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THE BIOLOGICAL BEBAVIOR OF
* ORGANIG COMPOUNDS CONTAINING RADTOPHOSPHORUS®
E By B} C;:ﬁérriéonyand Josephine F, Crowléy"
Cfockef Iabdiaﬁdry;'Rédlatiéﬁ Laboratcry, Unlvérsity of California
and the Dlv;sion of Radiology, University of California Medical School
Berkeley and San Francisco, California
Introduction, - _

This,study;was:undertaken with the objective of observing the distribuf
tion in the rat of organic camp§gnds of phOSphorué 1abe1;ed_withlthe p32
isofope.as tracer. The fate of several_of these compounds was,stﬁdied in
animals bearing tumors. The distribution'of inbrganic ph¢SphateAin animal
tissues is well known but was included in this work for comparison with the
organic phosphorus campounds.

Thirteen substances were synthesized and representéd sii different
classes of organic phosphorus compounds., These weres five_thSphine oxides, .
two phosphinic acids, one phosphonie acid,vthfee esters and a di as well as
a tri anilidé of phoSphoric écid. ‘The distribution data were oﬁtaiﬂed'frqm
raqioactivity m@asurements’énlyfand the possibility of chgmipal alteration
of the injected cqmpound in the animal body was not examined, A mumber of
similar’tracer studies have been carried out using radioﬁhosphofus in various

ester-type compounds. In addition, some animal distributions of non-radioactive

-organic phosphorus compounds have been observed.

Preparation éf labelled di-isopropyl fludrophOSPhate_is described by
Witten and Miller_(?) and also by Saunders and-bethy (8) while its distribu—
tion in rabbits has been studied by Jandorf and McNamara (2). The latter
% The work described in thisvpapér'was sponsored By'ﬁhe'ﬂfomié'Ehergy

Comission under Contract W-7405-eng-48. It was supported in part by a

grant from the Henry,.Laura and Irene B. Dernham Fund of the American
Cancer Society and the Christine Breon Fund.
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found that the concentrétiog,qfﬁ;gd;oactive flyorothSphate was highest in liver,
kidney and lung. They alsolobtained_gadiogctiye:SQdium di-isopropyl phosphate
and noted that in the rabbitp;ﬁ‘wgsbexpreﬁed with little reteptiog in any organ,

Glyéeryl'phosphates‘and'phospﬁofyléhoiine have-been tagged with ‘P32 for
studies related to phospholipid ﬁetabolism (3, 17, 40). Their conversion
into phospholipid of liver and kidney was shown in surviving slices.and in
the intact animal, vDistribution of'raaioactive phosphorylcholine has been
studied in rats after 'ihtfa]g;éi-itonéél injection by Riley (10, 11) and has -
been shown to be only slightlj different from thSphate, thougﬁ excreted
Soméwhat.more slewly than the latter. This author assumes hydrbiysis of the-
phosighcrylcho;ine after & brief eriod and then distribution of the P32 as
inorganic phoSphatee | .

Beta and alpha glycerophOSphates were made radloactlve (40) and tested
as precursors of phOSpholipld synthe31s in the rat’ llver.:‘The esters were
apparentxy hydrolyzed after 1ngectlon ‘and the constltuents passed into the
cells before phosphcllpld synthe31s took place. ’ |

AmlnoethylphOSphorlc acid, whlch has been found to be ‘a constituent of
maﬁy organs of the rat and of human and anlmal tumors (l 16) was prepared
containing P32 by Chargaff and Keston (4) These'workers'studied transforma-
\-tlon of the 1n3ected materlal into phOSphatldes in normal and tumor bearing
animals. The compognd was thought'uo have no Spec1f1c functlgn in tumor
growfﬁ but to be aﬁpfééﬁétubf cepﬁalinfkatabolism.'-it wés not found however
in fresh rat darcinamé.by Ie Page (32) who assumed it may be a product of -
autoiysiso I | | |

Methods for the.preparation of radioactive'glucose-éaphOSphate and of
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prépapediplfalpha—phggphape.hayg‘bgen‘dgscribed by Lampson and.Lardy_(5, 6)
starting fron ra&iOphosphpgiq ggéé,»‘P:opanediol-phgsphate_has‘been found in
apprecigble,aﬁogqtstin braip»tiggugggnd glso_in rgt_liver, kidneys and
carcinoma and'in_ﬁhgnegg§_of:some marine forms (14, 32). The eéter (labelled
© with P3R) Qas,obtainéd by_Lindberg (14, 15) and its rapid uptake by rat
livervwas_examiged,;. '

