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Immunosuppression by a-Naphthoflavone1
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ABSTRACT

Several investigators have demonstrated that the humoral immune
response of mice and splenocyte cultures was suppressed with
benzo(a)pyrene |H(a)l'| exposure. The mechanism of the B(a)P immu

nosuppression, however, has not been established. Since reactive metab
olites of B(u)l', rather than the parent compound, have been shown to

mediate the carcinogenic effects of B(a)P, it was hypothesized that the
immunosuppression produced by B(a)P may also be mediated by its
reactive metabolites. The objective of this investigation was to examine
the role of B(a)P metabolism in the B(a)P-induced suppression of the in
vitro humoral immune response. This was addressed by first determining
if various B(a)P metabolites are capable of inhibiting the generation of
antibody-forming cells (AFC) of splenocyte cultures. Addition of B(a)l'
or B(a)l'-7,8-diol (2 x Id"" to 2 x 10~5M)to splenocyte cultures produced

a similar dose-dependent suppression of the in vitro T-dependent AFC
response to sheep red blood cells. In contrast, decreases in the AFC
response and cell viability of cultures exposed to the 4,5-diol or 9,10-diol
were only observed at 2 x IO"* M. Exposure of cultures to 3-hydroxy-
B(a)P resulted in a significant decrease in the AFC response at 2 x ill *
and 2 x 10~* M. Slight decreases in the AFC response were observed
with the addition of B(a)P-4,5-epoxide or B(a)P-6,12-dione at 2 x lir"

M, whereas a dramatic decrease in the AFC response, as well as a 45%
decrease in cell viability, was obtained at 2 x 10~5M.

The second objective was to examine the effects of the cytochrome P-
450 inhibitor, a-naphthoflavone (ANF), on the B(a)P- and B(a)P-7,8-
diol-induced suppression of the in vitro AFC response. Exposure of
splenocyte cultures to 2 x 10~5M ANF did not affect the AFC response.

Coincubation of splenocytes with ANF was observed to attenuate the
suppressive effects of B(a)P and B(a)P-7,8-diol. This concentration of
ANF was observed to inhibit the metabolism of | 'I I|B(a)l' by splenocyte
cultures to water soluble metabolites. Moreover, B(a)l' metabolism by

splenic microsomal preparations of untreated mice was inhibited by ANF.
These findings suggest that the B(a)P-induced suppression of the in vitro
AFC response is mediated by B(a)P metabolites generated by cytochrome
P-450 present within splenocytes.

INTRODUCTION

B(a)P,4 a PAH well known for its carcinogenic effects (1),
has also been demonstrated by several investigators to be im-
munosuppressive (2-9). Exposure of mice to B(a)P results in a
decreased number of AFC that develop in response to a variety
of antigens (4, 5, 7, 8). Addition of B(a)P to splenocyte cultures
has also been shown to inhibit the in vitro generation of AFC
without affecting cell viability (5, 8, 9).
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Although the effects of B(a)P on the immune response are
well demonstrated, the mechanism by which B(a)P suppresses
the humoral immune response has not been determined. The
mechanism of B(a)P-induced neoplasia, however, has been ex
tensively investigated. It is now well established that B(a)P and
other PAHs require metabolic activation in order to exert their
carcinogenic effects (1). Under the influence of cytochrome P-
450, B(a)P is metabolized to a variety of electrophilic epoxide
and quinone metabolites and nonelectrophilic hydroxylated
compounds (1). The 4,5-epoxide and 7,8-epoxide metabolites
are catalytically hydrated to their corresponding inactive trans-
dihydrodiols by the enzyme epoxide hydrolase. Further oxida-
tive metabolism of the 7,8-dihydrodiol by the PAH-inducible
isozyme of cytochrome P-450 leads to formation of the highly
reactive 7,8-dihydrodiol-9,10-epoxide (1, 10-13). The electro
philic epoxide metabolites are capable of binding to nucleophilic
sites on cellular macromolecules, such as DNA, RNA, and
proteins, and thereby initiate the neoplastic process. The car
cinogenic effects and cytotoxicity produced by the quinone
metabolites of B(a)P may occur by the direct binding to cellular
nucleophiles or by the generation of reactive oxygen-free radi
cals through the redox cycling of the quinone to its hydroqui-
none (1, 14).

