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Investigation of possible protective role of betain and omega-3 supplementation in traumatic brain injury 

INTRODUCTION: Due to irreversible damage following head trauma, many overlapping pathophysiological events
occur including excitotoxicity, acidotoxicity, ionic imbalance, edema, oxidative stress inflammation and apoptosis.
MATERIAL AND METHODS: In this this study, after the rats were separated in to groups theserats were fed through-
out fourteen days with betaine, omega-3 or betaine+omega-3 combination in physiological limits prior to the trau-
ma. After a closed head trauma, the damaged brain tissues were collected for biochemically and histologically anal-
yses. This examination involved analyses of levels of caspase-3 and cytochrome C and neuron-specific enolase (NSE)
levels in brain tissue. 
RESULTS: These analyses showed that traumatic brain injury (TBI) caused an increase in the levels of caspase-3,
cytochrome C and neuron-specific enolase (NED) in the brain tissues examined.
DISCUSSION: In this study, apoptotic and/or necrotic cell death via mitochondrial cytochrome C caspase pathway
in traumatized cells and neuron-specific enolase (NED) increase indicative of neuronal damage confirmed the
research hypothesis. 
CONCLUSION: Level of the biomarkers induced by brain injury in the groups fed with betaine, omega-3 and
betaine+omega-3 combination before the traumatic damage approximated to that of control group values, sug-
gesting that these products may have a neuroprotective role.
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trauma and associated mortality and morbidity risks are
gradually increasing in today’s daily accelerating social
and technological life conditions. According to European
Union statistics, the annual incidence of head trauma is
235/100.000 person and 2.7% of them result in mor-
tality 3. Evidence shows that average 1.7 million people
in the US are exposed to head trauma each year, and
about 5.3 million Americans continue to live with a
TBI-related disability 4. The main determinants of the
outcome of traumatic injury (TBI) are primary factors
including injury mechanism, severity of injury, lesion
pathology, expanded involvement, involved brain region,
and hemispheric dominance 5. This damage is called pri-
mary damage and can result in severe disabilities, such

Introduction

Traumatic brain injury is a pathology that requires long-
term treatment and care. It is also a common problem
that concerns community health and one of the leading
causes of death worldwide 1,2. The incidence of head
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as vegetative life and death, which is prevalent among
more than 20% of the patient population 6.
Traumatic brain injury occurs when the pathways of exci-
totoxicity, acidotoxicity, ionic imbalance, edema, oxida-
tive stress, inflammation and apoptosis work together
through complex interrelationships7 . Primary damage
usually causes irreversible damage to neurons, glial cells
and blood vessels. The energy exchange initiated during
the damage usually results in cerebral tissue deteriora-
tion and microvascular lesions. Along with other sys-
temic factors, this damage opens the way to secondary
damage by creating a hypoxic and ischemic condition 8.
These conditions leads to the transition from aerobic
metabolism to anaerobic metabolism, resulting in lactate
forming an acidosis state that activates pH-dependent
calcium channels 9. Excessive accumulation of glutamate
also leads to reduction of ATP level and cause to ionic
and proteolytic imbalance as likea naerobic metabolism.
This causes sodium (Na+) and calcium (Ca+2) to enter
into the cell via glutamate receptors and, consequently,
necrosis and death of the cell 8,10,11.
Apoptosis is, by definition, the cell death mechanism
occurring through intrinsic and extrinsic mechanisms in
the cytoplasmandcan be genetically programmed in the
regulation of tissue homeostasis triggered by free radi-
cals, DNA damage, protease activation and ionic imbal-
ance. Both pathways result in caspase-3 activation, which
leads to the breakdown of cellular proteins necessary to
maintain cell survival and integrity 7. Especially caspase-
3 is the essential protein that plays a central role through-
out the apoptotic process. Glutamate also induces apop-
tosis by both stimulating the production of oxidative
stress and mitochondrial reactive oxygen species (ROS)
through pro-oxidant activity and via caspase-3 or mito-
chondrial cytochrome C release 12,13.
Neuron Specific Enolase (NSE) is a basic glycolytic
enzyme synthesized by neurons and neuroendocrine tis-
sues. This is a dimeric enzyme composed of , and γ sub-
units. NSE (gg-enolase) is an intracellular protein14 found
mostly in neuronal cytoplasm and in neuroendocrine
cells in an insignificant concentration. The findings in
some central nervous system diseases that cause neuronal
damage suggested that NSE might be a specific indica-
tor for neural damage 15.
Nutritional-based therapies can represent a significant part
of combination therapies as these agents have complemented
the therapeutic effect on biological function and damage to
the brain in several studies 16. Previous studies showed that
supplementation of essential nutrientsfor the metabolic cas-
cade in the early stages of injury contributes to the func-
tional recovery of patien 4. Based on the theory developed
in the light of this effect, this study was carried out with
betaine and omega-3 in order to examine thateffectsof
potential neuroprotective products consumed in the pre-
trauma daily diet on the trauma-induced damage.
Also known as trimethylglycine, glycinebetaine, lysine or
oxinergine, betaine is a quaternary ammonium com-

