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HISTORICAL

Ortho phosphoric acid and the various salts of this
acld are known to supply phosphorus for the various needs
of the body, the major ones being for the normal develop-
ment of bones and teeth. Thus for example ortho phosphates
are selected to supply the major portion of the phosphorus
of synthetlic experimental dlets. 1In addition to these
sources foodstuffs, of course, contaln much of thelr
phosphorus 1in the form of phosphorylated organic compounds
which on hydrolysis yleld ortho phosphate.

Pyro phosphates have been used for over twenty years
as an ingredlient of leavening agents and interest in
thelr wholesomeness has recently been aroused 1in
connection with the revisions in federal food and drug
regulations. 4 persual of the literature reveals that
relatively little work has been done on the study of the
fate of pyrophosphates in the animal body. Gamgsee,
Priestly, and Larmouth1 assumed that pyrophosphate passes
unchanged through the body and by intravenous injections
of the normal salt into rabbits and frogs demonstrated
that the pryaphosphate has a definlte toxlc effect,
causing a fall in blood pressure and a varliation 1in
pulse rate, with continuous 1njections leading to death. -
However, they do note the following: "We have never

succeaeded in producing symptome of polsoning by sodium



pyra phosphate when we have introduced the substance into
the stomach. 1In dogs the drug has produced vomiting if
fed in large amounts but no further 111 effect; rabbits
have remained uneffected by 1t. So striking was the absence
of polsonous effects that it asppeared to us possible

that some of the allmentary ferments might cause sodium
pyro phosphate to combine with water and convert it to
the ilnert ortho phosphate. Direct experiments with
sallvary, gastrlc, and pancreatic ferments digested wilth
pyro phosphate at the temperature of the body, proved
that our surmise was not correct. At present we are
inclined to think that the fact of anlmals not belng
polsoned when sodium pyro phosphate 1s introduced into
the alimentary tract 1s due to the rapid elimination of
the drug.® 1In comparison Gamelz, in 1911, noted that the
pyro phosphate goes over to the ortho phosphate in an

organlism. Gardner and Symes3 working with cats

demonstrated that & small intravenous injection of the
tetra sodium pyro phosphate causes a fall in arterial
pressure and a slightly larger dose proves fatal. It

was at one time thought that the injurlious effect of

cotton seed 01l was due to the presence of pyro phosphate.h
In thls work the supposed harmfulness of the pyro phosphate
was demonstrated by injecting an extract of the cotton

seed meal into the blood stream of a rabbit. Later

investigations showed that the oral administration of



thls same extract had no effect on the animals.

Starkenstein5 bellieved that the conversion of
pyro phosphate to ortho phosphate takes place in the
stomach, due to the presence of hydrochloric acid.

Data obtalned from the Victor Chemical Works indicates
that the hydrolysis of pyro phosphate in the presence

of <1 N hydrochloric acid proceeds at a relatively slow
rate, less that 70% being converted to ortho phosphate
in a period of eight days. Inasmuch as food rarely
remalins in the stomach for more than six to elight hours,
it 1s obvious that relatively little conversion would
take place 1n this reglon of the digestive tract.

Lohman6 has determined that the pyro phosphate 1s
transformed to the ortho phosphate 1in an organlism, although
the site of such change was not suggested.

On the basls of experlimental data of Behrems and
Seelkoph7 who fed sodium pyro phosphate to male mice
i1t was demonstrated that 1lngestion of the pyro phosphate
added as the salt to the diet caused no harm to the animals.

Hoppert8

showed that pyro phosphate added to an experimental
diet exerted no abnormal influence on the development
of the rat and on reproduction and rearing of 1ts younge.

In view of the limited and inconclusive studles
reported in the literature on the utilization and fate
of pyro phosphates 1n the animal body 1t was considered

desirable to do further work to determine whether ingested

pyro phosphate 1s converted to and used as ortho phosphate.



EXPERIUENTAL PART I

In order to demonstrate the conversion of pyro
phosphate to ortho phosphate a comparison was made of
the relative effects of equivalent smounts of the basic
and acid pyro and ortho phosphates when added to s
ricketogenic dliet. The use of such a diet in the
production of experimental rickets 1s based on the fact
vhen the phosphofus of the diet 1s 1limited iIn amount and
restricted to cereal sources in which much of the phosphorus
is In the form of phytin, the addition of a large amount
of calcium carbonate will so decrease utilization of
phosphorus that calcification of the skeleton is
practlically entirely inhibited. Blood phosphorus values
drop to an exceedlngly low level. If to such a diet
avallable phosphorus such as sodlum ortho phosphate 1is
added, there 1s an immediate response in blood phosphorus
values and in bone development.

