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OVERVIEW of the METHYL CYCLE
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TRANSCRIPTION and TRANSLATION
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TRANSCRIPTION FACTOR and PROMOTERS
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CHANGING EXPRESSION of the HUMAN TEMPLATE

Time Frame Process Example
Instantaneous Post—Trgr)sIa_tional PAMPK —
Modification PHMG CoA-Reductase
Intermediate Histone Modification Turmeric Anti-Inflammation
Lifetime DNA Methylation Silencing Oncogenes
Generational SNIP Experimentation MTHFR

DNA Methylation critical towards:
e Silencing fetal appropriate (oncogenes) and Imprinting
e X-Inactivation
e Silencing parasitic DNA
e Preparing for life stresses (taking cues from maternal physiology)
e Shielding genes from oxidative damage




HISTONE CODE

Closed chromatin

Histone acetylation

(transcriptional activation) (Gone transcription )
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DNA METHYLATION

DNA Methyl Transferases transfer CH, from SAMe to cytosine within CpG pair
e DNMT3A and DNMT3B — de novo patterns during gestation
e DNMT1 replicates Methylgenome during cell division

mCpGs bind to MBDs (Methyl-CpG Binding Domain Proteins)

MBDs bind to HDACs (Histone Deacetylases)

HDACSs remove acetyl groups from lysine within histones — imparts (-) charge
Negatively charged histones collapse onto (+) mCpG containing segments of DNA

= Gene Silencing (DNA Polymerase cannot bind promoters)
= (Gene protection from oxidative attack



DNA METHYLATION

60-90% of mammalian CpGs are methylated

CpG islands - Unmethylated clusters of CpG-enriched DNA
¢ Reside within gene promoter regions
¢ Unmethylated promoter CpGs ~ Active gene
¢ Methylated promoter CpGs = Inactive gene
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DNA DEMETHYLATION

DNA Demethylation:
e Slow Process
e Neutralized by DNA remethylation
e Methylgenome changes only slowly (decades)
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Ten eleven translocation enzymes (TETS)

e Oxidize 5mC — 5-OHmethylcytosine (5hnC) — 5-formylcytosine
— 5-carboxylcytosine (5caC), which is decarboxylated to cytosine
e 5acC can be removed by thymine-DNA glycosylase (TDG)
TETSs protective factor vs. age and disease-related hypermethylation



DNA METHYLATION

Global DNA Demethylation
e Gametogenesis
¢ Pre-Implantation

DNA methylation during gestation ~ anticipated post-natal environment
e Cues from maternal physiology
e Perturbations — Life long effects on offspring




DNA METHYLTRANSFERASES

DNMT3 active during embryogenesis
e Silenced post-embryogenesis CpG methylation at its promoter site
e Like other genes active in fetal development (reactivate — oncogenes)

DNMTL1
e Copies Methylgenome pattern established by DNMT3 in utero
e Suppresses DNMT3 via promoter CpG methylation

DNMT1 highly regulated:
e Targeted by multiple transcription factors
e Can be methylated, phosphorylated, acetylated, and ubiquinated
¢ Activated by and dependent upon SAMe
e Inhibited by SAH

= SAMe:SAH determines efficiency/fidelity of DNA methylation



EPIGENOMIC DRIFT

Identical twins have identical methyl genomic patterns at birth
e Disparity with age related to differing adult environments/physiologies

Epigenomic drift age-related:
e Age prediction within five years
e Process accelerated by abnormalities in SAMe:SAH
& Why high homocysteine associated with diverse disease states
e DNA global hypomethylation ~ frailty and loss of physiologic function
e Global hypomethylation predicts 7-yr decline in health status
e Patterns associated with specific disease states
& NPTX2 un silenced in PD and pancreatic cancer
e Caloric restriction » maintenance of Methylgenome



DNA METHYLATION

Drosophila melanogaster has a single DNMT:
e Over expression increases life span and resistance to oxidative stress
e Under expression decreases lifespan

Honeybees: DNA of workers and queens is the same
Royal jelly fed to “Queen selected” larvae

e Larger, functional ovaries, and longer lived

e Altered 5SmC content vs. worker bees
Treat larvae with sSIRNAs for DNMT3 —

e Queen phenotype and mC pattern

OP-1 protein is human cartilage growth factor
e Four fold loss with aging e Methylation of CpGs within promoter

Procaine demethylates DNA
e Inhibits growth of breast cancer cells
e Demethylates hypermethylated CpG islands
e Reactivates previously silenced (RARBeta2) tumor suppressor genes
e Beneficial effects (hydralazine) in human cervical cancer trial



NUCLEOSOME
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TURMERIC is a HISTONE DEACETYLASE
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Inactivates threat response genes

Inappropriately activated by “pseudo-infection” cues



DISTORTION of the METHYLGENOME

Young

TN

Global hypomethylation Local hypermethylation

- Genomic instability - Loss of expression control
- Inefficient gene repression - Inappropriate silencing

Cancer and age-related illness associated with:
e DNA global hypomethylation — Activation of oncogenes
e Promoter hypermethylation — Silencing of tumor-suppressive genes



HYPOMETHYLATION LEADS TO HYPERMETHYLATION?

| was for methylation before | was against it



HYPOMETHYLATION LEADS TO HYPERMETHYLATION?

DNMT3 involved in de novo DNA methylation
e Active during and inactive post-embryogenesis
e Methylation of its promoter suppresses its transcription

DNMT1 maintains birth pattern — senescence
e Binds methylated DNA at cell division — Methylgenome replication

SAMe:SAH insufficiency (low methionine, folate, choline, oxidative stress, etc.) —

DNMT1 fails to methylate promoter of (life long) repressed genes —
e Oncogene activation e Inflammatory gene up regulation

DNMT1 fails to methylate DNMT3 promoter — DNMT3 transcription —
Inappropriate methylation of beneficial genes —
“Silencing” of anti-cancer and anti-inflammatory genes =

Distortion of Methylgenome (degenerative disease and malignancy)



VIABLE YELLOW AGOUTI MOUSE (Avy/a)
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VIABLE YELLOW AGOUTI MOUSE (Avy/a)
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AGOUTI MOUSE

v Female Viable Yellow Agouti mice (Avy/a) mated with (a/a) males

Provide to dams at conception — weaning:
e Standard chow ad lib
e Chow with methylation support
e High methyl support chow

Diet Component Methyl Support High Methyl Support
Choline (gm/kg) 5 15
Betaine (gm/kg) 5 15
Folic acid (mg/kg) 5 15
B12 (mg/kg) 0.5 1.5
Methionine (g/kg) - 7.5
Zinc (mg/kg) - 150

Evaluate Avy/a offspring for Agouti phenotype



AGOUTI MOUSE
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GENISTEIN and AGOUTI EXPRESSION
v Female (a/a) mice

Two weeks pre mating with male Avy/a mice — weaning of the pups

Place on:
e Standard chow
e Genistein supplemented chow (250 mg/kg chow)

At 21 days of life evaluate (Avy/a) pups for agouti expression



GENISTEIN and AGOUTI EXPRESSION
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ORGANIC POLLUTANTS and AGOUTI EXPRESSION

Persistent Organic Pollutants

Ligate estrogen receptor
Persistent
Cross placenta — Bioconcentration

Epigenomic effect

Epigenetic mechanisms of bisphenol A and phthalates.

BPA Phthalates

Age B e ' Dose
Epigenetics
[ | I
DNA i Histone . ‘ T

Alterations in

Gene expression

Adverse health effects 1




ORGANIC POLLUTANTS and AGOUTI EXPRESSION

v Female (a/a) mice

Place on:
e Standard (phytoestrogen-free) chow
e Chow with BPA 50 mg/kg
e Chow with BPA + methyl supplements
e Chow with BPA + genistein 250 mg/kg

Two weeks pre-mating with (Avy/a) male mice — weaning of pups

Evaluate pups for Agouti phenotype at 10 weeks



ORGANIC POLLUTANTS and AGOUTI EXPRESSION
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ORGANIC POLLUTANTS and AGOUTI EXPRESSION
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MATERNAL DIET and ADAPTIVE SATIETY
vC57BL/6J mice

Offer ad lib high fat (highly palatable) diet — Increased caloric intake and DIO
e Progeny predisposed to DIO

Provide to healthy male and female mice ad lib consumption of:
e Standard chow (10% fat)
e HFD (60% calories from fat)
& 83% females and 80% males — Hyperphagia and DIO

Switch HFD/DIO females to standard diet —
e Reduced caloric intake
¢ 12% weight loss over 8 months; still overweight (25 vs. 21 gm.)
e Still insulin insensitive, and hyperlipidemic



MATERNAL DIET and ADAPTIVE SATIETY

Cross HFD/DIO females with lean, standard chow males
Prior to conception — weaning place HFD/DIO females on standard chow diet

At weaning, place pups on HFD —
¢ 80% male pups developed DIO with IR and hyperlipidemia
¢ 57% female pups developed DIO

43% female pups resistant to HFD induced DIO
¢ \Weight and caloric intake similar to females on standard diet
e Hyperphagic response to high fat diet (expected) did not occur
e Glucose tolerance and lipid status nearly normal

Diet change in HFD/DIO mice during pregnancy and lactation —
e Epigenomic protection vs. DIO
e Positive effect on satiety mechanism



ESTROGEN RECEPTOR GENE METHYLATION

Estrogen ligation of ER receptor — altered expression of multiple genes
Methylation (of CpG islands within) ER gene promoter — inactivates ER receptor
Estrogen ligation of promoter methylated ER — physiologic effect attenuated/lost

ER receptor present in arterial wall
e ER activity less in vessels with atherosclerosis

ER receptor negative breast cancer ~ ER promoter is methylated
ER receptor promoter methylation:

e Increases with age

e Increases with age in normal colonic mucosa

e Universally present in colonic neoplasms

Is ER receptor methylation a link between aging and CV Dz and malignancy?



