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LOI CAM POAN
Toé1 xin cam doan Luan an nay la cdng trinh nghién ctu cua toi, dudi sy hudng
dan cua PGS. TS. Tran Viét Hung va PGS. TS. Nguyén Tién Viing.

Cac sb lieu va két qua duoc trinh bay trong Luén &n 14 trung thyc va chua ting

duoc ai cong bé trong bat ki cdng trinh nao khac.

Nguwoi cam doan

Phung Minh Diing



LOI CAM ON
Trong qua trinh nghién cuu, thuc hién va hoan thanh ludgn dn nay, téi da nhan
durot rat nhiéu su givip do quy bau cua cac tdp thé, thay co gido, cac nha khoa hoc thuge
nhiéu linh viee, cing dong nghiép, ban bé va gia dinh.

Trudc hét, véi 1ong kinh trong va biét on sdu sdc, t6i xin dwoc bay té 161 cam on
chan thanh téi: PGS. TS. Tran Viét Hung, PGS. TS. Nguyén Tién Viing nhitng nguoi
thay da tdn tinh hieéng dan, hét 1ong chi bao va tao moi diéu kién givp d toi trong suot
qua trinh hoc tdp, nghién cuu va hoan thanh lugn an.

TOi xin tréan trong cam on Ban Lanh dao, Phong Qudan ly Khoa hoc va Dao tao
— Vién Duoc liéu da tao diéu kién thudn lei cho tdi trong suét thoi gian hoc tdp va
nghién cuizu

Téi ciing xin bay té 10ng biét on chan thanh téi:
PGS. TS. Nguyén Tién Pat - Vién Hda sinh bién, Vién Han 1am KHCN Viét Nam
TS. Tran Minh Ngoc — Phé Vién trueng, Vién Duoc lidu

ThS. Dwong Minh Tan — Khoa Nghién cizu phat trién, Vién Kiém nghiém thuéc
Trung wong

TS. Nguyén Hoai Nam — Phé Vién truéng, Vién Hoéa sinh bién, Vién Han 1am
KHCN Viét Nam

PGS. TS. P6 Thi HA — Khoa Hda thuc vdt, Vién Duoc lidu
TS. Trinh Thi Diép — Khoa Hba hoc, Truong Pai hoc Pa Lat

da tao moi dieu kién phoi hop, giiip dé va déng gdp y kién quy bau cho ti hoan
thién lugn an nay.

Cudi ciing, t6i xin cdm on gia dinh, ban bé, dong nghiép da luén bén téi, dong
vién, khich I¢ t6i gitp t6i hoc tap, lam viéc va hoan thanh ludgn van nay.

Xin chan thanh cam on!

NCS. Phung Minh Diing
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DANH MUC CAC CHU VIET TAT VA KY HIEU

ATCC : Bao tang gidng chuén vi sinh vat My (American Type Culture Collection)

Cl . K¥ thuat ion ho4 hoa hoc (Chemical ionization)

COosy . Correlation Spectroscopy

cs. . Cong su

DEPT . Distorsionless Enhancement by Polarization Transfer

PVTN . DPong vat thr nghiém

El : KJ thuét ion hoa dién tir (Electron Ionization)

ELISA : Xét nghiém hap thy mién dich lién két v6i enzyme (Enzyme Linked
Immunosorbent Assay)

ESI : K§ thuat ion hod phun suong dién tir (Electric spray ionic)

EDso Liéu cua chit phoi nhiém, trong cung mdt thoi diém, gdy ra anh hudng sinh hoc
khéc nhau cho 50% (mdt ntra) ciia mot nhém dong vat thir nghiém (Effective
Dose 50)

FAB : K¥ thuat ban pha nguyén tir nhanh (Fast Atom Bombardment)

FLD . Detector huynh quang (Fluorescence Detector)

FTICR © Phé cong hudng tir gia tdc ion chuyén dang Fourier (Fourier transform ion
cyclotron resonance)

GC-MS . Sac ky khi khoi pho (Gas chromatography - Mass spectrum)

HMBC . Heteronuclear Multiple Bond Correlation

HPLC : Séc ky 1ong hiéu ning cao (High performance liquid chromatography)

HSQC . Heteronuclear Single Quantum Coherence

LC MS : Sic ky long khéi phd (Liquid Chromatography Mass spectrum)

LC MS/MS  :  Sic ky long khéi phd ghép ndi khéi phd (Liquid Chromatography tandem Mass
spgctrgm) i ) N . .

LD100 . Liéu t6i thiéu cua chat phoi nhiém, trong cuing mdt thoi diém, gay ra cai chét cho
toan b mot nhom dong vat thir nghiém (Lethal Dose 100) )

LDso . Liéu cua chat phoi nhiém, trong cung mét thoi di€m, gay ra cai chét cho 50%
(mot nira) cua mét nhom dong vat thir nghiém (Lethal Dose 50)

LOD . Gidi han phat hién (Limited of detection)

LOQ . Gidi han dinh lugng (Limited of quantification)

MLD . Liéu nho nhét gy ra cai chét ca biét & dong vat thi nghiém khi thi nghiém mot
nhom dong vat (minimum lethal dose)

MU : DPon vi chudt (mouse unit)

NMR © Phd cong hudng tir hat nhan (Nuclear Magnetic Resonance)

NOESY . Nuclear Overhauser Effect Spectroscopy

PSP © Paralytic Shellfish Poisoning (ddc t6 gay liét co do dong vat nhuyén thé)

ROESY . Rotating frame Overhauser Effect Spectroscopy

SPE : Chiét pha ran (solid phase extraction)

SRM © Ché d6 kiém soat chudi phan tmg (Selected reaction monitoring)

STX . Saxitoxin

TLC . Séc ky 16p mong (Thin layer chromatography)

TTX . Tetrodotoxin

TTXs : Tetrodotoxin va cac dan chét (Tetrodotoxin analogues)

uv . Tu ngoai (Ultra violet)

VGSC ©  Dién thé mang kénh Na (Voltage-Gated Sodium Channel)

VKNTTW : Vién Kiém nghiém thubc Trung uwong

VSV © Vi sinh vét
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MO PAU

Pai duong vai ngudn tai nguyén v ciing 16n, chiém tai 70% dién tich bé mat tréi
dat. Pai dwong ciing 1a noi sinh séng cua 34 trong 36 nganh sinh vat trén trai dat voi
hon 500.000 loai thuc - dong vat va vi sinh vat (VSV) da duoc biét dén. Pay chinh 1a
ngudn cung cap vo sé cac san pham tu nhién quy gié tir cac loai sinh vat bién nhu rong
bién, chan rét, réu bién (bryozoan), than mém va tir cac loai vi khuan bién ciing nhu vi
khuan lam. Trong d6, khu vuc An Do Duong va Thai Binh Duong ¢6 mot ving da dang
sinh vat bién nhiét d6i 1on nhat trén thé gioi. Nguon tai nguyén phong phi nay gan day
da thu hut duoc nhidu sy quan tdm cua cac nha khoa hoc. Nghién ctu, khai thac tai
nguyeén sinh vat bién, hién dang 1a van dé cap bach khong chi ¢ nuéc ta ma trén toan thé
gidi. Vi sy phong pha va da dang sinh vat, dai duong hira hen s& 1a noi phét trién nhiéu
hop chét chaa cac hoat tinh quy bau, gidp ich cho nhitng yéu cau vé phat trién va tim
kiém céc loai thuéc maéi, hiéu qua, va dac hiéu trong diéu tri nhitng cin bénh hiém nghéo
hién nay nhu ung thu, tim mach, tiéu duong, HIV/AIDS...

Hién nay, can bénh ung thu va nghién ma tuy dang la nhitng ganh nang cho cac
qudc gia. Viéc tim kiém cac hoat chat c6 tac dung hd tro bénh nhan ung thu hoic gilp
giam con nghién ma tuy 1a mong muén cua nhiéu qubc gia, dic biét 1a nganh y té.
Tetrodotoxin (TTX) l1a mot doc té than kinh khong protein (neurotoxin nonprotein), mot
trong nhitng doc té ty nhién c6 doc tinh cao nhat (LDso = 8-11 pg/kg) vai lidu gay chét
cho nguoi 1 — 2 mg qua duong tiéu héa [55], [157]. Do &i luc manh va c6 tac dung chen
kénh natri mot cach dic hiéu, dan téi 1am té liét dan truyén than kinh, TTX thé hién tac
dung giam dau trung wong rat manh [157]. TTX duoc tim thay & rat nhiéu loai khac nhau,
bao gom ca ndc, ca bong bong, sa gidng, coc (éch doc) va bach tude vong lam. Cé néc,
dic biét trang cua no, 1a ngudn TTX duoc biét ti nhiéu nhat. TTX phan bé rat khac nhau
& cac loai ca noc khac nhau, va giira cac bo phan caa cuing mot loai ciing rat khac nhau.
Vi vay, can phai ¢ cac nghién ctu phan biét, danh gia doc td nham han ché cac vu ngo
ddc, cting nhu dinh hudng nghién cuu.

Gan day, trén thé gidi ciing nhu & Viét Nam, TTX va nhitng chat tuong tu TTX
(TTX analogues) nhu: 4- epi TTX, 4-epi anhydro TTX... dang duoc thir nghiém nhu mot
chat dan duong (lead compound) tiém ning hudng téi diéu tri mot sé bénh hiém nghéo
nhu bénh tim mach, giam dau trong ung thu, cai nghién ma tuy,...[13], [56], [119]. Bé
phuc vu nghién ciru dinh hudng ng dung trong y hoc, danh gia duoc chat lugng va do
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an toan cac san pham c6 chira TTX tir ca noc thi can thiét phai ¢d chat dbi chiéu hoa hoc
TTX du d6 tinh khiét dé 1am chat chuan. Vi vay, viéc chiét xuat, phan lap va tinh ché
TTX tir ca néc lam chat chuan phuc vu kiém nghiém tré nén hét stc can thiét, dic biét,
viéc mua chudn TTX tir nude ngoai 1a rat kho khan va chi phi rat cao (khoang 200$/1mg
TTX).

Muic du tetrodotoxin 12 mot hop chat da biét tir 1au, c6 nhiéu con dudng, phuong
phap diéu ché, tuy nhién, hién nay, chi yéu TTX van dugc chiét xuat tir ca ndc. Trong
khi Viét Nam véi tiém ning duoc liéu bién, trix lugng c& ndc rat 16n, viéc chiét xuat TTX
va c4c dan chat tir ca noc ¢ ¥ nghia quan trong. Vi vay, luan an “Nghién cizu phat hign
va xay deng quy trinh phan Igp tetrodotoxin va mgt sé déc té than kinh khac tir ca
néc” duoc thuc hién nham cac muc tiéu:

- Sang loc va phat hién tetrodotoxin & mot s6 loai ca nac.

- Phan lap, xac dinh cau tric mot s6 doc té than kinh khac (tetrodotoxin analogues) tir
ca noc.

- Xay dung quy trinh chiét xuat, phan 1ap va tinh ché tetrodotoxin c6 d¢ tinh khiét phu
hop dé 1am chat chuan va budc dau bao ché bot dong kho dinh hudng sir dung trong

y hoc.



CHUONG |. TONG QUAN

1.1. CANOC

1.1.1. Phan loai

B cé& noc (tén khoa hoc 1a Tetraodontiformes) c6 19 ho, trong d6 10 ho con sinh ton
véi khoang 360 loai va 9 ho da tuyét chung [137]. Cac ho con lai hién nay bao gom:

- Aracanidae

- Balistidae

- Diodontidae

- Molidae

- Monacanthidae

- Ostraciidae

- Tetraodontidae

- Triacanthidae

- Triacanthodidae

- Triodontidae
Phan 16n cac loai 1 ca nuedc man va sinh sdng trong hay xung quanh cac bai d4 san ho

ngam vung nhiét d6i, nhung c6 vai loai 1a ca nudc ngot, sinh séng trong séng sudi hay
ctra sOng.

Ho cé& ndc (Tetraodontidae) gom it nhat 120 loai thudc 26 chi [51], bao gom:

- Amblyrhynchotes - Feroxodon - Reicheltia
- Arothron - Guentheridia - Sphoeroides (gom
- Auriglobus - Javichthys Cca Liosaccus)
- Canthigaster - Lagocephalus - Takifugu (gom ca
- Carinotetraodon (gom ca Fugu)
- Chelonodon Gastrophysus) - Tetractenos
- Chonerhinos (gom - Marilyna - Tetraodon
Ca Xenopterus) - Monotrete - Torquigener
- Colomesus - Omegaphora - Tylerius
- Contusus - Pelagocephalus
- Ephippion - Polyspina

1.1.2. Phan b

Ca ndc phan bé rong, chu yéu & cac ving nhiét déi, khong nhiéu & khu vuc 6n d6i va
hoan toan khéng c6 trong cac ving nudc lanh [77]. C& noc c6 mit & nhiéu quéc gia tir
Pong Chau Phi, Bién Hong Hai, An P, Indonexia, Malayxia, Philippin, Viét Nam,
Trung Quéc, Pai Loan, Nhat Ban, Triéu Tién, Australia, .v.v... O Viét Nam, c& néc phan

bd tir Bac dén Nam, dic biét tap trung chii yéu ¢ vung bién mién Trung.
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Tai Viét Nam, theo két qua diéu tra so bo caa Vién nghién cau Hai san [6], c6 49 loai
thuoc 18 gidng, nam trong 4 ho: ca ndc nhim (Diodontidae), ca ndc hom (Ostraciidae),
ca noc (Tetraodontidae), ca noc ba rang (Triodontidae) séng & bién, trong d6 ho Cé ndc
(Tetraodontidae) 1a chu yéu, chiém khoang 85%. Vuing bién Dong Nam Bo phong phu
nhat vé sb lugng loai ca ndc, c6 38 loai thuoc 15 gidng, nam trong 3 ho ca néc. Ving
bién mién Trung ciing 14 noi phan bd nhiéu ca néc, vai 34 loai, thudc 18 gidng nam ca
trong 4 ho ca noc. Khu vuc Vinh Bic Bo ¢d khoang 15 loai, trong khi ving bién Tay

Nam B¢ chi c6 khoang 10 loai.

Tong trir lugng c& ndc trén toan vang bién Viét Nam (nam 2005) khoang 37.400 tan,
trong d6 & vung bién Trung Bo khoang 16.000 tin, Tay Nam Bo khoang 7.800 tin va
vinh Bic B khoang 5.600 tan [1]. Ca noc khai thac cha yéu la céc loai: ca ndc tro (L.
lunaris), ca noc vang (L. spdiceus), ca néc cham da cam (T. pallimaculatus) va ca noc
vay vang (Takifugu sp.) [6].

1.1.3. Pic diém nhan dang

B ca nay cd cac hinh dang ky di nhu: hinh vudng hay tam giac (cac loai c& noc hom),
hinh cau (cé4c loai c& noc) cho téi dep bén (cac loai ca dau).

