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SOME METABOLIC PROCESSES IN THE PATIENTS WITH LONG-TERM
CONSEQUENCES OF MILD TRAUMATIC BRAIN INJURY
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Background. Mild traumatic brain injury (mTBI) leads to disturbance of various metabolic processes
significant in pathogenesis of the maintaining of long-term consequences after it.

The objective of the research was to analyse changes in the activity of some membrane-associated enzyme
markers, which are involved in different redox reactions, reflecting main metabolic processes.

Methods. Forty-seven patients with long-term consequences of mTBI, thirty controls were enrolled. The levels
of aspartate aminotransferase, alanine aminotransferase, alkaline phosphatase, lactate dehydrogenase (LDH),
gamma-glutamyl transpeptidase were evaluated in sera by gas-liquid chromatograph and calorimetric methods.

Results. The study revealed significant changes in metabolic processes observed for alkaline phosphatase
and LDH, which were the indicators of membrane and redox processes disturbances, acidosis severity and impaired
energy cell metabolism. The averages of LDH level was 662.7 versus 381.9 U/L, in the controls. The disease
progression was followed by directly proportional LDH increase reaching very high values in the patients with
disease duration more than 15 years (mean +SD 144.6+16.3 versus 82.6+8.4 U/L, controls p<0.05). The long-term
consequences of mTBI were characterized by statistically significant decrease of alkaline phosphatase and positive
dependence (p<0.05) of it (r=+0.48) on the disease duration with the averages of alkaline phosphatase level of
152.5+11.21 versus 212.6+9.63 U/L, controls (p<0.01). The significance of changes in membrane-associated

enzymes serum levels correlated with development of oxidative stress and metabolic processes dysfunction.
Conclusion. In the patients with long-term consequences of mTBI, dysregulation of enzymes activity was
detected that might be a marker of nervous system energy impairment and membranes destruction.
KEY WORDS: long-term consequences of mTBI; membrane-associated enzymes; metabolic

processes.

Introduction

Mild traumatic brain injury is a leading
cause of disability in young people [2, 21].
Neurotrauma leads to disturbance of various
types of metabolic processes that are significant
in the pathogenesis of maintaining of long-term
consequences afterit[9, 12, 15]. It is established
that metabolic disturbances are based on
biochemical reactions proceeding with parti-
cipation of enzymes located in various parts of
the cell [3, 7, 22]. Most of these enzymes are
inside the cell or mitochondria and appear in
blood or cerebral spinal fluid only when cells
are damaged, and this is of great diagnostic
and prognostic importance. Thus, the changes
in any parameters of membrane-associated
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enzymes evidence for disturbances of metabolic
processes of biochemical redox reactions, cell
or mitochondria destruction or development
of membrane pathology [1, 4, 18, 20].
Enzymes are proteins, each type has a
unique function facilitating catalyzation of
routine and vital chemical reactions in the
organisms [5, 17, 19]. Among the most sensitive
and widely used membrane-associated enzy-
mes are aspartate aminotransferase (AST) and
alanine aminotransferase (ALT); in addition to
them, alkaline phosphatase and lactate de-
hydrogenase (LDH) are the other interesting
enzymes. LDH is not specific to the liver and can
be elevated in many other diseases related to
inflammation in tissues [16, 18]. Human studies
have shown that serum levels of autoantibodies
(anti-nuclear antibody, anti-smooth muscle
antibody, and anti-liver and kidney microsomal
antibody) are elevated in patients with auto-
immune hepatitis and some rare muscle neuro-
degenerative disorders [6, 8, 10]. Symptoms of
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long-term consequences after mild traumatic
brain injury can or cannot be present in the
patients with mild increase of metabolic enzy-
mes [4, 13, 21] and symptoms of posttraumatic
period are not specific, thus the membrane-
associated enzyme abnormalities can some-
times provide us with the useful clarification of
a cause of the condition.

According to these issues, the objective of
research was to analyze the dynamics of
changes in the activity of some indicators of
membrane-associated enzymes, which are
involved into certain redox reactions, reflecting
the main metabolic processes in the patients
with long-term consequences of mild traumatic
brain injury.

