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INTRODUCTION

Metals are the most numerous of
all elements. Even though some
are necessary in biological
systems, they are usually required
only in trace amounts.

Even essential metals in excess
can be toxic if not fatal.

They are involved in enzymatic
reactions or, as in the case of
iron, are involved with oxygen
transport.

They are also known to combine
with normally occurring
molecules, such as proteins, and
inhibit or alter their activity.



Physiological Role of Metals
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These compounds are involved in a
variety of physiological processes.

For instance: Fe catalyzes enzymatic
reactions involved with oxygen
transport.

Metals such as Na+, K+, and Ca+,
operate as essential ions vital for
neurotransmission and muscle
contraction.

Most metals function are involved in
electron transfer reactions.

Misplacement of these electrons or
competition between metal transfer
reactions, can result in toxicity.

Metals generate free radicals, which
may result in membrane and
organelle degradation.



CHELATION THERAPY
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Description

Toxic exposure to metallic elements

depends largely on the type of
exposure (inhalation, dermal
absorption, or ingestion), the species
(salt, element, vapor), dose, and
duration.

In the case of a few chemical agents,
antidotes are available for
neutralizing, terminating, or improve
the effects of metal exposure.

Chelation therapy decreases the
body burden of metals that have
been absorbed and distributed to
body tissues.

a Chelators have one or more
binding sites for the metal, the
affinity of which varies according to
the structure and properties of the
metal.
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Ideally, chelators should have
minimal risks involved with their
therapeutic use.

The chelator-metal complex should
be water soluble to enhance
elimination through the kidneys
without causing additional toxicity.

Chelators can also shift metals from
safe locations in physiological
compartments to more dangerous
areas (e.g., Pb trapped in bone
released into the systemic circulation
by the chelator).

oral administration is desirable,
especially for treatment of chronic
metal toxicity.




The toxicologically important
chelators:

* Chelators can bind to essential metals or cause the
movement of metals from storage sites, thus increasing
potential for toxicity.

The toxicologically important chelators:

= Dimercaprol

* Ethylene diamine tetra acetic Acid (EDTA)

= Penicillamine

= Succimer (dimercapto-succinic acid, DMSA)
" Deferoxamine

= Unithiol
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HG—sH Dimercaprol

Dimercaprol [2,3-dimercapto-
1-propanol, British anti-
Lewisite (BAL).

Is an effective chelating agent
for heavy metals such as As,
inorganic Hg, Bi, Cd, Cr, Co, Ni,
Sb, and Au

These metals form
intracellular ligands with sulfur
atoms in BAL.

Thus the bound metal is
unable to penetrate cell
membranes and is readily
eliminated through renal
excretion.




Ethylenediaminetetraacetic Acid
EDTA

* Ethylenediaminetetraacetic acid (EDTA) forms
four or six bonds with metal ions and chelates
both transition metal ions and main-group
lons.




EDTA
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EDTA is the chelator of

choice for Pb toxicity.

EDTA is also used as an
anticoagulant for stored

blood in blood banks; it

prevents coagulation by
sequestering Ca+2 ions
required for clotting

EDTA, administered |V, is
also used in the
treatment of acute Cd
and Fe poisoning.
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. Penicillamine

Penicillamine (cuprimine) is a
chelating agent for Hg, Pb, Fe,
and Cu.

It forms soluble complexes,
thus decreasing toxic levels of

the metal.

Penicillamine is well absorbed
from the gastrointestinal (Gl)
tract and excreted in urine.

Food decreases the

absorption of penicillamine

over 50%.

penicillamine it should not be

used in patients who are

allergic to penicillin.
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Deferoxamine

 Deferoxamine is an Al and Fe(ll)
chelator that has been used in
the treatment of acute and
chronic Fe poisoning and for
aluminum overload.

e Jtisisolated from the bacteria
Streptomyces.

 ltis not effective orally and
requires continuous
subcutaneous administration to
achieve efficient Fe excretion.

 Deferoxamine is removes both
free and bound Fe from
hemosiderin and ferritin but not
from hemoglobin, transferrin, or
cytochromes.




CH-1lISH

\
C/
“WOoH

/
HC-111ISH

O\C ,OH

@)
Aol aansil) #Me 3 223iwmDMSA)
ALY die alia 4l

2 paba )l x&eSuccimer sk

S S ks Jooe

Succimer
\ DMSA

Succimer (dimercaptosuccinic
acid, DMSA )

is used in the treatment of
acute Pb especially in
children.

