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It fas been 8mown 1In prevlous exoorlaoata thal lizitae
tion of, or exceszive consumnntion of water 1a d378 and rats
1-creas~2d phosohiorus excretloa, This situly was an attomnt to
Jemonatrate the efTezt of walter conguwrntlion oa tie coniition
of rats clven a marsiiaal Jdlet with anl without tho aliition
of sodlun dlkrydroson nlosthate,

“ats wore glvea unlinited amcunts o driniiing water for
tie first two veeis, and restriste! anountsa during the noxt
two weelis, Irowii £a2ins and food and/or rhoghhorus intaics
wvere recorded, Zonclusiona wers obtalneld by means of analyscs
of varlances, with the amount o~ driniins water, foold and/or
phos-horus consuned, and sex as variatrles,

Jlie resulta indlcated that rats glven unli:lteld anounts
of watcr Srow moro than thioge wiith restrictel anounts, where
tiie same kind of diet was emnloysd, (ho nales, oan an averale,
kal a groater growti: zain than the females., "hen the sane
amount of soliun dilkhydrozen phosohate was alled to the dif=-
fereat dlots, the rats feld dlets contalining more miliz and less
rice gained more than those f9d lazs milk and more rice.rddile
tion 07 sodium dihydrosen vhospiate to treso exnerinental
dlctg resaltcd in a dczrease in srowth, hls decsrease was in
prozortlion to the anount of rhos»ohate adlded,

fter the rats had beca gutjocted to a 1imited water
intaie for three to twenty-slx wecis, they wore sacrificed
at weecily intervals, and the »lood inor;:anie nios—horua content

dotormined, cepoults showed tihat the tyne of dlet fel and the



gex of tho cxzorinontal aninal hal no simmificant effect on

tie inoroanis rtihoc horus conteand o tha Llood. XU wag,lhioworoer

- . ‘. . . ~ » -y - B Rk AR Ead — -}
InTluenced by 4o ase o the rat and tho lonmth of tize vhen

) - - -~ . 2 - - - 3 Kl 3 ~ e - = - .
they woro glven 1171002 amounts of driniby watbowy, Lowser
. - ~ RPN & P | p . PN MR - v [ . . ~
perlals of raatricztel waler fnbtae rozilicd dn 2 lower  hlool
Y 4 i a s e + A g Y I NS B -t Y- .
phosmhorus contond, Jounser rats showsl a hlter theazhoras

content than the oliny ones,
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fhosgshorus was discovered Ty Jrandt in 1259, It 1s one
of tl:e most inmportant inorgailc elerents involved in animal
life., o otizer one enters 1uto such a diversity of compouads
and plays an inportant vart 1n so nmany fuiactions. It is a
coastitucnt of cell nuclel and 2ll cell structure; it 1is
also proniaent in the sieleton, iIn mil:, 1an glandular tlssue
and the nervous system. Througsh the intermedlary fornation

-~

of lecithins, 1t 1s concerncd with the netabolisn ol fatg,
iroush the formation of hoxosenhingnhates, of adenylic acld,
adenosine Adlol:osnhate, and adenosine trinhospnate, it plays

a prinsary role in carwvpohydrate mctabolisam. There have heen

rhosnirates also nlay an innortant role in tiic »il reojulatlion
of the or:anismn, These and many more malle phosrhorus indis-

pecnsable for 1life,

cr
D

Altiough the compounds of phognhorus particlnal in
nunerous important furctions of the body it is si:-nificant
tiat the literature vrovides very little informatlo: ahout
the influence of water consu ntion 1u relatlion to the
intake of vhosohorus in the dict.

In 1917 Csborne aand lendel (2) restrictel rats to a
diet somewiat dcflclient in phosohorus but unfortunately
their only observations were —n growti:., Jince tiat tlne
tlhcic ha e been nu erous investlioalons of nhosphorus in

relation to rictets but the principal emnhasis has Tecn on



e purnoce of the vrecscat study,

of sodium dihydrosen phosvhate,

Lihie coundltb

rats malntalined on a diet with and without the ad

wag to
ilon of

dition

n






bacteria, aninals has bheca

the Llochenical era initiatel

rus was included An the list of

Liebis stated were necessary for plaant

as 1357 ville (4) had exmcrimentally proved the re

nent of plants for

Towever, thie early iavestl:ators con

function chlefly as a structural elcmont of 1livi

-

The catalytic and

metabolic proceases were also i

part ol the 19th century, but Fardon and Youns
were tiie first to carry outv 2 nore detalled an
stud;

In 1294, Landauer

inereased bolir nitrosen and vhos horus

Pl
[
~

L
ct

er reaching a certalna 1init,

returned to normal (7).