Methods

Forty-seven patients with long-term conse-
qguences of mild traumatic brain injury (mTBI)
of the average age of 47.41+9.37 years old (16
women, 34.05% and 31 men, 65.95%) and the
average disease duration (mean+SD, 12.67+8.92
years old) were enrolled into the study. The
definition of mTBI was consistent with the
World Health Organization’s International Sta-
tistical Classification of Diseases and Related
Health Problems (ICD-10; 1992) [2]. Thirty healthy
volunteers (Control; mean+SD, 35.6+9.21 years)
without neurological and psychiatry diseases
were involved as well.

In the anamnesis, the investigated patients
suffered from concussion (n=18; 38.29% among
them there were eleven women, 61.11% and
twenty men, 38.9%) and mild brain contusion
(n=29; 61.71%, 17.24% women and 82.76% men).
The patients were treated with symptomatic
therapy. Inclusion criteria involved the patients
of above 18 years of age with nonpenetrating
head injury and initial Glasgow coma scale
score more than 7 (mean+SD, 10.37+2.14).
Exclusion criteria were craniectomy and sepsis
in the anamnesis, pregnancy, preexisting
neurologic diseases, acute cardiovascular di-
seases, respiratory failure, any acute or chronic
liver diseases.

Clinical data of each case were retrieved
from the patients’ history. Physical and neuro-
logical examinations were performed for all
patients, CT and/or MRI, EEG recording were
retrieved as well. Neurological examination
revealed focal neurological signs, indicating
mesencephalic and brainstem structures le-
sions; the most frequent were tendon reflexes
increase in 23 patients (41.07 %), coordination
disturbances - 21 patients (37.5 %), ataxia -

15 patients (26.78 %), horizontal nystagmus -
11 patients (19.64 %), pathological foot reflexes -
8 patients (14.28 %) and rotator nystagmus -
5 patients (8.93 %).

Aspartate aminotransferase (AST), alanine
aminotransferase (ALT), alkaline phosphatase,
lactate dehydrogenase (LDH), creatine kinase
and gamma-glutamyl transpeptidase (GGT)
were detected in sera by the gas-liquid chro-
matography and the calorimetric methods
according to the standard protocols provided
by the manufacture using commercially
available human ELISA kits (Clinical Biochemistry
Department, Kharkiv National Medical Uni-
versity). Controls and individual sampling were
performed in duplicate manner with a coefficient
of variation of <10 % (P values <0.05); all pro-
tocols were approved by the local Ethics
Committee; written informed consents were
obtained from all patients.

Age and disease duration were compared
between the groups by the x? test; parametric
tests were used for normally distributed data;
nonparametric tests were used for abnormal
distributed data; Kruskal-Wallis and Mann-
Whitney U tests were applied in Prism regarding
the differences between groups, the multivariate
analysis considering covariates was performed.

Results

The results of all patients examinations
have revealed the significant changes in mem-
brane-associated enzymes serum levels mani-
fested as the increase of creatine kinase (CK)
serum levels by 41.4%, LDH by 73.5% and
decrease of alkaline phosphatase serum levels
to 28.3% and a tendency of GGT serum level
decrease to 18.7% in the general clinical group
(Table 1).

Analysis of the dynamics of the membrane-
associated enzymes markers in the patients
with long-term consequences of mTBI proved
that the most severe and statistically significant
changes were observed for two enzymes:
alkaline phosphatase and LDH, which are the
indicators of cell or mitochondria membrane
damage, acidosis severity, isolation of redox
processes and phosphorylation, impaired
energy metabolism in cells.

Metabolic changes in the examined patients
evidenced that the content of serum LDH, a key
glycolysis enzyme, was increased in almost all
patients, and this increase was in a direct
proportion with the disease progression or
longer posttraumatic period (p<0.05; r=+0.36).
We found the elevated LDH level in serum
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samples of the investigated patients compare
to HC (p=0.01, t=5.08); in the general patient
group the medians of total LDH level was
662.7U/Land 381.9 U/L, in controls, respectively.

