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SUPEROXIDE DISMUTASE ACTIVITY IN LIVER CELLS OF RATS
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The aim of this work was to investigate the activities of Mn- and Cu,Zn-dependent superoxide dismutase in the
mitochondrial and cytosolic fractions of liver cells in rats under conditions of toxic doses of acetaminophen
administration and partial hepatectomy. Partial hepatectomy (a surgical procedure for the removal of two-thirds of the
liver mass), used to study liver regeneration processes under laboratory conditions, was performed following the
method of Mitchell and Willenbring (2008) exclusively under sterile conditions to minimize the risk of infections. The
mitochondrial and cytosolic fractions of rat liver cells were obtained using the method of differential preparative
centrifugation. The activity of Mn- and Cu,Zn-dependent superoxide dismutase in the mitochondrial and cytosolic
fractions of the liver was assessed based on the ability of superoxide dismutase to inhibit adrenaline autooxidation. It
was established that in the liver of control rats after partial hepatectomy, activation of Mn- and Cu,Zn-dependent
superoxide dismutase occurs only during the early stages (24 h and 48 h) of the regeneration process, likely aimed at
increasing the level of superoxide anion radicals. In animals with toxic injury, the course of reparative regeneration is
characterized by a decrease in Mn-superoxide dismutase activity in mitochondria against the background of Cu,Zn-
SOD activation in the cytosol throughout the entire experimental period, which is likely reflects the implementation of
compensatory antioxidant defense mechanisms of hepatocytes in response to their depletion in mitochondria.
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Introduction. Liver regeneration is a highly
organized process of tissue restoration, which is the
most important reaction of this organ to injury.
Overall, the process of liver regeneration comprises
three phases: the initiation stage, the proliferation
phase, and the termination phase (Asnaashari et al.,
2021). Understanding the mechanisms of liver
regeneration is a important point in the context of
the impact of xenobiotics of various origins,
particularly medicinal ones, on this homeostatic
organ. One example of such compounds is
acetaminophen (N-acetyl-para-aminophenol;
APAP), the most widespread antipyretic and
analgesic drug. (Kotulkar et al., 2023).

Liver regeneration is accompanied by the
activation of prooxidant processes, particularly the
formation of reactive oxygen species (ROS), which
perform a dual role. On one hand, ROS act as
signaling molecules, stimulating regenerative
processes such as cell proliferation and the repair of
damaged tissues and on the other hand, excessive
accumulation of ROS can lead to the development of
oxidative stress (Zhang et al., 2023). Superoxide
dismutase is a key enzyme of the antioxidant
defense system that helps neutralize the superoxide
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anion by converting it into the less harmful
hydrogen peroxide. There are different isoforms of
this enzyme: superoxide dismutase-1 (SOD1, Cu,Zn-
SOD, EC 1.15.1.1), which functions in the cytosol,
and superoxide dismutase-2 (SOD2, Mn-SOD, EC
1.15.1.1), which plays a critical role in the
detoxification of reactive oxygen species in
mitochondria (Li et al., 2022).

The aim of the work is to investigate the activity

of Mn- and Cu,Zn-dependent superoxide dismutase
in the mitochondrial and cytosolic fractions of the
liver in rats with paracetamol-induced toxic injury
following partial hepatectomy.
Materials and Methods. For the study, white non-
pedigree rats aged 140-150 days and weighing 150—
180 g were used, housed in the experimental-
biological vivarium of the Department of
Biochemistry and Biotechnology. During the
implementation of all necessary procedures on the
animals, the requirements of the European
Convention adopted in Strasbourg (1986) regarding
the protection of vertebrate animals used in scientific
research and experiments were clearly observed.

Toxic injury was induced by oral administration
of a paracetamol suspension at a dosage of 1250 mg
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per kilogram of the animal's body weight, dissolved
in a 2% starch gel solution (Kopylchuk et al., 2020).
Partial hepatectomy — a surgical procedure for
removing two-thirds of the liver mass, used to study
liver regeneration processes in laboratory conditions,
was performed according to the method of Mitchell
and Willenbring (2008) exclusively under sterile
conditions to minimize the risk of infections.

