Ethnobotany: Chemistry and Medicinal
Properties of Plants

Paclitaxel
Pacific Yew (Taxus brevifolia)

Aflatoxins and Epoxides: Explains Carcinogenicity Potency
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Ergots: Alkaloid Natural Source and Many Pharmaceutical Application
 Ergots belong to a large family of naturally occurring compounds known as
alkaloids ( contain a nitrogen atom)
 Worldwide ~20,000 Kg of Ergot based drugs are used which is ~44,000 lbs
 Drugs used to treat a variety of conditions and illnesses
1) Parkinson’s Disease
2) Migraine Headaches
3) Uterotonic effects-stop bleeding following childbirth
4) Prolactin Inhibition-stop production of milk
 Constricts Blood vessels is a side effect of these compounds but is why is works
to treat migraine headaches but can lead to gangrene

Bromocriptine

Ergotamine

Ergometrine

Ergots: Alkaloid Natural Source and Many Pharmaceutical Application
LSD: Lysergic Acid Diethylamide

 Synthesized from Ergotamine and Ergotamine type of compounds by Albert Hoffman
(Swiss chemist working for Sandoz Pharmaceuticals) ~1938 and resynthesized in 1943 when
he discovered hallucinogenic properties
 Trying to stimulate respiratory system with constriction of blood vessels in uterous
 Initially discovered hallucinogenic properties by touching fingers to his face and later
intentionally took 250 micrograms and road his bike home which he called “Bike Day”

Ergot: Grows on Wheat, Triticale, Rye
Ergot

Fungus that produces Ergotamine type of compounds is Claviceps purpurea

Plants and Medicine

Many drugs like digitoxin/digoxin, reserpine, tubocurarine, ephedrine, ergometrine,
atropine, vinblastine and aspirin have been discovered following leads
from traditional uses
• Single entity agents or
• Provide lead compound that may necessitate further modifications

Natural Products as Leads for Drugs

Rivastigmine

Physostigmine
 Isolated from Calabar bean found
western regions of Africa
 Irreversible inhibitor of Acetylcholine esterase

Tetrahydrocannabinol

Acetylcholinesterase inhibitor
a) dementia from Alzheimers Disease

Nabilone
 Antiemetic and neuropathic pain
a) treatment of chemotherapy vomiting
b) Fibromyalgia and Multiple Sclerosis

Aspirin: Binds to Multiple Receptors/Enzymes
Biologically Active Molecules will often bind to more that just one
target
Irreversible inhibition of cyclooxygenase (PTGS) 1 and 2
a) prevent thromboxane A2 (clotting) and synthesis of
prostaglandins(inflammation)
Induce NO-radicals—reduce inflammation
 Modulate signaling of NF-κB ( Nuclear factor kappa-light chain
enhancer of activated B-cells): related to transcription of DNA
and the immune response to infection. When regulation of
NF-κB is not correct appears links to cancer, inflammation and
autoimmune diseases.
High Doses: uncouples oxidative phosphorylation
Vanilloid Receptor: analgesic effect

Selected Eighteen Plants Used for Medicinal Purposes by
American Indians
Genus & Species

Common Name

Traditional Medicinal Use (example)

Ageratina altissima

Snake root

Stomachache (root)

Grindelia squarrosa

Gum weed

Sores (boiled flowers & leaves)

Amorpha canescens

Lead plant

Stomachache (leaves for tea)

Monarda fistulosa

Horse mint / Bee balm

Fever or colds (tea)

Mahonia repens

Oregon grape

iIfections, liver, digestive (root)

Dalea purpurea

Purple clover

Heart trouble

Arctostaphylos uva-ursi

Bearberry

Urinary problems (tea)

Artemisia ludoviciana

White Sage

Dermitalogical aid

Pulsatilla patens

Pasque flower

Speed childbirth (tea)

Heuchera richardsonii

Alum root

Diarrhea (tea)

