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FILTER W TH SCAVENG NG EFFECT ON FREE RADI CALS I N Cl GARETTE SNOKEAN\RSASTS
PREPARATI ON METHOD BACKGROUND OF THE | NVENTION Field of the Invention This
i nventi onwoakaess to an inproved cigarette filter with apsgaNge@kng ef fect
on gas phase free radicals in cigarette snoke. The invention uses filters

t hat contai n proantbocyanidins for scavenging the free radicals. The
present invention is also directed to a nethod for producing an inproved
cigarette filter with scavengi ng effect on gas phase free radicals. It is
wel | accepted that |it cigarettes produce an enornous anount of free

radi cal s, including gas phase and sol i-d phase free radicals. The nunber of
free radicals in the gas phase has been estimted to be | 015 per puff,
which are primarily al kyl, al koxyl, peroxyl and nitric oxide (NO-) free
radical s. Inhaling the gas phase free radicals produced by cigarette snoke
into a human body is known to produce toxicological and pathol ogi cal
changes that are deleterious to hunans. The gas phase free radicals are

wi dely known to be nore harnful to the human body than are solid phase free
radi cals. In patCIGAREITE FILTER WITH; SCAVENGINGEFFELT ONFREEt hat i s, the
vol atility of gas phase free radicals. G garette conbustion, in particular,
i nvol ves a BAPgCé%SHNQIGQR@MSMQKEMWWSWARATIOMMH{)Dhat exi st
in the snoke. Cigarette snoke is a conplex m xture of nore than 4,700

chem cal s, including high concentrations of highly 1 9 JAN 2el1l5 WO

02/ 32239 PCT/1BA /01862 -2reactive free radicals which play a magjor role in
t he toxi ci tJAGKGRQUNBNe THRENVENEIONdi cal s attack cell constituents,
reither directly or indirectly, and are believed to be a factor in tobacco
snmoke r el atBdlddif sigalopentionhiny parts of the body may be adversely affected by
the gas phase free radicals including the lungs, nouth, pharynx, esophagus,
heart and cir culBisinyertipatrelnes tamminyaovedusgosteafilter Witheeschddigiial efresBY Cchange
the nol ecul ar structures of cell proteins and |ipids and cause breaks in
DNA sequencussgas iphase freadadicalsrint cigiretessmdkee rEHR)inven€io® asss Tltets Batidostam Of

devel opi ng various types of cancers. Studies indicate that mainstream
snoke, t hatproanthesyagiiding furatadnging detfree thdiodls.a The preséaneitién Rngkosi dest r eam
snoke, which is snoke emitted fromthe snol dering tobacco between puffs and
t hr ough t helisgied teeal methold doeprotiteing fy inprevedkaigareteOfilte iwith dcgtengmgcent r at i ons
of free radicals. Sidestream snoke affects both the snoker and the

non- snoker ictoumghs phasedreskradicald maj or health concern relates to the
exposure of non-snokers, including infants and children, to tobacco snoke
in the home and lois well accapeed tharditicipatetde piodace o arBomkaicunt bhgéd/i dual s who
do not snoke but are exposed to secondary sidestream snoke may suffer the
consequenc gadicdls, finaheding gascptiaselanipptid phaseftee hadicas. STRK gumbdr S fek the free
radicals in burning cigarette-produced snoke gas phase are instantaneous
‘and unst ablredicals inithe gagyimss hiscbetwestinmesive beHOMpdi pERE! Wiickbteprizh8ay T on Spi n
Resonance Spectroscopy ("ESR spectroscopy"”) techniques. In order to observe
gas phase faikyd allodyk pemoxybamimiai dxides@IP) fsenildidal. dhkEMRthegRPRkR 2 Spin
capture technique is enployed. In this technique, gas phase free radicals

are capt ur dceaaticalsyrodnced hyfoiranee smoke ifio 3 Mumad BEGELs Kidivaho sajaube tested
via ESR spectroscopy. A 1 9 JAPE 2005 WD 02/32239 PCT/I1BO /01862 -3 spin

col | ector (@tdlogial hetpahclogibal chasgepiassrelderrioastCiinsans WThe Ragr €

predom nantly al koxyl free radicals (RO-) and alkyl free radicals (R).

Most of t hphasadrep hadienld areavidelgikaows td be neRAREAAI IOHR RLANRey aad al kyl R
free radicals. N trogenous substances oxidize and produce great anmounts of

NO free radiccslid phds©fjeciraditdle Di RE€ s & 2 FbEIRbEME BN IR iR Tevels gACt i ON Of
NO2 with oxygen results in the production of reactié\%gr\léqﬂeé radicals. A
NO2 free rayidealolatitiyy 6f@6iphidetffeeqhditly), a substance produced during
cigarette burning, to formalkyl free radical RO-. RO~ fine radicals my

attack cel |l mentigarés comBustidHSh pariuthr PRVONECRLIBNex ﬁnﬁdgi ch lipid
per oxi dati on may stinulate nacr oﬂphagespt o rel easlgﬂg){(%gen l5r}8cée§"?ladi cal s.

Oxygen fr eehicAQirédicss fré¥rabidels tha® \Mist iXGe shHSIQP QF}E%%@B% %(%18?5:“1%% d-og:l;p!rgxy to cell

constituents. They may poison cells and may co 0 causrng | ung
cancer andmiiearfetof thoze =g 4 AREd: i : i . nt in the
snoke of a lit cigar ette.QSucheﬁcg}ey’ gdggi;dggllgé%&gﬁagﬁgf?@%gﬁgnd t her eby
i nactivate pul nonary -1 antiprotease, which inhibits el astase and hence
causes pulnonary injury. Also, free radicals fromcigarette snoke are
considered in the pathogenesis of snoking-induced |ung di seases, such as
enphysema, |ung cancer and heart diseases. Conponents of the lung matrix
itself (e.g. collagen, elastin) can be damaged and fragnented by oxidants

. . I —— I L 1 . . L,




1 9 JAN QVO05 WD 02/32239 -6 PCT/1BA /01862 Pycnogenol pine bark extract is
derived fromthe bark of the French Maritine pine. It contains] @ JjAhdéds
anount of approximately 70 % 75 % proant hocyani dins and ot her fl avanol s
with freewoaelBpad scavenging activity such as catechin, gaxgh@ikés and
phenolic acids. The proanthocyani dins contained in this extract have a
chain length of about 2 to 12 nononeric units, wherein the nononeric units
consi st of catechin or epicatechin. Qther procyanidin-rich substances coul d
al so be used as free radical scavengers in cigarette filters. These
substances include but are not limted to, extracts of the barks of pine
trees, cones of cypress trees or grape2seeds. Proanthocyanidins are
particularly suitable for cigarette filters because they are nonvolatile

subst ances. reavtiverfrdeaedicals whith phayea hiajop @blg i the toXicily GIAES SH6ked THeSREe t €NdENCy
to stay adsorbed and remain inside the filter. Free radical scavenging

filters of mtiealomasskrelliconsinienB) ety dp@cty %&ﬁ&u&?{mﬁ/ﬁewi&e& bl a free
radi cal scavenger solution conpletely over filter filaments, and then

drying the factot &rtobdceoemblie ANACARISS! | Manf Bﬁ’tsfdfltﬁeet%od‘?lrzfir};g&i[aﬁvw&l? cut

unfiltered cigarettes and/or cigarette tobacco for fo nto crgarettes.

