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Introduction

While mechanical processes may cause tissue damage

by tearing or stretching tissue in brain trauma, a

number of secondary factors initiate biochemical or

physiological events that may lead to neuronal damage

or cell death in hours to days after trauma.

Although the exact mechanism of the delayed injury

is unclear, a variety of factors such as perturbations

of cellular energy metabolism (1,2) ion changes (3),

tissue lactic acidosis (2,4)  membrane depolarization

by release of excitatory amino acids(5), free-radical

generation and lipid peroxidation (6) production of

prostaglandins and leukotrienes (7) were identified

in experimental brain injury models.

Özet

Deneysel kafa travmasinda Na+-K+/ATPaz aktivitesi ve lipit peroksidasyonu üzerine mannitolün etkileri

Amaç: Bu çaliþma tavþanlarda deneysel kafa travmasindan sonra doku Na+/K+-ATPaz aktivitesi ve
malondialdehyde (MDA) seviyeleri üzerine mannitolün etkilerini belirlemek için dizayn edildi. Metod: Otuz
Yeni Zelanda tavþani eþit olarak üç gruba ayrildi: Grup S: Þam grubu (þam operasyonu yapilan), grup C:
Tedavi edilmemiþ grup, grup M: Mannitol ile tedavi edilen. Grup C ve grup M üzerine aðirlik düþürme
metodu ile travma uygulandi. M grubuna, travmadan hemen sonra 1,0 g/ kg  i.v. olarak mannitol uygulandi.
Kafa travmasi kafatasinin sað tarafina uygulandi. Travmadan bir saat sonra her iki taraf beyin korteksi
cerrahi olarak çikarildi ve beyin dokularinda Na+/K+-ATPase enzim aktivitesi and MDA seviyeleri belirlendi.
Bulgular: Mannitol verilmesiyle Na+/K+-ATPase enzim aktivitesi artarken MDA seviyeleri düþük bulundu.
Ancak bu deðiþimler istatistiksel olarak anlamli deðildi (p>0,05). Sonuç: Bu modelle oluþturulan travma
tavþanlarin beyin dokularinda Na+/K+-ATPase enzim aktivitesinde ve lipid peroksidasyonunda bir deðiþikliðe
sebep olmamiþtir. Travmadan sonra uygulanan mannitol tedavisi bu parametreler üzerinde etkili olmamiþtir.

Anahtar kelimeler: Mannitol, Kafa travmasi, Na+/K+-ATPaz, Malondialdehyde.

Abstract

Objective: This study was designed to determine the effects of mannitol on tissue Na+/K+-ATPase enzyme
activity and malondialdehyde (MDA) levels in rabbit brain after experimental head trauma. Methods: Thirty
New Zealand rabbits were divided equally into three groups: Group S (sham-operated group), group C
(untreated group) and group M (mannitol treated group). Grup C and group M received head trauma with
the weight drop method. Mannitol was administered 1,0 g/ kg  i.v. immediately after the head trauma to
group M. Head trauma was applied to the right side of the head. One hour after trauma, brain cortices were
resected from both sides and the Na+/K+-ATPase enzyme activity and MDA levels were determined. Results:
Na+/K+-ATPase activities were increased and MDA levels were decreased in mannitol treated rabbits but
the differences were not statistically significant (p>0,05). Conclusion: Head trauma did not cause to lipid
peroxidation and any changes in Na+/K+-ATPase activity in brain tissue of rabbits in this model. Mannitol
treatment after the trauma does not affect these parameters.
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Ischemia results in lowered oxygen and glucose

delivery to brain tissue. As a result, cells have less

ATP production, ie, less available energy. Although

the brain may represent only 1% of body weight, it

can account for 20% of its energy production. Most

of this energy is consumed by ATP-driven ion pumps

which keep calcium (Ca++) and sodium (Na+) outside

of cells and potassium (K+) inside of cells. In ischemia,

the loss of energy means that the ion gradients essential

for functional neurons cannot be maintained (8).

Trauma to the central nervous system causes cellular

energy failure that leads to adenosine triphosphate

(ATP) depletion, and an increase in anaerobic

glycolysis and glycogenolysis. These processes result

in lactate accumulation in tissue (1,2,9). Energy

failure causes ion pump failure and an increase in

excitatory amino acids (glutamate and aspartate)

which results in excessive intracellular calcium (Ca++)

overload, which in turn triggers many Ca++ dependent

lytic enzymes including proteases, lipases and

nucleases (5,10,11). These enzymes cause proteolysis,

depletion of membrane phospholipids, elevation of

oxygen free radicals and lipid peroxidation resulting

in membrane disruption, altered permeability and

further Ca++ influx (3,12). Free radicals have been

implicated in the injury that occurs to brain tissue in

response to ischemia and reperfusion insults. Free

radicals may be produced during ischemia/reperfusion

as a result of multiple mechanisms involving normal

regulatory systems of intra-extracellular metabolism.