The method employed therefore was simply to comparse
the effects of equivalent amounts of the basic and acid
salts of pyro and ortho phosphoric acid when supplemented
to & basal ricketogenic diet and fed to young growing rats.

Young rats, 21 to 25 daysvold and welghling between
L5 and 50 grams, were selected and divided 1nto groups
as vhown in Table I. The basal dlet used 1n these studles

had the following composition:



Ground yellow corn =-------—- 1605 grams
Ground oatmeal e---ece-—e--- 600 grams
Theat gluten -----=-=cee-=- 600 grams
Yeast ~eceerrcrcerccrceeee- 125 grams
Calclum carbonate —=e=ce--- 90 grams

Sodium chloride -------e=e- 3Q grams

The animals were fed thelr respective dlets for s
period of seven weasks. At the end aof thlis periocd they
were killed, blood samples collected, and the femurs
removede.

The blood phosphorus value of each animal was
determined by the Younghberg procedure using the Filsher
Electrophotometer in place of the colorimeter. The
percent bone ash of the femur of each snimal was
determined in the conventional manner, f.e., on the fat
extracted dessicated bones. The analytical results
obtained in thils study are summarized in Table II. The

detalled data are sssembled at the end of the thesis.



DATA:
TABLE I
Supplements to the Ricketogenic Diet
Amount P contributed
@Group Noe. No. of Animals Supplement by supplement per
100 gm. of ration

1 6 none ——

2 6 CaCO; reduced to 1% -——-

3 6 N°5P°h x 12H20 164 mge.
L 6 NazPQp x 12H,0 82 mg.
5 & NazPO; x 12H,0 L1 mg.
é é Na) P;07 x 10H,0 164 ng.
7 6 Ne)  P507 x 10H0 82 mge.
8 6 Ne) P,07 X 10H,0 L1 mg.
9 6 NaH,PQ) x Hy0 21,6 ng.
10 718 NaH,PO) x H0 164 mg.
11 8 NaHaPou x HZQ 82 mge.
12 7 NaH,PO; x H,0 Ll mg.
13 7 Na,H,P,0Q, x H,0 2L,6 mg.
1L T Na H_P_O_x H_ Q 164 mge.
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Discussion:

An examlnatlion of Table II discloses 1n general that
all additions of ortho or pyro phosphates caused & definite
increase in bone ash, blood phosphorus, and the welght of
the animal. Group 2 was Included to demonstrate the effect
of lowering the calclum carbonate content of the dlet.

By comparing the average results of the alkaline
salts with the basal dlet 1t may be readlily observed that
the addition of 1lncreasing amounts of either the tetra
sodlium pyro phosphate or the tril sodium ortho phosphate
ceaused a definite improvement in bone development as
indicated by the 1lncreases in percent bone ash. &As might
be expected the blood phosphorus values showed corresponding
increases.

Comparison of the results obtalned by feeding the tri
sodium ortho phosphate with those of the tetra sodium pyro
phosphate indicate that the alkallne salts of the pyro
phosphate are not utilized as well as the comparable ortho
phosphates. This conclusion is based on the fact that the
bone ash and the blood phosphorus values were conslstently
lower in the case of the tetra sodium pyro phosphate.
Nevertheless, the tetra sodium pyro phosphate was appreciably
utilized in every instance as shown by the lncreased bone
ash as well as the blood phosphorus values when compared
¥ith the basal group. In contrast the test with the acid

salts reveal striking similarity in effects at all levels.



This indicates the complete utilization and conversion of
the acld pyro phosphate to the ortho phosphate form.
Inasmuch as the acid pyro phosphate employed in baking 1s
the disodium dihydrogen pyro phosphate and reacts with
sodium blcarbonate to form predominately the trisodium
monohydrogen phosphate, one may assume that the responses
with the latter would at least fall between the limits
extablished for the tetra and the disodium pyro phosphate.
It would accordingly be reasonable to conclude that the
use of disodium dihydrogen pyro phosphate in baking
contributes appreciably to the amount of useful phosphorus
in & food prepared with an acld pyro phosphate leavening
agent.

