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Introduction

Traumatic brain injury (TBI) is a clinical problem
of neurosurgery which can cause disability, death on
children, adult, and still causing economic and social
problem. The incidence of TBl in USAis predicted on 1.6
million cases/year with the mortality rate is 52.000 and
neurological disability on 70.000-90.000 cases. The
prevalence in European continent is 708.954 cases/
year with the incidence of 235/100.000 cases, and
mortality of 15/100.000 cases among TBI [1].

In Indonesia, TBI is caused of disability in daily
activity. The incident rate became increased every year
from 8.2% in 2013 to be 9.2% in 2018. The highest
prevalence rate of TBl was on age over 15-24 years
old (12.2%), male (11%) and rural area (9.4%). Road
traffic accident still counted high proportion (31.4%)
but tend to low according to the previous report in year
2013 (42.8%). Riding a motor cycle is high caused TBI
(72.7%) and male (80.9%), respectively [2].

Traumatic brain

injury
brain tissue injury which is classified as direct injury

Abstract

BACKGROUND: Severe TBI is leading in death and disability worldwide. The initial stage resulted from direct tissue
damage and impaired autoregulation of cerebral blood flow. The level of S-100B, IL-6 and AQ4 in CSF increased in
neuronal injury and BBB damage. PROG effect is assessed on biomarkers of S-1008, IL-6, and AQP4.

AIM: The study examined the 1 to 4" day of progesterone administration.

METHODS: The sample consisted of 23 participants in the control group and 16 participants in the treated group.
Patients with GCS 4-8, not surgical, aged 15-50 years, coming in the first 24 h and patient’s family agreed to this
research are included. The sample was taken from the serum, and the biomarker processed using ELISA. GOS 3
months used as prognostic.

RESULTS: The result showed the mean value serum level of S1003, AQP4, and IL-6 increased on 24 h and 96 h
after given PROG. Change of mean value of S1008 day to day was 44.75 (96 h)-40.57 (24 h) — 4.18. In control
group, change of S100B decrease to 42.51 (96 h)-46.11 (24 h) = —-3.60, showing effect still unclearly proven in
repairing neuronal injury, BBB disruption or another consideration on concentration of S1008, AQP4, and IL-6 in
serum.

CONCLUSION: S-100B serum levels is significant to predict outcome of severe TBI. Progesterone still unclearly
proven in repairing neuronal injury and/or BBB disruption. Another consideration is temporal trajectory of S1008,
AQP4, and IL-6. In future study, natural endogenous PROG should be sought. S-1008 in future pharmaceutical trials
may be possible as pharmacological target.

(primary injury) and extension of late injury (secondary
injury). Primary brain injury is caused by mechanical
force which causing injury on brain directly after
trauma (blast, laceration, bruising, hematoma, and
bleeding). This can be caused by local, multifocal or
diffuse injury on neuron, axon, glia, and vessels. The
pathology changes on computerized tomography (CT)
scan are epidural hematoma, subdural hematoma,
intracerebral hemorrhage, diffuse axonal injury. and
others [3].

Brain contusion is the injury of brain after the
primary and secondary brain injury. Contusion consists
of two zones, the central zone, and the pericontusion
zone. On central zone, the necrotic event is irreversible,
rupture of blood—brain barrier (BBB) and neurological
cell death occurred [1], [3].

The research on biochemical marker and
neuroprotective drug is based on finding of cellular
activity on brain contusion from the acute phase
is grow up nowadays. Clinical trials on TBI have
concluded that marker of neuron injury S-1008,
neuroinflammation marker interleukin 6 (IL-6),
and canal protein marker aquaporin-4 (AQP4) are

(TBI) can cause
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expressed acutely after brain injury. The increasing
expression of S-100B3, neuroinflammation marker
IL-6, and canal protein AQP4 on serum positively
correlate on BBB rupture. This marker on blood
serum can be used as marker of pathophysiological
cascade on BBB rupture and neuronal cell death in
TBI. S-100B and IL-6 reported as first marker of BBB
rupture on TBI while AQP4 as the canal protein of
water, regulator of the BBB integrity can cause the
vasogenic and cytotoxic edema [4], [5], [6], [7], [8],
(91, [10], [11], [12], [13], [14], [13], [16], [17].

