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Aim  Allopregnanolone (AP) is a steroid of progesterone origin and it can readily pass 
through the blood–brain barrier. The aim of this study was to determine the AP levels 
occurring after head trauma in children and adults and to compare these results to 
the findings observed in the computed tomography (CT) of the respective individuals.
Materials and Methods  This study was conducted in the period from April 2018 to 
December 2018 on 92 patients admitted with isolated head trauma and on 80 healthy 
individuals in similar gender and age groups. The age, gender, and Glasgow Coma 
Scores of the patients; the cause of the head trauma; and the findings from CT imaging 
were recorded.
Results  The levels of AP were significantly lower in the head trauma patients both in 
the adult and pediatric groups compared with the healthy control groups of respective 
ages (p < 0.001). Furthermore, the levels of AP were significantly lower in both the 
pediatric and adult patients with identified pathologies in the CT images compared 
with their counterpart control groups (p < 0.001). In predicting an existing pathology 
in the CT, an AP level of > 138.5 was found to be 85.7% sensitive and 85.3% specific in 
the pediatric patients, and an AP level of >118.3 was 75% sensitive and 83.5% specific 
in the adult patients.
Conclusion  The levels of AP in head trauma patients were reduced in both the 
pediatric and adult patients and these low levels increase the likelihood of detecting 
pathology in CT images.
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Introduction
Traumatic brain injury (TBI) is a type of external trauma, 
which may result in impairments in physical, cognitive, and 
psychosocial functions. It is the leading cause of mortal-
ity and disability in young individuals. The incidence of TBI 
has recently been found to be growing considerably.1 In the 
United States of America (USA), approximately 1.5 to 2 million 

patients present with TBI to an emergency department 
(ED) annually and the mortality rate of these patients is 
17.6/100,000.2 The most common causes of head trauma in 
Turkey are road traffic accidents and falls. Especially TBI due 
to motor-vehicle accidents has come to be a major socioeco-
nomic problem because it is associated with long-term treat-
ments, the requirement for care, and severe disability.3
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The implementation of the computed tomography (CT) 
into the clinical practice in EDs made it the gold standard 
diagnostic technique especially for the evaluation of the head 
trauma patients. CT allows for facilitation in making the 
diagnosis of the lesions including intracranial bleeding, cere-
bral edema, traumatic infarcts, and basilar skull fractures.4 
However, despite the significant role of CT in diagnosing the 
intracranial pathologies, this imaging method is not entirely 
innocent. The potentially untoward effects of ionizing radia-
tion in pregnancy and the risk of developing cancer in chil-
dren after a series of imaging are major unfavorable effects 
of CT.5

Neurosteroids are synthesized from cholesterol in the 
central nervous system independent of the involvement of 
the adrenal glands and the gonads. These molecules have 
been recognized with their preserving activities on neurons. 
Allopregnanolone (AP) is a steroid of progesterone origin, 
which is synthesized de novo in the human brain indepen-
dent of peripheral synthetic processes. AP can readily cross 
the blood–brain barrier owing to its lipophilic characteristics 
and low molecular weight.6 In this study, we aimed to deter-
mine the levels of AP developing after head trauma in chil-
dren and adults and to compare these levels with the findings 
obtained in the brain CT images of the respective individuals.

Materials and Methods
This study was conducted at a tertiary-care hospital setting 
in the emergency department of a university hospital in the 
period from April 2018 to December 2018. After obtaining 
the Ethics Committee’s approval, 92 patients (52 adults vs. 40 
children) with isolated head trauma, who accepted to partici-
pate in the study, were included. The control group consisted 
of 80 healthy individuals (40 adults vs. 40 children) in similar 
gender and age groups. An informed consent form on paper 
was obtained from all individuals in the patient and control 
groups, who accepted to participate in the study.

The following individuals were excluded from the study: 
the ones having signs and symptoms indicating increased 
intracranial pressure or an organic brain lesion; patients 
with a major psychiatric disorder; patients admitted to the 
emergency surgery department; patients with a history of 
chronic diseases such as hypertension, cardiac failure, and 
asthma; pregnant women; individuals with a history of using 
oral contraceptives; and patients with a malignant disorder. 
Isolated head trauma is defined as any trauma to the head 
without other organ injury (extremity, abdominal, etc.). The 
patient and control groups were categorized into two sub-
groups within themselves as the pediatric and adult groups, 
consisting of patients younger than 18 years and patients 
aged 18 years or older, respectively. The age, gender, and 
Glasgow Coma Scores (GCS) of the patients; the cause of the 
head trauma and the way of its occurrence; the time elapsed 
until the collection of the blood samples; and the findings 
from CT imaging were recorded. The findings observed in 
the cranial CT images of the patients were reported by a spe-
cialist physician in radiology. Contusion/intraparenchymal 
bleeding, subarachnoid hemorrhage, epidural hemorrhage, 

subdural hemorrhage, diffuse axonal injuries, and brain 
edema were accepted as pathological findings. Linear frac-
tures, depression fractures, or basilar skull fractures were not 
accepted as pathological findings.

