LOI CAM DOAN
T6i xin cam doan dé tai nghién ciru trong ludn van ndy la cong
trinh nghién ciu cua toi dua trén nhitng tai liéu, s6 liéu do chinh t6i tw tim
hiéu va nghién cieu. Chinh vi vdy, cdc két qud nghién ciru dam bdo trung thuc
va khdch quan nhdt. Dong thoi, két qud nday chua tirng xudt hién trong bat cir
mét nghién ciru nao. Céc s liéu, két qud néu trong ludn vin I trung thuc néu
sai toi hoan chiu trach nhiém trudc phap ludt.

Tac gia

Vo Thi Doan Trang



LOI CAM ON
Trong qua trinh nghién ctru va hoan thanh luin van nay, t6i da nhan

dugc su quan tAm va gitp d& quy bau cta cac thiy cd, ban bé va dong nghiép.

Pau tién, t6i xin bay t6 1ong biét on chan thanh va siu sic dén PGS.TS.
Pao Viét Ha da tan tinh huéng dan va tao moi diéu kién tbt nhét gitp to1 hoan

thanh luan van.

To1 xin tran trong cam on Ban lanh dao Hoc vién Khoa hoc va Cong
nghé - Vién Han 1am Khoa hoc va Cong ngh¢ Viét Nam, Ban 1anh dao Vién
Nghién ciu va Ung dung cong nghé Nha Trang, Ban linh dao Vién Hai
duong hoc Nha Trang da tao moi diéu kién thuan loi gilp to1 hoan thanh cac

hoc phan cta luan van va céc thu tuc can thiét.

To1 xin chan thanh cdm on su giup do va tao diéu kién vé moi mit cua
quy anh chi Phong thi nghiém vé An toan thuc phim va méi truong (Khu vuc
mién Trung)- Vién Hai duong hoc Nha Trang; ctia quy thay cd, anh chi hoc
vién cao hoc cac 16p CHE21A dang cong tac va hoc tap tai Vién Nghién ctru
va Ung dung cong nghé Nha Trang.

T61 cling xin cdm on S& Gido duc va Pao tao Khanh Hoa, Ban lanh dao
truong THPT Ly Ty Trong, cac anh chi em déng nghi¢p da luon tao diéu kién
trong cong viée, dong vién va tro gitp t6i dé toi danh thoi gian chuyén tam
hoc tap va hoan thanh luan van.

Cudi cung, toi xin bay to long biét on sau sic dén gia dinh, nguoi than
va ban bé di quan tam, dong vién va gitp dd toi trong sudt qua trinh hoc tap

va hoan thanh luan van.

Tac gia ludn van

Vo Thi Doan Trang
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MO PAU
Ly do chon dé tai

Poc t6 sinh hoc bién ngdy cang duoc quan tdm trén toan thé gidi, mot
trong s6 dé 1a Tetrodotoxins (TTXs). Tetrodotoxin 13 mot chat doc than kinh
manh giy ra nhiéu truong hop ngd doc dan dén tir vong & ngudi nhiéu noi
trén thé giéi. Viéc phat hién nhiéu loai thuy hai san chira doc t6 TTXs ching
han nhu ¢4 néc, bach tudc ddm xanh, so bién, mot sd loai cua bién, oc
bién...d4 thu hiit sy quan tim cila gidi khoa hoc va cac nha quan 1y vé an toan
thuc pham bién. Do d6, ngoai cac nghién ciru vé phan b, thanh phan, ham
luong, doc tinh...caa doc t6 nay & sinh vat, cac nha nghién ciu con tap trung
phét trién cac phuong phap phan tich xac dinh doc t6 nay, dic biét 1a cac
phuong phap thu nghiém sinh hoc va phén tich hoa hoc.

O Viét Nam, tir 2007 dén nay, mdi nim déu ghi nhan cac vu ngd doc
TTXs trong ¢ bién xay ra chil yéu & cac cung ven bién Thanh Hoa, Ninh
Thuén, Khanh Hoa...Mic du dugc rat nhiéu su quan tam nghién clru vé doc to
TTXs voi cac phuong phap, k¥ thuat phan tich khac nhau, nhung dén nay &
Viét Nam chua c6 nhiéu cong bd vé vé phan tich doc to nay & oc bién bang ki
thuat sac ky long khdi pho kép LC-MS/MS. Pay la k¥ thuat hién dai véi do
nhay, d§ dac hi€u va do chinh xac rat cao gitp phat hién chinh xac ddc tb
TTX va cac dong phan cua nd, dap tng duoc tiéu chuan vé sé lidu doc tb
TTXs trong sinh vat bién so véi thé gidi. Vi vay, viéc thuc hién dé tai “Xay
dung quy trinh phan tich ddc té tetrodotoxins trong 6c bién & Viét Nam
bang LC-MS/MS” 13 can thiét, c6 ¥ nghia khoa hoc va thuc tién.

Muc dich nghién ctru

Pua ra dugc quy trinh xac dinh doc t tetrodotoxins & dc¢ bién c6 do tin

cdy va chinh xac cao, phi hop véi diéu kién trang thiét bi tai Viét Nam.
Noi dung nghién ciru

- Khao sat ndng do6 acid acetic dung tach chiét doc té TTXs tir 1-2 loai

oc bién tu nhién;
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- Khao sat mot sd diéu kién tach chiét va tinh sach doc té6 TTXs tir 6¢
bién;

- Khao sat mét s6 diéu kién phan tich doc t6 TTXs tir miu chiét bang
phuong phap sac ky long khéi pho kép (LC-MS/MS).

- Xay dyng quy trinh thuc nghiém phan tich doc té trong ¢ bién TTXs
bang phuong phap LC-MS/MS.

- Danh gia két qua cua quy trinh thuc nghiém trén co s& so sanh, doi
chiéu véi sé liéu kiém ching.
Co sé khoa hoc va tinh thyec tién cia dé tai

Dua trén nhitng tién bd khoa hoc- k¥ thuat va cong nghé, trong luan an
nay t6i dé xuat nghién ctru xay dung quy trinh thuc nghiém phan tich TTXs
bang LC-MS/MS, phu hop véi diéu kién trang thiét bi tai phong thi nghiém
An toan thuc phadm va méi truong (Khu vuc mién Trung), Vién Hai duong
hoc dam bao d6 chinh xac va tin cdy phuong phap phan tich. Pbi tuong
nghién ctru 1a mot sb loai bc bién thuong gay ngd doc tai ving bién Nha
Trang, Khanh Hoa. Két qua cua dé tai 1a dan liéu khoa hoc tin cay phuc vu
cong tac quan ly an toan thuc pham bién va 1a tién dé can thiét dé co s6 liéu
phan tich chinh xac phuc vu cho nhitng cong trinh cong bd qudc té vé doc td
TTXs trong sinh vat bién tai Viét Nam.

Nhirng dong gop cta luan van

- bé xuat duoc phuong phap tach chiét, tinh sach doc t6 TTXs trong
mau 6¢ dé phan tich bang LC-MS/MS.

- Xay dung duoc quy trinh phan tich doc t6 TTXs trong mau ¢ bién
bang (LC-MS/MS) ¢6 d6 chinh xac cao.
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Chwong 1. TONG QUAN NGHIEN CUU
1.1. POC TO TETRODOTOXIN
1.1.1. Pic tinh, cdu triic héa hoc

Tetrodotoxin 13 mot trong nhitng chat doc phi protein manh nhét ciing
nhu chat doc tu nhién bién dugc biét dén nhiéu nhat. Nim 1909, Tién si
Yoshizumi Tahara dua ra xac nhan réng ca noc chira mot loai chat doc va dat
tén 1a Tetrodotoxin theo tén cia ho cd ndéc ma né duoc phan 1ap lan dau tién-
Tetraodontidae [1]. Cau tric cta chat doc nay da dugc xac dinh boi Tsuda va
cong su [2], Goto va cong sy [3]. TTX 1a dan xuét aminoperhydroquinaoline,
hop chét di vong co cong thirc phan tir C11H170gN3 Va ¢O cau tric héa hoc
dugc mo ta nhu hinh 1.1.

Hinh 1. 1. Céu tric hoa hoc TTX[3]

TTX la (4R,4aR,5R,6S,7S,8S,8aR,10S,12S)-2-azaniumyliden-4,5,8,12-
tetrahydroxy-6-(hydroxymethyl)-2,3,4,41,5,6,7,8-octahydro-1H-8a,10-
mathano-5,7-(epoxymethanoxy)quinazolin-10-olat.

Hoat tinh ctia TTX dugc quyét dinh boi cac nhom chirc quan trong bao

gom:

(1) Nhém guanidine c6 dién tich duong ctia 3 nguyén tur nito (Hinh
1.1);

(2) Vong pyrimidine (Hinh 1.1), ba nhém hydroxyl (c6 chirc ning 6n
dinh phirc hop lién két gitta TTX va cac kénh natri bé mit pha 16ng)
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Vé dic tinh, TTX 12 mot loai bot khong mau. TTX trdé nén sim mau
& khoang 220°C nhung khong néng chay [4], ¢ cdu trac ludng cuc [5] tan
trong nudc, bén nhiét. Sy c6 mit nhdm guanidine perhydroquinazoline
(guanidin co tinh bazo manh) trong phan tir 1am cho TTX dé tan trong dung
dich axit. Ngoai ra do TTX céu trac ester nén dé bi thily phan trong dung
dich c6 tinh axit manh hodc kiém manh. Moi truong dé dam bao ciu tric

TTX 6n dinh trong dung dich 14 trong axit hitu co yéu [6].
Phan tor TTX ¢6 6 nhom OH & vi tri C4, Ce, Cs, Co, C10, C11 & mdi vi

tri gan thém nhom guaidin c6 tinh kiém manh Céu tric TTX thay d6i lién
quan dén mot hay nhiéu nhom OH, chung c6 ai luc véi mang té bao ndo, &
d6 c6 chira nhiéu kénh van chuyén ion Na*. Nghién ctru cho thdy kénh van
chuyén ion Na* bi dong khi ding TTX véi nong d6 1,8 nM [7].

1.1.2. Mt s6 din chat ciia Tetrodotoxin

Trong tu nhién, TTX cung ton tai véi cac dan xudt ciia nd. Cho dén nay
d3 c6 30 cdu trac cua TTX da dugc bao cdo va doc tinh thay dbi tiy theo cu
trdc [8]. Cac din xuat deoxy ciia TTX thi it doc hon TTX nhung cac dan xuét
hydroxyl doc hon TTX. Nhiéu nghién ciru da phat hién cac dan chét cia TTX
nhu 4-epiTTX; 4,9-anhydroTTX; 5,6,11-trideoxyTTX [8] trong tring loai ca
nocFugu poecilonotus va Fugu pardalis [9]; 6-epiTTX trong ca noc
Spheroids Spengler [10] va cac loai khac nhu loai sa gibng Cynops ensicauda
[11], 6c Nassarius glans, bach tuoc dém xanh Hapalochlaena [12]...Mot s

cdu triic clia cac dan xuat TTXs dugc mo ta trong hinh 1.2,
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OH
4 9-anhydroTTX
[M+H]* m/z 302.0990

H
H  OH
5-deoxyTTX 11-deoxyTTX 5,11-dideoxyTTX 6,11-dideoxyTTX  5.6,11-trideoxyTTX
[M+H]* m/z 304.1140 [M+H]+ m/z 304.1140 [M+H]* m/z 288.1190 [M+H]* m/z 288.1190 [MsH]* m#z 272.1240

11-ox0TTX 11-norTTX-6(S)-ol 11-norTT X-6( R)-ol
[M+H2O+H]* m/z 336.1038 [M+H]* mvz 290.0928 [M+H]* m/z 280.0928

Hinh 1. 2. M6t s6 dan xuét cia TTX [8]
1.1.3. Pgc tinh Tetrodotoxin

Doc tinh cua TTX thuong duogc biét dén doc hon mét nghin lan so
(1200 1an) véi Cyanua va hién chua c6 thudc giai doc dac hiéu [9]. Trong cac
thir nghiém sinh hoc trén chudt, liéu gdy chét trung binh LDsy duoc phat hién
1a 10 pg/kg khi an phai chat doc va tir 1 dén 2 mg TTX 1a du dé giy chét cho
mot nguoi truong thanh [13], [14].

Theo nghién ctru ctia Kao [15], liéu gay chét tdi thiéu cua TTX trén mot
s6 loai dong vat qua dudng tiém dudi da nhu [10]: éch: 5 pg/kg; ga mai: 6
ng/kg; chudt nhat: 8 pg/kg; bd cau 2,7 pg/kg; tho: 8 pg/kg; meéo: 10 pg/kg.

