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Objectives
Pharmacist
• Identify the phytonutrients and pathways crucial to immune support
• Review strategies to engineer immune protection with phytonutrients

Technician
• Discuss the impact of phytonutrients on immune health
• Review strategies to support immune protection with phytonutrients



Purpose

What brings you here today?



Phytonutrients 

What are they? Why are they 
important?





Basic nutrition profile of plants 
includes:
• Macronutrients 

• Carbohydrates, fiber, fats, and protein

• Micronutrients
• Vitamins, minerals  
• Some antioxidants

• Phytonutrients 
• Pigments and bioactive compounds 
• Antioxidant function 



What are phytochemicals (AKA phytonutrients)?

Naturally occurring compounds in plants

•They contribute to their color, but they’re actually part of their defense mechanism
•Postulated that there are tens of thousands of different compounds

These compounds are produced to help them survive 

•Through various mechanisms, phytochemicals help the plant resist fungi, bacteria, plant viruses, as well as repel insects and 
other animals

The more the plant struggles to survive and adapt to its environment, the more potent and complex its 
phytonutrient composition

•Consider the impact of conventional/modern agriculture on nutrient content 



Are organic & regenerative farming practices better?



Why are phytochemicals important?

Figure 1. Influence of phytochemicals (natural bioactive 
components) on genetic, epigenetic, proteomic, and 
metabolomic events. A host of phytochemicals are known to 
influence one or more stages of these processes.

J Proteome Res. 2013



Phytochemicals sit 
at the interface of 
the microbiome, 
genetics, 
environment, 
lifestyle and health 
outcomes
Figure 3. Interactions between phytochemicals, gut microbiota and host as a combined contribution to human 
metabolism. The interplay between gut microbiota and host, and its modulation by nutrition, will benefit from 
the integration of information on a systems biology-wide approach.

J Proteome Res. 2013



Phytochemicals & Inflammatory Modulation

Crit Rev Food Sci Nutr. 2018
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Classification of dietary phytochemicals



Biological associations

• Low Vit D
• Insulin resistance 
• Low omega 3 index
• Altered body composition 
• Elevated homocysteine/altered methylation function 
• Elevated hsCRP (inflammatory marker)

Inflammaging and metabolic factors

• Antioxidant reserve depletion

Oxidative stress

• Increasing HgA1C 

Increased Advanced Glycation Endproducts (AGE)

• ANA and various autoimmune process activation 

Increased production of autoantibodies

• Reduced WBC count 

Reduced immune performance 



Targets

Nrf2 + ARE

NF-κB

Methylation Glutathione 

Glycome



Targets

Nrf2 + ARE

NF-κB

Methylation Glutathione 

Glycome Enhance antioxidant reserve

Upregulate capacity to neutralize ROS

Modulate inflammation/immune response



Nrf2 (not Nerf)



Keap1-Nrf2 & ARE*

NRF2 is a transcription factor. In short, it is a 
protein that when it binds to AREs on a cell’s 
nucleus, it activates certain gene sequences. 

*ARE = Antioxidant Response Element 
Front. Pharmacol., 27 November 2017



Nrf2 has far reaching implications

Since its discovery in 1994, research has revealed Nrf2 to be a crucial regulator of 
cellular defense mechanisms against xenobiotic and oxidative stress, involving 
mechanisms such as:

• Glutathione (GSH) and thioredoxin (TXN) antioxidant systems, SOD (superoxide dismutase)
• Phase I and Phase II detoxification enzymes
• Modulation inflammation via NF-κB.
• NADPH regeneration
• Heme metabolism
• Involved with autophagy, intermediary metabolism, stem cell quiescence, and unfolded protein response. 
• Affects mitochondrial function, nutrient uptake, and is implicated in a multitude of diseases.

