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Which Biomarker is most Effective to Determine Severity of 
Acute Head Trauma in the Experimental Animal Head Trauma 
Model?

ABSTRACT

Traditionally, TBI has been acutely diagnosed and classified 
by neurological examinations and neuroimaging. Clinical ex-
amination has limited ability to assess injury severity or predict 
outcome. Patients with mild head injury usually have few clini-
cal symptoms but may be at risk of later deterioration. Even in 
the absence of neurological deterioration, many patients suf-
fer long-term sequelae (13, 14).

Imaging of the brain fares little better. Computerized 
tomography (CT) scanning of the brain has a low sensitivity 
for detecting diffuse brain damage, and repeated scans for 

█    Introduction
Traumatic brain injury (TBI) is a major cause of death and 
disability worldwide. Some of the patients who survive severe 
head injury due to intensive therapy in the acute stage make 
a satisfactory recovery. Several typical questions confront the 
neurosurgeon regarding the extent of injury and prognosis. 
Because there is such marked heterogeneity in TBI, predicting 
the outcome is difficult, as is deciding on optimal treatment 
(13). 

AIm: Because of the need for effective method to determine the severity of head trauma, the importance of biomarkers is recognized 
recently. This study aims to analyze the values of sera levels of some biomarkers and the relation with their tissue levels in acute 
head injury.   
MaterIal and Methods: In this study, rats were divided into three groups (mild head trauma, severe head trauma and control 
group). All rats were anaesthetized. Weightdrop method was used as trauma method. Blood samples were obtained five minutes 
after trauma when the acute effects of trauma occurred. Then whole brains of rats were excised. Levels of biomarkers were 
investigated in the sera samples and homogenized brain tissues biochemically.     
Results: Significant differences in the sera GFAP (p=0.015) and insulin (p=0.011) levels were observed. Very significant difference 
in the sera nNOS level was observed. Extremely significant difference in the tissue IL-6 (p<0.001) level was observed between all 
groups.    
ConclusIon: Sera nNOS and tissue IL-6 are the best biomarkers to predict trauma severity. Sera GFAP and insulin are also 
capable to show trauma severity in the very acute period of postinjury. Tissue levels of the biomarkers except insulin are higher than 
their sera levels.        
Keywords: Craniocerebral Trauma, Brain injury, Biomarker
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recurrent injuries for the re-evaluation of existing injuries cause 
high-dose radiation intake. Although magnetic resonance 
imaging (MRI) is more sensitive, it is usually difficult to scan 
ventilated, often hemodynamically unstable patients (13, 14). 

All of these reasons have led to a search for alternative 
methods of assessing injury. Due to these issues, biomarkers 
have been recognized and introduced recently. A variety of 
neurochemical substances have been proposed as markers of 
cerebral cell damage for this purpose. An ideal TBI biomarker 
should be brain-tissue specific, able to cross the blood-brain 
barrier into the bloodstream within minutes of injury, and able 
to be detected using a point-of-care blood test, although 
some biomarkers will only be detectable in cerebral tissue 
(12, 13, 27). In the present study, glial fibrillary acidic protein 
(GFAP), neuronal nitric oxide synthase (nNOS), interleukin-6 
(IL-6), insulin and ethanol were studied and compared with 
each other in sera and cerebral tissue as markers to show 
usefulness in the very acute period of postinjury. There is no 
comparative study in the literature which shows the levels of 
biomarkers as early as 5 minutes postinjury.

