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Overview

Why investigate arsenic in food?

The analytical methods

Inorganic arsenic and organic arsenic

Why is there so much organic arsenic in sea foods?
Metabolism of organic arsenic species

Cytotoxicity of arsenosugars & arsenolipids
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Arsenic in the environment & food

Understand the natural situation
Understand human impact on the natural situation

Understand the toxic issues — arsenic speciation &
metabolism

Provide reliable analytical data to frame sensible
regulations for arsenic in food to protect our health
and the food industry
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Modern methods for measuring arsenic species

HPLC/mass spectrometry

ICPMS

20%

80%

ESMS
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Inorganic arsenic (iAs): A potent human
carcinogen!

2
=

iAs in drinking water: A major global environmental
problem (“safe” <10 pg/L)

iAs — Cancers, cardiovascular disease, diabetes™*?
iAs in food? Organoarsenic species?

Mode of toxic action unknown: Methylated
intermediates are probably central to arsenic toxicity

*Gribble et al (2012), Am J Epidemiol 176(10):865-74.
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Inorganic As metabolism

|| O—As-O ||
OH—/?s-OH ). H c';_' H o Hsc—,i«s—OH . H3C—/|xs-OH
OH OH OH

H C—d\s-OH Hsc—llalxs—CHs
CH, b,
DMAC(III)
Highly toxic

Later, we will see DMA again when we

. . . . adapted from Challenger (1945) Chem Rev 36:315
discuss organic arsenic metabolism
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Arsenic in foods: some typical values

Food type

Fruit & vegetables
Dairy products
Meat & offal

Rice

Freshwater fish

Seafood

ug As/g (wet wt)

0.002 —0.02*
0.002 —0.02*
0.003 - 0.03*
0.05-1.0
0.1-1.0
2-20

*SCOOP (2004), EU Task 3.2.11
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Arsenic species in
rice, wheat & fish

Inorganic arsenic (iAs) is a
major species in rice and

wheat

But in tuna iAs is minor. >95%

of arsenic is present as

organic arsenic

Raber et al (2012), Food Chem, 134:524-532
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Arsenic species in seafood

> 80 naturally occurring As species

. O
I1AS - Tfrace . |l

O—As-O
(l)' (|:H3
Arsenobetaine chi/?s/\cod
CH

Me

Arsenosugars ../

OH OH
Arsenolipids =:\/\/\NW\H/

Rumpler et al (2008) Angew. Chemie, 47:2665-2667.
Taleshi et al (2010) Environ Sci & Technol, 44:1478-1483
Garcia-Salgado et al (2012), Environ Chem, 9:63-66
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Arsenolipids in marine samples

CH, CH,
O ASN AN NN NN NN NN 0O==As \/\/\/\/\/\/\/\/\H/OH
| | I
CH, Arsenolipid 332 CH,
Arsenolipid 390
CH

3

O AN NN NN
|

T e Some of the arsenolipids (>30)

identified over the last 5 years
I e NSy e g iy S o

|CH /W\L]/

Arsenolipid 436
Rumpler et al (2008), Angew. Chemie, Intl Ed. 47:2665

Taleshi, et al (2008) , Chem. Commun, 39: 4706-4707
Arroyo-Abad et al (2010), Talanta, 82:38-43

Amayo et al (2011), Anal. Chem., in press
10
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Fatty acid synthesis
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Adapted from Lehninger , Biochemistry“

e Fatty acids built up by sequential addition of two-carbon
units derived from acetyl CoA

e Prediction: for every fatty acid there will be an Arsenic
fatty acids — biosynthetic infidelity?

11



4H*

Adapted from Lehninger ,,Biochemistry”
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Arsenolipids in Japanese foods!

