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[Abstract] Objective To explore the clinical changes of peripheral inflammatory markers and
oxidative stress during post-acute and chronic phase after severe traumatic brain injury (sTBI). Methods
A total of 24 sTBI patients were included in this study. The changes of peripheral inflammatory markers
[interleukin (IL)-1B, IL-6, interferon-y (IFN-v) and tumor necrosis factor-a (TNF-a)] and oxidative stress
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parameters [glutathione peroxidase (GSH - Px), superoxide dismutase (SOD), catalase (CAT), glutathione
reductase (GR) and total plasma antioxidant activity (TEAA)] were monitored. Functional Independence
Measure (FIM) and Dyskinesia Rating Scale (DRS) were used to evaluate cognitive function and motor
function. Results There were significant differences on IL-6 (F =105.982, P =0.000), I[FN-vy (F =19.873,
P =0.000), GSH-Px (F =162.090, P =0.000), SOD (F =28.254, P =0.000) and CAT (F =4.782, P=0.011)
during different periods of sTBI (post-acute phase, chronic early phase, chronic phase). IL-6 and GSH-Px
in chronic early phase (IL-6: 1t =11.753, P =0.000; GSH-Px: :=16.901, P =0.000) and chronic phase (IL-6:
t=14.533, P =0.000; GSH-Px: ¢t =13.828, P =0.000) were significantly lower than post-acute phase. IL-6
and GSH-Px in chronic phase (IL-6: ¢t =2.341, P =0.012; GSH-Px: ¢t =3.073, P = 0.003) were significantly
lower than chronic early phase. SOD in chronic early phase and chronic phase was significantly higher
than post - acute phase (1 = 7.264, P = 0.000; ¢ = 5.303, P = 0.000). CAT in chronic early phase was
significantly higher than post-acute phase (¢ =3.060, P =0.003). After 12 months, 24 patients completed the
follow-up, and their FIM scores were significantly increased (¢ =36.260, P = 0.000), while DRS scores were
significantly decreased (1 =49.010, P =0.000). Pearson correlation analysis showed that I1L-6 (r=0.446, P =
0.020) and GSH-Px (r=0.142, P =0.000) were positively correlated with overall cognitive performance index
(CPI). IL-6 was positively correlated with attention (r=0.431, P =0.026) and executive function (r=0.522,
P =0.005) of synthetic index (SI). IFN-vy (r=0.497, P =0.009) and TNF-o (r=0.479, P = 0.009) were
positively correlated with executive function of SI. GSH-Px was positively correlated with all SI (r=0.220,
P =0.000; r=0.344, P=0.000; r=0.011, P =0.000). Conclusions Imbalance of oxidative stress response
and over-production of inflammatory markers in acute phase of patients with severe traumatic brain injury
might adversely affect the neurological functional recovery. Inflammatory markers and oxidative stress
response might offer a feasible way to monitor recovery and predict the prognosis after severe traumatic
brain injury.
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Table 1.

MBS (v +s)

Comparison of inflammatory markers and oxidative stress parameters in different phases of sTBI patients (x )

Post-acute phase (1)

Chronic early phase (2)

Chronic phase (3)

Ttem (N< 24 (N =34y (N2 24 F value P value
IL-1B (pg/ml) 406+ 1.58 418+ 1.50 387+ 1.52 5.390 0.261
IL-6 (pg/ml) 46.40+ 7.50 23.80+ 5.70 2030+ 4.60 105.982 0.000
IFN-y (pg/ml) 292.12 + 85.05 260.23 +74.30 258.12 +63.41 19.873 0.000
TNF-a (pg/ml) 38.40 + 16.81 35.62 +14.70 34.80 +15.05 0.353 0.704
GSH-Px (U/ml) 0.46+ 0.06 0.28+ 0.04 024+ 0.03 162.090 0.000
SOD (U/ml) 324x 0.22 338+ 031 376+ 0.20 28.254 0.000
CAT [nmol/(min- ml)] 3325+ 6.41 3540+ 7.22 39.02+ 5.90 4.782 0.011
GR (U/ml) 0.06+ 0.01 0.07+ 0.02 0.06+ 0.01 4.381 0.453
TEAA (mmol/L) 1.66= 0.11 1.62+ 0.12 1.60+ 0.14 2.374 0.680

=2 R A5 R B AS TR A YD E S 1 b s 4 A AR AL
Table 2.