ESTROGEN RECEPTOR GENE METHYLATION

v Tissue specimens from men and women undergoing CABG or DCI
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ER promoter methylation (gene inactivating)
e Increases with age in men and women
e More prominent in plaque vs. aortic tissue



ESTROGEN RECEPTOR GENE METHYLATION

HAEC HASMC
FI F2 F3 F4 F5 Fé MI M2 M3 M4
o T | [ ] -
1.9 kb 3 : . ; : '
20 | - -
% ER Methylation 4 2 1 3 3 2 55 99 63 19

ER methylation in VSMCs —
e |_oss of estrogen growth inhibition effect
e Loss of benefit from ERT
e Increased risk for CADz



ESTROGEN, HOMOCYSTEINE, and DNA METHYLATION

v 13 healthy post-menopausal women
e None on HRT
e None taking B vitamins
Baseline studies
Randomize to receive over eight weeks:
e CEE 0.625 mg/day
e Placebo
Repeat baseline measurements

After four-week washout cross-over to other treatment

Double blind protocol followed



ESTROGEN, HOMOCYSTEINE, and DNA METHYLATION

Placebo ERT
Folate (nmol/l) 10.8 11.8
B12 (pmol/l) 420 395
B6 (nmol/l) 54 33
Homocysteine (umol/l) DNA Methylation (Mononuclear Cells)
10 3.1
3 .
8- 25
7 - 23 -
6 2.1 -
1.9 -
51 17 -
4 - 1.5 -
Placebo ERT Placebo ERT




MERCURY and POLAR BEAR DNA METHYLATION

v 47 Polar Bears harvested by Greenland Inuit subsistence hunters

Analyze Medulla oblongata levels of:
e Mercury
e DNA methylation
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MERCURY and POLAR BEAR DNA METHYLATION

DNA Methylation - Females (%)
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FOLIC ACID and DNA METHYLATION

v 31 patients with colorectal adenoma by colonoscopy
e No history (or family history) of colorectal malignancy
e No B12 deficiency
e No inflammatory bowel disease

Baseline measurements
e L ab studies
e Morphologically normal colonic mucosa

Randomize to receive over 16 weeks:
e Folic Acid 400 mcg/day
e Placebo

Repeat baseline measurements
e Rectal vs. colonic biopsy



FOLIC ACID and DNA METHYLATION
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FOLIC ACID and DNA METHYLATION

Methyl* Uptake by WBC DNA
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SAMe METHYL TRANSFER REACTIONS

Enzyme Substrate and Effect
DNA Methyl Transferases Alters DNA Transcription (Bookmarking)
Synthetic Reactions Generation of Carnitine
Protein Methyl Transferases Alters Enzyme Activity
(PRMT) (PGC-1la. —» PPARa — FA Oxidation)
Catechol-O-Methyl Transferase Inactivates Catecholamines
Methylates 2-OH and 4-OH Estrogens
COMT Metabolizes Bioflavonoids
PEMT
Phosphatidylethanolamine Generation of Phosphatidylcholine
N-Methyl Transferase
GAMT
Guanidinoacetate Generation of Creatine
N-Methyl Transferase
GNMT
Glycine-N-Methyl Transferase SAMe = 5,10-MethyleneTHF




GLYCINE N-METHYL TRANSFERASE

AdoMet

Glycine

B.10-MTHF

GNMT

SDH

AdoHcy

Me-glycine (sarcosine)

SAMe + Glycine ——— Sarcosine (Methylglycine) + SAH

GNMT

Sarcosine + THF ——— Glycine + 5,10-Methylene THF

Sarcosine Dehydrogenase

SAMe blow off valve = Shuttles CH; away from SAMe and towards

Methyl-folate/DNA synthesis



GLYCINE N-METHYL TRANSFERASE

o o AdoMet AdoHcy
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Not directly stimulated by high SAMe
Negatively regulated (inhibited) by Methyl-folate
High SAMe inhibits MTHFR — Low Methyl-folate — Disinhibiton of GNMT

= Shift from SAMe reformation to 5,10-Methylene THF



SAMe METHYL TRANSFER REACTIONS

Enzyme Substrate and Effect
DNA Methyl Transferases Alters DNA Transcription (Bookmarking)
Synthetic Reactions Generation of Carnitine
Protein Methyl Transferases Alters Enzyme Activity
(PRMT) (PGC-1la. —» PPARa — FA Oxidation)
Catechol-O-Methyl Transferase Inactivates Catecholamines
Methylates 2-OH and 4-OH Estrogens
COMT Metabolizes Bioflavonoids
PEMT
Phosphatidylethanolamine Generation of Phosphatidylcholine
N-Methyl Transferase
GAMT
Guanidinoacetate Generation of Creatine
N-Methyl Transferase
GNMT
Glycine-N-Methyl Transferase SAMe — 5,10-MethyleneTHF




GUANIDINOACETATE N-METHYL TRANSFERASE (GAMT)

GAMT
GAA + SAMe Creatine + SAH

Diet

l

- CREATINE

GAMT
Stimulated by GAA
Not inhibited by Creatine

CREATINE
~SAH <

Arginine Glycine Amidino Transferase (AGAT)

Amidino group of arginine is transferred to glycine,

forming guanidinoacetate (GAA) & ornithine
(Inhibited by Creatine)



A High [ATP] is the Driving Force
Underlying all Cellular Functions

Ca Pump  Myosin ATPase

Normal Na/K
(Aerobic) Pump
< l l » kJ/mole
-70 -59 -52 -48 -46 -40
(More Energy) (Less Energy)

As [ATP] falls, one by one, cellular functional mechanisms
become depressed.



ATP... A Renewable Energy Source

When oxygen, calories and co-factors are available...

ATP —> Work + ADP + P, w==» ADP + P, + energy — More ATP

When oxygen is not available (as in heart disease and/or exercise)...

ATP —» Work + ADP + P, wem ADP + P, + 'O~ —» MO MOME
energy ATP

PCr + ADP — Cr + ATP
ADP + ADP — ATP + AMP

AMP — Adenosine + Pi

Adenosine diffuses out of the cell and is lost

When oxygen is re-supplied...

Oxidative Phosphorylation + Pi + no more ADP — No ATP



CREATINE vs. GUANIDINOACETATE and Hcy METABOLISM

i

v Male Sprague-Dawley rats (250-300 gm.)

Ad lib chow and water intake

Baseline measurements kﬁ

Supplement chow with: ‘
e Creatine monohydrate 0.4% — -

e Guanidinoacetate 0.36%

Sacrifice at two weeks and evaluate:
e Plasma creatine
e Muscle creatine metabolites



CREATINE vs. GUANIDINOACETATE and Hcy METABOLISM

Plasma Creatine (mM)
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CREATINE vs. GUANIDINOACETATE and Hcy METABOLISM

Serum Homocysteine (mM)
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CREATINE vs. GUANIDINOACETATE and Hcy METABOLISM

Cystathionine B-Synthase (CBS) Expression
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CREATINE vs. GUANIDINOACETATE and Hcy METABOLISM
v Incubate hepatocytes with Methionine +/- other substances

Homocysteine Export with Methionine Incubation
(units)
3.5
3.0 152
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CREATINE to DECREASE HOMOCYSTEINE

v Ten 24-28 year old male athletes

Record at baseline:
e Homocysteine
e MTHFR genotype

Treat all with creatine 5 gm/day
e No additional B vitamins
e Diet and activity level unchanged

Repeat homocysteine level at 30 days



CREATINE to DECREASE HOMOCYSTEINE

MTHFR Genotype

Homocysteine (umol/l) \LAGAT
22 332 less GAA
2 I GAMT
iz less SAMe — SAH
0 - T GNMT

677CC 677CT 677CC+CT 677TT

SAMe — 5,10-THF

M Baseline M Thirty Days




CREATINE to DECREASE HOMOCYSTEINE

v 16 healthy volunteers (young adults — mean age 30 years)
e Mean Homocysteine 6.7 umol/I
e Normal folate, B6, and B12 levels
Treat all with Folate 400 mcg, B6 6 mcg, and B12 2 mg over four weeks
Record Homocysteine level
Randomize to receive over an additional four weeks:
e Ongoing B Vitamin supplementation

e B Vitamins + Creatine 2.2-5.1 gm/day (daily creatine excretion x 2)

Repeat homocysteine level at four weeks



CREATINE to DECREASE HOMOCYSTEINE

Homocysteine (umol/l)

O P N W b U1 OO N
| | | | | | |

B Vits B Vits + Creatine

M Baseline H Four Weeks

Creatine group:
e Homocysteine decreased in 7/8
e 18-27% decrease in 4/8

Control group:
e Homocysteine decreased in 3/8
e Only by 1-9%



CREATINE and CONGESTIVE HEART FAILURE

v 20 male patients with stable CHF
e Mean age 65 years
e 70% ischemic and 25% dilated, and 5% valve disease
e NYHA 2.9
e Furosemide 260 mg/day

Baseline exercise capacity (handgrip strength and endurance)
Randomize to receive over five days:

e Creatine 5 gm qid

e Placebo qid

Repeat baseline measurements

Double blind protocol followed



CREATINE and CONGESTIVE HEART FAILURE
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CREATINE and CONGESTIVE HEART FAILURE

Lactate Production/Contraction at 75% Maximal

0.33
0.32 -
0.31 -
0.3
0.29 -
0.28 -
0.27 -
0.26 -
0.25 -
0.24 4

Creatine Placebo

M Baseline ® Day Six

Ammonia Production/Contraction at 75% Max
14

Creatine Placebo

M Baseline H Day Six




CREATINE and LIPID CONTROL
v 34 subjects with hyperlipidemia

Baseline studies

Randomize to receive over eight weeks:
e Creatine 5 gm qid x 5 days with 5 gm bid to follow
e Placebo (flavored) at same schedule

Repeat measurements at weeks four, eight, and twelve

Double blind protocol followed



CREATINE and LIPID CONTROL

270

Cholesterol (mg/dl)

265

265 265

260
255

250
245
240

235
230
225

220

Baseline

Week Four Week Eight Week Twelve

M Placebo M Creatine

250

Triglycerides (mg/dl)

200
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150

100 -

50 -

160

Baseline

165 165 175
145 150 140

Week Four Week Eight Week Twelve

M Placebo M Creatine




CREATINE and LIPID CONTROL

200

150

100 -

50 -

Triglycerides (Females)

Baseline Week Four Week Eight Week Twelve

M Placebo M Creatine

250

200

150 +

100 -

50 -

Triglycerides (Men)

Baseline

Week Four Week Eight Week Twelve

M Placebo M Creatine

e Creatine spares SAMe — Phosphatidylcholine

e Creatine reduces SAH and Homocysteine formation

e Homocysteine

& Decreases expression of AMPK
& Increases expression of HMG Co-A Reductase

e SAH (lower SAMe:SAH) compromises fatty acid oxidation




SAMe METHYL TRANSFER REACTIONS

Enzyme Substrate and Effect
DNA Methyl Transferases Alters DNA Transcription (Bookmarking)
Synthetic Reactions Generation of Carnitine
Protein Methyl Transferases Alters Enzyme Activity
(PRMT) (PGC-1la. —» PPARa — FA Oxidation)
Catechol-O-Methyl Transferase Inactivates Catecholamines
Methylates 2-OH and 4-OH Estrogens
COMT Metabolizes Bioflavonoids
PEMT
Phosphatidylethanolamine Generation of Phosphatidylcholine
N-Methyl Transferase
GAMT
Guanidinacetate Generation of Creatine
N-Methyl Transferase
GNMT
Glycine-N-Methyl Transferase SAMe — 5,10-MethyleneTHF




PHOSPHATIDYL ETHANOLAMINE N-METHYL TRANSFERASE

DNA. synthesis
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PEMT

Cellular Methylation AY
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B transferases:
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activating ~—— »/"/\
factor deoxy-

imidine DNA cynthes
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Phosphoethanolamine + 3 SAMes

Phosphatidylcholine:
e Cell membrane
e Lipid metabolism
¢ Acetylcholine

Phosphatidylcholine + 3 SAHs




PHOSPHATIDYL ETHANOLAMINE N-METHYL TRANSFERASE

Methionine Folate

| |

Dimethylglycine
yigy S-Adenosylmethionine Tetrahydrofol\ate
N Mo:h»;nmo 5,10-Methylene-
fame-hom: 1] synthase
e Rocisiohe l ek 612 tetrahydrofolate

S-Adenosylhomocysteine

5, 10-Mathyfenetetra-
hydrofolate reductase

BETAINE l 5-Methyltetra-
T HOMOCYSTEINE hydrofolate
CHOLINE Cystathionine-beta
synthase .
Phosphatidylcholine Ymno:e
R’ and R" are fatty acid residues Cysteine

CH;—OOCR’ Choline
A
Rl ¥ C"h =
t—o—afo—oq—m—t' CHy

!