Lhe
wnowa since

by

phogszhorus in the form of

crowti:

Lichis

of vlauts,

e the very bezine-

(). Phosoho=-

inor—-anic elements which

growtl: and as early
dulire-
phosnliates,

reoulatory functions of

westisated durians the

excretlion, and that
t

os-horus cliina

sldered phiosrnates to

n; tlssucs,
phognhates 1In

stter
in 1205(5,3)

2 .

d eritica

found that den»rivation of water

traud (3) studled thiz efTecis of thirst in dols. Fo
found out tixat phozphiorus elininatlion in tice urline durling
periods of 3-4 days withiout water intake was increcascd,thoush

only to a slisht extent, about 5«10 .,

coanection wit> hias thorourn

of watecr con

1w

aumntion on metaholisn, la

[

egti:n

L

tlion of the

v (1205)



_‘

found out tiat conious water driaiing inc

of phos

reasaed

shorus in tiic urline, this iucreasc bein;

4

2d the ion

excrch

serihed to

\

incrcased cellular acztivity and the accommanying catabolisn
of phosphorug=-containing comnounds., In every instance, the
cexcretion of nhiosnhorus was 1lncreaso2d ahove tho normal level,
the nmaxiiun excrotion occurring on thie scecond day of th
Increased water insestion. "rom this evlideonce, they susrested

.

N
_._

that elther oreat thirst, or uausual counsunct

wlll increase thie shosphorus excrection,

A
NS

1g rejulred to establisi: the source of thi

tiercefore, the sigaificance of this increascd

Duaring the "irst Vorld smnden al

lﬂ

experineats on German soldlers with acid-nhos
1th the iatroduction of the nhosrhats drinl,
neat of drinizing water by miners becarne much

tie ¢ of the rhrogsohate drin: was discontiau
tihiirst immedliately manlfested itself., They su

the reduced necd for water durins a poriod of

sunplenrentation can be aturihuted

&

The formulatioa fro: natural foodatulls
diet deficicnt 12 vhosvhorus presents some 4i
heocause alnest all sources of =rotein contaln
larze anounss of rhosnhorus (11).

Schaeider asnd Steenboct (17) fed rats a
very low in rhiesiiorus axd laciking 1in Vitanin
in all other nuatritional reculreneats (2,0,04

8 vhos»horus,

lon of watcr,

thousi: furth:er worx

and
excretion (9).
(12) conducted

ate drinlis,

theo rooulirc-
ghaller. hen
ed, a helzi:tened

soested that
shosshate

rgiration,

of a aguitanhle



After 12 to 14 days thie rats derelosed riciebs, and withiin
8ix weells severe sicletal deforitics set 1n. Growt: stonsed
fter 4 to 5 weelrs, followed %Ly a dezline 1n welzht, and
deathh usually occurrcd by the end of the sixzth weciz. Hows'cr,
when the low vhosnhorus-diet was sunnlenented with adecluate
Yitamin 2, an immediate welzi:t loes coccurre in the growing
rats, winichh was not resalrned for nore tian three weells, Irom
alciun and phosyhorus balances axd tissuc analyses the
authors (17) councluded that Vitazmin O induces the utiliza
tion of phos:horus hy vone, thereby donrlviing thio soft tissucs
of tlhicir sunply of phosshorus, whicih in turn iInhlibits ¢rowth,
Thego aninals survl.ed for as long as twenty weciis, in coni=,
trast to thiosc not recelring Vitanln 2, a:d counsistently
develoned urinary calculi,

The effcct of vhosvhorus defleciency on rowin: rats was
studled by Torbes (14) 1in a 270-day body balance and mchabo-
1lisn ecxperinent conducted wilh paired-feeding controls. In
the first experinent, the nhos-horus-dcficiecnt and vphos»horus-
sunplenented dicts contalncd 0.137. and 0,3 .. of phogvhorus
respectively, The corresponding a eraze 7 content of thelir |
bodies after 70 days was 0,94 . and 1.03 . respectlicly, a
difference of 1.7, There was no differecnce in the growth or
utilization of food enersy or nrotein., In the sccond exncri-
nent the low a:d Lig: nhosohorus diets contained 0,177,735 and
0.857%. of P resneztively., After 70 days, the phosrhorus cone
tent of their bodies was 0,22 aaxd 1.1.0 resnectively, a dif-

ference of 13,. Here they obgserved a sligcht but significant



&
deprecssion in the disestanhility of nrotein, This was attri-
bute! to the effect of NaHzTU4 in the hizh rhosothorus-diet,
liicre was no effect on tiie utilization of nrotein or food
erersy or growti, the P content of the low-nhosohorus diet
was as low as could be ~ade and yet sulficie:t for some
growtn, “hen the P content was furtiier decreased, no growth
was obialnable,

Day axd ﬁcCollun (15) prevare?l a dlet containing 0,017/
phosohorus but adequate amounts of all other nutrients(Ca,0.4 i),
Youns rats restricted to this ration grew slowly for 5 to ©
weeis, aud then declined 1n welght aad died 2 or 3 wecis
later, wzirenme rarcfactlon of the sieleton gulcily occurred,
acconpanied by prosressive disability in waliing, standing;
aad breatiziang. Uitroren reteation was vositive for 5 wecks
and then became negatlve simultancously with the onset of
loss of wzisht. The mobilization of calcium and phosnhorus
from the bones led to a tremeandous loss of calcium and a
considerable loss of vhosnhoruss The grcator loss of calcliunm
than of phosnhorus can be attributed to the fact that part of
the phosphorus mobillzed from the bones 1s taken up by the
goft tilssucs to permnit thelr growths “hen thie phospiiorus was
increased without the addltlon of calciun, or whcn the cal-
cium was reduced 1a thelr diet, ricxets did not develon(lé),

