Study of the metabolism of zebrafish (danio rerio) embryo
exposed to triclosan and benzotriazoles by HILIC-TOF-MS
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Aquatic environment contamination...
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Bioaccumulation of xenobiotics and their
bio-TPs in aquatic organisms

Xenometabolome = xenobiotics (unmodified) + bio-TPs

Endometabolome = endogenous organism metabolites




need for a model organism

[ assess the toxicity of xenobiotics and their bio-TPs in aquatic organisms
U relate the toxic effect to metabolic phenotype variations

[ evaluate the detoxification system of aquatic organisms

thisis Zebrafish (Danio rerio) (96 hpf)
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Why Zebratish...? |deal for keeping in the lab
'. e > ;::"j'--._:__ ' :

i

v Embryo and larval small size

v" Rapid generation of large number of embryos
v" Husbandry costs
v Recommended by the OECD for fish toxicity testing

v" Similar xenobiotic metabolism pathways with those

Larvae (96 hpf)

observed in mammals A
Brain F'rotcng;phros Muscle
Ear'=-..,__ i II"H. —
Eye "

why 96 hpf...?

A N
Heart Liver Intestine

3—4 mm

v" The majority of major organs partially or fully | adult
formed at early life-stages » Muscle
Brain | Kidney :
v' Absorption of compounds from water across the Ef:‘[j::::%“—;%,gf“"ﬂesns

skin at early life-stages
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experimental part )

InCUbM ﬂ_./i \\

BTR 4-Me-BTR 5-Me-BTR Triclosan Control

~ 60 Zebrafish embryos ( 6 hp ) / petri

|
5 time intervals for each “exposure”: Va0s M o ‘4h ' 8h ‘ 24h

each time interval sample in
different petri: e.g. for BTR 303 4h 8h 24h

Time profiles
observation [Short term eﬁects

Estlmatlon of skin
adsorption [ Long term effects ]




Sample preparation

“two step” or “all in one“
extraction protocol

~
x Tissue quantity limitation

(~ 15 mg/sample)

x Wide range of
physicochemical properties

x Increased matrix effect

o




Sample preparation “two step”

y 4 extraction protocol
/>;\ 500 pL
MeOH:H20
~——— (1:1)
Y "K:f;
- liquidN, | — e T
".lvf \_/
~ 60 Zebrafish \/
embryos

1st extraction )

step :
o s \/

4 500 pL
1 CH,Cl,:MeOH
(3:1)

[
- 2nd extraction
<« «— step




Evaluation part
Analysis
UHPLC-Q-TOF MS/MS

e RPLC (+/- ESI) (Acclaim C18) Data Acquisition modes
= Data-Independent (bb-CID)

= Data-Dependent (Auto-MS)

e HILIC (+/- ESI) (Acquity BEH amide)

« Xenometabolome (low-medium polarity)

* Endometabolome (medium-high polarity)

Bio-TPs Identification Metabolic profiling

 Suspect Screening
 Targeted approach
(knowledge based approach) (primary metabolites of interest)

1 . . . ) i 3 :
Ikl DataAnalysis TargetAnalysis Metabolite Predict [ . : ) :
— Ikl DataAnalysis TargetAnalysis

» Non-target Screening | - Untargeted approach
(treated/control comparison based) (significant endogenous metabolic

Metabolite Detect DataAnalysis responses) ProfileAnalysis



Suspect screening

Suspect list compilation

Metabalite Predict

(in-silico drug metabolism

prediction tool)

.CSV

A | B C D

m,/z RT sum formula name
C7 HT N3 4 Me-BTR
CYHS N3O 4 Me-BTR-147
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Criteria
v" Accuracy <2 mDa
v" Isotopic fit < 100 mSigma

v" Absence from control

v" Time profile existence
+Xenobiotic metabolism relevant

~

Non-target screening

Treated-control sample “comparison”:
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Targeted
metabolic profiling

Untargeted
metabolic profiling

4 major classes of polar metabolites

* amines
* aminoacids Eﬁ

 organic acids standards available

Metabolic feature extraction 1| osssnas:
« Peak detection, peak alignment
« Find Molecular Features (FMF)
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I
B c D |
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23 Clumnaos e | Normalization, scaling, missing
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x  Double chromatographic run

