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Eff ect of sumatriptan following simulated 
traumatic brain injury in rats

Účinek sumatriptanu po simulovaném 

traumatickém poranění mozku u potkanů

Abstract
Introduction: Traumatic brain injury (TBI) continues to be a devastating problem in developing 

countries. The inevitable traumatic eff ect is followed by a secondary phase of neuroinfl ammation 

leading to increased morbidity and mortality. Numerous agents and treatment modalities have 

been tested to date. The fi rst clinically available triptan used to treat migraine, sumatriptan (SUM), 

has been evaluated for cerebral, testicular and renal ischemia previously but to our knowledge 

this is the fi rst paper where its anti-infl ammatory and anti-oxidative eff ects after experimental 

TBI in rats has been evaluated. Aim: Employing an experimental trauma technique, we aimed 

to investigate whether SUM has ameliorating eff ects on the infl ammatory phase of TBI via 

neurological, histological and biochemical analyses. Methodology: Twenty-three Wistar albino 

rats were randomly divided into three groups: control, trauma and trauma + SUM. The two latter 

groups underwent experimental diff use cortical injury mimicking TBI. The subjects underwent 

neurological assessment via the Garcia Test, histological analysis via a novel scoring system 

and biochemical analyses of neuron specifi c enolase (NSE), S-100B, caspase-3 (CASP3), and rat 

thiobarbituric acid reactive substances (TBARS) levels. Results: SUM receiving group had a better 

Garcia Test score (P < 0.001), higher anti-infl ammatory score (P = 0.004) and higher neuroprotective 

score (P < 0.001) along with a better histopathological score when compared with the trauma 

group. SUM receiving group had lower levels of S100B, CASP3 and TBARS. SUM was unable to reduce 

NSE levels. Conclusion: SUM may prove to be benefi cial in decreasing mortality and morbidity rates 

after TBI through its anti-infl ammatory and anti-oxidative eff ects. The novel scoring system used in 

this study may be a valuable tool for similar experiments.

Souhrn
Úvod: Traumatické poranění mozku (traumatic brain injury; TBI) je v rozvojových zemích stále velmi 

vážným problémem. Nevyhnutelným výsledkem traumatu je sekundární fáze s neuroinfl amací, 

která vede ke zvýšené morbiditě a mortalitě. Do současné doby byly tetovány různé účinné 

látky a léčebné modality. První klinicky dostupný tryptan, který byl použit k léčbě migrény – 

sumatriptan (SUM) – byl předtím hodnocen při cerebrální, testikulární a renální ischemii, ale pokud 

je nám známo, toto je první článek, který hodnotí jeho protizánětlivé a antioxidační vlastnosti po 

experimentálním TBI u potkanů. Cíl: Při použití naší techniky experimentálního traumatu jsme si 

dali za cíl zjistit, zda SUM zlepšuje stav při zánětlivé fázi TBI, a to prostřednictvím neurologické, 

histologické a biochemické analýzy. Metodologie: Dvacet tři potkanů kmene Wistar albino bylo 

náhodně rozděleno do tří skupin: kontrolní skupina, skupina s traumatem a skupina s traumatem, 

které byl podáván SUM. U posledních dvou skupin bylo vyvoláno experimentální difuzní poranění 

kortexu, které simulovalo TBI. Subjekty podstoupily neurologické hodnocení prostřednictvím 

Garciova testu, histologické vyšetření pomocí nového skórovacího systému a biochemickou 

analýzu hladin neuron specifi cké enolázy (NSE), S100B, kaspázy-3 (CASP3) a tzv. „rat thiobarbituric 

acid reactive substances“ (TBARS). Výsledky: Skupina, které byl podáván SUM, měla lepší skóre 

Garciova testu (p < 0,001), zvýšený protizánětlivý účinek (p = 0,004) a neuroprotektivní účinek 