The experimental rats were separated into
groups: Group | (control) — intact rats that
underwent partial hepatectomy (C/PH); Group Il —
rats with partial hepatectomy and acetaminophen-
induced toxic injury (TI/PH). The animals were
euthanized by cervical dislocation under light
inhalation anesthesia at 24, 48, 72, and 168 hours of
the regenerative process.

The mitochondrial and cytosolic fractions of rat
liver cells were obtained by differential preparative
centrifugation method. The activity of Mn- and
Cu,Zn-dependent superoxide dismutase in the
mitochondrial and cytosolic fractions of the liver
was assessed by the ability of superoxide dismutase
to inhibit adrenaline auto-oxidation (Jiao et al.,
2023).

Results and Discussion. We have established that in
the C/PH group of rats, the increase in Mn-
dependent superoxide dismutase activity occurs only
at the initial stages of regeneration (24 h) and during
the period of active cell proliferation (48 h)
compared to the control values at 0 hours (Fig. 1, A).

In return, in the animals of the TI/PH group, the
activity of Mn-dependent superoxide dismutase in
the mitochondrial fraction of the liver decreases
throughout the entire organ recovery period
compared to the O-hour values of the TI group. As
shown in Fig. 1, the activity of this enzyme is
already reduced in the group of rats in which toxic
injury was modeled (Tl group) compared to the
control at 0 h. The lowest values of Mn-SOD
activity were recorded at the final stages of the
regeneration process (72 and 168 h) (Fig. 1, A).

It should be noted that MnSOD is an enzyme that
is quite hypersensitive to nitration, accounting for up
to 20% of the total nitration of proteins under
conditions of oxidative stress (Demicheli et al.,
2016). Considering that under these experimental
conditions,  previous studies have  shown
hyperproduction of nitric oxide in the mitochondria
of rat liver, the formation of the highly reactive
metabolite peroxynitrite becomes possible, which
may cause to local inactivation of Mn-SOD through
nitration of critical tyrosine residues.

At the same time, we established that in the
cytosolic fraction of liver cells in the control rats
(group C/PH), a analogous trend in the changes in
the activity of Cu,Zn-superoxide dismutase is
observed, which increases only during the 24-hour

220

and 48-hour periods after partial hepatectomy (Fig.
1, B). This indicates an active response of the
antioxidant resources of hepatocytes in response to
the intensified formation of superoxide under these
conditions. At the same time, in the group of rats
with toxic injury, which underwent partial
hepatectomy, an increase in superoxide dismutase
activity was observed. Such changes were registered
by us throughout the entire experimental period,
with the highest values at the initial stages (24 h, 48
h) and also at the distant term (168 h) of the
regenerative process (Fig. 1, B), which may indicate
the activation of antioxidant mechanisms as a result
of the damage caused by acetaminophen.
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Fig. 1. Activity of Mn-dependent superoxide
dismutase in the mitochondrial fraction (A) and Cu,Zn-
dependent superoxide dismutase in the cytosolic fraction
(B) of liver cells in rats with toxic injury following
partial hepatectomy.

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 the literature (Chandrasekharan et al., 2021), it

is noted that Cu/ZnSOD is excessively expressed
under conditions of elevated levels of pro-
inflammatory factors IL-1p and TNF-a. This is in
reliable agreement with the results of previous
studies on the activation of inflammatory processes
in the liver of rats with toxic injury following partial
hepatectomy, induced by  pro-inflammatory
cytokines.
Conclusions. It has been established that in the liver
of control rats, following partial hepatectomy, the
activation of Mn- and Cu,Zn-dependent superoxide
dismutase occurs only at the early stages (24 h and
48 h) of the regenerative process, which is likely
aimed at increasing the level of superoxide anion
radical.

