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ABSTRACT

Objectives: The objective of this study is to assess the effect of elevated urinary levels of aromatic hydrocarbons (AH)
on the proliferation and apoptosis of human placental trophoblast cells obtained in the course of normal pregnancy in
an AH-polluted region.

Material and methods: Tissue material was obtained for study purposes from 50 afterbirths from Ptock as the study group
and 50 afterbirths from Kutno as the control group. The extent and intensity of reactions were analyzed. The levels of phenol
and 1-hydroxypyrene in the excreted urine of pregnant (in labor) patients were determined by gas chromatography and
colorimetry. The proliferative activity of trophoblast cells was assessed using MPM-2 antibodies against phosphoprotein
synthesized upon mitotic induction and Ki-67 antigen while the intensity of apoptosis in trophoblast cells was assessed
using p53 and bcl-2 oncoproteins involved in apoptosis-regulating mechanisms. The immunohistochemical reactions were
assessed for their extent and intensity.

Results: The levels of phenol and 1-hydroxypyrene excreted in the urine were statistically significantly higher in patients
from Ptock region. The proliferative activity of trophoblast cells was statistically significantly higher in the study group
(p < 0.05). The activity of oncoprotein bcl-2 was significantly higher in the study group while the activity of p53 was sig-
nificantly higher in the control group.

Pregnancy in an aromatic hydrocarbon-polluted environment has a significantly negative impact on placental tissue. Ad-
aptation mechanisms are induced as manifested by increased proliferative activity within the trophoblast and extensive

inhibition of apoptosis in the study group.
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INTRODUCTION

Human placenta is an organ that plays a very impor-
tant role in human life. In the fetal stage of development,
placenta plays the role of fetal lungs, alimentary tract, kid-
neys, and the entire endocrine gland system including the
liver. Placenta is used to transfer metabolic products and
acts as the site of production or metabolic transformation
of hormones and enzymes essential for the developing
pregnancy [1-3]. As an organ, the placenta is functional
within a precisely defined time frame, with the processes
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of apoptosis, i.e. programmed placental cell death, playing
an important and evident role [4].

The placenta is an organ characterized by high intrinsic
metabolic activity. Individual components of this activity,
and particularly the functional efficiency thereof are factors
that determine the welfare of the fetus. In light of the stu-
dies conducted to date, trophoblast epithelium appears to
be the most active part of the afterbirth. The proliferative
activity of the placental tissue is regulated by mechanisms
responsible for mother-fetus exchange and the process
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of oxygen delivery through the basal membrane of the
trophoblast within the terminal villi [5, 6].

Aromatic hydrocarbons, particularly phenol, are charac-
terized by high toxicity against a number of cellular structu-
res such as parenchymal organs (liver, lungs, placenta) and
the hematopoietic system, including the human placenta
[7-9]. Some authors observed trophoblastic epithelial da-
mage, extensive remodeling and recovery, as well as delayed
and reduced activity of dehydrogenases within human pla-
centae collected from residents of regions located in the
vicinity of petrochemical plants presenting with high urinary
excretion of phenol [10-12]. The placental barrier that se-
parates the maternal circulation from the fetal circulation
provides a somewhat limited protection against chemical
substances reaching the fetus.

Aromatic hydrocarbons, including benzene derivatives
whose atmospheric levels are significantly higher in regions
located in the vicinity of refining/petrochemical plants lead
to hazardous chronicintoxications which, while progressing
in an asymptomatic manner, lead to extensive damage to
the organs and tissues after longer exposure.

Significantly higher urinary levels of phenols and 1-hy-
droxypyrene, i.e. metabolites of benzene derivatives being
excreted with urine, are the markers of such an intoxication
[13-16].

Theimpact of aromatic hydrocarbon pollution on paren-
chymal organsis assessed in the examinations of afterbirths
obtained from normal pregnancies that were developing in
elevated phenol level conditions as compared to the after-
births from regions not polluted with substances of this type.

The objective of this study is to assess the effect of the
elevated levels of aromatic hydrocarbons excreted in the
urine on the proliferative activity and apoptosis of tropho-
blast cells within the terminal villi of the human placenta.