To evaluate the clinical prognostic value of
LDH changes we further segregated among the
different disease duration groups. When com-
paring the LDH serum level in the patients with
different duration of the post-traumatic period
after mTBI, it was proved that the patients with
the disease duration no longer than 5 years
(n=14; 29.78%) were characterized by increase
of LDH serum levels by 27.8% (p>0.05). In the
patient group with the disease duration from
5 to 15 years (n=11; 23.4%), the LDH was
increased to 78.6% (p=0.05) with average level
of 682.4+24.8 U/L, and in the patients with the
disease duration more than 15 years (n=22;
46.8%), the LDH was increased to 105.2%
(p=0.01) with average level of 783.6+31.4 U/L.

Therevealed increase of LDH serum level, in
our opinion, was a marker of increased memb-
rane destruction as a result of metabolic dis-
turbances. It should be noted that in the patients
with long-term consequences for more than 15
years, LDH serum level was higher compare to
HC and average group indicators, which, in our
opinion, was a poor prognostic sign.

When comparing the alkaline phosphatase
serum level in the patients with different dura-

tion of post-traumatic period after mTBI, it was
found that the patients with the disease dura-
tion no longer than 5 years was characterized
by 8.5% decreasing (p>0.05) of alkaline phos-
phatase serum level. In the patients with the
disease duration between 5 and 15 years, the
mean serum level of alkaline phosphatase was
decreased by 24.1% (p>0.05); in the patients
with the disease duration more than 15 years,
alkaline phosphatase level was decreased by
27.6% (p<0.01) in sera.

At the same time, further disease progress
or longer posttraumatic period was accom-
panied by directly proportional increase of CK
serum levels: the values remained higher than
the controls with an average of (mean +SD)
116.8+19.4 U/L (p<0.05) in the general group
and reached statistically significant values in
the patients with the disease duration more
than 15years (mean +SD 144.6+16.3 U/L versus
82.6+8.4 U/L controls; p<0.05). However, long-
term consequences of mTBI revealed quite
significant increase in CK level by 50.3% com-
pare to the patients of the subgroup with the
duration of the posttraumatic period less than
5years. This correlated positively with a higher
frequency of various neurological syndromes
(p<0.05; r= +0.63) for long-term consequences
of mTBI and might be a biochemical marker of
the latter neurological deficit.

Table 1. The dynamics of the markers of membrane-associated enzymes serum levels in the
patients with long-term consequences after mild traumatic brain injury

. Dependence from the post-traumatic period duration
Data Al patients to5 from 5 to15 than 15
(general group) up to 5 years rom 5to15 years | more than 15 years
(stage 1) (stage 2) (stage 3)
AST, (U/L) 29.6+3.3 26.6+2.9 27.3+4.8 30.3+7.1
p>0.05 p>0.05 p>0.05 p>0.05
Controls 25,2+1,9
ALT, (U/L) 22.843.9 21.8+4.2 21.4+2.1 23.5+3.7
p>0.05 p>0.05 p>0.05 p>0.05
Controls 20,5+1,4
Alkaline phospha- 152.5+11.21 194.6+6.7 161.3+15.3 153.9+9.8
tase, (U/L) p<0.01 p>0.05 p>0.05 p<0.01
Controls 212,6+9,63
LDH, (U/L) 662.7421.9 488.3+36.3 682.4+23.1 783.6118.4 o)
p=0.01 p>0.05 p=0.05 p=0.01 Z
Controls 381.9.£28,1 =
CK, (U/L) 116.8£19.4 109.5+£27.1 126.4+22.6 144.6+16.3 a
p<0.05 p>0.05 p>0.05 p<0.05 =
Controls 82,6+8,4 o
GGT, (U/L) 14.846.2 19.6%3.5 15.9+9.3 14.1+4.2 <
p>0.05 p>0.05 p>0.05 p>0.05 Z
Controls 18,2+1,4 ﬁ
Note. p - significance compared to the control group. E
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Figure 1. Analysis of the dynamics of lactate dehydrogenase and creatine kinase levels in the patients after
traumatic brain injury with different duration of posttraumatic period.