1.1.4. Co ché hoat ddng

Co ché giy doc cua TTX trong co thé 1a trc ché kénh trao d6i ion natri
van dong qua mang t& bao than kinh v&i LDsp 9ug/kg (tiém phic mac). TTX
hoat dong béng cach chin cac kénh natri, [am mat sy lan truyén tin hiéu than
kinh dén mang té bao quan trong cta té bao co tim, co xwong, hé than kinh
trung wong va ngoai bién [16] din dén cac triéu chimg dién hinh va tham chi
nang nhat 1a tr vong [17], [13].
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Cap d6 cua triéu chimg ngd doc TTXs duoc Tani va cong su dua ra
nam 2009 [18]. Cap do 1 bao gdm cac du hiéu té liét bao gom té moi va dau
ludi va cac van dé tiéu hoa nhu ndon mira. Cap d6 2 1a té liét lan dén tir chi,
dau dau. Cép d6 3 1am ting cac triéu chimg than kinh co (nhu chtng khoé
nudt, ching mat ngon ngir, hon mé, mat phdi hop, mat diéu hoa, cam giac
bong bénh, liét day than kinh so, co co giat) va di kém cac triéu chimg tim
mach (ha huyét 4p hodc ting huyét ap, réi loan nhip tim, nhip tim nhanh va
bat thuong, tim tai, xanh xao, khé thd). Trong nhiing trudng hop nghiém
trong dan dén cép do 4, nan nhan té liét hoan toan, suy tim va dan dén tur
vong.

1.1.5. Tetrodotoxins trong dc bién

Cac ving bién trén thé gidi c6 rat nhiéu thuy san chta doc t6 TTXS
sinh séng, dac biét ¢ cac vung bién nhiét doi. Trong do, doc tb TTXs trong
mot sb6 loai 6c bién d3 duoc ghi nhan boi nhiéu nhom nghién ctu nhu
Noguchi va cong su [19], Hwang va cong su [20], Taniyama va cong su
[18], Pang Qubc Minh va cong su [21]. Poc té6 TTX dugc tim thay trong
nhiéu loai ¢ nhu d¢ mat trang (Turban), ¢ dun (The top of shells), ¢ huong
Nhat Ban (Babylonia japonica), 6c bun (Niotha, Zeuxis)...Ttr nim 1985 dén
2004, tai Trung Quéc dd co it nhat 28 vu ngd doc. Ngoai ra, mdt $6 truong
hop dugc ghi nhan do ngd doc TTXs khi an dc bién tai Dai Loan, Nhat Ban,
Brunei [22], [23], [19], [20]. Poc tinh TTXs tinh theo don vi chudt (MU)
trong loai Nassarius glans theo ghi nhan ctia Tani tir 725 dén 9860 MU/ca
thé [15]. Tai Viét Nam, tir nim 2006 dén 2020, tinh hinh ngd doc 6¢ bién do

TTXs xay ra rai rac & cac dia phuong ven bién nhu Quang Ngéi, Binh Thuén,
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Khanh Hoa... gy ra mot sd trudng hop tir vong. Theo khéo sat, da sb cac loai
6c nay thudc ho Nasariidae cu thé 1a 6c bun ring cwa co tén khoa hoc
Nassarius papillosus va ¢ bun bong, co tén khoa hoc Nassarius glans [16],
[21]. Theo nghién ctru Ping Qubc Minh va cong su, cac loai N. Pullus, N.
conoidalis conoidalis va N. glans dugc xac dinh chtra ham lugng cao doc t6
TTXs, trung binh tir 368-2625 MU/ca thé, doc tinh vugt ngudng cho phép
[16].

Hinh 1. 4. Mau 6¢ Nassarius papillosus va Nassarius glans

gay ngd doc tai Van Ninh, Khanh Hoa ngay 11/9/2020

1.2. MOT SO PHUONG PHAP PHAN TiCH TETRODOTOXINS.

Quy trinh x4c dinh doc t6 TTXS trong sinh vat bién néi chung ciing nhu
trong ¢ bién noi riéng da dugc nghién ciru rong rii boi cac nha khoa hoc. CO
mot s phuong phap khac nhau di dwoc phét trién nhung nhin chung tap
trung vao 2 nhém phuong phap chinh.
1.2.1. Phuwong phap thir nghiém sinh hoc
1.2.1.1. Phwong phdp sinh hbéa chugt

Xét nghiém sinh hoa chuot MBA (Mouse bioassay) la phuong phap
chinh d@é phat hién doc té trong dong vat co vo duoc ap dung nhiéu nudc trén
thé gidi. Trong cac xét nghiém sinh hoc trén chudt, chat chiét tr mau duoc

dua vao co thé dong vat thi nghiém va sau d6 thoi gian chét duoc theo doi.
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Dé biét ndng d6 TTX trong mau nghién ctu, thir nghiém sinh hoc trén
chuot duoc thuc hién bé'mg cach tiém phiuc mac. Sau khi tiém chét chiét TTX,
chudt thir nghiém bat dau xuét hién cac dau hiéu va triéu ching dic trung nhu
cao xudc vai, mi¢ng béng chan sau, yéu dan dén liét & chan sau, ctr dong
khong phdi hop, thd ndng, co giat, nhay, tiép theo 1a suy ho hip va cudi cing
bi chét. Boc tinh cua chat chiét chira TTX duoc biéu thi bang don vi chudt
MU. Quy dinh don vi chudt (MU) 1a luong doc t& TTX ti thiéu giy chét
chudt cé trong luong 18 - 20 g trong vong 30 phdt.

Hashimoto va Noguchi [9] d3 x4c dinh chinh x4c ham luwong doc t6
TTX & cta ca béng twong st dung duong cong nay quan hé giira liéu luong
va thoi gian chét cua chudt. Mot loat cac dung dich thir nghiém dugc chuan bi
bang cach pha lodng dich chiét doc t6 chua biét v6i acid acetic 0,1%. Mot
lwong nho cac dung dich nay duoc tiém vao mang bung mdt nhom chudt.
Puong cong thoi gian chét dugc vé dya vao gia tri trung binh cia thoi gian
chudt chét & mdi nong do pha lodng.

Pé xac dinh doc to trong dong vat chan bung bién (Nassarius glans)
trong vu ngd doc oc bién gay tir vong trén dao TungSa ¢ Pai Loan vao thang
4 nam 2004, Hwang va cong su [24] da thu thap 20 mau ¢ gay ngod doc dé
lam mau phan tich. Cac mé mém tach ra duwoc 1am nhuyén vai acid axetic 1%
trong methanol trong vong 5 phat va ly tam. Dich chiét duogc lam kho & 45°C
st dung hé thdng ¢ quay chan khong va dugc kiém tra doc tinh TTX trén
dong chudt nhit trang ICR khoe manh, khéi lwong tir 18-20 gam. Két qua xac
dinh dugc doc tinh trung binh cia timg miu dc N. glans khac nhau trong
nghién ctru nay 1a 5.1886 +1.959 MU.

MBA cho dén nay van dugc st dung trong mot sé truong hop. Tuy
nhién, do c6 mot s6 han ché nhu 1y do dao duc, viée sir dung MBA ddi véi
mot s6 nhoém doc t6 bién chi 1 phuong phap tham khao. Ngoai ra, MBA
khong thé cung cap thong tin vé thanh phan doc t6 ciing nhur phan biét dugc
TTXs vdi cac chit doc than kinh khac nhu chit doc gay té li¢t & dong vat co
v6 (PSP) & mot s6 loai dong vat bién chira dong thoi ca 2 loai ndy. Thém vao
d6, cac nhuoc diém khac cia ky thudt ndy con ton tai, nhu thoi gian thir

nghiém kéo dai, thiéu tinh dic hiéu va dan dén cac két qua duong tinh gia
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cao. Vi nhiing Iy do ndy, nhu cau phat trién cac phuwong phap thay thé MBA

da duoc nghién clru rong rai.
1.2.1.2. Phwong phdap thir nghiém cam wng sinh hoc

Mot trong nhimg phuong phap gitip phat hién doc td nhanh chéng la
cam bién cong hudong plasmon bé mat SPR (Surface Plasmon Resonance).
SPR cho phép xé4c dinh cac thdng sé dong hoc cia tuong tac phan tir, nhung
né ciing duoc sir dung dé dinh lugng chat phan tich trong cac nén mau phuc
tap.

Nam 2013, Campbell va cong su [27] di phat trién phuong phap xét
nghiém SPR phat hién TTX don gian va nhanh chéng & dong vat chan bung &
Chau Au. M6 mém dong vat chan bung hoic ca néc duoc chiét bang dung
dich dém natri axetat, pH =5,0. Dich chiét duoc pha lodng 1:20 trong dung
dich ¢&ém pH =7,4. Dung dich khang thé duoc trén véi lwgng bang nhau cua
dung dich hiéu chuan hoic miu va duoc tiém trén bé mat chip véi toc do
dong 12 pl/phdt trong 2 phit. Viée doc cac don vi dap tng cua thiét bi duoc
thuc hién 10 gidy truéc va 30 gidy sau mdi lan bom dé xac dinh su khac biét
vé don vi cua dap tng thiét bi twong ddi véi ting chat hiéu chuan hoic mau.
Bé mat chip duoc tai sinh bang hdn hop véi ti 1& 1:1 acid clohydric (10 nM)
va dung dich natri dodecyl sulfate 1% c6 pH 1,75. Mot chu ky phan tich dién
hinh dugc hoan thanh trong khoang 6 phat va mdi chat chuan dugc phan tich
lap lai [9]. Quy trinh chiét xuat don di duoc ap dung dé thiic ddy tinh nhanh
chong ciia thir nghiém. Viéc chuan bi mau don gian nay cho phép chiét xuat
40 mau mdi gid véi téec dd phat hién nhanh 6 phit mdi lan phan tich. Tuy
nhién SPR c6 d6 nhay kém hon thir nghiém sinh hoc truyén thong vi phuong
phap nay chiu anh hudng 1on boi cac diéu kién bén ngoai. T4t ca cac yéu td
lam thay doi chi s6 khic xa trén bé mat cam bién 1am can tré qué trinh phan
tich nhu nén mau khong dong nhat, phic tap va cac lién két khong dic hiéu
[28].

1.2.1.3. Thir nghigm trén mé té bao

Phuong phap thtr nghiém trén moé té bao TCBA (Tissue Culture
Bioassay) nay co thé thay thé cho MBA. TCBA phat hién ca TTX va STX do



19

cac doc td nay co co ché hoat dong tuong tu. Kogure va cong su [29] nhan
thiy rang té bao u nguyén bao than kinh ctia chudt Neuro-2a c6 thé duoc img
dung trong viéc xac dinh TTX. Ouabain hodc veratridine dugc thém vao cac
té bao nudi cdy, 1am giam kha ning ton tai cia chiing bang cach ting dong ion
natri vao té bao va TTX, hoat dong nhu mot chit chan kénh natri, s& vo hiéu
héa phan tmg giup té bao tiép tuc phat trién. Té bao dugc nudi bd sung 13,3
% huyét thanh bo trong méi truong am c6 chia 5% CO2- 95% khong khi &
37°C. Té bao duoc nudi cdy bang dung dich 0,5% tryspin — 0,2% EDTA. it
nhat 200 té bao trong mdi giéng duoc chon ngiu nhién va theo déi. Ham
luong TTX dugc udce tinh tr mdi quan hé giira nong do TTX va ty 1& phan

tram té bao song.

Trén co so cua phuong phap, Hamasaki va cong sy [30] dd cai tién
bang cach st dung mudi tetrazolium, 3-(4,5-dimetyl-2-thiazolyl) -2,5
diphenyl-2H tetrazolium bromide va do ty dong dia microplate dé giam thoi
gian . Cac mudi tetrazolium bi phan cit bdi enzym dehydrogenase trong ti thé,
tao ra tinh thé formazan mau xanh lam dam. Do do, xét nghiém dé thuc hién
hon va két qua c6 thé lap lai, don gian, ré tién va c6 thé thay thé cho phuong
phap thir nghiém sinh hoa chudt. Tuy nhién, phuong phap nay van cé kha
nang bi anh hudng boi tay nghé cta k¥ thuat vién vi can phai ¢ cac budc rira
dé loai bo thudc nhudm hodc té bao chét tu do. Ngoai ra, n6 ciing chua phan
biét cac chat doc va cac hoa chat khac co kha nang trc ché dong natri.

1.2.1.4. Phwong phdp thir nghiém hdp thu mién dich lién két véi enzyme

Phuong phép xét nghiém hap thu mién dich lién két véi enzyme
(ELISA) st dung hi€u qua trong viéc phat hién va dinh lugng peptides,
protein, antibodies, hormone,... trong cac mau sinh hoc.

