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Hydroquinone and Catechol Reduce the
Frequency of Progenitor B Lymphocytes in Mouse
Spleen and Bone Marrow

Daniel Wierda and Richard D. Irons

Abstract: Hydroquinone and catechol are two metabolites of benzene that are potential inducers of
hematotoxicity. We investigated the in uiuo toxicity of these metabolites toward the deuelopment
af polyclonal. plaque-forming cells (PC-PFC)fromprogenitor B lymphocytes. Dextran sulfate
(DxS). lipopolysaccharide (LPS), or the two mitogens combined (DxS + LPS) were used to
induce proliferation and maturation of these progenitors to PC-PFC. Groups of 4 C57BL/6 mice
were exposed to 2 daily doses. either intravenously or intraperitoneally. of hydroquinone (100
mg/kg) or catechol (75mg/kg) for 3 consecutiue days. Spleen and marrow cells were harvested
for culture 1 day later. The results demonstrated that both metabolites were cytotoxic to spleen
cells. Hydroquinone (100 mg/kg) also reduced marrow cellularity, whereas catechol (75mg/kg)
did not significantly affect marrow cellularity. Each compound reduced the frequency of PC-PFC
developed from the spleens and marrows of treated mice, but only catechol selectively inhibited
the maturation of LPS-activated marrow progenitors into end-stage PC-PFC. These experiments
demonstrate the immunotoxic potential of hydroquinone and catechol in uiuo through the
reduction of progenitor B lymphocytes and suggest that inhibition of precursor cell maturation
may play a significant role in the hematotoxicity observed after chronic exposure to benzene.
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INTRODUCTION

Exposure to benzene, a compound widely used as a solvent and as an intermediate in the
production o a variety of chemicals. can result in multiple clinical disorders in man and animals
that are related to the general hematotoxicity of benzene. These disorders include leukopenia,
lymphocytopenia. erythrocyte macrocytosis. reduced serum immunoglobulin. acute myelogen-
ous leukemia. lymphoma. and aplastic anemia (Tabershaw and Cooper, 1974 Cohen et al.,
1978). The development of the latter disorder, aplastic anemia. is df primary toxicological
concern in light of the preferential distribution of benzene (Schrenk et al.. 1941)and some
benzene metabolites to the bone marrow (Rusch et al., 1977; Greenlee et al.. 1981). Benzene
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itself is not considered the ultimate toxicant but is transformed in vivo into metabolites that react
with cellular macromolecules and thereby interfere with normal cellular functions (Snyder and
Kocsis. 1975). The most likely cellular functions affected are the normal proliferation and
maturation of bone marrow precursor cells (Leeetal.. 1974 Snyder et al., 1977; Uyeki et al.,
1977).

Among the many metabolites of benzene. hydroquinone and catechol have received
increased scrutiny due to a number o observations: First. hydroquinone and catechol localize
and covalently bind in rat bone marrow and lymphoid tissue (Greenlee et al.. 1981);second.
decreases in hydroquinine concentrations in vivo, due to increased hepatic metabolism o
benzene to less toxic conjugates, produces a concomitant reduction in leukopenia (Greenlee et
al., 1980);and third. both of these metabolites are known to inhibit rat lymphocyte function
(Ironsetal.. 1981a.b)and induce sister chromatid exchanges in human lymphocytes (Morimoto
and Wolff. 1980)in vitro.

As mentioned previously. catechol and hydroquinone may damage various hemopoietic
progenitor cells. Only limited evidence. however. links hydroquinone and catechol directly to in
vivo progenitor cell toxicity. Bolcsak and Nerland (1980) demonstrated suppression of
erythropoiesis in mice given injections o phenol. catechol. or hydroquinone. which corrobo-
rates the study by Lee et al. (1974).showing suppressed erythropoiesis after acute benzene
exposure. In contrast. Mitchell (1971)observed no hematotoxicity in rats given 0.25-0.75
mga/kg subcutaneously o either catechol, phenol. or benzoquinone daily. for 1week. In a similar
experiment. Nomiyama (1965)observed significant leukopenia only with catechol (30mg/kg)
and no toxicity with hydroquinone (50mg/kg) administered subcutaneously. Recently. Chavin
et al. (1979) observed that subcutaneous injections o hydroquinone could suppress the
development d experimentally induced melanoma in mice. Together these studies suggest that
hydroquinone or catechol potentially interfere with precursor cell function in vivo.

