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A 35-year-old man with a history of depression and anxiety presents to his primary care physician complaining 
of persistent feelings of sadness, loss of interest in activities, and difficulty concentrating. He reports that these 
symptoms have been present for several months and are affecting his work performance and relationships. 
The patient has tried various forms of therapy without significant improvement and is now seeking 
pharmacological treatment. The physician decides to prescribe a medication that increases the synaptic 
concentration of norepinephrine and serotonin.

Which of the following drugs would most likely achieve this effect by inhibiting the reuptake of norepinephrine 
into the adrenergic neuron?

A) Phenelzine 
B) Reserpine 
C) Amphetamine 
D) Cocaine 
E) Guanethidine



LO: Describe the mechanism by which drugs inhibit the reuptake of norepinephrine into the adrenergic 
neuron.

Answer Explanations
D) Cocaine is a drug that inhibits the norepinephrine transporter (NET), which is responsible for the reuptake of 
norepinephrine from the synaptic cleft back into the presynaptic neuron. By blocking NET, cocaine prevents the reuptake of 
norepinephrine, thereby increasing its concentration in the synaptic cleft and prolonging its action on postsynaptic 
adrenoceptors. This effect can lead to increased stimulation of both α and β adrenoceptors, which may improve symptoms 
of depression and anxiety.

A) Phenelzine is a monoamine oxidase inhibitor (MAOI) that prevents the breakdown of norepinephrine within the neuron. 
While it does increase synaptic levels of norepinephrine, it does not do so by inhibiting reuptake. 

B) Reserpine works by inhibiting the vesicular monoamine transporter (VMAT), which is responsible for sequestering 
neurotransmitters like norepinephrine into synaptic vesicles. This leads to depletion of norepinephrine stores, not 
inhibition of reuptake. 

C) Amphetamine induces the release of norepinephrine from the presynaptic neuron into the synaptic cleft. Although it 
increases synaptic norepinephrine levels, its primary mechanism is not the inhibition of norepinephrine reuptake. 

E) Guanethidine blocks the release of norepinephrine from the presynaptic neuron by interfering with the action potential-
triggered release mechanism. It does not inhibit the reuptake of norepinephrine.



Prompt design is an art unto itself..





Recent studies suggest LLM-generated medical questions can 

approximate the quality of faculty-authored questions

• Cheung et al.1 compared 50 MCQs generated by ChatGPT (GPT-3.5) against 50 questions crafted by medical 

faculty

• Three expert assessors evaluated these questions across five quality domains, finding statistical 

equivalence in overall quality and four specific domains, with only marginal inferiority in content 

relevance.

• LLM question generation required approximately 20 minutes compared to 211 minutes for human 

experts—a tenfold efficiency improvement.

• ChatGPT-4-generated clinical vignettes are largely indistinguishable from human-authored questions when 

evaluated by medical experts2 

• Despite these promising results, 36% of ChatGPT-4-generated questions contained flaws identified by 

physician reviewers that make their deployment reliant on a human-in-the-loop check. 

Citations in notes



• Our item at the beginning was 
generated using RAG (Retrieval-
Augmented Generation) which 
pulled the content from a 
sandboxed, curated set of 
resources: 
• Katzung and Trevor Basic and 

Clinical Pharmacology 16e

• Goodman and Gilman’s The 
Pharmacological Basis of 
Therapeutics 15e

• NBME Writing Guide 

The source of the prompts was: 

Back to the Cocaine Question..



Study Design
• Compared items generated from RAG and Non-RAG

• RAG uses a knowledge base (i.e. database) to provide context for generating responses, while Non-

RAG models rely solely on the pre-trained knowledge of the AI program. 

• Over 156 learning objectives from the ASPET/AMSPC Knowledge Objectives served as 

prompts to generate 312 matched items (156 RAG and 156 Non-RAG items) 

• Of these 100 matched items were randomly selected for each RAG and Non-Rag which 

were furnished to 3 expert human raters for review

• Review Criteria:
• (1) content accuracy, (2) clinical relevance (5-point scale), (3) question clarity, (4) educational value, 

and (5) distractor quality, and (6) overall quality.



A 36-year-old woman presents to her primary care physician with complaints of chronic fatigue, difficulty 
concentrating, and a persistent feeling of sadness. She mentions that these symptoms have been present 
for several months and have progressively worsened. She denies any significant changes in her life or 
recent stressors. Her medical history is unremarkable, and she is not currently taking any medications. 
After a thorough evaluation, the physician diagnoses her with major depressive disorder and decides to 
initiate pharmacotherapy aimed at increasing synaptic norepinephrine levels. 

Which of the following medications is most likely to inhibit the reuptake of norepinephrine into the 
adrenergic neuron, thereby treating the patient's depressive symptoms?