IL-1B,interleukin-18, FI 4 i/~ Z-1B;1L-6, interleukin-6, [T i1/ K -6; IFN-v, interferon-vy, T3 F-vy; TNF-a , tumor necrosis factor o, MR
PRFEH F - ; GSH-Px, glutathione peroxidase, 2 W6 H K ok S AL P ; SOD superoxide dismutase, A ALY AL ; CAT, catalase,
GR, glutathione reductase , 2+ It H KA J5 B ; TEAA , total plasma antioxidant activity,

it A AU
S I 2 T AR A R TG

WS H W AR

Paired comparison of inflammatory markers and oxidative stress parameters in different phases of sTBI patients

Paired IL-6 IFN-vy GSH-Px SOD CAT
comparison t value Pvalue t value Pvalue t value Pvalue t value Pvalue ¢ value Pvalue
(1):(2) 11.753 0.000 1.383 0.087 16.901 0.000 7.264 0.000 3.060 0.003
(1):(3) 14.533 0.000 1.570 0.062 13.828 0.000 5.308 0.000 1.920 0.059
(2):(3) 2.341 0.012 0.106 0.458 3.073 0.003 1.956 0.054 1.140 0.258

1L-6, interleukin-6, [1 20 it/ % -6; IFN- v, interferon-vy, T & - v ; TNF-a, tumor necrosis factor-a, fi 928 IR BE [ - ; GSH-Px, glutathione
peroxidase, AW H Kkt S AL Y SOD, superoxide dismutase, HE ALY AL ; CAT, catalase , 11 40 1k %L il
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Table 3. Comparison of cognitive function and motor

function in different phases of sTBI patients (x £ s, score)
Time N FIM DRS
Begin of follow-up 24 18.53+2.44 23.21+0.41
End of follow-up 24 89.33+9.25 7.64£1.55
t value 36.260 49.010
P value 0.000 0.000

FIM, Functional Independence Measure, 3 g i 57 14 ¥F 41 ; DRS,
Dyskinesia Rating Scale, iz 3 & i 17 5 &

Fa TR TN B R SR SN AT A R4 AR R S
B A I 18 9 A G

Table 4. Pearson  correlation  analysis  between
inflammatory markers, oxidative stress parameters and
cognitive function in sTBI patients

CPI Attention of SI
Item
r value P value r value P value
IL-6 0.446 0.020 0.431 0.026
IFN-y 0.136 0.114 0.308 0.089
TNF-a 0.369 0.061 0.161 0.145
GSH-Px 0.142 0.000 0.220 0.000
SOD 0.012 0.235 0.062 0.521
Memory of SI Executive function of SI
Item
r value Pvalue r value Pvalue
IL-6 0.211 0.099 0.522 0.005
IFN-vy 0.149 0.131 0.497 0.009
TNF-a 0.265 0.084 0.479 0.012
GSH-Px 0.344 0.000 0.011 0.000
SOD 0.165 0.613 0.143 0.122

IL-6, interleukin-6, [1 41 il /> 2 -6; IFN-v, interferon-vy, T #L & -v;
TNF - a , tumor necrosis factor-o , 984 38 € Al -« ; GSH - Px,
glutathione peroxidase, 2 Bt H K i 48 1k ¥ 1§ ; SOD, superoxide
dismutase, # % 1k ¥ 1 1k i ; CPI, overall cognitive performance
index , =R IA K1 T BE 48 % ST, synthetic index, NI T ELE & 18 5L
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LRV IR UL P LR 1 AE 0 A% o R A
mitochondrial encephalomyopathy with lactic
acidosis and stroke-like episodes(MELAS)

T 70 B 40 96 2 % B herpes simplex virus-1(HSV-1)
I BB AR 7 herpes simplex virus-2( HSV-2)
Becker B L& F2 AN K AE  Becker muscular dystrophy(BMD)
Duchenne BY L& 35 A K AGE

Duchenne muscular dystrophy(DMD )
ML PR vascular dementia( VaD)
1iL#2 % B2 thromboxane B2(TXB2)
ORI OS2 8 — A T TR W TR

nicotinamide adenine dinucleotide phosphate(NADPH)
A AR g 2R

oxidized low-density lipoprotein(ox-LDL)
B SR K 5 R I

combined spinal and epidural anesthesia(CSEA)
— AL A A nitric oxide synthase(NOS)
it % P 2 1 UL 25

hereditary neuralgic amyotrophy(HNA )
A% TR T oy SR e ] ) ol 2

hereditary neuropathy with liability to pressure palsies

(HNPP)
S AR BN I E

< I~ ] it -

amnesic mild cognitive impairment(aMCI)
B ZFEA K IAF insulin-like growth factor(IGF)
N-Z kR4 2R N-acetyl-aspartate(NAA)
CHVFRIRE  hepatitis B virus(HBV)
LRV R EE R PR hepalitis B surface antigen( HbsAg)
CHIRF RN B PR hepatitis B core antibody(HbcAb)
CEVF R IR HE e PUIK  hepatitis B e antibody(HbeAb)
SR A isocitrate dehydrogenase(IDH)
B H R #E  Dykinesia Rating Scale(DRS)
HAEHEHAE  apolipoprotein E(Apok)
T B 5 S LA

a proliferation-inducing ligand (APRIL)

i B 1A SR P N Al A2
lipoprotein-associated phospholipase A2(Lp-PLA2)

IR IRFE R F - tumor necrosis factor-a( TNF-a)
ARG 15 severe traumatic brain injury(sTBI)
IR R B L subarachnoid hemorrhage(SAH)
S L SR AT AR A AR T

total plasma antioxidant activity(TEAA)
Y1) JIE R B A R

longitudinally extensive transverse myelitis( LETM )

BALEPVRZA minimally conscious state(MCS)