In the present study. we investigated the in vivo toxicity of hydroquinone and catechol
toward mouse progenitor B lymphocytes. Progenitor cells from both the spleen and bone
marrow (femur)compartments were assessed for their ability to develop into mature. polyclonal
plaque-forming cells (PC-PFC).The bone marrow was of interest because it is the target organ
in benzene toxicity and also i the site of rapid generation o small, progenitor B lymphocytes
(Osmondand Nossal. 1974).The spleen is an important peripheral lymphoid organ that serves
as a reservoir for migrating progenitor B lymphocytes from the bone marrow and also provides
an environment for further differentiation of these cells into end-stage B lymphocytes (Brahim
and Osmond. 1970; Melchers et al.. 1975).The rapid generation and maturation of progenitor
B cells (Osmond. 1979)renders them highly susceptible to toxic agents that affect dividing cells
and these characteristics provide a model for examining in vivo drug effects on cell function
(Pazdernik and Corbett. 1979; Wierda and Pazdernik. 1979a.b). Previous studies (Gronowicz
and Coutinho. 1974; Melchers and Andersson. 1974; Andersson et al.. 1979 Phillips and
Melcher. 1979)have shown that progenitor B lymphocytes can be stimulated to proliferate and
develop in vitro into PC-PFC after exposure to mitogenic concentrations d lipopolysaccharide
(LPS). Other investigators have discovered that another mitogen. dextran sulfate (DxS) can
selectively activate progenitor B lymphocytes that are ontogenetically more immature than
LPS-responsive B cells (Gronowicz and Coutinho. 1974 Gronowicz et al.. 1976 Ulla et al..
1977; Pazdernik and Nishimura, 1978).Both of these mitogens have been utilized in this study to
examine the in vivo effectsof hydroquinone and catechol on proliferation and maturation of

Abbreviations. Con A: concanavalin A; DxS: dextran sulfate; 3H-TdR: tritiated thymidine; LPS:
lipopolysaccharide; PC-PFC: polyclonal plaque-forming cell; PFC: plaque-forming cell; TNP-SRBC:
trinitrophenylated sheep red blood cells: iv: intravenously; ip: intraperitoneally; CNS: central nervous
system; Ig: immunoglobulin; ANOVA: analysis of variance; dpm: disintegrations per minute
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progenitor lymphocytes from mouse bone marrow and spleen. These studies revealed that both
hydroquinone and catechol were cytotoxic toward progenitor B lymphocytes and that at least
one benzene metabolite. catechol. could selectively inhibit the maturation of bone marrow
progenitor B lymphocytes into PC-PFC.

METHODS

Animals

Male C57BL/6 CRIBR mice were obtained from the Charles River Breeding Laboratories,
Hinston. NY. All animals were 6 weeks old on arrival. The mice were housed fourper cage with
hardwood bedding and had free access to food (Wayne Certified Lab Blox. Allied Mills. Inc..
Chicago. [L) and water A 12 hr light cycle was maintained.

Drug Treatment

Hydroquinone was obtained from Aldrich Chemical Co. (Milwaukee. WI) and catechol was
purchased from Sigma (St. Louis. MO). Groups o 4 mice each were injected with the
appropriate metabolite either intravenously (iv) or intraperitoneally (ip}). twice daily at 7 hr
intervals (at 0900 hr and 1600 hr) for 3 consecutive days. This regime was modeled after the
study by Hodgson etal. (1975)which showed that a two dose schedule of hydroxyurea injected
into mice markedly reduced proliferating cells in bone marrow. Dosing was limited to 3 days
since benzene. the parent compound o hydroquinone and catechol. induced significant
myelotoxicity in mice when administered in single. daily doses over a 3 day period (Wierda et
al.. 1980).Doses of hydroquinone (100 mg/kg) or catechol (75 mg/kg) were the maximally
tolerated concentrations when given slowly iv; both compounds were central nervous system
(CNS) stimulants. Both routes of administration were employed to rule out pharmacokinetic
differences. since the lack of toxicity observed in previous studies of these metabolites
(Nomiyama. 1965; Mitchell. 1971) may have been in part due to the subcutaneous route of
injection.

