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Pe3tome. BeedeHue. N3BECTHO, YTO MOPONOrMYECKMe N ONTUYECKNE MapaMeTpbl OTPaXarT MYHKLUOHAMbHYHO
aKTUBHOCTb NIMM(OLMTOB, YTO NMO3BONSET UCMOMb30BATbL UX AN OLEHKN COCTOSHUS UMMYHHOW CUCTEMbI OpraHu3ma.
AkTyanbHoCTb Npobnembl onpeaenseTcs TeM, 4TO Npu BO3AENCTBUAN Ha YenoBeka HebnaronpusaTHbIX (hakTopoB
cpedbl, CBA3aHHbIX C MEAHO-LIMHKOBOW KONYeAaHHOW pyaoi, BO3HUKAKOT oTpuLaTenbHble NocneacTema ans opra-
HW3ma. [laHHble HeraTuBHble achekTbl MOryT HabnoaaTbes y paboTHUKOB rOPHOA0ObLIBAIOLMX NPEANPUATII NPK UX
KOHTaKTe C pydoW, TaK Kak B ee COCTaB BXOAAT CONM TSKeNbIX METannos. Ljesb pabomsi 3aknioyanack B uccnego-
BaHWUW NIOLLAAM NOBEPXHOCTU NIMMGOLUTOB, NAOLWAAM U ONTUYECKON NNOTHOCTU S4pa U LMTONNasMbl NMMGOLUUTOB
nepudepuyeckon KpOBM KpbIC N0 BO3AENCTBUEM MEeHO-LIMHKOBOWN KonveaaHHom pyabl. Mamepuanbi u Memodhbl.
B pabote ¢ nomoLLbto KOMMNBbIOTEPHON MOPGHOMETPUM B XPOHUHECKOM 3KCNEPUMEHTE U3YUYeHbl pa3MepHbIE NOKaaTenu
NUMOLIMTOB U UX CTPYKTYP, @ TaKXe ONTUYECKMe CBOMCTBA 3TUX KNETOK Y KPbIC, NOABEPrHYThIX BO3LENCTBUIO MEAHO-
LIMHKOBOM KonYyeaaHHOM pyabl. B akcnepumeHTe ucnons3osanit 70 HeNMHENHBIX KpblC-caMLoB 3-4-MeCSYHOro BospacTa
(cpegHss macca 210,5410,5 r). B cOOTBETCTBUM CO CpOKaMW BO3AENCTBMSA pyabl KpbIChl Oblv pasaeneHsl Ha 5 rpynn.
MopdomeTpuyeckue napameTpbl IMMMOOLUTOB ONpeaensnu MeTOA0M KOMMbIOTEPHON MOPGOMETPUN, C MOMOLLBHO
komnnekca aBTomatuyeckoit Mukpockonuu « MEKOC-L2» (Poccus), ycTaHOBIEHHOTO B cOCTaBe (hYHKLMA ANS aHanusa
ma3koB Ha Mukpockone AXIO Lab.A1 (ZEISS, lepmanus). Pe3ynbmambi. Bo Bce Cpoku 3KCNepUMeEHTa NpoMCXoausio
yBENnM4YeHue nnowiaam aapa nMMGOLMUTOB Ha POHE CHIKEHUS €r0 ONTUYECKON NNOTHOCTW. Habntoganock yMeHbLUeHe
ONTUYECKOW NAIOTHOCTM M NNoLaam uutonnasmel numgountos. 06cyxdeHue. Habnoaaemble n3meHeHNs nnowaam u
ONTUYECKOI NIOTHOCTY SAPa NMMMAOLMTOB Nepudepruyeckoin KpoBM, BO3MOXHO, Obinin 06yCrnoBneHbl NpeBpaLleHnem
reTepoxpomMaTtiHa B aKTUBHbI 3yXPOMATUH, @ UUTONNa3Mbl — CHUXKEHUEM e MeTabonnyeckon akTBHOCTU. Bb18odbl.
BbisiBNEHHbIE NepecTpoiik MOPGOMETPUYECKIX MOKa3aTenemn u ONTUYECKUX CBOMCTB NUMEOLMTOB Bbinn 06ycrnoBneHb!
afanTUBHLIMW NpoLeccamn UMMYHHOW CUCTEMbI KPbIC NPU JEACTBUAN Ha OpraHu3M pyapbl.