Sherman aad Boozer (17) found that with dilets of cons=-
tant phosvphorus content (0.42,.) increaslng the perceatase of
calciun pro-ressively from 0.1° to 0.50., pernitted more

rapid calcification of the growing body and earller maturity



and the apmearance of sencscence.

rhosphorus must be avallables in the aninal dilet not oanly
in adequate amounts but also in the proper balance with cal-
cium. The ratio of calcium to phosphorus 1n the dlect exerts
a maried influence upon growth, reoroduction, ach content of
thc bones, and the calcilum and inorganic phosshorus content
of the DLlood serun, 3hohl and %“olbach (13) concluded that,
in the absence of Vitamin D, ricizets may te produced with not
only high=calclun,low=phogphiorus and low-calciu,highevhospho=
rus diets, but also with low=calcium, low-phosmhorus rations.
This last group occurs in a zoneiﬁhich the ratlos of Ca:P
have been called normal, thus denonstrating thiat riciets may
be produced wlth any ratio of Ca:? in the diet. Tethle,iiick,
anxd vWilder (12) have dcmonstrated that increasing the Ca:?
ratio from 1:1 to 5:1 caused a progressive decrcase in crowth,
bone ash, and the percentasz of inorsanic phospiiorus in the
blood serum. Decreasing the Ca:P ratio from 1l:1 to 0.25:1
decrecased the growth and the nercentage oT calcium in the
blood serum but had only a slizht effecct upon the bone ash.
According to thelr data, the ratio of ZCa:? in the ration 1is
more important in detcrmining the growth and calcification
thian the actual concentration of the elcments in the food.
They concluded that the most favorable Ca:? ratlo for growth
and bone formation lies between 2:1 and 1l:1 (2,0.55 to 0.£52 ).
Cox and Imboden (20) found that succesaful reproduction and
loctation in the rat were dependent upon both the actual level
and the Ca:P ratio of the dlet., The best results were obtalnel

on a dict containlng 0449, each of caleciuwa and phosphorus,



n
()]

corressondin: to a dally 1ntale of about 4% =, of each cle=-
nent.

Hubbell, Mendel, and vatenman (21) derised a new salt

mixture for use 1n cxpcriwmental dlets., Durin; a sclected period
of very rapild crowth (Trcam J0 to 200 gram body welrslht at a
rate 1n excess of 5 grams per day ) on a dlet containing this
mixture, adequate calclTicatlon occurrel with an averace
dally 1intaie of 50 mz. calcium and 35 m3. of shosnhorus,

In grovin~s aninals the anmount of phos-hate in the diet
(required for bone formatlon, etc.) 1s larser thon in the
mature aniral wiicre only sufficiont phosolate must be talen
up for that cxcreted,

This can be fully explained in the study of the normal
phosnhorus content for each sex of rats at varilous stazes of
growth and development by Sherman and ulnn (22). Tuelr rcsults
showed an averaze of O.345 phosvhorus in the body at birth to
0.49 . at 15 days; 0.53 «0,5%5 at 23 days; 0.57-0.25 at 51
days; 0.(02=0,63.7 at 3 months; 0,{5=0, 9. at 4 months; 0.72
0.75,: in adult life, After 15 days of 1life, the total weil~l:t
of phosnhorus was higher in males tihan in the females, due to
thielr greater average body welishts only. The females that had
not borne young showed a higher percentaze of phosp)iorus tha
males of the same age, heredit;, and dictary history. A diet
khizsh 1n beryllium and strontlum hindered nhosphorus absorn-
tion, and lise calclum, gave rise to a form of riciets,

Absorption of nhosnhorus 1is enhanced by an acild reaction
within the intestines. Cohn and Greenbers (23) have recontly

used radloactive phosnhiorus in absorntion studlies, They showed



9
that the abtsorption of vhosvhates by rachitis rats was in-
creased but little by Vitamin D, but the 1nor -anic phosnhorus
uptate 12 the bone increased 25 to 50!, They sugsested that
Yitanmla D may act to ald the conversion of organic to inor-
Sanic phosphorus. Alkzalles, as a rule, decrecased phosphorus
absgorntion.

The offcct of fat 1s not clearly established. Some
belicve that fatty aclds comblne with calcium and thus favor
phosphorus absorption, whereas others have stated that the
use of high-fat diets causces an excessive loss o7 both cal-
ciun and vhiosphorus in the feces.

fhe deficiency o7 phosphorus in the food only gradually
chanres thie relative phosnhorus content in the organs, and
only in tlie case of poor growth does 1t become noticeable,
especlally in the bones (24),

Lxcesslve excretion o phosphates has been reported in
certain bone diseases like osteomalacia (25), diffuse perios=-
tools and rickets, in the early stases of nulmonary tuher-
culosis, in acute ycllow atronhy of the liver, in dlsorders
agssoclated with marked breakdown of nerve tissue, and after
sleep caused by adninistration of chloral hydrates or bro=~
nides. It 1s also increased after coplous water drinking, as
was previously mentioned.

A decrease in the cxcretlon o? phosphates 1s noted in
acute Infectious diseases acconnaniod by fever, in pregnancy
durinz the period of fetal bone formation, in dlabetes after

insulin administration, and in xzidncy discases due to faillure



10
of elimination,

The form in which phosphorus must he talzen in the body
has been the subject of considerable sneculation, and ideas
vhich we now Inow to be erroncous have becen wildely held.