PROG is known as a reproductive hormone
with cellular function of regulating progestation, as
preparing the uterus integrity on pregnancy. The
PROG found diffusely on human neuron and has a
pleiotropic function, the important neurobiological
cellular function. In TBI, all mechanism of PROG
cellularly is the main topic of neuroscience research
nowadays [18], [19], [20], [21].

PROG role in TBI has many advantages so
that can be used as a neuroprotective agent. Study in
clinical trials with animals phase | and clinical phase
[I-1Il brain injury stated that the effect of PROG can
protect the neuron from cellular mechanisms. The
pharmacokinetic of PROG and effect of adverse
reaction is safely known. PROG given from 24 h post-
trauma can reduce brain edema. PROG can cross
the BBB fast and reaching the plasma balance after
1 h [18], [19], [20], [21], [22], [23], [24], [25], [26], [27],
[28], [29], [30], [31]. Thus, we decided to use PROG in
treatment of severe TBI for reducing the biomarkers in
serum.

Materials and Methods

Study design

This is an experimental, analytical study,
with clinical trial, double-blinded, with pre- and post-
test design. This study design to determine the
efficacy of early intramuscular administration of
PROG versus control group for treating patients with
acute non-penetrating severe TBI caused by a blunt
mechanism. This study also examines the correlation
with or within change on both groups and the outcome
Glasgow Outcome Scale (GOS) 3 months. This study is
done on emergency room, intensive care unit, inpatient
ward, outpatient ward, direct communication from
phone, and in house visit. The duration of this study
is until the sample is enough to start the study. This
study is done by the researcher with the help of all of
team — Resident of Neurosurgery, Nursery Department,
Radiology Department, and Anesthesiology Department
of Central Hospital Dr. Soetomo Surabaya, Indonesia.
The trial was funded by researcher its self and no
conflicts of interest.

Study patients

Eligible patients were adults 15-60 years old,
who had severe TBI due to a blunt mechanism, with a
Glasgow Coma Scale (GCS) score of 4 to 8. Patients
were enrolled, if the study treatment could be initiated
within 24 h after injury.

Patients were excluded if, before enrollment,
the treatment team determined clinically that the injury
sustained was non survivable (GCS 3) and the patient
had bilateral dilated, unresponsive pupils; penetrating
brain injury, or the patient had physiological findings
of hypoxemia (SaO, <80%, PO, <80%), hypotension
(Systolic <90 mmHg), spinal cord injury (multitrauma),
or early post-traumatic epilepsy. Additional
exclusion criteria are post-traumatic hyperglycemia
(BS >200 mg/dl) and brain CT scan showed Marshall
type 1V, evacuated mass and non-evacuated mass.

Patient were drop out if patients had
complicated after blood test, hyperthermia (t >40°C)
before intervention, allergy to progesterone, death
before day 5, rejection the informed research, patient
cannot trace the true address or family communication
lately and need operative surgery during follow-up.

Study of biomarkers

Immediately after enroliment, patients were
randomly assigned to examine serum level of S-1008,
AQP4, and IL-6 on both groups. All of biomarker
was examine in 24 h (day 1) and 96 h (day 4). In
treated group, the serum was talked before gave
the intervention. All of biomarker was processed by
ELISA.

Study intervention

The intervention was done randomly assigned
to receive an injection ampouls containing PROG
1 mg/kg BW single dose. Randomization was performed
with the use of a combination of minimization and
biased-coin algorithms to avoid imbalances in sex, age,
or enroliment site. Teams study followed the patients
closely. Data on serious adverse events were collected
throughout the duration of the study (3 months), and
data on all adverse events were collected during the
1% week. Data on clinical transgressions were collected
and reported daily during hospitalization.

Study outcomes

The primary outcome was functional recovery
as determined with the use of the GOS at 3 months
after randomization. A GOS score of one indicates
death, two indicates a vegetative state, three indicates
severe disability, four indicates moderate disability,
and five indicates good recovery. The index GCS
score, the highest reliable GCS score documented
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before randomization. Moreover, the index CT scan is
classified by Marshall CT classification.

Statistical analysis

Secondary data are shown as a frequency
distribution and standard deviation using the descriptive
statistical analysis. Normality test using Kolmogorov—
Smirnov needed to determine the form of data distribution,
as this can decide the statistic parametric used (parametric/
non-parametric). t-test comparative test used to compare
the value of S-100B, IL-6, and AQP4. Pearson correlative
test is used to find any correlation between S-100B,
IL-6, and AQP4 with GOS 3 months. Moreover, ANOVA
repeated measured test to find any correlation of changes
of value between the two groups based on S-100B, IL-6,
and AQP4 value. The results of the analysis are said to be
significant if p < 0.05 with a 95% confidence level. Data
were analyzed using SPSS version 22.