A. Sertraline 

B. Venlafaxine 

C. Bupropion 

D. Amitriptyline 

E. Phenelzine

So what about the matched Non-RAG item...



LO: Describe the mechanism by which drugs inhibit the reuptake of norepinephrine into the adrenergic neuron.

Explanation for the Correct Answer: 
B. Venlafaxine is a serotonin-norepinephrine reuptake inhibitor (SNRI) that is commonly used in the treatment of 
major depressive disorder. It works by blocking the reuptake of both serotonin and norepinephrine into presynaptic 
neurons, which increases the concentration of these neurotransmitters in the synaptic cleft and enhances 
neurotransmission. The inhibition of norepinephrine reuptake is particularly relevant to the vignette's focus on 
increasing synaptic norepinephrine levels.

A. Sertraline is a selective serotonin reuptake inhibitor (SSRI). While it is used to treat depression by increasing 
synaptic serotonin levels, it does not primarily inhibit the reuptake of norepinephrine.
C. Bupropion is an atypical antidepressant that primarily inhibits the reuptake of dopamine and norepinephrine but 
has a minimal effect on serotonin reuptake. Although bupropion does inhibit norepinephrine reuptake, venlafaxine is 
more commonly associated with this mechanism in the context of treating depression.

D. Amitriptyline is a tricyclic antidepressant (TCA) that inhibits the reuptake of both norepinephrine and serotonin. 
However, it is not as selective as venlafaxine and is associated with a broader range of anticholinergic side effects.
E. Phenelzine is a monoamine oxidase inhibitor (MAOI) that prevents the breakdown of monoamine 
neurotransmitters (including norepinephrine, serotonin, and dopamine) within the neuron. While this increases the 
levels of norepinephrine, it does not do so by inhibiting its reuptake.



Comparison of question content accuracy between retrieval-augmented generation (RAG) 
and non-RAG A.I. frameworks (n= 50 items, n= 3 reviewers). Questions generated without 
RAG demonstrated higher accuracy (88%) compared to those with RAG-based generation 
(69.2%), approaching significance (p = 0.0981, Fisher's exact test). 



Mean quality scores with standard error of the mean (SEM) for RAG vs. Non-RAG 
generated questions across five evaluation criteria. No statistically significant 
differences were observed (n= 3 reviewers). 



Who are you and what are you doing here?



Small Group Exercise (30-40min): 

1. Join a group (3-4 people if possible).

2. Research if your discipline of clinical specialty society curates content learning objectives or 

knowledge objectives.

3. Pick 1 learning objective for each unique discipline or clinical specialty and use the LO to generate a 

USMLE style item in ChatGPT (or any AI service you prefer or sign up for free access to ChatGPT 

right now: https://chatgpt.com/)

4. Share the AI generated item with the group, review for accuracy and clinical appropriateness, edit it if 

necessary, or repeat the process if it is a lost cause item.

5. Run the edited item back through ChatGPT to check for accuracy.

5. Pick an item to present to the larger group and share your experience.

https://chatgpt.com/


Activity Description Outcome Time

Part 1: Prompt 
Identification or 
Generation

Identify if your discipline/clinical 
society has curated learning 
objectives. If not, select a personal 
learning objective you wrote. 

Individuals identify 1-2 prompts for AI item 
generation. ~10min

Part 2: AI Item 
Generation

In groups of 3–4, participants compare 
prompts and generate USMLE-style 
MCQs using ChatGPT or a similar AI 
tool for each prompt.

Groups produce several AI-generated draft 
items and review. ~15min

Part 3: Peer Review

Groups exchange questions and 
evaluate/refine each other’s MCQ for:  
(1) content accuracy, (2) clinical 
relevance (5-point scale), (3) question 
clarity, (4) educational value, and (5) 
distractor quality, and (6) overall 
quality. Return revised item to group.

Groups revise the MCQs based on 
feedback, improving question quality. ~15nin

Part 4: Group Share 
and  Wrap-Up

Groups present refined items, 
highlight changes, strengths, and 
areas for improvement. Optional 
reflection on the use of AI.

Shared learning, deeper understanding of 
strengths/limits of AI assistance and value 
of human raters. 

~20min



Summary



Summary

• Consult the educational 
literature on prompt 
design and educational 
theory.

• Collaboration with 
colleagues is the key! 

• A team including a 
clinician and basic 
scientist can tackle 
multiple angles of item 
review.

• Experiment!

Kulasegaram, Kulamakan; Manzone, Julian C.; Ku, Cheryl; Skye, Aimee; Wadey, 
Veronica; Woods, Nicole N. Academic Medicine90(11):S63-S69, November 2015.
doi: 10.1097/ACM.0000000000000896
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