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FUNDAMENTALS OF TOXICITY

AND DETOXIFICATION
AND
NUCLEAR I\/IEDICINES







Toxicity

The degree to which a substance (a toxin or poison) can harm humans or animals
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Acute toxicity involves harmful effects in an organism through a single or short-term exposure
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Subchronic toxicity is the ability of a toxic substance to cause effects for more than one year but
less than the lifetime of the exposed organism.

over an extended period, usually upon repeated or continuous exposure, sometimes lasting for

Chronic toxicity is the ability of a substance or mixture of substances to cause harmful effects
the entire life of the exposed organism.




Toxicology vs. Toxicity

. Toxicology . Toxicity
— the study of chemical or — The relative ability of a
physical agents that interact substance to cause injury to
with biological systems to biological tissue

produce a response in the
organism



Dose Units

expressed in terms of quantity administered

Per unit of weight . In the air/Inhaled
mg/kg - ppmv (parts of vapor/gas PER
million parts of air BY volume)
ug/kg
mg/m?>
ppm
ppb

Skin Surface

mg/cm?



Toxicity vs. Hazard

. Toxicity — . Hazard —
- CAPACITY of a material to — POSSIBILITY or potential
produce an injury or do of exposure to a material that
harm....like RISK will cause injury when a

specific amount is used
under specified conditions



Effects ot exposure are dependent on:

. Dose
. Rate of exposure
. Physical state of material
. Temperature
. Site of absorption/exposure
. Diet
. General state of health



Dose/Response relationship

. The dose makes the poison...

...the characteristics of exposure to a chemical and the type of
effect caused by the chemical

...1n other words HOW exposed and HOW MUCH exposed to
that causes the effect being studied.



RESPONSE —™

Types of Dose Response Curves

Individual — describes a
graded response to varying
doses of a chemical

Death

Labored breathing
Unconscious

Deep sleep

Sleep

No effect

DOSE —»

Ethanol Dose Response on
single human

. Population — distribution of
responses to different doses
in a population of
individuals
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Simple example of mouse
population — carcinogenic effect



What is....

. NOAEL — No Observable Adverse Effect Level

. Threshold — the DOSE at which there are no 1ll
effects from exposure

. LOAEL — Lowest Observable Adverse Effect Level

The body is able to eliminate toxins fast and efficiently enough not to see
adverse effects...NOAEL. Eventually the body reaches a point where
toxins IN = toxins OUT... THRESHOLD. Finally beyond this point the
body can’t metabolize & eliminate toxins fast enough and we start to see
adverse effects...LOAEL.
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Dose Response Acronyms

. TD;,— Toxic Dose Low — lowest dose by any route EXCEPT
inhalation.

- mg/kg; mg/cm?; ppm

- Over ANY given period of time

- Reported to produce ANY toxic effect in humans OR to produce any
tumors or reproductive effects in animals

TCLO — Toxic Concentration Low — lowest concentration in
alr.

+  ppmv; mg/m?

. Over ANY period of time that produces any toxic effect in humans

. Reported to produce ANY toxic effect in humans OR to produce any
tumors or reproductive effects in animals



LD, — Lethal Dose Low — lowest dose of a substance (other than the LD50)
by ANY route EXCEPT inhalation that has caused death in a humans or
animals

LD, — Lethal Dose Fifty — calculated dose expected to kill 50% of a test
population by ANY route EXCEPT inhalation.

LC,, — Lethal Concentration Low —lowest concentration (other than LC50)
IN AIR reported to have caused death in animal or human.

LC;, — Lethal Concentration Fifty — calculated concentration IN AIR over a
specified period of time that kills 50% of a test population



Factors that influence toxicity

Chemical Factors Exposure Factors
. Composition . Dose, concentration
. Physical characteristics . Route of exposure
. Physical properties . Duration of exposure

. Presence of impurities
. Breakdown products

« Carrier



Factors continued...

Person exposed Environmental
Heredity
Immune system . Carrier
. Nutrition . Additional chemicals
. Hormones . Temperature
. Age . Air pressure
. Gender

. Health status

. Pre-existing conditions



ROUTES OF EXPOSURE!