In animals with toxic injury, the course of

reparative regeneration is characterized by a
decrease in the activity of Mn-superoxide dismutase
in the mitochondria, against the backdrop of Cu,Zn-
SOD activation in the cytosol throughout the entire
experimental period. This likely reflects the
implementation of compensatory mechanisms of
antioxidant defense of hepatocytes in response to
their depletion in the mitochondria.
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AKTHUBHICTb CYHNEPOKCUJJUCMYTA3M B KJIITHHAX NEYIHKH L[YPIB 3A
YMOB BBEJIEHHSI TOKCUYHUX /103 AHETAMIHO®EHY TA YACTKOBOI
IT'ENDATEKTOMII
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Memoio oanoi pobomu cmano Oocnioxcennss akmusnocmet Mn- i Cu,Zn-3anedxcHoi cynepokcuooucmymasu 6
MIMOXOHOPIANbHITL mMa YUMO30AbHIN (PpaKyisx KIMuH nedyinku wypié 3a VMO8 66€0eHHs MOKCUYHUX 003
ayemaminogpeny ma yacmrogoi eenamexmomii. Yacmkogy eenamexmomito (Xipypeiuny npoyedypy 01s euoanenus 2/3
Macu neyiHKu), Wo BUKOPUCMOBYEMbCA Ol GUSUEHHS NpOYecie pezenepayii neyinku 6 1aOOpamopHux yMmoeax,
30itichroganu 3a memooom Mitchell i Willenbring (2008) sukniourno 6 cmepuibHUX yMO8ax 3 Memo0 MIHIMI3ayii pusuxie
ingexyiti. Mimoxouopianviy ma yumosonvHy Gaxyilo KAimur NeyYinKu wypie ompumy8ai memooom oupepenyitinozo
npenapamusHozo yewmpughyeyeanna. Busnauenns axmusnocmi Mn- i Cu,Zn-3anedxcHoi cynepoxcuooucmymasu 6

Biosioriuni cucremu. T. 16. Bum. 2. 2024 221


https://doi.org/10.5114/ceh.2021.107564
https://doi.org/10.1016/j.bbrc.2020.11.011
https://doi.org/10.1021/acs.biochem.6b00045
https://doi.org/10.1093/micmic/ozad127
https://doi.org/10.15407/ubj92.01.113
https://doi.org/10.1097/hep.0000000000000367
https://doi.org/10.11817/j.issn.1672-7347
https://doi.org/10.1111/febs.16629
mailto:i.nykolaichuk@chnu.edu.ua

MIMOXOHOPIANbHIT  Ma  YUMO30AbHIL  PpaKyisx nevinku OyYIHI6AIU 3a 30aMHICMI0  CYNepOKCUOOUCMYMA3ZU
npueHivyeamu aymooKucienns aopenaniny. Bcmanoeneno, wo neuinyi KOHMPOAbHUX WYPIE NICAsA YACMKOBOI
eenamexkmomii axmusayisi Mn- i Cu,Zn-3anexicHoi cynepokcudoucmymasu 6i00yeacmucs iuuie Ha pauHix emanax (24
200 ma 48 200) pezenepayiiinozo npoyecy, wo, UMOSIPHO, CHPAMOBAHO HA NIOBUUEHHS PI6HA CYNEPOKCUOHO20-AHIOH-
paouxany. Y meapun i3 MOKCUYHUM YPAdCEeHHAM nepebizc penapamusnoi pezenepayii Xapakmepuszyemvcs 3HUNCEHHAM
akmusnocmi Mn-cynepokcudoucmymasu 8 mimoxonopiax ma miai akmugayii Cu,Zn-CO/] y yumo30.1i 6npo0oeic 8cb02o
EeKCNepUMEeHMAIbHO20 — nepiody,  wo, 6IipocioHo,  8i0obpadicae  pednizayitoc  KOMNEHCAMOPHUX — MeXaHi3mie
AHMUOKCUOAHMHO20 3aXUCTY 2eNnamoyumia y 8i0noeiob Ha iX 8UCHANCEHHS 8 MIMOXOHOPISAX.

Knrouosi crosa: Cu,Zn-cynepoxcuooucmymasa, Mn-cynepoxcuooucmymasa, MimoxoHopii, neuinka, ayemaminoger,
4ACMKO8A 2eNameKmoMis, peceHepayis.
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