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tion of iron in bone marrow was demonstrated (8,9) and
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The reactive metabolite(s) responsible for the ex-
ression of benzene toxicity is not clearly known de-
pite extensive information on the metabolism and
ematotoxicity of benzene. It is now widely believed
hat hematotoxicity of benzene is due to the concerted
ction of several metabolites which arise from multi-
le pathways of benzene. In our earlier study, we pro-
osed iron polyphenol chelates as possible toxic me-
abolites of benzene due to their prooxidant activity.
n continuation, we demonstrate the formation of an
ron and 1,2,4-benzenetriol (BT) complex, when added
ogether in an acetate buffer, 0.1 M, pH 5.6, by seph-
dex G-10 column chromatography. It was also ob-
erved that iron released from ferritin in the presence
f BT formed a complex with BT. © 1999 Academic Press

Key Words: 1,2,4-benzenetriol; iron; ferritin; iron-
,2,4-benzenetriol complex.

Occupational exposure to benzene has been associ-
ted with various blood dyscrasias and myelogenous
eukemia in human beings (1,2). Benzene requires bio-
ransformation to express its toxic effects (3). Although
he metabolism of benzene is very well understood, the
ntermediate(s) responsible for hematotoxicity is still
nder investigation. It is widely believed that the he-
atotoxic effects are likely to be exerted through mul-

iple metabolites on multiple end points through mul-
iple biochemical pathways (4). An overall hypothesis
or benzene-induced leukemia involving a number of
etabolites which can produce mitotic recombination

nd chromosomal aberrations has been proposed (5).
olyphenolic metabolites of benzene tend to accumu-

ate in the bone marrow of experimental animals ex-
osed to benzene (6,7). In our earlier study, accumula-

1 To whom correspondence should be addressed. Fax: (919) 541-
694. E-mail: AHMAD.SARFARAZ@epamail.epa.gov.
Abbreviations used: BT, 1,2,4-benzenetriol; EDTA, ethylenediami-

etetraacetic acid; Fe, iron.
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roposed that a chelate of polyphenolic metabolites of
enzene with iron, which has been shown to exhibit
rooxidant activity, as a possible toxic intermediate of
enzene, in bone marrow (10). In the present study we
nvestigated the complex formation of 1,2,4-benzene-
riol (BT) with iron in view of accumulation of iron and
T in bone marrow during benzene exposure. Com-
lexes of iron with phenolic compounds from soybean
odules and other legume tissues which showed
rooxidant and antioxidant activities have been dem-
nstrated (11). Recently, Herman et al. (12) showed
hat antineoplastic agents losoxantrone and pirox-
ntrone from iron drug complexes to cause oxidative
amage to various tissues. We report in the present
tudy that BT forms complex with iron and also with
he iron released from ferritin by BT (13). We also
eport a methodology to fractionate such complexes by
ephadex G-10 column chromatography.

ATERIALS AND METHODS

Chemicals. Sephadex G-10, horse spleen ferritin and batho-
henanthroline disulfonic acid were obtained from Sigma Chemical
ompany (St. Louis, U.S.A.). 1,2,4-Benzenetriol was obtained from
ldrich (Milwaukee, WI, U.S.A.). All other chemicals used were of
nalytical grade.

Sephadex G-10 column chromatography. Sephadex G-10 (4.0 gm/
00 ml) in 0.1 M acetate buffer saline, pH 5.6 was soaked and swollen
vernight at room temperature. It was loaded on a glass column to
repare a gel column of 12 cm 3 1 cm dimensions and 12 ml volume.
he column was washed three times with an acetate buffer. Iron (as

errous sulfate, FeSO4 z 7H2O, 1 ml of 1 mM solution), BT (1 ml of 1
M solution) or BT:iron (1ml of 1mM:1mM mixture) were applied to

olumn and eluted with 0.1 M acetate buffer pH 5.6. The flow rate of
.5 ml/min was maintained and thirty fractions were collected at
very 5 min interval. To study the complex formation of BT with iron
eleased from ferritin by BT, 1.0 ml reaction mixture containing 100
g horse spleen ferritin, 2 mM BT with or without the presence of 1
M ethylenediaminetetraacetic acid (EDTA), was incubated for 10
in. and passed through the column and thirty fractions were col-

ected at every 5 min interval.
0006-291X/99 $30.00
Copyright © 1999 by Academic Press
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Estimation of BT and iron in the sephadex G-10 column eluates.
T estimation in all the fractions was followed by recording the
ptical density at its absorption maximum (287 nm) in a spectropho-
ometer. Iron estimation in all the fractions was done according to
he method of Peters et al. (14) by using bathophenanthroline disul-
onic acid. Briefly, the assay system (total volume 2.0) contained 0.5
l of eluate, 1.5 ml of acetate buffer (0.1 M, pH 5.6) with 200 mg

scorbic acid and 50 mg bathophenanthroline disulfonic acid. Reac-
ion mixture was kept at room temperature for 10 min and the
bsorbance was recorded at 535 nm.