At this time, it is not known whether the immunosuppressive
effects of B(a)P are mediated by the unmetabolized parent
compound or its metabolites. Since splenocytes of various ex
perimental animals (6, 15-18) and human peripheral lympho
cytes (19) are known to possess cytochrome P-450 and are
capable of mediating the metabolism of B(a)P, it is hypothesized
that the immunosuppressive effects of B(a)P could be mediated
by its reactive metabolites generated within the spleen. Thus,
one of the objectives of this study was to determine if B(a)P
metabolites are capable of suppressing the //; vitro humoral
immune response. This was investigated by examining the
effects of the following B(a)P metabolites: 3-hydroxy-B(a)P,
B(a)P-4,5-oxide, B(a)P-6,12-dione (a quinone), 4,5-diol, 9,10-
diol, and 7,8-diol on the in vitro AFC response to sRBC. These
compounds represent some of the major metabolites of B(a)P
generated by hepatic and various extrahepatic tissue (1). More
over, the electrophilic 4,5-oxide and 6,12-dione are known to
be directly toxic, but may act via different mechanisms (i.e.,
covalent binding versus free radical generation). In contrast, the
toxic effects of the nonelectrophilic 3-hydroxy-B(a)P (14, 20)
and 7,8-diol (10, 11) are known to be mediated by their metab
olites (e.g., quiÃ±ones,epoxides, and diolepoxides). The 4,5- and
9,10-diol, on the other hand, are not metabolized to toxic
diolepoxides.

The second objective was to investigate the effects of the
cytochrome P-450 inhibitor, ANF, on the B(a)P- and B(a)P-
7,8-diol-induced suppression of the in vitro AFC response. The
third objective was to determine if splenocyte cultures and
splenic microsomal preparations of untreated mice are capable
of metabolizing B(a)P and to examine the effects of ANF on
the metabolism of B(a)P.
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MATERIALS AND METHODS

Chemicals. B(a)P and ANF were obtained from Aldrich Chemical
Co. (Milwaukee, WI). B(a)P was recrystallized with ethanol prior to
use. B(a)P metabolites were purchased from the National Cancer Insti
tute Chemical Repository. [l,3,6-3H]Benzo(a)pyrene (specific activity,

55.3 Ci/mmol) was obtained from New England Nuclear Research
Products (Boston, MA). Immediately before use, the [3H]B(a)P prepa
ration was purified by extracting the oxidized [3H]B(a)P into a 40%
ethanol solution containing 0.25% NaOH, while the unoxidized [3H]

B(a)P was extracted into hexane (21). The organic phase was extracted
with the alkaline-ethanol solution at least four times in order to obtain
a preparation in which <1% of the water soluble B(a)P remained. The
hexane fraction was evaporated and the remaining residue was re-dis
solved in acetone. Glucose-6-phosphate, glucose-6-phosphate dehydro-
genase (Type VII), NADH, and NADPH were purchased from Sigma
Chemical Co. (St. Louis, MO).

Animals. B6C3F| female mice, Sondai and hepatitis virus free, were
used in these studies (Frederick Cancer Research Center, Frederick
MD). Mice were received at 5-6 weeks of age, randomized, and quar
antined for at least 1 week prior to use. The mice were housed in plastic
cages with woodchip bedding with food (Purina Laboratory Chow) and
tap water ad libitum and were maintained on a 12-h light-dark cycle at
21-24V and 40-60% relative humidity.

In Vitro Antibody Response. The in vitro generation of AFC was
accomplished by using a modification of the original method described
by Mishell and Dutton (22). Spleens from naive mice (7-10 weeks of
age were aseptically removed and gently mashed with the blunt end of
a 5-cc syringe plunger. The suspension of spleen cells was adjusted to
IO7cells/ml in RPMI 1640 containing antibiotic/antimycotic (GIBCO

