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1. Introduction to the Research

* Key question: How does ketamine change the brain's "reward system" (the part that helps us
feel happy) before people start feeling better?

* Scientists from King's College London and University College London did an interesting
experiment:

> They looked at how a medicine called ketamine changes the
brain very quickly;

> The study was published in 2021 in a journal that talks about
brain pictures and mental health; and

> A large drug company called Johnson & Johnson paid for the
study (This is important to know because it might affect how we

think about the results)



Why Is This Important?

* Depression is a big problem that affects over 264 million people
worldwide.

* Most medicines for depression take a long time to work,
sometimes 4-6 weeks.

* Ketamine can help people feel better in just hours, especially with
enjoying things again (scientists call this "anhedonia” when
people can't enjoy things).

* If we can understand how ketamine works so fast, we might be
able to create even better treatments.



2. Summary of Key Findings
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Ketamine quickly changes activity in the
brain's reward areas

* These changes happen before people say they feel better

* Biggest effects in the nucleus accumbens and putamen (the brain's "pleasure centers")

« Achemical that ketamine turns into in the body, tor “Special K-Helper,” might be important (Kraus et al., 2023).

Why This is Beneficial:

It shows that ketamine directly affects how we process rewards:

* Might explain why ketamine works so fast to help depression; and
* Could lead to new, faster-working treatments.

[Visual: Before and after brain scans showing increased activity in reward areas]



https://ars.els-cdn.com/content/image/1-s2.0-S2451902222003214-gr3.jpg

3. Methodology

knes Applied

Lo Neuroscience



Who they studied

» 37 people who used to have depression but were feeling okay now; and

» Who weren't taking any other depression medicines.

What They Did:

« Each person came for two visits, about a week apart.

* On one visit, they got ketamine through an IV (like a special drip).

* On the other visit, they got saltwater (which does nothing).

» Neither the people nor the scientists knew which was which until later.

* 2 hours after the |V, people did a special task in a brain scanner called an MRI.

The Reward Task:

» Like a computer game where you try to win money.
» Press a button really fast when you see a target.

» The scanner takes pictures of your brain while you play.



4. Results & Implications
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What They Found

« Ketamine increased brain activity during the money game

» This happened when people were waiting to win and when they found out if they won

» The biggest changes were in the striatum (a part of the brain important for rewards)

» All this happened before people said they felt any better

What This Might Mean:

» Ketamine directly affects how we process rewards

+ It's not just a side effect of feeling better
» This could explain why ketamine helps anhedonia (not enjoying things) so quickly
« |t might "turn up the volume" on the brain's ability to experience pleasure

[Visual: Brain diagram highlighting areas with increased activity]
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https://www.researchgate.net/figure/Model-based-analysis-of-ketamine-induced-changes-in-brain-activity-a-Brain-regions_fig3_277958367

5. Quality Checklist Assessment

Key points from the checklist:

* Randomization and blinding: Adequate (double-blind, crossover design)

* Participantinclusion: Comprehensive (all 37 participants included in analysis)
* Methodological rigor: High (well-controlled study with advanced brain imaging)
* Adherence to standards: Clear reporting of methods and results

* Transparency in reporting: High (all measures and analyses reported)

* Ethical considerations: Addressed (study approved by ethics committee)
Strengths:

* Well-designed study with careful controls

* Used advanced brain imaging techniques

* Looked at brain changes before mood improved

Limitations:

* Participants weren't currently depressed

* Only examined one dose, so long-term effects unknown

» Small sample size (37 participants)

* Can'tdefinitively prove brain changes cause symptom improvement

* Reward task may not fully capture real-life reward experiences



QUALITY ASSESSMENTS FOR TYPES
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controlled clinical trial, looks a lot like a true experiment, but people or samples are not

Quality Guide:

YES \[o] UNSURE n/a NOT APPLICABLE

randomly assigned to the groups so there are a lot more problems with bias creeping in.

delete as appropriate

1. Did the experiment answer a clear and focused question
about ‘cause’ and ‘effect’?

Yes

Comments: Kotoula’s study investigated the effect of
ketamine on neural correlates of reward processing in
unmedicated patients in remission from depression,
focusing on the causal relationship between ketamine
administration and changes in brain activity.

2. Did the authors publicly share a detailed plan or ‘protocol’
of how they would go about doing the study before they
completed it? If they did, did they stick closely to the plan
in the final study publication?

If so, please add relevant weblink for the trial protocol here:

No

Comments: No. There is no mention of a publicly shared
detailed plan or protocol for the study in Kotoula’s
paper.

3. Were samples and people randomly put into the different
groups, e.g., the tested condition of interest versus at least
the other control group/s or sample/s? And was this
randomisation process explained clearly and openly in
enough detail?

Comments: The participants in Kotoula’s study were
randomly assigned to receive either ketamine or a
placebo, and the randomisation process was clearly
explained.