█    Material and methods
This study was approved by the Gaziosmanpaşa University 
Experimental Research Unit and Ethics Committee for 
Laboratory Animals. Thirty-six adult male Wistar-Albino rats 
weighing 300–450 g were used in this study. The study took 
place at a laboratory of Gaziosmanpaşa University, Faculty of 
Medicine, Laboratory Animal Research Center. The animals 
were divided into three groups: (1) mild head trauma group 
(n=12); (2) severe head trauma group (n=12); (3) control group 
(n=12). Rats in the study were randomly divided into three 
groups. Before the intervention, all the rats received 30 mg/
kg Chloral hydrate by the intraperitoneal route. Head trauma 
was induced using Marmarou’s weight-drop method (12) 
modified by Uçar et al (23). The trauma device consists of a 
column of weights falling freely by gravity from a designated 
height through a tube. Injury severity can be controlled directly 
related to the mass and the height from which the weight 
is released. In Group I (mild head trauma), head injury was 
induced using 350 g-1 m weight-height impact; in Group II 
(severe head trauma), head injury was induced using 450 g-1 
m weight-height impact. Studies showed that Marmarou’s 
brain trauma model induced perivascular brain edema, 
already visible at the ultrastructural level 5 minutes after the 
injury (24). Blood samples of traumatized rats were taken by 
intracardiac intervention 5 minutes after trauma. All rats were 
killed after blood samples were taken and their brain tissues 
extracted for biochemical studies. There were normal brain 
tissues in the control group (Figure 1). There were some 
contusions and hematomas in the brains of the mild head 
injury group (Figure 2). There were depressed skull fractures 
with intra and extra cerebral hematomas in the brains of the 
severe head injury group (Figure 3). The cerebral tissues were 
homogenized in five volumes of ice-cold tris-HCl buffer (50  
mM, pH =7.4) containing 0.50  mL/l Triton x-100. Then, the 
homogenization procedure (homogenizer: IKA Ultra-Turrax T 
25 Basic, Germany) was carried out for 2  min at 13,000  rpm. 

All procedures were performed at 4°C. IL-6, GFAP, ethanol, 
insulin, nNOS levels were then studied in the collected sera 
and tissue samples with the same methods (Table I). 

Results were evaluated by statistical analysis. Continuous 
variables were expressed as mean ±standard deviation (SD). 
The Shapiro-Wilks test was used to evaluate whether the 
distributions of continuous variables were normal. According to 
whether the continuous variables had a normal distribution or 
not, the paired sample t test was used to compare differences 
between paired measurements. According to whether the 
continuous variables had a normal distribution or not, one-way 

Figure 3: 
Photo showing 
extracted brain 
tissue of a rat 
in severe head 
injury group after 
trauma.

Figure 1: 
Photo showing 
extracted brain 
tissue of a rat in 
control group.

Figure 2: 
Photo showing 
extracted brain 
tissue of a rat in 
mild head injury 
group after 
trauma.
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analysis of variance (ANOVA) and Kruskal-Wallis analysis of 
variance were used to compare continuous variables between 
groups. In the one-way analysis of variance (ANOVA), for post 
hoc multiple comparison, the Least Significant Difference test 
was used. p values below 0.05 were considered statistically 
significant. Statistical analysis was performed by using 
commercial software (IBM SPSS Statistics 19, SPSS inc., 
an IBM Co., Somers, NY). Additonally, Box and Whisker plot 
were used for standardized variables in all groups. We used 
the Prism scheme to evaluate the p values (Table II). 

█    Results
We compared tissue and sera values of insulin in a group 
with the values of insulin in the other groups. We found 
significant differences (*) between all groups (p=0.011) when 
we examined sera levels of insulin. Insulin was higher in the 
severe head injury group than the control group (p=0.013) and 
mild head injury group (p=0.005). No significant differences 
(ns) were found between the groups when we examined tissue 
insulin levels (Table III, IIIa-d). We trauma-independently 
compared tissue average values of insulin with their sera 
average values. We found extremely significant differences 

(***) between average tissue and sera levels (p<0.001). Sera 
average value of insulin was higher than tissue insulin value. 
We trauma-dependently compared tissue average values of 
insulin with their sera average values. In severe head injury 
group we found extremely significant differences (***) between 
average tissue and sera levels (p<0.001). In mild head injury 
and control group there was very significant difference (**) 
between average tissue and sera level (p=0.004, p=0.004). 
Sera average value of insulin was higher than tissue insulin 
value (Table IV-VII).

We compared tissue and sera values of IL-6 in a group with 
the values of IL-6 in the other groups. We found extremely 
significant differences (***) between all groups (p<0.001) 
when we examined tissue levels of IL-6. Decrease occurred 
in severe head injury group when we compared with control 
(p<0.001) and mild head injury group (p<0.001). Also decrease 
occurred in mild head injury group when we compared with 
control group (p<0.001). No significant differences (ns) were 
found between all groups when we examined sera IL-6 levels 
(Table III, IIIa-d). We trauma-independently and -dependently 
compared tissue average values of IL-6 with their sera 
average values. We found extremely significant differences 
(***) between average tissue and sera levels (p<0.001). Tissue 
average values of IL-6 were higher than their sera values 
(Table IV-VII).

We compared tissue and sera values of nNOS in a group 
with the values of nNOS in the other groups. Sera nNOS 
levels were studied and very significant difference (**) was 
observed between all groups. nNOS was lower in severe 
head injury group than control (p=0.010) and mild head injury 
group (p=0.004). No significant differences (ns) were found 
between all groups when we examined tissue nNOS levels 
(Table III, IIIa-d). We trauma-independently and -dependently 
compared tissue average values of nNOS with their sera 

Table I: Biochemical Substances, Methods and Devices

Firm Name Catalog 
Number Country Method Device

Insulin SPI-BIO Rat insulin enzyme 
immunoassay kit A05105 

Montigny Le 
Bretonneux, 

France 

Enzyme 
Immunoassay (EIA) Manual

IL-6 Demeditec 
Diagnostics GmbH 

Interleukin-6 rat 
ELISA DE4845 Kiel, 

Germany

Enzyme Linked 
Immunosorbent 
Assay (ELISA) 

Manual

nNOS
Hangzhou 

Eastbiopharm Co., 
Ltd. 

Rat neuronal nitric 
oxide synthase 

(nNOS) ELISA Kit 
CK-E30337 Hangzhou, China

Enzyme Linked 
Immunosorbent 
Assay (ELISA) 

Manual

GFAP
Hangzhou 

Eastbiopharm Co., 
Ltd. 

Rat glial fibrillary 
acidic protein (GFAP) 

ELISA Kit 
CK-E90138 Hangzhou, China 

Enzyme Linked 
Immunosorbent 
Assay (ELISA)

Manual

Ethanol Roche Diagnostics 
GmbH Ethanol Gen.2 3183777 Mannheim, 

Germany

Enzymatic methods 
with an alcohol 
dehydrogenase

Roche/Hitachi 
cobas c501

Table II: The Scheme that Prism Uses

P value Wording Summary 

<0.0001 Extremely significant ****

0.001-0.0001 Extremely significant ***

0.01-0.001 Very significant **

0.05-0.01 Significant *

>0.05 Not significant ns
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Table III: Distribution of Quantitative Variables According to the Variable Sample Name

Severe Head Injury Group Control Group Mild Head Injury Group p Value
Variables Standard Deviation Standard Deviation Standard Deviation 
Ethanol Sera 0.84±0.82 0.49±0.58 0.67±0.62 0.481 (ns) 
Ethanol Tissue 0.97±0.08 1.03±0.05 0.99±0.07 0.085 (ns) 
Insulin Sera 1.21±0.29 0.8±0.43 0.74±0.38 0.011 (*) 
Insulin Tissue 0.33±0.19 0.31±0.21 0.29±0.23 0.859 (ns) 
IL-6 Sera 268.23±24.85 254.53±26.86 262.15±17.56 0.541 (ns) 
IL-6 Tissue 2732.68±600.34 4756.02±568.65 3672.9±586.5 <0.001 (***) 
nNOS Sera 3.5±0.5 3.94±0.28 4.01±0.35 0.008 (**) 
nNOS Tissue 20.22±3.04 18.27±1.77 19.57±1.85 0.121 (ns) 
GFAP Sera 344±71.79 385.43±107.94 463.53±90.49 0.015 (*) 
GFAP Tissue 1293.24±302.97 1112.37±206.96 1355.43±245.54 0.067 (ns) 

Table IIIa: Box and Whisker Plot for Standardized Variables at all 
Groups

Table IIIb: Box and Whisker Plot for Standardized Variables at 
Control Group

Table IIIc: Box and Whisker Plot for Standardized Variables at 
Severe Head Injury Group

Table IIId: Box and Whisker Plot for Standardized Variables at 
Mild Head Injury Group
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differences (ns) were found between all groups when we 
examined tissue and sera ethanol levels (Table III, IIIa-d). 
We trauma-independently compared tissue average values 
of ethanol with their sera average values. We found very 
significant differences (**) between average tissue and sera 
levels (p=0.006). Tissue average values of ethanol were higher 
than their sera values. We trauma-dependently compared 
tissue average values of ethanol with their sera average values. 
We found not significant difference (ns) between average 
tissue and sera levels in severe and mild head injury group 
(p=0.575, p=0.112). There were very significant differences (**) 
between average tissue and sera levels of ethanol (p=0.008) 
in control group. Tissue average values of ethanol were higher 
than their sera values (Table IV-VII).

