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Background. Traumatic brain injury (TBI) is a major medical, social, and public health problem, In the military pop-
ulation the TBI incidence also remains high due to blunt head trauma and blast injuries. Considering the substantial TBI
burden on society, including possible postraumatic epilepsy onset and other comorbidities the search for new treatment
methods, including drug design with the identification of new molecules, is highly relevant.

Aim: The study aimed to evaluate the effect of GABA-benzodiazepine receptor complex modulators (hydrogenated
2,3-benzodiazepines MPTD-01 ta BS 34-20) on rat cerebral cortex after traumatic brain injury.

Materials and methods. The experiment was carried out on male Wistar rats. To obtain traumatic brain injury we used
the weight drop model. Based on the received treatment, the Rats were divided into intact, placebo (II), and MPTD-01 (III)
and BS 34-20 (IV) groups. The cerebral cortex in the impact zone was harvested for examination. The light microscopy was
performed on 3, 7, 14, and 21 days after injury.

Results. The observed histological picture of the changes in the cerebral cortex, especially in the IT group is similar to
those, described by other research papers as mild- to severe traumatic brain injury. The reproduction of the blunt trauma
model leads to a series of typical changes that replace each other and can be characterized as alteration, edema, phase of
cellular reactions, and repair. Unlike the placebo group, the IIT and IV experimental groups (GABA-benzodiazepine receptor
complex modulators administration) cerebral cortex demonstrated a smoothing of the swelling phase and its reduction, a
shift in the time phase of cellular reactions to a later time. In the BS 34-20 group, minimal edema was observed on the 21st
day of the experiment.

Conclusion. Such morphological changes can be considered a neuroprotective effect, however, to fully characterize the
effects of the GABA-benzodiazepine receptor complex modulators, glial reactions and neuron-glial interactions should be
investigated.

Key words: brain injure, GABA receptors, benzodiazepine, drug design.

Background. Following a wide epidemiologi-
cal study, the global incidence of traumatic brain
injury (TBI) 69 million (95% CI 64-74 million)
individuals are estimated to suffer TBI from all
causes each year worldwide [1]. Traumatic brain
injury are major medical, social, and public health
problem. The available studies on traumatic brain
injury burden indicate that in 1985, an estimated
YPLL (Years of Potential Life Loss) due to TBI was
1.4 million [2]. Another study on TBI burden from

2012 estimated DALYs (Disability Adjusted Life
Years) among survivors to be 117,000 lifetimes of
quality lost [3].

In the military population the TBI incidence
also remain high, in accordance to US Depart-
ment of Defence data Of more than 434,000 TBIs
reported from 2000 to 2022, the majority (82.3
percent) were classified as mild [4]. Considering
the substantial TBI burden on society, including
possible postraumatic epilepsy onset and other
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comorbidities [5, 6] the search for new treatment
methods, including drug design with the identifi-
cation of new molecules, is highly relevant.

Aim: to evaluate the effect of GABA-benzodiaz-
epine receptor complex modulators (hydrogenat-
ed 2,3-benzodiazepines MPTD-01 ta BS 34-20)
on rat cerebral cortex after traumatic brain injury.

MATERIALS AND METHODS

The experiment was carried out on 125 male
Wistar rats (180-240 g) that were housed in stan-
dard conditions, natural light cycle, water, and
food ad libitum. We performed blunt traumatic
brain injury (TBI) on rats from all experimental
groups by using a modified Marmarou weight
drop model. 66.7 g weight drop from 65 cm was
applied on interauricalar point at the sagittal line.
Peculiarities of brain injury modeling are well de-
scribed in previous papers [7].

All of the rats were divided into several groups:
rats from the I group rats received no injury or

treatment (intact); rats from the II group received
placebo treatment; rats from the III group received
MPTD-01 (intraperitoneally, in a dose of 5 mg/
kg, daily); in the IV group rats received BS 34-20
(intraperitoneally in a dose of 5 mg/kg, daily). 3,
7, 14, and 21 days after injury rats were sacrificed
by decapitation under thiopentone overdose. Rat
brains were processed for light microscopy. 5-um
thick sagittal formalin-fixed paraffin-embedded
sections were sliced and stained with hematoxylin
and eosyne [8], observed via MICROmed Evolu-
tion ES-4130 light microscope. All obtained pho-
tos were processed with Image] software (NIH,
USA, ver. 1.50) We defined and studied the cere-
bral cortex (impact zone).

All experimental procedures were performed
following Directive 2010/63/EU of the European
Parliament and of the Council on protection of an-
imals used for scientific purposes. We also consid-
er the national regulatory act (The law of Ukraine
“On protection of animals from cruelty”).

