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10 determine the role of systemic effects of inflammation at traumatic brain disease caused by severe trau-
matic brain injury. The study is performed on 65 white outbred male rats. TBI is applied with one blow on
animal’s cranial vaults with blow energy of 0.52 J. The rate of mortality within the first 5 days after the
injury is 87%. Experimental animals have got severe closed TBI. Blood contents of circulating immune
complexes, C-reactive protein, ceruloplasmin, proinflammatory - interleukins(IL-1p, IL-6, IL-8 and tumor
necrosis factor o. -TNF-a,) are investigated. The circulating immune complexes levels are increased 3.1 times
in 24 hours and 4.4 times on the 5th days of trauma reflecting the progressive accumulation of metabolites
and toxins in brain tissue and in the blood of injured animals. Blood levels of C-reactive protein are mark-
edly increased in all periods of observation exceeding the control levels 3.5 times in 3 hours and 21.3 times
after 5th day of trauma. Thus the study results suggest that the acute phase of systemic inflammation sets
at the end of the 1st day after the trauma and it progresses in the course of traumatic brain disease. Blood
contents of IL-1 increases continuously: 4.7 times in 3 hours; 7.6 times in 24 hours, and 17.4 times on the
Sth day after trauma. The other interleukins levels are also increased but to a lesser extent. The coherence
of changes in levels of circulating immune complexes, acute-phase proteins and interleukins indicates a
pathogenic pattern of the acute period of traumatic disease at traumatic brain injury: spreading of damage
processes with the involvement of body organs and tissues and the establishment of a systemic inflammatory
reaction stage from the second day of posttraumatic period.
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INTRODUCTION

In recent years systemic signs of the organism’s
involvement in the inflammatory reaction are in
increasing interest. The systemic inflammatory
reaction is involved in pathogenesis of extreme and
terminal conditions [1-3]. It is known that systemic
effects of inflammation are mediated by different
mediators including cytokines, prostaglandins,
kinins, and hormones, of which proinflammatory
interleukins are the most important [4-6].

Along with fever, intoxication, leukocytosis
and an increased erythrocyte sedimentation rate
the systemic effects of inflammation include
an increase in acute phase proteins (positive
acute phase reactants), of which C-reactive
protein (CRP) and ceruloplasmin (CP) are most
researched [3, 7, 8]. Unspecific signs of the

inflammatory reaction include increased blood
levels of proinflammatory cytokines as well as
a presence of circulating immune complexes
(CIC) which consist of endogenous antigens
formed from tissue necrosis, complement and
precipitating antibody IgM, IgG,, 1gG, and IgG;.

It can be assumed that traumatic brain injury
(TBI) which is due to severe traumatic disease
causes systemic inflammatory reaction that
in turn results in multiple organ dysfunction
syndrome.

METHODS

The study was performed on 65 white male rats
weighing 200 = 10 g. TBI was applied with one
blow on the cranial vault by means of free-fall-
ing plummet [9]. The blow energy was 0.52 J;
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and the mortality within the first 5 days after
the injury was 87 %. Animal experiment was
carried out according to European Convention
for the Protection of Vertebrate Animals used
for Experimental and Other Scientific Purposes
(Strasbourg, 1986). The subsequent brain au-
topsy revealed the presence of subperiosteal,
subdural, epidural and skull base hematomas,
as well as foci of crushed brain tissue and dedrit
in the blow zone and swelling of the pituitary
gland. The received date suggested that experi-
mental animals have got severe closed TBI with
skin hematomas, fractures of the cranial vault
without displacement, crushing of the parietal
and temporal lobes cortex, a damage of the
brain in the form of diffuse petechial hemor-
rhages and “cladding” hematoma (in the blow
zone) the frontal and temporal lobes bases (in
the anti-blow zone). The control group included
15 sham-operated animals. Blood contents of
CIC, CRP, CP, proinflammatory interleukins:
interleukin1p (IL-1B), 6 (IL-6), 8 (IL-8) and
tumor necrosis factor a (TNF-a) were investi-
gated in 3, 24, 48, 72 hours and in the 5th day
after trauma. The CIC and CP contents were
measured photometrically using a spectropho-
tometer SPECORD-200 (Germany). The CRP
blood levels were measured by means of ELISA
kit from DRG International, Inc. (United States).
The interleukins blood levels were measured
using the reagents “ProCon” (Russia) with the
result registration on the reader PR2100 (“Sanofi
Diagnostic Pasteur”, France). The study results
were processed using the method of multiple
comparisons in the program of the statistical

analysis MedCalc v.15.11.0 (MedCalc Software
bvba, 1993-2015).