Cf the varlous classes of phoswvhorus compounds present
in food, Sherman, et al (11) found out that orsanic combina-
tions appeared to have greater nutritive value than the in=-
orsanic forms, and he gave this as a rcasoan for the varyins
amounts of pnosphorus reported necessary for the malntenance
ol egquilibriuwm in man,

Gresersen (2¢) found out that rats fed a dlet o7 edestin,
lard, sugar, cellulose, and salts, with lalis;U0y as the sole
source of phospnorus, weroe ablc to maiﬁtain euilivriun over
considera>le periods of time, or even exhibhlted a positive
balance, rom this he concluded that the orzanism can build
inorganic phosphate into organlce phosphate,

According to present=day concepts, the forn of vhospho-
rus in the diet is of little importance, since in any case,
as a result of the digestive processes, phospnorus is largely
absorbod in the inorganic form. This is not surrprising wien
wve reflect that in all the complex tlssue constituents such
as phosoliolinids, nucleoprcteins, and probatly phosphonrotelns
also, the phosphcrus is present as phosrhoric acid esters.

It 13 to be exvected thiat the orranisn woulld be able to build
up those esters when provided with a source ol inorganic
phosphorus,

It 1s generally agrced that inorzanic salis o phosphorus



11
are rcadlly utilized by the animal when included in the normal
ration. However, uddy, luller, and Helft (27) have shown that
the phiosphorus of piaytin, in contrast to i1norzanic phospho-
rug, 1s unable to protect rats recceivinz a high-calclun,
low=-phosphorus diet frona rickets. Truce a..d Callow (23) have
confirmed thils inding and have shown that treatment of the
piiytin-containing material with 1: IiC1 renders the pnospho=-
rus avallavle for the curc of riciets, presunably because of
the hydrolysis of the inositol phosphoric acid. Inasmuch as
a larze part of the phosphorus of grains and seeds 1s in the
form of pnytin, these findin:ss are o imvportance in consider-
inz the phosphorus content of the ration. Probably all of the
phosvhorus of the lecaves and stems of plants 1s avallable to
the orzanlsm for these contaln very little, 17T any, prhytin.

It may be noted that the requlrement o nhosphorus
varies, denending on the diet, the age and scx of the aninmal,
and other factors.

In view o the importance of vphosnizorus to the health
and well-beling of all animals, as well as hunan dbeings, it
was of Aintercst to study the influence ol water consunption
on tho condition of rats malntained on a mar;inal dlet with

and without the addltlon o" sodium dihydrozen phosphate.
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Anlimals and Diets:

I'ale aad ferale albino rats of a strailn develorned in tihe
i1cki_an State Jollege Chemistry Departnent were mostly 21
to 25 cays old when sclectel for these exveritents. A fow
rats, between two to thrse months of age, were also set up
to observe differences in growth, if any, due to age. thite
rats were selected as the cxperimental anlinals for thils study
because of their omnlvorous food habits, tiic closc resemblance
of the chenical processss of human and rat netabollisn, th
convenlcent size of the rat for investizatlon of this charac=
ter, and the fact that many features of the nutritlon and
life histories of the rat have been extensively studled by
nunerous investizators. A total of 112 rats were studied, In
eaxh sget, 15 animals were divided into crouns of 4, with each
group having an ejual number of males and fernales welghing
mostly from 45 to Z0 grams. The initial welzits, total weisht
gsains, aad total dietary intaie are listed in Table II. Table
III shows thelr aserazge welzht gainsg, dietary intake, and
thosphorus intalie per day. A percentasc comparison of Zrowth
gain to food and; or rhosphorus consumption is included in
Table IV,

DAfferent exwerinental dlets werc prenared asz shown in
Table I. One-half 5 azxd 1 ;¢ IaHsPOy were added to Diets 2
and 3 respectively using Diet I as the control. Diets 5 and €

vere made up of 0,5,. axd 1. RakziCy rescectively, with Diet 4



1>
as the control, The different components were finely ground
and thorou:-i:ly mizxed so as to ensure unifora composition of
ie diets. These were stored in darx bottles at roon temp=-
eraturec,

uring the first two weeis o7 each exneriment, the ani-
nals werc glven unlinited food aud drintin: wvater. After that
period, they had frece access to food, bul their driniking
vater was limited to 15 milliliters ver day (20 ml., per day
for the older rats).

4 carcful record o7 thelr weeily food consunntion was
made., The food intale was calculated from thie differcnce
between the total amount supplied and the tacve wolsht cor-
resnonding to the food 8spilled, The anlmals were kept in
iIndividual, ralsed cages, and tieo room temverature was maln-
tained between 75 and 73°F.

After tvwo weeks of linited water supply, and wecily
intervals thercafter, the animals were sacrificed, and the
blood phosphorus determined,

Analytical rethod for Blood Inorsganie Thosplorus:

After sacrificing the animal using ether, blood was
quickzly removed aad placed in beaiers having a thin dry Tilm
of anticoasulant.