Phosphphatidylcholine — Choline — Betaine (TMG) = BHMT pathway

Generate metabolic product and promote SAMe reformation



PHOSPHATIDYLCHOLINE and HOMOCYSTEINE

v Forty eight healthy men
e None taking B vitamins, PC, choline, or betaine
e None with Hcy > 26 umol/I
Study the 26/48 with elevated Hcy (11-23.1 umol/l)
Mean Hcy 14.7 umol/I
Baseline measurements
Randomize to receive over two weeks:
e 34 gm PPC (1/2 dose bid with meals) to provide 2.6 gm choline
e 25 gm placebo oil (same fatty acid composition)

Repeat baseline measures and cross over to opposite regimen (after 2 week washout)

Double blind protocol followed



PHOSPHATIDYLCHOLINE and HOMOCYSTINE

Fasting Homocysteine (umol/l)

18
16
14 -
12
10 -

o N b O
[ T R T |

Placebo PPC

H Baseline ®Two Weeks

Homocysteine (6 Hr Post-Methionine)

Placebo PPC

M First Day B Two Weeks




CYSTATHIONINE BETA SYNTHASE (CBS)

Methylation Pathway Cycles

[1] Urea cycle METHYLATION MAP

[Z] Neurctransmitter (BH4) cycle £l

[3] Folate cycle E] Methionine

[Z] Methicnine (methylation) cycle THE
(5] Transulfuration cycle

Mutations anywhere in this pathway can compromise
critical functions in the body. s

Arginine

LA

\
A

LIREA, f/|
|

Me
f DOLA, RMA
In' [rEyiatanl ™ protein, lipds

DMG Guanido Ac
,-"""-_.' J/'_,.

||H""‘ THMG Creating —p Creatining

\,m o

Homocysteine

IE=m

| = Cystathionine
|
/ /| serctonin  Dopamine BS, PSP l Ammonia
% | maoa || maoe | Cysteine + o KG
o
Citalline + NO | 2| J, l e / | \‘
HLa
: Taurine  sylfite  Glutathione
) rona COMT
: 3 HVA v moly
super Onide § WVIMA Sulfate

| Oxidative-Inflammatory Disease |

Trans-Sulfuration Pathway Gatekeeper




CYSTATHIONINE BETA SYNTHASE (CBS)

Serine + Homocysteine Cystathionine

Homocysteine

l CBS

Oystathicnine
B6, P5F

ArTimonia
Cysteme + p, KG

N

Taumne  Syifte  Glutathsone

Moty v

Sulfate

P-5-P

Cystathionine Cysteine + Ammonia

Cystathionine Gamma Lyase

Down stream production of:
e Cysteine and Glutathione
e Taurine and Sulfate
e Hydrogen sulfide
e Alpha-ketobutyrate



CYSTATHIONINE BETA SYNTHASE

0

Serine + Homocysteine Cystathionine T [h”'pr
P-5-P :n:e O” ) :iHeme
Cystathionine Cysteine + Ammonia HOGT T ™ Adomet
Cystathionine Gamma Lyase as YE ¥ . %
I S I OH
Up regulated by cystathionine
e Oxidative stress (H,0,) cystime
¢ [Inflammatory cytokines (TNF-alpha) —
e SAMe (Methionine load) S e
e Hyperglycemia [\l

e Serine (Glycine)
e Danshensu

Down regulated by:
e Absence of the above
e Cysteine
e Insulin

MTR || MTRR | j] gHMT |
T pr g

"
1 T TMG 4 Creading —p Creatining
\ spH
,./" e e ]

\
LY
™
e

 Homocysieine
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BE, PSP

Arririonia
Cystemne + p, KG
- .
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& L ] LY
Tauwne  Syifite Glutathsone
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CYSTATHIONINE BETA SYNTHASE (CBS)

Serine + Homocysteine Cystathionine
P-5-P
Cystathionine Cysteine + Ammonia
Cystathionine Gamma Lyase

CBS Loss of Function (Kilmer McKully MD)

Hcy > 50 — High SAH — Low SAMe:SAH:
e Methylation blocked
e Low glutathione and cysteine — Oxidative stress
e L_ow taurine and sulfate — Impaired detoxification

— Premature atherosclerosis and neurologic disease



CYSTATHIONINE BETA SYNTHASE (CBS)

CBS Gain of Function 2w
e Oxidative/Inflammatory stress

e CBS C699T (10-fold up regulation)
e CBS A360A (less powerful)

cystathionine

Cysteine + &x KG

High Cystey \_:wv Cysteine
taurine glutathione

| Alpha KG + H2S + NH3

ulfite
Alorise €
v
sulfate A I —P A te:

Hcy remethylation (via MTR and BHMT) to SAMe compromised
Excess Sulfite (neurotoxic) and sulfate (fight or flight - RAS)
Hydrogen sulfide — Brain fog and platelet activation

Glutamate — Excitotoxicity

Ammonia — BH4 used up in ammonia metabolism

High cysteine and glutathione — Impaired detoxification (?)
Predisposition to asthma and GERDz



CYSTATHIONINE BETA SYNTHASE (CBS)

METHYLATION MAP
Methlonme
THF
BH, Depletlon///‘r ymided Xm.. __
#tplation| B poosein, lipids
Tryptophan  Tyrosine dUMP — DG Guamm Ac
: [ MTR || MTRR | BHHT |

Arginine
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I:reatlne —p Creatinine
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. 3 Methyl
BH2 ¢ THF -::Bs
‘ Q.rstaﬂmmme
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-
| NorEp Cysteine +

T 1\

!
HIAA
' i: Taurine  gyifite Glutathione
v | comT
i) moy |
VMA

Sulfate

Endothelial dysfunction, oxidative stress,
[Oxidative-inflammatory Disease | Impaired neurotransmitter formation




CYSTATHIONINE BETA SYNTHASE (CBS)

Glutamine
ADP+P, ‘\. 1,0
\ r
Glutamine synthetase | [ Glutaminase
\\\
NH' + ATP ~ ™ NH,*
v H,0 €0,
Glutamate == = * GABA
B Glutamate decarboxylase
NAD* ; > Oxalacelate
Glutamate dchydrogemy Glutamate oxalacetate transaminase
\
\.
NH,*+NADH > Agartate

b -

a-Ketoglutarate

Interconversion compromised by metals (Lead)
Result is Glutamate Excess

— MSG-like Excitotoxicity



SULFITE OXIDASE

O O
E?Ll + HO — f5| + 2HY + 2¢
11“0- 'lluo-
N 07" Ny

Sulfite + H20 ——— Sulfate

Vi) Down regulation not common — Sulfite excess
T
HRY Co-factor depletion common — Sulfite excess
Molybdenum key co-factor
. 4 Boron, Hydroxy-B12, and Vitamin E Succinate
accelerate SUOX activit
Cysteine*(x%’ y
[Aerarcrzs o ) Support Sulfite Oxidase when CBS up regulated
,x{{ e Sulfite worse than Sulfate
14 G0

1
sulfate Angiotensin | ——J Angiotensi ul

G6PDH




SULFATE EXCESS

“Sulfates” ~ SH-bearing molecules involved in detoxification
High interstitial levels compromise up take across cell membrane —

Impaired endogenous detoxification

| T Dr. Yasko found

Strong link between

CBS and Autism
oystei lk\» and related
ool
[(Aipha kG + Has + NHa Neurodevelopmental Disorders

4
+ 3

B i
vL {ulfate Angiotensin | —— Angiotensin lll
G6PDH




CYSTATHIONINE BETA SYNTHASE (CBS)

cystathionine

Cysteine*-(x%’

High Cysteine Low Cysteine
taurine glutathione

@pha KG + H2S + NHS

sulfite

|
2 sulfate
y

A
fcorﬂsol 4 --_
A Y

I
Angiotensin | ——J Angiotensin ul

CBS C699T or CBS A360A

1. Most important abnormality
2. Most challenging to address

3. BHMT and MTHFR A1298C
amplify pathophysiology =



BETAINE-HOMOCYSTEINE METHYLTRANSFERASE (BHMT)

Homocysteine + Trimethylglycine ——— Methionine + Dimethylglycine
BHMT (Zn)

“Back Door Reaction”
Direct remethylation of Homocysteine to Methionine

“Pulls” Homocysteine away from CBS “Drain”

BHMT defects thus “Push” Homocysteine down the CBS “Drain”



BETAINE and HOMOCYSTEINE

v 132 healthy subjects
e None taking B vitamins
e None with Hcy > 26 umol/I

Study the 76/132 with highest Hcy (8.4-22.2 umol/l)
Mean Hcy 10.7 umol/I
Baseline measurements after one week run in period
Randomize to receive over six weeks (1/2 dose in water bid):
e Placebo
e Betaine 1500 mg
e Betaine 3000 mg
e Betaine 6000 mg

Repeat measurements at weeks two and six

Double blind protocol followed



BETAINE and HOMOCYSTEINE

Fasting Homocysteine (umol/l)
12
11
10

A 00 OO N 00 ©

Placebo 1500 mg 3000 mg 6000 mg

H Baseline MW Two Weeks M Six Weeks

Homocysteine Decrease vs. Placebo (umol/l)

1500 mg 3000 mg 6000 mg

B Two Weeks M Six Weeks




BETAINE and HOMOCYSTEINE

Homocysteine (6 Hr Post-Methionine)

35
30 — I —

26.9

19.19.6 ==

16.6

10 -
5 _
O -
Baseline First Dose Two Weeks Six Weeks
H Placebo ® 1500 mg m3000mg m 6000 mg
Methionine at Six Hours Post-Load
600
550
541
500 519 527
502 | 505 495
450 470 471
400
350
300
Placebo 1500 mg 3000 mg 6000 mg

M Baseline M Six Weeks




5,10-METHYLENE TETRAHYDROFOLATE REDUCTASE (A1298C)

Purines

\5’10 THF
Z) idi

Methylene THF

Tryptophan Tyrosine

5 Methyl
THF

Compromises “backward” conversion of

5-Methyl Folate (5-Methyl THF)}—— 5,10-Methylene Tetrahydrofolate
MTHFR
5-Methyl Folate + BH2——— 5,10-Methylene THF + BH4

MTHFR A1298C aggravates CBS up regulation induced BH4 depletion



RECOGNITION of CBS UP REGUALTIONS

Low Homocysteine
e Normal Homocysteine with MTHFR and MTRR abnormalities

Sickest functionally ill patients:
e Autistic spectrum disorders
e Multiple chemical sensitivities
e Fibromyalgia and chronic fatigue

Sensitivities to:
¢ Alcohol and high sulfite/sulfate foods/supplements/pharmaceuticals
e MSG
e DMSA and DMPS
e B vitamins
e Post-prandial arrhythmia

Lab tip offs:
e |_ow molybdenum, serine, and B6
e Elevated taurine, cysteine, glutamate, and ammonia
¢ Elevated tyrosine, phenylalanine, and tryptophan with
e Low dopamine, norepinephrine, or serotonin or low HVA and VMA



