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ABSTRACT
AIM: To investigate the effect of alpha lipoic acid on cerebrospinal fluid (CSF) osmolarity and brain tissue water ratio in a rabbit
model of traumatic brain injury.
MATERIAL and METHODS: Using a previously established model of traumatic brain injury using liquid nitrogen, 36 New Zealand
rabbits were randomized into six groups (three treatment groups, a no trauma/no treatment group, a trauma/no treatment group,
and a no trauma/treatment group). The treatment groups were administered intravenous alpha lipoic acid at different times of the
experiment. Cerebrospinal fluid was obtained 96 hours after injury/treatment via cisterna magna puncture; glucose, blood urea
nitrogen, and sodium levels were measured and osmolarity was calculated. Brain tissue water ratio was determined using wet and
dry brain weights. The therapeutic effect of alpha lipoic acid was evaluated by comparing cerebrospinal fluid osmolarity and brain
tissue water ratio between study groups.
RESULTS: Based on cerebrospinal fluid osmolarity values, alpha lipoic acid treatment effectiveness was greatest in the group that
received 3 doses after trauma.
CONCLUSION: Alpha lipoic acid is effictive in the treatment of brain edema after experimental traumatic brain injury.
KEYWORDS: Alpha lipoic acid, Brain edema, Traumatic brain injury, Rabbits

█

INTRODUCTION

B

rain edema is one of the main causes of morbidity and
mortality in traumatic brain injury (TBI) patients aged
1–44 years. The mortality of severe TBI ranges between
30%–70% (5,13,23,28). The pathology associated with TBI
can be divided into primary and secondary brain injuries.
Primary injury is associated with mechanical motion at the time
of injury, whereas secondary injury is caused by a complex
physiologic and biochemical cascade in response to the initial
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injury that is not fully understood (3,20). Although they have
significant effects on tissue necrosis and progressive neuronal
cell death after TBI, the secondary mechanisms of delayed
post-traumatic neuronal cell death remain unclear.
The ideal hyperosmolar agent for treating elevated
intracranial pressure (ICP) (>20 mm Hg) in patients with TBI
and the method of administration remains under debate.
Hyperosmolar treatment is typically instituted to optimize
cerebral blood flow and improve tissue oxygenation of the
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injured brain after nonpharmacologic treatments and sedation
have been optimized (7,24,25). Free oxygen radicals and
lipid peroxidation are believed to play an important role
in secondary brain damage (10,17). The increase in lipid
peroxidation end products after head trauma and protective
effect of free radical collectors and lipid antioxidants found in
previous studies support this idea (16,17).
Mitochondrial dysfunction has an important role in the harmful
effects of reactive oxygen species. Minimizing these effects
by protecting mitochondrial function is a therapeutic goal.
Glutathione (GSH), a complex molecule consisting of cysteine,
glycine, and glutamate, is believed to be one of the most
important antioxidants in living organisms. Alpha lipoic acid
(A-LA), first defined as a coenzyme in the tricarboxylic acid
cycle (Krebs cycle) in 1951 (1,18), is a thiol derivative involved
in regenerating GSH (26-28) and neutralizing reactive oxygen
species. Additional properties include rapid absorption,
antioxidant effect of reduced and oxidized forms, solubility in
both liquid and lipid phases, and ability to chelate with free
metal ions. Therefore, A-LA has been described as “ideal,”
“unique,” and the “universal antioxidant” (14,18,21,29). Lipid
peroxidation of A-LA and its effect on antioxidant levels has
been studied in various brain regions of young and elderly
rats; when applied for 7 and 14 days at a dose of 100 mg/kg,
A-LA significantly reduced lipid peroxidation and increased
antioxidant levels (2). In this experimental study, the effect
of A-LA on brain edema after cerebral trauma in rabbits
was investigated. We hypothesized that A-LA would reduce
interstitial brain edema.
█

MATERIAL and METHODS

This study was conducted at the Ankara Training and Research
Hospital Experimental Animals Laboratory. Thirty-six New
Zealand rabbits, all male and ranging in weight from 2.2 to
2.6 kg, were used as experimental subjects. The animals
were taken care of according to the relevant provisions of
the Helsinki Final Acts and the principles set forth by the
United States National Health Institute; they were fed with
standard animal feed, given adequate amounts of water, and
spent 12 hours in an open environment and 12 hours in an
indoor environment. Head trauma induction, cisterna magna
puncture, and animal sacrifice were performed in the same
laboratory. Thirty-six new Zealand rabbits included in the
experiment were randomized into 6 different groups. Alpha
lipoic acid was administered to these groups at a dose of 100
mg / kg intravenously at 4-24 and 72 hours. Determination
of cerebrospinal fluid (CSF) biochemistry and osmolarity and
brain tissue water ratio was conducted in laboratories of the
Ankara Training and Research Hospital. A microscope and
microsurgery tools were used during the surgical procedures
and decapitation. Study approval was obtained from the
Local Ethics Committee for Animal Experiments of University
of Health SciencesAnkara Training and Research Hospital
(approval number 0039, date 26.05.2017).
Experimental Groups
Rabbits were randomized into six groups as follows:

Group 1/Control (C)—craniectomy was performed but no
head trauma or treatment
Group 2 (T1)—craniectomy was performed, head traumatized
but not treated, then sacrificed 96 hours later
Group 3 (T2)—craniectomy was performed, head traumatized,
single dose treatment 4 hours following trauma, then sacrificed
96 hours later
Group 4 (T3)—craniectomy was performed, head traumatized,
two dose treatment 4 hours and 24 hours following trauma,
then sacrificed 96 hours later
Group 5 (T4)—craniectomy was performed, head traumatized,
three dose treatment 4 hours, 24 hours, and 72 hours following
trauma, then sacrificed 96 hours later
Group 6 (T0)—craniectomy was performed, no head trauma,
three dose treatment 4 hours, 24 hours, and 72 hours following
trauma, then sacrificed 96 hours later
Anesthesia
Prior to the surgical procedure, all rabbits were anesthetized
with 35 mg/kg of intramuscular 5% ketamine hydrochloride
(Eczacibasi Pharmaceutical Industry, Istanbul, Turkey) and
1.5 mg/kg of intramuscular 2% xylazine (Rompun®; Bayer,
Leverkusen, Germany) 1.5 mg/kg. Additional dosages were
given as needed. Oxygen saturation, heart rate, and systolic,
diastolic, and mean arterial blood pressure were continuously
monitored; body temperature was measured with a rectal
probe. Four subjects died during the experimental procedure
and were replaced with new rabbits.
Cisterna Magna Puncture
The subjects were positioned in the lateral reclined position
on a flat surface after anesthesia was administered. Using the
technigue described by Joshita et al., the head was brought
into a hyperflexed position and cisterna magna puncture
was performed with a butterfly needle in the atlanto-occipital
region (11). Alpha lipoic acid was administered to the subjects
at different hours following traumatic brain injury. Immediately
before the 96 hours following the injury, one ml CSF was taken
from each subject and sacrificed.
Surgical Procedure and Head Trauma Induction
The subjects were positioned prone while under anesthesia
and an approximately 4 cm median vertical incision was
performed over the frontoparietal region extending to both
sides, exposing the midline and the right coronal suture. The
periosteum was elevated and the right temporalis muscle
was severed from its adhesion point and released over the
temporal bone. Then a craniectomy in the middle of the right
parietal bone was performed without violating dural integrity
using a dental tour. The craniectomy was enlarged to an area
of 15 mm × 15 mm using hemostatic forceps with a curved
tip (Classic® forceps, Adson hemostatic, curved, delicate, 304464; Codman, Raynham, MA, USA) and rongeur. The dura
was left intact in order to protect the cerebral cortex from
damage. An aluminum probe (4 mm tip), cooled to -150~
in liquid N2, was placed against the dura overlying the right
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cerebral cortex of anesthetized rabbit. So, head trauma was
induced in the subjects of the trauma groups. (11,12,19,21).
Mechanical respiration support was provided to the subjects
as needed until regular breathing resumed.
Perfusion, Sacrifice, and Tissue Harvesting
Subjects in all groups were anesthetized again with the same
method after 96 hours. Thoracotomy was performed and 1000
mL of 0.9% sodium chloride was administered under 100 mm
Hg of pressure via a catheter relayed from the left ventricle to
the aorta. The right atrium was opened and the physiological
saline was withdrawn. Perfusion continued until the fluid was
clear. Then, the subjects were sacrificed by decapitation.
The scalp was opened and craniotomy was performed to
remove the brain and brain stem in entirety. A microscope and
microsurgical instruments were used to obtain tissue samples
(3 mm × 3 mm × 3 mm) from the right hemisphere where
trauma was induced as well as the opposite hemisphere.
Evaluation of Treatment Effectiveness
Determination of CSF biochemistry and osmolarity
The effect of A-LA on CSF osmolarity was examined in the
CSF samples taken via cisterna magna puncture. Glucose,
blood urea nitrogen (BUN), and sodium levels were measured,
and osmolarity values were calculated. In the calculation of
CSF osmolarity, 2x Na + glucose / 18 + BUN /2.8 formula was
used.

