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Abstract
Background: We did a study with the aim to compare the changes in neurotransmitter values after halothane and isoflurane
anesthesia in craniotomies.

Method: 40 patients, of either sex, ASA group I and II, 20-60 years age group were included with exclusion of patients with
systemic diseases like uncontrolled DM, HT n , anaemia and respiratory, cardiac, renal or hepatic insufficiency and allocated to
two groups of 20 each. Group I received halothane and group II isoflurance for maintenance. Before induction a CSF sample of
3-5ml was taken through lumbar puncture L3-4, L4-5, subarachnoid space. After induction 2 nd CSF sample taken from ventricular
puncture 1 hour later and 3 rd sample taken after 3 hours or before skull closure. In all 3 samples, levels of neurotransmittersglutamate, aspartate serotonin and GABA was measured.
Result: Glutamate and aspartate showed a decrease at 1 and 3 hour and GABA a neuroinhibitory transmitter showed an
increase. However, serotonin a neuroexcitatory transmitter showed progressive increase.
Conclusion: Decrease in Glutamate at 1 hr was more with isoflurance but the value returned near normal (base line) after 3 hrs.
The increase in GABA 1st and 3rd hr was more in halothane group. Regarding Aspartate and serotonin there was no significant
difference between both the groups.

INTRODUCTION
Effect of volatile anaesthetic agents on neurotransmitters is a
subject of recent focus. Various inhalational anaesthetics
either increase or decrease neurotransmitter values in certain
areas of brain.
Our plan was to systematically study the relationship, if any,
between inhalational anaesthetic agents namely halothane
and isoflurane, with neurotransmitter levels in the cerebrospinal fluid (CSF) like serotonin, gamma amino-butyric acid
(GABA), glutamate and aspartate in patients undergoing
craniotomy.
Available literature does not reveal any substantive work
having been done on human subjects and in particular with
halothane and isoflurane anaesthesia in relation to
neurotransmitter levels in the CSF.
Our aim was to understand the neurohormonal changes

during inhalational anaesthesia. Such information is
important for selecting optimal anaesthetic regimens for
neurosurgical procedures in the already compromised brain.

MATERIAL AND METHODS
The present study was under taken to see changes in
neurotransmitter values after halothane and isoflurane
anaesthesia for craniotomy.

SELECTION OF PATIENTS
40 patients, ASA group I and II, of either sex, in the age
group of 20 to 60 years presenting for craniotomy were
included in the study. The patients with systemic diseases
like uncontrolled diabetes mellitus, hypertension, anaemia
and respiratory, cardiac, renal or hepatic insufficiency were
excluded from the study.
The selected patients were randomly allocated into any one
of the two treatment groups of 20 patients each.
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Group I: Patients maintained on halothane
anaesthesia
Group II: Patient maintained on isoflurane
anaesthesia

STUDY PROCEDURE
All the patients taken into the study were premedicated with
tab. Alprazoam 0.5 mg the evening before surgery and at 7
AM on the day of surgery. Just before induction of general
anaesthesia, all patients in both the groups received the
following drugs intravenously
0.5 mg/kg body weight of pentazocine repeated
after 2 hours during the course of anaesthesia.

As shown in Table 1, the mean age of both the groups was
identical (37.05 Vs 37.7 yrs). The duration of surgery in both
the groups was also identical (2.45 Vs 2.50 hrs).
Figure 1

Table 1: Mean µ SE of Demographic characters and duration
of surgery for two treatment groups.

EXCITATORY NEURO TRANSMITTER LEVELS
Figure 2

Table 2: Glutamate Values

100 #181;g/kg body weight of ondansetron
0.05 mg/kg body weight of midazolam
In the operating room, before induction of general
anaesthesia, a CSF sample of 3-5 ml was taken through
lumbar puncture form L.3-L.4 or L.4-L.5 subarachnoid
space. After removal of the CSF sample. The general
anaesthesia was induced. Patients of group I were
maintained on halothane and all from group II were
maintained on isoflurane anaesthesia in nitrous oxide (N2O)
and oxygen (O2).
One hour after induction of general anaesthesia, the 2 nd CSF
rd
sample was taken from a ventricular puncture and the 3
sample was taken after 3 hours or just before the skull
closure which ever was earlier. In all three samples levels of
neurotransmitters were measured.

STATISTICAL ANALYSIS

The change in mean concentration of glutamate at different
time intervals in both the groups is shown in Table 2. We
found that there is a significant decrease in the mean
glutamate value after one hour from the baseline. The level
showed a tendency to rise during the subsequent period but it
still remained lower than the baseline value in the 3rd (last)
sample taken at 3rd hour or at the end of surgery before
closure of the cranium, if surgery finished earlier than three
hours. Similarly the values seen during isoflurane
anaesthesia were identical to group I patients but the
decrease in glutamate mean concentration was more after
isoflurane than after halothane anaesthesia.
Figure 3

Table 3: Serotonin Values

Test significance was calculated by using student 't' test as
applicable to comparison between two groups. Critical value
of 'p' indicating the probability of the significant difference
was taken as 0.05 or less for all the comparisons.

