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Fig. 1 Reaction of triphenylphosphine with lipid
hydroperoxides

EIr By AE—REEYTH D Fu vt Y F2R
Mr&lTe, EERICT VI - VBT 2EEL L
TBEH2NATWVWS (Fig. 1). Shz b)) 72k A
T4 VORI HEBE, KAT 4 YOEMDY) VIRTN
n BESRE LT Fuvt Y FOBRETICKER
AT ERERICZ O 3d HEUEN 7 FARE LY dr-
pr MEMERASEREE 2D, AffiOFAT 4 ¥ A% Y F
PERT S, 0 VETOETHEOZE(LE, 512
AROBTHEENHIELE b L, ZOMKR, ETH
BEBEIZLID O VDS B EMBRIPUCELAE
LoEnFRaN. EE, M T NVEAT LY
1%, 260nm FHFETI< HELBRINERLUIZICBE L
PotzDIZK L, 204F Y FTEK 10 U LEOEN
WA RLUE., CORAT7 4 vEe Faprdy FO
RIEORIRICH T 2BNEDOE(LBII e Fa vt ¥ Y

REEEBICESHFILEZED D, TORIGZHNS
LT EVIEEE Fusut XY FEERT S LW
HTHDENTERI NS, UL, SINBENZ R
+ A3, HEYEORELKE <2, NBEMNIK
LRFATHo1H, bL, COBRLBREIEDES L
LTHD T epcxhl, F0ERE, BRRNS
W HEEEE 25 b D LR TE .

7T, WM, AR R, HTOETE
AT LRSS HBEZY LI LMD, RICORE
2B BEIEANRY PVEEOELERL, ) T2
SRR T 4 DT 2= VEEBEEOREBE CERL
AT 4 vEEY (1~10), RUOZhoDAF T F
(1'~10) %&at - &AL (Fig. 2).

Sy MY T2 WVERAT 4 vERR) TV A
ERISE %, BATAREAORREHZNAT «
S VEEBRIELIEICEVER L. JOTHEE,
ERERT, BACTEROFOHL | HOHTHTZ
B, 7 ARARY VIO FEBATHREMD
Grignard REE DA v 7Y ¥ 7 RIGIC &V IR 2 E
xugsbEbiz, EHORCHOBALIREL ST
(Fig. 3). Bz, BBETHY7 == W-1-E L2 VRA

S BELIEEATAA R T 4 VKOS L £ DIEH 683

D

R

2
F?g ph.= —@ 1-nap.
Me-ph. = —@-CH;, 2-nap. = \©©
MeO-ph= —O)r0CHs 2-Emnap) = TOIO! och
3

Phosphine

Ry

R:—)Fk—o g-anth. =

Phosphine oxide

Phosphine PROSPRInE g, Rq Rs
1 1’ 1-nap. ph. ph.
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9 9’ 1-pyr. Me-ph. ph.

10 107 1-pyr. MeO-ph.  ph.

Fig. 2 Structure of aryl phosphines and their ox-
ides

phosphine phosphine oxide
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Fig. 3 Synthesis of phosphines and their oxides
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Fig. 4 Relative fluorescence intensities of phos-
phine oxides in methanol
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Fig. 5 Rate constants of the reaction of phosphine
reagents with ¢-butyl hydroperoxide at 60°C
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Fig. 6 Reaction time courses of lipid hydroperox-
ides with DPPP at 60°C

Samples were hydroperoxides of trilinolein (W),
triolein (@), cottonseed oil (M), linseed oil (&),
and soybean oil (O).
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Fig. 7 Relationship between peroxide values deter-
mined by the DPPP method and iodometry

O: vegetable oils; @: fatty acids; M wheal oil;
[: salad oils; &: butters (suspension); W¥: butters
(extract) ; £: margarines (suspension); V: margar-
ine (extract); 4: mayonnaise (extract)
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Fig. 8 HPLC system diagram

a) mobile phase solvent, b) pump, ¢) injector, d)
analytical column, e) UV detector, f) DPPP solu-
tion, g) pump, h) reaction coil, i) reaction oven, j)
cooling coil, k) water jacket, 1) fluorometer, m) data
processor.