Trong nghién ctru ngé doc TTX khi an ca ndc & Bangladesh, Islam va
cong su [31] sir dung mot khang thé khang nguyén lai TTX dé xac dinh nong
d6 TTX trong nudc tiéu va mau tir 38 bénh nhan [32]. Két qua TTX & dudi
murc phat hién (< 1,6 ng/ml) trong 11 mau mau nhung phat hién doc t6 trong
nuéc tiéu. Ngy va cong su [33], Reverté va cong su [34] cling da phat trién
phuong phap nay dé phat hién doc td tetrodotoxin trong hau va trai. Phuong

phap nay co loi thé sang loc TTX trong cdc mau dong vat hai manh vo cé thé
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don gian hoa, thoi gian phan tich nhanh nhung ELISA tén nhiéu cong stc va
tén kém dé chudn bi khang thé, phuong phap thiéu tinh on dinh, sy tc ché
khong dii khang nguyén mién dich c6 thé dan dén két qua sai, mot s6 truong
hop cho két qua duong tinh gia hodc am tinh gia va dic biét 1a chi phi phan

tich rat cao nén tmg dung chua duoc pho bién.
1.2.2. Phwong phap héa hoc

Bén canh cac phuong phap sinh hoc cung véi su phat trién cia hoa
phan tich hién dai nham phat hién luong vét doc té va cac dan xuit cia nd
chinh xac hon, cac nha khoa hoc nghién ctru phan tich doc t6 TTXs bang cac
phuong phap hoa hoc nhu sic ky ban mong, quang phd, sic ky khi két hop
v6i khbi pho GC-MS, k¥ thuat sac ky 1ong hiéu nang cao HPLC, k¥ thuét sic
ky long khdi phd LC-MS hodc LC-MS/MS da dugc phat trién. Quy trinh nay
thuong gém cac bude co ban nhu chiét tach, tinh sach, phan tich va xur 1y sb
liu.
1.2.2.1. Phuwong phdp siic ky I6p méng

Theo mét s6 nhém nghién ciru [35] [36], phuong phép sac ky 16p mong
TLC (Thin layer chromatography) duoc sir dung dé xac dinh hop chat TTX
bang cach st dung ban mong silica gel. TAm nay duogc theo ddi véi 2 loai
dung moi: dung moi 1 (pyridin — ethyl acetat — acid acetic — nudc) voi ty 1€
15:5:3:4 va dung méi 2 (butanol — acid acetic — nudce) véi ty 1€ 2:1:1. Luong
dung méi ting 1én nho tac dong ctia mao dan va thu duoc su phan tach sac ky.
Poc t6 s& hién thi huynh quang tai budc song 365 nm. Thude thar mau dugc
str dung 1a dung dich KOH 10% hodc thudc thir Weber.

1.2.2.2. Phwong phdp quang phé hong ngoai

Mot phuong phap hiéu qua dé xac dinh cdc nhém chirc cac chat 1a sir
dung quang pho hong ngoai IR (Infrared Spectroscopy). Mic du phd IR duoc
cho 12 phtrc tap nhung n6 van goép phan dinh danh TTX. Nam 1984, Onoue da
str dung phd IR sir dung dé dinh tinh doc t6 TTX trong ca néc [37]. Manabu
Asakawa va cong su [37] ciing dd dua ra nghién ctru phé mubi TTX-HCI
dugc phén 1ap tir loai Caphalothrix sp. ¢ vinh Hiroshima. Céc dai hap thu &
3353, 3235, 1666, 1612 va 1076 cm™ duoc quan sat thdy trong quang phd cua
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tinh thé nay cho thay su hap thu dic trung cic nhom chic OH, guanidin va
COO- cua TTX (Xem hinh 1.6).

Nhom OH o
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Hinh 1. 5. Phd hdng ngoai ctia TTX [37]
1.2.2.3. Phwong phdp sic ky khi khéi phé

Sac ky khi GC (Gas chromatography) va khéi phd MS (Mass spectrum)
tao thanh mot sy két hop hiéu qua dé phan tich héa hoc. Phuong phap GC-MS
1a phuong phap gian tiép dé phat hién TTX va cac dan chat ciia né [38], [39].

Tir nam 1984, Noguchi va cong su [19] di tach chiét doc té TTX trong
nhuyén thé dong vat chan bung (éch) & Nhat Ban bang cac dung dich acid
acetic va methanol, phan tich bang phuong phap GC-MS cho thdy rang n6
chtra khung quinazoline dic trung cho TTX. Viéc sang loc doc td tetrodotoxin
& ¢4 noc, phan tich d6 nhay cua TTX trong huyét twong nguoi sir dung
phuong phap GC-MS da dugc bao cao [40], [41]. Trong cac bao cao st dung
md ¢4 noéc nang 0,5 g duoc xur 1y bang 5 ml acid acetic 0,1%, sau do6 thiy
phan bang kiém. Két hop k§ thuat chiét chat long-long va tao dan xuat N-
methyl -N-TMS-trifluoroacetamide. Phuong phap da chi st dung mét lugng
mau nho va dung méi, quy trinh chiét 10ng 1ong dugc don gian héa cling nhu

phan tich sic ky ngan (8,2 phut).
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1.2.2.4. Phwong phdp sic ky léng hi¢u ning cao

Phuong phép sic ky long hiéu ning cao HPLC (High performance
liquid chromatography) dua trén sy phan tach gitra pha dong va pha tinh nén
c6 thé ung dung dé phan tich TTXs. Nhiéu nghién ctru da st dung phuong
phap thay ddi cac detector cho thdy két qua do nhay, gidi han phat hién va

g161 han dinh lugng khac nhau.

Nam 1998, Chen va cong su st dung HPLC véi dau do huynh quang dé
dinh lugng TTX trong c4 noc N. Lineatai cho két qua khoang tuyén tinh rat
t6t tr 10-2000 ng va giéi han phat hién 1a 10 ng. Mot quy trinh duoc
Margaget va cong su [44] dua ra va phat trién bang cach st dung phuong
phap chiét pha ran dé 1am sach mau huyét thanh va nudc tiéu ciia bénh nhan
bi nhiém d6c TTX sau d6 phén tich cac miu bang sic ky 1ong hiéu ning cao
v6i dau do huynh quang. Nong do TTX tdi thiéu c6 thé dinh luong dugc lan
luot 14 5 va 20 ng/ml ddi véi huyét thanh va nude tiéu. Puong chuan 1a tuyén
tinh trong khoang 20-300 ng/ml d6i v6i nudc tiéu va 5-20 ng/ml dbi voi
huyét thanh. Nhim muc dich dinh luong TTX trong mau huyét twong va nudc
tiéu nguoi, Yu va cong su [43] cling thu dugc gidi han phat hién la 10 ng/ml
khi str dung sic ky 16ng hiéu ning cao gép dau do diode.

O Viét Nam, phuong phép sic Ky 16ng hiéu ning cao dugc nhom céac
nha khoa hoc tng dung phuong phap phan tich doc t6 TTX trong ¢ huong
dugc nudi bang thirc dn ché bién tir ca noc trong san pham nudc mam ché
bién tir cac noc doc cham cam [47] hoic trong mot s6 loai 6¢ bun tu nhién gay
ngd doc [21] ( Xem hinh 1.7).
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Hinh 1. 6. Sic ky ¢ HPLC-FLD cua TTXs chuan va
mot s6 mau b¢ thu ¢ ving bién Khanh Hoa, thang 6/2015 [21]

Khi nghién ctru cac phuong phap phan tich hoa hoc hién dai dbi voi
TTXs, cic nha nghién cru nhan thay cudng d6 huynh quang ctia 6-epiTTX va
11-norTTX-6(R)-ol cao gip 20 lan va 10 lan so voi TTX, trong khi 5-
deoxyTTX va 11-deoxyTTX cé cudng d6 huynh quang chi bang 1/20 va
1/100 ctia TTX [47]. Nhu vay, khi str dung hé thong thiét bi HLPC-FLD c6
thé lam anh huong dang ké dén gidi han phat hién TTXs va do nhay cua
phuong phéap. Phuong phép sic ky 1ong ghép dau do khéi phd co thé khac
phuc han ché nay béi n6 lam ting kha niang phat hién TTXs mdt cach chinh
xac va hiéu qua hon. Phuong phap sic ky 1ong khéi phé LC-MS (Liquid
chromatography Mass spectrum) la phuong phap cé tinh Umg dung cao va

dang dan tr& nén trong phan tich cac doc to trén nén mau sinh hoc.

Nhom nghién ctru Tsai va cong su [48] st dung phuong phap LC-MS
dé dinh luong TTXS trong mau va nudc tiéu ciia cic nan nhan bi ngd doc khi
st dung €4 noc. Thanh phan pha dong duoc st dung 1& hdn hop 1%

acetonitril, 10 mM trimethylamin, 10 mM amoniformat, tdc dd dong tdi uu
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dugc khao sat 1a 0,4 ml/phat va c6t Zorax 300SB-C3. Phuong phap LC-MS
dugc xac nhan cé hiéu qua hon phuong phap GC-MS hay HPLC. Bo phuc hoi
doc t6 trong nén mau 88,6% va gigi han phat hién 1a 15,6 nM.

Nam 2007, nhom nghién ctru cua Jen cung cac cong su da phan tich
doc tb sinh vat bién tir nam loai dong vat chan bung Naitca vitellus, Natica
tumidus, Oliva hirasei, Oliva lignaria va Oliva annulata dugc thu thap tu
ving bién Nha Trang, Khanh Hoa. Két qua dd dua ra quy trinh phén tich doc
t6 STX va TTX bang phuong phap phan tich HPLC, két hop véi phuong phap
LC-MS/MS [49]. Két qua phan tich bang LC-MS/MS cac nha nghién ctru da
tim thay manh ph6 m/z = 320 c6 thé gan cho [TTX + H]* va cac méanh ion thir
cap twong tmg m/z = 302 va 162 dic trung cho TTX.

100
A 302

162

50 320

302

P 162

320
1

Relative intensity (%)

320
50 162

100
D 302

50 320
162

100 120 140 160 180 200 220 240 260 280 300 320 340
Mass (mv/2)

Hinh 1. 7. Pho khéi phan giai LC-MS/MS cua 3 loai
(A) Oliva annulata, (B) Oliva lignaria, (C) Oliva hirasei va (D) TTX [49]

Niam 2008, Jen va cong su [50] st dung két hop hai phuong phap phan
tich HPLC va LC-MS/MS véi ¢dt Cosmosil HILIC 150 x 4,6 mm. Pdc td
TTX ham luong 16n dugc xac dinh bang phuong phap truyén thong HPLC-
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FLD. Tuy nhién, chat doc trong mau mau chi ¢ dang vét va phuong phap LC—
MS/MS méi xac nhan sy hién dién ctia TTX. Nghién ctru nay cho thay rang
LC-MS/MS két hop véi chiét pha ran c6 kha nang phat hién thap hon va dang
tin cdy hon khi x4c dinh TTX trong cac mau mau so voi LC-MS di bao cdo
trude. Két qua cho thdy do tuyén tinh trong huyét thanh dugc quan sat thay
trong khoang néng do tir 1-100 ng/ml, d6 phuc hdi TTXS trong mau dén 90%
va giéi han phat hién 1a 0,1 ng/ml. Khi so sanh véi két qua phan tich bang
HPLC c6 duong chuan tuyén tinh 1-500 pg/ml va gidi han phat hién 1 pg/ml
khang dinh phuong phap LC-MS/MS la phuong phap dinh luong TTXs ¢
gidi han phat hién thap hon va dang tin cay.

Jang va cong sy [51] sir dung hé thong LC-MS dé phan tich dinh tinh
va dinh lugng TTXs tir loai ca néc F. Niphobles, T. nigroviridis va T.
Biocellatus (Xem hinh1.9) .
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0 e ——l oo S [, NS
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o~ N — A { NN
~ o = = -5 o ———
B 4,9-anhydroTTX 1.1 x 104 4,9-anhydroTTX 1.1x 10 4,9-anhydroTTX 4 4, 104 4,9-anhydroTTX 2.5 x104
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-
c
E - e — e PR S BSOS I Y —
S
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0 : - ST - Ao L NG i % D Wi
5§ 10 15 20 § 10 15 20 5 10 15 20 5 10 15 20

Retention time (min)

Hinh 1. 8. Sac ky d6 LC-MS, mau chuan TTXs (A) va cac mau thir
F.niphobles (B), T.nigrovirids (C), T.biocellatus (D) [51]
Két hop véi phan tich LC-MS/MS thu duoc cac manh ion m/z 320162
ung voi TTX va 4-epiTTX, m/z 302-162 tmg vaéi 4,9-anhydroTTX, m/z 304—
162 tng véi 5-deoxyTTX va 11-deoxyTTX, m/z 288-224 ung vai 6,11-
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dideoxyTTX, va m/z 272—-162 ung véi 5,6,11-trideoxyTTX. Phuong phap dat
gidi han phat hién TTXs 1a 0,5 nmol/g.

Trong nghién ctru ciia Kudo va cong sy [12] mot chit méi tuong tu
TTX 12 6-deoxyTTX dugc phan 1ap tir budng trimg ctia ca ndc bang hé thong
LC-MS véi voi cot TSK gel Amide-80 (2,0 x 150 mm; 5 um ). Thanh phan
pha dong duoc tdi wu 1a acetonitrile - dém ammoni format 16mM (ty 1& 7:3),
tbc do dong 0,2 ml/phut. Nghién ctru thuc hién khao sat luong TTXs trong ¢4
noc T. pardalis va 6c N. glans, bach tuoc dém xanh Hapalochlaena sp. va
bach tudc H. maculosa. Hop chit 6-deoxyTTX ciing duoc xac dinh ¢ cac
dong vat bién khac, ¢ N. glans va bach tudc ddm xanh béng cach st dung
LC-MS.

