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MEDICAL CONDITIONS 
& harnessing the power of plants



High 
cholesterol
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Plant Sterols  vs Cholesterol

Cholesterol

Campesterol

β-Sitostanol

β-Sitosterol

3

C27H46O

C28H48O

C29H50O

C29H52O

NOTE: the American Heart Association has recommended that supplemental plant sterols [phytosterols] 
be taken only by those diagnosed with genuinely elevated cholesterol.



Alfalfa 
Medicago sativa

[Fabaceae]
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Plant sterols 
act to lower cholesterol absorption

Cholesterol is absorbed from the 
digestive system into the blood 

stream and little is removed 
from the body

Plant sterols block cholesterol 
from being absorbed into the 

blood stream and more is 
removed from the body

Without plant sterols With plant sterols

Cholesterol 
from food

Cholesterol

Digestive 
system

Digestive 
system

Plant sterol

Blood 
stream

Blood 
stream
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Are the currently popular 
‘cholesterol-lowering’ drugs called STATINS able to 

be taken safely while on an alfalfa-rich diet? 

The answer can be inferred from statins’ 
mechanism of action 
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Consideration of 
lipoproteins

is central to thisStatins are also known as HMG-CoA reductase inhibitors.
Some of those available at Wellington pharmacies include: 
Atorvastatin, Pravastatin and Rosuvastatin. HMG-CoA is 
β-Hydroxy β-methylglutaryl-CoA. 
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Cholesterol
[insoluble in 

water]

The places 
where it’s 

needed

LIPOPROTEINS
[water-soluble] 

in the blood
Carried in to

Cholesterol

‘Bad’ when packaged in low-density lipoproteins [LDLs]

‘Good’ when packaged in high-density lipoproteins [HDLs]

Some cholesterol 
deposited in the 
arteries by LDL is 
picked up by HDL

Ferried to Bile

HDL’s own 
cholesterol

Liver
Disposed 

of in

LDLs with their 
cholesterol 

To some extent..…

Ferried to Liver Bile

But..…

Disposed 
of in

High amounts            accumulation in the blood
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Lipoprotein
Triglycerides 

[Fats]

Protein

Phospholipids

Free cholesterol

Cholesterol bound 
to fatty acids

Diameter of lipoprotein 225-275Å 
= 0.0000225-0.0000275mm
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4

1

BLOOD
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Statins inhibit HMG-CoA reductase leading to 
decreased conc of cholesterol within the cell

1

2 Low intracellular cholesterol stimulates the  
synthesis of LDL receptors
2

Increased numbers of LDL receptors promotes 
uptake of LDL from blood
3

Low intracellular cholesterol decreases the 
secretion of VLDL  [Very low density lipoprotein]
4

LIVER 
CELLRibosomesReceptor

Endoplasmic 
reticulum

Receptor

DNA

mRNA

HMG-CoA 
reductase

LDL receptor

LDL
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1

[STATIN]



Blood clots
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Healthy 
blood flow

Impeded 
blood flow

Red 
blood 
cells

Thrombus 
[Clot]

Blood clots
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Damaged blood vessel
Injury to vessel lining 
triggers the release of 

clotting factors

Formation of platelet 
plug

Vasoconstriction limits 
blood flow, and platelets 

form a sticky plug

Development of clot
Fibrin strands adhere to 

the plug to form an 
insoluble clot

Broken 
vessel Activated 

platelet
Fibrin 

strands

Blood 
clot

Clotting factors 
[proteins]

Prothrombin Thrombin

Fibrinogen
[soluble]

Fibrin
[insoluble]
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Red 
blood cell

Platelet

Fibrin 
strand
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Maidenhair tree 
Ginkgo biloba
[Ginkgoaceae]

14



So, blood 
clot doesn’t 

form

Ginkgo extract 
inhibits production 

of thromboxane
[which binds 

platelet molecules], 
so  inhibits platelet 

aggregation

Ginkgo extract inhibits
thrombin activity

Damaged blood vessel ‘Would-be’ plug ‘Would-be’ clot

Thrombin

Fibrinogen
[soluble]

Fibrin
[insoluble]

Note: Ginkgo extract includes ginkgoglides [diterpenoids] and flavonoids [polyphenols].
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Pain

16



Salicyclic
acid

Model for nociceptive pain*
Tissue injury triggers the enzyme cyclo-oxygenase-2 

[COX-2] in peripheral tissue to convert arachidonic acid to 
prostaglandin E2 [PGE2], resulting in stimulation of 

the nociceptor in peripheral nerve to send a signal for 
pain to the central nervous system. 