The mectlhod used for analysis was essentially that of
Fiske and Subbarow (29), It is based on the fact that wien
trizhlor=-acetic acid is addcd to blood, the protelns are pre-

cipitated; trcated with an acid molybdate solutlon, this acid-



(&2

vt

A

3t

N e .
Coiivrol

e
PO ) I
N e ey e - .
DIVRSEVISY A VIRV . L -
o~y o~ o Y .
sonnoencnts {(rer 1350 o

bl SRS
JLTUE

i
oL’

1us
X

»d 81
al

0O o0

(.

10

Ui

Ut

19

U

10

W
U

.

«J

25

I anl I/ were analycod

.

’

~
~~
i
.
p—g
—~
Lo
.
~

.

v

roe

14

151 alln 0y por

1 - .2.3
1 0.5 C.3230
1 1.0 0,423

.
O w

st were calcalated,.



DR IT
VLIE ! AT A D TQUD ST T
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TADLE IIX

AVICFAST WEISHT GAINS ADD ASUTASY DITDTARY INTALD
Growth 3aln ~ood Consumed D Intaxe tunber
fer Day Ter Day Ter Day % of fats

Yale Temale Tale “emale i'ale ‘emale
Diet

2.0 (z.) (s.) (5.) (ze)  (m3.) (m3.)

I-A, Unlinited vater Suonly (Young Gats):

1l 2.99 2,80 11,00  11.10 29.50 29.16 24
2 3,07  2.70 11.20 10,20 41,35 33,67 15
3 3.95 2,70 14,85 11.65 72,22 5744 8
4 4,37 23.87 10,70 9.67 34,59 31,22 24
5 4,25 3.63 8.95 3.63 38,93 37.52 c
6 4,45 2,70 12,65 10,70  70.42 53,63 3
I-3. Linited veter Supnly:

1l 2,3 1,93 12.2 11.47 34,30 30.73

2 2,03 2,03 10,21 10.92 41,00 33,24

3 2.75 2.¢5 135,40 12,30  £3,35 63,11

4 2.72 2,12 11,92 11,00 37,49 33,03

5 2,33 1.73 10,11 9.63 43,99 42,09

G 2.95 1.80 Z.10 11.25 T1.79 €1.€5
II-A, Ualinlted Drinking Vater (Clder Hats)s

1 2,50 1,90 17.10 14,20 19,03 32,05 4
3 _ 1,70 1.40 15.30 15.%60 T5.4%5 72,91 4
4 1.30 1,70 14,20 13,8 45,37 44.57 4
5 1.10 1.40 15.30 13,50 3,2 73,93 4

II-38, Linmlited Trinxing 'ater:

1 1.20  1.50 18,40  13.£0  39..1 36,45
3 0.70 1.%0 15,50  13.80 81.%% £7.°3
4 2,00  1.70 17.30 © 13.60 55,73 43,93
6 2,00 1.70 3,00 14,30 93.64 73,35

# Calculatedfrom a~tual food consunption
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COHPTATISIN O~ ZRCWII GAIY

TO TCOD AT D/CR PHORIIICRUS CUIBUNTTIC

Crowth Gailn Per Day (g5.) Growtl: dailn Per Day( o)
Tood Consuned Per Day (z.) P Intake Ter Day (mg.)

Diet lales Temnales Yales ‘enalces
O

I-A, Unlinited Drinking vater (for 9° Youns Rats):

1l 0.27 0.25 0,101 0,096
2 0.23 0.27 0.074 0.070
3 0.27 0.23 0.055 0.047
i 0,46 0.47 0.123 0.129
5 0.49 0.43 0.112 0.093
6 0.36 0.258 0.0Z5 0,742
I-3, Linited Drinking vater:

1 0.19 0.17 0.072 0.064
2 0.19 0.21 0.051 0.055
3 0.21 0.21 0.042 0.041
4 0.23 0.20 0,071 0.022
5 0.24 0.19 0.035 0,043
6 0.22 0.15 0,041 0,029

II-A, Unlimited Driniking vater (for 17 Older Rats)s

1l 0.15 0.13 0,137 0,050
3 0.11 0.09 0,024 0.013
4 0.13 0.12 0,039 0.033
6 0.07 0.10 0.013 0.012

II-3, Linited Drinking "ater:

1 0.10 0.11 0,045 0.041
3 0.04 0.11 0,009 0.024
4 0.11 0.12 0.035% 0.029
6 0.11 0.12 0.020 0.022
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frce flltrate forms phesnnomolybdic acid withh any rhoasiate
present, e vhosphonclyndle acid 1ls reduced Ly tie addition
of 1,2,4-aminonarhtholsulfonlc acid reazent, to vroduce a
blue color wiose inteunslty 1s proportional to thic azount of
phosphate present.,

Inasgnmuch as inorzanic ohogrvhate is slowly liberated fron
phosgpliorus compouunds on standing (30,%21),the blood phosnhorus
was anlyzcd almost imnmedlately after 1t was drawn,

The amount of anticozzulant used alected the color tre-
mendously. i.ormal color develonnent was ovtalned by usiag
about 2-3 m11llil. rams of 1lithium or nctassilum oxalatc per
milliliter o blocd. ixcessive use of anticoasulant resulicid
in a dininished Ccolor intensity, souzetinmes to the citent tihat
no color was produczed at all. (iable V).

