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Abstract. Sleep deprivation reduces an organism’s ability to perform adult neurogenesis, the
generation of new neurons in adulthood. Recently, researchers discovered that recovery in sleep
deprivation causes the rate of adult neurogenesis to overshoot the normal rate, and then decline
back to normal. This research focuses on brain-derived neurotrophic factor, and whether or not
manipulating it and its related pathways could extend the overshoot effect to enhance adult
neurogenesis in the long term. The conclusion that is expected from this research is that BDNF
will be able to prolong the overshoot of adult neurogenesis that is induced by sleep deprivation.
The work seeks to provide more control over the overshoot-and-decline effect of adult
neurogenesis during recovery from sleep deprivation, opening new pathways to treatments
involving the manipulation of adult neurogenesis.
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1. Background

I would be very happy to be able to research about brain-derived neurotrophic factor (BDNF) and its
possible effect on the overshoot-and-decline effect of adult neurogenesis during recovery from sleep
deprivation, as discovered by Mirescu et al. Sleep deprivation affects many people around the world. |
want to research in order to understand not only the direct effects of sleep deprivation on adult
neurogenesis but also how we can harness the effects to help those who struggle with neurological
ailments. My research aims to find ways to manipulate the adult neurogenesis overshoot, and | believe
that our findings can suggest possible treatments for decreased adult neurogenesis in seniors or victims
of neurodegenerative diseases.

In a 2006 PNAS paper published by Mirescu et al., the researchers found that while sleep deprivation
did result in decreased adult neurogenesis through the upregulation of glucocorticoids, adult
neurogenesis levels exhibited a rebound during the recovery period unrelated to glucocorticoid levels
before returning to control levels [1]. Glucocorticoids were already known to have a negative impact on
adult neurogenesis by suppressing proliferation of radial stem cells and reducing neuroblast numbers
[2]. Sleep deprivation increases stress, which is a manifestation of increased glucocorticoid levels [3].
The BDNF-TrkB pathway also plays a vital role in adult neurogenesis; not only does BDNF promote
cell proliferation, but its downstream product Bcl2 also discourages apoptosis [4].
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2. Literature review

Existing research shows that the rebound in adult neurogenesis after one week of recovery from sleep
deprivation is not affected by glucocorticoid levels, and that adult neurogenesis levels decrease to
normal after three weeks [1]. I find the rebound effect particularly compelling to the discussion of how
adult neurogenesis can be enhanced to normal levels in patients with neurodegenerative diseases. The
fact that the adult neurogenesis overshoot-and-decline effect does not rely on glucocorticoid levels being
lowered as Mirescu and company first imagined could lead to a more consistent treatment method.

I also read that sleep deprivation decreases BDNF levels, which made me curious about the impact
that manipulating BDNF levels could have on sleep deprivation [5]. | asked myself if | would be able to
dampen or even reverse the negative effects of sleep deprivation on adult neurogenesis by promoting
BDNF. My interest in sleep deprivation was immediately piqued by the literature | read.

The BDNF-TrkB pathway is a MAP kinase pathway that not only promotes cell proliferation but
also discourages cell apoptosis through the promotion of Bcl2 [6]. BDNF binds to TrkB receptors, which
are tyrosine kinase receptors. This activates Erk5 and promotes the downstream production of Bcl2,
which encourages senescent cell survival [7]. Bcl2’s role in cell survival means that it could be used to
sustain the overshoot effect in recovery from sleep deprivation by discouraging apoptosis of new
neurons.

Tracking new neurons in a rat’s brain is usually done by injecting BrdU into the brain of a mouse,
and then using an inverted fluorescence microscope after the rat has been perfused and its brain sectioned.
Stem cells, which are indicators of new neurons forming, cycle slowly and retain their BrdU labels well,
reducing the need to constantly reinject BrdU [8].

3. Research approach

| predict that my experiment will show that BDNF and Bcl2 can manipulate the overshoot-and-decline
effect of adult neurogenesis. My experiment will involve the detection of new neurons through inverted
fluorescence microscopy and BrdU indicator. However, BrdU has toxic effects on cells, so groups
expected to yield a normal level of new neurons may yield slightly less [9].

In Mirescu’s experiment, he sleep-deprived rats for 72 hours, injected their brains with BrdU
indicator, then allowed them to recover for 2 hours, 1 week, or 3 weeks before perfusing them and
counting new neurons with the BrdU [1].

My first experiment will involve four groups of Sprague-Dawley rats; cage control (CC), small-
platform sleep deprivation, cage control with TrkB inhibited during the initial 72-hour period, and small-
platform sleep deprivation with TrkB inhibited during the recovery period. All groups will have sub-
groups divided into 2-hour recovery to check adult neurogenesis levels right after sleep deprivation, as
well as 1-week and 3-week recovery. This will allow me to check if the overshoot phase of sleep
deprivation recovery is caused by BDNF. Small-platform sleep deprivation prevents REM sleep in rats
by ensuring that they will fall into a pool of water and be forced to climb back up if they fall into REM
sleep [10]. TrkB inhibition will be achieved by carefully administering Larotrectinib, a breakthrough
cancer treatment that inhibits tyrosine receptor kinases [11]. The main advantage to my experiment
method is how definitive the results can be; if cage control with TrkB inhibited during the first 72 hours
has no effect versus cage control, | will know that BDNF does not play a role in the overshoot-and-
decline effect. If small-platform sleep deprivation with TrkB inhibited during the recovery period does
nothing, | will also know that BDNF does not play a role in the overshoot-and-decline effect. A
drawback is that I will have to control the dosage of larotrectinib very carefully in the group that receives
TrkB inhibition in the initial 72-hour period to make sure that the effects of the larotrectinib do not bleed
into the recovery period.

