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Introduction

Dr. Dan Kalish

Founder, Kalish Institute
of Functional Medicine

Founder

Founded the Kalish Institute of
Functional Medicine in 2006.

Mayo Clinic Research
Study
Principal investigator in

research conducted with the
Integrative Medicine Dept.

30 Years Clinical
Experience
IFM Certified Practitioner with

three decades of expert
experience.

o

10,000+ Practitioners
Trained
On building successful

telemedicine and functional
medicine practices.

Lab Interpretation
Curriculum

Partnering with Dr. Richard S.
Lord on advanced curriculum
development.
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Doctor's Data Special Offer @ oo

20% off KICP-L1 Adrenal Protocol Design Adrenal
Protocol Design

Use code DDKaI|Sh26 2 [ — :

Course starts January 14, 2027 ‘ c ’ .y

Offer expires January 7, 2027 - Seats are limited ' -.- "'
i

.
:
COURSE HIGHLIGHTS {!l'l — °
+
® Comprehensive curriculum ® [ ab analysis proficiency
® [nteractive labs ® Foundational testing
Scan to enroll
. . . . . 4 Apply code at
® Tailored supplementation ® Patient communication checkout

® Chronic stress reversal
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Testing

Choosing the Right Detoxification Test

Hair Elements Testing

Provides a long-term exposure
profile by measuring metals
deposited in hair, reflecting past
and chronic exposures. Useful
for screening and monitoring
trends over months.

INSTITUTE

Urine Toxic Metals Testing

Assesses metals being actively
excreted. Unprovoked urine
shows spontaneous excretion,
while provoked urine after
chelation reveals mobilizable
metal burden.

Blood Metals Testing

Detects recent or ongoing
exposure with metals circulating
in the bloodstream. Best for
acute toxicity assessment but
less reflective of total body
burden.

Glutathione & Methylation
Testing

Evaluates cellular detox capacity
and methylation status critical
for metal biotransformation and
elimination, providing insight
into individual detox efficiency.
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Clinical Insight

The Central
Clinical Question

Detecting a metal in the body differs from understanding its toxicity. Key steps
include exposure (contact with metal), absorption (entry into blood), distribution
(spread to tissues), storage (sequestration), mobilization (release from stores),
biotransformation (chemical changes), and elimination (removal via urine, bile,
stool).

These processes influence toxicity risk and clinical interpretation, as metal levels
may reflect recent exposure, stored burden, or mobilized metals.

D D
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Variability

Why Patients With Similar Exposure Can Look Different

Metals Resitesiont] Oxider Stress

& excrection Capacity

Tissue Retention Metals accumulate variably in tissues depending on individual
factors like genetics and prior health, affecting symptom severity
and chronicity.

Urinary Excretion  Differences in kidney function and detox pathways cause variability
in how efficiently metals are eliminated, influencing toxicity signs.

Oxidative Stress Individual antioxidant capacity and oxidative damage levels vary,
impacting the degree of cellular injury and clinical symptoms.

Glutathione & Variations in glutathione availability and methylation efficiency
Methylation

Capacity affect detoxification effectiveness and symptom expression.

] e D Df;‘
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Testing

Three Questions Before Ordering a Metals Test

Exposure Timing

Determine if exposure is recent, ongoing,
or historical to select the appropriate test
and interpret results effectively.

INSTITUTE

Measurement Focus

Choose whether to measure circulating
exposure, long-term accumulation
patterns, or excretion levels based on
clinical goals.

03

Mobilization and Elimination

Assess the patient's capacity to mobilize
and eliminate metals, which impacts test
selection and interpretation.

©Q -~
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Testing

Hair vs. Blood vs. Urine Testing Matrices

BLOOD

Hair Testing Blood Testing Urine Testing

Provides a longer-term record of metal Reflects recent or ongoing metal exposure Assesses metal excretion via kidneys,
exposure and accumulation, useful for in the bloodstream, ideal for detecting indicating the body’s current detoxification
screening chronic exposure patterns over acute or current toxic metal levels. and elimination activity.

months.
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Testing

Hair Elements Testing Details

GCETORS DATA e SEX: Male 4755 lilinas Ave.

DOB: 01/011379 AGE: 45 St Charles, IL 60174 US.A.

Toxic & Essential Elements; Hair

Hair serves as an important excretory tissue, reflecting a longer-term record of

metal exposure and body burden compared to blood or urine. Metals and minerals
become incorporated into hair shafts as they grow, providing a timeline of
exposure over weeks to months. Interpretation must consider external factors such
as hair treatments (dyes, bleaching, and shampoos) which can alter metal levels.
e — Environmental contamination during sample collection or processing can also skew
- i results, so strict protocols are essential. Additionally, individual differences in metal
Magnesium (Mg) n as- a8 | . . - .
St i =" excretion rates via hair impact test outcomes, meaning results should be correlated
3 — o , , _ .
o e with clinical context and other testing matrices for a comprehensive evaluation.
s
loding n 10 0.25 1.8
Lithium (L) 014 0.007- 0.020
Phesphorus P s 150 220
S.liﬂi_un (Se) 0.92 9.70 1.2
St i s T
Cobalt (Co) 0.006 0.004- 0.020
{Fs) 22 7.0- 16
Germanium (Ge) 0.035 0.030- 0.040
— T
COMMENTS: ELEMENTS e m:lf[m
Defme o Smesmoly e e
Date Reported: 06/24/2024 Hair Color: Brawn ZniCu 189 10
- ICP/MS Treatment: ZniCd > 999 > 800
e e

o
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Testing

oz smnig sy Blood Metals Testing Details

ID: PATIENT-$-00000 Doctor's Data, Inc.
SEX: Female 3755 lllinois Ave.
DOB: AGE: 46 St. Charles, IL 60174 U.S.A.