RESULTS AND DISCUSSION

The results of investigation of the CIC and
acute-phase proteins (CRP and the CP) in
the blood of animals with TBI are presented
in Table 1. It shows an increase in the CIC
levels 1.4 times after 3 hours after trauma. More
significant increase of the CIC is revealed in the
course of TBI: 3.1 times in 24 hours and 4.4
times in the 5th days (P<0.05 in both cases).

It is known that severe TBI causes brain
tissue crushing and the blood brain barrier
impairment. As a result neuronal antigens
enter the bloodstream and bind antibodies
activating the complement system and
producing the CIC [1]. Thus an increase in
the CIC can be conceded as unfavorable
pathogenic factor that reflects accumulation
of metabolites and toxins in brain tissue and
in the blood of injured animals. The immune
complexes are deposited in vessel walls
causing generalized inflammation in the
microcirculation vessels [6, 8]. On the other
hand a marked increase in the CIC within
the early period of traumatic disease can be
regarded as a protective reaction designed
to binding an excess of neuronal antigens.
However further increase in the CIC must be
interpreted as a damage reaction leading to a
generalization of the inflammatory reaction.

Blood CRP content is markedly increased
in all periods of observation. It scientifically

Tablel. Blood contents of the circulating immune complexes (CIC) and acute-phase proteins (CRP and CP) in the
course of traumatic brain injury; M+ m

Time after trauma

Index Control
3 hours 24 hours 48 hours 72 hours 5 days
CIC, units of OD 40.6£5.12  55.4+5.57 124.2£10.3* 167.3£17.8 * 170.4+16.7* 175.9£18.4*
CRP, mg/L 1.5240.09 5.32+0.48 * 16.03+£2.08* 17.55+£2.46* 28.59+£2.37* 32.46+2.52%
CP, mmol/L 2.3440.26  5.47+0.46* 7.85+£0.67 *  3.57+0.36 1.424£0.11  0.47£0.03 *

P <0.05 compared with the average values of the control group
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increases (3.5 times) in 3 hours after trauma.
In 24 hours after trauma the CRP content
increases 3 times comparing to those of
the 3-hours level and this exceeds its
control levels 10.5 times. The CRP content
continuously increases thus exceeding its
control levels 18.8 times in 72 hours and
21.3 times in the 5th day.

CRP is a major component of the acute
phase of inflammation. It is actively
involved in the formation of protein-ligand
complexes, which are then removed by the
system of mononuclear macrophages [1].
Furthermore, CRP inhibits and neutralizes
toxic protease molecules. In this regard,
CRP is considered the most sensitive and
specific clinical and laboratory markers of
acute inflammation [5].

In our opinion, such a pronounced
increase in the content of CRP, as well as an
increase in the content of CIC suggests that
the acute phase of inflammation sets by the
end of the 1st day after the trauma. Hence,
the early stage of TBI can be referred to as
the inflammatory stage. Further increase
in CRP indicates the progression of the
inflammatory response and its generalization.

In recent years CP is viewed as one of the
acute phase proteins [7]. Blood CP levels
changes ambiguously within the course of
traumatic disease. They increase in 3 and 24
hours after trauma exceeding their control levels
2.3 and 3.3 times correspondently (P<0.05 in
both cases). However further the blood CP
levels decrease in 72 hours and in the 5th day
after trauma to 61 % and 20 % of their control
levels correspondently(P<0.05 in both cases).

The increase in the blood CP content
at the first days after injury is associated
with the stimulating effect of inflammatory
mediators on its hepatic synthesis during
the acute phase of inflammatory response.
The subsequent decline in the blood CP
content is likely due to the exhaustion of
serum antioxidant enzymes to which CP
belongs because of its ability to bind oxygen
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free radicals and to inactivate them [7].
Second day after trauma is characterized
by the development of systemic effects of
inflammation thus it can be considered a
turning point in the course of post-traumatic
period.

