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ABSTRACT

AIM: Brain edema developing due to central nervous system trauma is still a significant reason of mortality and morbidity. There is still
no definite approach for the medical treatment of brain edema despite many clinical and laboratory studies in recent years. We therefore
investigated the effect of proanthocyanidin, an antioxidant agent, on brain edema in this study.

MATERIAL and METHODS: A total of 30 rats were used and divided into three as the control, trauma and treated trauma groups. Subjects were
sacrificed after 72 hours. The brain tissue-water ratio was evaluated and biochemical analysis of brain tissue performed.

RESULTS: The difference between the treated trauma and control groups was statistically significant while the trauma and control groups were
relatively similar. Rats that had undergone trauma and received proanthocyanidin treatment were statistically significant and different from
the trauma group rats regarding the biochemical analysis results, brain tissue water ratio, and the cold damage enzymatic antioxidant defense
system of cortical neural tissue.

CONCLUSION: We believe that proanthocyanidin, an antioxidant substance, can be an effective treatment for brain edema.
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AMAC: Santral sinir sistemi travmasi sonucu olusan beyin 6demi, glinlimizde halen 6nemli mortalite ve morbidite nedenidir. Beyin 6deminde
medikal tedavi yaklasimlari ise son yillarda bircok klinik ve laboratuar ¢alisma yapilmasina ragmen halen tam ¢6ziime ulasabilmis degildir. Bu
amacla ¢alismamizda antioksidan bir madde olan proantosiyanidinin beyin 6demine karsi olan etkisi arastirilmak istenmistir.

YONTEM ve GERECLER: Bu calismada toplam 30 rat kullanildi. Calisma gruplari; kontrol, travma ve tedavi edilen travma grubu olmak izere 3
gruba ayrildi. Deney hayvanlar 72 saat sonra sakrifiye edilerek beyin dokusu-su orani ve beyin dokusunun biyokimyasal analizi yapildi.
BULGULAR: Calisma gruplarinin sonuglar incelendiginde; travma ile kontrol gruplan arasindaki farkin istatiksel yonden anlaml oldugu,
tedavi gruplari ile bu farkin goreceli olarak kontrole yaklastigi gériilmektedir. Buna gore travma uygulanip proantosiyanidinin tedavisi alan
ratlarda beyin dokusu su orani ve soguk hasara karsi kortikal néral dokunun enzimatik antioksidan defans sisteminin biyokimyasal analizlerinin
degerlendirilmesinde travma grubundan istatistiksel olarak farkli oldugu ortaya konmustur.

SONUG: Antioksidan bir madde olan proantosiyanidinin antiddem tedavisinde etkin olabilecegine dair bulgular elde edilmistir.
ANAHTAR SOZCUKLER: Beyin 6demi, Proantosiyanidin, Kafa travmasi

INTRODUCTION lular fluid (23). The term “cerebral edema” refers to increased

. . . . . liquid content within the brain volume.
Traumatic brain edema can increase the intracranial pressu-

re when not treated effectively and cause high mortality and  Cerebral edema has attracted the attention of scientists for

morbidity (3, 9, 13, 20, 23). Evoked response to injury in tissu-
es is reflected as swelling and leads to spatial growth of one
or more tissue parts. The increase in the extravascular tissue
fluid is known as edema. Edema may be due to an increase of
free extracellular fluid alone or both intracellular and extracel-
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a long time. In 1908, Harvey Cushing discussed brain swel-
ling accompanied by severe head trauma and its treatment.
In 1919, Weed and McKibben experimentally examined the
effects of liquids with various osmolarity values on brain ede-
ma. In 1966, Igor Klatzo defined the pathophysiology of va-
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sogenic and cytotoxic edema for the first time (16). Cytotoxic
edema is defined as cellular swelling and is characterized by
the loss of cell membrane ion pump function (2). This type of
edema is observed after ischemia and hypoxia.