Nhiéu nghién ctru da chimg minh LC-MS va LC/MS-MS da nang cao
d6 chon loc va do nhay khi phan tich doc té TTXs trén toan thé gi6i. Su cai
tién thiét bi phan tich lam ting hiéu qua trong dinh danh va xéac dinh dic tinh
cac ddng phan doc t6 TTXs. Tuy nhién, sic ky long ghép dau do khdi phd
don van bi han ché khi can két qua dinh luong ham luong vét mot s6 dan xuat
ciia TTX. Céac nghién ciru trén cho thay phuong phap LC- MS/MS dang tin
cdy, LC-MS ¢6 thé 4p dung dé phan tich ham luong vét, do chon loc cao rét hiru

ich dé xac dinh TTX va cac din chit ciia TTX trong cac chit nén phirc tap.
1.3. PHUONG PHAP SAC KY LONG KHOI PHO
1.3.1. So lwgc vé sic ky 16ng khoi pho

Sac ky 1ong khdi phd (LC-MS) 1a phuong phap phan tich hoa hoc hién
dai v6i sy két hop gitra thiét bi sac ky 1ong hiéu nang cao (HPLC) va detector
khéi phd (MS). HOn hop cac chat can phan tich trong pha dong sau khi dugc

tach qua cot sdc ky s€ dugc phat hi¢n va dinh luong bﬁng detector khdi phé.
Trong phén tich , nguoi ta thuong st dung phuong phép LC-MS cho:
- Céac hop chét c6 d6 phan cyc trung binh va cao, khé bay hoi
- Phan tich thudc trong dich sinh hoc.

- Phan tich cac hop chét ty nhién.
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-Truong hop khong str dung duoc cac detector khac: Khong phat hi¢n
dugc bang detector khac hoic trong phan tich khing dinh

- Nét ndi bat ctia phan tich khoi phé la tinh chon loc va do nhay, d6 dac
hiéu cao. Giéi han phat hién c6 thé dén 10-14 gam. Do vay thuong dung k§

thuat nay dé phéan tich ham lugng siéu vét trong mau thanh phan phc tap.
1.3.2. Thiét bi sic ky l6ng khéi pho
1.3.2.1. Pha dong

Mot trong cac yéu té anh hudng dang ké dén su phan tach cia qua
trinh sic ky 1a thanh phan pha dong. Thong thudng, pha dong 1a hai dung moi
(hitu co hodc dung dich nudc) hoa tan vao nhau véi ty 18 thich hop dé c6 kha
nang phéan tch véi d6 phan giai cao.

C6 hai ché do pha dong dé sic ky:

< Pang dong: Thanh phan pha dong cd dinh mot ty 18 trong sudt
qua trinh sic ky.

< Gradient: Pha dong 12 hdn hop cua nhiéu hé dung méi, thuong sir
dung 1a 2 kénh duoc dung trong cac binh khiac nhau. Trong sudt thoi gian
thuc hién chuong trinh gradient ty 1& cac kénh s& thay doi dé dam bao qua
trinh sic ky hiéu qua nhat.

1.3.2.2. H¢ thong bom

Bom HPLC c¢6 chirc ning tao ap suat dé day pha dong tir binh dung
moi qua cot sac ky.

1.3.2.3. Cot tach va pha tinh
Cot HPLC thuong dugc ché tao bang thép khong gi, thuy tinh hodc chét

déo c6 chiéu dai 10-30 cm, dudng kinh trong 4-10 mm. Kich thudc cta hat
nhdi trong cot thuong 13 5-10 pm. Cac chat nhdi thuong dugc s dung 1a
Silica gel, nhom oxyd, polyme xdp hodc cac loai pha dao C2, C8, C18... Cot
tach sac ky long yéu cau phai tro, co thanh phang, dong nhat trén bé mat va c6
thé chiu duoc ap suit cao.
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1.3.2.4. H¢ tiém méu

Mau 16ng hodc dung dich duoc mdt van tiém ty dong tiém théng vao
pha dong cao ap ngay ¢ dau cot. Thiét bj chira mau thudong ¢ dung tich 0,50 -
20 pL

1.3.2.5. Detector khoi phé

Phuong phap phd khdi luong 1a mot k¥ thudt do truc tiép ty sb khdi
lwong va dién tich cua ion (c6 don vi bang Dalton) dugc tao thanh khi ion hda
phan tir hodc nguyén tir cia mau. Cac ion dugc tao thanh trong budng ion
hoa, duoc gia tde va tach riéng nhd bd phan phén tich khéi trude khi dén bo
phan phat hién (detector). Khdi phd s& cho tin hiéu tuong (mg véi cac ion
dugc biéu thi bang cuong do peak khac nhau. Khéi phd nay cho théng tin

dinh tinh gop phan nhan dang va xac dinh ham lugng cac chat.
1.3.3. Mt s6 ché dd trong sic ky 16ng khdi pho
1.3.3.1. Ché dp quét

Véi mot hon hop nhiéu chét, sau khi dugc tach ra qua cot sac ky long
va dua vao detector khéi pho, khdi phd ké ghi nhan tong cudng do cac ion
sinh ra tir mdi chat. Ta c6 mot sic d6 toan ion va pho khdi duge ldy toan bd
cac ion (Full scan). Full scan cho day du thong tin vé chét phan tich hon, tuy
nhién phuong phéap nay c¢6 do nhay khong cao, nhiu duong nén cé thé 16n.
Do d6 ché do quét nay co hiéu qua d6i voi cac phan tich khi chat phan tich c6

néng do du 1on va thuong duoc lua chon dé khao sat ion me.
1.3.3.2. Ché dp khdo sdt ion chon lpc
Trong k¥ thuat phan tich chon loc ion (SIM), dau dd MS chi ghi nhan

tin hiéu mot s6 méanh ion dic trung cho chit can x4c dinh. Ché do SIM c6 thé
dugc dung dé dinh luong chat phan tich. Pé dat d6 nhay va do chinh xéc cao
c6 thé chon dugc nhiéu ion mét 1an. Do d6, khi da biét ion me ché do SIM
thuong duoc st dung dé khao sat nang luong phan manh tbi uvu cho qua trinh
phéan tich.
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1.3.3.3. Ché dp khdo sdt ion cé Igp va khdo sdt da ion cé ldp

K¥ thuét ghi phd c6 do nhay cao thudng duoc sir dung 1a khao sat ion
c6 1ap (SRM) va khao sat da ion c6 1ap (MRM). SRM 14 ¢6 1ap ion can chon
dé phan manh. Trong cac manh ion sinh ra ¢6 14p 1 manh ion con can quan
tam va dua vao dau do dé phat hién. Tuy nhién trong thyuc té phéan tich vi
lugng, c4c ion con can khao sat thuong tir 2 tré 1én, do vay ky thuat ghi phd
MRM hiéu dung hon SRM. Pau tién, c6 1ap ion can chon (ion me & tir cuc
thtr nhét, phan manh ion c6 1ap do tai t&r cyc thir 2 thu dugc cac ion con, cd
12p 2 hoac nhiéu ion con can quan tam ¢ ti cuc thtr 3 va dua vao dau do dé
phat hién.

Péi véi k¥ thuat MS/MS, mot ion chon loc & ché do MS lan thr nhat va
sau d6 dugc khao sat tiép bang cach sir dung niang luong phan manh tao ra
mot hodc vai ion con dac trung & ché do MS lan tht hai. K¥ thuat MS/MS
duogc 1am giam dang ké nhiu cua dudng nén gop phan dé ting do chon loc va

tang d0 nhay cua phuong phap.
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Chuwong 2. POI TUQNG VA PHUONG PHAP NGHIEN CUU

2.1. POI TUQNG NGHIEN CUU
2.1.1. Poi twong nghién ciru

TTXs trong 2 loai dc bién co tién str gdy ngd ddc thuc pham tai Viét
Nam duogc thu ¢ viung bién ven bo Khanh Hoa va 1an can, Viét Nam, duogc
dinh danh 1am tiéu ban va liy phan mé mém lam mau nghién ctru. Mau duogc
bao quan dudi -10°C, tai phong thi nghiém An toan thuc phdm va méi truong
(Khu vuc mién Trung), Vién Hai duong hoc Nha Trang, Khanh Hoa.
2.1.2. Nguyén liéu, thiét bi
2.1.2.1. Dung méi, héa chit

- Chuan TTX (Wako, Nhat Ban), chuan 4-epiTTX (Nhat Ban),
chuan 4,9-anhydroTTX (Nhat Ban).

- Acetonitrile (Merck, buc), Methanol (Wako, Nhat Ban), Acid
formic (Wako, Nhat Ban), Ammonium hydroxide (Wako, Nhat Ban), nudc
ct siéu sach Mili-Q Water (Merck, Buc) ding cho LC-MS/MS.

- Acid acetic (Wako, Nhat Ban).
2.1.2.2. Thiét bi, dung cu phén tich
- Can phan tich, may ly tdm, buret, pipet thiy tinh.
- Cot chiét pha ran SPE (Envi-carb 250 mg/3ml)
- Cot Waters Xbrige (HILIC column) Amide 4.6 mm [.D.x150mm

- Nghién ctu nay st dung thiét bi LC-MS/MS 8040 Shimadu,
Nhat Ban.

Hinh 2. 1. Thiét bi LC-MS/MS tai phong thi nghiém vé

An toan thyc pham va méi truong (Khu vuc mién Trung).
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2.2. PHUONG PHAP NGHIEN cUU

2.2.1. Thu mau va bao quan mau

2 loai 6c bun, bao goém: Nassarius glans (Hinh 2.2a), Nassarius
papillosus (Hinh 2.2b) dugc thu ngoai tu nhién tai ving bién Khanh Hoa vao
thang 6/2023 (Bang 2.1). Mau sau khi thu dugc rira sach va bao quan bang da

lanh, sau d6 van chuyén ngay vé phong thi nghiém vé An toan thuc phim va

mdi truong (Khu vue mién Trung). Mau duoc bao quan dudi -10°C dén khi

thuc hién phén tich doc t6.

a

Hinh 2. 2. Mau 6c¢ (a) Nassarius glans, (b) Nassarius papillosus

Bang 2. 1. S6 luong va khoi luong trung binh cia

2 loai 6¢ bun thu ¢ ving bién Khanh Hoa.

Loai S6 luong | Khdi luong cavo | Khéi luong thit b¢
ca thé () ()
Nassarius glans 25 7,05+1,53 2,98+0,66
Nassarius papillosus 20 6,77+2,12 2,730,76

2.2.2.Xay dung quy trinh phan tich

2.2.2.1. Khdo sdt diéu kién khoi pho xdc dinh TTX

Do TTXs c6 d6 phan cuc va qua tham khao mét sé tai lidu [51], [53],
[54] chung t6i tién hanh xac dinh TTXs bang ki thudt ion hoa phun dién tur
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ESI v6i ché do ban pha ion duong va ché do ghi phd MRM. Khao sat thé
phan manh tdi wu dé luong ion con tao thanh nhiéu, 6n dinh nhat trong diéu

kién hoa chat va trang thiét bi thuc té tai phong thi nghiém.
2.2.2.2. Khdo sdt diéu kién sic ky long hiéu néing cao

Tién hanh trén mau chuan TTXs (gdm TTX: 2,551 pg/ml; 4-epiTTX:
2,148 pg/ml; 4,9-anhydroTTX: 1,755 pg/ml)

Chuing tdi tién hanh khéao sat diéu kién sic ky 16ng hiéu ning cao voi
cac ndi dung:

- Khao sat chuong trinh gradient hé pha dong: trong phan tich sac ky ty
1¢ pha dong anh hudng rat nhiéu dén kha ning phan tach ctia TTXs ra khoi
hdn hop va pha tinh. Chuong trinh duoc chon phai dam bao peak can phan
tich trong sic ky d6 phan tach rd rang, khong bi chap va thoi gian luu hop 1y.

- Khao sat téc d6 dong: diéu chinh toc do dong dé thoi gian luu phu

hop, dam bao ap suat cot.

Tir két qua khao sat lya chon diéu kién sic ky thich hop dé c6 thé tién
hanh dinh luong TTXs trong mau bc trén hé thong LC-MS/MS.

2.2.2.3. Khdo sdt quy trinh xi¢ Iy mdu

Viéc xay dung quy trinh tach chiét doc t6 TTXs tir mau oc 1a can thiét
dé dam bao do chinh xéac cta két qua phan tich LC/MS-MS.

