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Natural Products Analysis for 
Workforce Readiness

Cancer accounts for about one in 
four deaths in the USA and is second 
only to heart disease in terms of lives 
lost. Healthier lifestyles, more routine 
screening and the development of 
increasingly advanced treatments have 
helped reduce the number of cancer-
related deaths but only by about 2% 
each year. Unsurprisingly, efforts to 
further reduce the mortality rate remain 
a priority for researchers.

Dr Patrick Still’s laboratory at California 
State University, Dominguez Hills, 
focuses on discovering natural products 
from plants that show activity against 
cancer cells. As the name implies, 
natural products are molecules which 
are produced in plants as well as 
animals, bacteria, marine organisms 
and fungi. Dr Still explains, ‘Plants have 
been a source of drugs to treat human 

disease for centuries. With the rise of 
Organic Chemistry as a formal discipline 
in the early 1800s, many of the active 
compounds found in plant extracts were 
chemically elucidated.’

Undergraduate research in natural 
products chemistry while enrolled in 
chemical or biological sciences majors 
provides students with workforce 
readiness skill-sets that potential 
employers find desirable. Once the 
extraction from the plant material is 
completed, independent study students 
are guided through operating in-house 
biological assays on semi-purified 
chromatographic subfractions. In a 
process known as bioactivity-guided 
fractionation, only the subfractions 
showing activity against cancer cells 
are further purified. The iterative 
process of purification and testing 
against cancer cells is repeated until a 
purified compound is obtained. Testing 
is carried out using various types of 
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cancer cells including breast, brain 
and pancreatic cancer cells grown 
for the purposes of testing (in vitro), 
or within an organism (in vivo). The 
former is normally carried out first, 
while the latter is conducted through 
collaborations with laboratories that 
specialise in animal studies.
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Dr Patrick Still and his team.  
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Using a range of chemical techniques, 
potential lead compounds can be 
isolated and then analysed. Dr Still and 
his team use an analytical technique 
known as nuclear magnetic resonance 
(NMR) spectroscopy to ‘elucidate the 
chemical structure of biologically 

active compounds we isolate from 
nature.’ Broadly speaking, NMR allows 
scientists to identify the positions of 
the hydrogen and carbon atoms in a 
molecule, and how the atoms connect 
together. Knowing the detailed structure 
helps the team identify if the molecule 

is novel, in other words, whether it 
has been reported previously in the 
chemical literature. Undergraduates, 
in sum, solidify skill-sets in compound 
purification, cell culture and 
spectroscopy during the bioactivity-
guided isolation process. 

Anti-cancer Agents That Also Affect 
the Central Nervous System

Receptors are parts of the cell which are 
responsible for exchanging messages 
and triggering biochemical events. They 
achieve this by receiving molecules 
or ions with the required structure, 
in a similar way to which a key can fit 
into a lock. A molecule that triggers a 
biochemical event by binding a receptor 
is an agonist. Compounds which 
block or reduce the exchange of signal 
transmission are known as antagonists.

One of Dr Still’s most important 
achievements to date is the isolation 
of a cytotoxic nicotinic receptor 
antagonist known as ‘Microgrewiapine 
A’, a piperidine-class alkaloid. The 
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‘Finding anti-cancer compounds provides workforce readiness skill-sets for 
undergraduate research experiences.’
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compound was purified from the 
shrub Microcos paniculata collected 
in Vietnam and it was discovered that 
only micromolar concentrations were 
needed to inhibit the proliferation of 
cancerous colon cells. Microgrewiapine 
A was found to have antagonistic 
activity with 60 and 70% inhibition 
against the human a4ß2 and a3ß4 
nicotinic acetylcholine receptors 
(nAChR), respectively. This was the first 
example of a dual cytotoxic and nAChR 
piperidine antagonist to have been 
isolated from the genus Microcos. 

It was determined that the 
concentration of Microgrewiapine A 
needed to inhibit healthy colon cells 
was about five times higher than the 
levels needed to inhibit the same 
proportion of cancerous colon cells. 
This shows that Microgrewiapine A can 
effectively target cancerous cells over 
healthy cells, which, in general, is a 
critical requirement for all anti-cancer 
treatments.

Credit Patrick Still.

Suppressing the Spread of Melanoma

One of the limitations of cancer 
treatments is how these therapies 
also affect the white blood cells 
that fight infection. For example, 
chemotherapy not only reduces the 
size of tumours but in some cases also 
lowers the number of white blood cells. 
Depletion of the immune response is 
an undesirable effect of chemotherapy 
since stimulation of innate immunity is 
associated with fighting off a variety of 
cancers.

Dr Still was involved in a collaborative 
study investigating ellagic acid and 
ellagic acid peracetate (a chemically 
modified form), studied in the context 
of melanoma. Ellagic acid occurs 
naturally in many dietary fruits with 
reports of anti-tumour activity. While 
there are published in vitro studies 
for both compounds, there were no in 
vivo results of ellagic acid peracetate 
available at that time.

In contrast to the purification of a 
compound from the crude plant extract, 
this collaborative study prepared ellagic 
acid and ellagic acid peracetate by 
synthetic means and published these 
synthetic procedures and in vivo work 
in 2012. The results were encouraging, 
showing that while ellagic acid did not 
significantly reduce tumour size, mice 
treated with ellagic acid peracetate 
showed a 70% decrease in the original 
weight of the tumour.

The team also characterised the 
immunomodulatory role of both 
compounds and found that ellagic 
acid peracetate raised the count of 
white blood cells. Meanwhile, ellagic 
acid did not result in any increase to 
white blood cell count. Importantly, 
natural killer cell levels were unaffected 
after the administration of ellagic acid 
peracetate. These combined results 
show that ellagic acid peracetate 
not only targets melanoma but also 
increases the natural immunity levels of 
the host.

Using Repositories for Bioactive 
Compound Discovery

Dr Still and his team’s future research 
goals are now to harness the materials 
stored at the National Cancer Institute 
Natural Products Repository in the USA. 
The repository holds a large database 
of approximately 80,000 plant-based 
specimens, many of which could prove 
to have promising biological activities 
against cancers like melanoma. This 
exciting work may allow Dr Still’s team 
to provide an even better understanding 
of how best we might be able to 
eventually combat cancer utilising 
the power of nature. These future 
research projects involving extracts 
screened in-house will continue to 
provide projects for undergraduates to 
discover new biological activities and 
hone knowledge of organic structure 
analysis using methods that industrial 
employers find desirable in a new hire. 
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Dr Patrick C. Still received his PhD in Medicinal Chemistry from 
The Ohio State University, Columbus, in 2013. Following this, 
Dr Still carried out postdoctoral research for two years at the 
University of California, Santa Cruz, before joining the faculty at 
California State University, Dominguez Hills (CSUDH) in 2015. 
Dr Still’s research group focuses on extracting natural products 
from plant material and identifying bioactive molecules using 
in-house and collaborative cell-based screening. A major part 
of Dr Still’s research is the structural elucidation of bioactive 
molecules using nuclear magnetic resonance (NMR). Dr Still 
lead the establishment of the NMR Facility at CSUDH by 
coordinating the purchase of the $400,000 instrument for the 
university and is also responsible for new user training and 
maintenance.
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