(p < 0,001) a zároveň sníženou hladinu TBARS (p < 0,05), ale v porovnání se skupinou s traumatem 

měly podobné hladiny S100B, CASP3 a NSE. Závěr: Podání SUM může přinést prospěch z hlediska 

snížení mortality a morbidity po TBI vlivem jeho protizánětlivého a antioxidačního účinku. Nový 

skórovací systém použitý v této studii může být u podobných experimentů užitečným nástrojem. 
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Introduction
According to the United States Centers for 

Disease Control and Prevention (CDC), trau-

matic brain injury (TBI) is defi ned as a blow 

or jolt to the head or a penetrating head in-

jury that disrupts the normal function of the 

brain. Any form of external force applied di-

rectly or indirectly to the head can cause TBI 

via stretching, tearing or compression of the 

brain tissue, which results in the loss of neu-

ral tissue. Following this inevitable primary 

phase, damage-associated molecular pat-

terns (DAMPs) are released, thus inducing 

a cascade of metabolic, bio chemical and in-

fl ammatory responses with the activation of 

microglia and peripheral leukocytes. This im-

mune response in turn causes cell death via 

neuroinfl ammation and brain edema mak-

ing up the secondary phase of TBI [1]. The 

secondary phase of TBI may last for months, 

thereby contributing to long-term deterio-

rating eff ects. Although the primary phase 

is inevitable, ameliorating neurological def-

icits caused by neuroinfl ammation during 

the secondary phase of TBI via suppressing 

detrimental immune responses has proven 

to be eff ective [2,3].

Approximately 3 million emergency room 

visits, deaths and hospitalization due to TBI 

occur in the United States alone. Similar 

but varying numbers are present in Europe 

whereas developing countries have a higher 

incidence of TBI-related mortality and mor-

bidity at 160 per 100,000 persons in India 

and 344 per 100,000 in Asia. It is predicted 

that by the year 2030, TBI-related injury and 

disability will exceed many diseases in the 

developing world. With trauma centers re-

porting as high as 50% mortality rates due 

to TBI amongst all trauma-related deaths [4], 

it continues to pose a public health care con-

cern. Developing countries have a higher 

incidence of motor vehicle-related TBI, 

whereas developed countries have a higher 

incidence of TBI due to falls especially in the 

elderly group [4]. Regardless of the cause, 

TBI has long-term, generally irreversible dev-

astating eff ects on normal brain functions 

causing a burden for the patient, the family 

and the health care system.

Although many agents including cof-

fee have been tested in preclinical studies 

with promising results, none have made 

it into clinical use [5,6]. Thus, there is a des-

perate need for an agent to attenuate injury 

caused by the secondary phase of TBI. Su-

matriptan (SUM), the fi rst clinically available 

triptan used to treat migraine, a selective ag-

onist of serotonin 5-hydroxytryptamine 1B, 

has 1D (5HT1B, 1D) receptors that decrease 

the release of neurotransmitters and neu-

ropeptides such as calcitonin gene-related 

peptide (CGRP) and substance P (SP) by act-

ing on the serotonin receptors at the termi-

nal ends of neurons [7]. This in turn exerts 

an anti-infl ammatory and anti-oxidative re-

sponse. Other studies have shown SUM’s 

anti-infl ammatory eff ect by the inhibition of 

neurogenic infl ammation of the dural ves-

sels and its anti-oxidative eff ect via increas-

ing superoxide dismutase (SOD) [8].

Previous studies evaluating SUM’s eff ect 

on cerebral [9], myocardial [10] and testicu-

lar [8] ischemia, peripheral neuropathy [7], 

skin-flap survival [11], and post-traumatic 

headache (PTH) [12,13] have yielded prom-

ising favorable results. Also, studies focus-

ing on serotonin’s eff ect on TBI and its se-

quel have produced positive eff ects [14,15]. 

A systematic review by Yue et al [14] found 

that selective serotonin reuptake inhibitors 

(SSRI) after TBI were benefi cial in decreasing 

neuropsychiatric disorders. Li et al [15] con-

cluded that N-acetyl serotonin improved 

neurogenesis and ameliorated cognitive 

impairment after experimental TBI. Despite 

these above-mentioned studies, the eff ects 

of SUM after experimental TBI have not been 

investigated yet. To our knowledge, no pre-

vious study has evaluated SUM’s anti-infl am-

matory response after TBI, hence this study 

aimed to be the fi rst paper to discuss its ef-

fects via neurological, bio chemical and his-

tological analyses.

