(1

7EPA

United States
Environmental Protection
Agency

' {

Analysis of arsenicals and their sulfur
analogs using HPLC with collision cell
ICP-MS and ESI-MS/MS.

Kevin M. Kubachka?, Christina M. Gallawa?, Patricia A. Creed?, John T. Creed?,
Michael C. Kohan3, Karen Herbin-Davis3, and David J. Thomas3.

1United States Environmental Protection Agency, National Exposure Research Laboratory, Microbiological and Chemical Exposure
Assessment Research Division, Cincinnati, OH, 45268. kubachka.kevin@epa.gov, creed.patricia@epa.gov and creed.jack@epa.gov

20ak Ridge Research Fellow, Cincinnati, OH, 45268.

3United States Environmental Protection Agency, National Health and Environmental Effects Research Laboratory, Experimental Toxicology
Division, Research Triangle Park, NC, 27711. kohan.michael@epa.gov, herbin-davis.karen@epa.gov and thomas.david@epa.gov

Although this work was reviewed by EPA and approved for publication, it may not
necessarily reflect official Agency policy. Mention of trade names or commercial
products does not constitute endorsement or recommendation for use.

Office of Research and Development
National Exposure Research Laboratory, Microbiological and Chemical Exposure Assessment Research Division, Chemical Exposure Research Branch July 9, 2009


mailto:kubachka.kevin@epa.gov
mailto:creed.patricia@epa.gov
mailto:creed.jack@epa.gov
mailto:kohan.michael@epa.gov
mailto:herbin-davis.karen@epa.gov
mailto:thomas.david@epa.gov

Introduction - Arsenic

Because inorganic arsenic is classified as a carcinogen, it has a Maximum
Contaminant Level Goal (MCLG) of zero under the Safe Drinking Water Act.

. Potential health risks include:

— Cancer — Health Effects
= Lung = Cardiovascular
= Bladder = Pulmonary
= Skin = Neurological
= Kidney = Endocrine
= Liver

Biotransformation of arsenicals may influence how arsenic expresses its toxicity.

Basic Terminoloqgy of Arsenicals and Thiolated Analogs of Interest

O S Example:
I < [
R—As—R —>» R—As—R Dimethylarsinic acid Dimethylthioarsinic acid
| | (DMAY) «— (DMTAY)
R R 0 » s
CH;—As—CHj e
R=CH,, OH, or S e CH, g: CH,
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Introduction — Thioarsenicals

- Arsenic sulfides have been found as metabolites:

— DMTA" in rat livert, DMTAY in sheep wool? and human urine34, and
DMTAY and TMAS in mouse urine>.

— Inorganic As-S and mono- and di-methyl As-S in sulfidic waters®.

- Specifically, DMTAY has genotoxic’ and cytotoxic® properties greater
than DMAY and similar to that of DMA!!,

1) Suzuki et al., (2004), Chem. Res. Toxicol., 17, 914-921. 5) Hughes et al., (2007), Tox. Ap. Pharm., 227, 26-35.

2) Hansen etal., (2004), Chem. Res. Toxicol., 17, 1086-1091. 6) Wallschlager et al., (2008), Env. Sci. Tech., 42, 228-234

3) Raml et al., (2005), Chem. Res. Toxicol., 18, 1444-1450. 7) Kuroda et al., (2004), Tox. Ap. Pharm., 198, 345-353.

4) Raml e. al., (2007), Tox. Ap. Pharm., 222, 374-380. 8) Naranmandura et al., (2007) Chem. Res. Toxicol., 20, 1120-1125.
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Introduction — Thioarsenicals

« Arsenic oxides can be biotransformed in the cecum of a mouse in
anaerobic environment to form arsenic sulfides!?.

O

[ cecum

H;C — As Sugar ¢, 4

SH-

CH3

©

3C — Al\s—Sugar

CHj

« Can this thiolation be generalized to other arsenic oxides?

1) Conklin et al., (2006), The Analyst, 131, 648-655

oi AsO (AsV) - AsO,S = AsO,S, - AsOS, - AsS,

- MMA > MMTA > MMDTA 9 MMTTA

DMA - DMTA - DMDTA
TMAO - TMAS
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Presenter
Presentation Notes
Where  produced and how they fit in the metabolic pathway do they cause toxic events.

-are toxicities of DMA and DMTA different – if so how – what about TMAO and TMAS

Toxicity is not as well understood as oxides


Why study mouse cecum?

— Mimics actions of microflora bacteria present in
gastrointestinal tract.