. Ingestion

. Injection
. Inhalation
. Absorption



Types of Toxicity

Acute — effects usually within 24 to 72 hours after exposure,
however should occur within 14 days of exposure

. May be as serious as death or temporary as drunkenness

Chronic — effects manifest several weeks, months or years
after exposure

. May have been an isolated exposure or repeated over many years

Local — action of toxic substance on specific area of contact

. Such as skin, mucous membranes, eyes, throat

Systemic — effect or action is distributed through the body

. Inhalation of chloroform effects the brain



Few more definitions

. Carcinogen — substance that will induce a malignant
tumor 1n a person following reasonable exposure

. Mutagen — affects the genetic system of exposed people or
animals and may cause cancer or undesirable mutations in
future generations

. Teratogen — compound that affects the fetus through the
mother causing death or significant deformities

. (may have no effect on mother!)



Signs & Symptoms
Chemical Exposure & Heat Stress

] | . | ,
Chemical Exposure

Behavior changes

Breathing difficulties
Complexion/skin color change
Coordination difficulties
Coughing

Dizzyness

Drooling

Diarrhea

Fatigue/Weakness

[rritability

Irritation of eyes, nose, respiratory
tract, skin or throat

Headache
Light-headed
Nausea
Sneezing
Sweating
Tearing

Tightness in chest



Signs & Symptoms

Chemical Exposure & Heat Stress
Heat Exhaustion & Heat Stroke
. Heat Exhaustion - Heat Stroke (may be fatal)
- Clammy skin — Confusion
~ Confusion — Convulsions
~ Dizziness — Hot skin, high temperature
~ Fainting — Incoherent speech
- Heatrash — Convulsions
— Light-headedness — Sweating stops (residual
B Naicea sweat may still be present)

— Profuse Sweating - UnCOHSCIOUSHCSS

— Slurred Speech
-~ Weak Pulse






Definitions

Toxin: a substance with harmful effects on living system:s.
Includes heavy metals, biotoxins, and many industrial chemicals.

Detoxification: to remove or neutralize the toxic quality of toxins.

Xenobiotic: a chemical substance present within, but not made
within a living thing - a substance that is “a stranger to life.”

Persistent Organic Pollutants (POPs): hazardous xenobiotics that
resist degradation within living system:s.

Toxic load: the sum total of toxins within a given living system.




DETOXIFICATION

“+DEFINATION OF DETOXIFICATION :

Reactions which convert certain substances into compounds which are more
water soluble &thus readily excreted from the body. (Toxic to less toxic)

» Toxicity may not be eliminated but reduced.

« Detoxification is also called drug metabolism or biotransformation.




DETOXIFICATION

I Definition —series of biochemical reactions occurring in body to
convert foreign ( often toxic Jcompounds to nontoxic or less toxic

more easily excretable forms.
* Word DETOXIFICATION IS MISLEADING

* Detoxified products may be more toxic than original form but more
water soluble (polar) and easily excretable compounds.

* Methanol = Formaldehyde




DETOXIFICATION OF XENOBIOTICS

Xenobiotic or Phase | Phase | Secondary
waste metabolite Eaclions Primary metabolite,

in the diet or Reduction$ metabolite Conjugatio; suitable for
excretion

pgriplhgral Oxidation Sulfation
circulation Hydroxylation Methylation
Hydrolysis Glucuronidation




DETOXIFICATION OF XENOBIOTICS

Parent compound

Phase | reactions
e.g. oxidation, reduction, hydroxyiation

Intermediate , , ,
Phase |l conjugation reactions,

e.g. with glycine, sulphate, glucuronate,
glutathione

final metabolite

Urinary excretion




DETOXIFICATION OF XENOBIOTICS

Aldehydes

Ethanol - Acetic acid

Amines

Aromatic hydrocarbons

Benzaldehyde - Benzoic acid SU IfU rcom pO un d S
Aliphatic amine = Aliphatic acid + Urea D ru gS

Methanol - Formic acid




DETOXIFICATION OF XENOBIOTICS

Most of the oxidation reactions are catalysed by
monooxygenase or cytochrom P,

Many reactions of
cytochrome P, involve

Hydroxylation

the addition of a hydroxyl
group to xenobiotics




DETOXIFICATION OF XENOBIOTICS

responsible
enzymes are
called
monooxygen
ases
or
cytochrome

P450




DETOXIFICATION OF XENOBIOTICS

Cytochrome

P450




DETOXIFICATION OF XENOBIOTICS

NADPH +H*

NADPH -Cyt P,., reductase

oxidised

NADPH —Cyt P,., reductase

reduced

oxidised

0,

X-OH

H,0




DETOXIFICATION OF XENOBIOTICS

‘ e laece mamamamrm amAa lace rmamanta md dlkarrm savidadl s
It is less common and less important than oxidation.

