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BJIMSAHUE ®OPMAJIBJAEINJIA INUTERO HA CTPOEHHUE TUMYCA
HOBOPOXIEHHbBIX KPbIC
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I'V JIHP Jlyranckuii rocy1apcTBEHHbIN MEAULIMHCKUM yHUBEpcUTeT uM. CBatutens Jlyku,
Jlyrauck, Jlyranckas Haponnas PeciyOnuka

I]ens. N3yueHue cTpoeHHsI TUMYCa HOBOPOKAECHHBIX KPBIC, POKJICHHBIX CAMKAMH, IIOJBEP-
raBIIUXCS UHTASIIMOHHOMY BiUsHUIO hopmanbiaernaa (PA) Ha MPOTSHIKEHUN BCETro MEprUojia re-
CTalLlUU.

Mamepuanvt u memoowl. Pabota nposesneHa Ha 72 GenbIx OECHIOPOIHBIX KpbICAaX MEPBOTO
JIHSI IOCTHATAJILHOTO Pa3BUTHs. [lepByro rpymiy cocTaBuid Kpbicsita (N=37) — HOTOMCTBO ILECTH
KPBIC, KOTOpPBIE B TEUCHHE BCETO MEpPHOAa OEPEMEHHOCTH HAaXOAWJIMCh B YCIOBUSAX BO3JCHCTBUS
DA B KOHLIEHTparuu 2,766 mr/m3. Dkcrozurmn DA OCYIIECTBIISINCH | pa3 B 1eHb B TeueHue 60
MHH B 3aTpaBOYHOI kKamepe 00bemoM 1 M3, BTOpyio rpymimy coCTaBuIIM KOHTPOJIBHEIE JKMBOTHBIE
(N=35) — MOTOMCTBO LIECTH KPBIC, KOTOPbIE BO BPEMsI MPOBEICHUS IKCIICPHMEHTA HAXO/AUIIUChH B
YCIIOBUSIX, @aHAJIOTMUHBIX TAKOBBIM Y AKCIIEPUMEHTAIbHON TPYIIIbI 32 UCKIIIOUEHUEM BiusiHUA DA.
Onpezensuin Maccy Tesla HOBOPOXKIEHHBIX KPbIC, A0COIMIOTHYIO U OTHOCUTENIbHYIO MacCy TUMYcCa.
N3y4anoch CTpoeHHE TUMYCa Ha CBETOONITUYECKOM ypoBHeE. [locuer kosmyecTBa KJIETOK B KOPKO-
BOM U MO3TOBOM BEIIECTBE THMYCa OCYILIECTBIANCA Ha momanu 2500 Mxm?,

Pezynomamur. Macca tena 1 aOCOJIOTHAs Macca TUMYyca HOBOPOJKIEHHBIX KpbIC MEPBOM
IpyMNIIbl ObIIM CTATUCTUYECKU 3HAUMMO HU)KE KOHTPOJIbHBIX 3HaueHUH. OTIn4us MEXy 3HaUEeHH-
MU OTHOCUTEJIbHOIM Macchl TUMYycCa B CPaBHUBAEMbIX I'pyInax OblTM He3HauYuTeIbHbIMU. Konnye-
CTBO KJIETOK B KOPKOBOM M MO3TOBOM BEILIECTBE TUMYCa Mo AekicTBUeM DA 3HAUUTEIBHO HE U3-
MEHSI0Ch.

3aknwuenue. VHransumonHoe BnusHue A Ha opraHu3M OepeMEeHHBIX KPBIC B TE€UEHHE
BCEro IMeprojia TecTalluy MPUBOJUT K YMEHBIICHUIO MAcChl Tejla U a0COJIIOTHOW Macchl TUMYyca
HOBOPOKIEHHBIX KpbIC. [Ipy 3TOM OTHOCHTENBHAS Macca TUMYCa HE MPETEPIIEBAET 3HAUNTEIBHBIX
n3MeHeHni. CTpoeHre TUMyca Ha CBETOONTHYECKOM ypoBHe o AeiictBueM DA Takxke HE Tpe-
TEPIEBAET CYIIECTBEHHBIX U3MEHEHUI.

