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Abstract — Metabolism study of the dye, benzidine, was performed by gas chromatography-mass selec-
tive detector (GC/MSD) in the urine of rats orally administered 100 mg/kg benzidine. Urine samples were
collected in metabolic cages for 0-24, 24-48, and 48-72 hrs. Ten ml of the urine was extracted with XAD-
2 resin and the XAD-2 column was eluted with methanol. After evaporation, benzidine and its metabolites
were extracted with diethyl ether (for non-conjugated fraction). For conjugated metabolites, B-glucu-
ronidase was added to the aqueous layer that was incubated for 1 hr at 50°C and the aqueous layer was
extracted as in non-conjugated fraction. Aliquot of trimethylsilylated derivatives was applied to the GC/
MSD. The mutagenicity of benzidine and its acetylated metabolites was tested by histidine/reversion assay.
Five metabolites observed and confirmed either by electron impact and chemical ionization modes of the
GC/MSD, or authentic compounds were monoacetyl-, diacetyl-, hydroxyacetyl-, hydroxydiacetyl-, and
hydroxy-benzidine. Monoacetyl-benzidine was more potent than benzidine in histidine/reversion assay.
This data indicates that monoacetylation of benzidine may be one of the metabolites produced in metabolic
activation process.

Keywords [ Benzidine, monoacetylbenzidine, diacetylbenzidine, metabolism, histidine/reversion assay,
gas chromatography-mass selective detector
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Fig. 1 —Total ion chromatograms for benzidine-negative
blank urine (A) and urine sample 24 hr after oral
administration of 100 mg/kg benzidine to rats (B).
Peak 1, Benzidine-bis-TMS; Peak 2, Monoacetyl-
benzidine-bis-TMS; Peak 3, Diacetyl-benzidine-
bis-TMS; Peak 4, Hydroxyacetyl-benzidine-tris-
TMS; Peak 5, Hydroxydiacetyl-benzidine-bis-
TMS; Peak 6, Hydroxy-benzidine-tris-TMS.
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Fig. 2 — The chemical structure of possible acetylated and/or hydroxylated metabolites of benzidine. BZ, benzidine; ABZ,
N-acetyl-benzidine; DABZ, diacetyl-benzidine; N-OH-BZ, N-hydroxy-benzidine; 3-OH-BZ, 3-hydroxy-benzidine;
N-OH-ABZ, N'-hydroxy-acetyl-benzidine; N-OH-ABZ, N-hydroxy-acetyl-benzidine; 3'-OH-ABZ, 3'-hydroxy-
acetyl-benzidine; 3-OH-ABZ, 3-hydroxy-acetyl-benzidine; GBZ, N-glycolylbenzidine, N-OH-DABZ, N-hydroxy-
diacetyl-benzidine; 3-OH-DABZ, 3-hydroxy-diacetyl-benzidine; AGBZ, N-acetyl-N-glycolyl-benzidine.
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Fig. 3 —Gas chromatography-mass selective detector/
electron impact mass spectra of benzidine
metabolites. Spectrum 1, Benzidine-bis-TMS;
Spectrum 2, Monoacetyl-benzidine-bis-TMS; Spec-
trum 3, Diacetyl-benzidine-bis-TMS; Spectrum
4, Hydroxyacetyl-benzidine- tris-TMS; Spectrum
5, Hydroxydiacetyl-benzidine-tris-TMS, Spectrum
6, Hydroxy-benzidine-tris-TMS.
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Table I - GC/MS/EI and GC/MS/CI mass spectra of benzidine metabolites

Benzidine metabolites (rlrfilr‘l) (ﬂl\f/; M +(-:i-IH };IP
BZ-bis-TMS 6.980 328 NC 328 313 255
Monoacetyl-BZ-bis-TMS 7.418 370 NC 370 355 281
Diacetyl-BZ-bis-TMS 7.701 412 413 412 397 370
Hydroxyacetyl-BZ-tris- TMS 8.140 458 459 458 443 417
Hydroxydiacetyl-BZ-tris-TMS 8.491 500 501 500 485 323
Hydroxy-BZ-tris-TMS 8.773 416 NC 180 296 256

