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White blood cells of rats (lymphocytes, monocytes, macrophages, granulocytes and mast cells) contain
β-endorphin. Two months after a single neonatal benzpyrene treatment (imprinting) there is an elevated
level of immunoreactive endorphin in the blood and peritoneal cells of female animals and blood cells
of males. The endorphin content decreased in the peritoneal cells of males. In the blood, the
granulocytes of female, and the lymphocytes of male rats contained the highest amount of endorphin. In
the peritoneal fluid also the granulocytes of females contained the highest amount of endorphin, in
contrast to males, where the endorphin content of cells decreased and the lowest level of it was present
in the lymphocytes.

The experiments justify that benzpyrene treatment can durably influence endorphin levels of
white blood cells and gives new data to the already known lifelong health destroying effects of perinatal
benzpyrene exposition (alterations of hormone receptor binding capacity and sexual behavior).
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Endogeneous opioids (primarily β-endorphin) are produced and released not only by
brain cells, but also by the cells of immune system (lymphocytes and monocytes), first
of all during inflammation (3, 21). In our earlier experiments (13) the presence of β-
endorphin in granulocytes was also demonstrated. These opioids are able to reduce pain
caused by the inflammatory process and they also reduce inflammation, while
increasing the chemotaxis of immune cells (4, 15).

Neonatal interactions can influence different physiological processes for life.
In this time hormonal imprinting is taking place, when the hormone and its developing
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target receptor first meet (6–8). Imprinting is needed for the normal maturation of
receptor – signal transduction – hormone system (9). However, the excess of hormone-
like molecules (e.g. members of the same hormone family, synthetic hormone
analogues, drugs or environmental pollutants with hormone-like structure) can cause
faulty imprinting (6–8) with life-long consequences, which are manifested at gene,
receptorial, morphological, biochemical, even sexual behavioral levels (1, 2, 11, 17, 19,
22). In addition, imprinting with a hormone can enhance the lifelong production of the
same hormone (12). Endorphins are also targets of these neonatal interactions. In earlier
experiments, administration of sexual steroids to newborn rats elevated the
immunoreactive β-endorphin level of pituitary gland (16) and reduced it in the medial
preoptic area as well, as in the mediobasal hypothalamus (14) in adult rats. Since the
environmental pollutant benzpyrene has a steroid-like structure and in previous
experiments it provoked faulty imprinting of steroid receptors with extended effects (10,
11), it was reasonable to study the effect of neonatal benzpyrene treatment on the
endorphin content of white blood cells and cells of the peritoneal fluid, in adult animals.

Materials and Methods
Newborn male and female animals of our closed (Charles River originated) Wistar
breed, benzpyrene (Sigma, USA) was given in a dose of 50 µg/animal (solved in
sunflower oil), subcutaneously. Controls received the vehicle. When the animals were 2
months old, isotonic Na citrate was injected (during ether anesthesia) into the peritoneal
cavity which was regained after 30 sec. After that, blood was obtained by cardiac
puncture into isotonic Na citrate solution. Six control and 6 benzpyrene treated animals
were studied in the experiments.

Before labeling, erythrolysis was done (by using Becton Dickinson FACS Lysing
Solution). The lysed red blood cell remnants were removed by washings in PBS and the
cells were fixed in 4% paraformaldehyde solution. After that, the cells were
permeabilized with 0.1% saponin. The β-endorphin content of permeabilized cells were
detected with antibody to endorphin (produced in rabbit, Sigma, USA) used as primary
antibody, and FITC-labelled anti-rabbit FITC- IgG (Sigma), as secondary antibody. For
controlling the specificity, autofluorescence of the cells and aspecificity of the
secondary antibodies were detected. The measurement was done in a FACSCalibur flow
cytometer (Becton Dickinson, San Jose, USA), using 10,000 cells for each
measurement. For the measurement and analysis CellQuest 3.1 program was used.

During the evaluation, cell populations had been separated on the basis of size and
granulation and defined by “gating”. In the identical cell populations the serotonin
content inside the cells had been compared. The numerical comparison of detected
values was done by the comparison of percentual changes of geometric mean channel
values to the control groups.
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After the flow cytometric analysis the cells were subjected to confocal microscopic
analysis in a BioRad MRC 1024 confocal laser scanning microscope, equipped with
krypton-argon mixed gas-laser as a light source, at an excitation wavelength of 480 nm
line. All experiments were repeated twice.

