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Sumuary of Thesls submitted by George Shearer,B.Sc., for the

Degree of Doctor of Phllosophy.

A Study of Ungaturated Fat Oxldage Systems and thelr Inhibition,

Unsaturated fats readlly oxidise, giving rige to
hydroperoxides, which, in turn, oxidise with formation of a
complex mixture of monomerlic and polymerlc oxy-compounds. Fatiy
acids, such as linolelc, linolenic and avachidonic, and their
derivatives, contain methylene~lnterrupted unsaturated centrss
which on oxidation form initlally conjugated diene hydroperoxlde
products. The oxidation of these acids may oceur antoxidatively
or may be catvalysed by trace metals, Haematin compounds or by the
enzgyme lipoxidasec. The two former catalysts are non-speclific in
that they catalyse the oxidation of unsaturated fats In general,
but. the action of lipoxldase ls specific for compounds conteining
methylene=interrupited unsaturated centres.

Coneurvent with unsaturated fat oxidation, many other
substances undergo degradative oxidatlon. Among such compounds
are cavobtene and vitamin A, The loss of such compounds from
stored foods 1s undesirable, as is unsaturated fat oxidation
vhieh produces the unacceptable codours and tastes assoclated wiltl

rancidity.

The work described in this thesis 1s largely concerned with
lipoxidase catalysed oxidation of systems congisting of linoleatbe

linocleate~carotene, or linoleate-vitamin &, Some observations

on the autoxidation and heematin catalysis of gsome of these



syatems are also included, The gystems used were biphasic
emulsionsg of fat in aqueocus medisz.

Initial studies, in which linoleic acld was enzymlcally
oxldised by lipoxidase normally pregent in crude aqueous extracts
defatted soye, confirmed the presence of a lipoperoxidase or
hydroperoxide breakdown factor. This factor caused the loss of
hydroperoxide content withoult corresponding loss of dliene content
from the initial conjugated linoleic acld hydroperoxide product.
Thig factor was shown to act similarly with methyl linoleate
hydroperoxide provided that a sufficlently high initial reaction
rate could be induced to cause exhauvstion of dissolved oxygen in
reaction mixtures.

Under anaercbic condltions, the lipoperoxidase factor was
showinn to break down both linoleic acid hydroperoxide and methyl
linoleate hydroperoxide, Which had been produced by lipoxidase
oxidetion of the respective substrates, but, 1t could not cause ¢
break down of pure trans-trans methyl linoleate hydroperoxilde.

Haemoglobln caused losgs of peroxide and diene contents with
hoth the lipoxidase produced linoleate hydroperoxide and the pure
trang-trang linoleate hydroperoxide,

Studies of the inhibitlon of lipoxidase actlivibty were carrie
outs A series of unsaturated substances were examined and sever
shown to inhibit the enzymic actlvity. The structure of these
inhibitors closely resembled that of the lipoxidase substrates ir
that they were long chaln methylene~interrupted unsaturated

compounds. The unsaturatlon was acebylenlc rather than the
ethylenic Tound in the lipoxidase gubstrates. These inhibitors



are considered to he the most efficlent competitive inhibitors of
lipoxidase that have been so far demonstrated by anyone.

farther inhibitory studies included polyphenolic antioxidants
whlch are considered to be the best Inhibitors of lipoxidase,
These qampounds were shown to be largely ineffective under the
reaction conditions employed. These conditlons were low
antioxidant levels in the presence of low substrate concentrations
and the oxidation of the substrate was relatlvely rapid. A
notable exception to this was the antioxldant, nordihydroguaiaretd
acid (NDGA) which completely inhibited the enzymic reactlon until
1t was itselfl oxidised.

An agsay wag developed vo gtudy the effect of antioxidants or
the rate of bleaching of carotene in the absence and presence of
fats. The carotene, antloxidants and fats were suspended 1n agax
gels to produce systems which would remeln stable over a perilod ol
dayse The asgay was used to study the effeet of fats, both
saturated and unsaturated, on the rate of aubtoxidative bleachling c
carotene and also to study the efficacy of antloxidants in prevent
guch bleaching in the abgence and presence of the varlous fatiy
gubgtrates, This assay was also appllied to studies lancorporating
the wasaturated fat oxidases, lipoxidase and haemoglobin.
Inhibitory studies were carried out in the presence of these
cotalysts,