Materials and methods
Animals

Twenty-three healthy male Wistar albino rats 

ranging from 250–320 g were used in the 

study. They were maintained in a tempera-

ture-controlled room (24 ± 2 °C) on a 12-h 

light, 12-h dark cyclical sequence and were 

given free access to standard bait and water. 

The subjects were randomly divided into 

three groups: control (N = 8), trauma (N = 7) 

and SUM (N = 8).

Procedure & drug administration

In order to induce TBI in the subjects, the 

method described by Marmarou et al [16] 

for diff use cortical injury with minor modi-

fi cations was used. The subjects were given 

60 mg/ kg of ketamine hydrochloride IP (Al-

famine 10%, Egevet Veterinary Services, 

Famagusta, Cyprus) and 5 mg/ kg of xyla-

zine (Alfazyne 2%, Egevet Veterinary Ser-

vices) for general anesthesia. The subjects 

were placed in a prone position on the table; 

a midline scalp incision was made to expose 

the coronal and lambdoid sutures. A metal 

disc with a 10- mm diameter and 3- mm 

thickness was fixated onto the cranium 

using bone wax. A cylindrical tube measur-

ing 70 cm in height was used to drop a sim-

Fig. 1. The areas sampled to examine morphological changes.
Obr. 1. Oblasti, ze kterých byly odebrány vzorky k hodnocení morfologických změn.
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ilar shaped lead object weighing 450 g onto 

the cranium through the tube. Subjects in 

the control group only received anesthesia, 

the trauma group subjects were adminis-

tered 2 mL of 0.9% NaCl immediately after 

the trauma and again on the following day. 

The subjects in the SUM group were admin-

istered SUM at a dosage of 30 mg/ kg via in-

tranasal puff  immediately after the trauma 

and on the following day.

Neurological assessment

All of the subjects were observed for a week 

and evaluated with the Garcia Test [17]. The 

Garcia Test is a composite neurological test 

in which the rats are evaluated for various 

sensorimotor deficits. The six tests used 

were spontaneous activity, symmetry in 

movement of the four limbs, forepaw out-

stretching, climbing, body proprioception 

and response to vibrissae touch. Each fac-

tor has a maximum score of 3, whereby the 

maximum Garcia Test score is 18. 

Histological analysis

Subsequently, the subjects were given an-

esthesia with the above-mentioned agents 

and the brains were extracted immediately 

without any damage. Samples of neural 

tissue were obtained from three diff erent 

planes covering the frontoparietal lobes bi-

laterally (Fig.  1) and were subjected to histo-

pathological and bio chemical analyses. 

All obtained samples were kept in 10% 

buff ered formaldehyde for 24 h. After the 

fixation process, macroscopic sampling 

was performed. The tissues were cased in 

4- mm thick slices in the sagittal axis. Then, 

tissue fi xation was achieved through immer-

sion in an alcohol bath for 24 h. Tissues em-

bedded in paraffi  n cassettes were cut into 

5-micron slices with a microtome, stained 

with hematoxylin eosin (HE) and evaluated 

under a light microscope (Nikon Eclipse Ci, 

Minato, Japan). The samples were analyzed 

for anti-infl ammatory and neuroprotective 

eff ect of the agent used by evaluating neu-

ronal loss, gliosis, infl ammation and conges-

tion, in which each variable was assigned 

from 0 to 3 points. Congestion and neuronal 

loss were evaluated in 10 diff erent magnifi -

cation areas (400×) and the average of the 

total score was taken for each specimen. For 

infl ammation and gliosis, all sections of the 

specimens were evaluated. Inflammation 

and congestion constituted the anti-infl am-

matory effect whereas neuronal loss and 

gliosis determined the neuroprotective ef-

fect summing up the total histopathological 

score. The maximum score was determined 

to be 12, constituting healthy tissue and the 

minimum score was zero (Tab. 1, Fig.  2–5). 