Khao sat nong do dung moi tach chiét: Do trong phan tir TTXs ¢
nhém guanindin perhydroquinaolin c¢6 tinh kiém manh nén TTXs tan trong
dung dich axit. Tuy nhién TTXs ciing ¢ ciu tric ester ndi phan tir nén dé bi
thty phan boi cac axit manh, do d6 cach duy nhat dé giit TTXs bén viing
trong dung dich la hoa tan trong axit hitu co yéu. Acid acetic dugc lua chon
str dung trong nhiéu nghién ctru [6], [44], [53], [54] [53] dé chiét doc t6 TTXs
tir sinh vat bién khi phan tich bang k¥ thuat sac ky léng v6i dau do MS/MS.
Trong nghién ctru ndy, ching t6i tién hanh khao sat nong do acid acetic phu
hop. Panh gia qua hiéu suat thu hoi sau tach chiét bang phuong phap thém

chuan vao mau trang va tinh hi€u suat thu hoi theo cong thirc sau:
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R==1100

Trong do:

R: hiéu suat thu hoi (%).

Cu: Nong do thyc té ciia TTXs thu duoc (pug/ml).
Ci: Nong do 1y thuyét caa TTXs (ug/ml).

- Khao sat thé tich rira giai: k¥ thuat pho bién nhat dé 1am sach cac
mau chita TTXs 1a chiét pha ran [54], [55]. Trong d6 rira giai 1a budc cudi
cung dé thu hoi chat phan tich. TTXs tan trong nudc va dd phan cuc cao nén
dung moi rira giai thuong dugc lua chon 1a methanol, acid acetic, acid formic,
acetonitrile...Theo nhiéu nghién ctru, dung moi rira giai ¢ do hoi phuc cao
acetonitrile/nudc/acid acetic (20:80:1) [54]. Tuy nhién, thé tich dung moi rta
giai anh hudng dén noéng d6 du TTXs duoc chiét tach tir mau thir. Vi vay,
chung toi tién hanh khéao sat thé tich rira giai thich hop. Panh gid qua hiéu
suat thu hoi sau rira giai bang phuong phap thém chuan vao mau tring va tinh
hiéu suat thu hdi theo cong thire (1).
2.2.2.4. Xay dung quy trinh dinh luong TTXs trong mdu éc bang phwong
phdp sic ky léng khéi phé song song

Tur nhitng két qua khao sat diéu kién sic ky, diéu kién phan manh khéi
phd, quy trinh xir Iy mau ma cho hiéu sudt cao nhat, tong hop va xay dung
quy trinh thyc nghiém dinh luong TTXs trong mau thir dai dién.

2.2.3. Panh gia quy trinh phan tich TTXs

Theo huéng dan tham dinh phuong phap phén tich AOAC, tham dinh
lai quy trinh phéan tich da xay dung, ddm bao phuong phap nghién ctu 1a phu
hop vai cac ndi1 dung co ban nhu sau:
2.2.3.1. Khdo sdt khodng tuyén tinh va xdy dung dwong chudn

Tién hanh pha diy cac dung dich chuin TTXs v4i dung méi 1a acid
acetic 0,03M. Cac dung dich chuan dugc bao quan trong ta lanh nhiét do <
4°C. Nong d6 day dung dich chuan dugc ghi trong bang 2.2.
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Bang 2. 2. Nong d¢ diy cac dung dich chuan

Dung dich C1l C2 C3 C4 C5

Nong d6 TTX (ug/ml) | 2,500 | 1,250 | 0,500 | 0,250 | 0,125

Nong d¢ 4-epiTTX 2 500 1,250 | 0,500 | 0,250 0,125
(ng/ml)

Nong d6 4,9-anhydroTTX

2,500 | 1,250 | 0,500 | 0,250 | 0,125
(hg/mli)

Phén tich mau xac dinh phuong trinh hdi qui (y=ax+b) va hé sb twong
quan r. Dua vao duong chuan va dién tich peak do dugc trong qua trinh phan
tich xac dinh ham luong TTXs.

2.2.3.2. Xdc dinh gioi han phat hién va gioi han dinh luong
Gidi han phat hién LOD (Limit of detection) duoc dinh nghia 14 ndng

d6 nho nhét ctia chat phan tich ma c6 tin hiéu sic ky 1on gip 3 lan tin hiéu
duong nén (S/N=3). Pay 1a mot thong s6 dic trung cho d6 nhay cua phuong
phép. Chat nao nhay hon s& ¢ gidi han phat hién nho hon.

Gidi han dinh lwong LOQ (Limit of quantification) 1a nong do nhé nhét
do duoc cua phuong phap v6i do diang va do chinh xac thich hop. Theo 1y
thuyét thong ké trong hoa phan tich thi LOQ 1a néng do chat phan tich ma cho
tin hiéu gap 10 1an tin hiéu dudng né (S/N=10) tuc 1a:

LOQ = % LOD

2.2.3.3. Py chum va d¢ dung ciia phwong phap

- D6 13p lai: 1a mirc d6 gan nhau cua cdc gia tri riéng 1é ctia cac phép do
lap lai va dugc biéu dién bang do 1éch chuan (SD) hay do 1éch chuin tuwong
d6i RSD (%). Chiing t6i tién hanh khao sat trén nén mau thyc, phén tich lap
lai 6 lan. Tinh gia tri trung binh, d6 léch chuan, d6 léch chuan tuong ddi cua
cac lan thir nghiém.

n

2 X

i=1

Gid tri trung binh: Xy =——
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i(xi _th)2

P léch chuan: SD =42 D

PO ech chuin ong ddi: RSD() = > 100
b

Trong do:

Xip: €14 tri trung binh

Xi: ndong do chat phan tich.

n: s6 lan thi nghiém

SD (Standard Devitation): d6 léch chuan.

RSD (relative standard deviation): d6 1éch chuan twong doi

- Do diing cua phuong phap: 1 khai niém chi mtrc do gan nhau giira cac
gia trj trung binh ctia két qua thir nghiém va gia tri thuc hodc gia tri dugc chip
nhan la dung.

- Hiéu suat thu hoi (danh gia do ding): 13 ty 1& phan trim giita gié tri thu
dugc so véi gia tri ly thuyét. Thuc hién thém chuéan & 3 muc néng do; tai moi
ndéng do chuan thém vao thuc hién lip 3 1an. Tinh hiéu suat thu hoi tai mdi
noéng do thém chuén.

Hiéu sut thu hdi ctia phuong phap:

H (%) = % .100%

Trong do:
Cunsc: n10ng @6 chét phan tich trén mau da thém chuan (pg/ml
Cm: néng do chat phan tich trong mau thir (ug/ml)

C.: nong d6 chuan thém vao (ug/ml).
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Chuwong 3. KET QUA VA THAO LUAN

3.1. KHAO SAT PIEU KIEN PHAN TICH TTXs TREN THIET
BI LC-MS/MS

3.1.1. Khio sat cac diéu kién ciia detector khoi phd

Céc chat thudc nhom TTXs phan cuc va c6 khéi luong phan tir trung
binh. Chiing t6i tién hanh khao sat xac dinh TTXSs bang ki thuét ion hoa phun
dién tir va ché do ban pha ion duong. Phd ESI-MS thuong cho cac peak co
cuong do 16n twong Gmg voi nhitng ion so cdp giir nguyén ciu tric nguyén
ban cta dbi twong phan tich, tao diéu kién thuan loi cho viéc ban pha tiép dé
tao ra cac ion thtr cip dic trung khi phan tich MS/MS ¢ ché do6 MRM nhiam
ning cao d6 dic hiéu cua phuong phap. Ché d6 ion duong voi ngudn ion hoa
phun dién tr (ESI+) duoc ap dung dé dinh tinh va dinh luong TTXs, trong d6
cac manh ion me [M+H]* = 320 va cac manh ion thir cAp m/z = 302 va 162
dac trung cua TTX va 4-epiTTX,

Chung t6i da tién hanh khao sat thé ban pha la -25V, -27V, -29V, -38V,
-40V va -42V. Sic ky d6 ctia mau chuin TTXs (gobm TTX: 0,255 pg/ml va 4-
epiTTX: 0,215 pg/ml) dugc ghi lai trong hinh 3.1 va 3.2.

B Cheomatogram View Segment#il B.) Pesk + » Scantlv| -

ax
STTX 320 10>302.10(+) CE--250 Tme 31187 Scans 5041 Wnten

377X 320105302 10(+) CE- -29.0 -I_I—X

50000

45000

40000

35000

0000

25000

20000-] 4-eplv\

15000-]

10000-]

i

;ﬁ){i?%a:ﬁtﬂv—éﬁ?!\azﬁr-ﬁv DO -~ SN e O D e A e e e e S0 {%I

T T T T T T '3 T ¥ T
%0 265 270 275 280 285 290 295 300 308 310 ns 320 32s 330 338 min

Hinh 3. 1. Sic ky d6 LC-MS/MS ctia TTXS chuan
v6i cac thé phan manh -25V, -27V, -29V.
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Max btensty - 26,932
ten

FTTX 320.10>162.10(+) CE. 40.0 Time 30306 Scans 7641 i 1% .
45000-13.TTX 320.10>162.10(+) CE: 42.0

) :
S el 4
2875 29.00 2925 29.50 275 30.00 3025 30.50 0.7 31.00 Nns 31.50 31.75 min

,

T

Hinh 3. 2. Sic ky d6 LC-MS/MS ciia TTXS chuan
v6i cac thé phan manh -38V, - 40V, -42V.
Nhdn xét: Két qua cho thiy khi ban pha véi thé -38V, -40V hay -42V

cuong do tin hiéu ciia cac peak méanh ion con thap, bé rong day 16n. Khi thay
d6i thé -25V, -27V hay -29V két qua cac peak c6 cudng do tin hiéu cao hon,
can d6i, rd nét va khong kéo dudi. Trong d6 véi thé phan manh -25V cho
peak c6 tinh hiéu cao nhit, khong bi kéo dudi, phut hop dé phan tich. Vi vay,
chung t6i lua chon muc thé ban pha phu hop 12 -25V dé tao manh ion con tir
ion me [TTX-H]* ¢6 s6 khéi bang 320 Da.

3.1.2. Khio sat cac diéu kién ctia hé pha dong
Pha dong trong LC-MS/MS khong chi dong vai tro phan tich cac chét

ma con tac dong dén qua trinh ion héa do d6 anh huéng dén tin hiéu phan
tich. Tuy thudc vao kha ning tuong tac ciia cac chat véi pha tinh, tbe do dong
ctia pha dong ma chat phan tich s& dugc rira giai ra khoi cot voi cac thoi gian
khac nhau.

Cac chit thudoc nhom TTXs phan cuc, déng thoi dé dam bao an toan
thiét bi thi hé pha dong thuong dugc nghién ciru 13 cac dung moi phan cuc va
phan cyc trung binh gébm c6 acetonitrile, acid formic, ammonium
hydroxide... Tham khéo tai li¢u, chung t61 luya chon dung méi pha dong hai
kénh A va B nhu sau:
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Kénh A: nudc/acid formic/NH4OH (500: 0,075: 0,3).
Kénh B: acetonitrile/ nude/ acid formic (350: 150: 0,05).

Trong nghién ctru nay, ching toi tién hanh khao sat chuong trinh
gradient pha dong va téc d6 dong str dung dung dich chuan TTXs (gdm TTX:
2,551 pg/ml; 4-epiTTX: 2,148 pg/ml; 4,9-anhydroTTX: 1,755 pg/ml) nhu
Sau:

3.1.2.1. Khao sdat chwong trinh gradient pha dong

Thuc hién phan tach, xac dinh dong thoi TTX, cac dan xuét va dong
phan cua TTX, st dung ché d6 rira giai dang dong 1a khong phu hop. Ching
t6i tién hanh khao sat mot sé chuong trinh rira giai gradient. C6 dinh cac diéu
kién sac ky:

- Cot Waters Xbrige (HILIC column) Amide 4.6 mm I.D.
x150mm.

- Pha dong kénh A va kénh B.

Kénh A: nudc/acid formic/NH4OH (500: 0,075: 0,3).

Kénh B: acetonitrile/ nudc/ acid formic (350: 150: 0,05).

- Nhiét do cot 60°C.

- Téc do dong 0,6 ml/phdt.

- Thé tich tiém mau: 5 pl.