Organ Cellularity

Mice were killed by cervical dislocation 1day after the last injection of metabolite and the spleen
and left femur from each mouse were excised. Single cell suspensions were teased from
spleens in RPMI 1640 medium (Gibco).Marrow cells were obtained by flushing the femurswith
4 ml of medium. The cell suspensions were triturated through Pasteur pipets. placed in sterile
test tubes. and debris allowed to sediment by gravity. Nucleated cell counts forindividual organs
from each mouse were determined by counting the cell suspension (lysed with Zap-oglobin.
Coulter. Hialeah, FL) with a Coulter counter. Model ZF,.

Polyclonal Proliferation Assays

Spleen cells from 4 individual mice in each group were pooled and cultured for 3 days in
flat-bottomed microtiter trays (Linbro)in 0.2 ml of medium (1x 10° celis/well). The medium for
all tissue culture assays in this study consisted of RPMI 1640 medium supplemented with 10%
fetal calf serum (Microbiological Associates, Walkersville, MD). 2 mM glutamine. 5 x 107°M
2-mercaptoethanol (Sigma). 100 [U/ml penicillin, and 100 wg/ml streptomycin (Gibca).
Polyclonal activators. concanavalin A (Con A. 2.5 ug/ml). orE. coli lipopolysaccharide 055:B5
(LPS; 10 ug/ml). purchased from Sigma. were added to quadruplicate cultures to stimulate T
and B lymphocytes. respectively
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Bone marrow cells were also pooled and cultured for 4 days in 0.2 ml of medium at 4 x 10°
cells/well. Dextran sulfate (20ug/ml; mol wt = 500.000).LPS (10 pg/mi). or a combination of
the two (DxS+LPS) were used as polyclonal activators of progenitor B lymphocytes. DxS and
LPS were purchased from Sigma (St. Louis. MO).

Cultures were pulsed 6 hr prior to harvest with 0.2 «Ci *H-thymidine (*H-TdR. specific
activity = 6.7 Ciymmol; New England Nuclear) to assess the degree d polyclonal proliferation.
Nonadherent cells were subsequently harvested with an automated harvestor (Microbiological
Associates) onto glass fiber filters. The filters containing radioactive material were counted in
ACS scintillation fluid (Amersham. Arlington Heights. IL) using a Packard Tricarb. Model 460
CD. liquid scintillation spectrometer. The culture responses for each group were converted into
the response per organ by multiplication of the average culture response by the number o cells

per individual organ.

Polyclonal Plaque-forming Cell Assay

Polyclonal antibody secreting cells (PFC). generated from progenitor B cells after stimulation by
LPS or LPS+DxS combined. were assayed using a modification of the original method
described by Pazdernik and Nishimura (1978).Spleen cells were removed from control and
drug-treated mice and cultured, in triplicate, in 1ml d medium with mitogenic concentrations of
LPS (10ug/ml) for 4 days in 24 well (Costar) tissue culture plates (2 x 10° cells/well). Bone
marrow cells (2 x 10 cells/well) were also cultured in 24 well plates with LPS; in addition. DxS
(20 ng/ml) was added to separate triplicate cultures that also contained LPS (DxS+LPS),
Addition of DxS + LPS to bone marrow cultures has been shown to stimulate small. noncycling
progenitor lymphocytes that are neogenically less mature than those cells stimulated by LPS
alone (Pazdernik and Nishimura. 1978).Preliminary experiments demonstrated that DxS alone
induced no PFC formation in either bone marrow or spleen cultures.

Heavily labeled. trinitrophenyl-coupled sheep red blood cells (TNP-SRBC) were prepared
according to the procedure of Rittenberg and Pratt (1969) Use o SRBC that are heavily labeled
with hapten in a hemolytic plaque assay will detect B cells that are secreting polyclonal
immunoglobulin M {IgM) antibodies (Coutinho. 1976; Coutinho et al.. 1977) and some cells
secreting 1gG antibodies (Pasanen and Makela. 1969). SRBC alone. i.e.. without TNP-hapten
labeling. gave a range of background PFC between 10-180PFC per culture. The total number
of PFC per femur or spleen was calculated by multiplying the mean frequency d PFC in culture
by the number o cells per individual organ. Statistical significance for all experimental assays
were determined at the 5%level df significance using a one-way analysis of variance (ANOVA)
and Dunnettst test.