* As opposed to neuropathic pain

Arachidonic
acid
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Tissue injury Peripheral nerve



White willow 
[Salix alba] 
Salicaceae
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Heartwood

Inner bark of 
White willow 
[Salix alba] Salicin

Salicyclic
acid

…ingested by a human 
and metabolised to… 

In combo with White willow’s flavonoids, Salicin is thought to 
be responsible for pain relief and anti-inflammatory effects. 

Sapwood

Cambium

19

C7H6O3

C13H18O7



Salicyclic
acid

Salicyclic acid [ex in vivo conversion from White willow salicin] 
interfering with COX-2 mediated prostaglandin synthesis.  

Arachidonic
acid

20

Tissue injury Peripheral nerve
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Oxidative 
stress

22



Electron

Nucleus
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Oxidative stress is essentially an imbalance between the production of free radicals 
and the ability of the body to counteract or detoxify their harmful effects through 

neutralisation by antioxidants. A free radical is an oxygen-containing molecule that 
has one or more unpaired electrons, making it highly reactive with other molecules.
Free radicals can chemically interact with cell components such as DNA, protein or 

lipid and steal their electrons in order to become stabilised. This, in turn, destabilises 
the cell component molecules which then seek and steal an electron from another 

molecule, therefore triggering a large chain of free radical reactions.

Electron 
being 

‘stolen’

Unstable molecule
[free radical]

Stable molecule
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STRESS FACTORS

PROTEINS
Modified amino acids

Breakage of the peptide chain
Inactivation of enzyme

Increased proteolytic degradation

LIPIDS
Enhanced cell 

membrane fluidity 
and permeability
Breaking of lipid 

chains

DNA
Strand breakage

Depurination and 
depyrimidination
Mutation of bases

DNA-protein 
crosslink damage

Oxidative 
damage

Oxidative 
damage

O
xi

da
tiv

e
da

m
ag

e

REACTIVE 
OXYGEN 
SPECIES

Together with 
carbohydrates and 
proteins, lipids are the 
main constituents of 
plant and animal cells. 



Free radicals cause oxidative stress, which breaks 
down cells, causing premature ageing and disease

Normal cell Cell attacked by free radicals Cell with oxidative stress
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Very nice 
apple

Former 
very nice 

apple
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Healthy 
young skin

Older or 
damaged skin

EXCESSIVE OXIDATION

Increase in free radicals

Propagation of oxidative stress

Decrease/falure of 
antioxidative self defences

Exhaustion of the 
antioxidant barrier

Exhaustion of the skin

CUTANEOUS BURNOUT

Epidermis

Dermis

Free 
radicals

Organised 
collagen fibres

Wrinkles

Disruption of 
epidermal/

dermal junction

Loss of 
collagen 

fibres

Human skin

Epidermis

Dermis

Epidermal
ridge

Dermal
papilla
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Polar

Polar

Nonpolar



Water-
hating tail

Water-
loving head

Outside the cell

Inside the cell
Phospholipid

Cell membrane

Point of attack 
for free radicals
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Free radical action at the cell membrane
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Free radical chain reaction

Free 
radical

Electron 
donors
Electron 
donors

Electron 
being 

‘stolen’

…and so 
continues…



Common hawthorn
Crataegus monogyna

[Rosaceae]

Antiox activity in 
flowers and fruits

mainly from 
proanthocyanidins

Antiox activity in 
leaves mainly 

from flavonoids
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Antioxidant action on free radical

Antioxidant Free radical

Unpaired 
electron

Free radicals can damage skin by stealing electrons from the molecules that make up 
our cells. Antioxidants help by donating free electrons and preventing cell damage. 



Antioxidant action on free radical

Antioxidant 
neutralises 
free radical 
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High blood 
pressure
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Cardiac muscle

Mitochondria

Myofibrils

Cardiac muscle cells

Intercalated disc
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Segment of a 
muscle fibre [cell]

Dark band Light band Nucleus

Sarcolemma, or 
cell membrane

MyofibrilMyofibril
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Sarcolemma

Sarcoplasmic 
reticulum
Terminal 
cisternae
T-tubule



Myofibrils in action

The actin and myosin filaments slide along each 
other when the myosin filament is neurally activated.

