis-

earded at the end of the depletion pericd because they were too
&argu‘or'taa amall.
Further examination of the date of the 123 records upon
which the regression equation was bssed showed that:
1 rat of the 123 was depleted between the 3rd end Uth week.

52 yate * * " were @ * " " Ugh " Sth v
5& L ‘ # ] B ‘ B # # # 5th " &h 9
16 ¢ LI | 8 s> L $ ¥ gth ¥ 7¢h #
lret * ¥ ¢ wup » " * 7th * #th
1 % % & w w " " " gth % 9th »

The mean imitial weight of the 52 zats that were depleted
gome time between the @th and 5th v@aku was 49 grams and the
mean gain made by these animsle 66 grams. The memn initial
weight of the sé rat# thut‘tér& depleted between the 5th andv
oth weeks was 5t gramas snd their mean gain 71 grams. The mean
of the initial weights 49 and 54 4s 51 grams. Thus it was
deolded that an snimel weighing lese than 51 grams at 24 days
of age would be assigned to & depletion period of U to 5 weeks
snd an animal weighing more than 51 grame would be assigned to
& depletion period of 5 to & weeks. Since the variable C (days
o depletion) 4n the repression equation is expressed in days,
32 days was chosen as the mean depletion period of the one
group and 30 days as the mean depletion period of the other.

Thus, if an snimal weighed less then 51 grams at 28 days
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of age, its food intake was estimated by substituting the initis

weight for variable A, 66 grame for variable B and 32 days for
varisble ¢ in the regreseion equation and solving for ¥. X 1s
the mean amount of food that should be fed daily in order to
produce o sain‘in‘wetghﬁ of 66 grame in 32 days.

Exemining the dally food intake records of the original
123 rate 1t was found that there was a general tendency for the
food intake to increase during the first two weeks of the
depletion period and then to decrease. In order to take this
varistion into account averages for each of the two groups, i.e.,
4 to 5 weeke depletion and 5 to 6 weeks depletien, were mede and
food intske ocurves plotted. These curves! are shown ia Chart I.

An explanation of the method used oan beet be explained by
8 8peoific example. Suppose that an animal welghed 6O grams st
28 days of sge. Since this weight is more than 51 grass the rat
wa&l&Ahﬁ essigned to the group to bBe depleted in 39 days and to
gain 71 grams. Substituting these velues in the regression
equation, and solving for i; the mean daily food 1ptake is found
t0 be 8.8 grams. This quantity of food would then be fed to the
animal aocording to the food intake curve shown in Chart I. A
soale of the same dimensions as the abscissa of the curve had
previously been made on traeing paper, Chart II. This trans-
parent soale 1s then placed on top of the curve so thet the point
8.8 will coinoide with the dotted horisontal line on Chart I
which is the mean food intake of the group of 52 rate whoge food
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Chart 1

Food intake ourves of two groups of 52 rats each during the
depletion period of a vitamin & teat.

. Food intake curve and mean food

intake of rats depleted in ¥ %o 8
weeks.
Pood intake curve and mean food

intake of rats depleted in § to &
veeks.

Food intake ourve of the 5§ weeks
depletion group lowered the distance
of one standard deviation.

Food inteke ourve of the 5 weeks

depletion group lowered the distance
of 1.5 standard deviations.
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intake is represented by the curve. Holding the seale et this
level and sliding it from lnfﬁ to right the guantity of food to
be fed to that particular rat esock day may be read at the point
vhere the scale intersects the ourve. In this manner the food to
be fed to each rat each day can be determined inm advance and that
quantity weighed out each day and offered to the animal.