i Per 0 es | | bundi
rior to draffeo@d byhike gdslphese fPdeGaBIRALS HRYu ?‘E?‘?‘%g"h?‘é‘g’.é%& ti ons

shapi ng process. Several exanples of speci ee utions nmay be

used. The exepmpes heataniEsttulBorg st CHaSaH nay 0> WO
02/32239 Exanple 1 PCT/IBO /01862 D ssol ve Bﬁgrg%bc?é%?“gﬁﬁﬂa{% vitamn C

(100 %) i nchang¥ 8O ffoldc@lr &fuchires 8 ééﬂgﬁ?ﬁierggfl%{gﬁggféaﬁé’bztéh%solﬂ-pﬁéenl y

spray the ethanol solution contalnin SS proan cyanidin and
Vitam n C oeQuenisdBitaéddSo diABRO! & b ' SvadgL eaf ter
and process ﬁe dried filanents i n%rg%%g%SPF@%aﬁx gggé\%ﬁ$§%&ﬂo known in
the art. Coppdsifcaeg.With unfiltered cigarettes. The resulting

proant hocyani din and vitam n C content in such a cigarette filter of this
exanpl e is respapidissahdicRIHat mhRsRRRY %, %ndi ~m9?1f%’ ] the cut
tobacco of this cigarette in wel gﬁt. gr%]glt(eiqgg&?sérﬁl?géei e eg%?cv(fgﬁ%%rg of the

| mproved T id ltaligatGi salisidedriEath drfoilel Sinlch!ib SHASTRAN Fbm i GhlihEf e

d
cigarettes were used as reference cigare niques wWere used to

test the gagbﬁg@g@wé@pg&glaﬁd&%ggpme\é Me@ﬁ?ﬂ%i 1‘3"{(1;3155’%?5?1%@& Qf the

cigarettes. The amount of free radicals In e’ present

nventi on_ wagh GREBRAGWrirbelhficASD Yootk AL ARAIRAA B! hELEA L LA ot e,

Ef ficacy of the inproved filter was con y ‘usSing a shoKing device to

i mtate hurRhnén-sdXetsBodld the ShoM" %glagg'_lﬁ ﬁf’(%onéeg'g%l/a | PJ- thb @Qﬁb:,?'gfneg once

for two seconds, one mnute apart. esting con ons uded: X

ampi | Lude, See San o ety ke TR Y Blackd SRS Mot el o ngi g

anplitude. See Table 1 for the test res adr c scavengi ng

rate E was ogdk oibaddind Vel b kA, 1A who B e e s Yhaer e Ho

represents the peak intensity o e reference system an presents
‘the peak | Rkfuied to/seBbndaPdGREH hidd Lf ARG L. a8 i S
formul a, theﬁg;as phase free rg‘fﬁ‘gg’l%fié‘gtgﬁfé%ﬁg?%g’?%q“éﬁ%g%gg?@%? 19
JAIV ~gD5 Wanfed 888 35bableldhdRe! / 01862 _g_ Exanple 2 Using the method of
Example 1, cigarettes wth the unproved filter having a proanthocyanidin

content of abouM(;gt&qgggg@mwggﬁg%ﬁhgﬁ}mg&gggﬁfgglasgg%ﬁisgar ette of

cut tobacco) were tested In accor e pr ffed above
d | cul h P . ical ' te f | a.

The gas. phoseneilods Mo RO B 20k RS FEobRNe Tm SRS BIERE o7l o -

I'ts, : B t had. of le, 1. th

i gar et t oo B TR SPRS SpsFROR Ry PSR SR ElVE) SBieno ) BRFEIT st Eent of
bout 0.00 t i f .Si | i tt f t tob

oo tost ol BescBSPRARE NEnME U pRisoll iEiBohlle bR hBdeifia cal cul af ed

by th b ' i cal. i t | a. | culated b

the above LonAR: s§EBibyEh "t bRl B H Hrt ArBalsaracantined g8 phace

f di ' 3 7.6 %.. F h tailed lts,

Tabl e 3. enensregaii i KBReCHER e ret 1 1 eekeei th

i nproved filter having a proanthocyani din content of about 0.0005 % (based
on the weight of a single cigarette of cut tobacco) were tested in
accordance with the procedure expl ained above and cal cul ated by the
above-nentioned free radical scavenging rate fornula. Calculated by the
above-nentioned free radical scavenging rate fornula, the gas phase free
radi cal scavenging rate was 29.1 % . For the detailed results, see Table 4.
19 JAIV ~~~5 WD 02/32239 -9 PCT/1BG /01862 This test indicated that when

t he proant hocyanidin content in the filter is 0.0005 %, the gas phase
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pr oant hocyani di n content of about 0.001 % (based on the weight of a single
cigarette of cut tobacco) were tested in accordance with the fdr§cadZél

expl ai ned above and cal cul ated by the above-nentioned free radi cal

scavengi nwor@agz3por nul a. Cal cul ated by the above-nenti onggrigeesigsadi cal
scavenging rate forrmula, the gas phase free radical scavenging rate was
about 20 % . For the detailed results, see Table 5 . As shown by the above
exanpl es, when the proanthocyanidin content in the filter is within a range
of about 0.0001S % and 0.001 % (based on the weight of a single cigarette
of cut tobacco), a high scavenging effect on gas phase free radicals in
snoke was achi eved. Adding vitamn CinBe the alters further inproved the
free radi cal scavenging effects. The reduction of free radicals in tobacco
snoke al so spidselector@BiN)tcaljents smaletgas phask ficelradics, siadtearand mar kedl y
increases the life-tinme of animals exposed to filtered snoke. In one study,
m ce were eppuslomibanty latkokpl freenmadiotls (RO-)Gindalk§! frée FARKR ®f).a polyacryl glass
cabin (35.6 x 35 x 20 cn) with two 1.5 cnR hol es, one |located on top of the
cabin for venti| Mdsbof thegaspieist ke kalialssd tdactdsndleldodRT- 3hd aRjIrRduci ng the
gas phase. Forty (40) mce were randomy divided into 4 groups. Mce in
group 1 wer dretrmhitabyd Nittdpefiomlsabsianess exidiaé ahd fodubel HesttaaidtasdriNg ters .
Mce in groups 2 and-3 were treated with snoke fromcigarettes wth filters

cont ai ni ng  Gred BHiGaIUNG) anthe PrOROPof i gietR KM O QYRR b N-NGigpar k extract
19 JAIV 2~~5 WD 02/ 32239 PCT/ 1801/ 01862 -10 respectively. Mce in group 4

served as Corygenlresalts i Hrodictibn 684REivVMING, Bed Rdidaise ﬁ’@egegr&%a?tte
snoke was introduced into a cabin containing one group of 10 mce at a
time. The timp redecwith o, afsubsuaRé piddmSed fitthe WlakditeUaSnih£1 Aglpei nt was
reached were recorded. The deceaseg m ce yverg gg)?ké%ene_ P%’rtg%m? _

hi st opat hol ﬁ@«_:t:zaiicackmgm~_fﬁé&a&%@ﬁ%ﬁ@ﬁi&k‘%@n‘fﬁ‘e&xﬂn&d&?hﬁ&Ea\fs?%igi'dops' es and
hi st opat hol ogi cal exam nation. In the control group (cigare filters