— Changes exhibited by cecum material represent
those that occur prior to systemic uptake.

— One of first significant areas of biotransformation
In the body.

— Easy to collect from mouse — large area (larger
than in humans).

— Cost effective.
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EPA Experimental Design

Environmental Protection
Agency

Harvest cecal contents

Arsenic
oxide

Homogenized mouse N
cecum material

Anaerobic environment

Study arsenic
species formation as
a function of time

Y

N A

3 = LC-ICP-MS

= LC-ESI-MS/MS DMTAV

= O

5 £ - o

£3 DMDTA
Time ]
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®
wEPA Time Dependent Arsenic Species Distribution

United States

Ry erereen - Cecum supplemented with DMAY (200 ng As g1)

Major Arsenicals

LC-ICP-MS
2504 <
200_ ;/:\‘/I\I
5 —e— Total As
= —o—DMA
E ~ 150 —e— DMTA
U 'o —e— DMDTA
S o
8 < 100-
3 &
o
(% 50
0-
T T T T T " T ' T
0 6 12 18 24

Time (hours)

DMA - DMTA - DMDTA

DMTA and DMDTA were confirmed with ESI-MS and MS/MS
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Presenter
Presentation Notes
DMTA is well characterized, so not shown – Attempts were made using Xe collision cell, but S background is very high.


<EPA

United States

Environmental Protection

Agency

Intensity (CPS)

Intensity (counts)

Confirmation of DMDTA using ESI-MS/MS

o i -H
D M DTA 3x10 Standard ? i E _|
18 N i
- .> 1 [ ]
XV Leacp-ms - ) CHg
g MS/MS } A
EIC -m/z 75 8 139 154
E 169
2 121
E ‘ 139 ‘ il ‘
Standard 120 150 180
Sample . 130 14
0 | T T ' l 100 150 200
0 5 10 15 m/z
2x10°
- Sample
6x10 LC-ESI-MS 169
EIC -m/z 169 > 154 MS/MS
é 169
J Standard 2 121 ‘
E 1;6 156‘ 180
0 Sample
| ! | ! |
0 S ) ) 10 15 139 154
Time (min) o L T N
100 150 200
m/z

DMTA was confirmed with ESI-MS and MS/MS previously
by our group (not shown here)
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wEPA Time Dependent Arsenic Species Distribution

United States

Agengy o Troteetion Cecum supplemented with DMAY (200 ng As g1)

Major Arsenicals
2504 - LC-ICP-MS

200_ ;/:\‘/I\I

—e— Total As
—o— DMA
150 —e— DMTA
—e— DMDTA

Species concentration
-1
(ngAsg")
[
o
o
!
Species concentration

T T T T T T T T T

0 6 12 18 24
Time (hours)

DMA - DMTA - DMDTA

Minor Arsenicals

DMTA, DMDTA, and TMAS were confirmed with ESI-MS and MS/MS

107 LC-ICP-MS
8_

—e— InOrg As
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Time (hours)
?
DMA —)
8
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<EPA

United States
Environmental Protection

Agency
250 LC-ICP-MS
2004
5 —e— Total As
= —+—DMA
5 ~ 150+ —e— DMTA
0 ' —e— DMDTA
g o
8 < 1001
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Q
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Time (hours)

Mechanistic implications of
DMAY supplementation

DMAY DMTAY DMDTA
@) S S
H,C—As—CH, S8™  H.C= As—CH, ecum ¥
3 | 3 S_H> 3 I 3 S_H> H3C—A|8—CH3
OH OH SH
L /!
DMA! reduction
OH ? methylation>
|
CH;—As—CH; thiolation
Y
TMAS
O S
I [
CH;—As—CH; ==p HsC—As—CH;
|
CH3 CH3

Subject of next experiment


Presenter
Presentation Notes
Similar to Sean Conklin in ideal solution – we know that HS- is in the cecum and believe it is responsible for thiolation
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<EPA

United States
Environmental Protection

Agency
LC-ICP-MS
10+
L S
E 87 H\i
= ]
@
S 67 —e— Tot As
8 o —o— TMAS
c 0 —®—InOrg As
S < 4- TMAO
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3
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*Similar trend for 200 and 1000 ng As g1 supplementation
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Time Dependent Arsenic Species Distribution
Cecum supplemented with TMAO (20 ng As g1)

DMAY DMTAY DMDTA
0 i 5
I
H3C—Als—CH3 — H3C—AIS—CH3 — H3C—A|s—CH3
OH OH SH
DMA! reduction
OH methylation
|
CH;—As—CHj; thiolation
TMAS
i
— HyC = As=CH,
CH,
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Presentation Notes
Say this occurs in neat solution as determined by previous work.  Conklin


EPA How is TMAS formed?