Knwueswvie cnoea: mumyc; Ho8opodicOenHas Kpwvica, @opmanvoe2uod; macca; c6emoeas
MUKDOCKONUSL.

THE INFLUENCE OF IN UTERO EXPOSURE TO FORMALDEHYDE
ON NEWBORN RAT THYMUS STRUCTURE
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Aim. To study the structure of the thymus of newborn rats born from female rats exposed to
inhalation of formaldehyde during gestation.

Materials and Methods. The work was carried out on 72 white outbred rats of the first day of
postnatal development. The first group consisted of newborn rats (n=37) — the offspring of six rats
that were exposed to formaldehyde (FA) in concentration of 2.766 mg/m? during the entire period
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of pregnancy. FA exposure was given once a day for 60 minutes in a 1 m® exposure chamber. The
second group included control animals (n=35), which were kept in conditions similar to those of
the experimental groups with the exclusion of the effect of FA. In the newborn rats, the body mass
and the absolute and relative mass of the thymus were determined. The structure of thymus was
studied in a light optical microscope. The number of cells in the cortex and medulla of the thymus
was counted over an area of 2500 um?.

Results. The body mass and absolute mass of thymus of the newborn rats of the first group
showed a statistically significant reduction against control values. The differences between the values
of relative mass of thymus in the compared groups were insignificant. The number of cells in the
cortex and medulla of the thymus under the influence of FA did not show any significant changes.

Conclusion. The effect of inhalation of FA on the organism of pregnant rats during the entire
gestation period consists in a decrease in the body mass and in the absolute mass of the thymus of
newborn rats. With this, the relative mass of the thymus did not undergo significant changes. The
thymus structure in the light microscope did not show any significant changes either.

Keywords: thymus; newborn rat; formaldehyde; mass; light microscopy.

The structure of thymus of newborn chil- of formation of thymic bodies in the medulla.
dren is described in detail in the works of Periconceptional alcoholic intoxication of
N.A. Voloshin, et al. [1] and E.A. Grigorieva, mothers within 1 month in combination with
et al. [2]. Thymus of a newborn is characte- exposure to ethanol during pregnancy also af-
rized by lobular structure. Sometimes small fects the morphogenesis of the thymus of the
areas of adipose tissue in the interlobular septa offspring, which is reflected in its decreased
are determined. The cortico-medullary junc- absolute and relative mass, proliferative activ-
tion is, as a rule, poorly expressed. With the ity, enhanced cell death, and the appearance of
reduced density of cells in the cortical sub- microcirculatory and dysplastic changes [4].
stance, ‘nest-like’ loss of lymphocytes may Formaldehyde (FA) is a common
be seen. The most numerous cells of cortex organic compound of the aldehyde family [5].
and medulla are small lymphocytes (about FA is found in low concentrations in food and
70%). Epithelial reticulocytes make approxi- water and in high concentrations in the envi-
mately 5% of the total thymic cells. The me- ronment as a component of: (1) car exhaust
dulla contains small-size thymic bodies. In the gases, (2) tobacco smoke, (3) fume of forest
cells that form the latter, destructive changes fires, (4) gases formed in the decomposition of
in the nucleus and cytoplasm are determined. plant residues in the soil and in photochemical
In the thymic tissue, both small and large oxidation of hydrocarbons [6], etc. FA is
cystic (with PAS-positive and alcianophilic widely used in the synthesis of phenolic, ureal
contents) thymus bodies may be encountered. and melamine resins, as a binder in chipboards,