Brain injuries such as cerebral hypoxia, ischemia and trauma
cause arachidonic acid release and this can cause cerebral
edema in at least two ways (4). First, this fatty acid enters the
phospholipid layer rapidly due to its ampholytic feature and
can change the functional properties of these membranes.
Secondly, endothelial leukocyte adhesion and penetration
increases and leads to endothelial injury. Arachidonic acid
metabolites and especially leukotrienes are known to be
potential mediators of blood-brain barrier dysfunction (5).
Bradykinin also has an effect that is similar to arachidonic acid
(19). The current aim in brain edema treatment is to decrease
the intracranial pressure by controlling the hydrostatic, osmo-
tic and oncotic effects and providing cerebrovascular perme-
ability (25). Various medical treatments are being investiga-
ted for this purpose. We used proanthocyanidin, which has
a strong antioxidant action, considering that its antioxidant
effect might be effective in preventing the destruction of cell
membranes, mitochondria and vascular structures.

MATERIAL and METHODS

A total of 30 male Rattus norvegicus type rats weighing 150+/-
10 g were randomly divided into three groups. Only craniec-
tomy was performed in group |, the control group (n=10); cra-
niectomy and trauma were performed in group ll, the trauma
group (n=10); craniectomy, trauma and medical treatment
were performed in group Ill, the trauma and treatment group
(n=10). Rats in group Il and Ill underwent cold damage after
craniectomy (30). The rats were sacrificed at 72 hours. The tis-
sues were examined for water ratio and biochemical analysis
of brain tissue was performed.

Surgical Procedure

Anesthesia: We administered 35 mg/kg of ketamine hydroch-
loride (Ketalar 5% solution, Eczacibasi) and 1.5 mg/kg of Rom-
pun (Xylazine 2% solution, Bayer) intramuscularly before the
surgical procedure to all rats.

Craniectomy, cold injury: We followed the method of Tomina-
ga and Ohnishi (30). We used a vertical midline incision. The
sagittal and left coronal sutures were identified. We peeled
the left parietal periosteum away from the midline. The tem-
poral muscle was dissected and the temporal bone exposed.
We then opened a small hole in the central part of the parietal
bone with a dental drill during irrigation with isotonic soluti-
on for cooling purposes. We enlarged the hole with a curved
mini hemostat, keeping the dura intact. A 10x15 mm crani-
ectomy was then performed from the left midsagittal plane
to the temporoparietal region. We performed standard focal
freeze injury with -70°C liquid nitrogen by touching a 4x10
mm metal probe to bare dura for 45 seconds.

Preparation of Tissue Samples

We waited for 72 hours and then provided anesthesia with
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ketamine (85 mg/kg) before performing craniotomy. We ob-
tained 5x5x5 mm tissue samples from the hemisphere using
a microscope and microsurgical instruments, cleaned the
samples with cold nitrogen and wrapped them in aluminum
foil. The samples were then immersed in liquid nitrogen im-
mediately and stored at -80°C. At the time of the analyses,
they were thawed and weighed. We then used phosphate-
buffered saline with a pH of 7.4 for homogenization.

Methods for Evaluation

Cerebral water content: Groups were decapitated under anest-
hesia after brain samples about 5x5x5 mm were rapidly taken
from the damaged hemisphere and the symmetrical area.
Samples were placed into numbered aluminum foils with a
predetermined weight. We recorded the fresh weight of each
specimen, heated them at 105 °C, and then kept them for 48
hours at constant temperature. The fresh and dry weights
were used to calculate the results (30).

Thiobarbituric Acid Reactive Substances (TBARS): MDA levels
were expressed as Malondialdehyde or Thiobarbituric acid re-
active substances (TBARS). We used the method of Wasowicz
et al (34) to determine these fluorometrically. We used the
method described in our previous studies (29) to determine
malondialdehyde (MDA) levels in tissue homogenate samples
(29).

Nitrite and Nitrate: Total nitrite and nitrate concentrations
were determined by a colorimetric assay utilizing Griess re-
agent (27). Results were expressed as nitrite and nitrate con-
centrations per gram wet tissue. Nitrate concentrations were
calculated by subtracting nitrite concentrations from the total
nitrite (nitrate + nitrite) concentrations.

Thiols: We used Habeeb’s (10) method to determine SH gro-
ups in the homogenates and presented the results as micro-
moles of SH per grams of wet tissue.