KnioyeBble cnoBa: I'IVIM(*)OLWITbI, r’MCTorpamMmbl, MeQHO-LUNHKOBAA Kon4YeaaHHaa pyaa, ontuyeckas ninoTHOCTb, KPbIChI

CHANGES IN MORPHOMETRIC AND OPTICAL PARAMETERS
OF RAT’S LYMPHOCYTES UNDER THE INFLUENCE OF COPPER-ZINC PYRITE ORE

© Albina R. Nikitina, Klara R. Ziyakaeva, Aliya F. Kayumova, Valentina G. Shamratova
Bashkir State Medical University. 3 Lenin str., Ufa Republic of Bashkortostan 450008 Russian Federation

Contact information: Albina R. Nikitina — Assistant of the Department of Normal Physiology. E-mail: nikitina.albinar@gmail.com
ORCID: https:/lorcid.org/0000-0001-8186-8204 SPIN 5421-8308

& POCCHIICKIE BUOMETMIIMHCKUE HCCTEIOBAHIAL  TOM 9 Nod 2024 ¢ISSN 2658-6576




24

ORIGINAL PAPERS

For citation: Nikitina AR, Ziyakaeva KR, Kayumova AF, Shamratova VG. Changes in morphometric and optical parameters of rat’s lymphocytes under
the influence of copper-zinc pyrite ore. Russian Biomedical Research. 2024;9(4):23-29. DOI: https://doi.org/10.56871/RBR.2024.32.92.004

Received: 23.09.2024

Revised: 30.10.2024

Accepted: 17.12.2024

Abstract. Introduction. It is well-established that morphological and optical characteristics of lymphocytes reflect
their functionalactivity, making them suitable for assessing the status of the immune system. This is particularly
significant as exposure to adverse environmental conditions, such as those associated with copper-zinc pyrite ore
mining, can have negative effects on the body. The relevance of this issue is underscored by the potential risks faced
by mining workers who come into contact with the ore, which contains heavy metal salts, and can lead to negative
health outcomes. The aim of this study was to investigate the effects of copper-zinc pyrite ore on the surface area,
nuclear area, and optical density of rat’s lymphocytes of the peripheral blood. Materials and methods. The study
utilized a sample of lymphocytes from the peripheral blood of rats, which were exposed to copper-zinc pyrite ore
under controlled conditions. Measurements were taken of the aforementioned parameters, and statistical analysis was
performed to determine any significant changes in these characteristics. In the study, we used computer morphometry
to analyze the dimensional parameters and structural features of lymphocytes, as well as the optical properties of
these cells, in rats that had been exposed to copper-zinc pyrite ore. In the study were used 70 male rats, aged three
to four months and weighing an average of 210.5£10.5 grams. The rats were divided into 5 groups based on the
timing of their exposure to copper-zinc pyrite ore. The morphometric parameters of the lymphocytes were determined
using computer morphometry by “MEKOS-C2” automated microscopy system (Russia), which was integrated with
the AXIO Lab A1 microscope (ZEISS, Germany) for smear analysis. Results. During the experiment, the nuclear
area of lymphocytes was increased, while its optical density decreased, the cytoplasmic area and optical density
were decreased. Discussion. The findings suggest that exposure to copper-zinc pyrite ore was leaded to changes
of lymphocyte morphology, specifically an increase of nuclear area. Further research is needed to understand the
implications of these changes and their potential impact on immune function. The observed changes of the size and
optical density of the cell nucleus could be due to a conversion of heterochromatin to active euchromatin and a decrease
in the metabolic activity of the cytoplasm. Conclusions. The rearrangements in the morphometric parameters and
optical properties of lymphocytes that have been observed may be the result of adaptive processes of rat’s immune
system under the influence of copper-zinc pyrite ore.

