
70

0007-4888/05/1401�0070  © 2005 Springer Science+Business Media, Inc.

Effect of Benzo[a]pyrene on the Immune Status of Mice
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We studied the effect of benzo[a]pyrene on cells of lymphoid organs, energy metabolism of
blood lymphocytes, and immunological reactivity in mice with anxious depressive syndrome
produced by social stress. Benzo[a]pyrene exhibited a more pronounced immunotoxic activity
in anxious-depressive animals, which was more than a simple sum of the effects produced
by adverse ecological and psychic factors.
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Much attention is now paid to the mechanism of in-
tegration of the nervous and immune system. The in-
fluence of brain functions controlling psychic activity
on the immune system is extensively studied. Pub-
lished data show that neurochemical properties of the
brain modulate immune resistance and energy meta-
bolism in lymphocytes [3]. Psychoemotional disorders
produced by social stress (anxiety, depression, and
phobia) have severe symptoms and are hardly curable
[1]. A strong correlation was revealed between epide-
miological indexes and contamination of the atmo-
spheric air with chemical pollutants. The presence of
suspended substances, oxides, and polycyclic aromatic
carbohydrates (PAC) is the major risk factor for eco-
pathology. PAC exist in a free state or are presented
by suspension of particles [4]. According to WHO
reports benzo[a]pyrene (BP) is the most hazardous
PAC with immunotoxic activity [7,13]. The effect of
simultaneous exposure to adverse ecological and so-
cial factors remains unknown.

Here we studied the effect of BP on the immune
status of animals with anxious-depressive syndrome
(ADS).

MATERIALS AND METHODS

Experiments were performed with adult male C57Bl/
6J mice aging 2.5-3 months and weighing 26-28 g.
The study was conducted on the model of sensory
contact [12]. The animals were exposed to unavoid-
able social stress. Successive defeats in 20 confronta-
tions with an aggressive partner resulted in the de-
velopment of submissive behavior and ADS [1,3,12].
The mice with ADS were divided into 3 groups (6-7
animals per group). Group 1 animals (ADS+BP) intra-
peritoneally received BP in a minimum volume of
olive oil (0.02 ml) for 3 days (total dose 60 mg/kg).
Group 2 animals (ADS+olive oil) received the mini-
mum volume of olive oil (solvent of BP). Group 3
animals (ADS) were not injected. The mice of 3 con-
trol groups (5 mice per group) were housed indivi-
dually for 5 days and remained intact (control) or re-
ceived BP and olive oil. The animals were decapitated
under light ether anesthesia on the next day after the
3rd injection of BP or olive oil. The cell suspension
was obtained from lymphoid organs (thymus, spleen,
and mesenteric lymph nodes) by soft crushing in a
glass homogenizer. The total number of cells was esti-
mated in a Goryaev chamber. Smears were prepared
on cover glasses by the dried-drop method and sub-
jected to Romanowsky—Giemsa staining. The per-
centage of small lymphocytes and blast cells was de-
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termined under a light microscope (oil immersion,
×1350). The total number of blood leukocytes was
estimated in a Goryaev chamber. Differential leuko-
cyte count was determined in blood smears stained by
the method of Romanovsky—Giemsa [8]. The humo-
ral immune response to T-dependent antigen (sheep
erythrocytes) was studied by calculating antibody-pro-
ducing cells in the spleen 4 days after intraperitoneal
injection of the antigen (Cunningham method) [6].
Activities of succinate dehydrogenase (SDH), lactate
dehydrogenase (LDH), and α-glycerophosphate de-
hydrogenase in lymphocytes were measured in blood
smears by the cytochemical method [9].

The results were analyzed by Statistica 5 soft-
ware. The significance of differences was evaluated by
nonparametric Mann—Whitney test (multifactor ana-
lysis of variance, 95% significance level).

RESULTS

Total cell count and absolute number of small lym-
phocytes and blast cells in the spleen decreased in
mice with ADS exposed to social stress (compared to
the control). The total cell count and absolute number
of small lymphocytes in mesenteric lymph nodes de-
creased. The percentage of peripheral blood lympho-
cytes also decreased in these animals (Fig. 1).

BP produced various effects on the humoral im-
mune response and cell composition of lymphoid or-
gans and blood in animals with ADS and control mice.