On the basis of these results one 1s permitted to
conclude that the pyro phosphates are well utilized for
maintaining a normal blood phosphorus level and supporting
bone development. It is reasonable to assume that all of
the other uses for phosphorus may likewlse be served by

ingested pyra phosphates.



10

EXPERIMENTAL PART II

Since it was found (Part I) that the pyro phosphate
can be well utilized in bone development and claims 1in
the literature have been made that the pyro phosphate 1is
converted to the ortho phosphate before it reaches the
blood, it was desired to determine whether the method
employed for the analysis of blood was reasonably specifiec
for ortho phosphate. Accordingly solutions of both ortho
and pyro acid phosphate containing .1 mg. of P per ml.
were made and the phosphorus content of each solution was
determined according to the Youngberg procedure for blood

phosphorus. The following results were obtalned:

Phosphorus Source Actual phosphorus Analyzed P
content content
Socium acid ortho phosphate 8 mg./100 ml. 8 mg./100 mle.
Sodlum acld pyro phosphate 8 nmg./100 mi. .6 mg./10Q0 ml.
Sodium acld pyro phosphate 12 mg./100 ml. <7 mg./10Q0 ml.

From the above i1t 1s readily observed that the reaction
between pyro phosphate and the Youngberg reagent is very
slight.

The small amount determined in the analysis of the
pyro phosphate solution may be due to the conversion of
the pyro to the ortho form by hydrolysis. Upon snalysls
of the above solutions at later dates it was found that
the amount of phosphorus gradually 1ncreased. At the end
of ten days there was about fifty percent conversion to

the ortho form.
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It was desired, also, to determine if the trichlor-

acetic acld used in preclpitating the proteins 1in this

method hastened the conversion of the pyro to the

form.

S.A.P.P.
(1 ml. N. 1 mg. P)

10
10
10
10
10

10

The followling shows the results obtalneds

mle
ml.
ml.
ml.
ml.

ml.

ToCoA.Ao

added

80 ml.
LO ml.
20 ml.
10 ml.
S ml.

none

.8
.8
.8
.8
.8

.8

Analyzed P
content

(1 hr. after
mixing)

mg./100
mg./100
mg./100
mg./100
mg./100

mg./100

mle.
ml.
mle.
ml.
ml.

mle.

ortho

Analyzed P
content

(L, days after
mixing)

2.9 mg./100 ml.

2.8 mg./100 ml.

2.76mg./100 ml.

207 mg./loo ml.

2.61 mg/lOO mle

2.59 mg/100 ml.

The above would indlcate that the trichloracetic acild

used in the analysls had llttle effect in increasing the

conversion of the pyro to the ortho form.

A study now was made of the analysls of blood samples

to which known amounts of ortho and pyro phosphates were

added.

2 ml. water = 9 ml. of blood
2 ml. ortha (1 ml.

2 ml. pyro (1 ml.

The results of these tests follow:

Amount and Source of P.

Analysis

Gm. phosphorus /100 ml.

.l mg.) = 5 mle. blood

.1 mg.) = 5 ml. blood

L5
6.4
L.65

It is apparent from the above that there 1s only a

slight increase in the phosphorus value when the pyro
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phosphate iIs added to the blood sample. Thls increase
corresponds to that observed when a solution of the pyro
phosphate was analyzed directly. It may be stated then
that the blood values obtalned in the main portlon of this
study represent ortho phosphate. It also indicates that
ingested pyro phosphates are converted to the ortho fornm
before passing 1into the general circulatione.

In order to determine the site of this conversion 1t
would probably be necessary to examine the blood passing
from the digestive tract to the liver. 1In view of the
marked phosphatase activity of intestinal tissue 1t would
be reasonable to expect that the change to the ortho form

might occur during the process of assimilation.



2.

SUMIARY

Tetra sodium pyro phosphate 1Is not quite as well
utilized for bone development as tri sodium ortho
phosphate.

The aclid pyro phosphate 1s utillized to the same
extent as the acld ortho phosphate.

The pyro phosphates are converted to ortho phosphates
before reaching the general circulatione.

