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(57) Séng ché dé cap dén thudc 14 chia phan cay Nicotiana tabacum chuyén gen
c6 ham luong nicotin cao. Sdng ché€ cling dé cap dén cac phuong phdp, bao gom
viéc st dung thudc 14 cdi bién di truyén (GM), dé phét trién va san xuat PREPs
dugc ngudi tiéu dung chdp nhan bao gém: 1) tao ra thudc 14 c6 ty 1& nhya véi
nicotin thap, cho phép nguoi hit thudc c6 dugc céc lugng nicotin di thoa man
hon thudc 14 thong thuong trong khi giam toan bo luong khéi nhan; nho d6 giam
"su dén bi" cho nguoi hit thudc, van dé van ton tai v6i thudc 14 thong thudng
hiéu suat thap; 2) gidm nitrosamin riéng c6 hai trong thudc 14 bang phuong phap
di truyén va bang céch chiét nicotin tir thudc 14 va két hop véi thude 14 chira
luong nicotin giam dugc cai bién gen; 3) tao ra thudc 14 gidn nd cai thién bing
céch str dung thudc 14 chda luong nicotin tang dugc cai bién gen; va 4) tao ra
thudc 14 hoan nguyén bao gom loai bat ky trong cac loai dudi day: thude 14 chia
lugng nicotin tang dugc cai bién gen, thudc 14 chita lugng nicotin giam dugc cai
bién gen, cdc phdn 14 thudc 14, va thudc 14 1am kho & nhiét do thdp mdi thu
hoach.
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Linh vuc k§ thuat dugc dé cap

Sang ché dé cap dén cdc san pham thudc 14 ¢6 do phoi nhiém gidm, bao gdm
nhung khong gidi han & céc di€u thude 14 chia soi thudc 14 cai bién di truyén va céc

phuong phép tao ra cic di€u thudc 14 nay.
Tinh trang k¥ thuat cua sang ché

Viéc str dung thudc 14 duoc coi 12 nguyén nhan gay ra ching bénh nguy hiém
va tlr vong c6 thé ngan chan duoc & My (U.S. Department of Health and Human
Services (U. S. DHHS), January 2000, Healthy People 2010). Trong mot vai thap ky
qua, cong dong stc khoé chung da nhiéu 14n néu rd hau qua cta viéc hit thude 14
doi véi stc khoé. Cac bénh tim mach, cac bénh dudng ho hdp va cidc bénh ung thu
duoc cho 1a do hiit thudc da phat trién rong rai va gia tang, nhu dugc ching minh
boi hiu hét bdo cdo tong quat ngoai khoa gin day nhét (The Health Consequences
of Smoking, Surgeon General's Report, 2004). Trung tam kiém sodt bénh tat (The
Center for Disease Control) d4 du dodn rang c6 hon 440.000 trudng hop chét yéu
mdi nim & M§ c6 thé dugc cho 1a do hit thude 14 (Center for Disease Control,

Targeting Tobacco Use, 2004).

Trong khi ty 1¢ hiit thu6c & thé gidi phat trién da chiing lai vao cudi cdc nam
30, va tham chi d gidm & mot s6 nudc, ty 1¢ hiit thudc va ty lé tiéu thu thudc 14 &
thé gidi phat trién da tang trong ciing khoang thoi gian nay va duong nhu s€ ti€p tuc
phat trién nhu vay trong tuong lai thay trude. Cdc du dodn hién tai ching té rdng s6
luong ngudi nghién thudc trén toan thé gidi s€ tang tir 1,3 ti hién tai lén dén hon 1,7
ti vao nam 2025 (mot phan do dan s& toan ciu tang) néu su thinh hanh cua thudc 14

trén toan ciu vin khong thay déi (World Health Organization, 2004).
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Téng miuc tiéu thu thudc 14 trén toan ciu vin ti€p tuc gia ting. V& mit s§
luong, mic tiéu thu thudc 14 trén thé gidi ting 4 phan tram tr nam 1995 dén nam
1999, tir 4,763 nghin ty di€u dén 4,953 nghin ti di€u. Thi trudng cdc sdn phaim—soi
thudc 14 ché bién bi chi phéi bai thude 14 diu, d6 1a nguyén nhan tao ra 96 phan
tram gid tri thi trudng toan ciu (The World Market for Tobacco Products, published
by Euromonitor International, 2000 Edition, p.2). Vao nam 2002, thi trudng toan
th€ gidi da phat trién dén 5,322 nghin ty di€u (Action on Smoking and Health,
Factsheet No: 18; January, 2004).

Xét vé tAm quan trong va t&c d6 phat trién cla cdc 6 lugng ndy, ching té

On

- rang tinh trang ngudi s& hit thude kéo dai s& xdy ra. Dy dodn rang hit thudc 14 c
thé 12 nguyén nhan gy ra t6i mot nghin ty cdi chét yéu trén toan thé gidi vio cudi
th€ ky 21. Céc s6 lidu th6ng k& hién tai chiing minh ring ¢6 khodng mot ngudi chét
vi ung thu phéi khi st dung 3 nghin di€u thusc 14 (Nature Cancer Reviews, Oct.

2001).

Gidi phdp 1y tudng dé gidi quyét tinh thé khd xit d6i véi viee cham séc sdc
khoé cho tdt ca nhiing ngudi nghién thudc la bd thute. Tuy nhién, gidi phép nay
dudng nhu 1a khong tudng. Chinh sich clia nhitng ngudi ing h¢ viéc chéng thudc tir
nhém ngudi van dong chéng thudc phin 16n di khong thanh cong cin ¢ vio mic
tieu thu cdc sdn phim thudc 14 trén todn th€ giéi gia tang. Céc chinh sich niy &
phuong Tay, noi ma ching phé bién nhat, thi ty 1¢ hit thude da hau nhu khong giam
trong hai muoi ndm qua. Mot ty 1& ddng k€ nhiing ngudi nghién thudc khong mudn
bo thude. Tham chi di hang chuc nghin nguoi chi riéng & My da bé hiit thudc, phan
16n trude khi c6 nhiéu dang li¢u phép thay thé nicotin (NRTs), thi mot nhém n gudGl
nghién thu6c da khong thanh cong khi ¢6 gang tir bd thudc. C4ch hitu hiéu dé giam

céc tdc dung phu ctia viéc hit thudc cho hai nhém d6 da khong kha thi.

Bdo cdo méi day cua Institute of Medicine (IOM) of the National Academy
of Sciences, v6i 16i yéu céu cta U.S. Food and Drug Administration, da dit nén

méng cho bién phap khéc phuc hifu hiéu tinh trang b€ tic hién nay. Béo cdo dai 656

-3-
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trang thu dugc véi tiéu dé Clearing the Smoke: Assessing The Science Base For
Tobacco Harm Reduction (IOM Report), thé hién nhu cdu khin cép vé sitc khoe
chung d6i véi cdc sén phdm cé do phoi nhiém gidm hitu hiéu ("PREPs"), dac biét 1a

thudc 14 (Institute of Medicine, Washington, DC: National Academy Press, 2001).

Két luan dau tién ctia bdo cdo IOM Report 1a: "d6i v6i nhiéu bénh do st dung
thuéc 14, c6 thé gidm nguy co clia bénh bing cdch giam mic do phoi nhiém véi cac
chat doc cta thudc 14. Két luan nay dua vao cdc nghién ciu ching t6 ring d6i véi
nhiéu bénh, viéc giam mic do phoi nhiém do hit thudc c6 thé din dén gidm ty &
mac bénh bang cdch kiéng hit thudc hoan toan tao ra hiéu qua rat 16n." (IOM

. Report Executive Summary, pg. 4).

Vi vay PREPs 1a chinh sich stic khoé chung can thiét néu tinh dén tét ca cac
dong luc kinh t€ va chinh tri. Su tié’p thi va di€u chinh ctia PREPs dua vao khoa hoc |
can la nhiém vu cta bﬁ’t’k}‘f bién phdp chinh sich chung hoan chinh ndo d6i véi
thudc 14. Toan bd muc dich giam st dung thudc 14, bao gom han ché tiép thi thusc
14 hop 1§ v6i nguoi trudng thanh, cdm nghiém ngat viéc ban va tiép thi thudc 14 véi
tré em, va gido duc vé tdc hai cta viéc hit thudc 14, phai két hop chat ché véi loi ich
cia PREPs vé6i ngudi hit thuéc dé gidm toan bo thiét hai clia thudc 14 déi véi xa

hoi.

Khéi thude 14 dugc tao ra tir hai pha: pha hat, pha ndy thudng duoc goi 1a
"nhua" hodc toan bo nguyén liéu hat; va pha khi, pha nay chia cdc khi va céc hop
chét gdn nhu bay hoi. Dinh nghia chung vé “nhua’ 12 khéi kho khéng chita nicotin”
hoac “nguyén liéu hat kho khong chia nicotin” (NFDPM). Cu thé hon, "nhua" 12
toan by nguyén liéu hat dugc téch tir khéi, bao gébm nudc va cic hgp chat alkaloit,
nhung khong gidi han & nicotin. Gan 4 pha”ih nam khoi lugng khéi thudce duge tao ra
tir khong khi moi truong, khong khi nay bao gébm cacbon monoxit, cacbon dioxit,
nuéc, hydro, metan, khi nito va oxy. Mét phan nam con lai bao gém pha hat va céc
hop chat gan nhu bay hoi. Nhua chi€m it hon 10 phén tram trong Iuong khéi thudc.

N6 con 1a thanh phan nhua chi€m phén 16n trong céc hop chét gay hai nhat.

-4-
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Khéi thuéc 1a hén hop phiic chit rét cao ctia cdc hop chét hod hoc. Bén phan
tich hod hoc trong cic nam vé khéi thudc thé hién trén 6000 thanh phan (nhua ciing
v6i cdc khi). Khoang 4800 hogp chat dugc nhan dang trong phdn nhua ctia khéi
thuéc (Green and Rodgman, Recent Advances in Tobacco Science, 22: 131-
304,1996). Cac phuong phdp phéan tich két hop véi thit nghiém sinh hoc da nhan
dang ra 69 chat gy ung thu trong khéi thu6c 14 (The Changing Cigarette: Chemical
Studies and Bioassays, Dietrich and Ilse Hoffman, Chapter 5, Smoking and Tobacco
Control Monograph No. 13, NIH Pub. No. 02-5074, October 2001).

D3 tr6 nén 16 rang tlr cdc nghién ciu, tuy nhién, khong phai tit ca cac thanh
_ phén clia khéi thu6c ¢6 do doc nhu nhau. Dic biét 13, bdo cdo ddu tién cha U.S.
Surgeon General vé viéc hiit thu6c vao nam 1964 da di dén két luan ring nicotin
hau nhu chac chan khong déc & cdc miic ma ngudi nghién thuéc hit vao, véi ham ¥
la ngudn phén thuéng duge 1y chinh cho nhiing ngudi khong truc ti€p hit thusc
(Gori, p.3, Virtually Safe Cigarettes-Reviving an Opportunity Once Tragically
Rejected. 2000). Thuc t€, bdo c4o clia Surgeon General cho biét, "khong c6 dau
hiéu no c6 thé chdp nhan ring phoi nhiém kéo dai véi nicotin tao ra hodc céc thay
déi chiic nang nguy hiém thudc ban chét d6i tugng hoac cic bénh suy bién" (U. S.
Surgeon General Report 1964, pg.74). Thuc vy, hién nay U.S. Food and Drug
Administration cho phép ban cdc miéng chita nicotin va keo cao su nhu 12 c4c thiét

bi tam ngling hut thudc ¢4 thé chita nicotin nhiéu hon mot géi thudc 14.

"Alkaloit" 1a cdc hgp chét chifa nito, phiic hé tu nhién c6 trong thuc vat, va cé
céc tdc dung dugc 1y v6i con ngudi va dong vat. "Nicotin" 1a alkaloit tu nhién quan
trong nhét trong soi thudc thuong phdm va chiém khoang 90 phén trim ham luong
alkaloit trong Nicotiana tabacum. Céc alkaloit chinh khéc trong soi thuéc 14 bao
gbm cotinin, homicotin, myosin, nicotyrin, anabasin va anatabih (J. C. Leffingwell,
Chapter 8 Leaf Chemistry, Tobacco: Production, Chemistry and Technology,
pg-275, 1999). Céc alkaloit thit y€u trong soi thudc 14 bao gém nicotin-n-oxit, N-

metyl anatabin, N-metyl anabasin, pseudooxynicotin, 2,3 dipyridyl va c4c loai khac
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("Biosynthesis and Metabolism of the Tobacco Alkaloids", Edward Leete in
Alkaloids: Chemical and Biological Perspectives, Volumel, S. William Pelletier,
Ed. 1983). Mot s8 cic tic dung thong thudng cla nicotin v6i con ngudi 1a lam tang
huyét dp va nhip tim va cdi thién mic do tap trung va tri nhé trong thoi gian ngan.
C4c chét tuong tu nicotin va cdc hop chat 1a d6i tugng ctia nhiéu su nghién citu gén
| day do ching thé hién kh& nang diéu tri mot s& bénh nhu bénh Alzheimer va
Parkinson. C4c alkaloit khac trong soi thudc 14 1a nhu nhau nhung cé hoat tinh kém

so vOi nicotin.

Cic s6 do thong thudng nhat vé lugng khoéi thuée 14 duge dé cép téi 1a nhua
vA nicotin. Hiéu suat nhua va nicotin clia thudc 14 dugc thé hién trong tit ca cic
quéng cdo thudc 14 cho ngudi tieu ding & M§ va nhiéu nuéc khic. O nhiéu nuéc,
hiéu suét (trén mot di€u thudc) d6i v6i nhua, nicotin va tham chi v6i cacbon’
monoxit 12 cén thiét duge in trén vo bao thudc. Trong mot vai thap ky qua, cdc d6i
méi v€ loai thuGc 14 tap trung phan 16n vao viéc giam lugng nhua va nicotin, trén co
“s& tin tudng rang "it hon chic 14 t6t hon” dugc chdp nhan bdi cong dong sitc khde

chung va U.S. Surgeon General (Xem Fig.1).

O My, cdc hiéu sudt nhua, nicotin, va cacbon monoxit thu dugc nhd stir dung
phuong phép kiém tra bang thiét bi hit thudc Federal Trade Commission (FTC), n6
x4c dinh 13 s6 luong hiéu suat nhuya nhu d6 1a nguyén liéu bi giit boi miéng dém
Cambridge khi mot di€u thudc 14 duge hit bang mdy, trix di nicotin vA nuéc
(Pillsbury, et al., 1969, "Tar and nicotine in cigarette smoke". J. Assoc. Off.
Analytical Chem., 52, 458-62). Dic biét, phuong phdp thit nghiém thuéc 14 FTC thu
gom céc miu khéi thudc bang céch téi tao khoi gdm 35ml khéi thudc 14 phut ra
trong 2 gidy ma thuorig la trong 58 giay, khong c6 cdc 16 thong gié mang loc bi
ngan chan (néu cd), cho t6i khi vach dudng dot chdy cham t6i phan gidy ddu ngam
cua diéu thudc 14 trén 2mm, hoac duong v€ 23mm tir ddu mit cta di€u thudc 14
khong déu loc. Phuong phép thit nghiém bing mdy hit thusc FTC nay di duoc st

dung & M§ tit nam 1967 dé xdc dinh céc hiéu sudt d6i véi nhua va nicotin cha thuéc
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14. Qua trinh x4c dinh céc hiéu suit cacbon monoxit & khéi thudc duge bd sung vao

phuong phap nay vao nam 1980.

Vao nam 1967, khi FTC gidi thiéu phuong phap thit nghiém cta nd, né dua

ra c4c tin titc mdi va giai thich ring muc dich cta thit nghiém “khong phai dé x4c

~dinh lwong nhua va nicotin duge hit vao boi bat ky nguoi hiit thudc nao, ma ding
hon 14 dé xdc dinh lugng nhya va nicotin phét sinh khi thu6c 14 dugc hit bang may

theo phuong phdp dugc mo ta. "Tuy nhién, phuong phap dép tng dugc vai tro quan

trong 13 tao ra cdch chinh x4c dé xép loai va so sdnh thudc 14 theo hiéu suét nhya,

nicotin va cacbon monoxit.

International Standards Organization (ISO) da trién khai phuong phép thit
nghiém hiit thudc bang mdy tuong tu vé hiéu sudt nhua, nicotin, va cacbon monoxit
cua thuoc 14 (ISO, 1991 "Cic diéu thuéc 14-xéc dinh téng va nguyén liéu hat kho
khong chita nicotin béng mady hit thudc phén tich thong thuong" ISO: 43 87: 1991).

Cic phuong phap hit thusc FTC va ISO khong giong nhau & 8 pham vi duéi
day.

e Phuong phdp FTC dinh 16 cdc di€u kién moi trudng phong thi nghiém 12
75°F+1°F (23,8°C+1°C) va do 4m tuong d6i 1a 60%+2% ca d6i véi qua trinh can
bang va thir nghiém. Thoi gian cén bang t6i thi€u 1a 24 gid va t6i da 1a 14 ngay. N6
duoc so sdnh véi cdc yéu cdu ky thuat ISO 1a 22°C+1°C va do 4m twong dodi 1a
60%+2% dé can bang, 22°C+2°C va do 4m tuong déi 1a 60%+5% dé thir nghiém.

Thoi gian can bang t6i thi€u 1a 48 gid va t6i da 1a 10 ngay.

e FTC x4c dinh chiéu dai mdu thudc 14 hit con lai t6i thiéu 13 23mm hoic
phén gidy ddu ngam cia di€u thudc 14 trén 3mm, bat cit chiéu dai nao dai hon. ISO
x4c dinh chiéu dai méu thudc 14 hit con lai dai nhét 12 23mm hoac phén gidy diu

ngam cua di€u thudc 14 trén 3mm hoac dau loc 1a trén 8mm. CA hai phuong phip
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nay chi 16 chiéu dai mdu thudc 14 hiit con lai 1a 23mm d6i véi thudc 14 khong ddu

loc.

e ISO x4c dinh vi tri clia tro & 20-60mm duéi di€u thudc trong may hiit thudc.

FTC khong dinh 10 vi tri.

s 1SO dinh 13 kep c6 hai phdn cling véi dét loc c6 thé dung lai duge. Dét loc
nay chita miéng dém Cambridge va stt dung vong dém duc 16 bang cao su téng hop
dé che mot phan cudi cia mu thudc 14 hit con lai. Phuong phdp FTC x4c dinh viéc
stt dung mi€ng dém loc Cambridge nhung khong dinh 6 bo phan lap rép dét dém

loc.

e Phuong phédp ISO dinh rd dong khi qua di€u thudc 14 & mat di€u thudce 14.

FTC dinh 1 viéc sit dung diéu thudc 14 gidm sat dé diéu chinh dong khi.

e Phuong phép ISO x4c dinh quy trinh 1am sach nguyén liéu hat téng du
(TPM) trong dét loc di st dung. Cdc bé mit bén trong clia dét loc duoc lam sach
bang hai phan tu riéng biét clia mi€ng dém loc ckira st dung. Phuong phdp FTC st

dung phéan sau (canh déi dién cia TPM gitt) dé 1am sach bé mit trong clia dét loc.

e ISO dinh 18 nhd sit dung 20ml dung dich chiét trén méi miéng dém
Cambridge dé phan tich nicotin va nudc trong TPM. Phuong phdp FTC x4c dinh

10ml trén mdi mi€ng dém Cambridge.

e ISO x4c dinh c4c tiéu chuén trong dé x4c dinh sic ky khi nicotin va nudc.

Phuong phdp FTC khong dinh 15 c4c tiéu chudn trong.

Céc khéc biét nay thuong din dén hiéu suat do thap hon khong ding ké clia
phuong phap ISO so véi phuong phdp FTC. Cic gia tri x4c dinh giita cdc phuong
phdp FTC va ISO nam trong gi6i han do cta thit nghiém hoic gdn nhu khéng 16n
hon 0,4mg nhua va khoang 0,04mg nicotin d6i véi thuéc 14 ma dugc tao ra trén

10mg.
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Su chi trich chl yé€u nhat clia cdc phuong phdp thir nghiém biang mdy hut
thudc FTC/ISO ("FTC/ISO Method" hoac "FTC hodc ISO Method") 1a & chd ching
khong du dodn chinh xdc mic phoi nhiém cla ting ngudi hit thudc véi nhua,
nicotin hoac cacbon monoxit do hit thudc riéng biét (National Cancer Institute
Smoking and Tobacco Control Monograph 13, "Risks Associated with Smoking
Cigarettes with Low Machine-measured Yields of Tar and Nicotine). Cic phuong
phép nay thu dugc cac két qua thir nghiém trong céc diéu kién chuan. Tuy nhién,
th6i quen hit thudc clia mdi ¢4 ngudi c¢6 thé, va trong hdu hét céc truong hop thay

ddi rat nhiéu so véi cdch ma mdy chuén hut thudc.

Nguoi hiit thusc c¢6 thé bi phoi nhiém nhua, nicotin va cacbon monoxit trén
moi di€u thudc 14 & cac mitc do rat khac nhau (doi véi loai nhan thudc 14 gidng hét
nhau) so v6i cac gid tri thu dugc tr phuong phdp FTC/ISO Method tuy thudc vao
cdc nhan t6 khic nhau, bao gdém tan suat hit thudc va luong hoi thude hit vao cua
ngudi hit thudc, khoang thoi gian khéi thude hit vao duoc giit trude, s6 luong thude
14 dugc hit trong khoang thoi gian xac dinh, va phan thudc 14 dugc hiit (cach bao xa

cho dén phan thudc 14 dugc hiit).

Hai nguoi nghién thudc hit cing mot loai thuoc va s6 luong thude hit mot
ngay la nhu nhau khéng nhat thi€t phai phoi nhiém véi cing moét lugng nhua,
nicotin, va cacbon monoxit. Ngoai ra, c4 nhan ngudi nghién thudc bi phoi nhiém
c4ac muc nhua, nicotin va cacbon monoxit khdc nhau trén mdi di€u thudc vao céc
thoi diém khac nhau. Ching han, néu mot ngudi nghién thudc trén chuyén bay qua
Pai tay duong va khong hiit thude trong 8 gid, 6ng dy hoac c6 &y hau nhu s&€ hiit
lién ti€p va bi phoi nhiém & cadc mitc nhua, nicotin, va cacbon monoxit cao hon so
v6i muc thude 14 trung binh ma éng &y hoic co dy da st dung. N6i cach khéac, néu
ngudi nghién thudc st dung thudc 14 nhiéu hon mic thong thuong trong mot
khoang thoi gian ngin, thi cdc di€u thudc 14 tiép theo c¢6 thé dugc hut it manh mé
hon do dé do phoi nhiém ctia nguoi hiit thudc véi nhua, nicotin, va cacbon monoxit

it hon (trén co s& ting di€u thude 14) mic trung binh ctia nguoi nghién thudc do.



20304

C4c nhan t6 khéc, bao gom stress, tdc dong bao lau va ngudi hit thuéc manh nhu
th€ nao. Stress thuong lam tang mic tiéu thu nicotin clia ngudi hit thuéc (IOM

Report p.254).