Int J Mol Sci. 2020;21(13):4777
Oxid Med Cell Longev. 2016

Nutr Rev. 2017;75(6):442-455
Oxid Med Cell Longev. 2020



Basically, Nrf2 activation…

Prevents Aging and Disease

Nrf2 can attenuate and minimize many of the chronic stresses that cause 
illness through damage prevention, damage control, and cellular renewal



The Nrf2-regulated cytoprotective defense system

Antioxid Redox Signal. 2018;29(17):1727-1745



Nrf2: Detoxification & Antioxidant

J Nutr Biochem. 2015;26(12):1401–1413. doi:10.1016/j.jnutbio.2015.08.001
Sheng Li Xue Bao. 2015 Feb 25;67(1):1-18
Oxid Med Cell Longev. 2019;2019:7090534

The Nrf2-mediated signaling pathway protects against environmental 
insults and endogenous stressors

Oxidative stress is a common status defined as the imbalance between 
reactive oxygen species (ROS) production and antioxidant capacity in 
cells

Nrf2 coordinates inducible expression of ARE, influencing various 
function including antioxidation, anti-inflammation, detoxification 
enzymes



Oxid Med Cell Longev. 2019;2019:7090534



Dietary Phytochemicals & Nrf2 

Sulforophane (cruciferous 
veggies)

EGCG (Catechins, green tea) Grape seed Resveratrol Curcumin (turmeric)

Pomegranate (ellagitannins) Cacao (polyphenols) Quercetin (onions, 
watercress, apple and 

others)

Alkyl catechols (Traditionally 
fermented “ancient” and 
wood-fire smoked foods)

Crit Rev Food Sci Nutr. 2018;58(8):1260-1270



Promoting Nrf2

Nutrients that 
promote Nrf2:

• Phenolic antioxidants
• Vitamin E (gamma- and delta-tocopherols and tocotrienols)
• Omega-3 Fatty Acids (DHA and EPA)
• Vitamin A (Carotenoids, lycopene)
• Isothiocyanates from cruciferous vegetables
• Sulfur compounds from allium and cruciferous vegetables
• Terpenoids (cannabis flowers)

Other Nrf2 
promoting factors:

• Low level oxidative stress (hormesis)
• Exercise
• Caloric restriction (IF, FMD, fasting)

J Nutr Biochem. 2015;26(12):1401–1413
Sheng Li Xue Bao. 2015 Feb 25;67(1):1-18

https://www.ncbi.nlm.nih.gov/pubmed/25672622


NF-κB Oxidative Stress Transcription Factor

Nuclear factor kappa-light-chain-enhancer of activated B cells (NF-
κB) is a transcription factor which regulates the expression of 
genes involved in immune and inflammatory responses

Oxidative stress production and antioxidant capacity is part of a 
protective response, however…

Overproduction of ROS plays a role in the pathogenesis of various 
inflammatory diseases due to imbalanced immune response 

Free Radic Biol Med. 2018 Sep;125:3-14



Nutr Rev. 2017;75(6):442-455



Conclusion: The interaction between berry phenolics 
and the microbiota plays an essential role in berry 
phenolics bioavailability and contributes to gut 
health.

Molecules. 2021;26(13):3904



Important Antioxidant Compounds

Major antioxidants

• Ascorbate (vitamin C)
• Vitamin E
• Vitamin A/β-carotene
• Riboflavin
• Selenium
• Zinc
• Copper 
• Manganese
• Glutathione 
• Isoflavones

Building blocks or cofactors

• Glycine, Mg (glutathione building block)
• Selenium, copper, zinc (glutathione 

peroxidase)
• Riboflavin (glutathione reductase)
• Copper, Zinc, Manganese (SOD)



Vitamin C
Vitamin C is an essential nutrient 

Powerful mast cell stabilizer à antihistamine activity (doses as 
high as 2g/day) 

Once of Vit C’s roles is immune regulation and inflammasome 
mediator 

Vitamin C has been shown to have an inhibitory effect on the 
activation of the NLRP3 inflammasome in vitro and in vivo

Mechanistically, this inhibition is via scavenging mitochondrial 
ROS

Inflammasome. 2.10.1515/infl-2016-0001



Quercetin

Pharmacological studies have shown that quercetin and galangin exhibit 
anti-inflammatory efficacy in vitro and in vivo might show benefit in 
management of atopic dermatitis. Effects may also be amplified by DHA 