Bessentlally only ortho phosphates sre determined in

blood when using the Youngberg procedure.

13



1.

5.

-

BIBLIOGRAPHY

Gamgee, Priestly and Larmuth, On the difference 1in
the polsonous activity of phosphorus in the ortho,
meta, and pyro phospnoric aclds., J. of Anat., 11,
255-284 (1877).

Gamel, Schwelg, Wschr. f. Chem. u. Pharmaz., 39 302,
(1901).

Gardner, J. A., and Symes, W. L., The physlologlcal
action of some camphene phosphonates of sodium, Bioc.
Jes 5, 390-399 (1910).

Crawford, Alvert C., A polsonous principle in certain
cotton seed meals., J. of Pharm. and Exp. Therap., 1,
519-548, (1910).

Lohman, Blochem. 4., 203, 208, (1928).

Starkensteln., Ebenda, 32, 257, (1911).

Behrens, B., and Seelkoph, K., On the pharmacology

of the meta-phosphoriec acids., Arch. Exp. Pathogle
and Pharm., 169, 238-245, (1933).

Hoppert, C. &., # study of the possible toxic effects
of certaln compounds that are or may be used in baking

powders., M. S. C., (1929).

14



15

SIBUIUB OIBK -~- O
g6 066§ l0°0¢ Z8 u n +0 qQ-SoMg
911 G1°¢ 60°1¢ c8 u u +0 q-ag
06 01°9 cneo¢ c8 n u +0 q-soal
0Tt - 0L°0¢ 28 u u «0 q-uL
oc1 66°¢ €1°1¢ 4] u u +0 qQ-sSeag
901 1°S A 14 8 u @ é0 q-a9
88 -— 19°2¢ 28 y n <0 q-seag
811 g1 cgec¢ 28 0°H xM0d%HBN  «0 q-ag
Y8 l2°2 6g 6z Ry u " +0 g-soat]
0L === cg8°12 bR o u +0 q-ah
0t 18°1 16~ ¢2 1 u u «0 qQ-SoM¢
6 4 ‘4 gz 61 14 ] n <0 q-ag
86 -— 69°61 14 u 4 €0 qQ-somn?
hé -—- fige12 18y u u +0 q-ag
601 gl*1 98° 02 fﬂw«ad u 8 +0 q-S8AT
wb Mot ez 60°22 by 0%E x Toalusn  +0 a-a1
(syoon poolq Jo yss uogasd Jo <m3 QO eoJnos *ON
usAes) 1uo01/*3m) euoq ded juemetddns £q sngoydsoyd X098 {sugiuy
L ERECT d poold auedsaed pPeINQIJIJUOD 4 juUnoOWYy

1
sonyeA snaoudsoyd pooOlg PUB YsSYy euod 83BIGAY

III 3749Vl



16

SIBOTUB B[BUOJ === +O
BlBUTUB OTBN w=-- €O

z2l oY 02 6¢ 9te " u +0 x-qg2
021 66°9 08°9¢ 9f1e u u +0 X-q¢
86 28 o+ 6¢ ote a u 0 X-Rg
811 11 18+ ot 9te M u +0 d-8S9M3
601 N9 AR 9te B u +0 -89
111 1°8 L8 6¢ o2 u n «0 J-s0A)
021 18°9 N6°6¢ 9h2 0% x MoaPHeN <0 I-u
801 0L°9 8¢ 8¢ 191 ® u &0 W-SOMZ]
86 00°1 0L*6¢ 91 u u «0 n-agt
—-—— ——— pedsose 91 u u +0 w-soall
0zt 61°6 18~ 6¢ 91 u 5 +0 W-ATl
021 6e-t IAakAll 791 5 u <D u-seu0y
96 8L-M g€L-9¢ 1n91 ,e ™ «0 w-201
101 60°§ 18°L¢ 91 By oW +0 u-seab
b 96 L1 §6°8¢ beey 91 0°H x 0a°HSN €0 u-a6
(s3a0m (pootq Jo ysse uof3ied Jo *uw3 001 edunos *oN
ueAss) *1mOQ1/*w3) euoq ded jusmerddns Aq snaoydsoud Xag {sutuy