64 y/o female with “Lone Atrial Fib”
Nutritionally Essential Amino Acids

Structurally normal heart fArmine Add Reforonce Renge B Vitamin Markers ___ Referance Range
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Oxidative Stress Markers
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Cadmium <= 0,001 moeglg
Tin <= (.0009 mogly




CBS MANAGEMENT
e Decrease ammonia production/absorption (spare BH4)

Restrict animal protein “Nothing with Eyes”™ diet =
Caveat #1 — Protein malnutrition hgl i
Caveat #2 — Weight gain and insulin insensitivity

Charcoal at bedtime (Magnesium prn constipation)

Yucca with food and resolve dysbiosis

Ammonia/CBS Support siRNA Products (o e

u \
A

Ao g

A Y

v '
sulfate Angiotensin | —— Angiotensin III

Urea Cycle stimulation with LOLA =

Use ammonia neutralizing supplements to liberalize dietary protein restriction
Asses efficacy with 24 hour urine for ammonia and taurine

Clinical judgment important



HEPATIC ENCEPHALOPATHY

Low protein diet (protein malnutrition)

Decrease ammonia absorption Benzoate
[ ) LaCtUIose N, ey GlycineA—b Hippurate == Urine excretion
e Rifaxamin NH,*
M GlutamateA—b Glutamine7+ F":'le-tnylgcetyl-
- gliutamine
Phenylacetate
Increase ammonia metabolism e Gitrulline
e IV Phenylbutyrate Y \ Aspartate
e Oral Sodium Benzoate Carbamoyl -

phosphate

e L-Ornithine/L-Aspartate

Ornithine Ureac ‘}.l"l:le Arginino-
succinate

Uraa

Fumarate
H.O Arginine

1. Carbamoyl phosphate synthase
2. Omithine carbamoyltransferase
3. Argininosuccinate synthase

4, Argininosuccinate lyase

5. Arginase




CBS MANAGEMENT
e Decrease ammonia production/absorption (spare BH4)

Restrict animal protein “Nothing with Eyes”™ diet =
Caveat #1 — Protein malnutrition hgl i
Caveat #2 — Weight gain and insulin insensitivity

Charcoal at bedtime (Magnesium prn constipation)

Yucca with food and resolve dysbiosis

Ammonia/CBS Support siRNA Products (o e

u \
A

Ao g

A Y

v '
sulfate Angiotensin | —— Angiotensin III

Urea Cycle stimulation with LOLA

Use ammonia neutralizing supplements to liberalize dietary protein restriction
Asses efficacy with 24 hour urine for ammonia and taurine

Clinical judgment important



CBS MANAGEMENT
e Decrease sulfate burden

Restrict animal protein “Nothing with Eyes”™ diet
Limit high sulfur/sulfate/sulfite foods

Limit high sulfate nutritionals and pharmaceuticals =
CBS Support siRNA Products
Botanical/Homeopathic Charged Sulphur Detox

Monitor urine sulfate (and sulfite if SUOX +/-)

nnnnnnnnnnnn




CBS MANAGEMENT

supplements High In Sulfur
Taurine | Cysteine Idethionine | Glutathione
Glucosamine Sulfate Chondroitin Sulfate and MW
Epsom Salts Iagnesmm Sulfate Cream
Canned meats, Aged game Homemade yveast breads
DS A and DIMPS (Metal Chelators) ik thistle, Beyond C, and Hepann
Foods High In Sulfur
Vegetables:
iFarhc, Omon Faruly] Eale Collards Ficldes
i_abbage EBrussel Sprouts Eohlraka Broccool
i—aulifloweer Eolk Choy Ilizuna Brocool Eake
i“hinese Cabbage | Napa Cabbage Turnip / Butabaga | Cancla / Eape Seeds; Greens
Iustard Seeds Tatsol Eadish Datkon
Horseradish Japanese Horseradish | Aruoula Watercress
Feas =pinach
Fraeiis:
Faspberry Cranberty i_urrents A Diried Frutt
Cithears:
Vinegar (especially of prepared from wine)
|Alcohol Beverages (especially wine, not vodka - beer 13 less of an 1ssue, especially German beer)
e oft Drinles Aninal Products Dairy Egos
Firazil Muts Peanuts S OY

Sulfamethoxazole/Trimethoprim, diuretics other than spironolactone
Alcohol (except potato based Vodka)
DMSA and DMPS
Sulfites and Chronic Disease, by Rick Williams




CBS MANAGEMENT
e Decrease sulfate burden

Restrict animal protein “Nothing with Eyes”™ diet
Limit high sulfur/sulfate/sulfite foods

Limit high sulfate nutritionals and pharmaceuticals
CBS Support siRNA Products
Botanical/Homeopathic Charged Sulphur Detox

Monitor urine sulfate (and sulfite if SUOX +/-)

nnnnnnnnnnnn




CBS MANAGEMENT

e Support Sulfite Oxidase (SUOX)

Molybdenum 150 mcg/day
e Minimize dairy (Xanthine Oxidase)

Hydroxy-B12 2000 mcg/day sl
Boron 3 mg/day

Vitamin E Succinate 400 1U/day
Limit B-6 (P-5-P less of an issue)?

Monitor urine sulfite & sulfate if SUOX +/-

cystathionine

Cysteine + &x KG

High Cysteine Low Cysteine
glutathione

ta e
I Alpha KG + H2S + NH3 l
sulfite \\‘
[S0or)  Aeortiool €-o__
Ifate Angiotensin | ———p Ang‘iotensin "
(G et N —y

\



CBS MANAGEMENT
e Rebalance GABA:Glutamate
Avoid MSG and Excitotoxic foodstuffs =
Supplement with:
e GABA 500-1000 mg bid (if COMT +/+ or +/-)
e Zen (GABA + Theanine) if COMT WT

Remove metals (comprise GABA:Glutamate)

Glutamine
ADP+ P, *~—__ ~— H,0
\
Glutamine synthetase | ( Glutaminase
_,// o
NH '+ ATP — > NH,*
- H 10\ €0,
Glutamate = = * GABA
+ = Glutamate decarboxylase
NAD* <« _» Oxalacelate
Glutamate dehydrogenase \_'J l Glutamate oxalacetate transaminase
NH,*+ NADH *— T Aspartate
a-Ketoglutarate




CBS MANAGEMENT

Sources of Excitotoxins

Glutamats Glutamic acid, glutamine, and MSG. High lavals ars foumd in foeds such aspeas,
tomatoes, pammesan chaess, milk mushrooms, fish, and mamy vagetablas
Aspartats Aspartams_ NutmSwast
Other “Names™ for Excitotoxins
llonosodiun (lutamats Ulutamats MNatural Flavor]s)
axtr Carrapzenan (ralatin apicals)

Szasoning s) Szasoned Salt Dough Conditionar(s) Isolata
Antolvzad Yeast Autnlvzad Yeast Extract | Antnlvzed Anvthine | Broth
stock soup base Chicksn/Pork/Beat “Flavorins

wdrolvzed Vagatabla Protein {(HEWV ) Hvdrolyzad Plant Protain

wdrolvzed Oat Flour Hydrolvzad Anvthing | YeastExtract
Sodinm (assinate Calcium Casainats inats DHsodinm Cryaneiste,

isodinm Inpsingte | Disodinm Casainats Hwvdrolvzad Protain Chicksn/Pork/ Beat“hasa”

ouillon Wagatabla Gum Flant Protain Extract | SmokeFlavoring(s)
Baltad Barlay Flour | MaltExtract Malt Flavoring{s) Lialtad Barlay
[Ialtad Anvthing Textured Protein Cruar Gum Sow Extract
Sov Protein Sov Protein Concentrats | Sov Sance Whav Protein

whew Protein solats | Whev Protein Concentrats L-UCwsteine
Ajmomoto Eombuy Extract | Matural Flavoring(s) | Barley Malt

Foods with MSG (Monosodium Glutamate)

[HydrolrzedProtein | Hydrolrzad Oat Flowr Sodium Casginats / Caleinm Caszinats
(rzlatin Glutamic Aeid MMonosodium Glutamats

Autolvzed Yeast or Yeast Extmet

Possible 5

ources of MSG

ITexturad Protein

Carragssnan O
Wagstabla Gum

Seasonings Or Spicas

Flavorings O Matural

Flavorings

Chicken, Baaf, Pork,
S3moke Flavorings

Eouillon, Broth, Or Stock

Earlay hialt, hialt
Extract, Malt

Flavoring

Whaw Protein, Whey Protein
Isolate, Or Concantrats




CBS MANAGEMENT

Other Sources of MSG

[Food From Fast-Food Chains

| OTC Madications

Chicken Pox Vaccine

[NutraSwest

Bindars and Fillars in Supplements

PrascriptionMadications

Foods with Glutamates

oritos Pringlas EFCFried Chickan Eoar s Haad Cold Cuts Hot
Dogs
OEr2550 SOUpPS Lipton SoupsSaucas Cravy Rastar Plantar's Salted Paanuts
Sansages | Processad | Processed CheesaSpread | Llolasses Supermarkat Turksw And
Ihizats / Cold Cuts Chicken {Injectzd)
zstaurant Gravy Famean Moodles Eouillon Instant Soup Blixas  Stocks
Salad Drassings Salty, Powdared Dirv Flavorad Potato Chips | Festaurants Soupshiads
Croutons Food Mixas From Soup Basa
Crzlatin Sow Sancs Worcestershirz Sance | Eombuy Extract
v Ak Or Whav | Diough Conditionars Eodv Buildar Protein | Farmesan Cheasa
[Powder hlixes
rash Producs J0me apicas akim, L%, 2%, Non- | Whipped Cream 1opping
Spraved With Fat, Or Do Milke Substitutes
lAnxiern In The Fisld
Mon-Daire Creamers | Chocolatas "Candw Bars | Low-Fat 'DistFoods | Carzals
rad Goods From | Frostings And Fillings Catsup hlavonnaiza
[Eakariss
Chili 3aucs hlustards Picklas Eottlad Spaghstti Saucs
Citric Acid hlad= Cannad And Smolkad EBarbaqus Sance Cannad Frozan Or Doy
[From Processed Corm| Tuna, Owsters, Clams Entrazs And Potpiss
tash And Frozen Flavored Teas, Sodas Seasoned Anvthine Somsa Bappad Salads And
[Pizza Vegatablas
omato Jauca Eee Substituts Flour Canned Fafrisd Deans
Stawed Tomatoes
ofu And Othar Tablz Salts Anything With Com | Anvthing With Milk Solids
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CBS MANAGEMENT

e Rebalance GABA:Glutamate

Avoid MSG and Excitotoxic foodstuffs

Supplement with:

e GABA 500-1000 mg bid (if COMT +/+ or +/-)
e Zen (GABA + Theanine) if COMT WT

Remove metals (comprise GABA:Glutamate)

Glutamine
ADP+P, 1 ‘ 10
Glutamine synthetase :l (Glut:uninase
/ \
NH, + ATP — N
v H,0 CO,
Glutamate - 2
+ Glutamate decarboxylase
NAD* < _» Oxalacelate
Glutamate dchydmgcmsc\:l [:‘.G]utamsic oxalacetate transaminase
NH,+ NADH “— S At
a-Ketoglutarate