On the first day after trauma inflammation
can be activated by proinflammatory interleukins
[4], of which IL-1p is known as a major mediator
of inflammation. It is released by macrophages,
B-lymphocytes and fibroblasts. In the brain IL-
1B is formed, as well as other proinflammatory
interleukins, by glial cells in the affected
and in the perifocal areas [3, 6]. TNF-a is
another inflammatory mediator producing by
activated monocytes and macrophages in the
site of injury. It is responsible for synthesis
of the key nuclear transcription factor NF-kB,
which switches the spectrum of the synthesized
proteins to inflammatory factors — cytokines
and adhesion molecules [4, 10]. IL-6 is a
interleukin of “secondary cascade” because
its synthesis is activated by TNF-o and IL-1f
[5]. IL-6 stimulates B-cells for the production
of antibodies. IL-6 is also responsible for the
induction of acute phase inflammatory response
via its stimulation of the liver to produce acute-
phase proteins. IL-8 is released by activated
macrophages, endothelial and epithelial cells.
It is a chemotaxis factor for neutrophils, T-
lymphocytes, macrophages, lymphocytes and
eosinophils, thereby contributing to secondary
alteration, development edema, and spreading
of the damage zone [5].

The results of blood interleukins contents in
the in the course of traumatic brain injury are
shown in the table 2.

In our study, blood content of IL-1f3
increases continuously: 4.7 times in 3 hours;
7.6 times in 24 hours; and 17.4 times in the
5th day after trauma. The content of TNF-a
increases 1.8 times in 3 hours; 2.2 times in 24
hours; and 2.9 times in the 5th day after trauma
(P<0.05 in all cases ). There is a maximal
increase in the content of both IL-13 and TNF-a
on the 5th day after trauma. IL-1f increases more
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Table 2. Blood interleukins contents in the course of traumatic brain injury, M + m

Time after trauma

Index Control
3 hours 24 hours 48 hours 72 hours 5 days
IL-1B. pkg/ml 3.2840.25 15.42+1.48* 24.83+£2.37* 49.75+5.33* 55.43+6.37* 57.224+5.61*
TNF-o. pkg/ml  29.52+3.32 52.06+£4.29* 66.28+7.49* 76.58+8.7* 81.094+7.53* 86.27+8.29*
IL-6. pkg/ml 4.28+0.44 10.27£1.55*% 15.86+1.63* 27.39+£3.60* 30.2843.09* 33.92+3.59%*
IL-8. pkg/ml 11.23£1.28 15.39+£2.48 36.94+3.57* 45.84+3.28% 42.38+4.58* 47.38+5.60%*

P <0.05 compared with the average values of the control group

than TNF-o indicating its greater involvement
in the inflammatory process at traumatic
disease. The content of IL-6 exceeds its control
levels 2.4 times in 3 hours; 3.7 times in 24 hours
and 7.9 times in the 5th day after trauma.

The content of IL-8, exceeds its control
levels 1.4 times in 3 hours after trauma but
it is not statistically significant (P>0.05).
Significant increase in IL-8 content occurs
only after 24 hours — by 3.3 times; and in the
Sth day it exceeds the control 4.2 times.

Assessment of the interleukins blood
content dynamics one can note the succession
of cytokines cascade (Fig. 1).

The highest increase in the blood IL-
1B levels reflects its role in pathogenesis of
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inflammation at traumatic disease: IL-1p can
be regarded as major reactant of the immune
system. Changes in the blood contents of IL-6
u TNF-a are similar to those of IL-1[ but their
increase is less significant. In our opinion
this reflects sequential activation primary
and secondary mediators of inflammation at
traumatic brain in TBI. Marked increase in
secondary mediators in the blood in 48 hours after
trauma indicates likely the formation of a new
stage of the pathogenesis of inflammatory
reaction. Generalization of inflammation
is suggested by “cytokine storm” which is
revealed in our study. Coherence of changes
in the levels of interleukins, the CIC and
the acute-phase proteins shows significant
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Fig. 1. Contents of proinflammatory interleukins in the course of posttraumatic period (all indexes
are expressed in % of the control group levels, which are 100 %)
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feature of the pathogenesis of this period of
traumatic disease — the generalization of the
inflammatory response involving the organs
and tissues.

CONCLUSION

Thus, the study of the blood levels of CIC, CRP,
CP and proinflammatory interleukins in the
course of severe TBI reveals a common pattern
in the reaction of pro-inflammatory cascade
markers with a maximum gain on the second day
of post-traumatic period, reflecting the initial
activation of the inflammatory response with
further it generalization.

The initial moderate increase in the
blood levels of interleukins can be regarded
as the response of the immune system
to damage which contributes to the mo-
bilization of the body’s defenses, while
the subsequent marked increase indicates
the start of damage processes and set the
inflammatory stage in the course of
traumatic disease in TBI.