Thudc 14 déu loc ¢6 thé dugc du kién dé tao ra luong nhua, nicotin, va cacbon
monoxit it hon theo phuong phap FTC/ISO Method. Diéu nay c6 thé dat dugc bing
c4ch giam c4c hiéu suét clia cdc phan khdéi thude méi 14n hit ting hoi. D3 biét ring
c6 thé thu dugc thudc 14 ¢6 lugng nhya, nicotin va cacbon monoxit thdp hon bing
cach két hop bat ky hoac nhiéu trong cdc cai bién duéi day ("Cigarette Design",
Lynn T. Kozlowski, et al., NCI Monograph 13, Chapter 2, pg. 15):

e Lam cho d4u loc hifu hiéu hon sao cho c6 thé loc ra nhiéu khéi thudc hon;
e Sir dung gidy cuén thudc 14 c¢6 do x6p cao hon;

e Dat hoic lam ting s& luong cdc 16 thong khi (k€ ca 1am ting kich c& cla
chiing) xung quanh nguyén li¢u bit-dau loc sao cho khi nguoi hit hit thusc 14 thi

nhiéu khong khi di vao hén hop khéi, nhd d6 1am lodng luong khéi hit vao;

e Lam tang t6c d§ dot chdy thudc bang céc phu gia hod hoc trong gisy cuén

thudc hoic dau loc;

e Str dung phén 14 thudc 14 hoan nguyén cao hon dugc tao ra tit cic manh nhd

thudc 14 bao gom cong va bui thudc 14;

e St dung thudc 14 gidn nd, loai nay tao ra luong nhua vA nicotin trén méi

diéu thudc 14 giam do khoi lugng toan bo 14 thudc 14 nhéi ddy di€u thuéc gidm;
e Giam duong kinh cla di€u thudc 14 do giam trong luong chat don; va

e Tang chiéu dai gidy cuén ddu ngam di€u thudc do dé lam thay déi chiéu

dai m4u thudc con lai.

Fig.1 dét cdc phuong phap nay trong mét hinh phéi canh c¢6 trat tu va thé hién

mic d6 gidm thu duogc & cdc hiéu sudt nhua va nicotin.
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“Thudc 14 hoan nguyén” (recon) 1a phan quan trong cua chat don thude 14
dugc tao thanh tir bui thudc 14 va nguyén liéu thude 14 manh nho khic, xt 1y thanh
dang 14 va cét thanh cdc manh tuong tu vé6i soi thudc 14. Ngoai viéc tiét kiém chi
phi, soi thudc 14 hoan nguyén 12 rdt quan trong vi su déng gbp cta né cho vi cta
di€u thudc 14 do st dung huong liéu x& 1y nho cic phan ung gitta amoniac va

dudng.

“Thudc 14 gidn nd” 1a mot phan quan trong khac ctia chat don thudc 14, nd
duoc xtt Iy nho 1am gidn nd cdc khi thich hop sao cho soi thudc 14 duge “phong” 1én
lam giam mat d¢ va kha nang nhoi 16n hon. N6 lam gidm trong luong sgi thudce 14
. st dung trong céc di¢u thudc. C6 loi 1a thudc 14 gian né lam giam lugng nhua,
nicotin va cacbon monoxit va gidi quyét dugc van dé sit dung, chang han 1am cho

diéu thudc 14 c6 luong nhua, nicotin, va cacbon monoxit thap.

Ham luong nicotin va, & mc d¢ it hon, luong nhua ma khéi thusc 14 tao ra,
con tuy thudc vao loai va giéng thudc 14 st dung dé tao ra thuéc 14. Ba loai thudc 14
thudng dugc stt dung trong céc loai thudc 14 & My 1a loai dugc sdy bang khong khi
néng, burley va oriental. Tron céc san phdm loai dugc dé cap t6i nhu thuéc 14 "pha
tron M§”. N6i chung, burley cé lugng nicotin cao nhét, ti€p sau 1a loai dugc say
bing khong khi néng va theo kiéu phuong Dong. Hiu hét cic giéng thudc 14 duoc
xtt 1§ & 15 phén tram do dm chita khodng mot dén ba phan tram nicotin theo trong
lugng. Ham lugng alkaloit trong cdc di€u thudc 14 thanh phdm it hon luong trong 14
thuéc 14 vira thu hoach sir dung d€ san xudt thudc 14 vi céc hao hut xu4t hién trong

qud trinh x1 1y, bao quan va cdc quy trinh san xuét.

"Xt 1§" 1a quy trinh lam cho chin d€ gidm d6 4m va tao ra su phd huy
clorophyl lam cho thudc 14 c6 mau vang va bang céch d6 tinh bot dugc chuyén hoa
thanh dudng. Vi vay thudc 14 xit Iy ¢6 ham lugng dudng khit cao hon va ham luong
tinh bot thap hon so v6i 14 xanh vira thu hoach. "Thudc 14 sdy kho bing khong khi
néng" dé cap dén phuong phép lam kho cay thudc 14 trong kho c6 thong gié bing

nhiét va kh4c biét boi c6 mau sic duy nhét, ham luong dudng khit cao, cic tinh chat
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hidt trung binh dén ning trong co thé va cd biét 1a c¢6 vi d& chiu (Bacon, E. W.,
Wenger,R. & Bullock, J. F. (1952), cdc thay d6i hod hoc & thudc 14 trong qué trinh
sdy kho bing khong khi nong, Ind. Eng. Chem., 44, 292).

D3 biét rdng bing céch thay d6i loai clia bat ky thanh phin ndo clia thanh
thudc 14, nhu duge dé cip & trén - d6i v6i hu nhu tat ca cdc chat don thudc 14 -
thuong phdm—cdc lugng nhya va nicotin dugc x4c dinh bing phuong phap
FTC/ISO Method c6 thé dugc thay ddi d6i véi thude 14 c6 ddu loc khoang tir gdn

Img nhua va 0,05mg nicotin dén 20mg nhya va 1,8mg nicotin.

Néu céc di€u thude 14 duge tao ra “nhe hon”, thi cdc lugng nhua, nicotin, va
~ cacbon menoxit, nhu duge x4c dinh bing phuong phap FTC/ISO, dugc gidm & c4c
ty 1& khac nhau khong dang ké. Tuy nhién, iu'c_)hg nhua va cacbon monoxit khong
giam & bat ky ty 1¢ khd 16n nac ma khong cb su giam tuong ng & luong nicotin |
theo ty 1& gan tuong ur va nguoc lai. Tham chi cac lugng nhua va nicotin theo
phuong phap FTC/ISO da gidm vao cudi cdc nam 50, "ty 1€ hiéu sudt nhua-doi véi-
nicotin”" ("TNR") cha cdc di€u thudc 14 vin hodn toan 6n dinh, nhu biéu thi trong

Fig.1 va Fig.2.

Thuat ngit "di€u thudc 14" nhu duge st dung & day duoc xdc dinh 1a "thanh"
cing véi "chat don". Phan “thanh” thuGc 14 bao gém gidy cuén thudc, ddu loc, boc
nit (st dung dé chiia cdc nguyén lidu loc), gidy cudn dau ngam di€u thudc 14 giit
gidy cudn thudc 14 (k& cd chat don) dén ddu loc, va toan bo keo hé giit cic thanh
phan nay véi nhau. Chi cdc thanh phéin cla thanh cta “di€u thu6c 14 khong ddu loc”
12 gém gidy cudn thudc 14 va hé gin nd. Phdn “chét don” bao gém (1) toan bo thuse
14, bao gém nhung khong chi giéi han & thudc 14 hoan nguyén va thuéc 14 gidn nd,
(2) céc thanh phan thay the khong phai 1a thuéc 14 (bao gém nhung khong chi gidi
han & c6, nguyén liéu thuc vat khong phdi la thudc 14 va cdc loai khéc c6 thé ciing
véi thuc 14 cudn trong gidy cudn thudc 14), (3) bao, (4) huong liéu, va (5) tét ca cic
chat phu gia khic (dugc tron trong sgi thudc 14 va cdc thanh phan thay thé va cudn

thanh diéu thudc 14). Thuat nglt "di€u thude 14" nhu duoc st dung & day ciing duoc
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xdc dinh 1a (A) bat ky cudn thudc 14 nao dugc boc trong gidy hoac bat ky chit nao
khéc khong chita soi thudc 14, va (B) bat ky cudn thudc 14 nao duge boc trong bat
ky chit nao chia soi thude 14 d6, vi vé bé ngoai cta nd, loai thude 14 duoc sit dung
]am chat don, hodc vd bao va nhin clia né, c6 thé dugc dé cap t6i, hodc do ngudi
titu ding mua nhu thudc 14 dugc mo6 td & phan doan dudi (A) (1967 Federal
Cigarette Labeling And Advertising Act, U.S. FTC).

Thuat ngit "thanh thuéc khong dau loc,” "thanh thudc c6 huong vi dam",
"thanh thudc nhe" va "thanh thu6c cuc nhe" nhu dugc st dung & day duoc x4c dinh
twong tng 1a diéu thudc 14 khong ddu loc trir chdt don clia né, digu thudéc 14 c6
. huong vi dam trir di chét don clia nd, di€u thudc 14 nhe trir di chat don cta nd, va

diéu thudc 14 cuc nhe trir di chit don cta nd.

Nhu dugc st dung & day, thuat nglt "ty 1& hiéu sudt nhua-d6i vGi-nicotin" |
hoac "TNR" ctia diéu thidc 14 duogc xdc dinh bang céch chia nho hiéuAsué’t nhua
theo hiéu sudt clia nicotin, ca hai hiéu suat nay dugc xdc dinh bing phuong phap
FTC hoac ISO.

Cic loai thu6e 14 & My va hau hét c4c noi trén th€ gidi 1a khic nhau bdi cic
thit bac nhu loai huong vi dam, loai nhe, va loai cuc nhe. Cic d4u hiéu d6 thuong
xufit hién trén cic vo bao thudc 14 hodc quang cdo. Cac thit bac nay thong bdo néng
do thudc 14, n6 1a chic nang cua lugng nhua va nicotin dugc x4c dinh bing phuong
phép FTC hoac ISO. Thu6c 14 ¢6 vi dam dac hodc huong vi manh c6 hiéu suat nhua
va nicotin cao hon. Cic thit bac hoac "néng d¢ ctia thude 14 thudng duoc cong nhan

& M§ nhu bang phuong phép FTC dudi day:

o“thudc 14 c6 huong vi dam" (15mg hoac nhiéu nhua hon trén méi diu thude
14) |

o "thudc 14 nhe" (7 dén 14mg nhya trén méi diéu thusc 14)

e "thudc 14 cuc nhe" (6mg hodc it nhua hon trén méi di€u thudc 14).
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Céc quyét dinh clia ngudi tiéu diing vé viéc c6 hiit thudc huong vi dam so véi
thudc 14 nhe hay khong chi dua vao cdc lugng nhya va nicotin thu duogc tir phuong
phép FTC/ISO 1a mo ho ("Public Understanding of Risk and Reasons for Smoking
Low-Yield Products", Neil Weinstein, NCI Monograph 13, Chapter 6). Vi nguoi va
méy hit thuSc cAm nhan thu6c khéc nhau, nén ngudi tiéu ding c6 thé rat hy vong
vé thuoc 14 dugc dé cap t6i 1a cé lugng nhua thdp ("Consumer Perception of
Cigarette Yields: Is the Message Relevant?", Gio Gori, Regulatory Toxicology and
7 ?harmacology volume 12,64-68 1990). Nguoi hit thudc s& khong nhdm 14n tin ring
chuyén tiy thufic 14 huong vi dam (thudc 14 Marlborot® huong vi dam tao ra 15mg

nhua va i,1mg nicotin) sang thudc 14 nhe (Marlboro® nhe cé hiéu suat 11mg nhua

va 0,8mg nicotin) s& 1 t4t yéu dé gidm cdc nguy co c6 lién quan dén hit thudc.

Khi ngudi hidt thude 14 nhe duge so véi nguoi hit thude 14 c¢6 huong vi dam
(va ngudi hdt thudc 14 cuc nhe so v6i ngudi hit thude 14 nhe va nguoi hit thude 14
cuc nhe so véi ngudi hiit thudce 14 ¢6 huong vi dam), va/hoac néu ting cd nhan hit
thudc ma thuong hit thuéc 14 ¢6 huong vi dam hodc thuéc 14 nhe chuyén sang hit
thudc 14 c6 hiéu suat giam, hoac doi khi hit thudc 14 ¢6 hiéu sudt giam, thi mot s6
hodc tét ca céc théi quen hiit thudc duéi day co thé xu4t hién trong mot chiing muc

nao do:
e Nhiéu hoi thuéc 14 ngén dugc hit hon trén méi di€u thudc;

e Cic hoi thudc 14 ngin riéng hodc lugng hoi thudc 14 16n hon (vi du, 55ml

khéi c6 thé duoc hiit so v6i 35ml);

e Su thay déi vé khoang thoi gian clia cdc hoi thudc 14 ngin riéng biét (vi du,
4 giay so v6i 2 gidy), vi vay tao ra nhiét do hinh nén néng hon, né c6 lién quan dén

tinh gay dot bién cua khéi ting*;
e Giit khéi thudc & phdi trong khodng thoi gian dai hon trude khi thé ra;

e Hit vio phdi sau hon;
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e Nhitng ngudi hiit thudc 14 loai nhe cé thé chin céc 16 thong dau loc bang

cic ngén tay va moi; va

e Hiit nhiéu thuéc 14 hon trong khoang thoi gian nhat dinh

*("Hiéu qua cla nhiét do nhiét phan d6i v6i tinh gay dot bi€n cta phan khéi

thu6c 14 ngung tu", White, J. L., et al., Food and Chemical Toxicology 39, pg. 499-
505 (2001) ). Nhu néu trong IOM Report:"Dé duy tri lugng nicotin 14y vao mong
- mudn, nhiéu ngudi hit thuéc d6i sang cic sin phdm hiéu suat thip ngoai ra con
thay déi ca cdch ho da hiit theo cdch da mo ta trude d6. Vi vay, do phoi nhiém cta

ho véi doc t6 cha thudc 14 cao hon dugc du dodn bang cic thir nghiém chudn va

'nhitng ngudi vin ti€p tuc st dung cdc san phdm dé khong gidm ddng ké nguy co

mac bénh ctia ho nhd chuyén déi ching" (IOM Report p. 2).

Cac khdc biét ¢ théi quen hit thudc duge quan sét trong s6 nhitng ngudi hiit
thu6c 14 huong vi dam, nhe, va thudc 14 cuc nhe dugc goi chung 13 "su dén bu"
("Compensatory Smoking of Low Yield Cigarettes”", Neal Benowitz, NCI
Monograph13). "Dén bu" 1a hit thu6c manh m& hon do lugng nicotin ¢6 mat trong
khéi thuéc 14 gidm. Nguoi hit thude bu lai bang céch hiit thudc 14 c6 higu suat thap
hon (so véi thudc 14 c6 hiéu sudt cao hon) manh hon dé dat dugc tdc dong nicotin
mong mudn cua ho va cam gidc khéi thuéc & miéng, d6 1a cic dic tinh cam gidc
quan trong (Jed E. Rose, "The role of upper airway stimulation in smoking,

"Nicotine Replacement: A Critical Evaluation, p95-106, 1988).

Nhém Wilcox di két luan rang nhiing ngudi hiit thudc chuyén sang hiit thudc
c¢6 luong nhua va nicotin thdp bl lai bing cdch ting luong thudc 14 tiéu thu méi
ngay so v4i nhém doi chiing. Thong s6 thu duge tir b6n nhém thét bai khi thé hién
loi ich déng ké theo théng ke d6i véi thuéc 14 c6 luong nhua thﬁ'p dudi dang nguy
co ung thu phdi, tham chi gifta cdc muc hit khic nhau (Tang et al., 1995b), nhu da
nghién ctfu & nhém khéc 16n hon (Sidney et al., 1993). Lee and Garfinkel cung cap

mot bang tém tit vé nguy co ung thu phéi va loai thubc 14 di hit (Lee and
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Garfinkel, 1981) da khong thé chiing minh duogc viéc gidm déng ké nguy co gay
bénh dua vao ham luong nhuya (JOM Report p. 401). S6 luong ung thu tuyén gia
ting gin day vi su thong gié kém clia nhiing ngudi hit thudc duge gia thuyét 1a do
hit bu bing nhitng sdn phdm hiéu sudt thap. Nguoi hit cdc sin phadm dé hit khéi

thudc 14 vao sau hon lam gia tang liéu luong nicotin ctia ho (IOM Report p. 285).

Cho nén, nguoi tiéu ding trong ba thap ky qua cé xu hudng hudng téi thude
14 “nhe hon” ¢6 thé khéng c6 loi cho siic khoé ngudi nghién thudc. Néi chung, bing
cdch bu lai, ngudi hit thude 14 nhe hit vao lugng nhua va nicotin ding bang nhiing
nguoi hit thu()’c 14 huong vi dam. T4t nhién, thusc 14 nhe ¢d vi khic nhiéu véi thudc
~ 14 huong vi dam va sy khéc biét vé€ vi d6 thudng 1a 1y do tai sac hiu hét nguoi
nghién thudc chon cédc loai nhan thudc ma ho hit. Tuy nhién, riéng & MJ, hang
triéu nguoi dang hiit thude 14 nhe va cyc nhe 12 ngudi da hat thude c6 hiéu suat cao

hon chuyén sang.

Fig.2 thé hién cdc lugng nhya va nicotin it phuong phip FTC Method déi
v6i mot s6 loai nhan hiéu thuse & M§. "(Cdc) loai nhan" 1a céc kiéu hodc loai thudc
14 khac nhau trong mdt ho nhan (vi du, thung loai 16n thuoc 14 ddu loc Marlboro®
cuc nhe). Fig.2 ciing thé hién TNRs thu dugc clia cdc loai nhan dé. Du céc loai
thudc 14 ¢6 kich c& 16n (thuong dai 85mm), 100's (dai 100mm), huong vi dam, nhe,
hodc cuc nhe, thi TNRs thu duge ctia ching ciing gin tuong déi gid tri. Thudc 14
cuc nhe c6 xu huéng c6 TNRs thap hon mot chit, chi y&u vi thuc t€ 1a su thong gi6
thém vao & loai thudc 14 nay lam giam hiéu sudt (t phuong phap FTC/ISO Method)
ctia nhya & ty 1¢ cao hon khong déng ké véi nicotin. TNR trung binh don gin clia
Fig.2 12 14,22.

Hiéu suét nhua va nicotin trung binh c6 tic dung mong muén trong bdo cdo
FTC 1998 la 12,0mg nhya va 0,88mg nicotin, né tao ra TNR 1a 13,64. Fig.1 thé
hién rang vao nim 1950 TNR trung binh 1a khoang 14,44 (khoang 39mg
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nhwa/2,7mg nicotin). C4c s6 nay chiing t6 ring TNRs trung binh cta thudc 14 My tir

khoang nam 1950 dén nay kha 6n dinh.

Béo c4o 1998 FTC Report cong bs vao nam 2000, bao gom céc loai thudc 14
clia nam 1998, va nim cudi ma FTC quyét dinh dua ra cong khai céc hiéu suét
nhua, nicotin va cacbon monoxit cta thudc 14. Trong s6 1294 loai nhan thudc 14
dugc dénh gia, chi c6 3 loai c6 TNR dugc x4c dinh dudi 8. Thuc t€, toan bo chi c6 8
loai nhan thudc 14 dugc xdc dinh ¢6 TNRs nhé hon 10. Bao gébm 1 Rothmans®, 3
Canadian Players®, 2 Old Gold®, 1 Now®, va 1 Carlton®. Trong khi chi céc s6
luong nhua, nicotin va cacbon monoxit duge néu trong béo cdo, TNRs c6 thé dé
- dang duoc x4c dinh tlt céc s6 lugng d6 bang cach chia hiéu suat clia nhua theo hiéu
sudt clia nicotin. Hai loai nhan thudc Carlton® cé hiéu suit <0,5 nhua va 0,1
nicotin. Do cdc s6 luong nguyén chat thuc € clia nhya khong thé xdc dinh duge va
vi ¢6 4nh hudng 16n do lam tron & cic miic d6, nén s6 luong ctia hai loai nhan thudc

14 d6 dudng nhu khong dugc phan 4nh trong giai phdp da biét.

2 trong s6 3 loai thusc 14 c6 TNR's nho hon 8 (géi thudc 14 dau loc mém
Carlton® 100 va géi thudc 14 ddu loc mém Now®) duoc néu trong 1998 FTC
Report tao ra Img nhua va 0,2mg nicotin, nhd d6 c6 TNR la 5. Tuy nhién, TNRs
ctia 2 loai thudc 14 d6 phén 16n 1a do tinh chét ciia cdc s6 nho lam tron. Tit bio cdo
1998 FTC, "Lugng nhua va cacbon monoxit dugc lam tron gin nhu dén miligam
(mg.); lugng bang 0,5mg hodc 16n hon dugc 1am tron 1én, trong khi luong bang
0,4mg hodc nho hon dugc 1am tron xubng. Céc s6 liéu vé nicotin duge lam tron dén
gin mot phan mudi miligam. Luong bang 0,05mg hoic 16n hon duge 1am tron lén;
lwong béng 0,04mg hozc nhoé hon dugc 1am tron xuéng”. Do dé, thudc 14 cuc nhe c6
Jugng nhua 1 1,4mg va nicotin 12 0,15mg s& dugc deé cap t6i 1a 1mg nhua va 0,2mg
nicotin (TNR 14 5), cho dit TNR trén thuc t€ bing 9,33. Thuéc 14 ¢6 luong nhua 1a
Img va 0,1mg nicotin c6 su chip nhén ctia khach hang it hon do hit thu6c nhe hon
(thi€u vi) va chiu dugc sy hit vao qué nhiéu. Vao ndm 2000, thi phan céc loai thuéc

14 c6 hiéu suét nhya 1a 1-3mg theo phuong phap FTC chi ¢6 thi phan & My 1a 1,3
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phén tram. Chin hai phan tram cdc loai thudc 14 c6 hiéu sudt nhua l1a 3mg hodc
luong nhua it hon in lugng nhua va nicotin theo phuong phép FTC clia chiing trén
c4c bao géi cua ching. Diéu nay tréi véi cdc loai thude 14 cé lwong nhua 1a 12mg
hodc nhiéu hon, trong d6 chi 0,1 cia mdt phan tram in lugng nhua va nicotin theo
phuong phdp FTC ctia ching trén cdc bao géi cua chiing (FTC Cigarette Report for
2000, 2002, p. 15).