Iy3joy

d poold auedged

peanqiJauod® 4 junouwy

(penutiuo)) III HTEVL



17

S{BUIUB @[BWOH === +O
SI{BUIUB O[BN === ¢ o

€0 q-89AfT

01 g~ ¢ 06°61 ™ u "
86 9°¢ 09°02 14y u u +0 q-at1
811 ¢ 0g°1¢ 8| u u «0 q-somM¢T
16 2 ¢ 06°6M 0 & u €D qQ-R¢T
06 02°¢ ¢ 81 B " # 40 s-ql
26 86°2 01° 61 M ouot x “p%a'len +0 s-3]
1t A L N¢ 91 u u +0 x-a4
oft 8L 60°9¢ 791 X I <0 qJ=X-uty
h21 6°6 2 1n 191 o M +0 x-qf
901 LN 65*0Y 191 a u +0 I-8849
a1 €9 18°6¢ 191 ) Py +0 d-a9
¢l 2°lL Gti*g¢ 191 » u €D Jd-80a§
-wb 901 8* 6 2+ 6¢ bar 91 0%H x T0d%HBN «0 3-ag
(syeon (poo1q yse uotasd Jo *m3 (001 89anos *ON
uaAes) <~ 1mwQQI/°uw3) auoq ded jusmetddns 4£q snaoydsoyd Xog 1s8uiuy
Au3teu d poold 3juedasy peanqiIjzuod g junomy

(penutjuo)) 1II F14dVL



18

S§1BUTUB O[BUWOY —~== +0
SIBUTUB O[BR === &O

611 0669 ¢he1¢ 28 u u TOAY
L2t 02°9 0T1°0¢ 4] u u *D Q-SOMg
ccl 26°¢ 89°L¢ c8 u u +0 Q-89
121 --- 2108 44 4:] " u &D q-59A4
G¢e1 1°9 12°h¢ 28 u a «D q-ag
G0t c*9 66*g2 c8 o w +0 8-q¢
201 1°6 ¢L 1z 28 02t x Tod2eN  +0 s-a¢
911 LG L YAK Y91 u u *OAY
rAR 69°L 16NN 91 & u &0 q-seal
ocl g80°8 121 91 n u <0 s-ah)
811 94°. 1L 0% M9t u u +0 s-q¢
86 86°L e eh 91 ﬁ u +D sS-a¢
811 08°L 08°L¢ 91 » u 0 s=-q¢c
~ub o€t 2¢°9 ng-¢¢ beu M91 0%r21 x Mod%en o 8-87
(sveoa {poo1q yss uogaea Jo w8 (01 29Jnos *ON
ueaes) *1mwEOT/°ul) euoq Jed quemetrddns 4£q snaoydsoud p'q:1 1BuUTUY
Jy3tTep d POOId juasasyg pe3nqiJ4aucod g junomy

(penut3uo)) III HTLVI



19

SIBUIUB 8IBUWOI === +©
8IBUTUB OB === «O
101 0L*¢ 90*62 paJ| n u *9AY
66 S1-¢ &M gz i u u ¢0 q-s88Ag
011 T Ad| 66°82 b u u +0 q-ag
06 ¢ gs-ee h u u &0 q-sox)
B80T L*¢ 17°92 R Y| '] u D q-al
86 2°1 ene 11 = n +0 s-qf
b z2T G g 8° 61 b 11 0%zt x Todfen  +0 s-ut]
(syoem (poo1q JoO yse uof3sd Jo w3 QOOT ‘edanos “ON
usaes) <1mpQr/°uw3) euoq ded juesmeiddns £q snaoydsoyd x9S 1sutuy
JuITem d poolg 3juedaed peanqiJI3uos g junouny

(penutjuo)) III HIAVI



20

SIBUIUB ®[BUOJ ===
S[BOIUB O[BN --=-

+0
&0

21 66°1 2L*8¢ a n u * oAy

021 08°9 5°2h n u u +D x-q)

LA B6° 1N 1L°8¢% a n n +D X-n)