Blood, u;ine:and feggg Values of_orally administeigd phOSPhanilic'acid,
l(para-aminobenzene phosphonic aéid)'in»mice were determined by Pendse and
Bhide (9) but the compound was not made radioactive. Only small amounts
were preséntrin the blood but the‘substance'was excreted in urine and feces
inﬁconéiderable amounts, ‘ , ,

_Radioactivevtri—orthocresyl phosphate (tri—orthotolyl phosphate)vwas
prepared by Hodge and Sférnér (lz)nand its’skin absofption and itsvexcretion
studied in human‘subjécts:and‘in dogs. Iﬁ both casesvabgorption was rapid from
the site of application. Distribution results in the dog showed high liver
- values and some gffinity for nerve tissue but ﬁery ldw:bbﬁé vaiﬁes, .The
ester was thought to be resistant to hydrolysis during the one day‘p_eriod of
the test., 'Necrosis;of rat sarcoma has been observed withlthis ester (37)
ané in 10% of the cases total_régression of the tumor occurred. N

. Same disﬁributiog results_in nerv§ tissues of the cat were found by Bird,
Cohn and Weiss (13) ofvP32—1abelled triphenyl phosphite. This substaﬁqe,
which is a convulsant, was rapidly absorbed and soon hydrgljzed after intra-
peritoneal injecpiqﬁf‘ The animals were sacrificed after 1.5 hqurs_and the
hydrolyéis.products (phenol énd phosphorous acid) were widely distributed in
the tissues. _ L ‘ 
| The insecticide, octamethyl pyrophosphoramide (OMPA)»has been made

radicactive (18) and its uptake by plants studied, The entire plant is made
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insecticidal to bitlng and sucklng ‘insects by this substance., The campbund also
has an anti-cholineesterase’ act1v1ty in rabbits (39).

~ The property of & citrus phosphotransferase in transferring the phosphate
group frem p-nitrophenyl phosphate to. methanol was studied by Axelrod (33)
using the radioactive ester. The méﬁhyidﬁhosphate’formed had the same specific
'activity as the p-nitrophenyl thSphatékeven when incubated in the presence

of non-radioactive inorganic phosphate showing theblatﬁér'ié not involved in
the reaction. |

Orstrom (45) héé isolated labelled phosphoglycollic acid from human
erythrocytes after injéétioh of radiophosphate.

Several esters of interést as insecticides were tagged with P32 and their
distributioné and eicretioﬁ'rateé”studiéd iﬁ the roach'Periplaneté americara
(46). |

Three esters were emnloyed in the present’ work, all of which are of some
biologlcal 1nterest,;5,"v o

Gholesterol“phésphate‘is df'interest in that its h&d@é;yéis products -
are widely distribufed.in the body. The structure of the compound is uncertain,
however, and it may:be:an‘estef of pyrophosphoric acid'(43)¢_'

Di(beta—aﬁinoéthyl) phosphoric acid was made by Jackson' (36) as an
intermediate for the synthesis of sulfanilamide derivatives, Tt is the second-
ary ester of ethanolamine correSpondlng to the prlmary ester (aminoethyl-
phosphoric acid) reférred to above, -

Synkavit is the | Sodium salt of the diphosphate of 2-methyl-l-4-naphtho-
hydroquinone and was synthesized originally as a solubilized Vitsmin K
substitute. It has been studied in squamous cell carcinama as an inhibitor
of mitosis (35). | | o

' The othér compounds which were prepared have evidently not been examined



UCRL~1759

previously in biological work. - .- -

Methods.
I, Synthetic.

* The radiocactive phOSphoryl chlorlde whlch was used as startlng material
"1n these preparatlons was obtalned by a sllght modlflcatlon of the method of
Axelrod (33), SpeCific activities ‘were of the order df*6»mc/gm but greater
Spscifio‘activity can‘be‘obﬁaihéd' Radloactlve phOSphoryl chlorlde has also
been obtained by a mmber of other methods (4, 7, 12 L, 17, 18, 38).