All of the upper and lower limits along with 

Tab. 1. Targets and agents used to treat the secondary phase of traumatic brain injury.

Aim Target Agent Eff ect

glutamate 

antagonism

N-methyl-D-aspartate receptor

kainic acid receptor

alpha-amino-3-hydroxy-5- 

-methyl-4-isoxazole propionate 

metabotropic receptor

3-(carbozypiperazin-4-yl)-propyl-1-

-phosphanate

CP101,606

gacyclidine [cis(Pip/Me 1-[(1-2- thienyl)-

-2-methylcyclohexyl]piperidine)]

aptiganel HCL (Cerestatâ, CNS 1102)

eliprodil (SL820715)

kynurenate

riluzole (2-amino-6-trifl uoro

methoxy benzothiazole)

(R,S)-1-aminoindan-1,5-dicaboxylic

acid 

decrease in cognitive dysfunction and 

cerebral edema

attenuated neuronal injury, improved 

neurological recovery

neuroprotective eff ect

calpate 

antagonism

direct calpain inhibition AK-295

AK-275

cyclosporin A

decrease in cytoskeletal breakdown and 

neuronal degeneration

decrease in calcium-induced, calpain-

-mediated spectrin breakdown, 

neurofi lament

compaction, and axonal damage

caspase cascade 

inhibition

caspase-1 inhibiton

caspase-3 inhibiton

AcYVAD-cmk

zVAD-fmk

zDEVD-fmk

reduction in cerebral traumatic lesion

decrease in apoptotic cell death and 

contusion volume

anti-ınfl ammation infl ammatory cytokines IL-1 receptor antagonist

IL-10 anti TNF-α antibody

decrease in neuronal cell death and 

improved cognitive function

improvement of neurological recovery 

and inhibition of TNF-α and IL-1b

reduce NO NO pathway modulation

NO synthase inhibiton

nNOS, iNOS inhibition

BN

80933

L-N-iminoethyl-lysine

decrease in neurologic motor function 

defi cits

confounding results, detrimental eff ects

IL – interleukin; NO – nitric oxide; TNF-α – tumor necrosis factor-α   
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ranging values were identified via control 

(healthy: 9 pts.) and most damaged tissues 

(0 pts.). To the best of our knowledge, this is 

the fi rst organized histopathological scoring 

system used in experimental head trauma.

While evaluating neuronal loss, the num-

ber of neurons in a high-power field (hpf) of 

5 were counted in the control group and were 

averaged (65 neurons). The trauma and treat-

ment group were compared to this. While 

evaluating gliosis, the control group con-

stituted a score of 3 (normal), and the case 

with the highest amount gliosis score was 

determined to be zero. All other cases were 

evaluated in between these reference points. 

Biochemical analysis

The tissue samples were subjected to 

bio chemical analysis by a blinded bio-

chemistry consultant in order to evaluate 

neuron specifi c enolase (NSE), S-100B, cas-

pase-3 (CASP3), and rat thiobarbituric acid 

reactive substances (TBARS). The tissue sam-

ples were centrifuged after a homogenous 

aqueous mixture was obtained with a so-

lution of 0.9% sodium chloride. The super-

natant of these mixtures was subjected to 

a commercial solid-phase enzyme immu-

noassay kit (SHANGHAI YEHUA Biological 

Technology Co., Ltd, Shanghai, China). These 

markers are known to be increased in serum 

and CSF levels after trauma [18–21].

Statistical analysis

All statistical analyses were performed using 

SPSS, version 17.0 (IBM, Armonk, NY, USA). 