•Int J Mol Med. 2018 Feb;41(2):888-898
•Mol Med Rep. 2016 Jul;14(1):499-508

Quercetin has been shown to have a bronchodilation effect

•Sci Rep. 2018 Feb 15;8(1):3114

Quercetin has significant effectiveness as a mast cell inhibitor for allergic 
and inflammatory diseases, and may actually outperform cromolyn

•PLoS One. 2012;7(3):e33805



There is evidence that vitamin C and quercetin 
co-administration exerts a synergistic antiviral 
action due to overlapping antiviral and 
immunomodulatory properties and the 
capacity of ascorbate to recycle quercetin, 
increasing its efficacy. 
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Curcumin (Curcuma longa)
Inhibits the activation of free radical activated transcription 
factors such as NFκβ and nitric oxide synthase

Nrf2 activator and antioxidant pathways 

It also modulates the proinflammatory cytokines and anti-
inflammatory  process including T-reg cells

Activity on Cyclooxygenase (COX) and Lipoxygenase (LOX) 
inflammatory mechanisms

Epigenetic modulator of methylation (phase II 
detoxification)

Front Genet. 2019;10:514
Curr Mol Med. 2020;20(2):116-133

Arthritis Res Ther. 2008;10(4):R85
Crit Rev Food Sci Nutr. 2019;59(1):89-101



Resveratrol (3,5,4'-trihydroxystilbene) 
Enhances T-regs response which can dampen Th2-driven inflammatory 
response in asthma (via FOXP3)

Favorable modulation of virus-induced response activation via NLRP3 
inflammasome activation

Mitigates pathogenesis of SARS-CoV2 via RAS and ACE2 expression

Balancing immune response by stimulation of immune response 
(notably CTL and NK cells) and downregulation of cytokines.

Front Immunol. 2018 Dec 20;9:2992
Acta Virol. 2020;64(3):276-280



Epigallocatechin gallate (EGCG)

Epigallocatechin gallate (EGCG) is a flavanol/catechin found 
in high concentrations in green tea, as well as other tea 
varieties and fruits like cranberries, strawberries, 
blackberries, avocado and apple. 

Favorable modulation of virus-induced pathology via NLRP3 
inflammasome pathway activation

Nrf2 reduces angiotensin-converting enzyme 2 (ACE2) 
receptors expression in respiratory epithelial cells.

225 mg daily of extract OR 3-4 cups of green tea daily 

Antioxidants (Basel). 2020;9(8):659



Antioxidants (Basel). 2020;9(8):659

SARS-CoV2 inflammatory process, and oxidative stress of the epithelium lining cells activate the 
transcription factor Nrf2 for protection. 

Nrf2 reduces ACE2 receptors expression in respiratory epithelial cells. 

Disease severity may also be modulated by comorbidity including immune response, obesity, and age, 
where decreased level of Nrf2 are common. 

Nrf2 activators enhance antiviral mediators' expression priming cells against viral infection

Hypothesis paper describes the use of flavonoid supplements combined with vitamin D3 to activate 
Nrf2, which may be a potential target to prevent and/or decrease SARS-CoV-2 infection severity, 
reducing oxidative stress and inflammation, enhancing innate immunity, and downregulating ACE2 
receptors.
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Glycans are involved in a range of pathologic and pathogenic processes 
including metabolic diseases, cancer, and host–pathogen interactions

Play a significant role in coagulation response

ACE2 receptors are glycated 

Authors suggest a lectin-mediated molecular pathways that may 
contribute to viral infection and immune exacerbation



Modulating Immune Function
• Diet & nutrients
• Lifestyle
• Herbals & nutraceuticals
• Homeopathy
• Acupuncture 
• HPA axis support/stress management 



Thank You!

Lara Zakaria PharmD MS CNS CDN IFMCP
@foodiefarmacist

Http://LaraZakaria.com

Questions: Hello@larazakaria.com

http://larazakaria.com/
mailto:Hello@larazakaria.com