The radloactlve organlc compounds were made from the phosphoryl chloride
by processes very sumllar o those descrlbed in the llterature except as
noted, Kosolapoff (31) gives a very ‘thorough survey of preparative methods
for organic phosphofus compounds of éil'type:s° Synthstic methods and refer-
ences for the organlc compounds used 1n the present work are listed as followss

Trlphenyl ph03ph1ne ox1de, (06H5)3P0.¥ This was obtalned from phenyl— '
magnes1um bromide and phosphoryl chlorlde in ether solutlon (19) N

Tributyl phosphine oxide, (0439)3Po. (20). N |

Dlphenyl ethyl phosphlne oxide, (06H5)2(02H5)P0° 621)

Dlphenyl butyl phosphlne axide, (06H5)2(04H9)P0° (21)

Dlphenyl phoSphlnlc ac1d sodium salt (06H5)2P00Na° (22, 23)

Cholesterol PhOSphate, (24,25)s | |

Phosphoric trlanlllde, (C6H5NH)3POe (26)

Dianilidophosphoric a01d or phoSphorlc dlanillde, sodlum salt |
(CgHisNH)pPOONa,  (27,28). N |

Synkav1t TetraSOdlum salt of 2~methyl—l—Apnaphthohydroqulnone dlphOSphate,

CH35610H5(0P0(0Na)2)2° (34) .
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Di(beta~aminoethyl)phosphoric acid monohydrochloride,
(NHp.CHp.CH.0),POCH,HC1,  (36).

Benzene phosphonic acid; sodium salt, CelizPO(ONa)p.  (44).

~ Triphenyl phosphlne oxide monosulfonic a01d sodium salt of probable

formula (06H5)2(0634,S02¢0Na)P09 Thie was obtained from strongly radiocactive
trlphenyl phosphine ox1dec. O 5 gms of the oxide was dlssolved in 25 ml, of
chlorosulfonlc acid at 10°C and thls solutlon heated to 100°C on a water bath
fer 10 minutes, It was then cgoled in an ice bath and poured dropwlse onto a
large amount of crushed ice, The preclpltated sulfonyl chlorlde was filtered
off and boiled with weiereﬁpﬁll complete solution eccurredb_ This solution,
after chercoal_deceiopizetion and filtfetion,'waS'neutralized'with sodium
cafbonate and-evapofated to dryneéé onlihe'steam bath, The'white solid obtained
was dried overnlght in a vacuun d951ccator and dlssolved in water for use,

For characterizatlon, the sulfonamlde was preparea from a sample of
nonpradloactlve ox;de, A.portlon of the sulfonyi chlorlde (about 0.5 gms.) was
digested with 50 ml. of concentrated ammonlum hydrox1de at 60°C for l/2 houra
The solution was flltered and a01d1fied w1+h cold hydrochlorlc acid g1v1ng
a somewhat gummy pre01p1tate whlch was, purlfied by reprecxpltatlng the
ammoniacal solutlonvw1th ac1d several tzmes and flnally crystalllzlng from
ether-petroleum.ether° - The product was: washed W1th petroelun ether and air
dried, It melted 105~115°C W1th some gas evolutlon and evident decomposz_tlono

Attempts to get a sharply melting product by further recrystalllzatlon failed,

Anal°r .'-fg‘ , c -_5- ,H, N
Calcde . 60.50 'A,:‘.: R 4048 . ) 3992 . |
CFound 59,88 4.85 . 3.61

for 018H16N3P03 or. (06H5)2(06H4,802.NH2)P0.,

By analogy w1th other orientations’ observed in substituted aromatlc
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ﬁhosPhine_qxides;-it_wasrthought_that thgse:suifonated deriyatiyes were meta
ccmpounds_(Bl)s' ' | : ‘
| - Mercapto diphenyl phosphinic acid, sodium -salt of probéblé,formula
,:(06H5)(06H468H)P00Na.. 0.5 gns. of strong;y‘radioactive'diphenyl;phosphinic
acid was reacted*with'chlorosulfonid acid in a manner similar to that described
for the oxide, with the.difference that the‘sblution~w€s;kept at 100°C for.
3 hours'before cooling and pouring onto crushed ice. Thévfrecipitated sul-
fonyl chloride (probably of the composition (CgHl)GgHy«S02sC1)POCL) was .
_ dissolvéd;in eiéess glacial acetic acid and boiled with 30-mesh zinc with..:
‘intermitteﬁt addition of concentrated hydrochloric acids . After four hours . .
refluxing,nthe solution was poured into ice and dilute hydrochloric acid .
mixiure; TheAprecipitated qcid was purified‘by several depositioné from its:
: hot.garbonate_sblution-bynadding.hydrbchlqric,acid and cooling,:,The least
soluble material was rejected, It was then recrystallized fromuether_,‘m° Do .
154.5-158°C, An analytical sample waS'récryStallized ffqm‘water several times,
rejecting the least soluble resinous»mgterial (which has éﬁhigherisulfur‘- —_