{he color intensltics of the sol.tions werc —eosired
exactly flve minutes after the addition o7 the aminonanhithol-
sulfonic acid rea-ent, using the liellise "lhromatron’ vhoto-
clectric colori cter, There was little chane 1n rcadliu-s at
the end of 10, 15 and 20 minutes.

Ine conzentratlion o7 inorsanic vhospnorus in the alliijuost
wag calculated usia; the density valucs of the blood samnle
and the standard vhosphate solutlion; tie millizrams of in-
orzanic nhosphoras per 1230 ml. of blood 1s ezual to

density of sample
———rre e —————— . 0,0% X 100,
deasity of standard
An21ytical Yethod “or Inor-sanic Thosniioruz In 7Tood Zamnles:

Yor the dotcimination of inorjsanic phosshoras in the diet,
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a welzi:ed samzle was placed in a porselaln Aish, clarred
slowly over a frce flame, 211 finally burned at 2 dull r=4
heat in a muffle furnace to a white ash, The ash was dis-
solved wilth hydroclhloric acll, the solution filtered, 2and
mads un to 200 ml. A 50 ml, alizuot of this solution was
then withdrawn, diluted and heated on 2 stean bath for scve-
ral hours until the solution had evanorated to annroxi-nately
40 ml. This solution was theon emnloyed for the determluatlon
of nhosnhno:us, hy the method o” double precinitation, first
as anmonium nhos~homolybhidate and then as anmoniun-rmaresilun-

phospiiate, with fin2l welsk

shing as nasuesian oyroohios.hate, all
essentlally as descrihed in thc methods of analysis of the

[

Assoclation of the Cfficial “srizultural oheniasts (I3),



The figsures found in Table II are tlhie averazes of a
groun of four young rats, each containlng two males and two
females. Cixtecon rata betvwcen 2 to Z months of aze were sct
up for Ziets 1,3,4,and1 . at the earlier part of the exneri-
ment, &0 rats of the latter age groun were fed Dlets 2 and 5.

A compmarison was made between the growth rate of the
rats and the various factors involsed in the experinent., The
variables considered were the amount of drinxing water gup-
rlied, the typc of diet employed, ands/or the amount of phoes-
phorus consguaed from sald diet, and the scex of the experi-
mental animal., he concluslons were obtalned by means of
analyses of varlances, based on the flsures found in
Table vI1.

A two factor analysis was made on the blood inorganic
prnosphorus content of rats which received a liaited amount
of drinkin: water. The type of diet used (for source of
phosphorus) and the lensth of time when driniing water was
restricted were the two varlables considored. The results
found in Table I{ were obtalned from rats which were &1 to
25 days old at the outset of the experlment., Those 1included
in Table %I iavolves both the younz male rats (21 to 25 days

0l1d) as well as the older ones (3 months),



“xplanation of symbols uscd:

D = type of diet

O

Control 1
" " plus 0.5, Nalip?04
" 1] " 1' "
lontrol 2
n (1] ¥ [ A
plus 0,54 Jaip0y

" " " 1 M "
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W = anount of driniing water
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N
0
5
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Sy
"1
2
51
‘{':72
32

2. lLatios of Growtii Cain Divided by

31
‘v‘:’l

S2

S1
W2

3

0.27

0.25

0.19

0.17

Dy

0.10

0.09

0.07

0.07%

1

“
<

4

0.19

p

C.074

0.070

0.051

TA3LE VI

0.21

0.21

D3

0.055

0.047

0.042

O e O‘,Jfl

fatlos of Growth Gain Divided by Food Consumed

0,19

23

Thosphorus Consuncd

0.071

0.0.2

0.112

0.033

0

0.055

O . O‘I'I'_).

| 9]
(@)

0.0:‘j

0.043

O Y O‘,‘l

0.029



Source of

Total
D
3
5
DX W
DXS3
Arror

Total
D

Lrror

Total

Lrror

*®

L
Rt

R LEE

24

TATZLE VIX
ANALYSI3 O° VARIANCE OF Tos BATICS O 300wl ZAIN
DIVIOIND ZY =CCo0 CCiindiin
variance Dezree of Treadon Yean 3Juare
F(34)
23 CCO I..O) L343t
5 11,5 ‘”311
1 G
1 102,435 o
Yy ¢
5 3 1°7
) 915
0 252
At _w=vae
11 104, 8¢7r%
5 19.,?1
1 4,524
5 7%0
At USUst
11 5.39%
5 1,770
1 2,020
5 2,038
Fisher ratio signi*iuant at the 5.0 level
" " 1 ¢ 1{]
11] n 11 1 "o.ljz 13
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VII=-A

Cverall Sums and Averases for Variables
Jrowth Jain Divided by Tood Consuned

0,33
0.95
0.92
1.36
1.35
1.00

:..t ,_'_____l H

0.52
0.55
0.50
0.93
0.92

0.€2

2.13
1.91

0.25
0.47
0. 4¢E

0,21

0.36

0.722

Variatles

o)

-] 3
rn [ ol

)

3

C)
i

U
™

X

3.41
3.01

hS]
Ul

-~

0.13
0.20
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G.)

{

DIVIDED BY FOOD GCONSUMED

WEIGHT GAIN (G.)