ESULTS

The elution profile of iron, BT and BT:iron mixture
as studied by sephadex G-10 column chromatography

Fig. 1). With iron alone, the eluted fractions did not
how any absorption in any of the fractions (1-30) at
87 nm. Whereas, with BT alone, eluted fractions
howed a peak in fraction number 21and with BT:iron
ixture, a peak was observed in fraction number 3

oncurrent with disappearance of an absorption peak
n fraction number 21. In terms of iron content in each
luted fraction (Fig. 2), sephadex G-10 column chroma-
ography with BT alone, did not show any absorbance
t 535 nm in any fraction (1-30) but, iron alone and
T:iron mixture showed an absorption peak at 535 nm

n fraction number 3.
The elution profile of BT:iron complex formation in

he absence of EDTA showed an absorption peak (287
m) in fraction number 3 indicating complexation with
he iron released from ferritin by BT. In addition to
raction number 3, a small peak of unreacted BT was
lso observed in fraction 21. In the presence of iron
helator, EDTA, all the iron released from ferritin by
T was chelated with EDTA and eluted in fraction
umber 3 with a large peak (O.D. of more than 1.0).
his is consistent with our earlier observation that

FIG. 1. Elution profile of Fe alone (x----x), BT alone (v----v) and
e:BT mixture (j----j) subjected to Sephadex G-10 column. Frac-
ions were collected at every 5 min. interval (flow rate 0.5 ml/min.)
nd were scanned at 287 nm.
170
DTA-Fe complex has an absorption in the UV-range
f 250-300 nm (15). Simultaneously an increase in un-
eacted BT peak was observed in fraction number 21 at
87 nm (Fig. 3).

ISCUSSION

Phenolic metabolites viz. phenol, hydroquinone, cat-
chol, BT and glutathionyl hydro-quinone and their

FIG. 2. Iron estimation using coloring reagent bathophenanth-
oline sulfonic acid in each fractions and absorbance was followed at
35 nm. Fe alone (x----x), Fe:BT complex (1:1 ratio) (j----j), and
T alone (v----v).

FIG. 3. Elution profile of Fe:BT complex formation during the
ron release from ferritin by BT with or without the presence of
DTA. Fractions were analyzed at 287 nm.



accumulation in bone marrow after exposure to ben-
z
m
z
i
o
l
b
c
a
(
i
p

m
g
m
t
n
B
t
t
l
f
p

t
d
m
p
t
a
i
w
v
v
o
s
v

A

a

the Council of Scientific and Industrial Research for the award of
S

R

1

1
1

1

1

1
1

1

1

1
2

2

2

Vol. 259, No. 1, 1999 BIOCHEMICAL AND BIOPHYSICAL RESEARCH COMMUNICATIONS
ene have been demonstrated (6,7,16). Altered iron
etabolism and distribution are associated with ben-

ene exposure and recent studies have proposed the
nvolvement of transition metal ions in the expression
f hematotoxicity caused by benzene (17,18). We be-
ieve that the complex of Polyphenolic metabolites of
enzene with iron is the low molecular weight iron
omponent in bone marrow which has been reported to
ccumulate selectively during the exposure to benzene
9). Although, polyphenol:iron complexes have been
dentified in plant systems (11), existence of such com-
lexes in animal systems have not been reported.
Oxidant mediated toxicity of BT is a complicated and
ultifactorial process. It involves the reaction of oxy-

en with BT, which is the most reactive Polyphenolic
etabolite of benzene (19,20) and the resultant produc-

ion of oxygen derived reactive oxygen species and qui-
ones. However, the electron transfer to oxygen from
T is slow in the absence of transition metal ion. In