..content), After air drying the acid had m. p. 162-163°C, -

Anals -6 . - H. - 8
~ Gale, 57,60 44O - 12,80
FOund o 57@08 C 4615 13915

for CygHy PSOp
< It was assumed thétithis substance is also a,metaesubstitﬁted}derivativg
(31); -For .use, ﬁhe aéid was neutralized with sodium carbonate solution,
IT. Biological, -
| After prepération, varying.amounté of the above,matérials were givenvtq '
albiné rats- of both sexes-by,intravenouévadministration,,and in a few cases |

by intramuscular injection. -Three orzfour animalg.perisﬁudyﬁwerevémployed,
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ranging'in weight frem 200 to 250 gms;‘ The animals were sacrificed at one and
four day perlods afterwards, except as noted in Table (II), Specific activity
of the injected solutlons ranged from 1.5 to 17 uc/mlo Total volume of the
injected solution’per animal varied between 0.1 and 1 ml,‘jThe'PBZ solution used
for comparisoh with the organic compounds contained added carrier phosphate,
Those_substances‘which’were water-insoluble or sparingly soluble were
adminiStéred_in cbtto?seed oil, The aqidié compounds were administered as
saline or water solgtian of their sodium salts at pH 7l8e5, The cholestefol
phOSphate was-vefy’iﬁééguble and ‘intractable in the dried form and was used.
therefore as a'cqllqidél suspension in-water which was never allowed to dry .
out during prepargtigég ”Vehicles used ‘and the mg/kg injected are given in
Table I. e

- After the an;mals were sacrlflcedv samnles of . tlssues ‘were prepared for
radioactive assay. ThlS was done by drylng the welghed tissues and the

remainder of the an;mal, as well as the§nrine and feces,;gt_lOOOG for two

‘days and then ashing L*55OdC for‘oné-éay. ‘Known weightS”éf ash were ‘taken
for assay so that self absorptlon correctlans could be. made. The data obtained
are summarlzed in Table 1T, The results are expressed as per cent of the dose
administered per gram'of organ or tissue wet weight and per-cent of dose
excreted in urine and feces. Correctlons were made for recovery whlch varied
from 85% to 111% of the dose admlnlstered. A Table (III) is also 1ncluded
" of average wetvwelghtsdof the organs and tissues and the réﬁges iﬁ these weights.
The fate of'thé?gémpouhdsiwas sﬁudiéd in liver, spleen, gastro-intestinal
tract, musale,:skihg éﬁd skeleton and in some cases in animals which were
bearing lymphosarceme,. neurofibroma or fibrosarcome tumor implents. Urine and
feces were coiieétédaaﬁd'bounted also;_‘Various other orgahs and remains are

not included in the Table, A Geiger-Muller counter with thin window tube
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was used for counting the samples. No attempt was made to reisolate any of the
- injected material from the tissues of iﬂé onimals0 Some of the compouhds could
have been metabolized or altered thérefore in the animal body.
Resultsa
- Numerical values are glven in. Table IT. Each substance is descrlbod
individually and relatlons or sxmllarltles 1ndlcatea° In most cases dlstrlbu~
tions were dlfferent from that of 51mp1e lnorganlc phOSphate° ThlS is belleved
to mean blologlcal stablllty of the compounds w1th reSpect to breakdown to
phOSphate, in these cases. -The pattern of P32 dlstrlbutlon (as phosphate)
characterized by considerable muscle, skeleton and liver uptake and moderate
“excretion rate is not dupiicated-by theiorganic compounds with the exception -
of one of the éStefs and to a certain extent by benzene phosphonate and
di(beta-aminoethyl)phosphate. With the .exception of cholesterolﬁphosphate.
and Synkavit, all of the Organio-derifatives show an excretion rate much more
rapid than inorganic phoophate up through the four day period studied.
Triphenyl-phosphine oxides This compound is rapidly. excreted -and is
not retalned to any extent in the rat tissues or in tumor. By the*end of the
fourth day 98—99% of the injected dose can be accounted for in the urine and
fc—:‘ces.° This high rate of excretion was observed also w1th SOme of the other
compounds. 0,03% of the injected dose of the oxide was found in tumor (per
gn, tissue) after‘one'dayo
Triphenyl,phosphiﬁe oxide monosulfonic acid, sodiﬁm salts This was
prepared primarily to obtain.a: watér'soluble form of the parent oxide, The
main difference in distribution between this substance and the unsulfonated
okide was greater urine/feces values for the water soluble. sulfonate after one