Blood samples were collected in 5 cm3 biochemistry test 
tubes within at least an hour from every patient who pre-
sented with head trauma and who underwent a CT imaging. 
The blood samples were centrifuged at 4,000 rpm for 5 min-
utes as soon as they were collected. The obtained serum 
samples after the centrifuging process were stored at–80°C. 
The levels of AP in the serum samples were manually 
tested with enzyme-linked immunosorbent assay (ELISA) 
method, using Elabscience Human AP kit (Elabscience Bio-
technology Co., Ltd., China). In the interpretation of the test 
results, the information in the manufacturer’s instructions 
was used, reporting that the lowest possible AP level was 
1.56 ng/mL and that the value of the optical density was 
inversely proportional to the levels of AP. All reagents were 
brought to the level of room temperature before use. The 
washing solution was diluted at a ratio of 1:25. The stan-
dard sample was made by diluting the reference standard 
in the consecutive concentrations of 100, 50, 25, 12.5, 6.25, 
3.13, 1.56, and 0 ng/mL. Biotinylated antibodies for recog-
nition and horseradish peroxidase conjugates were diluted 
at a ratio of 1:100. Immediately after putting a volume of 50 
µL of the standard sample in each test tube, a 50 µL volume 
of biotinylated recognition antibodies was added into the 
tubes. Then, the tubes were incubated at 37°C for 45 min-
utes. After aspiration and washing, a 100 µL volume of 
horseradish peroxidase conjugate was added and, then, the 
tubes were incubated for 30 minutes. After they were aspi-
rated and washed, a 90 µL volume of substrate reagent was 
added and left for incubation at 37°C for 15 minutes. The 
optic density values were obtained by reading the samples 
at a wavelength of 450 nm immediately after adding a 50 µL 
volume of stopping solution. The AP levels were calculated 
using the curve of the standard absorbance chart.

Standard deviation and the mean values were calculated 
for the continuous variables. Median and interquartile ranges 
were calculated for the non-parametric data. The indepen-
dent variables were compared with the Chi-square or inde-
pendent t-test, whichever was suitable. The optimum cutoff 
value for the AP level in detecting pathology in cranial CT 
was analyzed using receiver operating characteristic (ROC). 
The descriptive statistical analyses of all variables were per-
formed with SPSS 18.0.

Results
A total of 92 head trauma patients were included in the 
patient group in the study. Of them, 40 were children (9 
females [22.5%] vs. 31 males [77.5%]) and 52 were adults (20 
females [38.5%] vs. 32 males [61.5%]). In the control group, 40 
children (9 females [22.5%] vs. 31 males [77.5%]) and 40 adults 
(15 females [37.5%] vs. 25 males [62.5%]) were included. The 
mean age was 8.17 ± 5.05 years in the pediatric patient group 
and it was 43.44 ± 20.82 years in the adult patient group. 
The mechanisms of trauma in the patient group included 
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motor-vehicle or motorcycle accidents in 56.5% (n = 52) of 
the patients, high level-falls in 21.75% (n = 20) of the patients, 
and sports injuries or other accidents in 21.75% (n = 20) of the 
patients. According to the GCS scores; 87 patients had a mild 
brain injury (GCS:13–15), 3 patients had a moderate brain 
injury (GCS:9–12), and 2 patients had severe brain injury 
(GCS:3–8). The time elapsed from the time of the trauma 
until the collection of the blood samples was observed to 
be within the first hour in more than half of the patients. 
The main characteristics of the patients were presented in 
►Table 1.

The levels of AP were statistically significantly different in 
the pediatric head trauma group compared with the pediat-
ric control group. The AP levels were significantly low in the 
pediatric patient group (110.19 ± 24.92 vs. 181.76 ± 52.41, 
respectively, p < 0.001). There was a statistically significant 
difference in the AP levels between the adult patient group 
and adult control group. The levels of AP were found to be 
significantly low in the adult patient group (101.23 ± 49.40 
vs. 175.86 ± 58.31, respectively, p < 0.001). The mechanisms 
of the trauma, the severity of the trauma, and the time elaps-
ing from the occurrence of the trauma to the time of sam-
pling were not significantly different between the groups (p 
> 0.05). The comparison of the AP levels in the pediatric and 
adult patient groups was presented in ►Table 2.