Ca n6c phong thu bang cach “hy sinh” toc do: ¢ lodi nay 16p vay da bién d6i thanh cac
tam hay cac gai cing. Cac gai nay doi khi c6 thé thut vao va c6 thé khoa tai chd (nhu &
cac loai ca ndc gai), hay voi 16p da dai nhu da tha (cac loai ca dau va céa bo gidy). Mot
dic diém phong ngu dang chu y khac duoc thay & cac lodi ca ndc va ca ndc nhim la kha
nang phinh to co thé, dé tiang cac kich thudc so véi hinh dang thong thuong. Nhiéu loai
cua cac ho Tetraodontidae (ca4 néc bén ring), Triodontidae (ca noc ba ring) va
Diodontidae (ca& n6c nhim) con c6 kha nang tu bao vé (thém) chéng ké an thit nho
tetrodotoxin (TTX), mot chat doc than kinh cuc manh hién chua c6 thudc giai (antidote),
tap trung cha yéu trong cac co quan ndi tang.

Vé hinh dang: Nhin chung, c& néc c6 hinh dang dic biét, rt dic trung. Co thé thudng
c6 dang hinh trang, dai ngan tuy loai, hoac dep hai bén véi bap dudi ciing det hai bén
(c& noc det) hodc 1a dang hinh quéa dan véi bap dudi dai va co hinh try tron, c6 mau sic
khac nhau hozc ¢ cac chAm mau den trén than, khong c6 vay, mot sé loai vay thoai hoa
thanh cac gai nho. Vay nho, mém nho. Kich thudc trung binh khoang 15 — 35 c¢m, ¢6

loai nho hon, va c6 loai 16n tai 150 cm [77].



Miéng va rang: Miéng tuy nho, nhung rang rat khoe. Ca néc cé rang to, ring nho gan
khit voi nhau. M3i ham c6 hai ring. Ring rat sic, c6 mau tring, mau d6 hoic mau khéc.
Vay: Ca noc co hai vay nguc, mot vay lung, mot vy hau moén va mot vay dudi (5 vay).
Viy lung va vay hdu mon thuong gidng nhau va & vi tri dung 18n & cudi than, thuong
thi hai vay nay & vj tri @i xang nhau qua than. Ca néc khdng cé vay bung, day 1a dic
diém quan trong dé nhan biét ca néc voi céc loai ca khéac. Ca noc khi boi, vay lung va
vay hau mon dong loat quay sang trai, sang phai, than ca khdng cir dong ma lao vé phia
treéc. Chinh vi vay ma phan thit van dong ¢ vay lung va vay hau mdn rat phat trién so
véi cac loai ca khac.

Vay: Ca noc khong cd vay. Mot sé c6 nhiéu gai do vay cé thodi hoa thanh. Mot s 10ai
c6 cac tim vay hinh luc giac lién két vai nhau tao thanh 16p giap cang c6 4 go dang hinh
hop. Nhe c6 cac gai 1am cho da cé day va khoe dé bao vé minh ca.

Xuong: Xuong ca noc c6 dac trung ro rét. Ca noc khong co xuong sudn va cac xuong
diam ¢ phan thit nhu cac loai ca khac.

Da day: Da day c6 thé co gian, hat duoc nhiéu nude va khong khi dé phong lén

Mat: C& noc c6 thé mot mat nham lai duoc.

Hinh 1. 1. Hinh anh hai trong sé cdc lodi cd néc dgc
Cé nodc dugce coi 1a loai doc thir hai trong thé gidi dong vat cé xwong sdng, chi dung

sau coc doc vang. Doc td chu yéu, nguy hiém nhat déi véi ngudi trong ca néc 1a TTX.
Tai Viét Nam, nguoi ta da tién hanh phan tich doc t6 cua 35 loai [6], [16], [17] trong
d6: - 10 loai c6 doc tinh rat manh.

- 7 loai ¢6 doc tinh manh.

- 4 loai c6 doc tinh nhe.

- 14 loai chua phat hién thay doc to.



Cac bo phan cua ca ndc co doc tinh rat khac nhau. Doc tinh cua da sé cac loai ca noc co
thé sap xép theo thir tw giam dan nhu sau: Tring, tinh hoan, gan, ruét, da, thit. Boc tinh
Clia c4 noc thudng ting cao vao cac thang 2, 3 va 7 dén 9 trong nam, ddy 1a mua sinh
san cua ca noc [19]. Poc tinh trong ca nc va diéu kién dam bao an toan trong khai thac,
kinh doanh, tiéu thu I1a van dé dang duoc nghién cau, nham sir dung hop 1y ngudn loi ca
noc, tranh lang phi va tranh rui ro cho ngudi sir dung.

1.2. TETRODOTOXIN

1.2.1. Cau tric tetrodotoxin va cac ddc td twong tuw tetrodotoxin

1.2.1.1. Tetrodotoxin (TTX)

Goto va cs [55], Tsuda va cs [157] da xac dinh duoc cau tric hod hoc cua TTX 12 dan
suat cia aminoperhydroquinazoline (C1:H170sNs; M=319).

TTX la (4R,4aR,5R,6S,7S,8S,8aR,10S,12S)-2-azaniumyliden-4,6,8,12-tetrahydroxy-6-
(hydroxymethyl)-2,3,4,4a,5,6,7,8-octahydro-1H-8a,10-methano-5,7-(epoxymethan-
oxy)quinazolin-10-olat, c6 ciu tric héa hoc (hinh 1.3), cong thirc phan tir va phan tu

lugng nhu sau:

OH

HO NH
HO
d OH

Hinh 1. 2. Cdng thic hoa hoc cua TTX

+ Cong thuc phan tir: C11H17N3Os

+ Phén t& luvong: 319,3

+ TTX tinh khiét 12 bot khong mau. TTX sam mau & khoang 220°C khong kém
phéan huy [42].

+ Nhiét d6 nong chay 225°C [44]

+ P tan: Trong phan tir TTX ¢6 mdt vai nhoém hydroxyl than nudc, khién n6 khé
tan trong cac dung mdi hitu co thong thuong. Khung phan tir cia TTX tuwong ti nhu ciu
trdc 16ng cua d4, khién rat kho hydrat hoa, do vay no it tan trong nudc. Do trong phan

tr c6 nhém guanidin perhydroquinazolin (guanidin cé tinh kiém manh), nén TTX tan



trong dung dich acid. TTX ciing c6 cau tric ester ndi phan tir, nén dé bi thay phan bai
cac dung dich acid manh, do d6 cach duy nhat gitt TTX bén vitng trong dung dich 1 hoa
tan trong acid hiru co yéu [92].

+ pKa (H20) = 8,76; pKa (50% alcol) = 9,4 [129]

+ Chét phan cuc [89]

1.2.1.2. Mt sé ddn chdt cia tetrodotoxin

Bén canh viéc nghién ciru TTX trong ca ndc, cac nha khoa hoc ciing tim thay cac dan
chat caa TTX (TTX analogues — TTXs) nhu 4-epiTTX; 4,9-anhydroTTX; 5,6,11-
trideoxyTTX [177] duogc tim thay trong trang loai ca noc Fugu poecilonotus va Fugu
pardalis [109]; 6-epiTTX trong c& noc Spheroids Spengler [55]. Ngoai ca ndc, cac dan
chat nay ciing duoc phat hién clng voi TTX & céac loai khac nhu loai sau Cephalothrix

simula [30], sa gibng Cynops ensicauda [171], ...

R, R, R, R,

TTX H OH OH CH,OH
4-epiTTX OH H OH  CH,OH
11-deoxyTTX H OH OH CH,
6,11-dideoxyTTX H OH H CH,
11-0x0TTX H OH OH CH(OH),
4-epi-11-0x0TTX OH H OH  CH(OH),

11-norTTX-6-(S)-ol H OH OH H

R, R,
5-deoxyTTX OH CH,OH
5,11-dideoxyTTX OH CH,
5,6,11-trideoxyTTX H CH,

R, R,
4,9-anhydroTTX OH CH,OH

4,9-anhydro-11-oxoTTX OH CH(OH),

4,4a-anhydro-5,6,11-trideoxy TTX 4,9-anhydro- tetrodonic acid
5,6,11-trideoxyTTX

Hinh 1. 3. Mgt sé dan chdt cia TTX



Cac TTXs nay cd thé duoc phan thanh cac nhom [174]:
- Céc dan chat hemilactal
- Céc dan chat 5-deoxy-10,7-lacton
- Cac dan chit 4,9- va 4,4a- anhydro
- Céc dan chit cua acid tetrodonic

1.2.1.3. Cdc déc té than kinh khdc twong tw tetrodotoxin
Sy xuat hién cua mot lwong nho cac PSPs (doc té gay liét co do dong vat nhuyén thé -
Paralytic Shellfish poisoning) cting véi TTX, hodc mot lugng 16n PSPs cling vai dau vét

cua TTX dd duoc bao céo ¢ nhiéu loai ca ndc, cua va céac loai chan bung.

.0
R 1y
Risy N,
. N)=N Hyp
HoNT N7\
-OH
OH
Ry Rs
R, R, R R,
Saxitoxin H H H CONH,
Dccarbamoylsaxitoxin H H H H
Neosaxitoxin OH H H CONH,
Gonyautoxin 1 OH 0S80, H CONH,
Gonyautoxin 2 H 0505 H CONH,
Gonyautoxin 3 H H 0S0Oy CONH,
Gonyautoxin 4 OH H 0SS0y CONH,

Hinh 1. 4. Cdu trdc hod hoc ciia cAc PSPs
Saxitoxin (STX) la cau trdc chinh cua doc td PSP, ¢ co ché tac dung, véi biéu hién ngod

doc twong ty nhu TTX [110], [112]. STX doc ngang véi TTX, gap 10 lan noc ran cap
nong & dong nam chau A, 10 - 100 lan loai nhén cai den khi thir trén chudt va hon 10000

lan cyanide.
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hig H
> OHN ‘\\N
~)—NH,
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Hinh 1. 5. Cdu tric hoé hoc cua saxitoxin (STX)



Niam 1983, Kodama va cs. da phat hién thay doc t6 duoc tach chiét tir gan cua loai ca
noc Takifugu pardalis la Saxitoxin [81] chir khéng phai la TTX. Pay la phat hién mai,
hoan toan khéc biét vai quan niém tir truée dén nay cho rang doc tb cua céac loai ca ndc
lubn 1a TTX. Tiép theo d6, hang loat cac két qua nghién ctru khac duoc cong b vé su
c6 mat caa doc té STX ciing nhu cac dan chat cia STX (STX analogues) trong cac loai
ca ndc, 1a thanh phan chinh cua doc t6 hodc 1a mot phan trong hdn hop doc tb cua cac
sinh vat nay [84], [140], [141], [185]. Do dé, cac tac gia ndy nhan dinh rang céc sinh vat
mang doc t6 TTX ciing c6 thé chira doc td STX va nguoc lai. Bidu ndy gop phan bd sung
cho viéc Iy giai ngudn gdc tir cac vi sinh vat cia doc to trong mot s6 loai sinh vat bién
nhu ¢4 noc, bach tudc vong lam, ... Tuy nhién, co ché cua hién twong nay van chwa duoc
chtiing minh mot cach that rd rang ddi véi mot sé sinh vat mang doc t6 khac nhu ¢, S0,
éch... Phat hién ban chat méi caa doc té ca néc kha quan trong, lién quan dén viéc xay
dung phac do diéu tri thich hop ddi véi cac ca ngd doc tir ca ndc. Chinh vi ching chira
ca hai loai doc t6 than kinh nguy hiém c6 hiéu tng doc khac nhau, déu c6 kha ning gay
tr vong cao nén viéc chixa tri ngo doc tir ca noc sé phuc tap, khoé khin hon; va néu nhu
sai 1am s& dan dén tir vong dang tiéc. Ngoai ra, néu doc té ca noc 1a hdn hop gom hai
thanh phan STX va TTX, phuong phép tach chiét va tinh ché ciing can phai phi hop dé
6 hiéu qua hon.

1.2.2. Phan b6 va ngudn gbc ciia tetrodotoxin trong tw nhién

1.2.2.1. Phan bé ciia TTX trong tw nhién

Nghién ctru dau tién vé doc té ca noc dugc bat dau tai Nhat Ban vao thap nién 1860.
Luc do, cac nha khoa hoc da diéu tra, phat hién sy c6 mat cua doc td trong cac loai ca
cling véi tac dong, anh huong cua ching dén céc loai sinh vat khac. Nam 1948, nghién
ctru cua Tani [152] vé doc tinh cia ca noc 1a co sé khoa hoc quan trong cho viéc thiét
lap tiéu chuan an toan cong dong ddi vai doc té nay.

Nghién ctru hoa doc té dau tién duoc tién hanh bai nha hda hoc Tahara vao nam 1909
[149], 6ng da tach chiét thanh cong doc t6 thd tir ca noc (0,2% do tinh sach) va dat tén
la tetrodotoxin (TTX) theo lodi c4 noc dau tién phat hién thay cé chira doc td nay [89].
Nhiéu nha khoa hoc khéc tiép tuc nghién ciru va cho rang ban chét cua Tetrodotoxin c6
thé 1a mot amin hoic duong. Qua trinh nghién ciu ndy khdng cd tién trién gi kha quan
cho dén tan nim 1950 (41 nim sau nghién ciru dau tién cua Tahara), Yokoo [173] da

tach dugc doc td ¢ dang két tinh tir trieng cua loai c& néc Fugu rubripes rubripes, dit
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tén 1 spheroidine. Cubi cing, Tsuda va Kawamura da két tinh dugc doc to tinh bang
phuong phap sic ky (1952), va sau d6 1a hang loat cac két qua tach chiét khac nhu cua
Arakawa va cs. [29] tir tring cua loai F. stictonotum, Goto va cs. [55] tir trirng cua loai
F. vermiculare vermiculare, va Kotake va cs. tir trirng caa nhiéu loai c& noc [82].
Ngoai ra, su phat hién TTX duoc bai tiét tir da cia mot s loai ca noc da xép TTX vao
dang doc t c6 ngudn gde tir da. Phat hién sinh hoc nay rét 1y tha, nhung dau hiéu rd
rang cua dang doc td ¢ ngudn gdc tir da ca ndc van con 1a didu chua 1y giai dugc,
Tinh dén nim 1978, s lwong bai b4o cong bd vé doc té TTX wdc tinh trén 500, véi s6
lwong dé tai rat phong phu; tuy nhién cho dén nay, co ché sinh tong hop va tinh chat hoa
hoc cua TTX con 14 tiéu dé cua nhiéu y kién tranh luan.

Trong nhimng nim 90 tré vé day, nhom nha khoa hoc Nhat Ban, dimg dau 1a Noguchi
[124, 126, 179] da phat hién va ching minh rang TTX la san pham cong sinh gitta cac
nhom vi sinh vat va ca néc. Ho di va dang nghién ctru Vé co ché san sinh doc té TTX
cling nhu cac yéu té méi trudng co lién quan dén quéa trinh ndy nham giai thich mdi lién
quan giita sinh vat mang doc t6 va méi truong séng.

Khi nghién ciu tim hiéu nguyén nhan dan dén hién tuong chét hang loat cia loai Cau
gai Meoma ventricosa tai viing bién ven bo Curacao (Ha Lan) vao nam 1997, Ritchie
va cs [133] da phat hién ra rang chung vi sinh vat phan 1ap tir cac ¢4 thé cau gai chét nay
san sinh TTX trong qua trinh duoc nudi cay. Chang vi sinh vat nay rat gan voi loai
Pseudoalteromonas aloplanktis spp. Tetraodonis da duoc biét dén c6 mdi lién hé voi
cac loai ca noc [179]. Biéu nay chi ra rang rat cd thé cac chang vi khuan san sinh ra TTX
c6 thé c6 mdi lién quan dén nguyén nhan gay ra bénh dich cho cac sinh vat bién.

