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HEAVY METALS
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Some metals needed in trace
amounts  like Tyow ,Copper
Body lacks any major system to

remove excess metals w¢ prwf on Yaew
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Mainly by renal




LEAD

.+ Lead poisoning is one of the oldest occupational and

environmental diseases in the world
Covrlamivfe wirth ( i Sood)
Exposure from: environment (water, air, soll, 100d),
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1 « Environmental lead exposure  has declined
) considerably in the last three decades. L
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c}:»G N elimination of lead as an additive in gasoline, as well as

‘ dimin_ighed contact with lead-based paint and other lead-
r\“LH 27 containing consumer products.
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LEAD

Lead is a cumulative poison that causes both chronic

| (ff) (plumbism) and acute intoxication

@, (lonqer Jince)

| l\')c/ « Acute poiso_nir_lg“ié rare but chronic ore is a serious
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| * The intestinal tract is the primary route of entry in
| non-industrial exposure....from food & water 3.0 \»
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* Lead-containing paint is a 1ry source of lead exposure
| in children (pica) {giiontys
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ToxicoKinetics

Oral exposure: ( 4Wvewg~ 6qurro(ulcsiuanﬂ 5354—%)

adult diet (10% absorbed, children absorb Somosuv)e' "
OPLAw) e— SN P Adose albse
qs <0 Dietary deficiencies of calcium, iron, zinc enhance lead

Ejiéi«:l absorption as well as its tissue storage
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"~ « Inhalation: absorption is greater and more rapid by

)f P’“’é/ pulmonary route...is the major route of industrial
i exposure (lead fumes, fine particles)
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[ O Dermal absorption is poor, Cutaneous absorption of lead is
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Toxicokinetics

After absorption lead circulate through the M
cytes and 1% present in

| associated 99% with eryt
| Pplasma ( RBCs)

t e Distributed first to soft tissues (renal tubule and liver)
and then incorporates into bone) hair)and (teeth) for

storage
¢ Crosses the placenta and the BBB

* High affinity for bone and other calcified tissue.....90%
deposited in bone ‘"lead lines” (tertiary lead

| phosphate)
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Toxicokinetics

glearance: ha!f life in the blood and soft tissues is 1-
months; while in bone is years to decades

~ 0 .
70% of lead excretion occurs via the urine

Less.amounts are eliminated via the feces and

exfoliation of epithelial tissue, sweat, and breast milk
(very \«'\g\r\)

A dose of 0.5g of absorbed lead is estimated to

represent a fatal dose
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« Whole blood lead concentrations are non toxic if <
150 pg/L (1 mmol/L)

« Concentrations over 600 pg/L [3 mmol/L] (children)
or 800 pg/L [ZL’@QML] (adults) are usually

associated with severe toxicity.
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« level for lead in drinking water is 15 ppb.....however,
the maximum contaminant level goal 0 ppb
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Toxicity

e The toxic effects range from

¢ inhibition of enzymes to the production of
‘ severe pathology or death

¢ Lead exerts multisystemic toxic effects that are
; mediated by multiple modes of action:

¢ Primarily by binding to sulfhydryl group of

protein molecules....cause inactivation of several
enzyme systems > \@flisy 092 Chas L
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\tbw MmcV s low MCH
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ecreased heme synthesis......increase

d production of RBCs by bone marrow
30 (compensatory mech.)

v\o(mu‘ McCV
low) /U(-,H

s Th i
e | ese cells are released as immature
Z Temg reticulocytes and stippled cells (basophilic

M q' U .- stippling)

Qf“{l/jw° When blood smear is stained erythrocytes display

ot r;p, dots......accumulation of mRNA
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Renal Toxicity
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« Chronic lead nephrotoxicity consists of interstitial

fibrosis, progressive nephron loss, azotemia & renal

/ failure Uj;j’f"c" (“‘l'r:‘?e“( f“ﬁ« cleuated T el
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o Acute lead neShr‘”étoxuuty“QonSIsts of proximal
| tubular dysfunction and_ azotemia.....can be