Blood metals testing is primarily used to assess recent or ongoing exposure to
_ toxic metals, making it valuable in acute toxicity scenarios where rapid diagnosis
FESOUTADNT | reeval (SR s ESRTE is critical. Because blood reflects circulating metals, it provides a snapshot of

Toxic & Essential Elements, Whole Blood

Calcium (Ca) 6.0 mg/dL 4.8- 7.1 - . . . ) . )
Magnesium M9 |32 mgdl| 3 4.2 — current exposure rather than total body burden. However, its limitation lies in
Copper (Cu) 90 poldL 65- 130 - . . . . .
Zinc @m |59 ugal| 00— 760 - not adequately representing metals stored in tissues or bone, which may persist
M. (Mn) 4- 22 — . . .

Chvomim (C,r; . ,,"z,'t 0 0 il —— long after exposure has ceased. Therefore, blood testing is best utilized

T R T R — alongside other matrices for a comprehensive evaluation of metal toxicity over
Strontium (sr) 43 pg/l 10- 45 —— .

Molybdenum (Mo) 0.8 ng/L 0.3- 2.5 - tl me.

\ i ) <004 pglL 0.04- 0.30
TOXIC METALS
REFERENCE PERCENTILE
RESULT / UNIT INTERVAL 95" 99"
Arsenic (As) 29 pa/l < 9.0 f—
Barium (Ba) 118 pgll < 4.0
Cadmium (Cd) 02 Mg/l < 1.0
Cobalt (Co) 0.1 M/l < 0.8 -
Lead (Pb) 05 pgidl | < 3.0 -
Mercury (Hg) 5.0 pgiL < 4.5 —
Nickel (Ni) <15 ngiL < 3.0
Platinum (Pt) <0.05 pg/lL < 0.10
Thallium (TI) 0.07 Hg/L < 0.50 -
Tungsten (W) <0.03 pg/L < 0.10
Uranium (W) <0.02 pg/L < 0.10

INSTITUTE @ @Wﬂ%i .
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Metals Testing

Urine Metals Testing:
Provoked vs. Unprovoked 01

9 9
Unprovoked Urine Testing
. ORDER: SAMPLE REPORT CLIENT #: 12345
" PATIENT: Sample Patient DOCTOR: Sample Doctor
) ID: Doctor's Data, Inc.
. SEX:Male 3755 llinois Ave,
DCCTORS DATA AGE: 42 St. Charles, IL 60174

Toxic Metals; urine

*  Reflects spontaneous metal

e i TR S R— excretion without intervention
Aluminum (Al) 16 <15 -
Antimony (Sb) 0074 =<0.18 p— . .
Asonic " B o = * Indicates ongoing exposure and
Barium (Ba) 0.88 <5 ol . . . .
Bonium ®0) <0 <010 normal elimination capacity
Bismuth (Bi) 0.091 <08 -
Cadmium (Cd) 0.35 <06 p— . ) .
Gootum ) i <5 *  Useful for monitoring chronic low-
Gadolinium (Gd) <dl <05
Lead o) X N — level exposure
Mercury (Ha) 0.55 <08 p—
Nickel (Ni) 77 <4 . . .
rasan & I o2 *  Provides baseline metal levels in
Telurum () <d <02 urine for comparison
Thallium (TN 22 <04
Thorium (Th) <dl <0.007
Tn e 019 CER. *  Lessinvasive and simpler
Tungsten W) <dl <04
Urarium O ] <003 collection process

RESULT y REFERENCE

mg/dL. INTERVAL 2SD_ 1SD__ MEAN _ +1SD__ +2SD

Creatinine 325 35-240 —

INSTITUTE

Provoked Urine Testing

Collected after administration of a
chelating agent (e.g., DMSA,
DMPS)

Mobilizes metals stored in tissues
for excretion

Reveals total body burden of
metals, not just circulating levels

Helps assess detoxification
potential and metal mobilization

Requires careful interpretation due
to variability in chelation response

SCIENCE+INSIGHT



Testing Types

Summary
of Testing
Options

Each testing matrix provides
unique insights into metal
exposure and detoxification:
blood reveals recent
exposure, hair shows long-
term accumulation patterns,
unprovoked urine reflects
ongoing excretion, and
provoked urine reveals
mobilized metal elimination.

INSTITUTE

o
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Testing Matrix

Exposure Timing /
Biological Insight

Clinical Application

Limitations

Recent exposure

Reflects current or recent
metal levels in bloodstream

Useful for diagnosing acute
Or ongoing exposure

May not reflect long-term
accumulation or total body
burden

Long-term accumulation
patterns

Shows chronic metal
accumulation in hair shaft
over months

Helpful to assess exposure
history and trends

External contamination and
hair treatments may affect
results

Ongoing excretion without
stimulation

Indicates baseline urinary
metal excretion

Assesses current metal
elimination capacity

May underestimate total
body burden due to limited
mobilization

Mobilized metal elimination
after chelation

Reveals metals mobilized
and excreted after
provocation

Evaluates mobilizable body
burden and treatment
effectiveness

Provocation agents may
alter kidney function or
cause redistribution

SCIENCE+INSIGHT



Glutathione

Glutathione: Major Intracellular Antioxidant

Intracellular Synthesis High Intracellular Concentration

Glutathione is synthesized inside cells via a two-step ATP-dependent It maintains a millimolar concentration within cells, making it one of
enzymatic process involving glutamate, cysteine, and glycine. the most abundant intracellular antioxidants.