For example, metabolism of free fatty acids by the

cyclo-oxygenase pathway and adenine nucleotides

by xanthine oxidase has been proposed to produce

free radical adducts during reperfusion (13). Oxygen

radical generation and lipid peroxidative reactions

appear to be early biochemical events subsequent to

CNS injury (14).

Tissue lipid peroxidation is evaluated by measurement

of thiobarbituric acid-reactive substances (15).

Malondialdehyde (MDA) formed from the breakdown

of polyunsaturated fatty acids serves as a convenient

index for determining the extent of the peroxidation

reaction (16,17).

Mannitol is an osmotic agent and a free radical

scavenger so it might decrease oedema and tissue

damage in stroke (18).  Mannitol has yet another

benefit in that it scavenges hydroxyl radical (19).

Free radical scavengers such as superoxide dismutase,

desferrioxamine, thiopentone, vitamin E, vitamin C,

glutathione, chlorpromazine, mannitol, and some

dextrans have been used in an attempt to reduce the

effects of reperfusion injury of several organs

including the brain, but their clinical impact is not

yet clear (20).

The aim of the present study was to investigate the

effects of mannitol on lipid peroxidation and brain

tissue Na+/K+-ATPase activities in an experimental

head trauma model.

Materials And Methods

The animals in this study were cared for in the Medical

School of   Selçuk University in accordance with the

�Guide for the care and use of laboratory animals�.

These protocols were approved by the Animal Use

Committee of Selçuk University.  A total of 30 New

Zealand white rabbits of both sexes weighing

approximately 3 � 3,5 kg were used in the experiment.

The rabbits were randomly divided into three groups;

sham (n=10), control (n=10), and treatment (n=10).

All the rabbits were anesthetized with xylazine HCI

15 mg/kg intramuscularly (i.m.) and ketamine 35

mg/kg i.m. Supplemental doses were given as needed.

Spontaneous breathing was maintained throughout

the entire experiment. A femoral vein was cannulated

for fluid and drug administration, and a femoral artery

was cannulated for arterial blood gas sampling and

continuous arterial blood pressure monitoring.

Temperature was monitored by a rectal thermistor

probe. Peripheral oxygen saturation (pulse oximetry),

heart rate (HR), systolic, diastolic and mean arterial

blood pressures were monitored continuously.

Standard head traumas were applied by using the

method of Feeney (21). Anesthetized rabbits were

fixated in prone position.  A 4 cm long median vertical

incision was made and the frontoparietal region was

exposed at each side. A craniectomy was carried out

by use of a high-speed drill and rongeurs to the

parietal region on both sides. The craniectomies

performed were 2 cm in diameter. In this model, the

dura remained intact in order to prevent puncture or

tearing of the cerebral cortex.

Before the craniectomy, a pre-traumatic

electroencephalogram (EEG) was recorded with a

sensitivity of approximately 20 µV/mm from both

parietal cortices with two channels of an EEG recorder

(Nihon Kohden, Inc., Irvine, CA). The low filter was

set to 15 Hz and the high filter was set to 120 Hz

with the 60 Hz line filter on. The paper speed was 5

mm/s. Time constant was 0,3 second. The disc

electrodes were placed over the dura of the parietal

cortices. After EEG recording, a constant weight of

10 grams was dropped onto the right craniectomy
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area from a height of 80 cm through a stainless steel

guide tube kept at a vertical angle. The guide tube

was perforated at 1 cm intervals to prevent air

compression. Since the power of trauma is equal to

weight times height, the rabbits were subjected to a

trauma that was 800 g/cm2.

After the trauma, more than a 50% decrease in

amplitude or a decrease in alpha frequency to delta

band or even disappearance of electrocortical activity

when compared with pre-traumatic EEG recordings

in the traumatized side was considered as sufficient

evidence of head trauma. If there was not sufficient

change in EEG recordings, trauma was repeated.

In group S (sham operated group) only craniectomy

was performed: trauma was not applied. In group C

(control group), rabbits were observed untreated for

one hour following head trauma. In group M, 1 mg

/kg mannitol was administered after ten minutes head

trauma with a bolus injection via femoral vein. In

group C and group M, one hour after the head trauma,

approximately 0,5 grams of traumatized (right side)

and non-traumatized (left side) brain tissues was

resected from each side. The traumatized sides were

labeled as C 1 and M1 and the non-traumatized sides

as C2 and M2. The samples were stored below -70°C

until the homogenization procedure.

