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Introduction

_Benzene is.a well-knowm Myelotoxic agent which has recently been impli-
cated as a leukemogen [1]. The mechanism by which benzene induces
myelotoxicity is not understood. Myelotoxicity could result from the action
of the parent compound or any of the well-known metabolites of benzene
such as phenol, catechol, hydroquinone, 1,2,4-benzenetriol or trans,trans-
muconic acid [2—4]. Quantitatively, the liver is the major site of benzene
metabolism in the body [5] ;however, the relative importance of metabolism
in the liver with respect of myelotoxic action is unknown. The inter-
mediate(s) responsible for bone marrow toxicity may be synthesized in the
liver and transported to marrow where they act directly; they may require
additional metabolism in bone marrow to form the ultimate toxic inter-
mediate; or, as an alternative, bone marrow metabolism of benzene may be
the only prerequisite for benzene induced myelotoxicity. The possibility
that benzene can be metabolized directly in bone marrow, the principal
target organ, has not been explored [8]. Phenol, catechol and hydroquinone
are found in rat blood and bone marrow following inhalation of benzene [7],
but the sites of formation of these metabolites have not been established,
nor has the metabolic contribution of the bone marrow been ascertained.
The principal objective of this work was to determine if bone marrow is
capable of metabolizing benzene independent of metabolism in the liver.

Materialsand methods

Male Fischer-344 rats (Charles River, Wilmington, MA), weighing
250—350 g, were subjected to a hind limb perfusion procedure. The left
common iliac vein and artery were cannulated in rats maintained under
anileridine-ketamine anesthesia. The isolated limb was then perfused at a
flow rate of 1 mi- min™! with citrated oxygenated whole rat blood
maintained at 39°C. A single dose (0.5—2 mCi) of ['*C]benzene (Midwest
Research Institute, Kansas City, MO) (39 mCi - mmol™") was introduced
directly into the bone marrow space through a 0.75 mm hole drilled in
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the distal head of the femur. The bone Was immediately sealed with bone
wax. The total volume of benzene administered ranged between 1 and
3 pl. In control preparations the bone marrow tissue was removed bY
aspiration prior to the introduction of radiolabelled benzene.

Blood was collected from the iliac vein in 10-min fractions for 1 h.
Each 10-min fraction averaged 6.5 ml blood. Following the perfusion,
collected blood samples and bone marrow were spiked with carrier com-
pounds (50 ug each of phenol, catechol, hydroquinone, 1,2,4-benzene triol
and trans,trans-muconic acid) and acidified to a pH of 1.0 with 1 M HCL
Samples were then extracted with ethylacetate, dried over magnesium
sulfate and filtered using Millipore Clarification Kits (Millipore Co., Bedford,
MA). Extracts were concentrated under nitrogen and passed through silica
gel. Final samples were concentrated to 20 ul and subjected to high pressure
liquid chromatographic analysis (HPLC).

HPLC analysis wes carried out using a \aters system (Milford, MA)
equipped with two Zorbax silica columns (Dupont, Wilmington, DE), flow
programmed from 0.8—16 ml- min~'. The solvent system was 74.9%
methylene chloride, 25% ethylacetate, 0.1% methanol with 100 ul of 88%
formic acid added per 100 ml of solvent. Fractions were collected at
0.3 min intervals starting 9 min after injection and analyzed for radio-
activity by liquid scintillation.

Total metabolites bound in bone marrow were determined by subjecting
the ethylacetate extracted bone marrow residue to further extraction with
5% trichloroacetic acid (TAC) and increasing concentrations of agueous
methanol (40, 60, 80 and 100%). The solvent concentration was changed
when no radioactivity was detected above background in the supernates,
each sample subjected to an average of 17 extractions. Find residues were
solubilized in a mixture of NaOH, methanol and Triton-X-100 and analyzed
for radioactivity by liquid scintillation.