There was a statistically significant difference in the 
AP levels between the pediatric control group and the 
pediatric patient group with identified pathology in the 

CT images. The levels of AP were significantly low in the 
pediatric patient group (110.7 ± 27.48 vs. 181.76 ± 52.41, 
respectively, p < 0.001) (►Fig. 1). There was a statistically 
significant difference in the AP levels between the adult 
control group and the patient group with pathology in 
the CT images. The levels of AP were significantly low in 
the adult patient group (88.28 ± 41.72 vs. 175.86 ± 58.31, 
respectively, p < 0.001) (►Fig. 2).

A ROC curve analysis was performed to determine the 
optimum cutoff level of AP values to predict an existing 
pathology in the CT images. The AP value was >138.5 and AUC 
was 0.873 in the pediatric patients (95% CI: 0.781 to 0.966, p 
< 0.001). The cutoff value of AP > 138.5 was 85.7% sensitive 
and 85.3% specific in detecting pathology in the CT images 
of the pediatric patients (►Fig. 3). In the adult patients, the 
level of AP was >118.3 and AUC was 0.871 (% 95 CI: 0.774 
to 0.967, p < 0.001). The cutoff value of AP > 118.3 was 75% 
sensitive and 83.5% specific in detecting pathology in the CT 
images (►Fig. 4).

Discussion
Owing to the advances in technology and the improved imag-
ing methods, CT has been the gold standard since the 1970s.7 
The common use of this method has revealed inappropriate 
use of this technique in the clinic and the lack of clear criteria 
to determine which patients should undergo an imaging test, 
leading to the conclusion that these factors increase the rate 
of unnecessary use of CT.8 CT is a non-sensitive technique 
especially in minor head traumas and the ionizing radiation 
is a critical problem particularly for the pediatric patients.9 
Unfortunately, the use of biomarkers to facilitate the early 
diagnosis and treatment of TBI is not common in the clinical 
practice.10 We aimed to demonstrate the feasibility of the use 
of serum AP levels as biomarkers in adult and pediatric TBI 
patients.

Neurosteroids are neuromodulators with important 
actions on neuron-neuron communication and interaction, 
which regulate numerous functions of the brain. It has long 
been known that these hormones readily cross the blood–
brain barrier and are involved in neuron growth, develop-
ment, and maturation.11 AP is a derivative of progesterone 
and is one of the most commonly studied compounds among 
the neurosteroids. AP is a potent positive allosteric modu-
lator of the GABA-A receptors.12 AP has been demonstrated 
to act on several aspects of the neuron physiology via inter-
acting with the GABA-A receptors. Thereby, it plays a critical 
role in the development and treatment processes of neuro-
logic and psychiatric disorders.13,14 The study by Yoshizawa 
et al demonstrated the anxiolytic properties of AP on mice.15 
A study on Alzheimer patients reported that AP is the main 
element in neurogenic and regenerative therapies because 
it readily crosses the blood–brain barrier.16 Reddy et al con-
ducted a study on treatment-resistant epilepsy patients 
and observed that progesterone given to the patients in the 
second half of the menstrual cycle increased the AP levels, 
providing therapeutic benefits.17 Similarly, there are studies 
demonstrating the relationship of AP with several diseases 

Table 1   Baseline characteristics of patients

Variables

Age, mean (range), y

<18 y 8.17 ± 5.05

≥18 y 43.44 ± 20.82

Gender n (%)

Female 29 (31.5)

Male 63 (68.5)

Mechanism of dislocation n (%)

Motor vehicle or motorcycle 
accident

52 (56.5)

Fall 20 (21.75)

Sports injury or other event 20 (21.75)

Severity of injury (GCS) n (%)

Mild (13–15) 87 (94.5)

Moderate (9–12) 3 (3.2)

Severe (3–8) 2 (2.3)

Hours after TBI and AP analysis n (%)

0–1 h 49 (53.3)

1–2 h 25 (27.2)

2–3 h 10 (10.9)

>3 h 8 (8.6)

Abbreviations: AP, allopregnanolone; GCS, Glasgow coma score; TBI, 
traumatic brain injury.
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Table 2   Comparison of AP levels in pediatric and adult groups

Variables Pediatric 
patient

Pediatric
control

p-Value Adult patient Adult
patient

p-Value

Mean AP level 110.19 ± 24.92 181.76 ± 52.41 <0.001 101.23 ± 49.40 175.86 ± 58.31 <0.001

Gender 0.011 <0.001

Female 111.25 ± 20.92 126.56 ± 50.68 126.56 ± 50.68 159.71 ± 59.59

Male 109.89 ± 26.27 182.61 ± 43.21 85.40 ± 42.05 185.26 ± 55.91

Mechanism of dislo-
cation

0.267 0.848

Motor vehicle 
or motorcycle 
accident

107.42 ± 23.89 89.39 ± 39.34

Fall 124.04 ± 20.72 93.12 ± 49.59

Sports injury or 
other event

85.25 ± 21.58 97.92 ± 31.28

Severity of injury 
(GCS)