Chuong trinh gradient 1: Thoi gian thuc hién chuong trinh gradient 1 1a
50 phut va bat dau chay 100%B trong 20 phit. Sau d6 gradient tuyén tinh dén
ty 18 kénh A: B = 20:80 trong 15 phut va giit on dinh trong 15 phit. Quay lai
100% B khi két thuc. Chuong trinh gradient 1 dugc trinh bay tai hinh 3.3.
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D6 thi thé hién chwong trinh gradient 1

60 ,
50
«
_g 40
@ 30
(=]
x 20
Y /
0 >
0 10 20 30 40 50
Thoi gian (phut)
Hinh 3. 3. D6 thi chuong trinh gradient 1
Két qua sac ky do thé hién hinh 3.4:
‘OOWO‘W |0>30? '0(')(3‘( -?SO e s YJ:L:%ens:y 208,547
25:anhydro-TTX 302.10>162.00(+) CE: -40.0
2500004 TTX

200000

150000+

100000

4-epiTTX
50000 4,9-anhydroTTX
A

175 200 25 250 275 30.0 25 350 375 400 425 450 min

Hinh 3. 4.Sac ky d6 LC-MS/MS ctia TTXs chuan
theo chuong trinh gradient 1

Nhén xét: Sac ky dd thu dugc cho thdy cac chat phan tich tach khoi
nhau t6t, tuy nhién TTX ra mudn (trong vong 45 phut), peak tu, chan peak
dodng lam giam d6 nhay ctia phuong phap phén tich. Chung t6i tién hanh ting
% kénh A ¢ gradient doan 2 theo chuong trinh gradient 2.

X/

% Chuong trinh gradient 2: Thoi gian thyc hién chuong trinh
gradient 2 1a 45 phit va bat dau chay 100%B trong 20 phat. Sau d6 gradient
tuyén tinh dén ty 1& kénh A: B = 50:50 trong 15 phut va giir 6n dinh trong 10
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phut. Quay lai 100% B khi két thuc. Chuong trinh gradient 2 duoc trinh bay
tai hinh 3.5

D6 thi thé hién chwong trinh gradient 2

th ¥
=)

0 10 20 30 40
Thoi gian (phut)

Hinh 3. 5. D6 thi chuong trinh gradient 2
Két qua sac ky dd thu duoc thé hién hinh 3.6.

Max Intensiy : 296,095
4000003577X320.105302.10(+) CE. 25.0 Time 39073 Scan® 35,176 inten 240]
3TTX 320.10>162.10(+) CE: -40.0
250000-J25:anhydro-TTX 302.10>284.10(+) CE: -25.0
=000 5 anhydro-TTX 302.10>162.00(+) CE: -40.0
300000 TTX
250000 /
200000
150000-] 4-epiTTX
100000 4,9-anhydroTTX
e j\p\ - L
T T T T ¥ ? T r T
15.0 17.5 20.0 25 250 215 30.0 325 35.0 375 min

Hinh 3. 6. Sic ky 46 LC-MS/MS ctia TTXs chuan

theo chuong trinh gradient 2
Nhén xét: Céc peak cé tin hiéu cao, can dbi, tach nhau rd rang, thoi
gian phan tich nhanh hon (khoang 30 phut) va phu hop véi muc dich phan
tich. Vi vay chung t6i lya chon chuong trinh gradient 2 cho viéc rira gidi cac
chat phan tich ra khoi cot va giir c6 dinh cho cac budc khao sat tiép theo.

3.1.2.2. Khdo sdt toc dp dong

Thoi gian luu va hinh dang cua peak sic ky phu thudc nhiéu vao toe do

dong cua pha dong. Néu toc d6 dong pha dong 16n, kha nang phan bo cac chat
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trong pha dong 16n. Néu 1a hdn hop cua nhiéu chét s& ra nhanh c6 thé gay
chdng 14p cac peak. Nhung néu toc d6 dong qua cham thi chét phan tich bi
giit lai trong cot 1au, thoi gian phan tich kéo dai, anh hudng dén hinh dang
peak nhu peak bi tu, bi kéo dudi, phan tich kém chinh xac.

Theo hé pha dong va chuong trinh gradient trén véi toc d6 dong 0,6
ml/phat cho sic ky do 6n dinh. Tuy nhién ching t6i thir nghiém tién hanh
khao sat chuong trinh gradient trén & toc d6 dong khac nhau dé tdi wu hoa tbi
da cac yéu t6. Chung toi lya chon khao sat tc do dong pha dong ¢ hai gia tri
0,4 ml/phdt va 0,6 ml/phat véi cac thong s6 ctia HPLC nhu sau:

- Cot Waters Xbrige (HILIC column) Amide 4.6 mm [.D.x150mm
- Pha dong:

Kénh A: nudc/acid formic/NH4OH (500: 0,075: 0,3).

Kénh B: acetonitrile/ nudc/ acid formic (350: 150: 0,05).

Chuong trinh gradient 2

- Nhiét do cdt 60°C.

- Thé tich tiém mau: 5 pl.

Két qua sic ky do thu dugc ghi trong hinh 3.7 va 3.8.

Max Intensity 177291
2°°°°°—m—3m-mzo Time 15140 Scans 201 lnten 24
175000_2351)(30010 >204.10(+) CE: 250 X

23STX30010 138.00(+) CE: -30.0
0-TTX 302.10>284.10(+) CE: -25.0
150000_255 hyd o-TTX30210 >162.00(+) CE: -40.0

125000
100000

75000

4-epiTTX /
50000 |
4,9-anhydroTTX /L
25000 p
: A i V{A._‘\\ gw-» \

15.0 175 200 25 250 275 30.0 325 35.0 min
[ ]

Hinh 3. 7. Sic ky d6 LC-MS/MS ctia TTXSs chuan

v6i toe do dong 0,4 ml/phut



42

Max Intensity : 296,095
‘°°°°°-mmz TO(F) CE-250 Time 30073 Scan® 5,176 Wten 240)
3(0000_25 annydro~TTX 302.10>284.10(+) CE: 25,0
X P5:anhydro-TTX 302.10>162.00(+) CE: -40.0
300000 TTX
250000 /
200000
150000 4- eplTI'X
1000003 4,9- anhydroTTX
50000-] L
T T T T T T T
15.0 17.5 20.0 25 250 300 325 35.0 375 min

Hinh 3. 8. Sic ky d6 LC-MS/MS ctia TTXS chuan

Véi tée d6 dong 0,6 ml/phut

Nhdn xét: Két qua khao sat cho thay van toc pha dong 0,4 ml/phit cac
peak xuat hién cham hon, bé rong day 16n, thoi gian luu khoang 33 phat. O
tbc d6 dong 0,6 ml/phit cac peak ciia cac dong phan TTX vira du tach ra khoi
nhau, bé rong day giam, peak sac nhon va thoi gian luu khong qué dai khoang
29,5 phut 13 twong d6i phu hop cho qué trinh sic ky. Cang ting toc d6 pha
dong thi su twong tac giita chat phan tich vdi pha tinh cang it, nén thoi gian
lwu ngan. Nhung khi téc do pha dong qua cao thi thoi gian luu ngin, chét
phan tich d& bi anh huéng boi tap chat & nén mau khi phan tich mau thuc va
ap suét cot cao rat d& 1am hong cot. Do d6, dé cac peak tach nhau rd rang, tiét
kiém thoi gian phan tich, chiing t6i van lya chon chon tbc do dong pha dong

thich hop 1a 0,6 ml/phut va giir c6 dinh cho cac khao sat tiép theo.

Tir cac két qua khao sat vé diéu kién chay may LC-MS/MS chiing t6i
dua ra cac thong s6 diéu kién tdi wu cho phan tich TTXs trinh bay bang 3.1.
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Bang 3. 1. Thong sb diéu kién t6i uu phan tich TTXs bang LC-MS/MS

Cot Waters Xbrige (HILIC column) Amide I.D. 4.6 mm

Cot
x150mm.

Thanh phan | Kénh A: nudc/acid formic/NH,OH (500: 0,075: 0,3).
pha dong Kénh B: acetonitrile/ nudc/ acid formic (350: 150: 0,05).

Thoi gian thuc hién chuong trinh gradient 2 1a 45 phat va
Chuong trinh | bat dau chay 100%B trong 20 phut. Sau d6 gradient tuyén

gradient tinh dén ty 1é kénh A: B = 50:50 trong 15 phiit va giit 6n
dinh trong 10 phut. Quay lai 100% B khi két thuc.

Téc do dong | 0,6 ml/phut

Detector MS/MS
v6i thé phan | -25V

manh

Cac két qua trén dugc ap dung khi chay cac khao sat vé diéu kién tach
chiét, xtr Iy mau va tham dinh quy trinh.

3.2. KHAO SAT QUY TRINH XU LY MAU

C6 mdt sé quy trinh dd va dang duoc st dung dé tach chiét TTXs [54].
Pho bién 1a phuong phép chiét pha ran st dung dung méi methanol, acid
acetic, acetonitrile, ammonium hydroxide... Trong qua trinh xt 1y mau, yéu
t6 anh hudng nhiéu nhat dén két qua ctia mau phan tich 1a dung méi tach chiét
va thé tich rira giai. Vi vy chung toi tién hanh khao sat hai yéu t6 nay.

Du kién qui trinh khao sat nhu hinh 3.9:
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Mau 2 (g) md dc mau tring

Khao sat ndng do

acid acetic

«—

y

A

+thém 10 pl chuan TTXs

+ 2 ml acid acetic/nudc

Lic hdn hop dong nhat

v

Pun s6i 5 phut, 95°C
DPé ngudi, 1ac hdn hop 90 gidy

v

Ly tdm 4000 vong/phut trong 10 phat

i

Hut 1 ml dich chiét vao ong ly tim

v

i

( c6 thé bo qua néu dung dich thu dugc trong suét)

v
Thém 5ul NH3 25%
Ly tdm 10000 vong trong 1 phit

¥

Can bang cot SPE (Envi-carb 250 mg/3 ml)
3ml dung dich acetonitrile/nude/acid acetic (20:80:1,v/v/IV)
3ml dung dich NH3/ nu6e(1:1000,v/v)

v

Cho 400 pl mau qua cot

v

Rira can 700 ul nudce

¥

dung moi rira giai

Rura giai
Khio sat thé tich | «1—bing dung dich acetonitrile/nu6e/acid acetic (20:80:1,v/v/v)

Thu dung dich sau rtra giai

I

v

Cho vao lo dung mau

100 pl dung dich sau rira giai + 300 pl acetonitrile nguyén chat

v

Phan tich LC-MS/MS theo diéu kién da khao sat muc 3.1

Hinh 3. 9. So d6 xir Iy miu du kién
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3.2.1. Khéo sat nong dd dung mai tach chiét

Do ban chit TTXs & dang ester nén dé dam bao hiéu suét chiét tach cao
can lya chon dung mdi tach chiét c6 d6 phan cuc phi hgp. Dung méi lya chon
cling phai han ché dugc viéc chiét theo cung cac tap chat khac trong bc, c6 thé
don gian hoéa qué trinh 1am sach mAu va han ché sai sd. Acid acetic dugc sir
dung trong nhiéu nghién ctru khac dé chiét doc t6 TTXs tir 6¢ trude khi phan
tich bang k¥ thuét sic ky long voi dau do MS/MS. Chiing t6i tién hanh khao

sat nong do acid acetic dé co6 hi¢u suat thu hoi tot nhat.

Céc khao sat vé ndng d6 dung moi tach chiét ban dau dugc chung toi sir
dung cot chiét pha ran Envi-carb 250 mg/3 ml va thé tich dung méi rira giai 1a
1 ml. Str dung nén mau trang khong phat hién TTXs. Sau khi cin mau, thém
10 pl chuan hdn hop TTXs ndng dd Img/ml tién hanh theo qui trinh chiét dy
kién nhu so d6 hinh 3.9 véi dung méi tach chiét 1a acid acetic/nude khao sat
vO1 cac néng do 0,5%, 1% va 1,5%. Tai moi néng do, lam Iap 3 lan.