Yes

4. Once randomly placed into the different conditions, was
enough detail provided by authors to explain how the
research team were prevented from knowing about the
samples or people’s group membership to give confidence
that they were truly unaware? And did they remain
unaware ideally until the end of the experiment?

Yes

© The Collaborative Library 2021 distributes this checklist under the terms of the 2
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which permits unrestricted use, distribution, and reproduction in any medium, provided

the original work is properly cited.
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Comments: The study employed a double-blind design
where both the participants and the researchers
administering the treatment and assessing the
outcomes were unaware of the group assignments.
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5. Were all the samples and people who took part in the study
still included in the calculations for the results and thought
about in final conclusion (i.e., those who may have
withdrawn, those substances that show different reaction)?
And did the authors share how many of these samples or
people there were and their key characteristics?

Yes

Comments: Kotoula’s study included all participants who
completed the study in the final analysis and provided
detailed information on the sample size and
characteristics.

6. If relevant, were all the people who took part in the study
unaware or ‘blind’ to condition they were given? Related to
this:
© Were the researchers ‘blind’ to the
to the condition they were giving to the sample or
people who took part in the study?

* Were the people who do all the calculations on the study
data also ‘blinded’ (i.e., the statisticians)?

Yes

Comments: Both participants and researchers were
blinded to the treatment conditions, including those
conducting data analysis.

7. Were the samples or groups similar (e.g., for people in
terms of age, gender and how severe their condition is at
the start of the study?)

Yes

Comments: The study groups were matched for
demographic and clinical characteristics to ensure
comparability at baseline.

8. Apart from the tested conditions or manipulations being
tested, were all samples or groups treated equally in every
other respect?

Yes

Comments: All participants were treated equally in all
other respects apart from the administration of
ketamine or placebo.

9. Were the results or ‘effects’ of the experiment talked about
in detail by the authors? Authors should say at the start
what their main (or ‘primary’) measures and less important

Yes

© The Collaborative Library 2021 distributes this checklist under the terms of the
Creative Commons Attribution License (
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which permits unrestricted use, distribution, and reproduction in any medium, provided

the original work is properly cited.
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(‘secondary’) measures of interest are. Did they report on
all of these measures openly and clearly?

Comments: Kotoula’s paper detailed both primary and
secondary measures and discussed the results
comprehensively.

10. Were all the necessary calculations done to see if the tested
condition was different when compared to the other Yes

group/s or sample/s?

Comments: The study employed appropriate statistical
analyses to compare the effects of ketamine versus
placebo.

11. Can the findings be used in the real world?

Comments: Yes. The findings have potential clinical
applications, particularly in the context of treating
anhedonia and other depressive symptoms with
ketamine.

12. Were there any other issues or problems with the
experiment in terms of bias or limitations we should know
about? (please state below)

Comments: The study acknowledged its limitations,

including the small sample size and the need for

further research to confirm the findings.

The study received ethical approval, and informed
consent was obtained from all participants. The
study did not report any conflicts of interest, and
the results were reported clearly, accurately, and
comprehensively, considering all relevant
outcomes.

© The Collaborative Library 2021 distributes this checklist under the terms of the
Creative Commons Attribution License ( ),
which permits unrestricted use, distribution, and reproduction in any medium, provided
the original work is properly cited.




6. Research in Context

How Kotoula's Study Fits with Recent Research:

+ A 2023 meta-analysis by Kraus et al. [2] confirms ketamine's rapid antidepressant effects and its impact on reward
processing, supporting Kotoula's findings

» Abdallah et al. (2022) [3] showed ketamine also changes how different brain areas connect, complementing Kotoula's
work on specific brain regions

» Study found ketamine imzproved anhedonia within 40 minutes, aligning with Kotoula's focus on rapid reward system
changes (Nugent et al., 2019) [4]

Why This is Important:

» Highlights the crucial role of the reward system in depression

» Suggests new directions for antidepressant development

» Shows the value of studying drug effects before symptom changes

« Supports a new understanding of depression as a reward processing disorder

[Visual: Timeline comparing traditional antidepressants vs. ketamine, with recent study findings]



https://www.researchgate.net/figure/Brief-history-of-R-S-ketamine-and-two-enantiomers-from-anesthetic-to-antidepressant_fig2_339056395/actions

/. Conclusion and Future Directions

The Big Takeaway:
* Ketamine quickly changes how the brain processes rewards

* This might be why it helps depression so fast, especially with anhedonia

What's Next:

* Testin people who are currently depressed

* Look at what happens with multiple ketamine doses over time

* Connect brain changes to improvements in symptoms

* Study "Special K-Helper" ((2R,6R)-HNK) as a potential treatment on its own

* Use advanced brain imaging to see how ketamine changes brain connections

Why This Matters for the Future:
¢ Could lead to new depression treatments that work faster
* Might help develop medicines with fewer side effects

* Shows the importance of studying the brain's reward system in mental health.
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