The results were tested for normality and 

where there was no normal distribution, the 

Mann-Whitney U test was used and the min-

Fig. 2. (A) Signifi cant neuronal loss and neuronal degeneration in the trauma group (score 0). (B) Neurons are preserved in the sumat-
riptan group, but continued degeneration (score 3) (hematoxylin eosin 200×). 
yellow arrows – degenerated neurons with nuclei hypertrophy and chromatin degeneration; red arrows – regular nuclei contours and nor-

mal chromatin distribution

Obr. 2. (A) Významná ztráta neuronů a degenerace neuronů ve skupině s traumatem (skóre 0). (B) Ve skupině na sumatriptanu jsou sice 
neurony zachovány, ale pokračuje degenerace (skóre 3) (hematoxylin-eozin 200×). 
žluté šipky – degenerované neurony s hypertrofi í jader a degenerací chromatinu; červené šipky – pravidelné obrysy jader a normální distri-

buce chromatinu

A B

Fig. 3. (A) Small groups of lymphoid cells in the brain tissue of the trauma group (score 0). (B) Few dispersed lymphoid cells within the 
bain tissue of the sumatriptan group (score 1) (hematoxylin eosin 200×).
Obr. 3. (A) Skupinky lymfoidních buněk v mozkové tkáni ve skupině s traumatem (skóre 0). (B) Několik dispergovaných lymfoidních bu-
něk v mozkové tkáni ve skupině na sumatriptanu (skóre 1) (hematoxylin-eozin 200×). 

A B
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imum, maximum and median values were 

derived. Where normal distribution was pre-

sent, Student’s T test was used for statistical 

evaluation of the data. Statistical signifi cance 

was accepted as P < 0.05.

Test, anti-inflammatory and neuroprotec-

tive eff ect along with total histopathological 

score are listed in Tab. 2. The trauma group 

had a worse Garcia Test score along with his-

topathological parameters and it was statis-

tically signifi cant (P < 0.001). The SUM group 

had a better Garcia Test score along with his-

topathological parameters and it was statis-

tically signifi cant (P < 0.001).

The mean values of the bio chemical anal-

yses of the groups were compared and are 

summarized in Tab. 3. The trauma group 

had statistically significantly higher NSE, 

S100B, CASP3 and TBARS levels when com-

pared with the control group. SUM did not 

Fig. 4. (A) Two congested vascular structures at 1 hpf in the trauma group (score 1). (B) One congested vascular structure per 1 hpf in 
the sumatriptan group (score 2) (hematoxylin eosin 200×)
hpf – high-power fi eld
Obr. 4. (A) Dvě utlačené vaskulární struktury na 1 hpf ve skupině s traumatem (skóre 1). (B) Jedna utlačená struktura na 1 hpf ve sku-
pině na sumatriptanu (skóre 2) (hematoxylin-eozin 200×). 
hpf – high-power fi eld

A B

Fig. 5. (A) Normal brain tissuie in the control group (score 3). (B) 
Signifi cant gliosis in the trauma group (score 0). (C) Mild gliosis 
in the sumatriptan group (score 2) (hematoxylin eosin 200×).
Obr. 5. (A) Normální mozková tkáň v kontrolní skupině (skóre 3). 
(B) Významná glióza ve skupině s traumatem (skóre 0). (C) Mírná 
glióza ve skupině na sumatriptanu (skóre 2) (hematoxylin-eo-
zin 200×).   

A B

C

Results
The minimum, 

maximum and 

median values 

of the Garcia 
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response may also prove to be benefi cial in 

regulating the infl ammatory response after 

TBI.

The injury model used in this study pro-

posed by Marmarou et al [16] aimed to sim-

ulate the most common form of TBI: dif-

fuse axonal head injury (DAI). DAI in humans 

is mostly caused by falls and motor vehi-

cle accidents, making it suitable to evaluate 

a target therapy’s eff ect. This technique al-

lows for a simple, reproducible and practical 

model of a closed head injury without brain-

stem damage or focal brain lesions. The rea-

son why this technique has been used is that 

it has been shown to mimic closed head 

trauma in humans with posttraumatic ven-

triculomegaly in survivors, and more than 

1,500 papers have cited this technique. In 

an extensive and comprehensive review 

of animal models of TBI, Marmarou’s tech-

nique was described to be one of the closest 

models in mimicking human TBI by causing 

widespread damage of neurons, axons, den-

drites and microvasculature along with DAI. 