* GABA




CBS MANAGEMENT
e Support BHMT

Trimethylglycine (TMG - Betaine) and Zinc (BHMT co-factor)
e Caution if COMT +/- or +/+

Phosphatidylcholine (CV, hepatic, and neurologic disease)
¢ 30% SAMe “spent” in Phosphatidylcholine biosynthesis

Phosphatidylserine (Modulates high cortisol)




CBS MANAGEMENT

e Mineral support

Most of our patients are mineral deficient

Carry out 24 hour urine minerals or RBC mineral assessment
Be liberal with mineral supplementation

Repeat mineral assessment periodically

e Glutathione support

Biologically contraindicated?
e N-Acetyl Cysteine, Lipoic Acid, & Glutathione contain SH groups

Needless acupuncture Glutathione patch
e One patch every day or every other day (alternate with Carnosine)
e One patch, 6 hours/day, 6 days/week
¢ \Watch for detox phenomena



CBS MANAGEMENT

Delay introduction of other Methyl Cycle supplements until CBS is under control

(Methionine]

\/
Methionine' MAT L
X S

Guanido Ac

DNA, RNA
n Protein, lipids

5IEormy||

TR

Creatine —ppCreatinine

R2S]

Methyl-Folate, Methyl-B12, and/or BH4
when Sulfate levels are High

— Honeymoon followed by a Crash



CBS MANAGEMENT

When urine sulfate and ammonia are under control:
e Lab evaluation
e Clinical judgment
e Genotype often = phenotype
Methyl-B12
Methyl-Folate
BH4
Start low and go slow
Watch urine sulfate levels and clinical response
Adverse clinical response?:

e Sulfate/ammonia overload
e Detox phenomena



DANSHENSU STIMULATES CBS

v Male Sprague-Dawley rats (180-250 gm.)

I\ administration of:

Saline

e Danshensu 20 mg/kg
e Danshensu + Tolcapone (COMT inhibitor) 10 mg/kg
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DANSHENSU STIMULATES CBS

IV administration of:
e Saline
e Methionine 0.8 mmol/kg
e Methionine plus Danshensu 10 or 20 mg/kg
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DANSHENSU STIMULATES CBS

Daily IP administration of:
e Saline
e Danshensu 5 mg/kg
e Methionine 0.8 mmol/kg
e Methionine plus Danshensu
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DANSHENSU STIMULATES CBS

IP administration of methionine 0.8 mmol/kg/day over three weeks:
Then administer single ip dose of:

e Saline
e Danshensu 20 mg/kg
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DANSHENSU STIMULATES CBS

IP administration over three weeks with:
e Saline
e Danshensu 5 mg/kg/day
Three day washout

Then administer single ip dose of methionine 0.8 mmol/kg/day
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DANSHENSU STIMULATES CBS

Danshensu lowers (elevated) homocysteine rapidly and persistently — How?

IP administration over three weeks with:

e Saline

e Danshensu 5 mg/kg/day

e Methionine 0.8 mmol/kg/day Mothionlne

e Danshensu + methionine: /( /i Q
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\ | DG | - Guanico Ac

Hepatic Homocysteine (hmol/g) (TR | rRR ]/ng J A
14 { // ".‘ ™o 54}_‘ Cremene —p Creatnine
12 \\ “.\ / T podenonre
10 N\ \@

Homocysteine
5 Em
6 - Orstathvonine
4 - Be. POF | Ammona
-
2 Cysteine + o, KG
/
o | . . Z= 1.
Control Danshensu Methionine Methionine + Taunne  Syfte Glutatheone
Danshensu




DANSHENSU STIMULATES CBS

Hepatic Cysteine (nmol/g)
180
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140
120
100
80
60 -
40 -
20 -
0
Control Danshensu Methionine Methionine +
Danshensu
Hepatic Glutathione (nmol/g)
10
9
8
i 8.4
6 I
5
4 -
3 -
2 -
1 -
0 - .
Control Danshensu Methionine Methionine +
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DANSHENSU STIMULATES CBS

SAM (mcg/g)

SAH (mcg/g)

100 14
90
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80
70 I:! 10
60 8
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40 . 6
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0 = T T T 1 0 T 1
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1
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DANSHENSU STIMULATES CBS

Danshensu effect on Homocysteine:
e Short term rise in homocysteine (COMT-methylation)
e Rapid activation of CBS system
e Sustained increased expression of CBS enzymes
e Response related to burden placed on CBS system

Methionine
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GLYCINE, SERINE,

and HOMOCYSTEINE
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GLYCINE, SERINE, and HOMOCYSTEINE

v Six week old Wistar rats

Provide ad lib over 10 days: Standard chow over 7 days;
e Standard chow then ip methionine at
e Chow + 0.5, 1, or 2% methionine 100, 200, 300, or 500 mg/kg
175 g0
a d a
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GLYCINE, SERINE, and HOMOCYSTEINE
v Six week old Wistar rats
Provide ad lib over 7 days:

e Standard chow
e Chow + 1% methionine

e Chow + 1% methionine + 1% glycine |[]asc 25CM + 1.0% Gly
e Chow + 1% methionine + 1.4% serine actn " M=t 7] 250 + 1.0% Ser
o 20
_ I
‘-'E & - - a2
E. ~ 151 T
" b b E, L
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GLYCINE, SERINE, and HOMOCYSTEINE

v Six week old Wistar rats

Provide ad lib over 7 days:
e Standard chow
e Chow + 1% methionine
e Chow + 1% methionine + 1% glycine
e Chow + 1% methionine + 1.4% serine

[ ]2sc 25CM + 1.0% Gly
25C +1.0% Met 77

(25CM) 2| 25CM + 1.4% Ser
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v Six week old Wistar rats

GLYCINE, SERINE, and HOMOCYSTEINE

All receive chow + 1% methionine, followed by 3 additional days of:
e Chow + 1% methionine

e Chow + 1% methionine + 2.5% glycine
e Chow + 1% methionine + 2.5% serine
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GLYCINE, SERINE, and HOMOCYSTEINE

v Six week old Wistar rats

All receive chow + 1% methionine, followed by 3 additional days of:

e Chow + 1% methionine

e Chow + 1% methionine + 2.5% glycine
e Chow + 1% methionine + 2.5% serine

O 25C + 1% Meat
O 256 + 1% Met + 2.5% Gly

® 25C + 1% Mel + 2.5% Ser

Liver SAM (nmol g li ver)
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GLYCINE, SERINE, and HOMOCYSTEINE

v Six week old Wistar rats

All receive standard chow over 7 days, followed by ip administration of:
e Saline
e Methionine 300 mg/kg
e Methionine 300 mg/kg + glycine 300 mg/kg
e Methionine 300 mg/kg + serine 420 mg/kg
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GLYCINE, SERINE, and HOMOCYSTEINE

—+ Meth lil:-nine
DMG =+, THF MTHFR
@ Sl Glycine - ”
Betaine — 1 c NH
{ ] Sar 02+ 3
THF =, SAH -+ 5,10-CHy-THF _
(3) () @ , @
p-CHz-THF — t THF
48) — Homocysteine @
5,10-CHy-THF @ Serine r . ¥ , _ -
amve)
Cystathionine
Cysteing
¥y 2
Taurine Sulfate 7NN\ DNA

Serine:

e Stimulates CBS to metabolize Hcy

e Stimulates SHMT to generate 5,10-THF to load MTHFR —Methyl-folate for MTR
e Stimulates SHMT to generate glycine

Glycine:

e Lowers SAM via GNMT to relieve repression of MTHFR —Methyl-folate for MTR

e Via GNMT generates 5,10-Methylene-THF to load MTHFR —Methyl-folate for MTR
e Can be converted into serine



SERINE, CYSTINE, and HOMOCYSTEINE

v Twenty four healthy men
e Normal homocysteine, folate, and lipid values

One separate days (one week apart) provide each subject a morning meal:
e Low-protein meal fortified with 30 mg/kg methionine
e Low-protein meal + methionine + 60mg/kg serine
e Low-protein meal + methionine + 12 mg/kg cystine

e High protein meal containing: NH, L0
¢ 30 mg/kg methionine, HOTH‘;\/S\S/\EHLOH
¢ 60 mg/kg serine, and & A NH,
¢ 12 mg/kg cystine cystine

All receive identical low protein lunch and dinners
Measure serum homocysteine 2 — 24 hours following AM test meal intake

Randomized cross-over protocol utilized



SERINE, CYSTINE, and HOMOCYSTEINE

| serine
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SERINE, CYSTINE, and HOMOCYSTEINE

Plasma total homocysteine concentration
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SERINE, CYSTINE, and HOMOCYSTEINE

Dietary proteins
|

( serine l
glycine ) THF <—_ methionine ——> S-adenosylmethionine (SAM)

5,10-methylene Vitamin 812 —* dimethylglycine ‘ s ( glycine )

THF s NBHMT |
' y sarcosine )

N ~—— betaine<—choline
wrHER > 5-methyITHF——"homocysteine<—— S-adenosylhomocysteine (SAH)
Vitamin B-6 Cs
p—
| Serne ]ﬁ
N \ CSTTTS
. . MS = methonng syn!hase
CyStathlonme BHMT = betaine-homogysfeine melhyiiransiomss
. MTHFR = methylenetetrahydrofolate rechictass
Vitamin B-6 5 = cystathioning [§ - synihase
‘ -
cysteine

Serine — Stimulates SHMT and CBS
Full Meal:
e Slower absorption of methionine
e Serine and cysteine within test meal

Plasma total homocysteine concentration

{umaol/L})

—e— Protein
— #— Met

—&— MetSer
- - MetCys

o 2 4 o6 B 10 12 14 16 18 20 22 24
Time (h)

e More methionine directed to protein synthesis (concomitant AAS)

Cysteine:

e Inhibits CBS pathway but homocysteine decreases?
e Increases remethylation pathways (MTR and BHMT)
e Cysteine-Homocysteine disulfide formation — Enhanced clearance




NAC, FOLATE, HOMOCYSTEINE, and ENDOTHELIAL FN

v 60 hyperhomocysteinemic coronary patients
e Homocysteine > 15 umol/I
e > 50% stenosis one or more vessels

Baseline measurements:

e Fasting homocysteine

e Endothelial function (BA FMD)
Randomize to receive over eight weeks

e Folic acid 5 mg/day

e N-Acetylcysteine 600 mg/day

Repeat baseline measurements

Double blind protocol followed



NAC, FOLATE, HOMOCYSTEINE, and ENDOTHELIAL FN
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N-ACETYL CYSTEINE MECHANISM of ACTION

v 40 healthy volunteers
e Mean age 44
e 20 male and 20 female
Baseline studies
Randomize to receive over four weeks:
e No therapy
e NAC 600 mg daily
e NAC 1,800 mg once daily
Repeat baseline studies
Washout over four weeks

Treat all with NAC 1,800 mg/day over eight weeks and repeat baseline studies

Double blind protocol followed



N-ACETYL CYSTEINE MECHANISM of ACTION
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N-ACETYL CYSTEINE MECHANISM of ACTION
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Glutathione precursor (renal & hepatic disease, nitrate tolerance; acetaminophen OD)

Mucolytic agent (splices SH bonds within mucus macromolecules)



N-ACETYL CYSTEINE MECHANISM of ACTION

NH,
Homocysteine

i TS
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Could NAC increase unbound proportion of Homocysteine?