Két qua hiéu suat thu hoi trung binh ctia 3 1an 1am l3p trinh bay & bang
3.2, bang 3.3, bang 3.4 va d6 thi hinh 3.10 nhu sau:

Bang 3. 2. Két qua anh huong ctia ndng do acid acetic

dén hiéu suét thu hoi TTX

Lan TTX

Nong d6 acid

acetic/nude thir Cit o HS HS thu ho1

nghiém | (ug/ml) | > | (ug/ml)| thuhdi | trung binh

Lin1 | 0,500 |381825| 0,286 | 57,18%
0,5% Lin2 | 0,500 [355715| 0,264 | 52,87% |55,36+2,23%
Lin3 | 0,500 |374798| 0,280 | 56,02%

Lin1 | 0,500 |501408| 0,385 | 76,92%
1,0% Lin2 | 0,500 [511101| 0,393 | 78,52% | 78,98+2,32%
Lin3 | 0,500 [529093| 0,407 | 81,49%

Lian1 | 0,500 |427320| 0,323 | 64,69%
1,5% Lan2 | 0,500 [399938| 0,301 | 60,17% | 63,31+2,73%
Lan3 | 0,500 |429682| 0,325 | 65,08%
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Bang 3. 3. Két qua anh hudng cta ndng do acid acetic

dén hiéu suat thu hoi 4-epiTTX

A A Lan 4-epiTTX
Nong 02|t | Cp | o Ce HS | HS thu hoi
nghiém | (ug/ml) | “"* | (ug/ml) | thu hdi(%) | trung binh
Lan1 | 0,500 |155649| 0,280 | 55,94%
0,5% Lan2 | 0,500 |140251| 0,253 | 50,56% |53,12+2,70%
Lan3 | 0,500 |146805| 0,264 | 52,85%
Lan1 | 0,500 |216095| 0,385 | 77,06%
1,0% Lan2 | 0,500 |210457| 0,375 | 75,09% | 77,54+2,72%
Lan3 | 0,500 |225826| 0,402 | 80,46%
Lan1 | 0,500 |171419| 0,307 | 61,45%
1,5% Lan2 | 0,500 |184069| 0,329 | 65,87% |64,50+2,64%
Lan3 | 0,500 |184928| 0,331 | 66,17%

Bang 3. 4. Két qua anh huong cta nong do acid acetic

dén hiéu sudt thu hoi 4,9-anhydroTTX

Néng db acid Lan 4,9-anhydroTTX ‘
acetic/nude th.fr Cu S Cu HS HS thu hoi
nghiém | (ug/ml) | “P** | (ug/ml) | thu hdi(%) | trung binh
Lan1 | 0,500 | 85044 | 0,275 | 54,97%
0,5% Lan2 | 0,500 | 78029 | 0,253 | 50,53% |53,79+2,86%
Lan3 | 0,500 | 86481 | 0,279 55,88%
Lan1 | 0,500 |117399| 0,377 75,45%
1,0% Lan2 | 0,500 |118552| 0,381 | 76,18% | 74,12+2,96%
Lan3 | 0,500 |109942| 0,354 | 70,73%
Lan1 | 0,500 |105124| 0,338 | 67,68%
1,5% Lan2 | 0,500 |100542| 0,324 | 64,78% | 64,90+2,73%
Lan3 | 0,500 | 96513 | 0,311 62,23%
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Hinh 3. 10. B4 thi anh huong cia ndng d6 acid acetic
dén hiéu suit thu hoi TTXs

Nhan xét: Khi tang néng dd acid acetic, hiéu suit thu hdi TTXs déu
tang. Tuy nhién khi ndng d6 ting qua cao (1,5%), hiéu suét thu hoi lai giam
dang ké dudi 65%. Khi chiét tach voi ndng d6 acid cao thi qua trinh chiét hoa
tan nhiéu tap chit hon dong thoi ndng d6 acid cao co thé anh huéng cdu trac
ctia TTXs, anh hudng dén qua trinh chiét xuat TTXs. Nguoc lai néu st dung
ndng do6 acid thip khong chiét tach duoc hét TTXs trong mau. Tai nong dod
acid acetic 1%, hiéu suat thu hoi TTXs kha dong déu va cao hon so voi hai
mirc ndng d6 con lai. Chimg to & ndng dd nay tao ra moi truong thich hop
nhat cho qué trinh chiét tich TTXs. Nhu vay dé khong lang phi dung méi va
dam bao hiéu qua tach chiét, ching ti lua chon ndng do acid acetic 1a 1%
cho cac khao sat tiép theo. Tuy nhién, hiéu sudt thu hdi cua qua trinh tach
chiét trén vin con thap dudi 80%, do d6 can phai khao sat thé tich dung méi

rira giai dé dat duoc hiéu suat thu hoi cao hon.
3.2.2. Khao sat thé tich dung mdi rira giai

Do dich chiét TTXs tir nhitng nén mau sinh hoc thudng chtra nhiéu tap
chat (lipid, cac acid béo, amin, ....) nén mau can duoc 1am sach qua cot chiét
pha ran (Envi-carb 250 mg/3 ml). Trong luan vin ndy, ching t6i st dung
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dung mdi rira giai 1a acetonitrile/nudc/acid acetic (20:80:1, viv/v). Thé tich

dung mdi rira giai anh hudng dén ndng d6 du lugng TTXs duge chiét tach tir

mAu thir. Panh gid thé tich rira giai pht hop qua hiéu suat thu hoi.

Str dung nén mau trang khong phat hién TTXs. Sau khi cdn miu, thém

10 pl chudn hén hop cac TTXs ndng d6 Img/ml tién hanh theo qui trinh chiét

du kién nhu so do hinh 3.9 véi dung méi rira giai 1a acetonitrile/nude/acid

acetic (20:80:1, v/v/v). Khéo sat cac thé tich dung méi rira giai 1ml, 2ml, 3ml.

Tai mdi thé tich, 1am 1ap 3 lan. Tinh toan twong ty nhu cong thic (1), thu

dugc hiéu suét thu hoi trung binh cta 3 1an 1am lap nhu sau:

Bang 3. 5. Két qua anh huong thé tich ria giai

dén hiéu suét thu hoi TTX

Thé tich | s TTX
drlérnaggrg?' thi | C | ¢ | Cu HS HS thu hoi
(ml) nghiém | (ug/ml) | =P (ug/ml) | thu hoi(%) | trung binh
Lan1 | 0,500 |501408| 0,385 | 76,92%
1 ml Lan2 | 0,500 [511101| 0,393 | 78,52% | 78,98+2,32%
Lan3 | 0,500 |529093| 0,407 | 81,49%
Lan1 | 0,250 |320397| 0,235 | 94,08%
2 ml Lan2 | 0,250 [310856| 0,227 | 90,93% | 93,53+2,37%
Lan3 | 0,250 [324910| 0,239 | 9557%
Lan1 | 0,167 |210446| 0,144 | 86,67%
3ml Lan2 | 0,167 [198491| 0,135 | 80,75% | 84,33+3,15%
Lan3 | 0,167 |208204| 0,143 | 85,56%
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Bang 3. 6. Két qua anh hudng thé tich rua giai

dén hiéu suat thu hoi 4-epiTTX

Thétich | 5 4-epiTTX
Woml e | o | g o HS HS thu héi
(nﬁ) nghiém | (ug/ml) | P | (ug/ml) | thu hdi(%) | trung binh
Lafm 1 | 0,500 |216095| 0,385 77,06%
1ml Lan2 | 0500 |210457| 0,375 75,09% | 77,54+2,72%
Lan3 | 0,500 |225826| 0,402 80,46%
Lan1 | 0,250 |123981| 0,224 89,75%
2 ml Lian2 | 0,250 |131307 | 0,237 94,87% | 92,26+2,56%
Lan3 | 0,250 |127444| 0,230 92,17%
Lan1 | 0,167 | 76476 | 0,141 84,83%
3ml Lan2 | 0,167 | 72650 | 0,135 80,82% | 81,71+2,79%
Lan3 | 0,167 | 71362 | 0,132 79,47%
Bang 3. 7. Két qua anh huong thé tich ria giai
dén hiéu suat thu hoi 4,9-anhydroTTX
Thé tich [An 4,9-anhydroTTX
drtir”agg?;‘i" thir Cr | o Cu HS HS thu hdi
(mpy | nehiém | (ug/mb) Peak | (ug/ml) | thu hdi(%) | trung binh
Lan1 | 0,500 |117399| 0,377 75,45%
1 ml Lian2 | 0,500 |118552| 0,381 76,18% | 74,12+2,96%
Lan3 | 0,500 |109942 | 0,354 70,73%
Lan1 | 0,250 | 68179 | 0,221 88,59%
2 mi Lan2 | 0,250 | 70675 | 0,229 91,75% | 91,41+2,67%
Lan3 | 0,250 | 72365 | 0,235 93,89%
Lan1 | 0,167 | 35552 | 0,118 70,93%
3ml Lan2 | 0,167 | 37732 | 0,125 75,07% | 74,35+3,12%
Lan3 | 0,167 | 38770 | 0,128 77,04%
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Hinh 3. 11. D6 thi 4nh hudng cta thé tich rira giai dén hiéu suét thu hdi TTXs

Nhdén xét: Khi tang thé tich dung moi rira giai tir 1 ml 1én 2 ml 1am ting
hiéu suat thu hoi dang ké (> 91%) nhung lai khong ting thém khi sir dung thé
tich rira giai 16n hon. Trong cung diéu kién tach chiét, khi rira giai v6i 2ml
acetonitrile/nudc/acid acetic (20:80:1, v/v/v) 1a luong dung moi du dé chiét
rat hoan toan lugng TTXs trong mau duoc cho qua cot, dong thoi véi luong
thé tich trén dam bao ndéng do cua chit phan tich. Voi thé tich rira giai 1 ml
cho hiéu suat thu hdi thap hon do chua du dé hoa tan va rira giai hoan toan
luong TTXs hép thu trén cot SPE. Voi thé tich rura giadi 3 ml, lugng thé tich
nay lam giam nong d6 TTXs trong dich chiét lam giam tin hiéu cia mau va
tiéu ton dung moi. Do do, dé vira duogc hiéu suit thu hoi cao vira tiét kiém
dung méi, ching t6i chon thé tich rira giai 13 2 ml cho cac nghién ctru tiép
theo.

Tu két qua khao sat, danh gia thyc nghi¢m, lga chon diéu kién lam sach
dich chiét cho phép loai tot cac thanh phan tap bi chiét theo doc td, dong thoi
béo toan dugc luong doc td co trong dich chiét ban dau. Ching t6i dua ra quy

trinh xir Iy mau trong dc bién nhu hinh 3.12.



o1

Mau a (g) md dc

+ a (ml) acid acetic/nudc 1%

\4

Lic hdn hop dong nhat
'
Pun s6i 5 phut, 95°C
Dé nguoi, lic hdn hop 90 gidy

v
Ly tdm 4000 vong/phut trong 10 phat

I

v

Hut 1 ml dich chiét vao ong ly tim
v
Thém 5pl NH3 25%
Ly tdm 10000 vong trong 1 phat
( ¢ thé bo qua néu dung dich thu dugc trong suét)

v
Can bang cot SPE (Envi-carb 250 mg/3 ml)
3ml dung dich acetonitrile/nude/acid acetic (20:80:1, V/VIV)

3ml dung dich NHz/ nude(1:1000, v/v)
v

Cho 400 pl mau qua cot
v

Rira can 700 ul nudce

v

. Rura giai
bang 2 ml dung dich acetonitrile/nudc/acid acetic (20:80:1, v/v/iv)
Thu dung dich sau ruira giai

v

Cho vao lo dung mau

100 ul dung dich sau rira giai + 300 ul acetonitrile nguyén chat

v

Phan tich LC-MS/MS theo diéu kién da khao sat muc 3.1

Hinh 3. 12. So d6 quy trinh xtr Iy mau
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Thuyét minh quy trinh:

- Can chinh x4c khoang khoang a (gam) mé dc di dugc dong nhat bang
can phan tich vao ong ly tdm c6 dung tich 50 ml. Thém a (ml) dung méi chiét
acid acetic/nudc néng d6 1% (v/v), lic hdn hop dong nhat. Cac éng chira miu
duoc dat trong bé nude s6i 95°C, trong 5 phut; sau do dé nguoi vé nhiét do
phong. Ly tam & toc do 4000 vong/phit trong 10 phut; thu dich ly tim phia
trén dé phan tich. Hat 1 ml dich chiét sang 6ng ly tim moi va thém 5pl dung
dich NH3 25%.

- Lam sach SPE: Cot SPE duoc hoat hoda béng 3ml dung dich
acetonitrile/nudc/acid acetic (20:80:1, v/v/v) va 3 ml dung dich NH3z/ nudc
(1:1000, v/v) trudc khi cho mau qua cot. Nap 400ul dich chiét cho qua cdt
v6i toc do chay 1 giot/gidy. Rua tap bang 700pl nudce khir ion. TTXs sau d6
duoc rira giai bang 2 ml dung dich acetonitrile/nuéc/acid acetic (20:80:1), thu
dung dich rira gidi vao lo dung mau 5 ml, dan nhén. Dung dich sau rira giai
duoc pha lodng bang cach 1ay 100 pl miu va thém 300 pl acetonitrile. Cac lo
dung miu bao quan & 4°C.

- Tién hanh tiém mau ty dong Sul va phéan tich LC-MS/MS theo cac
thong sé duoc trinh bay trong bang 3.1.
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Bang 3.1. Thong s6 diéu kién t6i wu phén tich TTXs bang LC-MS/MS

Cot Waters Xbrige (HILIC column) Amide 1.D. 4.6 mm

Cot
x150mm.
Thanh phan | Kénh A: nudc/acid formic/NH,OH (500: 0,075: 0,3).
pha dong Kénh B: acetonitrile/ nudc/ acid formic (350: 150: 0,05).
Thoi gian thuc hién chuong trinh gradient 1 1a 45 phat va
Chuong trinh | bat dau chay 100%B trong 20 phut. Sau d6 gradient tuyén
gradient tinh dén ty 1é kénh A: B = 50:50 trong 15 phut va giir 6n
dinh trong 10 phut. Quay lai 100% B khi két thuc.
Téc do dong | 0,6 ml/phut
Detector MS/MS
v6i thé phan | -25V

manh

3.3. PANH GIA PHUONG PHAP PHAN TiCH

3.3.1.Khao sat khoang tuyén tinh va lap dwong chuan

Chung t6i tién hanh pha ddy dung dich chuan c6 ndng do xac dinh, tién
hanh phan tich LC-MS/MS & diéu kién d3 duoc khao sat.

