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What are Isoprostanes, Neuroprostanes, Phytoprostanes

15-F5-1soP HO

16-F,-PhytoP

4-F -NeuroP

Jahn, U.; Galano, J-M.; Durand, T. Angew. Chem. Int. Ed 2008,.47, 5894-5955.
Jahn, A.; Durand, T.; Galano, J-M.; Jahn U. Chem. Listy, 2014, 108, 301-3109.



N A Quantification
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[ A .
(A) Levels of PGF,-like prostanoids in oo :
plasma obtained from Se-deficient rats ]
90 min after administration of diquat IR0 .
compared with levels in Se-deficient rats ool
not given diquat. Dots represent plasma : i

600

levels in individual animals and the bars
represent mean values.

(B) Levels of PGF2-like prostanoids in :
plasma obtained from normal rats 90 min e
after administration of CCl, with or
without indomethacin (Indo) pretreatment !
compared with plasma levels measured in G |
untreated rats. Results are expressed as '
mean SD (n = 5 for each group).
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Morrow et al., Proc Natl Acad Sci USA 1990, 87, 9383-9387
Kadiiska MB et al. Free Radic Biol Med 2005; 38: 698-710.
EFSA Journal 2011; 9(12): 2474

Vigor et al. J. Chromatograph. B 2014, 964, 65-78;
Dupuy et al Anal Chim Acta 2016, 921, 46-58.
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n Biosynthesis of F,-1soprostanes
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Morrow et al. Proc. Natl. Acad. Sci. U.S.A. 1990, 87, 9383-9387.
Yin et al. J. Biol. Chem. 2004, 279, 3766-3776.
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Nourooz-Zadeh et al. Biochem. Biophys. Res. Com., 1998, 242, 338. Roberts LJ 2" et al. J Biol Chem. 19986273’
13605. Yin et al. J. Biol. Chem. 2005, 280, 2600
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Imbuch R., Mueller M.J. Free Radic. Biol. Med. 2000, 28, 720
Jahn U; Galano J-M; Durand T Prostaglandins Leukot Essent Fatty Acids, 2010, 82, 83-86 7



N A Isoprostanes - Classes by Precursors and Organisms

arachidonic acid (AA) OH Isoprostanes

Morrow J.D., Hill K.E., Burk R.F., Nammour T.M., Badr K.F. Roberts LJ 2nd. Proc Natl Acad Sci USA 1990, 87, 9383

OH
e HO, r
HO

docosahexaenoic acid (DHA)

Neuroprostanes
Nourooz-Zadeh J, Liu E.H, Yhlen B, Anggard E.E, Halliwell B, J Neurochem. 1999 , 72, 734
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adrenic acid (AdA) Dihomo-isoprostane

VanRollins, M., R. L. Woltjer, H. Yin, J. D. Morrow, and T. J. Montine J. Lipid Res. 2008, 49, 995

In Plants:

a-linolenic acid (ALA) OH Phytoprostanes

Imbuch R., Mueller M.J. Free Radic. Biol. Med. 2000, 28, 720
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A fully flexible approach

Oger et al. J. Org. Chem. 2010, 75, 2411-2414; J. Org. Chem. 2010, 75, 1892-1897; Chem. Eur. J. 2010,

16, 13976-13980; Eur. J. Org. Chem. 2012, 2621-2634; Chem. Rev. 2013, 113, 1313-1350. 10
Guy et al. Chem. Eur. J. 2014, 20, 6374-6380, Front. Chem. 2015, 3, 41-51
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| = A Quantification of Urinary F,-isoPs with 4(RS)-F,.-NeuroP
IBMM as an IS using GC-MS.
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———— *p<0.0001
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TBI patients Healthy wolunteers

Urinary F,-Isoprostanes ng/mg creatinine

Urinary levels of F,-Isoprostanes in traumatic brain patients (4.73 +/- 2.7 ng/mg
creatinine) compare to healthy subjects (0.811 +/- 0.357 ng/mg creatinine).
Data are presented as mean+/- SD.

E. Mas, F. Michel, A Guy, V. Bultel, Y Falquet, P Chardon, J-C Rossi, J-P. Cristol, T. Durand
J. Chromatogr. B. 2008, 10, 5087-5090. 12



5 | Study Design
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s Aim : To examine whether ALA given as flaxseed oil
affects lipid peroxidation in men
Flaxseed oil (9g) (n=18)
Olive oil (9g) (n=18)
< >
: < >
Screening 4 weeks
Measurements:  lipids
fatty acids

plasma and urine F, isoprostanes 13

A. Barden et al., J Nutrition 2009, 10, 1890-1895 & phytoprostanes
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§_ 2000 for baseline differences
4000 - B
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14
A. Barden et al. J Nutrition 2009, 10, 1890-1895



w A CSF F,-NeuroPs in SAH and TBI patients
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Fs-NeuroPs F,-NeuroPs
(pmol/) (pmol/l)
2000 - G 1500-
s e *
1500 - S
1000-
1000 -
500 =
500 - == ——
0 0
Control SAH Control TBI