It was also able to cause the motor and cog-

nitive defi cits with diffi  culties in beam walk-

ing and memory [26]. 

NSE, an enzyme released from neurons 

after the injury, plays a pivotal role in cere-

cal entities of these fi ndings were evidenced 

in this paper via neurological assessment of 

subjects using the Garcia Test.

Previous studies evaluating SUM’s eff ect 

used ranging values of 0.1–5 mg/ kg [7,9,23]. 

This study used a higher rate of 30 mg/ kg 

similar to the dose used for migraine attacks 

with an interval of 24 h as advised. A study 

evaluating the effi  cacy of SUM has proved 

higher doses to be more eff ective in treating 

migraine attacks [24]; in contrast to previous 

studies, a higher dose was employed. 

In the treatment of migraine, SUM’s eff ect 

of vasoconstriction plays a crucial role in de-

creasing the cerebral blood fl ow along with 

the constriction of dural and meningeal ves-

sels [25]. This factor alone may play a crucial 

role in preventing the vasodilatation causing 

the infl ammatory process following trauma, 

decreasing edema and the migration of pro-

infl ammatory cytokines. Another pathway in 

which SUM alleviates migraine is the activa-

tion of 5-HT1B/ 1D receptors leading to de-

creased cyclic adenosine monophosphate 

(cAMP) resulting in the inhibition of SP, CGRP, 

glutamate and other infl ammatory media-

tors’ release [8]. Migraine itself is a pro-in-

fl ammatory response, thus using an agent 

which targets decreasing this infl ammatory 

show a benefi cial eff ect on NSE when com-

pared to the trauma group. It decreased 

S100B, CASP3 and TBARS levels compared 

to the trauma group although only the de-

crease in TBARS was statistically signifi cant. 

The agent was able to reduce the param-

eters close to the control group, but only 

CASP3 and TBARS comparison revealed sta-

tistically signifi cant results. This is most likely 

due to a low sample size and a high stand-

ard deviation.

Discussion
The principle aim of this study was to 

evaluate SUM’s eff ect after TBI via its anti-in-

fl ammatory eff ects. SUM exerts its anti-in-

fl ammatory eff ect by decreasing the release 

of SP and CGRP by acting on the terminal 

ends of neurons through 5HT1B/ 1D recep-

tors [22]. Infl ammatory response evoked by 

trauma plays a crucial role in the progres-

sion of TBI. As evidenced by this paper and 

supported by the results of previous studies, 

NSE, S-100B, CASP3 and TBARS levels in-

crease after trauma amongst other mark-

ers [18–21]. This correlates with the infl am-

matory response and in turn corresponds 

to the histopathological findings such as 

neuronal loss, gliosis and congestion. Clini-

Tab. 2. Distribution of evaluations amongst groups.     

Garcia Test anti-infl ammatory eff ect neuroprotective eff ect histopathological score

control

min 17.00 5.90 5.90 11.90

max 18.00 6.00 6.00 12.00

median 18.00 6.00 6.00 12.00

trauma

min 14.00 1.00 2.00 4.00

max 15.00 2.00 4.00 6.00

median 15.00 2.00 2.50 5.00

sumatriptan

min 17.00 3.00 3.00 7.00

max 18.00 4.00 5.00 9.00

median 18.00 4.00 4.00 8.00

Tab. 3. Comparison of biochemical analysis amongst groups.

neuron specifi c enolase S100B caspase-3 thiobarbituric acid 
reactive substances

control vs. trauma P < 0.05 (6.57 vs. 9.90) P < 0.05 (115.00 vs. 188.00) P < 0.05 (8.30 vs. 11.40) P < 0.05 (100.00 vs. 200.00)

sumatriptan vs. control P < 0.001 (10.00 vs. 6.50) P = 0.611 (158.00 vs. 115.00) P < 0.05 (10.50 vs. 8.30) P < 0.05 (139.00 vs. 100.00)

sumatriptan vs. trauma P = 0.428 (10.00 vs. 9.90) P = 0.162 (158.00 vs. 188.00) P = 0.177 (10.50 vs. 11.40) P < 0.05 (139.00 vs. 200.00)

independent sample t-test, mean values given in parenthesis
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blocking CGRP release leading to decreased 

infl ammation evidenced by a decrease in 

GFAP [13].