Relaxed muscle Contracted muscle

Actin 
filament

Myosin 
filament
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This ‘sliding 
filament’ 
motion is 
made 
possible by 
the action 
of calcium.

Relaxed

Partially 
relaxed

Fully 
contracted

Actin 
filament

Myosin 
filament

Another look at myofibril action
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With myosin-
binding sites 
blocked…..

…..but calcium [Ca2+] released into the muscle cell’s interior from the sarcolemma [cell 
membrane] travels to the myofibril, grabs hold of the troponin and distorts it, pulling 

the attached tropomyosin aside and exposing the myosin binding sites.    

With myosin-
binding sites 

exposed

Tropomyosin Calcium 
binding sites Troponin complex

Actin

Myosin 
binding site

Ca2+
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Myosin-
binding site 

on actin

Note: The movement       of the myosin heads is driven by ATP 
[adenosine triphosphate].
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Myosin
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Myosin filament

Actin filament

Actin filament

Myosin molecule



…so, to remind, this is what 
happens…

…the actin and myosin filaments slide along each other.

Relaxed muscle Contracted muscle

Actin 
filament

Myosin 
filament
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Normal cycle
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Yew
Taxus

[Taxaceae] 

Yew leaves are a key source of 
Calcium Channel Blockers [CCBs] 
e.g. Felodipine, Amlodipine, Diltiazem, 

Nifedipine, Verapamil 
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Calcium channel 
blocker prevents 

release of internal 
calcium stores into 

cell cytosol

Heart muscle cell 
does not respond to 

calcium ion signal

Compartment 
containing internal 
calcium stores

Calcium channel 
blocker

Calcium channel

Cytosol of cell

Ca2+



With myosin-
binding sites 
blocked

Tropomyosin
Troponin complex

Actin

…..and with no calcium to pull the tropomyosin aside the myosin 
binding sites remain blocked, the myosin heads have nothing to grip

on to, the myosin cannot ‘walk’ along the actin filament, and the 
force of contraction of the heart is reduced

Calcium 
binding sites

The release of calcium
from the sarcolemma 
is stopped by CCBs…..
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Myosin 
binding site



Ultimately the effect of the 
calcium channel blocking 
mechanism is reduction in 
the force of contraction of the 
heart and therefore reduction 
in arterial blood pressure.   
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Stomach ulcers 

48



Oesophagus

Duodenum

Ulcer
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Stomach ulcers are a major medical problem in 
New Zealand. Approximately $63 million – more 
than 10% of Pharmac’s pharmaceutical budget - is 
spent on stomach ulcer-related healthcare each 
year with nearly 728,000 prescriptions filled for 
stomach ulcer related medication [2005 data]. 

Stomach



Helicobacter pylori

Fimbria tipped with 
proteins called 

adhesins that can dock 
with cells and 

associated surfaces
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Helicobacter pylori boring through mucus layer of stomach

Gastric 
mucin gel

Epithelial 
cell

H. Pylori raises 
pH, mucin de-gels
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Cranberry 
Vaccinium macrocarpon

[Ericaceae] 

The red colour 
comes from 

proanthocyanidins
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Proanthocyadins alter 
fimbriae tips so they are 
less effective at docking 

with cells. 
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Nerve gas 
poisoning 
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Signal travels 
along axon to 
synaptic knob

Myelin sheath protects 
axon and facilitates 

conduction of electrical 
signal

Axon carries 
electrical 

signal

Nerve cell 
sends electrical 

signal along 
axon

Neuro-
transmitter*

crosses 
synapse

Receptor 
cell is 

activated

Synaptic 
knob
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*Acetylcholine [ACh], for example



Acetylcholine signalling 
at synapse

ACh Esterase STOPS 
signalling process

Nerve agents 
INHIBIT ACh Esterase  

NERVE AGENTS 
[organophosphates]

ACh Esterase [enzyme]

Signal transmission

ACh receptor

AChAcetylcholine [ACh]

ACh receptor

Signal transmission Signal transmission

ACh
ACh receptor

ACh Esterase [enzyme]

Pre-synaptic neuron

Post-synaptic neuron 
or muscle cell

Pre-synaptic neuronPre-synaptic neuron

Post-synaptic neuron 
or muscle cell

Post-synaptic neuron 
or muscle cell
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Deadly nightshade
Atropa belladonna

[Solanaceae]