Role as Redox Buffer Detoxification and Defense

Glutathione acts as a key redox buffer, maintaining cellular redox It detoxifies reactive oxygen species and electrophiles, protecting cells
balance by cycling between reduced (GSH) and oxidized (GSSG) from oxidative damage and supporting immune function.

forms.

SCIENCE+INSIGHT
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Glutathione

01 Tripeptide Glutathione is a small molecule made of three amino What IS

ComPOS'tlon acids: glutamate, cysteine, and glycine, forming a unique

peptide essential for cellular function. G |Utat h i OI’\E?

] LAB #: Sample Report CLIENT #: 12345
D D a4 PATIENT: Sample Patient DOCTOR: Sample Doctor, WD
9 1D: Sample ID
DOSTORS DATA SEX: Malo 5755 inols Aver

AGE: 42 St Charles, IL 60174 US.A.

Glutathione; Erythrocytes

02 Importance of Cysteine provides the critical sulfhydryl group for

Cysteine and  antioxidant activity and metal binding; glutathione Wit Ouside  Rofesnce Rargo

Synthesis synthesis occurs in two ATP-dependent enzymatic steps. e T

Glutathione (GSH) is a tripeptide 1Arglt|amy$-cyslsmy1glymm} synthesized in most celts. The level of GSH in erythrocyles is
asensmvelmwkrdnvwelmucsﬂm overall health of cells, and of the ability to endure toxic challenges. GSH
is the most abundant non-protein in mammalian cells. It is involved in many biological processes including
detoxification of xenobiotics, removal ot oxygen-reactive species, regulation of the redox state of cells and the oxidative
state of important protein sulfhydryl groups, and regulation of immune function. GSH levels are thousands of times higher
in cells than in plasma. Plasma GSH represents primarily that synthesized and exported from the liver. Reduced GSH
(1GSH) s the active form of the tripeplide and the ratio of rGSH: oxidized GSH (GSSH) is normally about 9:1. Once a blood
sample is obtained, Erythrocyte IGSH is very susceptible to oxidation and the IGSH.GSSH ratio drops rapidly. Specimen
handiing 1o prevent the ex vivo oxidation of rGSH is impractical and direct measurement of rGSH in vivo is not feasible
outside of a research setting. However, research clearly indicates that undesirable ratios of IGSH:GSSH are equally
associaled with abnormally low levels of total cellular GSH. Therefore, it is clinically meaningful 1o assess the level of total
enthrocyte GSH as an indicator of GSH status and metabolism

Low levels of GSH have been reported in cardiovascular disease, cancer, AIDS, autism, alcoholism, debiitating
0 3 AT P neurodegenerative diseases such as Alzheimer's and Parkinson's, and chronic relention of potential toxic elements

Producing glutathione requires energy, using two s v o s el o B oot S ocrs ot 1ok essase eyt o

“high normal” erythrocyte GSH levels include, but are not limited to, moderate alcohol consumption, smoking, regular

Requirement  molecules of ATP to drive the enzymatic reactions that link ot e S syt ncrdlr o susan funconaly Pt vl o GSH. MaghGSe and peassn
fo r Production are required for both energy dependent enzymatic steps in GSH synthesis; cysteine is the rate limiting amino acid.

Nutritional products that have been documented to increase erythrocyte GSHIGSH biosynthesis include high quality whey

amino acid s into th e active tri pe pUde ;‘;::;uapamﬂm& aipoic acid, curcumin, oral liposomal GSH, nebulized GSH, and to a lesser extent, N-acetyl-L-

Assessing and supporting appropriately high levels of erythrocyte GSH is important towards protecting cells, overall health
and longevity, and contributes significantly to safe and effective metal detoxification

;< INSTITUTE @ mx
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Synthesis and Recycling of Glutathione

Glutathione
s CatP synthese
26, .
ATi>T )\ Interfollicular
J ~ cell
ATe! \

@ @ y-glutamy/! |
\ transpeptldase

Littreidee
Offix =
Clutophiose

Mitochondrion

INSTITUTE

Glutathione

Glutathione Synthesis & Turnover

Glutathione is synthesized in two ATP-dependent steps:
first forming gamma-glutamylcysteine, then adding
glycine. It is constantly used to neutralize toxins and
oxidative molecules, becoming oxidized to glutathione
disulfide (GSSG). GSSG is recycled back to reduced
glutathione (GSH) by glutathione reductase, maintaining
cellular redox balance. Damaged glutathione is broken
down and its components reused for new synthesis. This
dynamic cycle supports ongoing detoxification and
antioxidant defense.

SCIENCE+INSIGHT



Mitochondria

ATP, Mitochondria &
Oxidative Stress Overview ATP Turnover and Recycling

Cells produce and consume ATP rapidly, with mitochondria generating about
90% of cellular ATP through oxidative phosphorylation, essential for energy-
demanding processes.

Redox Challenges from ATP Production
ATP synthesis in mitochondria creates reactive oxygen species (ROS) as

byproducts, which can damage proteins, lipids, and DNA if not properly
managed.

Need for Continuous Redox Control

Antioxidant systems, including glutathione, constantly neutralize ROS to

maintain redox balance and prevent oxidative stress-related cellular injury.

4%@ KALISH INSTITUTE DECTORS DATA s
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Mitochondria

Glutathione and Mitochondrial Metabolism

Glutathione plays a critical role in maintaining mitochondrial health by protecting
mitochondrial membranes, proteins, lipids, and DNA from oxidative damage. Within
mitochondria, reactive oxygen species (ROS) are generated as byproducts of ATP
production, which can cause oxidative stress if not neutralized. Glutathione acts as a
primary intracellular antioxidant, neutralizing ROS and preventing lipid peroxidation
that damages mitochondrial membranes.

