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TABLE 26.2 Chelators and Their Properties |
Common or Metal-binding :
Agent proprietary name  affinity Indications® Common ADHs '
Dimercaprol BAL As, Hg Acute As toxicity, Hg- HT, tachycardia, NVD,
induced renal HA
damage
Ca-<disodium- Ethylene diamine Ca'*, Pb oevere Pb toxicty Henal damage
EDTA tetraacetate
Penicilaming  Cuprimineg™ Cu, Pb, Hg, Zn  Cu and Pb toxicity; Hg Allemgic reactions
elimination; Wilson's
disease
Deferoxaming  Desferal™ Fe's, Fe'” Fe toxicity Allergic reactions
succmer DMSA Chemet® FPb Fb toxicity NVD, anorexia
Unithiol DMP S Ha Inorganic acute and
chronic Hg poisoning




HS Dimercaprol (BAL)

ity 2,3-dimercapto-1-propanol, British anti-Lewisite ®

HS Cadll | abia | (5 geme D 3050 | gyl m
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BAL adduct
R, = H, R, = CH,OH
SE Deep I.M. Injection =
o 5 DMPS adduct
S5 4> Ry = H, R, = CH,SO,Na . :
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Succimer/ Succiner

Dimercaptosuccinic acid, DMSA =

Oral route ( injection only in China) =
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HS Unithiol
SO.H
2,3-dimercapto-1-propane sulfonic acid (DMPS)

Hs BAL (0 e e mla o

. " Oral and Iv injection

G35 paball s Za ) 3N e

Oral bioavailability : 50% »
Elimination half-life = 20 hours »
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o™ o Ca-EDTA

O
/Q\/\N
HO '\"/OH Ethylene Diamine Tetra Acetic acid ®

o
‘ il leal 4y 5 5 pudall o sl 0 ) oy dasi ) Cas | i dliae

In EDTA, a metal ion,
two oxygen atoms

and two nitrogen ;2
atoms comprise :
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" Oral only Penicillamine
Caluial) dgals =3 g8 Penicillamine ®
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/_\ HDG 0078.0467-91

NH Desferal® th NOVARTIS

for injection USP

500 mg per vial Defef Oxamine

Each vial cantzins
FE {"l} dederoxamine nasylate USF,

--..__ -~ R only S00ma in brophilaed form.
© s st NS
) Ve mssirataon.
‘ = Injection only
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Iron (Fe)

Ferrous (2%) and ferric (3%) %*

Toddler Deaths Resulting from Ingestion of Iron Supplements

IL.os Angeles, 1992-1993
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3.9 to 4.5 g of Fe

10% 20-30 % agi b n 65%
23S shudl 5 G gle sl Ferritin O e el
p450 cytochromes, hemosidetin
Myeloperoxidase
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Hemosiderosis & hemochromatosis **

5_all saall 33Ul s | Fenton reaction Osiié Jeldi yue 4V (&5 o

. oxidize
Fe*2 + H,0, ——— Fe*3 + OH + OH-
reduce
[ferrous, reduced form] [ferric, oxidized form)]
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Ty ] E Intestinal enterocyte
: ron absorplion

1-2mgfday

ferritin and
hemosiderin

sl pH b Fe? sak
daliaial Jgmal Fe'2 l

- Stl::rv:d in
Liver parenchyma
V. l

P .
(E2iESD)
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Iron-transferrin

as iron-ferritin complex

Hepcidin secretion
during infection or

Fﬂmplﬂx inflammation
in plasma
3o - S
p— Iron metabolism _ _
Erythropoiesis _ 20-25mg/day Reticuloendothelial

macrophages
in spleen and liver

@
\OO/ Aaatl dpad) Slij_al)

Circulating
red blood cells

in bone marrow
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* Fumarate - 33%
* Sulfate - 20%
*  Gluconate - 12%
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14




Laalls Alall M‘ ual e
Cellular s 55  Corrosive (b3

3 2 1
. dadall J.E aialS dla A Z\,gm :\ﬁ.w.n

aanill) 22y de i 24-48 aandl) 22y dcli 24-12 aanddl) 22y Sile L s

Ak e ol A gl Sl Y
N ‘9“ ?‘{94 Cral Lf} s cl-é‘j u\_ﬁc
i Al alas| 3 S
hYpOVOlleﬂ At ; 3 ohs u@\j | )ﬁ
Hypovolemia -