█    Discussion
Actual methods have limited ability to assess injury severity. 
Recently biomarkers are recognized to assess injury severity. 
There are some reports in the literature to determine the 

average values. We found extremely significant differences 
(***) between average tissue and sera levels (p<0.001). Tissue 
average values of nNOS were higher than their sera values 
(Table IV-VII).

We compared tissue and sera values of GFAP in a group with 
the values of GFAP in the other groups. When we examined 
sera GFAP levels, significant difference (*) was observed 
between all groups (p=0.015). GFAP was lower in severe head 
injury group than mild head injury group (p=0.005). GFAP was 
higher in mild head trauma group than control group (p=0.047). 
No significant differences (ns) were found between all groups 
when we examined tissue GFAP levels (Table III, IIIa-d). We 
trauma-independently and -dependently compared tissue 
average values of GFAP with their sera average values. We 
found extremely significant differences (***) between average 
tissue and sera levels (p<0.001). Tissue average values of 
GFAP were higher than their sera values (Table IV-VII).

We compared tissue and sera values of ethanol in a group 
with the values of ethanol in the other groups. No significant 

Table IV: Comparison with Quantitative Variables in Trauma Independent Study (t Test for Paired Samples)

Variables Number Average Standard Deviation p Value

Ethanol Sera 35 0.66 0.67 0.006
Ethanol Tissue 36 1 0.07

Insulin Sera 35 0.91 0.42 <0.001
Insulin Tissue 35 0.3 0.21

IL-6 Sera 34 261.25 23.3 <0.001
IL-6 Tissue 34 3771.93 1017.47

nNOS Sera 34 3.83 0.43 <0.001
nNOS Tissue 34 19.33 2.44

GFAP Sera 34 400.81 102.53
<0.001

GFAP Tissue 34 1245.58 252.88

Table V: Comparison with Quantitative Variables in Severe Head Injury Group (t Test for Paired Samples)

Variables Number Average Standard Deviation p Value

Ethanol Sera 11 0.8364 0.81642
0.575

Ethanol Tissue 11 0.9764 0.08213

Insulin Sera 11 1.21 0.29 <0.001
Insulin Tissue 11 0.33 0.2

IL-6 Sera 10 268.23 24.85 <0.001
IL-6 Tissue 10 2709.85 650.03

nNOS Sera 10 3.5 0.5 <0.001
nNOS Tissue 10 20.31 3.35

GFAP Sera 10 344 71.79
<0.001

GFAP Tissue 10 1273.6 260.41
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post-injury. Serum GFAP levels were found to be significantly 
increased (*) in mild injury group when compared with the 
control group. This result is consistent with the literature. 
However, GFAP levels in the severe head injury group were 
found to be very significantly decreased (**) when compared 
with the mild head injury group. This result requires further 
studies to show the time-course and severity-dependent 
changes of the serum GFAP level.

GFAP expression occurs in the cerebral tissue at all degrees 
of head injury. The presence of GFAP indicates the activation 
of glial cells, astrocytes and microglia in these areas, and 
thus, glial scarring occurred in even the mildest TBI. However, 
peak activation was observed 5 to 7 days after head injury 
(6). We examined tissue GFAP levels and found no significant 
difference (ns) between all groups. So this result may due to 
time-dependent expression of GFAP in cerebral tissue after 
TBI. 

Nitric oxide (NO) is the major regulator of cerebral blood flow. 
In addition, it inhibits platelet adherence and aggregation, 

ability and accuracy of biomarkers in predicting severity 
after a moderate or severe traumatic brain injury (13,14, 
27). This study aims to analyze the values of blood GFAP, 
insulin, nNOS, ethanol and IL-6 levels and the relation with 
their tissue levels in acute TBI. Tissue and blood levels were 
studied simultaneously and compared with each other by 
using statistical analysis and the Prism scheme. There is no 
comparative study in the literature like this presented study. 