Determination of brain tissue water ratio
In order to determine post-traumatic brain edema and
treatment effectiveness, brain tissue water ratios were
determined in each subject. The tissue samples were quickly
weighed after tissue harvesting with pre-determined and
numbered aluminum papers and recorded. Immediately after
weighing, the samples were incubated at 105°C for 48 hours
in a laboratory oven (Memmert, Schwabach, Germany). Dry
weights were then measured after incubation. Brain tissue
water ratio was calculated from the resulting data using the
following formula (8,12):
% water ratio of the brain tissue =

Wet brain weight (g) - Dry brain weight
x100
Wet brain weight

Statistical Evaluation
The brain tissue water ratios were statistically evaluated with
the Kruskal-Wallis nonparametric ANOVA test and the MannWhitney U test using SPSS software for Windows, version 9.05
(IBM, Armonk, NY, USA). p<0.05 was considered statistically
significant.
█

RESULTS

The CSF biochemistry results (Na, Glucose, and BUN) and
calculated osmolarity values of all subjects presented by
group are shown in Table I and Figures 1–3. Table II shows that

Table I: CSF Biochemistry Values of the Study Groups

Na

Glucose

BUN

Subject No.

Control

T1

T2

T3

T4

T0

1

139.00

172.00

159.00

142.00

140.00

138.00

2

140.00

155.00

150.00

143.00

142.00

141.00

3

144.00

156.00

154.00

146.00

144.00

139.00

4

145.00

155.00

160.00

147.00

146.00

146.00

5

132.00

172.00

142.00

135.00

137.00

135.00

6

140.00

155.00

152.00

142.00

140.00

139.00

1

87

100

142

90

88

86

2

88

103

98

90

89

85

3

74

98

90

84

83

80

4

69

127

110

76

74

70

5

68

111

123

118

90

6

63

98

82

77

75

72
60

1

19

29

27

22

23

20

2

26

30

26

28

30

25

3

11

23

25

15

14

12

4

19

27

25

21

23

21

5

18

32

29

20

22

19

6

19

30

28

21

17

20

668 | Turk Neurosurg 30(5):666-672, 2020

Kul H. et al: The Role of Alpha Lipoic Acid in Traumatic Brain Injury

Table II: Osmolarity Results of the Study Groups

Osmolarity

Mean ± SD

Median (min-max)

Control

290.7 ± 9.12

292 (274-300)

T1

337.7 ± 17.8

326 (325-361)

T2

321.9 ± 14.3

320 (301-340)

T3

297.4 ± 7.6

298 (208-305)

T4

295.2 ± 6.4

295 (286-304)

T0

280.4 ± 7.8

288 (280-303)

osmolarity values were higher in the damaged group, while
they were lower in groups administered A-LA without treating
or creating trauma. Statistical analysis of the osmolarity values
of the study groups shows the following:
1. The difference between the control group and the T1 and
T2 groups is significant (all p<0.05).
2. The difference between the control group and the T3 and
T4 groups is not significant (all p>0.05).
3. The difference between the T2 group and the control, T3,
and T0 groups is significant (all p<0.05).

Figure 1: CSF Na values of
the study groups.

Figure 2: CSF glucose
values of the study groups.
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Therefore, A-LA treatment efficacy was greatest in the group
that received 3 doses after trauma.
Dry brain weight, wet brain weight, and brain tissue water ratio
values of the study groups are shown in Tables III and IV. Table
IV demonstrates that wet brain tissue weight was higher in the
damaged group while lower in the groups administered A-LA
without treating or creating trauma. Statistical analysis of the
brain tissue water ratio values shows the following:
1. The difference between the control group and the T1, T2,
T3, and T4 groups is significant (all p<0.05).
2. The difference between the control and T0 groups is
significant (p<0.05).
3. The difference between the T4 and T0 groups is not
significant (p>0.05).
4. The difference between the T4 group and the T1, T2, and
T3 groups is significant (all p<0.05).
This analysis shows a clear difference between the trauma
and control groups. With treatment groups, this difference is
relatively close to control group.