Chitng c6 khac 1a phuong phép 1am trdon ctia FTC chiu trdch nhiém vé TNRs
bang 5 cta hai loai thudc 14 trong bdo cdo 1998 FIC Report va dudng nhu khong
duoc phan 4nh chinh x4c trong gidi phdp da biét d6 1a ki€u bao géi cing cla loai
- thu6c dau loc bao géi mérﬁ Carlton® 100 dua ra luong nhua bing 1mg va nicotin
bing 0,Img (TNR=10). C6 thé suy ra ring s lugng "0,2"mg nicotin dugc lam tron
cua loai bao géi mém thuc t€ gan véi dang s6 lugng chua lam tron 0,15mg nicotin.
Ciing vay, loai menthol cla thudc ddu loc bao géi mém Now® c6 luong nhua dua
ra 1a 1mg va nicotin 12 0,1, thi cling c6 nghia 1a s6 luong "0,2"mg nicotin dugc lam
tron ctia loai menthol hau nhu gan véi dang s6 lugng chua lam tron 0,15mg nicotin.
Ngoéi ra, loai thuéc Carlton® chudn (thudc ddu loc bao géi mém 100) dugc néu
trong cdc bdo cdo FTC nam 2000, 2001, va 2002 c6 luong nhya 1a 1mg va nicotin 1a
O,Ifng (TNR=10), chit khong phai la 1mg nhua va 0,2mg nicotin (TNR=5) nhu néu
trong bdo cdo FTC 1998. |

10 loai trong s6 12 loai thudc 14 (ngoai luogng téng 1294) cé luong nhua 1a
1mg ciing c6 lugng nicotin 12 0,1mg (TNR=10). 2 loai khdc dugc dé cép & trén (loai
thudc ddu loc bao géi mém Carlton® 100 va loai thudc dau loc gbi to mém Now®).
Phuong ph4p lam tron ctia FTC d6i v6i phan nhya c6 thé, va hau nhu gép phin vio
viéc 1am giam TNRs ctia hai loai thu6c 14 c¢6 hiéu sudt rat thap d6. C6 kha nang 1a
c4c nha sdn xudt nham tang cdc luong cua cic loai thudc 14 1mg nhua dén khodng
1,4 mg nhua va 0,14mg nicotin, n6 twong xiing dé cé thé quang cdo mic 1mg nhua
trén bao bi ctia thudc 14 va cdc 1y do vi bi tir chéi vi c6 hiéu suit thuc t€ caa thudc

(khong 1am tron) 1a 1mg nhua hodc thdp hon. Dieu d6 1a 1y do tai sao c4c loai thu6c
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14 cuc ky giong nhau (thudc 14 bao géi cing nhu twong phan véi thudc 14 bao géi
mém va thuéc 14 tuong phan véi thude 14 khong menthol) du theo cich nay hoidc
cach khdc (c6 TNR=5 so v6i 10) do lam tron. Vi vay, hai loai thu6c 14 d6 dudng

nhu khong duge phan anh trong giai phdp da biét.

Loai thudc 14 thit ba ¢c6 TNR nhoé hon 8 trong bdo cdo 1998 FTC 1a loai thude
14 khong dau loc bao géi ciing Old Gold®, c6 TNR= 5,55 (10mg nhua va 1,8mg
nicotin). Danh sdch nay d6i véi loai thudc 14 khong dau loc dudng nhu khong ding.
C6 72 loai thu6e 14 khong dau loc dugc néu trong bdo cdo 1998 FTC. TNRs thap
nhét cta céc loai d6, sau loai thudc 14 khong dau loc bao géi cing Old Gold®, 1a
- loai thuéc 14 khong dau loc, bao géi cing English Ovals®, ¢6 TNR=13 (26mg nhua
va 2,0mg nicotin). Trén thyc t€, lugng nhua thap nhat ciia nhém khong dau loc gém
72 loai d6, bén canh loai thudc 14 khong dau loc bao géi cting Old Gold®, 1a loai
thuéc 14 khong ddu loc bao géi cting huong vi dam, chudn Picayune®. Lin'ng nhua

cua loai thudc 14 nay la 18mg nhua va 1,2mg nicotin (TNR=15).

“Do quyén tu do yéu cdu thong tin v6i FTC, vao thang 10, 2003 FTC di dua ra
cdc bdo cdo tuong tu cia cdc nam 1999-2002. Loai thudc 14 khong dau loc bao géi
cting Old Gold® khong ¢6 trong bat ky loai nao ctia cic bdo cdo FTC trong bén
nam d6 hodc trong béo cdo nam 1997 FTC. Chi loai thudc 14 khong d4u loc bao géi
cing Old Gold® dugc néu trong ndm bdo cdo FTC (1997, 1999, 2000, 2001 va
2002) 12 loai thudc 14 khong dau loc bao géi mém Old Gold®, ¢6 cic luong nhua 1a
25mg va nicotin 12 1,8mg (TNR=13,8) vao ndm 1997, 26mg nhua va 1,9mg nicotin
(TNR=13,68) vao nam 1999, 27mg nhua va 1,9mg nicotin (TNR=14,2) vao nim
2000, 27mg nhya va 2,0mg nicotin (TNR=13,5) vao nam 2001. Khong c6 1y do nao
cho loai thudc 14 khong déu loc bao g6i mém cé céc luong nhua vé co ban khic
(hoac tham chi khong ddng k€) han loai thu6c 14 bao géi ciing. Khoéng cé céc loai

Old Gold® dugc néu trong bdo cdo 2002 FTC.
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Da6i v6i bao cdo 2002 FT'C Report, chi ¢6 bon loai thudc 14 dudi day, trong s6

1250 loai, c6 TNRs tinh todn nho hon &:
e Thudc 14 dau loc gbi to Merit® cudi cling: 1mg nhua, 0,2 nicotin (TNR=5);

e Thudc 14 ddu loc menthol bao géi to mém, cuc nhe Now® :1mg nhua,

0,2nicotin (TNR=5);

o Thudc 14 ddu loc bao g6i to mém, cuc nhe Now®: 1mg nhwa, 0,2 nicotin

(TNR=5);

2

e Thudc 14 dau loc bao gbi mém, cuc nhe Now® 100: 2mg nhua, 0,3 nicotin

(TNR=6,56).

Ciling ¢6 mot loai thudc 14 gidng chinh xdc khic duge néu nhu thudc 14 dau

3 7

loc g6i to Merit cudi cﬁn’g, con loat nay c6 lugng nhua 13 lmg va nicotiri 0,1mg
(TNR=10). Pugc cho rang TNRs thép clia céc loai thudc 1a d6 1a nhu boi vi cdce 1y
do twong tu nhu néu trong bdo cdo 1998 FIC, va dudong nhu khéng duge phan dnh
chinh x4c trong gidi phap da bigt. Chi téng s6 5 loai thudc 14 (trong s6 1250) c6
TNRs dugc xdc dinh 16n hon 8 va nho hon 10 trong bdo cdo 2002 FTC. Chiing bao

gbém 3 loai Canadian Players®, 1 loai Carlton®, va 1 loai Merit® khéc.

Xu huéng méi day vé thude 14 PREPs 12 giam cé deIl loc carcinogen trong
khéi thudc 14. Hai loai thuoc 14 PREPs méi duge gidi thiéu & My: Advance®, do
Brown & Williamson Tobacco Company san xuit, va Omni®, do Vector Tobacco,
Inc san xuét. Advance® dat dugc cdc mic nitrosamin riéng trong s¢i thudc 14 gidm
(TSNAs) bang cdc cong nghé xt 1y 14 thudc 14 két hop véi cong nghé loc dic hiéu
da dugc cép bfmg patent (Xem cdc patent My No: 5.803.081, 5.845.647, 6.135.121,
6.202.649, 6.311.695, 6.338.348, 6.350.479, 6.425.401, RE38.123, va 6.569.470)
va dang Xem xét cép patent (Xem cong bé cidc don My No 20020174874 va
20030018997).
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Omni® giam lugng hydrocacbon thom da vong (PAHs), TSNAs, va catechol
nho st dung hé xidc tic paladi (Xem cong bs U.S. No. 20030000538) thém vao dau
loc va loc bang than hoat tinh. Thu6c 14 Omni®, loai géi to huong vi ddm c¢6 15mg
nhua va 1,0mg nicotin (TNR=15). Thudc 14 loai nhe bao 16n Advance® c6 10mg
‘nhua va 8mg nicotin (TNR=12,5).

Vin dé khé xi Iy chi yéu dé tab ra PREP la cac nghién cttu 1am sang hang
nam c6 thé cin ndm dugc céc nguy co gidm bét, néu cd, chia PREP so véi cac loai
thu6c 14 thong thuong. Diéu nay 1a dic biét chinh xdc vi PREPs, tuong tu véi
Advanced® va Omni® khéng lam gidm toan bo luong khdéi thude ma chi gidm mot

86 hod chat trong khéi thudc.

Céc hydrocacbon thom da vong (PAHSs) 14 do su d6t chdy khéng hoan toan
céc lipit va terpen ty nhién trong sgi thudc 4. Cong dong khoa hoc coi cac hop chat
d6 1a cac carxinogen manh trong khdi thudc 14, Cic nitrosamin riéng trong soi
thuoc 14 dugc tac ra trong qud trinh x& 1y sgi thudc 14 va trong qué trinh hiit
(Hoffman, D., Dong, M., & Heck:, S. S. (1977), Origin in tobacco smoke of N-
nitrosonornicotine, a tobacco-specific carcinogen. Brief communication, J. Natl.
Cancer Inst., 58, 1841-4). Cic hop chét d6 ciing dugc coi 1a cdc carxinogen manh.
TSNAs dugc tao thanh bang phan tng gifia chét nitrosat hod va cdc alkaloit tu nhién
trong soi thudc 14 va ciing 1a cdc tdc nhan gay ung thu trong khdi thude 14. (Cong b6

don U.S. No. 20040144397).

Ngay ca khi gidm cdc tdc nhan gay ung thu manh d6, thi nhiéu tdc nhan gay
ung khéc trong khéi thudc 14 van ton tai, cdc cong nghé d6 khong dugc quan tam.
Ngoai ra, nhiéu hgp chét khdc c6 thé khong gay ra ung thu nhung c6 hai t6i cdc mit
khéc clia sic khoé con nguoi, nhu cic bénh tim mach va bénh dﬁb‘ng ho hap, khong

bi giam bét.
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Eclipse® v Accord® 1am cho ngudi hit thusc cam thdy c6 thé chép nhan
gan nhu hit digu thudc 14 thong thuong nhung véi sy d6t chéy t6i thi€u hoac khong
d6t chdy soi thudc 14 (nhiét phan). Loi ich mong muén clia cdc san pham d6 1a 1am
giam déng ké sy hinh thanh cdc hop chit sinh ra tit qua trinh dot chdy soi thudc 14
trong céc diéu 14 thong thuong. Cc hop chét dé thuong duoc thira nhéan la c6 hai
Acho ngudi hit thu6e. Vi hai loai thudc 14 d6 khong duogc hit nhu céc loai thudc 14

thong thudng nén ching khong duge thyc sir chdp nhéan & thi trudng.

Trai nghiém hiit thudc & c4 hai loai sin phdm dé dua vao céc khai niém duéi
day. Sol khi khéi thusc & ca hai san phdm dugc tao ra bang cdch gia nhiét céc
- nguyén liéu thuéc 14 chita ham lugng glyxerin cao thay vi dot chdy soi thudc 14.
Glyxerin khi duoc gia nhiét, béc hoi nhanh, tao ra sol khi ¢6 thé hit vao rét giong
v6i su xuat hién va tao cdm gidc nhu khdi thudc 14. Ngoai ra, viéc gia nhiét céc
nguyén liéu thudc 14 chia trong cdc san phdm c6 s€ giai phong cic huong liéu dé
- bay hoi g6c clia sgi thudc 14 cling nhu nicotin. Bt ky huong liéu d&€ bay hoi nao

duoc b sung vio sai thude 14 ¢6 thé ciing duge giai phong vao sol khi khéi thudc.

Eclipse® va Accord® sit dung cdc phuong phdp khdc nhau dé gia nhiét cho
c4c nguyeén liéu thudc 14 chia trong cdc sin phdm tuong tng clia ching. Accord®
dua vio thiét bi da biét nhu bat 1ia chita bo pin, so d6 dién va cdc bo phét nhiét s&
tao nhiét cho di€u thudc 14 gin trong thiét bi. N6 dugc thiét k€ kiéu nhu th€ d€ phan
chia sdu hoi thudc 14 ngén tr mbi di€u thudc gan trong thiét bi. Cic diéu thudc 14

duoc ché tao dac biét cho thi€t bi nay phai dugc si dung véi nang sudt thich hop.

Eclipse® dua vao ddu ngam cacbon dé chdy 1a, khi d6t chdy, s& cung céap
nguoén nhiét dé tao ra sol khi khéi thudc tir cdc nguyén liéu thudc 14 chita trong san
phdm. San phim Eclipse® c6 vé ngoai tuong tu v6i thudc 14 thong thudng, ngoai trix

]a né khong pha huy tan thudc nhu so véi thudc 14 thong thuong.
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Ca hai loai san phidm d6 dugc dem thir nghiém khi thit x4c dinh luong nhua
va nicotin bing phuong phdp FTC. Qua trinh x4c dinh chiéu dai mau thudc 14 1a v6
nghia véi ca hai sén phdm khi né dugc hit ting hoi ngan. S6 Iugng hoi thude 14 d6i
v6i timg san phdm bi gidi han bdi ban chat thiét k€ clia ching. Véi Eclipse® s6
lugng hoi thuéc 14 dugc di€u chinh bdi nguén nhiét cacbon. Accord® bi gidi han
bang dién tir & sdu hoi. Cuéi ciing, Accord® khong "nhe" nhu dugc mé ti bang

phuong phap FTC.

b3 biét ring Nicotiana rustica 1a cao trong ham lugng nicotin ma thuong

khong dugc cai bién, c6 thé lai véi Nicotiana tabacum dé tao ra thuc vat méi

“(Wernsman, E. A., et al., Principles of Cultivar Development, Volume 2, Crop
Species, Ed. W. R. Fehr, Macmillan, New York 1987). Thudc 14 Y-1, ban dau va

mot phan duogc phét trién bdi U.S. Department of Agriculture, 12 mot vi du vé su lai -

chéo nay. Tuy nhién, giéng nay phai trdi qua nhiéu nam dé tao ra thudc 14 cé luong

" nicotin tang nhu vy bing céch chuyén gen. Céc tién loi khéc clia viéc tao ra thudc
14 c6 luong nicotin ting bang cdch chuyén gen so v6i ky thuat lai thuc vat 1a céc

quy trinh chuyén gen dé c6 thé dugc tién hanh véi bat k¥ loai thudc 14 thuong phim

ndo (duoc siy bang khong khi néng, burley, va theo kiéu phuong Dong) hoic cay

thuéc 14 (hodc loai) thudc 14, nhd d6 gift duge phan rét 16n cdc tinh trang clia dong
thudc 14 géc trude khi cai bién gen. Céc dic tinh thuong phdm mong mudn cta loai

N.tabacum s& bi anh hudng xau khi né dugc lai chéo véi N.rustica.

Fig.3 biéu thi rang chi 36,4 phén tram s& ngudi chét c6 lién quan dén hit
thuéc & M§ 12 do ung thu gy ra, chua c6 nhan thic chung nao rang ung thu la tdc
dong bat 1oi nhat cho siic khoé clia viéc hiit thu6c. Thuc t€, cic bénh tim mach gay
ra 42,4 phén trdm va cac bénh ho hép gy ra 21,2 phan tram s6 nguoi chét dé. Cac
nghién ctiu bénh dich thé hién su gidm ddng ké nguy co khi lugng khéi thudc tdng
hit vao gidm (U.S. Surgeon General, 1964,1979, 1989). Vi khong biét né gém nhi€u

doc t6 gy ra céc tdc dong c6 hai dac biét, s&€ 1a c6 loi khi gidm toan b cic lugng
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khéi thuc 14 cho ngudi hit thudc dé tao ra PREP hitu hiéu-khong chi mot chat it

cdc thanh phan khéi 1a carxinogen.

Bdo cdo IOM keét luan riang "Nicotin 12 mot trong cac nhan t6 chua yéu tao ra
thanh cong clia san phdm thudc 14" (p. 29). Vi vay, giit dugc nicotin & cdc mifc thi
i, trong khigidam dugc nhiéu hon cdc thanh phan doc t6 ciia thudc 14, s€ 1a mot cach
chung khdc dé gidm thiét hai (IOM Report p. 29). Bang cich giam toan bo li€u
lugng khéi thude duge hit vao tit mébi di€u thubc va/hoac giam s6 luong di€u thude
14 hit moi ngdy, tdt ca carxinogen va cdc khi c6 hai s& dugc giam téi cic ty 1€ tuong
ty. C4ch hitu hiéu nhat dé dat dugc cdc midc gidm & toan bo lugng khéi thudce 14, can
ci vao xu hudng ctia ngudi nghién thudc 12 hiit b, dé gidm TNR ctia c4c di€u thude
14. Véi cée di€u thu6e 14 ¢6 TNR gidm, midc trén moi hoi thudc 14 cta toan bo
lugng khéi thudc 14 ma ngudi hit thudc hit vao, bao gébm nhya va cacbon monoxit, -
s& giam & nhiéu truong hop trong khi gift duge mifc nicotin can thiét clia nguoi hiit

thudc.

Theo chiing ci& nghién cttu bénh hoc, nguy hiém lién quan truc hé téi lugng
thu6c da hit. Bing ching clia liéu lugng gidm phdi 1a co s& dé diéu chinh thuéc 14
b6t nguy hiém hon (Gori, 2002 Coresta Congress). "M6i quan hé dép dng-liéu
Juong" duoc xé4c dinh 12 méi quan hé gitta sy thodi trién nguy co-bénh va thodi trién
phoi nhiém (vi du, liéu cang cao thi ty 1& mic bénh cang 16n). “Thong s6 hién cé
cho phép dénh gid, mac du khong chinh x4c, méi quan hé ddp tng lai li€u lugng
giita phoi nhiém véi toan bo lugng khéi thudc 14 va cc bénh chii yéu c6 thé dugc
kiém tra dé d4nh gid kha nang gidm tdc hai” (p.9, IOM Report). Vi m6i quan hé
dap tng-liéu lugng hién dang ton tai cho toan bo lugng khéi thudc 14, nén cic loi
ich clia thudc 14 c6 TNR thép c6 thé gidm toan bo lugng khéi thudc ma ngudi huit
thudc hit vio c6 thé ngay lap tiic dugc dénh gid va x4c nhan bdi »nhﬁ‘ng t6 chitc ki€m

soat sitc khoé cong dong nhu U.S. Food and Drug Administration (FDA).
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Theo Fig.2, néu lugng nhua theo phuong phdp FTC Method cla cic bao
thudc 14 to huong vi dam Marlboro® 1a 15mg dugc so véi lugng nhua theo phuong

phdp FTC Method ctia cic bao thudc 14 to loai nhe Marlboro® la 11mg, sau dé qua
trinh gidm 4mg nhua dugc nhan thdy. Stc manh nay, nhin bé ngoai, ching t6 ring
ngudi hidt thudc s& hit vao it hon 4mg nhua bang cich chuyén sang hit san phdm
bnhf;. Tuy nhién, cdc gid tri TNR tuong tng 12 13,64 va 13,75, thé hién khong cé su
cai thién vé mat lugng nhua hit vao trén méi mg nicotin cla ting di€u thudc 14 khi
chuyén sang hit sén phdm kh4c. Vi qué trinh dén bu c6 thé xuat hién khi chuyén tix
thudc 14 huong vi dam sang thu6c 14 nhe hodc cuc nhe va tir thude 14 nhe sang thudc
14 cuc nhe, cdc gid tri TNR c6 thé cung cép su tuong tng chinh x4c hon ctia luong

khoi thude ding cta loai thudc 14 d6i véi théi quen hiit thudc clia con ngudi.

Di biét 16 ring céc dong co thic ddy ngudi hidt thudc bao gom nhiéu nhan t6
nhu vi gidc, kha nang cdm gidc, dong co cu x1, trong d6 phén thudng dugc 1y cla
nicotin 1a quan trong nhét hon rat nhiéu. Ngoai trir thudc 14 qué nhe, néi chung
ngudi hit thudc c6 thé kiém sodt dé sit dung trung binh 1mg nicotin (trén méi diu
thudc 14) ctia thudc 14 thudc bét ky loai ndo, bat ké c4c hiéu suit clia may dua vao
mdy hit thuc chudn FIC (Gori, pg. 3 Virtually Safe Cigarettes-Reviving
anOpportunity Once Tragically Rejected, 2000). "Miic nicotin cao nhat ma ngudi
hidt thudc hit vao 12 khoang 2mg trén méi di€u thude 14. S6 luong cic hoi thude 14
trén méi di€u thudc 14 trung binh 1a khodng 8. Vi vay luong cao nhat 1a 250
microgam trén méi hoi thudc 14 s& dit dé thod méan nhu cdu t6i da, mac di thudng
nguoi nghién thuéc s€ hidt va hit vao it hon lugng t6i da nay" (Gori, Gio, Less

Hazardous Cigarettes, Tobacco Reporter, p.31, June, 2004).

‘Trong bai bdo British Medical Journal (BMJ, 1976 volume 1, pp. 1430-1433)
va 14n nifa vao nim 1980 Banbury Report (#3 A Safe Cigarette, pp. 297-310),
Michael Russell da ing hg thu6c 14 c6 lugng nhua thap, nicotin trung binh va
cacbon monoxit thdp 1a su lua chon an toan déi véi thudc 14 cé trén thi truong vao

thoi diém d6. Xem xét nghién citu vé cong nghiép thu6c 14 German tix cdc tai lidu
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trén Internet ching to rdng cdc nha khoa hoc mudn thudc 14 an toan s€ cd ty 1é
nicotin 16n hon nhiéu so v4i nhua (TNR thap hon) (Tobacco Control 2000; 9: 242-
248, pg. 4).

Thudc 14 ¢6 do phoi nhiém gidm mong mudn phai dem lai lugng nicotin
mong mudn ctia ngudi hut thudc trén méi di€u thudc 14 dé dang va c6 hiéu qua dén
muc c6 thé trong khi van duy tri duoc vi c6 thé chdp nhan duge. Thuc t€, "qud trinh
bl ngugc 1ai" c6 thé xuat hién trong mot so tinh hudng véi céc loai thude 14 ¢6 TNR
thdp, vi nguoi hit thudc hit vao lugng khéi thube tong it hon trong khi c6 duge
lugng nicotin thoa man. "Quad trinh bu ngugc lai" dugc xac dinh 1a hut it manh hon

do luong nicotin ¢6 mat trong khéi thudc 14 tang lén.

Thuoc 14 c6 TNR thap ciing s€ ¢6 10i cho nguoi khong hiit thude. Bing céch
dem lai luong nicotin hitu hiéu hon cho nguoi hit thudc, lugng thudc 14 mbi ngay
c6 thé dugc hit it hon va mdi dicu thude 14 c6 thé dugc hiit it hon, né s& tao ra
luéng khéi phu it hon (lugng khéi sinh ra tir mau chdy cdn lai cta di€u thude, phan
16n gitta cdc hoi thuoc 14) va khéi thude trong moi truong it hon (khéi thude c6
trong khong khi, bao gébm ludng khdéi chinh va phu toa ra). Ludng khéi chinh (toan
bo ludng khoi thudc 14 chinh) 12 luéng khéi xuat hién tir “miéng” (ngudi hit) hodc

ddu mau thudc 14 con lai (d4u loc) cua diéu thudc 14 da hit (IOM Report p. 283).