Trong hoi thao qudc té lan thir 3 vé Hoa hoc cac Hop chat Ty nhién té chirc vao thang
5 nam 1964 tai Kyoto, Mosher va cs. da cong bd ghi nhan cua minh vé sy twong dong
giita doc t6 Tarichatoxin tach tir loai sa giéng Taricha torosa voi TTX [105]. Phét hién
nay di phu nhan gia thuyét trude d6 1a doc td TTX chi dugc phat hién trong ho ca noc
Tetraodontidae. Piéu ngac nhién 12 TTX ciing duoc tim thay trong bo éch nhéi, mot 1op
dong vat c6 mot khoang cach phd hé rat xa vai ca néc. Hoi thao nim 1964 danh dau mot
buéc ngoit quan trong trong lich st nghién ctru doc té ca noc. Tiép theo do, nam 1973,
Noguchi va Hashimoto di tach chiét doc té TTX tir loai ca bong Gobius criniger [59],
[126]; nam 1975, Kim va cs. [79], [132] ciing tach dugc TTX tir éch atelopid; Boc tb

cua bach tugc vong lam Hapalochaena maculosa ciing duoc xac dinh ¢ ban chét 1a



TTX béi cac nha khoa hoc ngudi Uc. Sheumack va cs. [144] ciing da phan 1ap duoc 1,8
mg doc td tir 500 tuyén nude bot sau cua bach tude nay va dinh danh 12 TTX. Nam 1981,
TTX ciing dd duoc phét hién & mot sé loai so nhu Charonia sauliae [98], [115], ivory
shell Babylonia japonica [172] hay mot sé loai chan rét Zeuxis siquijorensis [114],

Tutufa lissostoma [123], Niotha clathrata [71], sao bién Astropecten latespinosus [99],
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Hinh 1. 6. Phan bé déc té TTX va PSP trong mét so l0di i nhién [81]
Nhu vay, gia thuyét dit ra 1a cac loai VSV bién tir thoi gian rat lau truée day da song

cong sinh véi cac sinh vat bién khac. Hang triéu nam trudc day, ca noc da co dugce dic
tinh wu viét tir sy dot bién gen caa kénh trao d6i ion Na, khién cho ching c6 thé chéng
lai tac dong cua doc tb TTX. Twong tu, cac sinh vat chaa doc té saxitoxin, ciguatera ...
cling 6 sy thich nghi riéng déi véi doc td cua ching. Méi lién hé cong sinh giita cac
VSV san sinh doc t& TTX va céc sinh Vat cao hon nham muc dich ¢6 1gi cho ca hai bén,
VSV ¢6 duge noi an toan dé sinh séng, dinh dudng va sinh san; trong khi do, sinh vét
cha str dung doc t6 dé san moi, tu vé hodc ca hai muc tiéu trén. Mot s loai giun bién

(giun dai, giun mili tén) va bach tudc vong lam st dung TTX 1am noc doc dé tan cong



con moi, nhung ¢ bach tuc vong lam, doc té nay con 1a mot vii khi tu bao vé rat hiéu
qua chéng lai ké thu trong tu nhién. Mot sé loai ca néc khdng thé boi nhanh dé tron chay
ké th, va hau nhu khong c6 kha niang tuw bao vé; tuy nhién, trong thuc té, cac loai nay
rat it khi bi ké thu tin cong vi cac sinh vat an thit khac dudong nhu hiéu rang ching 1a
nhing loai doc, khdng thé an dugc. Khi bi tin céng, nhitng loai sa giong phuong Pong
c6 kha ning cong phan sau den bong cta chiing, phoi bé mat bung d6 vang ric rd nham
canh béo cho ké thu biét chung 1a nhitng loai sinh vat nguy hiém (trong doi séng tu
nhién, d6 pha den 13 mau siac phé bién, dic trung cua sinh vat doc). Ca noc su tir & Nhat
Ban, Fugu rubripes, 1a loai rat dugc quan tam nghién ciru vé trinh ty gen. Su dot bién
diém don trong trinh tw amino acid cua kénh ion natri trong loai nay lam cho né mién
dich khong bi TTX gan vao va phong toa. Sy thay d6i trinh ty amino acid cua bat ky
protein nao sé& thay d6i cau tric cia ching, va vi vay chirc ning ciia ching ciing sé bi
thay d6i. Nhitng dot bién ngau nhién nhu vay ludn xay ra trong quan thé dong vat. Phan
I6n nhitng thay doi nay 1a vo tinh hodc khong c6 loi cho sy séng sot cia co thé, nhung
d6i khi mot dot bién lam cho dong vat c6 loi thé trong chon loc tu nhién. Trong trudng
hop caa Fugu rubripes, mot thay d6i nho 1am cho cé c6 thé két hop chat ché vai vi
khuan sinh TTX trong md cua ching va st dung doc t cho ich loi caia ching.

Phan bo cua TTX va mot sé din chat da duoc Kudo va cs. [83] phan tich trong mot s6
loai dong vat bién nhu ca noc T. pardalis, 6¢c Nhat Ban Nassarius glans, bach tudc vong
lam Nhat Ban Hapalochlaena sp., bach tugc vong lam Australia H. maculosa. Két qua
duoc thé hién trong bang

Bang 1. 1. Ham lwong TTXs trong mét so loai dong vat bién khu viec Nhdt Ban va Australia [83]

Ham lugng (pg/g)

Thanh phin T. pa[dalis N.Aglans N. glans H. sp H. m:iculo§a
Buong NoI tang co Tuyén Tuyén nudc
tring nudc bot bot sau

TTX 25 42 19 53 160
4-epiTTX 31 7.2 3.6 10 18
4,9-anhydroTTX 11 30 11 6.9 42
5-deoxyTTX 0,87 0.89 <0.076 2.3 <0.15
6-deoxyTTX 0.39 4.2 13 1.1 25
11-deoxyTTX 2.3 4.9 1.4 4.4 9.4
5,11-dideoxyTTX 0.33 0.58 0.21 <0.12 <0.15
6,11-dideoxyTTX 5.8 <0.12 <0.076 0.40 2.0
5,6,11-trideoxyTTX 25 23 3.2 <0.12 0.19
11-norTTX-6(S)-ol 1.9 28 8.1 2.8 <0.15
11-0x0TTX <0.080 13 23 16 <0.15
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Nhu vay, TTX ton tai trong cac dong vat ty nhién khong chi ¢ loai ca néc ma con mot
s6 loai khac nhu bach tudc vong lam H. spp., sa gidng, ..., & nhiéu khu vuc khac nhau.
Ngoai TTX, cac dan chat cua TTX ciing xuét hién, véi ty 18 khac nhau, tiy ting loai, khu

vuc.

1.2.2.2. Nguon géc ciia TTX trong tw nhién

Dé ching minh gia thuyét TTX do VSV cong sinh sinh ra, nhiéu thi nghiém da duoc tién
hanh. Takashi Matsui (1981) [101] da nu6i thir nghiém loai ca noc khong doc Takifugu
rubripes nhung c6 b sung thém doc tb TTX vao thirc dn. Két qua cho thiy doc t6 TTX
khong phai do chinh cé néc tiét ra ma la do tich tu dugc qua ngudn thire an. Trong mot
s6 cong bd gan day co dé cap téi ngudn goc cua doc td ca ndc, co tac gia cho rang ca
néc khdng c6 gen ma hoa tetrodotoxin (TTX) hoic céc tién chat caa né ma thay vao do,
vi sinh vat séng cong sinh trong ca néc da thuc hién qué trinh sinh tong hop TTX. Vi
khuan san sinh TTX lan dau tién duoc Yasumoto va cs (1986) bao cao [169], nguoi da
chang minh TTX trong dich nui ciy ciia Pseudomonas sp. Nam 1986, Noguchi va cs
[124] ciing phat hién TTX trong té bao Vibrio sp. Tiép theo, Shimizu va cs (1987) [145]
da kiém tra kha ning tao TTX ctia mot sé ching vi khuan bién dic trung tir cac bo suu
tap chung, phan Ién 1a tr ATCC va Ngan hang vi khuan bién Quéc gia Aberdeen,
Scotland. Két qua nhan duoc cho thidy 10/15 chung Vibrionaceae cling Voi
Photobacterium phosphoreum c¢6 kha nang tao dang tetrodotoxin khan la
anhydrotetrodotoxin it doc, nhung né c6 thé dé& dang chuyén thanh tetrodotoxin trong
dung dich, dic biét khi & pH thap. A.salmonicida 14 nguon bénh dic trung cia cé va
Plesiomonas shigelloides, nhém vi khuan duong rudt cia cd nudc ngot ciing sinh
anhydrotetrodotoxin, trong khi d6 E. coli va 05 chung Alteromonas dugc nghién cuu
gia thiét 1a tetrodotoxin hoic tetrodotoxin dang khan. Nhirng két qua nhan duoc ciing
vé6i két qua nghién ctru cua cac tac gia khac cho phép nhoém nghién ciu gia thiét 1a
tetrodotoxin trong cac co quan ctia dong vat 1a san pham caa vi sinh vat bién. Néu dong
vat tich liiy san pham vi khuan trong co thé cua chung diéu d6 c6 nghia day 1a mdi quan
hé cong sinh. Nam 1990, dé khang dinh lai gia thuyét ngudn géc sinh hoc caa TTX,
Matsui va cong su [102] da tién hanh nudi 2 loai c& néc, mot khong doc Takifugu
rubripes va mot o ham luong doc cao Takifugu niphobles, mdi nhém 10 con, bang loai
thire an c6 bo sung thém vi khuan san sinh TTX, Shewanella putrefaciens. Két qua cho

thiy sau mot thang nudi, mau gan ca noc khong doc Takifugu rubripes tré nén c6 doc
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t6 TTX. Pay 1a minh ching dau tién khang dinh vi khuan Shewanella putrefaciens Ia
nguyén nhan khién c& néc tro 1én doc.

Vi khuan san sinh TTX phan lén duoc phan lap va dinh loai tir cac co thé ¢6 TTX va céc
moi truong séng khac nhau & Nhat Ban tir khi phét hién dau tién duoc céng bd nim
1986 (bangl.3). Két qua céac chi Vibrio, Pseudomonas, Pasteuralla, Aeromonas va
Plesiomonas chiém da s6. Chi Vibrio chiém hon 35% trong d6 V. alginiliticus 1 loai
chinh va ciing 1a vi khuan cha yéu sinh TTX.

Bang 1. 2. Céc loai vi khuan c6 khd néng sdn sinh tetrodotoxin [151]

Vi khuan san sinh TTX Nguén phan lap (sinh vat/méi truang)
Vibrio spp. Ruot cua Ran (Atergatis floridus) [124]
Pseudomonas spp. Tao bién da voi do (Jania sp.) [170]
Pseudomonas spp. Da ca néc (Takifugu poecilonotus) [170], [179]
Vibrio alginolyticus Rudt c& noc (Takifugu vermicularis

vermicularis) [122]

Vibrio alginolyticus Ruot sao bién (Astropecten polyacanthus) [113]
Shewanella putrefaciens Ruot ca noc (Takifugu niphobles) [103]
Alteromonas, Bacillus Pseudomonas va | Tuyén nudc bot sau va cac phan mém khac cua
Vibrio bach tugc vong lam (Octopus maculosus) [64]
Vibrio alginolyticus Chat doc caa 4 loai pha du chaetognaths
Céc loai cua chi Acinetobacter,
Aeromonas, Alcaligenes, Alteromonas, | Tram tich sau dudi bién

Bacillus, Flavobacterium, Micrococcus,
Moraxella, Pseudomonas, va Vibrio
Actinomycetes Tram tich bién

Céc loai cua chi Alcaligenes, Bacillus, Tram tich nudc ngot
Caulobacter, Flavobacterium, va
Micrococcus

Vi khuan dinh cu trén cacmanh nho trong | Cac manh vun nhé trong bién
bién
Aeromonas spp. , Plesiomonas, Tuyén tiéu hoa cua loai chan bung (Niotha
Pseudomonas spp., Vibrio alginolyticus, | clathrata) tir Bai Loan

va Vibrio parahaemolyticus

Vibrio spp. Ruot ca noc (Takifugu vermicularis radiatus) tu
Han Quéc [87]

Pseudoalteromonas spp. Nhim bién gai (Meoma ventricosa) tir bién
Caribbe

Microbacterium Buong tring, da va rudt ca noc [181]

arabinogalactanolyticum,
Serratia marcescens va Vibrio
alginolyticus
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Viéc phat hién vi khuan san sinh TTX trong gan hai thap ky qua cang ¢ quan diém la
TTX c6 ngudn gbc tir vi sinh vat cong sinh tim thay trong co thé ¢6 TTX va quan diém
nay ngay cang duoc cong nhan rong rai trén toan thé gi¢i. Sy c6 mat cua vi khuan san
sinh TTX trong c4 néc cling chirmg minh dic tinh bién dong mua vu hang nam cua doc
tinh trong cé ndc [59] va hién twong ca ndc ndi chung khong doc hon trong mua dé triang
nhu trude ddy van nghi ma né phu thudc vao hoat tinh cua vi khuan TTX cong sinh séng

trong co thé vat chu.

O Viét Nam, dé tim hiéu thém vé kha ning tich luy doc t TTX & mot sb sinh vat, Pao
Viét Ha va cs. [5] da tim hiéu kha nang tich lily doc té tetrodotoxin ¢ nhuyén thé, oc
huong Babylonia areolata khoang mét thang tudi duoc nudi bang thirc an ché bién tur
gan va co ca noc cham cam Torquigener gloerfelti véi lidu doc 33,4 MU/g trong thoi
gian 05 thang. L6 ¢ huong duoc cung cap thirc an ché bién tir ca ndc doc ¢ toe do sinh
truong thap hon so voi 16 dbi chimg dugc cho an bang thirc dn cong nghiép. Pac tinh
TTX trong 6c huong gia tang lién tuc theo thai gian nudi. Sau 02 thang thi nghiém, TTX
trong 6¢ huong dat gia tri doc tinh twong duwong ngudng an toan thuc pham dbi voi doc
t6 nay (10 MU/g) va gap khoang 2,3 lan & thoi diém két thiic thi nghiém (sau 05 thang
nudi). Mat khac, sau khoang thoi gian nay, c6 dén 57,1% s ca thé dc huong chira doc
tinh TTX vuot ngudng an toan va dic biét ¢ nhitng ca thé biéu hién doc tinh khé cao
(>50 MU/g). Nhirng két qua dat dugc cho thdy dc huong c6 kha ning tich liy doc tb
TTX cao tir nguon thire dn c6 chra TTX. Nam 2015, nhom nghién citu Nguyén T Hoang
Khué va cs. [116] ciing da phan 1ap duoc vi sinh vat Enterococcus faecium AD1 san

sinh TTX tir ca ndc & bién Viét Nam.