Would this increase metabolism of plasma homocysteine

enhance renal excretion?

and/or
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N-ACETYL CYSTEINE MECHANISM of ACTION
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N-ACETYL CYSTEINE MECHANISM of ACTION

Non-Protein Bound Homocysteine (umol/l)
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N-ACETYL CYSTEINE MECHANISM of ACTION

Urine Homocysteine (umol/mg creatinine) Reduction in Total Homocysteine (%)
1.6 25%

14

1.48

1.2 20%

| 101 102 15%

0.8
0.6 -
0.4 -
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10% -
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Controls NAC 900 mg NAC 1,800 mg

0% -
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Homocysteine = Free Homocysteine (30%) + Protein Bound Homocysteine (70%)
Homocysteine and N-Acetylcysteine both bear a —SH group

N-Acetylcysteine splices Homocysteine from —SH groups on circulating proteins
Homocysteine-SH-SH-N-Acetylcysteine

e More readily cleared by kidneys
e Possibly easier to metabolize




FISH OIL and HOMOCYSTEINE CONTROL
v 24 diabetic subjects with suboptimal lipid control
e Twelve months of Pravastatin 20 mg and Fenofibrate 200 mg/day
e Lipid values above target goals
¢ All on Metformin (mean dose 1500 mg/day)
Baseline studies
Add 3.6 gm/day omega-3 (57% EPA and 29% DHA) to medical program
Repeat baseline studies at three months
Then cross-over to 3.6 gm/day of olive oil for three months

Repeat measurements

Single blind protocol followed



FISH OIL and HOMOCYSTEINE CONTROL
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FISH OIL and HOMOCYSTEINE CONTROL
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SAMe as a THERAPEUTIC AGENT

Normal liver

Liver with cirrhosis

Methionkee

Healthy knee joint Osteoarthritis

Tryptophan BH4. Phenylalanine

5-Hydroxytryptoph Tyrosine
-Hyaroxytryptophan BH4-\‘L
l Dopa

Serotonin

Dopamine

N-Acetylserotonin ) .
Norepinephrine

l — SAMe ——

Melatonin Epinephrine




SAMe and FOLATES in DEPRESSION

1/4% US population will experience depression within their lifetime

Folate deficiency:
e Increases risk of depression
e Present outright in 1/3™ depressed
e Reduced response to SSRIs
e Longer duration of symptoms
e Lower CSF folate, SAMe, and neurotransmitter levels

Institutionalized patients:
e Low folate ~ depression risk
e Low B12 folate = psychosis risk

Homocysteine:
e Fifth quintile homocysteine doubles risk
e Elevated in 52% depressed patients
e 36% risk increase if MTHFR TT vs. CC



SAMe in DEPRESSION

5-MTHF Regulates BH4 Production
Tryptophan Phenylalanine

o BH—— ,l,

H H
Tyrosine

5-Hydroxytryptophan BH4 -—\ l H H ) H

Dopa BH

Dopamine

Serotonin i i @i’!]

N-Acetylserotonin
. Norepinephrine Methyl-folate = BH4

l — SAMe——
Methyl-folate = SAMe

Melatonin Epinephrine

Folinic acid and Methyl-folate enhances response to SSRIs

Methyl-folate (high dose — up to 50 mg) mono-therapy effective



FOLATE and CSF NEUROTRANSMITTER LEVELS

v 84 subjects
¢ 46 Inpatients with severe depression
e 20 subjects with neurological disorders
¢ 18 healthy volunteers

Record:
¢ Plasma folate and B12 and RBC folate
e Homocysteine
e CSF folate
e CSF SAMe
e CSF monoamine neurotransmitter metabolites
¢ 5-HIAA (5-hydroxyindoleacetic acid)
¢ HVA (homovanillic acid)
¢ MHPG (3-methoxy-4-hydroxyphenyl glycol)



FOLATE and CSF NEUROTRANSMITTER LEVELS
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FOLATE and CSF NEUROTRANSMITTER LEVELS
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FOLATE and CSF NEUROTRANSMITTER LEVELS
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FOLATE and CSF NEUROTRANSMITTER LEVELS

CSF 5-HIAA (nmol/l)

CSF HVA (nmol/l)

180 300
160
250
140 251
120 200
100 129
80 150 165
60 100
40
20 50
0 T T T 1 0 T
Neuro Dz Depressed Depressed Depressed Neuro Dz Depressed Depressed Depressed
NI Hey High Hcy NI Hey High Hcy
CSF MHPG (nmol/l) CSF SAMe (nmol/l)
60 180
160
50 56.3 140 - 160
40 1 435 120 1 129
100 -
30 - —
80 -
20 + — 60 -
40 -
10 + —
20 +
0 i T 1 0 i T
Neuro Dz Depressed Depressed Depressed Neuro Dz Depressed Depressed Depressed
NI Hey High Hcy NI Hey High Hcy




FOLATE and CSF NEUROTRANSMITTER LEVELS

1/3" of severely depressed are folate deficient ~ Elevated homocysteine

e Lower CSF monoamine metabolites and SAMe

Tryptophan BH4 Phenylalanine
Tyrosine

5-Hydroxytryptophan BH4 -—\ l

Dopa
Serotonin i

l Dopamine

N-Acetylserotonin _ _
Norepinephrine

l/_—— SAMe—— l

Melatonin Epinephrine




SAMe in TREATMENT RESISTANT DEPRESSION

v 30 patients with inadequately controlled depression:

e HAM-D score of > 14

e Adequate and stable dose of SSRI or Venlafaxine
¢ Fluoxetine, Paroxetine, Citalopram > 20 mg
¢ Escitalopram>10mg ¢ Sertraline > 50 mg
¢ Venlafaxine > 75 mg

e Mean duration 20 months

e Mean lifetime major depression episodes of four

Baseline measurements

Treat all over six weeks with:
e SAMe tosylate 400 mg bid
e Increase to 800 mg bid at 4 weeks
e Drug and/or SAMe dose decreases permitted

Response — 50% reduction in HAM-D score vs. baseline
Remission — HAM-D score <7



SAMe in TREATMENT RESISTANT DEPRESSION

77% completed six week trial
Side-effects nuisance in nature
7% discontinued due to intolerance

Homocysteine fell from 8.2 to 7.8 umol/I

Weight without change TABLE 1. Common Side Effects of SAMe 800 to 1600 mg/d*

Crastrointestinal n
Constipation SO0 [ 15)
(Gastromntestinal upset 16.6% (4)
Dharrhea/gas 16.6% (4)
Decreased appetite 6.6% (2)

Musculoskeletal/Nervous n
Headaches 13.3% (4)
Activation (anxiety, mitability) 10.0% (3)
Fatigue, sedation 10.0% (3)
Sleep disturbance 6.6% (2)
*Defined as reported by 3% or more of the sample (n = 30).




SAMe in TREATMENT RESISTANT DEPRESSION
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SAMe in TREATMENT RESISTANT DEPRESSION
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SAMe in ACUTE LEAD TOXICITY

v Mice exposed to acute lead toxicity

One hour post-final lead injection begin 20 day program of:
e SAMe 20 mg/kg subcut daily
e SAMe 80 mg/kg po
e Saline subcut or po
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Glutathione d-Aminolevulinate Dehydrase



SAMe in ACUTE LEAD TOXICITY
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SAMe in CHRONIC LEAD TOXICITY
v Ten patients with chronic lead toxicity
Five receive 12 mg/kg IV daily over 20 days

Five receive 25-30 mg/kg po (divided into three doses/day) over 20 days



SAMe in CHRONIC LEAD TOXICITY

v 26 year old female architect involved in ceramic business

ICU by 2 weeks— SAM 12 mg/kg 1V daily over 20 days
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Note lead rebound post-SAM therapy — Brief drop in 6-ALA



SAMe in CHRONIC LEAD TOXICITY

v 65 year old male plumber

o0-ALA

SAM 25-30 mg/kg po (divided into three doses/day) over 20 days
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SAMe in LEAD TOXICITY

v 5/250 patients hospitalized with lead toxicity
e Lived near clandestine smelter
e Members of same family

Baseline studies
¢ Blood lead
e ALA-D

Treat over 22 days with IV SAM (12 mg/kg in 250 cc NS over four hours)

Monitor lab and clinical status



SAMe in LEAD TOXICITY
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SAMe in LEAD TOXICITY
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SAMe EFFECT on GLUTATHIONE in LIVER DISEASE

v Liver biopsy
¢ 15 controls undergoing laparoscopy for non-liver indication

¢ 17 subjects with alcoholic liver disease
e Etoh 150 gm/day x > 3 years

Randomize patients to receive over six months:
¢ SAMe 400 mg tid
¢ Placebo tid

Abstinence during 6 month study advised
& 3 In each group abstinent

¢ 7 with non-alcoholic liver disease; all receive SAMe

Repeat liver biopsy at six months in patients



SAMe EFFECT on GLUTATHIONE in LIVER DISEASE
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SAMe EFFECT on GLUTATHIONE in LIVER DISEASE

Aspartate Aminotransferase (AST)
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SAMe vs. CELECOXIB in DJD
v 56 subjects with DJD of knee(s):

e > 40 years of age

e ACR criteria
Baseline measurements
Randomize to receive over eight weeks:

e SAMe 600 mg bid

e Celecoxib (COX-2 inhibitor) 200 mg/day
Repeat baseline studies

Cross-over to opposite treatment after one week washout

Double blind protocol followed



SAMe vs. CELECOXIB in DJD

Adverse Effects

SAMe Celecoxib
Patients 36 46
Gl 4 6
Anxiety 5 4
Dyspepsia 1 3




SAMe vs. CELECOXIB in DJD

Pain Rating — Visual Analog Scale (VAS)

Pain Level Today (Scale of 0 to 100)
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METHYL THIEVES and IATROGENIC HHcy
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METHYL THIEVES and IATROGENIC HHcy

Drug Hcy Mechanism
Fibrates T Decrease in GFR; depletes TMG
Cholestyramine T Blunts folate and B12 absorption
Niacin T Uses methyl groups; blocks B6 synthesis
Metformin T Blocks B12 absorption
Insulin \J T MTHFR > { CBS
Estradiol Lor? T PEMT and depletes B6
Testosterone T T Need for creatine
Methotrexate T Blocks DHFR
Dilantin T ! MTHFR and MTR
Carbamazepine T Folate depletion
Cyclosporin T Decrease GFR and ¢ MTHFR
Levodopa T Generation of SAH
NAC ! Thiol-disulfide exchange




METHYL THIEVES and IATROGENIC HHcy

Drug Hcy Mechanism
PPIs and H, Blockers T Blocks B12 absorption
OCPs T ! B12, B6, folate, riboflavin, Vit C, & Zn
Alcohol T ! MTR; compromises folate metabolism
Mercury T ! MTR
Lead T Enzyme dysfunction
Aluminum T Enzyme dysfunction
Cadmium T Enzyme dysfunction
Organic Pollutants T Enzyme dysfunction
Diuretics T Lowers GFR; depletes B Vits
Spironolactone No A No effect
B-Blockers \! Uncertain mechanism