Vi vay, cin dén loai thudc 14 c6 TNR thdp c6 thé dem lai tdc dung cla

nicotin véi sinh 1y hitu hiéu hon ma khong c¢6 nhua va cac khi c6 hai.
Ban chat ky thuat cta sang ché

Sang ché dé xu4t thudc 14 bao gdm phdn thuc vat hodc thuc vat chuyén gen
chtta nicotin tang cta loai thudc gidng Nicotiana va c6 ty 1€ hiéu suit nhya-doi véi-
nicotin (TNR) nim trong khoang 3 va 8, nhu duoc x4c dinh bang phuong phiap FTC
hoac ISO. Phan thuc vat hodc thuc vat chuyén gen chira nicotin tang c6 lugng

nicotin tdng khi so sdnh véi phan thuc vat hoac thuc vat giong goc khong bién nap
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ma tir d6 phén thuc vat hodc thuc vat chuyén gen dugc tao ra va chia va biéu hién it
nhat mot axit nucleic khong tuong déng lam ting su di€u chinh qud trinh tao ra
nicotin trong thuc vat hodc phén thuc vat chuyén gen. Phan thuc vat hodc thuc vat
chuyén gen chifa nicotin tang, khi so sdnh vdi phan thuc vat hodc thuc vat déi ching
khong bién nap, chita va bi€u hién ADN khong tuong déng ma hod it nhdt mot doan
clia enzym cén thiét dé téng hop sinh hoc nicotin trong soi thudc 14, thuc vat hodc
“phan thuc vat chuyén gen ndy c6 cdc mdc enzym ting khi so sdnh v6i phan thuc vat
hoac thuc vat d6i chitng khong bi€n nap va ham lugng nicotin tang khi so sédnh véi

phan thuc vat hodc thuc vat d6i chiing khong bi€n nap.

Enzym cé thé dugc chon (¥ nhém gém ¢6 arginin decarboxylaza (ADC),
metylputresxin oxidaza (MPG), NADH dehydrogenaza, ornithin decarboxylaza
(ODC), phosphoribosylantranilat isomeraza (PRAI), putresxin N-metyltransferaza
(PMT), quinolat phosphoribosyl transferaza (QPT), va S-adenosyl-metionin
synthetaza (SAMS). 1Loai thuc VAt niy cd thé la

Nicotiana tabacum.

Thuéc 14 ¢6 thé c6 hiéu suit khodng 1mg nhua va nam trong khoéng 0,12mg
va 0,34mg nicotin, khodng 2mg nhua vi ndm trong khoang 0,25mg va 0,68mg
nicotin, khoang 3mg nhua va nim trong khoang 0,36mg va 1,0mg nicotin, khoang
4mg nhua va nam trong khodng 0,5mg va 1,36mg nicotin, khodng 5mg nhua va
nam trong khoang 0,62mg va 1,7mg nicotin, khoang 6mg nhua va ndm trong
khoéng 0,75mg va 2,0mg nicotin, khoang 7mg nhua va nim trong khoang 0,87mg
va 2,33mg nicotin, va khodng 8mg nhya vi nidm trong khoang 1,0mg va 2,66mg
nicotin. Sdng ché cling bao gém thudc 14 chita phan thuc vat hodc thuc vat chuyén

gen chia nicotin tang cta loai thudc giéng Nicotiana.

Sdng ché cling dé cap dén phuong phép tao ra thudc 14 bao gém cung cap
phén thyc vat hodc thuc vat chuyén gen chia alkaloit tang, khi so s4nh véi phdn

thuc vat hoac thuc vat doi ching khong bién nap, cia loai thudc giéng Nicotiana,
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lai chéo thuc vat véi thuc vat thudc loai Nicotiana tabacum dé thu dugc thuc vat thé
hé con, va tao ra thuéc 14 chita thuc vat thé hé con. Thudc 14 c6 thé c6 ty 1€ hiéu suét
nhya-d6i véi-nicotin ndm trong khoéng 3 va 8, nhu dugc xdc dinh bang phuong
phap FTC hoéac ISO.

Séng ché ciing dé cap dén phuong phdp tao ra thudc 14 bao gém cung cap
phén thuc vat hodc thuc vat chuyén gen Nicotiana tabacum chia nicotin giam c6
lugng nicotin gidm khi so sdnh v6i phén thuc vat hoic thyc vat déi ching khong
bién nap, lai-chéo thuc vat chita nicotin gidm véi thuc vat Nicotiana rustica dé thu
dugc thuc vat thé hé con, va tao ra thudc 14 chita thuc vat th€ hé con. Phan thuc vat
‘hoac thuc vat th€ h¢ con c6 lugng nicotin ting khi so sdnh v6i thuc vat Nicotiana
tabacum ma tit d6 phén thuc vat hodc thuc vat chuyén gen dugc tao ra. Thuc vat thé
hé con c6 thé duogc st dung lam thudc 14 ¢6 ty 1& hiéu sudt nhua-d6i véi-nicotin ndm

trong khoang 3 va 8, nhu dugc xéc dinh bing phuong phép FTC hoic ISO.

Séng ché cling d€ cap dén phuong phép tao ra thudc 14 bao gém cung cip
phan thuc vat hoic thuc vat chuyén gen chita nicotin tang, khi so sinh véi phén thuc
vat hodc thuc vat d6i ching khong bién nap, cta loai thudc gidng Nicotiana, tao ra
soi thudc 14 hoan nguyén tir phan thuc vat hoac thuc vat, va tao ra thudc 14 chita sgi
thu6c 14 hoan nguyeén nay. Thudc 14 c6 thé cé ty 1& hiéu suit nhwa-d6i vSi-nicotin

nam trong khoang 3 vi 8, nhu duge xdc dinh bing phuong phép FTC hoic ISO.

Séng ché ciing dé cap dén phuong phép tao ra thudc 14 bao gébm cung cap
phén thuc vat hodc thuc vt chuyén gen chia nicotin tang, khi so sinh véi phén thuc
vat hodc thuc vat d6i chiing khong bién nap, cta loai thudc giéng Nicotiana, tao ra
soi thudc 14 gidn nd tix phan thuc vat hoac thuc vat, va tao ra thuéc 14 chita soi thudc
14 gidn nd ndy. Thudc 14 c6 thé c6 ty 1& hiéu suat nhya-d6i véi-nicotin nim trong

khoang 3 va 8, nhu dugc xdc dinh bang phuong phap FTC hoic ISO.

Séng ché ciing dé cap dén thudc 14 chita phan thyc vat hodc thuc vat chuyén

gen cla loai thudc giong Nicotiana cé lugng nicotin tang khi so sénh véi phan thuc
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vat hoac thuc vat giong goc khong bién nap ma tir d6 phén thuc vat hodc thuc vat
chuyén gen dugc tao ra va ty 1& hiéu suit nhua-déi véi-nicotin thap khi so sanh véi

thudc 14 d6i ching chida phén thuc vat hodc thuc vat giong goc khong bién nap.

Séng ch€ ciing dé cap dén phuong phdp tao ra thu6c 14 bao gém cung cap
phén thuc vat hodc thuc vat chuyén gen chita nicotin tang, khi so sénh véi phan thuc
vat hoac thuc vat doi chiing khong bién nap, cta loai thudc gidng Nicotiana, chiét
nicotin tir phdn thuc vt hodc thuc vat chuyén gen, cung cip phén thuc vat hoic thuc
vat clia loai thudc giong Nicotiana, b6 sung nicotin dugc chi€t vao loai dé tao ra
nguyén liéu thuc vat chita nicotin tang, tao ra thudc 1a chita nguyén liéu thuc vat

_chita nicotin tang. Nicotin c6 thé 1a cdc mudi nicotin cla cic axit hitu co.

Séng ch€ ciing dé cap dén phuong phdp tao ra thu6c 14 bao gém cung cap
phan thuc vat hoac thuc vat chuyén gen chita nicotin tang, khi so sdnh véi phan thuc
vat hoac thuc vat doi chl’m"g khong bién nap, cua loai thudc gidéng N. icotidn&z, chiét
 nicotin tir phén thuc vat hoac thuc vat chuyén geh, cung cip phan thuc vat hoic thuc
vat thit sinh cta loai thudc giéng Nicotiana, b8 sung nicotin dugc chiét vao phin
thuc vat hodc thyuc vat thi sinh d€ tao ra nguyén liéu thuc vét chita nicotin tiang, tao
ra thudc 14 chita nguyén liéu thuc vét chifa nicotin tang va c6 ty 1& hiéu suét nhua-
doi véi-nicotin thép khi so sdnh véi thudc 14 d6i ching chita phan thuc vat hodc thuc

vat thit sinh khong b6 sung nicotin dugc chiét.

Séng ché ciing dé cap dén phuong phép tao ra thuéc 14 bao gém cung cip
phan thuc vat hodc thuc vat chuyén gen chda nicotin gidm, khi so sdnh véi phan
thuc vat hoac thuc vat doi chiing khong bién nap, clia loai thudc giéng Nicotiana,
tao ra soi thudc 14 tir phin thuc vat hoic thuc vat chuyén gen, b8 sung nicotin vao
soi thudc 14, tao ra thudc 14 chifa soi thudc 14 va c6 miic nitrosamin riéng trong soi
thudc 14 dudi khoang 0,5 microgam trén mdi gam. Nicotin cé thé 13 cidc mu6i
nicotin clia c4c axit hitu co hodc nicotin dugc t6ng hgp. Miic nitrosamin riéng trong

soi thudc 14 c6 thé nhd hon khoang 0,05 microgam (50ppb) trén méi gam soi thusc
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14 va thudc 14 c6 thé cé ty 1& hiéu sudt nhua-déi véi-nicotin nam trong khoang 3 va

8.

Sang ché cling dé cap dén phuong phdp tao ra sin phim thudc 14 bao gém
cung c4p phén thuc vt hodc thuc vat chuyén gen cla loai thudc giéng Nicotiana c6
luong nicotin gidm khi so sénh v6i phan thuc vat hoac thuc vat giéng goc khong
bién nap ma tir d6 phan thuc vat hoac thuc vat chuyén gen duoc tao ra, tao ra soi
thudc 14 tir phin thuc vat hoac thuc vat chuyén gen, bé sung nicotin vao soi thudc
14, tao ra sin phdm thudc 14 chita soi thudc 14 va c6 miic nitrosamin riéng trong soi
thudc 14 thap hon khi so sénh véi sdn phadm d6i chiing chita phéan thuc vat hodc thuc

_vat giong gbc khong bién nap. Phan thuc vat hodc thuc vat chuyén gen c6 nicotin
gidm, khi so sanh vé6i phin thuc vat hoac thuc vat d6i ching khong bién nap, c6 thé
chita va biéu hién it nhat mot axit nucleic khong tuong déng 1am gidm su di€u chinh
qud trinh tao ra nicotin trong thyc vét hodc phan thyc vat chuyén gen dé. Phan thyc
vat hoac thuc vat chuyén gen c6 nicotin gidm cé thé chifa va biéu hién ADN khoéng
tuong dong ma hoé it nhit mot doan cla enzym cdn thi€t dé téng hop sinh h(_)c.
nicotin trong soi thudc 14, thuc vat hodc phin thuc vat chuyén gen nay cé cdc miic
enzym giérﬁ khi so sdnh véi phan thuc vat hoac thuc vat d6i ching khong bién nap
va ham lugng nicotin giam khi so sinh vé6i phéan thuc vat hoac thuc vat d6i chiing
khong bién nap. Mifc nitrosamin riéng trong soi thudc 14 cé thé duéi khoang 1
microgam trén méi gam (Ippm). San phdm thudc 14 c6 thé duéi dang dugc chon tit
nhém gém cé thudc 14 14, thue 14 manh vun, va thude 14 cét va c6 thé dugc chon tix
nhém gém c6 thudc 14 bot, thude 14 hiit bang tdu, di€u xi ga, thudc 14 nhai va thudc

14 diéu.

Séng ché ciing dé cap dén phuong phép tao ra s¢i thudc 14 gidn nd bao gom
cung cap phéiri thuc vat hoéc thuc vat chuyén gen chita nicotin tﬁng, khi so sénh véi
phan thuc vat hoac thuc vat doi ching khong bi€n nap, cia loai thudc giéng
Nicotiana, tao ra s¢i thudc 14 tir phan thuc vat hoac thuc vat chuyén gen va lam giin

nd soi thudc 14.
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Séng ché cling dé cap dén phuong phap tao ra sgi thuéc 14 hoan nguyén bao
gém cung cap nguyén liéu thuc vat dugc chon tit nhém gbém cé phén thuc vat hoac
thuc vat chuyén gen chifa nicotin tang, khi so sanh véi phén thuc vat hodc thuc vat
déi ching khong bién nap, ctia loai thudc gidng Nicotiana, phan thuc vat hoac thuc
vat chuyén gen chifa nicotin gidm, khi so sénh vé6i phén thuc vat hodc thuc vat déi
chitng khong bién nap, clia lodi thudc giéng Nicotiana, tich protein ca soi thudc

14, va 1am kho & nhiét do thép sgi thudc 14, va hoan nguyén nguyén liéu thuc vat.

Séng ché ciing dé cap dén phuong phép tao ra soi thudc 14 hoan nguyén bao
gém cung cép phén thuc vit hoac thl_IC. vat chuyén gen chifa nicotin giém., khi so
.sénh v6i phan thuc vat hoac thuc vat d6i chiing khong bién nap, ctia loai thudc
giéng Nicotiana, va hoan nguyén phin thuc vat hodc thuc vat chuyén gen. Loai
thuc vat nay cé thé dugc chon tit nhém gém cé Nicotiana tabacum va Nicotiana
rustica. Soi thudc 14 hoan nguyén c6 thé con bao gém soi thudc 14 hoan nguyén
tdch protein. Sdng ché ciing dé cap dén thudc 14 chida sg¢i thudc 14 hoan nguyén dé
va c6 hiéu suit TSNA giam khi so sdnh véi thudc 14 d6i chiing chita phan thuc vat
hoéc thuc vat giéng gdc khong bién nap. Cac TSNA nhu duge sit dung & day cé thé
dugc chon tir nhém goém cé NNN, NNK, NAT, va NAB va thuéc 14 cé thé duoc
hiéu suét cta cac hop chét gidm dugc chon tit nhém gém-c6 benzo(a)pyren, phenol,
va catechol nhu dugc so sanh v6i thudc 14 doi ching chita phén thuc vat hodc thuc

vat giong gdoc khong bién nap dé.

Sang ché ciing dé cap dén phuong phdp tao ra s¢i thudc 14 hoan nguyén bao
gém cung cdp phan thuc vit hodc thuc vat chuyén gen chia nicotin ting, khi so
sanh v6i phan thuc vat hodc thuc vat déi ching khong bién nap, clia loai thudc
giong Nicotiana, va hoan nguyén phan thuc vat hodc thuc vat chuyén gen. Phuong
phép nay c6 thé cdn bao gém lam kho & nhiét do thdp phén thuc vat hoic thuc vat

chuyén gen sau khi thu hoach né.
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Mo ta chi tiét sing ché

Mot s6 khia canh cua sdng ché 1a dé cap dén viéc giam ty 1¢ hiéu suat nhua-
d6i véi-nicotin (TNR) cia thudc 14 bang cach han ché lugng nhua ngudi hit thude
nhan duoc trong khi cung cip céc lugng nicotin thoa ddng dé duy tri duoc su thod
man clia ngudi hiit thude. Két qua 1a thudc 14 thuc sy cung cap cho ngudi hit thude
mot luong nicotin thod man véi lugng nhua va khi it doc hai hon. Thuoc 14 thuong
phdm nhe va cuc nhe hién nay khong thé thuc su cung cip cho ngudi hiit thude mot
lugng nicotin thoa mén, din dén kich thich théi quen hit thudc dugc goi la hut bu
ma c6 thé gay ra nhiéu tdc hai cho ngudi hit thude. D6 1a vi thude 14 nay dong thoi

giam luong nhya va nicotin va véi khoang ty 1¢ tuong tu.

Sang ché, dé cap dén viec két hgp cidc mic khdc nhau cla qua trinh loc
va/hoic 1am lodng khéi thuSce dé 1am tang lugng nicotine & dau loc cta thudce 14,
hodc trong cay thudc 14 bing cach di truyén, hodc bing céch b6 sung nicotin vao
ddu loc, bang cich d6 cho phép lugng nicotin dua dén cho ngudi hit thude duge

duy tri, trong khi t6t hon 1a gidm lugng nhua mang lai.

Nhu dugc st dung & day, thuat ngit "thuc vat chuyén gen chia nicotin tang"
c6 nghia 13 cay thudc 14 téi t6 hop (hodc "chuyén gen') chita lugng nicotin cao hon
thuc vat “giong goc” khong chuyén gen (hoac "ddi chitng” khong cai bién) ma tr do

thuc vat chuyén gen duoc tao ra.

Nhu duoc stt dung & day, "thuc vat chuyén gen chita alkaloit tang" c6 nghia
14 cay thudc 14 tai t6 hop (hodc "chuyén gen") chia luong alkaloit tong cao hon thuc
vat “giéng goc” khong chuyén gen (hodc "doi chitng” khong cai bién) ma tr d6 thuc
vat chuyén gen duoc tao ra.

Nhu duge sir dung & day, thuat ngit "thuc vat chuyén gen chia nicotin giam"
c6 nghia 1a cay thudc 14 téi t6 hgp (hodc "chuyén gen") chifa it hon mot nura, t6t hon
12 it hon 25%, va t6t hon nita 12 it hon 20% hodc it hon 10%, lugng nicotin ctia thuc

vat “giéng g6c” khong chuyén gen (hoac "d6i ching” khong cai bién) ma tir do thuc
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vat chuyén gen duoc tao ra. S& duoc hiéu ring mot s6 lugng it nicotin con lai,
khoang it nhat 1a 1% hoac 5% nhu so sdnh véi thuc vat doi ching khong cai bién
tuong ung, ¢ thé van con & cdc cay chuyén gen nay duoc st dung dé thuc hién

sang ché.

Nhu dugc sir dung & day, "nicotin" (C10H14N2) bao gdm c4c chit dong dang
clia nicotin (ngoai trlir khi nicotin dugc dé cap tGi toan bo (cac) alkaloit), hai chat

dong phan clia nicotin, nicotin téng hgp, va cdc mudi nicotin clia cac axit hitu co.

Thuc vat dé st dung trong cdc phuong phdp clia sang ché 1a loai thudc giong
Nicotiana, hodc cay thu6c 14, bao géom nhung khong giGi han &, Nicotiana
tabacum, Nicotiana rustic, Nicotiana glauca, Nicotiana excelsior, Nicotiana
benthamiana, Nicotiana sylvestris Nicotiana clevelandii, va Nicotiana attenuata.
Nhu dugc st dung & day, "cay thudc 14" c¢6 nghia va bao gom bat ky thuc vat, loai,
gioéng lai, hodc cac thé lai ndo thudc giong Nicotiana. Bat ky chiung nao hodc gidng
ndo clia cay thudc 14 cling c6 thé duge st dung. Cac cay thude 14 nay duge cai bién
di truyén dé hoic lam tiang hodc gidm lugng nicotin ctia ching, tuy thuoc vao muc
dich, nhu dugc thdo luan chi ti€t hon dudi day. Thuat ngt "thuc vat" bao gébm céac
phan vat chat hodc hod hoc cua ching, nhu cic phan thuc vat va cic chat chiét thuc
vat, cic san pham thuy phan,v.v..

Nhu duoc str dung & day, thuat ngit "thudc 14 ¢6 TNR thap" hoac "thudc 14 ¢
ty 1& hiéu suét nhua-d6i vGi-nicotin thap" theo sang ché c6 nghia la thudc 14 chia
cay hoic phin cay thudc 14 téi t6 hgp c6 lugng nicotin tang, bao gébm nhung khong

gidi han & nicotin tr cdy hodc cdc phan cay nay.

1. Thudc ld c6 TNR thdp (véi cdy thudc ld chuyén gen cé luong nicotin tang); Quad
trinh tao ra cdc loai thuéc ld méi; va thudc ld c¢6 TNR thdp duoc chdp nhdn nhiéu

hon

Cay thudc 14 chuyén gen cé lugng nicotin tang dugc sir dung dé thuc hién

khia canh tht nhat clia sdéng ché néi chung la cdc cay thudc 14 tai to hop chita va
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Sang ch€ ciing dé cap dén cac phuong phép tao ra va san xuit cac loai soi
thudc 14 méi dé st dung trong cac diéu thudc 14 c6 TNR thap sao cho céic diéu
thudc 14 d6 c6 1oi hon dé tao ra céc san pham thich hgp véi ngudi tiéu dung. Cac
phuong phip dé bao gém két hop cdc tinh trang chuyén gen nicotin cao vdi céc tinh
trang chuyén gen dudng cao va cac goc dudng khir cao. Cac phuong phdp mdi khac
dé tang tinh chat cé thé chap dugc clia ngudi tiéu dang d6i véi thude 14 ¢c6 TNR
thdp bao gém két hop céc tinh trang tinh trang chuyén gen nicotin cao véi cac tinh
trang chuyén gen axit béo cao. Cdc phuong phéap nay giam do pH trong khéi thudc
ctia thuoc 14 c6 TNR thap.

Mo ta vian tiat cac hinh vé

Fig.1 1a biéu d6 thé hién cdc lugng nhua va nicotin trung binh cta thudc 14
M¥ tir nam 1950 dén 1995.

Fig.2 1a bang thé hién su so sanh gilta cdc lugng nhua va nicotin (nhu cta

nim 2003) ctia mot s8 loai thudc 14 va cac TNR thu dugc cua ching.

‘Fig.3 biéu d6 tron thé hién cdc nguyén nhan gay ra cdi chét lién quan dén huit
thudc & M¥ tir 1990-1994.

Fig.4 1a bang biéu thi cdc dic tinh thuc vat ctia dong thuc vat chuyén gen c6

luong nicotin giam.
Fig.5 1a so d6 mach con dudng ctia mot s6 alkaloit va TSNA & thudc 14.

Fig.6 14 s6 d6 mach qué trinh sinh téng hgp pyridin alkaloit trong Nicotiana
(qué trinh diéu chinh gidm viéc tao ra gen d6i nghia cta hoat tinh putresxin N-
metyltransferaza trong Nicotiana tabacum L. chuyén gen c6 thé 1am tang cdc lugng

anatabin v6i hao phi nicotin; Yupynn Chintapakorn and John D. Hamill; Plant
Molecular Biology 53:87-105, 2003).
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biéu hién nucleotit khong tuong déng, qua trinh biéu hién ctia né diéu chinh tang
enzym (nhu arginin decarboxylaza (ADC), metylputresxin oxidaza (MPO), NADH
dehydrogenaza, ornithin decarboxylaza (ODC), phosphoribosylanthranilat
isomeraza (PRAI), putresxin N-metyltransferaza (PMT), quinolat phosphoribosyl
transferaza (QPT), va S-adenosyl-metionin synthetaza (SAMS) ) & cay, va nho dé
lam tang qud trinh tao ra nicotin & cay. Thuc vat tdi t6 hop thich hop duge M.
Conkling et al., d€ cap trong don PCT cé sd cong b6 W098/56923 (cong bd ngay
17.12. 1998) va M. Timko dé cap trong don PCT ¢6 s6 cong b6 WO00/67558 (cong
b6 ngay 16.11. 2000). N6i chung, nucleotit khong tuong dong bao gém it nhat mot

~doan axit nucleic méa hod enzym dugc di€u chinh tang.

Theo phuong 4n nay, cay thudc 14 ¢6 lugng nicotin tang két hop vao dau loc
cta diéu thude 14 dé thu duoc thude 14 c¢6 TNR thap mong mudn. V6i su két hop
ctia thanh huong vi dam, tot hon 1a thanh nhe, va to6t hon nita 1a thanh cuc nhe, cac
diéu thudc 14 ¢ luong nicotin ting hién nay cé thé cung cap luong nicotin trén mdi
di€u thu6c theo mong muén cuia ngudi hit thude (c6 thé bao gém cac hén hgp pha
tron cta thudc 14 thong thuong), trong khi cung cép luong nhua va khi doc hai it
hon. Thudc 14 theo sdng ché c¢6 TNR thdp ciing c6 thé thu duoc nhd st dung thanh
khong dau loc, vi nguoi hiit thude 14 khong dau loc s€ ti€p tuc ¢6 lugng nicotin tang,
trong mot sO trudng hgp qua trinh hit nhua va cac khi doc hai vao s€ giam. Vi vay,

thudc 14 ¢6 TNR duogce lam giam 1a muc dich chinh ciia PREP theo sang ché.

