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BIOCHEMISTRY - MEDICINAL USES - EXTRACTION METHODS - RECENT
RESEARCH



Who am I?

e Reishi and Roses Blog 2015- present

e Medicinal mushroom educator 2015 - present

e Fomitopsis cajanderi research with Olivia Froehilich and Dr.
Cynthia Wenner 2017-2019

e Medicinal Mushrooms chapter in The Textbook of Natural
Medicine 5th edition 2019

e Scientific advisor/ mushroom consultant

e Graduated from Bastyr University 2020

o Co-founder of Lucidum Medicinals 2020

o Currently practicing as a primary care physician in Port
Townsend, WA




Disclosure statement: o

[ am a co-founder of the medicinal
mushroom company, Lucidum
Medicinals, and I have worked as the
scientific advisor for NAMMEX
(North American Medicinal
Mushroom Extracts).



Outline

e Fungal anatomy

e Ubiquitous mushroom constituents

e Mushroom constituents and human health

o Extraction methods

e Research review of common medicinal
MUSNrooms



Fungi Life Cycle

https.//www.sciencelearn.org.nz/resources/2664-fungal-life-cycles-spores-and-more



Mycelium

The mass of interwoven hyphae that forms the
vegetative portion of the fungus and is often
submerged In another substance like soll, grain
or other organic matter.

Like the roots of the fungal organsim



Myceliated Grain

When grain Is used as the substrate the mycelium
grows on, the final product is myceliated grain, NOT
pure mycelium

“When extracts are made with myceliated grain, the
mycelium is not removed from the grain.



Mushroom

The fruiting body or macroscopic above ground portion
of the greater fungal organsim.



Ubiquitous Mushroom
Constituents

e Ergosterol

e Polysaccharides (3 1,3/1,6-Glucan)

e Terpenes (triterpenes and sesquiterpenes)
e Ergothioneine



Ergosterol
Cholesterol:Humans :: Ergosterol.Mushrooms

e When mushrooms are exposed to UV light, ergosterol Is
converted to ergocalciferol, or vitamin D2.

e Vitamin D2 Is then converted to calcidiol in the liver and
eventually calcitriol, our active vitamin D3, in the kidneys.

e Ergocalciferol-D2 is not as biocavailable as D3, but can
improve vitamin D deficiency PMID: 27192696


https://www.ncbi.nlm.nih.gov/pubmed/27192696

Polysaccharides (B (1.3/1.6)-glucan)

Long sugar molecules that help to:
e Modulate the iImmune response PMID: 26770080
e Regulate blood sugar PMCID: PMC7830770
e Support the microbiome (intestinal and vaginal)
PMID: 28353071 PMID: 28885559 PMID: 28302110


https://www.ncbi.nlm.nih.gov/pubmed/26770080
https://www.ncbi.nlm.nih.gov/pubmed/28885559
https://www.ncbi.nlm.nih.gov/pubmed/28302110

The mushroom cell wall
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Polysaccharides - Immune-modulation

Modulation - stimulate and suppress different
aspects of the iImmune system at the same time.

e Stimulate an anti-viral Immune response
e Suppress inflammatory cytokines (chemicals that
promote movement in the iImmune system)

PMID: 26770080



Mushroom Cytokine response Immune response

(simplified)
Grifola frondosa IL-10 Anti-inflammatory
(Maitake)
IL-2, TNF-a, IFN-vy Pro-inflammatory
Lentinus edodes IL-4, IL-10 Anti-inflammatory
(Shitake)

TNF-q, IL-1 Pro-inflammatory



Example of immune

stimulation by B ﬁ Al
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pathogens and neoplastic
NK cell change
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Mushroom polysaccharides
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Blood glucose lowering effect

Aramabasic¢ Jovanovic J, Mihailovi¢ M, Uskokovic A, Grdovic N, Dinic S, Vidakovic M. The Effects of Major Mushroom Bioactive
Compounds on Mechanisms That Control Blood Glucose Level. ] Fungi (Basel). 2021;7(1):58. Published 2021 Jan 16.
doi:10.3390/j0f7010058



Polysaccharides - Prebiotic

Prebiotics = Food for probiotics
e The more food there Is for the probiotics, the more probiotics there

Wwill be to compete out the 'bad’ bacteria.