GFAP is expressed in the central nervous system (CNS) 
in astrocyte cells. It is involved in many important CNS 
processes, including cell communication and the functioning 
of the blood brain barrier. GFAP is released in the blood stream 
soon after TBI. GFAP is not released in multiple trauma without 
TBI. It is related to the TBI level of severity with the Marshall 
Classification and presence of intracranial hemorrhages (ICH). 
GFAP was found to be higher in patients with a primary fatal 
outcome and with a worse neurological outcome (15, 16, 20). 

In the present study, we compared tissue and sera values 
of GFAP in the different groups in the very early period of 

Table VI: Comparison with Quantitative Variables in Control Group (t Test for Paired Samples)

Variables Number Average Standard Deviation p Value

Ethanol Sera 12 0.4917 0.58225
0.008

Ethanol Tissue 12 1.03 0.04767

Insulin Sera 12 0.8 0.43 0.004
Insulin Tissue 12 0.31 0.21

IL-6 Sera 12 254.53 26.86 <0.001
IL-6 Tissue 12 4756.02 568.65

nNOS Sera 12 3.94 0.43 <0.001
nNOS Tissue 12 18.27 2.44

GFAP Sera 12 385.43 107.94
<0.001

GFAP Tissue 12 1112.37 206.96

Table VII: Comparison with Quantitative Variables in Mild Head Injury Group (t Test for Paired Samples)

Variables Number Average Standard Deviation p Value

Ethanol Sera 12 0.6667 0.61693
0.112

Ethanol Tissue 12 0.9867 0.06638

Insulin Sera 12 0.74 0.38 0.004
Insulin Tissue 12 0.29 0.23

IL-6 Sera 12 262.15 17.56 <0.001
IL-6 Tissue 12 3672.9 586.5

nNOS Sera 12 4.01 0.35 <0.001
nNOS Tissue 12 19.57 1.85

GFAP Sera 12 463.53 90.49
<0.001

GFAP Tissue 12 1355.43 245.54
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This result is consistent with the literature even in the very 
early period of postinjury. 

The brain is not generally considered to be an insulin-depen-
dent tissue. There is no report in the literature that shows ho-
mogenized cerebral tissue insulin levels after head trauma. 
However, there are studies in the literature that confirmed the 
presence of a specific insulin receptor on brain microvessels. 
Although insulin does not cross the blood-brain barrier, the 
presence of an insulin receptor provides a possible mecha-
nism by which blood-borne insulin can influence brain cell 
metabolism (8, 19). We therefore studied the tissue insulin lev-
el and found no significant difference (ns) between the groups. 
Further investigations must be done in order to understand 
the relationship between insulin and cerebral tissue after TBI. 

The fermentation of sugar into ethanol is one of the earliest 
biotechnologies employed by humans. The intoxicating effects 
of ethanol consumption have been known since ancient times. 
Ethanol has been used by humans since prehistory as the 
intoxicating ingredient of alcoholic beverages. With depressant 
effects on the CNS, it has a complex mode of action and 
affects multiple systems in the brain, most notably increasing 
the activity of GABA receptors. Recently some reports showed 
a neuroprotective effect of externally supplied ethanol (1, 10). 
Over the years, many determinations of endogenous ethanol 
have been made. Carbohydrate-rich foods and very serious 
yeast infections were found to be responsible (5, 11). We tried 
to find an answer to the following question: ‘Do our bodies 
produce endogenous ethanol in order to protect the CNS after 
head trauma?’ For the very early posttraumatic period, the 
answer is no. We studied serum and tissue ethanol levels and 
found no significant difference (ns) between the groups. We 
believe that time-course levels of ethanol must be measured 
to understand the relation between ethanol and TBI. 

There is no comparative study in the literature which examined 
tissue and sera levels of the biomarkers simultaneously. In the 
present study we found that; tissue average values of nNOS, 
IL-6 and GFAP were higher than their sera levels in the trauma-
independent and -dependent groups. When we examined 
nNOS, IL-6 and GFAP, extremely significant differences (***) 
were found between their sera and tissue values in all groups. 
So differences didn’t change with trauma. GFAP and nNOS 
are neuron specific biomarkers. Although IL-6 is not neuron 
specific biomarker, cerebral tissue level was higher than sera 
level. This situation explains why IL-6 is good biomarker for 
head trauma.