Wi thout properokidayeni B ti5), saéh MY peéKidaRGWRAY Qb %ﬁ&gﬁﬁ%&gg?el%el ung
odi I at1 on an

ti ssue was observed in 80 %of mce. A so, a vas congesti on of

smal | bl oodoxy@es €les radicld. dORYEenTRl rﬁﬁii:ﬂ&ltonvﬁéii)@%?ﬁh;,\g %d@ﬁ%d\%%ﬁgg on of

central veins in livers were Tound. However, there e abnor nal

changes in inp@yheadlt coRdmets Ghey m?pgfsgﬁ@ﬂﬁeanﬁfma?-cgﬂ%u%’tmc% athocyani din
pi ne bark extract in cigarette filters significantly Increased the survival
time and r eling @andeh endReAkediscasd ©htherafitf iHdardat : In the

absence of proanthocyanidins in Fhee cilgar ett eé@f@%,ﬁet{eﬁ%&%s%g%%fﬁed after

i nhal i ng t helistigket®f SSeICfraFAichI Snay MM Mialk bE ﬁ&%ﬁ@%&gﬁ&fg aﬁgﬂcﬁ%@ % Iy

proant hocyani di n pi ne bark extract in the filtérs, exposure
to the smoke-lofiproideaniath mibiBansdsOmd REcAOAE pullien?PREGRL | a1 € cont ent
alned 1n"a

of the above-nentioned free radi cal scavenger con filter shall

account f or 0. 0080 Mredralidhls feo chafiens k&hoﬁ@ﬁ@%ﬁ’s'&e?ed"ﬁitﬂ?&ath%ﬁeﬁsc avenger

is nore effective in this range. The proportion E)etween e ocyani di n.

cont ent andoft dagkitiotiaduded . od 04,35 . 5, and the
B BGMREhRs: sich o8 Stiphysefip u Tanbey art gy

nost preferred is 1.0. | wever, ut at hi one and a

source of sdbeasdsUTdRioehts df iHeQihd MG -8Nsd in)casi P ENOMEL hi ONi ne
1 9 JAN 2~~D5 WD 02/ 32239 PCT/eI Ba;/Otfgéfzéw-?ﬁga?%ﬁ%ﬂg%}ag{rll%?tcﬂéﬁéi ne are

subst ant i al dayagéd SRARh&H X SHEFRGn R ion in the cigarette filter
of the invention. 02/ 32239 1 9 JA ~~E§ﬁ{8 /1BA /01862 - 12Table 1

0, 2001 5% br oan! gy or a8 AT VAR Tl e uBARLETS ™

effect on gas phase free radical 1 n sno
Appl i cat i onrdexafbA found - i i

16. 718, S7. 611 54, Fr1oqs: that the ugine of smokers sontajns 10 foldchigher amounts of 20 45 75 24
" 45.96. 921 PEarR : 7 410.56. 57. 86. 48, 25. 57. 01. 56.
310. 47. 46. 08 8%0.136. 2%. %@F’?%S%@&%?%%%M@?E%ﬁﬁ%12. 56. 76,

05.57.35.7 9./85. 06 .35 .69 07.06.87.89.29.45.27.01
0. 08. 07. 48%({)[%% %r;si #‘é 41%%)?‘? pecokiflanf €ifects 6 ind g may even extend %eyon ¢

8. 06. 08. Ol 8 . .36. 85..06. 57. 57. 26, 6x7. 07. 39. 05. 211.
87. 06. 88. 91 2%%@%55%%&%??55%@5@&%%&8@8%&gq§%f§§*§g¥%§;29PBE@?%@&@@.I8.58.04-
. 06. 06. 117. .\ 02/32239 -13 1 9 JAN 2005

PCT/ | BO /Ofg%gzt%vg%f%a%gggr%q—%@%e% 3 9.06.59. 56. 66, 18. 37. 08. 8
9.211.48.98.8~ 11.89.87.112.8 8. 78.59. 810. 58. 76. 77. 27. 7
8.58.79. 77. 84. 35. 66. 05. 7 6. 97. 07. 85. 25. 97. 05. 27. 4 10. 08. 59. 89. 06. 75. 06. 26. 7
6. 87. 48. 05. 27. 44. 66. 37. 1 6. 6. 8. 99. 05. 28. 38. 25. 011. 5

17.07. 810: 510. 08. 44. 13. 511. 9 12. 010. 89. 87. 53. 54. 14. 2Mean

val ue8. 966. 73St andard error2.591. 81Scavengi ng effect2q. _3< 0.01 1 9 JAN
205 WD 02/ 32239 PCT/|1BO /01862 - 14- Tabl e 20. 00015% pr oant hocyani di n

e Y Y o r ' Y

st




1 9 JAN 205 WO 02/ 32239 PCT/I1BA /01862 -17
8.016.016.017.011.88.09.09.56.07.67.8l0.56.07.48. 27. 96. 05. 06. 29 g?ﬂ@ﬁ@am
0.95:76.77.09.87.89. 85. 78. 15. 18. 25. 68. 95. 38. 07. 59. 06. 58. 85. 39. 657 87. 78.'59. 8
5. 87. 86. 2W093/3289 08. 59. 99.88.0 .9.510.5 p 01862

2.0 0. 51 0. 56. 011. 85. 05. 25. 07. 77. 06. 05. 06. 53. 56. 04. 05. 26. 08 09 B&. 95. 62. 35.
03.76.72.75.02. 02. 26. 28. 23. 84. 62. 96. 84. 32. 52. 65. 05. 25. 44. 66. 03. 0. 4. 2~4.55. 2
5.23.75.44.42.76.54. 25. 06. 56. 12. 04. 5 Mean val ue 8. 306. 01St andard error
2.922. 12Scavengi ng ef fect27. 6% <0.01 1 9 JAN 205 WO 02/ 32239

PCT/1BO /01862 -18Tabl e 4 0.0005% proant hocyani din conbining filter's
scavengi ng effect on gas phase free raddcal in snoke Ho of Control G oup HX
of Application Exanple 4

7.915.05. 86. 7S. 40n0flt@cth8s1aihS 16 5ca¥engdFred radibals @bciSReifd fmdle wag- 44. 911. 06. 27
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1. 26. 96. 26. Factory5n 999561t & 56 pSGpithob Yarhth 66ankBach 5. 59. 84. 010. 06
. 615.56. 27. 8S. S9. 74. 77. 46. 210. Bi&gl.)SS. 56. 010. 05. 4 6: %%C%P%[Q%E? 56.0S.09.03.0

8.07. 47. 214cdlifpokid Tifter! 6TRIS fr dvatbed Bprbxi oP6adt .07. 15. 85. 69.
5 "0 2] 3pga o Ten Oga T ARveiized Bt OB IOR of Badbhadf 80

03,25, 20 RS ety 65,00 5ot ydheil Hidedlodls Hus 27
00,0401, el indinEghn 63 Obydon it MO BT, 07,71
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1 9 JAN 2005 WO 02/ 3223 /1 BA
pr oant hocy aippfédizn@O fidoMbishtibh | &@&eﬁn@@&%}%”%ﬁ eéﬁoc?x@x}ggges e@trt]ﬁi if free

radical in snmoke Hf I of control G oup pl i cati1*on

50.68. S7. SCARKADISLBIAIRS 10 O eflSs 863 B Aloath Rl Fifdfy HbEudFo PO 812 04

70.06. 08. 25 1608 30, o476 Taaras Fil BeRipphinrCofipay i 136 fe > 01205

16 36, 95 1 625 BS SRT2S 1D a Grhs e el ciBophnc fesi@iobin R 45 5 o6,
04, 75, 65, 06 25 0% Gt 05 SR 2L oR g el ol BLgRapgld 1< 68 70 oo
7. 26. 9. 2Nelthe SukS o IR 2120 Corihdro ekt 505, T 1 BO /01862

7.5 6.79.55.64.96.69.54.46.5 18. 56.