The literature presents the results of floor coatings and paints, and also in the pro-
studies showing changes in the structure of duction of plastic materials, textiles, cosmetics
thymus of newborn rats, which were in utero and insecticides [7]. The International Agency
exposed to various kinds of chemicals. So, in for Research on Cancer (IARC) and a number
the work of N.V. Yaglova, et al. [3] it was of national agencies have classified FA as a
shown that the low-dose exposure to dichloro- human carcinogen (group 1) [8].
diphenyltrichloroethane during pregnancy According to some authors, there exists
does not frustrate formation of the thymus of a close connection of the effect of FA with the
the offspring rats, but leads to changes in its rate of miscarriage, and with other negative
structure consisting in retardation of the lobu- effects — low birth weight, premature birth and
lation of lobes, formation of an extensive epi- disorders in menstrual cycle [9]. In female
thelium-free space in the cortex and reduction mice exposed to FA, uterine and ovarian hypo-
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plasia is observed [10]. In addition, in the
offspring of female rats and mice exposed
to FA, there is an increased incidence of fetal
abnormalities, chromosomal aberrations and
aneuploidy.

The lack of literature data regarding the
effect of FA on the intrauterine formation of
the thymus determined the aim of the present
work — to study the structure of the thymus
of the offspring of female rats exposed to FA
during the entire gestation period.

Materials and Methods

The work was carried out on 72 white
outbred rats of the first day of postnatal
development in accordance with the Rules and
Recommendations for the Protection of Verte-
brate Animals Used for Experimental and
Other Scientific Purposes adopted by the
European Convention [11] and the Principles
of Good Laboratory Practice (National Stan-
dard of the Russian Federation GOST 33044-
2014). The study was approved at a meeting
of the Commission on Bioethics of the SI LPR
«St. Luke Lugansk State Medical University»
(protocol Ne5 of 05.11.2018).

The animals were divided into 2 groups.
The first group (FA) included newborn rats
(n=37), the offspring of six rats exposed to FA
inhalation (2.766 mg/m®) during the entire
period of pregnancy. FA exposure was carried
out daily for 1 hour in a 1 m® exposure cham-
ber. The second group (C) included control
animals (n = 35), the offspring of six rats,
which during the experiment were kept in
conditions similar to those of the FA group

excluding the influence of the studied agent. In
the time between FA exposures, the rats were
kept in standard conditions of the vivarium.
Newborn rats were taken weight on a VLR-
200 balance, after which they were devitalized
by vapors of diethyl ether. After that, the
thymus was isolated, its absolute and relative
mass was determined, and it was fixed in
a 10% solution of neutral formalin.

After paraffin embedding of prepara-
tions made in the standard way [12], sections
5-7 um thick were made and were stained with
hematoxylin and eosin. Due to the fact that the
division of the thymus of newborn rats into
cortical and medullary substance is not clearly
expressed, cells were counted on serial
sections with the area 2500 pm? each that were
located: (1) in the immediate vicinity of
the thymus capsule or its septa (cortex) and (2)
in the center of the lobules (medulla) in six
non-crossing fields of view of each section.
According to this algorithm, every 10" serial
section was examined.

Quantitative data were processed using
the parametric (Student's t-test) method for
evaluation of the significance of differences
and Statistica 10 program. The differences
were considered statistically significant at p
values <0.05.

Results and Discussion

Table 1 shows the body mass of newborn
rats, as well as the absolute and relative mass
of the thymus. All these parameters in the off-
spring of rats exposed to FA are evidently
lower than the control parameters.

