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Atropine
Occurs naturally in plants of the nightshade family (e.g. belladonna, henbane,      

mandrake) 

Deadly Nightshade (Atropa Belladonna) 

Berries are highly toxic; causes bizarre delirium
and hallucinations 

Long History as medicine, poison and cosmetic:

- Ancient Romans used it as poison
- Used to make poison-tipped arrows
- before middle-ages used as anesthetic for surgery

often in combination with opium



Black Henbane (Hyoscyamus niger)

Medical use:
4th Century BC: Theophrastus used mandrake for 
treatment of wounds, sleeplessness and as love 
potion

1st century AD: Dioscorides used mandrake wine 
as anaesthetic

Cosmetic use: 
to enlarge (dilute) pupils in eye (via eyedrops). 
Famously done by Cleopatra. (last century BC)
Popular again during Renaissance and briefly in 
late 19th / early 20th century Paris.

Mandrake plant
(Mandragora autumnalis)





Atropine mechanism of action
Atropine structure (enantiomeric mix / racemic):

compare to

acetylcholine (ACh) a neurotransmitter 
that is normally bound by muscarinic receptors 

Neurotransmitter: a chemical released by neurons (nerve cells) to send signals to 
other cells

ACh released by motor neurons of nervous system and activates muscles also 
involved in the ANS

Autonomous Nervous System (ANS):
- regulates the functions of internal organs
- acts unconciously (non voluntary)
- regulates heart-rate, digestion, respiratory rate, pupillary response, urination, 

sexual arousal, also reflexes (coughing, sneezing, swallowing and vomiting)

atropine

acetylcholine



ANS has two branches with opposite actions: 

Sympathetic NS: “Fight or Flight”  e.g. pupils are diluted facilitating far sight

Parasympathetic NS: “Rest and Digest” e.g. pupils are constricted facilitating 
near sight

ACh neurotransmitter binds to muscarinic receptors and activates 
parasympathetic responses

Atropine is a competitive, reversible antagonist of the muscarinic ACh
receptor. i.e. it blocks the action of ACh

It’s considered a parasympathetic inhibitor or a antimuscarinic drug (a type 
of anticholinergic drug)



Source: http://www.drbuckeye.com/dr-ns-approach

http://www.drbuckeye.com/dr-ns-approach


Medicinal applications of Atropine

• Optometry
• Treatment of bradycardia (slow heart rate 

under 60 beats / min) 
• Antidote for organophosphate poisoning 

caused by nerve agents
e.g. Tabun, Sarin, Soman, VX





Remember: Acetycholine (ACh) activates the Parasympathetic NS (Rest and Digest)





Chapter 4

Introduction to Organic 
Chemistry and Drawing of 

Drug Molecules
The notes for this are available in a separate file that was emailed to you.



Chapter 5

Introduction to FDA law and 
Clinical testing



IND = Investigational New Drug Application



Source: Nature Reviews: Drug Discovery

NDA = New Drug Application



Pharmacokinetics = the study of the time course of drug absorption, distribution, 
metabolism, and excretion.

The different phases of clinical trials:



Important Terminology
• Principal Investigator (PI)
Person who takes responsibility for the safety and team / 
research actions of a clinical trial at a specific site. 
• Study Coordinator
No medical education, but educated in carrying out 
clinical trials, coordinate scheduling, contact families to 
see if they have questions about drug compliance etc. 
Very important job!
• IND: Investigational New Drug
How you refer to a drug that is being studied before it 
reaches FDA approval



Important Terminology (continued)
• DSMB: Data Safety and Monitoring Board
Group of people appointed independent of a clinical trial who independently assess safety data. 
Monitors for participant safety.

• Placebo Controlled
Majority of drug studies have a phase that is placebo controlled. Tests effectiveness of an IND 
treatment against something that looks like the treatment but has no active ingredients. “placebo 
effect”: when an individual takes a substance that they perceive to be a medication they can 
physically feel better. So it is important to know what the effects are of the act of taking a perceived 
medication vs actually taking the medication. 

• Double Blinded
- Neither the Researcher nor the Participant know if they are receiving the drug or a placebo
- Prevents bias in study data
Done in early phases, prevents researcher as well as the participant form consciously or 
unconsciously favoring the effects of the drug. 



Preclinical Studies

• Drug development begins with extensive laboratory research
- Discovery, mechanism of action (MOA), effect

• Can involve years of experiments in animal and cell models
- Toxicology studies:  does the drug cause cancer ? Does it change DNA 

(mutagen) ? Could it be harmful to pregnancy ? etc
- Pharmacokinetic studies: How a drug is broken down by a body?

• If this research is successful, then researchers can send the data to the 
FDA for approval to initiate research / testing in humans.

