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�•�W.H.O.  30-40% of childhood illnesses 

associated with environmental toxins�

�•�C.D.C.  �“The epidemic of epidemics of CVD 

and immunological and neurological disease 

is likely associated with environmental 

toxins�”�

Nutritional

    Status 

Immune

Function
Gastrointestinal

     Function 

TM
TM Monitor and optimize GI health & nutritional 

status!�

� � � Essential Elements (WB, RBC)�

� � � Comprehensive Stool Analysis�

Amino Acids (urine, plasma)�

� � �    Erythrocyte Glutathione�

�•�Mice fed normal (24%) or low (7.5%) protein 

diet for 7 days�

�•�Oral MeHgCl (5 mg/kg) on day 6�

�•�Low protein diet associated with:�

� � 30% lower urinary and fecal MeHg+

� excretion�

Amino Acids, Lubec & Rosenthal,(1992)

�•� � glutamylcysteinylglycine�

� � � SH�

�•� Intracellular Protective Functions�

� � Antioxidant (redox state)�

� � Conjugation of metals and chemicals�

� � Regulation of immune function�

� � Inhibit replication of retroviruses�

Proc. Nat. Acad. Sci. (1997) 94 AIDS Res. Hum. Retrovir. (1992) 8

Immunology (1967) 61�
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�•� Initially, 2-3x upregulation of GSH 

synthesis and steady state levels (kidney

cells)�

�•� Increased activities of GSSH reductase and 

GSH peroxidase�

�•�Decreased TBARS�

�•�Neurons Do Not have such capacity�

Biochem Pharmacol (1995)   J Biochem Toxicol (1996)�

Toxicol Appl Pharmacol (1996)   Neurotoxicology ( 1996)�

y - glutamylcysteine� rGSH�
Mg++, K+�

glutamic

acid, ATP

y - glutamylcysteine 

  synthetase 

ADP, Pi�
glycine, ATP� ADP, Pi�

glutathione�

synthetase�

Mg++�

K+�

Cysteine�

�•�ASD (80) vs. control children (73), 6-7 yo�

�•� � plasma methionine, cysteine, total GSH�

�•� �GSSH  and GSSH:rGSH (oxidative stress)�

�•�Normalized with folinic acid, betaine & Me-B-12*�

�•� Similar % changes for GSSG and total GSH�

Am J Med Genet B Neuropsychiatr Genet (2006)141B:947-56   *Am J Clin Nutr 

(2004)80:1611-17  Horm Res (2006)66:182-8�

*�
*�
*�

Severely compromised endogenous detoxication�

*�
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�•� 10 y.o. male�

�•� Learning problems, physical / verbal tics�

�•� Exposure: hair lead 10 �g/gm (99th percentile)�

�•� Checked for neurotoxic metal retention�

� � 40 mg/kg glycine (oral)�

� � DMSA (10 mg/kg) �
� � �

DMSA/glycine challenge 

 Pb = 110 �g/gm

Envir Hlth Perspect (1986)65:363-411  Pangborn(1995), DDI/Bionostics 

Quig, Townsend Letter, June 2007�

Arch Environ Hlth (1980) 35:161-68      www.astdr.cdc.gov/HAC/

hairanalysis/6.2.htm�
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Environ Hlth Perspect (1995)103:1048-1052�

**��

      Fish 3X / week��
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����“All You Can Eat Crab Fest�” night before� MMM8$1),"8','8#3@N130+"3-/)N1+DJ871:-O��
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�•�Blood chemistries (e.g.CBC w/ differential,

creatinine, BUN, liver enzymes)�

�•�Low LBM: Creatinine Clearance Test (6 hr.)�

�•�Hydration�

�•�Many toxic metals are nephrotoxic�

�•�  Ca-EDTA, DMPS and DMSA : metals 

primarily to the kidneys for excretion�

�•�Dosage of agent proportional to relative 

efciency of creatinine clearance rate�

�•�Avoid acute renal failure!�

Arch Intern Med (2003)163:356-60�

�•�Ca-Na2-EDTA:  FDA approved in the 50s (Pb)�

�•�DMPS:  Not FDA approved, available from 

compounding pharmacies� �

  (Informed consent)

S

�•�Chemet�™: FDA approved for Pb �“poisoning�” 

in children in 1990�

� 2,3-meso-dimercapto-succinic acid�
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�•�  No biotransformation�

�•�Contraindicated when BPb>80�g/dL�

�•�Different application vs Na2-EDTA,

SLOW DRIP, NEVER EVER PUSH!�

�•�Orally only 5-10 % absorbed�

�•�Suppositories�

�•�Recent introduction of Ca-EDTA slow 

push/fast drip�

�•�50 mg/kg, � 3 gms�

�•�T1/2 about 30-45 minutes�

�•�6 hr. urine collection�

�•�T1/2 iv < 1 hr. �

�•�T1/2 oral � 9 hr.�

�•�~ 55 % absorbed (peak at 2 hrs.)�

Fund Appl. Toxicol (1990)14:598-607�

�•� IV: 3-5 mg/kg (250 mg max), slow push (>5 

min.)�

�•�Oral: 10 mg /kg BW  (5 mg/kg children), 

empty stomach (empty bladder)�

�•�With hold food about 2 hrs.�

�•�Encourage � 0.5L uid over next few hrs.�

�•�Collect all urine for 6 hrs.�

J Pharmacol Exp Ther (1995)272:264-74�

(300 mg DMPS oral) 

After�

424 ± 85�

162 ± 52�

  27 ± 3�

�•�31 y.o.f., ventricular tachycardia, 

demyelinating neuropathy with � weakness�

�•�DMSA 15 days,  no � UAs�

�•�Progressive neuropathy (face, quadriplegic), 

ventilator dependent�

�•�Started iv DMPS @250mg q4hrs for 12 days�

J Toxicol Clin Toxicol (2000) 38:777-780�
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Arch. Toxicol.(2002)76:437-31 Toxicol(1989)54:323-33 Toxicol

(2002)177:186-97     Envir. Toxicol.(2001)9:173-84 Toxicol Appl Pharm

(1999)161:283-93

�•�Only 20-25% absorbed �

�•�Peak plasma �� 3 hrs., rate U excretion 3- 4 

hrs.�

�•� ���
�����6�G�4�A�6�C�6�5���2�B���=�:�G�6�5���5�:�B�D�<�M�5�6�B���F�:�C�9������
�4�H�B�C�6�:�>�6�B��������������

���������������������4�H�B���� ���A���*����� �>�C�A�2�4�6�<�<�D�<�2�A����

J Nutr Envir Med(1998)8:219-31  PDR(2005) Toxicol(1995)97:23-38

J Pharmacol Exp Therap(1993)267:12-21�

�•� ���
�
���
 mg  DMSA/kg BW as oral bolus on 

empty stomach (�� 2 gms)�

�•�With hold food about 2 hrs.�

�•�Encourage �� 0.5L �Uuid over next few hrs.�

�•�Collect all urine for 6 hrs.�

J Nutr Envir Med (1998) 8:219-231�

�•�C. albicans and S. cerevisiae incubated with 

HgCl2�

�•�Both species transformed Hg++ to MeHg in 

proportion to Hg++ added�

�•� �*�D�A�E�:�E�2�<���=�6�4�9�2�>�:�B�=���7�?�A���H�6�2�B�C�	���:�>�4�A�6�2�B�6�5
�C�?�G�:�4�:�C�H���C�?���9�?�B�C�������������2�3�B�?�A�@�C�:�?�>����

Appl. Environ. Microbiol.(1991)57:245-7�
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Metal ion� � logK1�� logK2�

 Hg2+ 27                 36�

Ag2+ 25                 35�

CH3-Hg1+                 21                 31�

Cu2+                          18                 29�

Cd2+ 18                 26�

Pb2+                           17                25�

Zn2+        15                25�

�$�:�N�A�I�:�M�����D�G�E������������������ ���=�:�B�>�H�I�G�N���D�;���)�:�I�6�A�����=�:�A�6�I�:�����D�B�E�D�J�C�9�H����������������

���#����

Hg2+ 21�
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Hg DMPS or DMSA

         Pb DMSA/EDTA         DMPS 

As DMPS/EDTA         DMSA

        Cd EDTA         EDTA

        Sb DMPS/DMSA         EDTA

        Sn DMPS,DMSA         EDTA

       Pt, Ti DMPS        EDTA

       Fe, Al EDTA        DFO 

Toxicol (1995)97:23-38��


