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PCT/ SE97/ Q0 - A METHOD FOR DETECTI ON OF POTENTI AL (&9%? NTS
Backgroungvgz;"gsssﬁ'he nmet hod of the present invention is derive %@1&?
conpl ex screening nmethod (1) which jel ates to the oxidation and
co-antioxidation of |ow density |ipoprotein (LDL) lipids by a
t ocopher ol - medi at ed mechani sm (TMP, tocopherol - nedi at ed peroxidation) (2).
The latter mechani sm sumari zes a novel approach to explain the
activity ofA METROPFORDETECTION OF POTENTIAD COPANFIOXIIDANGSt h its ability
to act as a.phase transfer agent and also its role in the 10 peroxidation
of the lipid conponents of the |ipoprotein. This earlier study (1)
i ndi cat ed gﬁgﬁﬁ% effective co-antioxidant (XH) for a-TOH acted in
three specific nodes: the co-antioxi dant nust associate with an
oxidizing LDL particle, reduce the |lipid peroxidation chain carrying a-
tocopherox%/i_la radical (a-T(err]) [reaction 1], and the ensuing
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approxi mat el y O referred to highly effective co-antioxidant’s,
mechanism summarizes a novel approach to explain the activity of a-tocopherol (a—TOH) in

LDL in terms of both its ability to act as a phase transfer agent and also its role in the
10  peroxidation of the lipid components of the lipoprotein. This earlier study (1) indicated that an
effective co-antioxidant (XH) for a-TOH acted in three specific modes: the co-antioxidant must
associate with an oxidizing LDL particle, reduce the lipid Peroxidaﬁm chain carrying o-
tocopheroxyl radical {-TO«) [re_action 1), and the ensuing, co-antioxidant-derived radical (X+)
must escape the lipoprotein particle (so as to minimize the possibility of regeneration of a-TOe)
15

XH + &-TOs — o-TOH + Xo [1}

The co-antioxidant efficacy was evaluated previously by the corresponding anti-TMP index (1),
where anti-TMP indices of approximately O referred to highly effective co-antioxidants, and

20 anti-TMP indices of approximately 100 indicated poor co-antioxidant activities. As this
methodology required the isolation and labour-ihtensive work-up of biological material we
sought to develop a simple and rapid screen to identify potential co-antioxidants for a-TOH,
based upon the ability of a test compound to reduce o-TO+ which was compartmentalized from
the surrounding aqueous medium.

25



20 anti-TMP indices of approximately 100 indicated poor co-antioxidant
activities. As this nmet hodol ogy required the isolation and
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PCT/ SE97/ 8§07 : adical attenuating abili 2
Descri pti'on of tocopheroxy ] enue g Ity (TRAA) test

The met hod of the present invention is based on the direct observation of
a-Td err] by electron par amagneti c resgnance (EPR, a techni que used
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of a-TOH using a commrercially avail able mercury- vapour |anp. The
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tocopheroxyl radical attenuating ability (TRAA) of each test compound to be determined. We

defined an efficient inhibitor of the &-TO- (i.e. co—anftioxidant) as a compound which causéd a

greater than 5-fold increase in the rate of decay of the o-TO* radical as compared with the rate
15 in the absence of the test compound. |

Thus, the present invention provides a method' for scrfgening and/or testing in vitro synthetic or
natural bompounds for co-antioxidant potency in elinﬁnating the o-tocopheryl radical,
~ characterised by measuring the decay of this radical in the presence o} absence of the test
20  compound using EPR spectroscopy and identifying co-antioxidants which exhibit a greater than

S-fold increase in the rate of decay of the o-tocopheryl radical.
Details of the TRAA test

25 Preparation of micelles - 100 mM Stock solutions of cetyltrimethyl ammonium chloride
(HTAC) and sodium dodecyl sulfate (SDS, both obtained from Aldrich) were prepared in
- phosphate buffer principally as described in (3). Micellular dispersions of a-TOH were
prepafed by diluting an ethanolic solution of «-TOH (0.2 M) into such micelles (3) at a final -
TOH concentration of S00 tM. This resulting solution was sonicated (30 W, operating

30 frequency 4116 kHz) for 15 seconds after which time it was completely homogenous.



