Evaluating Oxidative
Stress Using Blood
Chemistry




Disclaimer

* Blogenetix products are not intended to diagnose, treat, reverse,
cure, or prevent any disease. They are intended to be used as
dietary supplements for the sole purpose of supporting patients. The
following statements have not been evaluated by the FDA.

* The information provided in this presentation is for your consideration
only as a practicing health care provider. Ultimately you are
responsible for exercising professional judgment in the care of your
own patients.



Oxidative Stress

* Are you currently evaluating oxidative stress in patients?

+ Would you like to know which patients need antioxidants and
which don'te

+ Would you like to know which patients might benefit from
glutathione?



Overview

|. Oxidative Stress — What is it and why is it important
2. Markers of oxidative stress on a blood chemistry
3. What to do



Oxidative Stress

+ Oxidative stress has been linked to heart disease, cancer,
rheumatoid arthritis, hypertension, Alzheimer’s disease, and
Parkinson’s disease, and much more



Oxidative Stress

+ Linked to inflammation and production of proinflammatory
cytokines

+ Cytokines linked to diseases as well (osteoporosis, diabetes)



Free Radicals

+ Oxidative stress is caused by excessive production of free
radicals from oxygen (ROS) and nitrogen (RNS)

* Atfoms, molecules or ions with unpaired electrons
+ Highly reactive

Stable Molecule Free Radical Missing
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Nucleus
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Free Radicals

+ Examples include:
+ Hydroxyl radical (OH)
+ Peroxyl radical (ROQO)
+ Superoxide radical (O2-)
« Nitric oxide (NO),

peroxynitrite (ONOO-),

and NO2 HEALTHY FREE ANTIOXIDANTS
ATOMS RADICALS
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Reactive oxygen species
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0.4-4.0% of oxygen is converted to
the superoxide (O2-) radical.

Mitochondrial domage leads to
more ROS, causing damage to
mitochondrial DNA
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Causes of Free Radicals

* lonizing radiation
+ UV radiation

* Metabolism (mitochondria)

+ Xenobiofics (pollution, toxic chemicals)
+ Inflammation .
* Medications o e .

+ Diet
+ Stress

x Exercise



Conventional Markers of Oxidative Stress

Organelle Biomarker activity

Nucleus

Mitochondria

Endoplasmic reticulum and golgi
Plasma

Total cellular constituents

8-hydroxy deoxyguanosine
Catalase, Cu/Zn SOD, Mn-SOD
PEG-SOD, F2-isoprostanes, HNE
TBARS, CUPRAC, 8-iso-PGF(2a), LHP
Cytokines, chaperones, teleomeres






Three Makers of Oxidative Stress
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Uric Acid




Uric Acid

+ Uric acid is the major end product of DNA purine base
metabolism, specifically purine nucleosides adenosine and
guanosine.

+ Adenosine — inosine — hypoxanthine — xanthine — uric acid*
+ Guanosine — guanine — xanthine — uric acid*

*Xanthine oxidase is the final enzyme that converts xanthine to
uric acid.
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Uric Acid

+ Uric acid is the major end product of DNA purine base
metabolism, specifically purine nucleosides adenosine and
guanosine.

+ Adenosine — inosine — hypoxanthine — xanthine — uric acid*
+ Guanosine — guanine — xanthine — uric acid*

*Xanthine oxidase is the final enzyme that converts xanthine to
uric acid.



Uric Acid
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Uric Acid

+ Uric acid synthesis primarily occurs in liver and intestinal mucosa
due to high xanthine oxidase enzyme activity in those two
tissues.

+ Daily synthesis of uric acid is approximately 700mg with dietary
sources of nucleoprotein contributing approximately 300mg to
the daily total uric acid production, though this will vary
considerably depending on dietary intake.



Uric Acid

Uric acid is excreted via the kidneys.
Approximately 400-800mg of uric acid is excreted daily.

There may be day-to-day and seasonal variations to uric acid with
levels being slightly higher in the summer than in winter months.

The more alkaline the urine, the more uric acid is excreted.
Conversely the more acidic the urine the more uric acid is
reabsorbed and less is excreted.

Increases in exercise, stress, weight, hypertension, diabetes and type
A personalities are associated with higher levels of uric acid.



Uric Acid

* Newer research suggests that uric acid can be a marker of
oxidative stress and act as an antioxidant or reducing agent.

+ And similar to other reducing agents (eg vitamin C), uric acid
can also act as a pro-oxidant.

+ Elevated uric acid levels are associated with cardiovascular
disease, hypertension and diabetes, though there is some
debate as to whether high uric acid are causative or
correlative with these



e Disbetes Vousme 63, March 2014

Hisa Fabbrini,' Mawo Serafini? lrena Calic Baric,” Stanley L. Hazen and Samuel Kein'

Effect of Plasma Uric Acid on
Antioxidant Capacity, Oxidative

Stress, and Insulin Sensitivity in
Nhaca Qiihiante

We found that a marked decrease in serum UA levels caused a decrease in serum
and saliva anfioxidant capacity, assessed by TRAP and FRAP assays, and an
increase in oxidative stress, assessed by measuring urinary isoprostanes and skeletal
muscle protein carbonylation.

It is possible that an increase in UA concentration is a protective mechanism to
aftenuate the adverse effects of an increase in oxidative stress.

4.5 = 0.2 mg/dL: n = 1§ levels were studied; 13
subjects with HUA levels were studied again after
reduction of serum UA levels to 0 by infusing

a urate HUA had
20-90% greater NEAC, but lower nsulin sensitivity
(40%) and levels of markers of oxidative stress (30%)
than subjects in the NUA group (all P < 0.05). Acute
UA reductio d a 45-95% d n NEAC
and a 25-40% increase in levels of systemic and
muscle markers of oxidative stress (all P < 0.05), but
did not affect insulin sensitivity (from 168 + 25% to
156 = 17%, P = NS). These results demonstrate that
circulating UA is @ major antioxidant and might help
protect against free-radical oxidative damage.

culture systems have shown that products of oxidative
stress impair insulin-mediated translocation of GLUT4 in
myotubes and adipocytes (2,3), and suppress gene tran
scription of insuin in B-cells (5) and adiponectin in
adipacytes (4).

Uric acid (UA) is a powerful scavenger of free radicals
and provides —~60% of free-radical scavenging capadty in
plasma (6). Although the antiaxidant effect of UA sug:
gests that it might have therapeutic effects, high serum
UA concentration is assaciated with obesity and insulin

e (7,8), and hyp has even been pro
posed as a ¥ of the bali d ®).
However, it is possible that this inarease in circulating
levels of UA rey dapti to protect
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Elevated Serum Uric Acid Is Associated with
Greater Bone Mineral Density and Skeletal
Muscle Mass in Middle-Aged and Older
Adults

Xiao-wei Dong®, Hul-yuan Tian®, Juan He, Chen Wang, Rui Qiu, Yu-ming Chen *

Guangaong Koy L Food, hurn School of Pubic Health, Sun Yarsen
Universty, Guangzhou 510080, Peope's leputic of China
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Abstract

Background and objective

Previous studies have suggested a positive lirk between serum unic acid (UA) and bone
(BMD). In , the UA and BMD

and furher by muscle mass ina genoral Chi-

neso populaion.

Method

This based d sudy d among 3079 (963 men and

2118 women) Chinese adults aged 40-75 years. Face-o4ace interviows and laboratory

h wore pert d 1o sefum UA and vanous covanates. Dualenorgy X-
ray absorptiometry was used to assess he BMD and appendicular skeletal musde mass.
The skdotal muscle mass index (SM = ASMMHeight”, kg/m?) for the total limbs, arms, and
legs was then caloulated.

Results
o sy o - The serum UA was graded and in general, was sig ly and with
i nalnmmammwiuwmmumm
Fundng. e
s - ol G in lowest quartilo of UA, those participants in highest quartio

12N, 810722989, St a 2.3%(whole body), 4.1%(umbar spine), 2.4%(tofl hip), and 2.0% (femoral neck)
Clrcal Remards by P Sun Yateen Urieesty greater BMDs. The mean SMis in the highest (vs. lowest) quartiie increased by 2. 7% (tolal),

[ —— 2.5% (arm), 2.7% (leg) respectively. In addition, mmaammmmm
mmm-—oa assocation batween UA and BMD migh y SMI.