Mot phuong an dic biét sit dung thuc vat tai t6 hgp ¢6 nicotin ting c¢6 qua
trinh biéu hién quinolat phosphoribosyl transferaza taing (QPRTaza) lién quan véi
thuc vat déi chitng khong bién nap, thuc vat téi t6 hop nay bao géom cic t€ bao thuc
vat tai t6 hop chita: cau triic ADN ngoai sinh bao gém, & huéng 5° dén 3°, gen khoi
ddu c6 thé xir Iy dugc trong t€ bao thuc vat nay va ADN khong tuong dong ma ho4
it nhat mot doan thudoc ARN thong tin quinolat phosphoribosyl transferaza cua thuc

vat, ADN khong tuong dong nay lién két dong v6i gen khoi dau néu trén, thuc vat
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ndy c6 qué trinh biéu hién QPRTase ting so véi thuc vat d6i chiing khong bién nap

va luong nicotin tang khi so sanh véi thuc vat doi chitng khong bi€n nap.

Phuong 4n khéc c6 thé duoc tién hanh véi thuc vat téi t& hop c6 nicotin tang
c6 qud trinh biéu hién putresxin N-metyltransferaza (PMTase) lién quan véi thuc
vat doi chitng khong bién nap, thuc vat ti té hop nay bao gém céc t€ bao thuc vat
t4i t6 hop chita: cdu triic ADN ngoai sinh bao gém, 6 huéng 5° dén 3°, gen khdi dau
c6 thé xir Iy dugc trong t€ bao thyc vat nay va ADN khong tuong déng ma hod it
nhat mot doan thudc ARN thong tin PMT cuta thuc vat, ADN khong tuong dong nay
lien két dong véi gen khdi dau néu trén, va v6i ADN khong tuong dong nay &
huéng c6 nghia hodc d6i nghia; thuc vat nay c6 qua trinh biéu hién PMT tang so véi
thuc vat d6i chitng khong bién nap va lugng nicotin tang khi so sanh véi thuc vat

doi ching khong bién nap.

C4c phuong 4n khé4c nita c6 thé dugc ti€n hanh theo cdch tuong tu vé6i céc

enzym khéc dugc néu trén.

Céac céu tric axit nucleic nhu dugc mo ta & trén cé thé bao gdm céc thanh
phén cdch ly ndm trudc (5' dén) va/hodc ndm sau (3' dén) cua cdu tric duge mo ta &
trén, nhu di néu, chang han trong patent My cdc s6 6.100.448 va 6.037.525 cla
Thompson va cdc dong téc gia. Ngoai ra, cdc cau tric nhu dugc mo ta & trén c6 thé
bao gdm cdc viing gin két mang (hodc gian) ndm trudc hodc ndm sau clia cu tric
dugc mo ta & trén, nhu dd néu (chang han) trong patent M§ cdc s6 5.773.695 va

5.773.689 cua va cac dong tac gia.

Theo mot phuong an khéc, thuc vat da sir dung c6 thé chiia phin 16n céc axit
nucleic téi t8 hop diéu chinh ting da s6 cdc enzym trong qua trinh téng hop nicotin.
Thuc vat dugc mo ta nhu c6 it nhit mot axit nucleic tdi t& hop vi vay c6 thé bao
gém céc loai chita phén 16n cdc axit nucleic. Loi ich cua viéc sit dung nhiéu hon
mot axit nucleic tai t8 hop 1a cidc miic nicotin hodc alkaloit khdc ¢6 thé dugc tang

t6i cdc muc 16n hon (néu so véi chi mot axit nucleic d6 dugce st dung) va cac ty 1&
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alkaloit mong mu6n khac (vi du, ty I¢ nicotin d6i v6i tong cdc alkaloit) c6 thé duoc

diéu chinh, néu muon.

Theo mot phuong 4n khac, thuc vat hodc t€ bao tuong tu ¢ thé chita it nhat
mot axit nucleic tdi t6 hop diéu chinh ting enzym trong qué trinh téng hop nicotin
hoac alkaloit, trong khi cfing chifa it nhdt mot axit nucleic tdi t6 hop diéu chinh
giam enzym trong qud trinh tong hop nicotin hodc alkaloit. Nhu mot vi du, néu
PMT dugc diéu chinh ting, va QPT dugc di€u chinh giam, thi ty I& nicotin d6i véi
alkaloit tong s& tang. Tt hon néu ty 1é nay gan véi ty 1¢ dé thiic ddy viéc ngan ngira
qué trinh hinh thanh NAT, NAB va c6 thé cdc TSNA khdc. Xem Fig.5 va Fig.6.

Theo mot phuong 4n khdc, sing ch€ st dung thuc vat tai t6 hop c6 luong
nicotin ting ¢4 qud trinh bi€u hién cd QPRT l4n PMT tang lién quan véi thuc vat
ddi chiing khong bién nap, thuc vat téi t6 hgp nay bao gém cic t& bao thuc vat tai td
hop chita: (i) ciu tric ADN ngoai sinh thit nhit bao gom, & huéng 5° dén 3°, gen
khoi dau c6 thé xir Iy dugc trong t€ bao thuc vat nay va ADN khong tuong déng ma
hod it nhit mot doan thudéc ARN thong tin quinolat phosphoribosyl transferaza clia
thuc vat, ADN khong tuong dong nay lién két dong vGi gen khéi dau néu trén; va
(ii) cau tric ADN ngoai sinh thit hai bao gobm, & huéng 5° dén 3°, gen khoi ddu c6
thé xtr 1y duoc trong t€ bao thuc vat nay va ADN khong tuong déng mé hod it nhat
mot doan thuoc ARN thong tin PMT ctia thuc vat, ADN khong tuong dong nay lién
két dong v6i gen khdi ddu néu trén, thyuc vat téi t6 hop c6 luong nicotin ting ¢6 qua
trinh biéu hien QPRT va PMT ting so vé6i thuc vat d6i ching khong bién nap, va
lugng nicotin tdng nhu so véi thuc vat doi ching khong bién nap. Nhu duge st dung
& day, QPT, QPRT, va QPRTaza duoc sit dung c6 thé thay thé cho nhau. PMT va

PMTaza ciing c6 thé dugc st dung thay thé cho nhau.

Céc vi du vé thuc vat tdi t6 hgp c6 thé dugc st dung dé thuc hién cic phuong
an, nhung khong gidi han &, thuc vat da biét bién nap v6i ADN ma hod gen quinolat
phosphoribosyl transferaza cua cay thudc 14 (NtQPT1) (xem, vi du, don PCT
W098/5556923 clia Conkling et al.); ADN ma hod putresxin N-metyltransferaza
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ciia cay thuoc 14, nhu PMT1, PMT2, PMT3 vaPMT4; ADN ma hod arginin
decarboxylaza, nhu ADC1 va ADC2; ADN ma hod omithin decarboxylaza cua cay
thudc 14 (ODC); ADN ma hod S-adenosylmethionin synthetaza (SAMS); ADN
NADH dehydrogenaza cta cay thudc 14; va ADN phosphoribosylantranilat
isomeraza cta cay thudc 14 (PRAI) (da duoc biét va dugc mo ta trong don PCT c6
s6 cong bd WO 00/67558 ciia M. Timko et al.).

Patent M§ céc s6 6.423.520, 6.586.661, 5.260.205, 5.369.023, 5.668.295 va
don yéu cdu cdp patent My da cong bdsé 20030018997 ciing mo ta cidc phuong
phép bién déi lugng nicotin cta cay thudc 14 bang céch cai bién di truyén hoac

QPRT hoic PMT theo c4ch téng hop sinh hoc nicotin.

Luong nicotin ctia mdi cay thudc 14 ¢6 lugng nicotin tiang bién nap, véi tiing
phuong phédp trong cdc phuong phdp néu trén, c6 thé thay déi.Vi vay, néu dong cay
thudc 14 dugc mong mudn c6 khoang 6,2 phan tram lugng nicotin (trén co s& trong
luong kho), né s€ 1a s6 qua trinh bién nap di truyén thuc vat hop 1y d6i vé6i chuyén

gia trong Iinh vuc k§ thuat d€ thu duge thuc vat déng hgp tir ¢6 lugng nicotin do.

Céc hat gi6ng tir su tu thu phan clia cdc thé bién nap ban ddu chia & gen
chuyén gen don s& c6 ba loai kiéu gen khac nhau do chuyén gen (dé cap dén lugng
nicotin cao) phan tach 1:2:1; 25% s& khong mang gen chuyén, 50% s& la di hop ti
dsi véi gen chuyén, va 25% sé 1a dong hop tir d6i véi gen chuyén. Thé hé con cla
loai di hop tlr clia cdc hat giong s€ phan tach 14n nita 1:2:1. Loai dong hop tir cta
cic hat giong s& cé hitu ich nhdt dé nhan giéng thém vi 100 phan tram cla tat ca
céc thé hé con cha ching s& mang transgene (v6i hai ban sao néu thuc vat duoc tu
thu phén, vA mot ban sao néu thuc vat chuyén gen dong hgp tir dugc lai chéo véi
giéng goc khong chuyén gen). Néu cdc hat giong tir su tu thu phén cta thé hé con
déng hop tir duge gieo trong trén canh dong chiing s€ chita cac lugng nicotin tang
rit giéng nhau nhu thuc vat giéng gdc sinh trudng trong khi hau, dat trong, va dicu

kién gieo trong tuong tu.
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Cac phuong 4n di truyén nay dé tao ra thudc 14 c6 nicotin tang la tiét kiém
nhiéu hon dé bé sung vao céc san pham thudc 14 thuong phdm c6 nicotin tang so véi
bé sung truc ti€p nicotin, hodc cdc mudi nicotin clia céc axit hitu cg, vao thudc 14 da
xtr 1y. Tuong tu, thudc 14 chuyén gen c6 nicotin ting cling s€ tié€t kiém nhiéu hon so
v6i bd sung nicotin téng hop hodc c4c chédt dong dang nicotin. Cong viéc, thdi gian
va c4c ngudn tai nguyén khic nhau khdc s& an toan do phat trién thém thudc 14 dé
chiét nicotin, chiét nicotin, va sau d6 bd sung nicotin nay vao thudc 14 da xir 1y s&
khong phai tién hanh. Khi thuc vat chuyén gen dugc tao ra, ching tu tao ra lugng

nicotin bé sung cén thiét rat hitu hiéu va khong cé cdc chi phi ting thém.

Hién nay viéc bd sung nicotin va cdc mudi nicotin cia axit hitu co (nhu dua
ra trong patent My cdc s6 4.830.028, 4.836.224 va 5.031.646) vao cdc sian pham
thudc 14 & nhiéu nude di bi cAm, ké ca M§. O nhiéu nudc, nicotin va cdc mudi
nicotin cla axit hitu co khong nam trong danh muc cac chat phu gia dugc cho phép
ddi vé6i cdc san pham thudc 14. Thuat ngit "san pham thudc 14"duoc sir dung & day
bao gobm nhung khong giGi han & di€u thudc 14, diéu xi ga, thudc 14 diéu, thudc 14
hiit bang tau, thudc 14 nhai, thudc 14 bot, cdc vién hinh thoi va bat ky thiét bi cung
cap nicotin nao khdc ma khong phai la san pham thay thé nicotin dugc st dung 1am

liéu phap thay thé& nicotin.

Tién loi khac cta cac phuong an tao ra thudc 14 TNR thdp néu trén 1a thudc 14
c nicotin ting an toan hon chiét nicotin béng co hoc tit mot ngudn, van chuyén no,
va sau d6 bd sung né vao thudc 14 trong qué trinh xUr 1y, vi nicotin dudi dang tinh
khiét ctia n6é ¢6 do doc cao. Nicotin khé giit dudi dang tinh khiét vi né dé bi oxy

ho4. Luu giit nicotin tinh khiét s& ting thém cdc chi phi va nguy hiém.

Bt loi c6 thé c6 clia cac phuong phdp néu trén cé thé 1a lam ting cdc TSNA
dugc tao ra tir cic muc alkaloit cao hon, d6 1a cac tién chat nitrosamin. N6 s& dugc
bu dap bang cdch giam toan bd lugng khéi thude cung cap, trong dé ¢ cdc TSNA.

Cac TSNA chi 1a mot loai trong s6 nhi€u carxinogen trong khéi thudc 1a. Cac
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phuong phap xir 1y thich hop cting véi thudc 14 TNR thap s& giam bat 10i ¢6 thé ¢
nay t6i mic c6 thé chdp nhan dugc (Peele, D. M. , et al., "Formation of Tobacco
Specific Nitrosamines in Flue-Cured Tobacco", CORESTA 1999 AGRO-PHYTO
Proceedings, Suzhou, China 1999).

Néu thudc 14 TNR thdp giam dugc 35 phan tram Iugng khéi trong tong lugng
khoi cung cap cho nguoi hit thudc (bao gdbm nhua va cac khi ¢6 hai), so véi thude
nhe trung binh hodc cuc nhe thong thuong, con hiéu suat cac TSNA ctia nd cao hon
khong dang ké, c6 thé gia thuyét la céc nghién ctiu bénh dich cudi cling sé ching

minh rdng phuong 4n nay cac loi ich giam nguy hiém dang ké.

Tot hon 1a thudce 14 TNR thap theo phuong 4n nay st dung nguyén liéu thudc
14 tr giong Nicotiana tabacum chuyén gen hodc giéng cay trong c6 kiéu hinh khac
biét bdi mic nicotin tang, so vdi gidng hoac giéng cay trong thi€u transgene, nhu
dugc mo ta & trén, va bdi lugng dudng khir, da xu 1y rét cao, ty 1& véi day cac gid tri
luong dudrig dic trung bdi nhi€u giéng va giéng cay trong thuong pham. Cic gi6i
| han ctia giong thudc 14 dugc wu tién c6 luong dudng khir gidm nim trong khoang tix
11 phan tram dén 20 phan tram, hoac t6t hon 1a trén 20 phan tram. Minh hoa céic
giong N. tabacum cé lugng dudng khir rat cao d6 1a K 394, NC 2326, va GL 939,
trung binh ba nam tudi, ¢6 lugng dudng khir gidm, da xir Iy tuong ting 13 15,7 phan
tram, 15,5 phén tram, va 15,2 phan tram (2000 Official Flue-Cured Variety Test at
the University of Georgia, Tifton).

~, "

Vé mat nay, thuat ngit "gidng cay trong" va "giéng" dugc st dung déng nghia
dé dé cap dén nhém thuc vat thudc loai, N. tabacum, c6 chung mot s& dic tinh
khong ddi tdch biét ching véi dang thong thudng va véi céc giong c6 thé ¢ khéc
trong loai d6. Trong khi ¢6 it nhat mot dic diém phan biét, mot giong ciing duoc
ddc trung boi gia tri tong cdc bién déi gifta cdc c4 thé trong gidng, chli yéu dua vao
su tdch roi Mendelian céc tinh trang gifta th€ hé con trong cdc th€ hé ndi tiép.

“Dong”, nhu dugc phan biét tir “giong”, dé cap dén nhém thuc vat thé hién miic
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bién ddi it hon giita céc ca thé, néi chung (mic du khong loai trir) bdi uu diém cia
mot s6 thé hé tu thu phan. Ngoai ra, “dong” duoc xac dinh, v6i muc dich cua sang
ché, di rong dé bao gébm nhdém thuc vat nhan giéng sinh dudng tr thuc vat giéng
gbc don, nhd st dung cac ky thuat nuodi cdy mo. Viéc st dung cdc dong t€ bao nay

dé phat trién cdc thé lai dugc mo ta trong patent M§ cac s6 4.326.358 va 4.381.624.

"Chat dém nicotin" gitp duy tri duoc do pH cua khai thudc 14. Khi nicotin 1a
chat dé bay hoi chinh ¢6 trong khéi thudc, do pH cua khéi thude cé vai trd quan
trong trong su nhan biét cam thu. Pudng hoat dong nhu chit dém nicotin, giam bat
ky vi chat nao do lugng nicotin tang; vi thé, lugng dudng cao 1a co ich, dudong hoac
14 tu nhién & cay thudc 14 hodc dugc bé sung vao, vi du nhu xiro ngd cé fructoza
cao, sucroza, dudng nghich chuyén, chat chiét cam thdo, chét chiét va hat carob, va

bot coca va chat chiét coca trong qua trinh x{r 1y thudc 14.

"(Céc) loai dudng kht" la bat ky loai dudng nao (monosacarit hoac
polysacarit) ¢c6 nhém aldehyt hoac keton tu do hoac c¢6 kha nang tu do. Glucoza va
fructoza hoat dong nhu cac chat dém nicotin trong khai thude 14 bang cach giam do
pH va giam hitu hiéu lugng nicotin khong thém mot proton “tu do”. Cac loai duong
khir 1am can bang huong vi khéi thuéc, chang han, bing cdch cai bién su nhan biét
cam thu nicotin va céc alkaloit khac trong thu6c 1a. N6i chung c6 mot méi quan hé
nghich dao gifta lugng duong va lugng alkaloit bat chéo cac giong thudc 14, trong
cling mot giong, va trong cing mot dong thuc vat do cac diéu kién gieo trong. Vi
du, nito cang thdp trong dat trong cay thudc 14, thi cic lugng nicotin cang thap
nhung céc luong dudong cang cao hon. Mua nhiéu lam céc lugng nicotin thap va cac

luong dudng cao hon.

Thudc 14 c6 cdc TNR thap c6 thé tao ra khéi chat va kich thich, dac biét kich
thich mii va hong. Nguon cta vi chat nay thuong duoc quy cho 1a do luong nicotin
khong thém proton "ty do" hoac "dé bay hoi," trong khéi thude. N6i chung, & do pH
cua khéi thudce 1a 5,4, nicotin dugc thém proton 100%. Khi d6 pH cta khéi thuoe

tang lén trén 5,4, thi nicotin “ty do” nhiéu hon s&€ c6 mat trong khéi thudc, nd la
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nguyén nhan gay ra vi chat. Do pH ctia khéi thudc 14 chl yéu duoc xdc dinh bdi
ham lugng dudng va alkaloit cua dau loc thude 14. Qua trinh d6t chdy dudng tao ra
san phdm phu la axit, né 1am gidm do pH va gitp 1am gidm vi chat. Chang han,
thudc 14 chita toan bo thudc 14 duoc say bang khong khi néng (ndi chung sé& chita
ham luong dudng cao hon néu chiing chda ca thudc 14 duge sdy bang khong khi
néng 1an thudc 14 burley) c¢6 do pH ctia khéi thudc ndm trong khoang 5,0 dén 6,0,

dugc tinh todn dé tao ra 0-1% nicotin khong thém proton.

Thudc 14 ¢6 luong nicotin cao hon, nhu burley, (n6i chung c¢6 ham luong
dudng thdp hon thudc 14 dugce sdy bang khong khi néng) thuong sé tao ra khoi
thudc c¢6 do pH ctia khéi thude cao hon. Thude 14 hon hop cia My (thudce 14 duoc
sdy bing khong khi néng 14n thudc 14 xir 1y theo kiéu phuong Dong) c¢6 do pH ciia
khéi thuéc ndm trong khoang tir 5,5 dén 6,5, duoc tinh todn dé tao ra 0,3-3% nicotin
khong thém proton (Morie, G. P., (1972), phan nicotin thém va khong thém proton
trong khoi thudce 14 cé cac gia tri pH khédc nhau, Tob. Sci., 16, 167.) Vi vay, thudc 14
duoc tao ra tr thude 14 chuyén gen c6 luong nicotin cao v6i TNR du6i 9 s& thudng
c6 do pH 16n hon 6,5 va c6 thé dugc cho la chét véi ngudi hit thude trir khi ham
luong dudng du hoac hoac (cédc) chat dém nicotin ¢6 trong ddu loc. Bang cach su
dung thudc 14 c6 ham luong dudng rdt cao hoic bd sung di luong dudng vao diu
loc, do pH sé& gidm va thu6c 14 ¢6 TNR thép s€ ¢6 vi ¢6 thé chap nhan dugc. Qu4
trinh 1am gidm do pH nay ciing c6 thé dugc dugc thuc hién bing céch 1am ting ham

luong axit béo & dau loc, nhu duge mo ta dudi day.

Phuong 4n khdc cta sédng ch€ dé xuat phuong phdp san xuat thuoc 14 bao
gém chudn bi thuc vat hodc phén thuc vat chuyén gen chia alkaloit tang, khi so
sanh véi phan thuc vat hodc thuc vat doi ching khong bién nap, cta loai thudc
giéng Nicotiana, lai chéo thuc vat nay véi thuc vat cla loai Nicotiana tabacum dé
tao ra thuc vat th€ hé con, va san xudt thudc 14 chta thuc vat thé hé con, véi thude 1a
c6 ty 1& hiéu suét luong nhya-ddi vGi-nicotin nam trong khoang 3 va 8, nhu duoc

xdc dinh bang phuong phdp FTC hoadc ISO. Logi ich ctia thuc vat méi nay la céc
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alkaloit ting khdc nhau khdc véi nicotin (ké ca nicotin duy nhat so véi céc ty 1é
alkaloit téng) cha loai Nicotiana khdc nhau duoc két hop véi cac tinh trang mong
muén clia Nicotiana tabacum. Chang han, alkaloit chll yéu trong Nicotiana glauca
12 bot gia thudc 14. Patent M§ s6 6.534.527 mo ta N. glauca dugc st dung dé 1am

cac con thém nicotin.

Phuong 4n khac cta sang ché€ dé xuat phuong phdp san xuat thudc 14 bao
gdém chudn bi thuc vat hodc phdn thuc vat chuyén gen Nicotiana tabacum chita
nicotin giam c¢6 lugng nicotin giam khi so sanh vGi phan thuc vat hoic thuc vat doi
chiing khong bién nap, lai chéo thuc vat chita nicotin giam véi thuc vat Nicotiana
rustica dé thu dugc thuc vat thé hé con, va san xuét thudc 14 gém thuc vat thé he
con, bang thuc vat hodc phan thuc vat th€ hé con c¢6 luong nicotin tang khi so sdnh
véi thuc vat Nicotiana tabacum ma thuc vat hodc phén thuc vat chuyén gen duoc
tao ra. Sau d6 thuc vat th€ hé con dugc sir dung dé san xudt thudc 14 cé ty 1é hiéu
sudt luong nhya-d6i véi-nicotin ndm trong khoang 3 va 8, nhu duogc x4c dinh bang
phuong phap FTC hoic ISO. Loi ich cua thuc vat méi nay thém nita 12 c6 thé thu

duoc nicotin duy nhét so véi cdc ty 1¢ alkaloit tong.