12
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Arsenolipids in sashimi tuna

Tuna, 6 mg As/kg
Fat-soluble ‘ Water-soluble
I 1 1
PV VY . N g1
cI:H3 Hsc_?s/\coo
CH

ca 50% is lipid As

Currently investigating the uptake, cytotoxicity & biotransformation
of arsenolipids with Prof Tanja Schwerdtle (Uni Potsdam)

Taleshi et al (2010), Environ Sci & Technol
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Intensity

Intensity

HPLC/ICPMS: Hijiki & Wakame

3,5e+5
3,0e+5 ~
2,5e+5 -
2,0e+5 -
1,5e+5 A
1,0e+5 A

] J\ N~

Hijiki

5e+5
4e+5 1 ﬂ Wakame
3e+5 ~

2e+5 -

SR\
N




HPLC/ICPMS IZKBED X EDTHADEZAITE

3,5e+5
3,0e+5 A
2,5e+5 - ESXx
2,0e+5 A
1,5e+5 A
1,0e+5 -
5,0e+4 -

0,0 -
! T T T T T T T T
0 5 10 15 20 25 30 35 40 45 50 55 60 65

Intensity

5e+5
4e+5 -

3e+5 A n JAA

2e+5 -

SR LVY
N

Intensity




New arsenolipids (phospholipids)

I I
H,C—AST o/\(\o—llv—o/\/\om
CH, OH OH OR,
OH OH

Arsenosugar-phospholipids

Approx 20 new compounds have been identified in the last 2
years by high resolution mass spectrometry

These lipid compounds probably degrade to arsenosugars in
marine samples

Garcia-Salgado (2012), Environ Chem 9:63-66
Raab et al (2013) Anal Chem, 85:2817-2824

15



FLLWEREE(JVIEER)
H,C— As—w/\/\o ||DI o/\/\

OH OH

Ex%E—IRE

WBWE2E/MIC, BERMEEESMEICE T, BELT208EHD
HFLOWEREBEHEEAYRRESN TS,

ENoDIRFEESHE. BEMERRPTEEKERBICELL
EECR

Garcia-Salgado (2012), Environ Chem 9:63-66
Raab et al (2013) Anal Chem, 85:2817-2824

15



Overview

Why investigate arsenic in food?

The analytical methods

Inorganic arsenic and organic arsenic

Why is there so much organic arsenic in sea foods?
Metabolism of organic arsenic species

Cytotoxicity of arsenosugars & arsenolipids
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Why so much arsenic in sea foods?

Group 15

The answer probably lies in
the fact that As chemistry
has similarities to N and P
chemistry

Group 15 in the Periodic
Table
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Arsenate & phosphate

Concentrations in seawater
[Arsenate] =0.01-0.02 uM
[Phosphate] =0.02 -3 uM

ﬁ pK,,=6.77 ﬁ pK,,=7.21
_O_Als_O H,AsO," ionic O_T_O H,PO, ionic
o} radius 2.48 A o radius 2.38 A

Arsenate enters the organism (algae) by phosphate

uptake systems (the algae are unable to distinguish
AsO,> from PO,*)
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Biotransformation (detoxification?) of
arsenate by algae

I I I
'o—A|s—o' . O—A|S—O . 'o—A|s—c:H3 . H,C—As-CH,

CH OH OH OR, O:'?\S O
OH OH Me

arsenolipids arsenosugars oH OH
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Glycine betaine & arsenobetaine

(|:H3 (|3H3

+

- /\ T

H,C 'T' COO H,C A|\s TNcoo
CH3 CH

e Glycine betaine is taken up cells to maintain
osmotic balance

e Glycine betaine levels increase with salinity

e Does arsenobetaine behave the same way?
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[As] in cod: Relation to salinity

Arsenic concentration [ug/g wet mass]

8 - Baltic B Kattegat

B Belt B North Sea

n=10-35

8 %60 12%e. 28 %o 32%eo

Larsen & Francesconi (2003), J. Mar Biol Ass UK, 83:283
21
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Arsenic concentration [pug/g wet mass]

-NAHEFR(As) IEELDEZ

g SKUNE W ATHYNER

m Lk m e

n=10-35

8 %o 12%e. 28 %o 32%o

Larsen & Francesconi (2003), J. Mar Biol Ass UK, 83:283 412
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Human metabolism

Metabolism of organic arsenic

Changes that take place after the dinner table

Uptake
Disposition
Biotransformation
Elimination

'

Arsenic
metabolites

22
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We know that humans convert iAs

info DMA
J —As- J
OH—/lxs-OH 2 e HO (l)l:OH CH.* H3C—/|*s-OHze_ HBC—/?s-OH
OH OH OH

DMA is the major
metabolite from ingested
Inorganic arsenic

But how do humans
handle organic arsenic?

adapted from Challenger (1945) Chem Rev 36:315
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adapted from Challenger (1945) Chem Rev 36:315