Keywords: lymphocytes, histograms, copper-zinc pyrite ore, optical density, rats

INTRODUCTION

AIM

Recent studies have shown that certain indicators of pe-
ripheral blood lymphocytes, such as diameter, perimeter, and
area, reflect not only morphological features of the cells but
also their functional activity [1]. Additionally, optical properties
of these cells can provide insight into the state of their internal
structures.

A change in the range of variations in the size parameters of
lymphocytes can serve as an indicator of impaired immunoreac-
tivity of the body and the development of pathological processes
in response to adverse environmental factors [1, 2]. It is therefore
of great practical importance to study the morphometric and opti-
cal characteristics of peripheral blood lymphocytes in laboratory
animals under exposure to salts of heavy metals, which are part
of the ores that mining workers come into contact with. There are
three major deposits in Bashkortostan that produce copper-zinc
pyrite ore, and their composition contains approximately 60 harm-
ful impurities, including salts of heavy metals like arsenic, anti-
mony, mercury, and fluorine [3].

The aim of the study was to investigate the morphometric and
optical features of lymphocytes, such as cell surface area, nuclear
and cytoplasmic size, and optical density, in the peripheral blood
of rats exposed to copper-zinc pyrite ore.

MATERIALS AND METHODS

The effect of copper-zinc pyrite ore on hematological parame-
ters was studied in 70 white non-linear male rats aged 3—4 months
and weighing 210.5+10.5 grams. There were 5 experimental
groups and one control group. Experimental rats received a water
suspension of copper-zinc pyrite ore orally for 10, 20, 30, 45, and
60 days at a dose of 600 mg/kg body weight [4, 5]. During the
experiment, we followed the principles outlined in the directives of
the European Community (86/609/EEC), the Helsinki Declaration,
and the “Rules for Carrying Out Work Using Experimental Ani-
mals” as well as the recommendations of the Bioethics Council of
the Bashkir State Medical University. Standard cages (n=6), with
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free access to food and water, were used for the animal husbandry
in the vivarium at an average temperature of 24+2 °C, in accor-
dance with the guidelines of SP 2.2.1.3218 and Directive 2010/63/
EU on the protection of animals used for scientific purposes. Blood
was collected from the rat’s tail vein. The animals were euthanized
using decapitation and ether anesthesia [6]. A blood smear was
stained by method Romanovsky-Giemsa. The morphometric pa-
rameters of lymphocytes were determined using computer mor-
phometry of the “MEKOS-C2” automated microscopy system (Rus-
sia), which was installed as part of the smear analysis functions
on the AXIO Lab A1 microscope (ZEISS, Germany). There were
calculated all types of leukocytes, a database of their images was
created, and after sorting, the data was transferred to MS Excel.
Based on calculating the area of 200 cells in each sample, histo-
grams were built to show the distribution of cells, which allowed for
the average values and ratios of cell proportions to be taken into
account of leukocyte formula. The sample of the ore was provided
by the Uchalinsky Mining and Processing Plant.

There were studied an optical density of the cytoplasm and
nucleus of lymphocytes was studied. To estimate optical density
parameters, the brightness distribution over the object was used,
using the specific optical density index. The specific optical den-
sity index was measured in three spectral ranges of the video
camera — blue, green, red, determined by the color of the rays
absorbed by the substance. The total spectral range reflected the
functional activity of the cell. There were calculated the integral
optical density of the cytoplasm, optical density indices and spe-
cific total optical densities of lymphocytes [7].

The number and volume of rat's lymphocytes were analyzed
using a veterinary semi-automatic hematology analyzer, Vet Exigo
19 (Sweden).

The data obtained were processed using the statistical software
STATISTICA 12 (StatSoft, USA). Nonparametric the Mann-Whitney
and the Kruskal-Wallis tests, were used to determine the statisti-
cal significance of differences between samples. The median value
(Me) and the interquartile range (Q1, Q3) of lymphocytes volume
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Fig. 1.