My second experiment focuses on Bcl2 and its possible role in affecting the overshoot pattern by
reducing apoptosis of new neurons. It will involve three groups of rats; cage control, small platform,
and small platform with Bcl2 promoted during the recovery period. All groups will have sub-groups
divided into 2-hour recovery to check adult neurogenesis levels right after sleep deprivation, as well as
1-week and 3-week recovery. Simply promoting Bcl2 through increasing BDNF levels will also induce
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cell proliferation, inflating cell count without knowing the true effect of the reduced apoptosis alone
[12]. Promoting Bcl2 alone can be done through acridone derivative A22 [13]. Finding the effect of
Bcl2 on the decline phase of sleep deprivation will allow me to learn how to extend the overshoot in
adult neurogenesis. The main advantage is that the negative result of the experiment is already known;
if promoting Bcl2 has no effect, the level of new neurons will simply return to control levels as shown
in Mirescu’s experiment [1].

4. Methodology

The first step is to collect at least 105 Sprague-Dawley rats. Every sub-group will require 5 rats averaged
for maximum accuracy, and there are 7 total experimental groups each containing 3 sub-groups for the
different recovery times. The small-platform sleep deprivation test is inexpensive and very feasible; it
requires an upside-down flowerpot for the mouse to stand on inside a bucket of water.

4.1. Animal Treatment and Ethical Methods

The experiment shall be performed to cause the least amount of pain to the rats. BrdU will be injected
into the rats’ brains, and after a recovery period of 2 hours, 1 week, or 3 weeks, the rats will be perfused
with 4.0% paraformaldehyde in 0.1M phosphate buffer to ensure that they die without pain [1]. Their
dentate gyruses will be sectioned into 40 micrometer thick slices for surveying with an inverted
fluorescence microscope [14].

4.2. Inverted Fluorescence Microscopy

After using BrdU to mark the new neurons in the rat hippocampus, the slides of dentate gyrus will be
processed just as they were in Mirescu’s sleep deprivation experiment [1]. Then, I will count the BrdU-
labeled cells at 1000x zoom using a light microscope and multiply the count by 24 to estimate the count
of BrdU-labeled cells per brain.

4.3. Interpretation of Results

The number of BrdU-labeled cells will indicate the number of new neurons during the recovery time
after sleep deprivation. A decreased count of BrdU-labeled cells for the 1-week recovery subgroup when
the BDNF-TrkB pathway is inhibited would indicate that BDNF has a significant impact on the
overshoot effect of recovery from sleep deprivation, because without it the overshoot effect would not
happen. An increased count of BrdU-labeled cells for the 3-week recovery subgroup when Bcl2 is
promoted would indicate that Bcl2 plays a vital role in the regulation of apoptosis of new neurons in the
decline stage of sleep deprivation recovery.

Bar graphs with each bar corresponding to each recovery time will be used to intuitively visualize
the change in BrdU-labeled new neuron count. As depicted in Mirescu’s experiment, the BrdU-labeled
cell count was lowest after 2 hours of recovery, spiked during 1 week of recovery, and then returned to
normal after 3 weeks of recovery. Any deviation from this control will suggest that BDNF and Bcl2
have a significant impact on the overshoot-and-decline effect of recovery from sleep deprivation.
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5. Expected results
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Figure 1. Expected raw data from the first experiment [15]
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Figure 2. Expected raw data from the second experiment [15]

I expect that BDNF and Bcl2 will affect the overshoot-and-decline effect of adult neurogenesis in sleep
deprived rats. BDNF is known to induce growth for neurons, as well as cancer cells and a wide range of
other cells [12]. Bcl2 is a main factor in regulation of apoptosis, which most likely drives the decline
process of new neurons. Even if the decline in new neurons is not totally mitigated due to other factors
in apoptosis, the addition of Bcl2 will at least slow the decline of new neuron count. The possibilities
that my research can lead to are vast; BDNF is already being investigated as a therapeutic agent in
Parkinson’s disease. The notion that sleep deprivation could induce BDNF as shown in the overshoot
phase could lead to potential treatment that does not require external stimulation of BDNF, especially
since a 2020 experiment by Palasz et al showed that external dosage of BDNF did not relieve symptoms
of Parkinson’s disease [16]. Parkinson’s disease and other neurodegenerative diseases are often long-
term and require sustained treatment, so a short burst in BDNF will not be adequate. Assuming that my
hypothesis is correct, Bcl2 will be vital in maintaining elevated levels of new neurons.

BDNF has also been found by Bjdkholm and Monteggia to be an important bridge between
antidepressant drugs and the resulting neuroplastic changes that alleviate symptoms of depression [17].
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A drug like acridone derivative A22 after recovery from sleep deprivation could provide a sustained
alternative treatment for depression.

6. Conclusion

I genuinely believe that my proposal to research about BDNF and its possible effect on the overshoot-
and-decline effect of adult neurogenesis during recovery from sleep deprivation can bring about a novel
understanding of sleep deprivation’s role in neurological ailment. Being able to manipulate BDNF
would allow us to at least slow the symptoms of a neurological ailment, since BDNF is known to be
important to at least Parkinson’s disease and depression. The ability to control Bcl2 levels to allow for
sustained treatment would help us develop a drug that could provide long-term aid to those who suffer
from neurological ailments. For the depressed and for the neurologically diseased, | urge you to consider
my research for funding.
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