Ann. Ital. Chir., 90, 2, 2019 175

A possible protective role of betain and omega-3 supplementation in traumatic brain injury

pound. betaine, which contains both amino acids with
both positive and negative charges, is required for the
conversion of homocysteine to methionine, stabilization
of methionine levels, homocysteine detoxification and S-
adenosylmethionine (SAM) production 17. Having an
osmolytic character, the main physiological role of
betaine is to regulate transmethylation reactions. betaine
is found in microorganisms, plants and animals and is
an important component of many foods such as wheat,
shellfish, spinach and sugar beets. betaine has two main
physiological functions protecting cells under stress as
organic osmolite or actingintrans-methylation processes
as a catabolic source of methyl groups in many bio-
chemical events 18. The highest betaine concentrations
are found in the liver and kidney whereas it is found
in low concentrations in the brain 19.
Fish oil is rich in omega-3 and is known to be anti-
inflammatory. Eicosapentaenoic acid (EPA) and docosa-
hexaenoic acid (DHA) are predominantly omega-3 fatty
acids 20. It has a key role in mitochondrial function as
well as in the structural component, modulation and vis-
cosity of cell membranes 21. Several studies showed that
omega-3 exhibits anti-inflammatory and antiapoptotic
properties although its neuroprotective effect is not ful-
ly explained. It is widely used in developed countries in
the form of a fish oil capsule against hypertriglyc-
eridemia, heart disease and macular degeneration22. 
In the light of these data, the aim of this study was to
identify possible neuroprotective activities of betaine and
omega-3 in posttraumatic secondary trauma in rats fed
with these products prior to the trauma.

Material and method

This study was carried out with the rats obtained from
the Medical and Surgical Experimental Research Center
(TICAM) of Eski ehir Osmangazi University after
approval of the Experimental Animals Ethics Committee
of the Faculty of Medicine of the same university (446-
2, 19.08.2015). A total of 40 Wistar albino adult male
rats (weighing 260-280g) were divided into five groups
(n = 8 for each).

GROUPS AND DRUG ADMINISTRATION

There were five groups in the study: control group (n=8),
TBI (Traumatic Brain Injury) group (n=8), TBI +
betaine group (n=8), TBI + omega-3 group (n=8) and
TBI + betaine + omega-3 Combination group (n=8).
During the 14-day period before the TBI, the groups
were respectively treated with 2 ml saline (0.9% NaCl);
2 ml saline (0.9% NaCl); betaine dissolved in saline at
a dose of 800 mg/kg in 2 ml volume; 300 mg / kg
omega-3; and betaine and omega-3 combination. 
The drugs were prepared freshly every day at the same
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doses and applied by gavage. Rats were treated by the
saline, betaine and omega-3 each day as described above
and this process lasted throughout the fourteen days.
The day after the last dose day (day fifteen) of the treat-
ment all the rats were prepared for the head trauma. 