PLOS ONE| DOL10.1371/jounal pone 0154682 May 4, 2016 112
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Serum uric acid levels in patients with myasthenia gravis are
inversely correlated with disability

Dehao Yang™*, Yiyun Weng™*, Haihua Lin®, Feiyan Xie®, Fang Yin®,
Kangliang Lou®, Xuan Zhou®, Yixiang Han®, Xiang Li* and Xu Zhang®

Uric acid (UA), the final product of purine metabdlism, has

P=0013. UA levels did not

mwhumhmmm

comelate significantly with disease duration age of onset,

Senl disordes and Is derd 10 be 8 e
indicator for monitoring the disability and progression of
multipie sclerosis. However, it remains unclear whether

y histalogy Our findings suggest that serum level
du.l-sn‘:dlnm-mm-uuunulmiﬂ
be de a0 of MG disability and

eport 27:301-305 Copyright © 2016
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levels and the clinical characteristics of MG We
338 serum UA levels obtained in 135 patients with MG, 47
patients with multipie and 156 healthy is. in
addition we compared serum UA levels when MG patients
were stratified according to disease activity and
classifications perfarmed by the Myasthenia Gravis
Foundation of America, age of onset duration, and thymus
histology (by means of MRI or computed tomography). MG
patients had significantly lower serum UA levels than the
P < 0001). UA levels in with MG
were inversely comelated with disease activity and dsease

Introduction

Myasthenia gravis (MG), aused by autoantibodics
against the acetylcholine recepwor (AChR) on the post-
synaptic k at the ular j on, is an
acquired autoimmune discase characterized by a defec-
tive tmnsmission of nerve impulses w muscles [1]
A lating data have implicated oxidative stress in the

immunopathogencsis of lar di 12.3.

As the final product of the common pathway of punne
metabolism, uric acid (UA) is a naturally occursing anti-
oxidant, with meal-chelating properties [4] Previous
studies have repored that UA can scavenge nirogen
radicals and supermxide, thus helping w block the gen-
erasion of the swong oxidant pemxynimite (5]
Peroxynitnte exerts toxic cffects and irrevemibly jeo-
pandizes cellular merabolism and cell structures, includ-
ng lipids, carbohydrates, protein, and DNAs [6]. Sevenl
stdics have identified a therpeutic mwle of UA in
expen al allergic phal litis and 2 beneficial

function for increasing serum UA levels in multiple
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lerosis (MS) p 17.8]. Furth UAmightbe a
surrogate marker for monitoring MS activity [9].

Therefore, the aim of this sudy was to investigite
whether the serum UA levels were decreased in MG

i and whether the d was iated with
dunsc disability and progression.

Patients and methods

Senum samples were coll i from 338 individuals 135
patients with MG, 47 pasents with MS, and 156 healthy
conwols (CTL). Venous blood was daawn from an ante-
cubital vein in the morning after an ovemight fast 1o
measure the concentration of scrum UA using a Clinical
Analyzer Beckman Coulter AUSK3 (Beck man Coulter,
Brea, California, USA). In ouwr hospital, the nommal
rnge of scrum UA \:Iun is m—-"ﬂpM for men and.
155-357 pM for women. S |

of gh yruvate 1 tmrmll range:
‘A-SOpM for m:n 7-40pM for women), glutamic-
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(nomnal  range:  15-40puM,
13-35 uM for women), blood fasting sugar, and blood urea
nitrogen were also measured using an cnzymatic method
on the same analyzer.
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Uric Acid Summary

+ Elevated uric acid is associated with a number of conditions
(i.e. hypertension, cardiovascular disease)

+ Elevated uric acid is also associated with increased Total
Antioxidant Capacity (TAC)

+ Elevated uric acid can be due to fructose and alcohol
consumption, dietary purine consumption, hyperinsulinemia, or
poor renal clearance of UA

* Elevated uric acid may indicate oxidative stress, and an
attempt to attenuate oxidative stress by the body



Uric Acid Summary

+ Decreased uric acid, on the other hand, may indicate
unchecked oxidative stress
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URIC ACID: THE OXIDANT-ANTIOXIDANT PARADOX

Yuri Y. Sautin and Richard J. Johnson
Division of Nep ay. Hyp ion and T lantation, Department of Medicine, University of
Florida, Gainesville, Florida, USA
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Uric acid, despite being a major antioxidant in the human plasma, both correlates
and predicts development of obesity, hypertension, and cardiovascular disease,
conditions associated with oxidative stress. While one explanation for this paradox
could be that arise in uric acid represents an attempted protective response by
the host, we review the evidence that uric acid may function either as an
antioxidant (primarily in plasma) or pro-oxidant (primarily within the cell).

Abstract

The presence of ascorbic acid in the plasma is required for the antioxidant effect of
uric acid. (lipid peroxidation)

Uric acid cannot scavenge all radicals, with superoxide as an example.

UTL 08 DU0EE NANG, 3 VA5 0T ANE 0N e SPI0eIoI0ZY 01 CAIMI0VASCILAL 158ase,
Ly ion, and metaboly d overwhelmingly shows that, at least among modern
Homo sapiens, a kugh level of wric acid is strongly associated and in many cases predicts
development of hypertension,[3-7] visceral obesity.[8—10] insulin resistance [8,11,12]
dyslipidemia [8,11-13] diabetes type IL[11] kidnew disease [6] and cardiovascular and
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Uric Acid

Traditional Reference range:
+ 3.4-7.0 mg/dL (men)
* 2.4-6.0 mg/dL (women)
Optimal Reference Range:
+ 3.7-6.0 mg/dL (men)
+ 3.2-5.5 mg/dL (women)
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URIC ACID AND GLUTATHIONE LEVELS DURING
SHORT-TERM WHOLE BODY COLD EXPOSURE

WeRNER G. Su.m. ml G. M. vAN KUDK,? RALPH MAASS," and Ramver Brenke'

*lnstitute of Modical MMLHMUM Mmﬂw“r
Mm—dmuw State University. Bozeman, MT.

(Received || March 1992; Revised 23 February 1993; Re-revised 20 July 1993; Accepied 21 July 1993)
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Ten healthy subjects who swim regularly in ice-cold water during the winter (winter
swimming), were evaluated before and after this short-term whole body exposure.
A drastic decrease in plasma uric acid concentration was observed during and
following the exposure to the cold stimulus. We hypothesize that the uric acid
decrease can be caused by its consumption after formation of oxygen radicals. In
addition, the erythrocytic level of oxidized glutathione and the ratio of oxidized
glutathione/total glutathione also increased following cold exposure, which
supports this hypothesis.

dnnu! Jutathi (GSH), and oxidized
(GSSGHnMNoodceI:ofmmerMmmwm

cases, and infectious discases, but also to lability of the
central nervous system.' The negative results of natu-
ral stimulator deficiency can be partly prevented by

exercise and hudumu. whnﬂlymlmpomnt
role in physi The to an

Mmddnlmﬂuhhmmmcoum
of lakes or rivers, especially during winter, has been
used as one form of body hardening for many
years. > Hardening means exposure against a natural,
e.g.. thermic stimulus, resulting in an increased resis-

ayy mumo Suulhlqjmtb
1317,
bmssumm(w addres).

measured before and after cold stimulus.

MATERIALS AND METHODS

In Berlin, one winter swimmer club has been flour-
ishing for several years. The members are not selected
in any way and all swim regularly outdoors in ice-cold
water. Their activities start in the fall, and members
swim at least once per week for about 5 min in ice-
cold water. Sometimes, ice on the lake has to be re-
moved to allow them to swim,



Uric Acid - Elevated

evated - If uric acidis €
laboratory reference range, \ B
decreased excretion, or a combination of both.

Additional Inquiry

Gout Excessive breakdown of purines Ask about history of gout and/or
systemic joint pain

Kidney Poor filtration and excretion of uric Evaluate BUN, creatinine,
dysfunction acid, thus keeping serum levels phosphorus; urinalysis
elevated

Hepatocellular destruction Ask about alcohol intake
intake

Szl ziilelpl=aie Lo Catabolism of proteins and thus purine  Diet history
extreme calorie
restriction

\Velelin)V/(eIle[Noa I Association Evaluate TSH

Hyperlipidemia [atfeleilejjlela Evaluate cholesterol




Uric Acid - Elevated

Hemolytic anemia Excess destruction of cells

of fructose inosine; increases synthesis of purines via the
pentose phosphate pathway; fructose may

also decrease uric acid excretion

Chronically elevated Watijeleilelife]g
Fungal infection Some researchers consider uric acid to be a
mycotoxin produced by yeast and fungus

Ketogenic diet May impair ability of kidneys to excrete uric
acid due to competition with ketones.

Alternatively, acidic urine increases uric acid
reabsorption.

High supplemental
More protein typically means more purine
intake and thus uric acid production

Excess acidity Excess acidity can lead to acidity of the urine,
which tends to reabsorb uric acid leading to
hiaher serum levels.