Polysaccharides from mushrooms increase Lacto

Bifidobacterium spp. while ¢

PMID: 28885559

Polysaccharide gel made from t
significantly increased lactobaci
PMID: 28302110

ecreasing other non-

nacillus s

oeneficia

op. and

 bacteria

urkey tail mycelium extracts (PSP)
lus species In the vaginal biome


https://www.ncbi.nlm.nih.gov/pubmed/28885559
https://www.ncbi.nlm.nih.gov/pubmed/28302110

Extraction of Polysaccharides

e Polysaccharides are water soluble

e The cnitin cell wall must be 'melted

o |deal extraction method - bolil in water for at least 2
hours



Concentrated Mushroom Syrup

1.Collect mushrooms or purchase dried mushrooms from your local herb shop, slice thin and dry over
night
2.Get the dry welight of the mushrooms in grams, then place mushrooms in crockpot or large soup pot

and cover with water — so water covers by a few inches
3.let Simmer for a minimum of 2 hours, If using a crockpot it is great to simmer overnight

4.Press out mushrooms from decoction
5.Place aqueous extract (decocted liquid) in smaller soup pot and let simmer - this is where you want

to keep a close eye on the process, stirring somewhere in between occasionally to avoid over

simmering and burning
6.Simmer down until there is 30mL of extract (if you started with 300Q) - the idea Is that you have an

equivalent of 10g dried mushroom material for every 1mL liquid. - 10:1
7. Take off the heat and add an equal amount of honey - if there is 30mL of extract, you will add 30mL of

raw honey and mix thoroughly, now you have a 5:1 concentrated syrup.



http://www.dandelionbotanical.com/

Triterpenes

Fat soluble secondary metabolites that are:

e Anti-neoplastic
o Anti-histamine
o Anti-viral

o Bitter



Triterpenes - Anti-neoplastic

L anostane triterpene glycosides (Lanostanoids)

e Secondary metabolites that have been well-researched
for their cytotoxic activity on a number of different
cancer cell lines in-vitro and in-vivo animal trials.

e Promote apoptosis through Gi cell cycle arrest and P53
induction PMID: 23092389



Triterpenes - Anti-histamine

e Decrease type 1 hypersensitivity reactions PMID:
200/9412
o Decrease itchiness and swelling associated
with allergy - internal or external




Triterpenes - Biltter

e Bitter receptors in the back of the tongue are
iInnervated by the vagus nerve.

e When the vagus Is stimulated from bitters this can
bring you into a more relaxed state and support flow
of digestive enzymes and stomach acid.



Sesquiterpenes - Anti-viral- = *
e Specifically from Cryptoporus volvatus (cryptic globe
fungus) Cryptoporic acid
o Neuraminidase inhibition
o If neuraminidase Is inhibited, the virus can not
leave a cell to then infect other cells

o Neuraminidase inhibition is the mechanism of

action in OTC drugs like Tamiflu. —
PMID: 24260198, PMID: 254378 46.


https://www.ncbi.nlm.nih.gov/pubmed/25437846

Extraction of Terpenes

e Terpenes are alcohol and fat soluble

e Cold ethanol extraction is fine, but | prefer a closed
system hot ethanol extraction like a soxhlet

o Warm oll extracts are preferred.