MATERIAL AND METHODS

The study material was collected from patients whose
pregnancies developed in Ptock region in an environment
exposed to elevated atmospheric levels of aromatic hy-
drocarbons (HA). The control group consisted of patients
whose pregnancies developed in Kutno, i.e. outside of the
hydrocarbon-polluted region. The criterion for the afterbirth
to be qualified for the study consisted of an uncomplicated,
physiological course of pregnancy completed by an in-term
delivery (weeks 39-41). All the observed pregnancies were
completed by natural deliveries of healthy neonates (Ap-
gar score 10). Before the pregnancy, patients were free of
chronic diseases, smoking, and alcohol or drug abuse. There
were no statistically significant differences between the
study group and the control group in terms of age, parity,
and body weight. There were no significant differences in
the birth weights of children born of the analyzed pregnan-

cies. In each patient, urinary phenol levels were assessed
three times during pregnancy and once upon the delivery
as anindicator of the total exposure to hydrocarbons. This is
due to the fact that the hydrocarbons metabolites excreted
in urine present with the features of simple phenols. The
phenol levels were assessed using three methods: colorime-
tric reactions with 4-aminoantipyrine, gas chromatography
(GC) and high performance liquid chromatography (HPLC).
Simultaneously, urinary levels of 1-hydroxypyrene were de-
termined by means of gas chromatography as a biological
marker of exposure to polycyclic aromatic hydrocarbons.

Tissue material was obtained for study purposes from
50 afterbirths from Ptock as the study group and 50 after-
births from Kutno as the control group. In each case, two
umbilical cord specimens, one extraplacental membrane
specimens and two or three specimens of the placenta itself
were collected. All 550 specimens obtained were processed
technologically into paraffin blocks. Sections were obtained
from the paraffin blocks for routine histopathological asses-
sment; based on this assessment, the most representative
placental specimens were selected for further immunohi-
stochemical processing. Histopathological assessment was
performed using basic hematoxylin and eosin staining.The
results of preliminary assessments revealed no significant
histopathological differences in both groups of placental
specimens, i.e. specimens from the Ptock region and speci-
mens from the Kutno region.

Next, immunohistochemical reactions were carried out
on selected specimens of 50 afterbirths from the environ-
mentally polluted region of Ptock and of 50 afterbirths from
the Kutno region being processed as the control group.
The obtained results, i.e. the intensity and extent of im-
munohistochemical reactions were used as the basis for
comparative analysis of the expression of individual reaction
products. Immunohistochemical reactions were carried out
with sera for tracing the protein products of oncogenes
involved in the mechanisms regulating the apoptosis (bcl-2,
p53). Apoptosis is a genetically-determined mechanism that
is morphologically identical to the physiological process of
programmed cell death. In physiological conditions, pro-
grammed cell death occurs in the course of organogenesis,
regulates the number of cells during growth and remodeling
(e.g. upon formation of the gastrointestinal tract lumen or
upon the development of morphologically mature skin).
Cyclical apoptosis is observed e.g. in the endometrium.

Immunohistochemical reactions were carried out by
the peroxidase method using LSAB kits (HRP Rabbit/Mouse
— Universal LSAB 2 Kits from DAKO, Denmark). The kits are
based on the sequential use of biotinylated antibody linkers
traced with streptavidin with horseradish peroxidase. The
method is very sensitive as it facilitates the detection of low
concentrations of original antibodies.
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Immunohistochemical reactions were carried out with
the following antibodies:

* Antibodies for the detection of proliferative activity,
particularly within trophoblast cells:

1. Mo a MPM-2 (Anti-Mitotic Protein); phosphopro-
tein synthesized upon mitotic induction tags the
MPM-2 antigen in both mitotic and interphase cells.

2. RbaHuKi67tags the proliferating cells thus disclos-
ing the expression of antigen Ki-67 within the cells
in the cell cycle phases of G1, S, M, G2 except for G 0.

* Antibodies for the detection of apoptosis within the
placental tissue, particularly with regard to the tropho-
blast cells that constitute the most active part of the
placental tissue:

1. Mo aHup53;p53,an oncoprotein known as a regu-
lator of cell proliferation, is involved in the mecha-
nisms that regulate apoptosis. It is assumed that
p53 acts by inhibiting oncoprotein bcl-2 known to
be an apoptosis inhibitor;

2. Mo a Hu bcl-2 for the detection of the expression
of oncoprotein bcl-2 in trophoblast cells; bcl-2 is
known to be an apoptosis inhibitor.

The reactions were assessed by dual means. In the first
method, the reactions were assessed using an arbitrary
scale of 0 to 3 points where 0 = no reaction, and 3 = strong,
homogeneous reaction.

In addition, the immunohistochemical reactions were
assessed for their extent and intensity by means of com-
puter-assisted morphometric analysis using the Cell Soft
Imaging System (Olympus). This was facilitated by coupling
an optical microscope with a digital camera (Olympus BX41,
Olympus C3040) to a computer system. This assessment

allowed for objectivization of the immunohistochemical
results. The differences were considered to be statistically
significant at the significance level of 95% (p < 0.05).

The results were subjected to statistical analysis using
PQStat Software v.1.6.1. Student’s t-test and the chi-square
test of independence were used.

RESULTS AND DISCUSSION

The levels of phenol and 1-hydroxypyrene excreted in
the urine were statistically significantly higher in patients
from Ptock region (Table 1).

The average size of placenta in Ptock region was higher
than the average size of placenta in Kutno region; however,
the difference was not statistically significant (p = 0.064).

The proliferative activity of trophoblast cells was as-
sessed by means of the expression of mitotic phosphoprotein
(Mo a MPM-2 Anti Mitotic Protein) which tags the MPM-2 an-
tigen both in the mitotic cells and in the interphase cells and
by means of the expression of Ki 67 (Rb a Hu Ki 67) in specific
cell cycle phases (G1, S, M, G2 excluding GO) of proliferating
cells. Calculations revealed a significantly higher activity and
the extent of mitotic phosphoprotein (p < 0.01) (Tables 2, 3).

For all reactions described below, calculation was perfor-
med as inTables 2 and 3. These tables are not located in the
text, due to the transparency of the publication. Describes
only the results.

Calculations revealed also a significantly higher activity
and extent of the Ki 67 antigen (p < 0.01) in trophoblast cells
collected from the study group (Ptock) as compared to the
control group (Kutno).

The occurrence of apoptosis in trophoblast cells which
constitute the most active part of the placental tissue was as-

Table 1. The urine levels of excreted phenol and 1-hydroxypyrene in pregnant women

rliU_T;\IOO 2.025 +£0.767 2.044 £ 0.754 5.059 £ 0.788 0.225 £0.169
TI:L_OSC(I)( 4.419+2.484 4455 +2.624 8.735+£2.835 0.519£0.366
t-Student test for t=6.5115 k=98 t=6.2443; k=98 t=28.8337, k=98 t=5.156831; k=98
independent samples p <0.001 p <0.001 p <0.001 p <0.001

Table 2. Inmunoexpression of mitotic phosphoprotein in trophoblast cells

Study group (n = 50) 3 (6%)
Control group (n = 50) 7 (14%)

Chi-square test of independence

15 (30%)
24 (48%)
Chi-square statistics = 11.495; degrees of freedom = 3; p-value = 0.009

25 (50%) 7 (14%)
19 (38%) 0 (0%)
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Table 3. The extent of the color reaction of mitotic phosphoprotein in trophoblast cells

Study group (Ptock) 5539.33 + 4867.44 3.85+3.38
Control group (Kutno) 50 2332.66 + 1854.58 1.62+1.28

. t=4.35k=98 t=4.35k=98
t-Student test for independent samples p <0001 b <0.001

sessed by means of determination of oncoprotein p53 levels
(Mo aHu p53).Oncoprotein p53 is a factor that regulates the
proliferative activity of cells and takes part in mechanisms
that regulate apoptosis by inhibiting oncoprotein bcl-2. In
addition, the activity of oncoprotein bcl-2, which is an inhi-
bitor of apoptosis, was assessed (Mo a Hu bcl-2). The results
of the analyses confirmed the significantly higher expression
of bcl-2 in the study group (p < 0.01) and the significantly
higher expression of p53 in the control group (p < 0.01).
The PKN Orlen petrochemical plant emits over
100,000 tons of gases, including compounds of sulfur, ni-
trogen, benzene and its derivatives such as benzopyrene
and phenol. Despite the fact that no air pollution thresholds
being in force in Poland (and very liberal towards the indu-
strial polluters) were exceeded during the study period and
in the study region, the levels of phenol excreted in the urine
of pregnant women from the Ptock region as measured by
three separate methods and the levels of 1-hydroxypyrene
were significantly higher than those in pregnant women
from the Kutno region. Phenol is the main metabolite of
the decomposition of aromatic hydrocarbons in the hu-
man body while 1-hydroxypyrene is a biological marker of
exposure to polycyclic aromatic hydrocarbons [13, 14, 16].
This suggests that the environment in the vicinity of the
petrochemical plant is polluted with the aforementioned
industrial pollutants that contain significant quantities of
hydrocarbons while all the pregnant women included in the
study were significantly exposed to these substances. The
results obtained by other authors confirm the high levels
of phenol being excreted in urine by pregnant subjects
in regions polluted by petrochemical/refining plants. The
studies demonstrated the relationship between high levels
of the excreted metabolites of aromatic hydrocarbons and
abnormal afterbirth presentations [17-19]. Macroscopic, mi-
croscopic and histochemical changes were analyzed in the
1970s, 1970s and 1990s by such researchers as Zamorska,
Liebhart, Radowicki, and Wierzba. Among other findings,
increased presence of acidic and neutral mucopolysaccha-
rides was observed as an evidence of compensation and
adaptation mechanisms being intensified in the polluted
environment [20-23]. The incidence of extraplacental mem-
brane epithelial necrosis was higher by a factor of four in
the Ptock group and the number of epithelial proliferation

foci in this group was also significantly higher [24]. Rado-
wicki described extensive deposition of high quantities of
antigen-antibody complexes within the intervillous space
in response to environmental pollution with aromatic hy-
drocarbons [25, 26].