Additionally, glutathione supports the repair and recycling of oxidized mitochondrial
proteins and preserves mitochondrial DNA integrity, ensuring proper mitochondrial
function. This maintenance of cellular redox balance by glutathione is essential for
energy production, metabolic regulation, and overall cell survival.

INSTITUTE
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Energetics

Understandings

Consider also how metals or toxins can interfere with glutathione and what body
systems does that eventually impact?

In other words if a toxin/heavy metal depletes glutathione due to toxicity, what
other issues arise from the now depleted glutathione?

These are total body stores we are talking about. You turnover 12,000mg daily of
glutathione and 90% of it is in a reduced state (usable). Without this massive
reserve of antioxidant potential - cardiovasular disease, metabolic disorders,
cognitive decline issues...

O =i
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Energetics

On the flip side...

What happens when you fix glutathione in relation to heavy metals in regards to
all the other roles of glutathione?

Same thing for methylation, what else is fixed in the body in addition to
detoxification when you fix methylation?

THESE ARE GLOBAL BODY WIDE AND ALL SYSTEMS-ALL CELLS- WIDE
CORRECTIONS

If you properly assess and treat heavy metal toxicity you are also reducing the
burden of chronic disease development

O =i
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Estimated Relative Functional Workload of Glutathione

IHlustrative teaching model — not directly measured whole-body percentages

Rank Function Relative use (%) . .
Key teaching points
pootronse T
1 {@' Neutralizes peroxides and reactive axypen species 30% l Glutathione is conlinuwsl)'
raY A . synthesized, used, recycled,
Protein thiol protection & repair -J
2 % Malntains and repairs protein thiols (-SH) 15% and replaced.
Xenobiotic / Phase Il conjugation ‘; (9 Peroxide handling and redox
3 ' Conjugates drugs, todas, and other xenoblotics 15% "2 buffenng represent major
Mit el et day-to-day demands.
& @ Supparts mitochondrial redox balance 2and function ‘ i 10% "é\ Heavy-metal handling is t
5 & Immune-cell function & inflammation coutrol | Y g "= dinically but is not the dominant
Supports Immune responses. and mits oxidative inflamemation bﬂﬁﬂ! use under normal
conditions.
o Heavy-metal binding & transport )
6 @ @ @ Binds metals and facilitates elionination t S%

- Redox signaling / nitric-oxide regulation
7 @ 8-9 Modulates cellular redox signaling and nitric-cxdde (NO) ‘] 5%

8 @@@ Recycling other antioxidants . 4%

Helps regenerate vicaméns C and E and other anthrcidanes \
ws—_—~coow Cysteine storage & transport Glutathione (GSH)
9 " Serves as a reservoir and transporter of cysteine l 4% A multi-functional guandian

ol
i f cellular health
10 ‘@ DNA synthesis, proliferation & apoptosis l 4% of cellular hea

Supports nucieotide symthesis and onll cycle regulation

Percentages are app teaching esti for relative functional workload. Different tissues and conditions may wary.

@ pisnsimn @ s
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Estimated Relative Functional Workload of Methylation

Approximate whole-body SAM methyl-group use — teaching model

Methylation use Estimated share of whole-body SAM use (%) Key teaching points
1 @ Creatine synthesis 40% Most methylation demand
2 m P idykcholine sythesis 30% is not DNA methylation.
3 ' GmNﬂMmT,i_ ;f;::n? wd Creatine and
phosphatidylcholine synthesis
4 g Protein methylation 4% dominate baseline
methyl-group use.
5 s~ RNA methylation 3%
; . ¢ Detoxification-related
6 g DNA & histone methylation 2% methylation is biologically
8 . 7 1 important but typically a small
7 @ Neurotransmitter methylation 2% fraction of total methyl flux.
8 Hormone & small-molecule
,(P methylation 1%
9 kb et R 1% Methylation supports many essential
/ ’ Xenobiotic & arsenic methylation | R tolale Ry Rt
10 £ Other SAM-dependent reactons 2% DNA methylation.

Percentages are approximate teaching estimates and vary with diet and physiology.

o e Lo
@ KALISH INSTITUTE
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OXIDATIVE STRESS

ATP

MAT Methionne,
ADP g
SAM DMG
S ASenoryiTthionne M Decrease .
‘ st Trans.methylation Methylatlon
“ (ver) 12
5 ASENAYIATICy S Folic Acid

Homocystene

Methylation and Glutathione

XMy

Sevine
o
Increase
Drame-salfurmtion The methylation cydle is a critical biochemical pathway that
o b / e transfers methy! groups (-CH3) to F)NA, proteins, and ot.her |
S T 0‘““% molecules, regulating gene expression and cellular function. It is
a-Ketobutyrat G . . . . .
iy "“’j Km o % tightly linked to the transsulfuration pathway, which diverts
Cysteine Reduction . . . . .
o: (5 ] v Reduced homocysteine—an intermediate in methylation—toward the
i Citathiche Quibsre e synthesis of cysteine, a precursor for glutathione production.
) \ utathione, a major intracellular antioxidant, depends on this
; X Glutath tracellul tioxidant, d dsonth
e Sullate '
gt Cigmato: 7 \ Aminosdd. | pathway for its availability since cysteine is the rate-limiting
G o - amino acid for its synthesis. Thus, efficient methylation supports
MU Metionne sdmonteariene i T transsulfuration, ensuring adequate glutathione levels to protect
L C p‘.n)x‘nnt » h:«;: . m Pyroglutomate . . )
G Cykationine riyme X-(509  {Ghtothione-wasting) cells from oxidative stress and detoxify harmful substances.
A wm':;:wi SN nys
BT Betane homocyieine methyitramdecase

D Dx
DO’.'TOI@_B“A
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Methionine cycle

