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Summary

The mutagenicity of pure synthesized samples of bis(2,3-dibromopropyl)phos-
phate (bis-BP) and mono(2,3-dibromopropyl)phosphate (mono-BP) against
Salmonella typhimurium TA100 was examined in relation to microsomal activation
of tris(2,3-dibromopropyl)phosphate (tris-BP). Both mono- and bis-BPs were weak
direct mutagens. Their mutagenicities increased with S9 mix, but the rates were
much less than that of tris-BP.

The magnesium and ammonium salts of mono- and bis-BPs were also prepared
and their mutagenicities were examined with S9 mix in relation to 2 commercial
flame retardants (our abbreviations: DB-1 and DB-2). In both mono- and bis-BP
series, an apparent increase of mutagenicity was observed in the order: ammonium
salt > magnesium salt > free acid. On the other hand, mono-BP and its salts are
usually more active than the corresponding bis-BPs independently of the kind of
cation.

DB-1 (DB-2), however, is more potent than the magnesium (ammonium) salts of
mono- and bis-BPs, the constituents in DB-1 (DB-2). No synergistic effect between
mono-BP salts and bis-BP salts was observed. The different unknown mutagenic
compounds in DB-1 and DB-2 are suggested.

Tris(2,3-dibromopropyl)phosphate (tris-BP) induces tumors in the kidney of mice
and rats [6,11,17], and it is mutagenic for Salmonella typhimurium [1,4,6,10,13].
Though tris-BP is a direct-acting mutagen at high concentrations, its mutagenicity
markedly increases in the presence of liver microsomes. 2,3-Dibromopropanol is a
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metabolite of tris-BP in rats [15] and in humans [2], but 1s less mutagenic than
tris-BP [1,4,6,10,13]. Lynn et al. (1980) reported another metabolite, bis(2,3-di-
bromopropyl)phosphate (bis-BP), which was detected in rat urine by high-perfor-
mance liquid chromatography [8]. Therefore, mono(2,3-dibromopropyl)phosphate
(mono-BP) should also be considered as one of the metabolites. To elucidate the
possible pathways leading to mutagenic products from tris-BP biotransformation, 1t
1s necessary to test the mutagenicity of the pure samples of mono-BP and bis-BP.

On the other hand, magnesium and ammonium salts of the mixture of bis- and
mono-BPs are not necessarily well known to be used as flame-retardant additives
{3,12]. In the previous paper [10], we reported that they were also mutagenic in the
presence of rat-liver microsomes, where, however, we called them magnesium
bis(2,3-dibromopropyl)phosphate (DB-1) and bis(2,3-dibromopropyl)phosphoamide
(DB-2). The magnesium salt of the mixture of bis- and mono-BPs, DB-1, was
recently found to be an animal carcinogen by the Department of Toxicology,
National Institute of Hygienic Sciences, Japan [16], and DB-1 and DB-2 were
banned for use in textile products by the Japanese Government in 1981 [7].

In this paper, synthesized pure samples of mono-BP, bis-BP, and their magnesium
and ammonium salts were tested for mutagenicity against S. typhimurium in relation
to microsomal activation of tris-BP and to the mutagenicity of DB-1 and DB-2.

Materials and methods

Chemicals
Test compounds are listed in Table 1. Mono-BP and bis-BP were synthesized in

TABLE 1
COMPOUNDS TESTED AND THEIR ABBREVIATIONS

(1) Synthesized compounds

[
Mono-BP: BrCH,CHBrCH,0— P { gg Bis-BP: (BrCH,CHBrCH,0),— P —OH
Mono-BP-Mg: Bis-BP-Mg
(I? i
BrCH,CHBrCH,0— P { O™ Mg2* (BrCH,CHBrCH,0),—P —0~ 'Mg?*
o-
Mono-BP-NH,, Bis-BP-NH ;-
[ o- [
BrCH,CHBrCH,0— P< O 2NH] (BrCH,CHBrCH,0),—P —0O~ NH}

(1) Commercial flame retardants
Tns-BP: (BrCH,CHBrCH,0),=P=0

Mg(OH),
DB-1%. P,O5+3 BrCH,CHBrCH,OH—[ | — DB-l

H,O

N H
DB-2* P,0; +3 BrCH,CHBrCH,OH—»[ | - DB-2

® DB-1 and DB-2 were prepared according to the schemes shown 1n the Table Their trade names are
NON-NENs (Marubishi1 Yuka Kogyo Co Ltd.)



our laboratory. Their purities and structures were confirmed by elemental analysis,
gas chromatography, IR, NMR and mass spectrometries. The details of analysis will
be reported in a separate paper [9). Gas-chromatographic analysis indicates that
bis-BP has a purity of 94.2% and contains 1.5% of mono-BP and trace amounts of
unknown compounds, and that mono-BP is almost pure.

Magnesium and ammonium salts of mono- and bis-BPs were prepared as follows.
To 0.005 mole of mono- or bis-BP were added 40 ml of water and a slight excess of
magnesium hydroxide or ammonia water, and the mixture was stirred until it
became clear; then the solution was freeze-dried.