.30-

25

50]

45 1

20 1

CHART |
FIRST ORDER INTERACTION [ X W
AT LEVELS W=W, 5 Wg

BuMMTED WATER: (W= W)
OLMITED WATER (w:=w;)

m“l

DIETS




ATALY3I3 O VAL "I

Fource of

Total
D

X3
Lrror

R U LD

(P8

Tctal

Lrror

CIVID

Varliance

e

TAZL: VIII

32
11

A0 OF Tig RATIOS O 3¢ TH GAIN
522 BY PHO3INICRUS COL3IIED
Desree o Treedonm fean SquareF
23 1; 9(7*1A
5 (’l
l E’ JQO
l 1— Jede
- r'h"ﬁf*
5 458
5
6

1 945 Qy
5 1,326
1 197
5 41

1 1.‘;:‘1,".
5 1,721
1 122
5 105



Variable

TATLT

VIII=-A

Cverall Sums and Avera~ses for Variables
Growth Cain Iivlided by “hosphorus Consuned

.‘Lt ‘."'::"'1 4

0.20
0.14
0.10
0,20
0,21
0,11

0.54

0.49

0.C3
0.07
0,05
0.10
0.03

0,05

0.10
0.07
0.05
0.13
0.1l
0.0¢

Varlable

=

L

=]
?UUI\)

o

o

(@)

2
o

(9]

0,14
0.11
0.03
0.13
0.10
0.07

23

-3

0.09
0,05

0.07
0,07

0.07
0.06
0.04
0,07
0.05
0.04
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(MG.)

SPHORUS GONSUMED
&

.08 -

DIVIDED BY PHO

—_—

.06 1

.0 41

WEIGHT GAIN (G.)

o -39

00

|
a

FIRST ORDER

CHART 2
INTERAGTION

AT LEVELS W:=Wi. 8 W,

UNLIMITED WATER
LIMITED WATER

(W= Wy)
(W=Ws )

D

X

W
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DTATLE I
DLOND FHEOSPET S COTTUIND S0 YCUTY TAYS
GI U LIGITED ANQUETI O DIINTIN: wAT 1

WP wd s TP D v G W P WD - O G T G D D W WP W B P R D G D U D G S D WD S WD A S G WO WS G W D P S T G W W D WD . - S

T D S o s N = A Y P T T TV S R D GO - P o VD - v W " . W WD P . S R WP WP S T e G G P D WS G M M N W WS G A G S -

Yo, Oof '‘ccks me.P/100 ml,

nat lo. Slet o, Sex on Linitel "ater of 2lood
Q3 1 Tenale Z £e95
}-t'\l 2 " 3 L] /6
106 4 " 2 c.a+
110 5 " 3 5.40
i 1 rale 4 5.7
L; ‘\o)
89 4 " 1{; L 99
93 5 " 4y €.12
82 1l Female 5 T.0%
5 :cf :: _2 €40
818 i | > 1,20
94 2 2 7. U3
92 1 ¥ale 5 5,75
1073 2 ! 5 5440
107 ; ’ 5 5,23
111 5 " 5 7k
3 1 Yale T T7.04
3 i :' 7 €55
91 ! 7 Tel2
25 5 " 7 7.92
100 1 ~“enale 3 5004
104 2 " 3 53
103 4 " 3 35
112 5 " 3 ell
34 1 Female 10 4 ch
a4 2 " 10 5e 0
92 4 " l() 5.‘3’.)1
93 5 " lo C‘. -’O
49 1 iale 13 2.63
5% 2 " 3 .1
o7 4 " 13 5.%2
¢l 5 " 3 5.0
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"TADLE XII

AZALYSIS O JARIANTT O TiI MIOCT MICITULTUD oonInnT
G YOUIS AUD CLD 2% TALT -3
Source of Yariance Degree of frecdon ¥ean Iquare-,
Total 14,020

2, 471

5. 25%
427

o
U U

Overall Sums and Averancs “or varlables

VYariables X 2
9,01 2

—4 9.:3 .0
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Vithin the 1inits of tiils exnerlmeat, the amount of
drinzing water suncliel, and the tyne of dlet used and/or th
anount of nirosnmhorus from the different dlets have a very
markied influence on trhe growth of albino rats, The factor with

the lcast elsniflcance 1s the sex.

A8 indicated in Table viIl, tie thrce variables involved
exerted a maried influcnce oa the growtih rate of the rats. OF
trcse factors, the anount of driniing water suonlicd hal the

greatest effect, and the sex of the animal, the least eflect,

With an unlinited water intale, growih rate of the rats
vas 0,34 compared to 0,20 at a linited water intaze,

cats gilven Mets 4 and 5 rave the higchest ga2in welishit
(0.3% and 0.3% respectively), followed by thoso th:aat had
Dict 6 (0.23), Those glven Dicts 1,2,and 3 had the lowest
averase growtn rate (0.22, 0.24%, and 0.,235), This is as cxnected
inacmuch as Diets 4, 5, and 6 contained more mili,

the sex of the animal also had an effect on srowtil,
ilales had a greater welght gatn (0.27) as compared to the
females (0425),