Histograms of the distribution of the area of rat’s lymphocytes exposed to copper-zinc pyrite ore
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were calculated. Differences were considered statistically signifi-
cant if p <0.05. Correlations between variables were assessed
using the Spearman correlation coefficient, a nonparametric mea-
sure of association.

RESULTS

There are presented histograms of the distribution of rat's
lymphocytes across the area occupied by cells on the glass area
in the initial state and at various experimental time points are
presented in Figure 1.

The distribution of cells area during the experiment under the
influence of copper-zinc pyrite ore was characterized by imperfec-
tions and asymmetry. This was manifested by a shift of the peak
of the distribution curve to the left and the presence of a “tail”
extending to large values of the indicator.

During all study periods, the histogram of the area showed a
maximum value of 60 um?, except for 45 days. In control condi-
tions, the proportion of small cells (less than or equal to 60 um2)
accounted for 48% of the total, and medium cells (less than or
equal to 90 pm?), 43%. Together, these two groups accounted for
more than 90% of circulating cells. The nature of the distribution
curves changed slightly during the first period of the experiment.
By the 30'" day, based on the histograms of lymphocyte area, a
shift in the apex was observed to the left, which was attributed
to an increase in the proportion of larger cells within the overall
population. The mean cell area did not statistically significantly
change (Fig. 1).

On the 45" day, there was a slight modification to the shape
of the histogram for the distribution. The curve for the lymphocyte
region shifted towards larger values (73 um?), and the histogram
became more symmetrical. This change in the proportion of cell
fractions based on area led to an increase in the average size of
lymphocytes. The proportion of medium-sized cells (between 75

and 90 um?) was greater than 50% at this time, compared to other
periods where the proportion of these cells did not exceed 43%. It
should be noted that during this time, the number of lymphocytes
in circulation increased (Table 1).

The study of intracellular parameters throughout the experiment
revealed that the cell’s area occupied by the nucleus increased
significantly compared to the control group (Table 1). Conversely,
the dynamics of the cytoplasmic area showed a decreasing trend
starting from the 10" day, and in subsequent stages, the average
cytoplasmic area of lymphocytes was significantly lower than in
the control group. On the 10" day, it decreased by 35%, on the
20" day by 50%, on the 30" day by 30%, and on the 45 day by
25%. At the 60-day mark, it was still lower by 35% compared to
the initial value. This decrease in cytoplasmic area, as evidenced
by a comparison of nuclear-cytoplasmic ratios, occurred against a
background of increased nuclear proportion, with the overall cell
area remaining unchanged. The exception to this pattern was on
the 45" day, when a maximum value of total cell surface area
was recorded. This was due to a significant increase in nuclear
area, compared to both the control and earlier study periods.
Specifically, on the 10", 20", and 30'" days, there were increases
in 9, 18, and 7%, respectively. However, on the 45" and 60™ days,
the increases were in 23 and 9%.

The particular interest was an analysis of parameters that
characterize the optical properties of cytoplasm and nuclei
(Table 2).

The informative value of studying optical properties lies in the
fact that they reflect the peculiarities of the course of metabolism
in the studied cells in normal and pathological processes.
The revealed decrease of the optical density of the cytoplasm
during the experiment compared with the control was indicate a
decrease in viscosity of the cytoplasmic matrix (Table 2). At the
same time, a direct correlation was established between total
optical density and area of cytoplasm (r=0,57 in control, r=0,56