HEAD TRAUMA MODEL AND COLLECTION OF SAMPLES

Marmarou’s impact acceleration model was used to
obtain a head trauma model 23. Experimental animals
were anesthetized by injecting intramuscularly with 70-
mg/kg ketamine (Ketalar 50 mg/ml 10 ml vial, Pfizer
Inc. Istanbul) and 7-mg/kg xylazine hydrochloride
(Rompun 2% solution, 50 cc. Bayer-Türk Inc. Istanbul).
The rats were placed in a prone position at a table. After
the dorsal surfaces of their skulls were supported with
10 cm foam, a head impact was delivered to each rat
via a free-falling 450 g cylindrical weight through a met-
al tube from a height of 100 cm onto the coronal and
sagittal suture junctions in the cranium. Dropping of the
cylindrical weight wasn’t performed in the control group;
however, other procedures were same for the control
group rats.
Once the trauma model was administered, brain tissues
were taken carefully from the trauma boundary into tis-
sue bags for biochemical analysis without causing any
additional damage or sacrificing the rats, and the tissues
were then kept in a chest freezer (-80 °C temperature)
until the examination time. Next, cardiac blood samples
were taken from the animals for analyses to be carried
out on the sera, and the sera were separated for use after
being placed in biochemical tubes and centrifuged. In
addition, for histopathological analysis, some tissues were
fixed in formaldehyde until the moment of examination.

BIOCHEMICAL EXAMINATIONS

Measurement of Brain Tissue caspase-3 Activity and
cytochrome C Levels 

Measurements of brain tissue caspase-3 activity (CatNo
201-11-0281) and cytochrome C (Cat No 201-11-0628)
levels were performed using the Sandwich ELISA kit
from SunRed Corp (China, Shangai). The tissues Stored
in the deep-freeze were homogenized with phosphate
buffer and centrifuged at 3000 rpm for 20 minutes, the
supernatant was tested for each brain tissue specimen
according to the procedure specified by the kit. The
results are given as ng/mg protein.

Serum Neuron Specific Enolase (NSE) Analysis

A serum NSE analysis was performed using the Sandwich
ELISA kit (CatNo. 201-11-0542) supplied by
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SunRedCorp (China, Shangai). On the day when the
cardiac blood samples were collected, the serum samples
obtained from the blood samples which had been cen-
trifuged at 3000 rpm for 20 minutes were removed from
the deep-freeze and dissolved at +4 °C and then tested
for each serum sample according to the procedure spec-
ified by the corresponding kit. The results are given in
ng/ml.

Determination of Tissue Protein Levels

The measurement was performed using Bradford’s
method. This method involves spectrophotometrically
quantifying the varying intensity of the colour blue at
595 nm that is produced by the Coomassie Brilliant
Blue G-250 dye depending on the amount of protein
in different concentrations 24. 

HISTOLOGICAL EXAMINATIONS

Hematoxylin-eosin dual staining was used in this study. 

STATISTICAL ANALYSIS

SPSS 22.0 for Windows was used for statistical analy-
sis. The results were expressed as mean ± standard devi-
ation. Also, one-way ANOVA was used for statistical
analysis of the groups, and Tukey test was used to deter-
mine the differences between the groups.

Results

BIOCHEMICAL RESULTS

The graph in Fig. 1 shows the statistical analyses of the
caspase-3 measurements performed on brain tissues of
the five groups. caspase-3 activity of the TBI group sig-
nificantly increased in comparison with the control group
(p<0.01). In contrast, the level of caspase-3 activities in
the other three treatment groups decreased in compari-
son with the TBI group (p<0.01). Among the groups,
the closest caspase-3 activity to the control group was
in the betaine+omega-3 combination group (Table I).
Brain tissue cytochrome C levels increased in the TBI
group but did not show a significant difference. However,
the results were significantly lower in the other three
groups compared to the TBI group. In the betaine group,
on the other hand, this level showed a more significant
difference than that in the control group (p<0.05) 
(Fig. 2, Table I).
Finally, as shown in Fig. 3, serum NSE activity of the
TBI group was significantly higher than that of control
group (p<0.01). In comparison with the TBI group, on

READ-O
NLY

 C
OPY 

PRIN
TIN

G P
ROHIB

ITED



Ann. Ital. Chir., 90, 2, 2019 177

A possible protective role of betain and omega-3 supplementation in traumatic brain injury

HISTOLOGICAL RESULTS

As shown by the histological images of brain tissues in
Fig. 4, normal cortical area neurons and glial cells are
observed in the control group image. In the trauma
group, on the other hand, numerous necrotic neurons
and edema in the brain were noted in the cortical area.
While edema decreased and less necrotic neurons were
observed in the betaine group, edema continued to exist
in the omega-3 group. In the group where drugs were
used in combination to prevent TBI, edema was much
more reduced and both necrotic and normal cell struc-
tures were observed (Fig. 4). These histological images
showed that the best improvement was in the combined
group, followed by the group given betaine as a thera-
peutic agent.