¥ = NPT o T T ————



Laally AIAM ewﬂ‘ o J;‘

5 4
M‘ JLGA.'“ KR %AQS ZQM
JalS ol (S alal .
JiS Jis eleaM] A J—‘Sﬂ Qj—’ IR
ROLPE > doanSll) pakl)
PO




Laall Ala all dsand
L 4 ®»
> anwan Syl il hemochromatosis = %
elaa¥) (e paall b e alialal
)y IS5 pasdl J gl o

transfusional siderosis J_Siall pall Jai o

e
Sl G e

22| c._\\)ja..'a\ u
Al G

JalaS aaall adiid Al g Yersinia enterocolitica b_yiSa (s 532l aa sl 45 jall dpand) Cidass ) o
Q).C\S.m olgq. :L\La\g\ lec d.\h 9 4_\.4.».4.@‘ L_iw\) L5JA.A d\.@_u\}!‘j GAAJ‘ J‘)A.\.ua\ uj LS'“"L‘J gl

= c ———— e r—————




Heart degeneration

(arrhyth

mias,

cardiomyopathy)

Bronze skin

g)epression

Hepatomegaly
Elevated Liver Enzymes
Cirrhosis

Dl ellitus
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Percent transferrin saturation (n_dwdl yill & Lul) 4w

serum ferritin Jwaall & (i il (5 giua

CBC : MCV

Glucose , ALT ,AST

paalldoa gl adil) ; alaall 339 2SI Ae 3A bone marrow and liver biopsies
kidney-ureter-bladder (KUB) radiograph
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/_\ HDG 0078.0467-91

NH Desferal® th NOVARTIS

for injection USP

500 mg per vial Defef Oxamine

Each vial contains
FE {"l} dederoxamine nasylate USF,
Rx only 00 mg in broghilaed form.

"~o0” 0 For suboanoous uamusctior e
; " Injection only

72\1 4 vials
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Deferoxamine/ iton in Urine

22
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Iron ingested

Y Y
¥

Asymptomatic only GI { S]n;t:amlc tmldgj
acidosis, altered mental status
oms present : .
symptoms p or hemodynamic instability)
k J
History of ingestion » >80 mg/kg
¥ ¥ v
¥ 20-60 mg/kg Obtain abdominal radiograph and Obtain abdominal radiograph and
<20 mg/kg or unknown » acid-base status and consider acid-base status and consider
emesis, lavage, or WBI emesis, lavage, or WBI
b L L i
Consider an abdominal radiograph, ,| Obtain serum Fe Send serum Fe
emesis, lavage and WBI. 4 hours postingestion
L L J
<500 pg/dL or >500 png/dL, metabolic
| unavailable, AND acidosis, or symptoms ¥
asymptomatic with develop or persistent Obtain baseline urine
Asymptomatic at normal acid-base status ’
i — . start deferoxamine therapy
postingestion
Y
N Urine colored]«
Clinically Yes
stable? ¥
N _| Continue deferoxamine
Stop deferoxamine < Yes No | asclinically indicated |~
Y

Discharge (Bad daala o gand) ol
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§3.546

Copper
[UD

Cu u.ﬂmj‘
Gl al el 5 0 3ila gl Jaaliall gl 5 Gl sl g anll 538 = Dal a2y
CuS04 («tall) cilal

Bl 7 5 (e B paiall g Al uall A1) 5) m
JJ.@J\L;AA:\.\.\J]\ i) ghall paxy dte duddall sbiall Caliay =

Q’JM\ oaladl)

&) s« Contraceptive intrauterine device (IUD)
Jaall
LR
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» 8.8mg U.Auﬁ L"éﬂ&i}#‘ JJJM

100-150 mg, = ||

g Cu/Zn m3¥) Aol gilsjall Hsdall 5l pal e oany
superoxide dismutase

small amounts S 3 :
Al ey 3V A 2l giy

q\ L oS gl & cytochrome c oxidase, »
t6my : " ; Z\-A}-*'A‘ =l A lysyl oxidase »
26mg 4 S yall dpasll dleall S8 dopamine b-hydroxylase »

) 8 Galadl) B8 ceruloplasmin, »
/
AL
TOTAL Cu = 110mg -
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Menkes Disease

Dietary copper (Cu) Brain

(Low Cu)

Skin & Hair
(Low Cu)

Small intestine
(High Cu)

Kidney
(High Cu) Bones

(Low Cu)

e uld 2l .
sadll g 0gl Baly) 8 Jdl .
) Sl jaxi .
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Copper intake from food

O
.