Of the intcractlons indicated by t..ls tirce factor
analysis, the only sisnificant one was D X V. Thils indlicates

that the effect of water sunnly on growth 1ia dependent on the
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tyoe of dlet emnloyed, and vice versa., A clear picture of
this lateraction can be seen on Chart I, Cn the other hand,

the effect of sex 1is indevenlznt of any other nmain effoct,

TV

Lo growth rate of rats iert on an unlimitel water
supply 1s greatly affected by the tyne o diet ecmnloyed, Pats
fed Diets 4 and 5 pave an appreciably'higher,weight gain (0,47
and 0,45 ) than those fed Dlet € (0.31), Dilcts 1, 2, and 3
gave the lowest growtih (0.25, 0.23 and 0,25 resnectively), The
gsex of the animal did not affect the rate of growth,

“ith a linited water intalke, the type of dlet emnloycd

and sexx did not affect the rate of growth,

‘hosphorus Intale versus Growth rates

. { :

ron Tavle VIII, it is apparent that the amount of drink-
inz watcor given, the anbunt of phospﬁorus congumed Uron the
differcnt dlets, andlthe gex 07 the experinental animai are
the important factors affecztins srowth., The interaction
involving the anount of phosphorus consumced and the water SUup-
plied is also significant, which inplies that these two factors
are depenient upon eath other where growth 1s concerned. A
graphical intervretation of this interaction 1s shown in
Chart 2.

The most sisnificant factor is the anount of water
supplied., 'hen driniing water was ualinited, growtih rate was
0.03 comnared to 0.05 when water was linltted.

The phosnhorus 1ataize is also of iznortance. Tased on
the sane amount of rhosphorus, rats fed Diet 4 mave the great-

est growtn (C.10), followed by those given Diets 1 and 5 (0,083
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and 0,08), Growth rate was lowest for those given Diets 2,3,
and 6 (0,07, 0.05 and 0.05 respectively).

As shown in Chart 2, an increase in phosphorus content
by the addition of sodiunm dihydrogen phosphate resulted in a
slower rate of growth. This was true whether drinking water
was linited or not.The deleterious effect on growth was
greater on Diets 4,5, and 6 than on Diets 1,2, and 3,

then drinking water was unlimited the type of diet from
which phosphorus was acquired waas of significance, The sex of
the rat did not affect the rate of growth.

The sex characteristic of the experimental animal was
not important when water supply was limited, Fhosphorus con-
suned from the different diets, however, was significant,
Rats given Diets 1 and 4 had the greatest growth (0.07 and
0.07) followed by those which had Diets 2, 3, 5, and 6 (0,05,
0,04, 0,05 and 0,04 respectively).,

Blood Inormanic Thosphorus Contents

As seen in the two factor analysis of variance on Table X,
the type of dlet and sex of the experimental animal did not
affect the blood inorzanic¢ phosvhorus content. The only face
tor influenclng the phosphorus content was the time that the
rats had been sublected to a limited amount of water. Elood
phoaphorus content was about the same during a period of 3
to 8 weeks of limited amounts of drinzing water (T1=6,64mg./
100 ml. of blood, T,=6+22, T326,88, 1,%6.27,T5%7,21); it
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decreased wvhen water was .estricted for a lonzer period of
time (T535.53, T;75.63, 18%5.18).

When youns and older rats were given a limited water
supply, the blood phosphorus content was not affected by the
type of dlet used (Table XI)., However, i1t was greatly influenced
by the length of time when the rats were glven restricted
anounts of drinkinz water, After 25 wecis of limited water ine
take, young rats had a blood inorganic pliosphorus content of
4,98 mgz,/100 ml, of blood. Older rats had 4.43 mg. of phospho=

rus after 23 weeks of restricted amounts of drinking water,
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SUMHMARY

On the basis of weight galn per food and/or phosphorus

intaxe, the following conclusions were reached:

1.

2.

3

4,

5

6

Te
8.

9.

Rate of growth was influenced by the type of dlet fed, the
anount of drinking water supplied, and the sex of the
experimental animal,

Rats kepl on an unlimited water supply had a greater growth
rate than those with restricted amounts,

The males, on an average, had a greater growth gain than
the females,

When the same amount of sodium dihydrogen phosphate was
added to the different diets, the rata fed dlets contain-
ing more milk and less rice gained more than those fed
diets containing less milk and more rice.

%hen sodium dihydrogen phosphate was added to these diets,
growth decreased in proportion to the amount of phosphates
added,

With an unlimited water supply, the type of dlet had a
marked effect on the growth rate of young rats.

Sex d4id not affect growth when water supply was unlimited,
On & limited water intake, the amount of phoasphorus con-
sumed exerted an influence on the rate of growth,

Male rats kept on a limited water supply had almost the

same growth gain as compared to the female ones,
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On the basis of blood inorganic phosphorus content, the

following conclusions were reached:

1,

2.

3e

4,

The type of diet fed to the rats did not affect the
inorganic phosphorus content of the blood.

Sex of the experimental animal had no significant effect
on the blood phosphorus content,

The level of blood inorganic phosphorus was influenced by
the length of time to which the rats were sublected to a
limited amount of drinking water, Longer periods of res-
tricted water intaic resulted in a smaller amount of
phosphorus in the blood.

The age of the rat was important in relation to blood
inorganic phosphorus content, Younger rats had & higher

phosphorus content than the older ones,
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