Ipomoea leptophylla

Bush morning glory

Nervousness (root smoked)

Liatris punctata

Dotted gay feather

iIprove appetite (root)

Ratibida columnifera

Prairie coneflower

Stomach & headaches (tea)

Sphaeralcea coccinea

Scarlet globe mallow

External sores

Yucca glauca

Yucca

Stomachache (roots)

Cynoglossum officinale

Hounds tongue /

Chorispora tenella

Blue (purple) mustard

None known--Trial test plant

Artemesia frigida

Woman’s Sage

Headaches—aroma therapy

Begger’s lice Burns, wounds, rashes (salve)

Basic Research and Applied Research

Basic Research:

1) Discovery of new phenomena, source of new ideas
and new theories
2) Conducted to increase understanding of
fundamental principles and increase
fundamental knowledge.
3) Often at the time of discovery of new knowledge
the utility is not realized and often practical
application is unknown.

Basic Research and Applied Research

Applied Research:

1) Systematic investigation with a practical application
as the outcome. Solving a problem that is facing
society.
2) Application of the fundamental principles and
fundamental knowledge that comes from Basic
Research.
3) Commercial application of the results.

Basic Research and Applied Research

Example:

1) Botanist (Justin and Tara Ramsey) identifies plants
species ensuring they are properly identified and
belong to the same genus.
2)Chemist comes along (Jacobs and Dixson): learn
that plants in the Artemisia (genus) have
antimalarial properties……but need to know which
plants truly belong to genus
3) If the Artemisia concept is fruitful, perhaps we
cast a wider net and test Asteraceae (Family)
or in case of the Monarda fistulosa (Bee Balm)

Olefin Metathesis: Synthesis of Alkenes(Olefins) from
Smaller Alkenes Using Shrock or Grubbs Catalyst

Schrock Catalyst

Grubbs Catalyst

Grubbs Catalyst is more useful than Schrock Catalyst because it can be used
in the presence of more functional groups than Schrock and is more reactive i.e
Esters, amides, ketones, aldehydes, alcohols, water, carboxylic acids

Richard Shrock, Robert Grubbs and Yves Chauvin Nobel Prize Chemistry 2005

Samual Danishshefsky Synthesis of
Migrastin
Macrolide isolate from Streptomyces found to inhibit human
tumor cell migration

1.5 inch Thick Poly Dicyclopentadiene Polymer Stops 9mm Bullet

Cyclopentadiene
Dicyclopentadiene

5R,6S-6-acetoxy-5-hexadecanolide
5R,6S-6-acetoxy-5-hexadecanolide
-Oviposition pheromone in Culex
mosquito, released by females when
eggs are layed to attract other pregnant
mosquitos to the site
-Used in mosquito traps to snare insects

Toxicodendron radicans or Poison Ivy

Poision Ivy: Why does it cause the intense itching??

Urushiol induced contact dermatitis

Urushiols

Catachol

R = (CH2)14CH3 or
R = (CH2)7CH=CH(CH2)5CH3 or
R = (CH2)7CH=CHCH2CH=CH(CH2)2CH3 or
R = (CH2)7CH=CHCH2CH=CHCH=CHCH3 or
R = (CH2)7CH=CHCH2CH=CHCH2CH=CH2 and

Most reactive and
allergenic

Irreversibly bind to Integral Membrane Proteins
Saturated side chains: ~50% population will react
Unsaturated side chains: ~90% population will react with dermititus
Bind to Integral Membrane Proteins in your skin cells: T-cells will react to kill cells
because they appear to be foreign
Cause eczema contact dermititis: inflammation of skin cells, with redness, swelling
and blistering
Unsaturated Urushiol

Membranes: Lipid Bilayer
Hydrophobic groups
of Phosphatidyl cholines

Phosphatidyl choline: hydrophilic
groups
 Hydrophobic portion of membrane is where the phosphorous and choline
groups of Phosphatidyl Cholines are located i.e. the outside of membrane

Toxins- Know your Plants
Water hemlock, or Cicuta, AkA cowbane or poison
parsnip
grows in wet meadows, along streambanks and other wet
and marshy areas.