1.2.3. Ham lwong caia tetrodotoxin va cac din chit trong ca néc

Tay theo bd phan cia ca4 ma ham lwong TTX trong cé& noc rat khac nhau, tiy theo loai
c4, bo phan va thoi diém sinh trudng cling nhu sinh san, thuong thay doi tir vai microgam
dén vai chuc microgam/gam [19]. Poc tinh theo cac bo phan ca ndc ty 18 thuan véi ham
luong TTX, thudng phan bd nhu sau: tring ¢4, gan ¢4, 1ong cé va thit ca. Nong do TTX
trong trirng sau khi thy tinh thay d6i va ting 13 pg/g dén 67,6 pg/g sau 2 ngay va sau do
giam tir tir xubng con 0,3 pg/g sau 98 ngay [107]. O Viét Nam, Tran Dang [2] da khao

sat su thay d6i doc td & budng trirg caa ca ndc ho theo thoi gian:
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Bang 1. 3. Sw thay déi Ciia déc t6 ¢ buong trieng cia cd nc ho theo thang [2]

Pocté | Poctd | Khong : « | Tyléco
Thang | manh yéu c6 doc To,ntghszo doc to bTrr? %g lu’qr;g trung

(cathd) | (cathd) | (cathd) | (AT | (o5 Inh budng triing (g)

10 7 7 0 47

11 1 9 10 10 6,9

12 9 7 6 22 73 1258

1 9 6 4 19 79 132

2 8 12 2 22 91 260

3 3 6 5 14 64 567

4 5 6 1 12 92 559

5 4 3 7 14 50 1545

6 1 2 4 7 43 54

Ya-Jung Wu va cong su [167] dinh lugng TTX trong gan loai ca néc T. rubripes bang
LC — MS cho thiy, ham luong TTX tich lily ting dan trong gan tir 3 — 153 pg/g trong 2
ngay. Ciing c6 mot s6 nghién ctiru va danh gia ham lugng TTX trong mot s6 loai ca noc
& Viét Nam, thoi diém tich Iiiy cao nhét c6 thé trén 100 pg/g [17], [20].

Jun-Ho Jang tai Pai hoc Tohoku, Nhat Ban va cong su [69] phan tich mot s6 TTXs tur
loai c& noc F. niphobles & viing bién nam Han Quédc va 2 loai ca noc T. nigroviridis va
T. biocellatu ¢ bién Dong Nam A

Bang 1. 4. Phan bé TTXs trong mét sé bé phdn ca noc F. Niphobles [69]

Ham lrgng déc to (nmol/g)
Mo | Gidi | o, | 4epi anf]’;’ém 5-deoxy | 11-deoxy | 6,11-dideoxy t?i,gélo%(-y
TTX bty TTX TTX TTX v
'?r“l,fn”gg Céi | 129-263 | 10-26 30-83 4-22 8-39 77-310 289-603
;(')22 Puc | 1-11 |<051| <053 <0,5 <0,5 <0,5-9 1-13
can Cai | 4-24 | <056 5-39 <05-3 <05-1 1-24 3-16
Puc | 931 13 9-15 <0,5-2 <0,5-1 <0,5-59 10-18
a Cai | 7893 | 8-10 21-30 3-10 3-8 6-13 110-155
Puc | 38197 | 2-9 6-26 17 19 2-28 39-153
o Cai 3-8 | <051 | <05-1 <05 <05 16 5-7
Puc | 8-16 13 <05-1 <05 <05 <055 <0,5-14
uot LCai | 867 | 1-16 7-110 1-4 <05-12 11-145 25-71
M Puc 37 | <05-1 2-6 <05 <05 2-28 5-7

Bang 1. 5. Ham lwong TTXs trong 2 loai ca ndc T. nigroviridis va T. Biocellatu [69]

Ham lrgng déc té (nmol/g)
Loai TTX 4-epi 4,9-anhydro | 5-deoxy | 11-deoxy | 6,11-dideoxy 5,6,11-
TTX TTX TTX TTX TTX trideoxy TTX
T. nigroviridis | 0,6-294 <0,5-5 <0,5-47 <0,5-7 <0,5-7 <0,5-8 <0,5-151
T. biocellatus 27-190 2-16 4-41 <0,5-2 <0,5-17 <0,5-18 21-202
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1.2.4. Pjc tinh cia tetrodotoxin va cdc dén chit

1.2.4.1. Djc tinh ciia tetrodotoxin

Tetrodotoxin 1a doc té dugc phat hién tir rat sém va la doc td than kinh cuc manh, manh
hon cyanid 10.000 lan, tham chi dugc coi 1a mét trong nhitng chat doc nhat.

Pac tinh cua tetrodotoxin trén chudt nhit LDso: Tiém tinh mach: 8,7 pg/kg; tiém 6 bung:
8 - 10 pg/kg; tiém dudi da: 11,5 pg/kg

Trén dong vat TTX 1a mot chat cuc doc. Liéu gay chét cua TTX gap 10 lan noc ran ho
mang va tir 10-100 lan liéu gay chét cua doc td nhén cai den, gip 10.000 lan lidu chét
cua cyanid khi thir nghiém trén chuot. Liéu gay chét téi thiéu cua tetrodotoxin trén mot
s6 loai dong vat qua duong tiém dudi da [72]: chim bd cau: 2,7 ug/kg; chim sé: 4 ug/kg;
chudt cong: 2,7 pg/kg; chuot lang: 4,5 pg/kg; tho: 8 pg/kg; chudt nhat: 8 pg/kg; cho: 9
ng/kg; méo: 10 pg/kg; ga mai: 6 pg/kg; éch: 5 pg/kg.

Chua c6 chét giai doc dac hiéu (antidote) [138].

1.2.4.2. Péc tinh ciia cdc ddn chdt tetrodotoxin

Dac chat chiét tir c& noc 1a hdn hop cia hon 10 analog, cha yéu 1a TTX, (chiém téi 70%
- 80% khéi lugng chiét) va ba analog chinh khéc la acid tetrodonic, 4-epi TTX va 4-epi
anhydro tetrodotoxin. So véi TTX, ba chat nay khéng khac nhiéu vé cau tric héa hoc,
nhung khac nhau dang ké vé dic tinh sinh hoc (doc t6 tinh). Vi duy, doc tinh caa TTX Ia
4500 MU/mg; cua 4-epiTTX la 710 MU/mg va cua 4-epi anhydrotetrodoxin chi la 92
MU/mg [109].

Cac dan chat khac cia TTX ciing ¢ doc tinh rat khac nhau. LDso ciia TTX, 11-deoxyTTX,
6,11-dideoxyTTX qua dudng tiém phdc mac 6 bung chuét l1an luot 1a 10 pg/kg [73], 70
Mg/kg [171] va 420 pg/kg [68]. MLD cua TTX khi tiém phic mac bung chuét 1a 8 pg/kg,
trong khi gia tri nay ¢ 11-oxyTTX va 5,6,11-trideoxyTTX cao hon rat nhiéu lan (lan luot
la 120 pg/kg [78] va 750 pg/kg [177])

Tuy nhién, mot s6 tac gia chitng minh 11-0xoTTX doc hon ca TTX khi thi nghiém trén
soi co xuong cua chudt cho thiy EDso caa 11-0xoTTX chi bang 0,7 nM trong khi gia tri
nay cua TTX la 4,1 nM [166], hay khi so sanh &i lyc véi mang ndo chudt, dugc phan anh

trong gia tri hang sé phan ly Ko ciia 11-0x0TTX nho hon so véi TTX [175].
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1.2.4.3. Trigu chirng ngé djc tetrodotoxin va cdc din chit

Theo Tani [152] triéu chitng ngd doc chinh 1a s té liét. Hién twong ngod doc bit dau tir
20 phat dén 3 gio. Tir vong xay dén trong vong khoang 1h30 d6i véi truong hop nang,
phan 16n tir 4- 6 gid. Dau tién, nan nhan té moi va dau ludi sau d6 lan dén ti chi, dau
dau, dau bung, dau nhtrc chan tay. Nan nhan c6 dang di lao d4o (do mét thiang bang van
dong) va déi khi non mura dir doi (néu khdng ndn mura, rat khé chan doan bénh). Sau
khi nén mta, nan nhan mat diéu hoa va chi mudn nam, trang thai ngan ngo va mat ngon
ngit tré nén nghiém trong, su kho thé ting, 4p suat mau giam rd nét, nan nhan tro nén
tim tai, kho nuét, kho phat am, mat phan xa va sau d6 1a hon mé.

Truong hop ngd doc nghiém trong, nan nhan trg nén tim tai va té liét hoan toan, mét tro
nén bat dong, dong tir gian va do dan, nan nhan khdng thé di chuyén hay néi. Nhiing
diu hiéu cua tir vong cd thé rat rd rét, nén ngay ca vai thay thude co kinh nghiém ciing
phan doan nham. Nan nhan c6 thé nhu da chét vi nhip tim téi thiéu bi giam dén muc
khong thé do dugc - Halstead mo ta ddy 1a hién twong giéng “giu nga dong”. Vi dy, mot
truong hop xay ra vao nam 1983, nan nhan bi ngdé doc ca ndc nam mé man nhiéu ngay,
chi sdng lai khi 6ng ta sap sira duoc dua vao 10 hoa tang. Sy co giat va truy hd hap theo
sau trong vong 6-24 gio ¢ giai doan cudi cua sy ngd doc. Poc té tan cdng than kinh
ngoai bién dugc bao myelin hay dugc boc ngoai nhung khong qua hang rao mau- no.
Nhu vay, mic du nhitng té bao than kinh & tim va phdi bi anh hudng, y thic va chic
nang tinh than khong bi suy yéu. Loi dung tinh chat nay, TTX dugc thay phi thay &
Haiti str dung nhu 13 thanh phan chinh trong ta thuat dé 1am thay ma séng lai. Sau khi
d3 can nhac tinh toan, chat bot ma thuat nay duoc dua truc tiép vao méu qua vét cat hay
chd tray da s& gay té liét.

Tirndm 1974 dén 1984, tai Nhat Ban da c6 646 truong hop ngd doc véi 179 nguoi chét.
Trung binh hang nim tai quéc gia ndy c6 khoang 200 ca ngd doc vai ti 1é tir vong udc
tinh khoang 50%. Ngoai ra, rai rac mot sb truong hop ngd doc ca noc ciing nhu céc sinh
vat khac ¢ chra TTX va dan chat ciing duoc ghi nhan tai My, Chau Au va cac nuéc
nam ngoai viing An B¢ — Thai Binh Duong. [47]

O Viét Nam, tir nam 1999 — 2003 d3 c6 téng s6 176 vu ngd doc thuc pham lién quan

dén cé noc [3], cu thé:
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Bdng 1. 6. Tinh hinh ngé déc do ca néc ¢ Viét Nam tur nam 1999 — 2003 [3]

Nim S6 vu S6 ngwoi mac S6 tir vong
1999 30 105 16
2000 27 129 29
2001 48 211 29
2002 49 210 29
2003 22 82 24
Tong 176 737 127

Nam 2002, Bo Y té da ra Quyét dinh 354/2002/QD-BYT ban hanh ban huéng dan chan
doan, xtr tri va phong ngo doc ca noc dé nham giam bét nguy co tir vong do ngod doc ca
néc. Tinh hinh ngd doc ca noc co suy giam dang ké, tuy nhién van giai rac xay ra o cac

dia phuong ven bién khu vuc Pa Nang, Quang Nam, Binh Thuan, ...

Ngay 14/4/2016, tai TP H6 Chi Minh, B NN& PTNT t6 chitc Hoi nghi danh gia két
qua trién khai D¢ an thi diém khai thac, thu mua so ché, ché bién va xuat khau ca ndc
dam bao an toan thuc pham giai doan 2013-2015. Tai Hoi nghi, Tht truong Bo Bo NN&
PTNT Vil Vin Tam dé nghi Uy ban nhan dan, S6 Bo NN& PTNT céc tinh/thanh phd
tryc thudc Trung uong tiép tuc tuyén truyén pho bién dé nguoi dan hiéu rd vé tac hai
ctia ¢4 ndc, doc t ca noc va khong dé xay ra cac vu ngd doc ca noc gay tir vong trén dia

ban.
1.2.5. Tac dung sinh hoc va co ché

1.2.5.1. Tac dung sinh hoc

TTX tac dong Ién nhitng hé théng [187]:

- Hé théng than kinh co [49]: TTX 1am suy yéu nhanh va rd nét tat ca co chii dong nhu
co ho hap. TTX 1am gian doan sy dan truyén than kinh co & trén truc than kinh van dong
va trén mang co. Trong sy phong bé hoan toan bai TTX, s& khdng c6 sy kich thich than
kinh nao c6 hiéu qua ddi véi su co co tetanic va sy khir cuc acetylcholine ctia mang co.
- Hé théng co tim: TTX gay tut giam chat ling trong 4p suat mau dong mach.

- Hé thdng hd hap: TTX co tac dong tc ché dac hiéu vao trung khu hd hap nhu kich
thich than kinh huéng tam, té liét than kinh va co ho hap.

- Hé thdong than kinh trung tim: Thudng gay ndn mira & ngudi va vat thi nghiém. Tut

huyét ap 1a dau hiéu cta nhitng truong hop ngd doc TTX & nguoi.
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- Co tron va cac tuyén: TTX phong bé hoat dong tiét ciia tuyén nudc bot va md hoi.
TTX tac dong truc tiép 18n truc than kinh, hach tu dong, chd ni than kinh co hay chinh
co ay [72].

TTX tac dung ca 18n hé than kinh trung wong 13n than kinh ngoai vi, véi cac biéu hién
sau [4], [89]:

- Tim mach: Mach nhanh, huyét ap ha, réi loan nhip tim.

- H6 hap: Khé tho do liét co ho hap va liét trung khu hd hap, da va niém mac xanh tim.
- Than kinh :

+ Than kinh trung wong: Choéang vang, dau dau, co giat, khong co rdi loan y thirc.

+ Than kinh ngoai vi: Liét da day than kinh, réi loan cam giac (di cam) & ludi, moi,
mat, ngon tay, ngon chan, réi loan 16i n6i, khé nuét.

+ Than kinh co van va co tron: Liét, rung giat cac co, ctr dong hdn don, yéu co va liét
chi dudi, liét van dong nhan cau, dac biét nguy hiém Ia liét co lién sudn, co nguc
va co hoanh.

+ Mat phan xa tay va phan Xa gin xuong.

Ngoai ra doc véi: Gan, tiét niéu, ndi tiét va hé sinh san, da va van mach (ra nhiéu mé
hdi, mat, miii, hong, tai (ting tiét nudc bot, rdi loan vi giac), mau (bach ciu ting), mién
dich, rdi loan chuyén hoa nuéc va dién giai, di tng va céc ri loan khéc. ..

1.2.5.2. Co ché tic dung

Hop chat nay co tac dong phong toa dac hiéu kénh trao doi Natri trén bé mat mang té
bao than kinh véi LDso 9 pg/kg (tiém phic mac).