Table 1
Parameters of Body and Thymus Mass of Newborn Rats
Group Parameter Mean SD min max t p
BM, g 6.03 0.39 5.27 6.71 -
C Abs, mg 12.01 0.36 11.20 12.60 - -
Rel, mg/g 2.00 0.15 1.74 2.37 - -
BM, g 475 0.37 412 5.35 14.42 <0.001
FA Abs, mg 9.31 0.36 8.40 9.80 31.97 <0.001
Rel, mg/g 1.97 0.17 1.72 2.35 0.78 >0.05

Note: BM — body mass of small rats, Abs — absolute mass of the thymus; C — control; Rel —

relative mass of thymus; FA — formaldehyde
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Histological examination under low
magnification shows oval shape of the thymus
lobes. The number of septa is low. Within the
latter, as well as between the lobes of the
thymus, vessels and some amount of adipose
tissue are well defined. Examination of the

thy-mus of both groups of the rats in a light
optical microscope shows a poorly expressed
boundary between the cortex and medulla.
Nevertheless, it is seen that the center of the
lobules is less intensely stained as compared to
their peripheral sections (Figures 1, 2).

Fig. 1. Thymus of a newborn rat of the control group.
The objective x4. Hematoxylin and eosin

Note: the boundary between the cortex and medulla is not clearly defined. C — cortex;

M — medulla

&

Fig. 2. Thymus of a newborn rat of the FA group
The objective x4. Hematoxylin and eosin

Note: the boundary between cortex and medulla is more clearly defined in comparison with

the control. C — cortex; M — medulla
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The structure of the thymus of rats in the
light optical microscope in both groups does
not practically differ from each other. The kar-
yolemma of large lymphocytes due to a less
intense staining of their nucleus is visualized
surrounded by oxyphilic cytoplasm and is

often determined as a thin strip of different
thickness. Besides, in the cortex there are
also found epithelioreticulocytes of irregular
shape in a small amount. In some preparations
their processes are quite clearly visible
(Figures 3, 4).

Fig. 3. Thymus cortex of a newborn rat of the FA group
The objective x100. Hematoxylin and eosin

Note: Lymphoblasts in the subcapsular zone are visible; arrows point to epithelial reticulocytes

Fig. 4. Subcapsular zone of thymus cortex of a newborn rat of the FA group
(enlarged section of Figure 3)
The objective x100. Hematoxylin and eosin

Note: Asterisks point to lymphoblasts. Single black arrows show epithelial reticulocytes
having an oval-shaped nucleus. In the center of a poorly stained nucleus, a nucleolus is visible. A
double black arrow points to an irregularly shaped epithelial reticulocyte. The processes of the cell
are visible. The poorly colored nucleus in the center contains a nucleolus. A single white arrow
points to the nucleus of the fibroblast capsule. The double white arrow shows mitosis of a thymocyte
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The nuclei of these cells look lighter in
comparison with those of lymphocytes. Their
shape varies from oval to irregular. As a rule, in
the nucleus of these cells, more often in the cen-
ter, one nucleolus is present. The number of lym-
phocytes in the medulla decreases and therefore
epithelial cells are visualized better. In the
medulla, thymocytes are represented mainly by
medium and small- size cells. Their nuclei have
an intense basophilic staining. The cytoplasm
stains oxyphilic and the cytolemma sometimes
forms clearly visible protrusions. The nuclei of
the medullary epithelial reticulocytes are weakly

160

granular and are of a pale basophilic color.
Mitoses of thymocytes and epithelial cells are
observed both in the cortical and, to a lesser
extent, in the medullary substance. Small foci of
pycnotic lymphocytes are detected in the inner
zones of the thymus cortex of rats of both groups.
Hassal bodies were not determined either in
the control or in the experimental group.

The number of cells in the cortical and
medullary substance of the thymus of rats of
the FA group was below the control values by
1.39% (t=1.37; p=0.174), 0.78% (t=0.92;
p=0.361), respectively (Figure 5).
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Fig. 5. The number of cells of the cortex and medulla of the thymus of a newborn rats on an area
2500 pm? (segment — =+ 2 standard deviations)