Discussion

There are various studies on the primary damage fol-
lowing head trauma and neuronal degeneration resulting
from its secondary damage that use nutrition-based ther-
apies to support the healing process in the treatment of
experimental brain injury in recent years 16.
The mechanism of the injury, the severity of the injury,
the pathology of the lesion, the involved brain region

TABLE I - Brain tissue caspase-3 Activity and cytochrome C levels, serum NSE (Neuron Specific Enolase) Activity levels (s.d. standard deviation).

Groups N caspase-3 activity of brain tissues cytochrome C levels of brain tissues NSE activity of sera
(ng/mg protein ± s.d.) (ng/mg protein ± s.d.) (ng/ml ± s.d.)

Control 8 15.52 ± 1.15 86 ± 1.88 16.78 ± 2.72
TBI 8 20.12 ± 2.10a 95.40 ± 11.15 23.37 ± 5.56a
TBI + betaine 8 16.19 ± 1.90b 71.42 ± 9.89b,d 19.74 ± 1.26
TBI + omega-3 8 16.10 ± 1.38b 79.40 ± 8.80b 18.27 ± 2.16b
TBI + Combined 8 15.35 ± 0.80b 81.84 ± 8.26c 17.99 ± 2.91b

a: Highly significant difference compared with the control group (p<0.01). b: Highly significant difference compared with the TBIgroup
(p<0.01). c: Significant difference compared with the TBI group (p<0.05). d: Significant difference compared with the control group
(P< 0.05).

Fig. 1: a) Highly significant difference compared with the control
group (p<0.01). b) Highly significant difference compared with the
TBI group (p<0.01).

Fig. 2: b) Highly significant difference compared with the TBI group
(p<0.01); c) Highly significant difference compared with the TBI
group (p<0.05); d) Significant difference compared with the  con-
trol group (p<0.05).

Fig. 3: a) Highly significant difference compared with the control
group (p<0.01); b) Significant difference compared with the TBI
group (p<0.05).

the other hand, the NSE activity of the betaine group
was lower, but this decrease was not statistically signifi-
cant. In contrast to these results, it is clear that the decreas-
es in omega-3 and combined treatment groups were high-
ly significant when compared to the TBI group, and that
the results of the combined group were somewhat closer
to the control group (p<0.05) (Fig. 3; Table I).
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and the hemispheric dominance are major determinants
of the severity of damage and its sequelae.Many prod-
ucts emerging as a result of the complex relationships of
the pathways of excitotoxicity, acidotoxicity, ionic imbal-
ance, edema, oxidative stress, inflammation and apopto-
sis then determine the secondary damage 7. These prod-
ucts in tissue and serum have been a popular research
subject. In this study, we examined the effect of pre-
trauma omega-3 and/or betaine dietary supplementation
on neuronal damage following head trauma in rats by
studying caspase-3 and cytochrome-C in brain tissue and
NSE activity in serum. 
Glutamate exitotoxicity trigger apoptosis by caspase-3
activation which is most important enzyme in apoptot-
ic pathway, and cytochrome C release from mitochon-
dria to cytosol 13. Several studies showed that glutamate
toxicity results in the loss of rapid ATP levels as-
sociated with mitochondrial dysfunction and consequent
ROS production. Also, mitochondrial dysfunction acti-
vates caspase-3, which is a protease, and this acts as one
of the key actors of the apoptotic cascade 25. The
cytochrome C oxidase is an essential electron transfer
chain complex needing ATP and requires cytochrome C
released after mitochondrial dysfunction for caspase-3
activation 26. In a study, it was found to decrease the
ATP level and cytochrome C oxidase activity in the glu-
tamate injection group while it reversely affected the
decrease in ATP level and cytochrome C oxidase activ-
ity in the KHG26693-treated group. This result proved
it to be neuroprotective against oxidative stress caused
by glutamate 27. Activation of matrix metalloprotease
(MMPs), which contribute to the deterioration of the
blood brain barrier after TBI, leads to apoptosis and
neuroinflammation via caspase-1/3 and IL-1 β release 28.