Sdecis eelpiitinlatieinl Excess fructose increases conversion of ATP to

Liver dysfunction Excess destruction of hepatic cells Evaluate AST, ALT, GGT, Alk Phos, LDH

Evaluate CBC markers
Diet journal

Evaluate glucose, hemoglobin A1C

Inquire about diet; ketones in urine

Supplement history
Diet journal
Acidity is often correlated with blood

sugar dysregulation; low CO2 levels can
indicate hvoeraciditv



Uric Acid - Decreased
. Cause |  Reasom | ]

Molybdenum Xanthine oxidase is a molybdenum Ask about increased sensitivity to smells
deficiency dependent enzyme. Low levels of and/or consumed sulfites/nitrites
molybdenum may lead to decreased uric (molybdenum also used in sulfite

acid production. oxidase)

Zinc deficiency May increase urinary uric acid excretion; low  Evaluate alk phos; skin issues; taste

zinc can also lead to high copper, which can acuity issues

negatively impact iron (See below)

Iron deficiency May cause relative increase in copper, which Evaluate ferritin, TIBC, CBC markers
may displace iron with uric acid production

Low purine intake Diet journal

(eg vegetarian)

Oxidative stress Uric acid is an abundant serum antioxidant. If Evaluate bilirubin and GGT. Low
oxidative stress is high, uric acid levels may be bilirubin and elevated GGT may further
decreased. indicate oxidative stress.

Excess alkalinity Generally the more alkaline the blood, the High CO2 levels can indicate

more alkaline the urine, which is associated hyperalkalinity

with higher levels of excretion of uric acid

and thus lower serum levels.




Gamma-Glutamyltransferase

(GGT)




Gamma-Glutamyltransferase (GGT)

+ Gamma-glutamyltransferase (GGT) is present primarily in the
liver, kidney and pancreas.

+ GGT is highly sensitive for biliary tree issues, and is often
elevated in excess alcohol consumption

+ GGT is present in cellmembranes and is involved in the transfer
of amino acids

+ Plays key roles in catabolism and synthesis of glutathione



Gamma-Glutamyltransferase (GGT)

* Intfroduced to clinical laboratories a half century ago
* Recognized as biomarker of liver injury and alcohol
consumption

* More recently, suggested to be a biomarker of fransition across
the disease spectrum (similar fo cholesterol several decades

ago)
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acid binds to the glutamate enzyme complex @ 5-oxoproline generated from step 3 is used to reform glutamate and
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Intracellular
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GGT

Recovery of cysteine
and glutamate

Protein
synthesis

Resynthesis of GSH

Resistance to
electrophilic/alkylating
toxic agents

Production of cysteinyl-glycine

Formation of
adducts with cisplatin

®

Redox reactions
with metal ions
Production of ROS
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Cisplatin
resistance

DNA damage @

Genomic instability

Redox modulation
of intracellular targets

|

Effects on cell
survival pathways

Oxidation of thiols
in extra- and intracellular

proteins :

Effects on protein
S-thiolation status

Extracellular
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ORIGINAL ARTICLE

Gamma-glutamyltransferase predicts increased risk of mortality: A systematic
review and meta-analysis of prospective observational studies

Y. Long', F. Zeng®, ). Shi'*, H. Tian’ & T. Chen’

YLab v and Metabolism, West China Hospital of Sichuan Usiversity, Chengdu, Sichuan, P. B. China,
’-D-p-v--iufm-r-d-n Dazhou lnte gra ed Traditional Chine se and Wesern Medicine Hospital. Dazhos, Sichuan. P. R. China, and
"Department of Endocrinodogy and Mdabolism West China Hospital of Sichuan University, Chengdu, Sichuan, P. R. China

Abstract

The aim of this study was to evaluste the 2 (GGT) and lity through a
analysis of existing evidence . PubMed, Embase. Chmllmdﬂlur" and Science C tation Index d-d_a Iulel.mmully
searched. Studies were included if the study design was prospective and included mference and at-risk kevels of GGT at baseline and mor-
tality a3 3 separake outcome. The quality of the studies included was assessed on the basis of New castle-Otuswa scale. Data from seleceed
_Inhdndumm-v-ndpmhdud-md o the MODSE and PRISMA ststement. The
msults included the & 35 studies includine 571 511 and 72 196 cases of morality: 2 GGT. even st nhwsiolosic

The results included the following:
35 studies including 571 511 participants and 72 196 cases of mortality;

2. GGIT, even at physiologic levels, was associated with increased all-cause
mortality and cardiovascular mortality, and might also be associated with

o ond¥ IS

cancer-related mortality in the general population

Froe Radbc Res Downi oade

IR Ay U M SR (LIS ) £ RIS LRSI 18
kidney and liver and exists in serum and nearly all epithe-
lial tissues [1]. GGT plays key roles in catabolism and
synthesis of glutathione (GSH). the most important non-
prowein antioxidant outside the all [1]. Changes in GGT
are accompanied by an aliered status of oxidative stress,
a suggested common soil of many modern chronic dis-
eases, such as metabolic syndrome [2], type 2 diab

FIUMTYEE, PIGET IS SAUICS, CIPTLASITY W I PN UBECL U v
design, tmcheeuh mostly confined to special popula-
tions holics), and have dered GGT
uammrohlc\McmmU] which imited the
understanding of GGT and mortality. In recent decades,
plenty of prospective observational studies have been
published. Most of these studies recruited more repre-

mellitus |3], hypertension (4], cancer [3], and cardiovas-
cular diseases [6].

GGT was introduced to clinical laboratories nearly half
a century ago and has become recognized as a biomarker
of liver injury and alcohol consumption [1]. It was not
until the 1990s that published studies began to suggest that
GGT predicted death not only from alcohol-related illness
but also from myocardial infarction, pointing out that
GGT was an independent predictor of death and not merely
a marker of alcobol consumption [1]. Lately, GGT has
even been suggesied to be a biomarker of transition across

(e.g.. free-living residence, patients
with cardiovascular da!uu o type 2 dnd:.-lcs mllmm
some of which i d the

GGT and cause-specific death (e. g cardiovascular death,
cancer-related death). An increasing body of evidence
has made it possible to perform a systemic analysis of the
relationship between GGT and mortality. To this end, this
study searched published data with prosp ¢ design
on GGT and mortality and comprehensively analyzed
their potential association following the guidelines of the
Meta-Analysis of Observational Studies in Epidemiology
(MOOSE) [8].
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Review

Elevated serum y-glutamyltransferase activity is associated
with increased risk of mortality, incident type 2 diabetes,
cardiovascular events, chronic kidney disease and

cancer - a narrative review

Glovanni Targher* that are within the high-normal range, in nsk prediction of
s of End . n of B Soul and incident type 2 diabeies, cardiovascular events, chronic kid-
Sergical Sciences, Usiv cmtyMchm. ney disease (CKD) or cancer, independent of alcobol con-
Vi Tualy sumption and other prognostc factors.

Several population based cohort studies have consistently shown that increased
serum GGT activity, even high normal values within the reference range, is
associated with an increased risk of major vascular and non-vascular outcomes
(especially incident type 2 diabetes and CVD morbidity and mortality) in both men
and women, in different e’rhnlc groups and among self-reported non-drinkers.

heavy chain i vitro. Presumably, in vivo the heavy chain

K, " 4 oy i clerde Aide not only sccures the light chain to the cell membranc but
dn:mdul\cm 1 logy; -l y also modifies its catalytic activity. There are up 1o cight
plw:mul mfut glyuuyhlmnmllkpnmn heavily

d with (1-4). GGT

Introduction dcnnulharuu.-n'yml n the sense of proteins with dif-

ferent amino acid sequence but with the same catalytic func-
Scrum y-glutamyltransferase (GGT) enzyme activity has  tion. However, there are a vanety of GGT isoforms that
long been used as a reliable marker of liver dysfunction and chﬂcrndmrurhﬂxyahrmuwtmml’—hhm
excessive alcobol intake (1). However, in recent years our  isoforms may be sep d by clec
i dge of the physi | jons of this cnzyme has  focusing. uhjkvmluﬂ'mt chmmnugnphy Much of the
ded and several idemiok | i in mobility is duc to the association
have been reported. of the isofc with [ or Jobulin A (1).
This review criticall; iscs studics ing the lndnaiuaﬂmuluphlmmn(ﬁﬁrhnrhm&mbed
prognostic hdmm(xrrmmm, ven v .|.., in serum. Most of these are large complexes between the
enzyme and circulating lipoproteins or immunoglobulin A
fmmw[)y(‘m-‘rmmd Approximately 60%-80% of the total GGT in scra from
and Surgical Sciences, paticats with hepatobiliary discases is complexed with lipo-
University of \u\m&wdnec ile Maggiore, Piazzale Stefani, proteins, One dominant form of GGT is complexed with

1. 37126 Verona, Haly .
Phone: 4+ 30-045-8123748, Fax: + 30-045-8027314, high-density lipoproteins (HDLs), a small, hydrophilic, form
E-mail giovanni by pher® univ it is also present in minor amounts (1).

