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The work focuses on investigating the erythrocyte indices of rat blood under conditions of acetaminophen-induced
toxic injury following partial liver resection. Modeling of partial hepatectomy was performed using the method of
Mitchell & Willenbring by surgically removing two-thirds of the liver. The determination of the erythrocyte count, their
mean volume, hemoglobin concentration, its mean content, and mean concentration in erythrocytes was conducted at
24 (priming phase), 48 (active cell proliferation phase), 72 (termination phase), and 168 hours (distant period) after the
performance of partial hepatectomy using an RT-7600 (Rayto) automatic hematology analyzer. It was established that
after partial liver tissue resection in control rats, a decrease in hemoglobin levels and erythrocyte count occurs during
the first three days, indicating the development of postoperative anemia, which is partially a physiological
phenomenon. Instead, in animals with toxic injury, a decrease in hemoglobin concentration and a reduction in
erythrocyte count take place throughout the entire regenerative period, with a deepening state of anemia and
erythropenia during the termination phase (72 h) and the distant period (168 h). Liver tissue regeneration after partial
hepatectomy in control rats is characterized by slight normochromia because of a decrease in the mean content and
concentration of hemoglobin in erythrocytes at the early stages of regeneration, with a distant macrocytosis effect.
Partial liver resection in animals with toxic injury is accompanied by the development of hypochromic microcytic

anemia, with intensification during the terminal stages (72 h and 168 h) of the regenerative process.
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Introduction. Currently, one of the most widely
used medicinal xenobiotics is  paracetamol
(acetaminophen),  which  exhibits  analgesic,
antipyretic, and anti-inflammatory effects (Ishitsuka
et al., 2020; Woodbury et al., 2024). At the same
time, acetaminophen is used as a model hepatotoxin,
allowing for the evaluation of mechanisms of toxic
injury (Cai et al., 2022; Chidiac et al., 2023).

The process of reparative regeneration is part of
liver remodeling, occurring in cases of cirrhosis as
well as in the restoration of lost cells following
hepatotoxic  injuries.  Liver  resections are
traditionally associated with significant mortality,
particularly linked to intraoperative blood loss,
where the development of anemia plays a key role
(Huang et al., 2022; Verma et al., 2022).

Hematological parameters are among the
indicators that allow for the assessment of the
functional state of the body, differential diagnosis of
diseases, and the severity of their course. Particular
importance is attributed to the evaluation of the red
blood cell count (RBC), their mean corpuscular
volume (MCV), red cell distribution width (RDW),
hemoglobin concentration (HGB), its mean content
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in erythrocytes (MCH), and mean corpuscular
hemoglobin concentration (MCHC).

Thus, the aim of the work was to investigate the

erythrocyte indices in the blood of rats with
acetaminophen-induced toxic injury following
partial hepatectomy.
Materials and Methods. The research was
conducted on white non-pedigree rats with a body
weight of 150-170 g. The housing and all
manipulations were carried out in accordance with
international legal standards for carrying out animal
experimentation, as outlined in the "European
Convention for the Protection of Vertebrate Animals
Used for Experimental and Other Scientific
Purposes” (Strasbourg, 1986) and the norms of the
"General  Ethical  Principles for  Animal
Experiments,” approved by the First National
Congress on Bioethics (Kyiv, 2001).

Modeling of acute toxic injury was performed by
administering paracetamol to the experimental
animals at a dose of 1250 mg/kg of the animal's
body weight. The xenobiotic was administered per
os in the form of a suspension based on a 2% starch
gel solution during the two days preceding the
scheduled liver resection of the animals (Kopylchuk
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et al., 2021). Partial liver resection was performed
by surgically removing two-thirds of the liver
(Sahay et al., 2019).

The experimental animals were classified into
two groups: group 1 consisted of control animals
that had partial hepatectomy (C/PH); group 2
consisted of animals that had partial hepatectomy
after acetaminophen-induced injury (TI/PH). The
euthanasia of the animals was performed by cervical
dislocation under light ether anesthesia at 24 h
(priming phase), 48 h (active cell proliferation
period), 72 h (termination phase), and 168 h (distant
period). Intact animals (C) and rats with toxic injury
(TT), which did not undergo hepatectomy, were used
as experimental control groups at O hours.