Finally, the effect of antioxldants on the coupled linoleate-
vitamin A reaction catalysed by lipoxidase was siudied. It wasg

found possible with several antioxidants to inbibit vitamin A
degradation without inhibiting primary linoleate oxidation, and,



with NDGA, both primary snd secondary oxidatlon of llnoleate and

vitemin A were Inhibited,
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faabor, Ln Vacuo, produced some iﬁterﬁaﬁing'mm&ulnsp Hare
ooBlvity was phown withAﬁnaymi@ally nrodused linoleie agld
and mathyl Linoleate hydeeperoxides, bul not with pure tronse
trans uethyl linolecte hydroneroxide. Peivett ot als (59)
ghowved that the primery product of soya estalysed Linolente
pridation wag elg-irans Linnleate hydroperoxido, i1t would géden
thot the lipeperoxidess Tector in soys was sppaliie for this
clo-trang loomers In conbzest o this, under gimilaf
gonditions baamoglebin couned degbructlion of the brang-Lransg
metbyl ligelsate hydeoporoxids wlth lops of peroxlde and dieno
valno, %ﬁ&_ligmp@yéxiﬂéﬁﬁ faotor eausad only loss of peroxide
valune These resulis ascem b0 olffer o posalble aqualitative |
mosnss of disbinguishing botween the oisetrans and the Lrons-
trons lisoleste hydroperoxnide,

A guestion whieh aannot he answered from the presont o
work 18 whether the hydvoperoxide breskdown factor 1s netive ;
@ﬂiﬁ'ﬁ&éﬂﬁ sucoroble condiblonas, 1% goulé well be that this
faebor is active voder sornble copditions aleo and that the |
obsorved rate of formetion of hwddoperoxide 35 merely the |
@iff@?mn@ﬁ of the actund xoie of formatlon and the rete of
destmetion of the hydroperoxides Certain avellable evidencae

points o this fagbor belog a@#&v& only under aneerobls
ammﬂitians; Than, Seon Plgure 3, 40 16 1s oaspumod that the
highest dlone value in thé stivied poacltion corresponds bo
aonplote oxidebtlon of the .6 = 1&”%% linolele acid, tho

appavent exbinection coefficient would be approximebtely %B,Qﬁ@.
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General Seraening of Unssturated Compounds fob Linoxldasg
Inhibiblon,.

ihe pystem used was similar to Lhat deserlbed In
Appendix .  Linoleie sold in ethenol (1ml.) ﬁms andded Lo
phosphate/eltrate bulfer pH 6.5 (29m1s.) folloved by the
pddition of the uwnssburabed compound in ebhonol (0,259, ).
To thily unstivved mixture wayg added soye extract (O.3mls. ).
A% Bbiwe intervals, samples (lml, ) vere faken into ethanol or
ﬁﬁﬁ ethancl (10mls) for determinntion of tholr peroxlde and
dilene content respectively.  The oversll concentration of
aubatrate Wes 2.3 % 1,”hﬁg Control resctions, identlcsl bmt‘
f@y.ﬁh@ gzalupleon of the ivhibitors wpere performned concurrently
with the iohibited resehions.  Thin alloved & stricter
Gmmp@rismn of the inhibibop effigionegy Lo be pade.  Average
flgupres for & control Pezcition ave shoun iﬁ“?a&la 111, vhere the

giffoat of the compounds s ozpressad bR o pevrecoboge Inhibiblon

of ibs own individual @ﬂnﬂwﬂi aséaya

Of the compounds sorevned Lop posslble inbibltion, somne
w@wa{ggggggﬁﬁﬁ%“ﬁ@ vy ing ﬁagrawm and others wore totally
unguseassiule  The wosd nobable feoture of the wnsuceassful
conpotnds s that vhey bave Gamﬁiﬂﬁﬁﬂhiy.ﬁhﬁr%@? garhon chains
than tha suecessiul compounde., They alsoe do neb contoln the
mebhylene imﬁaxwu@ﬁ@ﬁ wngaburated syabeong for whieh the ensyne
e gpondfic, @ﬁ@ wasatueated coniras w&ieh thay do contaln are

ahthoy conjugatod (eompounds 145,7,0b0.)y ov ave separatod by
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Tetra-ynoic Acid Inhibition of Lipoxidase,
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more than one wethylene group (e&mgaumﬁa R,%Qi;mtm.),’ﬁw are
soporaited by ubatltutaﬂ mvthylmm# groups (emmpmumda 1,&& 31)*'
| The suceesaful ﬁﬁ%p@&nﬁﬁ are all long aiain&ﬁ and thef
all eontain the tvpieml m@tMyleﬂpwinL@rgupuaa uu«ﬁtura&&ﬁ @yqtaﬁ
in this case Che ungaturation is a@@tyleniﬁ in natoure yathﬁw-
than the ethylsnice Q the lipoxidase subsbtrabes. The &laﬂ@ i
similarity of th@ BREYHG inhibitors and substrates sug asaﬁﬁ
thot the iohibitlon could be of a vmmpatiﬁivm noture and furthar
mtuﬂimm uslng the most gucaﬂaafal mf the inﬁ:bi&ara Vi,