Table 1
Rat’s lymphocyte counts under the influence of copper-zinc pyrite ore, Me (Q1; Q3)
Indicators Control arou Experimental Experimental Experimental Experimental Experimental
group group 10 days group 20 days group 30 days group 45 days group 60 days
Number of lymphocytes 10,35 14,45 11,30 12,10 16,70 13,40
(x10° cells/l) (9,00;12,40) (10,75;17,90)* (10,40;14,10) (10,70;14,50) (9,70;18,70)* (10,10;16,40) *
The average area 64,00 63,00 62,00 62,00 72,00 61,00
of lymphocytes, um? (51,00;78,00) (50,00;75,00) (48,00;78,00) (50,00;77,00) (59,00;85,00) * 2 (53,00;73,00)
The average area 19,00 12,00 09,00 13,00 14,00 12,00
of the cytoplasm, um? (13,00;26,00) (8,00;18,00)* (4,00;17,00)* 2 (9,00;24,00)* = (9,00;24,00)* = (6,00;19,00)* =
Average core area, um? 43,00 47,00 51,00 46,00 53,00 47,00
(34,00;52,00) (36,00;58,00)* (39,00;64,00)* 2 | (37,00;54,00)*= | (43,00;65,00)* 2 | (41,00;57,00)*
The nuclear-cytoplasmic 2,12 3,53 5,11 2,99 3,64 3,71
relationship, (1,61;2,85) (2,26;5,43)* (2,81;10,32)*2 | (1,80;4,32) *4 = (2,07;6,26) * = (2,19;7,79) *=*
conventional units

Note: * — statistically significant difference in the indicator of the experimental group in relation to the value of the control group of rats (p <0.05); — to the value of the
10-day experimental group of rats (p <0.05);® — to the value of the 20-day experimental group of rats (p <0.05); *— to the value of the 30-day experimental group of rats
(p <0.05); & — to the value of the 45-day experimental group of rats (p <0.05).
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on 10" day, r=0,52 on 20" day, r=0,69 on 30" day, r=0,59 on
45" day, r=0,77 on 60" day). The value of the refractive index
directly depends on the functional state of intracellular structures,
it can be assumed that the decrease in area and optical density
of cytoplasm observed during experiment compared to control
was due to decrease in its functional activity under influence of
ore [8]. On the 10'" day, decrease in cytoplasmic area was 35%
and specific total optical density decreased in 27.5%. On the 20,
30" and 45" days, decrease was 50, 30 and 25%, respectively.
On 60" day it was 35%.

Increase in nucleus size was combined with decrease
in optical density in all spectral ranges during all periods of
experiment (Table 2).

DISCUSSION

The study showed that intoxication of rats caused by exposure
to copper-zinc pyrite ore was accompanied by an increase in
the number of lymphocytes and changes in their morphometric
and optical parameters. In the control group, the main
proportion of circulating cells consisted of small and medium-
sized lymphocytes, which corresponded to information from
literature sources [9]. On days 30" and 45" of the experiment,
the population of lymphocyte was redistributed with an increase
in proportion of larger cells combined on the 45" day with an
increase in their number and nucleus size. This allowed us to
assume that lymphocytes entering circulation were replenished
with cells with enlarged nuclei. According to Davydkin I.L. and
Semenkov V.F., replenishment of population with larger cells
could be due to immature thymocytes and natural killer cells [9,
10]. Intrapopulation rearrangement of lymphocytes and the

appearance of groups of cells with different areas may indicate
the development of an immune response to the effects of toxic
substances in ore [1]. The study of intracellular components has
made it possible to clarify information about the nature of these
processes. Dynamic and objective indicators of cell state are
size and optical density of nucleus [11]. It is known that size and
shape of nucleus are determined not by amount of DNA but by
modification of chromatin [11], and increase in area of nucleus
is due to conversion of heterochromatin to euchromatin [12].
Therefore, increase in nuclear area and change in optical
properties throughout study period can be considered as
reflection of change in chromatin density due to transformation
of inactive heterochromatin into active euchromatin. At the same
time, the maximum activity of the nucleus occurred on the 451
day, manifested in the minimum optical density in the largest size
of the nucleus and the cell as a whole.

Along with an increase in the size of the nucleus, a decrease
in the optical density and area of the cytoplasm occurred under
the action of the copper-zinc pyrite ore. At the same time, a
positive correlation between these indicators was revealed.
Considering that the value of the refractive index directly depends
on the concentration of chemical components of the intracellular
substance and the state of cellular organoids, it can be assumed
that the functional state of cytoplasmic structures and metabolic
processes decreases during ore intoxication.