1. Absorption of copper

igacd) il jal

eTR] @Enéerog% UA ! !

r ox 1

2. Liver stage

. copper camer, ATOX 1

ATP7A and B: copper

Golgi {Awm Cu-transportlng
apparatus = Nucleus
'S Ciucteus> ATPases
\ \‘Q / : :
l Portal Bt Metallothionein
[CTR}
7 Blood flow N ,
_’ h g — . : Ferroxidase Allat
erroxidase
ATP7B ¥cs +2
/0. 4 CuCu actnty ‘JJ ! Fe dj“w
ATPTB , Fe+3
(Nucleus) ’@) , ( 3. Post-liver stage
T vesicle
Elimination of excess copper
\ / into the bile
Hepatocyte

...... ,__.‘Zﬂq ‘}-

chiaperone proiein

| Fase Gpe

-

B :.....:-,Ji'db.
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Enterocyte Circulation Tissue Cell \

Ferroportin

< Hephaestin Ceruloplasmin
(Cu) (Cu)
<
<
— — /
30
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Facces

Dietary
Copper
{Cu)

ATP78B
Bram

Different body

tissues-

-Heart
-Lungs

ATP7A

Portal
Vein

ATP78B
Bile }’ /f

d?

Blood
Circulation
Placenta Mammary
Gland
- -
& B
ot
Fetus Milk

ATP7A

Cu Excretion

TP7Q__——-—

L&
G
rans Golgi Network N @

Vesicular
reaycling
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Cu?t > Cut + 2H*

Cu* + H,05 > Cut+ OH + OH"
Fenton reaction

Cu* + Ho0y + Op' —> Cut + 0, + OH + OH’
Haber-Weiss reaction

Py B g
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Main symptoms of

Copper poisoning

Syst.emlc Eyes and skin
- Chills - Yellowing (jaundice)
- Fever
- Pain Circulatory
S i
Mouth e Srt:ﬁ(r:‘:a

- Metallic taste

$ g Gastric
Muscular LIV = - Vomiting
- Convulsion | - Nausee?
- Ashes - Abdominal
- Weakness | pain
- Burning
. sensation
Liver
- Decreased 2
= Kidneys

function ¢
- No urine

Intestinal
- Diarrhea (may be bloody or bluish)
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INDIAN CHILDHOOD

CIRRHOSIS (1CO)

@ [ndian Childhood Cirrhosis is a
chronic liver disease of childhood
characterised by cirrhosis of liver due
to deposition of copper in the liver.

= It primarily affects children of 1-3
years of age and has a genetic pre-
disposition. It had a very high case
fatality in the past but has eventually
become preventable, treatable and
is now rare.

®m Recently, a significant decline in the
incidence of Indian Childhood Cirrhosis
has been observed in all parts of India
since the use of copper and brass
utensils for boiling milk is reduced.

FACTORS THAT MAY

PREDISPOSE TO THE DISEASE

®m Copper inloxication due lo utensils
m Infeclion
W Heredily

TREATMENT

Medicines in initial stages

3 5igd) JUilaY) die A<t aad

oeladilly A Jall doacddl () £ o

L

. Wilson disease O slis o2« =
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Liver transplant in severe cases




