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It is known that traumatic brain
injury (TBI) is one of the main causes
of death and disability among people of
all ages. Recently, the risk of TBI has
increased dramatically in Ukraine, not
only for the military, but also for
civilians. After an acquired TBI a cas-
cade of multidirectional metabolic
changes begins in the brain, including
protein carbonylation, increased lipid
peroxidation, free radicals formation,
impaired neurotransmitters release
and energy imbalance, which are asso-
ciated with the development of various
functional disorders [1].

The severity of metabolic changes
always correlates with the degree of brain
damage and various additional factors. In
the case of severe traumatic brain injury,
we should expect such possible conse-
quences as speech, memory and attention
disorders or paralysis. Many researchers
note, that learning and memory dysfunc-
tion after TBI involve much more complex
pathologies, including neuronal death and
dysfunction in the synapse, hippocampus,
or brain network [2, 3]. Early rehabilita-
tion and the choice of adequate treatment,
that would mitigate the destructive effects
on the brain and nervous system func-
tioning are essential. Therefore, the
search for new effective drugs remains
relevant.

In the context of this problem, it is
possible to use a strong antioxidant,
such as edaravone (Eda), due to its
ability to eliminate hydroxyl, peroxide,
and superoxide (O,) radicals, which
cause damage to neurons and blood
vessels [4]. Edaravone reduces reactive
oxygen species (ROS) and attenuates
inflammatory reactions after cerebral
ischemia in animals and humans; it
reduces post-ischemic inflammation,
which leads to brain swelling and
stroke due to damage of neurons and
endothelial cells. The use of edaravone
to treat many diseases associated with
oxidative stress is becoming wide-
spread. More and more studies indi-
cate that this drug has promising
potential for the treatment of certain
neurological disorders, such as stroke
(ischemic, hemorrhagic), Parkinson's
disease, spinal cord injury, amyo-
trophic lateral sclerosis and others [5].

The aim of the study was to examine
the effect of edaravone on biomarkers
of carbonyl-oxidative stress in rats with
traumatic brain injury.

Materials and methods. Experimen-
tal animals. The study was carried out
on 30 male Wistar rats weighing
200-250 g. The study design was
approved by the Biomedical Ethics
Committee of Dnipro State Medical
University (protocol No. 1 dated
21.09.2022). Experiments were per-
formed in compliance with Directive
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86/609/EEC on the protection of ani-
mals used for experimental and other
scientific purposes. The animals were
kept in standard vivarium conditions
(air temperature 22-24 °C, relative
humidity 50%, 12-hour day/night
cycle) with free access to water and
food.

Modeling of traumatic brain injury.
TBI was caused by mechanical damage
from a metal weight (450 g), which was
free-falling in a vertical pipe from a
height of 170 cm onto the rat head [6].
During TBI modeling, rats were under
general anesthesia (zolazepam 15 mg/kg
and tiletamine 15 mg/kg, intraperitone-
ally). The rats were placed in individual
cages with a bedding temperature of
27-32 °C, covered with a synthetic
cloth. The cages were heated until
recovery from anesthesia, but not less
than 12 hours.

Experimental groups. All animals
were randomized into 3 groups: nega-
tive control — intact rats (n = 10); posi-
tive control — rats with TBI (n = 8); rats
with TBI + Eda 6 mg/kg, intraperitone-
ally (m = 10). Administration of Eda
was performed 1 hour, 24 hours and
48 hours after TBI. The animals were
sacrificed (under general anesthesia)
1 hour after the last dose of Eda.

Oxidative stress biomarkers.
Advanced oxidation protein products
(AOPP) were assayed using the modi-
fied method of Witko-Sarsat et al.
Thiobarbituric acid reactive substances
(TBARS) were evaluated by the reac-
tion of lipid peroxides with thiobarbi-
turic acid; the level of carbonylated
proteins (PC370/PC430) were evaluated
by the reaction of protein carbonyl
derivatives (ketone-2,4-dinitro-phenyl-
hydrazone) with 2,4-dinitro-phenylhy-
drazine (DNPH). Ischemia modified
albumin (IMA) was assayed using the
albumin cobalt-binding test. For the
determination of lactate levels, a stan-

dard lactate test kit was used. All
oxidative stress biomarkers were
studied wusing spectrophotometry
[7-10] in serum and fraction S1 from
the brain cortex and hippocampus of
experimental animals.

Statistical analysis was performed
by GraphPad Prism 9.0 (GraphPad
Software, Inc., La Jolla, CA, USA,
GPS-2169913-THSG-DF1FF). All quan-
titative results were presented using
box-and-whisker plots, which display
the distribution of the data through
their median, lower/upper quartiles
and smallest/largest values. Data nor-
mality was assessed using the
Shapiro-Wilk test. Statistical signifi-
cance (P < 0.05) was determined by a
two-tailed Student t-test or one-way
ANOVA for normally distributed vari-
ables; and the Mann-Whitney U-test for
non-normally distributed variables.

Results and discussion. As shown in
Figure 1, the levels of PC430 and AOPP
and lactate in serum of rats with TBI
were increased compared to the intact
rats by 40% (P = 0.09) and 27%
(P < 0.05), respectively. There were no
significant changes in the serum levels
of TBARS, PC370, IMA and lactate
after TBI modeling in rats. Such varia-
tion in the levels of oxidative stress
biomarkers observed after TBI could be
attributed to multidirectional differen-
tial mechanisms in their formation
(lipid peroxidation for TBARS and oxi-
dative protein modification for others)
and discrepancies in the timing of bio-
marker post-injury assessment
(immediate or delayed changes following
TBI).

The administration of Eda reduced the
oxidative stress biomarkers in serum,
the levels of AOPP, PC370, PC430, and
lactate were significantly decreased
(P < 0.05) compared to the group of rats
with TBI. Interestingly, protein carbonyl
levels were even lower than in the group
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Figure 1. Oxidative stress biomarkers in serum
Note. *P < 0.05, **P < 0.01.

of intact animals. Based on these results,
one can assume about launching
drug-specific mechanisms for the rapid
removal of oxidative products from the
body after the use of Eda.

Moderate changes were observed in
the S1 fraction of hippocampus and
cerebral cortex, as shown in Figure 2
and Figure 3.

Despite the fact that TBARS levels
had no significant changes after admin-
istration of edaravone, IMA level
decreased significantly in the hippo-
campus. Interesting results were
observed for lactate concentration, as it

increased and was higher than in groups
1 and 2 in the hippocampus. Our data
support the study by Thomas C. Glenn
et al. [13] that the body increases lactate
production to indirectly supply glucose
to the injured brain. This work reported
massive mobilization of body resources,
mainly lactate, to support hepatic and
renal gluconeogenesis. After isotopical-
ly labeled lactate was administered
there were shown, that systemic lactate
is directly consumed and used by the
injured human brain and also that infu-
sion of exogenous lactate can increase
substrate supply to the brain while
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decreasing glycolysis, as occurs after
TBI. We suggest that the use of a drug
with antioxidant properties is a trigger
for increased lactate production and
helps to meet the nutrient needs of the
injured brain.

Conclusion

According to the data obtained, the
variously directed changes in bio-
markers of carbonyl-oxidative stress in

serum and brain indicate the complexi-
ty of oxidative damage caused by TBI
at the systemic level. In our study,
edaravone demonstrated effectiveness
in reducing the levels of some specific
oxidative stress biomarkers in rats
with TBI. Specifically, it decreased the
elevated PC370, PC430, AOPP and lac-
tate in serum, indicating its ability to
attenuate oxidative damage induced by
TBI systemically. In addition to
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Figure 3. TBARS, IMA and lactate in the fraction S1 of hippocampus and brain cortex
Note. *P < 0.05.

systemic effects, edaravone had signifi-
cant effects on protein carbonyls (PC370,
PC430), IMA, and lactate in the hippo-
campus. These results provide valuable
insight into the potential therapeutic
effects of edaravone in TBI, but further
studies are needed to elucidate the

mechanisms of action of this drug.
Long-term studies evaluating the func-
tional outcomes, histopathologic changes
and potential neuroprotective effects of
edaravone treatment in TBI models are
needed to confirm the therapeutic effi-
cacy of this drug.
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Study of edaravone impact on oxidative stress biomarkers in serum and brain of
rats with traumatic brain injury

It is known that traumatic brain injury (TBI) is one of the main causes of death and disability among
people of all ages. Recently, the risk of TBI has increased dramatically in Ukraine, not only for the military,
but also for civilians. After traumatic brain injury a cascade of multidirectional metabolic changes begins in
the brain, including protein carbonylation, increased lipid peroxidation, free radicals formation, impaired
neurotransmitters release and energy imbalance, which are associated with the development of various
functional disorders. The search for effective drugs to eliminate or prevent these complications is very
important. Nowadays, although edaravone has a limited range of indications (alleviation of neurological
symptoms and functional disorders associated with acute ischemic stroke, as well as slowing the progres-
sion of functional disorders in amyotrophic lateral sclerosis), the known mechanisms of its pharmacologi-
cal action may be useful in other conditions of the central nervous system, where oxidative stress plays a
leading role in pathogenesis.