21.55.37. 2 5. : . .
21 5526 5716, 5604 308 & SIoUBO TRa ik e Thok ettt scceprance of

6. 48. 17. 35.tfide WkeR6. . 5 - 47.86.55. 67.16. 17. 3
6:76. 77. 87. 14?05.%4.‘8%%%%%%&?%?%@? 8@?‘@@‘%&/@@% Beési?ﬁ%%? 'g‘%St andar d
“error2. 792.&%&9 I : O . ~ . . 2 | acenent Sheet
18 January 2005 ﬁ%%&?ﬁ%@@k&%egg.r (e%'gh?sglsfai‘% %?l,égfa%‘gafs%ﬁ%%%geﬂ er

el enment t hajf at@@lm@@@m@g&%&kﬁs@%é hl“%O?rlé 9%%*/ eglrélfegrc:%gtg L Ssf the filtering

i ngredients being in an anount effective to0r ScC S phase free

di cal . . . Cani £ | lteri £l
and taste o Ereed AERATbARLE AURES HEbt £ Bgd hPRhlo BTt frbilry P e of
L gl ut at hi giers rquifes &/ 15K3E SiveBindehd 18 Olnefl AbMsladdh MOEDLAALLON W th 2

remai nder of the cigarette, erein ?ng i ngredi ents

is wWthin . e . 001 Of a i ght of cut

t obacco w f&halh ﬁﬁ?lﬁreéi‘.ﬁ g%at}le%gté{r& tg t té0 %ﬁ%@&%k@%’sﬁ .Os% f){:‘iottg’)%?r B\fwf;%t%]?'l ter that

i S subst ankig@blmof; - taghi.ape in.conbinatign . with ar j nder of

the cigar e%f%?’%g&%ﬁ%%gtb% g%’r'éﬁra[% |?‘f5raé'8iaesr‘?fuécet°kﬁ‘§e‘?1ﬂ@la§&? ‘&fﬁggiyani di ns,

an anount ggavgﬁb‘s: E%A]Qgimég‘#é&gredi ents being within a range of about 0.000%
%o werg )

to about 0.001 of cut tobacco within the remainder of the
cigarette. 4. Ajrglgareftt ilter claiml, 2, . or 3, wherein the filtering
el ement furt herAg%(grp&%gl é§1e1;/el grﬂeﬁ‘?%’.r' éfa sieptefe filtey with igP?‘gf"a?Sqngé‘}gai m 4,
wher ei n t heggraig rocyani dins and the anmount of vitamn C are in a
rati o of agf(gut ggé‘g ﬁ{aié E&’ Pa’f.lcg%-mf%%?eﬁé.smﬂkﬁéf%ﬁo%gaé?ﬁepﬁl&m}&tng a cigarette
filter, conprising providing a filter elenent that includes procyanidins as

filtering ingredients, the filtering ingredients in an anount effective for
scavengi ng gas phase free radicals present in cigarette snoke while not




significantly altering flavor and taste of the cigarette. 7. The met hod of
claim6 in conmbination with a remainder of the cigarette, the &foyAN (05t he
filtering ingredients being within a range of from about 0.0001 %to about
0.00l % owoanmsegzght of cut tobacco within the remai nder pfEridigofssgarette.
1 9 JAN 205 23 Repl acenent Sheet 18 January 2005 8. A nethod of producing a
cigarette including a cigarette filter and a remai nder of a cigarette
conprising providing a filter element which is substantially free of .
L-glutathione with procyanidins as filtering ingredients, the filtering
ingredients in an anmount effective for scavengi ng gas phase free radicals
in cigarette snoke, wherein the anount-%f the filtering ingredients is

wi thin a range of from about 0.0001 %to about 0.001 % of a weight of cut
tobacco wi t Sfavengpegasephasaites radfcalstie ciphrpste €iltes arl. do&d SotBiirREn®f aledrai m 6, 7
or 8 wherein the filtering ingredients include vitamn C. 10. The net hod
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. or epicatechin. Other procyanidin-rich substances could also be used as free radical

scavengers in cigarette filters. These substances include but are not limited to,
extracts of the barks of pine trees, cones of cypress trees or grape seeds.
Proanthocyanidins are particularly suitable for cigarette filters because they are non-
volatile substances. Proanthocyanidins are biopolymers that possess a great
tendency to stay adsorbed and remain inside the filter.

Free radical scavenging filters of the present invention may be prepared by
evenly spraying a free radical scavenger solution completely over filter filaments,
and then drying the filter elements and connecting the filter elements with cut
unfiltered cigarettes and/or cigarette tobacco for forming into cigarettes. Prior to
drying, the filter element may be shaped in a filter bundle shaping process.

Several examples of specific free radical solutions may be used. The

examples and results are discussed below.
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Dissolve proanthocyanidin and vitamin C (100%) in a proportion of 1 : 2
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into a 95% ethanol solution. Evenly spray the ethanol solution containing the
dissolved proanthocyanidin and vitamin C over cigarette filaments. Dry the sprayed
filaments thereafter and process the dried filaments into cigarette filters as is well
known in the art. Combine same with unfiltered cigarettes. The resulting
proanthocyanidin and vitamin C content in such a cigarette filter of this example is
respectively equal to about 0.00015% and 0.0003% of the cut tobacco of this
cigarette in weight. |

Testing for the effectiveness of the improved filter was performed in the
following manner. Unfiltered cigarettes were used as reference cigarettes. ESR
techniques were used to test the gas phase radicals respectively contained in the
smoke of the cigarettes. The amount of free radicals in the filter of the present
invention was compared with the amount in standard unfiltered cigarettes. Efficacy
of the improved filter was conducted by using a smoking device to imitate human’s
smoking at a flow rate of about 400m1/min, inhaling once for two seconds, one
minute apart. The ESR testing conditions included: X band, 20m W microwave
power, 100KHz modulation frequency and 1G modulation amplitude. See Table 1
for the test results.
The free radical scavenging rate E was calculated by the following formula:

E=H,x 100/H,

where H, represents the peak intensity of the reference system, and H,

represents the peak intensity of scavenger containing samples. According to this

formula, the gas phase free radical scavenging rate E was 24.3%.
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Example 2

&

Using the method of Example 1, cigarettes with the improved filter having a
proanthocyanidin content of about 0.00015% (based on the weight of a single -
cigarette of cut _tobacco) were tested in accordance with the procedure explained
above and calculated by the above-mentioned free radical scavenging rate formula.

The gas phase free radical scavenging rate was 22.6%. For the detailed results, see
Table 2.

Example 3

Using the method of Example 1, the cigarettes with the improved filter
having a proanthocyanidin content of about 0.0003% (based on the weight of a
single cigarette of cut tobacco) were tested in accordance with the procedure
explained above and calculated by the above-mentioned free radical scavenging rate
formula. Calculated by the above-mentioned free radical scavenging rate formula,
the gas phase free radical scavenging rate was 27.6%. For the detailed results, see
Table 3.
Example 4

Using the method of Example 1, cigarettes with an improved filter having a
proanthocyanidin content of about 0.0005% (based on the weight of a single
c;igarette of cut tobacco) were tested in accordance with the procedure explained
above and calculated by the above-mentioned free radical scavenging rate formula.
Calculated by the above-mentioned free radical scavenging rate formula, the gas

phase free radical scavenging rate was 29.1%. For the detailed results, see Table 4.
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the gas phase radical scavenging effect is at its maximum.

Example 5

Using fhe method of Example 1, cigarettes with an improved filter having a
proanthocyanidin content of about 0.001% (based on the weight of a single cigarette
of cut tobacco) were tested in accordance with the procedure explained above and
calculated by the above-mentioned free radical scavenging rate formula. Calculated
by the above-mentioned free radical scavenging rate formula, the gas phase free
radical scavenging rate was about 20%. For the detailed results, see Table 5. As
shown by the above examples, when the proanthocyanidin content in the filter is
within a range of about 0.00015% and 0.001% (based on the weight of a single
cigarette of cut tobacco), avhigh scavenging effect on gas phase free radicals in
smoke was achieved. Adding vitamin C into the filters further improved the free
radical scavenging effects.