Results

Patients characteristic

Patients were recruited from November 2011
to November 2012, with the final 3-month visit occurring
by the end of November 2012. A total of 40 patients
underwent  randomization,  with  intramuscular
administration of PROG initiated in 17 patients and
control administered in 23 patients. One patient was
excluded because they did not receive the complete
evaluation for GOS 3 months. There were no meaningful
protocol violations. This study is done on 39 man with
age from 15 to 60 years, severe TBI with GCS of 4-8,
blunt trauma with time injury of <24 h, and from the CT
scan did not show the Marshal type IV criteria (Table 1).

This research is done on two groups. Control
group is the majority with 23 subjects (59%) and treated
group with 16 subjects (41%). The age of control group
is 18 years old as the majority range (21.7%) incidence
of the accident, meanwhile on treatment group is
19 years (17.4%), Table 1.

GCS and CT scan characteristic

The mean value of GCS day 1 on all subjects
is 5.88 (median 6) and 6.25 on day IV (median 6). The
GCS mean value trends to recovery condition in both
groups (p = 0.001).

Diffuse injury type Il is the most radiographic
finding in this study (>50%). There was no finding of
diffuse injury type IV in both groups that means MLS
>0.5 cm the patient will performed surgery operative.

Table 1: Baseline of characteristic (subgroup analysis)

Characteristic Progesterone (n=16) Control (n=23)
Age—year X=24.69 X=23.26
Median 19 19.5
Age group — no.%

<20 years old 8 (50) 12 (52.17)

20-40 years old 7 (43.75) 10 (43.48)

>40 years old 1(6.25) 1(4.35)

Total 16 (41) 23 (59)
Male sex — no. % 16 (100) 23 (100)
Cause of injury — no.%

Motorcycle accident 33 (84.6)

Fall 6 (15.4)
Glasgow Coma Scale score — no.% 24 h 96 h 24h 96 h
4 1(6.3) 3(18.8) 6(26.1) 5(21.7)
5 5(31.3) 4(25.0) 7(30.4) 4 (17.4)
6 6(37.5) 2(12.5) 4 (17.4) 4 (17.4)
7 3(18.8) 1(6.3) 2(8.7)
8 1(6.3) 5(31.3) 4 (17.4) 3(13.0)
9 1(6.3) 4 (17.4)
10 2(8.7)
12 1(4.3)

%=5.88 %=6.25

Marshall classification — no.%

Type | 0 4 (17.4)

Type Il 10 (62.5) 12 (52.2)

Type Il 6 (37.5) 7 (30.4)

Type IV 0 0

Biomarker characteristic

There was no significant comparison (p > 0.05)
change on serum level of S-100B8, AQP4, and IL-6,
between progesterone group and control group
(Table 2).

In assess subgroup analysis biomarker statue
change within 24 h and 96 h, we found significant
value in both control (all biomarker had value p < 0.05).
The mean value of each biomarker will give the trend
increasing or decreasing.

In study of progesterone group, we found that
the mean value S-1003 24 h is 40.57 and 96 h is 44.75.
(p = 0.02). It means that S-1003 expression tends to
increasing. The others biomarker (AQP4 and IL-6) in
PROG group showed tend to increasing too (p < 0.05).

There was a difference in control group.
S-1008 and IL-6 serum level showed decreasing but
AQP4 showed increasing (p < 0.05)

In this subgroup analysis study, we assess
correlation value of serum biomarker and the GCS 24 h
and 96 h. We found significant value in progesterone
group 96 h for serum S-100B (p = 0.025), and value in
control group 24 h (p = 0.000) and 96 h (p = 0.000) for
serum S-100 too.

Can serum biomarker for the first 24 h can
predict severity of Marshall classification of CT scan.
We found only IL-6 serum level had significant value
in assess the correlation biomarker and CT scan
(p = 0.029).