Fig. 1. Impact zone in cerebral cortex in different time after injury.; hematoxylin-eosin stain; X200

Al - group II 3rd day; B1 - group II, 7th day; C1 - group II, 14th day; D1 - group II, 21st day.
A2 - group III 3rd day; B2 - group III, 7th day; C2 - group III, 14th day; D2 - group III, 21st day.
A3 — group IV 3rd day; B3 - group 1V, 7th day; C3 - group IV, 14th day; D3 - group IV, 21st day.
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RESULTS AND DISCUSSION

By the 3d day after the injury, rats from all ex-
perimental groups demonstrated preserved layer
structure of the brain cortex (fig. 1). Along with
this, we observe signs of swelling, more pronounced
in the II experimental group (TBI+placebo): the
molecular layer of the brain cortex preserves its
thickness but appears foamy; neurons in external
granular and pyramidal layers preserve their shape
but demonstrate pericellular edema. Such chang-
es were more prominent in the I (TBI+placebo)
group. Such findings were also seen in the III ex-
perimental group (TBI+MPTD-01) but the degree
of their severity was less than in the II group. Rats
from the IV group (TBI+BS 34-20) demonstrated
similar but minimal expression changes.

On the 7th day after the injury, rats from the
IT (TBI+placebo) group demonstrated signs of fo-
cal cortical injury: in the brain cortex the external
granular layer is not clearly seen, moreover, it con-
tains a narrow impact zone impregnated by eryth-
rocytes that run through all cortical layers. Cells in
all cortical layers below the place of impact often
have corrugated shape and basophilic cytoplasm.

In the IIT experimental group (TBI+MPTD-01)
cortical impact zone contained a foamy focus in
the molecular layer and a narrow external granu-
lar layer. The structure and cells in the pyramidal,
internal granular, ganglion, and polymorphic lay-
ers have preserved their structure, the minority of
them demonstrate signs of pericellular edema. We
also observe perivascular edema. Such edematous
signs there more pronounced the closer they are to
impact focus.

In the IV experimental group (TBI+BS 34-20)
cortical impact zone was similar to such in the III
group and appeared as foamy focus in the molec-
ular layer, narrowing of the external granular layer
and pericellular edema in the pyramidal one. Peri-
vascular edema is less pronounced than in the II
and III groups.

By the 14th day in the II group (TBI+placebo),
the cortical impact zone contains a foamy molec-
ular layer with superficially precipitated erythro-
cytes and corrugated cells in other cortical layers
with basophilic cytoplasm. Pericellular edema is
not observed.

In the III group (TBI+MPTD-01) the cortical
impact zone contains foamy debris and a cortical
defect zone that spreads down to the pyramidal
layer. The majority of the cells in cortical layers
below the impact zone have basophilic cytoplasm.

In the IV group (TBI+BS 34-20) the cortical
impact zone appears as foamy transformed super-
ficial portion of the molecular layer. The external
granular layer contains small neurons with baso-
philic cytoplasm and pericellular edema. Cells in
the rest of the cortical layers preserve their struc-
ture and orientation.

By the 21st day in the II group (TBI+placebo)
cortical impact zone appears as a foamy portion
of the molecular cortical layer. Cells in the rest of
the layers preserve their structure and tinctorial
properties.

In the III group (TBI+MPTD-01) Impact zone
appears as the focus of the narrowing of the corti-
cal molecular layer. Cells of the rest cortical layers
demonstrate preserved shape and size but have ba-
sophilic cytoplasm.

In the IV group (TBI+BS 34-20) cortical im-
pact appears as a cavity within a foamy trans-
formed molecular layer. Cells of the rest layers pre-
serve their shape, size, orientation, and tinctorial
features.

DISCUSSION

At the all terms after TBI the impact affects all
of the studied brain structures. At early terms (3
and 7 days after injury) we observe focal foamy
neuropil transformation in the molecular cortical
layer with highlighting of impact focus 14 days
after the injury, in all groups such foamy focus is
situated majorly in the molecular layer.

Cells of the brain cortex in layers underlying
the impact zone react to impact in the way of in-
creased basophilic cytoplasm straining, which can
be considered as a sign of their increased synthetic
activity due to injury. However, the timing of such
activation is unequal between groups: rats from
the II (TBI+placebo) group demonstrate such
change in neuronal cytoplasm straining on the 7th
day after injury and preserve described changes up
to the 21st day. In the III group (TBI+MPTD-01)
neuronal cytoplasmatic basophilia appears on the
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3rd day after the injury, it also can be observed on
the 7th day, but it decreases on the 14th day and
neurons restore their tinctorial features until day
21. In the IV group (TBI+BS 34-20) maximum
basophilia was observed in time 7-14 days after
injury with recovery on the 21st day.

The observed histological picture of the chang-
es in the brain cortex, especially in the II group is
similar to those, described by other research pa-
pers as mild- to severe traumatic brain injury. [9,
10, 11]

Revealed signs of cerebral cortex edema in all
groups can be considered vasogenic due to in-
creased capillary permeability and cellular (cyto-
toxic) due to cytoplasm hyperosmolarity and ex-
tracellular hypotonicity [12].

As described above changes in cellular shape and
extreme basophilic strain of cytoplasm can indicate
either cell activation or early signs of apoptosis.

CONCLUSIONS

Thus, the reproduction of the blunt trauma
model leads to a series of typical changes that re-
place each other and can be characterized as al-
teration, edema, phase of cellular reactions, and
repair.