BP decreased the relative number of antibody-
producing cells in animals with ADS. BP inhibited the
humoral immune response to sheep erythrocytes in
ADS animals, but had no effect in control mice. Pre-
vious studies showed that the immune response is sup-
pressed in depressive mice [3,11]. These data indicate
that anxious-depressive state is not accompanied by
impaired immunological reactivity. By contrast, the
immune system is characterized by high sensitivity to
toxic factors under these conditions. After administra-
tion of BP the percentage of blast cells in the spleen
increased in ADS mice, but decreased in control animals.

BP decreased the total number of cells in mesen-
teric lymph nodes of mice with ADS. The absolute
number of lymphocytes decreased after administration
of BP and, to a lesser extent, of olive oil. BP had no
effect on the cell composition of lymph nodes in con-
trol animals.

BP decreased the absolute number of leukocytes
and lymphocytes in the blood from ADS mice. In-
jection of BP decreased blood lymphocyte count in
control animals (Figs. 2 and 3).

Chronic social stress and variations in the immune
status are accompanied by changes in lymphocyte
energy metabolism [2,3,10]. We compared the effects

Fig. 1. Cell composition of lymphoid organs and blood in C57Bl/6J
mice with anxious-depressive syndrome (ADS): spleen (a), me-
senteric lymph node (b), and blood (c). Light bars: control. Dark
bars: ADS.

of BP on activity of oxidation-reduction enzymes in
peripheral blood lymphocytes. LDH activity in ADS
mice was lower than in control animals, which reflects
decreased compensatory capacity and/or suppression
of lymphocyte activation [2,10]. BP produced diffe-
rent effects on enzyme activities in ADS and control
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TABLE 2. Effect of BP on Dehydrogenase Activities in Blood Lymphocytes from ADS Mice (M±m)

ADS 12.05±0.53 14.23±0.18 13.62±1.59

ADS+olive oil (active control) 14.46±0.84 17.86±0.80* 15.96±0.61

ADS+BP 12.44±0.54+ 14.60±0.41+ 12.62±0.32+

Note. p<0.05: *compared to the ADS control; +compared to the ADS+olive oil group.

Group α�Glycerophosphate
dehydrogenase activity

LDH activitySDH activity

TABLE 1. Effect of BP on Dehydrogenase Activities in Blood Lymphocytes from Control Mice (M±m)

Control 12.40±1.07 22.15±0.99 12.35±0.74

Olive oil (active control) 14.09±0.89 22.54±1.11 14.55±0.52

BP 11.47±0.32+++ 15.66±0.51*+ 12.82±0.51++

Note. *p<0.001 compared to the control; +p<0.001, ++p<0.05, and +++p=0.02 compared to olive oil.

Group α�Glycerophosphate
dehydrogenase activity

LDH activitySDH activity

Fig. 2. Effect of benzo[a]pyrene (BP) on the cell composition of
lymphoid organs and blood in C57Bl/6J mice with ADS: spleen (a),
mesenteric lymph node (b), and blood (c). Light bars: ADS. Dark
bars: ADS+olive oil. Shaded bars: ADS+BP. p<0.05: *compared to
the ADS group; +compared to the ADS+olive oil group.

mice. Activities of SDH and LDH decreased in mice
with ADS and, to a greater extent, in control animals.
These changes were probably associated with the adap-

tive response of depressive animals after 20 confron-
tations [3]. By contrast, the decrease in α-glycero-
phosphate dehydrogenase activity produced by BP was
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more pronounced in animals with depression. BP inhi-
bited the immune response in these mice (Tables 1 and
2). These findings are consistent with the relationship
between α-glycerophosphate dehydrogenase activity
and the type of the immune response [2,9].

Our results show that BP produces different ef-
fects on intact and depressive mice. The immunosup-
pressive effect of BP is more pronounced in depres-
sive animals. The effects of BP on activity of enzymes
for energy metabolism differ in intact and depressive
mice. It can be hypothesized that simultaneous expo-
sure to adverse social and toxic factors determines a
qualitatively new response of the organism [5]. These
data should be taken into account in the development

Fig. 3. Effect of benzo[a]pyrene (BP) on cell composition of
lymphoid organs and blood in control C57Bl/6J mice. Light bars:
control group. Dark bars: olive oil. Shaded bars: BP. p<0.05:
*compared to the control; +compared to the olive oil group.

of hygienic recommendations for various groups of
people exposed to social and ecological pressing.
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