Values are geometric mean and 95%CI, * P<0.05, ** P=0.001

TB Corcoran, E Mas, AE Barden, T Durand, JM Galano, LJ Roberts 1, M Phillips, TA Mori Antioxid
Redox Signal 2011, 15, 2663-2667. 15



\\ Plasma F,-dihomo-IsoPs are related to diseases stage for RTT

IBMM patients with the classical form of the disease.
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£
(@)
S 100 -
&
S 0 i} —e—RTT
g ——=—— Controls
(@)
< 14 = o x +
©
N
01 | I 11 AV

C De Felice, C Signorini, T Durand, C Oger, A Guy, V Bultel-Poncé, JM Galano, L Ciccoli, S 16
Leoncini, A Pecorelli, G Valacchi, and J Hayek J Lipids Res 2011, 52, 2287-2297.
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Plasma F,-NeuroPs in Normal Pregnancy
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institutdes and Pre-Eclampsia
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Fs-NeuroPs
A Maternal Blood C Cord Blood
4000 - 4000 -
.I.
3000 - 3000 - 1
s 3
g 2000 - ' E 2000 - _ N
= 1 =
I
1000 - 1000 - -
0 0 .
Normal pregnancy Pre-eclampsia Normal pregnancy Pre-eclampsia

Values are geometric mean and 95%CI, * P<0.05, ** P=0.001

AE Barden, TB Corcoran, E Mas, T Durand, JM Galano, LJ Roberts I, M. Paech, N.A. Muchatuta,
M Phillips, TA Mori Antioxid Redox Signal 2012, 16, 165-169.
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W' DHA dose-dependently reduces atherosclerosis: a putative
IBMM  Role for its peroxidation metabolites F,-NeuroPs

Biomolécules
Max Mousseron
Methods & Results R 7
Experimental design 5 % Phenotypic effects of DHA
R
%[ Control (oleicsunflower oil) ] N Control DHA1 DHA2 DHA3 R?
Plasma TG (mM) 1.1+6% THEo 13905 080 o7 ot 097+
b b .
DHAL (1.8 me/d/mice) PIasmaIChoI. (mM) 13.2+£0.5° -3+ 32 11.2 £ 0.6 9.[}5 +0.3¢ 0.96%*
; Asystolic BP (mmHg) -2+22 24 + 12 -4+ 22 -16+3 15 io 81
_ APlaque area (%) 22 + 1% 18+ 1bc 1c D
LDLR”-mice 0.97
(3. 8 wks, n=30/group) % [ DHA2 (18 mg/d/mice) ]
20 weeks, diet rich in lard (10%, w/w) (Mean + SEM, ANOVA and Tukey-Kramer post-hoc analysis, * ®significantly different at p<0.05 )
& cholesterol (0.045%, w/w) N (R2=Pearson correlation coefficient between the phenotypic variables and the dose of DHA, ** p<0.01 and * p<0.05)
Oral gavage with oils 5 days/wk E [ DHA3 (36me//mice ]
'S = DHA dose-dependently reduced cardiovascular risk factors and atherosclerosis
-
- o
m Profiles of fatty acids and oxygenated metabolites
)
| Profiles of fatty acids and oxygenated metaholites
““h Fatty acids [6C/fD and 6c/Ms) Owygenated metabolites (Loms and Gomsmas)

Ietb e siiir i kil prmiilin Wb iy bl sl

Irfeawam mglipdtie pooeiill gz | Mg i s

1 — i E“'

y DHA supplementation substantially modified both the profiles of fatty acids and of oxygenated metaholites
¥ DHA might be preferentially and readily peroxidized into F, Neuroprostanes

* C. Gladine, J-W. Newman, T. Durand, T. L. Pedersen, J-M. Galano, C Demouget,

O. Berdeaux, E. Pujos-Guillot, A. Mazur, B. Comte PloS One 2014, 9(2), e89393

* A. Dupuy, P. Le Faouder, C. Vigor, C. Oger, J-M. Galano, C. Dray, J. C. Y. Lee, P Valet,
C. Gladine, T. Durand, J. Bertrand-Michel Anal Chim Acta. 2016, 921, 46-58.
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Urinary F,-dihomo-IsoPs in epileptic patients
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-F,-Di - Ent-7(R)-7-F,.-Dihomo-IsoP Ent-7-epi-7-F,,-Dihomo-IsoP
12000  17-Fa-Dihomo-isoP 14000 - (R)-7-Fx 12000 - P 2
10000 . 12000 4 * % s | *
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8000 - I - £ 8000 - I
~ 8000 - ] N
od o0
6000 - c ¢ 6000 4
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4000 -+ 4000 - 4000 -
2000 - 2000 - 2000 4
0 1] 1 o 1] o 1]
Control Epileptic Control Epileptic Control Epileptic

Urinary Dihomo-isoprostanes (17-F,,-Dihomo-IsoP, Ent-7(RS)-7-F,,-Dihomo-IsoPs,
and Ent-7-epi-7-F,.-Dihomo-IsoPs) (ng/24h) determined in epileptic patients (n z 15 ) and the control group (n 7 15’
Bars with asterisks are statistically different at *P 0 0.05 or ** P 0 0.01.

