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Triaryl phosphates are used in large amounts in industry primarily as
additives to paints and lubricants. In the past, technical tricresyl phos-
phates contained about 10% o-cresol in the phenolic compoment. In the mean-
time, so-called "low-ortho® preparations, sometimes also called "ortho-free®
preparations, have been made available, in which the o-cresol content is
reduced aé far as technically possible to 9—3% of the total amount of cresol.

The neurotoxic activity of jndustrial tricresyl phosphates is not based,
as has long been assumed, on its content of tri-ortho-cresyl phosphate. 1t is
deternined, as we have been able to show, by the content of ortho-cresyl-
containing mixed esters, amomg which those vith only one o-cresyl group show
comparatively the greatesc toxicity. Because the ortho-cresocl in low-ortho
trieresyl phosphates is present primarily in the form of these mono-orthe
esters, such modern products are not free of a paralyzing action; the inten-
sity of this action, however, 1is reduced to about 30% of that of the ester
mixtures commonly used in the past, which caused a great number of poisonings
{Neumann and Henschler; Henschler (1, 23].

We report here on a toxicological investigation of éeveral triaryl phos-
phates, which are similar to tricresyl phosphate with respect to their thﬁﬁi-

cal properties, but in which the eresol is partially or completely replaced by

homologs.
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METHODOLOGY

We have #ireadj.éiv;n 2 critical discussion of the criteria for selecting
suitable experimental animals and experimental techniques (Henschler (2)]. As
a standard of comparison for the paralyzing action, we used threshold doses .
which were just sufficient to cause paralytic phenomena in chicke;;TP Because
triaryl phosphates have different forms bf activity in different animal
spegies, we also tested the most important representatives of the group of
substances in cats as well for the sake of orientation.

As the standard substance with "100% toxicity," we chose the previously
used tricresyl phosphate with 26.7% o-cresol (preparation 1 of Table 1). The
mixed triaryl phosphates* nos. 1—5 of Table 1 were produced by adding the
appropriate equivalents of phenol or its homolog in each case; they are there-
fore mixtures of a large number of mixed esters of phosphoric acid. For the
pure triesters (nos. 8—13 of Table 2), we used chemically pure dimethylphe-
nols and pure phenol (no. 7). The o-cresol contents 1isted in Table 1 were

determined by chromatography according to the method of Stoltenberg and calcu-

lated as a percentage of tricresyl phosphate (molecular weight, 368). Tetra- .

o-cresyl pyrophosphate (preparation 14) was synthesized by the method
described by Todd.

Liquid preparations {nos. 16, 8, 9, and 14) were mixed in a 1:1 ratio
with olive oil; triphenyl phosphate was mixed in a 1:4 ratio. All other solid
substances were rubbed in a 1:6 ratio with lactose. The preparations were

administered in gelatin capsules.

*We thank Farbwerke Hoechst AG for kindly providing us with the study
preparations and for the performance of the analyses.
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RESULTS

TABLE 1. TOXICITY OF TECHNICAL ESTERS AFTER A STNGLE ADMIN-
ISTRATION. KEY: (a) preparation no.; (b) name; (¢) o-cre-
sol; {d) percent relative toxicity: (e) chickens; (f) cats;
(g) tricresyl phosphate from crude cresol, DAB 4 M; (h) cri-
cresyl phosphate, commercial products (1) diphenylmonocresyl
phosphate, commercial product; &) diphenylmonoxylenyl phos-
phate, commercial product: and (k) trixylenyl phosphate,

commercial product.
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*See teXxC.

Table 1 shows the results of the comparative study in 136 chickens and 29

cats.
The value for technical trixylenyl phosphate (preparation no. 6) in

chickens is estimated from several subchromic experiments at daily doses of

0.1-2.5 g/kg, because such a large amount would have to have been given in &

single administration that it could mot have been completely absorbed.

Because technical mixed preparations nos. 3—5 and also trixylenyl phos-
phate (no. 6) still showed paralyzing effects, we tested the pure triesters of

7, Table 2) and all 6 isomers of dimethylphenol (nos. §—13),

the phenol (no.
none of which contained any detectable o-cresol. After 2z single administra-
tion (large amounts were distributed over 2--3 days), chickens were free of

ults of a long-term test series
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are summarized in Table 2. According to these results, 2,3-trixylenyl phos-
phate has, comparatively speaking, a very weak paralyzing action.
2,4-Trixylenyl phosphate is somewhat more effective; large amounts of this

ester caused the animals to die after progressive paralysis.

TABLE 2. ACTION OF TRIARYL PHOSPHATES (2.5 g/kg PER DAY) IN
2 CHICKENS IN EACH CASE. KEY: (a) preparation no.; (b}
formula: (¢) name; (d) first symptoms appeared after _ __
days; (e) total dose until appearance of first symptoms,
g/kg; (f) total dose overall, g/kg; (g) triphenyl phosphate;

and (h) . . . trixylenyl phosphate.
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*Jeakness in walking, etc., not complete paralysis.