The contents of mono-BP and bis-BP salts in the flame-retardant additives, DB-1
and DB-2, were also determined by gas chromatography [9]. DB-1 (colorless powder)
contained the corresponding magnesium salts to 26.8% of bis-BP and 48.0% of
mono-BP, and DB-2 (brown viscous aqueous solution) contained the corresponding
ammonium salts to 12.2% of bis-BP and 10.1% of mono-BP.

Mutation assay

Only strain TA100 of Salmonella typhimurium was used, because the chemicals
were already known to induce base-pair substitution mutation. Bis-BP and its salts
were dissolved in dimethyl sulfoxide, and mono-BP and its salts were dissolved in
water. The assay was carried out as described in the previous paper [10].

Results and discussion

Table 2 shows the results of the tests for mono-BP, bis-BP and tris-BP. Weak
direct mutagenicities were observed in both mono-BP and bis-BP. In the presence of
S9 mix, a marked increase of mutagenicity was found for mono-BP, but it was slight
for bis-BP. Tris-BP, however, was more than 25 times as active as mono- and
bis-BPs in the presence of S9 mix. These results show that mono- and bis-BPs do not
play a main role in the metabolic activation of tris-BP, and support the considera-
tion by Sederlund et al. (1979) [14] who suggested that ester hydrolysis is not
involved in the activation of tris-BP to mutagenic products because there was no
effect of the addition of paraoxon, a known esterase inhibitor, on tris-BP mutagenic-
ity.

Fig. 1 shows the effects of cations on the mutagenic potencies of mono-BP and its
salts in the presence of S9 mix. The order was mono-BP-NH, > mono-BP-Mg >
mono-BP. The same order was observed for bis-BP and its salts, as shown in Fig. 2.
However, mono-BP and its salts were usually more active than the corresponding
bis-BPs independently of the kind of cation. Hedenstedt et al. [5] have reported the
effects of metal ions on mutagenicities of dithiocarbamates and have suggested that
the metal ion can modify the mutagenic effect, most likely owing to different
stabilities of the chelates formed. Phosphoric acid esters are chelating agents, too.
Therefore, we think that the effects of cations observed in our experiments also
result from the stability of chelates.

In our previous paper [10], DB-1 and DB-2 were reported to show strong



TABLE 2

MUTAGENIC ACTIVITIES OF MONO-BP, BIS-BP AND TRIS-BP WITH STRAIN TA100 OF
Salmonella typhimurium

Test compound Dose Revertant colonies per plate
(pmoles/plate)
— 89 mix + 59 mix
Mono-BP 0 175 169
1 453
2 571
5 241 822
10 289 1228
15 300 1427
20 327 1555
30 363 1415
40 393 408
50 392 274
60 332 265
Bis-BP 0 174 159
2 215 299
4 282 380
6 293 457
8 377 515
10 461 490
12 573 489
15 640 458
20 479 433
Tnis-BP 0 184 164
0.1 433
02 1158
03 2442
0.4 3660
0.5 3938
06 4026
08 2910
1 215 1938
2 309 1070
4 503 1130
6 656
8 830
10 1008
15 1197
20 1370
30 812

mutagenicities in the presence of S9 mix. Now, we have clarified that they contained
mono- and bis-BP salts but no tris-BP, not only by gas chromatography but also by
considering the industrial preparation processes shown in Table 1. Therefore, we
compared the mutagenicities of DB-1 and DB-2 with pure mono- and bis-BP salts,



Fig. 1. Mutagenicity of mono-BP and 1ts salts Each point represents the average of duplcate plates

TA100 revertants per plate (+59)

Fig 2 Mutagenicity of bis-BP and 1ts salts Each point represents the average of duplicate plates.
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Fig 3. Mutagenmicaity of DB-1 and 1ts constituents. Each point represents the average of duplicate plates
Three horizontal scales (upper, muddle, lower) are given. The upper i1s for DB-1, the middle for
mono-BP-Mg and the lower for bis-BP-Mg For example, 5 mg of DB-1 contains 8.06 pmoles of
mono-BP-Mg and 2 69 pmoles of bis-BP-Mg

and also with the sum of the corresponding amounts of mono- and bis-BP salts.

Fig. 3 shows the results for DB-1 (A), pure mono-BP-Mg (B) and pure bis-BP-Mg
(C) corresponding to the amounts in DB-1, and the sum of mono-BP-Mg and
bis-BP-Mg (D). DB-1 was most active, followed by mono-BP-Mg and bis-BP-Mg.
No synergistic effect between mono-BP-Mg and bis-BP-Mg was observed, as op-
posed to our expectations. Moreover, the mutagenicity of the sum of mono- and
bis-BP-Mg salts was equivalent to, or slightly weaker than, that of pure mono-BP-Mg.
The same tendency was found in the ammonium salt series, as shown in Fig. 4.

Thus, it must be explained that the strong mutagenicities of DB-1 and DB-2 are
partially contributed by mono- and bis-BP salts, but mainly caused by other more
potent unknown compounds formed during production or storage. We found 3
unknown peaks other than mono- and bis-BPs 1n the gas chromatogram of DB-2,
but no other peaks in that of DB-1. Further studies are necessary to explan the
mutagenicities of DB-1 and DB-2.
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