CONCLUSIONS

Based on the assumption that morphometric parameters ob-
jectively reflect the functional state of lymphocytes, we can dis-
cuss the restructuring of the cellular components of the immune

Table 2
Optical parameters of rat’s lymphocytes under the influence of copper-zinc pyrite ore, Me (Q1; Q3)
Indicators Control Experimental Experimental Experimental Experimental Experimental
group group 10 days | group 20 days group 30 days group 45 days group 60 days
Integral optical density 0,38 0,17 0,12 0,30 0,22 0,16
of the cytoplasm, (0,26;0,50) (0,12;0,28)* (0,05;0,20)* 2 (0,16;0,48)* 2= | (0,12;0,36)*=* | (0,07;0,25)* *4
conventional units
The specific total 1,19 0,86* 0,81* (0,64;1,02) 1,06* 2 = 1,03*4 = 0,77* b
optical density of the cytoplasm, (0,96;1,47) (0,74;1,01) (0,81;1,62) (0,79;1.29) (0,61;0,97)
conventional units
Specific optical density 1,27 0,91* 0,73*2 1,04* 4= 0,70%2 ¢ 0,73% 4
of the core according to the red (1,06;1,51) (0,76;1,14) (0,59;0,94) (0,82;1,28) (0,62;0,83) (0,58;0,83)
component, conventional units
Specific optical density of the 1,73 0,81* 0,58* 2 1,33* 4= 0,55* 2 0,70* 4 = oA
core according to the green (1,33;2,09) (0,68; 0,99) (0,49;0,75) (0,93;1,89) (0,47;0,66) (0,57;0,85)
component, conventional units
Specific optical density of the core 0,46 0,15*% 0,10%2 0,37*Am 0,09%2 ¢ 0,14* =4
according to the blue component, | (0,32;0,60) (0,12;0,20) (0,07;0,14) (0,17;0,57) (0,06;0,13) (0,11;0,18)
conventional units

Note: notation as in Table 1.
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system under the influence of copper-zinc pyrite ore. Upon activa-
tion of a cell, the structural organization of chromatin undergoes
conformational changes, resulting in changes to its optical proper-
ties [13, 14]. As a result, the experimentally observed increase in
nuclear size, combined with a decrease in optical density, may
indicate changes in the degree of chromatin condensation due
to copper-zinc pyrite ore, and, consequently, an increase in DNA
activity [11, 15].

The observed changes in the size and optical characteristics
of the nucleus are accompanied by a decrease in metabolic
activity in the cytoplasm. As a result, structural and functional
alterations in the lymphocyte population, aimed at the body’s
adaptation to the effects of copper-zinc pyrite ore, impact the
nuclear apparatus but do not occur at the level of cytoplasmic
processes.

AONONMHUTENBbHAA UHOOPMALINA

Bknap aBTopoB. Bce aBTOPbI BHECN CYLYECTBEHHbIN BKNag
B pa3paboTky KOHLENLWM, NpoBeaeHne UCCNeaoBaHUs 1 NOAro-
TOBKY CTaTb, MpoYnM 1 08obpunn duHanbHyl0 Bepcuio nepes
ny6nmkaumen.

KoHcbnukt uHTepecoB. ABTOpbI 3asBRSOT 06 OTCYTCTBUM
KOH(NWKTa UHTEPECOB.

WUcTounnk dmHaHcupoBaHua. lccnenoBaHne He uMeno
CMOHCOPCKOW NOAAEPXKKN.

dTnyeckoe yTBepkAeHue. VccneposaHue npoBefeHO C
cobnogernem «lMpasun nposefeHnst paboT ¢ NCNOMb30BaHWEM
9KCMEPUMEHTANbHbIX XMBOTHbIX». MccnegoBanne ogobpeHo no-
kanbHbIM aTU4eckum komutetom GIBOY BO «balukupckuit rocy-
[apCTBeHHbIN YHBEpCUTET» MuHaapasa Poccuu, npotokon Ne 5
o7 13.09.2017 .
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