… VERY FEW compounds actually make it to the FDA for testing 



Phase I
• Assess the safety of a drug .
- Typically lasts several months or longer
- Testing occurs typically in healthy volunteers

• Determine the pharmacokinetics of the drug in 
humans

- How the drug is absorbed, broken down in the body 
and finally excreted 

• Evaluate  the side-effects that may occur at different 
dosages



Phase II
• Tests the efficacy of a drug . Most pivotal point of trials !
- Typically lasts months to years
- Testing occurs typically in people with specific diseases

• Often randomized trials
- One group of patients receive the experimental drug, while a second group 

receives the placebo

• Often these studies are “blinded”
- Neither the patients not the researches are aware of who has received the 

drug or placebo to prevent any bias.

• 1/4th of all experimental drugs successfully complete phase II trials



Phase III
• Provides investigators and the FDA with more complete 

information about the drug’s effectiveness and possible adverse 
reactions .

- Typically lasts years
- Testing occurs typically in 100s – 1000s of people with specific 

diseases

• If Phase 3 is successful, investigators can seek FDA approval to 
market the drug

• 70-90%  of all experimental drugs that enter Phase 3 studies are 
successful



Phase IV
• Post Marketing Surveillance Trial AFTER a drug (or device) 

has been FDA approved

• Goals at this stage:
- Compare the drug with other drugs already in the market
- Monitor a drug’s long-term effectiveness
- Determine cost-effectiveness

• Finding in phase IV can result in a drug being taken off the 
market or restricted



Phase IV fails:

Rofecoxib is nonsteroidal anti-inflammatory drug (NSAID)
Marketed as VIOXX for treatment of arthritis.
Removed from market by Merck in 2004 (during Phase IV) ! 





The Fall of Vioxx:

Chemical name: rofecoxib
On the market for 5.5 YEARS  (May 20, 1999 to Sep. 30, 2004)
Use: NSAID (pain relief)
Manufacturer: Merck

During the 5.5 years it was on the market, more than 80 million people were 
prescribed Vioxx

Cause for recall:  increased risk of heart attack and stroke;
linked to about 27,785 heart attacks or sudden cardiac deaths 
between May 20, 1999 and 2003 
__________________________________________________________________

Source: https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1299263/

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1299263/
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https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1299263/


Vioxx's Phase III trials: 8,076 patients. (very large ironically)

Did not reliably detect rare adverse events (prevalence of 1%–2% )
(compared with placebo)

How it got removed:
Post-market study aimed to determine if rofecoxib prevented the malignant 
transformation of colon polyps and excluded patients with heart disease. 

First 18 months: no link of Vioxx with increased risk of cardiovascular events. 

However, 3.5% of patients taking rofecoxib for more than 18 months 
suffered either a myocardial infarction or stroke, compared with 1.9% in the 
placebo group!
= excess risk of 16 infarcts or strokes per 1,000 people taking the drug !!!



Vioxx Add with
Olympic gold medalists Dorothy Hamill.



List of 35 FDA-Approved Prescription 
Drugs Later Pulled from the Market

https://prescriptiondrugs.procon.org/view.resou
rce.php?resourceID=005528

https://prescriptiondrugs.procon.org/view.resource.php%3FresourceID=005528


Off-label Marketing





Among the things Kardashian neglected to mention: 

- The drug hasn't been studied in women with a rare complication of pregnancy that causes 
extreme morning sickness.

- It's not recommended for women sensitive to various drugs. 
- And the drug label comes with warnings and precautions for activities requiring mental 

alertness.





1997: Congress Passes Law (FDAMA) Requiring Trial Registration

The first U.S. Federal law to require trial registration was the Food and Drug Administration 
Modernization Act of 1997 (FDAMA).

Section 113 of FDAMA (FDAMA 113) required the 

Specifically, FDAMA 113 required that the registry 
conducted under investigational new drug applications to 

test the effectiveness of experimental drugs for patients with serious or life-threatening 
diseases or conditions. 

The information in the registry was intended for a wide audience, including individuals 
with serious or life-threatening diseases or conditions, members of the public, health care 
providers, and researchers.

https://www.gpo.gov/fdsys/pkg/PLAW-105publ115/pdf/PLAW-105publ115.pdf%2523page=16
https://www.gpo.gov/fdsys/pkg/PLAW-105publ115/pdf/PLAW-105publ115.pdf%2523page=16
https://www.gpo.gov/fdsys/pkg/PLAW-105publ115/pdf/PLAW-105publ115.pdf%2523page=16


NIH Clinical Trials Website
launched in  2000

https://clinicaltrials.gov

Please go and play around on that website to 
see which interesting clinical trials are available.

For example Covid-19 clinical trials.

https://clinicaltrials.gov


Chapter 6
Introduction to pharmacology and 

toxicology -
Determination of the median lethal dose 
LD50 and the median effective dose ED50



Pharmacology

Pharmacology = the study of drug action
Specifically, the study of the interactions that 
occur between a living organism and chemicals 
that affect normal or abnormal biochemical 
function. 

Pharmacokinetics vs Pharmacodynamics 
What do these terms mean ?









Agonism and Antagonism

Agonists facilitate receptor response

Antagonists inhibit receptor response



Agonism and Antagonism



How do opioids work?