day'periods (though this trend is revefSedvin the four day series), Very little



Compound

P32 ¢ Carrier phosphate
NagHPO,

Cholesterol phosphate
Synkavit

Benzene phosphonic acid Na salt

Mercapto dlphenyl phosphlnlc a01d,_.

Sodium salt

DianilidO'phosphoric acid Na salt .

Diphenyl phosphinic acid Na salt:
Diphenyl butyl phosphine oxide
lTriphenyl.phosphine oxide
Di(aminoethyl)thSphoric'acid :
Phosphoric trianilide;l.

Dibhenyl ethyl phOSphiﬁe oxide
Tributyl phosphine oxide

Triphenyl phoSphine_éxide
_Monosulfonic acid Na salt

=10~

TABIE I

Vehicles

Saline solution

Saline suspension

Saline solution
Saline solution

Water'soiution

‘Water solution
.Saline solution
Cottonseed oil

‘.Gottonseed oii‘
Saline solution
.Cottonseed oil

' Cottonsééd oil |
Saline solution

Water solution
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5.0

21

4e9

10

11.4

510

849

. 10 .

64

123

21
8.7
319
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N Fate of Organic PhosPhorus Cdmpounds in the Rat After

Parenteral Admlnistratlon.- Data are Expressed as % of Administered Dose per gram of
Wet Weight Tissues and % of. Dose Excreted in Urine and Feces,

: ' One Day Serles. '

N Liver
P2 g Carrier Phosphate 0.55
(2 day) NaZHPQA
Cholesterol Phosphate 2.9
Synkavit
Benzene phoSphonlc acid 0,38
Na Salt

Mercapto diphenyl phosphinic 0.10
Acid. Sodium salt ' ,

Dianilido phosphoric acid Na
salt

Dlphenyl phosphinlc acid Na . 0,03 -

salt

Diphenyl butyllphosphine oxide 0,05

Triphenyl phosphine oxide 006

Dl(aminoethyl)phOSphoric 0.26
acid

Phosphoric Trianilide 0,06

Diphenyl ethyl phosphine 0.05
oxide

Tributyl phosphine oxide 0.007

‘Triphenyl phosphine oxide (1)%0.0
Monosulfonic acid Na salt

_a. Data are corrected to 100% recovery

0.43 0.21

2.0 -
0,36 0,12
0.03 0,23
0,01 : 0,01
0,01 0,005
0.08 0.02
025 0,06
0,01 0.008
0.01 0.006
0.01 0,002

-0.007 0.001

b, Intramuscularly

| Spleen Muscle Skel.

0,97

0.33

0654

0.05.

0,09

0,07
0,07

0.58

0,03

0,02

0.01

Skin
0.14

0,08

0.4508'

0,03

Oe04‘

0,02
0,02
0.06

0.01

0.01

GI Tract
&

Feces Urine

Contents

040

0.42

0.30

: l¢16

0009 i

0.84.
1.10
0.17

0,39
1.1

0,002 0.018

0.0007 0,002 0.03

5.1

0.72

E 2.5

9.52

24,7

21.2

40,0
5,3

22,1

9,96
46,6

27.7

5:24

60,7

69.1

63,8

’64¢z
32.0

71.0

66,5
13,8

63.3

89.2
51.0
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. TABIE II
Fate of Organic PhosPhorus Campounds in the Rat After Parenteral

UCRL=-1759

Data are Expressed as % of Admlnlstered Dose per gram . of Wet Welght

Tissue ~and % Excreted in Urine ard Feces. a

p32 and Carrier PhOSphate
(m)b NagHPO),

Cholesterol Phosphate
(5 day)
Synkavit (3 day)

Benzene Phosphonic acid
‘Na salt

Mercapto diphenyl phosphinic

Aecid Sodium salt

Dianilido phosphoric acid

Na salt.