caspase-3 inhibitors were shown to attenuate apoptosis
induced by oxyHb in endothelial cells and to reverse
chronic cerebral vasospasm in apoptotic subarachnoid
animal models 29,30.
Neuron-specific enolase (NSE) is a glycolytic cytoplas-
mic enzyme of neurons. It was previously used as a mark-
er of stroke, traumatic brain injury, encephalitis, brain
metastasis, subarachnoid haemorrhage (SAH) and neu-
ronal damage in some neurodegenerative diseases. For
this reason, it is important for clinicians 31.32. High serum
NSE levels in patients with SAH indicate an increased
neuronal damage. Kacira et al. showed that CSF and
serum NSE levels were significantly higher in patients
with SAH than in control patients 15.
betaine is critical for the structural and functional integri-
ty of the cell membrane 33. The main physiological role
of betaine is being an osmolite, which protects cells, pro-
teins and enzymes from environmental stress. As anoth-
er role, it takes part in methionine cycleas a methyl
donor primarily in human liver and kidney. Inadequate
uptake of methyl groups by nutrition leads to
hypomethylation in many important pathways.
Homocysteine levels increase and cause dyslipidemia.
Eventually, changes in this liver metabolism may con-
tribute to a variety of chronic diseases, including coro-
nary disease, stroke, Alzheimer’s disease, disorders of the
nervous system such as dementia, disorders such as neu-
ral tube defects, and hepatic and vascular disease.
Evidence suggests that betaine is a critical nutrient in
the prevention of all these diseases 18. In these diseases,
betaine’s cell protective properties may have a con-
tributing role. betaine can be transported to the brain
via the betaine-GABA transporter (BGT-1) 34. betaine,
which is also a molecular chaperone, protects the cells

Fig. 4: The figure shows the histological image of brain cells stained with H&E cells.As can be seen in the figure, normal-looking neu-
rons () and glial cells () are observed in the control group. There are numerous necrotic neurons () and edema(*) in the brain in
the cortical area in the TBI group. Necrotic neurons () are noted with normal-looking neurons () in the cortical area against decrea-
sing edema () in the group given TBI + betaine. Necrotic neurons () are observed along with normal-looking neurons () in the cor-
tical area against continuing edema () in the group given TBI + omega-3. Necrotic neurons () are seen along with normal-looking
neurons () in the cortical area against decreasing edema () in the group given TBI +betaine+omega-3. (H&E, a; scale bar: 100µm, b:
scale bar: 50.0 μm).
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against oxidative stresses and mitochondrial damage.
betaine was also found to protect lysosomal membranes
during a 30-day treatment period 35. Kim et al. found
that betaine was protective against necrotic damage in
the cell 36. Wu et al. reported that cholin and its metabo-
lites, betaine and dimethylglycine, are important in preg-
nancy and infant neural development up to 18 months37.
betaine regulates the immune response in osmotically
stress-induced Kupfferr liver macrophages by releasing
TNF, forming phagocytosis and prostaglandin and sup-
pressing cyclooxygenase 2 release 38.
omega-3 acids, eicosapentaenoic acid (EPA) and docosa-
hexaenoic acid (DHA) are known to have anti-inflam-
matory effects. They are polyunsaturated oils found in
plants and fish. They are rich in fish oil. Despite being
controversial, their role in the prevention of cancer, heart
disease and stroke is a popular research topic 20,39.
Although the mechanisms of how it occurs is yet to be
understood, in Japan, Mishina et al. reported that daily
diet intake of fish oil supplements might improve the
prognosis of ischemic stroke patients 40. In addition,
Yoneda et al. reported that oral EPA could reduce symp-
tomatic vasospasm and cerebral infarct frequency caused
by cerebral infarction and aneurysmal SAH 41,42. DHA
plays an important role in the structure and function of
brain cell membranes. In the brain, dramatic changes
such as size, learning and memory changes of neurons
were reported to occur when the amount of DHA
decreases 43.
El-Ansary et al. found that most of the measured param-
eters of brain poisoning in rats caused by the protective
effects of omega-3 polyunsaturation were propionic acid,
high levels of GABA (gammaaminobyteric acid), 5HT
(serotonin), DA (dopamine), PE (phosphatidyle-
thanolamine) PS (phosphatidylserine) and PC (phos-
phatidylcholine) and lower levels of IL-6, TNF-α and cas-
pase-3 44. Martin et al. showed that EPA (eicosapen-
taenoicacid) reverses the age-related increase in
cytochrome C translocation and caspase-3 activity 45. In
their study of neurodegeneration associated with expo-
sure to pre- and postnatal alcohol in the rat brain, Kusaol
et al. showed that cytochrome C, caspase-3 and calpain
levels decreased in the groups treated with betaine and
consequently betaine and omega-3 had a therapeutic role
in ethanol-induced neurodegeneration 35.
In our study, caspase-3 and cytochrome C levels in brain
tissue in trauma groups were significantly increased com-
pared to the control group, indicating that apoptotic
and/or necrotic cell death may be increased via traumatic
mitochondrial cytochrome C caspase pathway. This result
is compatible with the literature. Our histological find-
ings also support the presence of a neuronal damage.
The increase in serum NSE levels, which is an impor-
tant biochemical biomarker of traumatic brain injury,
indicates that brain damage occurred and that our trau-
ma model was established sufficiently. In our study, neu-
ronal damage caused by traumatic brain injury in the
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betaine, omega-3 and combination groups was similar to
that in the control group, and our morphological find-
ings support this result.