GC/MS/EI, gas chromatography/mass selective detector/electron impact; GC/MS/CI, gas chromatography/mass selective
detector/chemical ionization; BZ, benzidine; M*, molecular ion; TMS, trimethylsilyl; RT, retention time; BE, base peak; NC,

not confirmed.
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Table Ila - Relative percentage of benzidine metabolites
(Cojugated fraction) :

in urine of rats administered orally 100 mg/kg benzidine

Benzidine metabolites 0-24 hr 24-48 hr 48-72 hr
BZ-bis-TMS (m/z 328) ] 20.7 £ 6.6 82 * 24 1212
Monoacetyl BZ-bis-TMS (m/z 370) 24.1 = 3.0 26.2 £ 5.0 49 £ 42
Diacetyl BZ-bis-TMS (m/z 412) 9.7 £ 5.7 09 £ 05 34 %25
Hydroxyacetyl BZ-tris-TMS (m/z 458) 156 £ 1.0 107 £ 2.3 351t 34
Hydroxydiacetyl BZ-tris-TMS (m/z 500) 30.0 £ 5.1 54.0 = 8.2 87.0 £ 52
Hydroxy BZ-tris-TMS (m/z° 416) ND ND ND

Each value represents mean = S.D. of 3 rats.
BZ, benzidine; TMS, trimethylsilyl; ND, not detected.

Table IIb — Relative percentage of benzidine metabolites
(Unconjugated (free) fraction)

in urine of rats administered orally 100 mg/kg benzidine

Benzidine metabolites 0-24 hr 24-48 hr 48-72 hr
BZ-bis-TMS (my/z 328) 44.1 = 86 155 = 7.6 123 £ 0.3
Monoacetyl BZ-bis-TMS (m/z 370) 18.3 = 10.0 185 £ 7.0 179 £ 16.8
Diacetyl BZ-bis-TMS (m/z 412) ND 182 + 4.3 188 + 3.5
Hydroxyacetyl BZ-tris-TMS (m/z 458) 11.2 £ 06 12.4 £ 45 71 £50 .
Hydroxydiacetyl BZ-tris-TMS (m/z 500) 238+t 14 344 + 116 66.9 = 11.2
Hydroxy BZ-tris-TMS (m/z 416) 06 = 0.2 1.0 £ 0.1 ND

Each value represents mean * S.D. of 3 rats.
BZ, benzidine; TMS, trimethylsilyl; ND, not detected.

Table III — Histidine/reversion assay of benzidine and its metabolites in Salmonella typhimurium strains in the presence

of S-9 fraction

. Concentrations Histidine revertants/plate s 2)
Chemicals (ug/plate) TA98 TA100 Mutagenicity®
Dimethyl sulfoxide 35, 31 13, 17

Benzidine 5 47, 45 11, 13 -
100 115, 130 51, 63 +
500 309, 264 178, 144 +
Monoacetyl-benzidine 5 112, 147 127, 152 +
100 1884, 1660 1624, 1748 +
500 2436, 2780 2362, 2310 +
Diacetyl-benzidine 5 37, 42 19, 25 -
100 90, 76 65, 74 +
500 119, 131 105, 99 +
2-Aminoanthracene 2.5 1182, 1550 1352, 1038 +

4 Positive mutagenicity was based on the presence of a positive dose response and a yield of at least three times revertant

colonies of the spontaneous mutation rate.

hydroxydiacetyl-benzidineS- Hx}&H o2 ZIlE= 7
&2 Bo] F2oh. Free fractiondlNE F tiAl=
hydroxydiacetyl- %! monoacetyl benzidine(m/z 370,
bis-TMS)°] 3t}

Salmonella typhimurium& A8%! histidine/
reversion assay —5~500 pg/plate®] FEoN4 benzi-
dine, moacetyl- ¥ diacetylbenzidineS ©egjo}E
A3t histidine/reversion assay®] ZAI}E 5 pg/
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