Why an additional separation mode?
X LBD

( x  Time consuming
x  Double data treatment

Bio-TPs Identification Metabolic profiling

Complementary metabolite
separation technique to RPLC

Improved separation efficiency
» Better peak shape
 Smaller peak width

o) More comprehensive

A endometabolome coverage

« Adequate retention of highly

Orthogonality polar primary metabolites
e Elution in reversed order

* Enhance identification confidence

(unretained in RPLC)

Improved detection sensitivity
 High organic content of mobile phase



Examples (bio-TPs identification)

4-Me-BTR-N-sulfate
Negative

CHs

0"
o// \\o

Intens. ]
Intens. O 5
= . I f *10°4 C 1. 14 min
| RPLC sssrm complementarity o {HILI
] 1.25]
0.8 ]
HILIC mOde 1.00]
0.64
. 0.7517
v"ldentical MS and MS/MS spectra -
' 0,504
0.24 0,251
0.0 : : 0.00 ; ;
4.5 5.0 1.0 1.5
Intensé_ 4-Me-ETR-212 M5 I”tE”SE- ........................................... 4Me-BTR-213 HILIC M3
%102 x10 &
Lo 1329567 2129133 1 i In-source fragment 212.0173
0.81 NG T
] 1.0
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0.21 s9.0137 132,0550
I:I-I:I -"; T T T T T T -dll T T T T T T Ihl u D.D........-.----.----.-L---|----|----|--i--|----|
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Inbensir 4-Me-BTR-212 Auto-MS Inbenss.; 4-Me-BTR-213 HILIC bh-CID
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61 N
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Examples (bio-TPs identification)
5-Me-BTR-N-glucuronide (2 isomers)

Intens. ) 5-I'~1&-E!TFL-I‘l-IgII__||:|_|r|:|ni|:IE Imf{';‘q) 5-I'~"IE-E¥TFL-I‘\J-gII_.|n:urn:|ni|:|E
3000 RPLC 3.67 min 1.5j H I LIC £.63 min
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40001 :
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20001 4,23 min
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S—— 2 _ 6,32 min
0- L 1 [ WV N T Y S —
3,00 7,50 4,00 4,50 Time [min] 5.5 5.0 6.5 7.0 7.5 Time [min]
By HILIC mode OH HaC N
OH \\N
i HO OH
v" Smaller peak width v N

v Greater sensitivity e o
3 (@)
: \ OH on
v" Reversed elution order \C[ //N
N Ho/CQ§O



Examples (bio-TPs identification) [

> N AN
. . \\ \o—OH
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Intens.

%105

1251
1.00
0.751
0,50
0.257

0.004

Intens. 4
%107

0.50

0,257

1,25
1,00

0.757

: Jul'
0.00 =, -

Examples (Targeted metabolic profiling)
ZFE treated with 4-Me-BTR

RPLC

Negative

BPC

& Time [min]

4,68 min

4-Me-BTR-N-sulfate

4MeETR
5.78 min

3

ne Hypoxan
4,45 yrin 5.8 mi

"6 Tme [min]

HILIC

Intens. ]
%1071 BPC '-':e]r.:r
1.25
I.DDE LG r
0.7 r II
0.751
] B |"'|‘|| |
0.50 ] 2,25 |I ﬂ , J H J '
] I o | \
] e "*-wﬁ"w\"k.' A JAIY ""J’ A .,fh"
0.251 ' B0 25 40 4% S0 58 &€ &3 70 Tl
1 2 3 4 5 5 7Time [min]
Intens.
x10%* )4 MeBTR-213 (N-sulf)
1.13min
8_
61 4 Me-BETR
1.58 min
4_
Uradil
2 3. 18 min
1 MIE HTR-223 N-acetyl-histidine
T g Uridine ~ 7.2% min Serine
0 (Tl g A 6"}?;@{' L Jlk 8.57 min
1 2 3 4 5 ] 7 3 Time [min]



Examples (Targeted metabolic profiling)
ZFE treated with 4-Me-BTR
RPLC - Negative

n
Targel scree™

BPC

e
D.?Eé D-?Eé
D.SDE D.ED;
D.ZE; 0.25E

] 11
ool 0.00
1 2 3 4 5 [ Time [min]

Intens.