Succimer combines with Pb in
the serum and is excreted by
the kidneys.

DMSA is absorbed from the Gl
tract.

About 95% of circulating
DMSA binds to cysteine
residues on circulating
albumin.
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Unithiol is the water-soluble
sodium salt of 2,3-dimercapto-1-
propane sulfonic acid (DMPS) .

Clinical and experimental
evidence suggests that DMPS is
capable of removing inorganic Hg
sequestered in human tissue

reservoirs.

Experimentally, DMPS penetrates
renal nephrons and promotes
accumulated Hg mobilization

from renal tissues.

Clinical, DMPS reduces chronic Hg
body burdens and enhances renal
excretion.
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Chemical Characteristics

Sb displays both metallic
and nonmetallic
characteristics and is
sometimes referred to as a
metalloid.

It is moderately flammable
in the forms of dust and
vapor when exposed to
heat or flame. When heated
or on contact with acid, it
emits toxic fumes of
stibine(Antimony hydride).
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Uses

Sb is used as solder, for metal
sheets and pipe metal, in the

manufacturing of storage
battery, paints, and ceramics,
and in enamels for plastics,
metals, and glass.

Sb oxides have been added to
clothing as flame retardants.

It has been used clinically for
its anti-infective properties
and in the treatment of
parasitic infections, such as
leishmaniasis .



Mechanism of Toxicity
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Like other metals, Sb
produces its toxicity by the
formation of ligands with
cellular organic compounds
and constituents.

the molecules lose their
ability to function properly,
which leads to disruption or
death of affected cells.

The binding of metals to
oxygen, sulfur, and nitrogen
inactivates essential
enzymes or protein
function.



Toxicokinetics
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Sb is not metabolized but
binds to macromolecules,
reacts covalently with SH and
phosphate groups, and is
excreted via the urine and
feces.

The absorption of Sb from the
respiratory tract is dependent
on particle size.

Pentavalent forms of Sb have
been detected more
frequently in the liver and
spleen and trivalent forms
with greater frequency in the
thyroid gland.



Signs and Symptoms of Acute Poisoning
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In humans, acute poisoning has
occurred as a result of accidental
or suicidal ingestion of Sb
compounds, with death following
within several hours.

Symptoms of severe Sb poisoning
include vomiting, watery
diarrhea, collapse, irregular
respiration, hypothermia.

Acute exposure to other forms
may result in hair and weight loss,
skin problems, and damage to
heart liver and kidneys.

Inhalation of Sb dust by factory
workers produce Gl irritation,
probably as a result of Sb dust
transported via the nasal mucosa.



Treatment of Acute Poisoning
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Treatment for acute Sb
poisoning is best accomplished
by using DMPS or BAL,

although chelation is only
indicated when blood Sb levels
are detected.

BAL may be the most effective
treatment for trivalent Sb in
the circulation, although

this treatment has little effect
following stibine gas exposure.

Dialysis has been
recommended for treatment
of pentavalent Sb exposure



ARSENIC (As)
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ARSENIC (As)
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OCCURRENCE AND USES

Inorganic As is found in groundwater,
surface water, and many foods such
as rice and grains.

As has been used clinically as an
anticancer agent.

As trioxide (As203) is a major
ingredient of traditional Chinese
medicine (TCM) and is used
effectively against acute
promyelocytic leukemia. Fowler’s
solution (potassium arsenite) had
been used as a treatment for patients
with asthma.

Today, inorganic As compounds are
mainly used as wood preservatives,
insecticides, and herbicides and in
the production of metal alloys.




Mechanism of Toxicity
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The mechanism of As
toxicity is related to the
inactivation of key enzyme
systemes.

Inorganic pentavalent As
does not react with the
active sites of enzymes
directly but first reduces to
trivalent As before exerting
toxic effects.

Bonding of trivalent As to —
SH and —OH groups
interferes with enzyme

activity.




HAA SO0 uuﬂh )\-‘-‘AJJJ-‘G—‘J
ATP il < 5y JUL

("UJ\ Allad u.u)‘ﬂ\ oy
J\_\.\AJJM 59 d.\.u}ms.uj\
d)hjﬂ\.&d\

dL:u
32 cizall

i ju\ u.a\.k S
PR

Inactivation of pyruvate

dehydrogenase with

trivalent As will prevent
generation of adenosine-5-
triphosphate (ATP).