O"""*"‘r'—v—'—vﬂ—-- O'W—rv-v-ﬁ-rv-\- T SRR
0 20 40 20 40 0 20 40
min

Fig. 9 Chromatograms of trilinolein (TL, 50
nmol), TL hydroperoxides (TLOOH, 214 pmol),
and TL hydroxides (TLOH, 214 pmol)

Detections were performed by UV at 205 nm or 235
nm (UV) and fluorometry with DPPP (Fl).
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Fig. 10 Relative peak area of lipid hydroperoxides

AFUVYEOHMN 1, 2,3, 4, RO 5 HOIEE X, #h 2
N 1,246 KO 8 & 40~320 R % 52T 241139,
CDIERPL, FELBEEPOISEBR(LHDIEE AL
W)= VEER) LV VEBREDR) T BICH%RT 3
bOEEX LN, WEEHBOFEL IZEASEZRES
W, WBOBREBRERVTONT S ENHEETH -

>
[

DPPP &Lk FO~NL A+ FORIGIEBEEE TS 5
BKAT =t S EBEBBEOANF Y VICELE TR
ERERBEPTHETS A2 & h 5, HPLC OBEHEIE
BEVBERADOE PSRBT 228 0T%, ChICkD
VR, WitE, 79 Y2y MNAHSDOSEEE— FORIRD
EHHEAZKREL LB ENHEETH - 17,

42 UZEEHERONILA XS KOSHF~9

RAT 7 FVNva)y (PC) e Faxut+xy ko
ST, HEEEREORE SV, JHEROH T AT
DEEL . ZOFBETE, 44, AEEDY VEEED
=2 2 RINBNURHIZE D B =8 — U, Zh%pjE
U, B PC KUEBLEE PC v Faut+y
2R BRI LV ERE T/ UL, B
E BRI A5 2 E8EM S, NBD THRICERIL X
Nz PC 2 RS UCEBHIAMUL, 2 h %S5 mi
R T BWRBEARTL L. CAICEDBREDR O
REFHHTHEL LN TEB LHIIRY, ZOHEE
FAOE ML &S, ROY S ME%5H LR,

NI | -El ectronic Library Service



The Japan Society for Analytical Chemistry

AR FIR - BRLISESITHA AR 7 4 vEREOMSE L £ DICH 687
1 B |
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60 — -
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— 4o
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i a
7 Tt [ v v [
T b 0 10 20 min
0 RS B Fig. 12 Typical chromatograms of a human plas-
15 95 ma extract (a) and standard hydroperoxides (b)

Fig. 11 Typical chromatograms of standard hy-
droperoxides of PC and PE (a) and deproteinized
human plasma (b)

Peaks A and B were PC hydroperoxides (111 pmol)
and PE hydroperoxides (117 pmol), respectively.
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EnTxn,. —F, BUEHRATLTL 7 2 2 VE%E
) KWL S X ¢ 12 T AT, BRAEIERIC
g < IZERCMNBIRAHMT A28, 77 ALNRLT
DHHETEET B - 2%,

TG LIV ATFU—VITAFI (CE) &, ¥)AT W
B aEEN, EREBETSI YTy NARZITO
Ik ENFNDZTALANTE FaX)utF I K
ESNTT A S ENARET, e bIL D ESTLE
B 5~30nM LV D CE b Fu~)uA ¥ ¥ N
Ha N, TG b FauAt ¥y FdHangro
72 (Fig. 12)". CoFEEHL, & ML &5 RIZH
MU PC e Fant XYy KpsL Yy FYyIa VAT
O— VT Y NVEEREBERICLDIOVATO - VIZE Na
AR F VIEBEAEER L CE &k Fa vt & ¥ B8
AT B EEITWRT B ENTE Y. X, B
WCEBMU D )RS VN EOBBSEEEEAED
%, HDL & LDL+VLDL #® CE & Fa~X)vt ¥ ¥
REST A EBARETH » ™. —7F, Yamamoto
513, {LEFYE-HPLC HRICE V¥ED 7 4 2H 0 CE
L RaALA XY FO oM LRV THEETS 5 & W&
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Fig. 13 HPLC system diagram for simultaneous
determination of hydroperoxides of PC, CE and TG

LTWa®. ook cid, Bk o@EE:s &
O CEDPDMES 21D TFRLANVOD/HEL S, X,
b Rasutxy FRcaes: ) — W L V- 25
Z, CEEFONNLFF Y FOEICELRTE I Ems
NS EDHEEITERE T 50ENH B,