The above procedure was followed ia all of the sucoeeding
expariments. Five grouvs of 20 rats each were fed. The first
group of 20 animnls was fed the baesl vitamin A free diet ad
libitum to serve as a control group. The second group was com-
prised of those animals whose initiasl weights were less then 51
grams. Thege animals were assigned to a depletion period of 32
days and 8 gain of 66 grams. The third group was ocmprised of
animals whose initial welghts were more than $1 grame and were
assigned to & depletion period of 39 days and s gain of 71 grams.
For groups two and three the theoretical amount of food was
weighed out eaoch day and offered to the animal. If this quantity
of food was not esten im toto it was allowed to remsin in the
oage. Xach week the food left over was removed from the oage,
weighed and the weight recorded. In the control group the smount
of food eaten dally was determined by subiracting the weight of
food left rrai that offered esch day. The performance of these
three groups of rate may be read in Tables IX, X, and XI. The
theara&iuml or estimated values akw given parallel to the sgtual
values &Q order to simplify a comparison. In comparing the
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It was hoped that the limiiatian of the guantity of food
by this method of feeding would lower the variability inm the
waight gains made during the depletion period. The standard
deviations of the weight gains of the five grauvé of 20 rats
each are as follows: Oontrol group 11.86, four weeks depletion
12.86, five weeks dspletion 11.79, five weeks depletion fed M ~(
10.00, and five wesks depletion fed M ~ 1.50 11.51. The
differences in the variance of the groups is quite ineignifiocant.
The method of testing this differemnce was that recommended by
Fisher (11). | |

Other methoils of sontrolling the food intake of experimental
animals have been reported in the literature. Steenboek (12)
has tried limiting the taad'tmtahe of the entire group of rats
to that quentity eatenm by the animal eating the least amount.
This method has ite digadvantages as the entire group may be
starved unduly becauge one rat suffers an inappetence which may
or may not be due to the diebary treatment under investigation.
Mitohell (13) recommends the paired feeding method and reports
considerable success in its use. Morrig and Falmer (14), howe
ever, report an individual variation in their snimals large
enocugh to render the paired feeding method insdeguate in attempt-
ing to evaluste small dletary differences.

If we compare the mean initial weight, mean gain, mean days
to depletion and mean daily food intake of the 59 test animals
reported in Tables IX, X, and XI with the means of the origimal
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123 animsls we ses that the differences in mean initial weights
and days to depletion are not signifiocant, but the differences
in mean gain end mean daily food intgka are signifiocant.
Evidently the 59 test animale and the arigin@l 123 animals do
not belong #a<tha game population as rar~#a these two faotors
are ooncerned. | |

A study of the seasonal variation between the two groups
and a study of the litter gise ﬁnﬁlmnda in an atitempt to explain
the ohange in population. ?ivt of the original 127 rats oame
from litters of nine rats, &5 from litters of eight, seven from
litters of seven, 24 from litters of six, and two from a litter
of five. Of the 59 test rat&;~n1u¢ ceme from litters of nine,
- 27 from litters of eight, eight from litters of seven, ten from
litters of five, two from litters of four, and three from lltters
ef‘thzxq. Since the distribution of the animals in the different
sized 11&&:&: is approximately the geme the litter size is
pxdbuh&y ﬁat a faotor. The 59 test rats were either sone and
daughtere or grandsons and granddsughters of the same stoek
ocolony as the original 123 animals. The colony bas been inbred
for f1f%y generations by striotly brother and sister matings.
whore huﬁ been no variation in the diet of either the stook
“oolony or of the experimental snimala: |
 Ten of the 123 rate upon which the regression equation was
_based were started on experiment in January 1929, 17 rats were
started on experiment in February, 42 in March, 12 im spril,
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11 in Mey and 31 in June of the game yeer. Of the 59 test rats,

11 were gtarted on uperima the lsst of December 1929, 38 wers
started in J PR 3.939 m tm in February 1930.

The mmm my mimit ’!mm divided into two groups, the
animale started on awnﬂmﬁ m »Tmmry, February and March of
1929 mtm one gxmm, m@ thnu started iu ¥ay and June of 1929
a num grouy. ‘!’hn 59 iwt mﬁmls were atartud during the
succeeding rﬁuﬁer and t‘m a *hird Wp.» The means of the
measured nmumaa sage&hcz wuh the mean difﬁrmnu and their
nwmm anmum may be zw& in Table XIV. The differences
in the mm initial weighte mn dan to deplation axe not
ntgnuimt. ™he Mrtwmwa m the mean gains are 2ll significant.
w0 at the &iﬂ'eumu && tm ﬂmptim are sim&tiamﬁ. The
thira d.iffwms, 1.0., ﬂmt betwesn the rats fed during the
summer 1929 and winter 1930, spproaches significense, the mean
difference bb&ng 2.1 times iﬂ probable srror. These differences
lsad one ta' conolude that "thé‘ sensonal variation is not the factor
zesponsible for the mmm in the population. Rather there sesms
to be » progressive ohange within the colony itself.