The reduction of free radicals in tobacco smoke also reduces the mutagenic
action of tobacco smoke and markedly increases the life-time of animals exposed to
filtered smoke. In one study, mice were exposed to lethal amounts of cigarette
smoke in a polyacryl glass cabin (35.6 x 35 x 20 cm) with two 1.5 cm? holes, one
located on top of the cabin for ventilation and another located at the bottom for
introducing the gas phase. Forty (40) mice were randomly divided into 4 groups.
Mice in group 1 were treated with smoke from cigarettes with standard filters.
Mice in groups 2 and 3 were treated with smoke from cigarettes with filters

containing 0.00015% mg and 0.0005% mg proanthocyanidin, pine bark extract
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| 10%.%&' () - 43! 10% %' () - 43! 10%.%&' () - 43! 10909 () - 43! 10% % () - 4QQ00QQChH( 4

31 1004.9& () - 431 10% %' () - 431 10% %' () - 431 10% %' () - 43! 10% %&' () - 4: CX( A

QQUOOQOQCG 43! 10% %' () - 43! 10%.9%& () - 4: cX(A

31100 9&' () - 43! 10%.%&' () - 43! 10%.%' () - 40000000 243! 10% 98! 10%.9%& () - 43! 10%.

%&' ()- 43! 1009 ()- 43! 10009’ () - 43! 100.9&' ()-43! 100.9%& () - 4Q00Q0QChH( 43! 10%

L& () - 431 1099 () - 431 1099 () - 431 109%.9%& () - 43! 109.%&’ () - 4: cX( A

QQOQOOQCG 43! 10% %8 () - 43! 10%.9&' () - 4 cX(A -

31100 9&' () - 43! 10% %' () - 43! 10%.%& () - 4

RR 243! 109%.98! 10% % () - 43! 109%.9%& () - 43! 10%.9%&' () - 43! 10%.9%&' () - 43! 10%.%& ()

- 431 10%.9%' () - ARRRRRRERNH( 43! 10%.9%& () - 43! 109%.9%& () - 43! 10%.9%& () - 43! 10%.%&
)- 431 1009’ () - 4; cX(A #R R+R/ RORARBRCG 43! 10% %' () - 431 10%.9&' () - 4: cX(A

31 1004.9& () - 431 10% %' () - 43! 10% %' () - 48R<R@RDRHRLRPR 243! 10% %@! 10% %' () -

431 109%.9%&' () - 43! 10%.9%&' () - 43! 10%.9&' () - 43! 10%.9%&' () - 43! 10%.% () - 4PRORURYR]

RaReRhH( 43! 10% % () - 43! 10% %&' () - 43! 109% % () - 43! 109%.%& () - 43! 10%.9%&' () - 4;

cX(A eRi RTRGRr RYRZRCG 431 1004.9& () - 431 1004.9& () - 4: cX( A

311004 %& () - 43! 10% %' () - 43! 10% %' () - 4zR~RRRRRR 243! 10%4.9@! 10%.9&' () - 43! 10

% ()-431 10%.9% ()- 43! 10%.9& ()- 43! 10%.9%&' () - 43! 10%.9%&' () - SRRRRRRRAH( 43! 1

0098 () - 431 1009 () - 431 10%.9%& () - 431 10%.%& () - 431 10%.%& () - 4: cX(A

RRRRRRRCG 431 1004.9& () - 431 1004.%& () - 4: cX( A

31 10%.9' () - 43! 10% %' () - 43! 10% % () - ARRRRRRR 243! 10% 98! 10%.9%& () - 43! 10%.

%&' ()- 43! 1009 () - 43! 10009’ () - 43! 1009’ () - 43! 10%.9%& () - SRRRRRRROH( 43! 10%

Lo& ()- 431 1009 () - 431 1009 () - 431 1009 () - 431 10%.%&' () - 4: CX(A

RRRRRRRRCH; . 10L%0Lo%R! 109%.9%& () - 4; cX( A

31 1000.9&' () - 43! 10% %&' () - 43! 10%. % () - ARRSS&S+S/ S4S0Q , 10%%&’ () -

100609 ()- 10%9%& ()- |gl0%9%& ()- Fl 10%%& ()- $y10% % ()-

10L9%S9S>S?SDSHSLS, 2/, 10, 109%9%& ()-. 10%9%& ()-, 109%& ()-1#3\o ,

109 9%' ()-, 10%9%& ()-LSPSQSUSYS] SbS 2/, 10, 10%0& ()-, 10%%& ()-

1099 ()-. 109 % ()-#3\o , 109% % ()-bScSgSkSoSsStS </, #3\o , 10% %' ()-

100609%& ()-. 10%9%& ()-, 10%%& ()-#3\0 tSxS| SSSSS D/ , #3, 109 %& ()-#3\0 |

109609 ()-. 10%9%& ()-. 10%9%& ()-, 10909%& ()- SSSSSSS{ 2/, #, 10%%& ()-

109 9& ()-#3\0 , 10% % ()-, 10% 9% ()-, 10%9%& ()- SSSSSSS 2/ . #,

100609& ()-, 10%9%& ()-, 10%9%& ()-#3\o . 109%%& ()-.

1096 %& () - SSSSSSS 2/, #, 10% Y& ()-, 109%%& ()-, 10%%& ()-, 109%%& ()-#3\o

" 109%9%&' () - SSSSSSS' </ #3\0 , 10%9%& ()-, 10%%& ()-. 10%%& ()-,

10060 9&' ()- #3\ 0 SSSSSSS' DV, #3. 109 0&' ()-#3\0 , 10%%& ()-, 10%%& ()-

109609 ()-, 10%9%& ()- SSSSSTT{ 2/, #,




1098 9% () -,
TTTTT 2/, #, 10%9%& ()-,
10969& ()- TTTH#T) T-T2T_ 2/, #, 109%9%& () -

1096 9% ()-#3\o , 10%9%& ()-, 10%%& ()-,
109 9& ()-#3\o0 ,
109 9& () -

10% 9% () -

109 %&' ()- &Y 109 9%& () -

1098 9& () - &Y 10RO0BES %) pr¥nfHod Hfdin) and 0, dOPI &

10%%&' () - TTTTTTT géav%ggag%f
109 %&' () - #3pDHX

H, of control Group
67 185 16
56 215 7.8
57 142 55
69 215 6.0
70 65 74
78 64 82
74 60 8.0
100 6.0 9.0
85 6.7 62
57 60 62
67 114 6.0
68 78 92
74 80 95
80 160 8.0
71 160 53
66 170 73
89 11.8 83
90 80 103
115 9.0 8.1
170 62 9.0

11.5

7.7

10.4

7.2

7.2

5.5

10.3

11.0

12.5

9.5

12.6

9.4

8.7

9.8

6.8

9.0

9.6

8.5

8.8

10%9%& ()-TT

1099 ()41.9 JAN 2308

, , 109 9%& () -

1096 %& () w2239 1096 Y& () - 2T3TATIT>TCTGTaA/ , #&Y 1096 Y& #&ﬁ\g@&t@w ()- &Y
, 109 9% ()-#3\0 GTHTMIQTUTYTZT </, #3p Y