Intervention and outcomes
Adverse events

There was no adverse event found in this
research. There was no blood or lymphatic system
disorder, cardiac disorder, endocrine disorder,
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Table 2: Result of Biomarker change analysis

Biomarker Progesterone (n=16) Control (n=16) Sig. (95% ClI)

X Min Max SD X Min Max SD Between group comparation
24 h
S-1008 40.57 19 67 10.377 46.11 11 147 23.893 p=0.136
AQP4 0.75 0 0 0.872 0.62 0 0 0.843 p=0.847
IL-6 0.12 0 0 0.111 0.2 0 1 0.259 p=0.123
96 h
S-1008 44.75 36 77 10.242 42.51 12 67 10.660 p=0.477
AQP4 0.85 3 3 0.906 0.74 4 4 1.021 p=0.813
IL-6 0.14 0 0 0.136 0.17 0 0 0.220 p=0.482
Subgroup analysis
Biomarker on progesterone group within 24 h and 96 h (Pearson correlation)
S-100B x increasing p=0.021 1
AQP4 x increasing p=0.000 1
IL-6 X increasing p=0.000
Biomarker on control group within 24 h and 96 h (Pearson correlation)
S-100B x decreasing p=0.01]
AQP4 x increasing p=0.00 1
IL-6 X decreasing p=0.00 |
Biomarker with GCS (Pearson correlation)

GCS 24 h GCS 96 h

Progesterone group 24 h/96 h %x=5.88 X=6.25 p=0.000 1
S-100B % increasing 0.033/0.204 0.118/0.025
AQP4 x increasing 0.869/0.061 0.874/0.550
IL-6 X increasing 0.766/0.459 0.742/0.621
Control group 24 h/96 h %x=5.61 X=6.78 p=0.000 1
S-100B X decreasing 0.073/0.000 0.086/0.000
AQP4 x increasing 0.905/0.853 0.257/0.301
IL-6 X decreasing 0.157/0.266 0.215/0.155

Biomarker 24 h can predict severity of Marshall classification of CT scan
Progesterone group (24 h)

S-1008 X increasing p=0.945
AQP4 x increasing p=0.426
IL-6 X increasing p=0.698
Control group (24 h)

S-100B x decreasing p=0.549
AQP4 x increasing p=0.274
IL-6 X decreasing p=0.029

Marshall classification of CT scan (Sig. Cl 95%)

AQP4: Aquaporin-4, CT: Computerized tomography, IL-6: Interleukin 6, GCS: Glasgow Coma Scale.

Table 3: Sliding GOS dichotomy approach

GOS 3 months Worst prognosis

Intermediate prognosis

Best prognosis

Progesterone Control Progesterone Control Progesterone Control

Death Unfavorable Unfavorable Unfavorable Unfavorable Unfavorable Unfavorable
Vegetative state 8 (50%) 12 (52.17%) 13 (81.25%) 19 (82.61%) 16 (100%) 22 (95.65%)
Severe disability
Moderate disability Favorable Favorable Favorable Favorable
Good recovery 8 (50%) 11 (47.83%) 3(18.75%) 4(17.39%) Favorable Favorable

0 1(4.35%)
Sig. (95%Cl) p=0.285 p=0.819 p=0.827

GOS: Glasgow outcome scale.

gastrointestinal disorder, infection, and nervous system
disorder as previous warning report of progesterone
side effect [32], [33].

Efficacy analysis

There was disappointed result about
efficacy analysis of progesterone used in this study.
Progesterone showed no significant value from control
group with test comparison statistical study (p = 0.864)
within GOS 3 months.

Next, we assess to approach by sliding
dichotomy GOS as now technique (Table 3). The result
showed that no difference outcome from progesterone
group and control group (p > 0.05).

In addition, we found in last subgroup analysis
to found the serum biomarker as surrogate marker.
Serum level of S-1003 showed promising as biomarker
that predicts outcome of TBI. In this study, the day
4 (96 h) in both groups showed of serum level S-1003
had significant value for predict the outcome GOS
3 months (p = 0.000).

Discussion

Demographic characteristic

The youngest age of this subject is 16 and
the oldest is 47 and is corresponding to the inclusion
criteria. The productive age is reportedly the prone
group of occurrence of brain injury. This is because of
mobilization of productive group and the use of motor
vehicle increased rapidly in Indonesia as a developing
country [2]. All the subject is man. Indirectly, the existence
of men as the subject hindering the bias of information
that woman with brain injury have better outcome of
brain injury [23]. Women have gestational sex hormone
thought that theoretically may be affect the outcome
of brain injury. Menopause female patient reportedly
have improved outcome in postmenopausal but not
premenopausal female of outcome of brain injury [34].