The aforementioned studies involving 

PTH are essential because PTH is mainly 

caused by the neuroinfl ammatory process 

of TBI, hence any study evaluating a phar-

macological agent for the treatment for PTH 

would indirectly be treating the infl amma-

tory process. However, these comprehensive 

studies are valuable in elucidating the most 

probable mechanism in which SUM is able 

to impose an anti-infl ammatory eff ect. The 

fi ndings support the analyses of this study 

as well. Infl ammatory markers evaluated in 

this study were found to be decreased by 

SUM, which was further supported by his-

tological examination and neurological 

assessment. 

Histopathological evaluation provides 

valuable insight into the micro-analysis of 

cellular structure of the tissues along with 

the extent of tissue deterioration. A novel 

scoring system evaluating four diff erent pa-

rameters was used to confi rm bio chemical 

and neurological assessment, which was 

previously used in other studies. This scor-

ing system may become a valuable param-

eter for future studies. In this paper, SUM re-

ceiving subjects had statistically signifi cantly 

higher anti-infl ammatory and neuroprotec-

tive scores.

Consequently, in order to assess the neu-

rological outcomes of the subjects, the 

Garcia Test was used in this study, which 

evaluates sensorimotor defi cits. Biochem-

ical and histological evaluations may pro-

vide results that do not correlate well with 

fi nal results, evaluated through neurological 

examination. Thus, the Garcia Test provides 

a valuable assessment of the agent used, in 

this case SUM, which provided statistically 

signifi cant results with higher scores com-

pared to the trauma group.

Experimental TBI and agents to coun-

teract the secondary neuro-inflammation 

phase are being continuously evaluated as 

they continue to be a popular topic. Neu-

roscientists are aiming to go just beyond 

mannitol or hypertonic saline treatment 

after TBI [35] or supportive treatment such 

as blood transfusions [36]. Modifying cation 

homeostasis to prevent the infl ux of Ca2+ 

and Na+ and glutamate antagonists to pre-

vent excitatory eff ects, and caspase inhibi-

tion have also been a popular target [37]. 

A summary of agents that have been pre-

viously evaluated is shown in Tab. 1.

found in the treatment group compared to 

the trauma group and similar to the control 

group, but was not statistically signifi cant. 

Nonetheless, SUM presumably decreased 

the infl ammatory response after TBI allow-

ing the down regulation of S100B.

During the secondary phase of TBI, infl am-

mation-induced apoptosis facilitates the re-

modeling of brain tissue. Both pathways 

for apoptosis are initiated by CASP3 and in-

creased levels are significantly correlated 

with lower GCS and higher mortality [20]. 

TBARS, the most widely used assay for index-

ing lipid peroxidation end product malon-

dialdehyde is also valuable in evaluating 

oxidative stress damage of lipids and pro-

teins. Previously published results reported 

increased TBARS levels in patients after TBI 

with lower GCS scores and higher mortality 

rates [21].

SUM group had lower levels of S100B, 

CASP3 and TBARS compared with the 

trauma group and similar levels when com-

pared with the control group. Due to a small 

sample size and a high standard deviation, 

only TBARS comparison yielded statisti-

cally signifi cant results, but these results do 

shed hope for further studies with an in-

creased number of subjects. Nevertheless, 

the mechanism by which SUM exerts these 

eff ects needs to be delineated.

A well-designed experimental study 

evaluating the eff ect of SUM on PTH showed 

that SUM was found to decrease inducible 

nitric oxide synthase (iNOS) and CGRP both 

known to increase after closed cortical in-

jury [12]. iNOS and CGRP are induced by pro-

infl ammatory cytokines such as TNF-, IL-1, 

and IL-6 after TBI [33]. Nitric oxide (NO) is be-

lieved to increase immediately after trauma 

and several days after. Reducing or inhibit-

ing the release of NO after TBI has yielded 

improved neurological outcome along with 

neuroprotective effects [34]. SUM in this 

study may have decreased NOS levels, thus 

reducing the inflammatory response by 

creating a better neurological outcome con-

fi rmed by the analyses.