—_— THF Methionine NN-dimethyiglycine
ATP
B. MAT
SHMTY
PP e By
Gyene SAM Choline oxidat
Ghycine/R m
ce B, |MS BHMT Y
M
cycle S10CH, - THF GNMT transferases Choli
Nmethyighyone/
SAH powm,
MTHFR
M’tﬂuu\ldl SAHH
SMTHF Homocysteine Betaine
Serioe’
ranssulfuration
Hydrogen sulfide ces T
- COS/CSE
H:S Cystathionine
B | CSE
NH Ghtamate
) GCL
Cysteinesulfinate Cysteine G-glutamylicysteine
akG coo Ghycine ATP
cso, ATP  PPiem Yos
Cystoi ASAT Ghustamate e Glutath
oxidation Mypotauroe 3 Sulfnylpyruvate Glutathione production
NAD" HO
MPOD
GPO
FoP Mo
Vourtes P+ %0 Alinathinna diedfuda
> INSTITUTE

Y )

Transsulfuration Pathway:
Linkage Between
Methylation and
Glutathione

o L
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Metals

Different Metals, Different Glutathione/Methylation Relationships

Mercury: Strong Thiol Cadmium: Early GSH Lead: Oxidative Stress & Arsenic: Reduction &
Affinity Involvement GSH Depletion Methylation
Mercury binds tightly to Glutathione acts early in Lead exposure increases Arsenic detoxification relies on
glutathione’s sulthydryl groups, cadmium exposure by binding oxidative stress, consuming glutathione for reduction
forming stable complexes that free ions; metallothionein glutathione and reducing its reactions and methylation
facilitate detoxification and synthesis is critical for long-term  availability, which exacerbates pathways, both essential for
cellular export. cadmium sequestration. cellular damage. transforming and eliminating
arsenic.

Q -t
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Testing

Clinical Testing
for Methylation
and Glutathione

N ) LAB #: Sampis Report CLIENT #: 12345
D [\ L FATIENT. Sampie Patient DOCTOR: Sampls Dactor, MO
4N ID: Sample ID Doctor's Data, Inc.
Tl SEX: Malo 3785 llinols Ave.
Y DOB: 0101H988  AGE:33 St Charles, IL 60174 US.A.

Methylation Profile; plasma

REFERENGE PeRgEATLE
RESULTIUNIT INTERVAL 2w [W w wms |
Metnionine 25 pmoval 1.6- 3.6 -

Cystoino 2 pmobd

S-adenosyimethionng (SAN) 81 nmolL| 6o 145 fmem
E in (SAH) %3 omow| - 22
Homocystaine 104 pmoll| < Tl —
003 pmobid] 005 fe—
REFERENCE =
RESULT INTERVAL = . |
[sAm san [22 = | f—
THF
~ DNA, RNA, Protein
MTase)

Membrane Phospholipid,
m Creatine

Adenosine ——> AMP

5-CH, THF

INSTITUTE

RBC
Glutathione
Testing:
Intracellular
Status and

Detox Capacity

Plasma

Methylation
Profile: Key
Biomarkers

Measures reduced and oxidized glutathione inside red
blood cells.

Reflects intracellular antioxidant capacity and detox
potential.

Useful for assessing chronic oxidative stress and metal
burden.

Helps guide supplementation and detoxification
strategies.

Includes methionine, SAM (S-adenosylmethionine), and
SAH (S-adenosylhomocysteine) levels.

Monitors homocysteine and cystathionine as indicators
of methylation cycle efficiency.

Measures cysteine and adenosine relevant to
transsulfuration and energy metabolism.

Supports personalized treatment plans for methylation
and detox dysfunction.

D, DA
DCCTORS DATA
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Clinical Framework

Clinical Framework for Metals Testing

01

Start with Exposure
History

02

Choose Testing Matrix

03

Assess Detox Capacity

04

Consider Methylation
Role

—e

Gather comprehensive history of

potential metal exposures
including occupational,
environmental, dietary, and

lifestyle factors to guide testing

decisions.
Exposure timeline

Risk factor identification
= Target metals list

INSTITUTE

Select the appropriate biological
sample (blood, urine, hair) based
on timing and clinical question—
recent exposure, ongoing burden,
or excretion evaluation.

= Matrix selection rationale
= Testing protocol
= Sample collection guidelines

Evaluate patient’s glutathione
status, methylation ability, and
oxidative stress markers to
understand detoxification
effectiveness and metal
mobilization potential.

Glutathione level reports
Methylation profile
= Oxidative stress assessment

Incorporate methylation cycle
evaluation since arsenic
detoxification heavily depends on
methylation and glutathione

pathways for effective elimination.

Methylation cycle markers
= Arsenic-specific detox plan

Integrated clinical

recommendations

v
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Detoxification

Beyond Heavy Metals: Roles of
Glutathione and Methylation

Cellular Redox Glutathione maintains cellular redox homeostasis by neutralizing reactive
Balance oxygen species, preventing oxidative damage critical for cell survival.

DNA Stability & Methylation modulates gene expression and preserves DNA integrity,
Gene Regulation o qing proper cellular function and reducing mutation risks.

Mitochondrial & Both glutathione and methylation support mitochondrial health,

Neuroprotection protecting neurons from oxidative stress and enhancing cognitive

resilience.
Endothelial & These pathways regulate endothelial function and immune responses,
Immune_ reducing inflammation and promoting vascular and systemic health.
Regulation

@ KALISH INSTITUTE o
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Detoxification

Heavy Metal Exposure and Downstream Biological Effects

Heavy Metal Exposure

Toxic metals like lead, mercury,
cadmium, and arsenic enter the
body via inhalation, ingestion,
or skin contact, initiating toxic
stress.