S Medina, | de Miguel-Elizaga, C Oger, J-M Galano, T Durand, M Martinez-Villanueva, M L Gil-del-Castillo,
| Villegas-Martinez, F Ferreres, P Martinez-Hernandez, A Gil-1zquierdo
Free Radic. Biol. Med. 2015, 79, 154-163
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M Total content of PhytoPs determined by UHPLC/MS-MS

on commercial olive and sunflower oils
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[ 0.8° Extra virgin oil (A)
4004
200

[ 0.4° Extra virgin oil (A)
Il Refined sunflower oil {C)

100
804
60

40+

204

concentration of phytoprostanes (ng/mL)

J. Collado-Gonzales, S. Medina, T. Durand, A. Guy, J-M. Galano, A. Torrecillas, F. Ferreres, A. Gil-1zgierdo EBod
Chem. 2015, 178, 212-220.



Water deficit during pit hardening enhances PhytoP content
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a-linolenic acid Phytoprostanes
(ALA) (PhytoPs)
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OH
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| et
9-epi-9-Dut-PhytoP 9-L1-PhytoP + ent-9-L1-PhytoP

. Control treatment
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CoH

‘ . Mild water deficit (T1 treatment)

Total D Severe water deficit (T2 treatment)

J. Collado-Gonzales, D. Perez-Lopez, H. Memmi, M. Carmen Gijon, S. Medina, T. Durand, A. Guy, J-M.

F. Ferreres, A. Torrecillas, A. Gil-lzgierdo J. Agric. Food Chem. 2015, 63, 3784-3792.
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PhytoPs determined by LC/MS-MS in Nuts and Seeds
= A

IBMM 9-Phytoprostanes
Institutdes _
Biomolécules [ Pine
Max Mousseron 0.8+ Hl Walnut
0.6= b = cChia
= l [1 Flax
§> 0.4+
£ a )
S C
% 0.24 N E =
5
. . . ©  0.04+
150 a-Linolenic Acid 0,00 )
| d 0.00 =
=) I 9-D, PhytoP 9-F, PhytoP 9-L ,-PhytoP
2
= 100+ c
S b I 16-Phytoprogtanes
w®
= 1 Pine
g 501 0.40- B \Walnut
S a = 0.351 c [ Chia
>
£ 0.301 |l| 1 Flax
O' T T [
Pine Walnut Chia Flax -% 1
= 0.207 c
& 0.154
& 0.10- b
o b b
0054 4 i . b
0.001—= .
16-B,-PhytoP 16-F,,-PhytoP

The lipid component was isolated by soxhlet reaction prior to LC-MS/MS measurement.
Values of the column in graphical display is annotated as mean+SD, n=4.
Columns sharing different alphabetical superscripts in each graph are significantly different (p<0.05).

C. Cuyamendous, K.S. Leung, T. Durand, J.C.Y. Lee, C. Oger, J-M. Galano Chem. Commun. 2015, 51, 15686-
15699. Unpublished results



@, Total content of PhytoPs on macroalgae species belonging to

IBMM Chlorophyta, Phaeophyta and Rhodophyta

Institutdes
Biomolécules
Max Mousser: on

Total B. bifurcata

Bl C. spongiosus

1500

1300

1100 B C. tomentosum

O F. spiralis

900 -

O G. vermiculophylla
g [ L. ochroleuca
B P. pavonica

= S. latissima
S. polyschides

w wn ~
8 8 8
Lo R S

S. polyschides EEEEESNENENNNNNNN  EEEENEENNENH
U. lactuca D
Ulva sp. NS —

2
100 2
80 -
20 3 ES. vulgare
28 - W . ' ' r -- 1 i
faEs28g 2 g € B S. coronopifolius
¥ O 2 =t £E @ < oo :‘9 g .
2 2R 8% B S & & [ S. scoparium
“ g E~“g g S v 2 §
@ @ E o« - o
G 2 g - g “ B U. lactuca
- & Ulva sp.

M. Barbosa, J. Collado-Gonzales, P. A. Andrade, F. Ferreres, P. Valentao, J-M. Galano, T. Durand, A. Gil-l1zg@erdo
FJ. Agric. Food Chem. 2015, 63, 6466-6474.
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