Picric acid __Reduction . Pjcramic acid

> Trichloro ethyl alcohol

Chloral hydrate (Sedative)

Reduction




DETOXIFICATION OF XENOBIOTICS

Hydrolysis Many drugs are detoxified by hydrolysis.

Aspirin (Acetyl salicylic acid)

Atropine (Psychoactive)

Estarase

» Salicylic acid + Acetic acid

N1L,0

RHLO

> Tropic acid + Tropine




DETOXIFICATION OF XENOBIOTICS

Conjugation
means the chemical

Glucuronic acid

slutathione

Sulfate
combination of one -
compound with another Cysteine

compound.




DETOXIFICATION OF XENOBIOTICS

........

Conjugation with Glucuronic

acid

UDP-Glucuronate

UDP-glucuronate
transferase HOH

Bilirubin (microsomal) g’:gg?gﬁ;cs' drugs or
diglucuronide Glucuronides @ F HBERE = ---f...

UDP- Glucose I\ Bilirubin
Steroids

Drugs
................... Xenobiotic s

/1\

Proteoglycans,
Glycoproteins

Glucuronide

I——> Bile or urine

UDP-Xyvlose
Iduronate ‘




DETOXIFICATION OF XENOBIOTICS

Conjugation with Glucuronic acid

Benzoic acid + UDP-Glucuronic acid - Benzoyl glucuronide + UDP

Paracetamol + UDP-Glucuronic acid - Conjugated product + UDP

Diclofenac sodium + UDP-Glucuronic acid - Conjugated product + UDP



DETOXIFICATION OF XENOBIOTICS

Conjugation with Glycine

ol

"

C=-0
o 0

/"
O CoASH C~-SCoA G’YCI"G g -N=- OB~ C’/O
3L O gl

Benzoate ATP AMP + PP, ~SCoA




DETOXIFICATION OF XENOBIOTICS

Glutathione (GSH: y-glutamyleysteinylglycine).

Conjugation with | I
H O HC O
Glutathione HyN—C—CHy;—CHy— —.;:'—(:'—(“'--\'nwn_. —CO0
COO H

Glutathione
(GSH: y-glutamyleysteinylglycine)

\
Glutathions
Dichloronitrobenzene \‘ > Conjugated product

. } . 4 r
(A carcinogen) Glutgthipng-S-Transferase

Mercapturic acid — Urine




DETOXIFICATION OF XENOBIOTICS

. . . Glutamine
Conjugation with /
Glutatmine

W

l Phenylacetyl glutamine |




DETOXIFICATION OF XENOBIOTICS

PAPS, PAP

Paraacetamol l T » Ethereal sulfate

Transfarasa

PAPS
Conjugation Skatoxyl\ |

2 > Ethereal sulfate
with sulfate / \

Indoxyl
FAP

diclofenac sodium is conjugated with sulfate.
PAPS

Diclafenac snodium \‘l > Kthereal sulfate

PAP




DETOXIFICATION OF XENOBIOTICS

Acetaminophen N-Acetyl-p-benzoquinone imine

0




The Process of Detoxification and Elimination

Toxins Enter Through: Toxins Exit Through:

Liver
(Primary Detoxifying Organ)
—

e
~— o=

-—

Fat-Soluble Toxins Get Stored In: Water-Soluble Toxins

(e.g. pesticides, hormones, heavy metals) (e.g. nicotine, vapors, other chemicals)

Have Affinity For: Have Affinity For:

Fat Cells
Central Nervous » Side Effects - Muscles
System/Brain

& Signs of Toxicity

acne/skun rashes - allergies - arthritis/joint pain - autoimmune disorders - cardiovascular disease - chronic fatigue - constipation - diabetes - diarrhea
fibromyalgia - headaches - hormone imbalance - inflammatory disorders - 185 - neurologic disorders - obesity/overweight




The Process of
Detoxification and Elimination

Toxins Enter Through: Toxins Exit Through:

Excess Toxins
Get Stored In:

acne/skin rashes - allergies « arthritis/jJomt pain « autoimmune disorders - cardiovascular disease
chronic fatigue - constipation - diabetes - diarrhea - fibromyalgia - headaches
hormone imbalance - inflammatory disorders « IBS « neurologic disorders - obesityoverweight




How Toxicity Challenges
Our Natural Detoxification Systems

Truth

Ubiquitous
Too many to count
Complex interactions

Consequences
Altered brain function
Gut disturbances
Reproductive effects
Hormone disruption
Nutrient depletion
Inflammation
Cancer
Diabetes
Autoimmune disease
Degenerative disease
Cardiovascular disease
and more...