From: http://www.copeaustralia.com.au/home-mobile/naloxone/



First line treatment for opioid 
overdose

Naloxone
aka Narcan

administered intranasally



From: http://www.copeaustralia.com.au/home-mobile/naloxone/



Modes of Action

• Agonist
– A compound that does the 

job of a natural substance.
– Does not effect the rate of 

an enzyme catalyzed 
reaction.

• Antagonist
– A compound inhibits an 

enzyme from doing its job.
– Slows down an 

enzymatically catalyzed 
reaction.



Agonists/Antagonists

• Full  

• Partial  

• Direct/Competitive  

• Indirect/Noncompetitive  

• Inverse

A single drug can bind to a single 
receptor and cause a mix of effects 
(agonist, partial agonist, inverse agonist, 
antagonist)



Full Agonist, Neutral Antragonist, Inverse Agonist, Partial Agonist



Important implications of
drug-receptor interaction

• drugs can potentially alter rate of any bodily/brain function

• drugs cannot impart entirely new functions to cells

• drugs do not create effects, only modify ongoing ones

• drugs can allow for effects outside of normal physiological range



Enzyme Inhibition
• Enzymes can be deactivated by outside effectors such 

as Temperature and pH à denaturation.

• Enzymes can be deactivated by modifications to their 
cofactors or coenzymes (e.g. Lead Poisoning)

• Enzymes can also be affected by Inhibitors:
A substance that binds to an enzyme, causing a 
decrease in catalytic activity.
Enzyme is blocked , not destroyed or denatured.

Enzyme inhibitors can be Poisons or Drugs



Poisons, Toxins and 
Chemical warfare

• Poisons, natural toxins (defense chemicals) and  chemical 
warfare agents are enzyme inhibitors.

e.g. Sarin
Organophosphorus compound
Colorless, odorless liquid

lethal dose: Death within 1-10 mins after inhalation.
Suffocation from lung muscle paralysis

Non-lethal dose: permanent neurological damage

https://www.washingtonpost.com/news/wonk/wp/2013/09/0
5/everything-you-need-to-know-about-syrias-chemical-
weapons/

https://www.washingtonpost.com/news/wonk/wp/2013/09/05/everything-you-need-to-know-about-syrias-chemical-weapons/


Remember: Acetycholine (ACh) activates the Parasympathetic NS (Rest and Digest)



Atropine as antidote for 
Sarin:

Atropine is a competitive and reversible 
acetylcholine-receptor antagonist



Toxicology

The lethal dose (LD) is a measure of toxicity of a 
substance.
Defined as mass of toxin per kilogram of bodyweight 

Median lethal dose – LD50
Determined typically by testing on mice / rats.
The dose required to kill half the tested population.

The smaller the LD50 value the higher the toxicity!



Paracelcus 1493 - 1541
(born Philippus Aureolus Theophrastus Bombastus von Hohenheim)

“Father of Toxicology”

Dosis facit venenum.*

*The Dose makes the poison!



Source: http://ei.cornell.edu/teacher/pdf/ATR/ATR_Chapter1_X.pdf

Problems: 
1. What is the lethal dose of Sarin for an average person (70 kg) if LD50 = 550 μg/kg ?
2.  How many cups of coffee would kill an average person? (each cup has ~90mg caffeine)

List of many other LD50 values: https://en.wikipedia.org/wiki/Median_lethal_dose

http://ei.cornell.edu/teacher/pdf/ATR/ATR_Chapter1_X.pdf
https://en.wikipedia.org/wiki/Median_lethal_dose


Problems: 
1. What is the lethal dose of Sarin for an average person (70 kg) if LD50 = 550 μg/kg ?

2. How many cups of coffee would kill an average person? How much water is that ?
(LD50 = 192 mg/kg each cup has ~90mg caffeine and 150mL water)

3. How many joints would an average weight person have to smoke to die from Marijuana ?
LD50 THC = 1270 mg/kg,  and 1 joint contains ~18mg of THC)





For water LD50 = 90,000 mg/kg = 90 g/kg
Average person weighs 70 kg.  

90 g/kg x 70 kg = 6300 g = 6.3 kg = 6.3 L 



Effective Dose

In pharmacology, an effective dose (ED) or 
effective concentration (EC) is a dose or 
concentration of a drug that produces a 
biological response. 

ED = measurements taken in vivo
EC = measurements taken in vitro.

Remember: all things are poison ! It’s the dose that matters!
The importance of determining the therapeutic range of a drug cannot be overstated !!!



ED50 = The "median effective dose" 
The dose that produces a quantal effect (all or nothing) in 
50% of the population that takes it.

Measure of the reasonable expectancy of a drug effect, but
does not necessarily represent the dose that a clinician 
might use.

This depends on the need for the effect, and also the 
toxicity. The toxicity and even the lethality of a drug can be 
quantified by the TD50 and LD50 respectively. Ideally, the 
effective dose would be substantially less than either the 
toxic or lethal dose for a drug to be therapeutically relevant.

Therapeutic Index = LD50 / ED50
e.g. for Diazapam (Valium)  TI = 70:1

cocaine  TI = 15:1
ethanol TI = 10:1



Source:
“The Chemistry of Mind-Altering Substances”