Results and Discussion
White blood cells produce, store and secrete β-endorphin. However it is important to
know that the total endorphin amount of immune cells is not more, than one-third of the
amount produced by the pituitary gland (21). Nevertheless, this smaller amount of
endorphin could play an important role in immune homeostasis (3, 21).

In earlier experiments – studying the serotonin content of adult’s immune cells
after neonatal serotonin treatment – gender differences were observed: the serotonin
content of cells increased, however only in the female animals (13). A similar situation
was observed in the case of neonatal endorphin treatment mentioned above, when in the
pituitary gland the endorphin content increased after neonatal steroid treatment only in
females (16). This was the reason why we studied the endorphin content separately in
the two sexes.

In female rats the white blood cells contained endorphin and in the neonatally
benzpyrene treated animals its level was elevated in each cell type, however the level
was the highest in granulocytes (Fig. 1). In the same cells of the peritoneal fluid there
was also an elevated level of endorphin and in mast cells – which also contain
endorphin – a higher level could be observed, too (Fig. 2). Confocal microscopic
studies support the data of the flow cytometric analysis, demonstrating the presence and
distribution of the opioid in the cells as well, as the more intense fluorescence of the
cells in the treated animals (Fig. 3).

In the blood of male rats the endorphin level increased in each cell type (Fig. 4),
with the highest level in the lymphocytes. However, in the cells of peritoneal fluid a
decrease of endorphin content was observed (Fig. 5), with the lowest level in the
lymphocytes. Confocal microscopy supported the flow cytometric data (Fig. 6).

Using Student’s “t” method, the difference between the control and neonatally
benzpyrene treated animals was not significant, because of the very high deviation
between the individual controls as well as the individual treated rats (which was similar
to each other). This could be the consequence of stress effects, which increase the
concentration of the opioid in these cells several fold (21). This means that the
endorphin content of white blood cells is moving in a very broad range (5, 20).
However, the mean of this level was consistently higher in the benzpyrene treated
female animals and higher or lower – depending on the type (blood or peritoneal) of the
cells – in male animals, and the values were different from the appropriate controls (in
the direction mentioned above) in each case.
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Fig. 1. Endorphin content of neonatally benzpyrene treated adult female rat’s white blood cells,
related to the control as 100%

Fig. 2. Endorphin content in the peritoneal cells of neonatally benzpyrene treated adult female rats,
related to the control as 100%
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Fig. 3. Confocal microscopic pictures of control (a) and neonatally benzpyrene treated (b) adult female rat’s
white blood cells and combined fluorescent and transmission photograph of control (c) and neonatally

benzpyrene treated (d) female rat’s peritoneal cells. These latters demonstrate that not all of the cell types
show fluorescence
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Fig. 4. Endorphin content of neonatally benzpyrene treated adult male rat’s leukocytes,
related to the control as 100%

Fig. 5. Endorphin content in peritoneal cells of neonatally benzpyrene treated adult male rats,
related to the control as 100%



Endorphin content of white blood and peritoneal cells 213

Acta Physiologica Hungarica 90, 2003

Fig. 6. Confocal microscopic pictures of control (a) and neonatally benzpyrene treated (b) leukocytes, and
control (c) as well as neonatally treated (d) peritoneal cells of adult male rats. An elevation of endorphin
fluorescence in blood leukocytes and a decrease in peritoneal cells of treated animals, can be observed

The results call attention to the gender differences in the endorphin content of
immune cells and at the same time to the differences between the identical cells in
different milieu. Though we do not know the reason of the differences between the
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endorphin content of blood and peritoneal cells, considering the immuno-regulatory
function of endorphin, this would be important in case of inflammation or local immune
reaction.

Benzpyrene is a pollutant which is practically always present in urban
environment. In earlier experiments the life-long harmful effect of neonatal treatment
with this molecule to steroid hormone receptor binding capacity and sexual behavior
was demonstrated (7, 10, 11). The present experiments point to the prolonged effect on
the endorphin content of white blood cells. On the basis of the experiments it cannot be
exactly decided whether these alterations are useful or harmful, only the effect can be
registered. However, knowing that endorphins have a role in immune homeostasis by
depressing immunological functions (21), and modulating immunocompetence by
stimulating T cell proliferation (18), the altered level in immune cells after neonatal
benzpyrene exposition could point to an important harmful effect.
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