Heat- and stain-
resistant chemicals

Bisphenols

Mercury

Combustion chemicals

Acrylamides

Six chemicals in particular,
found in virtually every person,
were identified by the CDC as
important health hazards!




Lipophilic Toxins

Low molecular weight, non-polar, fat-soluble toxins easily move into
or through phospholipid membranes and into cells. They distribute
widely and can accumulate to hazardous levels. High molecular
weight lipophilic toxins are especially difficult to eliminate.

Common, Hazardous Lipophilic Toxins

volatile organics polyaromatic hydrocarbons mold toxins
polyvinyl chlorides industrial solvents ciguatera toxin
pesticides combustion products microcystin
phlalates perfluoro-octanoic acid dioxins
bisphenols tetrachloroethylene PCBs

flame retardants dinoflagellate toxins organohalides




Attention Please!
Doctors Needed to Engage this Problem

Growing awareness of the connection between toxicity and chronic disease.

J Environ Public Health, 2012;2012:356798. doi: 10.1155/2012/356798. Epub 2012 Jan 19.

Environmental determinants of chronic disease and medical approaches: recognition,
avoidance, supportive therapy, and detoxification.

Children's Hospital of Eastern Ontario Research Institute, Ottawa Hospital Research Institute, Ottawa, ON, Canada K1H 8L 1. megsears@ncf.ca

Abstract

The World Health Organization warns that chronic, noncommunicable diseases are rapidly becoming epidemic worldwide.
Escalating rates of neurocognitive, metabolic, autoimmune and cardiovascular diseases cannot be ascribed only to genetics,
lifestyle, and nutrition; early life and ongoing exposures, and bioaccumulated toxicants may also cause chronic disease.
Contributors to ill health are summarized from multiple perspectives--biological effects of classes of toxicants, mechanisms of
toxicity, and a synthesis of toxic contributors to major diseases. Healthcare practitioners have wide-ranging roles in addressing
environmental factors in policy and public health and clinical practice. Public health initiatives include risk recognition and
chemical assessment then exposure reduction, remediation, monitoring, and avoidance. The complex web of disease and
environmental contributors is amenable to some straightforward clinical approaches addressing multiple toxicants. Widely
applicable strategies include nutrition and supplements to counter toxic effects and to support metabolism; as well as exercise
and sweating, and possibly medication to enhance excretion. Addressing environmental health and contributors to chronic
disease has broad implications for society, with large potential benefits from improved health and productivity.




Glutathione (GSH)

A molecule of primordial importance

Free radical and OHS Phase 1 anions are
anion binding sites: H stabilized and
COOH = carboxyl HOOC\/\/”\ N._-COOH polarized, made
NH = amino i u ready for active
SH = sulfhydryl NHz 9) membrane transport

1. GSH maintains intracellular redox balance by mopping up
oxidative stress.

2. Glutathione-S-transferases conjugate GSH to phase 1 drugs,
toxins, and xenobiotics, preparing them for transport out.

3. GSH-dependent membrane transporters and efflux pumps
play key roles in toxin elimination.




The Biotransformation of Lipophilic Toxins

Phase 1 reactions add a functional group to a fat soluble toxin so the new
structure can be conjugated (joined to) a phase 2 substrate.

Phase 2 reactions continue the biotransformation process to create a water
soluble compound suitable for elimination into bile or blood for transport
and elimination by the bowel or kidneys.

Phase 1 Phase 2

Fat soluble Water soluble

Oxidation ==»  Sulfate conjugation
Reduction ==»Glucuronide conjugation

Hydrolysis == Glutathione conjugation

Acetylation =» Amino acid conjugation




Key Phase 1 and 2 Pathway Sites

The liver handles 70% of the
biotransformation work in the
body. Other active sites for these
pathways include:

1. kidneys

2. lungs

3. skin

4. intestinal cells

5. endothelial cells of the blood-
brain barrier

What these locations have in
common:

1. organs of detoxification
2. key tissue barriers




Liver Detoxification Pathways & Supportive Nutrients

Endotoxins
*end products of metabolism
*bacterial endotoxins

lipid-soluble (ndnpo
toxins stored in Jdipo
(fat) tissue contrip

load with weight I