Statistical Analysis: We used the Kruskal-Wallis test to analyze
differences among the groups and then used Conover’s mul-
tiple comparison procedure. Statistical analyses were perfor-
med using the SPSS 15.0 statistical software. A p value <0.05
was considered statistically significant.

RESULTS

The values for the water ratio of brain tissue and the bioc-
hemical variables (TBARS, Nitrite, Nitrate, Total Nitrite, T-SH)
in the three groups were evaluated and compared with the
Kruskal-Wallis test. The TBARS level, and Nitrite, Nitrate, Total
Nitrite, and T-SH activity were used for oxidative stress status
analysis.

All groups differed from the others for all parameters. Figu-
re 1 presents the distribution of the study groups according
to brain tissue water content. The water content was signifi-
cantly higher in the trauma group compared to the control
and treatment groups (p<0.05). The treatment group was not
statistically different from the control group (p>0.05). Table |
presents the biochemical analysis of the brain tissue. Group 1
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had the lowest and group 2 the highest mean values. There
was a significant difference between the treatment group and
trauma group (p<0.05).

DISCUSSION

Traumatic brain injury (TBI) continues to be a major public
health problem worldwide. Mortality and morbidity of post-
traumatic brain injury is mostly determined by the existence
and intensity of brain edema. We investigated the anti-edema
effects of proanthocyanidin, an antioxidant naturally occur-
ring in grape seed extract, in rats with traumatic brain injury
(TBI) and found a considerable effect in the treatment group.
The brain tissue water content, TBARS, nitrite, nitrate and to-
tal nitrite were increased in the TBI rats as expected and pro-
anthocyanidin treatment reduced these values. Surprisingly,
protein thiols (SH groups) were also increased in TBl and dec-
reased with proanthocyanidin treatment.

Expansion of brain volume due to fluid accumulation in the
brain parenchyma plays a major role in the morbidity and
mortality due to brain edema following TBI with increased
intracranial pressure, impaired cerebral oxygenation and per-
fusion, and with its contribution to ischemic injury (31). How
posttraumatic brain edema develops is not well understood
but “vasogenic edema” and “cytotoxic/cellular edema’, which
are the two major types, seem to be linked. The cytotoxic type
develops first (1-6 h) after trauma with the astrocytes being
affected most. Vasogenic edema develops only once 12-24 h
have passed after the trauma (14).

We used the brain water content to evaluate brain edema. Fi-
gure 1 shows that brain tissue water content was significantly
increased in the trauma group and decreased by proanthoc-
yanidin in the treatment group. The only variation during the
study protocol besides time was the pronthocyanidin treat-
ment. Hence the decrease of brain water content in the treat-
ment group seems to due to a proanthocyanidin effect.

The protective effects in oxidative stress conditions of poly-
phenols with their antioxidant properties are currently attract
significant interest. Phenolic antioxidants such as proant-
hocyanidin can inhibit the oxidation of lipids, carbohydrates,
proteins and nucleic acids and can also protect against free
radicals (6, 12, 22, 32). They are polymers of flavonoid mole-
cules that are widely available in vegetables, fruits, nuts, flo-
wers, and seeds (especially grape seeds). The neuroprotective
effect of proanthocyanidin is essentially based on its antioxi-
dant properties (1, 8, 28, 33). Our results support this notion
as the increased oxidative stress after TBI decreased with pro-
anthocyanidin treatment.

The body constantly forms reactive oxygen/nitrogen species
and free radicals and this is necessary for a healthy organism.
These are then removed by the antioxidant defense system.
The generation and removal of reactive oxygen/nitrogen is
normally balanced. An imbalance is called oxidative/nitrosa-
tive stress (7, 11).

Traumatic brain injury leads to the generation of reactive oxy-
gen and nitrogen free radicals, resulting in pleiotropic effects
on the cell. The lipid peroxidation of fatty acids with two or
more double bonds results in the formation of Thiobarbitu-
ric acid-reactive substances (TBARS) as an end product. Such
oxygen/nitrogen radicals are particularly harmful for brain
membranes. TBARS is generally a good measure of lipid pero-
xidation and increased TBARS concentrations in the brain tis-
sue as in the present study indicate increased oxidative stress.