= |dentify exposure sources
Measure metal levels in
blood/tissues
Assess exposure risk

Oxidative Stress &
Glutathione

Heavy metals increase reactive
oxygen species (ROS),
overwhelming antioxidant
defenses and depleting
glutathione.

= Measure oxidative stress
markers
Quantify glutathione levels
Evaluate ROS-induced
damage

Impaired Defense &
Repair

Glutathione depletion and ROS
disrupt DNA repair, protein
function, and cell signaling
essential for health.

= Assess DNA repair
capacity

= Measure protein oxidation

= Analyze disrupted signaling
pathways

DNA, Brain, Heart &
Immune

Damage causes DNA
mutations, neurotoxicity,
cardiovascular dysfunction, and
immune system alterations.

= Detect DNA damage
markers
Conduct neurological tests
Monitor cardiovascular
health

= Profile immune function

\ I

DD
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Methylation

Methylation Functions Across the Body

DNA Methylation & Gene Regulation

Methylation controls gene expression by
adding methyl groups to DNA, influencing cell
differentiation and stability.

Homocysteine Regulation

Methylation converts homocysteine to
methionine, reducing cardiovascular risk
associated with elevated homocysteine.

INSTITUTE

Neurotransmitter Metabolism

Methylation regulates synthesis and
breakdown of neurotransmitters like
dopamine and serotonin, affecting mood and
cognition.

Arsenic Biotransformation

Methylation transforms arsenic into less toxic
forms, facilitating its elimination and reducing
toxicity.

Cell Membrane Metabolism

Phospholipid methylation supports cell
membrane integrity and signaling, critical for
cellular communication.

Hormone Metabolism

Methylation modulates hormone activity and
breakdown, impacting endocrine balance and
reproductive health.

D, DA
DCCTORS DATA
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Neurobiology

Methylation and Cognitive Health

Neurotransmitter
Synthesis

Myelin &
Phospholipid
Production

Gene Expression
in Neurons

Impaired One-
Carbon
Metabolism

@ KALISH INSTITUTE

Methylation supports the production and regulation of key
neurotransmitters like dopamine, serotonin, and norepinephrine, essential
for mood, cognition, and behavior.

Proper methylation is critical for synthesizing myelin sheath components
and phospholipids, ensuring efficient nerve conduction and brain cell
membrane integrity.

Methylation regulates neuronal gene expression, influencing
neuroplasticity, learning, memory, and brain development through
epigenetic mechanisms.

Disruptions in methylation pathways impair one-carbon metabolism,
leading to reduced cognitive function, increased neurodegeneration risk,
and altered brain aging.

O -t

SCIENCE+INSIGHT



Cardiovascular

Methylation and Cardiovascular Risk Factors

RISK FACTORS/INFLAMMATORY MARKERS

PLAC (LP-PLA, Activity) 168 UL < 151

Homocysteine 51 pmolL| < 11.0 »

hsCRP 22 mg/L < 1.0 —————

01  Homocysteine Elevated homocgysteine levels from impaired methylation contribute to
Increase

endothelial damage and promote thrombosis, increasing cardiovascular risk.

02 Endothelial Reduced methylation impairs nitric oxide synthesis and vascular repair
Dysfunction mechanisms, leading to diminished endothelial function and vessel stiffness.

03  Vascular . Methylation deficits elevate pro-inflammatory cytokines, promoting chronic
Inflammation vascular inflammation that accelerates atherosclerosis development

04  Reduced Lowered methylation capacity disrupts lipid metabolism and antioxidant

Methy]ation defenses, exacerbating oxidative stress and cardiovascular disease
Capacity Effects :
progression.
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Glutathione

Glutathione: A Key Antioxidant and Detoxifier

Cellyla]‘ Glutathione neutralizes reactive oxygen spedies, protecting cells from
Antioxidant oxidative damage and maintaining redox homeostasis.
Defense

Mitochondrial It preserves mitochondrial function by scavenging free radicals and
Protection preventing oxidative stress-induced mitochondrial damage.

Heavy.-Metal Glutathione binds and detoxifies heawy metals, facilitating their removal
Handling and reducing metal-induced cellular toxicity.

Immune Cell Maintains redox status in immune cells, supporting their function and
Redox Balance modulating inflammatory responses effectively.
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Glutathione

Impacts of Low Glutathione on DNA and Cancer Risk

Control of ROS and Oxidative DNA Damage

Glutathione neutralizes reactive oxygen species (ROS),
preventing oxidative damage to DNA and maintaining
genomic stability.

Genomic Instability

Low glutathione levels lead to increased oxidative stress,
causing DNA strand breaks, mutations, and chromosomal
abnormalities.

INSTITUTE

Detoxification of Carcinogens

Glutathione conjugates with carcinogenic compounds,
enhancing their elimination and reducing cellular DNA
exposure to harmful agents.

Cancer Paradox of Glutathione Levels

While low glutathione promotes DNA damage, some cancers
elevate glutathione to resist chemotherapy and oxidative
stress.
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Neurotoxicity

Low Glutathione &
Brain Disorders

™ 1 LAB #: Sample Report CLIENT #: 12345
L/y D - PATIENT: Sample Patient oocma suwunm MO
m/l OitAld Sox e 5755 inois Ave.
3 m
AGE: &2 St Charles, IL 60174 USA.

Glutathione; Erythrocytes

Within Outside  Roference Range

| Gutatnione* :] 1016 | > 1100 umolelL

Glmm(csnmnwummﬁcmmm synthesized in most cells. The level of GSH in erytivocyles is
sensitive indicator of

However. dearty indicates
with abrormally low levels of total coliular GSH. Therefore, it is clinically meaningful 1o assess the level of total
uw-w-csua-m-ocmdcsnmwmn

Low levels of GSH have been reported In cardiovascular disease, cancer, AIDS,
neurodegenerative diseases

Nutritonal erythrocyte biosynthesis include
protein preparations, a-lipokc ackd, curcumin, oral iposomal GSH, nebulzed GSH, and 10 & lesser extent, N-acetyhL
cystoine.