GCS

The mean value of GCS day 1 on all subject
is 5.72 (median 6) and 6.56 on day 4 (median 6). GCS
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Table 4: Result of efficacy analysis

Outcome (GOS 3 mt) Progesterone (n=16) Control (n=23) Sig. (95% CI) comparison
Primary efficacy analysis — no.% X =2.38. SD=1.147 X =2.57. SD=1.037 p=0.864
Dead 5(31.3) 3(13.0)
Vegetative state 3(18.8) 9(39.1)
Severe Disability 5(31.3) 7 (30.4)
Moderate disability 3(18.8) 3(13.0)
Good recovery 0 1(4.3)
Subgroup analysis
Biomarker — GOS prediction
Progesterone Group 24 h Sig. (CI=95%) 96 h Sig. (CI=95%)
S-1008 x decreasing p=0.206 p=0.000
AQP4 x increasing p=0.217 p=0.172
IL-6 x decreasing p=0.225 p=0.290
Control group
S-1008 x increasing p=0.021 p=0.000
AQP4 x increasing p=0.928 p=0.211
IL-6 X increasing p=0.212 p=0.114

AQP4: Aquaporin-4, IL-6: Interleukin 6, GOS: Glasgow Outcome Scale.

of all subjects is GCS 5 on day 1 and GCS 8 on day
4. This research showed recovery GCS in all subject
according to assess mean difference, however the
overall outcome showed no significance. GCS s still
used as an indicator to predict the severity of and the
prognostic of severe TBI [35].

CT scan characteristic

Brain CT scan is still considered as gold
standard diagnosis of severe TBIl. Marshall created
criteria of CT scan as an imaging of neural injury on
severe TBI. Cerebral edema can be shown on brain CT
scan with type I-IV. In type IV with presented midline
shift >5 mm always facing the surgical indication with
excluding cases in this research [36].

Cerebral edema is the main topic of this study,
S-1008, IL-6, and AQP4 reportedly used as a marker
of BBB rupture [5], [8], [10], [15], [17] BBB rupture
on cerebral edema causing the release biochemical
marker to the systemic. BBB rupture and neural injury
on TBI cannot be distinguished from the cerebral
edema [14]. However, in this research showed only the
increasing of serum IL-6 that explained in severe TBI
often increasing intracranial pressure (ICP) that more
sensitive by IL-6 change [8]. The first limitation of this
research is no examination or data collected about the
ICP.

S1008, AQP4, and IL-6 on treatment group

The result of this study showed increasing
value of blood serum of S-10083 and IL-6 but increasing
serum of AQP4 after the administration of PROG 1 mg/
kg BW intramuscular single doses. The change serum
level probably the dosage was suboptimal.

The mean value of three biomarker in PROG
group showed tends to increasing on S-1003, IL-6
and AQP4. The same dynamic change only showed
AQP4 increasing in both groups. This mechanism may
be explained PROG as inhibitors of AQP-4 stimulate
S-100p secretion in acute severe TBI [16].

Biomarker and GOS in severe TBI

This study showed significance correlation of
serum level S-1003 day 4 (96 h) in both groups that
predict the outcome GOS 3 months. In acute dynamic
condition (day 1 until day 3) of severe, TBI may be the
process have high complexity. There was a another
extracranial injury that involves bias or change in
S-100B serum level [37], [38], [39].

Based on Korfias et al., the degree of severity
of the patients shows different expression of S-100 [40].
After 20 years, S-1008 suggests as a prognostic indicator
on research of brain injury, brain ischemic, and drug
study that have a potential value of increasing person life
expectancy in brain trauma patient [6], [7], [38], [40]

Clinical outcomes

The primary endpoint, the GOS score at 3 months,
did not differ significantly between the PROG group and
the control group (Tables 3 and 4). The proportional-odds
model revealed no effect of PROG treatment in either
unadjusted or adjusted analyses by sliding dichotomy
approach. The proportion of patients with an overall
favorable outcome (good recovery or moderate disability)
on the GOS was 18.75% in the PROG group and 17.9%
in the control group. The proportion of patients who were
in a vegetative state or who died was also similar in the
two groups: 81.25% in the PROG group and 82.61% in
the control group. This research results do not support the
hypothesized superiority of PROG treatment over treated
group in patients with severe TBI, as assessed by means
of the GOS or approach to sliding GOS dichotomy [32].