This change ia the population of our solony is exseedingly
interesting and importent. It mesns that compsrative vitesin
tmt’s imﬂ be run pamli&i to d&ﬂh other in ordm' to eliminate
in 80 far as possidle nriaﬂmw due t0 & @hmgtng population M
animals. It u:iw means that u are in the habit of mammwang
the so-ozlled stmmd test animal more homologous than 1t really is.
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SUMMARY

An applieation of statisties) method to the dats of 469
vitemin A feeding testa was made with a view to determining the
, fastors influeneing the weight gains of the test animals. The
dats of this study paawarwna a possible difference in the
resstions of rats fed vitamin A free diets containing different
gsaﬁsam of fat, The deata showed also thet the guantity of basal
diet ingested was the measured variable having the grestest
uca aent effect upon asa welght gains of the animals,

An aﬂ?a»gﬁ was condusted to test the aﬁ?»ﬂs&a in the
resctions during the depletion periocd of vitamin A test-animals
fed dlets containing and not a@ﬁaﬁwﬂwﬁm fat, One hundred and
wtpsaﬂswwncc animals were fed the basal dlet sontaining fat and
80 the fat-fres basal dlet. The difference in the mesn gains in
walght was not found to be signifisant mag that Detween the
number of days to depletion was signifiecant, From these date
one may wsﬂauan¢ that & vitamin A free dlet containing fat wu
wﬁen¢uﬁ¢ws to a fat free besal dlet as it shortens the time
requirsd to deplete the dody store of vitamin A,

An anslysia of the «s»awnaﬂa of vitemin A test animals from
three different atock colonies revealed significant differences
showing that the results ew,aw»n or any other study ocould not
be applied direstly to the animsls of any other c¢olony without
first testing the wagnnuanpew of the two golonies.

8ince the food intake was shown to be the fastor having

| /
the greatest per sent effect upon the gains in weight of the
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test animals, an attempt was made to regulate their gains by
controlling this fastor. An estimate of the food intake was made
by means of & regression equation in which the mean initial
welght, mean gu;in, and mean days to dwiﬂim were uséd as the
independent variables and mean Mﬁy food intake as the dependent
variabls. Five groups of 20 rate each were fed o quantity of the
basel dlet setimated by the regreselon equation. This method of
feeding the animals did not result in less variasble weight-gains.
In analysing the data to disocern ressons for ’tha failure of thewse
100 sniwsls to react positively to the test it was disvcovered
that the test animals and the 123 antmals upon whigh the regrassion
squation was based did not belong to the same population even
though both groups were offepring of a highly inbred colony of
rats.

The reactions of animals fed during three oonsecutive seasons,
winter 1929, summer 1929 and winter 1930 indicatedthat thers was a
progressive change in the amounts of the basal diet eaten and in
the weight gaine made. This argues for the nesessity of
standardizing the animale in regsrd to these two factors and
shows that until more uniform reactions can be ssvertained
comparative vitamin tests must be yun simultaneously in order
to prevent such changes in the population from vitiating the
resulte of the experiment.



(1) The quantity of basal diet iﬁgﬁtt&d}hy vitamin A test
animals iz the messursd variable having the greatest
per ocent effest upon the gaina in weight,

(2) The presence of fat in & vitamin A free dlet is desire
able a8 1t shortens the number of dsys required to ex=
haust the vitamin A stored in the bYody of the rat.

{3) The results of a vitamin study made upon one stogk
solony can not de applied directly to the mnimals of
snother colony without first testing the homogeneity
of the two solonies,

{4) T™ere seems to be & progressive changs in the reactions
of the vitamin A test animals of this eolony, This
means that gomparstive vitamin tests must be run
simvltansously in order to prevent such ehenges from
vitiating the results,

{8) The progressive Qhanga in the population of the wvitamin A
test animals observed suggests that their resoctions might
be standardized by selective breeding, This appears to be
the most promising field for furthr study,
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