Assessing and supporting appropriately high levels of erythrocyle GSH is important fowards protecting celis, overall health
and longevity, and contributes significantly 1o safe and effective metal detaxification.

EE INSTITUTE

Brain Vulnerability
Factors

Neurological
Disease Links

Mitochondrial
Dysfunction

Neuroinflammation

Oxidative Damage
Mechanisms

The brain's high oxygen use and lipid-rich environment make it
especially susceptible to oxidative stress when glutathione is low.

Reduced glutathione levels correlate with Alzheimer’s, Parkinson'’s,
and multiple sclerosis, contributing to disease progression.

Glutathione depletion impairs mitochondrial energy production,
increasing neuronal susceptibility to damage and apoptosis.

Low glutathione promotes microglial activation, triggering chronic
neuroinflammation that exacerbates neuronal injury.

Insufficient glutathione leads to unchecked reactive oxygen species,
causing lipid peroxidation, DNA damage, and protein dysfunction.
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Cardiovascular

Low Glutathione & Cardiovascular Disease

Endothelial Oxidative Stress Reduced Nitric Oxide Bioavailability D i oo
éﬁy“ 4 %6:?” %“:WYIU!A

Low glutathione leads to increased reactive Glutathione deficiency decreases nitric e

oxygen species damaging endothelial cells, oxide levels, reducing vasodilation and e [ (B

impairing vascular function and promoting increasing blood pressure and vascular

Ghntions (O8H) i 0 Epaphds (\-ghmycysisbutgcine ynhastznd b ol cels. The kvl of OB I aftvocyies
intracelular GSH status, the overall health of colls, and of the ablity 1o enduro toxic challenges. GSH
processes

atherosclerosis. resistance. e s o bk i o 8,

setting However. research clearly indicales.
‘abrormaily low levels of total collular GSH. Therefore, umnw-wnummwaw
ummc.sn-mmwdcs« ‘and metabolism

Low levels of GSH have been reporied in cardovascular disoase, cancer, AIDS, autism, aicoholism, debiitating

Vascular Inflammation Mitochondrial Dysfunction T S

protein preparations, a-ipoic acid, curcumin, oral iposomal GSH, nebuized GSH, and 10 @ lesser extent, N-acety-L-
cystoine.

Assessing and supporting appropriately high lovels of erythrocyte GSH is important towards protocting colis, overall health

Decreased glutathione enhances Insufficient glutathione impairs
inflammatory signaling in blood vessels, mitochondrial antioxidant defense, leading
contributing to chronic inflammation and to energy deficits and increased oxidative
plaque formation. damage in cardiovascular tissues.
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Biochemical Pathways

Interconnection of Methylation
and Glutathione Pathways

Methionine Cycle & SAM/SAH

Methionine converts to SAM, the main
methyl donor. After methylation, SAM
becomes SAH, which regulates
methylation by feedback inhibition.

= Methionine activation
= SAM production

= Methylation regulation
= SAH feedback control

INSTITUTE

Remethylation Pathway

Homocysteine from SAH is remethylated
to methionine using folate or betaine,
maintaining methylation capacity and
methionine levels.

Homocysteine recycling

Methionine regeneration
= Folate & betaine use

Supports methylation

Transsulfuration Pathway

Excess homocysteine converts to cysteine
via transsulfuration, a precursor for
glutathione synthesis, linking methylation
to antioxidant defense.

Homocysteine conversion
Cysteine production

= Glutathione synthesis
Antioxidant support
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Metabolic Shift: Methylation vs. Glutathione Synthesis under Oxidative Stress

100 1

 Crdidative Stress Trigger |

— Methylation (SAM)

= Transsulfuration (Glutathione) Antioxidant Defense Phase

Metabolic Concentration / Activity Level (y)

0 2 4 6 8 10
Relative Pathway Progression / Stress Level (x)
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Metabolic Shift: Methylation
and Glutathione Under Oxidative Stress

The Upper Loop (Methylation — Inhibited)
*  Methionine normally converts into SAM (S-adenosylmethionine), your body's chief methyl donor.

*  SAM donates its methyl group to your DNA, leaving behind SAH (S-adenosylhomocysteine), which then breaks
down into Homocysteine.

*  The Block: Under oxidative stress, Methionine Synthase (MS) is oxidized and shut down. Homocysteine can no
longer be recycled back up into methionine. SAM dries up, and DNA methylation drops.

The Lower Loop (Transsulfuration — Activated)
* Instead of being recycled, Homocysteine is forcefully pulled downward.
* TheTrigger: Oxidative stress directly stimulates the enzyme CBS (Cystathionine 3-synthase).