When we examined insulin; sera average value was higher than 
their tissue level in all groups. Between insulin average values 
of sera and tissue there were very significant differences (**) in 
control and mild head injury group and there was extremely 
significant difference (***) in severe head injury group. This 
result may be due to more increase of insulin in sera than in 
tissue with trauma severity. 

When we examined ethanol; tissue ethanol levels were higher 
than sera levels in control group and trauma-independent 
analysis. There were very significant differences (**) between 
average tissue values and average sera values in these 

reduces adherence of leukocytes to the endothelium, and 
suppresses vessel injury. NO, as a free radical, has been 
effective in reducing neuronal damage in animal models of 
brain injury. NO produced by nNOS contributes to neuron 
damage after traumatic, ischemic or excitotoxic insult. The 
serum nNOS level was found to be related with head trauma 
severity (3, 4, 28). 

Some reports showed time-dependent alterations of nNOS 
level after TBI. The serum nNOS level decreases, recovers and 
increases (25). In the present study, the serum nNOS level in 
the severe head injury group decreased very significantly (**) 
when compared with the control group and mild head injury 
group 5 minutes after trauma. Reduction of serum nNOS level 
in the acute period of posttrauma may be due to the increase 
in use. 

Detection of nNOS level in cerebral tissue is very difficult 
because of its very short half-life time. Some special methods 
were used to detect tissue nNOS level (21). When we examined 
tissue nNOS level we found no significant difference between 
the groups. This result may be due to the method that we 
used.

IL-6 is the cytokine found in the largest quantity in the 
circulation in response to inflammatory or traumatic insults, 
acting in both systemic and local responses. IL-6 acts as a 
cellular mediator for immunological responses and can be 
produced through inflammatory events in the central nervous 
system. In cases of cerebral damage, IL-6 plasmatic levels 
were increased. Some reports showed that serum IL-6 levels 
were related with trauma severity. The serum IL-6 was found 
to reach its peak level within days after the injury (7, 9, 26). In 
our study, we found no significant differences (ns) between all 
groups 5 minutes after trauma when we studied serum IL-6 
levels. This result may be due to time-dependent changes of 
serum IL-6 levels after TBI.

Some authors reported that cerebral tissue IL-6 levels can 
show head trauma severity and increase within hours (22). In 
our study we detected that the tissue IL-6 level decreased in 
severe head injury group when compared with the control and 
mild head injury group. Also when we compared the mild head 
injury group with the control group, a decrease was detected. 
The differences were found to be extremely significant (***). 
There are some reports including the posttraumatic time 
course of the cerebral tissue IL-6 level. However, there is no 
study in the literature that shows the tissue IL-6 level as early 
as 5 minutes postinjury. This result may be due to the increase 
in use in the very early posttraumatic period.

Brain injury is associated with a sympathetic-adrenomedullary 
response that leads to increased levels of circulating 
norepinephrine, epinephrine, and dopamine with resultant 
hyperglycemia and insulinemia. Some reports described an 
association between insulinemia and increased mortality 
in head-injured patients. Both blood glucose and insulin 
concentration were found to be increased markedly in TBI (2, 
17, 18). In the present study we examined serum insulin levels 
and we found significant increase (*) in severe head injury 
group when we compared with control and mild injury group. 
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groups. But there were not significant differences (ns) were 
found between them in trauma groups. This result may be due 
to more increase of ethanol in sera than in tissue with trauma. 

█    Conclusion
This study aimed to show the usefulness of widely used 
biomarkers as early as 5 minutes after trauma when effects of 
trauma are already visible at the ultrastructural level. In this way 
we could tell which biomarker is more sensitive. Sera nNOS 
and tissue IL-6 are the best biomarkers to predict trauma 
severity. Sera GFAP and insulin are also valuable biomarkers 
in TBI. Ethanol was found not useful in the very acute period of 
post-injury. Additionally we studied these biomarkers in sera 
and cerebral tissues simultaneously. In this way we could tell 
which biomarker is more specific. We found that sera levels 
of insulin were higher than its tissue levels and tissue levels 
of GFAP, ethanol, IL-6 and nNOS were higher than their sera 
levels. Taking into account all of these results, we must also 
keep in mind that levels of these biomarkers may change 
depending on the severity of the trauma and time course. 
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