Conclusion

Our study confirms the neuroprotective effects of sup-
plement nutrients such as betaine and omega-3. neu-
roapoptotic and/or necrotic processes after trauma can
be prevented by supplement nutrients. Examination of
post-traumatic oxidative stress and neuroinflammation in
future studies will contribute to a better understanding
of neuroprotective properties of betaine and omega-3.

References

1. Leon-Carrion J, Dominguez-Morales M del R, Barroso y Martin
JM, Murillo-Cabezas F: Epidemiology of traumatic brain injury and
subarachnoid hemorrhage. Pituitary, 2005; 8(3-4):197-202.

2. Baldo V, Marcolongo A, Floreani A, Majori S, Cristofolettil M,
Dal Zotto A, et al.: Epidemiological aspect of traumatic brain injury
in Northeast Italy. Eur J Epidemiol, 2003; 18(11):1059-63.

3. Tagliaferri F, Compagnone C, Korsic M, Servadei F, Kraus J:
A systematic review of brain injury epidemiology in Europe. Acta
Neurochir. (Wien) 2006; 148(3):255-68; discussion 268.

4. Scrimgeour AG, Condlin ML: Nutritional treatment for trau-
matic brain injury. J Neurotrauma, 2014; 31(11):989-99.

5. Muñoz-Céspedes JM, Paúl-Lapedriza N, Pelegrin-Valero C,
Tirapu-Ustarroz J: Factores de pronostico en los traumatismos craneo-
encefalicos. Rev Neurol, 2001; 32(4):351-64.

6. Finfer SR, Cohen J: Severe traumatic brain injury. Resuscitation
2001; 48(1):77-90.

7. Quillinan N, Herson PS, Traystman RJ: Neuropathophysiology
of Brain Injury. Anesthesiol Clin, 2016; 34(3):453-64.

8. Bramlett HM, Dietrich WD: Pathophysiology of cerebral ische-
mia and brain trauma: Similarities and differences. J Cereb Blood
Flow Metab, 2004; 24(2):133-50.

9. Xiong Z-G, Zhu X-M, Chu X-P, Minami M, Hey J, Wei W-
L, et al.: Neuroprotection in ischemia: blocking calcium-permeable acid-
sensing ion channels. Cell, 2004; 118(6):687-98.

10. Sullivan PG, Keller JN, Mattson MP, Scheff SW: Traumatic bra-
in injury alters synaptic homeostasis: implications for impaired mitochon-
drial and transport function. J. Neurotrau 1998; 15 (10): 789–798.

11. Stelmasiak Z, Dudkowska-Konopa A, Rejdak K: Head trauma
and neuroprotection. Med Sci Monit, 2000; 6(2):426-32.

12. Patel M, Day BJ, Crapo JD, Fridovich I, McNamara JO:
Requirement for superoxide in excitotoxic cell death. Neuron, 1996;
16(2):345-55.

13. Zhang Y, Bhavnani BR: Glutamate-induced apoptosis in primary
cortical neurons is inhibited by equine estrogens via down-regulation
of caspase-3 and prevention of mitochondrial cytochrome c release. BMC
Neurosci, 2005; 6:13.

READ-O
NLY

 C
OPY 

PRIN
TIN

G P
ROHIB

ITED



S. Ataizi, et al.

180 Ann. Ital. Chir., 90, 2, 2019

14. Marangos PJ, Schmechel DE: Neuron specific enolase, a clini-
cally useful marker for neurons and neuroendocrine cells. Annu. Rev.
Neurosci. 1987; 10:269-95.