FENOFIBRATE, GEMFIBROZIL, and HOMOCYSTEINE

v 22 male subjects with untreated hypertriglyceridaemia
e None with creatinine > 110 umol/I (1.24 mg/dl)
e None with thyroid disease

Baseline studies

Randomize to receive over six weeks:
e Fenofibrate 200 mg/day
e Gemfibrozil 900 mg/day

Washout over six weeks then cross-over to opposite treatment

Repeat baseline studies at 6, 12, and 18 weeks



FENOFIBRATE, GEMFIBROZIL, and HOMOCYSTEINE
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FENOFIBRATE, GEMFIBROZIL, and HOMOCYSTEINE

Homocysteine (umol/l)

15

14

13

12

11

10

9

8

7

6

| Baseline | Six Weeks
Gemfibrozil | Fenofibrate
Gamfibrozil | 900 mg/ day) Fenofibrata (200 mg/ day) p*ir
Before Aftar p* Bafors Aftar p* E

Trighcendes [mmol/L) 1T [25-632) 4-1 [1-1-24-8) 0-046 G5 (2-3-80-T) 4.2 [(0-3-15-8) 0-001 021
HOL<cholesterol {mmol fL) 0-83 (D-4B5-1-89) 1-02 (0-43-1-T1) 0-010 0-30 (D-40-1-69) 1.03 {0-54-1-80) 0-004 026
Total homocysteine (pmol /L) 129 (T-1-23-6) 12-4 [6-3-29-5) 0-592 10-T [4-4-24-8) 14-4 (T-T-23-1) 0-001 0-00
Creatinine {pmol /L) 79 (501109 B0 [B5-104) 0-628 75 (41-107) 90 (61-120) <0001 000
Cystatin C {mg/L) 0-73 [0-57-1-48) 0-74 [0-59-1-T1) 0-237 0-68 (0-54-1-5E) 0-82 [0-63-1-56) <0001 004
¥itamin BE [ng/mL) 10-1 {4-2-33-6) 11-7 [4-3-35-4) 0-948 11-3(4-2-30.2) 111 {4-B-39.0) 0028 o.02
Folerte (ng/mL) g4 (3-6-11-8) B-6 (346-11-1) 0-809 9.2 (2-6-12-4) a4 [3-6-12-2) 0983 035
Cobalamin (pg/mL) 3BT [1T0-1145) JB2 [1B9-064) 0-481 386 (215-THE) 421 [217-1087) 0-351 0384
Creatine kingse [U/L) 123 (53-3109 120 [35-553) 0-775 124 [51-243) 131 (42-5593) 0-655 065

All values are medians with Sth and 95th percentiles. *According to the Wilcomon signed-rank test.




FENOFIBRATE, GEMFIBROZIL, and HOMOCYSTEINE
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TMG and POST-MI OUTCOMES
v Subjects with ACS - Measure TMG, DMG, and Hcy and correlate with outcome

5t quintile Homocysteine — Increased risk of M1, CHF, and mortality

5% quintile DMG — Increased risk of MI, CHF, and mortality

Methionine
AT . SAMe

15t quintile TMG — Increased risk of Ml A

5t quintile TMG — Increased risk of CHF ] =
¢ High TMG ~ impaired BHMT activity 7 e

15t and 5™ quintile TMG — Increased BNP "5-~.f__g;,.,.;;;“:2':

\ =]

Orstathvonne
B6, PSP

AMmmona

Cysteine ¢ o KG

» v A
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FIBRATES DEPLETE TMG and INCREASE HOMOCYSTEINE

v Subjects with varying metabolic health
e Healthy volunteers
e Non-diabetics on Fibrate for hyperlipidemia
e Diabetic patients on Fibrate for hyperlipidemia
e Diabetic patients not on Fibrate
e Non-diabetics not on Fibrate

Measure renal excretion of betaine (TMG)

Correlate renal excretion of betaine with plasma homocysteine



FIBRATES DEPLETE TMG and INCREASE HOMOCYSTEINE
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BETA BLOCKERS, SPIRONOLACTONE, and HOMOCYSTEINE

v 65 subjects with newly diagnosed hypertension
e NO prior meds
e Otherwise good health

Baseline plasma homocysteine, folate, and B12

Randomize to receive over five months:
e Spironolactone 50 mg/day
e Metoprolol 100 mg/day
¢ Double dose if BP control inadequate
& 41% spironolactone went to 100 mg
& 34% metoprolol advanced to 200 mg

Repeat baseline studies at 1 and 5 months



BETA BLOCKERS, SPIRONOLACTONE, and HOMOCYSTEINE
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NIACIN RELATED HYPERHOMOCYSTEINEMIA
v Male Sprague-Dawley rats (120-150 gm.)

Standard chow (Niacin 47 mg/kg chow)

Supplement chow with:
e Niacin 400 mg/kg
e Niacin 4000 mg/kg

Evaluate at six weeks

Nutrient Level/kg Chow
Niacin 47 mg
Methionine 2gm
B-6 11 mg
Folate 1 mg
B-12 15 mcg

80
70

60 -
50 -
40 -
30 -
20 A

10

Food Intake and Weight Gain vs. Niacin Intake

Weight Gain (gm)

Food Intake (gm/day)

H47 ®W400 m4000 mg/kg

Liver Weight (gm)




NIACIN RELATED HYPERHOMOCYSTEINEMIA

Lipid Values (mg/dl)
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NIACIN RELATED HYPERHOMOCYSTEINEMIA
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NIACIN RELATED HYPERHOMOCYSTEINEMIA

800

700 -
600 -
500 -
400 -
300 +
200 -+

100

Plasma Vitamin Levels vs. Niacin Intake

B-12 (pmol/l) Folic Acid (nmol/I)

m47 m400 m4000 mg/kg

3400

3200 -
3000 -
2800 -
2600 -
2400 -
2200
2000 -

Plasma Vitamin Levels vs. Niacin Intake

P-5-P (nmol/I)

H47 ®W400 m4000 mg/kg

Niacin
Utilizes CH in metabolism

Depletes B6




B6 in NIACIN RELATED HYPERHOMOCYSTEINEMIA

v Male Sprague-Dawley rats (120-150 gm.)
Standard chow (Niacin 47 mg/kg chow) and water
Supplement chow to provide:

e Niacin 4000 mg/kg

e Niacin 4000 mg/kg + B6 10 mg/kg

Evaluate at six weeks



B6 in NIACIN RELATED HYPERHOMOCYSTEINEMIA

Lipid Values (mg/dl)
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B6 in NIACIN RELATED HYPERHOMOCYSTEINEMIA
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ESTRADIOL, HOMOCYSTEINE, B6, and CBS

v 25 post-menopausal women with homocysteine > 10 umol/I

Baseline studies
Randomize to receive over twelve weeks:

e Placebo

e Estradiol 4 mg/day po

e Estradiol 4 mg/day + Dydrogesterone 10 mg/day
Repeat baseline studies

Estradiol only group received Estradiol + Dydrogesterone x 14 days

Double blind protocol followed



ESTRADIOL, HOMOCYSTEINE, B6, and CBS

Fasting Homocysteine (umol/l)
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ESTRADIOL, HOMOCYSTEINE, B6, and CBS

Homocysteine (umol/l)
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ESTRADIOL, HOMOCYSTEINE, B6, and CBS

Homocysteine (umol/l)
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FATTY ACID OXIDATIVE METABOLISM
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SAMe METHYL TRANSFER REACTIONS

Enzyme Substrate and Effect
DNA Methyl Transferases Alters DNA Transcription (Bookmarking)
Synthetic Reactions Generation of Carnitine
Protein Methyl Transferases Alters Enzyme Activity
(PRMT) (PGC-1a — PPARa — FA Oxidation)
Catechol-O-Methyl Transferase Inactivates Catecholamines
Methylates 2-OH and 4-OH Estrogens
COMT Metabolizes Bioflavonoids
PEMT
Phosphatidylethanolamine Generation of Phosphatidylcholine
N-Methyl Transferase
GAMT
Guanidinoacetate Generation of Creatine
N-Methyl Transferase
GNMT
Glycine-N-Methyl Transferase SAMe — 5,10-MethyleneTHF




SAMe and POST-TRANSLATIONAL ENZYME MODIFICATION
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METHYL DEFICIENCY and FATTY LIVER

v Female Wistar rats

One month prior to mating — weaning of pups place dams on:
e Standard chow
e B12 and folate-free chow

Evaluate pups at 21 days (and at 80 days with B Vitamin replete diet)

Farameters* Ciontrol bethyl donor deficiency p walue
Body waight (g) 404 + 06 200186 <0001
Liwer {q) 1.5 0.1 16+0.1 0471

Index lver waightbody weight 3.6£0.1 B5+0.1 <0001
Glucose (mg/dl) 1383+ 3.8 754%55 <0001
Vitamin B 12 (pmoll) 3223 £ 5810 127.1 £ 165.8 <0001
Faolate {nmaol/L) T48+ 185 54+ 163 <0001
Homzcystainse [pmalil) 6.28 £ 0.82 1736 £ 5.80 =0.001
Insuline (pLmi) 26140 225+ 246 04750
Total cholesterol {mmaoliL) 2702 46+03 <0001
Trighycerides (mmaolL) 0.4 £ 0.1 0T+0.1 <0.001
Free faity acids (mmolL} 2006 £ 34.9 BE84.8 + 1784 <0001
AST (IUL) 1858 £134 10072 £ 270.1 <0001




METHYL DEFICIENCY and FATTY LIVER

FParameters® Control Methyl domor deficiency o walua
Vitamin B12 (pmolmg protein) 23+05 25+05 0.E14
Folate (nmolimg protein) 1.210.2 0.2+0.1 0,001
S5AM (nmolig tissue) AT8+03 138+ 6.6 0001
S5AH (nmolig tissua) 112+32 10353 0.764
SAMSAH ratio 14106 18+13 0.038
MTR {nmolh/mg protein) 251203 0.6+ 0.1 0.:08
BHMT (nmolhimg protein) T.0+£03 7B+14 0,581
Taotal lipids (pg/mg tissus) G5.9 + 10.5 391.1 £ 1B3.4 <0001
Chiolestercl {pg/mg tissue) 0302 04+0.2 0.2T1
Trighycerides (ugimg tissua) i5+12 21.3+82 0.010

Methyl deficiency




METHYL DEFICIENCY and FATTY LIVER
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METHYL DEFICIENCY and FATTY LIVER
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METHYL DONOR DEFICIENCY CARDIOMYOPATHY

v Female Wistar rats

One month prior to mating — weaning of pups place dams on:
e Standard chow
e B12, folate, and choline deficient chow

Evaluate pups at 21 days



METHYL DONOR DEFICIENCY CARDIOMYOPATHY

Pup plasma values
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METHYL DONOR DEFICIENCY CARDIOMYOPATHY

Pup myocardial values
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METHYL DONOR DEFICIENCY CARDIOMYOPATHY

Heart (mg) to Body (gm) Wgt. Ratio

Myocyte Surface Area (um?)