Diphenyl phosphinic acid.
Na salt :

Dlphenyl butyl phosphine
~oxide :

Triphenyl phosphine oxide

Di(aminoethyl)phosphoric
acid (7 days)

FhosPhorlc trianlllde |
(5 day)

Diphenyl ethyl phosphine
oxide ‘

TributylvphOSphineIOXide

Triphenyl phosphine oxide(IM)P 0,001 0.007

Monosulfonic acid Na salt

Four Day Séries.®

‘Liver Spleen Muscle_
0048 0043 0022
1.23 116 -
0.45 0.66 0.15
0028 0,29 ~ 0,13
0.09 0.10  0.05
0.006.0.01 . . 0,006
0,01 0,01 0,004
0.12 0.4 0,04
0.03 0.01  0.003

04004 0.01 ~ - 0.002 .

0,001

Skel,

1.23
0.3

0.42
0.75

0.02

0.33

0.02"

GI Tract
Skin & Feces Urine
Contents .
0.1 0.24  11.8 213
0.05 0.10 6.4 8.8
0.09 0,35 5632 28.9
0.06 0.15  7.99. 55.2
0.02 0.04 . 21.3 68.1
10.008 0,009 39.1 57,0
0.0L 0,04 39.0 60,0
0.02 0.04 12.8 72.9
0.005 0.03  34.2 63.1
0.008 0,002 0,019 15,6 83.5
0.001 0.0005Q.002 49,1 50.8

4

a. Data are corrected to 100% recovery.

b.

Intramuscularly
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‘Tissue and Orgen Wet Weights (Gms.)

organ Average Wis. Ra_;_;g_e_g_g Wts.
Liver '. 10.1 : 7,3 - 12,5

Spleen A 0.9 | o 0.5:-— 1.9

Muscle 109 7.3 -13.6
Skeleton o s o1 - 1.81l -
Siin - 29.8 23 -48

GI Trac;b | S 135 - 249

& Contents | 18.5
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ofgan retention occurred in those organs measured and‘the compouﬁd passed
rapidly from the body. i

Iributyl phospHine oxides &his soluble product was rapidly excreted showing
practically no retention in any orgah measuréd. The oxide gave the highest
urinary excretion Valugs of any cgmppupd tested. The ratio pf urine to feces
concentrations-;§eraged about 8/1,'v. E '1

Diphenyl ethyl and diphenyl butyl phosphine oxides: The éistribution of
these two analogous oxides was similar, In both céses, the amounts of activity
found in the gastro-intestinal tract were considerably highe: than those
‘observed with the other compounds, Other than in %he tract, little retention
occurred, It is noteworthy that the;ﬁrinafy eicretion values were higher in
these two cases tham in the case of the triphenyl deriﬁative._ This mey be
rélated-to the somewhat greater water solubility of these twg éxides. -

Diphenyl phosphinic acid, sodium salt: The values obtained with this
compound resembled_thgse found with the oxides, especially the mixed diphényl
alkyl phosphine oxidéé. As with these ccmpoﬁnds, the acid is comparatively
brapidly removed from the system. The mihor amounts of activity in skeleton,
skin and muscle are not believed to be significant. Tumor activity was also
low, about 0,01% of the dose.

Mercapto diphenyl phosphinic acid, sodium salts This substance was
| prepared in an attempt to modify the distribution of diphenyl phosphinic acid
by including an SH group in the molecule, In this way it was hoped to effect
protéin binding of the compound through its sulfhydryl group. Whether or not
this was successful,.the results were somewhat different from those obtained
with the unsubstituted acid. Higher activity“vaiueS*weré found for the GI