Received luly 24, 2009; accepted September 18, 2000; GGT activity vanes considerably between normal tissues

previously published online November 30, 2000 and during stages of embryonic development. Hanigan and
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y-Glutamyltranspeptidase Stimulates Receptor Activator of Nuclear
Factor-«B Ligand Expression Independent of Its Enzymatic Activity
and Serves as a Pathological Bone-resorbing Factor®

Received for publication, October 30, 2004, and in revised form, November 21, 2003
Published, JBC Papers in Press, November 21, 2003, DOT 10.107 4be. M311905200

Shumpei Niida™*, Miyuki K Y, i Ishizuks”, Yoshitaka Tkeds',
Takako Kondo™*, Terumasa Hibi®, Yu Snznh‘-’ Kynp lkedn and Naoyuki Tamglmlur

From the ®. Depmimm.l of Geriatric Sciences, National Institute for Seiences, Aichi 474-8522, Japan,
-pa Fuculty of Dentistry, Hiroahima 734-8553, Japan,
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Medical Sehool, Osaka 585-0871, Japan, and the ‘Sumitomo Pharmaceuticals Hesearch Cenier, Osa)m 554-0022, anun

A novel bone-resorbing factor was cloned using an  ous stimolation of eolony stimulsting factor-1 (CSF-UM-CSF)
which

and the rec,eptm' activator of nuclear factor«B ligand
(RANKL),! which are produced by ostechlastsfstromal cells
(381 'Ilse expreasmn of these essential factors is stimulated by
ving factors such as 1e.26-dihydroxyvita- =]

Furthermore, both native GGT and inactive GGT stimulated the expression of the
receptor activator of nuclear factor-B ligand (RANKL) mRNA and protein from bone
marrow stromal cells. This report is the first demonstration of a novel biological
activity of GGT protein in a manner independent of its enzymatic activity.

formation. A candidate clone was isolated from a
BW5147 mouse T-lymphoma cell cDNA library. S

and protein from bone cells. T port acid phosphat: positive (TRAP™)

is the first of a novel tyof oeteoclast (MNC) ion in the mouse bone marrow culture.
GGT protein in a of its Berause TRAP activity is expressed specifically in osteoclasts
activity. lineage (16-18), it has been suggested that the BWE147T cells

Osteoclasts are potent bone resorbing cells that are derived
from ietic cells of the | rophage lineage
(1-3). O Iast di ntiation is ted by the si

" Thie study was supgorcd i part by o sant i e the M
cstion, Colues, Sports,Scence o Technology o Japon o
SR and N. T for acientific esearch, and n Tor Dromation
e ey bt o
Pha rmsceutical Safety and Rescarch of Japan (ta K. L1 The costs of
blication of this nrticle were defrayed in prt by the payment of
R T meis wot Biactons b hesmhy a il et
e e I UAC B 1 S i oy
The muletide segucncets) reporied in thi paper A s submiied

to the GenBank™ nk with gcoession number(s! E15738
® To whom should be aidressed of Gerintric
P heig i prowiag Longevity Sciences (NILS), Obu, Aichi

474-8522, Japun. Tel: §1-562-46-2911; Fux: §1-662-44-6585; E-mail:
ntida®nils.go.jp.
“ Present nddress: Ishids Dental and Orthedantic Cliniz, Hiroshima
TH0-0013, Japan.
£ nddress: Dept. of Bioch

ptmd.uue fii: unteuﬂas:-l’urmlng fartor that may play a role in
1 bone such as lesions.

To identify and characterize the factor that promotes path-
clogical bone resorption, we clened a cDNA for the osteoclast-
forming factoris) from 8 BW5147 cell cDMNA library by expres-
mdnmngumga&nopuaauqteh‘amhmsyatem

Consequently, we i {GGT)
as the bone-resorbing factor. GGTuanect.uenxj'methatplajE
an role in ing g ism (19)

and is well known as a clinical marker for 8 number of diseases.
In this study, we showed a possible mechanism by which GGT
induces osteoclast formation using a mouse bone marrow cul-
ture system.

EXFERIMENTAL PROCEDURES
Cell Culture—A mouse T-lymphoma cell hne, BW5147 (CRL-1588),
(20} was maintained in RPMI 1640 medinm supplemented with 10%
fetal bovine serum, 100 units/ml penicillin, and 100 pgiml
streptomyein.
Expression Cloning—Paly(A)}* RNA was prepared from BWS147 cells
and size-fractionated by means of sucrose density gradient centrifugs-

Yamagatn University

Sehpal of Medicine. Indinnupalis, IN 46307 i
T Present addreas: Yomaguchi University School of Medicine, Ube
755-8505, Japan.

b762

* The abbreviations used are: RM‘:'KL. receplar activator af nuclear
fnctor-wB ligand; 1L, & TRAP, acd phos-

phatase; MNC,
e 25 0H,D,, hzsdn.ydmwnn, 1-GOT, innctive GOT:
OPG, osteoprotegerin.
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Gamma-Glutamyltransferase: A Predictive Biomarker of Cellular
Antioxidant Inadequacy and Disease Risk

Gerald Koenig'? and Stephanie Seneff’
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*Iron Disorders Institute, Greenwilie, SC 29615, USA
*Computer Science and Artifictal Intelligence Laboratory, MIT, Cambridge, MA 02139, USA

Here, we examine the relationship of GGT to other serum markers such as serum
ferritin (SF) levels, and we suggest a link to exposure to environmental and
endogenous toxins, resulting in oxidative and nitrosative stress.

GGT is an early predictive marker for atherosclerosis, heart failure, arterial stiffness
and plaque, gestational diabetes, and various liver diseases, including viral
hepatitis, other infectious diseases, and several life-threatening cancers.

1. Introduction

A comprehensive review by Whitfield in 2001 [1] described
GGT in its traditional role as a marker of liver dysfunction,
bile duct conditions, and akcohol consumption. Some gen-
eralized or medical and scientific literature still

these potentially toxic transition metals, which can further
result in chain, prooxidant reactions [6]. Increased levels of
P d can lead to d cell, tissue, and DNA
damage caused by oxidative and nitrosative stress and the
generation of deleterious reactive species or nitric
oxide (ROS or NO) [7). This combination of factors is

describe GGT in those terms [2]. However, Whitfield had
already extended that description to include clevated GGT
in association with risk of coronary heart discase, type-11
disbetes (T2D), and stroke Il] A]Ih)u!h gamma-glutamyl
npounds include y molecules,
dm; bolites, and ds (3], the
major function of GG Tlcubhn;nwubohlmn(glunhm
and glutathionylated xenobiotics. However, elevated GGT
levels, as noted by Whitfield and others, contribute to
prooxidant activity, particularly in the presence of iron or
:pp" [4, 5]. When GGT levels are elevated, damage to
red blood cell membranes can occur causing the release of

observed with increasing frequency in many chronic discases.
Other investigators have added many newly identified GGT-
related diseases and conditions to a rapidly growing list that
wvery recently was modified by Sreeram et al. [8] to even
include GGT as a marker for oxidative stress in periodontal
disease.

In this paper, we review an extensive rescarch literature
on GGT as a marker for disease. Not only do we demonstrate
strong potential for GGT to predict later discase risk, but
we also show variations in GGT levels among different
population groups (gender, ethnic, and regional) and show
evidence of temporal upward trends in population level GGT
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We hypothesize that GGT is a marker for glutathione depletion in the liver and
that elevations in GGT reflect increased exposure to organic xenobiotics that are
metabolized in the liver through glutathionylation.

We note that the population-wide level of GGT has been steadily increasing over
time in the last three decades in the US and two decades in Korea. Several studies
indicate this upward trend has affected other populations, including Europe, as
well.