Laboratories, Grand Island, NY; 100 units/ml penicillin and strepto
mycin and 0.25 /ig/ml fungizone), 2 HIML-glutamine (GIBCO), 2%
fetal calf serum (Hy-clone Laboratories), and 50 /Â¿M2-mercaptoethanol.
The cell suspensions were transferred to 24-well cluster plates (1 ml/
well) and the test compounds, dissolved in acetone, were added to each
well (10 jul/wi-ll). Four replicate cultures of each dosage group were

examined. Concentrations of acetone up to 2% were found in prelimi
nary studies not to affect the AFC response. To each well, IO7 sheep

red blood cells (Colorado Serum Co., Denver, CO) were added. The
cultures were incubated for 5 days at 37'C in a specific gas mixture

(7% oxygen, 10% carbon dioxide, and balanced nitrogen) while rocking.
The number of AFC generated in the splenocyte cultures was deter

mined on the fifth day of culture (peak IgM response) by employing a
modification of the Jerne plaque assay (23). Briefly, the cells were
resuspended and added to a heated agar solution containing sRBC.
Guinea pig complement was added and the mixture was vortexed and
transferred to plastic petri dishes. A glass cover slip was immediately
placed on the drop of agar mixture to form an even spread of cells.
After a 3-h incubation period at 37*C, cleared areas of hemolysis

(plaques) occurring around each AFC were viewed under magnification
and enumerated. The AFC response was calculated as the number of
AFC/106 recovered cells. Cell viability after 5 days of culture was

determined by the pronase method (23). In this method aliquots of cells
are exposed to pronase for 10 min and counted with a Coulter ZBI cell
counter. The cell count of pronase-treated cells was then divided by the
cell count of untreated cells to obtain the percentage of viable cells. The
pronase method was found to be more sensitive than the trypan blue
uptake method. A 40-60% cell viability determined by the pronase
method equaled a 60-80% viability of cells by the trypan blue technique
(data not shown).

o-Naphthoflavone Inhibition of B(a)P- and B(a)P-7,8-diol-induced
Suppression of the AFC response. Exposure of splenocyte cultures to
10 UM ANF for 5 days resulted in a 70-90% decrease in the AFC
response (data not shown). However, exposure of splenocytes to 20 UM
ANF alone for 30 min did not affect the AFC response. Thus, in these
studies, spleen cell preparations were prepared in the same medium
described for the in vitro AFC response (IO7 cells/ml) and were coin-

cubated in plastic petri dishes (60 x 15 mm; 5 ml/petri dish) with either
ANF, B(a)P, B(a)P-7,8-diol, ANF and B(a)P, or ANF and B(a)P-7,8-
diol for 30 min in 5% CO2 at 37V while rocking. B(a)P or B(a)P-7,8-

diol was added 1 min after the addition of ANF to cultures. The cells

were washed from the petri dishes with the RPMI 1640 media (80-
90% of cells added to petri dishes were recovered). The cell suspensions
were centrifuged and resuspended in fresh medium at a concentration
of IO7 cells/ml and the in vitro AFC response of splenocytes was

determined as described in the previous section.
ANF Inhibition of Splenocyte Mediated B(a)P Metabolism. The

method used to examine the effects of ANF on B(a)P metabolism was
very similar to that used to determine if ANF is able to inhibit the
B(a)P- and B(a)P-7,8-diol-induced suppression of the AFC response
(described in the previous section). Spleen cell suspensions ( l(f cells/
ml) were prepared in the RPMI medium described in the previous
section and placed in petri dishes (60 x 15 mm). Forty n\ of ANF
(dissolved in acetone) or acetone (vehicle control) was added to 8 ml of
the cell suspension to obtain a concentration of 20 pM ANF. One min
after the addition of ANF, 40 n\ of [3H]B(a)P (25 ^Ci) was added to
the same cultures to obtain a concentration of 5 x 10* M. As a control
for the autooxidation of B(a)P during culture, heat-inactivated spleen
cells (10 min exposure to 70Â°C)were also examined for [3H]B(a)P

metabolism. The cell suspensions were incubated for 30 min as de
scribed in the previous section. The cells were then removed from the
petri dishes, washed twice, adjusted to IO7cells/ml, and transferred to

24-well cluster plates. Sheep red blood cells were then added to each
well (IO7 sKB( '/ml/well). The cells were incubated for 2 and 4 days in

conditions used in the in vitro AFC assay. The reaction was stopped
with the addition of 1 ml of 80% ethanol containing 0.5 N NaOH to
each well (21). The mixture was transferred to glass centrifuge tubes
and 2 ml of hexane was added (21). The two phases were vortexed for
at least 2 min and separated by centrifugation. The alkaline aqueous
phase was neutralized and the amount of radioactivity in each phase
was counted (Readysolve-EP; Beckman) and corrected for quenching.