tract and skeleton and lower values for feces. The uptake by tumors of this
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mercapto“acid (0.08:to 0411% per gm.) was much greater than that of the parent
unsubstituted acid (0.01% per gm.). but all of these tumor values wére compara~
tively small.: Comparing the two:types.of tumors tested with the mercapto
”acid,”highervactiVities were obtained for neu?éfibromakas against fibrosarcome,
BenZene'phOSphqnic acid, sodium salts The distribution of thié substance
in the animal body resembled that of phosphate more closely than that of the
‘,ﬁé;gthgr:compgunds:containingAa'CLP link. It was excréted at a greater rate than
‘ ph6sphaté;however and organ values were. lower. Whether or not clevage occurred
at the: C-P bond was not -determined but the great stability of this compound
and analogous substances (31) may argue againsf this. A comparison of benzene
" phosphonate with diphenyl phosphinate shows little similarity as the latter
* passed through without evident retention by any organ.
Cholesterol phosphate: This compound was excreted considerably more
- 8lowly than any -other phosphorus derivative ingluding_phOSphate itseif. High
"' liver and:fairly high tumor values were observed. The tumor used was lympho—_
~ sarcoma and it took up 0.95% of the administered dose per gm. tissue. Ihe |
- «babulated. data indicates that,not much of the ester was hydrolyzed to choles-
-terol and phosphate.
- Phosphoric trianilide: This anilide éppeared to bevexcretedrlaréely
" without breakdown to phosphate and showed distribution results similar to those
of fhe oxides andldiphenyl phosphinate; The resistance of.this_compcund to
" enzymatic cleavage would be in line with its_general'chemical ineftneés (29).
Dianilido-phosphoric -acid, sodiﬁm salt (Phdsphoric,acid dianilide, sodium
salt)s Judgingmfrom-the distributionvresults,.thig cqmpound‘was excreted mostly
without hydroiysis to phosphate. This was somewhat surpfising in this case;

considering the instability of the anilide with respect to breakup by chemical
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agents, especially acids? Higher muscle, Skeletbn.and liver values fgund with
- this dianilide as compared to the-trianilide may indicate some hydrolysis.

Di(beta~aminoethyl) phosphoric acid monohydrochlbride% Results obtained
with this secondary ester indicate a small amount of hydrolysis to phosphate
but most is apparently excreted without cleavage. The ester is excreted at a
‘much faster rate than phosphate. | |

Synkavit, Tetrasodium salt of R=methyl-1-/~naphthohydroquinone diphosphate:
This was the only cpmpound tested which showed clearly a large amount of hy-
drolysis or degrédétién to inorganic phosphate. Here virtually all of both
phosphate groups were “split off and “the resulting éctivitY’distﬁibuted as..
inorganic phosphorus. Tumor animals employed showed. tumor localizationvof the
activity but only to an extent similar to that obtained with inorgenic phosphate.
Digcussion.

It was assumed by analogy with the corresponding -arsenic compounds, that
the toxicity of pehtavalent (tetracovalent) phosphorus tyéeé wégbd be less than
that of the trivalent compounds; so only the former were é%amined'infthis:work.
| No naturally occurring cbmpound'hévipg a-phosphorus;éafboﬁ'linkage is known
and those tested here seem to be largely resistant to clééVage-at this point.

All five phosphine oxides studied were rapidly removed from the body, the
more’ water soluble types showing greater urinary excretion. This behavior and
the lack of organ retention indicates the biological stability of these sub-
stances, which is aléo‘in agréemént with their chemiéal';ﬁertneSS.' Triphenyl
phosphine oxide can be distilled unchanged at atmOSpheric'pressure at a temp-
eraturé of over 4009C indicating the degree of chemical stability possessed

by Scme members of this class.
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" The two phosphinic acids, with.similar rapid excreti&n rates probably also
are not-being broken dowﬁ,to’phpsphate.,to-.appreciable_extents° This applies
also to phosphoric trianilide and probably to the dianilide,

The: ratios of.skeleton values to excretion values which can be calculated
for the oxides, phosphinic acids and anilides, are much smaller than the

corresponding values for inorganic phosphate. This is due to lower bone deposi-

o tion and-to -greater excretion rates,

‘The case of benzene phosphonic acid.is somewhat different from the others
as the organ uptake éhows some resemblance to phosphate, though thevurihe
excretion. is considerably greater. Considering the stability of the compound
end general chemical evidence (31, pg 143), it would not be expected that much
breskdovn of this molecule would occur in the body. . If this supposition is.
valid the distribution results remain to be explained, however,