A’ Loni ; reversed by Tx with (chelatlng agents)
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for VO enzymes involved in vitamin D metabolism....affect
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e Gy X
LU, Neurologic, Neurobehavioral, and

bp e : :
e\ Developmental Effects in Children
~-S* Manifestations range from impaired
(‘Lé_/‘ headache, diminished visual-motor coordination, & tremor
to overt encephalopathy: lethargy or delirium, vomiting,

irritability, loss of appetite, dizziness, and convulsions

concentration,

; * May progress to obvious ataxia, and reduced level of
consciousness....may progress to coma and death
e e xCitato
° lead affects virtually every neurotransmitter
" system in the brain (glutamatergic, dopaminergic,
; and cholinergic systems)....
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,»,, Oecovery is often accompanied by sequelae including

l

| epilepsy, mental retardation.....in some cases, optic
; neuropathy and blindness
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Effects on Cardiovascular System
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} e The pathogenesis of lead-induced |hypertension s
| e L4

; 1. Inactivation of endogenous nitric oxide and cGMP,
| possibly through lead-induced reactive oxygen species;
|°4'CV\S‘\W 4M05-‘»€VOV\€ Svs#tm)
d increases in sympathetic
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Other Toxic Effects
( Can q?ﬁ‘QC‘\‘ 'k\re .\Mmuv\e 5354’5"“)

5 Lok _ (cd ecrease)
Imd decreases immunoglobulins, peripheral B
es, and other components of the

i i . :
mmunologic system...immunosuppressive agent

" - Retention and mobilization of lead in bone occur by
calcium

ws |

M—-‘ L the same mechanisms involved in
ol 2Zahen regulation.....competes with Ca for Gl absorption
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¢ |Lead affects ostegjblasts, and oste¢lasts ..... has been
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>3 associated with osteoporosis and delays fracture

iv\CﬁCUSQ : > :
cuapCeE GEM wcyease chemce ot o:.}coFOﬁ?S\S \aldven
: es w <
i SO (suppr® 3 ;Og)qtcm)** U
3)1\,& |('/Lfypj3 ();;L;SPPC,}J ef!f‘"ﬁ"‘ P
Wpe " e
Joxicdy ——>‘;$?ecl Uidamin D aChiafton —> OSt€opove =

n e,t‘irb
|

!
{
’ :
| o Lead toxicity has long been associated also with

ntaneous abortion and low birth

Other Toxic Effects

|
. \sterility and spo
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¢ Gl effects: %A{/ 5+k<
— Abdominal cramp babs
— Constipation, Nausea (louJ IGJ)

— Less common Diarrhea
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Diagnosis

\caol, Yné)f’ [*’/i”f;“‘ L.’g;u\

(LAY egSkeletal x-ray's fluorescence measurement of

Jenst lead

meta P & Blood levels of lead

line) r Anemia microcytic,
basophilic stippling )

G» Azotemia, Gout
~¢High blood levels of 8-ALA & copropor

[
(o }ﬁm"/") (after few weeks of exposure)

hypochromic (with

phyrins

Diagnosis
o Waskery Gle o=

f?qh'f
« N.B: consider lead poisoning in any patient with
with abdominal _pain,

multisystem _findings
headache, anemia, and, less commonly, motor

neuropathy, gout, and renal insufficiency.

[
| Consider lead encephalopathy in any child or adult
' with delirium _or _convulsions (especially with

I coexistent anemia)
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# Adapted from Gurer and Ercal (49).

u7iv b\oocp [ lor S waon \ech ote )LMJ\

: \evel

GURE 1. Effects of lead poisoning on human health?®
a):hlldren ug Pb/dL blood Adults