A study evaluating the role of transient 

receptor potential vanilloid 1 (TRPV1) chan-

nel in PTH found that SUM administration 

was eff ective in reducing periorbital allo-

dynia. The authors have concluded that 

TRPV1 induced neuroinflammation after 

TBI. TRPV1 collaborated with CGRP in acti-

vating astrocytes and microglia leading to 

the increased infl ammation and vasodilata-

tion. SUM was able to reduce allodynia via 

bral glycolytic energy metabolism which 

makes it a suitable marker of TBI [27]. NSE 

concentrations are high in neurons and neu-

roendocrine cells. This marker has also been 

evaluated in stroke and subarachnoid hem-

orrhage yielding elevated results [18]. The 

cellular degradation caused by the trauma 

and thereafter due to apoptosis along with 

cerebral edema is the main cause of NSE el-

evation after TBI. However, it remains un-

known whether NSE increase after TBI is 

solely due to the neuronal damage or a re-

sponse to the inflammatory process. Al-

though the fi ndings of this study were paral-

lel to previous fi ndings where increased NSE 

levels were detected in the trauma group, 

SUM diff ered in not being able to decrease 

NSE levels. The authors of this paper have 

postulated that SUM through its anti-in-

fl ammatory eff ects may be able to regulate 

the infl ammatory response of TBI. However, 

NSE is elevated after the proliferation of neu-

rons in malignancies and cellular damage 

after infarction or trauma [28]. The produc-

tion of NSE is not initiated by an infl amma-

tory response; it rather proves to be benefi -

cial in evaluating the extent of trauma which 

would explain why SUM was unable to re-

duce NSE levels. Studies analyzing a longer 

period of recovery after TBI may find re-

duced levels of NSE, which may correlate 

with a decreased inflammatory response, 

hence a decreased rate of cellular damage.

A small Ca+2 binding protein, S100B, is 

expressed in astrocytes, Schwann cells and 

oligodendrocytes. It promotes neuropro-

fi leration, diff erentiation and cytoskeleton 

assembly, all of which are involved in neural 

regeneration after trauma via infl ammation. 

However, its extracellular concentrations de-

termine a neurotrophic or a neurotoxic ef-

fect [29]. S100B was found to be higher in 

trauma patients and in numerous neuro-

logical conditions, thus making it a valuable 

marker after TBI. Increased levels were corre-

lated with the injury severity and were pre-

dictive for unfavorable outcome after TBI 

along with elevated CSF concentrations in 

patients with brain death due to TBI [30]. 

Both NSE and S100B correlated with better 

Glasgow Coma Scale (GCS) scores in pediat-

ric patients after TBI [31]. Although S100B is 

involved in the proliferation, diff erentiation, 

Ca+2 homeostasis and energy metabolism, 

it has been shown to be closely associated 

with the infl ammatory response, oxidative 

stress and apoptosis [32]. This study revealed 

similar results where S100B decrease was 
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Conclusion
Numerous agents have been and are cur-

rently being investigated to reverse the ef-

fects of the secondary phase after trauma, 

but very few have made it into clinical use. 

This paper evaluated SUM’s eff ects in exper-

imental TBI, comprising neurological, his-

tological and bio chemical parameters. The 

histopathological assessments used in this 

paper have been used in previous studies, 

but to our knowledge a scoring system val-

idating bio chemical results and neurologi-

cal assessments is the fi rst one. The results 

of this study provide valuable insight regard-

ing the eff ects of a readily accessible and af-

fordable migraine drug on a very frequent 

clinical entity. However, the low number of 

subjects has yielded some statistically in-

significant results. SUM may prove to be 

a valuable agent in decreasing brain injury 

and functional defi cits after TBI.
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