The same dynamics was evidenced with the
respect to GGT serum level but without sta-
tistically significant changes: the GGT serum
level at stage 1 and stage 2 practically did not
differ from the control. In the remaining group
of the patients, there was a decrease of GGT
serum levels compare to HC (mean +SD
14.1+4.2 versus 18.2+1.4 U/L) but also without
any statistically significant changes (p>0.05).

Discussion

The attained data complied with the lite-
rature, in our opinion reflecting the effect of the
increasing deficiency of oxidative reactions in
the body on aminoacid metabolism in this
category of patients [11, 12, 14]. The decrease in
some markers of membrane-associate enzymes
activity could be a marker of impaired metabolic
processes following long-term consequences
after mTBL The revealed increase of membrane-
associate markers enzymes in the patients with
long-term consequences after mTBI was directly
proportional to the severity of neurological
deficit (p<0.05; r= +0.63) as a result of the de-
velopment of membrane cell or mitochondrial
membrane pathology and that might be a mar-
ker of the degree of nervous system damage. In
turn, the destruction of cell membranes was
pathogenetically associated with the develop-
ment of oxidative stress [6, 15, 16, 18].

The long-term consequences after mTBI
was characterized by the statistically significant
decrease of alkaline phosphatase serum level
and positive dependence of alkaline phos-
phatase (p<0.05; r=+0.48) on the disease dura-
tion reflecting the specificity of the revealed

changes in its activity in cases of cell energy
deficiency in this category of the patients, which
was an important diagnostic criterion. The
decrease in alkaline phosphatase activity accor-
ding to the previous literature [7, 10] might be
a marker of impaired intracellular metabolism
in long-term consequences of mTBI.

In the general patient group, there was a
significantincrease in CK serum level compare
to controls with the maximal biochemical values
in the third clinical group with long-term
consequences of mTBI more than 15 years and
combined in 18.2% of the patients (n=4) with
partial epileptic seizures. In our opinion, the
direct proportional increase in CK activity with
the progression and increase of posttraumatic
period was associated (p<0.05; r= +0.63) with
development of destructive processes in cells
as a result of oxidative stress and disturbance
of intracellular bioenergetic processes. It was
noteworthy that the CK increase in cases of
posttraumatic encephalopathy in the patients
with long-term consequences more than 15
years did not reach the same value (according
to the literature) as in hereditary neuromuscular
diseases and this might be a differential diag-
nostic criterion for posttraumatic encepha-
lopathy. Slightly different dynamic was observed
analysing the information about another
enzyme involved into exchange of amino acids
and peptides - GGT. At the first and second
stages, a tendency of GGT serum level decrease
was evidenced, which could not be significant
in the patients with disease duration more than
15 years compare to the control. This data
complied with the literature on GGT serum level
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decrease in the patients, who suffered from
severe TBI [2, 19] reflecting, in our opinion, the
developing deficiency of oxidative reactions on
amino acid metabolism in these patient groups
and/or associated with long treatment with
different painkillers and/or antiepileptic drugs.

At present, there is still no effective
pharmacological treatment that stops the
progression of secondary brain injury; the
pathogenetic mechanisms of secondary
traumatic brain injuries development are still
unclear and urgent. Thereby, the further
research on any other related markers and
membrane-associated enzymes involved in
internal redox reactions in the patients with
long-term consequences of traumatic brain
injury is topical.

Conclusion
Thus, in the patients with long-term
consequences of mTBI, dysregulation of

enzymes activity was detected that might be a
marker of nervous system energy processes
impairment and membranes destruction. The
severity of the changes in the serum levels of
membrane-associated enzymes markers
correlated with the development of oxidative
stress and metabolic processes dysfunction.
The revealed dysregulation of enzymes activity
might be caused by dystrophic cell changes,
their disfunction and metabolic changes
reflecting the severity of neurological symptoms.
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CTAH METABOJITYHUX ITPOITECIB V XBOPUX 3 BIAJAJIEHHNMH HACIIAKAMH
JIETKOI SAKPHUTOI YEPEITHO-MO3KOBOI TPABMH

€.B. lekomuyeBa

AY "THCTUTYT HEBPOJIOFIL, MCUXIATPII TA HAPKOJIOTTT

HALIOHAJIbHOI AKAAEMIT MEANYHNX HAYK YKPAIHWU", XAPKIB, YKPAIHA

BcTyn. Jlecka 3akpuma 4YepenHo-mo3koea mpasma (3YMT) npuzgodume 00 po38UMKy Pi3HOMAHIMHUX
nopyweHb MemaboaiYHUX NPOYeECis, o 8idi2parome nesHy pob y po3sUMKY ii eiddasneHuUx Hacaiokis.