Hot Ethanol Soxhlet Extractlon




Mushroom Infused Oil

e [n a Crock pot, cover dried mushroom slices with
coconut olil or other preferred oll

e Heat on warm over night

e Strain out mushrooms from oil using a cheese
cloth.

e et oll cool and use as a food oil or as a base for
body care products. —




Ergothioneine - The Elusive Amino Acid

Most abundant in oyster mushrooms
e Extremely bioavailable
e Anti-oxidant
o Used as back-up to glutathione
o Can be stored in cells for up to one month
e May help to prevent cognitive decline

PMID: 28530594, PMID: 22230474, PMID: 27444382



Based on studies in a range of in vitro and in vivo models, ergothioneine has exhibited the ability to modulate
inflammation, scavenge free radicals, protect against acute respiratory distress syndrome, prevent endothelial
dysfunction, protect against ischemia and reperfusion injury, protect against neuronal damage, counteract iron

dysregulation, hinder lung and liver fibrosis, and mitigate damage to the lungs, kidneys, liver, gastrointestinal tract, and
testis, amongst many others. When compiled, this evidence suggests that ergothioneine has a potential application in the
treatment of the underlying pathology of COVID-19.



Comprehensive Extractions

e Mushroom powdered extract F,
e Double extracts ke e




Mushroom Powdered Extract

1.Chop freshly harvested mushroom fruiting body
2.Further grind fruiting body in blender
3.Dehydrate over night

4.Place in pot and cover with water

5.Boil down until there Is a thick mushroom slurry
6.Place slurry on dehydrator tray (or oven tray)
7.Dehydrate 12-24 hrs at 110 degrees F (if using oven - use lowest setting possible)

8.Grind down In high speed blender
9.If you desire a less fibrous extract, sift further for a finer powder




Double Extract

1.Make a mushroom decoction on stove top, Crock pot, or preferably an Instant pot. |
orefer the Instant Pot method because this is a closed system (volatile compounds

can't escape) and the process only takes 45 minutes. Instant Pot aqueous extracts
seem to have considerably more polysaccharides than other extraction methods.

2.With soxhlet - squeeze extract from mus
extractor for up to 8 hours with dried mus

Nroom marc and set aside. Run soxhlet

nroom material and 190 proof alcohol.

a.Let cool, and combine ethanol extract with aqueous extract.

3. Without soxhlet - add aqueous extract and mushroom marc to large jar. Pour 190
proof alcohol over marc and aqueous extract until alcohol is taking up 30% of
volume. Shake well and let sit for 2 weeks.

a.After 2 weeks, use a cheese cloth and potato ricer to squeeze out the double

extract from the mushroom marc.



Common Mushrooms Used as Medicine

e Reishi

e Lion's mane

e Cordyceps

e Turkey tall

e Maitake

e Shiitake

e Oyster

e Chaga

e Tremella —_—




Reishi

Ganoderma lucidum
'‘Herb of spiritual potency”

A review of human clinical trials
e Anti-viral

e Decreases lower urinary tract symptoms

e Cancer support

e Improves cortisol rhythm in women with chronic fatigue
syndrome




Control of oral human papillomavirus (HPV) by
medicinal mushrooms, Trametes versicolor and
Ganoderma lucidum: a preliminary clinical trial

Bruno Donatini '

Affiliations 4+ expand
Oral HPV (16 and 18) was eradicated in 88% of patients in the treatment group while HPV
was only eradicated in 5% of patients in the control group.
Dose: 400mg/day
Form: Fruiting body powders

Time: 2 months
versicolor (1V), anoderma iuciaum (L), and Laetiporus suipnureus (Ls), on the Clearance ot oral
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for gingivitis, 61 patients were positive for HPV16 or HPV18. Twenty patients were included in group
1 (LS) and 41 patients were included in group 2 (TV+GL) for 2 months. Polymerase chain reaction
(PCR) for HPV was performed at inclusion and after 2 months. In group 1, the clearance was equal
to 5% after 2 months of treatment. In group 2, the clearance was equal to 88% (P<0.001). The
detection of HPV16 or HPV18 could become relevant in routine since positivity is frequent and



Reishi supplementation helps to increase low cortisol levels and satisfaction in women
with chronic fatigue syndrome
Dose: 2 g, divided into 0.5 g four times a day