Theo cac k§ thuat nhan giéng thong thuong, nhu dugc Wernsman, et al., mo
ta trong 2 PRINCIPLES OF CULTIVAR DEVELOPMENT: CROP SPECIES
(Macmillan 1997), thé bién nap 6n dinh, tai sinh tr nguyén liéu thudc 14 chia
transgene thich hop, dugc st dung dé nhap gen tinh trang nicotin cao vao nén di
truyén c6 thé chap nhan dugc vé mat thuong mai, nhd d6 thu dugc gidng hoic cay
thudc 14 két hop nicotin v6i ham luong dudng rat cao trong giGi han, chang han
khoang tir 14 phan tram dén 20 phan tram, t6t hon nita 1a 20 phan tram dén 30 phan
tram, va con tot hon nita 1a trén 30 phan tram. Trong khi bat ky nén thudc 14 nao ¢o
lugng dudng cao déu c6 thé dugc sir dung cho muc dich nay, vi vay t6t hon néu cay
trong hoac giong thu duoc 1a cua loai duge sdy kho bang khong khi. Tur cdc vong lai
chéo va chon loc lién ti€p, thé hé con dugc chon loc ¢6 ca ham luong nicotin 1an

dudng cao.
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Vi thudc 14 ¢6 thé phai chiu cac nghién ctu di truyén, nén bat ky transgene
nao ciing ¢6 thé dugc dua vao nén thudc 14 thich hop nho sit dung cic k§ thuat va
cdc phuong phép da biét trong sinh hoc phan tir thuc vat. Nhu duoc Miki et al. mo ta
trong METHODS IN PLANT MOLECULAR BIOLOGY AND
BIOTECHNOLOGY (CRC Press 1993), bat ky qué trinh chuyén nhiém, lay nhiém,
bién nap, hap thu ty nhién, xung dién, va biolistic c6 thé dugc sir dung dé dua gen
chuyén vao bét ky nén di truyén nao. Vi du, va theo phuong 4n ciia sing ché, gen
mang lai ki€u hinh dudng cao dugc dua vao t€ bao chil clia cay thudc 14, bing cach
d6 tao ra thyc vat biéu hién ham luong dudng tiang. Vi du, t&€ bao thudc 14 dugc bién
nap v6i gen mi hod enzym hodc nhan t6 phién ma di€u chinh ting qud trinh téng
hop dudng, nhu gen mang lai cdc muc glucoza va fructoza tang. Tir qud trinh chon

loc lién ti€p, thuc vat th€ hé con c6 ham luong dudng tang duoc chon loc.

D€ minh hoa sdng ché, transgene mang lai kiéu hinh nicotin cao c6 thé duoc
dua vao nén thudc 14 c6 lugng dudng cao. Bat ky gen hodc phan gen nao ma ho4 san
phdm tao ra qud trinh téng hgp sinh hoc nicotin cao déu cé thé duoc sir dung dé
bién nap. D€ minh hoa vén dé nay la cdc gen tuong tng ma hod arginin
decarboxylaza (ADC), metylputresxin oxidaza (MPO), NADH dehydrogenaza,
ornithin decarboxylaza (ODC), phosphoribosylantranilat isomeraza (PRAI),
putresxin N-metyltransferaza (PMT), quinolat phosphoribosyl transferaza (QPT), va
S-adenosyl-metionin synthetaza (SAMS). Khi gen chuyén mang lai kiéu hinh cé
lugng nicotin cao dugc dua vao cdy thudc 1a cé lugng duong cao, cac vong chon loc
lién ti€p dugc khai théc, theo cach thong thudng, dé nhan dang va chon loc dong
thudc 14 dong phan tich ca ham lugng nicotin cao 14n ham lugng dudng cao. Him

luong nicotin va dudng dugc phan tidch bang cac phuong phdp chuén.

Theo phuong 4n khéc, gen mang lai kiéu hinh nicotin cao duoc dua vao thuc
vat biéu hién qud trinh téng hop axit béo tang. Nho st dung cic k¥ thuat sinh hoc
phan tir thuc vat da biét rd, bat ky gen hodc phan gen nao tao ra qud trinh tong hop

axit béo tang ciling dugc st dung dé bién nap. Dé minh hoa van dé nay 1a cic gen
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ma hod va/hodc diéu chinh qué trinh téng hgp cdc axit béo bao hoa, nhu cic gen ma
hod axit stearic va palmitic. Thuc vat th€ hé con duoc thir nghiém déi v6i qué trinh
téng hop axit béo tang nhd st dung cdc phuong phdp da biét o trong linh vuc k§
thuat, nhu PCR, phan tich Bic, cdc phan tich sic ky. T qud trinh nhan dang va
chon loc dong 6n dinh ¢6 su téng hop axit béo tang, gen chuyén mang lai kiéu hinh
c¢6 nicotin cao dugc dua vao dong téng hop axit béo tang. Cic vong chon loc lién
ti€p duoc khai thic, theo cdch thong thudng, dé nhan dang va chon loc dong thudc
14 dong phan tich ca ham lugng nicotin cao 14n ham lugng dudng cao. Ham lugng

nicotin va dudng dugc phén tadch bang cdc phuong phap chuin.

Giong va cay trong dugc coi l1a "su nhan giéng thuan" d6i véi tinh trang dic
biét néu né c6 gen x4c dinh tinh trang di truyén déi véi tinh trang d6 dén pham vi
ma, néu giong hodc cay trong dugc tu thu phén, s§ lugng ddng ké qua trinh phan
tach doc lap tinh trang trong s6 thé hé con khong duoc thdy. Dé danh gi4 dic tinh
nhan giong thuan ctia nguyén liéu trong pham vi ndy, cdc chuyén gia trong viéc
nhéan giong thudc 14 s€ nhan ra rang mic dudng cla 14 thudc 14 thay déi trong s6
cdc cay ctia dong nhan dang, vi cay trong khic nhau khong ti€p xic vé6i anh siang
mdt troi giong nhau. Tinh bién di cta lugng dudng ton tai ngay ca trong ting cay.
Vi vay, cdc 14 thap hon thudng bi che bdi cac 14 cao hon, trong khi céc cay & céc ria
luéng thudng hay nhén dugc nhi€u dnh sdng mit troi hon cdc cay & gitta ludng. Vi
céc 1y do d6, néi chung luong dudng tang & vi trf than di lén tir phidn goc dén ngon.
Nho qud trinh thit nghiém thong thudng, ngudi chon gidng c¢6 k§ nang s& tinh dén
cac dieu d6 va céc 1y do khdc khi phat trién cay trong va giéng dé, theo phuong 4n
cuia siang ch€ 1a sy nhan gi6ng thudn dé duoc cic miic

nicotin cao va ham lugng dudng rat cao.

Theo mot phuong dn khéc, bat ky vi chat c6 thé ¢c6 nao tir luong nicotin tang
trong khéi thude 14 tir doi tuong sang ché dugc giam bang cach bo sung céc luong
duong khir thich hop vao dau loc thudc 14. Thong thudng cdc dudng khir nay duoc

thém vao vo thudc 14 duéi dang xiro ngod fructoza, mat ong hodc cam théo. Thong
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thudng dat dugc céc két qua t6t nhat dé c6 céc ty 1é dudng véi nicotin nim trong
khoang 3,3 phan duong véi 1 phan nicotin ctia ddu loc thudc tinh theo trong lugng
kho (Status update of sugar/nicotine balance technology assessment (1992) RJ
Reynolds documents, Bates512842551/2).

Tuy nhién, ty 1& nay c6 thé dugc diéu chinh theo s& thich vi khéi sao cho gidi
han ty lugng dudng/nicotin nam trong khoang tir 3 dén 5. Nhu da dé cap trude do,
do pH cua thudc 14 c6 TNR thdp va ham lugng dudng khir ctia ddu loc ctia né phai
duoc xem xét khi di€u chinh cédc chat phu gia dudng. D6i véi phan tich nay, ham
luong nicotin trong thudc 14 dugc xac dinh bang céch chiét va phan tich bang phép
sic ky khi. C4c mitc dudng trong thudc 14 tu nhién duoc xic dinh bing céch chiét
va phan tich bang phép sic ky 16ng tinh nang cao. Dé thu duogc cac lugng nicotin va
dudng tu nhién tinh theo trong luong kho, luong dudng bé sung ducc xdc dinh dé

dat duoc ty 16 mong muon.

Theo mot phuong 4n khdc, cdc axit béo c6 thé duge sit dung nhu cic cic chat
dém nicotin. Chéng han, c4c axit myristic va palmitic cé thé duoc thém vao céc ddu
loc thude 14 dé thuc hién chic nang nhu cdc chat dém nicotin. Ngoai ra, cdc axit
béo, nhu dugc thdy trong ddu ca cao md bo hodc dau dira, ¢6 thé duoc thém vao vd
thudc 14. Theo céch khéc, cay thudc 14 c6 thé dugc cai bién di truyén dé tao ra céc

axit béo tang trong cac mo 14 thudc 1a.

S& dugc hiéu ring céc cay thudc 14 theo sang ché khong thé “chuyén gen”,
nghia 12 khong thé chia cdc trinh tu axit nucleic tir cdc sinh vat khic duoc déng hod
trong hé gen cua chiing, con cdc mitc nicotin, dudng hodc cic axit béo khic c6 thé
dugc cai bién bang cich tao ra cic cay hodc t€ bao thuc vat nhd su phat sinh dot
bién dich céc trinh tu axit nucleic dac hiéu bang cach dua céc axit nucleic gay kich
thich cdp ADN hodc qud trinh tai t6 hop (Beetham et al., 1999; Zhu et al., 2002;
WO 03/013226), hodc dua céc virut céi bi€n c6 thé tao ra céc két qua cudi cling

"non

giéng nhu "thuc vat chuyén gen c6 luong nicotin tang," "thuc vat chuyén gen c6é

"mon

lugng nicotin gidm," "thuc vat chuyén gen c6 luong dudng tang," va thuc vat
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chuyén gen c6 axit béo ting dugc mo ta & day. Phuong phép "nhan giong chinh
xac" (cong bs don yéu ciu cip patent M§ s6 20040107455), trong d6 chi cac trinh
tu axit nucleic thu duoc tir loai dich hoac loai tuong thich gi6i tinh dugc dua vao

trong hé gen cua thuc vat dich, c6 thé duoc sir dung dé tao ra thuc vat la "thuc vat

mnn nn

¢é lugng nicotin tang," "thuc vat ¢ luong nicotin giam," "thuc vat c6 lugng dudng

tang," va thuc vat c6 axit béo tang dugec mo ta & day.

2. Thuoéc ld cé TNR thdp (bdng cdch bé sung nicotin tir thuc vdt chuyén gen cé

luong nicotin tang)

Khia canh thtt hai clia sang ché 1a phuong phdp bd sung nicotin hodc phan
chita nicotin dugc chiét tir thuc vat chuyén gen c6 luong nicotin ting, nhu dugc mo
ta & trén, vao thudc 14 thong thuong hoac thudc 1a ¢ Iuong nicotin giam & cac miic

can thiét.

Céc patent My 4.830.028; 4.836.224 va 5.031.646, mo ta qua trinh cai bién
dau loc thudc 14 bang céch bé sung cdc muéi axit hitu co chda nicotin. Dac biét, cac
tdc gid sang ché& quan tam dén viéc bd sung nicotin theo cdch dé 1am giam ty 1¢ hiéu
suét nhua-doi vGi-nicotin. Tap chi ciia Brown and Williamson Tobacco Company in
the Journal of the American Medical Association (volume 274, No.3, p. 228, 1995)
mo ta Project Ariel bao gdm trong cac patent My 3.258.015 va 3.356.094 (Battelle).
Céc patent nay mo ta sol khi ¢6 nicotin bd sung theo cach ma c6 thé giam ty 1¢é hiéu
suét nhua- d6i vdi-nicotin cua thudc 14 theo sang ch€ dén mot phan tu cta thudc 14

thong thudng.

C4c phan chda nicotin, nicotin, hodc mudi nicotin ctia cac axit hitu co thu
duoc tir thuc vat chuyén gen c6 luong nicotin ting duoc bé sung vao thudc 14 thong
thudng hodc thuc vat chuyén gen c6 luong nicotin gidam béang cdch phun hoic st
dung b4t ky phuong phip nao khéc d6i véi ngudi c6 hiéu biét trung binh trong linh
vuc k¥ thuat ché bién thudc 14 va cdc ting dung bd sung, ¢ hodc khong c6 propylen

glycol hoac bat ky dung moi nao khac, hodc nudc, dé hoa tan, vao 14 thuoc 14
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nguyén ven hoic manh thudc 14 cit. Lugng nicotin ma cén duoc bé sung dé thu
dugc thudc 14 TNR thdp c6 chitc nang dudi day: (1) ham lugng nicotin va loai hén
hop thudc 14 dugc sit dung-méanh thudc 14 cit tron kiéu My thuong chia khoang 2
dén 2,5 phan tram nicotin, (2) cic dic diém k§ thuat ctia thanh thudc 14, c6 quan
tam dén su thong gié va cdc dac tinh x6p, (3) TNR mong mudn cua thudc 14, va (4)

hiéu suit nhua dac hiéu dugc mong muon.

Chéng han, hdy cho ring nha san xuat thudc 14 mudn tao ra thudc 14 TNR
thdp c¢6 luong nhua 14 8mg va ciling 1a 1,2mg nicotin nhu cac lugng cta loai thudc 14
huong vi ddm ctia né theo phuong phiap FTC/ISO Method. Cic luong cla loai
huong vi dam ctia né 1a 16mg nhua cho nén muc dich d6i véi TNR cla thudce 14 loai
mdéi 14 mot phan nira cic lugng cua loai thudce 14 huong vi dam. Ciing mong muodn
dé st dung loai ddu loc twong tu va sau d6 thém nicotin vdo dé tao ra thudc 14 TNR

thap.

Luong nicotin ma nha san xuit sé thém vao ban diu trong qui trinh san xuit
san pham vdi ty 1& cdc lugng 1a 8mg nhya va khoang hai 14n 1,2mg nicotin nhiéu
bing ham lugng nicotin cta dau loc ciia ndé doi véi thudc 1a loai huong vi dam.
Chuyén gia trong Iinh vuc k§ thuat s& hiéu rang su thong gi6 nhiéu hon clia thanh
thudc 14 nhe s& giam luong nhua & ty 1é cao hon khong dang ké so véi luong nicotin
dén muc gdp doi lugng nicotin & ddu loc c6 thé 1a qud nhi€u mot chit. Tuy nhién,
mot luong nicotin c6 thé bi hao hut trong qua trinh x Iy thudc 14 va cdc quy trinh
tao ra di€u thudc 14, do d6 luong nicotin gdp doi c6 thé duoc diéu chinh. Tac dong
thoi gian thudc 14 d6 duoc luu giit sau khi b6 sung thém nicotin, nhung truéc khi
diéu thudc 14 duoc tao ra, cling phai duge danh gid. Vi quy mo va loai quy trinh la
khéc nhau d6i véi cdc nha san xudt, nén s& dugc hiéu ring mot s6 thit nghiém va va

sai s6 ¢ thé duoc tat yéu.

Thanh thu6c nhe thudng c6 lugng nhua 1a 8mg trén moi di€u thudc 14 ban

ddu c6 thé duoc nha san xuat chon. Két qua mong doi la thudc 14 d6 c6 lugng nhua
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la 8mg va nicotin 1a 1,2mg, bang c4ch giam b6t hon mot nlta luong nhua con giit

lugng nicotin cling nhu ctia thudc 14 huong vi dam nhat.

Luong thudc 14 chon loc, sau khi bé sung nicotin, hodc cdc mudi nicotin cta
cdc axit hitu co, do 4m & khoang 13 phén tram dugc cho vao trong phéu clia may
cudn thuoc 14. Ti€p theo mdy cudn thude chuyén cdc di€u thudc 14 da cudn sang
mdy khdc dé cam ddu loc 1én di€u thudc 14 da cudn chua 6 ddu loc. Bude nay dugc

bo qua néu san xuat thudc 14 khong diu loc.

Diéu thudc 14 thanh phdm sau d6 dugc thir nghiém nhd st dung phuong phap
FTC/ISO Method sao cho cdc két qua cudi cing c6 thé dugc danh gid. Néu didu
thudc 14 c6 cac lugng nhua 1a 8mg va nicotin 1a 1,2mg, (TNR 12 6,66) va tit ca cic
1y do néu trén dugc giai thich, ti€p theo qua trinh xr 1y duoc két thic. Néu diéu
thudc 14 dugc ddnh gid vi chat & cdc nhom trung tam vi luong nicotin tang thém, sau

d6 céc chat phu gia duge thém vao dau loc dé gidp gidm bét van dé.

Céc diéu chinh nho c6 thé dugc thyc hién néu céc digu thudc 14 tao ra luong
nhiéu hon hodc it hon céc lugng mong mudn. Céc diéu chinh bao gém thay déi mot
trong cdc thanh phan cta thanh thudc 14. Mot s§ thanh phan ctia cac thanh thudc ¢
thé dugc cai bién bing cach thay ddi cic loai dau loc, gidy cudn thudc 14, vo bao
dém, gidy cudn ddu ngadm (phin gan thanh thudc 14 véi dau loc), cdc 16 thong gid,
va két hop céc bién doi tuong ting clia ching. Vi dy, néu thudc 14 hién c6 9mg nhua
va 1,3mg nicotin, qud trinh loc va/hoac lam loang duoc ting nhe dé giam ca luong
nhya 1an luong nicotin véi ty 1€ rat giong nhau. Diéu nay dat duoc bing cich dinh
10 ¢d va sO luong 16 thong gid va tinh chét x8p clia vd bao dém dau loc dé dat duoc
lugng mong muodn. Néu luong nhua la dich nhung luong nicotin cao hon th4p hon

mong mudn, thi khi d6 cac lugng nicotin bd sung cé thé duoc diéu chinh theo.

Hau hét céc loai thude 14 ¢6 khoang tir 10 phan trim soi thudc 14 hoan
nguyén trong cac loai cao hon gid quy dinh dén 30% trong céc loai giam gia & dau

loc di€u thudc 14 cho du né la phan khong can thiét cta ddu loc. Phuong an khéc
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ctia sdng ch€ 1a thém nicotin vao phan hoan nguyén ctia dau loc thudc 14 dé thudc 14
c6 TNR thép hon. Viéc diéu chinh lugng nicotin b6 sung vao thudc 14 ¢6 TNR thdp
1a mot bién s6 khic c6 thé dugc thuc hién bdi nha san xudt. Vi vay, ham luong
nicotin cuia dau loc la chifc nang clia ham lugng nicotin cta soi thudc 14 cong véi
ham luong nicotin cta bat ky s¢i thudc 14 hoan nguyén nao trong dau loc, ké ca
recon nicotin ting va/hodc recon nicotin giam, hoac ca hai. Bat ky két hop nao cua

ba loai nay déu c6 thé duoc sir dung.

Gidy 1975 tu Philip Morris Document Website (Bates 2056140416,
Titled"Low Delivery Cigarettes and IncreasedNicotine/Tar Ratios, A Replication")
mo ta cdc két qua tir bang vi cua thudc 14 ¢6 céc ty 1é nicotin/ nhua ting. D3 thay
rang thudc 14 ¢6 10mg nhya va ty 1¢ nicotin/nhua 13 0,09 (TNR tuwong duong 1a 11)
la nhu nhau vé do dam va tinh chdt c6 thé chdp nhan dugc véi ddi ching
Marlboro® huong vi dam (& thdi diém 18mg nhua, 1,03mg nicotin, ty 1é

nicotin/nhua 1a 0,06), tuong duong véi TNR 1a 16,66.

Chuyén gia trong linh vuc s& hi€u réng chiét nicotin tit thudc 14 tai t6 hop c6
lugng nicotin tdng cho cic phuong dn néu trén s€ ti€t kiém va hiéu qua hon nhiéu so
vdi chiét tir thudce 14 thong thuong vi it cay s€ phai nudi trong va xtr 1y dé thu duoc

lugng nicotin du.
3. Giam Nitrosamin riéng cé hai cia soi thudc ld trong cdc sdn phdm thudc ld

ba biét 1o trong cong nghiép san xuat thudc 14 12 nitrosamin riéng ¢ hai cla
soi thudc 14 (TSNAs), thudng duoc dé cap t6i nhu 1a carxinogen cua thudce 14, chu
yéu tao ra trong khi xtr 1y thudc 1a. Trong khi cdc TSNA khéac c6 mit trong thudce 14,
thi néi chung bon loai dugc cho 1a ¢6 hai nhéat 1a nhu dudi day: N'-nitrosonornicotin
(NNN), 4-(N-nitrosometylamino)-1-(3-pyridyl)-1-butan-one (NNK), N'-
nitrosoanatabin (NAT), N'-nitrosoanabasin (NAB). Cac TSNA trong khi xtr 1y thudc
14 dugc tao thanh tir cac tién chét in minor alkaloit thi yéu (Wiemik, et al., 1995,

"Effect of air-curing on the chemical composition of tobacco", Recent Advances in
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Tobacco Science, 21, 39-80). Nhu duoc st dung & day, nitrosamin riéng cua soi
thudc 14 hodc cdc TSNA dugc chon tir nhém duéi day: NNN, NNK, NAT, va NAB.

Céc TSNA chi yéu duoc phan tich biang phép sac ky khi ¢c6 do phat quang
hoa hoc, ti€p theo 1a chiét bang dung moi (Charles Risner, et al., Quantification of
Tobacco Specific Nitrosamines in Tobacco, Tobacco Science, 38 (1-6), 1994.).
Phuong phép xen k& khac dé tdch va phan tich stt dung qua trinh chiét chat luu siéu
t6i han c6é sic ky khi/dd quang phd khéi (Siging Song, et al., Supercritical fluid
extraction and GC/MS for the analysis of tobacco-specific nitrosamines in
cigarettes, Analytical Chemistry, 1999,71, 1303-1308). Gan day hon, mot phuong
phép nhanh chéng nhd st dung qud trinh chiét bang amoni axetat ti€p theo 1a sac ky
16ng nho sir dung phép phan tich phd kh6i (MS/MS) duge dé xuat (Karl Wagner, et
al., The rapid and quantitative analysis of tobacco specific nitrosamines in whole
tobacco and mainstream smoke using LC/MS/MS with positive 1on electrospray,

55th Tobacco Science Research Conference 2001).

Miic nitrosamin thudong c6 tuong quan duong véi ham luong nicotin vi thong
thudng céc alkaloit c6 mat theo ty 1€ v6i ham lugng nicotin. N6i chung, d6i v6i hau
hét céc gidng cay thudc 14 Nicotiana, nicotin chi€ém dén khoang 90 phéan tram ham
luong alkaloit tong clia cay. Vi vay, phuong 4n khéc theo sang ché la s dung cay
thude 14 chuyén gen c6 luong nicotin gidm va bd sung nicotin chiét, cdc mu6i
nicotin thu duogc tir cdc axit hitu co (thu dugc cay thudc 14 cai bién di truyén hoic
thong thudong c6 luong nicotin ting), hodc nicotin tdng hgp, trong bazo ty do hoac
két hop v6i cdc axit hitu co, dé tao ra di€u thudc 14 hodc cdc san pham thudc 14 khac
hau nhu khong ¢ nitrosamin hodc cac alkaloit thit yéu, va con cé lugng nicotin
binh thudng. Phuong phap nay dugc st dung véi cdy thude 14 cai bién di truyén ¢
luong nicotin gidm bing cdch chi b6 sung mot lugng nicotin dl d€ tao ra hiéu suét
tuong tu nhu cic di€u thudc thong thudng dugc tao ra bing phuong phdp FTC/ISO,

vi du, tir 0,05 dén 1,5mg trén di€u thudc.
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Viéc bién déi di truyén ham luong alkaloit & cay thudc 14 dugc tién hanh
bing cach bién déi quinolat phosphoribosyl transferaza (QPT) va putresxin
metyltransferaza (PMT). Fig.4 thé hién mitc do alkaloit bao gém Nor-Nicotin bi
giam do giam QPRTaza & giong cay burley dé tao ra giong cay chuyén gen c6
lugng alkaloit thip goi 1a Vector 21-41. Giéng cay thudc 14 nay chita cidc lugng
TSNA rét thap. Giong cay Vector 21-41 bao vé boi Plant Variety Protection Office
va sd bao vé giong cay 1la 200100039.

"C4c dong ré bién nap dugc tao ra c6 hoat tinh PMT giam rd rét, v6i mic
giam ham luong nicotin dong thoi so véi cdc déi ching” (Yupynn Chintapakorn and
John D. Hamill, Plant Molecular Biology 53: 87-105, 2003. © 2003 Kluwer
Academic Publishers. 87). Mot trong s6 cac alkaloit khong quan trong, nornicotin,
cé su tuong quan am tinh vGi chat luong thudc 14 va vi thudc 14 ("Natural Tobacco
Flavor", Roberts, D. L., Recent Advances in Tobacco Science, 14, pg. 49-81, 1988).
San phidm thudc 14 dugc tao ra vé6i nicotin 1a alkaloit duy nhat s&€ dugc chép nhan

cao hon dua vao riéng co sG nay.

Cay thudc 14 cé luong nicotin giam duoc st dung dé thuc hién sang ché néi
chung 12 cay thudc 14 tai t6 hgp chita va biéu hién nucleotit khong tuong dong, qua
trinh biéu hién nucleotit khong tuong dong d6 diéu chinh giam enzym quinolat
phosphoribosyl transferaza (QPT), putresxin metyltransferaza (PMTase), arginin
decarboxylaza, omithin decarboxylaza, S-adenosyl-metionin synthetaza, NADH
dehydrogenaza, hoac phosphoribosylanthranilat isomeraza (PRAI) & cay, va nho d6
gidm b6t qud trinh tao ra nicotin & cay. Thuc vat tdi t6 hgp thich hgp duge M.
Conkling et al., dé cap trong don PCT W098/56923 (cong b6 ngay 17.12, 1998) va
M. Timko dé cap trong don PCT WOO00/67558 (cong bd ngay 16.11, 2000). Néi
chung, nucleotit khong tuong dong bao gém it nhat mot doan axit nucleic ma hoa

enzym dugc diéu chinh giam, cing nghia hodc doi nghia.
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T6t hon néu thudce 14 ¢6 lugng nicotin giam con chita cac lugng nitrosamin
riéng cua thudc 14 giam (vi dy, bang it nhat 90, 95 hoac 99 phan tram trong luong
hodc nhi€u hon) so v6i lugng duge thdy & thuc vat khong cé cdc miic nicotin giam

tuong Ung.

Theo mot phuong 4n khic cua sdng ché 1a st dung thuc vat tai t6 hop cd
lugng nicotin gidm c¢6 muc biéu hién quinolat phosphoribosyl transferaza
(QPRTaza) giam so v6i v6i thuc vat d6i chiing khong bién nap, thuc vat tai té hop
ndy bao gém cdc t€ bao thuc vat tdi t6 hop chia: cdu triic ADN ngoai sinh bao gém,
theo huéng 5° dén 3', mot gen khoi ddu c6 thé thao tic dugc trong t€ bao thuc vat
nay va ADN khong tuong dong ma hod it nhdt mot doan cia ARN thong tin
quinolat phosphoribosyl transferaza & thuc vat, ADN khong tuong déng nay c6 thé
lién két dong v6i gen khoi ddu néu trén, va véi ADN khong tuong dong nay theo
huéng c6 nghia hodc d6i nghia; thuc vat nay thé hién muc biéu hién QPRTaza giam
so v6i thuc vat doi chitng khong bién nap va ham lugng nicotin giam so véi thuc vat

déi ching khong bién nap.

Theo mot phuong dn khac, sdng ché ¢ thé dugc tién hanh bdi thuc vat tii t6
hop ¢6 lugng nicotin gidm c¢6 mudc biéu hién putresxin N-metyltransferaza
(PMTaza) giam so v6i v6i thuc vat ddi chiing khong bién nap, thuc vat tdi t6 hop
nay bao gdm cdc t€ bao thuc vat téi t6 hop chida: cdu tric ADN ngoai sinh bao gém,
theo hudng 5° dén 3', mot gen khdi ddu c6 thé thao tidc dugc trong t€ bao thuc vat
nay va ADN khong tuong dong ma hod it nhat mot doan cia ARN thong tin PMT &
thuc vat, ADN khong tuong dong nay c6 thé lién két dong véi gen khdi ddu néu
trén, va v6i ADN khong tuong dong nay theo huéng cé nghia hodc doi nghia; thuc
vat ndy thé hién muc biéu hién QPRTaza giam so vdi thuc vat d6i chiing khong bién
nap va ham lugng nicotin giam so v6i thuc vat déi ching khong bién nap. Cac
phuong 4n khéc nita c6 thé duoc tién hanh theo cich tuwong tu v6i cdc enzym khac

néu trén.
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Céc céu trdc axit nucleic nhu dugc mo ta & trén c6 thé bao gém cic thanh
phén cdch dién nam trude (5' dén) va/hodc ndm sau (3' dén) cua cau tric duoc mo ta
G trén, nhu néu trong (vi du) patent My cdc s6 6.100.448 va 6.037.525 cua
Thompson et al. Ngoai ra, cic céu tric nhu dugc mo ta § trén c6 thé bao gom céc
ving gidn mang (hodc gian gido) ndm trudc va/hodc ndm sau ciu tric mo ta & trén,

nhu néu trong (vi du) patent My céc s6 5.773.695 va 5.773.689 cua Thompson et al.

Theo mot phuong dn khac cla sang ché, thuc vat duogc st dung chita phan 16n
céc axit nucleic diéu chinh giam da s6 cdc enzym trong qu4 trinh tong hop nicotin.
Loi ich cla viéc st dung nhiéu hon mot axit nucleic téi t6 hgp 1a cac luong nicotin
c6 thé giam t6i mot muc rdt 16n (so v6i néu chi mot axit nucleic dé duge sir dung),
c6 thé dén béng 0, va céc ty 1¢ alkaloit mong muén khdc (vi du, ty 1& nicotin véi cdc

alkaloit téng) c6 thé duoc diéu chinh thich hop, néu duoc wu tién.

Vi vay, phuong 4n khéc clia sing ché 1a st dung thuc vat tdi t6 hop c6 luong
nicotin gidm ma c6 muc bi€u hién ca QPRTaza va PMTaza giam so v6i thuc vat doi
ching khong bién nap, thuc vat tai t6 hop nay bao gébm cic t€ bao thuc vat tii t6
hop chia: (i) cau tric ADN ngoai sinh bao gébm, theo hudng 5' dén 3', mot gen khoi
ddu c¢6 thé thao tic duge trong t€ bao thuc vat nay va ADN khong twong déng ma
hod it nhat mot doan cia ARN thong tin quinolat phosphoribosyl transferaza & thuc
vat, ADN khong tuong déng nay c6 thé lién két dong vé6i gen khoi ddu néu trén; va
(i) cau tric ADN ngoai sinh bao gom, theo huéng 5' dén 3', mot gen khoi dau cé
thé thao tac dugc trong t€ bao thuc vat ndy va ADN khong tuong dong ma hod it
nhit mot doan ctia ARN thong tin PMT & thuc vat, ADN khong tuong dong nay ¢o
thé lién két dong vdi gen khoi ddu néu trén, va véi ADN khong twong dong nay theo
huéng c6 nghia hodc d6i nghia; thuc vat nay thé hién mic biéu hien PMT giam so
véi thuc vat doi chiing khong bién nap va ham lugng nicotin giam so véi thuc vat
doi chiing khong bién nap. SE dugc dénh gid rang, trong d6 qua trinh diéu chinh
giam c6 nghia hoac doi nghia dugc mo ta ¢ day, cac ky thuat khac nhu st dung su

nhic lai nghich dao dé€ tao ra ARN soi kép kich thich lam bat hoat gen, céc
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ribozym, hodc tic ché ARN thong tin bd trg c6 thé duge sit dung. Cling s& duoc
dénh gi4 ring cdu tric ADN don c6 thé dugc sir dung dé giam hoat tinh cla nhiéu
hon mot enzym. Vi du, mot cau tric ADN c6 thé dugc st dung dé giam ca
QPRTaza va PMTaza.

Cic vi du vé cdc trinh tu axit nucleic c6 thé duoc st dung dé thuc hién séng
ch€ bao gdm, nhung khong giéi han &, ADN ma hod gen quinolat phosphoribosyl
transferaza & cay thudc 14 (NtQPTI); (vi du xem don PCT cé s6 cong bo
W098/5556923 ctia Conkling et al.); ADN ma hod putresxin N- metyltransferaza &
cay thuoc 14 nhu PMTI1, PMT2, PMT3 va PMT4; ADN ma hod arginin
decarboxylaza & cay thuoc la nhu ADCI va ADC2; ADN ma hod omithin
decarboxylaza & cay thudc 14 (ODC); ADN ma hod S-adenosylmetionin synthetaza
& cay thudc 14 (SAMS); ADN ma hoa NADH dehydrogenaza & cay thudc 14, va
ADN mai ho4 phosphoribosylantranilat isomeraza (PRAI) (1a da biét va dugc mo ta
trong don PCT ¢6 s6 cong bd WO00/67558 ctia M. Timko et al.).

Cic diéu kién cho phép céc trinh tu ADN khac ma hoa dé€ biéu hién protein
c6 hoat tinh enzym mong muén nhu duoc mo ta & trén d€ lai véi ADN nhu dugc mo
ta & trén, hoac vdi cac trinh tv ADN khac ma hod enzym protein nhu néu trén, ¢
thé duoc x4c dinh theo céch thong thudng. Vi du, qué trinh lai cac trinh tu nay cd
thé duoc tién hanh trong cdc di€u kién it nghiém ngat hodc ngay ca trong céc diéu
kién nghiém ngat (vi du, cdc diéu kién dugc thé hién bdi tinh nghiém ngat khi rira
bang NaCl 0,3M, 0,03M natri xitrat, SDS 0,1% & 60°C hoic tham chi 70°C doi véi
ADN mai hod protein néu trén trong thir nghiém lai chuén tai chd. Xem J. Sambrook
et al., Molecular Cloning, A Laboratory Manual (2d Ed. 1989, Cold Spring Harbor
Laboratory). N6i chung, cac trinh tu nay s€ c6 do tuong dong it nhit 1a 65% , 75%,
80%, 85%, 90%, hoac tham chi 95%, hodc nhi€u hon, bang trinh tu néu trén, hodc
cac trinh twy ADN ma hod céc protein néu trén. (Cac qua trinh x4c dinh tinh tuong
déng trinh tu dugc thuc hién bing hai trinh tu sip thédng hang dé thich hop nhat.

Puoc uvu tién 1a cac chiéu dai khuyét doan bang 10 hoac nho hon, uu tién hon nita 1a
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céc chiéu dai khuyét doan bang 5 hodc nhd hon, va cac chiéu dai khuyét doan bang

2 hoac nho hon con duge uu tién hon nita.)

Trinh tu khong tuong dong duge st dung trong cdc phuong phap theo sing
ché& dugc chon dé tao ra san pham ARN bd trg cho vat mang tin nguyén ven ma ho4
trinh tu enzym, hodc cho mot phan cta ching. Trinh tu nay c6 thé bo trg cho bat ky
trinh tu ké nao ctia ARN thong tin tu nhién, nghia 13, né ¢6 thé bd trg cho trinh tu
ARN thong tin ndi sinh & ddu gin cdc dau - hodc diém chan 5', nim sau tir diém
chan, gitta diém chin va codon khéi dau va c6 thé phli toan bo hodc chi mot phan
clia ving khong ma hod, c6 thé lién két cdu véi viing khong ma hoa va ma hod, bé
tro cho tét ca hodc mot phan clia ving ma hod, b6 trg cho dau 3'- clia viilng ma ho4,
hodc bé trg cho ving khong dich mé 3'- cia ARN thong tin. C4c trinh tu d6i nghia
thich hop c6 thé bét ddu tir it nhat khoang 12, 14 hodc 15 dén khoang 15, 25, hoic
35 nucleotit, it nhat khoang 50 nucleotit, it nhat khoang 75 nucleotit, it nhat khoang
100 nucleotit, it nhat khoang 125 nucleotit, it nhat khoang 150 nucleotit, it nhat
khoang 200 nucleotit, hodc nhiéu hon. Ngoai ra, cdc trinh tu ¢6 thé duoc m& rong
hodac rit ngan bang cdc dau 3' hodc 5' ctia ching (vi du, bang cach bo sung 1 dén 4
hodc 8 gdc axit nucleic). San pham doi nghia c6 thé bd trg cho cdc phan ma ho4
hoac khong ma hoa (hoac ca hai) cia ARN dich xuat hién tu nhién. Trinh tu doi
nghia dic biét va chiéu dai cta trinh tu d6i nghia s& thay déi tuy thuoc vao muc do
tic ch€ mong muon, do 6n dinh cla trinh ty d6i nghia, vA cdc van dé tuong tu.
Ngudi ¢6 hiéu biét trung binh trong linh vuc k§ thuat nay sé duoc chi din theo cach
lua chon céc trinh tu enzym d6i nghia thich hop nhd st dung céc k§ thuat c¢6 thé st

dung trong linh vuc k§ thuat va thong tin duoc cung cép & day.

Nhu da néu trén, sing ché cling ¢ thé dugc thuc hién véi cdc cay tao ra su
ciing tc ché€ c6 nghia qud trinh tao ra nicotin. Cic ADN cé nghia duoc st dung dé
thuc hién sdng ché€ c6 chiéu dai di dé khi biéu hién trong t&€ bao cay c6 thé tc ché
qu4 trinh bi€u hién tu nhién clia enzym & cay nhu dugc mo ta & day trong t&€ bao cay

dé. Cac ADN c¢6 nghia nay vé co ban c6 thé 1a mot ADN ctia hé gen hoan chinh
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hoiac ADN bé trg ma hoa enzym, hodc mot phan ctia chiing vé6i céc phan thudong c6
chiéu dai it nhat 12 15 nucleotit. Cdc phuong phdp xdc dinh chiéu dai cia ADN c¢6
nghia tao ra su ttc ché qué trinh biéu hién ctia gen tu nhién trong t€ bao c6 thé da
biét d6i v6i chuyén gia trong Iinh vuc k§ thuat. Sdng ché cling ¢ thé dugc thuc hién
vé6i cac cay chita cac ADN ma hoa cdc ARN sgi kép bao gém céc trinh tu b6 tro c6
nghia va doi nghia ma khi biéu hién c6 kha nang tc ché hodc 1am cam cdc gen noi
sinh chtta céc trinh tu. C4c viing bd trg thich hgp c6 thé bt dau tir it nhat khoang 20

dén 25 nucleotit va c6 thé tich ra bdi it nhat khoang 5 nucleotit.

Theo mot phuong 4n khac nita clia sang ch€, cac t€ bao cay Nicotiana duogc
bién nap bang cdu tric ADN chida doan ADN ma hod phan tir ARN enzym (vi du,
"ribozym"), phan t&r ARN enzym nay truc ti€p chdng lai qué trinh phién ma (vi du,
phan cét) ARN thong tin cia ADN ma hod enym thuc vat nhu dugc mo ta & day.
Céc ribozym chita cdc viing gin két chat nén lién két cdc viing c6 thé st dung duoc
ctia ARN thong tin dich, v cdc mién xic tdc qud trinh phan cit ARN, ngan chin
qué trinh dich ma va san sinh protein. Cac mién gén két c6 thé chita céc trinh tu doi
nghia bé trg cho trinh tv ARN thong tin dich; motif xdc tdc c6 thé 1a motif ddu bia
hodc cic motif khac, nhu motif chit chi. Cac diém phan cét ribozym trong dich
ARN c6 thé dugc nhan dang lic ddu bang cach chup cat 16p phan tir dich d6i véi
cac diém phan cit ribozym (vi du, céc trinh tu GUA, GUU hodac GUC). Khi nhéan
dang, céc trinh tv ARN ngan chia 15, 20, 30 hodc nhiéu ribonucleotit tuong ting
v6i viing gen gen dich chia diém phan cét c6 thé duge dénh gid vé cac dac diém
cdu tric du dodn. Su thich hop ciia cdc dich tng cu cling ¢ thé duge déanh bang
cach thir nghiém tinh c6 thé st dung dugc vé6i qué trinh lai bang cac oligonucleotit
b6 tro, nhd st dung céc thir nghiém bédo vé ribonucleaza da biét trong Iinh vuc k§
thuat. ADN m3 hod c4c phan tr ARN enzym c6 thé duoc tao ra bang cdc k§ thuat
da biét. Xem, vi du, T. Cech et al., patent M§ s6 4.987.071; Donson et al., patent
My s6 5.589.367; Torrence et al., patent My s6 5.583.Q32; Joyce, patent M§ so
5.580.967; Wagner et al., patent M§ s6 5.591.601; va patent M§ s6 5.622.854. Qui

trinh tao ra phan t& ARN enzym nay trong t€ bao thuc vat va lam dit quang qua
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trinh tao ra enzym protein lam giam hoat tinh enzym trong cac t&€ bao thuc vat vé
ban chit la theo cach tuong ty nhu qua trinh tao ra phan tt ARN d6i nghia: nghia 13,
bang cdch lam ddt quang qud trinh dich ma ARN thong tin trong t€ bo tao ra
enzym. Thuat ngit “ribozym” dugc st dung & day dé mo ta axit nucleic chita ARN
hoat dong nhu mot enzym (nhu mot endoribonucleaza), va c6 thé dugc str dung thay

thé€ cho nhau véi “phan tir ARN enzym”.

Theo mot phuong an khéc cua sdng ché, viéc di€u chinh giam qua trinh tao ra
nicotin ¢6 thé dat dugc bing cdch st dung qua trinh tic ché dich ma ctia ARN thong

tin nhd ARN thong tin b6 tro nhiéu, nhu néu trong patent M§ s6 5.272.065.

Dé tao ra cay thudc 14 ¢6 cdc mitc enzym gidm, va nhd d6 c6 luong nicotin
thdp hon so véi cay thude 14 ddi ching khong bién nap, t€ bao thude 14 ¢6 thé duoc
bién nap bang don vi phién mé ngoai sinh chita mot phan trinh tu axit nucleic cta
enzym, trinh tu axit nucleic ctia enzym c6 chiéu dai ddy du, theo hudng cing nghia
hodc d6i nghia v6i céc trinh ty diéu hoa lién két dong thich hop hodc mot trinh tu
ma hod ribozym nhu dugc mo6 ta & trén. Cac trinh tu diéu hoa thich hgp bao gém
trinh tu bat ddu phién ma (“gen khdi ddu™) c6 thé thao tac dugc & thuc vat duoc bién
nap, va trinh tu két thic qué trinh polyadenylat hod/phién ma. C4c ky thuat chuin,
nhu v€ ban d6 gidi han, lai hod thdm tdch Nam, va phan tich trinh tu nucleotit, sau
dé duge st dung dé nhan dang cdc dong vo tinh mang céc trinh tu enzym theo
hudng d6i nghia, lién két dong véi céc trinh tu di€u hoa. Cay thudc 14 sau d6 ducc
tai sinh tir cdc t€ bao bi€n nap thanh cong. Dugc uvu tién nhat la trinh ty d6i nghia sk
dung d€ b6 trg cho trinh tu ndi sinh, tuy nhién, cic bién déi nho trong céc trinh tu
noi sinh va ngoai sinh cé thé dugc chap nhan. Pugc wu tién 14 trinh tu ADN d6i
nghia c6 diém tuong tu véi trinh ty ddy di & chd c6 kha nang lién két véi trinh tu
noi sinh & t€ bao can diéu hoa, trong céc di€u kién nghiém ngit nhu dugc mo ta
dudi day. Cac ky thuat dac biét dé tao ra cay thudc 14 tai t6 hop 1a da biét doi véi

chuyén gia trong linh vuc k¥ thuat va duoc giai thich chi tiét hon trong M. Conkling
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et al., PCT Application W098/56923 (cong bd ngay 17 thang 12, 1998) va trong M.
Timko, PCT Application WO00/67558 (cong b6 ngay 16 thang 11, 2000), néu trén.

Gidng cay thudc 14 nicotin, Vector Burley 21-41, duoc phat trién bang cach
céi tién di truyén Burley 21 LA nhu dugc mo ta trong patent My s6 6.586.661.
Burley 21 LA 1a giong cay thuoc Burley 21 ¢6 cdc mic nicotin co ban giam do véi
Burley 21 (vi du, Burley 21 LA c6 8% cac muc nicotin Burley 21, xem Legg et al.,
(1971) Can. J. Venet. Cytol. 13: 287-91; Legg et al., (1969) J. Hered. 60: 213-17).
Vector Burley 21-41 giong nhit giéng goc, Burley 21 LA. Néi chung, Vector
Burley 21-41 giong véi Burley 21 LA & tit ca cac dac tinh danh gia, ngoai trir ham
luong alkaloit (vi du, nicotin va nornicotin). Vector Burley 21-41 ¢6 thé dugc phan
biét v6i Burley 21 LA goc bdi ham luogng nicotin, nicotin va cdc alkaloit tong cha

no vé c¢o ban giam.

Nhu thé hién trén Fig.4, cic néng do alkaloit tdng trong Vector 21-41 bi
giam xudng gin 10 phan tram ctia cic muc trong Burley 21 LA goc. Cac nong do
nicotin va khong phai nicotin tuong ng it hon khoang 6,7% va 32% trong Vector
Burley 21-41 khi so sdnh v6i Burley 21 LA. Cac muc QPRTaza tuong quan duong
véi nicotin va cdc alkaloit khac trong thudc 14 bao gom anabasin va anatabin, né l1an
luot tao ra NAB va NAT. Xem Fig.5.

Theo mot phuong 4n khdc nita clia sang ché 1a bd sung mot lugng nicotin,
hodc cdc mudi nicotin cua cac axit hitu co, va cac chit tuong tu nhu nicotin (so véi
thu6c 14 thong thudng) vao thudc 14 ¢6 lugng nicotin giam dé tao ra cdc san pham
thudc 14 ¢6 cdc TNSA giam. Cac phuong phap thong thudng doi véi chuyén gia
trong linh vuc k§ thuat xtr 1y thudc 14, bao gém viéc st dung cac chit phu gia thudc
14 va cdc chat huong liéu, duoc sir dung dé bd sung nicotin vao cac san phdm thudc

14 nay.

Phuong 4n khdc cua sang ché la bé sung mot luong nicotincon 16n hon rat

nhiéu vao thudc 14 c¢6 luong nicotin gidm (so vé6i thudc 14 thong thuong) dé tao ra
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diéu thudc 14 ¢6 TNR thap. Lai ich chinh clia phuong phédp nay 1a hau nhu khong c6
nitrosamin tao ra déi v6i thuoc 14 khi thudce 14 dang xur 1y vi thi€u nicotin hodc cic
alkaloit thit yéu. Céc diéu thudc 14 dugc tao ra bang phuong phédp nay khong chi ¢
céc loi ich cua céc di€u thudc 14 TNR thap, ma hau nhu con khong chia nitrosamin
hodc c4c alkaloit thit yéu néu QPRT dugc giam hoac loai bd. Phuong dn khac cua
sang ché 1a st dung thudc 14 ¢ lugng nicotin gidm va sau d6 bd sung nicotin sao
cho luong nicotin thong thudng c6 mat doi véi cdc san pham dudi day: chét don
ho#c gidy cudn thudc 14, thude 14 tu cudn, thude 14 hiit bang tdu, thuoc 14 nhai,
thudc 14 bot, thudc 14 hoan nguyeén, va cac loai thudc 14 khong khéi khac. Loi ich 6
chd cac san phdm nay c6 TSNA va/hodc céc alkaloit thi yéu cua thude 1a cuc ky

thap.