RESULTS
The two study groups consisting of 20 patients each, were as
follows:
Group I Anaesthesia maintained on halothane and,
N2O in O2
Group II Anaesthesia maintained on isoflurane and
N2O in O2
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As shown in Table 3 above, there is a marked increase in
mean value of serotonin in group I and group II patients after
one hour. The serotonin level continued rise with time in
group I patients and there was a significant rise in its level in
the 3rd sample as compared to the value at 1st hour. The
findings in group II samples were little different from in
group I. In group II the mean value in the 3rd sample
showed a decrease as compared to the 1st hour value.
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However the levels remained high when compared to the
baseline value.
Figure 4

Table 4: Aspartate Values

As shown in Table 4 the mean level of aspartate in group I
patients, showed a significant decrease after one hour. On
the other hand, the values were seen to rise to a highly
significant level at three hours which we find difficult to
explain.
We also find that, the mean values at one and three hours in
Group II patients is identical to Group I patients.

INHIBITORY NEUROTRANSMITTER
Figure 5

Table 5: GABA Values

Table 5 shows that in Group I samples there is significant
increase in GABA level after one and three hours from the
base line value. Similarly in group II, the trend is mostly
similar to group I, except that the increase was more during
halothane than isoflurane anaesthesia at the 3 rd hour interval.

DISCUSSION
We aimed at studying the changes in neurotransmitter values
after halothane and isoflurance anaesthesia separately.
We studied four neurotransmitter out of which three are
excitatory (Glutamate, Serotonine and Aspartate) and the
fourth is inhibitory (GABA).

GLUTAMATE
Among all the excitatory neurotransmitters, glutamate is
very important. We found a decrease in the mean glutamate
concentration at 3 or nearly 3 hours from its base line values
and the decrease is maximum at one hour from the induction
of anaesthesia.
Possible explanation of a decrease in Glutamate level may
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be that the volatile anaesthetics cause an increase in the
Glutamate uptake by astrocytes. (Miyazaki H, Nakamura Y.)
1 or due to a decrease in the pre synaptic release of glutamate
by alteration in intra synaptic calcium ion (Nihg Miao, MJ
Frazer) 2 . In our study, we found that the inhibition of
glutamate level is more with isoflurane than with halothane
after one hour, this could be the reason for its better effect.
The neurotransmitter values in 3 rd hour showed a near
normal concentration. We do not have any reported evidence
in support of this finding.

SEROTONIN
Is an important neurotransmitter involved in modulating
central nervous system nociception and awareness. Based on
the available literature we can say that the serotonin
concentration should fall after halothane and isoflurane
Anaesthetics (Martine DC, Wafkin CA et al) 3 . According to
these studies even though the serotonin uptake is inhibited in
synaptosome after volatile anaesthesia, the “overall
serotonin level is decreased due to an increase in its
metabolism. Thus a decrease in serotonin level (an
excitatory substance) may explain the ultimate cerebral
effect of inhalational anaesthesia.
Similarly according to Martine DC, Adam RJ, et al 4 the
exposure to clinically relevant concentrations of isoflurane
results in a rapid, concentration dependent and reversible
inhibition of serotonin. But our findings do not tally with
literature findings as we found an increase in mean
concentration of serotonin after one hour and also at three
hour from its base line value. However this finding is similar
to report by “Roizen MF, Kopin IJ, et al 5 who have found
that serotonin concentration can increase in specific brain
regions after volatile anesthetics. An other possible
explanation for this 5 HT increase can be due to release of
certain local neuro chemical modulators like serotonin,
histamine and prostaglandin after brain injury and brain
edema (Sharma HS, Westman J et al) 6 and (Sharma HS,
Westman J, Nyberg F et al.) 7 In addition, as we explained
above the lumbar CSF sample may not represent the basal
cerebral CSF neurotransmitter values.
The brain injury can be hypoxic, ischemic or like in our
case, handling and cauterization causing direct injury,
leading to release of the foresaid modulators.

ASPARTATE
Like other excitatory neurotransmitters this also showed a
decrease in its mean concentration value at one hour from
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pre induction or base line value in both the groups and the
decrease was almost identical in both the groups. After 3
hours the mean concentration value showed an increase over
1 hour values as well as the base line value. The possible
explanation of this significant increase during 3 rd hour can
be related to Arai T, Hatano Y et al 8 findings. The authors
reported a significant. Aspartate efflux with high halothane
concentration but not with low concentration.

GABA
This is an important inhibitory neurotransmitter of synaptic
transmission. In our study, we found a significant increase in
the mean concentration of GABA at 1 hr and later 3rd or
near 3rd hr from the induction of anaesthesia. The possible
explanation of this increase is the dose dependent inhibition
of catabolism of GABA by volatile anaesthetic at
synaptosomes. As postulated by Cheng and Brunner 9 , the
volatile anaesthetics do not affect the uptake or release of
GABA at synapse.
As we are aware that the GABA is an inhibitory
neurotransmitter, such increase in its mean concentration
value may be due to a reduction in synaptic activity. Other
factors that might have increased the GABA level may be
attributed to midazolam which we used in all the patient as
pre medication. Midazolam itself causes an increase in
GABA levels by inhibiting the uptake of GABA by the
synapses (Cheng SC, Brunner) 10 . We also found that the
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increase was more with halothane than after isoflurane and it
remained high after the 3 hour interval.
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