15 in the absence of the test conpound. Thus, the present invention
provi des a nethod for screening and/or testing in vitro syn ix97/86575

nat ural cWSUIE8L f or co-anti oxi dant potency in elimnating the
a-tocopheryl radical, characterisedy by neasuring the decay of this
radical in the presence or absence of the test 20 conpound usi ng EPR
spectroscopy and identifying co-antioxidants which exhibit a greater than
5-fold increase in the rate of decay of the a-tocopheryl radical.

Details of the TRAA test 25 Preparation of mcelles - 100 nM St ock
solutions of cetyltrinmethyl amonium chl oride (HTAC) and_sodi un] :
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Ceneration _and, detection of. a-Td err]--- ' .. . I, AN
T el | b PSS e gotresboRing fempschcips cpitnflel B RlnPindtos (WA G Sty
Wl nmd da 1 .Mh afforded o- YOOV
HCOL- NErcur?F%?%@ggﬂ?%ﬁbwg%‘g%ﬁ?ﬁ%gzﬁ S, {srlgggégggrrery, Sydney) used as
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of the bulb was renoved. S l.es e, irradi gt or.3 mn foll by
O b e 901 AL G o Riioh AL T & i pb b SR,
and modulation frequency 12.5 kHz using a Bruker ESP 300 EPR spectrometer fitted with an X-

band cavity. Temperature control was obtained using a Bruker Temperature Control Unit and

temperatures were accurate to +0.5°C.

1s  Determination of TRAA--- Following accumulation of the “T=0 min’ spectrum, the flat cell
arrangement containing o-TO- was removed from the EPR cavity and the solution gently coaxed
into the. neck of the flat cell under positive pressure. The compound to be tested (or the
appropriate volume of water or ethanol for the controls) wz_as' then added to give a final
concentration of 10 M and the treated sample replaced in the cavity, allowed to equilibrate to

20  standard conditions and sampling resumed. This method of addition normally réquired 3 min in
total, and did not affect the rate of decay of a-TO- as verified by identical decays in control
samples treated in the same fashion with or without an appropriate volume ethanol. The time-
dependant decay of the EPR signal intensity for &-TO- was measured in both the presence and
absence of the test co-antioxidant (10 uM) using a sweep time of 20.5 s, averaging the output

25 from 3 successive sweeps at each time point, and averaging the results of 3 separate
experiments. Control decay curves (i.e. in the absence of the co-antioxidant) were run
periodically between separate experiments and averaged over the sample set to afford observed
rate constants in the range k1=4.640.3 x 10'43. A relative decay term k(+antioxidant)/K(-
antioxidant) Was then obtained and compared with the definition of an effecient inhibitor of a-

30  TOs, i.e. caused a greater then 5-fold increase in the rate of decay of the radical.



flat cell to the corresponding tenperature controlled Dewar insert (WI nmad)
in the EPR cavity, where the sanple was allowed to equilibrate to
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m cr onave power 20 mW\ and nodul ati on frequency 12.5 kHz using a
Bruker ESP 300 EPR spectroneter fitted with an X- band cavity.
Tenperature control was obtained using a Bruker Tenperature Control Unit
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TRAA- - F@®dsoled Nng accunul ation of the T=O m n' spectrum the flat cel
arrangenent containing a-TJerr] was renoved fromthe EPR cavity and the
solution gently coaxed i'nto the neck of the flat cell under positive

pressure..The conpound to be t.esied (ar the apprapriate volune of
Rater or TPt Geypioped Vs sheeF 84 diemetndinuptan SPieRF Gubicunis g6 esablisn
concegt r ghd : moy,gbgr rdg‘ﬁ-ﬁqa ke y htY.
al | owed ?{')élggw ﬁyjbé}éliegfh%%‘%o st ncﬁgr con i%t?l onss:{al sarr% #‘ﬁé’kﬂrag"s%% :
Thi s met hissir @ipeativs anticTVIPactivities, i.e.otheir abitity3o fnhibit the early stdges of LDBLifiddi d not
affect the rate of decay of a -TQerr] as verified by identical decays in