TTX ¢6 tac dong dac hiéu véi bé mat mang té bao, sau thoi gian rat ngan, TTX phong bé
kénh trao d6i ion Na* [110], [112] tai vi tri bén ngoai kénh, vao bat ky giai doan nao
cua dién thé hoat dong hoat hoa mang, ké ca pha hoat ho4, nghi hay bat hoat. TTX chen
kénh ion Na*, ngin can qué trinh dan truyén xung than kinh va phan xa co co. Tuy nhién,
hién twong nady s& cham dut khi TTX bi phan hay hay duoc tach roi khoi kénh trao doi

ion Na™.
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Hinh 1. 7. Tetrodotoxin chen kénh van chuyén natri lam té liét than kinh [121]
Nhom guanidin trong phan tir cia TTX lién két chon loc véi protein cua kénh natri ngoai
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mang té bao than kinh, ngan khong cho ion natri di vao trong té bao, gy mat dién thé
khtr trén mang, dan dén 1am mat su lan truyén dién thé hoat dong, do d6 tin hiéu than
kinh khong duoc dan truyén dén céc to chuc [46]. Khi vao co thé tetrodotoxin gan vao
kénh bom Na* thanh phic hop “tetrodotoxin - kénh Na* [40] bén vitng mot thoi gian
va chen kénh van chuyén Na* trén bé mat mang té bao than kinh, 1am giam tinh tham
d6i véi dong ion Na*, tuy nhién, khong 1am thay ddi tinh thim cua ion K* [121].

Theo Kao [72], TTX lién két dac hiéu va thuan nghich véi 1 receptor mat ngoai caa kénh
ion Na* trong té bao than kinh ngoai bién dé phong bé kénh ion Na* khéng cho dong
ion di vao té bao. Hién tuong nay ngin can su hoan vi phan cuc dé hinh thanh thé nang
tac dong va cham dut sy truyén xung dong than kinh. G sinh vat bac cao, doc tb tac dong
cha yéu 18n than kinh ngoai bién di dugc myelin hoa (c6 boc) va khong vuot qua hang
rao mau- ndo. Theo nghién ciu ciia Fuhrman [52] TTX anh hudng dau tién 1én truc cua
than kinh van dong va sau d6 s& anh huéng t6i co theo nhiéu cach.

Hiéu wng sinh Iy quan trong nhat cia TTX c6 thé quan st truc tiép khi mot luong nho
duogc tiém vao con vat, theo ddi huyép ap, tinh trang ho hap va su dap @ng cta co chan
khi than kinh dén d6 bi kich thich. Sau khi khoang 10ug TTX duogc dua vao trong mach
mau, sinh vat thir nghiém biéu hién giam nhanh &p suat mau va su hd hap sau. Co khong
co mic du than kinh bi kich thich lién tuc. Thuc hién theo cach nay, TTX c6 thé c6 hiéu
qua nhanh dén ndi con vat thay doi sy hd hap tir binh thuong sang ngirng hoan toan.
Hiéu tng cta doc t6 1én chirc ning than kinh va co dic biét ¢ ich trong viéc lam rd
cach tac dong caa TTX. Khi co bi kich thich truc tiép bai TTX, dau tién co co, nhung
sau d¢ it phtit ngirng co. Ngay nay, ching ta biét raing TTX truéc hét anh huong dén tryc
cua than kinh van dong va sau d6, cham hon mét chit, s& anh huéng soi co. Khi than
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kinh tri hodn mot xung dong tir ndo dén co, mot dau hiéu dugc mang boi tryc co thé
dugce do nhu 1a mot su thay d6i trong hiéu dién thé. Than kinh bj kich thich duéi nhitng
diéu kién nay khong cé su thay doi vé dién thé bén ngoai noi doc té duoc dua vao. Sy
diéu khién cua xung luc da bi phong bé. TTX c6 hiéu tmg dac hiéu lén su chuyén dong
cua ion Na* va K*, do dé, n6 1a mot cong cu méi dé nghién ciru chire ning than kinh.
Fuhrman [52] da giai thich co ché khién TTX thuc hién hiéu Gng chon loc cua né 1én
dong ion. Hiéu tmg chon loc ctia doc t6 khong & trén nhitng ion ma & trén mang qua do
nhirng ion di chuyén dé mang dong huéng vao trong. Khi sy diéu khién trong soi truc
than kinh bi phong bé, nhirng du hiéu dén va di tir hé than kinh trung wong khong dugc
truyén; néu su phong bé xuét hién trong than kinh cam giac, thudc mé cuc bod ¢6 hiéu
qua. Pa sd thudc gay mé cuc bo thong thudng nhu cocain phong bé su diéu khién bai
nhimng co ché it dic hiéu hon co ché ctia TTX. Tuy nhién, TTX khong phai 14 thudc gay
mé cuc b vi khi TTX duoc ti€ém vao vung phu can cia than kinh, n6 khong chi tiép xuc
v&i mé than kinh ma khuéch tan di. Hon nita, né dugc mau van chuyén dén mo khac,
c6 the gay doc va gay chét.

1.2.6. Kha nang wng dung cta tetrodotoxin trong y hoc
1.2.6.1. Mt s6 khd néng irng dung ciia TTX

a. Ung dung lam thuéc dieu tri cdc bénh vé tim mach

Mot trong nhitng tac dung ctia TTX la kich thich hoat dong ciia hé tuan hoan, lam thay
d6i nhip tim, thay do6i truong lyc cia thanh mach, dan dén su thay do6i huyét ap (1% nén
TTX ¢6 thé goi y hodc 1am chat din duong dé bao ché cac loai thude dic tri chira bénh
huyét &p, r6i loan nhip tim. TTX véi liéu khoang 2-31 pg/kg khi tiém vao co thé nguoi
sau khoang 2-3 phut gay ra hién tuong ha huyét ap [1]. Duff va cong su [45] da st dung
TTX vai liéu lugng 1,3 pg/kg trong viéc phong ngira c6 hiéu qua céc trang thai xo cing
dong mach.

TTX con 1am giam tinh tham cua mang té bao ddi véi viéc van chuyén ion Na+ ma
khéng anh huéng dén qua trinh van chuyén ion K*, trong khi d6, cac thudc gay té khac
lai c6 tac dung dén ca 2 kénh van chuyén nay. Diéu nay hét sirc co ¥ nghia trong viéc

nghién cau sinh 1y mang té bao. [65]
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b. Ung dung lam thudc gidm dau

Nhitng nghién ctru gan day cho thiy, kénh dic hiéu v6i TTX ton tai & diém tiép nhan
cua mang cac té bao than kinh ngoai bi€n, mot s6 sgi truc than kinh van dong va doc
mang co cua sinh vat bac cao [163]. Chiung dugc phan bd doc theo céc soi truc than kinh
tai cac hach Ranvier véi mat d6 1én t&i 1000 kénh/1 pm? - 16n hon rat nhidu so véi cac
ving khong c6 cac hach nay (25 kénh/1 um?), déng vai trd trong qua trinh truyén xung
than kinh. Do d6, sy thay d6i cua cac kénh nay do tac dong ciia TTX c6 thé goép phan
vao qua trinh t4i md hinh hoda, nguy co lam sai l1éch cac tdc dong, hodc lam gidm con
dau bang cach trc ché than kinh. Kha nhiéu dugc pham Gmg dung mé hinh hoat dong
tuong tu nhu cac thude: lidocain, mexiletin, carbamazepin, oxcarbazepin, phenytoin,
lamotrigin, topiramat, zonisamid, va chéng tram cam 3 vong (tricyclic antidepressant).
Chinh vi su tdn tai rong rai cua cac kénh dac hi¢u vé1 TTX trong co thé sinh vat bac cao,
vi vy ¢6 thé sir dung TTX trong y hoc. Mot sé nhom nghién ctru di chimg minh dugc
& ndng d6 thap (12,5-50 nM), TTX c6 thé 1am giam cam giac dau ctua dong vat bac cao
[90], n6 khong d6i khang véi cac thude giam dau khac. So voi morphin, TTX c6 hoat
Iwc manh hon gap 3000 lan, it tic dung phu hon va dic biét 1a it gay nghién [27], [147].
Dua vao tinh chit nay, hién nay huéng nghién ctru méi dugc mot sb phong thi nghiém
dugc pham trén thé gidi 1a thir nghiém sir dung TTX lam thude giam dau cho céac truong
hop bénh nhan ung thu [35], [62], [111]. Muyc dich ctia nghién ciru nay l1a nghién ciru
lidu an toan va hiéu qua d6i véi cam giac dau do hoa tri lidu. Mit khéc, thoi diém bat
dau co tac dung va thoi gian duy tri tac dung giam dau cua TTX, kha ning thay thé cac

loai thuoc gidm dau khac cua TTX 1a nhitng muyc ti€u chinh cta cac nghién ctru.
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Hinh 1. 8. M6 hinh co ché hoat déng irc ché cam gide dau cia TTX
¢ té bao than kinh cam giac [119]
Theo Nieto va cs. [118], [119] nhitng té bao than kinh cam gi4c c6 kha ning tao ra nhirng

hoat dong dién thé ngoai bién nham tai lap lai cong dién thé kénh Na* (VGSC) Nav 1.3.
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Bang 1. 7. Hogt tinh cua TTX trong thi tAc dung giam dau o sinh vat [119]

Dang T4c dung caa .~ Hoat tinh . i TL
dau TTX Lieu TTX , (+, +-. ) Thir nghiém TK
Gayucché | BOM tThTaQ thau + Kich thich co hoc va nhiét [168]
day than kinh Tiem cuc bo
hdng (10mM / 4“L') +/- Pau dugc gy ra boi ET-1 [61]
0,2-0,6 pM/20 +(2-6 . . ia
\ 67
lzgu Lén mang ghan ul oM) Kich thich nhiét [67]
tl,n% kinh tay song 0,3-6 ug s.c. - Formalin 1° [96]
0,3-6 ug s.c. + (3-6 ug) | Pau quan quai [96]
1-6 g s.c. - Kich thich co hoc, néng va lanh [118]
i 6 Ug s.c. - Pau do tac dong co hoc [48]
Toan bo cothé | Dung TTX cap
va lap lai lién - Kich thich co hoc va nhiét [75]
tuc (1-6 pg s.c)
Gay trc ché R . s
Ay thAL L Carrgeenan gay dau do viém, phu né
day th:gk'“h 50 UM/0.2 L * cAc chi VA véi kich thich co hoc, nhigt | o)
Lén mang ghén 0,2-6 pmM/20 +(0,2-6 | Man cam voi kich thich nhiét bang [67]
Pau d kinh tay song pL pM) CFA
\jligmo 0,3-6 ug s.c. +(6 pg) | Formalin 2° [96]
50 UM/0.2 mL Carrgeenan gay dau do viém, phu né
N KIS - c4c chi va man cam vdi kich thich co | [33]
Toan bo co thé s.C. S
hoc, nhiét
Carrgeenan gay dau do qua man cam
25ugs.c. | +(2510) | s kich thich co hoc [20]
Gay uc ché Bom thim thau Man cam véi kich thich co hoc, nhiét
day than kinh + va hanh dong tu phat gy ra boi SNI | [168]
N TTX X
hdng va CClI
Cuc bd ngoai 12,5-50 nM/5 | +(12,5-50 | Hoi chimg allodynia co hoc gay ra [90]
da DRG pL Q) bai SNL
Gay té ngoai Hoi ching allodynia co hoc gay ra
mang cung 25 nM/5 pL + (2519) b&i SNL 1501
Gay té cuc bo ) Man cam co hoc va ting cuong hoat
day than kinh | Miéng gel dan + dong trong nhan chém sau khi su [30]
dong mach TTX dung CCI cua day than kinh dong
gitra mach gitra
To3n b co thé 25 nM/S pL i Hgl chimg allodynia co hoc gay ra [90]
i.p. boi SNL
Pau ~r B . S x
thin Hoi Chu.:ng, a]lod,yma co h(_)(} va man
Ki 0,3-6 g s.c. + (1-6 pg) | cam véi kich thich nhiét gay ra boi | [96]
inh SNL
Dung TTX céap Man cam véi kich thich co hoc va
va lap lai lién +/- nhiét, su hoat dong quéa muc cua gen | [75]
tuc (1-6 pg s.c) c-fog bai CCl I1én day than kinh héng
Dung TTX céap Man cam Vvéi kich thich co hoc va
va lap lai lién - nhiét gay ra bsi CCI Ién day than | [75]
tuc (1-6 pg s.c) kinh dudgi 6 mat
. Hoi chimg allodynia dugc gay ra boi
8ugip i chat vincristine [127]
Man cam véi kich thich co hoc, nong
1-6ugsc. * va lanh gay ra bai chit paclitaxel [118]
6 g s.C. + Man cam co hoc gay ra béi chat [48]

capsaicin

(+): ¢6 tac dung; (+/-): tac dung trung binh; (-): khong c6 tac dung; TLTK: Tai liéu tham khao
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Hoat dong dién thé nay 1 xung dién dugc truyén doc theo truc cia té bao than kinh dén
kich hoat cong dién thé cua cac kénh Ca (VGCCs), va xung dién nay cr thé dan truyén
qua c4c synap than kinh dé cudi cung kich hoat cac thu thé o té bao than kinh simg lung
cua tiy sdng. Bang cach 1am bat hoat cac kénh Na* nhay cam nhu Nav1.3, TTX c6 thé
ngan chin hoat dong cua céc té bao than kinh ngoai bién.

Trong thir nghiém céc liéu sir dung TTX dé giam dau cho bénh nhan ung thu, 24 bénh
nhan d4 trai qua 31 ché do diéu trj vai cac lidu TTX 15-90 pg/ngay (tiém bap) trong vong
04 ngay. 17 trong s6 31 tri liéu nay biéu hién tac dung giam dau 13 rét cho bénh nhan,
va tac dung nay kéo dai duoc 02 tuan ké tir khi bat dau tién hanh tri liéu. Nghién ctu
cho thay liéu tiém TTX 30 pg/lan, 02 1an trong ngay trong vong 04 ngay c6 hiéu qua
giam dau véi liéu doc tinh dugc chap nhan (khéng gy ta vong, phan ang phu) [57].
Trong mét thir nghiém da trung tam, ngau nhién, ma doi, duoc kiém soat placebo va
thiét ké thir nghiém song song, viéc sir dung dung TTX duéi da khong dem lai hiéu qua
trong viéc giam dau 1am sang cho bénh nhan ung thu & mic d6 vira &én dau niang khi
danh gia trén chi sé dau, mac du khi phan tich dit liéu, hiéu qua giam dau manh van
dugc thé hién [56]. Vao giai doan cudi ciia nghién ciiu, tat ca cac bénh nhan dugc chuyén
sang nghién cau khdng mu, ma rong va thir nghiém an toan. Trong liéu trinh thir nghiém,
c4c bénh nhan dau man tinh do ung thu dwoc tiém 30 ug TTX dudi da hai 1an mdi ngay
trong 4 ngay. Cac két qua cho thay c6 thé chap nhan su dung nap TTX, tham chi trong
mét thoi gian dai, véi nhitng tac dung khéng mong muébn thuong nhe, chii yéu la cam
gi&c thoang qua, té hoac ngua ran quanh miéng [58]. Panh gia qua 41 bénh nhan, tac
dung giam dau duoc duy tri & 21 bénh nhan, cé bénh nhan ung thu van dau nhu trudc
mic du da diéu tri theo dung chu ky va quéa 12 thang, khdng c6 bang ching rd rét caa
dap g thudc va tac dung khang chét doc la trong thai gian trung binh 3 tuan, 1y do tai
sao chi ¢6 50% bénh nhan dap &ng véi TTX van chua rd. C4c tac gia cho rang can cac
nghién ctru sau hon dé dam bao vé viéc sir dung caa TTX dé giam dau do ung thu tir
trung binh dén nang. Buschmann va cong su [34] da nghién ciru phat trién thube giam
dau 1a dang phdi hop gitta mot chat déi khang opiat nhu Naloxon va mét chit chen kénh
Na* (dic biét 1a TTX) tng dung diéu tri mot s bénh, dic biét 1a dau (gém dau than kinh,
dau do ung thu, ...)