10%%&' ()- &Y 109 %&' ()- &Y 109 9%&' ()- &Y 109 %& () - #3pDHX

ZTATBTE T) TKTOT D/, #38Y 109%9%& () - #3pIHX &Y 109%0& ()- &Y 10%%& ()- &Y

1098 9& () - &Y 10989& ()- oTsTWT{T| TTT{ 2/, #&Y 10% 9%& ()- &Y 109 9%& () - #3pDHX

&Y 109 9%& ()- &Y 109 % ()- &Y 10% Y@table-TTTTTTT 2/, #&Y 10%%&' () -

1096 % ()- &Y 109% % ()-#3pDHX &Y 109% % () - &Y 10%%& ()-TTTTTTT_?/ , #&Y

Jipg/é\s(yfﬁha@ fx‘%&‘&&’i@lo shrok

109698 () - &Y

Hy of Application Example 1

4.3
5.6
5.7
5.2
5.9
7.0
6.2
9.0
6.7
5.0
6.3
5.2
7.4
4.6
5.0
5.2
8.3
8.2

8.0

11.4
10.7
5.2
5.5
4.4
1.5
6.7
6.0
6.0
6.7
5.6
7.0
6.0
5.5
6.5
11.8
11.8
6.0

4.0

10.0 5.0

6.2

5.8

4.4

5.6

10.5

6.3

5.6

5.5

5.5

5.7

9.0

10.0

8.0

6.8

7.5

7.0

9.1

6.4

6.0

5.8

9.5

5.9

5.6

6.5

10.4

7.1

10.7

7.3

9.8

7.0

8.0

6.0

8.5

7.2

6.8

7.5

7.0

6.1

6.2




TTTTTTT D/, #3&Y 109 %& () - #3pDHX &Y 109%9%&' ()- &Y 10% %&' ()- &Y 10% % () - &Y
109% % ()-TTTTTTT{ 2/, #8Y 10%%& ()-&Y 109 9%& ()- #3pDHX &Y 1094 % JAN- RS

109 9%&' ()- &Y 10960& ()- TTTTTTU 2/, #&Y 109%9%& ()- &Y 10%%& () - &Y

1096 %&' () WEEBRGRY 109 %& ()-&Y 10%%& () - UUU UULU_ 2, HGErhRIBE() - &Y

10%9%&' ()-&Y 10%%&' ()- &Y 10% %&' () - #3pDHX &Y

1096 9& () - UUUU#U U(U </, #3pDHX &Y 1098 9& ()- &Y 109 9& ()- &Y 109 9%& ()- &Y
109 9%&' () - #3pDHX (U, UOUAUSLOU: U E/ , #38¥ 1096 9%&’ () - #3pDHX &Y 10% & ()-&Y

10% 9%& () - &Y 109%9%& ()- &Y 10%%& () -
iﬂ $.00%9S5() 9.5 , S 10%%& () -

1096 %&'

1099 ()-:S ,S 109 9%& () -

1096 % §.3- USUUBEYDAGION% f 10% & & () - S5.@L0%.
& ()-- YUd0% & & () - 107%0NVUVYVAVDVE Vj V. 2A/ 1

.S 109% 9% () -

: UJUOUPUdU U U UkS7, S 10% 9% ()-;S D, S

B.10%EGR ()‘7](1JUULdJVJUUUOW:/ 10°% S

'S 10%%& ()-

8.5, P 0-+h

& ()-*'480%% & Oy ! 40§0& & (O)-* '10%88.§‘ Ors §%°%7;
12.8 8.7 85 9.8 105 8.7 6.7 7.2
7.7 85 87 9.7 7.8 43 5.6 6.0
57 6.9 7.0 | 7.8 52 59 70 52
74 100 85 9.8 9.0 6.7 5.0 6.2
6.7 6.8 74 8.0 52 74 46 6.3
71 6.6 8.9 | 9.0 52 83 8.2 5.0
11.5 17.0 7.8 105 100 84 4.1 3.5
11.9 12.0 10.8 9.8 7.5 35 41 4.2

- Mean value 8.96 6.73
Standard error 2.59 1.81
Scavenging effect 24.3%
P <0.01

F10% &
110% &



A110%& & ()-*"110% & & ()-*; c[dW]! 1 10% &
iVPYBM%{(V)VC?uo% ()(Zvvvvvvv 27 110% & Ilo%&&d)ﬁﬂAleaﬁ&
S 110% & & ()-* |10%&&() C110% & & ()% 110%&

- S \\AAPAGYBEGA | 10% & & ()-*"110% & & ()-*110% & & (%gf/g'ogﬁ’f £

-*110% & & ()-*; c[dW] I WWWVCG A 110% & & ()-*110% N
J1°110% & & ()-*"110% & & ()-*"110% & & ()-*WWVW _?A"110% & 1 10% &
S 110% & & ()-* 110% & & ()-* 110%48% & ()-*"110% & & ()-*"110% &

- \WVVWWHH( A ! 10% &

R R0 O R0 Ro R0 Re Ro

Table 2

0.00015% proanthocyanidin combining filter’s scavenging
effect on gas phase free radical in smoke

H,, of Control Group - Hy, of Application Example 2
41 4.6 45 45 20 3.0 43 5.1
75 4.8 80 5.0 45 75 47 40
40 8.0 13.5 8.0 5.0 35 90 35
69 6.2 47 5.6 78 79 74 5.1
57 69 70 7.8 50 39 49 5.7
74 100 6.5 5.7 51 6.7 7.1 6.6
6.7 6.8 74 80 73 70 64 6.3
71 6.6 89 9.0 ‘ 50 6.9 6.1 4.2
1.5 17.0 7.8 7.0 65 7.0 10.6 11.0
66 7.1 9.0 8.8 ' 115 62 6.4 6.5
63 8.7 76 5.0 77 8.0 6.0 7.0
70 7.5 6.1 5.0 41 76 5.6 6.0
55 55 6.5 8.5 75 50 4.0 4.1
85 95 85 10 ‘ 40 50 4.0 4.05
12 9.0 80 7.0 ' 4.0 55 6.0 4.6
10 11.0 105 8.9 73 55 7.5 7.6
92 95 10.0 7.0 48 57 6.0 6.6

10.5 8.0 80 5.0 8.0




'()-*110% & & ()-*"110% & & ()-*110% & & ()-*"110% & & ()-*;
f[f:l%/\(]!\/\l/?/\XY/\;(/&VV‘tgA‘!lo%&&'(Q*‘!lO%&&'()-*;c[dV\(]!‘{lO%&hQ'QAN*%QQIEOCME)
& & ()-*7110% & & ()-* VWWWWWWW ?A'110% & "110% & & ()-*"110% & & ()- .gom
& & ()-* WoaRpss ()-*"110% & & ()-*"110% & &'():*#vwwvsé&(o,}%\*()g}%y(Allom&
& ()-*"110% & & ()-*"110% & & ()-* !10%&&'()-*|!10%& S

c[ dW(] ! WEVAVEWFVKWPWEG A1 10% & & ()-*"110% & & () - ;c([)dV\(li .}0/0&

& ()-*110% & & ()-*110% & & () -* PWIIH VaVeWw W ?A 1 10% & ! 10% &

& ()-*110% & .