The aim of this study was to examine the effect of edaravone on biomarkers of carbonyl-oxidative stress
in rats with TBI.

Modeling of TBI was carried out by applying a directed mechanical injury to the area of the scalped skull
with a metal bar (450 g) falling from a height of 170 cm. Advanced oxidation protein products (AOPP),
thiobarbituric acid reactive substances (TBARS), protein carbonyls (PC370, PC430), the content of lactate
and ischemia modified albumin (IMA) in serum and S1 fractions of the cerebral cortex and hippocampus
of experimental animals were studied using spectrophotometry.

It was established, that the modeling of TBI was associated with an elevation of PC430, AOPP and lac-
tate in serum. Simultaneously, the levels of TBARS, IMA and lactate also were increased in the brain
homogenates in addition to the above-mentioned changes. In our study edaravone demonstrated efficacy
in reducing the levels of some specific biomarkers of oxidative stress. In particular, the administration of
the drug was accompanied by a decrease in elevated contents of PC430, AOPP and lactate in serum,
indicating its ability to systemically attenuate oxidative damage. It should be noted that a characteristic
feature of the drug in case of TBI was its effect on the course of oxidative stress in the hippocampus. In
addition, the ability of edaravone to a moderate increase in lactate production can be explained not by the
phenomena of lactic acidosis, but by the activation of glia to meet the energy needs of the neurons in the
injured brain.
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The results obtained provide valuable insight into the potential therapeutic effects of edaravone in TBI,
but require further studies to elucidate more detailed mechanisms of therapeutic action of this drug.

Key words: traumatic brain injury, biomarkers, oxidative stress, edaravone, brain, serum

B. A. Tka4eHko, A. I. LLleBLoBa, A. E. JleBux, 0. B. Xap4eHko, B. I. XXumok
DocnigxeHHsa BNIMBY eAapaBoHy Ha Giomapkepu OKCUBATUBHOMO CTPecy B
CMpOBaTLi KPOBi Ta MO3KY LLYPIB i3 4epenHO-MO3KOBOIO TPAaBMOIO

Binomo, w0 YyepenHo-mo3koBa TpasmMa (YMT) € ogHi€I0 3 OCHOBHUX NMPUYMH CMEPTHOCTI Ta iHBaNigHOCTI
cepep ocib pi3Horo Biky. OcTaHHIM YacoMm pusuk otpumat YMT B YkpaiHi pi3ko 3pic He nuviie ans
BIICbKOBUX, ane n ons UMBINIbHOro HaceneHHs. lNicna nepeHeceHoi YMT y ronoBHOMY MO3KY MOYNHAETLCS
Kackag pi3HOCMPAMOBAHMUX MeTaboNiYHUX 3MiH, L0 BK/OYalOTb KapPOOHINOBaHHA OifikiB, MOCUNEHHSA
NEPEKNCHOrO0 OKMCHEHHS NinifiB, YTBOPEHHS BiNlbHUX pagukanis, TMOPYLWEHHS BUBINIbHEHHS
HelipomenjaTopiB, eHepreTuyHuii aucbanaHc, sKi NMOB'A3aHi 3 PO3BUTKOM PIi3HUX @YHKLiOHANBHUX
pos3nagis. MNowyk edekTMBHUX npenaparis Oas YCYHEHHS 4 NPOodinakTMkU UMX YCKNaOHeHb € Oyxe
BaxkMBUM. CbOrOfiHi €4apaBOH X04a i Mae 0OMEXEHUIA CNEKTP NOKa3iB 40 3aCTOCYBAHHS (MOMErLEHHS
HEBPOJOrYHMX CUMNTOMIB i GYHKLiIOHANBbHUX PO3N1aAiB, NOB A3AHNX 3 FOCTPUM iLLEMIYHUM iIHCYNbTOM, a
TaKOX CMOBINIbHEHHS MPOrPeCcyYBaHHs PyHKLIOHAIbHMX PO3naiB npu 6i4HOMY amioTPodiHHOMY CKNIEPOa3i),
npoTe BiAOMi MexaHi3aMu 10ro ¢papMakosoridyHoi Aii MOXyTb OyTV KOPUCHMMU i1y pasi iHLLMX NaTONOTYHNX
CTaHIB LIeHTpanbHOi HEPBOBOI CUCTEMU, [ie NPOBIAHY POJIb Bifirpae OKUCHUI CTPeC.