Metabolism of B(a)P by Splenic Microsomal Preparations. Micro-
somes were prepared from untreated female B6C3Fi mice (7-10 weeks
of age). Whole spleens were minced and homogenized in 1.15% KC1,
sonicated for 1 min, and rehomogenized. The homogenate was centri
fuged at 10,000 x g for 20 min. The supernatant was centrifuged at
100,000 x g for 60 min. The pellet was resuspended in 0.01 M TRIS-
buffer, pH 7.4, containing l IHM EDTA and 0.25 M sucrose and
recentrifuged at 100,000 x g for 60 min. The pellet was resuspended
in the same buffer. The microsomal preparations were stored frozen at
-70"C until use. Approximately 0.7-0.8 mg of protein was obtained

from each mouse spleen (average weight 80-100 mg). Microsomal
protein was determined by using a Bio-Rad protein assay kit (Bio-Rad
Laboratories, Richmond, CA). The reaction was run in a linai volume
of 1.0 ml of 0.05 M phosphate buffer (pH 7.4) containing 1 mg
microsomal protein, 4 HIMMgCl2, 0.58 HIMNADPH, 0.2 mM NADH,
1.6 mM glucose-6-phosphate, and 0.25 units/ml glucose-6-phosphate
dehydrogenase. a-Naphthoflavone was added in a volume of 5 n\
(dissolved in acetone) to give a final concentration of 10"*-IO"8 M. [3H]

B(a)P was prepared as described in the previous section. The reaction
was initiated with the addition of [3H]B(a)P (final concentration 5 x
10 *M). The reaction solution was incubated for 40 min while shaking

in a water bath (37V). The reaction was stopped and the aqueous and
organic soluble metabolites were extracted by the method described for
the splenocyte cultures.

Data Analysis. The AFC response/IO6 recovered spleen cells of
control cultures ranged from approximately 1000-4000. Cell viability
of control samples ranged from 40 to 60%. The experiment to experi
ment variability of the in vitro AFC response is a widely acknowledged
problem. However, the variability of the control values within an
experiment was usually within Â±10%of the mean. Thus, the data were
presented as the percentage of control throughout this report. The
mean of the percentage of control AFC responses and cell viabilities
were calculated from the sum of replicate cultures of two to four
experiments (three or four replicates per experiment). The data were
first evaluated for homogeneity to determine if parametric or nonpara-
metric analysis was appropriate. Treatment groups were compared to
vehicle control groups using Dunnet's / test when an analysis of

variance showed significant differences in parametric data. For non-
parametric data, treatment groups were compared to vehicle control
groups using a Wilcoxon rank sum test when a nonparametric analysis
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of variance showed significant differences. Groups differing from con
trol at a level ofP< 0.05 or less were considered significant.

RESULTS

Effects of B(a)P and B(a)P Metabolites on the in Vitro AFC
Response. Mouse splenocytes cultured for 5 days after the
addition of B(a)P resulted in a dose-dependent decrease in the
AFC response to sRBC (Fig. \A ). Significant differences were
observed at concentrations as low as 2 x IO"9 M B(a)P. The

decreased AFC response did not accompany decreases in cell
viability (Fig. IB). The AFC response of cultures exposed to 3-
hydroxy-B(a)P at concentrations of 2 x 10~8 and 2 x 10~7 M

was not significantly decreased (Fig. 1/4). Greater concentra
tions of the 3-hydroxy-B(a)P (2 x 10~* and 2 x 10~5 M),

however, significantly decreased the AFC response (Fig. \A).
The decrease in the AFC response at the highest concentration
of 3-hydroxy-B(a)P (2 x 10~* M) followed a 65% decrease in

cell viability.
Slight decreases in the AFC response (statistically significant)

were observed with the addition of B(a)P-4,5-epoxide and
B(a)P-6,12-dione at 2 x Ifr" and 2 x 1(T7 M (Fig. 2A). The