Két qua dugc trinh bay trong bang 3.8 nhu sau:

Biang 3. 8. Su phu thudc dién tich peak vao néng d6 TTXs

Néng d6 (ug/ ml) Speak TTX Speak 4-epiTTX Speak 4,9-anhydroTTX
2,500 3001078 1404021 775034
1,250 1686918 773207 429701
0,500 627170 234017 128045
0,250 350580 150782 81576
0,125 115003 63087 38008
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Céc dir liéu trén duoc xu ly phﬁn mém Excel ching t61 thu dugc dd thi
hinh 3.13; 3,14 va 3.15.

3500000

y =1211587x + 35432
R?*= 10,9950

3000000
2500000

peak

2000000

8

1500000

Dién tich

1000000
500000

0
0,000 0,500 1,000 1,500 2,000 2,500 3,000

Nong d6 TTX (ng/ml)

Hinh 3. 13. B thi sy phu thudc dién tich peak vao ndong d6 TTX
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y =572407x - 4453,3
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Hinh 3. 14. 6 thi sy phy thudc dién tich peak vao ndng do 4-epiTTX
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Hinh 3. 15. B4 thi sy phy thudc dién tich peak vao ndng do 4,9-anhydroTTX

Nhdn xét: Nhu vay trong khoang nong d6 chung t6i khao sat, ndng do
TTXs va dién tich peak déu c6 mdi quan hé tuyén tinh. Do d6 3 d6 thi trén
cling 1a duong chuan cia TTX, 4-epiTTX va 4,9-anhydroTTX. Hé s6 tuong
quan tuyén tinh hoan toan dap tmg yéu cau ciia AOAC vé hé s6 hoi quy tuyén
tinh (R%> 0,99) [56]. Két qua khao sat khoang tuyén tinh va dudng chuan cua
TTXs tom tit & bang 3.9.

Bang 3. 9. Két qua khao sat khoang tuyén tinh va dudng chuan cua TTXs

A 1A Khoang tuyén tinh X 5
Chat phan tich PT ho1 qu R
P (1g/ml) aw
TTX 0,125-2,500 y = 1211587x + 35432 0,9950
4-epiTTX 0,125-2,500 y =572407x - 4453,3 0,9946
4,9-anhydroTTX 0,125-2,500 y = 315972x - 1801,3 0,9940

3.3.2. Gidi gian phat hién va gi¢i han dinh lugng

Gidi han phat hién (LOD) dugc dinh nghia 13 nong d6 nho nhat cia
chat phan tich ma phuong phap phén tich c6 thé phat hién duoc, co tin hiéu
sac ky 16n gap 3 lan tin hiéu duong nén. Pay 1a mot thong sé dic trung cho

d6 nhay ctia phuong phap. Chét ndo nhay hon s& ¢ giéi han phat hién nho.
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Ciing theo phuong phap nay giéi han dinh luong (LOQ) 1a ndng do nho
nhat chat phan tich ma c6 tin hiéu 16n gip 10 lan tin hiéu nhiéu duong nén
hay mau tring (S/N = 10).

Phén tich mau chuan va tién hanh pha lodng cho dén khi thu dugc ty sd
tin hiéu/nhidu (S/N) = 3. Két qua thu duoc nhu sau: gidi han phat hién cua
TTX la 0,012 pg/ml va 4-epiTTX la 0,032 pg/ml. Gidi han dinh lugng cia
TTX 12 0,041 pg/ml con 4-epiTTX 1a 0,107 pg/ml.

Nhén xét: Gidi han phat hién TTXs thdp hon nhiéu so véi cac nghién
ctru vé TTXs trong 6¢ bién da dugc cong bd nhu 0,1 pg/ml [24]; 1 pg/ml
[49]. Két qua cho thdy phuong phap c6 d6 nhay cao dat duoc muc tiéu cua
nghién ctru.

3.3.3. Panh gia d6 chum va d¢ ding cia phwong phap

Pay 1a hai yéu t6 quan trong danh gia hiéu qua ctia phuong phap phan
tich. Pé tién hanh xac dinh hai yéu t6 nay, chung t6i sir dung mau 6c loai N.
glans thu thap dugc. Ly phan thit ¢ ciia 10 c4 thé ¢ loai N. glans tron déu
v6i nhau vé6i tong khdi luong thit ¢ can duoc 28,75 gam.

- Pbi v6i mau thue: Liy 2 gam mau md 6¢ di ddng nhat tién hanh
theo so d6 hinh 3.12. Phén tich 1ap lai 6 1an.

- Pbi v6i miu thém chudn: Liy 2 gam mau thuc, thém 10 pl chuén
TTXs & cac mirc ndong do khac nhau 1 mg/ml; 0,5 mg/ml va 0,1 mg/ml. Tién
hanh quy trinh xir Iy va phén tich (lap lai 3 1an cho mdi ndng do) nhu so do
hinh 3.12,

Cac két qua tinh do 1éch chuan tuong d6i va hiéu suét thu hdi duoc

trinh bay trong bang 3.10 va 3.11.
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Bang 3. 10. B¢ 1ap lai cia phuong phap

. Speak
Lan TN
TTX 4-epiTTX 4,9-anhydroTTX
1 451400 148775 146774
2 470332 150079 149627
3 461790 143985 153002
4 487341 149019 146218
5 450780 155707 149073
6 469280 146900 157236
Trung binh X 465154 149078 146809
SD 13734 3891 4158
RSD (%) 2,95 2,61 2,83
Bang 3. 11. Hiéu suét thu hdi ciia phuong phap
Luong | Lugng tim A £
A A z Hi¢u suat
Miu | Chétphantich | e | them thay 0 hoi TB
(ug/ml) |  vao | trung binh (%)
i} (ng/ml) | (pg/ml)
Mau TTX 0,355 | 0,250 0,583 | 91,44 £1,30%
tﬂerp 4-epiTTX 0,268 | 0,250 0,492 89,38+2,20%
Ceol | 49-anhydroTTX | 0481 | 0250 | 0,705 | 8942+2,73%
Mau TTX 0,355 | 0,125 0,467 89,49+2,40%
tgerp 4-epiTTX 0268 | 0125 | 0,378 | 87,61+2,48%
chuan
oo | 49-anhydroTTX | 0481 | 0125 | 0591 | 8743+3,11%
Mau TTX 0,355 | 0,025 0,376 83,43+2,01%
tﬂer;n 4-epiTTX 0,268 | 0,025 0,289 83,39+2,81%
cnuan
mie 3 | 49-anhydroTTX | 0,481 | 0,025 0,502 83,02+2,12%
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Nhén xét: DO 13p lai cua phuwong phap dap tmg yéu cau cia AOAC
(RSD <15%). Két qua hiéu suét thu hdi & 3 muc ndng d6 véi mdi chat phan
tich hon 83%, nam trong gidi han cho phép ciia AOAC (80-110%). Piéu nay
ching minh phuwong phap phan tich dap ung yéu ciu theo tiéu chuan cua
AOAC [56].

So sanh v&i quy trinh phén tich doc té TTXs trong trai va hau [57] st
dung HILIC-MS/MS v&i cot Waters Acquity BEH Amide UPLC 1.7 pum, 2.1
x 150 mm cho két qua hiéu suat thu hoéi tir 70% dén 77% d6i véi trai; 76%
dén 84 % ddi véi hau va @6 1ap lai RSD < 9%.

Nhu vay quy trinh dam bao kha nang phat hién va dinh lugng cac
TTXs trong d6i twong ¢ bién. Do d6 c6 thé ap dung quy trinh dé tién hanh
phan tich céc cac thé ¢ thuc té.

3.4. PHAN TiCH MQT SO MAU OC THUC TE

Sau khi nghién ciru cac diéu kién xu 1y mau va sac ky, chiing toi tién
hanh phan tich mot s6 miu thuc gdbm 15 miu N. glans va 20 mau dc N.
papillosus.

Tur dién tich peak cho két qua ham luong doc tinh trong cac mau dc

duogc tong hop trong bang 3.12 va 3.13.
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Bang 3. 12. Két qua phan tich 15 miu bc loai N. glans

Két qua ham luong Doc
Miusé | TTX | 4-epiTTX 4,9 i ttinh
au so -epl ' ong ong

oo | (gl a”h{ droTTX | TTxs(ugig) | TTXs

1g/g) (MU/g)
N. glans 1 - - - - -
N. glans 2 - - - - -
N. glans 3 - - - - -
N. glans 4 - - - - -
N. glans 5 - - - - -
N. glans 6 - - - - -

N.glans7 | 229,73 87,37 180,06 497,16 1112,29

N.glans8 | 171,76 68,52 96,28 336,56 830,36
N. glans 9 - - - - -
N. glans 10 - - - - -
N. glans 11 - - - - -

N.glans 12 | 60,68 26,70 69,30 156,67 298,35
N. glans 13 - - - - -

N. glans 14 | 25,69 10,89 15,13 51,17 124,73
N. glans 15 - - - - -

B 34,85 13,82 25,77 74,44 168,98
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Bang 3. 13. Két qua phan tich 20 mau bc loai N. papillosus

Két qua ham luong Doc
My <& T 4 4,9- Hal:l luong ttl:”h
au so . ' on on
(Lg/9) epiTTX | anhydroTTX TTXs(ﬁg 19) TTng
(Ha/9) (Ha/9) (MU/g)
N. papillosus 1 - - - - -
N. papillosus 2 - - - - -
N. papillosus 3 - - - - -
N. papillosus 4 - - - - -
N. papillosus 5 - - - - -
N. papillosus 6 - - - - -
N. papillosus 7 - - - - -
N. papillosus 8 - - - - -
N. papillosus 9 12,86 6,17 8,67 27,70 63,02
N. papillosus 10 - - - - -
N. papillosus 11 11,07 6,60 8,79 24,46 55,31
N. papillosus 12 39,42 16,96 24,26 80,64 191,66
N. papillosus 13 170,27 | 71,17 96,40 337,84 825,53
N. papillosus 14 - -- - - -
N. papillosus 15 - - - - -
N. papillosus 16 - - - - -
N. papillosus 17 - - - - -
N. papillosus 18 - - - - -
N. papillosus 19 26,36 11,48 10,94 48,78 127,78
N. papillosus 20 - - - - -
B 13,00 5,62 7,45 26,07 63,17

Ghi chi: (-) khong phat hién doc td

Nhdn xét: Két qua phan tich 35 ca thé dc da phat hién 4/15 ca thé b¢

lodi N. glans va 5/20 ca thé 6c loai N. papillosus co chta doc t6 TTXs véi
ham luong cao vuot ngudng an toan nhiéu lan (0,044 pg/g, theo Cuc an toan
thuc pham Chéu Au) [58]. Tir ham luong ddc td, chung t6i chuyén qua doc
tinh MU/g theo Nakamura va Yasumoto (1985) [9] cho thdy ddc tinh & timg
c4 thé phat hién rat 16n doc tinh vuot ngudng an toan (10MU/g) tir 10 dén 100
lan. Ham luong va doc tinh ¢ loai N. glans cao hon loai N. papillosus va dic
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biét mau N. glans 7 c6 tong doc tinh 1112,29 MU/g (>1000 MU/g) dugc danh
gia c¢6 muc d6 doc cuc manh [22], c6 thé giy tir vong & ngudi khi an khoang
5g b¢c twong tmg v6i 2-3 ca thé bc. Do vay can khuyén cdo kip thoi cho ngudi
dan khong danh bat va tiéu thu 2 loai ¢ nay 1am thuc pham.
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KET LUAN VA KIEN NGHI

KET LUAN

Sau mdt thoi gian thue hién luan van ching t6i da thuc hién dugc muc
tiéu dé ra v6i két qua nhu sau:

1. Pi xay dung duoc quy trinh phan tich TTXs trong dc bién bang
phuong phap sdc ky 1ong khdi phd kép LC-MS/MS véi gi6i han phét hién
cling nhu gi6i han dinh luong thip dap tGng tét kha ning phat hién va dinh
luong ham lugng nhé TTXs trong ¢ bién.

2. Nghién ctru da ti wu hoa quy trinh xir Iy mau tir 6¢ bién va cac
diéu kién phan tich TTXs trong dc bién bang LC-MS/MS.

3. Quy trinh phan tich c6 hiéu suat thu hoi cao trén 83% va do lap
lai nam trong gi6i han cho phép ciia AOAC.

4, Str dung quy trinh phan tich nay di phat hién duoc cac mau dc
N. glans va N. papillosus chira doc té TTXs.

KIEN NGHI

Tiép tuc nghién ctru thir nghiém quy trinh dé phan tich TTXs trong
mot sd loai sinh vét bién khac bang phuong phap sic ky 1ong khoi phd kép
LC-MS/MS.
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Phu luc 2. Sic ky dd LC-MS/MS phan tich cac mau 6¢ N. papillosus
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