control peroxidatigminitiated Ry:a low flyx efiwaterselubleaparpxyl ragicals. The selatiprship between
appropri gte vo nol . Th i MB-. . dependant .decay of  t P
Sronal | bR ARG cresnigel i Tap R s e et 00
absence ®ank bRl R5thatGRe éficieRcy ¢Fao-dnfibxibistt !?Jr'ﬂDll&%—ﬁ@}Pcmﬁ‘&pr‘édi%d With20- S
s, averaging the output 25 from 3 successive sweeps at each tine polnt,
and aver &3%ngrobdbility bytlie ERAA t&staloper at e “experinments. Control decay

curves (i.e. in the absence of the co-antioxidant) were run
periodi cally between separate experinents and averaged over the sanple set

to affor uﬁgﬁ Vl?gtl > LS. | Ny h[h@; =

| O[ err] ss r@?’ | vgoh[gégsgsﬁggﬁ* Eg +anﬁd&xf@£¥$)t?’2%ﬁty : Jﬂ]gﬁ?v?%%?‘c’fgnt) was
t hen obt activty in bothaierPRAK kyyiyki)£082) ded antl-TMPrtes? {antir-TMPfistdex @f B8), evenbi t or  of
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PCT/ S:sE 9 7/cgr? tzu?ns and atherosclerosis in several animal models. In contrast, the probucol metabolite

4

3,3",5,5"-tetra-terz-butyl-4,4"-bisphenol showed high activity in the TRAA test (i.e., immediate
decay of &-TO» upon addition of the compound), and this correlated with its high anti-TMP
activity (anti-TMP index of 8.0). From these results, we predicted that the probucol metabolite,
rather than probucol itself, is the active antioxidant inhibiting LDL oxidation and atherosclerosis.

20  Consistent with this, the probucol metabolite is detected in LDL of animals supplemented with
probucol, and the concentration of the metabolite detected ex vivo is sufficient to brovide high
activity in the TRAA and anti-TMP tests. -

Accumulation of lipids in vessel walls and subsequent lipid peroxidation is considered to be an
2s  early event in atherogenesis. This development is also often accompanied by a decreased

endothelial function, characterized by a reduced ability for the natural stimulus induced |

relaxation of the smooth muscles of the vessel and sometimes even resulting in an abnormal

contraction.



The net hod devel oped was applied to 63 different natural and synthetic
conpounds. To establish S the reliability of the nethod, SR d
‘the TRAA oW HE8E8153 potential co-antioxidants with thelrpe,rsgspec?fve'
anti-TMP activities, i.e., their ability tep inhibit the early stages of LDL
lipid peroxidation initiated by a | ow flux of water-soluble, peroxyl
radi cal s. The rel ationshi p between t he measured TRAA and correspondi ng
anti-TMP activity was highly significant (p <0.00005, Rank test), so
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with this, the probucol netabolite is detected in LDL of aninals
suppl enented with probucol, and the concentration of the netabolite

detected ex viyo.is suffjcient to provide hi I_y] i . TRAA
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sti mul us i nduced
of such treatment.

15 The dosage of 3,3°,5,5 "-tetra-tert-butyl-4,4’-bisphenol is suitably in the range 1-1000 mg/day.
g icati

The method of this invention provides a simple and rapid in vitro test for the screening and/or

20 testing of synthetic and natural compounds for their co-antioxidant potency for a—'I"OH. While
designed specifically for the screening of compounds for their anti-TMP activity in LDL in light
of potential anti-atherosclerotic activity, the test generally identifies any compoﬁnd that can
reduce and hence interact with phenoxy! radicals in (protéin-containing) lipid emulsions or
emulsion-like fluids (including Ii‘poproteins. lipid emulsions used in parenteral and other

25 nutrition, and oils). As such, the method can be applied to the screening and/or testing of
inhibitors of lipid oxidation in each of the above systems, whether applied to a medical or
technical field. In the area of medicine, the test described is generally useful for the identification
of drugs that act at least in part by inhibiting or preventing lipid oxidation under oxidative stress
or conditions wﬂere oxidative stress is implied, such as ageing, inflammation, neurological

30 disorders, ischaemia/reperfusion, and cardiovascular disease.