Memotro po6omu 610 8UB4EHHS AHA/I3Y AKMUBHOCMI OeSIKUX MAPKEPHUX MeMOPAHO-38'A3aHUX pepmeHmis,
w0 npuliMarome y4acms y pi3HUX OKUCIH080/1bHO-8IOHOB/H08A/ILHUX PEaKYisiX, MemabonidyHUX ma eHep2emuyHUX

npoyecax.

MeToaw. Y copoka cemu xgopux i3 iddaneHumu Hacniokamu snezkoi 3YMT ma mpudysamu 30o0posux oci6

bynu nposedeHi obcmexeHHs Ma 8U3HAYeHHS QKMUBHOCMI AAGHIHOMIHOMpaHCcdepasu, acnapmamami-
HompaHcpepasu, NyxcHoi pocpamaszu ma nakmamaoeziopozeHasu (J14) y cuposamuyji Kposi xpomamozpapiyHum
ma KosopoMempu4HUM Memooamu.

PesynbtaTwu. JaHe 00cnioxeHHA 8US8UAO 3HAYYWi 3MIHU 8micmy AyxwHoI pocpamasu ma J14, aki €
MAapKepamu YWKOOHEeHHSA KAIMUHHUX MeMbpaH, 8axckocmi ayudosy, po3’€0HAHHA OKUCAHB8A/NbHO-
8i0H08/1108A/LHUX hpoyecie ma nopyweHHs eHepzemuyHo20 06MiHy y knimuHax. CepedHili piseHe J1/ 6ye
662,7 MO/n vs 381,9 MO/n y koHmponi. BuseneHe 36ineweHHA pigHIo JI4 npamo nponopyiliHo Kopenroeano 3
npozpecysaHHAM 30X80PHBAHHSA, 00CA2aOYU HAUbINbW 3HAYYUUX 3MIH Y 2pyni X80pux 3 mpusanicmio
30x80pt08aHHSA binbw 15 pokie (mean+SD 144,6+16,3 MO/n vs 82,6+8,4 MO/n; p<0,05). BiodaneHi Hacnioku nicas
nepeHeceHoi s1e2koi 3YMT makox xapakmepu3ysanucss CMamucmu4Ho 3HAYYUUM 3HUXCEHHAM aKmusHocmi
AyxHcHoi pocpamasu (p<0.05) ma nozumuesHor KopenayiliHot 3anexcHicmio (r=+0.48) 8id mpuesasocmi
nocmmpasmMamu4Ho20 nepiody, Npu YboMy 302016HUl pigeHb nyxcHoOI pocpamasu 6ye 152,511,217 MO/n vs
212,6+9,63 MO/a y 300posux (p<0,01). CmyniHb 8upaxceHocmi 3MiH aKMu8HOCMi MeMbpaHOo-38'A30HUX
pepmeHmis 6y8 nog’a3aHull 3 pO38UMKOM OKCUOAMUBHO20 CMpecy ma ducMemaboniyHUx npoyecis.

BUCHOBKMW. Y x80pux 3 8iddaseHUMU Hacnidkamu nezkoi 3YMT 6yno susieneHo oucpezynayito pepmeH-
mamueHuUX npoyecie, Wo € MapKepoM NOPyWeHHS pizHUX 8udie eHepzemu4yH020 0OMiHy y Hep8oagoi cucmemi
ma decmpyKuyii KnimuHHUX MEMOPAH.

K/HOYOBI C/IOBA: BigaaneHi Hacniakun; nerka 3akputa YepenHo-mMo3KoBa TpaBMa; MeM6paHo-
3B'A3aHi pepMeHTU; meTaboniuHi npouecu.
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