~ Substitution of the benzene phosphonic acid molecule by introducing
various groups on the aromatic ring may alfer the distributions obtaiﬁed,
Modification of phosphoric acid in a similar way is not possible. In this
'cohneétibn,_somebtesting of the para-amino derivative(phosPhaﬁilic écid) has
‘been done by Pendse and Bhide (9), who found high urine and feces values and
low blood concentrations with orally administered non-radiocactive material in
| mice, Their distribution results would tend to support -the supposition that
the aryl phosphonic acid type of molecule is not degraded to a‘large éxten& iﬁ
- the animal body. |
Primary phosphoric acid esters and amides are hydrolyzed in most cases
.- into their constituents by phosphatases or phosphoamidases., Among the many
examples known.may-be,cited-glycerophOSphates, phosphorylcholine and the known

revefsible synthesis of such metabolic products as hexose phosphates and
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phosphocreatine. On the other hand, a number of secondary .and most of the
tertiary esters seem to be resistant to hydrolysis b& enzymes. Jackson .(36)

has showm that the sulfenilyl derivative of di(smindethyl) phosphoric acid

(& secondary ester) is resistant to hydrolysis by two types of phosphatases

both of "which were active against beta-glycerophosphate. The stability of
di-isopropyl phosphate (2) and of tricresyl phosphate (12) may also be mentioned,
In the present work, di(aminoethyl) phosphoric.acid appears to be fairly stable.
This effect is-évidently due to the property .of phosPhataSés of preferentiall&
hydroiyzing mono esters., -

* The data obtained for Synkavit, which contains two primary phosphate
"ester groups, leads to the conclusion that both of these groups are nearly
entireiy'cleéved from the molecule. | |
L The éholesterol'ester is apparently stable to hydrolysis and is §robab1y
’ beingnhandled‘lérgely as a colloid by the reticulo—endqthélial‘system;A The
low solubility and colloidal propérties probably inﬂuez;qé_jfits Stability to |
phosphatases. . e i o

' The problem of the hydrolysis-of substitﬁted"amides,éf phoéﬁhoric acid
iﬁ'vivo iS’apﬁarently similar ‘to the case of the esters;’.The naturally'6¢cur_
ring phosPhagens, which are monocamides are easily broken down and'rééynthesized.
The dianilide, used in this work, is more resistant to'hydfélysis and the
.'trianilide is stable,

A phosphoamidagse has been demonstrated to exist in tﬁg‘bq@y by Gomori and

: otheré (30, earlier articles are referred to here), Its conceﬁtfatioﬁ.was
highest in oNs gray matter and malignant tumors as demonstrated by histological
staining techniques, However this enzyme was active againét'an amide containing

the -N-P(O)-NHQ grouping wherevthe NH, is labile, whereas those tested herefv
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contain aromatic rings bound to éaéh niféogen atom. Gomori's substrate was
p—GloCéHAoNHoPO(NHé)(OH)(para—chlorophenylAdiamidg'phospho:ic acid). Rorig (41)
has recently shown:that the: preparatlve method used. gives this substance and |
not’ p_Gl¢06H4.NH,PO(0H)2 as was formerly belleved,‘ The latter compound (para~
chlorophenyl'emido‘phosphoric acid)'hes lafeiy been prepared (42) and has’

- been shown teibe diffeteht'frem the ee¢pound used b? Gamori. fhg.bn;y'known‘"

' naturally occurring eampoundsvcenfaiﬁing the N-P link ere'the phosphelaefiva:;
tives of cfeetine,.creetinine and arginine and en ﬁnknewn'subStance from eertein
annelids (47);" |
Suﬁﬁ}: ; T
‘ --Representative‘members of six different classes of;organic phoSphcrus
compounds were synthesized contalnlng radloactlve phOSphorus as a tracer.

These compounds in suitable form for blologlcal use, were 1ngected by paren—
:vteral rcuhs,rnto albino rats for the purpose of determlnlng their fate in the
:"anlmal body. After one and four day perlods, the anumals were sacrlficed
and the dlstrlbutlon of the tagged substances determlned by countlng the
" radicactivity of the dried and ashed tissues and organs. *Gonclu81ons concefnf
'1ng the blologlcal stability of the injected materials are given where |

‘ supportlng experlmental evidence is obtalned°
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