C. B. 3s10aiues, C. B. IlinryJina,
C. B. Konecnixosa, P. M. Bopuc

CUCTEMHI NPOSIBU HECIIEIIU®IYHOI
3AIIAJIBHOI PEAKIIIi ITIPU TPABMATUYHIN
XBOPOBI T'OJIOBHOI'O MO3KY

HaBeneHno aHami3 AWHaMIKHM MPH BaXXKKiil eKCIIEpHMEH-
TaIbHIN YepernHo-MO3KOBii TpaBMi BMICTy y KPOBI IHp-
KyJIOIOUNX IMYHHUX KOMILIEKCiB, C-peakTHBHOTO OisKa,
[epyI0IUIa3MiHy Ta Ipo3aNalbHUX IUTOKiHIB. Bussiena
3araJibHa 3aKOHOMIPHICTh peaKIlii MapKepiB IIpo3anaabHOTo
Kackaay 3 MaKCHUMaJIbHUM IX NPHPOCTOM Ha ApPYyTy 100y
HIiCIATPaBMAaTHYHOTO IEPiofy, IO BifoOpakano IepBUH-
Hy aKTHBALiIO 3amaJbHOI peakiii, a y Hmomampmomy — ii
reHepasizamiro. MakCUMalbHUH IPUPICT BMICTY Y KpPOBi
IUTOKIHIB, ocobnmBo, IL-1f, B 1meif mepion Bka3yBaB Ha
IIPOTPECYBAaHHS MIPOIECIB ITOMKOKCHHS Ta (OPMYyBaHHS
cTazii cucTeMHOI 3amanbHOI peakiii y mepediry TpaBma-
TUYHOI XBOPOOH TOJTOBHOTO MO3KY.

Kunrouosi cioBa: TpaBMaTndHa XBOpoOa TOJIOBHOTO MO3KY;
O1IKH TOoCTpOi (ha3u 3amajeHHs); IPOo3anaibHi UTOKIHH.

Ypaincokuil haykoso-npaxmuunuii yenmp eHOOKpUHHOT
Xipypeii, mpancnianmayii eHOOKPUHHUX OPeaHi6 | MKAHUH
Minicmepcmea oxoponu 300pos’s Yxpainu
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CHUCTEMHBIE ITPOSIBJIEHUSI HECITIEIIA D U-
YECKOH BOCHAJIUTEJBHON PEAKLIUU
TP TPABMATHYECKOM BOJIE3HU I'OJIOB-
HOT'O MO3TA

[IpuBeneH aHain3 JUHAMUKH IPHU TAKEIONH dKCIEPUMEH-
TaJIbHOM 4epenHO-MO3r0BOI TpaBMe COAEpKAHUs B KPOBU
LHUPKYTUPYIOIMX UMMYHHBIX KOMIIIEKCOB, C-peakTHBHOTO
6ernKa, IIepyIoIIa3MUHA U TPOBOCTIANUTENBHBIX IUTOKHHOB.
BeisiBnena o61mias 3aKOHOMEPHOCTh PEAKIMU MapKepOB MPO-
BOCIAJIUTEILHOTO KaCKaJa ¢ MAKCUMAIbHBIM UX MPHUPOCTOM
Ha BTOPBIE CYTKH MTOCTTPAaBMaTHYECKOTO MEPHUOAA, YTO OTpa-
’KaJo MEPBUYHYIO aKTHBAIMIO BOCTIAIUTENBHON PEaKkuud, a
BIIOCJIEJICTBUM — €€ TeHepaau3aluio. MakcuMalbHbIi NpH-
pocT conep:kaHusl B KPOBH LIUTOKMHOB, 0coOeHHo, IL-1p, B
9TOT MEPUOA yKa3blBal Ha MPOTPECCHPOBAHME MPOLECCOB
MOBPEXACHNUA W (OPMHUPOBAHMS CTaJUM CUCTEMHON BOCIA-
JUTENBbHON peakIHuu B TEUEHHM TPaBMATHUYECKOH OONE3HH
TOJIOBHOTO MO3Ta.

KiroueBble coBa: TpaBMaTHuecKas 00JI1€3Hb TOJIOBHOTO MO3-
ra; OemKku ocTpoil (a3pl BOCHAICHHS; TPOBOCHATUTEIbHBIC
LUTOKUHBI.

Vrpauncxuii nayuno-npaxmuyeckuii yenmp 3HOOKpUHHOU
Xupypeuu, mpancnaanmayuu dHOOKPUHHBIX OP2AHO8 U K-
neti Munucmepcmea 30pasooxpanenus Ykpaurvl
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