Form: G. lucidum agqueous extract (form not disclosed)
Time: 12 weeks



Effect of an extract of Ganoderma lucidum in men
with lower urinary tract symptoms: a double-blind,
placebo-controlled randomized and dose-ranging
study

Masanori Noguchi ', Tatsuyuki Kakuma, Katsuro Tomiyasu, Yoshiko Kurita, Hiroko Kukihara,
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Reishi improved Iowernaﬁrhifﬁary tract symptoms in men - significant improvement in
IPSS scores
Dose: .06mg, 6mg, and 60mg/day (6mg was the superior dose)
Form: Fruiting body
_ Time:8weeks

lower urinary tract symptoms (LUTS).
Methods: We enrolled male volunteers (> or = 50 years) with an International Prostate Symptom
Score (IPSS; questions 1-7) = or = b and a prostate-specific antigen (PSA) value < 4 ng/mL.
Volunteers were randomized into groups of placebo (n = 12), G. lucidum of 0.6 mg (n =12), 6 mg (n
=12) or 60 mg (n = 14), administered once daily. Efficacy was measured as a change from baseline
In IPSS and the peak urine flow rate (Q({max)). Prostate volume and residual urine were estimated

by ultrasonography, and blood tests, including PSA levels, were measured at baseline and at the
end of the treatment.



Ganoderma polysaccharides increase cancer specific immune cells in patients with
advanced cancer. Significant increase in the mean plasma concentrations of interleukin (IL-
2), IL-6, and interferon (IFN)-gamma

Dose: 1800 mg Ganopoly, three times daily orally before meals
Form: Polysaccharide extract

Time: 12 weeks
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Significant improvement in upper abdominal pain, dysplasia, and an overall reduction in
inflammatory infiltration
Dose: 3 tablets (unknown how many grams - my guess is about 1.5g)
Form: Fruiting body
Timing: 3 months (the researches suggest longer treatment of 6 months)



Rats with crushed nerves who received lion's mane mushroom healed much faster than the rats who
did not receive the lion's mane.
Dose: 10 or 20 mL/kg (1-2g/day)
Human dose equivalent - 972mg- 1.9g/day for a 60kg person

Form: Fruiting body aqueous extract
Time: 14 days



he women who consumed lion’s mane cookies experienced significantly less anxiety
and depression compared with the placebo.
Dose: 2g
Form: Fruiting body powder in cookies!
Time: 4 weeks



Improving effects of the mushroom Yamabushitake
(Hericium erinaceus) on mild cognitive impairment:
a double-blind placebo-controlled clinical trial

Affililations 4 expand
PMID: 18844328 DOI:

Yamabushitake group showed significantly increased scores on a cognitive function scale compared
with the placebo group. The Yamabushitake group's scores increased with the duration of intake, but at
week 4 after the termination of the 16 weeks intake, the scores decreased significantly

Dose: Four 250mg tablets tid
Form: Fruiting body tablets
Time: 16 weeks
Yamabushitake dry powder three times a day for 16 weeks. After termination of the intake, the

- e — — - = —
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group showed significantly increased scores on the cognitive function scale compared with the
placebo group. The Yamabushitake group's scores increased with the duration of intake, but at
week 4 after the termination of the 16 weeks intake, the scores decreased significantly. Laboratory
tests showed no adverse effect of Yamabushitake. The results obtained in this study suggest that
Yamabushitake is effective in improving mild cognitive impairment.

(c) 2008 John Wiley & Sons, Ltd.



Randomized Controlled Trial > Biomed Res. 2019;40(4):125-131.
doi: 10.2220/biomedres.40.125.