In this study, the researchers made use of state-of-
-the-art immunohistochemical methods to demonstrate
whether the afterbirths obtained from normal pregnancies
would show any changes (differences) in the expression
of the products of the reactions of antigens used to tag
individual placental functions.

To this end, we selected a group of patients so that the
only“pathology” consisted of elevated phenol and 1-hydro-
xypyrene levels in the excreted urine while all the remaining
factors remained identical in both groups.

The study material was obtained from patients with no
history of disease burden whose pregnancy developed in
an environment exposed to elevated atmospheric levels
of aromatic hydrocarbons (HA) (the study group — Ptock
region) and patients from an area with no HA pollution (the
control group — Kutno region). The essential condition for
the afterbirth to be qualified for the study consisted of an un-
complicated, physiological course of pregnancy completed
by an in-term delivery (weeks 39-41). All the observed pre-
gnancies were completed by natural deliveries of healthy
neonates (Apgar score 10). Before the pregnancy, patients
were free of chronic diseases, smoking, and alcohol or drug
abuse. There were no statistically significant differences
between the study group and the control group in terms
of age, parity, and body weight. There were no significant
differences in the birth weights of children born of the
analyzed pregnancies, meaning that the biological quality
of children born in both towns was similar.

The study led to conclusion that the study groups diffe-
red significantly in terms of proliferative activity and apopto-
sis of trophoblast cells. Calculations revealed a significantly
higher activity of mitotic phosphoprotein (p < 0.01) and
a significantly higher activity of the Ki 67 antigen (p < 0.01)
in trophoblast cells collected from the study group (Ptock)
as compared to the control group (Kutno). This means that
adaptation and compensation mechanisms are initiated
within the placenta in response to the destructive effect of
aromatic hydrocarbons on the placental tissue.
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The results are in line with the findings of Wierzba, Ra-
dowicki, and Pawinski, who observed significant differences
in the extraplacental membrane epithelium and villous
epithelium. In their study, the researchers demonstrated
significant necrosis and compensational proliferation of
membrane- and villous epithelium being significantly hi-
gherin the placentas from the Ptock region [27]. The exten-
sive proliferation of placental villiis correlated with the high
levels of mitotic phosphoprotein.

No reports could be found in the available literature regar-
ding the phenomenon of apoptosis within the human placen-
ta as being correlated with aromatic hydrocarbon levels. The
analysis of the occurrence of apoptosis within trophoblast
cells as performed in this study suggests that the activity of
apoptosis inhibition is significantly higher in the study group
due to the significantly higher activity of oncoprotein bcl-2,
with oncoprotein p53 activity levels being simultaneously
higher in the control group. With no doubt, this constitutes
another evidence for active protection of the fetus upon
environmental exposure to aromatic hydrocarbon pollutants.

Wierzba and Radowicki have shown that the endocrine
activity of the placental tissue and the metabolic activity
obtained after delivery from women with elevated levels
of phenol and 1-hydroxypyrene in the excreted urine is
statistically significantly lower compared to patients who
are not exposed to aromatic hydrocarbons [28].

Liebhart reported the commonly observed remodeling
of terminal villi, higher numbers of Hofbauer cells and more
common occurrence of proliferative villi as changes sugge-
stive of adaptation mechanisms being in force in the placen-
tae of women from the Ptock region [20, 21]. Proliferative
villi are observed in chronic hypoxia and are suggestive of
disturbances within the adaptation mechanism responsible
for the intensified exchange between the placenta, the fetus,
and the mother. The efficacy of these mechanisms is suffi-
cient to prevent marked hypoxia despite the thickening of
the basal membrane of the trophoblast within the terminal
villi, and therefore the biological quality of the neonates is
similar in both regions [20, 25-27].

Wierzba, Radowicki at al. demonstrated that the foetus
is protected by activation of adaptation and compensation
mechanisms that are manifested as active angiogenesis
and formation of new blood vessels that provide proper
nutrition and oxygen supply to the foetus and significantly
greater development of mesenchymal cells compared to
the control group [29].

CONCLUSIONS
The development of the pregnancy within regions of
petrochemical pollution with aromatic hydrocarbons has
anegative impact on the quality of human placental tissue.

Proliferative activity of cells in the placentae of women
with elevated levels of phenol and 1-hydroxypyrene being
excreted with urine is statistically significantly higher thanin
the control group.

Statistically higher inhibition of apoptosis was observed
in the placentae of women with elevated levels of phenol
and 1-hydroxypyrene being excreted with urine as compa-
red to the control group.

The observed phenomena are indicative of extensive
adaptation and compensation mechanisms taking place
in response to the detrimental effect exerted by aromatic
hydrocarbon metabolites on the placental tissue.
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