15. Kacira T, Kemerdere R, Atukeren P, Hanimoglu H, Sanus GZ,
Kucur M, et al.: Detection of caspase-3, neuron specific enolase, and
high-sensitivity C-reactive protein levels in both cerebrospinal fluid and
serum of patients after aneurysmal subarachnoid hemorrhage.
Neurosurgery, 2007; 60(4):674-80.

16. Vonder Haar C, Peterson TC, Martens KM, Hoane MR:
Vitamins and nutrients as primary treatments in experimental brain
injury: Clinical implications for nutraceutical therapies. Brain Res,
2016; 1640 (Pt A): 114-29.

17. Horio M, Ito A, Matsuoka Y, Moriyama T, Orita Y, Takenaka
M, et al.: Apoptosis induced by hypertonicity in Madin Darley cani-
ne kidney cells: Protective effect of betaine. Nephrol Dial Transplant,
2001; 16(3):483-90.

18. Craig SAS: betaine in human nutrition. Am J Clin Nutr, 2004;
80(3):539-49.

19. Slow S, Lever M, Chambers ST, George PM: Plasma dependent
and independent accumulation of betaine in male and female rat tis-
sues. Physiol Res, 2009; 58(3):403-10.

20. Oh DY, Talukdar S, Bae EJ, Imamura T, Morinaga H, Fan
W, et al.: GPR120 is an omega-3 fatty acid receptor mediating potent
anti-inflammatory and insulin-sensitizing effects. Cell, 2010; 142(5):
687-98.

21. Dyall SC, Michael-Titus AT: Neurological benefits of omega-3
fatty acids. Neuromolecular Med, 2008; 10(4):219-35.

22. Yin J, Li H, Meng C, Chen D, Chen Z, Wang Y, et al.:
Inhibitory effects of omega-3 fatty acids on early brain injury after
subarachnoid hemorrhage in rats: Possible involvement of G protein-
coupled receptor 120/beta-arrestin2/TGF-beta activated kinase-1 bin-
ding protein-1 signaling pathway. Int. J. Biochem. Cell, Biol, 2016;
75:11-22.

23. Marmarou A, Foda MA, van den Brink W, Campbell J, Kita H,
Demetriadou K: A new model of diffuse brain injury in rats. Part I:
Pathophysiology and biomechanics. J Neurosurg, 1994; 80 (2): 291-300.

24. Bradford MM: A rapid and sensitive method for the quantitati-
on of microgram quantities of protein utilizing the principle of prote-
in-dye binding. Anal Biochem, 1976; 72:248-54.

25. Tomioka M, Shirotani K, Iwata N, Lee H-J, Yang F, Cole
GM, et al.: In vivo role of caspases in excitotoxic neuronal death:
generation and analysis of transgenic mice expressing baculoviral cas-
pase inhibitor, p35, in postnatal neurons. Brain Res. Mol. Brain Res,
2002; 108 (1-2):18-32.

26. Li P, Nijhawan D, Budihardjo I, Srinivasula SM, Ahmad M,
Alnemri ES, et al.: cytochrome c and dATP-dependent formation of
Apaf-1/caspase-9 complex initiates an apoptotic protease cascade. Cell
1997; 91(4):479-89.

27. Yang S-J, Kim E-A, Chang M-J, Kim J, Na J-M, Choi SY, et
al.: N-Adamantyl-4-Methylthiazol-2-Amine Attenuates Glutamate-
Induced Oxidative Stress and Inflammation in the Brain. Neurotox,
Res, 2017; 32(1):107-20.

28. Abdul-Muneer PM, Chandra N, Haorah J: Interactions of oxi-
dative stress and neurovascular inflammation in the pathogenesis of
traumatic brain injury. Mol. Neurobiol. 2015; 51(3):966-79.

29. Meguro T, Chen B, Parent AD, Zhang JH: caspase inhibitors

attenuate oxyhemoglobin-induced apoptosis in endothelial cells. Stroke
2001; 32(2):561-66.

30. Zubkov AY, Aoki K, Parent AD, Zhang JH: Preliminary study
of the effects of caspase inhibitors on vasospasm in dog penetrating arte-
ries. Life Sci, 2002; 70(25):3007-18.