*  The Result: Homocysteine is rapidly converted into Cystathionine, then Cysteine, which acts as the scarce fuel
required to mass-produce Glutathione.
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Methylation

1 INSTITUTE MS

MAT
SAHH
<as
<ol
MTMIR

BHMT

OXIDATIVE STRESS

ATP
o Methionine,
ADP Mg
SAM DMG
S-Adenosyimethionine MS Decrease
( BMMT Tmm-m;lh,rhm‘un
SAH (ver) 2
S-Adenciyhomocysteine Folic Acid
X /‘X{N w‘"/
Homocysteine
X-CHy X
(Mett 3 Serine
c8s
Increase
Trans-sulfuration
B, Betaine
: Oxidized
Cystathionine /
s ca” I Glutathione
ystine
NADH NAD
|
a-Ketobutyrate ij K Slu gy
NADH NADH Se
NAD" Cystaion N f Reduction
[ 8 | Mgk Reduced
u-Hydr'oxybutyralg Glutathione S cecive bal
(Glutathione synthesis) . | Detoxification
b ® ~ -
; \ \
Taring Sulfate v
Fat Digestion “
m"“;“'m"' X Amino acid |
(Activated Sulfate) dlic et ,’
Toxin X\\ N L’
S-MM!W:WR Sulisted
Cystathlonine [1-Synthase d«w’m Pyroglutamate
Cymathionine y-lysse X~ (504) (Glutathione-wasting)
Methylenetetrahydrofolate reductase in Urine
Methionine syrthase

Betaine homocysieine methyltransierase

SCIENCE+INSIGHT



Transsulfuration Pathway: Linkage

Between Methylation and Glutathione

Methionine cycle
THF Methionine
ATP
1 MAT
PP
Giyone
Fol SAM Glycine/R
ate
cycle S10CH, - THF % |18 GNMT transferases BHMT
N-methylglycne/
SAH peu
MTHFR
Adenosn‘ﬁ] SAHH
SMTHF
Setine
ranssulfuration
Hydrogen sulfide css T
production pathway
CBS/CSE
HS & q:umomne
Cystathbond |
rsu e \‘m L‘ lutamate
Cysteinesulfinate 0— Cysteine G glutamylcysteine
. ATP
cso, s ATP PR (J'Y:‘!‘f cs
T v
Cysteine ASA Ghutarnate S
oxidation Hypotaurine 3-Sulferyipyruvate Glutathione
NAD* HO,
HPD
GPO
NADH GRI
;".' INSTITUTE Tourine Pyruvate + SO HO

&

Gl athinna dieddfida

Betaine

NN-dmethyiglycine

Choline oxidat
pathway

Choli

Glutathione

@ D A

SCIENCE+|NSIGHT



W INSTITUTE

Metabolic Concentration / Activity Level (v)

Metabolic Shift: Methylation vs, Glutathione Synthesis under Oxidative Stress

100 1

| Oxidative Stress Trigger |

— Methylation (SAM)

s Transsulfuration (Glutathione) Antioxidant Defense Phase

T T

2 4 -] 8
Relative Pathway Progression / Stress Level (x)
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Detoxification

Heavy Metals Stress Both Methylation and Glutathione

Glutathione and Heavy Metal Detoxification Methylation Pathways Impacted by Metals
*  Binds heavy metals to fadilitate cellular detoxification + Arsenic biotransformation relies on efficient methylation
processes

+ Neutralizes reactive oxygen species generated by metal
exposure * One-carbon metabolism provides methyl groups for detox

‘ . - reactions
*  Protects mitochondria from oxidative damage

* SAM-dependent methylation reactions regulate gene

+ Supports regeneration of other antioxidants to maintain . _
expression and repair

redox balance
* Methylation aids recovery from oxidative stress induced by
metals

D D¥
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Systemic Impact

From Toxic Exposure to Systemic Effects

01

02 03 04 05
Heavy Metal Burden  Oxidative Stress & Glutathione & DNA & Immune Brain &
Detox Methylation Effects Cardiovascular
@ @ @ @ >

Accumulation of toxic metals
such as lead, mercury, and
cadmium from environmental,
occupational, or dietary
sources increases the body's
toxic load.

= Measurement of metal
levels

= Assessment of exposure
sources

= |dentification of
bioaccumulation sites

INSTITUTE

Heavy metals induce reactive
oxygen species (ROS),
overwhelming antioxidant
defenses and elevating
cellular detoxification
demands.

= Markers of oxidative

stress

= Evaluation of antioxidant
capacity

= Detox pathway
activation

Sustained oxidative stress
depletes glutathione reserves
and disrupts methylation
cycles, impairing detoxification
and cellular repair
mechanisms.

= Glutathione level testing

= Methylation status
assessment

= Intervention planning for
restoration

Oxidative damage and
impaired methylation cause
DNA strand breaks,
mutations, and compromised
immune surveillance,
increasing disease
susceptibility.

= DNA damage biomarkers
= Immune function tests

= Risk evaluation for
chronic conditions

Neurotoxicity and vascular
inflammation arise from
accumulated damage,
contributing to cognitive
decline, neurodegeneration,

and cardiovascular diseases.

= Neurological
assessments

= Cardiovascular risk
profiling

= Monitoring of
inflammatory markers
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Patient Variability

Variability in Patient Responses to Metal Exposure

Patient A: Resilient
Detoxification Profile

Patient B: Compromised
Detoxification and Repair

INSTITUTE

Maintains adequate glutathione levels

supporting effective antioxidant defense.

Optimal methylation capacity ensures
efficient gene regulation and
detoxification.

Sufficient nutrient status supports
enzymatic functions and cellular repair.

Strong mitochondrial reserve provides

energy and resilience to oxidative stress.

Impaired glutathione synthesis leads to
reduced antioxidant protection and
higher oxidative stress.

Methylation dysfunction hinders DNA
repair, gene expression, and toxin
metabolism.

Disrupted redox balance exacerbates
cellular damage and inflammation.

Mitochondrial dysfunction reduces
energy production and increases
vulnerability to toxicity.
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Clinical Model

A Broader Clinical Model for Toxic Exposure

Comprehensive Toxic Exposure Assessment

Evaluating toxic exposure involves assessing exposure levels, metal
accumulation, and key detox pathways like glutathione and methylation.

Key Assessment Factors

Exposure level via ) )
. Methylation Profile
history

Metal testing Glutathione RBC

:
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