rel axation of the smooth nuscles of the vessel and sonetines even resulting

in an abnor nmal contraction. WO 97/ 38681
5 wWOBTe8681a furt her aspect of the present invention RGH/SEIRGONTS t he-
use of 3,3 ,5 5 -tetra-tert-butyl-4,4"- bi sphenol or a physi ol og| cally

acceptabl e salt thereof for the nanufac?ure of a nmedicanment with

effect ininhibiting lipid peroxidation, particularly for restoring
endot hel i al dysfunction. 5 A still further aspect of the present
inventioqgﬁghg%?s to a pharmaceutical preparation for use in t he
prophyl axis and/or treatnment of conditions of oxidative stress where
restoring endotheli al dysfunction i's essential in mhich preparation
the active |ngred|ent IS 5,5"- tetra tert-b 4' - bi sphenol or

a physi ol(byB¥m) Y- Q&M%Jecéem apd, By Stgeker. 1999 Prev,qng?q Pﬂ‘o?%hﬁwmeﬂ’éﬁéct of
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dysfuncti®én 1 n ing nman tTve ‘anount

3,3 ,% S'smgtra-tert - butyl -4, 4' - bi sphenol or a physi ol ogi cal | y

accept able salt thereof is adm nistered to a host in need of such
treat ment. 15 The dosage of 3 3,5 5 -tetra-tert-butyl -4, 4" -bi sphenol is

suitably in the range 1-1000

gg General a llc%tlon qQf the TRAA
t est (2) Bowry, V.W, and R. Stocker 19 Tocopherol-mediated peroxi

e prooxidant
effect of vitamin E on the radical-initiated oxidation of human low-density lipoprotein. J. Am.
Chem. Soc. 115: 6029-6040.

10 _
(3) Bisby, R.H. and A. W. Parker. 1991. Reactions of the alpha-tocopheroxyl radical in micellar
solutions studied by nanosecond laser flash photolysis. FEBS Lert. 290: 205-208.



The nethod of this invention provides a sinple and rapid in vitro test for
the screenjing and/or 20 testing of synthetic and natural rr%.wﬁ?

their co-aMIv4d t potency for a-TOH Wile desi gned speci |f8§Fy
for the screening of conmpounds for their apti-TMP activity in LDL in |ight
of potential anti-atherosclerotic activity, the test general I y identifies

any conmpound that can 1 ence |nteract \adi cal s
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i ncl udi ng ei ns%, 1% pi nmut si'ons use in he'r
nutrition, and oils). As such, the nethod can be \gppk+ed The screening

and/ or testing of I nhi bi tors of |lipid oxidation in each of the above
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2. A method as claimed in claim 1 wherein the said radicals are present in micellular

10 suspensions.

3. A method as claimed in claim 1 or claim 2 wherein the said radicals are generated by use of a

mercury-vapor lamp.

15 4. A method as claimed in any one of the preceding claims wherein the co-antioxidant which is
identified as passing the 5-fold increase requirement is 3,3°, 5,5 ’-tetra-ten-butyl-4,4’-bisphenol_.

5. A pharmaceutical preparation for use in the prophylaxis and/or treatment of oxidative stress
where the prevention of lipid oxidation is required characterised in that a co-antioxidant as
20  defined in claim 1 is incorporated with an excipient carrier or diluent to form the pharmaceutical

preparation.

6. A pharmaceutical preparation according to claim 5 wherein the preparation is in unit dosage
form.

25
7. A pharmaceutical preparation as claimed in claim 5 or claim 6 comprising the co-antioxidant
wherein the pharmaceutically accepted carrier is a synthetic and/or natural additional co-

antioxidant.
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(2) Bowy, V:W, and R Stocker. 1993. Tocopherol - nedi at ed per oxi dati on.

The prooxi dant effect of vitamin E on the radical-initiated oxidation
of hunmanwaewasesisity | i poprotein. J. Am Chem Soc. 1PET/SEO26058940. 10
(3) Bisby, RH and AL W Parker. 1991. Reactions of the al pha-tocopheroxyl
radical in mcellar sol utions studl ed by nanosecond | aser flash

phot ol ysis. FEBS Lett. 290: 205-208.