By RPLC mode

.

x Majority of primary metabolites
|
eluted in void volume
- 2-
x Co-elution
0

x Wide peaks

Inosjne
2.4 min

4 Me-BTR
5.78 min

4-Me-BTR-N-sulfate
4,68 min

Time [I'ﬂil'l:i

1.11 min

Sarcosine
1,32 min

Inosine
2.42 min

Isoleucine
2.12 min

Fhenylalanine
3.07 min

I'I'lme [mir]




Examples (Targeted metabolic profiling)
ZFE treated with 4-Me-BTR
HILIC- Negative

e :
\n
avael Screen o /\ LI§ e OaIe
al .

Intens. ] \/b/ e
: X 14-Me -213 (M-sulf) L .
*10 BPC \ 1/13 min e
1.251 81 o X
1.00 e
61 4 Me-BTR
i L %081 -adfuts o
0.7 1.58 min L& i f_“' ‘i.f:"’“ A«::—._‘E-:r 4&::~:-Fm:-
o A i ke . < .~ Y
=i Ll i 14 b 1B Lo Tiree [os]
0.504
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0.251 24 | 3. 18 min
i Ml mi;'uzzg M-acetyl-histidine
1 : Uridine 7.29 min Serine
I:I.EID-““"“’“"';"I . : ; : , = ||1I|L_ T , 6. i 3.57 min
i 2 3 4 5 & 7Time [min] o - : ; ; }Eﬂg = ‘JhL : ‘/
U 3 4 5 7\g\?_/a/ﬁme/[min]
Intens. gt
4 Hypoxanthine N—au:?t;ghnl-lsigdlne
By HILIC mode |
y 5000 1 r|

v" Separation of primary ' anttine

6. 37 min
4000 1

metabolites

v" Both xeno- and endometabolome 2

Inosine
Glutamine
8.25min  Threonine
5.566 min
S e il Wy e TR

ethionine
_¥almin

coverage in one run

6.0 0.5 .0 7.5 8.0 8.5 Time [min



Examples (Targeted metabolic profiling)
ZFE treated with 4-Me-BTR

Positive

s Norvaline
*109+ 1,29 min
1.59
1.0
] 4Me-BTR
9.5 =% ?g min
1 Micotinamide
2. 71 min
| p-oumaric acid 4 Me-BTR Lcuronide 4 Me-BTR-hydroxy 4 Me-BTR.
0.0 i 1m 4.01 min 4.86 min
i 5 3 P 5 Time i:min]
Inte;;é' Norvaline o | :
X | 6.90 min 4113 Tﬁ,m | |
ey -
H I L I C | | | Fombihivide iy
L 4MeBTR L3 | o i
1,60 min hpne
Crantine
{ Lo &R | T.47mn
0.8 1
| (% | |
| | |
finng | |
0.5 | Choline 0.5 & 65 w0 | \ -
i . 6.82 min Lderme J, ; | H-aoekyl e e
Nicotinamide o &5 A i 1 une.
2,45 min : Canihing i Lmr: h'll “‘"‘“ ngne GUlETE
0.4 000 409 l'ﬁ“.:&_ e ._‘__'1:1.&.&“.. .65 JL,‘:"},M
‘ 6 £ 550 505 100 7.5 135 T [
i i Aogtylcarnitine
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0.2 | YE 72 min ; B min Carnitine
4 Me-BTR-hydro ; Inosae 7.97 min
1 k ) 5..38 min stidi
| 2,01 min Methionine Phenylalanine U”d"‘? i E?‘tgﬁ*;\ AE Glu'mrnlne
6 o fim; 3.54 min 4,67 min 5.6 min | 8.19.min
1 H 3 4 5 & Time [min]




Conclusion

L Complementarity of HILIC mode to RPLC

v" Improved separation efficiency and detection sensitivity

v" Orthogonality to RPLC

1 Use in suspect and non-target for additional information
1 Adequate retention of primary metabolites

U Identification of both endogenous and exogenous

metabolites with a single separation mode
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