23



c. Ung dung lam thuéc hé tro cai nghién ma tuy

Co ché cua morphin va nhdm opiat giam dau c6 lién quan dén kénh van chuyén Na* vi
c6 hay khong c6 Na* ma ching c6 thé gan hoic khdng gan véi thu thé cua ching. TTX
chen kénh Na*, rc ché sy van chuyén Na* nén chiing c6 thé phong bé tryc tiép cac vi tri
hoat dong cua opiat lam thay doi cau tric khong gian lap thé dan dén mat tac dung caa
opiat. Ngoai ra, ching con canh tranh vi tri bam vao thu thé kénh van chuyén Na* cua
opiat, lam mat kha ning bam vao céc kénh nay cua opiat hoic bi canh tranh khoi thu thé
[1], [13], [14]. Do &6, dung liéu thap s& dan dén ngan chin sy dan truyén trén cac soi
than kinh ca cam giac va van dong, giam, cat dugc cac triéu chiung “thém khat, thoa

man” ctia ma tuy, tinh gay nghién caa morphin.

d. Ung dung lam thudc gdy té

TTX con dang dugc nghién ctru dé st dung lam thudc gay té, gay mé trong phau thuat
[159]. Mot s6 thude té dang str dung nhu lidocain, cocain, procain, novocain, ... Co ché
tac dung cua céc thude té 1a ngan chan sy dan truyén xung dong than kinh tai mo than
kinh tiép xtc, ching &c ché, giam thiéu kha nang thim Na* qua kénh van chuyén Na*.
TTX c6 kha nang ¢ ché manh mé kénh van chuyén Na*. Ngoai ra, TTX khéc véi cac
thudc gay té khac, TTX gan vao mit ngoai, tiép giap véi ving chon loc hep cua kénh
Na*[161] nén c6 kha nang gay té tai chd va tdc dung manh hon nhiéu lan cac thubc gay
té khac. Vi du, & kim hdm hoat dong caa hé than kinh bang cocain phai can d¢én ham
lwgng 500 pg, trong khi do, véi TTX thi chi can khoang 0,03 pg (hiéu qua tac dung cua
TTX manh gap 60.000 lan cocain) [85]. Schwartz va cs. [142] nghién ctu kha ning giy
té caa TTX trén tho véi cac nong do khac nhau. Két qua cho thdy, & licu 10 mM,
tetrodotoxin c6 tac dung gay té kéo dai dén 8 gio. Tai ndng do 1 mM, tetrodotoxin ciing
thé hién 1a mot chat gy té hiéu qua nhung ngin hon. Con & ndéng do 0.1 mM,
tetrodotoxin khéng co tac dung gay té dang ké. & tho da tiém proparacaine ciing bi gay
t&, nhung chi ¢6 tac dung hon 1 gi va mat tic dung hoan toan sau 3 gio. Khi tién hanh
gay té tai chd bang cach bdi TTX véi cac ndng d6 khac nhau (1 mM; 0,1 mM:; 0,01 mM)
Ién té bao giac mac tho da loai bieu md [143], két qua thu dugc sau 4 gid, mat dugc boi
TTX ndng 6 1 mM va 0,1 mM van con té. Sau 6 gio, 5 trén 6 mat tho van chua hét cam
giac té va sau 8 gid, mat méi vé binh thuong. Véi lidu diéu trj da lidu, tat ca mat tho van
bi t& trong sudt thoi gian thi nghiém (30 gid). Nhém tac gia ciing nhan thiy khdng cé su

khac biét dang ké nao vé su tai tao biéu md gitra nhom duoc diéu tri bang TTX va nhém
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khong, khong thu duoc bang chirng nao vé nhiém doc cuc bo hay toan than khi bdi TTX.
Ciing nghién ctru nham kéo dai thoi gian gay té, mot sé nha khoa hoc M [36] da nghién
ctru hdn hop tetrodotoxin-bupivacaine-epinephrine nham kéo dai tac dung gay té tai

chd, dua thoi gian tac dung gy té 1én dén 18 — 48 gio.

e. Ung dung lam thuoc diéu tri HIV

Theo nghién ciru ctia Lesort va cong su [88] cho thay TTX c6 kha ning lién két voi
protein cua virus HIV, dic biét 1a gp-120, do d6 1am cho genom caa HIV khéng thé gén
vao genom cua ngudi. Vi vy, HIV khong thé phat trién thanh AIDS dugc. Pay 1a tin
hiéu ddng mimng cho qua trinh di tim thudc diéu tri can bénh thé ky HIV-AIDS.

[ Ung dung lam thuéc hé tro diéu tri ung thie

Céc nha khoa hoc da chirng minh dugc sy tham gia ctaa cac kénh ion trong su tang sinh
cua té bao cling nhu cua cac khdi u xam 1an trong mot sé bénh ung thu. Roger [134]
nhan thay sy thay doi dang ké trong cac dic tinh dién sinh Iy cua 3 dong té bao ung thu
vi khi tiép xdc véi cac nong do TTX khac nhau. Két qua cho thay, ¢ nong do 30uM,
kénh van chuyén Na* vao té bao bj &c ché hoan toan, giam sy tang sinh, di cu va xam
lan cua cac dong té bao khoang 30%. Fouda [50] da thir nghiém hoat tinh chdng ung thu
cua TTX chiét tir ca ndc Arothron diadematus thu duoc & ving bién Do trén md hinh
gy ung thu biéu md khang Ehrlich EAC (Ehrlich Ascites Carcinoma) trén chudt nhat
trang trudng thanh giéng céi. Két qua cho thay TTX gitp gia ting thoi gian sdng chuot
mét cach dang ké, 28-42% tuy theo liéu, thoi gian séng trung binh ting va sé lugng té
bao ung thu giam.

Bang 1. 8. Tac dung cua TTX trén thoi gian song trung binh
va ty ¢ tang thoi gian séng trén chugt nhat mang khei u EAC [50].

Nhom Thai gian séng trung Ty 18 tudi tho tang (%)
binh (ngay)
EAC 14+1 -
EAC + 1/10 LDsp 202 46,6 +4,2
EAC + 1/20 LDso 181 26,7+2,6
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Hinh 1. 9. Sw phét trién sé Lirong té bao EAC & chudt mang ung thie
sau khi diéu tri véi nhiing lieu TTX khac nhau [50].
Nghién ctru trén 3 mad ra huéng tng dung méi cia TTX dé diéu tri ung thu trén nguoi.

Tuy nhién can nghién ctru thém dé dua ra liéu thich hop, ciing nhu phac do diéu tri toi

wu dé han ché doc tinh cua TTX.

1.2.6.2. Trién vong sir dung TTX 6 Viét Nam

TTX dang dwoc nghién ciu tng dung va rat co trién vong trong cac liéu phap giam dau,
dic biét 1a dau do ung thu, gay té, cai nghién, hay chong HIV/AIDS. Nhiing nhdm liéu
phap nay tao ra nhu cau st dung TTX rat 16n & Viét Nam va doi hoi ngudn cung cap TTX
doi dao.

Theo théng ké, nim 1994, ca nudc ta co6 55.445 ngudi nghién ma tuy, ting 1én dén
131.000 nguoi tinh dén thang 9 nam 2002. Pén nam 2008 B Lao dong, Thuong binh
& XA hoi bao cao c6 khong dudi 173.000 nguoi nghién ma tuy. Con sé nay ting 1én
204.377 nguoi tinh dén thang 9 ndm 2014. Nam 2014, ca nudc ta co 142 trung tam cai
nghién ma tuy trén khap cac tinh thanh va dang diéu tri cai nghién cho trén 32.000 ngudi.
Liéu phap diéu tri cho ngudi nghién dang thudc phién hién nay chu yéu la ding
Methadone dé diéu tri thay thé. Tuy nghién, chi c6 hon 20.000 ngudi duoc diéu tri bang
licu phap nay va phan Ién methadone 1a duoc vién tro bai cac To chuc Y té Thé gidi.
Theo T chirc nghién ciru ung thu quéc té Globocan, nim 2008, Viét Nam c6 111.600
ca mac bénh ung thu méi trong d6 c6 82.000 bénh nhan tir vong. Theo sb liéu thong ké
cua Hiép hoi Ung thu Viét Nam, nam 2012, ca nudc c6 hon 150.000 ngan ca mic méi,
trong d6 ty 18 phat hién bénh & giai doan I va Il chiém khoang 50,52%, giai doan muon

(> giai doan 111) 1a 49,48%. Tham chi, co nhitng ung thu, nhu ung thu v, ty 1€ phat hién
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& giai doan | chi chiém 10%. Pén nam 2014, s6 ca mac mai 1én dén gan 200.000, trong
do6 c6 khoang 70.000 nguai tir vong.

Véi nhitng trién vong lam thudc giam dau do ung thu, hd trg diéu tri cai nghién caa TTX
thi tat ca nhimg ngudi nay déu can dén liéu phap diéu tri TTX dang dugc nghién ciu.
Néu nghién ciu thanh cong va dua vao ang dung, TTX s& mang lai hi vong cho hang
triéu bénh nhan va gia dinh ngudi bénh.

Trong khi d6, trit lugng ca ndc & bién Viét Nam (theo wdc tinh nim 2005) vao khoang
trén 37.000 tan, trong d6 ho ca noc Tetraodontidae chiém khoang 84,7% tong trit luong.
Pay 1a nguon nguyén liéu tiém tang dé chiét tach thu duwoc TTX, hira hen mot tiém ning

mai cho nganh Y Duoc Viét Nam.

1.3. MOT SO PHUONG PHAP PIEU CHE TETRODOTOXIN
1.3.1. Mt s6 phwong phap chiét xuat, phan lap tetrodotoxin tir tw nhién

1.3.1.1. Mt s6 nghién cizu trén thé gidi

Tetrodotoxin duoc tim thay nhiéu nhat & cac loai ca ndc thudc ho Tetraodontidae. Ngoai
ra TTX con chira & nhirng loai sinh vat bién khac nhau nhu bach tudc tua xanh Uc
(Hapooloclaena maculosa); cd mo vet, ca than tién (Ostracion spp), ca& mat tron dai
duong, ..., mot s6 loai ghe nhu ghe Philippin, ghe mat do (Eriphia spp, Carcinoscorpius
rotudicauda...), ¢ sén bién, loai éch doc (Harlequin) [32]. Tuy nhién, ca néc van la
nguyeén liéu chinh dé tach chiét va nghién ctu vé TTX [17], [32].

Vao dau thé ky XX, Tahara & Nhat da bt dau chiét TTX [149], [150]. Ong d sir dung
chi acetat va dung dich amoniac trong nudc dé két tua dong thoi doc té va chi, sau do
loai chi bang cach xtr ly véi hydro sulfid. Tiép theo, thém methanol va diethyl ether vao
dich loc sau khi loai chi, cudi cung két tia doc td. Tahara xac dinh doc tinh cua doc to
thd 12 4,1y (y: don vi doc, lidu gay chét trung binh cho 1 g chudt) va goi doc té do la
“tetrodoxin”, nhu t&n goi hién nay. May chuc nim tiép theo, nhiéu phuong phap chiét
da dugc xay dyung. Sau day 1a mot s6 phuong phap dai dién.

Nam 1950, Yokoo nghién ctu chiét xuat, phan lap thanh cong doc té tinh thé va xac
dinh liéu gay chét téi 0,01y [173]. Nghién cau nay sir dung budng tring ca néc bét duoc
gan Shimomi (Nhat) vao cudi thang giéng, ngadm chiét ching trong nuéc va béc hoi dén
kho. Két qua thu dugc mot chat thd ¢ doc tinh 1a 40y. Sau do, chi acetat va ammoniac
duogc str dung dé két taa doc td va chi cung ldc, roi loai tap bang acid phosphor-tungstic
va thiy ngan picrat, loai bo duong bang phenyl hydrazin. Tua dugc xir Iy bang thuy
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ngan picrat, sau do xir Iy tiép bang acid picrolonic, methanol va acid picrolonic sao cho
thu duogc doc t6 két tinh c6 doc tinh 12 0,8y. Tuy nhién, tir 20 kg trirng ca, Yokoo chi thu
dugc 13 mg doc td tinh thé.

Nam 1951, Nagai [93] str dung nhya trao ddi ion (Amberlite IRC-50) dé hap phu doc t6,
ria giai voi acid hydrochloric, rdi xir Iy nuéc ria giai véi Amberlite IR-40 dé loai acid
hydrochloric. Sau khi c¢6 dic, ethanol khan dwgc st dung dé chiét doc té. Cudi cung,
thu dugc 2,5 mg tinh thé doc td c6 doc tinh 0,08y tir 20 kg trang ca noc.

Nam 1952, Tsuda va Kawamura st dung sac ky gidy vong [156] dé phan Iap, tinh ché
va thu dugc doc té ¢c6 MLD 10w/kg. Sau d6, ho xay dung phuong phap san xuat s6
luong 16n bang sic ky cot than hoat [158]. Phuong phap nay c6 kha ning xir Iy 1000
buong kg trimg ca va thu duoc 10 g doc td véi MLD 10 w/kg. Nghién ciu khéac caa
Woodward [165] ciing thu dwoc két qua twong tu.

Niam 1964, Goto va cong su [54] da don gian hda qui trinh cong nghé bang cach sir dung
nhya trao doi ion va loai tap bang than hoat. Ho thu dugc 1-2 g doc té thd tir 100 kg
buong tring c& S. rubripe [54]. Quy trinh duoc tom tat trong hinh 1.10

100 kg budng trimg ca néc
S. rubripes

Ngam nuoc
[ 1
Ba Dich chiét

Pun néng, loc
Dich loc
Séc k¥ cot trao d61 ion nhwa IRC-50
Rira giai bang acid acetic 10%
I 1

Phan doan khong co
hoat tinh

Phan doan co hoat tinh

Diéu chinh pH 8-9 bang dd ammoniac
Hap phu bing than hoat tinh

Phan than hoat tinh

Rura gia1 bang acid acetic |

Dich ri¥a giai Cin

Co dac
Két tinh bang dd amoniac

1-2g doc to

Hinh 1. 10. So' d6 quy trinh phan ldp TTX tir loai ca néc Spheroides rubripe [54]
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Sau nam 1980, mot s6 phuong phép lan luot dugc bao cao, nhung chung chu yéu theo
phuong phap cuia Goto, tuy nhién khdng ting hiéu suat chiét.