6,12 dinne metabolite produced a slightly greater decrease (30-
35%) than the epoxide metabolite. At these concentrations, the
metabolites did not affect cell viability (Fig. 2B). However, at a
concentration of 2 x 10~6 M, both metabolites suppressed the

AFC response by 50%, while cell viability decreased by 18 and
30% with exposure to the 6,12-dione and 4,5-epoxide, respec
tively (Fig. 2, A and B). At a concentration of 2 x 10~5 M, the

epoxide and quinone produced a 100 and 85% decrease, re
spectively, in the AFC response (Fig. 2A). Cell viability at this
concentration decreased by 88 and 45% for the 4,5-epoxide and
6,12-dione, respectively (Fig. 2B).

A dose-dependent suppression of the AFC response was
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obtained with the addition of B(a)P-7,8-diol (Fig. 3A). Cell
viability was unaffected at concentrations as great as 2 x 10"*
M, while a 50% decrease in viability was observed at 2 x 10~5

M (Fig. 35). In contrast, addition of B(a)P-9,10-diol and B(a)P-
4,5-diol to splenocyte cultures did not affect the AFC response
at concentrations from 2 x 10~9 to 2 x 10~6 M (Fig. 3, A and
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B). However, as observed with B(a)P-7,8-diol, 2 x 10~5 M 4,5-

diol and 9,10-diol produced an 80-90% suppression of the AFC
response (Fig. J>A)and a 40-50% decrease in ceil viability (Fig.
3Ã„).

Effects of ANF on the B(a)P- and B(a)P-7,8-diol-induced
Suppression of AFC Response. In preliminary studies, it was
determined that the coincubation of splenocytes for 30 min
with ANF at concentrations of 5 x 10~5 M and greater signifi

cantly suppressed the AFC response (data not shown). How
ever, concentrations of 2 x 10~5M ANF did not affect the AFC
response (Fig. 4, A and B). Exposure of splenocytes to 2 x IO"6

M B(a)P and B(a)P-7,8-diol for 30 min resulted in a 45 and

40% suppression of the AFC response, respectively. When the
splenocytes were coincubated with ANF and B(a)P (Fig. 4/4) or
ANF and B(a)P-7,8-diol (Fig. 4B), the effects of B(a)P and the
7,8-diol on the AFC response were reversed to a level that did
not significantly differ from cultures exposed to acetone or
ANF alone.

Effects of ANF on B(a)P Metabolism of Mouse Splenocyte
Cultures. Utilizing a procedure similar to that used to examine
the effects of ANF on B(a)P-induced suppression of the AFC
response, B(a)P metabolism by splenocyte cultures and the
effects of ANF on the extent of B(a)P metabolism were exam
ined. Splenocyte cultures were exposed to 2 x 10~5 M ANF or

acetone for 30 min. The cells were washed twice and cultured.
The amount of [3H]B(a)P recovered into the supernatant during
the washes accounted for 93-97% of the total [3H]B(a)P added

to the cultures. After 2 days of culture, 38% of the total amount
of radioactivity remaining in the cultures was extracted into the
aqueous phase, whereas only 7% of the water soluble metabo
lites were generated by cultures of heat-inactivated cells. Ex
posure of splenocyte cultures to 2 x IO"5 M ANF resulted in a

dramatic decrease in the amount of water soluble metabolites
generated (6.5%) (Fig. 5). After 4 days, 74% of the total [3H]-
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B(a)P was extracted into the aqueous phase. The relative extent
of B(a)P metabolism was abrogated with ANF exposure (9.5%)
to an extent similar to the heat-inactivated cells (12%) (Fig. 5).

Effects of ANF on the Metabolism of B(a)P by Splenic Mi-
crosomal Preparations. The metabolism of [3H]B(a)P by splenic

microsomes was examined from 0 to 60 min (Fig. 6A). The
amount of water soluble metabolites produced by the micro-
somal preparations increased during 0-40 min. After 40 min,
the amount of aqueous metabolites generated did not increase
above 50%. Without the addition of an NADPH generating
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system, less than 10% of the [3H]B(a)Pwas recovered into the
aqueous phase after 0-60 min (Fig. 6A). The effects of 10~6,
10~7,and IO"8M ANF on the metabolism of B(a)P were also
investigated. There was a concentration-dependent decrease in
the amount of water soluble metabolites (Fig. 6Ã„).The highest
concentration of ANF (IO"6M)completely inhibited the metab

olism of B(a)P to the level obtained without the addition of
NADPH (10% of total recovered disintegrations per minute).