#%One died after 21, the other after 40 days.
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.Tfiphenyl phos?ﬁéte.had no effect on chickens, in confirmaticon of older
data [Smith et al.}.

Technical mixed esters, including tricresy} phosphates, showed a higher
roxicity than would be expected on the basis of the investigation of the pure
esters. In the search for an explanation for ﬁhis. we considered impurities,
which appear in technical but not iIn pure ester mixtures. To come to a basic
conclusion as to whether derivatives of pyrophosphoric acid might have a para-

lyzing effect, we treated chickens with tetra-o-cresyl pyrophosphate (no. 1l4):
(o)
o] p—o—2l0d
KM_—/ 1} I ‘\:::>=

in increasing single doses per oS and i.m. in a subchronic experiment over the
course of 4 weeks. There was no discernible effect at doses of up to

0.1 cem/kg. Higher doses produced the intoxication picture familiar from
insecticidal organic phosphoric acid esters and also from analogous tetraethyl
pyrophosphate (TEPP); from 0.4 ccm/kg, the animals died in a few hours in
spite of the administration of atropine. No paralysis was observed in any of

the surviving chickens.

DISCUSSION

The experiments show that technical mixed triaryl phosphates such as the
diphenylmonocresyl esters have paralyzing effects to the extent that they
still contain o-cresol (See Table 1). Their toxicity is clearly dependept.én
the percentage of o-cresol (Table 1). In spite of their lower o-cresol con-
tent, they still have about the same activity as a modern tricresyl phosphate

(preparation no. 2) containing about 3% o-cresol.
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Technical diphenylmonoxylenyl phosphate and trixylenyl phosphate, which
still contain some cresol, are also texic in the sense of a paralyzing action,
probably as a result primarily of the presence of a small amount of o-cresol
(compare Table 1). Of the pure triesters from dimethylphenols (see Table 2),
however, two (2,3-trixylenyl phosphate and 2,4-trixylenyl phosphate) have a
slight paralyzing action: it is therefore probable that xylenyl radicals in
technical preparations are also involved in the overall toxicity. The two
weakly toxic pure triesters, the weak paralyzing action of which escaped other
investigators [Hine et al.}, are the only liquid members of the group and pre-
sumably are therefore also absorbed easily. In liquid mixed preparatiens,
therefore, the radicals of the two other dimechylphenols with the orctho-
configuration, namely, 2,5-xylenol and 2,6-xylenol, could also play a role.
Among the tricresyl phosphaée mixed esters, those with only one o-cresyl group
have the highest toxicity on a comparative basis; in a similar way, among the
large number of conceivable mixed estexs in technical mixed preparations from
various phenol homologs, those with one of these "toxophorie orctho groups”
could have a stronger ~ction than the corresponding pure triesters. To what
extent these possibiliv.i. ace actually in play cannot be determined at pre-
sent. Our comparative studies show in any case that the technical mixed
triaryl phosphates we studied are in toxicological terms to be put in the same
category as the low-ortho tricresyl phosphates,

Triphenyl phosphate produced paralysis only in cats, although of a some-
what different type than that induced by tricresyl phosphate [Smith et al.];-

]
in no other species, in particular not in chickens, can a set of symptoms com-

parable to that of tricresyl phosphate poisoning in humans be induced. Noth- P{

ing is known about the action of triphenyl phosphate in humans or about any
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poisonings whicﬁ.maﬁ ﬁaﬁewocéurréd, nor can it be derived at present from ani-
mal experiments. Estimating the dose of triphenyl phosphate toxic or even
fatal te humans [Hierholzer, Noetzel, and Schmidt] by analogy to the toxic
1imit dose of tricresyl phosphate cherefore remains in the realm of specula-
tien.

It is also.true”that mistaken ideas exist concerning the minimum toxie
1imit dose of tricresyl phosphate in humans. According to observations of
Staehelin, this limit dose is 0.5 g of a technical tricresyl phosphate with
about 30—40% o-cresol in the cresol component. The earlier calculation of a
1imit dose of 0.12-0.15 g of tri-o-cresyl phosphate, which was based on this
figure, is incorrect; the toxicity of these rechnical cresyl phosphates is

y' based primarily on mixed esters with only one o-cresyl group [Neumann and
Henschler; Henschler (L, 1.

Nothing is known about the lethal dose of triéresyl phosphate or even of
tri-o-cresyl phosphate in humans. In the literature two deaths are described
[Vonderahe; Schmitt] in which a relationship with.tricresyl phosphate absorp-
tion is probable but not confirmed; no information is available concerning the
amounts of tricresyl phosphate involved in this reactiom. Van Esveld pointed
oué very early that, although the lethal dose of tri-o-cresyl phosphate is
4—5 times greater than the minimum toxic dose in animal experiments, clinical