Wilson’s disease, autosomal
recessive genetic disorder
ol ¢ya 3a oS i

Froximal renal
tubular dysfunction

Kayser-Fleischer rings

=

Cardiac

. Kayser-Fleischer ring

Kayser Fleischer rings

Liver

Hepatomegaly

Jaundice

Acute hepatitis

Fulminant hepatic failure

Partal hypertension: bleeding varices
Cirrhosis

Bone
Arthritis
Rickets

Hemolysis

Central nervous system

Ceterioration in school performance
Behavlcoral changes

Inco-ordination (handwriting detericrates)
Resting and intention tremors

Dystonia

Dysarthria

Excessive sallvation

Mask-like facies

Dysphagia
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Oral intake of copper
(1.5-4 mg daily)

|

Intestinal absorption

|

Plasma albumin binding
(rapid clearance)
Menkes disease __ _ _I|_

{reRanoaomne) " | = Other lissues, proteins:~'
yia Brain

BEHEY Ezgymes ===

' v / .
Urine. ,

| Aceruloplasminemia
Wilson disease (chromosome 3)
{(chromosome 13) .
Ferritin

Fe?*

Ceruloplasmin Iron mobilization

(ferroxidase)
(el daala o gandd ale Biliaiy excretion Plasma transferrin
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Selenium
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:Sodium selenate (5 dua 6
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Forms of selenium

organic selenium H H

| |
= - +_ B— s +_ e -
— Selenoaminoacid HalN C, coo HaN C| COo

« Selenometionin Gha T
- Selenosistein =0 SeH

_ Selenoprotein cysteine selenocysteine

I « Selenoenzyme: GPXx .
; O
2. Inorganic selenium Se

— Selenide (Se?: Na,Se) HsC™ \/\‘)J\OH

— Elemental Selenium (Se° ) NH,

— Selenite (Se+4: N828803 ) Selenomethionine

— Selenate (Se*®: Na,SeO,, L.
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Ak Jiay e 8 5 colutathione peroxidase, ausS sy ¢ sl slall ay 3l U Sa 2l o
A SN e e

thioredoxin reductase s deiodinases 428 yall azll Chlay )il o .
selenocysteine JS&u 3 g sa
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Selenium
defi ciency

=3 Se Asiatad o gle phil ol |

perOX|dases X

8 a2 )« Keshan’s disease : +

mjury

Increased
oxidative stress

[ Myocard|a|
alazll & 4 30 Kashin-Beck disease: ¢

Ventricular
dysfunction

[ Cardiomyopathy J
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Diatary forms Intracellular Se cycle

= _ _,HSe.
Inarganic Se -"f 25 P J T —

SerIt-tFtHA

Organic Se -“J

Esnte mcyte

o siabiaall Landd) i)

"sn'-.u

Distribution

of 5ePP1

w‘-’-

Testis

Kidney

SePP1l Excretion
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Se-methionine Se-cysteine B-lyase
Selenate

S5a"
Exhaled 4 /

I—- Se-cysteine

TL Selenite
|
) w /
(CHg)2Se — — Selenide = Selenoproteins
Methylation (glutathione peroxidase,
selenoprotein P)
w w
(CHg)aSe Selenium-binding
proteins
w
Urine

FIGURE 928—1. Metabolism of selemum. The selenide amion 1s central in selemium
metabolism. Organic selenocysteine 1s converted wvia the B-lyase enzyme to elemental
selenium and then to selenide. Selenomethionine may either undergo transsulfura-
tion to selenocysteine or methylation to excretable metabolites. The selenate and
selenite salts are reduced to selenide. Selenide then undergoes one of three processes:
methylation, incorporation nto  selenoproteins, or binding by nonspeaftic plasma

. 113 .
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Garlic odor in
breath due to
dimethyl selenide

diarrhea
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(normal range in whole blood 0.1-0.2 mg/L)

AN Balad) dand) 23

SLETY) Gl g animgl) acnll Jadd 3>
A a sl aes o oY) pa | e LBY) (g pat g Basall Jane (K

dsendl s (0 BAL s EDTA X1 »

L’é.&.AJ;\.!.Ale 33.«.43\?.‘9 51




Cadmium (Cd) ase\sll
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TABLE 21.1 Lead Toxicology

Absorption Distribution

Adults: inh > Gl (occupational) ~ 1st blood pool, 99% rbc bound

Particles <1 m Labile ST pool

Inh 30-40% Stable ST pool brain > kidney >
. Gl 10-15% iver

Children: Gl » inh, GI 40-50% Labile trabecular bone pool

Rapid placental transfer Stable cortical bone pool

Excretion

Urine > bile > sweat > hair
Urine 66%

Bile 35%

1112 blood: weeks-months
T112 bone:

10-20 years

aladal) 352 g0 (alatia¥) il
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Absorption Distribution Excretion

3rd compartment
Bone

Half-life = years g yand) pala At b3 o ga

Inhalation ] Lungs | l T
1st compartment
Ingestion || GI tract _.-_" Elood -] Kidneys == Urine
* Half-life = days
- to weeks 0
Liver _‘__.'" 65%

¢ 1

2nd compartment

Soft tissues Sweat
Half-life = —|  hair

weeks to months nails

0
..GItmct_y"?%azg;

Eile
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Lead exposure

Aboul 10,000 U S. children ages ¥ 1o 5 have efevaled blood lead
levels, which can accumulale over monihrys and yvears and cause
serrous health problerms.

j Sources
Effects on children - Lead-based paint,
= Kids absorb up 1o 70 percent contaminated dust

in homes built
before 1978

= Drinking water
from lead pipes

- Contaminated
foad

- Soil (lead does
not biodegrade,
decay)

- Toys*®

of lead, adults about 20 percent

- Often undetected: No
obvious sympioms

- Can lead to learning
disabilities, behavioral
problems, malformed bones,
slow growtih

- Verny high levels can
cause seizZures,
coma=, death

What parents cando &——=

- Have child = Frequently - Only - Test paint,
screened if wash child's use cold lap : dust in home
there is concern hands, toys, water for drinking, if it was built
of lead exposure paciliers cooking before 1973

"Old toys with lead paint a kneovwn risk, butl new 1oys from China nowvw have comea undar scruliny

Scource: U.S. Cenlers for Disease Control and Prevenlion,
U.S. Department of Health and Human Sarvices 2 22007 MCT
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Adults

Brain

Memory loss, lack of
concentration, headaches,
irritability, depression

Lead exposure

- Although often without obvious

- symptoms, lead exposure can affect

- nearly every part of the human body. No

j safe level of lead in the bloodstream has

- been determined by the federal Centers
for Disease Control and Prevention.

Cardiovascular _- ~-

- Children

High blood pressure

Kidneys

Brain Abnormal function
Nervous Behavior and damage
system problems,

Damage lower 1QQ,

hearing loss,

Digestive system
Constipation, nausea
and poor appetite

learning
disabilities Reproductive system
Blood Men: Decreased sex drive
Anemia and sperm count, sperm
abnormalities
Kidneys Women: Spontaneous
Damage miscarriage
Body
Body Fatigue, joint and
Decreased muscle pain
bone and
muscle Nervous system
growth Damage including
numbness and pain in the
e . extremities

Sources: Centers for Disease Control and
Prevention: National Institutes of Health

SHARON OKADA sokada@sacbee.com




digestive issues
stomach complications
anemia 2
kidney damage

. Lead Colic

. developmental complications

a loss of 4-7 1Q points per 1 pg/dL increase
behavior and attention problems

Plumbism
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Detection of Lead (Pb) toxicity

Burtonian lines
...‘~ ‘7&5‘* R

X-ray
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Basophilic stippling
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Free Erythrocyte protoporphyrin (FEP) assay. =

/ el e s
Loy Zinc Erythrocyte protoporphyrin (ZEP)

Apaall et e Lad Jii dy | (aba )l L cul
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o< : d
Blood Lead
Level
(BLL, pg/dD) Recommended Action Chelation Therapy
Sto <10 Provide education, testing, reporting BLL to No chelation therapy
NYC DHMH: follow-up in 3—6 months
10 to <15 Provide education. testing, risk assessment, No chelation therapy
reporting BLL to NYC DHMH; follow-up in
3 months
15 to <45 Provide education, testing, risk assessment, No chelation therapy
reporting BLLL. to NYC DHMH:; follow-up in
1-3 months
>45 As above, also confirm BLL with venous Chelation therapy: Ca-EDTA for
sample, perform FEP test+ medical exams: 3-S5 days, followed by
follow-up as soon as possible Ca-EDTA + BAL if BLL > 69 pg/dl

oo 438 jlie Can gy AL Glal) 8 alia 1) (5 3ae @l a4 dpand) 3y 3 28 soa d EDTA - aladia
BAL

Oral chelation with succimer 1s indicated for children. 73
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