Mean value 7.22 5.97
Standard error 2.28 1.90
Scavenging effect ' 22.6%
|

<0.05




& ()-*110% & & ()-*

& ()-*i W WAVIE WY

VWAWH(A 1 10% & & () -

T110% & & ()-*

110% & & () -

110% & & ()-

“110% &
1% & & Oty Aﬂ)%%
110% & & ()-*;

& ()-*"110% & & ()-*; C[dV\(]'V\Y/\Y/\Y/\Y/\Y/\W:G Al110% & &'()-

c[dW]! | WO%82289 () -
& ()-*110% & & ()

*110% & & ()-*
S 110% & & ()

& () - * VWNAWARH(A 1 10% & & () - .
& ()-*"110% & & ()-*; c[ dW] | WANANWEG A1 10% & & ()-*

c[dW]! 110% & & ()-*

H,, of Control Group
185 6.5 9.9
185 6.8 73 -
165 53 75
155 5.9 7.5
152 5.8 7.0
15.0 7.7 6.1
150 55 6.5
13.7 54 8.0
133 5.8 6.6
13.0 7.8 7.0
120 6.2 9.0
112 79 8.6
10.0 6.0 6.0
80 6.5 6.5
9.0 6.0 5.0
78 7.1 6.8
6.7 6.1 5.9
185 5.5 14.2
65 64 6.0
67 6.0 7.4

110% &

110% & & () - * VAN 2o 100 & “110% &
110 & & ()-*110% & & ()-* 110% &
1 10% & & ()-* 110% & & ()-* 110% &
110% & & () -

Table 3

0.003% proanthocyanidin combining filter=s scavenging
effect on gas phase free radical in smoke

5.8
72
9.0
8.8
8.5
74
| 105
8.0
6.6
6.5
5.7
7.2
7.3
7.8
7.0
74
5.5
6.0

7.8

Hy of Application Example 3

12.0
12.0
11.0
10.3
10.0
10.0
9.9
9.5
9.0
8.2
8.0
8.0
7.0
6.5
7.2
6.0
7.1
10.5
3.6

4.0

6.7
5.6
6.1
5.7
6.7
7.0
7.1
7.8
7.8
5.1
7.1
5:1
5.6
6.8
42
8.0
53
112
8.4

5.5

53

6.0
7.5

6.0

54
4.6
6.0
3.0
4.2
4.5
4.0
3.7
5.4'
4.2
6.7
6.0
10.5
5.1

5.7

4.4

2.7

6.5

4.2

6.0

6.2

6.1

7.0

7.0

6.1

3.9

6.0

72

6.7

3.2

4.1

4.5

8.0

4.7

4.5




()% 110% & & () - " VWY 2A° 1 10% & "1 10% & & ()-*"110% & & ()-*" 1 10% &
§-8- |10%&&'8 110% & & () - '10%&&'()-*}/\¥/\¥/\¥/\XXXhII-|(AL(Q%IRNZIzyﬂﬁ
& ()-*"110% & & ()-*'110%& & ()-* 110% & & ()-*'110% & & () c[dV\(]
XXXXXX! XC @006 & & ()-*"110% & & ()-*;c[dW]! ! 10% & gcﬁml,o%/o

& ()-*110% & & ()- *'X%()X—XlXSXX’PA'lO%& 110% & & ()-*"T10

& ()-*110% & & ()-*"110% & & ()-*7110% & & ()-*"110% & & ()-*
X2XDXHXLXPXhH( A ! 10% & & ()-*"110% &1&-()-*"110% & & ()-* !10%&

80 160 160 170 120 105 105 6.0
11.8 80 90 95 118 50 52 5.0
60 76 78 105 | 77 70 60 5.0
60 74 82 79 65 35 60 4.0
60 50 62 97 52 60 80 9.0
67 56 60 109 69 56 23 50
57 61 10 98 37 67 27 50
78 98 57 81 : 20 22 62 82
51 82 56 89 38 46 29 68
53 80 75 9.0 43 25 26 50
65 88 53 96 52 54 46 60
58 7.7 85 98 300 42 45 52
58 78 62 79 52 37 54 44
92 80 85 99 . 27 65 42 50
98 80. 95 105 65 61 20 45
Mean value 8.30 6.01
Standard error 2.92 2.12
Scavenging effect 27.6%

P <0.01




()-*1110% & & ()-*; c[dW] ! PXTXXX\ X] XaXf XcG A" 110% & & ()-*"110% & & () -*;
f[sz/\(]!‘!w%-& &'(%)-*‘![1\(%/(])& & ()-*"110% & &'()-*kaXoXs?(xX|XX_’P,ﬂI UAN(V&S
110%& & ()-*"110% & & ()-*"110% & & ()-*"110% & & ()-* 110% & & ()-*110%
& & () X0UOODOMB( A 110% & & () -+ 110% & & ()-*"110% & &pLhdorido &

& ()-*"110% & & ()-*; c[dW] ! XXXXXXXCG A" 110% & & ()-*"110% & & ()-*; 0
c[dW]! 110% & & ()-*'110% & & ()-*"110% & & () -*XXXXXXX_?A"110% & " ! 10% &
& ()-*110%& & ()-*"110%& & ()-* +18% & & ()-*"110% & & ()-*"!110% &

Table 4

0.0005% proanthocyanidin combining filter’s scavenging
effect on gas phase free radical in smoke

H, of Control Group Hy, of Application Example 4
79 150 58 6.7 o 54 20 62 65
87 180 59 6.0 58 105 70 68
97 150 62 74 49 110 62 70
70 190 61 78 70 66 50 70
86 165 50 8.0 80 103 35 39
88 73 63 160 80 70 66 25
94 8.0 52  16.0 87 60 41 85
101 120 71 170 67 86 26 41
70 112 75 118 87 96 26 48
75 13.0 .7.6 8.0 65 58 12 52
87 133 65 9.0 56 18 19 55
96 112 69 62 67 110 59 50
61 185 68 6.0 | 76 107 46 6.1
59 152 59 16 55 98 40 100
66 155 62 78 55 97 47 14
62 100 185 55 60 100 54 100
63 137 215 60 50 9.0 30 80
74 72 142 74 67 67 62 50

91 62 6.5 82 66 5.0 6.4 8.0

64 60 66 6.0 71 58 56 98




) - * XXOOOXXNH( A 110% & & ()-*110% & & ()-* 110% & & ()-*"110% &
)-*110% & & ()-*; c[ dW] I X0XXXXCG A 110% & & () -*° |10%&q JQ’NZQ[}S
W]l |10%&&()*|10%&&()*|10%&&() * XXXXYYY_?A 1 10 I10% &
()-* 1 1002/3R3) -+ 110% & & ()-* 110% & & ()-*"110% & Bétisoi/isdD% &
()-*YY YYY YYYa@!10% & 10984 ()- 3Z1098& ()-10 & 10 & )10 & !10% &
& ()-*:c[dW]! Y<Y@DYHYLYPY ?2@! 10% & :

L 1090& () -, 1098& () -, 1099& () -, 109948199 - , 109%8& () -

1 @0%E ()-PYTYXN Y] YaYeYcG @ 10%& () -, 10994&’ () -

cl0, 1096 ($2, 1096& ()6.910%& () - eYi YnVqYuYy Y3y 9@@0%/94140%/&5) , 1090 ()-
L0 () -, 10994 () -, 1008& ()-, 10%& () -} Y=-YYYYYYhH @ 10%& () L 1098& () -
00 (9= 10988 ()6010%& () - cl OYYYYYYYCG @ 1990& £}-, 1 979/&

cl0, 1099& () -, 10%8& ()-, 109& ()- YYYYYYY 2@ 1094 10%/&? /g/e& ()-, 1098&
()-, 109%@ (31, 109 ()7 10984 () - YYYYYYYhH(@%g % (%0/8/&8(2 10%/& () -
1098& () - 10%/& ()-:cl BAYYYYYCG @ 1090& )