Discussion

Epidemiological studies link the effect
of FA with a high rate of miscarriages,
menstrual irregularities, congenital malfor-
mations, decreased birth weight, and infertility
in both humans and animals [13]. However,
other authors criticized such results that were
obtained in studying of small samples or due
to their incorrect interpretation [14]. A recent
histomorphological study showed that FA

induces toxic changes in the structure of the
placenta in mice leading to dysfunction of the
latter and to a decrease in fetal weight [15]. An
increase in the level of FA in the atmosphere
and in residential premises has become a
serious toxicological public health problem.
FA is known to react with many biomo-
lecules such as proteins, nucleic acids and
amino acids. This can lead to DNA crosslin-
king with proteins with formation of
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complexes that can accumulate in the tissues
of placenta and fetus [16]. These formations
accumulated in the placenta can produce an ad-
verse effect on trophoblast and thus lead to
syncytiotrophoblastic hormonal dysfunction.

The experimental conditions of the
presented study led to a significant decrease in
the body mass of newborn rats, which agrees
with the results of the previous studies [15] and
can be explained by disorders of the hormonal
activity of the placenta [3]. It is known that
gonadotropin acting in the paracrine and
autocrine way, causes differentiation of the
villous trophoblast throughout pregnancy, and
human placental lactogen and placental growth
hormone are involved in the adaptation of
the mother to pregnancy and are involved in
controlling fetal growth [17].

Reduction of the absolute mass of the
thymus in the offspring of females exposed to
FA was quite natural due to the fact that the
body mass of the newborn rats was below the
control parameters. The absence of statistically
significant differences between the relative
mass of the thymus in the control and experi-
mental groups of the animals testifies in favor
of a proportional reduction of both the body
weight of newborn rats and the weight of the
organ. According to J.D. Thrasher, et al. [18],
FA adversely affects zygotes/embryos and
bone marrow cells. The results of this study
showed embryonic cell damage and a high
mortality rate, while bone marrow cells
showed increased parameters of chromosomal
aberrations and aneuploidy. Similar observa-
tions of the chromosomes of peripheral blood
lymphocytes were recorded in students of
medical educational institutions exposed to
FA. It was found that exposure to FA in
concentration of 1.5-3.17 mg/m® causes an
increase in the frequency of exchange with
sister chromatids, aberrations, and formation
of micronuclei. Formaldehyde concentrations
less than 1 mg/m?® do not affect lymphocyte

chromosomes, but cause an increase in CD19
and a decrease in CD4, CD5. In their work,
J.D. Thrasher, et al. [18] showed the involution
of lymphoid tissue and the appearance of
numerous centers of extramedullary hemato-
poiesis in the offspring of females exposed to
FA in concentration of 0.012 and 1.0 mg/m®.
These data do not agree with the results of
the present study, in which no pronounced
changes in the thymus were detected in the light
microscope, probably, due to the different
concentration of FA used in these studies.

FA causes abnormalities in the buffer
capacity of blood leading to metabolic acido-
sis. Blood pH in the fetus decreases, while
hypercapnia, combined with iron deficiency,
increases in both the fetus and the mother. In
addition, there is a deficiency of iron in the
fetus and in the mother. Such changes, as a
rule, lead to increased mortality of embryos
[18]. FA probably affects embryos and fetuses
also through a detrimental effect on mitochon-
dria. Oxygen stress caused by the generation of
free radicals is associated with apoptotic cell
death and fragmentation of the mitochondrial
genome [19]. In addition, FA can initiate apop-
tosis through the formaldehyde generators (for
example, alkylating agents) [20]. Thus, such
congenital defects as low birth weight, are
probably best explained by intrauterine oxida-
tive stress and mitochondrial damage resulting
from exposure of maternal organism to FA.

Conclusion

The obtained data show that the effect
of FA inhalation on female rats during the
entire period of pregnancy leads to a signifi-
cant reduction of body mass and the absolute
mass of thymus of newborn rats. Here, the
relative mass of the thymus did not show any
significant changes. Examination of the struc-
ture of thymus in the light optical microscope
did not reveal significant deviations in the
morphology of the organ in the offspring of
animals exposed to FA.
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