We suspect this may be indicative of increased exposure to environmental
xenobiotics, especially POPs, as well as increased body iron burden.

major function of GGT is enabling metabolism of glutathione In this paper, we review an extensive rescarch literature
and glutathionylated xenobiotics. However, elevated GGT  on GGT as a marker for disease. Not only do we demonstrate
levels, as noted by Whitfield and others, contribute 0 strong potential for GGT to predict later discase risk, but
prooxidant activity, particularly in the presence of iron or  we also show variations in GGT levels among different
<o ’ppu [4. 5. When GGT levels are elevated. damage to  population groups (gender, ethnic, and regional) and show

red blood cell membranes can occur causing the release of  evidence of temporal upward trends in population level GGT
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The prevalence of several other clinical symptoms are correlated with GGT,
including hypertension, insulin resistance, artery calcification, and albuminuria, as
well as biological markers including lipids, creatine, triglycerides, uric acid, HbAlc,
and hs-CRP. In many cases, GGT is a stronger predictor of disease risk than these
other symptoms and markers.

its related disorders have risen in virtual lockstep. GGT is an early p marker for heart fatlure, artertal
stitfness and plaque. gestational diabetes, and varous iver diseases, including viral hepatimis, other infectious diseases, and several
ltfe- threatening cancers. We review Iterature both from the medical sciences and from Iife insurance industries demonstrating that
serum GGT 1 a supertor marker for future discase nsk, when compared against multiple other known mortality risk factors.

1. Introduction

A comprehensive review by Whitfield in 2001 [1] described
GGT in its traditional role as a marker of liver dysfunction,
bile duct conditions, and akcohol consumption. Some gen-
eralized or summary medical and scientific literature still
describe GGT in those terms [2]. However, Whitfield had
already extended that description to include clevated GGT
in association with risk of coronary heart discase, type-11
diabetes (T2D), and stroke [ll A]Ihnu!h gamma-j ;Immyl
compound m:lud: y molecule
and ds (3], lhc

aupmfumlhnofﬁaneubhagmMmdgluaﬂm
and glutathionylated xenobiotics. However, elevated GGT
levels, as noted by Whitfield and others, contribute to
prooxidant activity, particularly in the presence of iron or
:ppﬂ [4. 5]. When GGT levels are elevated. damage to
red blood cell membranes can occur causing the release of

these potentially toxic transition metals, which can further
result ln chain, pmuld.lnl reactions [6]. Increased levels of
d can lead to d cell, tissue, and DNA
dnmngv caused by oxidative and nitrosative stress and the
generation of deleterious reactive oxygen species or nitric
oxide (ROS or NO) [7]. This combination of factors is
observed with increasing frequency in many chronic discases.
Other investigators have added many newly identified GGT-
related diseases and conditions 1o a rapidly growing list that
wvery recently was modified by Sreeram et al. [8] to even
include GGT as a marker for oxidative stress in periodontal
discase.
In this paper, we review an extensive rescarch literature
on GGT as a marker for disease. Not only do we demonstrate
strong potential for GGT to predict later discase risk, but

we also show variations in GGT levels among different
population groups (gender, ethnic, and regional) and show
evidence of temporal upward trends in population level GGT
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Low antioxidant defenses are also correlated with elevated GGT, particularly
reduced levels of glutathione. GGT is needed to metabolize glutathionylated
xenobiotics in the liver and multiple other tissue sites including the lungs, and this is a
simple explanation for its elevation in association with increased exposure to
xenobiotics. GGT induces oxidative stress in the artery wall in the presence of free
iron, and GGT also likely is an indicator of depleted supply of glutathione,
especially in the liver, which leads to a cascade of problems related to increased
oxidative stress.

GGT in its traditional role as a marker of liver dysfunction,  damage caused by oxidative and nitrosative stress and the
bile duct conditions, and alcohol consumption. Some gen-  generation of deleterious reactive oxygen species or nitric
eralized or summary medical and scientific literature still  oxide (ROS or NO) [7). This combination of factors is
describe GGT in those terms [2]. However, Whitficld had  observed with increasing frequency in many chronic diseases.

already extended that description to include clevated GGT
in association with risk of coronary heart discase, type-11
diabetes (T2D), and stroke Il] A]Ih)u!h gamma-glutamyl
npounds include y molecules,
dm; bolites, and ds (3], the
major function of GG Tlcubhn;nwubohlmn(glunhm
and glutathionylated xenobiotics. However, elevated GGT
levels, as noted by Whitfield and others, contribute to
prooxidant activity, particularly in the presence of iron or
:pp" [4, 5]. When GGT levels are elevated, damage to
red blood cell membranes can occur causing the release of

Other investigators have added many newly identified GGT-
related diseases and conditions to a rapidly growing list that
wvery recently was modified by Sreeram et al. [8] to even
include GGT as a marker for oxidative stress in periodontal
disease.

In this paper, we review an extensive rescarch literature
on GGT as a marker for disease. Not only do we demonstrate
strong potential for GGT to predict later discase risk, but
we also show variations in GGT levels among different
population groups (gender, ethnic, and regional) and show
evidence of temporal upward trends in population level GGT



Gamma-Glutamyltransferase (GGT)

Traditional Reference Range
+ 0-65 IU/L

Optimal Reference Range
« 12-24 1U/L (Men)
+ 10-22 IU/L (Women)
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Glutathione catabolism as a signaling mechanism
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Abstract

Glutathione (GSH) & the mam inwacellular thiol stioxidant, and as such parscipates in 3 number of celluly m#toxic and defensive
f Ne sdant furs of GSH have also been decribed, ¢.g. in madulation of cell proliferation and imm une
manonee Recent dndies from our and other b have fior & thind functional senect of GSH ie the sroavidant

Recent studies from our and other laboratories have provided evidence for a third
functional aspect of GSH, i..e the prooxidant roles played by molecular species
originating during its catabolism by the membrane ectoenzyme g-glutamyl
transpeptidatse (GGT)

The prooxidant reactions induced by GSH catabolism appear to represent a novel,
as yet unrecognized mechanism for modulation of cellular signal fransduction.

n-unv: lqn, FIOUAGSIES WUs Can o -m‘a w RIS 10 BT DETH GULUINICTIOU M1 U SN ULOST ISDUTSIOnes

as merely off species, and similarly, the that p fant species ( ide, HyOy, thiyl mdicals)
pynd‘l.llnh of some established “antioxidanis™ also npnu.lu.uidunngGSHm.hhm.nlml of the
is in need of care ful reconsi deration. Glutathione (G SH)»— ion of GSH ol ysteiny l-glycine in the
perhaps the best known cellular antioxidant—appears an first place —with trace levels of iron jons present in the cell
ideal candidate in this perspective. The ansioxidant role of environment. The interaction of these GSH/GGT-derived
GSH is readily apparent in detoxification of :Imvhlld prooxidants several intra- and extracellular targets is
oxidizing drugs and pr ion from lipid p responsible for appreciable madulatory effects on the

signal transduction chains.
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Fomad addrerc a2 (A Pompel
Abbmvigions AP-1, scivaier prowin-l; AT-12%, acivicie BCL, L. GSH, GGT and iron reduction
enhan el EMSA, mohiley st
aar, ¢ ram) i asi, . 5
sy, r;‘-‘;: - n-h;;l‘)::y ::vu"":m. y-Glutamyl tmpspeptidase (E.C. 23.2.2) is normally
Bcmea®: nnM'm,‘__,_ﬂ,__ PR rotsin plarpluisns; found in serum, and is expressed by a wide range of normal
ROS, reactive oty gen species, TNFR I, mmer aecrons fscue 2 mecepaor | cell types [1.2] as well as in a number of neoplastic cell
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Glutathione

+ GGT produces cysteinyl glycine as a product of the
decomposition of glutathione, and this dipeptide reacts with
free iron to induce the Fenton reaction and subsequent
production of superoxide, a well-established reactive oxygen
species (ROS).



Glutathione

+ Elevated GGT levels, contribute to prooxidant activity,
particularly in the presence of iron or copper.

* When GGT levels are elevated, damage to red blood cell
membranes can occur causing the release of these potentially
toxic fransition metals, which can further result in chain,
prooxidant reactions.



Glutathione and Curcumin

Supplement Facts

Serving Size: 2 pumps (1mL)
Servings Per Container: 50

Amount per Serving % Daily Value
Sodium 7m 0.3%
Reduced Glutathione 100mg

1.
Phosphatidylcholine (from 84mg T
purified sunflower lecithin)

1 Daily Value not established.

Other Ingredients: Water, Glycerin, Ethanol, Vitamin E (as
d-alpha tocopheryl polyethylene glycol 1000 succinate), BioG-Max GSH
essential oils

Liposomal Delivery System




@pms | one

RESEARCHARTICLE

Curcumin Attenuates Iron Accumulation and
Oxidative Stress in the Liver and Spleen of
Chronic Iron-Overloaded Rats

Farid A. Badria® *, Ahmed S. Ibrahim®, Adel F. Badrda®*, Ahmed A. Eimarakby®

1 Depatment of Pharmacognosy, Faculty of Pharmacy, Mansoura Unversty, Mansoum 35516, Egypt,
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Our study suggests that curcumin may represent a new horizon in managing iron
overload-induced toxicity as well as in pathological diseases characterized by
hepatic iron accumulation such as thalassemiaq, sickle cell anemia, and
myelodysplastic syndromes, reduced oxidative stress derived lipid peroxide,
possibly via iron chelationation and improving the body endogenous antioxidant
defense mechanism.