Improvement of cognitive functions by oral intake of
Hericium erinaceus

Yuusuke Saitsu 1. Akemi Nishide 2. Kenii Kikushima 2. Kunivoshi Shimizu # . Koichiro Ohnuki 1

Affiliations + expand

The lion's mane group showed significant improvement in the mini mental status examination after 12
weeks
Dose: 3.2g daily
Form: Fruiting body capsules
Time: 12 weeks

blind, placebo-controlled parallel-group comparative study to evaluate the improvement of the
coanitive functions bv takina sunnlements containina fruitina bodv of H. erinaceus for 12 weeks.
We performed three kinds of tests: Mini Mental State Examination (MMSE), Benton visual retention
test, and Standard verbal paired-associate learning test (S-PA). MMSE alone showed that oral
intake of H. erinaceus significantly improved cognitive functions and prevented from the
deterioration. We speculate that various chemical compounds, Including hericenones, in the
mushroom have multiple effects to the brain neural networks and improve cognitive functions. Oral
intake of H.erinaceus Is safe and convenient method for dementia prevention so far.



Cordyceps
(Ophio)Cordyceps spp.

A review of the clinical trials
o Anti-viral
e Endurance
e Kidney support




After 4 weeks of treatment with cordyceps, there was a significant increase in anti-viral
immuntiy (NK cells, IFN-y, and IL-2) compared to the control group
Dose: 1.5g/day (2 375mg bid)

Form: Cultivated fruiting body
Time: 4 Weeks



Athletes supplementing wit
significantly more free radica

placebo group. These results could be an
are also beneficial for recovery fo
Dose:OCS 1335mg and GL 1170mg

N cordyce

| scavengl

NS and reishi mushrooms had

lowing endL

Ng activity after a race tha
indication that these mus

N the

Nrooms

rance exercise.

Form: Cordyceps sinensis mycelium and Ganoderma lucidum ‘pure extract’
Time: 3 months



Chronic kidney disease patients who took the cordyceps-based immunosuppressant therapy
had significantly lower biomarkers related to kidney disease as well as lower infection rates
Dose: 3-12g/day
Form: Unknown
Time: 6-12 months



Turkey tail

Trametes versicolor
e IMmMmune modulation

o Constituents extracted from turkey tail mycelium

and

S

P) Increase anti-viral and anti-tumor specr

Immunity.
o The majority of research done on turkey tail is actually

on PSK and PSP.

e Prebiotic
o Constituents extracted from turkey tail mycelium (PSP) promote a
healthy vaginal and gut microbiome. PMID: 25006989

(PSK

1C



Turkey tail in combination with red sage root had immunomodulatory effects in patients with
nasopharyngeal carcinoma and improved white blood cells while they underwent radiotherapy.
Dose: Yunzhi and Danshen; each capsule contained 0.30 g of Yunzhi and 0.12 g of Danshen. Twelve
capsules were taken orally daily. (3.6g Yunzhi and 1.44g Danshen)

Form: Fruiting body extract with red sage root
Time: 16 weeks



Results indicated increases in lymphocyte counts (doses of 6 and 9 g/day), increased functional
activity of natural killer cells (dose of 6 g/day), and increased numbers of CD8+ T cells along with
CD19+ B cells
Dose: 6g
Form: Freeze-dried myceliated grain
Time: Changes seen at 2, 4, and 6 weeks



Maitake

Grifola frondosa

A review of the clinical tirals
e Blood sugar regulation
e Immune modulation




The ovulation rates were 76.9% for the Maitake patients and 93.5% for the CC patients, while
combination therapy increased the ovulation rate to 87%. "The present study suggests that
maitake alone may induce ovulation in PCOS patients and may be useful as an adjunct
therapy for patients who failed first-line CC treatment.”

Dose: 18mg MSX + 250mg of dried maitake, 3 tablets tid
162mg MSX + 2,250 dried maitake/day
Form: MSX and fruiting body

Time: 3 months



Oral administration of a polysaccharide extract from maitake mushroom is associated with
both iImmunologically stimulatory and inhibitory measurable effects in peripheral blood
Dose: 5 mg/kg bid
Form: Polysaccharide extract from fruiting body
Time: 3 weeks



Shiitake

lentinula edodes

A review of the clinical trials
e Immune modulation



Eating the Shiitake for four weeks led to increased proliferation of anti-viral immune cells,
decreased inflammation markers and increased iImmuno-modulating cytokines
Dose: 5g and 109
Form: Dried mushrooms

ime: 4 weeks




Oyster

Pleurotus ostreatus

A review of the clinical trials
e Respiratory support and anti-allergic (decreases
eosinophilia)
e High In ergothioneine!
e | owers cholesterol
e [opical creams help to relieve atopic dermatitis




There are multiple studies that have shown children treated with pleuran (polysaccharide from oyster
mushroom) experienced a significant reduction in the frequency of recurrent respiratory tract
infections and missed less days of school.