@iﬁ@sata%rawgn&.11.1Hmyn9ia auld, were made ©o confirm this,

Liteet of Bnsyme Concentration mn'%fftﬁiqg,g iﬁhigihmr

The apsey uged for this ﬂﬁmﬂy'amm%ivt@ﬁ of 11nﬁ3aiu wuié
n(é.é k3 1@"*N) end petrawynole neld{3.1 ® 1@”§H) nnd@u 1& tha
f>£amﬁ volunes of 9thama1(1m]. and Ge20mLe reapﬁeﬁivwiy) %0
 puffer{2%als. ). Boya ﬂh&fﬁ@t$(1ml.) were aaueu W the ﬁtirrmﬁA
raachion mixbure, The goye extracts ﬁmmﬁ w&r@ Lhﬁ shandard |
: exbract or dilutlons of this, Poroxide and diene conbents
wore dotermloed at various Lime inltervals by rmmﬁéing 5&@&1@&
of x@mﬂtlwn mimﬁurm(1ml,} into ethenol op 60‘ @Lhwnal(1ﬁm}ﬁ.).
Ag may be seon from Figure O, whers ﬁivmﬁ gonbent hn& bagnJA
plmhtﬂd ngninst Lime, bhe @fficiﬁhcy af the Jﬂhlhihﬂr io |
unafiﬁetmg by nn&ym@ -mn@au&w&b¢am, The avmwﬂf@ imh?bitlmm ff;
aver the f@ﬁ@tﬁﬁﬁ peviod ﬁﬁ%mﬁumﬁ is of the mwneﬂ of 65%. (
Hinliar resulis wers whtﬁiﬁhﬁ from peroxlde m@nant

_detorminations,  This Pesult is conslstent with competitive



Fig.9 | Effect of Tetra-ynoic Acid on Rate of Linolelc Acid
. Oxddation Produced by High Enzyme Concentration in

Unstirred Reactlone
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Inkibit imn bhﬁ?ﬁ bﬁﬁﬁ dnhikitor and ﬁuﬁntratéféaﬁﬁvﬁ@ foy ééﬁiv&:
ﬁi%ﬁﬁ‘@n the kVM@; | Thng, with the sane ?ﬁ%?@uqf inh?hﬁtur &&
‘ﬁﬂﬁmﬁ?é;: @ﬁ?i&tiwﬁ ot ﬁuﬁfmm nmnwawt@&hlam maruiy aﬁﬁmra th@ |
numbiey mm wvmilmhjﬁ aab%va nﬁmmr nnd doey nﬂm alter the Q?Q?@ﬂ?
@fii@ivﬂﬁy of the 1whibjf¢r¢A

4

enc schian Using Hlgh Easyme .

T

Lifaat, m’ trhibitor in %ﬁl?r{*@ J

Gopgentrablon, _

Heving shown the totrasyuole aeiﬁ'imhlﬁitmr to be @ffé@ti?é
2t high ensyme @@ma@ﬁﬁr&tiﬁns at wirich it ﬁﬂﬂ,ﬁﬁ@n shown {0 bo
g@gmihlj to denonstrabe ensynie ﬁegiruatiﬁn of p@wa iu& in e
wmsbirred venction 1t was decided Lo 1@@3 a% the effect Qf,ﬁﬁa
inhibltor under such conditions, | | -

Thin was ﬂ@n& to onpure that the t@ﬁwamyhmiﬂ acid wns not
appearing tm he effiolent by couslog bwankd@@a.uf thﬁigriﬁmry‘
QQRSEQP%Q& hy&vmpmr@ %ﬁp pvmﬁnat. While tﬂiﬁ'ﬁjvmmﬁ mlikoly
1% vas consldsred wise. t@ mh@uh. i€ 1t vas acking as &‘trag |
1nﬁ3b5tmr'hy'slmﬁxnw the primary resction TR0 ] L wﬁﬂ ﬁi@ cﬁ '
that XY gen ﬁxhauvtiam, with 1its consequent W@P? zﬁn_bx@agﬁmym
bedug mh@lmuw,_wﬂu?& not be secomplished, : PR

The pome aﬁsay Q8 1n the pvnvimu@ work waﬁ used, tho
recebion nob ﬁﬁimg wtl?vedq Pop DHWB%J&“ ﬁﬁ ¢ :mp ﬁmmtﬁmﬁ
ﬂeha*win&ﬁimmﬁ$ F@mpﬁo (Tmlu) of renction mizture vore ba Héﬁ
-imtm ethanol or 60% ?ﬁhmﬂﬁl{Qrﬁlwa)w o

he resulis are s&mwn‘im*wigarm 9 vhere 1t g obvioug bthab-
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: Fig.26i Spectrum of Vitamin A Acetate in Ethanol.
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