Although Zn?* showed little binding affinity fo curcumin, Cu?* and Fe?* appeared to
bind at least two curcumin molecules.

This raises the possibility that curcumin could provide beneficial antioxidant effects
during chronic iron overload beyond its role as an iron-chelating agent, such as the
possession of anfioxidant property.

Fundng 7 v cantly d in chronic iran overdoad and on of tored the
o e woh decrease in the hepatic and splenic

Competing nieres T wT0N e Omdaw
Fult "0 COMpTNG Tl ¢ 48

PLOS ONE | DOI:10.137Vjounal pone 0134156 July 31, 2015 1/13



Glutathione and Curcumin

Supplement Facts

Serving Size: 2 pumps (1mL)
Servings Per Container: 50

Amount per Serving % Daily Value
Sodium 7m 0.3%
Reduced Glutathione 100mg

1.
Phosphatidylcholine (from 84mg T
purified sunflower lecithin)

1 Daily Value not established.

Other Ingredients: Water, Glycerin, Ethanol, Vitamin E (as
d-alpha tocopheryl polyethylene glycol 1000 succinate), BioG-Max GSH
essential oils

Liposomal Delivery System




Gamma-Glutamyltransferase (GGT)

Traditional Reference Range
+ 0-65 IU/L

Optimal Reference Range
« 12-24 1U/L (Men)
+ 10-22 IU/L (Women)



GGT - Elevated

Cause Reason onal Inquiry

Biliary tree GGT is found in high amounts in biliary Gall bladder symptomes, alkaline
dysfunction epithelium. Thus in biliary tree dysfunction can phosphatase.
(cholestasis) increase GGT levels.
Alcohol seems to increase the activity of GGT, Client history.
though the exact mechanism is unclear.
Pancreatitis Pancreatic inflammation can release enzymes Consider running amylase and lipase.
normally found in that tissue. GGT is found in

the pancreas and thus, can be elevated during
pancreatic inflammation.

@) efzlil/=rsiii=ss - GGT, even when high-normal, may be an early Evaluate bilirubin (low) and uric acid
and sensitive enzyme for oxidative stress. (elevated).




GGT - Decreased

ditional Inquiry

Hypothyroidism

Magnesium Association. Inverse correlation Evaluate magnesium levels as well
deficiency between magnesium level and GGT as signs and symptomes.
levels.







+ Bilirubin is the byproduct of red blood cell breakdown.

+ Serum bilirubin is a combination of direct (conjugated) and
indirect (unconjugated) bilirubin
+ Normally, indirect bilirubin is approximately 70-85% of total bilirubin
+ |f 50% or more is direct, hepatic/biliary obstruction is suspected
+ |If less than 20% is direct, accelerated hemolysis (RBC breakdown)

or liver dysfunction is suspected

+ Bilirubin is a major component of bile and gives it its green

pigmentation



N
Fe, CO H ik g H NADH
Biliverdin NADPH

0 Heme Biliverdin NAD*
- oxygenase reductase NADP*

Bilirubin



Senescent red cells are a
major source of hemeproteins.

\ g Breakdown of heme to bilirubin BLOOD NESSEL
occurs in macrophages of the reticulo-
endothelial system (tissue macro-

Bilirubin is taken
up via facilitated
diffusion by the liver
and conjugated with

The remainder of the urobilinogen

is transported by the blood to the
kidney, where it is converted to yellow
urobilin and excreted, giving urine its

) ‘l giuuronic acid. characteristic color.
Unconjugated bilirubin ;

is transported through

the blood (complexed to

E A portion of this urobilinogen
/_1 participates in the enterohepatic

urobilinogen cycle.

albumin) to the liver.

KIDNEY

B Conjugated bilirubin
is actively secreted
into bile and then
the intestine.

Some of the urobilinogen
is reabsorbed from the gut
and enters the portal blood. | -

To urine

i

In the intestine,
glucuronic acid is
removed by bacteria.
The resulting bilirubin|
is converted to
urobilinogen.

a[[1] Urobilinogen is oxidized
by intestinal bacteria to
the brown stercobilin.




Bilirubin also functions as an antioxidant and thus may be decreased
during oxidative stress

Bilirubin appears to be the most potent antioxidant against lipid
peroxides

+ Glutathione is hydrophilic

Because of this, low bilirubin has also been associated with increased
risk of cardiovascular disease and all cause mortality (death from all
causes). Elevated levels may increase mortality as well.

Bilirubin may also increase insulin sensitivity and protect against future
diabetes
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Sedlak, Thomas W., and Solomon H. Snyder. 2004. “Bilirubin Benefits: Cellular Protection
by a Biliverdin Reductase Antioxidant Cycle.” Pediatrics 113 (6): 1776-82.
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Serum total bilirubin is inversely associated with brachial-ankle
pulse wave velocity in men with hypertension

Zheng-Yun Zhang * Lu<Qin Bian * Sac-Young Jac *
Ji-Dong Sung - Yoon-He Chel
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Abstract Senﬂlulhllhl-h-lenluguudu
have the

baPWV (¥ = 0.0032, P = 0.003) and C-reactive protein
CRP) coefficiont = —0.13, P<000I) A

d&uhvmhﬂ:'ﬂhdynﬂpﬂln
investigate the association of bilirubin with brachial-ankle
ph:wmvﬂoﬂy(hmlln-iﬂdmﬂniﬁm
and disaase. male subjects
h-lMllmch-ﬂ‘:mmﬁghﬂ:
S0th, 75th, and 95th percentiles of baPWV value. Comre-
lation and regression analysis were usad 10 msess the
relationship baween haPWV  and  ather nahl

0.1 mg/dl increase in bilinbin was associated with a 19,

20, and M % raduced odds ratio for haPWYV above the

Sixh, 75th, and 95th percentiles, respectively [odds ratio

(OR) 0.77 @5 % confidence interval (CT) 0.62-0.95),

P = 0015 OR 0.80 95 % C1 0.64-0.9) P = 0.08; OR

0.68 (95 % C1 0A5-1.00), P = 0.048, respectively] after
for several This study

uypueuu-q“mhmnnumm 75th,
and 95th il tower bilirubi
MMMMWWM@VT:&QMH
10D + 041 mg/d, P <0001: 095 039 vs 099 +
041 mg/dl, P = 0.001; 0.92 + 0.36 vs. 0.9 + 0,42 mg/dl,
P = 0.048, respectively). Bilirubin is invencly rdated to
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Impact of serum bilirubin levels on carotid atherosclerosis in patients
with coronary artery disease

@
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ARTICLE INFO ABSTRACT
Aracie by mlmm’nmm—-ﬂuﬁu wa_m
Becraed 2 Muy 2014 dhseaies On the ather hand.
Brcreed m raawed brm 1] A X014 events, Thesim of this study vahiawe the
Accepied 17 Aupast 2014 y artery dise ase ( CAD)
Vet 2 2 Matod wlal CAD. i s bl g o o apeevions -
-“-mﬂq—ldvﬂmll-ll—m level Carotid
__h"* Bicknen and jlaque soie (PS) i the g an Ay, Severe
Cuesid temeciouss Garctad atherosleros s wan defined an S > 10
(ormay Frery dnene Rendis Wil increasing quartiles of sengm bilinubin kevely, the prev dence of severe Grolid aiheros erods s gl
Gntly deesed (4871 19 6L JA T and T70N, respectively. p e (rend = mlﬂnmu.ﬁam
Gactory low wrum bilinbin kevel were with severe in CAD
patiens (adds rato 089 1 @rfiderce nierval 0 81-09 p = 0017
o b We deamansdrated that low serum bilirubin kv wese snooded with wvere rold atrroxCienss o
CAD putients, Our dals sugged st serum biliruten beveh nught be an independent. useful and con el ve tood
o evahasting atherosdentic Sus in CAD patiens.
hﬂlhmmymmuhn.qﬂmmﬁﬁﬂwmb
(hep. lby-nced30).
1. Introd xtion atherosclerosis could be helpful in predicting future (VD events in
mmnmtkmmnn However, few studies
Itis commanly accepted that bilinubin, the majar prochuct of heme ca- have & the aotid ath, and
tabdism has strong antioxidant properties that enable it to scavenge serum bilirubin levels in CAD patients In the present study. we exam-
peroxyl dicals and to inhibit oxidation of low-density lip ined the between serum bilirubin level and carotid athero-
derived Bpics [1]. devated  sclerosis in CAD patient s
serum bilirubin levels provide imp ctive eflects against oxids
mm:ﬁ-—.mma—-p—u 2 Methods
aT) s awel