The other investigation of eight randomized
controlled trials meta-analysis in PROG administration
improves the clinical outcomes of severe TBI patients
within 3 months post-injury but may not have significant
long-term benefits at 6 months post-injury [33].

Heterogeneity: Single bullet versus
multitarget therapy

The long history of failed TBl trials, including the
current trial, is probably due to several factors, including
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the complexity and variability of the injury and the fact
that multiple direct and indirect injury mechanisms are
at work simultaneously [32], [41], [42].

TBI is a complex disease and has a pathology
process, heterogeneous disorder, in which the primary
injury initiates a variety of secondary injury cascades.
These cascades involve various processes that may
not be responsive to monotherapy (single bullet), as
has been shown by the failure of previously studied
monotherapies that have targeted single receptors or
specific mechanisms, despite considerable supportive
experimental data. Systemic and extraneuronal effects
of trauma also require consideration with respect to their
effect on mortality among patients with TBI [32], [42].

These complexinjury mechanisms suggest that
a successful therapeutic agent should influence several
mechanisms rather than a single cascade. On the basis
of the experimental data, PROG would appear to be an
appropriate candidate for this multipotential role, having
been shown to prevent inflammation by inhibiting the
production of inflammatory cytokines (e.g., tumor
necrosis factor-a), as well as by reducing levels of
inflammation-related factors such as complement
factor C3 fragments and inhibiting the activation of
microglial cells. In addition PROG has been shown to
prevent excitotoxicity and limits apoptosis by preventing
biochemical insults, such as calcium (Ca*+) flux and
nitric oxide production, and by decreasing levels of
caspase 3. Finally, PROG has also been shown to limit
vasogenic edema through reconstitution of the BBB and
modulation of the AQP4 water transporter [32], [41].

Dosage adjusted and solubility

This study used the administration of PROG
1 mg/kg BW intramuscular single doses. In this
research, the choosing of maintenance dose as Xiao
publication in China had not been done because there
was no absolute recommendation on dosage and
delivery technique on research report before.

The analysis stratified by administration route
showed that beneficial effects were only observed in
patients who received PROG intramuscularly [33].
Preliminary clinical data obtained with the use of various
PROG formulations and routes of delivery, combined
with experimental data showing adequate brain
penetration, provided initial support for a neuroprotective
role of PROG in TBI. The initial PROTECT trial recruited
100 patients from a single site who had a GCS score of
4-12. Treatment was initiated within 11 h after injury,
with a 72-h treatment duration, and was associated
with a reduction in the rate of death from any cause,
as compared with placebo. A similar single-site trial in
China recruited 159 patients who had a GCS score of
8 or lower. PROG treatment, which was initiated within
8 h after injury by means of intramuscular injection,
with a 120-h treatment duration, was associated with
reduced mortality, as compared with placebo [32].

Drug dose and delivery route are important
parameters that influence clinical efficacy. Of the included
trials, PROG was administered intravenously in three
studies and intramuscularly in four. One study gave a
medroxyprogesterone tablet through nasogastric tube. Our
analysis showed that PROG only conferred neuroprotection
in patients who were given PROG intramuscularly.
The discrepancy in the efficacies of intravenous and
intramuscular administration is unclear [33].

When we evaluated the pharmacological
profile of the presentations tested for clinical efficacy,
most of the available drugs are poorly acidic or poorly
basic and have low aqueous solubility. These poorly
soluble drugs in water evolve with low absorption
rates, which can result in low tissue bioavailability,
being critical for their rapid and effective action, as
in brain injury. The solubility dilemma is a major
challenge for its formulation. Solubility is an important
parameter in obtaining drugs with the ability to
achieve the desired concentration in the brain and
other tissues [43].

Due to progesterone’s plasma half-life of only
25 min, it is necessary to take it to the brain rapidly,
which in practical conditions would require immediate
continuous |V post-trauma treatment. It can be stated
that the dripping or use of multiple injections in a lipid-
based vehicle delays the release into the systemic
circulation and results in a consequent reduction of the
expected protective properties of PROG in the acute
phase of TBI. This feature is important and makes it
difficult to “replicate” the compelling results obtained in
pre-clinical trials in guinea pigs [43].

