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Lipid Peroxidation Revisited : Are Oxidized Fatty Acids Cell’s
Own Calcium-Specific Ionophores Produced by Higher Organisms ?

Ryungsoon Song Kim
Department of Pharmacology and Therapeutics, University of Manitoba, Faculty of Medicine
770 Bannatyne Avenue Winnipeg Manitoba, Canada R3E 0W3

Abstract— lonophores, uniquely, create specific pathways of ion permeability in model and cell
membranes. Calcium-transporting ionophores of microbiological origin, such as A23187 and ionomy-
cin, have been used as experimental tools to elucidate the physiological role of calcium as a second
messenger in many cell types. These ionophores are believed to bypass thé initial ligand-receptor
step in the activation of cells by increasing membrane permeability to calcium. In this report,
we shall discuss several naturally occurring substances that share some properties of calcium-iono-
phores, primarily concentrating on oxidized fatty acids. We have previously demonstrated that
oxidized linoleic and arachidonic acids, obtained either by lipoxygenase catalysis or nonenzymatic
processes, significantly promote calcium translocation in a two-phase partition model and modulate
calcium-transporting function in the isolated sarcoplasmic reticulum vesicles obtained from mamma-
lian hearts. We have also confirmed that calcium-ionophoric properties are due not to their general
amphiphilic nature of certain lipids, but to distinct structural characteristics. Although there are
some skeptical views on the occurrence of ionophores in higher organisms, increasing evidence
suggests that membrane lipids or their derivatives may serve as physiological calcium-tonophores.
Abnormal accumulation of lipid peroxidation products(particularly end products), however, may
be associated with the general oxidative damages as seen in many pathological conditions.

Keywords[ ]calcium-specific ionophores, lipid peroxidation, oxidized fatty acids, lipoxygenase meta-
bolites.
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Fig. 1—Structures of representative ionophores.

For valinomycin, the residues between dashed lines are (A) D-a-hydroxyisovaleric acid, (B) L-valine,
(C) L-lactic acid and (D) D-valine. For lasalocid, (a) is referred to as “unprimed” and represents
the first of two ionophores to ligand to Ba®* ; (b) is the second ionophore and is referred to as

“primed”. Structure (a) of lasalocid also represents the complex formed with monovalent cations.”
Vol. 35, No. 1, 1991
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Fig. 1— (continued)
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Table I—Composition and **Ca translocation potency of pure and autoxidized polyunsaturated fatty acids®

Fresh 1 week 4 week
Composition(%) **Ca(pg)at : Composition(%) *“Ca(pg)at : Composition(%) *Ca(pg)at :
unox/HP/PP 757 M 1M unox/HP/PP 57y 1M wno/HPPP T 1M
18:2 aad 100/0/0 + - 4.3/28.7/67.0 + 4+ + ++  0/11.8/882 + + + + +
ester  100/0/0 - - 52.9/445/2.6 — - 0/13/87 + + + +
alcohol 100/0/0 - - 50.7/49.3/0 - - 0/0/100 ++4++ ++
18:3 acid 100/0/0 + - 0/6.4/93.6 + + + 0/0/100 + + +
ester  100/0/0 - - 0/0/100 +++ o+ 0/0/100 N e
alcohol 100/0/0 - - 2/98 + + + 0/0/100 ++4+ +
20:4 acid  100/0/0 + - 0/0/100 +++ + 0/0/100 +++ o+
ester  100/0/0 - — 0/0/100 ++++ ++  0/0/100 ++++ + 4+

The autoxidized fatty acid derivatives(250 pg each) were separated on high-performance TLC plates{ Whatman
LHP-KF). The plates were developed once with a solvent sysgem containing n-hexane/diethylether/acetic acid
(100 : 100 : 1, v/v) and were sprayed with 4% H,SO, in ethanol followed by heating. The relative amount
of each product separated was analyzed by a densitometer and the peak area was calculated by a digitizer.*”
Calcium transport was measured by a two-phase partition method as described in the reference 83. Amounts
of ¥Ca translocated(pg) are presented as follows : —, <10 : +, 10-100; + -+, 100-500 ;: + + +, 500-1000 :

++++, >1000.

UNOX, unoxidized parent fatty acids : HP, primary oxidation products containing mainly monomeric hydrope-
roxy compounds ; PP, highly polar products(Rr=0, see Fig. 2).

(A)

Y
Days

Weeks

(B)

Days Weeks

Fig. 2—Autoxidized products of methyllinoleate (A) and methyllinolenate (B) separated by TLC*"
The autoxidized esters were separated on TLC as described in Table I. SF, solvent front : O, origin.

For other abbreviations, see Table I.

A3 FA lS-& o F ok olE BEapxubale)
AFEHEE8 TLCE F-4s) Bw(Fig 20 18 1 29} 18 ¢
3 AP} esters vl 712 #2), linolenic acid
Fr=A+= linoleic acid -S4 HalA polymerZ
FAHE kW AR w3 Aksl Fow o
#Fo2 YAHE o 5 Uk autoxidation?] F-uk7]ef
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