Evaluation of erythrocyte indices (absolute
erythrocyte count, hemoglobin concentration in
whole blood, mean corpuscular hemoglobin
concentration in erythrocytes, mean corpuscular
hemoglobin in erythrocytes and mean corpuscular
volume of a red blood cell) was performed using an
RT-7600 automatic hematology analyzer
manufactured by Rayto.

Results and Discussion. The research results
showed that in animals of the C/PH group, a
decrease in total hemoglobin level was observed
during the first three days, with the lowest values at
the initial stages of regeneration (24 h) compared to
the control values (0 h). In contrast, in the group of
animals with toxic damage after partial organ
resection, this indicator decreased throughout the
entire experimental period with the lowest values in
the termination period (72 h) compared to the values

of TT (0 h) (Table 1). A decrease in total hemoglobin
content in the blood inevitably leads to the
development of anemia, which may occur for
various reasons. A key role is attributed to hepcidin,
a hormone synthesized by the liver, which is a major
regulator of systemic iron homeostasis. (Nemeth et
al., 2021). The systemic inflammatory response
following surgical intervention can cause excessive
expression of hepcidin through the inflammatory
mediator interleukin-6, as confirmed by previous
studies of the scientific group under conditions of
acetaminophen-induced  toxic  injury, thereby
limiting the available circulating iron.

At the same time, we established that the number
of erythrocytes in the blood of rats decreases after
partial hepatectomy — in animals of the C/PH group
within 72 h following the surgical intervention,
while in rats with toxic injury, it persists throughout
the entire experimental period, with the lowest
values observed in the termination phase (72 h) and
the distant period (168 h) compared to the values at
0 hours, indicating the development of erythropenia
(Table 1). The main causes under these conditions
may include blood loss, which was very
characteristic of animals with toxic injury during
surgical intervention, hemolysis of erythrocytes, or
impaired of their production. We assume that under
conditions of toxic injury, this fact is most likely due
to the predominance of erythrocyte hemolysis, as
confirmed by previous studies showing a decrease in
osmotic resistance of erythrocytes in the group with
toxic injury (Kopylchuk et al., 2022).

Table 1.

Erythrocyte indices in the blood of rats under conditions of acetaminophen-induced toxic injury
following partial hepatectomy

MEtm,n=28)
Erythrocyte RBC MCV HGB MCH MCHC
index
C/PH
0 852034 63301352 15213 17,81+ 0,83 281,24+ 6,39
24 6,9+ 0300 65.85+145 122+ 110 149+ 09" 2435+ 642"
4% 6.8+0_ 400 65515 128 £ 40 14.5 + 089" 1982 + 5420
72 7.01+£0.71k 65.84 +£0.705 132 +£11° 17.38+£0,30 2279+ 780
168 7.77+£0.09" 773941390 150+7 17.62+079 28236+ 6,36
TLPH
0 7.63 = 0962 55,315 132 = 82 155081 245959
24 6.1=0.2¢ 552+1.68 110 = 3¢ 13.4=0.81¢ 208.3=8.3¢
48 6.3 0.4° 498+ 154 108 = 8¢ 11,2+0,71%¢ 1713=43°
72 5.14 £ 0,074 32.1+£12=d 92 + 7=d 5.4+079%4 1229 +£3 9=d
168 3,78+ 02651 298+ 144 102 £ 34 53+0,79%1 1214 £ 4 4=¢

Note: C/PH — control animals that underwent partial hepatectomy; TI/PH — animals with toxic injury that
underwent segmental partial liver resection; a — statistically significant difference between the indicators of rats in the
TI group and control, P < 0.05; b — statistically significant difference in the indicators of the C/PH group compared to
the values of C at 0 h, P < 0.05; ¢ — statistically significant difference between the TI/PH groups compared to the
indicators of rats in the TI group at 0 h, P < 0.05,; d — statistically significant difference between the TI/PH groups

compared to the indicators of the C/PH group, P <0.05
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In order to predict the course of the pathological
process, erythrocyte indices have a significant role,
among which is the mean corpuscular volume of a
red blood cell. This indicator allows the
classification of anemia into three main types:
microcytic, normocytic, and macrocytic. We found
that in the blood of C/PH animals, this indicator
remains unchanged until 72 h after partial organ
resection and significantly increases during the
distant term of the regenerative process (168 h)
compared to the control (0 h), indicating a probable
development of macrocytosis (Table 1).

