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Introduction
Recent research suggests that inhalational and IV anesthetics
can cause neuroapoptosis in the developing brain. The human
brain develops and grows in weight and size from birth until
about the age of 2, making trillions of neuronal connections.
Although the brain is born with all the neurons it will ever
have, and neuronal death is a natural process of aging, it has
been shown that anesthesia can attenuate the rate of cell
death. In animal studies, volatiles such as isoflurane,
sevoflurane, and desflurane, and IV anesthetics such as
propofol and ketamine have been shown to cause cell death
immediately after anesthesia, as well as cognitive deficits later
in life. Since these anesthetics are essential for surgery,
methods to prevent this apoptosis are being researched.
Dexmedetomidine, an alpha agonist, is of interest for it’s
cerebral protection.

Neurocognitive Evaluation Experiment
Seven-day old rat pups were exposed to 6 hours of 0.75%
isoflurane in 25% oxygen or air. Three doses of saline or 25
µg/kg dexmedetomidine were injected at 0, 2, and 4 hours. The
animals were then allowed to mature to 40 days old and tested
for memory and learning function with a fear-conditioning
behavioral program.

Fear Conditioning Behavioral Program
A chamber such as the one pictured
was used for fear conditioning.
When the rats were placed in the
chamber, the grid floor made
contact with a circuit board through
which a shock was delivered.

Materials and Method

Control: air + 5% CO2
Dexmedetomidine 1 µM
Gabazine 50 µM*
0.75% isoflurane
0.75% isoflurane + dexmedetomidine 1 µM
0.75% isoflurane + gabazine 50 µM

After 6 hours of incubation in the isoflurane chamber, the
trays were removed. The slices were sectioned and inner
sections were mounted onto glass slides, allowed to dry, and
then stained for caspase-3.**
*Gabazine is a GABAA antagonist added to test if the mechanism of
isoflurane injury was due to it’s GABAA activation.
**Caspase-3 is a main mediator of apoptosis, a marker for cell death.

In Vivo Experiment
Seven-day old rat pups were separated into groups and
exposed in a temperature-controlled chamber for 6 hours.
Control: Air + Saline
Air + Dex 25 µg/kg
Air + Dex 75 µg/kg
Control: Isoflurane + Saline
Isoflurane 0.75% + Dex 1 µg/kg
Isoflurane 0.75% + Dex 10 µg/kg
Isoflurane 0.75% + Dex 25 µg/kg
Isoflurane 0.75% + Dex 25 µg/kg + Atipamezole* 500 µg/kg

Injections of either air or saline were administered three times
at hours 0, 2, and 4. The purpose of the 75 µg/kg dose of
dexmedetomidine was to see if dexmedetomidine itself could
cause neuroapoptosis if given in extremely high doses. The rat
pups were then sacrificed with 100 mg/kg sodium
pentobarbital injection. The brain was then removed, sliced,
washed, dried, and stained immunohistochemically for
caspase-3.
*Atipamezole is an a2 antagonist, added to test whether it would
reverse dexmedetomidine’s protective effects.

Slices were stained and quantified for the presence of caspase-3
positive cells. Isoflurane exposure increased caspase-3
expression by 44% compared to control. The effect was
reversed by 1 uM dexmedetomidine, reducing caspase-3 to
within 10% of control. Gabazine itself was shown to be
nontoxic, and did not attenuate isoflurane-induced apoptosis.

In Vivo Experiment

Neonatal treatment with isoflurane-saline on PND40 rats
induced neurocognitive impairment when assessed by context
fear conditioning (long-term memory). Dexmedetomidine
ameliorated the neurocognitive impairment induced by
isoflurane for long term memory: 29% freezing time for saline
+ iso, 46% freezing time for iso + dex. However, none of the
groups exhibited any deficit in the acquisition phase, A (no
deficit in short term memory).

Cortex

Hippocampus

In Vitro Experiment
Hippocampal slices were taken from 8 or 9 day old mice pups.
After preparation, the slices were placed into a culture tray
where they would be exposed to isoflurane in a sealed
chamber.

Neurocognitive Evaluation Experiment

Acquisition Phase
Each animal received 6 cycles of 214 seconds of trace fear
conditioning. A tone was presented for 16 seconds at 2 kHz,
followed by an interval of 18 seconds and a subsequent foot
shock for 2 seconds at 0.85 mA. After the last shock, the rats were
removed and returned to their home cage. Acquisition time was
defined as the time spent immobile after a shock divided by the
intertrial interval.

Thalamus

Context Test
The next day, trained rats were exposed to the same
acquisition environment but received neither shock nor tone
for 8 minutes. The percentage of time an animal froze during
this period was calculated as the number of observations
judged to be freezing divided by the total number of
observations. Freezing time was assessed using VideoFreeze
software, so it could be considered objective.
This experiment tested the rat’s long and short term memory.
A rat in the acquisition phase would freeze for a longer
amount of time after it learns to expect a shock (short term
memory). A rat that remembered being shocked the day
before would anticipate being shocked again when placed in
the same chamber (long-term memory).

Results and Discussion
In Vitro Experiment

Isoflurane increased caspase-3 expression relative to air (+
saline) controls in the cortex from 44 ± 7 to 270 ± 34, in the
hippocampus from 8 ± 3 to 80 ± 11, and in the thalamus from 4
± 2 to 62 ± 15. Dexmedetomidine in air did not increase
caspase-3 expression relative to controls. Dexmedetomidine
provided dose dependent neuroprotection reducing isoflurane
in the cortex from 186 ± 23 to 129 ± 29, in the hippocampus
from 28 ± 11 to 15 ± 5, and in the thalamus from 21 ± 6 to 9 ± 4.
In the hippocampus and thalamus, but not the cortex, a dose
of 25 µg/kg dexmedetomidine reduced the injury to baseline. P
< 0.05 in all cases. The addition of atipamezole showed that the
effect of dexmedetomidine is partly mediated by a2 receptors
in these regions because the inhibition of these receptors
increased the injury.

Conclusion
Isoflurane induced cerebral neuroapoptosis in neonatal rat
pups with subsequent long-term neurocognitive impairment.
Dexmedetomidine provided neuroprotection in a dosedependent manner, via it’s activation of a2 receptors.
Dexmedetomidine itself does not cause neurotoxicity even at
extremely high doses. Gabazine does not reverse the effect of
isoflurane, suggesting that the neuroapoptotic effect of
isoflurane is not mediated by GABAA receptors.
Dexmedetomidine is widely available and continues to gain
popularity especially in pediatric clinical practice, therefore if
neurodegredation induced by anesthesia is proven, then we
have a solution already.
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