Quantitative Analysis
of Bioflavonoids In
Cannabis using HPLC

Caleb King, Maggie Ulrich, Kymron
DeCesare, Reggie Gaudino

) SHIMADZU

Excellence in Science




Presentation Agenda

1. Flavonoid Definitions
» Secondary metabolite biosynthesis
» The Cannflavins

2. Optimal Extractions of Flavonoids
» Techniques and factors to consider

» Challenges of HPLC Analyses
» Ultrasonic enzyme-assisted extractions

3. Metabolomics / ‘Flavolomics’

» Flavonoid presence, content, and
variance

» Predictive breeding through
metabolomics




Article | Open Access | Published: 13 August 2019

Flavonoid intake is associated with lower mortality in
the Danish Diet Cancer and Health Cohort

Nicola P. Bondonno &3, Frederik Dalgaard, Cecilie Kyrg, Kevin Murray, Catherine P. Bondonno, Joshua R.

Lewis, Kevin D. Croft, Gunnar Gislason, Augustin Scalbert, Aedin Cassidy, Anne Tjgnneland, Kim Overvad

& Jonathan M. Hodgson

Apigenin Baicalin Diosmetin Diosmin

u ocH

Smlanger nge ran
poel °*!  5.Hydroxy-3,6,7,8,3' 4" oot

hexamethoxyflavone

Chrysin "“"' n flower Nobiletin

gee n

tea

raot .. Strawber W Tea
Galangin Fisetin (-)-Epiga Ilncatach nga II te (-)-Catechin

PO < SO &
w ‘

Apple

Kaempferol rose Quercetin
Ahn-Jarvis et. al., 2019

Flavonoid Human Health Potential

> Anti-mutagenic » Anti-carcinogenic
> Antimicrobial » Anti-thrombogeneic

> Anti-inflammatory ~ »Antiplatelet
> Antioxidant »Enzyme inhibition

> 6,000 naturally occurring plant flavonoids




enoid Plant Secondary Metabolite Biosynthesis
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Flavones of Cannabis
Cannflavin A Cannflavin B

Geranylation -6 Prenylation - 6
carbon position carbon position

» Cannflavin A & B specific to Cannabis spp.

» Anti-inflammatory properties 30 X > aspirin
(prostaglandin and leukotriene modulated).

» Young vegetative tissue < 0.1% by weight

Geranylation- 8
carbon position




Extraction Techniques

Endless Choices ———
> Soxhlet Extraction anselln
» Enzymatic Assisted Extraction Primary
» Acid Leaching SR
» Ultrasonic Extraction bi]l;;':::jof_{:

plasma

» Supercritical Fluid Extraction (SFE) [
» Microwave-assisted Extraction
» Pulsed Electric Field (PEF)
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Factors To Consider
» Time
» Temperature
» Solvent Choice
» Sample Moisture Content
» Hydrolysis of Glycosides
» Solvent to Sample Ratio
» Flavonoids of interest/the matrix



HPLC-PDA Flavonoid Quantitation

Cannabinoids/
Terpenes/Cannflavins

Phenols/Flavonoids

= »Quantification of 21
‘ Flavonoids in < 25 minutes

| » Complex chromatograms!

] SHIMADZU
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Total Flavonoid Content By Sample Treatment

TOTAL FLAVONOIDS (UG/G)

1600

1400

1200

1000

800

600

400

200

Total Flavonoid Content By Temperature Treatment
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» Enzyme hydrolysis of flavonoid glycosides
effective. Most effective within narrow pH and
temperature window.

»Medium/low temperature, mixed polarity
solvent, ultrasonic enzyme-assisted extraction
technique determined.

CHRYSOERIOL CONCENTRATION (UG/G)
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Hemp Leaf
Flavonoid Components
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Hemp Flower
Flavonoid Components
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FLAVONOID CONCENTRATION (UG/G)

Hemp Flavonoid Variance
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Flower Cultivar Flavonoid Concentrations
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Cannabis Metabolite Fluxes - ‘Flavolomics’

POLYMETHOXYLATED MONOTERPENES
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Conclusions
»Enzymes as environmentally friendly alternatives to carcinogenic solvents

»Flavonoids in hemp inflorescence 0.05 - 0.6 wt. %
»Flavonoids in hemp leaves 0.5 - 3.0 wt. %

FRB lines
|

»Large metabolic diversity in hemp populations

Future Considerations:

» Quantitative LC-MS method

» Complete targeted and untargeted metabolomics
studies utilizing genetic markers.

» Seasonal variations and environmental cues
»Secondary metabolite flux models
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