Dose: 10 mg of pleuran and 10 mg of vitamin C in 1 mL of syrup) per 5 kg of body weight every
morning on empty stomach
Form: Pleuran + vitamin C syrup
Time: 3 months



Standardized blood concentrations of lipid parameters and oxidized LDLs were measured at
baseline and after 21 days. Treatment with oyster mushroom soup decreased both
triacylglycerol and oxidized low density lipoprotein levels significantly
Dose: 30g/day
Form: Whole dried oyster mushrooms in soup
Time: 3 weeks




The patients applied the cream on one segment of the body with atopic dermatitis and a standard
emollient on another atopic dermatitis segment. On the application site there was a significant
decrease in the number of days and severity of atopic dermatitis.

Dose: 2-3 applications daily
Form: Pleuran based cream
Time: benefits were seen within a few days
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Chaga extract was administered three times a day 20-30 minutes
before meals. Psoriatic rashes were significantly improved after three
months of regular intake, and extensive psoriasis was completely cured
IN 16 patients.

Dose: 100mL 6 times daily
Form: Chaga paste (10g/100ml water)

Time: 3-5 months




Tremella

Tremella spp.

A review of the clinical trials
e Cognitive impairment



There was significant improvement with short term memory and executive performance
INn the high dose treatment group. T. fuciformis supplementation was also associated with
Increases in grey matter volumes of several brain regions
Dose: 1200mg daily - 2 capsules tid
Form: Fruiting body
Time: 8 weeks



Mushrooms in combination
may be superior to individual
mushrooms for immune




> PLoS One. 2019 Nov 7:14(11):e0224740. doi: 10.1371/journal.pone.0224740. eCollection 2019.

Synergistic immuno-modulatory activity in human
macrophages of a medicinal mushroom formulation
consisting of Reishi, Shiitake and Maitake

Brody Mallard ', David N Leach 2 2, Hans Wohlmuth 2 3 4, Joe Tiralongo '

Affiliations + expand
PMID: 31697749 PMCID: PMCE837746 DOI: 10.1371/journal.pone.0224740
Free PMC article

Abstract

A key characteristic of mushroom polysaccharides that elicit an immunomodulatory response is
that they are rich in B-glucans and low in a-glucans. In this study we analysed nine commercially
available preparations from three mushroom species, Reishi (Ganoderma lucidum), Shiitake
(Lentinula edodes) and Maitake (Grifola frondosa), for B- and a-glucan content. Based on B- and a-
glucan content we selected three extracts to combine into a formula and evaluated the ability of the
individual extracts and formula to impact on the expression of cytokines IL-1a, IL-6, IL-10 and TNF-
a in human macrophages with and without LPS stimulation. The majority of mushroom extracts and
the formula were found to be highly potent immuno-stimulators possessing EC50 values lower than
100 pg/mL. Interestingly the mushroom formula had lower EC50 values in TNF-a expression from
LPS stimulated macrophages compared to the individual extracts, suggesting a potential
synergistic effect of the mushroom formula. A response additivity graph and curve-shift analysis
illustrated that indeed the mushroom formula exhibited an immuno-stimulatory synergistic effect
on the expression of the majority of cytokines evaluated in both LPS stimulated and non-stimulated
human macrophages, with IL-10 having an antagonistic response. This study represents the first
report of a synergistic immuno-modulatory response in human macrophages elicited from a
mushroom formula rationally derived from B- and a-glucan content.



To nerd out more about medicinal mushrooms, check out my blog:
reishiandroses.com
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