7 CLAI M5 1. A nethod for screening and/or testing in vitro

synt heti cgor, Hatiial Fﬂﬁ, . : 5'91%’3'. POk BIAG in
el i m nati %’gAt‘ﬂ&e a- ?%%%gﬁ%%ﬁ ra%?g:agﬁ?d e é’gfgﬁﬁse btgayrrrué%surlﬁ% t he decay
5 of t hastiox@dhiiah, 3" 15,5 herPieshitge4 arbigpedce of the test conpound using

el ectron paramagnetic resonance spectroscopy and identifying
co-antioxi dants which exhibit a greater than 5-fold i ncrease in the

rate of dSC Q'Xe I?sfe otf B?B‘%:é’gg % -tg%[gdtylffg‘l-ﬁgplehol or a physiologically acceptable salt thereof

s for the manufacture of a medicament with effect in inhibiting lipid peroxidation.

10. The use of 3,3’, 5,5'-tetra-terz-butyl-4,4’-bisphenol or a physiologically acceptable salt
thereof for the manufacture of a medicament with effect in restoring endothelial dysfunction.

10 11. A method for inhibiting lipid peroxidation in mammals, including man, wherein an effective
amount of a compound which has been identified by the method claimed in any one of claims |

to 4 meet the greater than 5-fold increase test is administered to a host in need of such treatment.

12. A method for restoring endothelial dysfunction in mammals, including man, wherein an
15 effective amount of the compound 3,3°, 5,5"-tetya-tert-butyl-4,4’-bisphenol is administered to a

host in need of such treatment.
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2. A nethod as cl e|n the said radicals are present in

m cel | ul ar Susn mﬂg" , A nethod as clainmedin claim.l or
cIa|m2 vvherelnthe '£ lm gener at ed by E—~f—tt
mer cur y- vapor | anp. m “LH as claimed in E fAﬁEMENTT UE]éf

preceding cl ai ms ‘wherein the co-antioxidant which i
passing the 5-fold increase requirenent |§ 3,3,

5,5 -tetra-tert-butyl -4, 4" -bisphenol . 5. A

preparation for use in the prophylaxis and/or treat stress
where the prevention of lipid oxidation is requireq_characterised inf[that a
co-antioxi dapAIS 20 defined inclaim1l is |ncothFETEH‘Wrrh—aﬂ—exﬁipient

carrier or diluent to formthe pharmaceuti cal preparation. 6.
A pharnaceutical preparation according to claim5 wherein the preparation
Is in unit dosage rm har maceuti cal preparation as
cl ai med in kAmehed tsarS@F%m&aed@bwgmgsmﬂgrq%&s%%@waslpwammds or Co-pwher ei n

the phar m%ﬁ%h&z@l Lé(ter?c&t T8l ﬁ}@rtﬁé &-Em{oﬁhe%ﬁ?(&l&ﬁec%&c&%/ by lBhthlhe decay

addi ti onal or a oweYring agen
5 of thxs radical in the presence or absence of the test compound using electron paramagnetic

resonance spectroscopy and identifying co-antioxidants which exhibit a greater than 5-fold

increase in the rate of decay of the a-tocopheryl radical.

2. A method as claimed in claim 1 wherein the said radicals are present in micellular

10 suspensions.

3. A method as claimed in claim 1 or claim 2 wherein the said radicals are generated by use of 2

mercury-vapor lamp.

15 4. A method as claimed in any one of the preceding claims wherein the co-antioxidant which is

identified as passing the 5-fold increase requirement is 3,3°, 5,5°-tetra-terz-butyl-4,4’-bisphenol.

5. A pharmaceutical preparation for use in the prophylaxis and/or treatment of oxidative stress
where the prevention of lipid oxidation is required characterised in that a co-antioxidant as
20  defined in claim 1 is incorporated with an excipient carrier or diluent to form the pharmaceutical

<

preparation.

6. A phahnaceutical preparation according to claim 5 wherein the preparation is in unit dosage

form.

7. A pharmaceutical preparation as claimed in claim 5 or claim 6 comprising the co-antioxidant
wherein the pharmaceutically accepted carrier is a synthetic and/or natural additional co-

antioxidant;or a lipid lowering agent.-
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A method for screening and/or testing In vitro of synthetic or natural compounds for aatioxidant potency. The use of 3,3',5,5-tetra-
ters-butyl-4,4’-bisphenol and pharmaceutical preparations thereof in restoring endothelial dysfunction.