L2t D0°§ 06°9¢ n P n +D d-S3A01

0¢1 c1°n £¢*9¢ 2 - 2 €D 3-401

(€3¢ 8°¢ 80°11 938UOQJIBY WNTITEBD &0 I-S9M4

611 1°6 6L°9¢ ausdred BuUOo AJuo BUIUIBUOD IBSBHE +0 J-a6

Ll l-2 66°1L1 9uUoN i8seyg *eAY

Lz g Ll1 euoN 1es84 +0 u-3OREY

26°2 rARIA euof {ssed +0 u-a¢Y

Y19 —— 691 eUON 1®884g *0 q-S94ag

09 6l*2 791 euoN 18sed €«0 q-xg

86 c9° L1°81 8uoN Teseg +0 q-ql

26 26z bweg-zz eUON 1eseg €D q-a1

99 ——— Pe1d BUON 1ss8d 0 ®/-q7

“wb 08 -——— re1d euoN 188%8dg &0 S=M4T1
(s¥20em (roo1q yss uog3sd Jo *u3d Q0T 924anos *ON

ueass) 1Up01/*w3) suoq ded jusmeiddns X£q snaoydsoud > <-1] 18uiuy

w3 uy 3yu3TeN

d poold 3queduaed

peanqIJI3uUOd g Qunomy

(penui3uo)) III FT9YIL



21

SIBUTUB BIBUWOJ =~= +0O
SIBUJUB 3IBN --= &0

611 gz 1 6262 28 ™ u * oAy

621 201 06°62 z8 n n &0 q-S9MZ 1

111 26°¢ 06°62 28 § 8 +D qQ-az1

021 f10°¢ 8I-¢2 28 u 8 €D q-SO9MT]

061 -—- 28°0¢ 4] u u 40 qQ-a1l

86 .- 12°82 28 ¥ ? 0 8-q¢

221 G6*¢ 60°¢z2 r4:) D%HOT X 4pZa'ley  +p s-ag

811 90°L $8°¢¢ 91 a o *eAY

911 .Jm‘ G 28°D¢ dw,ﬂ b’ a R) q-88AD1

SI1 L9 98°1¢ 191 n u 40 Q=201

911 -—- 06°¢¢ 91 » a +0 q-seaf

L1 -—- 68°9¢ 791 x = +0 a-26

21t 1-L 96°9¢ 91 " n «0 8-q4§

-~ub zer 2°8 80°82 bw 191 0%E0T X Lp23ley  «p S-2g
(syooa : poot1q Jo ysse uoyasgy Jo w3 Q01 93anos *ON
usaes) *Tupo1/°m3) suoq Jded juemetddns Aq snaoydsoyqd b 4 -1 IsuIuy

w3 uy ystes d pPoold 3Juedaseg peanqrajuo? 4 qunomy

{penut3uod) III F19VI



22

S{BUTUB ©IBUAJ ===« 40
STBUTUB BIBH w-= 40O

AA 6L*9 20° 1Y e n ] D *9AY
L1 00°§ 82 9te » 0 +0 x-q2
gcl £0°9 2°1n 9te ) n &0 X-q¢
6¢1 6°L 9°L¢ otz a a €0 X-2¢
1€t 8°9 i A otz » = €0 a-89al
201 ¢l 82" 01 otTe 2 = &0 1-aT

021 12°1 € 1Y 9t1e 8 0 +D0 J-80Af

€11 6°9 6°0¢ 92 *d *d *Y¥Y *S D J-Ng

911 N4 B1°8¢ 191 a * oAy

26 28N o0°%1¢ 791 n = ) J-832AZ
10t 12°6 N9°9¢ 91 & n &0 I=-nZ
L1t 21°6 6M°6¢ 191 a = +0 J-808AY
901 8ot 60°6¢ 91 n n D J=-AT
L€l €<l 7-0o% 91 a 8 +0 X-az
8¢1 | L°9¢ 791 » a +D X=aT
cwub MTT 6*9 06°2Y by o1 <d *d °Y °S +0 x-q1

(syaon poolq Jo yss uoia3sed Jo <uld DOI 22Janos *oR

UOASSE) *1wpol/°uw3) suoq J0d juemerddns £q snaoydsoud XBg 1euiuy

w3 uy y3Ten

d poolg Jjuedaed

PeanNQIIjUOD g junomy

{psnutijuo)d) III HILGYI






~=isTRY DEFE 142673

calruxs-m Y DRPY,
L9gy

142673
Lynep

pa.z-atiVe utj 2atiop of
and o phosphate i
of* ratg,

n bope




il

i

<
(o)
m
N
o
™
=2]
N
-
™

o
=
e
N

—
P
o=
P
O—=
b ———

e—