As targets and accumulates
within mitochondria, thus
inhibiting succinic
dehydrogenase activity and
oxidative phosphorylation, a
process that results in
disruption of all energy
dependent cellular
functions.
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TOXICOKINETICS

Arsenate and Arsenite are well
absorbed by both oral and
inhalation routes.

e As is methylated in the body by

alternating reduction of
pentavalent As to trivalent As, the
latter of which is the more toxic
form.

Most mammals metabolize As to
inactive mono-methylarsonic acid
(MMA) and dimethylarsinic acid
(DMA), which are then readily
excreted in the urine.

the liver is an important site of As
methylation, especially following
first passage through the liver.




Signs and Symptoms of Acute Toxicity
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Patients with acute
exposure experience Gl
distress characterized by
nausea, vomiting,

abdominal pain, and

diarrhea.

Death is common in

patients who have ingested
large doses.

Serious respiratory effects
such as pulmonary edema
and respiratory distress may

be seen with acute oral
poisoning.



Signs and Symptoms of Acute Toxicity
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Hypotension, tachycardia,

and complaint of a

metallic taste in the

mouth and garlic odor on

the breath, as well as

delirium, are often noted

in patients with acute

toxicity.
Anemia and leukopenia

are common effects of
acute As poisoning in
humans.



Signs and Symptoms of Chronic
Toxicity
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Chronic As toxicity is
characterized by changes in
skin pigmentation, plantar
and Gl symptoms, anemia,
skin cancers, and liver
disease.

In patients treated with
Fowler’s solution, which
contains potassium
arsenite, portal
hypertension has been
seen.

Nerve injury was associated

to As20s3.




Treatment of Acute Poisoning
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Delay or prevention of As

absorption in cases of

high-dose oral exposure

may be accomplished by
useing of large volumes of
water, gastric lavage, or

cathartics initiated within

a few hours of exposure.

Chelation therapy is
indicated for acute As
poisoning, including BAL
and D-penicillamine.




Carcinogenesis
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Occurrence and Uses

* Ferric ferrocyanide, a dark-blue,
amorphous solid is used as a pigment
in paint and in laundry bluing N

Il
M- C- =N

e Potassium ferricyanide is used in
processing blueprint paper.

N
K+ [ n
c- ||

N=c C

e i|:,- c E:EN
N
N
 Fe compounds are also employed in
the treatment of hypochromic or Fe-

deficiency anemia.



Signs and Symptoms of Acute Toxicity
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1. Gl toxicity occurs within a few hours of
ingestion. Symptoms include nausea, emesis, and
diarrhea.

2. A period of relative stability begins
approximately 6 to 12 hours after

ingestion in severely poisoned patients.

3. Shock and acidosis may occur a few hours, and
up to 48 hours, after ingestion.

Hypovolemic shock occurs in response to fluid
and blood losses from the gut. Cardiogenic shock
usually occurs 26 to 48 hours after ingestion

4. Hepatotoxicity occurs within two days of
ingestion and is the second-most

common cause of death in Fe poisoning.

Liver cells have a high metabolic activity that
favors production of free radicals.

5. Finally, Gl scarring occurs two to four weeks
after ingestion. (injury to the gut lumen heals by
scarring and stenosis).




Treatment of Acute Poisoning
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acute Fe overload.



Clinical Monitoring
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Calculation of % transferrin
saturation indirectly measures Fe
stores (serum Fe and Fe-binding
capacity).

The serum ferritin correlates well
with Fe stores, but it can also be
elevated with liver disease,
inflammatory conditions, and
malignant neoplasmes.

A complete blood count (CBC) is also
an indirect measure of Fe stores
because the mean corpuscular
volume (MCV) of the RBC is increased
with Fe overload.

Excessive Fe stores are determined
by bone marrow and liver biopsies.
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* Occurrence and Uses

It is widely recognized
treatment of anemia, cancer,

rheumatoid arthritis, stroke,

and heart disease.

For instance, Cu complexes,
such as Cu aspirinate markedly
increase healing rate of ulcers

and wounds.

While it has been shown that
nonsteroidal antiinflammatory
drugs, such as ibuprofen,
suppress wound healing.




Toxicokinetics
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Ingested Cu may be absorbed in low stomach
pH.