Contains ATROPINE, a 
tropane alkaloid which is 
an antidote to nerve gas 

poisoning 
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C17H23NO3



Acetylcholine signalling 
at synapse

ACh Esterase STOPS 
signalling process

Nerve agents 
inhibit ACh Esterase  

NERVE AGENTS 
[organophosphates]

ACh Esterase

Signal transmission

ACh receptor

AChAcetylcholine [ACh]

ACh receptor

Signal transmission Signal transmission

ACh
ACh receptor

ACh Esterase

Pre-synaptic neuron

Post-synaptic neuron 
or muscle cell

Pre-synaptic neuronPre-synaptic neuron

Post-synaptic neuron 
or muscle cell

Post-synaptic neuron 
or muscle cell
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Atropine alleviates the symptoms of 
nerve gas exposure by blocking the 
acetylcholine receptors. That way, even 
though the chemical attack causes an 
overabundance of acetylcholine in a 
victim's brain, the receptors do not pick 
up the signals and the person's nervous 
system has a chance to even itself out.
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Atropine 
blocks 
these



Understanding how atropine works depends on understanding how 
nerve agents work. Essentially, when the body is working normally, the 
neurotransmitter acetylcholine moves between nerves to carry signals. 

Once the acetylcholine has done its job, the enzyme
acetylcholinesterase shows up to break it down into its constituents 

acetic acid and choline and sends them back to where they originated 
to recombine to form new acetylcholine. 

Nerve agents destroy that enzyme, so acetylcholine builds up and 
continues to make the nerves connect frantically over and over and 

over again. Body systems are overwhelmed. Inability of the respiratory 
muscles to work causes asphyxiation, convulsions and death.

But atropine blocks the acetylcholine receptor. So even if there’s a 
huge buildup of acetylcholine between the nerves or between the 

nerves and muscles the connection never happens. 
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Cancer
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Lung cancer cell dividing 
in the late stage of mitosis
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Metaphase: The 
centrosomes have moved 
to the poles of the cell 
and have established the 
mitotic spindle. The 
chromosomes have 
congressed at the 
metaphase plate.

Anaphase: Kinetochore 
microtubules pull the two 
sets of chromosomes apart, 
and lengthening 
nonkinetochore
microtubules push the 
halves of the dividing cell 
further apart, while 
chromosomes are 
condensed maximally.

Telophase: Reversal of 
prophase and 
prometaphase events and 
thus completing the cell 
cycle.

Mitosis
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Mitosis is a part of the cell cycle in which 
chromosomes in a cell nucleus are separated 
into two identical sets of chromosomes, and 
each set ends up in its own nucleus.

DNA 
replication

Two diploid cells

Can we block cell 
division here?

Normal cell division: Mitosis

Metaphase Anaphase
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Yew
Taxus

[Taxaceae] 
Paclitaxel from 

bark of the Pacific 
yew [T. brevifolia] 

Docitaxel from 
leaves of the 

European yew [T. 
baccata] 
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Cell division thwarted

Cell remains 
frozen in 

metaphase 
Metaphase

Paclitaxel or 
Docetaxel action 

here

i.e. it doesn’t 
divide into two 
cells, then 4, 8, 
16, 32, 64, ad 

infinitum

65

DNA 
replication



The good 
with the bad
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MedTox duality

Taxus [Yew]
GOOD STUFF: 11th century Persian 
philosopher Ibn Sinã used T baccata as a 
cardiac remedy. This was the first known use 
of a calcium channel blocker drug [‘Zarnab’ 
or e.g. modern FELODIPINE]. 

MORE GOOD: Certain compounds in the 
bark of T brevifolia were discovered in 1967 
to be efficacious in fighting cancer [viz the 
chemotherapy drug PACLITAXEL]. 

THE BAD: The major toxin is taxine [an alkaloid], mainly in the needles. Symptoms 
of yew poisoning include accelerated heart rate, muscle tremors, convulsions, 
collapse, difficulty breathing, circulation impairment and eventually cardiac arrest. 
50-100g of yew needles cause death in humans. Horses have a low tolerance to 
taxine, with a lethal dose of 200–400 mg/kg body weight.
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The global Paclitaxel Injection market is 
valued at $US 2,180 million [$NZ 3,052 

million] in 2017 and will reach $US 4,560 
million [$NZ 6,384 million] by the end of 

2025, growing at a compound annual growth 
rate [CAGR] of 11.1% during 2018-2025.

Source: Reports and Markets. 
Global Paclitaxel Injection Sales 
Market Report 2018
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Thanks for 
your company