[

0 R0'R0 O Ro Ro
/-\AQ_I—\/-\

cl 0, 109 gg ()59100/8/& () - YYYYYYZ_?@ 1094 1099/& % 10%?/& () , 1090/&
()-,10 § 9 1090&’ () - Z2Z7Z7ZhH @B 2) -, 18w& 3 -, 1098& () -,
10984 0/8/& ()- cI OZZZ#Z$Z(Z ZcG @ 109%8& () -, 10%9&’ () -

clo, 10 ? 109 1098& () -, Z0Z4Z8Z<Z @D ’?@5_00/0/(5.1500/0/&() 10984 () -
L 1098& () -, 1098& () - ow& ()- ow& () - DZEZIZNZRZVZZZhH @ 109%8& () -, 10984&
()-, 1098& (77, 10984 ()2.6109%6& () - 26 26 12 19

cl 02z~ ZbZf ZgZkZoZcG @ 109%& () -, 1098&’ () -
cl 0, 108%& (3.9, 10968 ()4.7 109 () - 0Zt ZxZ| 2277 & '> @4)10 O 100/0/& ()-
W () , 1099& () -, 1099& () -, 1099& () - 77277770 0%0& () -, 1000& ()- 10%/&

()-, 1098 (32, 10994 ()g¢Cl 02222777¢G @ 1094 %% %0({8/&

cI 0, 10%/& () L 1090 () Lo ()- 2222777 2@ 10486 /&/&% 10%& () -, 1008&
% 100 & (g o LOWE: () - 222277271 PO@ oo/a/ ) 10%/& ol 10%?/«&' 0)-,

bose ) 1 I%)%ZZZZZZkPO@/o 1090 () -

10, 109 éﬁffﬁ 10904 () - ZZZ[[[#[)[SV\F% 10%/& () %10%/& () - 9% 10986

& ()- 2() () ) [*[+[ 1[ 2[ 3[ 4[ 5[ 61%| _F9% 10984 10%0%4.0986 10904&:

()- 9%10%/& “9% 109%9& ()-96[E[ [I[[[[|\@ R 109%BMe ()-, 10%BM ()-, @

10%/$|v’&5() 8B 106 &&)- FLO%BME ()- "10AR ()S-G[[[6V\\pTl6 R 10%EBME

109%vBME ()-, M 10%BM& ()-,0 109%vBME' ()-, 109%vBM&' ()-, 10%VBM&' ()-,
10%\/&\&%) 86\\\\&2 dD®.3 55 55 60 5.0

74 9.1 67 6.6

Mean value 8.62 6.11

Standard error 3.39 2.17

Scavenging effect 29.1%

P _ <0.01




1090VBME ()-, 109VBME ()-, 10%VBME ()-, 10%\/$|v&() 109VBME () -, ; c#; gK
\\%\%R-\cm 10%/1(3?\/&'()-, 109BMS () -, ; c#; gK omw&()’ngANZGBS
10%VENE ()-, 109BME ()-,-\1\5\0\=\B\F\ 2|  10986M 109%NE () -

1090VBNE (WO 0232098BNE () -, 109BME ()-,  109BME ()-.  pCTIBOLOLSE
109VBME ()-, NG K\O TV X\ \hH(I 1090MBM&: () -, 109VBME ()-.  10%VBME () -
1000VBME () -, 10%VBME ()-,;c# gK \\"\eliVj\n\r\cG | 1omw&()-
109VBEME () -, ; c#;, qK  10%VBME' ()-, -IZPAVBME ()-, 10%vBME' ()-, r\wA {\\\\\_2I|
109%v6M  1098BM' ()-, ~ 109BM ()-, 10%BM ()-, 1O0%VBM ()-

() - SMBME! () - \\\\\ 1\ Fgble SLOMVBME! () 109%VBME: () -,
igﬁﬁﬁmﬁ Ooﬁw % wgé()e . CH#; qK&\\\\\\cGI 1090VBME! () -
1090VBME () -, Wz&m& nidin orphiping filfer=s scayopging: ()-,\\\\\\\ 2|
10%vBM 10%\/$lv&() a(S)phasef_reeW {0 smokel 09VBME () -,

g _100BME () -, \\\\\\\hH(I — 10%BME: () - 109VBME () -
igoﬁ%gfwmh@mw& 8 10%VBME' () -, ; CH#; qn&bf)&io[)ﬁc\aﬁ&ﬁiixmﬂ;ﬂ@@\@'\/& ()-

10%vBM& () -, ; c#; gK 10%8VBVE: 0)-, 0%\/$l\/&
66 85 7.8 6.6 1.2 6.5 58 12
6.6 6.0 8.0 5.6 58 6.0 11.1 59
86 54 16.0 | 8.6 40 48 120 4.0
6.9 6.1 160 59 49 72 = 118 49
58 6.1 17.0 53 52 6.2 110 52
64 78 11.8 64 45 6.6 125 45
7.1 7.8 8.0 5.1 80 57 90 6.0
82 5.7 9.0 82 62 47 6.7 6.2
63 6.0 6.2 63 59 50 52 59
6.7 85 6.0 8.1 52 6.0 70 52
57 8.0 7.6 52 52 6.0 70 53
69 53 7.8 6.9 51 63 65 5.1
6.2 5.8 5.5 6.2 51 27 40 5.1
7.8 7.1 6.0 8.8 60 6.0 80 6.0
68 72 7.4 8.8 40 6.9 50 40
58 59 8.2 8.6 56 29 54 56
6.7 6.5 6.0 8.1 41 70 55 41
57 81 5.0 52 47 5.8 50 47
56 50 6.2 5.0 50 6.0 43 52
59 65 6.2 6.7 52 43 50 52
59 60 60 54 | 56 5.7 95 5.1

72 6.5 9.2 5.7 43 50 10.7 5.1
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73 142 73 7.5 58 115 80 5.6
76 215 82 6.5 77 8.7 6.0 43
58 65 103. 6.7 6.1 48 64 49
64 64 8.1 7.3 ‘ 56 20 49 6.0
6.6 6;0 9.0 7.6 49 6.0 58 5.6
63 6.0 7.4 7.8 65 5.6 7.1 6.1
73 6.7 6.7 7.8 71 40 56 4.9
78 6.0 6.0 8.5 7.1 6.0 3.5 6.0
Mean value 7.45 ' | 5.96
Standard error 2.79 2.02
Scavenging effect 20.0%

P <0.05
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of the cigarette and wherein the filter is substantlally free of L-glutathione.

2. A cigarette filter of claim 1 in combination with a remainder of the cigarette,
wherein the amount of the filtering ingredients is within a range of about 0.0001% té about
0.001% of a weight of cut tobacco within the remainder of the cigarette.

3. A cigarette filter that is substantially free of L-glutathione in combination with
a remainder of the cigarette, comprising filtering ingredients that include procyanidins, an
amount of the filtering ingredients being within a range of about 0.000% to about 0.001% of a
weight of cut tobacco within the remainder of the cigarette.

4, A ci;garette filter of claim 1, 2, or 3, wherein the filtering element ineludes
further comprises vitamin C.

5. A cigarette filter of claim 4, wherein the amount of the procyanidins and the
amount of vitamin C are in a ratio of about 0.5-1.5: 1.5 -2.5.

6. A method of producing a cigarette filter, comprising providing a filter element
that includes procyanidins as filtering ingredients, the filtering ingredients in an amount
effective for scavenging gas phase free radicals present in cigarette smoke while not
significantly altering flavor and taste of the cigarette.

7. The method of claim 6 in combination with a remainder of the cigarette, the
amount of the filtering ingredients being within a range of from about 0.0001% to about

0.001% of a weight of cut tobacco within the remainder of the cigarette.
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