his respect, the formation of BT:iron complex facili-
ates the transfer of electron from BT to oxygen. Che-
ate catalyzed autoxidation of iron(II) complexes and
acilitation of iron(II) autoxidation by iron(III) com-
lexing agents have been reported (21,22).
In our earlier study (10), it was demonstrated that

he presence of BT enhanced iron-catalyzed bleomycin-
ependent degradation of calf thymus DNA, which is
ediated by reactive oxygen radical species. In the

resent study, we demonstrated a methodology to frac-
ionate and characterize BT:iron complexes by seph-
dex G-10 column chromatography. Our results clearly
ndicate that BT forms a complex with iron and also
ith iron released from ferritin. These in vitro obser-
ations indicate a possibility of similar complexation in
itro to contribute to the expression of hematotoxicity
f benzene. Further studies are in progress to demon-
trate, identify and characterize such complexes in
ivo during benzene exposure.

CKNOWLEDGMENTS

The authors thank Mr. Lakshmi Kant for typographical assistance
nd Mr. Ram Lal for microphotography, and S. Ahmad is grateful to
171
enior Research Fellowship.

EFERENCES

1. Aksoy, M. (1989) Environ. Health Perspect. 82, 193–197.
2. Irons, R. D., and Stillman, W. S. (1996) Environ. Health Perspect.

104, 1247–1250.
3. Sammett, D., Lee, E. W., Kocsis, J. J., and Snyder, R. (1979) J.

Toxicol. Environ. Health 5, 785–792.
4. Goldstein, B. D., and Witz, G. (1992) in Environmental Toxi-

cants, Human Exposure and Their Health Effects (Lippman, M.,
Eds.), pp. 76–97, Van Nostrand Reinhold, New York.

5. Smith, M. T. (1996) Environ. Health Perspect. 104(Suppl. 6),
1219–1225.

6. Rickert, D. E., Baker, T. S., Bus, J. S., Barrow, C. S., and Irons,
R. D. (1979) Toxicol. Appl. Pharmacol. 49, 417–423.

7. Greenlee, W. F., Gross, E. A., and Irons, R. D. (1981) Chem.-Biol.
Interact. 33, 285–299.

8. Khan, W. A., Gupta, A., Shanker, U., and Pandya, K. P. (1984)
Biochem. Pharmacol. 33, 2009–2012.

9. Pandya, K. P., Rao, G. S., Khan, S., and Krishnamurthy, R.
(1990) Arch. Toxicol. 64, 339–342.

0. Moran, J. F., Klucas, R. V., Grayer, R. J., Abian, J., and Becana,
M. (1997) Free Radical Biol. Med. 22, 861–870.

1. Singh, V., Ahmad, S., and Rao, G. S. (1994) Toxicology 89, 25–33.
2. Herman, E. H., Zhang, J., Hasinoff, B. B., Tran, K. T., Chadwick,

D. P., Clark, J. R., Jr., and Ferrans, V. J. (1998) Toxicology 128,
35–52.

3. Ahmad, S., Singh, V., and Rao, G. S. (1995) Chem.-Biol. Interact.
96, 103–111.

4. Peters, T., Giovanniello, T. J., Apt, L., and Ross, J. F. (1956)
J. Lab. Clin. Med. 48, 280–288.

5. Ahmad, S., and Rao, G. S. (1997) J. Anal. Toxicol. 21, 172–173.
6. Bratton, S. B., Lau, S. S., and Monks, T. J. (1997) Chem. Res.

Toxicol. 10, 859–865.
7. Zhang, L., Bandy, B., and Davison, A. J. (1996) Free Radical

Biol. Med. 20, 495–505.
8. Ahmad, S., Murthy, R. C., and Rao, G. S. (1998) Indian J. Exp.

Biol. 36, 283–286.
9. Li, Y., and Trush, M. A. (1993) Carcinogenesis 14, 1303–1311.
0. Li, Y., Kuppusamy, P., Zweier, J. L., and Trush, M. A. (1995)

Chem.-Biol. Interact. 94, 101–120.
1. Kaden, T., and Fallab, S. (1961) in Advances in the Chemistry of

Coordination Compounds (Krischner, S., Ed.), pp. 645–663, Mac-
millan, New York.

2. Harris, D. C., and Aisen, P. (1973) Biochim. Biophys. Acta 329,
156–158.


	MATERIALS AND METHODS
	RESULTS
	FIG. 1
	FIG. 2

	DISCUSSION
	FIG. 3

	ACKNOWLEDGMENTS
	REFERENCES