MerTa gocniaxeHHs — BUBYEHHS BIIMBY eiapaBoHy Ha Giomapkepu kapOOoHin-0KCMAATUBHOIO CTPECY B
wypis i3 YMT.

BigtBOopeHHa YMT 3aicHIoOBann LWASXOM HaHECEHHS CMPSIMOBAHOINO MEeXaHiYHOro yaapy Ha LiNsHKY
ckanbrnoBaHoro Yyepena metanesum 6pyckom (450 r), wo nagaB 3 Bucotn 170 cM. MpoaykTu OKUCHOT
Moaudikauii npoteinis (AOPP), peakTVBHI pPeYOBMHU, IO pearylTb 3 Tio6apbiTypOBOK KMCIOTOK
(TBARS), kap6oHinu 6inkis (PC370, PC430), ymicT nakrarty i MoamdikoBaHoro iwemieto ansbymiHy (IMA)
B CMpoBaTLi KpoBi Ta ¢pakuiax S1 KOpyn ronoBHOro MO3Ky Ta rinokamny eKCnepuMeHTanbHUX TBAapUH
[oCcnigxysanu 3a 0NOMOrol CnekTpodpoToMeTIl.

BcTtaHoBneHo, wo popmyBaHHa YMT Gyno acoujiioBaHe 3 nigsuiieHHsaM pisHiB PC430, AOPP i nakTaty
B CUpOBarTLi KpoBi. BogHo4ac y romoreHarax roloBHOro0 MO3Ky KPiM 3a3HayeHuX 3MiH TakoXx 3pocTtanu
3HayeHHs nokasHukie TBARS, IMA Ta naktaty. Y Hawomy OOCHIAXEHHI efapaBOH NPOAEMOHCTPYBaB
e(dEKTUBHICTb Yy BUMSAAI 3HWXKEHHS PIBHIB AesKMX crneundiyHux HGioMapkepiB OKCUAATUBHOIO CTPECY.
3okpemMa, BBeAEeHHs nmpenapary CyrnpOBOLXYBAOCS 3HWXKEHHAM nigsuieHux piBHiB PC430, AOPP i
nakTaTy B CMPOBATLj KPOBIi, LIO BKA3ye Ha MOro 34aTHICTb CMCTEMHO nocnabioBaTn OKCUOATUBHE
MoLLKOAXEHHS. Cnif 3a3HaunTy, L0 XapakTepHow ocobnuBicTio npenaparty 3a YMT OyB cnpsiMoBaHuMiA
BM/JMB Ha nepebir OKMCHOro crtpecy B rinokammni. OKpiM LbOro CMPOMOXHICTb €4apaBOHy Crpusitu
NMoMipHOMY 36ibLUEHHIO NPOAYKLLi TaKTaTy MOXHA NOSICHUTY He SIBULLLAMMW NlakTaTalumaosy, a akTMBaLljieto
rnii o5 3a10BOJIEHHS NOTPED HEMPOHIB YLIKOAXEHOIO MO3KY B EHEPTii.

OTpuMaHi pesynbTatv JaloTh LHHE YSBAEHHS NPO MOTEHLiHI TepaneBTU4Hi epekTn eaapaBoHy npu
YMT, npoTe BuMaralTb MNOoAanbLUMX AOCAIOXEHb AN 3’acyBaHHs Oifbll AeTallbHUX MexaHi3MiB
TepaneBTUYHOI Aii Lboro npenapary.

Knto4oBi cnoBa: 4yepernHo-mo3koBa TpaBma, biomapkepu, OKCUAATUBHUE CTPEC,
enapaBoH, MO30K, CUpPOBaTKa KpoBi
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