fr1findings have shown that a human being can ingest at least 10—20 times the

ri'minimum dose capable of inducing paralysis without life-threatening

g congequences.
“ In the case of cechnicai tfiphenyl phosphates, however, we must expéct
paralyzing effects if they contain o-cresol; diphenylmono-o-cresyl phosphoric
% acid ester causes paralysis in chickens [Hine et al.].
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Pyrophosphoric acid derivatives can be assumed not to exist in technical
aryl phosphates because of the method of production and the high boiling range
of the pyrophosphates, but their presence would be theoretically conceivable,
because the phosphorus oxychloride (POCL,) used as a starting material for
synthesis can be converted into, for example, the chloride of pyrophosphoric
acid (P,0,Cl,) on contact with air and moisture [Besson], from which the cor-
responding esters could then form by reactions with phenols. Imn addition, the
suspicion that aryl esters of pyrophosphoric acid might have greater activity
than the corresponding compounds of orthophosphoric acid is justified a priori
because it is known that alkyl derivatives of these acids show am analogous
phenomenon. In the case of tetraethyl pyrophosphate (TEPP), both the genexral

toxicity and the inseccticidal action are orders of magnitude greater than

those of triethyl phosphate 1Schrader].

Our findings for tetra-o-cresyl phosphate show that it has a parasympath-
omimetic action similar to that of TEPP, but they also méke it improbable that
pyraophosphoric acid esters are involved in the paralyzing effects of triaryl
phosphates, In spite of the insolubility of tetra-o-cresyl pyrophesphate in
water, the pyro bridge is presumably saponified in the organism. The cleavage
product di-ortho-cresyl-ortho-phosphoric acid has no paralyzing action ([Smith

and Stohlman].

SUMMARY

After it had been shown in the case of tricresyl phosphate that the
extent of the characteristic paralysis depended in a certain way on the o-cre-

sol content, studies in chickens and cats were carried out to provide further

”~
-
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clarification of the relationéﬁigﬁ.béﬁwéen Eﬁé structure and action of triaryl
phosphates.

Technical triaryl phosphates., the aromatic component of which consists
partially or completely of phenol and/or xylenols, have a paralyzing action if
Ehey still contain some o-cresyl. 1t is probable, however, that xylenyl
groups with methyl groups in the ortho-position can produce similar effects,
because pure triesters of 2,3- and Z:L-dimethylphenol are also weakly paralyz-
ing, and technical mixed triaryl phosphates with about 1.5% o-cresol exert an
effect equal to that of tricresyl phosphates with about 3% o-cresol.

The action of triphenyl phosphate in humans is not knowm directly and
cannot be evaluated on the basis of animal experiments at present; if techni-
cal preparations contain o-Fresyl. however, it is still possible in principle
for a paralyzing actien tO be present.

It is highly probable that pyrophosphoric acid esters are not involved In
the paralyzing action of technical triaryl phosphates. Tétra-o—cresyl pyro-
phosphate is a parasympathomimetic similar to tetraethyl pyrophosphate {TEPP),

but it does not induce paralysis in chickens.

460329



Henschlexr, D.

Schrader, G.:

phorsdureester.

Organic Phosphoric Acid Esters.)

Author's address:

REFERENCES

Brasow, A.: Compt. rend. Acad. Sc.. Paris 124, 1099 (1897). —vax EsvELp, LWV, ;
Pharmac, Weekbl, 5. 1117 {1931}, — Ber. Zentrallab. f. d. 6. Ges. PA. Utrechs,
Abt, Pharmakol, 1933, 693, — Hexscairr, D.: (1) Naunyn-Schmiedebergs Arch.
erp. Path, Pharmak. 2272, 223 {1958). — (2) erscheint an anderer Stelle. — Hres.
swzxe, H,, H., Noetzet u. L. Semnor: Arzneimittel-Forsch. 7, 383 (1957), —
Hexe, C. H., M. K. Dexeapr, B, G. Rrce. AL M. Coursey, R. M. Gross and H, H.
Ayoerson: J. Pharmaeol, exp. Ther. 116, 227 {1956}, — Newmxy., W, u. D,

: Naturwissenschafen 41, 329 (1957), ~— Scmyarr. H.: Med. Diss.
Heidelberg 1948, - Scumaper. G.: Die Entwickiung neuer Insekrinide nuf Baus
orgsnischer Phosphorsiureester, Weinbeim: Verl. Chemic 1952, —3xrrr. M. L. E.W,
Exart and E. F. Sromuesax: Publ, Hith Rep. (Washuy 47, 1 (1932, — Sanrm, M. L,
Wd E. F, Stomrsay; J. Pharmacol. exp. Ther. 31, 217 {1934}, - STOLTEYBERG, H.:
L azalyt. Chem, 146, 181 (1933), — Topp. A.: J. chem. Soc. 1932 II, 1934, —
Voxorzame. 4. RB.: Arch. Neurol. Psychiat. (Chicago) 25. 29 {1931},

(2): To appear in another journal.

Die Entwicklung neuer Insektizide auf Basis organischer Phos-
(The Development of New Insecticides on the Basis of

Verlag Chemie, Weinheim, 1952.

Dr. Diecrich Henschler, Department of Pharmacology, Univer-

sity of Wirzburg, Koellikerstrasse 2, West Germany.

0 | 400930