These plants bear a close resemblance to other members
in the family Apiaceae and may be confused with a number
of other edible and poisonous plants.
Water hemlock is considered one of North America's most
toxic plants, being highly poisonous to humans

Toxins- Know your Plants

Stimulant in the central nervous system
Non-competitive GABAA chloride channel antagonist
Blocks channel result is neuronal depolarization—essentially wears
out nerve cells
Central nervous system it will cause seizures
Mice: LD50 = 45mg/kg but not know in humans. But some evidence
that 1/100 to 1/1000 of teaspoon is enough to kill a human

Phytochemistry
Phytochemistry: study of plant chemistry and chemicals derived from plants
Includes chemicals plants use to protect against insects, fungi,bacteria
How do scientist determine what chemicals are present in plants??
1) Plants are extracted with solvents i.e. water
2) The solvents are removed by evaporation under vacuum.
3) Extracts are purified to isolate pure compounds.
4) Structure determination using chemical instruments i.e. Nuclear Magnetic
Resonance, HPLC-MS (High Pressure Liquid Chromatography-Mass
Spectroscopy)
Once the chemical structure is deciphered the compound will be known as a
natural product. The compound usually belong to class of structures,
depending on what the structure is….phytosteroids, alkaloids, proteins,
terpenoids, glycosides and polysacchrarides,

Extraction
The molecule that is responsible for biological activity is often
one of thousands of molecules present in plants and is found
in low concentrations.
Extraction: Requires removing the compound from the plant and
concentrating it.
Other terms used when referring to extraction: steeping or
“making a tea”
a) Steeping or weltering: pour hot water over plant leaves and
let it stand. Removes chemical substances in plants
b) Decoction: extraction with hot water or solvent to remove
chemical substances found in plants
c) Infusion: liquid from the extraction

Natural Products
What does the term “natural product” mean?
1) A natural product is a chemical produced by a living organism
i.e. plant, fungi, marine organisms (fish, coral, plankton),
bacteria, spiders, snakes.
2) Some natural products will have a pharmacological activity or
some form of a biological activity.
3) Served as leads or ideas for many drug molecules

4) Active Ingredient or Active Principal: compound that produces
desired biological activity

Bioassay or Drug discovery screen??
Bioassays : method of measuring the biological response that a
substance produces.
1) In-vitro: (with in glass) done in a test tube and is at the
molecular level or cellular level

a) In-vitro testing is often done to determine on a molecular
level if a substance has the ability to affect a physiological
process.
2) In-vivo: whole organism testing on a living organism i.e. rat,
mouse, monkey

Bioprospecting
Bioprospecting: is the search for new natural products
from around the world that can do one of the following:
1) Serve as a new medicine or drug—unchanged
structure from that found in nature
2) Serve as a precursor or lead: converted into a new
structure or drug. Small change in structure.
3) Serve as precursor that is extensively, structurally
modified into a different molecule. Structure is
significantly changed from natural form.

Tetrotide to Captopril
 Isolated from the
Brazilian viper Bothrosp

Enzymes
Enzymes are proteins that perform ( i.e. catalyze) chemical
reactions in a biological system.
Substrate

Enzyme

Product

A metabolic pathway: multiple enzymes are linked together in
a cell. Molecules that prevent an enzyme from forming the
product are enzyme inhibitors. Many drugs and toxins are
enzyme inhibitors.