RESULTS

Kinetics of B-Cell Proliferation and Maturation after Mitogen Stimulation

To examine the effects of catechol and hydroquinone on the proliferation and maturation o
progenitor B cells. it was first necessary to characterize the responses d bone marrow and
spleen progenitor B lymphocytes from normal mice to stimulation by DxS. LPS. and a
combination d the two (DxS+LPS). As depicted in Table 1.the rates of proliferation in
response to LPS or DxS +LPS were greater in spleen cell cultures than in marrow cell cultures.
with the amount o ?H~TdR accumulated peaking on day 3 in spleen cultures compared with
day 4 or 5 for bone marrow cultures. Peak *H-TdR accumulation in spleen cultures was 4.5and
2.3 times greater in LPS and DxS+LPS cultures, respectively. than in the comparable bone
marrow cell cultures. Addition o DxS alone to cultures o either spleen cells or marrow cells
caused no significant increase in *H-TdR accumulation above background (notshown). When
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Table I Kinetics of lymphocyte proliferation in vitro after LPS or DxS + LPS activation

Mean dpm/2 x 10° ceils®

Organ Day® LPS (10 ug/ml) LPS + DxS (20 pg/mi)
Marrow 3 8.190 = 375 54.885 = 1.998
Marrow 4 14.074 = 356 66.765 *= 6.468
Marrow 5 19.257 = 1.867 46.652 = 598
Marrow 6 8.751 = 962 8.761 = 2.124
Spleen 2 32.780 = 2.549 70.634 = 12.001
Spleen 3 92.812 = 3.752 156.611 = 998
Spleen 4 30.843 = 2.820 53.711 = 12.051

® Average amount of 3H-TdR accumulated = SD during a 6 hr pulse in triplicate cultures.
b Days in culture.

the induction of spleen and marrow cell maturation of PC-PFC by mitogens was assessed. we
observed that DxS potentiated the number of LPS-induced PC-PFC formed in bone marrow
cultures but not in spleen cultures (Table 2). The lack of LPS-induced PC-PFC potentiation by
DxS in spleen cultures occurred despite a concomitant increase in *H-TdR uptake (Table 1).
Another observation noted was that peak PC-PFC responses in spleen or marrow cultures
(Table 2) always occurred 1 day after peak proliferation (Table 1).

Effect of Hydroquinone and Catechol Administration on Cellularity

Spleen and femur nucleated cell counts were determined after iv or ip administration of either
hydroquinone (100mg/kg) or catechol (75mga/kg) to C57BL/6 mice (Fig. 1) Spleen cellularity
was significantly reduced in each experiment by both hydroquinone and catechol. This
reduction occurred approximately 1day after a 3 day. 6 dose treatment regime. Bone marrow
cellularity (Fig. 1B) was also significantlyreduced by hydroquinone: in contrast. catechol had no
affecton bone marrow cellularity. This difference in bone marrow cytotoxicity may be attributed
to the greater dose df hydroquinone (100 mg/kg) given relative to catechol (75mg/kg). These
doses were the highest iv concentrations of these compounds that the mice could tolerate. as
revealed by preliminary experiments.

Table2 Kinetics of PFC generation in spleen and marrow cultures after LPS or DxS + LPS

activation
Average PFC/2 x 10° cells®
" Organ Day® LPS (10 pg/mi) LPS + DxS (20pg/mi)
Marrow 3 48 + 21 230 = 15
Marrow 4 349 = 91 1253 + 132
Marrow 5 648 = 52 1510 = 190
Marrow 6 1130 =+ 326 810 = 30
Spleen 2 94 = 20 133+ 21
Spleen 3 942 + 121 909 = 71
Spleen 4 1713 = 272 1573 = 320

® Mean frequency d anti-trinitrophenylated sheep red blood cells = SD in triplicate culture.
b Days in culture.
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Figure 1 Effect of hydroquinone and catechol on spleen and femur cellularity. Organ
cellularities were determined I day after a 3 day, 6 dose treatment regime with the indicated
metabolites. Hydroquinone (100mg/kg) or catechol (75 mg/kg) was given io or ip togroups of4
mice. Each experiment was repeated twice. Numerals enclosed within the bars indicate
experiment number. The results are depicted as mean cellularity =SD. The dotted linesenclose
the range of organ cellularitiesfor the control group, Asterisks denote statistical significance at p
< 0.05. (A) Spleen cellularity; (B) femur cellularity.
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Effect of Hydroquinone and Catechol on Spleen Lymphocytes