0.41 0.912

Mild (13–15) 110.52 ± 25.26 101.62 ± 50.05

Moderate (9–12) 97.64 ± 11.21 98.5 ± 67.29

Severe (3–8) 95.99 ± 9.67

Hours after TBI and 
AP analysis

0.682 0.582

0–1 h 109.48 ± 21.91 87.57 ± 46.07

1–2 h 109.43 ± 26.71 120.32 ± 27.63

2–3 h 125.94 ± 27.03 143.49 ± 70.43

>3 h 97.29 ± 36.07 90.42 ± 48.9

CT findings NS NS

Normal 110.69 ± 24.28 104.58 ± 50.78

Abnormal 107.38 ± 30.7 88.72 ± 43.73

Abbreviations: AP, allopregnanolone; CT, computed tomography; GCS, Glasgow coma score; NS, not significant; TBI, traumatic brain injury.

Fig. 1  Box graph of AP levels between the pediatric control group 
and the pediatric patient group with identified pathology in the CT 
images. AP, allopregnanolone; CT, computed tomography.

Fig. 2  Box graph of AP levels between the adult control group and 
the patient group with pathology in the CT images. AP, allopregnano-
lone; CT, computed tomography.
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including depression, neurodegenerative diseases, and alco-
hol intoxication.18-20 However, there are currently no studies 
in the literature evaluating the association of AP levels with 
the findings in TBI patients. In our study, we found out that 
the AP levels both in the pediatric and adult head trauma 
patient groups were significantly lower compared with the 
control group. Furthermore, we have demonstrated that the 
levels of AP can be used as a biomarker in detecting pathol-
ogy in CT images. A study found out that the pregnenolone 
levels were significantly lower in the soldiers with a history 
of TBI compared with the control group.21 However, the time 
elapsed from the time of the trauma until the collection 
of laboratory samples was not reported in that study. The 
potential length of this period may suggest that the levels of 
pregnenolone might have been found low due to the post-
traumatic stress disorder.22

In our study, a significant difference in the relation-
ship between the AP levels and the time to elapse from 

the trauma until the analysis was not observed in both of 
the two groups. However, we think that our study is more 
independent of the effect of the time and our data are more 
homogeneous compared with similar studies because 
more than half of the samples in our study were collected 
within the first hour. A study designed in a stream of 
thought similar to ours addressed the unreliability of the 
results from the samples collected within a period longer 
than 3 hours.23

There are several studies in the literature, investigating 
the likelihood of GCS scores in detecting pathology in CT 
images of TBI patients. Similarly, despite the studies on mild 
head trauma patients reporting the negative predictive value 
of some proteins in detecting pathology in CT images, it was 
also observed that the levels of these proteins increased in the 
marathon runners and swimmers after the exercise, affected 
by the dark color of the skin, and their levels especially 
increased in spinal cord injuries and long bone fractures in 
the absence of head trauma. It is also reported that the tests 
became negative after a period of 180 minute, which was the 
half-life of the respective proteins.24 To the best of our knowl-
edge, there were no studies in the literature, investigating the 
relationship between TBI and AP levels. Our study revealed 
the likelihood of the existence of a relationship of the low AP 
levels with detecting pathology in CT images.

This present study had some limitations. The first of them 
was the conduct of the study at a single center on a limited 
number of patients. Second, it is a major limitation that the 
menstrual cycle state of the patients, comorbid conditions, 
and medication use were not evaluated in our study. The 
third limitation is the evaluation of the baseline AP levels 
only, which were tested in the sera of the patients at the time 
of admission. This made it not possible to compare the basal 
levels of AP with the consecutive test results. Furthermore, 
another major limitation is the lack of comparison of the 
AP levels with the other biomarkers of TBI. In addition, the 
study patients mostly had mild head trauma according to the 
severity of the trauma.

Conclusion
Levels of AP are found to be low in both adult and pediatric 
trauma patients and these low levels increase the likelihood 
of detecting pathology in CT images. Based on the results 
derived from the analysis of the present study data, we are 
of the opinion that the levels of AP can contribute to the 
decision-making process for having CT images in making the 
diagnosis of head trauma and that it can be a favorable bio-
marker in predicting pathology in CT images.
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Fig. 3  A receiver operating characteristic (ROC) curve analysis in pe-
diatric groups to determine AP values to predict an existing pathology 
in the CT images. AP, allopregnanolone; CT, computed tomography.

Fig. 4  A receiver operating characteristic (ROC) curve analysis in 
adult groups to determine AP values to predict an existing pathology 
in the CT images. AP, allopregnanolone; CT, computed tomography.
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