At the same time, in rats with toxic injury
following partial hepatectomy, a reduction in the
mean erythrocyte volume during the termination
phase (72 h) and the distant terms (168 h) leads to
the development of microcytic anemia, characterized
by the formation of smaller erythrocytes (Table 1).
Conclusions. After partial liver tissue resection in
rats with toxic injury, a decrease in hemoglobin
concentration and a reduction in erythrocyte count
occur throughout the entire regenerative period, with
a deepening state of anemia and erythropenia during
the termination phase (72 h) and the distant phase
(168 h). Liver tissue regeneration after partial
hepatectomy in control rats is characterized by slight
normochromia due to a decrease in the mean content
and concentration of hemoglobin in erythrocytes
during the early stages of regeneration, with a distant
macrocytosis effect. Partial liver resection in animals
with toxic injury is accompanied by the development
of hypochromic microcytic anemia, which
intensifies during the terminal stages (72 and 168 h)
of the regenerative process.
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Poboma npucesiuena Oocniodcennio epumpoyumaprux IHOeKCie Kpoei wypie i3 napayemamosi-iHOyKOGaAHUM
VPAJICeHHAM RICIs 4acmKoeoi peszexyii neuinku. MooentoeanHs yacmkogoi eenamekmoMmii nposoounu 3a memooom
Mitchell & Willenbring winsixom eudanenus 2/3 wacmumn opeany. Busnauenns xintokocmi epumpoyumis, cepeoHb020
00’emy epumpoyumis, pieHs 2emo2o0IHY, CepeOHbO20 6MICIY 2eMO2N0DIHY Ma cepeOHboi KOHYeHmpayii 2emMo2no0iny 6
epumpoyumi 30ilicHiosanu Ha 24 (nepiood npauminey), 48 (¢pasa axmuenoi nponichepayii knimun) ma 72 (mepminayis)
ma 168 eodunu (gidoanenuii nepiod) nicia NPOGeOeHHs YACMKOB0I 2eNnameKmoMmii Ha  aA8MOMAMUYHOMY
ecemamonociyvnomy auanizamopi RT-7600 (Rayto). Bcmauosneno, wjo 6 KOHMPONbHUX MEAPUH NICAA HACMKOBOL
2enamekmomii 6npo00s’Hc nepuiux mpobox 0i6 8i00YBAEMbCs 3HUNCEHHS PIBHS 2eMO2I00IHY Ma KIbKOCMI epumpoyumis,
Wo 3acsiouye po38uUmMoK RICIAONEPayilHoi anemii, aKka wacmkoso € Qizionocivnum asuwem. Hamomicme y meapun i3
ayemaminogheH-iHOYKOBAHUM MOKCUYHUM YPANCEHHAM 3HUICEHHs DIGHA 30d2ANibHO20 2eMO2N00IHY mda 3MeHUleHHs
KLIbKOCI epumpoyumie 6i00y8acmuCsi 6npo0o06HC YCb020 Nepiody GIOHOGNCHHI NAPEHXIMU NediHKU 13 NO2IUOIEeHHIM
CmaHy anemii ma epumponetii Ha 3a8epualbHUX emanax peseHepayii — mepminayii (72 200) ma siooanenuii nepioo
(168 200). Pecenepamusnuil nomeHyian niciis XipypeiuHo20 GUOANICHHS YACMUHU NEYIHKU Y KOHMPOIbHUX MEAPUH
XapaxkmepusyeEmuvcsa He3HAUHOI0 HOPMOXPOMIEIO, NO8 A3AHOI0 3i 3HUNCEHHS CepeOHbO2O 8MiCcmY 2eM02N00iHy ma 1io2o
cepedHbol KOHYyeHmpayii 6 epumpoyumax Ha NOYAmMKOGUX cmaoisax [Hiyiayii pecenepayii 3 ei00anieHumM e@exmom
maxpoyumo3sy. Ilposedenns uacmrkosoi pe3exyii Yacmox neviHKy MEapuHaM, SIKUM NONEPeOHbO MOOETI0BANU MOKCUUHE
VPadsceHHs1 MeOUKAMEHMO3HUM KCEHODIOMUKOM NPU3600UMb 00 PO3BUMKY MIKPOYUMAPHOT 2INOXPOMHOI anemii, 03HaKu
AKOI nocunormscs Ha 3aseputanvuux emanax (72 200 ma 168 200) pecenepayiiinozo npoyecy.

Kniouosi crosa: eemoenobin, epumpoyumu, ayemaminoen, 4acmko8a 2enamekmomis, pezenepayis
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