Hydroquinone and catechol administration reduced the frequency of immature B cells in the
spleen that develop into PC-PFC after LPS stimulation (Fig. 2). The reduction was independent
of the route d administration and directly paralleled the loss of spleen cellularity (Figure 1A).
Mitogen activation of these spleen cells for 72 hr with the T- and B-cell mitogens. Con A and
LPS. was also assessed in vitro (data not shown). The number o splenic lymphocytes
responding to either mitogen was significantly reduced (range 25-75% o control) by both
metabolites; the decreased responses again paralleled the reduction in spleen cellularity. No
evidence for preferential suppression between T- and B-cell responses was observed. In
comparison to the reduced LPS mitogen responses for each group. the PC-PFC responses
(Figure2) were inhibited. on a percent basis. to a greater degree than the proliferative response.
as assessed by H-TdR. No preferential suppression (or enhancement) o the proliferative
responses to either T- or B-cell mitogens was observed.

Alteration of Bone Marrow Cell Proliferation

One d the consequences of adding DxS. LPS. or DxS + LPS. to a sufficient cell concentration
o marrow lymphocytes is that immature B cells proliferation is stimulated. Figure 3 illustrates the
proliferation observed when femur cells from hydroquinone- or catechol-treated mice were
cultured 4 days with the various B-cell mitogens. Hydroquinone significantly reduced the
frequency d the LPS-induced PC-PFC response and the potentiation of LPS-induced PC-PFC
by DxS in mice given the metabolite either ip or iv. In contrast. catechol caused a significant
reduction o these same responses only when injected intravenously. DxS stimulates a very
weak proliferative response (equal to or 2 times background) in cell cultures containing
2% 10° cells/ml or less. Figure 3 illustrates that following pretreatment with hydroquinone or

Figure 2 Effect of hydroquinone and catechol on spleen PC-PFC response. Spleen cells from
hydroquinone- or catechol-treated (iv or ip) mice were cultured in triplicate with LPS and
assayed for PC-PFC formation. The results are expressed as percent of control and represent
the mean PC-PFC frequency per organ. Asterisks denote statistical significance at p < 0.05.
Each experiment was repeated twice.
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Figure 3 Effect of hydroquinone and catechol on marrow cell proliferation to mitogen
stimulation. Marrow cetls from metabolite-treatedmice were cultured in quadruplicate for3days
with DxS, LPS,or DxS +LPS and assayed for >H-TdR accumulation. The results are expressed
as percent of control and represent the mean H-TdR accumulated {dpm) per organ. Each
experiment was repeated twice. Asterisks denote statistical significance at p < 0.05. (A)
Hydroquinone; (B) catechol.
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catechol. the low-level DXS response was in most cases unaffected or enhanced above the DXS
response of control cultures. With catechol. alterations in mitogen-induced proliferation
occurred despite any significant effect on marrow cellularity.

Reduction of Bone Marrow PC-PFC

Since catechol and hydroquinone decreased the frequency of LPS- and (DxS+LPS)-
proliferatingcells obtained from bone marrow (Fig. 3).it follows that the number of PC-PFC
that arise from these cells would also be reduced. As shown in Figure 4A. iv or ip administration
of hydroquinone decreased both PC-PFC responses (induced by LPS alone or with DxS +LPS)
in a pattern that again paralleled the decrease in bone marrow cellularity (Fig. 1B). Catechol, on
the other hand. induced a different pattern of toxicity toward bone marrow progenitor cells (Fig.
4B). Catechol significantly reduced the frequency of PC-PFC ({DxS+LPS) in only one
experiment when given iv. In contrast. catechol treatment by either route reduced the number
d bone marrow PC-PFC (LPS)in all 4 experiments without producing any reduction in bone
marrow cellularity. PC-PFC (LPS) responses were inhibited to a much greater degree in all
cases than the proliferative responses to LPS (Fig.3).Normally. in the generation of PC-PFC
{(LPS) from bone marrow cells. there is characteristically a paucity of proliferation (Tables 1and
2).An apparent resistance of PC-PFC formation in {DxS5+LPS) cultures to hydroquinone or
catechol was also observed (Fig. 4). Similarly. cultures containing DxS alone did not show any
reduction in proliferation after catechol and in 3 of the 4 treatment groups the amount of
*H-TdR taken up was actually enhanced (Fig. 3).