index of subcnical aheroxlerosis and a nisk factor for subsequent 2.1, Study subjects
cardiovascular disease (CVD) events |5-7] It was moently reported
that greater camtid atherosclerosis is also associated with futume This obsenational study included a taral of 354 pata ho wer
CVDevents in high-risk patients [8.9] Therefore, evaluation of camtid  treated for chronic CAD &
201 1 and December 2013, Chronic CAD was defined as stable angina
pectors or a previous myocardial infarction. Patients were divided
Unsversity Cradaste  into four groups according to quartiles of total bilirubin levek. The
Schoct of Ma e, 65 B arumi e, Showa i, Nagors &56.2350, jpan. Tel: 48152 gyrgygon eriteria were as follows: acute cantiovascular events within
m‘ma,h ¢nnma_z|- Sl 6 months before reening. previaus carotid endanereciomy or carotid
‘. mmmnnngn-mmmm
B it preeaiad sad thet S oed wETEE Son ethics approval
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The Relationship between Total Bilirubin Levels and @

Tend RAmesBiies e ATdae Adeidec. Thn Hlmiond Cominn A -8
Total bilirubin, mg/dl Model 1° Model 2° Model 3¢ Model 4¢

HR (95% CI) P HR (95% ClI) P HR (95% ClI) P HR (95% CI) P

Multicategory model A
0.1-0.4 1.57 (1.14-2.16) 0.007 1.53 (1.06-2.20) 0.024 1.68 (1.21-2.32) 0.002 1.51 (1.09-2.09) 0.014
0.5 1.33 (0.98-1.79) 0.063 1.13 (0.81-1.59) 0.45 1.18 (0.83-1.68) 0.34 1.19 (0.85-1.68) 0.31
0.6 1.00 (referent) 1.00 (referent) 1.00 (referent) 1.00 (referent)
0.7 1.03 (0.80-1.33) 0.81 1.05 (0.79-1.39) 0.73 1.06 (0.76-1.49) 0.73 1.18 (0.86-1.61) 0.30
0.8-0.9 1.09 (0.86-1.38) 0.46 1.16 (0.90-1.50) 0.25 1.18 (0.87-1.59) 0.27 1.35 (1.00-1.83) 0.051
=1.0 0.98 (0.69-1.39) 0.90 1.20 (0.84-1.73) 0.31 1.18 (0.80-1.73) 040 1.38 (0.98-1.94) 0.061
Overall P 0.10 0.14 0.013 0.022
Multicategory model B
0.1-0.4 1.39 (1.09-1.78) 0.010 1.44 (1.10-1.88) 0.009 1.55 (1.23-1.96) <0.001 1.36 (1.07-1.72) 0.012
0.5-0.7 1.00 (referent) 1.00 (referent) 1.00 (referent) 1.00 (referent)
=0.8 0.96 (0.79-1.18) 0.70 1.12 (0.91-1.39) 0.28 1.11 (0.89-1.37) 0.36 1.24 (0.98-1.56) 0.072
Overall P 0.030 0.031 0.002 0.008

HR = hazard ratio; CI = confidence interval.

*Adjusted for survey period, age, sex, and race/ethnicity (n=4,303).

PEurther adjusted for body mass index, education, smoking, and regular alcohol consumption (n=3,928).

“Further adjusted for history of cardiovascular disease, diabetes, albuminuria, cancer, fibrates, angiotensin-converting enzyme inhibitors/angiotensin receptor blockers,
diuretics, and calcium channel blockers (n=3,764).

dFurther adjusted for high-density lipoprotein cholesterol, serum albumin, blood urea nitrogen, estimated glomerular filtration rate, C-reactive protein, alkaline
phosphatase, alanine aminotransferase, aspartate aminotransferase, y-glutamyltransferase, uric acid, white blood cell count, and hemoglobin (n=3,758).
doi:10.1371/iournal.oone.0094479.t003

— o . et e o s bt it 2 ity nst oy Srecare
Notably, biiubin has antocdat and ant-nflammatory g, oocscdisl infaretion, and allcae mostality n 2 non-
eflcts, and can protect semm lipich fom oxidation [1]. In thin o SRR B ECRE ) SR e
regand, previous studies have suggested bifirubin i be 3 protective :
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Traditional Reference Range
+ 0.1-1.2 mg/dL

Optimal Reference Range
+ 0.5-0.8 mg/dL
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Sedlak, Thomas W., and Solomon H. Snyder. 2004. “Bilirubin Benefits: Cellular Protection
by a Biliverdin Reductase Antioxidant Cycle.” Pediatrics 113 (6): 1776-82.
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Curcumin protects retinal pigment epithelial cells against oxidative
stress via induction of heme oxygenase-1 expression and reduction
of reactive oxygen

Je Moon Woo,* Da-Yong Shin,* Sung Ju Lee,' Yeonsoo Joe,” Min Zheng,” Jin Ho Yim,' Zak Callaway,*
Hun Taeg Chung’

‘Deparrmen: of . Ulzam Univerzity Hospiral, Ulzan, Republic of Korea, *School of Biological Science:z, Univerzigy
of Uzan. Llzan. lﬂkd’m "University of Ulsan College of Medicing. Ul:an. Republic of Korea

At this concentration, curcumin also increased the cytoprotective effect against
the oxidative stress of H,O, through the reduction of ROS levels in human refinal
pigment epithelial cells. Curcumin’s effect on the reduction of ROS was mediated
by the increase in HO-1 expression.

of ROS was mediated by the increass in HO-1 expression.
C Curcumin the suess defense eazyme HO-1 and may protect buman recnal pigment
epithelial cells against oxidanve sress by reduciag ROS levels.

Age-related macular degenenation (AMD) 15 the most Lty of HO-1 md adlh effects
common cause of blindne:s i patent: aged 65 or over in the ibuted to heme ds
Western world [1], and incidence continues to nse as a result uwmﬁd-ﬂh-od-‘umcdhlnm[?t}

a biol lly active of

of the mcreasng percentage of older adults in the general
WWMmﬂhﬁumﬂw

P

'h:hhsh-udmh&aﬁwmhllmh
has a \'uy of phmmloguzl activities,

3 A and
i effects. 13 an effective scavenger
ﬁwwwnmmmmh
of [9,10]. In thus study, we

(RPE) or loss
photoreceptor fallout, Bruch's b hack -é
chonocapallary [2] The RPEns a L
dwﬂmmdhwmmﬁ
Bp to axid stress because of the

laes's high consumption of oxygen. Thus, chroic oxid by that has effect: with
stress induces RPE damage that i responsible for the apng  HO-1 expression against H:0; owidalive shess in coliured
process and may therefore play an umportant role i the  human retinal pigment epithelial cells.
pdnm of AMD [34] Hmn RPE ha: manmy
mias up heme METHODS
oxygenase, and enzy d m ghutath th Iz: C H0;, zinc (ZoPP;
[5.6]. Heme oxygenase-1 (HO-1) 13 a ubiquitous and redox- HO-I poIy (CAP‘P HO-1
sensitive inducible stwess proten known fo protect cells  stmulator), and SB 203580 were purchased from Sigma
W\mmofm T&wof&um A.un:h(St Lms.MO) J{JSMM’yb-’S
n physiologic and 1 states 15 underiined by the MIT) and 2'7-
dibrydro- flu da: (H2IDCFDA) were
d from I Molecular Probes, Inc. (Carlsbad,

Comespondence to. Hun Taeg Chung, School of Biclogical Sciences,
University of Ulsan, 102 Dashak-ro, Nam-gu, Ulsan 680-749,
Republic of Korea; Phone: 82-52-259-2392; FAX_ 82-52-259-2740;
email chunginlan s kr

901

CA).
Cell culnare: ARPE-19 cells onginated from buman retinal
pigment epithebal cell:. The ARPE cells were purchased from



Bilirubin - Elevated

Additional Inguiry

Sdecspl=lell Al Excess red blood cell breakdown

increases bilirubin

(indirect/unconjugated).

SN el Aitleiienn | The liver conjugates bilirubin. If the liver  Evaluate liver markers.

is not functioning properly,

indirect/unconjugated bilirubin will be

elevated.