Niam 2003, Maoquing Zhou va cong su [93] tién hanh chiét xuat, phan 1ap TTX nhu sau:
tir 20kg tring ca noc chiét bang acid acetic, dun néng, 1am lanh, loc; tach TTX sir dung
cot trao d6i ion chira nhya D-152, diatomaceous silica-than hoat, c6 dic va két tinh thu
duge 1,2g doc té toan phan c6 chira TTX. Bac td TTX tiép tuc duoc 1am tinh khiét bang

cach tinh ché nhiéu 1an [94].

1.3.1.2. Mt s6 nghién civu ¢ Viét Nam

Nam 1993, Lé Xuan Ta va cs. da tién hanh tach chiét doc to tir 04 loai ca ndc L. lunaris,
F. chrysops, F. lagocephalus lunaris va D. holocanthus thu tai ving bién mién Trung
Viét Nam. Ong cho ring loai L. lunaris 1a loai doc, doc té cao nhat cha yéu ¢ triing
(1,46%) va gan (1,43%), loai F. chrysops ciing chira doc t6, con 02 loai con lai khong
chira doc to.

Nam 1994, Lé Quang Huin va cong sy da chiét xuat TTX tir 03 loai ca néc Fugu
sceleratus, F. xanthopterus, L. lunaris caa bién mién Trung Viét Nam. Phuong phap
nay str dung dung mai hitu co chloroform, ether dé chiét vai quy trinh con phic tap,
nhiéu giai doan. Tuy nhién nhom tac gia méi chi tinh ché duoc & dang thé, sé luong it
va chua danh gia chinh xac dugc do tinh khiét [12], [15].

Niam 2007, dé san xuat huyét thanh khang doc té TTX, nhém nghién ctru cua tac gia Lé
Vian Hiép [7], [11] thudc Vién Vicxin va Sinh pham y té Nha Trang (IVAC) ciing da
phan lap duoc TTX tir phii tang ca ndc. Nghién ciru sir dung hon hop dung moi methanol
— acid acetic 1% (ty 1& 4 — 0,5) dé chiét, loai m& bang chloroform, loai tap bang cot than
hoat tinh, 1am giau qua sic ky cot BioGel P2 (3x100 cm), rira giai bang acid acetic
0,03M, sic ky cot lan 2 qua cot CM-Trisacry (3x50 cm), ria giai bang amoni acetat
0,02M — 1M, sau d6 tiép tuc qua sic ky cot 1an 3 vai cot TSK (3x100 cm), rira giai bang
TFA 0,1%, ¢ can dugc cin thd véi do tinh khiét >75%, sau d6 két tinh lanh trong dung
moi acid acetic 1% - methanol — ether (0,5 — 2 — 5) & 4°C thu dwogc 19,21mg tinh thé
TTX ¢ do tinh khiét 80-85%, véi hiéu suat 35-50%. Tuy nhién nghién ctiru mai chi dirng

lai & quy m6 nho phuc vu cong viée diéu ché huyét thanh khang TTX.
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1.3.2. Mt s6 phwong phap diéu ché khac

1.3.2.1. Tong hop hod hoc
Nam 1972, Y. Kishi va cong su thanh cong trong viéc tong hop hoan chinh TTX. Quy
trinh tong hop TTX theo Kishi [80] duoc tém tit nhu sau:

Tetrodamine

Hinh 1. 11. Tém tdt téng hop theo Kishi [80]

Qua trinh tong hop nay gém 3 giai doan chinh:

- Téng hop nhan bdt doi cyclohexan

0 L o 0
I._ e S . i EHCL- - I_j | e MsCl ) I‘_-l | r|.|1e
- . _— -
e MeCN, L] BN |||
Ny (83%) U quant) 7Y
N_ O Me—20 Me-".0
OH h-OH ‘N-Ms
g o oot
0 = A._Me - A M LA
H0 100°C 3 NaBH, _ . CPBA H, A Me
Beckmann L . MEOH ) camphorsufonic acidHOr.
(61%) NH, (36%) FiHD (75%) H rqué
Ac A AC
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Nam 2003, Isobe va Dubois [28], [63], [120], [130] ciing dua ra quy trinh tong hop
tetrodotoxin. Céc quy trinh nay khac nhau co ban & sy ngat mach nhan cyclohexan. Quy

trinh cua Kishi 1a cong cis-decalin thu dwgc san pham dang diastereoselectivity. Isobe
va Du Bois hudng toi tong hop TTX bat di. Isobe tap trung vao céc trung tdm bat doi

C4a, C5, C7 véi su dao nguoc cua C5 sau qua trinh tong hop. Trong khi d6, Du Bois lai

thiét 1ap cac trung tam stereogenic khéac ngay tir dau, cu thé 1a C6 va C8.
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3: racemic, 3 steps
Key step: Digls-Alder

B30’ O,
O
Isobe X
>\/ 4: asymmetric, 10 steps
Key steps: inframolecular
aldol condensation,

stereospecific Rh-carbene
C-H insertion

5. asymmeitric, 34 steps
Key steps: Claisen rearrangement,
regioselective hydroxylation,
intramolecular aldol condensation

Hinh 1. 12. Phan tich sir khac nhau trong si ngdt mach nhan cychlorhexan
giira cac quy trinh cua Kishi, Isobe va DuBois.

Niam 2007, Ken-ichi Sato ciing cong su [139] da nghién ciru tong hop TTX tir D-glucose

qua 34 budc, giai doan chinh 1a phan tng Henry. Quy trinh nay dwoc tom tit nhu sau:

o PhS NO,
o o
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OH
OHH
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Bno TBDPSO TBDPSO
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Hinh 1. 13. Téng hop TTX tir D-Glucose [139]

1.3.2.2. Tong hop TTX tir vi sinh vit

Gan day, viéc phat hién ra TTX c6 ngudn gbc vi sinh vat dd mé ra hudng nghién ctu
méi, d6 1a tong hop TTX tir vi sinh vat [10], [183]. Nam 1995, Kendo Matsumura [104]
d3 nghién ctru tim kiém méi trudng thich hop dé vi khuan Vibrio alginolyticus phan lap
tir c& ndc Fugu niphobles c6 kha ning san sinh TTX v&i ham luong cao. Két qua phan
tich cho thay ham luong TTX 1a kha cao: 27,2 MU/ml. Nam 2007, Venmathi Maran [95]
da phan 1ap duoc hai chung Shewanella woodyi va Roseobacter sp. tir mot loai chan

khép sbng ky sinh trén da c& ndc Takifugu pardalis. T4c gia cho rang céc chung vi sinh
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vat tong hop TTX véi mot ham luong rat nho, do vay, doi hoi can phai nghién ctu, sang
loc chung vi khuan ndo c6 kha ning sinh san TTX véi ham lwong cao. Xiao-Jie Wang
va cong su (2008) [162] d4 nudi cay thar nghiém mot s6 chang vi sinh vat sinh TTX phan
lap tir d6ng vat bién chan bung. Két qua 1a c6 mot sé vi sinh vat phan lap trén méi truong
ORI, TCBS sinh doc té TTX véi ham lwong khéc nhau. Chung sinh ham lwong TTX thap
nhét 1a 5 ng/g, chung sinh cao nhat 1a 184 ng/g. Ciing trong nam 2008, Peter Hoi-fu Yu
va cong su [184] da str dung mot s6 chang Vibrios sinh TTX da duoc cac nghién ciu
trede tim ra, nudi trong diéu kién thich hop dé thu sinh khdi c6 ham lwong TTX cao. Két
qua that bat ngo khi nhém nghién ciru cho rang c6 thé thu dugc 0,5 g — 1,5 g TTX trén
mét lit sinh khéi vi sinh vat nuoi trong 10 ngay. Diéu nay cho thay trién vong mai, mot
huéng di méi cho nganh cong nghiép san xuat TTX phuc vu y hoc. Tuy nhién can phai
tim diéu kién t6i uvu nhu nhiét @6, pH, ché d6 dinh dudng, thoi gian nudi u dé vi khuan
d6 tao ra TTX theo y mudn.

O Viét Nam, nhém nghién ctu cua tac gia Nguyén Hitu Hoang [7] & Vién Nghién ciu
Hai San da thyc hién dé tai nudi cay chang vi sinh san sinh TTX 1én ca noc sau dé chiét
Xuat va phan lap da thu dugc nhiéu két qua kha quan. Bui Thi Thu Hién va cong su [8],
[9] d4 tién hanh nghién ctu sinh khéi 2 chung vi khuan Pseudoalteromonas antartica
va Shewanella baltica sinh TTX thu dugc TTX c¢6 ham lugng 0,168 pg/ml. Sau khi tinh
sach qua than hoat dat (0,1799 pg/ml), sic ky loc gel Bio-Gel P2 (0,2014 pg/ml) va qua
sac Ky &i luc Bio-Rex 70 (0,2528 pg/ml).

1.4. MQT SO PHUONG PHAP PINH TiNH, PINH LUQNG TETRODOTOXIN
VA DAN CHAT
1.4.1. Phwong phap sinh hoa

1.4.1.1. Phwong phap sinh héa chujt

Phuong phap sinh hoa chudt [16], [43], [135] duoc st dung twong dbi pho bién, dé dinh
luong so bo d6 doc cua TTXs qua don vi chudt. Pon vi chudt (MU) duoc quy dinh nhu
1a lwong TTX gay chét cho chudt cé trong lwgng 18 — 20 g trong vong 30 phut vai lidu
doc to t6i thiéu.

O Viét Nam, da phan céc nghién cau khao sat doc té hay dinh lwong TTX chiét xuat
dugc déu sir dung phuong phéap sinh hod trén chudt, danh gia bang d6 doc chudt, nhu
nghién cttu cia nhém Lé Quang Huén, hay nhém Vién Hai Duong hoc Nha Trang [16],
[17]
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1.4.1.2. Phuwong phap ELISA

Phuong phap ELISA (Enzyme Linked Immunosorbent Assay- xét nghiém hap thuy mién
dich lién két véi enzyme) duoc thiét ké cho viéc phat hién va dinh luong vat chat nhu
peptides, protein, antibodies, hormone, ... D6i khi nd con dugc goi bdi mot tén goi khac
Ia EIA (Enzyme Immuno Assay)

Islam va cs. [66] do ndng d6 TTX trong nudc tiéu va mau tir 38 bénh nhan trong cac vu
ngo doc TTX ¢ Bangladesh stir dung phuong phap ELISA theo phuong phap cia Ngy va
cs. [117] bang cach sir dung mot khang thé don dong chdng TTX phat trién bai Kawatsu
va cs. [74].

Phuong phap nay c6 d6 nhay kha cao, d6 dic hiéu twong doi tét, thoi gian phan tich
nhanh (khoang 30 phut) nhung gia ciia cac khang thé don dong rat dat, nén chi phi phan
tich cao, kha ning tng dung bi han ché.

1.4.2. Phwong phap quang pho

1.4.2.1. Phwong phdp quang phé héng ngoai

Quang phé hong ngoai hién 1a mot trong nhitng k¥ thuat hiru ich dé xac dinh cac nhém
chuc, gop phan dinh tinh, dinh danh cac chat. Pho hong ngoai dugc Onoue [131] st
dung dé dinh tinh doc t6 ca néc. Tsuda [157] ciing st dung phd FT-IR dé xé4c dinh tinh
thé TTX—HCL duoc phan Iap tir loai siu bing Cephalothrix sp. & vinh Hiroshima. Két
qua ciing cho cac dinh hép thu tai 3353, 3235, 1666, 1612 va 1076 cm, (thg vai céc
nhom chirc OH, guanidin, COO- cua TTX.

Absorbance
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0.00 1 / \

-0.10 }
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Hinh 1. 14. Phé héng ngoai cia TTX [157]
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1.4.2.2. Phwong phdp quang pho UV-VIS

CAu trdc cua TTX khong ¢ ndi doi lién hop, nén kha niang hap thu UV-VIS kém, tuy
nhién phuong phap nay van dugc sir dung dé phan tich TTX. M6t lwong nhé TTX hoa
tan trong 2 ml NaOH 2 M va dun ndng trong céch thay trong 45 phut, dé nguoi vé nhiét
d6 phong. TTX va cac dan chit tao thanh dang C9 base (2-amino-6-hydroxymethyl-8-
hydroxyquinazoline) cho phé hap thu UV-VIS c6 dinh 276 nm [154] (hinh 1.15). Saito
va cong su [136] d4 st dung phuong phap nay dé phan tich TTX va dan chat tir ca ndc.

% |

240 260 280 300
Wavelength (nm)

Hinh 1. 15. Phé UV-VIS cua tetrodotoxin [154]
1.4.3. Phwong phap sic ky

1.4.3.1. Phwong phdp sdic ky l6p méng

Trén thé gioi, mot sb tac gia [91], [153], [180] st dung phuong phap TLC nay dé dinh
tinh TTX, st dung ban moéng silica gel 60 vai 2 hé dung moi pyridin — ethyl acetat —
acid acetic — nuoc (15-5-3-4) va hé dung méi n-butanol — acid acetic — nuwoc (2-1-1).
Thudc ther hién mau 1a dung dich KOH 10% phun 1&n ban mong, say & 100°C trong 10
phut, doc té s& phat huynh quang & budc séng 365 nm. TTX cho vét cd Rf khoang 0,7
va 0,5 g vai 2 hé dung méi. Ngoai ra, cd thé phat hien vét TTX bang thudc tha Weber
cho vét mau hong. Gidi han phét hién ciia phuong phap khoang 2 pg.
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Pyridine : Ethyl acetate : Acetic acid : Water ( 15:5:3:4 )

Sample ! @
TTX | <
aQTY | oo o
gTx | o
L | |
0 0.5 Ry 1.0

3-Butanol : Acetic acid : Water ( 2:1:1)

Hinh 1. 16. Hinh dnh sac ky l6p méng TTX, GTX, STX va mdu chiét T. nigroviridis [91]
1.4.3.2. Phuwong phdp sic ky Iéng higu ning cao
Phuong phap sac ky 1ong hiéu nang cao véi dic trung 13 su phan tach gitta pha dong va
pha tinh, c¢6 thé (ng dung dé phan tich TTX va ddn chat. Tuy nhién, véi cac detector
khac nhau thi phuong phap chuan bi, phan tich khac nhau, qua d6 d6 nhay ciing khéc
nhau, gigi han phat hién, gigi han dinh lugng cling khac nhau.
Trong phan tir TTX khong c6 lién két doi lién hop, do d6 néu dinh tinh va dinh lugng
TTX bang HPLC véi detector UV, budc séng phét hién thuong phai st dung 13 201 nm,
phuong phap d6 nhay thap, d chon loc thudong khong cao bai trong ca ndc c6 rat nhiéu
dan xuat caa TTX. Yu va cs. [182] thu dugc LOD 14 10 ng/mL khi st dung HPLC-DAD,
cot Allsphere ODS-2 (5 um; 250 x 4,6 mm) dé dinh lwong TTX trong huyét tuong va
nudc tieu nguoi.
Dinh tinh va dinh lvgng TTX bing HPLC - detector huynh quang (FLD), buéc séng kich
thich 381 nm va budc séng phéat xa 505 nm cho do nhay rat tt véi nong do dinh lwong

trong huyét thanh va nudc tiéu lan luot 12 5 ng/mL va 20 ng/mL [97].
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Hinh 1. 17. Sdc ky do6 HPLC-FLD dinh lwong TTX trong huyét riong [97]
Chih-Yu Chen va cs. [38] dinh Iugng TTX trong ca néc N. lineatai sir dung HPLC-FLD

cho gidi han phat hién 1a 10 ng, khoang tuyén tinh rong tir 10 — 2000 ng. (hinh 1.19)