10 800
g 700
600
6 500
4 - 400
2 300 -
200 -
0 - 1
Birth 21 Days 00 1
0
H Control Diet ® Methyl Deficient Control Diet Methyl Deficient
Control Deficient
~ ED ES ED ES
Control Deficient Short-Axis
apical
median
basal
o Long-Axis
um .
‘ Horizontal
EF 63% EF 70% Lanpiaxk

Vertical




METHYL DONOR DEFICIENCY CARDIOMYOPATHY

Control Deficient Deficient
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METHYL DONOR DEFICIENCY CARDIOMYOPATHY
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METHYL DONOR DEFICIENCY CARDIOMYOPATHY
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ELEVATED HOMOCYSTEINE in CHF

v 108 consecutive subjects presenting with CHF (CADz or DC)
e LVEF < 45%
e NYHA II-IV symptoms
e Symptoms > six months duration

Baseline data collection
Follow for three years
Mean homocysteine 12.5 umol/I

e Range 2.3-28.3
e HHcy (> 14) in 35%



ELEVATED HOMOCYSTEINE in CHF

P <0.0001
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ELEVATED HOMOCYSTEINE in CHF

plasma Hcy level (umol/L)
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ELEVATED HOMOCYSTEINE in CHF

Cumulative survival

1.0 [ orpeeensg

09t i L CHF patiants with normal Hey
‘. J-year survival: T3%
*":t 95%C: 63-83%
0.8 e
‘""in
b T
0.7

0.6}
»H_l_’—\ P<0.0001

0.5}
o4 CHE patients with HHcy
" :l-yﬂr survival: 37T% -
S5%CI: 22-52%, i =
0.3 L : . : : Time (days)
0 200 400 600 800 1000

HHcy strongest predictor of mortality (LVEF and albumin)

3-year survival 37% vs. 73% (level < 14)



HOMOCYSTEINE and BNP

v 358 patients undergoing angiography for stable CV symptoms

Coronary narrowing > 50% 68%
EF < 40% 47%
(mean 44%)
Pro-BNP > 250 pg/ml 65%
(mean 2308)
Hcy > 12 mmol/l 88%
(mean 16.2)
B-12 < 150 pmol/i 13%
(mean 347)
MMA > 0.5 mmol/Il 29%
(mean 0.51)
Folate < 7 nmol/l 25%
(mean 11.4)




HOMOCYSTEINE and NT-pro-BNP

v 662 older Sicilians (60-85 years) volunteering for screening study

Hy CV Dz 29%
BNP > 100 pg/ml 9%
(mean 43)
Hcy > 12 mmol/I 74%
(mean 15.8)
B-12 < 150 pmol/l 10%
(mean 350)
MMA > 0.5 mmol/l 8%
(mean 0.74)
Folate < 7 nmol/l 13%
(mean 13.8)




HOMOCYSTEINE and BNP

Cath Patients

Screening Subjects

Elevated BNP 65% 9%
Hcy Mean 16.2 15.8
Elevated Hcy 88% 74%
Folate 11.4 13.8
Low Folate 25% 13%
MMA 0.51 0.74
Elevated MMA 29% 8%
B-12 347 350
Low B12 13% 10%
Low B12 Present MMA5.8 MMA 0.23
Low Folate Present Hcy 19.3 15.3




HOMOCYSTEINE and BNP
Cath Patients (15t vs. 4" Hcy Quartile)
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HOMOCYSTEINE and BNP
Cath Patients
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HOMOCYSTEINE and BNP
Screening Subjects
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HOMOCYSTEINE and BNP
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HOMOCYSTEINE INCREASED BNP

v Rat LV slices in superfusion chamber

Increase concentration of Hcy in superfusate

p=0.021
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BHNF secretion
{pa/pg protein *15 min)

0.10 4
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B VITAMIN THERAPY in HEART FAILURE

v 28 patient with CHF (ischemic etiology)
o LVEF <35% e Mean age 75.4 years
e ACEI 100%, Statin 96%, 3-Blocker 82%, Furosemide 64 mg/day

Baseline measurements; then randomize to one year of:

e Placebo e Multinutrient supplementation

Table 1 Doses of micronutrients, RDI, and upper safe daily intakes

Nutrient Daily dose RDI Upper safe limit for
(four capsules) total daily intake

Calcium 250 mg 800 mg 2500 mg

Magnesium 150 mg® 300 mg 700 mg

Zinc 15mg 15 mg 30 mg

Copper 1.2 mg 1.2 mg 9 mg

Selenium 50 pg 65 pg 450 pg

Vitamin A 800 pg 800 pg 3300 pg

Thiamine 200 mg® 1.4 mg No limit

Riboflavin 2mg 1.5mg No limit

Vitamin B 200 mg*® 2mg 300 mg

Folate 5 mg® 200 pg No limit

Vitamin B;» 200 pg 1pg No limit

Vitamin C 500 mg® 60 mg 2000 mg

Vitamin E 400 mg*® 10 mg 900 mg

Vitamin D 10 pg® 5pg 25 pg

Co-enzyme Q10 150 mg® 15 mg No limit




B VITAMIN THERAPY in HEART FAILURE

Mortality:
1/14 placebo (pneumonia)
1/14 Vitamin (DVT — infection)

Furosemide dose:
64 — 56 mg/day Vitamin Group
65 — 67 mg/day placebo



B VITAMIN THERAPY in HEART FAILURE

Left Ventricular Volumes (CMR)
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B VITAMIN THERAPY in HEART FAILURE

LV Ejection Fraction (%)
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B VITAMIN THERAPY Iin CHF
v 18 subjects with NT-proBNP > 200 pg/I

Baseline measurements
Randomize to receive over one year:

¢ 2.5 mg folate, 500 mcg B12, and 25 mg B6
e Placebo

180 4

— 25% decrease in Hcy
— 26% decrease in NT-proBNP

125 -

100 =

7h -

A of NT-proBMNP from baseline (%)

-26%

Basaline 8 12

Time of reatment (monihs)




BERBERINE and Hcy INDUCED HYPERLIPIDEMIA

v Male Sprague-Dawley rats

Baseline measurements and then feed over four weeks:
e Standard rat chow (0.7% methionine) — Hcy 4.1 uM
e Standard chow + Berberine 5 mg/kg i.p. (final five days)
e High methionine (1.7%) chow — Hcy 25 uM
e High methionine chow + Berberine 5 mg/kg i.p. (final five days)

Study effect on lipids and gene expression

Serum Homocysteine (uM)
30

25

20

15

10

Standard Chow High Hcy Chow




BERBERINE and Hcy INDUCED HYPERLIPIDEMIA

Serum Cholesterol (mg/dl)
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BERBERINE and Hcy INDUCED HYPERLIPIDEMIA

HMG-CoA Reductase mRNA (% Control)
300%

250%
250%
200% 230%
150%
100% 120%
100%
- _:H:.
0% T T T
Chow Chow + BBR HHcy Chow HHcy Chow + BBR

HMG-CoA Reductase Protein (% Control)
160%

140% 150%

140%
120%

100%

80% -

60% -

40% -

20% -

0% -

Chow Chow + BBR HHcy Chow HHcy Chow + BBR




BERBERINE and Hcy INDUCED HYPERLIPIDEMIA
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BERBERINE and Hcy INDUCED HYPERLIPIDEMIA

HMG-CoA Reductase Activity (pmol/min/mg)
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BERBERINE and Hcy INDUCED HYPERLIPIDEMIA

AMPK Protein Expression (% Control)
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BERBERINE and Hcy INDUCED HYPERLIPIDEMIA

Transaminase Values (% Control)
160%

140% 150%
120%
100%
80%
60% -
40% -
20% -
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1007 100% m— 100%
T 90%
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B AST mALT

Hcy (mimics low hepatic cholesterol) - SREBP — HMG-CoA Reductase
Hcy — dephosphorylates AMPK — dephosphorylation of HMG-CoA
= Increased cholesterol generation, secretion, and fatty liver

Berberine - pAMPK — pHMG-CoA
— Decreased cholesterol generation, secretion, and resolution of fatty liver



BERBERINE, HOMOCYSTEINE, and CHOLESTEROL

v Male Sprague - Dawley rats:

Control rats: Free access to standard rat chow and water over 16 weeks
(12% fat, 62% carb, and 16% protein)

High fat rats: Free access to high fat chow and water
(51% fat, 33% carb, and 16% protein)

Berberine rats :
e High fat diet over 12 weeks
o At 8 weeks add Berberine 200 mg/kg/day to high fat diet

Sacrifice all and evaluate liver status and labs at 12 weeks



BERBERINE, HOMOCYSTEINE, and CHOLESTEROL

Serum Homocysteine (umol/l)
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BERBERINE, HOMOCYSTEINE, and CHOLESTEROL
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BERBERINE, HOMOCYSTEINE, and CHOLESTEROL

Hepatic Cholesterol (mg/gm liver)
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BERBERINE, HOMOCYSTEINE, and CHOLESTEROL

HMG Co-A Reductase mRNA

1.8
1.6

1.4

1.2

0.8 -
0.6 -
0.4 -
0.2 -

Control High Fat High Fat + Berberine

LDL Receptor mRNA

apoE

Control

High Fat

High Fat + Berberine Control

High Fat

High Fat + Berberine




BERBERINE and HOMOCYSTEINE

High Fat Diet Increases:
e Homocysteine

HMG Co-A Reductase mRNA

e Body weight 18

e Cholesterol generation >

1.2
- - 1 7]
High Fat Diet Decreases: 08 -
e LDL R expression oa
e apoE 02

Control High Fat High Fat + Berberine
Adverse effects neutralized by Berberine
LDL Receptor mRNA apoE
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FUNCTIONS of the METHYL CYCLE

Methylation Pathway Cycles
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Maintain (current health status) appropriate levels of:
¢ Pyrimidine and purine bases for DNA and RNA synthesis

e Antioxidant/Detox molecules glutathione, cysteine, taurine, & sulfate

e BH4 (tetrahydrobiopterin)
e Transferable methyl groups =~ High SAMe:SAH



HOMOCYSTEINE REDUCTION

METHYLATION MAP

Folic Acid (less effective if MTHFR 677C—T) — 5-Methyl Folate
B12 (less effective if MTRR +) — Methyl-B12

B6 (Pyridoxal-5 Phosphate, P-5-P, more effective)

Riboflavin if MTHFR CT or TT

TMG and Zinc to support BHMT

Serine (Glycine) to support SHMT and CBS

Resolve oxidative stress and improve kidney function

Decrease dietary methionine (if excessive)

Eliminate/neutralize methyl thieves (Alcohol, Niacin, Estradiol, Fibrates, Diuretics)
Decrease Hcy generation (Creatine and Phosphatidylcholine)
NAC, Fish Oil, Danshensu, & Estradiol



METHYL CYCLE KEY POINTS
Be suspicious of Methyl Cycle Defects

Your sickest patients likely harbor a CBS Up Regulation
Most of us need Methyl-Folate and Methyl-B12
B Vitamin Sensitivity — Consider CBS and/or COMT abnormalities

Pertinent Testing :
e DNA testing ($550 with or $98 without interpretation)
e Support website for hard copies and brief SNIP interpretation
e Nutritional assessment (organic acids and nutritional minerals)
e Methyl Cycle intermediates: SAMe, SAH, THF, methyl-folate,
folinic acid, methionine, cystathionine, cysteine, & glutathione
e Toxic burden assessment

Go out and help people who you couldn’t help before!



REVIEW of the METHYL CYCLE
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