DISCUSSION

Catechol and hydroquinone are metabolites usually found in the urine of humans and animals
exposed 0 benzene (Snyder and Kocsis. 1975; Rusch et al.. 1977) and have recently been
shown to localize in the bone marrow and other lymphoid organs of the rat (Greenlee et al.,
1981; Irons et al.. 1981a) after benzene exposure. Direct evidence for the toxicity of catechol
and hydroquinone to lymphocytes in vivo has been relatively limited (Nomiyama. 1965;
Mitchell. 1971; Bolcsak and Nerland. 1980).The present results demonstrate the in vivo toxicity
of catechol and hydroquinone, administered to mice either iv or ip. toward immature
lymphocytes in the bone marrow and spleen. Thus these compounds are not only myelotoxic,
but irnmunotoxic as well, due to the reduction of progenitor B lymphocytes. which are
precursors of mature. antibody-producing cells.

In the present studies, LPS and DxS were employed as T-cell independent polyclonal
activators to assess the functional capabilities of B cells separately from the cytotoxic effect of
hydroquinone and catechol on T helper cells. We cannot rule out the possibility, however, that
some d the effects observed in this study resulted from drug action on various suppressor cells,
macrophages, or even the hematopoietic microenvironment. Thus any discussion of metabolite
toxicity to certain cell populations must be done with the implicit reservation d metabolite
effectsin vivo on various accessory cells. In the present study we examined the ability of
progenitor B lymphocytes from hydroquinone- and catechol-treated mice to proliferate and
mature into PC-PFC. The term "'progenitor™is used in the context described by Phillips and
Gearhard (1979) 1o represent a nondividing, small. immature lymphocyte at various stages of
differentiation. based on such markers as cytoplasmic or surface IgM, la antigens, or Fc
receptors.

Our results further substantiate the observation that DxS potentiates proliferation and
maturation of bone marrow PC-PFC in cultures containing LPS (Gronowicz and Coutinho,
1974; Bona et al.. 1978: Pazdernik and Nishimura. 1978). Alone, DS induced no significant
proliferation as assessed by *H-TdR and no PC-PFC were formed when 2 x 10° cells/ml were
plated. The latter observation is supported by Melchers (1977). who demonstrated that the




cance at p < 0.05. (A) Hydroquinone: (B} catechol.
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Figure 4 Effect of hydroquinone and catechol on marrow PC-PFC responses. Marrow cells
from metabolite-treated mice were cultured in triplicate with LPS or DxS +LPS and assayed for
PC-PFC formation. The results are expressed aspercent of control and representthe mean PFC
frequency per organ. Each experiment was repeated twice. Asterisks denote statistical signifi-
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number of DxS-induced PFC in cultures of fetal liver cells. another source o progenitor B cells.
was only 10% of the response obtained with LPS and often was the same as the number
obtained without any mitogen. Ulla et al. (1977)also demonstrated that no splenic B-cell
proliferation to DxS occurred at cell concentrations below 2 x 10° cells.ml.

In contrast to bone marrow cells. spleen cells showed no enhancement in PC-PFC formation
it DxS was also added to cultures in combination with LPS (Table 2). This lack of potentiation
can be ascribed to the presence of more mature. LPS-responsive cells in the spleen that are
refractory to DxS stimulation. while. in companson. the bone marrow has more immature
DxS-responsive progenitor B cells. Support for this conclusion comes from studies demonstrat-
ing that newly formed bone marrow lymphocytes, which are originally unresponsive to LPS.
undergo spontaneous maturation in the absence o mitogens and subsequently become
LPS-reactive (Burrowset al.. 1978: Phillips and Melchers. 1979).Spleen cellsapparently do not
undergo this transformation in culture as these immature B-cells are already LPS-responsive
(Burrowset al.. 1978). Alternatively. because DxS did potentiate LPS-induced *H-TdR uptake
in spleen cell cultures. the results may indicate that DxS (in the presence of LPS} activates a
population of splenic B cells which secrete antibodies other than IgM. These antibodies would
not be detected by the TNP-SRBC assay for PC-PFC used in the present study. This hypothesis
remains to be tested.