Results and discussion

A representative profile for benzene metabolites obtained by HPLC
analysis is presented in Fig. 1.Radioactivity Wwes found to co-elute with
phenol, catechol, and hydroquinone in blood perfusate and bone marrow
fractions. No radioactivity co-eluted with metabolites in blood spiked with
radioactive benzene and extracted immediately. Peak levels for all three
metabolites in blood were found in the 10-min fraction (Fig. 2) with total
radioactive metabolites recovered averaging 6.44 nmol (¢ 1.2, S.E. n = 4)
after 1-h incubation. The same radioactive metabolites were recovered from
bone marrow (phenol, 64+ 23; catechol, 39 + 1.6; and hydroquinone,
0.31+ 0.2 pmol - mg™). No radioactive metabolites were detected in Con-

trol preparations and no radioactivity was detected in systemic blood, liver
or urine in any of the perfusion experiments. Thus the small amount of
metabolism observed is directly attributable to the bone marrow.

Cova_lent binding of benzene or its metabolites was investigated using the
extraction procedure described. Results are presented in. Table |. Total
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Fig. 1. Analysis of benzene metabolites by HPLC. Absorbance of 254 nm ( )

Radioactivity (—e—e—). Fractionswere collected at 0.3 min intervals starting 7 min. after
injection of the sample. Total time for sample elution: 25 min. , UV absorbance

(254 um); e—e—e, radioactivity (cpm).

radioactivity bound in the bone marrow represents 14.7%of the metabolites
recovered from the bone marrow or 2.76% of the total metabolites in blood
and bone marrow. Addition of radiolabelled benzene to bone marrow in vitro
followed by immediate extraction resulted in retention of 11 pmol equi-
valents versus an average of 239 pmol in perfusion experiments. Thus,
metabolism of benzene appears to be a necessary prerequisite for covalent
binding in bone marrow.

The results of this study clearly establish the capability of bone marrow
to metabolize benzene independent of metabolism of the compound by the
liver. However, the amount of metabolism appears to be very small,
recovered metabolites representing only 2 x 107 of 1%%@f the administered
dose. It is impossible to assess in physiologic terms the contribution of bone
marrow to overall benzene metabolism under these experimental conditions.
The initial levels of benzene in bone marrow in these experiments
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Fig. 2. Radioactive metabolites recovered from blood following the introduction of
('*C)benzene directly into bone marrow.

(94—195 ug- mg™") are higher than are likely to be encountered as a
consequence of exposure of the whole animal [7]. In addition, the perfusion
procedure provides for an examination of only a first pass effect with no
recirculation of metabolites or parent compound. It was impossible to
measure accurately the recovery of radioactive benzene due to the extraction
procedure employed; however, it is likely that benzene rapidly enters the

TABLE |

BENZENE METABOLISM AND COVALENT BINDING IN BONE MARROW

Total metabolites Metabolites Metabolites Metabolites
recovered from blood recovered from recovered from bound in bone
andbonemarrow , blood bone marrow marrow
8,67;» t 1537 6441+ 1242 1626+ 661 239t 107

sMetabolites are expressed as picomoles and bound metabolites as picomole equivalents

of benzene.
.b The data are expressed as mean « standard error from five bone marrow and four blood

perfusate fractions.
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perfusate and thus the marrow was only exposed to a high concentration of
benzene for a short time.

Although the total metabolites recovered from bone marrow represent
only 25% of those in blood, the concentration of metabolites in marrow
(mean weight = 20 mg) i much higher. The concentration of total meta-
bolites in blood is 0.215 nmol - ¢g™! as compared to 81.3 nmol - g™! for bone
marrow. The fact that the appearance of metabolites in blood diminishes
rapidly after 10 min demonstrates a high retention of water soluble meta-
bolites in bone marrow. This finding is in keeping with the results of studies
of the disposition of benzene metabolites in rats folloving inhalation
exposure (6 h) to benzene (500 ppm) in which catechol and hydroquinone
concentrations persisted in bone marrow long after blood levels had
declined [7]. The metabolite concentration ratio between bone marrow and
blood approaches 400 in this study as compared to 7 in the inhalation
experiment, supporting the conclusion that a high proportion of the meta-
bolites formed in bone marrow is retained in that tissue.

We thank B.J. Moore, C.N. Smithand D.H. Williars whose expert techni-
cal assistance made this work possible.
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