Insensitivity of the outcome measures

However, recovery from severe TBI is a
slow gradual process, mortality and GOS score are
not sufficiently sensitive to quantitatively measure
functional deficits and gradual recovery over time [33].
There may also be insensitivity of the available outcome
measures [32], [44], [42].

The lack of mechanistic early endpoints and
the absence of reliable biomarkers to guide clinical
development and inform clinical-trial design may be
considered to be major obstacles to the development
of neuroprotective agents for TBI. In addition, current
approaches to the characterization of TBI are mainly
unidimensional (based on GCS scores or Marshall
classification) and do not permit appropriately targeted
therapy. Multidimensional approaches are needed for
better characterization of TBI to facilitate individualized
treatment [32], [42], [44],

Future animal study

PROG has been shown to have broad
neuroprotective properties in multiple animal species
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and in a variety of models of neurologic injury.
Multifactorial effects of PROG include inhibition of
inflammatory cytokines, reduced levels of inflammation-
related factors, prevention of excitotoxicity, reduction of
apoptosis, and control of vasogenic edema.

The PROG receptor plays a key role in these
neuroprotective effects. A total of 20 research groups
working with four species and 22 different models have
found neuroprotective effects of PROG in more than
180 experimental pharmacologic studies. In addition,
two phase Il randomized, controlled clinical trials with
PROG showed a clinical benefit. On the basis of these
collective data, two phase Il trials were initiated at
around the same time: The study of a neuroprotective
agent, PROG, insevere TBI (SYNAPSE), and the PROG
for the treatment of TBI (PROTECT Ill) trial. SYNAPSE,
a trial sponsored by BHR Pharma, was designed
to investigate the clinical effectiveness of PROG,
provided in a 6% soybean oil emulsion as a ready-to-
use formulation, under well-controlled conditions. The
PROTECT lll trial, funded by the National Institutes of
Health, was conducted in parallel, but the study was
halted on the basis of a futility analysis performed after
882 patients had undergone randomization.

In conclusion, PROG as administered in this trial
had no clinical benefit in the treatment of severe TBI. The
negative result of this study should stimulate a rethinking
of procedures for drug development and testing in TBI.

Limitations in the ability to translate
experimental data to the context of TBI in humans
may also have contributed to the trial failures. A more
systematic approach appears to be necessary to
advance therapeutics in TBI.

Endogenous Progesterone

Stein DG, 2016 said that the clinical phase I
of PROG has no effect of improvement in TBI patients
as in control population, this can be caused from:
Heterogenecity, the different definition of brain trauma,
the needs of thorough study on animal study, use of
other sensitive biomarker from serum and inflammation
cascade, the report of data and the chance of no
sensitivity of outcome scale result [42].

As an addendum, the cause of failure from this
study can be caused no examination of endogenous
level of progesterone. Because of progesterone is in
cell nucleus, thus needed more thorough study of
mechanism of PROG from the pharmacokinetic to
pharmacodynamic so that can be shown what disruptthe
pathway of pharmacokinetic and pharmacodynamics of
PROG itself [45].

PROG concentration changes according to
age. The highest concentration of PROG is in neonates,

and in 1-12 months children, the value is decreasing
1/3 times from the neonate. Genazzini et al. in 1998
found that PROG value decreased from 19 until over
60 years. Davis et al. study reported that the identical
pattern of improved outcomes in postmenopausal
but not premenopausal females versus age-matched
males was observed. However, Davis et al. reported
that endogenous female sex hormone production is not
neuroprotective [34].

In humans, PROG levels in both the plasma
and CSF rapidly and transiently increase after severe
TBI possibly as part of the endogenous protective
response. The addition of exogenous PROG may
augment the physiological neuroprotective [43]. Further
research is yetto be done to assess the pharmacological
effect of PROG.

Conclusion

S-100pB serum levels can be used as surrogate
marker for TBI prognosis in clinical research especially
new potential drug. Serum S-100p is significant enough
to predict the outcome of severe TBI.

Progesterone effect on severe TBI patient with
biomarker testing still had unclearly concept theory in
repairing neuronal injury and/or BBB disruption. The
other consideration is about concept theory of temporal
trajectory S1008, AQP4, and IL-6 in serum level after TBI.

For the future study, suggestion is necessary to
investigation endogenous PROG naturally especially in
TBI. Introducing serum biomarkers such as S-1008 in future
pharmaceutical trials may be possible to better monitoring
the effect of specific pharmacological treatments.
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