Table III: Wet Brain Weight Results of the Study Groups

█

DISCUSSION

Clinical and laboratory studies of brain edema in recent years
have revealed most aspects of its pathophysiology. However,
despite this, the treatment of brain edema has not been
standardized and it remains a major cause of morbidity and
mortality. Many therapeutic principles have been adopted
over the years, and accordingly, many different treatment
agents have been used. Therefore, studies on this subject and
creating an appropriate experimental model are essential.
In our study, we used the model defined by Klatzo in 1958
which induced experimental head trauma by spraying cold
nitrogen. An aluminum probe (4 mm tip), cooled to -150~
in liquid N2, was placed against the dura overlying the right
cerebral cortex of anesthetized rabbit (19,23). We prefer this
model because it is effective, easy to apply, and its process
of edema development is very similar to human head trauma.
When other studies are examined in terms of the brain tissue
water ratio; it has been reported that 80% of gray matter,
68% of white matter and 75% of brain water constitute an
important part of brain tissue (6). The brain tissue water ratio in
cerebral edema is 81%–82% in gray matter and 76%–79% in
white matter. Based on these results, the findings of our study
Table IV: Dry Brain Weight Results of the Study Groups

Wet weight

Mean ± SD

Median (min-max)

Dry weight

Mean ± SD

Median (min-max)

Control

75.4 ± 2.14

76 (72-78)

Control

-

-

T1

82.4 ± 2.38

83 (78-84)

T1

80.9 ± 1.23

81 (79-82)

T2

81.5 ± 1.52

81 (79-83)

T2

79.3 ± 1.9

78 (77-82)

T3

78.7 ± 2.66

77 (75-82)

T3

77.1 ± 2.15

76 (75-81)

T4

77 ± 2.03

76 (74-80)

T4

76.4 ± 2.15

76 (74-78)

T0

77.3 ± 1.52

77 (75-79)

T0

-

-

Figure 3: CSF BUN values
of the study groups.
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were found to be consistent with the creation of brain edema.
Therefore, our experimental model is suitable for a study of
traumatic brain edema.
When we examine the treatment methods and agents that have
been used over time, we see that there is no fully active agent.
The osmotic treatment applied for this purpose is the fastest
and most effective method of reducing tissue water and brain
edema (9,15,22) The most widely used agent in osmotherapy
today is mannitol. It creates an osmotic pressure difference
between the plasma and the brain, allowing edema fluid to
pass from the brain to the plasma (30). The use of a physiologically compatible substance in the treatment of traumatic brain
edema is very important for the preservation of intra-organism
homeostasis. Therefore, we elected to use A-LA in our study.
Free radical metabolism is considered an important factor
responsible for cellular damage in TBI. While vitamins A, C,
and E and GSH are important nonenzymatic defensive mechanisms against free radical damage, superoxide dismutase
(SOD), glutathione peroxidase (GSH-Px), and catalase (CAT)
are similarly important enzymatic defense mechanisms within
the cell. In post-traumatic reperfusion injury, other factors
such as oxygen, blood cells, and complement system activation also lead to tissue damage. Previous studies have shown
that polymorphonuclear (PMN) leukocytes have an important
role in the formation of cellular damage in reperfusion injury.
For the leukocytes to migrate into the tissue, they must be
in contact with the endothelium. Active infiltrating neutrophils
secrete reactive oxygen radicals and proteases. Intracellular
defense mechanisms such as the free radical scavenging
SOD and the peroxide-degrading CAT and GSH-Px enzymes
are capable of reducing the damage caused by these secreted cytotoxic reactive oxygen metabolites (4). However, these
scavenging agents are located within the cell and thought to
be inadequate in preventing extracellular damage. Therefore,
administering free radical scavenging agents may be a viable
treatment option. To investigate this, we evaluated the effect
of A-LA administration on CSF osmolarity and brain tissue
water ratio in a rabbit model of TBI-induced brain edema. We
hypothesized that A-LA would remove free radicals, interact
with other antioxidants, repair oxidative damage, and reduce
brain edema fluid.
We found a statistically significant difference in CSF osmolarity between the control group and the untreated trauma
group (T1), and the control group and the group that received
a single-dose A-LA treatment at the 4th hour (T2). However,
no significant difference was observed between the control
group and the group that received two doses of A-LA treatment at the 4th and 24th hours (T3), nor the group that received
three doses of A-LA treatment at the 4th, 24th, and 72nd hours
(T4). While the osmolarity values were high in the traumatized
group, they were low in the groups given A-LA without creating control, treatment and trauma. Therefore, we concluded
that treatment within 4, 24, and 72 hours will be more effective
in the first three days.
In the brain tissue water ratio analysis, we observed a
statistically significant difference between the control group
and the trauma groups (T1, T2, T3, and T4). In addition, there

was a statistically significant difference between the trauma/
no treatment group (T1) and the no trauma/treatment group
(T0).
█

CONCLUSION

Our results show the efficacy of A-LA treatment in reducing
brain edema due to TBI in a rabbit model. Further studies
should be performed to obtain dose-response-time data.
█
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