4. Quy trinh tao ra thudc 14 gidn nd céi tién hodc x6p nhd st dung thudc 14 chuyén

gen c6 lugng nicotin tang

Hon 150 patent dugc dua ra lién quan dén qué trinh 1am gidn nd thudce 14 (vi
du, patent M§ s6& 3.991.772). Qua trinh gian nd tao ra kha nang lam day 16n hon cta
thuéc 14 dé trong luong thudc 14 duge st dung trong di€u thudc 14 it hon. Loi ich
cta viéc st dung thudc 14 gidn nd 1a lugng nhya duge giam. Thudc 14 gidn nd dac
biét dugc st dung dé 1am tao ra céc di€u thudc 14 c¢6 luong nhua thap. Cic di€u
thudc 14 Carlton®, dugc bao ho vi né 1a thudc 14 ¢6 lugng nhua va nicotin thap nhat,
dugc tao ra theo bao cdo c6 ty 1é thudc 14 gidn nd rét 16n. Tuy nhién, viéc sit dung

thudc 14 gidn nd ciing 1am gidm luong nicotin, n6 ¢6 thé tao ra sy dén bu.

Loi ich chinh clia thudc 14 chuyén gen gidn nd ¢ lugng nicotin tang 1a & chd
thudc 14 nay tao ra luong nhya giam trong khi gan nhu duy tri dugc luong nicotin,
tao ra di€u thudc 14 ¢6 lugng nhua giam va TNR giam. Vi du, hén hgp thudc 1a két
hop nicotin tang tit thudc 14 chuyén gen c6 thé cung cdp 16mg nhua va 2,0mg
nicotin. Lam gidn nd thudc 14 nay 100% s€ tao ra chat don thuoc 14, né chiém

khoang mot nlra trong lugng cta thudc 14 khong gifin nd, nhung né chi€m thé tich
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tuong tu trong di€u thudc 14. Lugng khéi ctia diéu thudc 14 nay s€ nam trong khoang
8mg nhua va 1,0mg nicotin v6i TNR la 8, khong c¢6 su thong gid cta dau loc thude

7

14.

Bat ky phuong phdp nao dé lam gidn n& thudc 14 da biét trong linh vuc k¥
thuat déu c6 thé duoc sir dung trong sang ché. Ngay nay phuong phép thong thudng
nhat duoc sir dung két hop véi cacbon dioxit dang long (patent M§ céc s6 4.340.073
va 4.336.814). Propan dang long ciing dugc st dung dé tao ra cac di€u thude 14
thwong phdm, <chi yéu 14 & chan Au (patent M§ s6
4.531.529). Propan dang 16ng c6 cac loi ich so v6i cacbon dioxit vi ¢6 thé c6 cac
muc do lam gidn nd cao hon, trong khoang 200%. Du6i ap suét, cacbon dioxit dang
16ng (hoic propan dang long) ngéifn vao cdu tric t€ bao thudc 1a. Néu thude 14 duge
gia nhiét nhanh thi cacbon dioxit (hoic propan dang 16ng) lam gidn nd t€ bao tro lai

kich c& da xu 1y truGe ctia no.

Phuong 4n ciia sdng ché 1a sit dung thudc 14 chuyén gen c6 lugng nicotin
tang, tot hon 1a loai thudc 14 ma dugc tao ra tir goc axit béo cao va/hoac dudng cao
va tao ra thudc 14 gidn nd tir thudc 14 chuyén gen dé tao ra diéu thudc 14 c6 TNR

thép.

Phuong 4n khéc dé st dung thudc 14 loai protein, t6t hon 1a duoc chiét tir
thudc 14 chuyén gen c6 luong nicotin giam, va tao ra thudc 14 gifn nd tir thudc 14
loai protein nay. Di€u thudc 14 chita thudc 14 gidn nd loai protein va thudc 14 chuyén

gen c6 lugng nicotin tdng dugc tao ra.
5. Qua trinh tao ra thudc 1a hoan nguyén

Phuong 4n khdc clia sang ché€ 1a tao ra cdc san phdm thudc 14 c6 do phoi
nhiém gidm, c4c san pham nay bao gém cac di€u thudc 14 c6 TNR thap, bang cach

str dung céc sang ché trudc d6 theo muc 1-3 néu trén, soi thudc 14 loai protein, va
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thudc 14 1am kho & nhiét do thap trong bat ky hon hop nao va két hop véi thude 14

hoan nguyén.

Quy trinh dé tao ra céc 14 thudc 14 hoan nguyén ("recon") bat déu trong cac
nim 1950. Patent My cdc s6 moO ta cidc quy trinh d6 bao gém: 3.499.454,
4.182.349, 4.962.774, va 6.761.175. Recon dugc tao ra theo cich truyén thong tir
cdc than cay thudc 14 va/hodc cdc manh 14 nho hon gin gidng véi quy trinh tao ra
gidy thong thuong. C4c hiéu suft nhua va nicotin cta thudc 1a hoan nguyén thép
hon hiéu suat tir cdc khoi luong tuong duong cla 1a thudc 14 nguyén ven. Quy trinh
nay doi hoi viéc xlr 1y c4c phan thudc 14 khac nhau dé tao thanh Recon. Sau khi céc
14 Recon dugc tao ra chiing duoc cét thanh ¢ va hinh dang giéng véi thude 14 manh
cét tir 14 thudc 14 nguyén ven. Recon di cat nay sau d6 dugc tron véi thudc 14 manh

cét va sin sang dé tao ra diéu thudc 14.

Céc di€u thudc 14 dugc tao ra véi tit ca recon, khong c¢6 recon, hoac bat ky
hén hop nao cua ching. Hau hét céc loai thudce 14 chu yéu c6 it nhat Recon trong

dau loc.

Loi ich chinh ctia thu6c 14 chuyén gen c6 luong nicotin tang st dung cho
recon 12 & ché thudc 14 nay s€ giam hiéu suft nhua cta cac di€u thudc 14, trong khi

gitt dugc hiéu suat nicotin.

Mot phuong an khéc clia sdng ché 1a viéc bd sung nicotin, hodc cdc mudi
nicotin vio dé tao ra recon, ma dugc tao ra tir thudc 14 chuyén gen c6 lugng nicotin
giam hodc bat ky nguyén liéu nao khong phai 1a thudce 14 bao géom nhung khong
gi6i han & cdc chit pha tron thao mdc sao cho khi 14 hoan nguyén nay dugc dot
chdy n6 c6 hiéu suét vé cg ban it hon céc nitrosamin riéng cua thudc 14 va céc tic
nhan gay ung thu dugc tao ra tr cac di€u thudc 14 thong thuong, con cd mat ca cic

luong nicotin thoa man.
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Mot phuong 4n khdc clia sdng ché 1a st dung thudc 14 chuyén gen cé luong
nicotin tang, t6t hon 1a loai thudc 14 nay ducgc tao ra tir gdc axit béo cao va/hoic
dudng cao va tao ra recon tir thudc 14 chuyén gen nay dé tao ra diéu thudc 14 c6
TNR thap. Mot phuong dn khic lam tang ham luong dudng, ham lugng axit béo,

hodc c¢a hai clia recon trong qua trinh xr 1y.
Recon tur soi thudc 1a

Cac patent mo ta cac quy trinh loai bd cac protein khoi thudc 14, nho dé tao
ra "soi thudc 14 loai protein" nhu dugc mo ta trong patent My cac s 4.289.147 va
4.347.324. Soi thudc 14 12 san phdm phu chinh sau khi loai bd protein. Soi con lai
ctia thudc 14 loai protein ¢ thé bao gdm v6i bét ky ty 1& nao nhu mot thanh phan
cta thudc 14 hoan nguyén. Cac diéu thuoc 14 dugc tao thanh tir thude 14 loai protein
cé vi khac v6i cac diéu thudc 14 thong thuong. Tuy nhién, cidc luong chét phu gia
thich hop, bao gém chat tao huong vi va nicotin, c¢6 thé dugc bé sung vao dé dé gitp

lam giam bét su thi€u hut vi.

Cac diéu thudc 14 chira thudc 14 loai proteinin c6 loi ich ddng ké so véi céc
diéu thudc 14 thong thudng vi chiing s& tao ra cdc mic carxinogen va cdc san pham
dét chdy giam. "Ham lugng protein giam 71% trong 14 thudc 14 da xir Iy bang hoi
lam giam 81% tinh gay dot bién TA98 Ames" ctia phan ngung nhiét phan (Clapp,
W.L., et al., "Reduction in Ames Salmonella mutagenicity of cigarette mainstream
smoke condensate by tobacco protein removal", Mutation Research, 446, pg 167-
174,1999). Nghién cttu trudc d6 trong pham vi nay da xdc dinh rang protein trong la
thudc 14 c6 thé 1a tién chat chinh clia céc chat gay dot bién trong phan ngung khéi
thuéc 1a (Matsumoto, et al., "Mutagenicities of the pyrolysis of peptides and

proteins', Mutation Research, 56, pg 281-288, 1978).

Soi thudc 14 chiét tir thudc 14 cai bién di truyén cd luong nicotin giam (vi du,

Vat truyén 21-41) loai bo hitu hiéu hiu nhu toan bd cac TSNA gay ung thu nhu
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thudc 14, vi nitrosamin phu thudc tuong d6i v6i cdc ndng do nicotin va céc alkaloit

dé tao thanh & cdc mic c6 thé do duoc. Xem Fig.4

Vi vay, thuan Igi khi st dung thudc 14 c6 lugng nicotin giam trong céc di€u
thudc 14 ¢6 do phoi nhiém giam hodc cac san pham thudc 14 khac dé gidm hon nita
nitrosamin. Nicotin hodc dé sét lai hodc dua vao sau trong quy trinh, ciing c6 thé

duéi dang cac mudi nicotin.

Céc hydrocacbon thom nhiéu vong (PAHs) dugc tao ra tir su nhiét phan nhiét
do cao cuia céc axit amin, duong, parafin, terpen, sterol thuc vat, xenluloza va cic
thanh phédn khédc cuia thudc 14. Hau hét cdc thanh phan nay rat dugc giam trong soi
thudc 14, giam hitu hi¢u qua trinh tao ra PAHs. Catechol va phenol, cdc dong nhan
t6 gay ung thu duoc thita nhéan trong khdi thudc, ciing s€ bi giam vi cdc mic dudng

hoa tan cé mat trong sgi thudc 14 thép.

Céac hgp chat pha khi cé hai nhu hydro xyanua, nitg oxit, va cacbon monoxit
cling giam khi di€u thudc 14 chi chita soi thudc 14 duoc hit so véi cac di€u thudc 14
dugc tao ra bang toan bo 14 thude 14. Hydro xyanua dugc tao thanh do thiéu chdy
cdc protein va clorophyl. Nito oxit duoc tao thanh do dét chdy protein, clorophyl,
nitrat, va alkaloit tan dugc. Cac thanh phan d6 s€ khong c¢6 mat véi cic luong ddng
ké trong thudc 14 loai protein. Soi thudc 14 c6 khoang gan 85 phén tram tinh bot va

chat xenluloza vi vay giam duoc cac tién chat nhiét phan chinh ctia cacbon monoxit.

Theo moét phuong an khdc, sdng ché dé cap dén viéc tao ra thudc 14 hoan
nguyén bao gém soi thudc 14 chiét thu duge tir thudc 14 thong thuong, thudc 14
chuyén gen chita lugng nicotin gidm, hodc thuéc 14 chuyén gen chita luong nicotin

tang.
Recon tlt thudc 14 1am kho & nhiét do thap

Néu quy trinh x{r 1y thuéc 14 bi hong, hau nhu khong ¢6 cdc TSNA ¢6 mat

trong cdc san pham thudc 14 truyén thong nhu cic di€u thudc 14, dau loc thudc 14

-64-



20304

hoic 14 4o di€u xi ga, thudc 14 tu cudn, thudc 14 hat bang tau, thudc 14 nhai, thudc 14
bot, thude 14 hoan nguyén va cac loai thude 14 dugc tao ra tr thudc 1a 1am kho &
nhiét do thap sé hau nhu khong chira khong khéi khac va TSNA vi cdc quy trinh xir
1y truyén thong bi loai bd.

Theo mot phuong 4n khéc, sdng ch€ dé xuat qud trinh loai bo thuc su cic
TSNA nho xtr 1y thu6c 14 méi thu hoach bang phuong phdp lam dong kho nhanh.
Qud trinh nay dugc thuc hién bang cach xir 1y thudc 14 mdi thu hoach nho cac don
vi lam kho & nhiét do thdp ndm & gin cdc trang trai thudc 14. Thudc 14 xr 1y theo
cdch nay c6 thé dugc trong theo céch truyén théng v6i khoang cich giita cdc cay
hodc theo cach bo tri sinh khoi. Ngoai céc loi ich vé kinh t€ 1a b6t dugc chi phi lién
quan dén qud trinh x{ 1y, hién nay thudc 14 ¢6 thé duoc trong theo céach sinh khéi ¢

thé tao ra hang tram nghin pao thudc 14 tuoi trén mot miu Anh.

Bang céch trong cay thudc 14 theo moi trudng sinh khéi va 1am kho & nhiét
do thip ngay thuoc 14 tuoi danh cho cac di€u thudce 14, thudc 14 tu cudn, thudc 14 hit
bang tdu, dau loc thudc 14 hodc 14 4o digu xi ga, thudc 14 nhai, thudc 14 bot, va céc
loai thudc 14 khong khoi khac, nhan cong duge giam bét khong chi bang cach bd
viéc dem tling cay trong nha kinh trong lai ngoai cdnh déng ma cdn loai bd duogc
qué trinh thu hoach va xu 1y thudc 14 theo cach truyén thong. Ngoai ra, dat trong
trot can cho muc dich nay dugc giam bét rat nhi€u. San lugng thudc 14 tir mot mau
Anh thudc 14 trong theo cdch bd tri sinh khéi gan tuong duong véi 100 miu Anh

thudc 14 trong theo cach truyén thong.

"Sinh khéi thudc 14" thu duge bang cach gieo truc ti€p nhiéu hat cay thudc 14
lén mot miu Anh dét trong mot vai inso trén mot canh dong. Cay thudc 14 khac
dugc trong theo khoang cach truyén théng, cac ciy thudc 14 riéng ré khong cao hon
c6 thé duoc phan biét khi cay thudc 14 dugc trong theo kiéu sinh khoi. Mot miu
Anh sinh khéi thudc 14 ¢ vé bén ngoai clia tdm tham xanh, ram rap, lién ti€p. Cong

b6 don yéu cau cép patent M s6 20020197688 mo ta cac phuong phap nay.

-65-



20304

Quaé trinh 1am dong kho nhanh loai bd hau hét nude (#80%) tir khoi luong
cta sinh khoi thudc 14 méi thu hoach. Két qua 1a thudc 14 1am kho & nhiét do thap
(Freeze Dried Tobacco) ("FDT"). FDT dugc dé dang nghién thanh céc hat min thich
hop cho dé xir Iy thanh 14 thudc 14 hoan nguyén (recon). Recon nay c6 thé duoc cit
va tao thanh bat k¥ loai san pham thudc 14 nao nhu dau loc cho cic diéu thudc 14,
thudc 14 tu cudn, thudc 14 hit bang tau, ddu loc thudc 14 hodc 14 4o diéu xi g, thudc
1a nhai, thudc 14 bot, va céc loai thudc 14 khong khoi khac. Huong vi va céc chat

phu gia, ké ca dudng, cé thé duoc dua vao qud trinh xir Iy recon.

Recon nay c6 thé duogc tao ra tir 100 phin tram FDT hoic theo ty 1& bat ky
ndo ma ngudi tieu dung thich hon. Quy trinh lam dong kho nhanh ¢6 thé ¢6 cic tic
dung bét loi doi v6i huong bi clia cac san pham thudc 14 d6. Vi vay, FDT c6 thé con
dugc tron theo bat ky ty 1€ nao véi thudce 14 duoc xtr 1y, nghién theo truyén théng,
sao cho hdn hop c6 thé dugc tao thanh thudc 14 hoan nguyén. Theo cich khac, FDT
c6 thé dugc tron theo bt ky ty 1€ nao véi bat ky dang thudc 14 truyén thong nio
gitp tao ra cac di€u thudc 14, thudc 14 tu cudn, thudc 14 hut bing tdu, ddu loc thude
14 hodc 14 4o di€u xi ga, thudc 14 nhai, thudc 14 bot, va cac loai thudc 14 khong khéi

khdc dé 1am thoa man s& thich cta thi trudng dai ching.

Theo mot phuong dn khic cua sdng ché la st dung thudc 14 cai bién di truyén
c6 lugng nicotin giam dé giam cdc TSNA nhu dugc mo ta & trén, nho dé tang loi ich
cuia cdc diéu thudc 14 nay, thudc 14 tu cudn, thudc 14 hit bang tau, dau loc thudc 14
hoac 14 4o di€u xi ga, thudc 14 nhai, thudc 14 bot, va cac loai thudc 14 khong khoi

khac khong gay nghién hoac khong chira bat ky nitrosamin nao.

Theo mot phuong an khéc clia sdng ché dé bd sung nicotin, véi cc luong tao
ra d4p ting sinh 1y mong mudn, hé trg FDT dé sir dung trong céc diéu thudc 14, dau
loc thudc 14 hodc 14 4o di€u xi ga, thude 14 tu cudn, thudc 14 hit bang tau, thudc 14
nhai, thudc 14 bot, va cac loai thudc 14 khong khéi khac sao cho ching s€ hau nhu

khong chita cac TSNA. Diéu thudc 14 dugc tao ra tr soi thudc 1a thu dugce tr 14 xanh
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tham chi s€ c6 lugng TSNA giam hon nita, do ching qua manh trong thudc 14 da xur

7

ly.

Theo mét phuong an khac cua sang ché, Nicotiana rustica va/hoic Nicotiana
tabacum chuyén gen c6 luong nicotin tang duoc lam kho & nhiét do thap sau khi thu
hoach va dugc két hop trong recon. Loi ich 1a ham lugng alkaloit cao duogc bao toan
cho cic di€u thudc 14 c6 TNR thép va s€ ti€t kiém dugc & bude xu 1y thudc 14.
Ngoai ra, mic cdc TSNA tang c6 lién quan véi thudce 14 c6 alkaloit cao s€ khong tré

thanh hién thuc.
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YEU CAU BAO HO

1. Thudc 14 chta phan cdy Nicotiana tabacum chuyén gen c6 ham lugng
‘nicotin cao, trong d6 thudc 14 nay khéc biét & chd:

(i) ty 1& nhya va nicotin tao thanh ndm trong khoang tir 3 dén 8, nhu duoc
xé4c dinh bang phuong phap FTC (Federal Trade Commission - Uy ban Thuong
mai Lién bang) hodc ISO ( International Standards Organization - T6 chic Tiéu
chuin Quéc té), va

(i) khoi thube 14 c6 d6 pH khoang 6,5 hodc nhé hon.

2. Thuodc 1a theo diém 1, trong d6 cdy Nicotiana tabacum chuyén gen nay bi€u
hién it nhat mét axit nucleic ngoai lai ma di€u hoa tang viéc san xuat nicotin trong

cay hodc phan cdy chuyén gen niy.

3. Thudc 14 theo diém 2, trong d6 cdy Nicotiana tabacum chuyén gen nay biéu

hién axit nucleic ngoai lai ma hoa it nhéat mot doan QPT va PMT.
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FIG.1
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FIG.2

So sanh vé TNR ciia cic loai thude 14 thong

Nhua Nic.

Marlboro diu loc mém 15 1,1
Marlboro dau loc mém trung binh 11 0,8

Marlboro dau loc mém nhe 11 0.8
Marlboro dau loc siéu nhe . 6 0,5

Marlboro 100’s Filter Box Red 15 1,1

Basis Full Flavor Kings Filter Box 16
Basic Lights Kings Filter Box 10
Basic Ultra Lights Kings Filter Soft Pack 6

Basic Full Flavor 100’s Filter Solft Pack 16

Virginia Slims Full Flavor 100’s Filter Box 15
Virginia Slims lights 120°s Filter Menthol Box 14

GPC Full Flavor King ' 15 (Cao nhét)

GPC Lights Kings Box 9
GPC Ultra Lights King -5
GPC tinh diu bac ha 100 13

Lucky Strike Non-Filter 23
Lucky Strike Filter King Box 15
Lucky Strike Lights King Box 9 (Thép nhét)

*Cac loai thudc 1a chiém khoang 50% thj truong US
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FIG.3

Céc nguyén nhan giy tit vong do hut thude tir 1990-1994 & My

LS DHNS 2o

. (1)
Bénh tim mach, 42,40% Ung thu, 36,40%

Bénh h hép,
21.20%
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F1G.4

So sanh gifta Vecto Burley 21-41 va Burley 21 LA

Xu ly
Ngay tir khi tréng dén khi ra Vecto Burley 21-41 Kiém soat promoter ~ Dang tw nhién
hoa (ngay) 57,143,6* 56,7+3,4* 57,6+3,4*%
Chiéu cao khi ra hoa (cm) 118,6+20,1%* 112,121 ,4%* 110,8+19,5*
San luong (kg/ha) 890,3+7,7* 780+68,5* 809,2+71,2*
%Nicotin (X 10%) 1,44+0,66** 19,12+8,99* 21,54+9,34*
%khong c6 Nicotin (X 10%) 0,4+£0,1%* 1,56+0,22* 1,27+0,52*
%tdng alkaloit 0,23+0,44%** v 2,07+0,93 2,3140,94*
%tdng nito 2,55+0.78* 2,89+0,42 2,64+0,91*
%duodng giam 10,29+0,89** 5,8742,04 5,514+2,40*

Dit liéu tir 2000 thtr nghiém linh vuc & Central Crops Research Station, Clayton, NC. Thir
nghiém hoéa hoc dugc thuc hién trén cdy ding dau. 15 sao chép/10 cay trén mdi sao chép.

Dit liéu dugc phéan tich st dung thudc thir-F.

*=khong c6 su khac biét dang ké, **=dang ké & muc 1%
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FIG.5

Cic con dwdng clia mjt so alkaloit va 4 TSNA & thudc I4

Anabasin Cic alkaloit khac
(1%) (2%)

Khong
Nicotin

o bed fae
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FIG.6

So d6 vé sinh téng hop pyridin alkaloit trong Nicotiana

ADC = arginin decarboxylaza

DAO = decarbo oxidaza

LDC = lysine decarboxylaza

MPO = metylputresxin oxidaza

ODC = ornithin decarboxylaza

PMT = putresxin N-metyltransferaza

QPT = quinolat phosphoribosyl transferaza

SAMDC = S-adenosyl-metionin WETRE
decarboxylaza

SAMS = S-adenosyl-metionin synthetaza

SPDS = spermidin synthetaza

SPMS =spermin synthetaza MORTICUTOR

v

L
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