Arsenobetaine - IN and OUT

T

+
H.C—As™ “N~nA
3 | COO é
CH

3

arsenobetaine

e Taken up
e Metabolically inert

. . CH
e Excreted in urine — 3

: —P HC—AS SNpnq
essentially unchanged 3 COO
CH
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inorganic arsenic

arsenosugars

arsenolipids

O

1
HO—As—CH,

—> |
CH

3

Dimethylarsinate (DMA)
is the major metabolite
in all cases

25
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Cytotoxicity of arsenosugars &
arsenolipids

A joint project with the University of Potsdam (Prof
Tanja Schwerdtle)

Synthesis of arsenosugars & arsenolipids
Uptake by & toxicity to bladder & liver cells

Investigate biotransformation of arsenolipids

Arsenosugars shown to have no significant toxicity
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Synthesis of arsenolipids

[(CHS)ZAS]ZO /\/\P/\/]/\/\
I R S o

10 M NaOH, Ethanol

CH3
Y: CH; or COOH

Example: saturated As-HC

Br
HO O H Br

HBr
ji:\//\/\Z/COOH Acetic acid, 90 °C COOH
HO Br
Br Br
ji:\//\i\//\/COOH Methanol COOCH
Br

Br e DO
Ci/\iz/coow s 10 M NaOH, Ethanol COOH

Example: unsaturated As-FA
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Br
H O OH Br

HBr
jCi:\/\//\/COOH Acetic acid, 90 °C COOH
HO Br
Br Br
COOCH
m/com Methanol 3
Br

o

A cn,

C\//\\/:i/coow 3 10 M NaOH, Ethanol COOH

%l 7faf] cxBSEAEE (As-FA)




Toxicological screening

— human non-metabolising bladder cells (UROtsa)
— metabolically active liver cells (HepG2)
— short term studies

e guantification of viable cells & cell vitality
— long term studies

e guantification of cell division
— genotoxicity studies
— bioavailability studies

e uptake of arsenic compounds

This & the following slides were provided
by Soren Meyer, Uni Potsdam
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Arsenolipids: — toxicty test arsenicals

AsHC 332

CH,
O:ATS

CH,

AsHC 360
CH}W/CF%
O:A‘s

CH,

AsHC 444

CH
‘ WCH?’
O:ATS

CH,

29
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Colony forming ability

=
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Toxicity in bladder cells (UROtsa)

most sensitive endpoint: colony forming ability
workflow

@ seeding of cells

I I é %
100 % — r ¢ 24 h
4 T '|'
— 1 IC @ incubation with arsenicals
] . 50
S 50 [
c ] 48 h
S v
(.
o
X determination of cell number
10 : u N : @ seeding of 500 cells
0 5 10
Compound [puM] * 6-7d
)
AsHC 332 Hexadecane counting of cell colonies
AsHC 360 Octadecane
AsHC 444 Tetracosane

30
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Toxicity in liver cells (HepG2)

Cell number
[% of control]

10

workflow

@ seeding of cells
y 2h

@ incubation with arsenicals
* 48 h

determination of cell number

Compound [puM]
AsHC 332 Hexadecane

_D_AsHC 360 Octadecane

- AsHC 444 Tetracosane

0 20 40 60 80

31
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Cellular bioavailability (UROtsa cells)

AsHC 332

AsHC 360

AsHC 444

0.5

0.5

0.5

4.8

10.7

9.6

47.0

97.9

47.9

324.7

860.1

321.5

399.9

2196.2

705.5

32
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AsHC 332

AsHC 360

AsHC 444

0.5
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0.5

=R F,

4.8
10.7

9.6

47.0

97.9
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324.7

860.1

321.5

1 FEE(UROtsa cells)

399.9

2196.2

705.5
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Summary of toxicity studies

Arsenic-containing hydrocarbons show a high cellular
toxicity in human cells

— cytotoxic effects are in the range of effects induced by
arsenite

They are bioavailable and can strongly accumulate up to
400-fold in relation to the incubation concentration

Neither micronuclei nor oxidative DNA damages are
induced

— no genotoxic effects are observable
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Concluding comments

Legislation is needed for arsenic in food

This legislation should consider the major arsenic
species, their different bioavailability and toxicity

Analytical methods are needed to reliably quantify
the various arsenic species

Further work is required to support the preliminary
data showing toxicity of some arsenolipids.
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