DISCUSSION

Benzo(fl)pyrene has been demonstrated by several investiga
tors to be metabolized to a variety of electrophilic compounds,
many of which are known to be mutagenic and carcinogenic
(1). Immunosuppression produced by B(a)P exposure may also
be mediated by its metabolites. Thus, one of the objectives of
this study was to determine if B(a)P metabolites are capable of
suppressing the /// vitro humoral immune response. Moreover,
the requirement of cytochrome P-450-mediated B(a)P metab
olism in the B(a)P-induced suppression of the in vitro AFC
response was investigated by using the cytochrome P-450 in
hibitor, ANF. The addition of B(a)P to splenocyte cultures was
observed to suppress the AFC response to sRBC in a manner
in which the viability of cultured splenocytes were not affected.
This suggests that the suppressed AFC response was not due
to extensive cytotoxic damage. These findings confirm those
reported by White and Holsapple (5), Blanton et al. (8), and
Urso et al. (9). To determine if B(a)P metabolites are capable
of suppressing the humoral immune response, the effects of
several B(a)P metabolites on the in vitro AFC response were
examined. The 3-hydroxy metabolite of B(a)P significantly
decreased the AFC response at a concentration (2 x 10~6M)

which did not affect cell viability. Several studies have shown
that the 3-hydroxy-B(a)P is not mutagenic when added to
systems that do not possess the capacity to metabolize B(a)P
(20). However, when coincubated with liver microsomes, the
phenolic metabolite was observed to be mutagenic. This is
attributed to the conversion of 3-hydroxy-B(a)P to toxic epox-
ide and quinone metabolites (14, 20).

The AFC response of cultures exposed to different dihydro-
diol metabolites was also examined. The 7,8-diol metabolite
produced a dose-dependent suppression of the AFC response
without affecting cell viability at 2 x 10~9to 2 x 10~* M,
whereas the 4,5- and 9,10-diol metabolites at these concentra
tions, did not affect the AFC response. The 7,8-diol is known
to be metabolized to the highly reactive, electrophilic 7,8-diol-
9,10-epoxide, whereas 4,5- and 9,10-diol are not further oxi-
datively metabolized to diolepoxides (1, 10, 11). These data
suggest that the immunosuppressive effects of 7,8-diol may be
mediated by its metabolite, 7,8-diol-9,10-epoxide, and that
splenocytes are capable of mediating this cytochrome P-450-
dependent biotransformation. However, based on these data,
one cannot conclude that the effects of B(a)P on the AFC
response are mediated by the 7,8-diol-9,10-epoxide. Studies to
determine if splenocytes are capable of generating the 7,8-diol
and 7,8-diol-9,10-epoxide are presently in progress. Moreover,
since splenocyte preparations are comprised of various cell
types, the metabolism of B(a)P by isolated I cells, B cells, and
macrophages will also be investigated. If the diolepoxide were
the only metabolite responsible for the immunosuppressive
effects of B(a)P, the potency of 7,8-diol would be expected to
be greater than the unmetabolized B(a)P, as observed for its
mutagenic effects (10, 11) and carcinogenic (24) effects. How
ever, the potency of B(a)P and the 7,8-diol to suppress the AFC

response was observed in this investigation to be similar. Other
factors such as uptake of the diol into the splenocytes and
sulfate or glucuronide conjugation of diol may account for the
potency of 7,8-diol.