Cu bind to albumin and amino acids for
transport to the liver.

Circulating Cu may also combine with
ceruloplasmin in the circulation and return
to the liver as ceruloplasmin-bound Cu.

Approximately one-half of the Cu consumed
is absorbed by the Gl tract, two-thirds of
which is secreted into the bile and excreted
in the feces.

Small amounts of Cu are also excreted in the
urine, hair, and sweat.

Cu has a great affinity for metallothionein
involves in Cu storage and transport.

High Cu levels stimulate metallothionein
synthesis.




Signs and Symptoms of Acute Toxicity
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Most human cases of acute
poisonings with high doses of Cu
result from attempted suicides
and accidental ingestion of

contaminated food and

beverages.

Acute Cu toxicity is associated
with bleeding and ulceration of
the Gl mucosa, acute hemolysis,

and hemoglobinuria. Hepatic

necrosis, hypotension,

tachycardia, tachypnea,

nephropathy.

CNS manifestations, including

vertigo, headache, and
convulsions, can result from
acute exposure.



Signs and Symptoms of Chronic
Toxicity
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* The liver is the major

target of chronic Cu
toxicity.
characterized in

individuals with Wilson’s
disease.

Hemolytic anemia is
secondary to hepatic
necrosis that releases Cu
into the circulation,
resulting in red blood
cell(RBC) destruction.



Treatment of Acute Poisoning
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Removal from Cu exposure is
recommended drinking 4 to 8 oz
of milk or water past to gastric
lavage is recommended for acute
poisonings.

To prevent further absorption,
activated charcoal is suggested.

If symptoms continue, EDTA or
BAL is given, followed by
penicillamine.

Strong irrigation with water is
used for ocular exposure.

Application of topical
corticosteroids is applied for
cases of Cu dermatitis.




ZINC
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Occurrence and Uses
 Znis used extensively as a

protective coating for iron.

Clinically, Zn oxide has
antiseptic and astringent
properties.

Zn salts have also been used
in electroplating; for
soldering; as rodenticides,
herbicides, pigments, and
wood preservatives; and as
solubilizing agents (Zn
insulin suspensions



Mechanism of Toxicity

e S llden AN o) ¢ e The mechanism of Zn

O LAY Jani Ll ¢dd g yma toxicity has not been
.Ca sFe <l JDA fully explained,
Ua i o plall a6y 28 although it enters cells
Ao galad) 4033 Ll through channels that
are shared by Fe and
Ca.

* This pathway may be a
prerequisite for cell
injury.



Toxicokinetics
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Under normal physiologic
conditions 20% to 30% of an
ingested dose of Zn is absorbed
via the Gl route.

Zn absorption is influenced by
phosphorus, Ca, once absorbed,
is widely distributed.

The highest content is found in
muscle, bone, the Gl tract, brain,
skin, lung, heart, and pancreas.

In blood, about two-thirds of Zn
is bound to albumin.

The principal route of excretion
is in the feces and, to a lesser
extent, through the urinary

system.




Signs and Symptoms of Acute Toxicity
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Acute toxicity varies depending
on the form ingested or inhaled.

Metal fume ,of inhalation of Zn
oxides, causes chest pains, cough,
and dyspnea.

Zn chloride is more damaging and
corrosive to the mucous
membranes.

Oral ingestion of large doses of Zn
sulfate has been associated with
Gl distress and alterations of Gl
tissue, including vomiting,
burning in the throat, abdominal
cramps, and diarrhea.




Signs and Symptoms of Chronic

Toxicity
& A gaall &l yzill k! ¢ <« Hematological changes
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el AM\ Jsull o e ¢ Long-term
Sl e 4 gisall 4laall administration of Zn
PRt g | PR Y supplements has been

implicated in cases of
anemia.




Clinical Management of Poisoning
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General recommendations for
management of excess Zn exposure
include removal of the victim from the
immediate area of exposure in the case of
inhalation and irrigation with water for
ocular and dermal exposure.

For acute oral toxicity, administration of
ipecac to induce vomiting is not
recommended in the presence of caustic
Zn compounds.

Ingestion of large amounts of milk and
cheese may reduce Zn absorption in the
Gl tract due to the high levels of
phosphorus and Ca present in these
products.

To reduce body burdens of Zn,
administration of Ca-disodium-EDTA is the
treatment of choice, while BAL has also

been recommended.