Unlike the placebo group, the IIT and IV exper-
imental groups (GABA-benzodiazepine receptor
complex modulators administration) demon-
strated a smoothing of the swelling phase and
its reduction, a shift in the time phase of cellular
reactions to a later time. In the BS 34-20 group,
minimal edema and more complete restoration of
the structure of the hippocampus were observed
on the 21st day of the experiment, which can be
considered as a neuroprotective effect, however,
to fully characterize the effects of the drugs, glial
reactions, and neuron-glial interactions should be
investigated.
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BIUVIB MO YIATOPIB TAMK-BEH3OIIA3EIIIHOBOTO PEIHEIITOPHOT'O KOMIUIEKCY
(MPTD-01 TA BS 34-20) HA KOPY MO3KY ITPY EKCHEPMMEHTAJIbHIV TPABMI
I'OJIOBHOI'O MO3KY
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AxryanbHicTb. Yepenno-moskoBa TpaBMa (UMT) € cepito3HOI0 MegUYHOI0, COLia/IbHOI Ip06/IeMOIo Ta Ipo6IeMoIo
rpoMajcpkoro 3nopoB’s. Cepen BiiicbKOBOCTY)X00BLiB 3axBopioBaHicTb Ha UMT Tako)X 3aMMIIa€TbCs BUCOKOKI depes
TYIy TPaBMy TOJIOBM Ta BUOYXOBi TpaBMM. BpaxoByloun sHaunmii tarap YMT mis cycmibeTBa, BKIIOYHO 3 MOXXIVMBUM
BYHUKHEHHAM IIOCTTPAaBMATUYHOI eIIiJIENCil Ta IHIMMI CYITy THIMM 3aXBOPIOBAHHAMMY, ITOIIYK HOBUX METOMIB JIIKYBaHHA,
BKJIIOYAIOYM AV3aliH Iperaparis 3 ifeHTndikaliielo HOBUX MOJIEKYII, € fyXKe aKTyaTbHIM.

Iine: oninvty Brus Mopynatopis TAMK-6eH30/ia3eniHOBOrO perenTOPHOro KOMIUIEKCY (rigporeHisoBanmx 2,3-6eH-
sopiaseninis MPTD-01 Ta BS 34-20) Ha KOpy rOJIOBHOTO MO3KY y LY PiB ITiC/IsI YepelTHO-MO3KOBOI TPaBMIA.

Marepiamu Ta MmeTopn. ExcriepyMeHT IpoBOAM/IN Ha caMIAX-1ypax iHii Bictap. s orpumanssa YMT BukopncToBy-
Ba/IM MOZieTIb TTafliHHs Bary. BiIloBifIHO 1O OTPMMAHOrO NiKyBaHHA Iypy Oymu pospineHi Ha rpymu: inTaktHi (I), mrane6o
(II), MPTD-O01 (III) i BS 34-20 (IV). Kopy ronoBHoro Mo3sKy B 30Hi y#apy 3abupaiu A/ focnifpkeHas. CBiTI0By MiKpocKo-
mifo npoBopum Ha 3, 7, 14 i 21 no6y mics TpaBMMI.

PesynbraTn. Cioctepe)xyBaHa riCTONOrIYHA KapTUHA 3MiH KOPM T'OJIOBHOTO MO3KY, oco6muBo y II rpymi, nogi6na fo
TaKol, III0 OIMCYEThCA B iHmMX poboTax K UMT yerkoro Ta TsXKKOTo cTyIeH:. BifTBopeHHs Mogeni Tymoi TpaBMu mpu-
3BOJUTD [0 Cepii TMIIOBUX 3MiH, AKi 3MIHIOIOTb OffHa OJHY i MOXKYTb OyTM OXapaKTepu30BaHi AK anbTepallis, Habpak, dasa
KITMHHMX peaklili i BinHoBnenHA. Ha Bigminy Bix rpynu miane6o, y I1I ta IV gocnigHux rpynax (BBefleHHA MOIY/IATOPIB
kxoMiutekcy TAMK-6eH30p1ia3eiHOBUX pelleNITOpiB) Y KOpi FOJIOBHOTO MO3KY CIIOCTepiranocs 3riajpkyBaHHA (asu Haby-
XaHHA Ta i 3MeHIIeHHs, 3MilljeHHA YacoBoi a3y KIITHHHMX peakliili Ha 61l mi3Hii yac. Y rpyni BS 34-20 minimManpHmi
HaOpsK criocTepiraBcs Ha 21 100y eKCIIepUMEHTY.

BucHoBku. Omnucani MOpdonoriuHi 3MiHN MOTIepeHbO MOYKHA BBXKATI HEMPONPOTEKTOPHNUM edeKTOM, OffHAK, 11100
IOBHiCTIO OXapakTepusyBatu epektu MopynsaTopis TAMK-6eH30/ia3eniHOBOTO PelleNTOPHOrO KOMIUIEKCY, CIIif| JOCTinN-
TU IJIia/IbHI PeaKlii Ta HepOH-I/Iia/IbHi B3aEMOJII.

KnrouoBi cmoBa: yepernHno-mo3koBa TpaBma, TAMK-perienitopu, 6eH3o0/ia3emniny, gpar-an3aiH.
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