In addition to examining the effects of the nonelectrophilic,
3-hydroxy, and diol metabolites, the reactive 4,5-epoxide and
6,12-dione were also investigated. Both of these metabolites
produced a slight decrease in the AFC response without affect
ing cell viability. However, at higher concentrations, both the
AFC response and cell viability were decreased. The slight
decrease in the AFC response at the lower concentrations may
be attributed to the binding of cellular targets that are more
closely associated with the AFC response than the macromolec-
ular targets involved in maintaining cell viability. At higher
concentrations, a sufficient amount of binding to targets in
volved in maintaining cell viability are affected producing a
decrease in cell viability. This relationship between effects on
the AFC response and cell viability contrasts that observed with
B(a)P and the 7,8-diol, where the AFC response was dramati
cally suppressed without affecting cell viability. The reactive
metabolite of B(a)P and the 7,8-diol may bind more readily to
cellular targets involved in the AFC response than those in
volved in maintaining cell viability. Another possible reason is
that, with the addition of reactive metabolites to cultures, cells
are immediately exposed to high concentrations of toxic com
pounds at levelswhich may produce cytotoxicity (i.e., threshold
level). In contrast, if a precursor to a toxic compound [e.g.,
B(a)P, 7,8-diol, or 3-hydroxy-B(a)P] is added to splenocyte
cultures, the reactive metabolite generated may not accumulate
to a level that will produce cytotoxicity, but may produce an
effect on the generation of AFC.

The viability of splenocyte cultures may not reflect the via
bility of the AFC, a cell type which comprises only a small
percentage of cells in splenocyte cultures. Moreover, the devel
opment of the antibody-producing cells against sRBC requires
the participation of T-cells and macrophages in addition to B-
cells. Since the viability of the different cell types in splenocyte
cultures were not examined, it is impossible to determine if the
decreased AFC response was due to a decrease in the viability
of a specific cell type.

The second objective of this study was to determine if the
immunosuppressive effects of B(a)P are mediated by its metab
olites. The addition of ANF to splenocyte cultures resulted in
an attenuation of the suppressive effects of B(a)P and the 7,8-
diol. In order to determine if the concentration of ANF and the
exposure procedure used in this study were able to inhibit the
metabolism of B(a)P, the effects of ANF on the metabolism of
[3H]B(a)P to water soluble compounds by splenocyte cultures

were examined. The results of a previous study by White and
Holsapple (5) demonstrated that after 30 min of incubation of
[3H]B(a)Pin splenocyte cultures, only negligible levels of water

soluble metabolites were detected. In this study, it was deter
mined that longer incubation periods (2 and 4 days) resulted in
significantly greater amounts of water soluble B(a)P metabo
lites. Moreover, microsomal preparations of spleens from un
treated mice were able to catalyze the generation of water
soluble B(a)P metabolites. These findings are consistent with
previous studies which demonstrated the presence of cyto
chrome P-450 in spleens of untreated rats (15) and
benzo(a)pyrene hydroxylase (aryl hydrocarbon hydroxylase) ac
tivity in microsomal preparations of rabbit (16) and guinea pig
(17) lymphi)id tissue and whole mouse splenic lymphocytes (6,
18). Although the rate of B(a)P metabolism by splenic micro-
somes and whole splenocytes is low in comparison to hepato-
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cyte preparations, the results of this study demonstrate that the
splenocytes of untreated mice are capable of generating B(a)P
metabolites. Coincubation of splenocytes with ANF at the same
concentration used to inhibit the B(a)P-induced suppression of
the AFC response was found to dramatically inhibit the for
mation of B(a)P metabolites. Inhibition of the metabolism of
B(a)P by splenic microsomal preparations with ANF was also
observed. These data suggest that splenocytes are capable of
mediating the cytochrome P-450-dependent metabolism of
B(a)P and that the generation of these metabolites are required
to suppress the AFC response of cultured splenocytes.

The isozyme of cytochrome P-450 known to be specifically
inhibited by ANF is the isozyme induced by pretreatment with
PAHs (25) [3-methycholanthrene and 0-naphthoflavone (1,
12)]. The findings that this inhibitor is capable of attenuating
the 7,8-diol-induced suppression of the AFC response are con
sistent with results of other investigators which have established
that the PAH-inducible isozyme of cytochrome P-450 catalyzes
the conversion of the 7,8-diol to the highly reactive 7,8-diol-
9,10-epoxide (12, 13). Thus, the results of this study suggest
that the cytochrome P-450 isozyme within splenocytes, which
play a major role in generating immunosuppressive metabolites
of B(a)P, is similar to the PAH-inducible isozyme. Studies are
currently in progress to functionally characterize the cyto
chrome P-450 isozyme that mediates the metabolism of B(a)P
in splenocytes of untreated mice.
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