After thawing, brain tissues were homogenised for

3 minutes in the cold phosphate buffer in order to

provide a 10 % homogenate. These homogenates

were centrifuged at 6000 g for 10 minutes to obtain

supernatants. The levels of protein, MDA and the

activities of Na+/K+-ATPase were determined in the

supernatants.

Protein content of homogenates was determined by

Lowry method (22). MDA level was measured by

Drapper and Hadley�s method (16). To assess lipid

peroxidation, MDA, an end product of lipid

peroxidation was measured by the thiobarbituric acid

reaction. Tissue supernatants were deproteinized with

trichloracetic acid (TCA). 2500µl of TCA reagent

was added to 500µl of supernatants and heated in

water bath at 900C for 15 min. These samples were

then centrifuged at 3000 (g) for 10 min. 1000µl of

TBA (0,675 %) reagent was added to the supernatant

and heated in water bath at 90 0C for 15 min. Briefly,

MDA level was estimated by measuring the

characteristic absorbance at 532 nm after reaction

with thiobarbituric acid. The concentration of MDA

was calculated using extinction coefficient of

1,56×105×M-1.

Na+/K+-ATPase activity was determined by the method

of Kitao and Hattori (23). The total ATPase activity

was assayed by incubating ghost at 37 0C in a medium

containing 5 mM MgCl, 140 mM NaCl and 14 mM

KCL in 40 mM Tris-HCl, pH 7,7. The reaction was

started by the addition of 3 mM Na2ATP and stopped

20 min later by the addition of 14 % trichloracetic

acid. Inorganic phosphate (Pi), hydrolyzed from the

reaction, was measured. The results were expressed

as mol of Pi per mg of proteins per 10 min.

All values were expressed as means ± SD. One-way

ANOVA test were used for the evaluation of Na+/K+-

ATPase activities and MDA levels using SPSS

program. Two way ANOVA for repeated measures

and unpaired t test and paired t test were used for

evaluating hemodynamic, blood gas analysis and

rectal temperature results between groups. A p-value

less than 0,05 was considered statistically significant.

Results

The mean Na+/K+-ATPase activities and MDA levels

are demonstrated at the Table 1.

Table 1. The Na+/K+-ATPase activities and MDA

levels of all groups (mean ± SD).

Na+/K+-ATPase was not affected by trauma. But

administrating mannitol after trauma caused to

increase the Na+/K+-ATPase activity in traumatized

side and decreased nontraumatized side of the brain.

Bu these changes are not statistically significant

(p>0,05). MDA, as a marker of lipid peroxidation

increased by trauma and decreased by mannitol

treatment, insignificantly (p>0,05). When compared

to both sides of the brain, Na+/K+-ATPase activity

did not differ by trauma. But treating mannitol after

trauma caused different effect on the enzyme. While

the activity in traumatized side increasing,

nontraumatized side decreased. But, these changes

were not significant (p>0,05). MDA levels in

traumatized side higher than nontraumatized side in

C and M groups, insignificantly (p>0,05).

Study Groups Na
+

/K
+

-ATPase          MDA P   values
    (mol Pi/ mg (nmol/mg protein)
 protein/10 min)

Group  S 0.43±0.16 1.31±0.26 P >0.05
Group  C1 0.43±0.08 1.47±0.39 P >0.05
Group  C2 0.43±0.10 1.27±0.34 P >0.05
Group  M1 0.55±0.16 1.26±0.13 P >0.05
Group  M2 1.32±1.47 1.01±0.18 P >0.05

Group  S: Sham operated group,  Group  C1: Traumatized side of  non-
 treated  group (right side), Group  C2: Nontraumatized side of non-
treated  group (left side), Group  M1: Traumatized side of manitol-treated
 group (right side), Group  M2: Nontraumatized side of manitol-treated
 group (left side)
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Discussion

In this research head trauma did not change Na+/K+-

ATPase activity. But the treatment with mannitol

increased in traumatized and decreased in

nontraumatized side of the brain. Lipid peroxidation

increased only in traumatized side of the brain and

mannitol administration reduced this increase.

However, the changes of Na+/K+-ATPase activity and

the level of MDA were not significant.

Oxidative stress may contribute to many

pathophysiologic changes that occur after traumatic

brain injury (24). Oxygen radical generation and lipid

peroxidation appear to be early biochemical events

subsequent to CNS trauma (25).