Bile duct Bilirubin is cleared from the liver via the  Evaluate alkaline phosphatase and
obstruction biliary ducts into the intestines. Thus if the GGT.

biliary ducts are obstructed,

conjugated/direct bilirubin will enter into

circulation.

el syl = 1 Genetic cause of elevated bilirubin. Ask client if they have a history of
elevated bilirubin. If so, likely Gilbret’s




Bilirubin - Decreased
 Cawe | _meason | ]

Oxidative stress Bilirubin can act as an antioxidant and thus, Evaluate uric acid and GGT as well.
oxidative stress may lower levels.

Zinc deficiency Biliverdin reductase is a zinc dependent Evaluate alkaline phosphatase.
enzyme and converts biliverdin to

bilirubin, thus leading to low bilirubin

levels.



Combined Markers
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Clinical significance of serum bilirubin and gamma- @
glutamyltransferase levels on coronary atherosclerosis assessed by
multidetector computed tomography

HS. Cho ** SW. Lee *~* ES. Kim ***, EY. Mo **, |Y. Shin **, $D. Moon **, JH. Han **
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Low TB and high GGT levels were concomitantly associated with coronary
atherosclerosis in Korean men.

mn' Mhmnmmmmutsnmmm
mm by scani. Coronary atherosclerosis was assessed by coronary
calcification score. myuﬁum’ﬂ(ﬂﬂmeM(lewu
Coronary artery the presence of coronary artery stenosis of 250X, Total bilirubin (TB) level was negatively corre-
stenosis lated with CACS and coronary stenosis whereas CCT level was positively correlated with CACS in

men. However, there wai no correlation between TB. CCT levels and either CACS or coronary ar-
tery stenoxis in women. In a multivaniate-adjusted model, TH level was mnversely associated with
a CACS > 100 [odds ratio (OR) per log standard deviation (SD), 0.67; 95X confidence interval (CI),
0.52-0.87). and OCAD (OR per leg 5D, 0.77; 95% C1, 0.62—-0.95) in men. By contrast, CCT level was
pesitively associated with a CACS > 100 (OR per log 5D, 1.35; 95X CI, 1.05-173) but net with
OCAD. Adding TS and CCT to the conventional risk factors increased predictive accuracy for
CACS > 100 (net reclassification improvement index [NRI] = 131K F = 0.026: integrated
discrimination index [IDI] = 0.024, F = 0.001) and for OCAD (NRI = 12.6%, P = 0.026:
Dl = 0.010, P = 0.013)

Conclusions: Low TB and high CCT levels were th d with y athero-
wun—ummmwummumnwun
and CCT with CVD.

© 2015 Elsevier B.V. All ights reserved.

Introduction ingly, the of VD

mmmbmrwudmummumhw
Cardiovascular disease (CVD) is the leading cause of death  than that in Europe despite of comparatively lower
‘worldwide and has become a major health issue due to its mbﬁymmﬂu(“ﬁ}lﬂhmh&hm
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Table 2. Plasma oxysterols and some serum antioxidants in the healthy Italian and Czech subjects.

Itahan Czech

(a=138) (a=84)
70xCH 73 40
(ng/ml) 53-11 33-52
70xCH/total 1.59 0.76 -
cholesterol 1326 0.59-0.94
7BCH 105 6.0
(ng/ml) 7.7-19.7 53-74 .
7BCH/total 228 115 o
cholesterol 1643 099-13

5.75 6.95

PERSA* 48690 5.7-8.5 <10
Bilirubin 72 13
(umol/) 5.1-102 8.6-156 <10
Uric acid 71 324 G
(umolT) 215-329 252-364
Vitamin E/total 013 0.14 di
cholesterol 0.11-0.17 0.1-0.19 :

70xCH: 7-oxo-cholesterol; 7BCH: 7p-hydroxycholesterol; PERSA: peroxyl radical scavenging activity. Bilirubin means total
bilirubin concentration. Data expressed as median and 25-75%; * values represent micromoles of Trolox equivalents.

:‘ Lat D ) : h“h,;:. ;-:-.- -u-;—;,;“mh .--—--g-;-;
Bthlllom?nhl.c-:ﬁ! w' vascular wall of affected subjects (Stocker and

Keaney 2004). Oxadatively modified LDL (oxLDL),

& wvitekidcesnetcz which 15 a gate marker of
W 420 224 964 203 stress, diverse lly pro-ath
& =420 224964 203 event: and 13 2 hallmark of atherosclerosis and

lar dizease (CVD) development (Stocker

# Tanmal af A nnliad Riamadi ine



Original Article

The Relationship Between Gamma-Glutamyltransferase (GGT), Bilirubin (Bil) and
Small Dense Low-Density Lipoprotein (sdLDL) in Asymptomatic Subjects Attending
a Clinic for Screening Dyslipidaemias

Kazuhiko Kotani, “un rw, Kokoro Tsuzaki 'es, Naoki Sakane. 'wn mo

Abstract

Intreduction: Gamma-glutamyltransferase (GGT), bilirubin (Bil) and small dense
HMMIMLJMM'&!M-M&MWM
cardiometabolic diseases which are ch: rised by stress These
markers with the milien; however, th betweea GCT,

The mean (standard deviation) levels of GGT, Bil, and the mean LDL particle size
were found to be 21.7 (8.3) IU/L, 14.0 (4.3) umol/L, and 26.7 (0.6) nm, respectively.
An univariate correlation test showed both a significant inverse correlation
between the mean LDL particle size and GGT and a significant positive correlation
between the mean LDL particle size and Bil.

Ana Acad Med Singapore 2014,43:216-9
Key words: Atherosclerosis, LDL particle size, Oxidative stress, yG T, Total bilirubin

Introduction
Oxudative stress, which

Jars

as well as the underlying mechanisms of the association

Mdmummmm&mhhhﬂm
ofcudlmm:l.lrdume(CVD) |nunalhnhh|xnbhn
mWenem Am d other d

Th d d& :mss

|.'

and
h to limit the effects of
mdmwemmmamllﬁulhepmunmofﬂ’n”

. 2 serum markers, gamma-glutamyltransferase
(GGT) and bulirubin (Bal), whxhneteﬂtcm'eofhepmc

between Bil and CVD, are not yet sufficiently established.

The presence of small, dense low-density lipoprotemn
(sdLDL) particles, which extubit both a small LDL particle
nz:mdlgxmmcpuhhfylomd-mn.ﬂuuoodn
mds!dmbenmkmntknofm ’Weh\!na&d
that subjects with msul
(oxidative stress conditions that are often conrommuh
nccqmndbthdysﬂmmm)dqﬂq atherogenic

function in general, have been d as

stress and antioxidative markers “* In fact, GGT and Bil
levels are shown to be d with the devel

of cardiometabolic diseases. ' while the undu'lymg
mechanisms of the association between GGT and CVD,

wuﬁe&ﬂnthdes&emohdl.m.

plmcles 1+ Subjects with metabohic lynfkomtcanhn-e
hugh GGT levels and low Bil levels **** Circulating GGT

is also vbugh to bind to lLipoproteins, including LDL
particles 1 dadition. a few studies inducate that the DIOOT
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Bottom Line - What To Do

+ Uric acid < 3.7 mg/dL (men) or 3.2 mg/dL (women)

+ Consider deficiencies (molybdenum, zinc, iron)

+ Glutathione (BioG Max — GSH) and/or antioxidant therapy
* GGIT > 12-24 IU/L (Men) or 10-22 IU/L (Women)

+ Glutathione and curcumin
+ Bilirubin < 0.5 mg/dL

+ Curcumin, ECGC, rosemary, quercitin



Oxidative Stress

* Are you currently evaluating oxidative stress in patients?

+ Would you like to know which patients need antioxidants and
which don'te

+ Would you like to know which patients might benefit from
glutathione?



Summary

+ Uric acid is a by-product of purine metabolism. I, too, is an
antfioxidant and when low, can indicate a number of possibilities,
including oxidative stress

+ y-Glutamyltransferase (GGT) is an enzyme that metabolizes
extracellular reduced glutathione, which allows for the amino acid
precursors to be utilized for intracellular glutathione synthesis.

« High-normal GGT is a marker of oxidative stress.

+ Bilirubin is a by-product of red blood cell breakdown. It is also acts as
an antioxidant.

+ Studies suggest that when low (< 0.5) can indicate excess oxidative stress



Summary

« Qxidative stress is associated
with a number of chronic
conditions

* YOU how have an easy and
reliable way of evaluating
oxidative stress, and thus
recommending anfioxidant
therapy, to your patients/clients
using a standard blood
chemistry



Thank You




Limited Time Offer

+ BioG Max — GSH
+ Buy 5, get one free (February)

+ All other products 10% off until
2/10 at noon

WWW.biogenetix.com
/20-287-2155