31. Berger RP, Pierce MC, Wisniewski SR, Adelson PD, Clark RSB,
Ruppel RA, et al.: Neuron-specific enolase and S100B in cerebrospi-
nal fluid after severe traumatic brain injury in infants and children.
Pediatrics, 2002; 109(2):E31.

32. Naeimi ZS, Weinhofer A, Sarahrudi K, Heinz T, Vecsei V:
Predictive value of S-100B protein and neuron specific-enolase as mar-
kers of traumatic brain damage in clinical use. Brain Inj, 2006; 20
(5):463-68.

33. Ganesan B, Anandan R: Protective effect of betaine on changes
in the levels of lysosomal enzyme activities in heart tissue in isoprena-
line-induced myocardial infarction in Wistar rats. Cell Stress
Chaperones, 2009; 14(6):661-67.

34. Yamauchi A, Uchida S, Kwon HM, Preston AS, Robey RB,
Garcia-Perez A, et al.: Cloning of a Na(+)- and Cl(-)-dependent betai-
ne transporter that is regulated by hypertonicity. J Biol Chem, 1992;
267(1):649-52.

35. Kusat OL K, Kanbak G, Oglakci Ilhan A, Burukoglu D, Yucel
F: The investigation of the prenatal and postnatal alcohol exposure-
induced neurodegeneration in rat brain: Protection by betaine and/or
omega-3. Childs Nerv Syst, 2016; 32(3):467-74.

36. Kim SK, Kim YC, Kim YC: Effects of singly administered betai-
ne on hepatotoxicity of chloroform in mice. Food Chem Toxicol, 1998;
36(8):655-661.

37. Wu BTF, Dyer RA, King DJ, Richardson KJ, Innis SM: Early
second trimester maternal plasma choline and betaine are related to
measures of early cognitive development in term infants. PLoS One
2012; 7(8): e43448.

38. Zhang F, Warskulat U, Haussinger D: Modulation of tumor nec-
rosis factor-alpha release by anisoosmolarity and betaine in rat liver
macrophages (Kupffer cells). FEBS Lett, 1996; 391:293-96. (3)

39. Campbell F, Dickinson HO, Critchley JA, Ford GA, Bradburn
M: A systematic review of fish-oil supplements for the prevention and
treatment of hypertension. Eur J Prev Cardiol, 2013; 20(1):107-20.

40. Mishina M, Kim K, Kominami S, Mizunari T, Kobayashi S,
Katayama Y: Impact of polyun- saturated fatty acid consumption pri-
or to ischemic stroke. Acta Neurol Scand, 2013; 127(3):181-85.

41. Yoneda H, Shirao S, Kurokawa T, Fujisawa H, Kato S, Suzuki
M: Does eicosapentaenoic acid (EPA) inhibit cerebral vasospasm in
patients after aneurysmal subarachnoid hemorrhage? Acta Neurol
Scand, 2008; 118(1):54-59.

42. Yoneda H, Shirao S, Nakagawara J, Ogasawara K, Tominaga
T, Suzuki M: A prospective, multicenter, randomized study of the effi-
cacy of eicosapentaenoic acid for cerebral vasospasm: the EVAS study.
World Neurosurg, 2014; 81(2):309-15.

43. Sinclair AJ, Begg D, Mathai M, Weisinger RS: omega 3 fatty
acids and the brain: Review of studies in depression. Asia Pac J Clin
Nutr, 2007; 16 Suppl 1:391-97.

44. El-Ansary AK, Al-Daihan SK, El-Gezeery AR: On the protecti-
ve effect of omega-3 against propionic acid-induced neurotoxicity in rat
pups. Lipids Health Dis, 2011; 10:142.

READ-O
NLY

 C
OPY 

PRIN
TIN

G P
ROHIB

ITED



Ann. Ital. Chir., 90, 2, 2019 181

A possible protective role of betain and omega-3 supplementation in traumatic brain injury

45. Martin DSD, Lonergan PE, Boland B, Fogarty MP, Brady M,
Horrobin DF, et al.: Apoptotic changes in the aged brain are trigge-
red by interleukin-1beta-induced activation of p38 and reversed by tre-
atment with eicosapentaenoic acid. J Biol Chem, 2002; 277 (37):
34239-246.

READ-O
NLY

 C
OPY 

PRIN
TIN

G P
ROHIB

ITED