Intracranial perfusion regulation is usually maintained

by means of vascular constriction / dilation in a

normal brain. In an injured brain, this ability may be

lost. PaCO2, pH, and PaO2 influence the autoregulation

response of the cerebro-vasculature. Increased PaCO2

and hypoxemia, frequent findings in traumatized

patient, will cause vasodilatation and increase

intracranial pressure (ICP). Ischemia triggers the

Cushing reflex, ultimate guarantee in cerebral blood

flow (CBF) maintenance, by increasing the systemic

arterial pressure. ICP will finally increase too. Brain

edema is the source of the increased ICP. The

traumatic disruption of the blood brain barrier explains

its vasogenic extracellular component (26).

Brain edema is a frequent complication of cerebral

ischemia; however, its mechanism of formation is

not well understood. Sodium is known to accumulate

in brain during the early stages of partial ischemia

(27).

Patients with severe head injury frequently have

evidence of elevated intracranial pressure (ICP) and

ischemic neuronal damage at autopsy. Mannitol has

been used clinically to reduce ICP with varying

success and it is possible that is more effective in

some types of head injury than in others (28). The

effectiveness of mannitol for the treatment of cerebral

edema after stroke has long been debated and the

diffusion of mannitol through a disrupted blood-brain

barrier has been the focus of many contradictory

studies (29). Mannitol is a hyperosmolar molecule

that dehydrates the cerebral interstitium, lowering

ICP. Mannitol also decreases blood viscosity

promoting cerebral perfusion; it also has free radical

scavenger ability which limits the deleterious

molecular cascade induced by ischemia. After fluid

resuscitation, the risk of a rebound effect on the ICP

is minimized (26).   Mannitol has replaced other

diuretics as the agent of first choice for control of

raised intracranial pressure (ICP) after brain injury.

Mannitol should be given as a bolus intravenous

infusion, over 10 to 30 mins, in doses ranging from

0,25 to 1 g/kg body weight (26,30).

Mannitol is sometimes dramatically effective in

reversing acute brain swelling, but its effectiveness

in the on-going management of severe head injury

remains open to question. There is evidence that in

prolonged dosage mannitol may pass from the blood

into the brain where it might cause reverse osmotic

shifts that increase intracranial pressure (31).  Mannitol

is effective in reducing ICP, and was recommended

its use in the menagement of traumatic intracranial

hypertension (32).

Compromised blood flow rapidly impairs ATP

synthesis and thus the ability of excitable cells to

maintain polarized resting membrane potentials. The

resulting membrane depolarization favors an influx

of sodium and Ca++ ions through voltage sensitive

channels and promotes the release of neurotransmitters

from neuronal pre-synaptic endings (33,34). The

most important one of these neurotransmitters is

glutamate . This released glutamate acts

postsynaptically by activating N-methyl-D-aspartate

(NMDA) and non-NMDA types of glutamate

receptors which, in turn results in a large increase in

intracellular Ca++ and leads to calcium-mediated cell

death (35) Ca++ overload inhibits pyruvate

dehydrogenase (PDH), suppression of PDH activity

inhibits the decarboxylation of pyruvate to Acetyl-

CoA, and consequently causes anaerobic glycolysis,

glycogenolysis, and lactate accumulation. This

accumulation leads to the retardation of the extrusion

of Ca++, which results with further lactate accumulation

(36,37).

Calcium entry into the pre-synaptic membrane of a

neuron is a key factor in neurotransmitter release. In

the brain glutamate is the predominant excitatory

neurotransmitter. In a normal brain, glutamate release

at a synapse results in normal signaling. In ischemic

brain tissue, glutamate release can result in increased

calcium entry into the postsynaptic cell, creating a

positive feedback loop of calcium penetration and

glutamate-release known as an excitoxicity.

Intracellular calcium activates phospholipase, which

degrades membrane phospholipids. This not only

damages the membrane, but also releases the toxic

free fatty acid arachidonic acid, which forms

substantial amounts of oxygen free radicals. Calcium
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also activates enzymes which degrade protein and

DNA, although this effect is less pronounced than

the lipase activation (8).

Mannitol is the first-choice therapy for increased

intracranial pressure, and barbiturates are still

considered as a rescue therapy in case of refractory

intracranial hypertension (38).    There is currently

not enough evidence to decide whether the routine

use of mannitol in acute stroke would result in any

beneficial or harmful effect. The routine use of

mannitol in all patients with acute stroke is not

supported by any evidence from randomized

controlled clinical trials. Further trials are needed to

confirm or refute the routine use of mannitol in acute

stroke (39).

In this research, we could not find any significant

changes in MDA level and Na+/K+-ATPase activity.

Small changes could be significant if the number of

animal were higher. We cannot build any conclusion

on insignificant results. According to these results,

we suggested that in this trauma model with this

number of cases, head trauma is not cause to lipid

peroxidation and any changes in Na+/K+-ATPase

activity in brain tissue of rabbits. Mannitol treatment

after the trauma does not affect these parameters.
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