United States

Environmental Protection
Agency

DMAVY DMTAVY DMDTA
ICI) -— 34ﬁ 34ﬁ
H3C—AIS—CH3 — H3C—AIS—CH3 — H3C—AI8—CH3
OH OH SH
DMAUI reduction
OH methylation

|
H,C— As—CH,

“

thiolation

TMAS

ﬁ<— Natural >2S
=l H3C—A|5—CH3
CH,

Loss of 34S tag
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wEPA How is TMAS formed?

United States
Environmental Protection
Agency

DMAVY DMDTA
2
H,C = As=CH, = H.,C-As—CH,
OH SH
DJA"' reduction
O|H methylation
HaC = As=CH, thiolation

Preservation of 34S tag
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wEPA Time Dependent Arsenic Species Distribution

United States

Agengy o reteetien Cecum supplemented with DM34TAV (200 ng As g)

LC-ICP-MS data, m/z 75
(no 32S/34S information)

250 ,h\x

200+ — —e
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o 6 12 18 24 DMA > reduction
20- Time (hours) OH ' methylation
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5 N
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3 T
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CHj
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Intensity (counts)

Intensity (CPS)
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ESI-MS/MS
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Presentation Notes
At low levels (top – red trace), 32S/34S cannot be accurately measured.


o
SEPA Summar_y pf Proposed
emenaroecion - Mle@Cchanistic Pathway

Agency

DMAVY DMTAV DMDTA
ICI) 34ﬁ 348
HsC=AS=CH; S HyC=As=CH; & H,C— As=CH,
OH SH OH SH Sk
DMALI reduction

O|H methylation
HsC = As=CH; thiolation

TMAS
S

S C— AS—CH
- As—

SH- N | 4
CH,

No 34S label

Kubachka et al., (2009) Tox App Pharm, In Press
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o
SEPA Summar_y pf Proposed
emenaroecion - Mle@Cchanistic Pathway

Agency

DMAY DMTAY DMDTA
Q 34ﬁ 34S
I :
H3C_A\IS_CH3 cecum Hac:—Als—CH3 cecum H.C— AS-CH,
SH- SH- |
OH OH Sk
DMA!! DMTAN ~ reduction
oH ¥SH - methylation
HaC ASTCEHs HaC=As=CH, thiolation
TMAS
34S
cecum |
H,C - As—CH,
SH- |
CHj

Retains 34S label

Kubachka et al., (2009) Tox App Pharm, In Press
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<EPA Time Dependent Arsenic Species Distribution

United States

Agengy o reteetion Cecum supplemented with TMAS (200 ng As g1)

17
(@) 1

34 ;

©

—

)

e
N 0.17
N i

o
Homogenize mouse
cecum material 0.01— ' | - T !

_ _ 0 6 12 18 24
Anaerobic environment Incubation Time (hours)

TMA?Z34S does not undergo S exchange with
the cecum at the same rate as DM34TAV
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<EPA Time Dependent Arsenic Species Distribution

United States
Environmental Protection

Agency Cecum supplemented with AsO, (200 ng As g1)
PRELIMINARY RESULTS

4_
310" T=0h
A G
L0 ) 3 AsY
N ~100%
E Column
- Recovery
m | Asll!
o 0
Q 4
O 1x10 -
c
g B)
ge]
S ~50%
o
< Column
Recovery
, 04 : . : . - . - .
Homogenized mouse 0 5 10 15 20

cecum material ) )
Time (min)

Anaerobic environment T=0h(A) and T = 24 h (B) using PRP-

X100 separation.
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wEPA Time Dependent Arsenic Species Distribution

United States

Ry e Cecum supplemented with MMAY (200 ng As g1)
PRELIMINARY RESULTS
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Summary

= As!ll |\/||\/|A”' DMA”'
\ 4
MMMTAVY DMMTAVY
MTAS TMASY
\ 4 \ 4 g
D1As MMDTAY DMDTAY
\ 4 =
TTAS A Key
— MMTTAY reduction methylation thiolation
4 =) up

—
@D
—
>
7))
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All Thiolations have been shown in ideal solutions

i - Confirmed in cecum after 24 h
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Presentation Notes
For incubation of MMAV the production of MMAIII, DMAV and DMTAV is suspected but not yet confirmed.

Completely characterize arsenic species produced following AsO4 and MMAV incubation in mouse cecum homogenate.
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