Receptors
Receptors are proteins that receive signals from neighboring cells
and cause a cellular response.
Signals can be electronic as in nervous system or can be
chemicals. Either will direct the cell to perform a task……
A) Cell division
B) Apoptosis---controlled cell death
C) Hormones– direct transcription to occur making RNA and then
translation of RNA into the appropriate protein
D) Serotonin– found in the CNS, related to depression and
euphoria from drugs i.e cocaine
E) Opioid Receptors—morphine, heroine examples of analgesics
Analgesics: relieve pain

Plants are a rich source for leads for new drugs as well as a
source for new drugs
Tremors associated with MS
Anti-inflammatory by inhibiting
COX-2
Cannabinoid receptor agonist
see some psychotropic effects
THC-tetrahydrocannabinol

-Non psychotropic
-Treatment of traumatic brain
injuries
Pain associated with multiple
sclerosis
Plant Derived Drugs in Clinical Trials, Drug Discovery Today 13,3/4 2008

Plants are a rich source for leads for new drugs as well as a
source for new drugs

Physostigmine
Isolated from Calabar bean west African plant

Phenserine

Phenserine inhibits enzyme Acetylcholinesterase which breaks down acetylcholine

Phenserine for treatment of Alzheimer’s Disease (symptoms)

Hot Peppers to Analgesic

 Burning from eating hot peppers is from capsaicin which binds to an ion
channel receptor
Receptor that it binds to is : TRPV1 Transient Receptor Potential Vanilloid
DA-5018 is a non-narcotic (not morphine or related to morphine) analgesic

Antimalarial Lead from Worm wood or Artemisia annua

Lead molecule isolated from Artemisia annua
Lead was identified by Chinese early 1970’s
Modified to improve potency, half life and attempt to
reduce neurological side effects (psychotropic effects)
P.falciparum is beginning to show resistance so new
antimalarials are needed

Alkaloids
Alkaloids: natural products that contain a basic nitrogen

Isolated from club moss
Inhibits acetylcholinesterase and is
N-Methyl-D-aspartate receptor
antagonist (NMDA receptor)
Treatment of Alzheimer’s Diseaseimproves cognition

Antileukemia: isolated from
Madagascar Periwinkle (Catharanthus roseus)
Tropical plant

Alkaloids

Morphine
Analgesic and works by binding to μ-opioid
receptors is associated with analgesia, sedation,
euphoria, physical dependence, and respiratory
depression.

Caffeine
Acts as a stimulant and found
in coffee, tea, kola nuts
Antagonist at the adenosine
receptor which is a receptor
that slows down neural activity

Cocaine
Inhibits reuptake of neurotransmittors(serotoninnorepinephrine-dopamine) at synapse
Local Anesthetic --- used in dentistry at one time

Phenols and Carboxylic Acids
Hydroxyl Group

Carboxylic Acid Group

Aromatic Ring
Aromatic Ring

Salicylic Acid: comprised of three components:
1) Phenol 2) carboxylic acid 3) aromatic ring

Salicylic Acid and Derivatives
Salicylic Acid found on the inner bark of
willow tree
 Many roles in willow trees:
1) phytohormone—plant growth
2) ion uptake
3) transpiration—movement of H2O and
nutrients in a plant
4) endogenous signaling—defense against
pathogens by producing proteins to protect
against infection

Salicylic Acid and Derivatives
Aspirin or 2-Acetylsalicylic Acid
Trade Name

IUPAC Name or Chemical name

Background:
40,000 tons/yr aspirin consumed worldwide (~80,000,000 lbs or 1000 semi loads)
Belongs to family of drugs: Non-steroidal Anti-inflammatory Drugs (NSAID)
Used to treat: fever (antipyretic); anti-inflammatory; anti-thrombotic ( prevents strokes
and heart attack) and analgesic
 Some evidence that aspirin prevents tumorigenesis ( initiation and growth of tumors)

How Aspirin Works
Inflammation

Aspirin inhibits enzyme
COX-1 and COX-2

Induces fever

COX-1: promotes the production of the natural mucus lining to protect
the inner stomach and contribute to reduced acid secretion
COX-1: Platelets contain COX-1 which use Thromboxane (TXA2) in clotting

Prevents Formation of Prostaglandin H2