Increased oxidative stress may contribute to nitrosative stress
and further cellular dysfunction in post-traumatic brain tis-
sue. In fact, NO produced by endothelial nitric oxide synthase
(eNOS) is considered to be protective against vascular disea-
ses. NO plays a central role in the maintenance of vascular ho-
meostasis, including regulation of the cerebral circulation. NO
is also a potent vasodilator and inhibits platelet aggregation
(26). In the current study, the increase of nitric oxide metabo-
lites after trauma revealed increased nitrosative stress.

Table I: The Comparison of the Biochemical Parameters for the Three Groups

Variables Mean+SD, Mean+SD, Mean=SD,
Median (Min-Max) Median (Min-Max) Median (Min-Max)
MDA (umol/g) 44.07+6.58 95.89+19.70 52.66+9.71 0,001
wet tissue [42.37 (38.33-58.62)] [92.41 (72.65-140.94)] (55.30 (38.04-63.22)] :
Nitrite (ug/g) 6.06+1.73 10.22+1.68 7.56+1.76 0,001
wet tissue [5.28 (4.97-10.56)] [10.23 (7.65-12.39)] [7.11 (5.03-10.73)] :
Nitrate (ug/g) 31.70+2.63 55.70+4.30 38.94+7.09 0,001
wet tissue [32.56 (27.69-35.29)] [55.82 (48.78-61.03)] [38.86 (30.57-51.01)] :
Total Nitrite (ug/g) 37.76+3.45 65.92+3.93 46.44+8.59 0,001
wet tissue [38.98 (32.67-43.55)] [65.62 (60.89-71.14)] [46.97 (37.31-60.89)] :
) 107.98+6.05 175.46+29.98 121.97+27.38
T-SH (umol/g) wet tissue | 109 =5 (97.80-115.02)] [184.93 (112.04-20470)] | [114.92(102.06-19837)] | <0001
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Figure 1: The brain tissue water
ratios of the three groups.

Bioavailable NO is depleted and local oxidative/nitrosative
stress increased when the levels of reactive oxygen species
and especially superoxide anion increase and combine with
NO, forming peroxynitrite (ONOO-). This damages the endot-
helium as it leads to nitric oxide uncoupling and initiates or
accelerates stress. Decreased NO also adheres to the endothe-
lial surface and disrupts the vascular endothelium.

Ischemia secondary to brain trauma can also damage brain
tissue with mechanisms such as superoxide anion by xanthi-
ne oxidase, NOS, and NADP(H) oxidases and mitochondrial
electron transport chain leakage (17). The brain injury itself
increases neuronal, glial and endothelial NOS activity. Later
on, NOS activity is increased in the infiltrating neutrophils and
macrophages, activated microglia and astrocytes (21). The
post-ischemia reperfusion can also lead to excessive oxygen/
nitrogen free radical formation. These mainly consist of supe-
roxide anion and NO, both strongly reactive themselves, that
can also combine to form a stronger and more stable oxidant,
peroxynitrite anion (18).

It has previously been reported by experimental studies that
oxidative/nitrosative stressisincreased in TBI. Such stress plays
an important role in TBI pathogenesis. Panickar et al reported
that free radical production increased when cultured astrocy-
tes were exposed to trauma (24). Furthermore, Jayakumar et
al. recently reported that traumatized astrocytes showed inc-
reased protein oxidation/nitration of Na-K-Clcotransporter-1,
and that antioxidant or NOS inhibitor (L-NAME) treatment of
cultures led to decreased trauma-induced NKCC1 activity and
its phosphorylation (14). Jayakumar et al. reported in another
study that cultured astrocytes showed peak NO levels pea-
ked at 1 h after trauma and the levels decreased after 2 and
3 h (15). Increased oxidation/nitration are therefore primarily
responsible for increased Na-K-Cl cotransporter-1 activity and
consequently cellular swelling in traumatized cultured ast-
rocytes.
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CONCLUSION

Proanthocyanidin attenuated oxidative and nitrosative stress
and decreased brain edema in this study. This effect of pro-
anthocyanidin seems to be based on its antioxidant effects.
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