The primary toxic effect of hydroquinone observed in these studies was the reduction of
nucleated cells in the spleen and marrow. Reductions in functional progenitor cells were evident
in all compartments examined and the reduction paralleled decreases in organ cellularity With
lower doses of hydroquinone it may be possible to duplicate the catechol-induced effects
discussed below. Indeed. we have subsequently found that 75 mg/kg of hydroquinone.
administered twice a day for 3 consecutive days. did not affect bone marrow cellularity.
although spleen cellularity was significantly reduced (data not shown): a response identical to
the one observed with 75 mg/kg of catechol (Fig. 1).These results also demonstrated that the
observed toxicities of catechol and hydroquinone were. for the most part. independent of the
route of administration (i.e.. iv or ip}.

Catechol was unique in that it did not reduce bone marrow cellularity but definitely inhibited
the LPS-induced PC-PFC response. To interpret this response a number of factors must be
considered: First. the generation o bone marrow PC-PFC (LPS)is primarily a maturational
event. particularly in light of little cellular proliferation in these cultures (Table 1).Quintans and
Lefkovits (1974) have shown that final effector-cell maturation (PFC) can take place in the
absence of proliferation. The results are also in total agreement with the study of Rusthoven and
Phillips (1980).showing that marrow progenitor B cells respond by maturation to PFC afterLPS
stimulation. with the maximum response occurring on days 5—6. Second. the reduction in bone
marrow PC-PFC (LPS)occurred without a concomitant reduction in femur cellularity (Fig. 2).
Taken together, these results indicate that either a selective decrease in LPS-responsive.
progenitor B cells occurred or the ability of these cells to mature into end-stage PFC had been
compromised. We favor the latter hypothesis because the generation of PC-PFC (LPS) is
primarily a maturational event and because the mitogen-induced proliferative responses (Fig.
3B) were not as severely affectedas the PC-PFC (LPS)response (Fig. 4B). DxS alone did not
induce PFC formation and induced only minimal proliferation; however. bone marrow cultures
from catechol-treated mice showed an increase in basal DxS-induced proliferation above
control cultures (Fig. 3B). This property was shared with bone marrow cells from mice given
hydroquinone (Fig.4A). This increase in *H-TdR accumulation probably reflects an enrichment
of DxS-activated progenitor B cells from the marrows of metabolite-treated mice. However. Ulla
et al. (1977) have reported that DxS activates splenic macrophages in vitro to secrete factors
that induce B cells to proliferate. This effecthas not been reported to occur in bone marrow
cells. but it cannot be ruled out that the increased *H-TdR accumulation in DxS cultures may
also reflect an increase in marrow macrophages.
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In contrast to the toxicity of catechol toward LPS-induced PC-PFC. the potentiation of
LPS-induced PC-PFC by DxS was relatively unaffected (Fig. 4B). The cause for this dichotomy
remains unknown: however. one explanation may be that the progenitor B-cell population
activated by DxS is selectively resistant to the dose o: catechol given in vivo. Alternatively,
because these earlier progenitors occur in greater frequency in the marrow than LPS-induced
progenitors (Burrowset al.. 1978; Osmond. 1979).a slight reduction in frequency o these cells
would not yield a significant reduction in the frequency o PC-PFC in DxS * LPS cultures.
Another explanation is that the presence of DxS in culture actually reverses catechol-induced
maturational arrest. The mechanism for the postulated reversal & unknown; however, Dx$ can
affect such growth processes as the synthesisand distribution of cellular, sulfated glycosaminog-
lycans that may play a role in cellular growth control (Ehrlichand Murray, 1979).

A possible mechanism for the toxicity of hydroquinone and catechol has been provided by
studies demonstrating that both metabolites can interfere with microtubule assembly and
lectin-induced blastogenesis in vitro (Ironsand Neptun. 1980: Pfeifer and Irons. 1981; Irons et
al.. in press). Metabolite interaction with the cytoskeleton can result either in a concentration-
dependent cytotoxicity or an inhibition of lymphocyte function in the absence o cell death.

In summary. the results showed that at least one metabolite of benzene (catechol) has the
potential to inhibit progenitor B-cell maturation in mouse bone marrow. Both hydroquinone
and catechol were cytotoxic to the spleen. whereas hydroquinone was cytotoxic to bone
marrow at high doses. and neither agent reduced marrow cellularity at lower doses. Both
compounds compromised immune function by reducing progenitor B lymphocytes in the
spleen and bone marrow. Thus the immunotoxic potential of hydroquinone and catechol in
vivo suggests that interference with precursor cell maturation may play a significantrole in the
hematotoxicity observed after chronic exposure to benzene.
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