Le ming disabilities =" 1 Hypertension

Attention & IQ deficits Neuropathy

Anti-social behavior | 10 1 Memory

Headache & seizure | Irritability

| Hearing & growth , Headache

Mental retardation ; 1 Hearing acuity

Abdominal & joint pain ? Nephropathy

1 Hemoglobin ‘ Sterility/Impotence

Anemia ’ 50 + Hemoglobin

Nephropathy Longevity|

Encephalopathy Anemia

Encephalopathy

LEAD TREATMENT

TREATMENT:

| PATIENT ; 3
| . CHELATING THERAPY: ¥ he"™™) "4
i) gai p
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\0 ¢ 2-+Calcium EDTA Comp' & ;9_:)”
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* SUPPORT

« REMOVAL OF THE SOURCE & STABILIZE THE

++D - PENICILLAMINE 4010 $urtner
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* Treat seizures and coma if they occur J \O,GZJ:N“
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Treatment s

* Provide adequate fluids to maintain urine ﬂowmk?j
but avoid overhydration....may aggravate
_cerebral edema —

* Patients with increased intracranial pressure
may benefit from corticosteroids or mannitol

* Decontamination by activated charcoal and
whole bowel irrigation

CHELATING AGENTS
Be,sx' Cr]l—cf‘l’a #o( avxj th[mpﬂ'j Q_BQJ
WHAT MAKES A GOOD CHELATING AGENT?

H NONTOXIC & FORMS NONTOXIC COMPOUNDS

@ HIGH WATER SOLUBILITY
SIMILAR DISTRIBUTION TO THE METAL

€Y

@ LOW AFFINITY FOR CALCIUM and other ions

(5) EASILY REMOVED FROM THE BODY

@ GREATER AFFINITY FOR THE METAL THAN
ENDOGENOUS LIGANDS

Treatment with chelating agents decreases blood
lead concentrations and increases urinary

excretion

v
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{ DIMERCAPROL (BAL), Britsh Antitewisite comp. (.M

5. horms, complexes with sulfhydryl groups.

: 1 > , ) :
Sgd for inorganic mercury, arsenicand in lead
poisoning e .

« Chelate lead in serum and cerebral spinal fluid
« Usually used in combination with calcium EDTA

. AT‘hcicomplex is rapidly excreted in the urine

S T
wp TN May cause hemolysis in patient with G6PD

| deficiency
. ADE: transient hypertension, tachycardia, N,V fever

|

|
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; fém DISODIUM EDETATE](CaNa,EDTA)

i (im/iv)

| o Mobilize lead from soft tissue and bone

| « Forms a stable, _nonionizable, —water

| soluble compound with lead

o Complex rapidly excreted in urine

o ADE: fever, headache, NV, anorexia, myalgia,
hypotension. s

e ADEs: @.@minimized by adequate

hydration
e May deplete manganese, zinc & iron
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SUCCIMER (DMSA).\..0.0

+  DIMERCAPTOSUCCINIC ACID....water solubleiinalog of

BAL
« Enhances the urinary excretion of lead and mercury

without affecting the elimination of f the endogenous

minerals as Ca, Fe, and Mn
. AD@s Idy sturbances, mild reversible increase in

transaminase enzymes, allergic reaction
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' ¢ Penicillin derivative without antimicrobial
| activity...allergy!
| *  Widely replaced by succimer because of its poor
[
|

safety profile Bk
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‘ EDTA for 5 days

Blood lead 10-24 pg/dl ~ Chelation no recommended

Succimer
for 2-4weeks OR EDTA for 5 days

Blood lead 45-69 pg/dl  EDTA for 2 weeks

Blood lead 25-44 pg/dl

Blood lead >70 pg/dl BAL for five days + EDTA for 5
days
Aon OV)J-—L_/ L/M L)“«P \_,QJJ)
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Y LEAD
} | * SUPPORT:
i

* Establish adequate urine output before

))al‘ Y i mhelating agent) (fluid bolus but

d/‘ £ monitor coz may aggravate cerebral edema)
‘ g,@'%&for patients with severe renal

'—-J)\;,gBlvood lead levels: _stop chelation if level
éefebm{ (<30ug/dl

ema * Recurrent blood level assessment before and

| after treatment with chelating agents at regular

interval
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