4+4 Y IRE EPMUEBEEO—FoTY

UUBEE PR E IS K E BB NS
BH—DN T LTRBICONTT 50 ERETH D, LI
HEHH U egmab 298, 520 3B Vs
Hiliy LI EE S 2 58 L, shEhEL -7 2
TLTHNMT BRENH 1. 22T, V) VISH & i
FEEH Z HEBICEAL, V54 Y THEL, HT A
AA Y F v TITEDENENER 2 DSMEH T 2108 x
DHEL, BHT BV AT LAEBHE LK (Fig. 13). O
FEIZED, PCe FOLAFY FAE 75 AL
T, X TG & CEDk Fu L4+ Fizs L~
VTFRRICEES 5 I EAHRET, EBOL ML &2
FOBBRICIEEDORRIZLHEH TH -1 (Fig. 14).

5 BbH Iz

BAT 4 YEEZRAOIZEIEITEEL, (LER-
HPLC & & 610, AL RmEBhoBRR(LIEY %
TS 12O+ RBEERREEE L OWETH
5. ALFEFIE-HPLC B R A B M NS cHE 1
MR, WBINHRE L S ASTTRE T, MBS oREIC
FOoTREL2BRELLIRFTE 505, HEBEKITK
BBEZBO S 2 oS BEREORIRICHIRS 0, X, B
HOBKIEWRIC L OVRBROMEE PR 120, A

KAGAKU Vol. 44 (1995)
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10 30 min

Fig. 14 Typical chromatograms of a human plas-
ma extract (A) and standard hydroperoxides (B)

Peaks a~e were hydroperoxides of PC (a), trilino-
lein (b), cholesteryl linolate (c), cholesteryl oleate
(d), and triolein (e)

DRI UBEBRZERT ALESH 5. —H,
DPPP #HW\WIR A b A5 Ak, BEMBAKORIRO
HHEEPSKE W0, e nyle— FORBLPTEET
B0, X, (LFFH-HPLC TRIEE 255 Y h IV
ELHNDHEESLZTFTITBIRMICE Fa~ut:y ks
oTE B LETRET, BB OOR(L A FIET 5
HAYT BHT FOMEBELH 2 LB ARICHRINT 5 2 &

LEEETH 5.

HREALIEHE ORI, STORE, "ErRis 55
BIHEL DY, INHDORBEHEMICHET S L1
TERVD., ZDY, EROBIEICSH 12T, ANb
HAEEORERATHERT 2 BEN S 5. ZE 6 HH%
U7 DPPP Z AW fos e oifridiid, FeE OmLE—k
AP THBHE FO OvxF Y FICEOBEREEBE S
BHU, BEPERNOIFEBIED A 5 = X 1527 DY
BOMRICHEN R HTETH 5 LT 5.

KPR, HALAF B E R DT ORI BT
HE BEEROSEIEOTTCIbhz60THY, 22z
RYBGHBA U LU Ed. X, &8z ZEE, JBhE%
B0 F U BB RS, BMOkES
BMREHEISS AR LICES<BHAL LTss. &=
IZ, KB OHFEAIEE OEREICER O LTS,
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Development of phosphine reagents for the determination of lipid hydroperox-
ides (Accounts). Kazuaki Akasaka (Department of Applied Biological Chemistry,
Faculty of Agriculture, Tohoku University, 1-1, Tsutsumidori-Amamiyamachi, Aoba-ku,

Sendai-shi, Miyagi 981)

Phosphine reagents were designed and synthesized as new highly sensitive and selective
fluorescent reagents for the determination of lipid hydroperoxides. The reagents had one
or two fluorophfores in their structures. None were fluorescent but their oxidized products

(phosphine oxides) had strong fluorescence.

They showed high selectivity for lipid hy-

droperoxides which were primary oxidized products during the lipid peroxidation reaction.
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It was possible to determine lipid hydroperoxides from the fluorescence intensity differ-
ence before and after the reaction. Diphenyl-1-pyrenylphosphine (DPPP) had the most
suitable properties as a fluorescence reagent for lipid hydroperoxides. This reagent could
be applied to both the batch method and the HPLC postcolumn method, by which lipid
hydroperoxides were determined at sub-nmol and pmol levels, respectively. Especially,
the HPLC postcolumn method made it possible to determine lipid hydroperoxides by
their lipid class levels or molecular species level. Here, I review the design, synthesis
and properties of phosphine reagents, and their applications to foodstuffs and biological
materials.
(Received May 18, 1995)
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