Standard TTX

anhydro-
TTX

R

Natica lineata extract

Fluorescence intensity

_

4] 5 Tlmieu (mjn)‘ls 20
Hinh 1. 18. Sdc ky d6 HPLC-FLD cua TTXs va dich chiét ca noc N. lineata [38]
O Viét Nam, mot sb téc gia ciing ding HPLC-FLD dé dinh luong TTXs trong tring va

gan cé4 noc ciing cho két qua kha quan [7] (hinh 1.19).
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Hinh 1. 19. Mét s6 sdc ky do dinh lwong TTXs trong gan, trizng c& noc bang HPLC-FLD [7]
1.4.4. Phwong phap pho khéi

1.4.4.1. Phwong phdp sic ky khi khéi pho GS-MS

GC-MS 1a phuong phap gian tiép dé phan tich TTX va cac din chat [148], [178]: TTX
va cac dan chat duoc hoa tan trong 2 mL NaOH 3 M, dun nong 30 phit. Sau khi dé
ngudi ¢ nhiét do phong, diéu chinh pH vé 4,0 bang HCL 1N va chay qua cot chiét pha
ran Seppak C18. Sau khi rira lan luot bang nudc, MeOH 10%, rira giai bang MeOH
100%, thu dich rira giai, cd can & chan khong. Cén thu duoc hoa véi hdn hop N,O-bis
acetamid - trimethylchlorosilan - pyridin (2- 1- 1) dé tao thanh dang C9 base -
trimethylsilyl. Dan xuat nay duogc chay qua hé thong sac ky khi khdi phé véi diéu kien
sic ky: cot (¢ 0.25 mm x 250 cm), nhiét do cot tir 180 — 250°C véi toc d6 gia nhiét 5-
8°C/phut, téc do khi heli 20mL/phut, thé ion héa 70eV, nhiét do ion héa 200°C. Pho
khéi thu dugc cac dinh dic trung m/z = 407 va 392 ung véi M* va [M-CHs]* cua dang
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C9 base — trimethylsilyl [31]. Ca&c manh m/z = 407; 392 va 376 thé hién khung
quinazolin cua TTX (hinh 1.25).
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Hinh 1. 20. Phé khéi cia ddn xuat C9 base — trimethylsilyl cua déc té tir sdu bing
Cephalothrix sp. thu dwoc ¢ vinh Hiroshima [31]

1.4.4.2. Phwong phdp sdic ky léng khoi pho LCIMS

Day 1a phuong phap hién dai [22], [160], [164], c6 kha ning (ng dung cao va dang dan
tré nén phé bién trong phan tich. B6i voi HPLC-FLD, TTX va céc dan chit c6 cuong do
huynh quang khac nhau, nhu: cuong d6 huynh quang cia 5-deoxyTTX va 11-deoxyTTX
chi bang 1/20 va 1/100 caa TTX, trong khi 6-epiTTX va 11-norTTX-6(R)-ol c6 cudng do
huynh quang cao gap 20 lan va 10 lan so véi TTX [146]. Biéu nay lam anh hudng dén
d6 nhay, gi¢i han phét hién TTX va cac dan chat caa phuong phap. LC-MS ¢ thé giai
quyét van dé nay, no lam ting kha ning phat hién TTX va cac dan chat véi do chinh xac,
do nhay tot hon.

Jun-Ho Jang va cong su tai Pai hoc Tohoku, Nhat Ban [69] sir dung phuong phap
LC/MS dé phan tich dinh tinh va dinh luong TTX va cac dan chat deoxy cua TTX tir loai
ca ndc F. niphobles ¢ viing bién nam Han Quédc va 2 loai ca noc T. nigroviridis va T.

biocellatu & bién Péng Nam A (hinh 1.21)
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Hinh 1. 21. Sdc ky dé phan tich TTXs, mau chuan TTXs (A) va cac mau thi F. niphobles (B),
T. nigroviridis (C), T. biocellatu (D) [69]

Y.H. Tsai va cs. [155] st dung LC/MS véi cot Zorax 300SB-C3, pha dong la hon hop
1% acetonitril, 10 mM trimethylamin, 10 mM amoniformat, toc 6 dong 0,4 ml/phut dé

dinh luong TTX trong nudc tiéu va mau cia bénh nhan bi ngo doc ca noc. (hinh 1.22)
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Hinh 1. 22. Sdc ky do va phé ESI-MS cia TTX [155]
Niam 2008, Hsiao-Chin Jen va cs. [70] st dung sac ky long khéi phé véi cot Cosmosil

HILIC 150 x 4,6 mm, pha dong gradient acid formic 0,1 % va methanol dé dinh luong
TTX trong huyét thanh nguoi (hinh 1.23).
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Hinh 1. 23. Scc ky d6 dinh legng TTX, (A): mau huyét thanh trang, (B): mau huyét thanh +
TTX 10ng/miml, (C): ca néc N. clathrata, (D): mau huyét thanh nguoi. [70]

Nam 2014, Kudo va cs. [83] str dung LC-MS vai cot TSK gel Amide-80 (2,0 x 150 mm;
5 um ), pha dong la hon hop acetonitrile — Zém ammoni format 16mM (pH 4,5) véi ty
1& 7- 3, tbc d6 dong 0,2 mL/phdt, nhiét &6 cot 28°C dé so sanh ham lwong TTXs trong
ca ndc T. pardalis vdi mot sb loai dong vat bién ¢ viing bién Nhat Ban (6¢ Nassarius
glans, bach tudc vong lam Hapalochlaena sp.) va viing bién Australia (bach tudc vong
lam H. maculosa.)

1.4.5. Pho cong huwéng tir hat nhan (NMR)

Pho cong huéng tir hat nhan [21], [76] 1a mot phuong phap pho hién dai va hitu higu
nhét hién nay dugc dung dé xac dinh céu tric hda hoc cac hop chat hitu co noi chung
va hop chat thién nhién noi riéng. Vai viéc sir dung két hop céc ki thuat phd NMR mét
chiéu va hai chiéu, nguoi ta c6 thé xac dinh chinh xéac ciu tric caa hop chat, ké ca cau
trdc lap thé cua phan tir. Nguyén Iy chung caa cac phuong phap phd NMR (phd proton
va phd cacbon) 1a sy cong hudng cua cac tan sé khac nhau cua cac hat nhan tir (*H, 13C)

duéi tc dung cua tir treong. CAc tan s6 cong hudng khac nhau nay duoc biéu dién bang
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d6 dich chuyén hda hoc. Ngoai ra dic trung cia phan tir con duge xac dinh dya vao
tuong tac spin gitra cac hat nhan tir vai nhau.

Phé 'H-NMR: Trong phd *H-NMR, d6 dich chuyén hda hoc (8) cua cac proton duoc
xac dinh trong thang tir 0-14 pg/ml tuy thugc vao mirc d6 lai hoa cuia nguyén tir cling
nhu dic trung riéng cta tirng phan ta. Mdi loai proton cong hudng & mot truong khéc
nhau vi vdy ching duoc biéu dién bang mot do dich chuyén khac nhau. Dua vao nhiing
dic trung cua do dich chuyén hoa hoc cling nhu twong tac spin gitta c4c hat nhan tir Véi
nhau ma ngudi ta c6 thé xac dinh dwoc cau trdc héa hoc cua hop chit.

Phé 13C-NMR: Phé nay cho tin hiéu vach phd cua cachon, mdi nguyén tir cachon s&
cong huang & mot trudng khac nhau va cho mét tin hiéu phé khac nhau. Thang do phd
I3C-NMR ciing duoc tinh bang pg/ml va véi dai thang do rong hon so voi phd proton
(tir 0 dén 240 pg/ml).

Phé DEPT: Pho nay cho nhitng tin hiéu pho phén loai cac loai cacbon khac nhau. Trén
phd DEPT, tin hiéu cua cacbon bac 4 bién mat. Tin hiéu ph6 cua CH va CHs nam vé
mot phia va cua CHz thi nam vé phia dbi dién trén pho DEPT 135°. Con trén pho DEPT
90° thi chi xuat hién tin hiéu phd caa cac CH.

Phé 2D-NMR: Day la cac k§y thuat phd hai chiéu, cho phép xac dinh cac tuong tac cua
c4c hat nhan tir cua phan ti trong khong gian hai chiéu. Mot sb ki thuat thuong dugc
ding chu yéu nhu sau:

Phé HSQC: Cac twong tac truc tiép C-H dugc xac dinh nho vao céc pic giao nhau trén
pho HSQC. Trén phé nay, mét truc 1a phd tH-NMR con truc kia 12 3C-NMR.

Phé 'H-'H COSY: Pho nay biéu dién cac twong tac H-H, chi yéu cia cac proton dinh
véi cachon lién ké nhau. Chinh nho phd ndy ma cac phan caia phan ta dugc ndi ghép lai
véi nhau.

Phé HMBC: Day 1a pho biéu dién cac twong tac xa ctia C va H trong phan tir. Nho vao
cac twong tac trén phd nay ma ting phan cua phan tir cling nhu toan bé phan tir duoc
xac dinh vé cau truc.

Phé NOESY: Phé nay biéu dién cac tuong tac gan trong khong gian cua céc proton
khdng ké dén céc lién két ma chi tinh dén khoang cach nhat dinh trong khong gian. Dya
vao két qua phd nay, c6 thé xac dinh duoc ciu tric khdng gian cua phan ti.

Pho ROESY: Phé nay xac dinh quan hé khong gian giira cac proton.
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1.5. CHAT CHUAN VA THIET LAP CHAT CHUAN

1.5.1. Chét chuan d6i chiéu héa hoc

Theo DPVN IV [18], chat di chiéu duoc dinh nghia 13 chat dong nhat di dugc xac dinh
1a dang dé dung trong cac phép thir da duoc quy dinh vé hoé hoc, vt Iy va sinh hoc.
Trong cac phép thir do, cac tinh chét cua chat dbi chiéu duoc so sanh véi céc tinh chat
cua chit can tha. Chat dbi chiéu phai c6 d tinh khiét phu hop véi muc dich st dung.
1.5.2. Phwong phap thiét 1ap chét chuin

1.5.2.1. Lwa chgn nguyén liéu

Pé dap ung muc dich sir dung trong cac phép thir hoa hoc, vat 1y hay vi sinh, yéu cau
nguyén lidu 1am chat ddi chiéu phai 1a mot khéi dong nhat (khong duoc 1an ta duoc hay
chét bao quan) dugc lua chon tir cac 16 nguyén liéu san xuat thude cd chat lugng tot nhat
va dugc cung cip boi cac nha san xuit duge pham. Nguyén liéu TTX hién nay 1a chat
cAm mua ban trén thé gidi, chua duge coi 1a thue hay duoc pham, vi vay kho co thé
mua duge. Do d6 nguyén liéu nay s& dugc cung cp tir san pham cta lun an nay.
1.5.2.2. Xay dwng quy trinh phadn tich

Céc phuong phap hoa 1y duoc st dung dé danh gia chat lugng nguyén lidu thiét lap chat
d6i chiéu, phai phan anh duoc dung tinh chit cua chat d6, c6 do chinh xac va do lap lai,
gom co cac phuong phap sir dung dé dinh tinh, dinh lugng, ciing nhu dé danh gia do tinh
khiét

1.5.2.3. Quy trinh dong goi, bdo qudn

Qua trinh san xuat chat chuan [23], [24] duoc thuc hién theo quy trinh thao tac chuan
(SOP) va dugc kiém soat nghiém ngat. Chat chuan ddi chiéu hoa hoc dwoc can bang can
phan tich c6 d6 chinh xac cao, dugc thuc hién trong budng dong chat chuan (Glove-Box)
va duoc bao quan trong ta bao quan chit chuan duoc kiém soat méi trudng (thuong bao
quan tir 2 — 8°C). TUy theo dic tinh, chat chuan ddi chiéu hoa hoc thudng dong tir Vai
miligam dén vai trim miligam/lo. Chat chuan TTX c6 hoat lrc cao, c6 gia tri 16n, trén
thé gioi thuong dong 1mg/lo va duoc bao quan & nhiét do rat thap (-20°C). Céc chat
chuan thong thudng dinh ky duoc danh gia va bao quan sir dung dai lau.

1.5.3. Panh gia lién phong thi nghi¢m

Pé dam bao két qua danh gia chat chuan duoc khach quan, chat chuan sau khi duoc thiét

lap va dong goi phai duoc danh gia tdi thiéu tai 2 phong thi nghiém khac nhau, déu dat
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y&u cau 1a phong thi nghiém dat tiéu chuan quéc té 1ISO IEC 17025 hoic tiéu chuan thuc
hanh tét phong thi nghiém GLP, theo protocol phi hop di dugc phé duyét.

1.5.4. Chét chuén tetrodotoxin

Dé nghién ctru vé doc tinh ca néc cling nhu ung dung TTX trong y hoc, can thiét phai
c6 chat chuan TTX. Trong nhitng nim qua, & Viét Nam ¢6 nhiéu nghién ctu vé ca ndc
cling nhu vé TTX nhung van chua thiét 1ap duoc chat chuan TTX biét chinh xac ndng
do.

Hién nay it c6 nha cung cap ban TTX tinh khiét va gia chat cang tinh khiét thi cang cao.
Gia cua TTX tinh khiét 99,8 % do mét s6 cong ty Nhat Ban cung cap 1a 300 USD /1 mg.
Mot cong ty & Anh ciing bao gia TTX tinh khiét 98 % Ia 80 bang Anh/1mg.

Ngoai ra viéc mua TTX ciing rat kho va thii tuc rat phic tap, tham chi khong mua duoc.
Tuy nhién c6 thé tan dung phé pham cta nganh thay hai san 1a gan va long ca noc dé
chiét xuat va tinh ché 1ay TTX sach phuc vu cho nghién ctu y hoc.

Bang 1. 9. Mt s¢ hang cung cap chuan TTX

Tén hang Quy | Nguon | potinh khiét | Don gid
cach goc

Enzo (M¥) Lo Tonghop |  >98% (TLC) -
Abcam (Anh) Lo Fugu >96% (HPLC) | 148%/1mg
Sigma-Aldrich (M¥) 1Img/lo - - -
g'i'é’ghem (Trung 1mg/lo : >09% (HPLC) | 1568
Affix scientific (MY) Img/lo - >98% (HPLC) 115%
VWR (M) 1mg/lo - >98% (HPLC) 198$
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CHUONG I1. POI TUQNG, NGUYEN VAT LIEU VA PHUONG
PHAP NGHIEN CUU

2.1. POI TUQNG NGHIEN CUU
Mot s6 loai ca ndc doc thu mau vao cac thang 2, 3, 7 va 8 cdc nam 2011, 2012 va 2013

tai viing bién tinh Khanh Hoa va Viing Tau, Viét Nam, dugc dinh danh 1am tiéu ban va
Iy phan noi tang (tring, gan, rudt) 1am mau nghién ciu. Mau duoc bao quan & nhiét do

duéi -10°C, tai Khoa Nghién ciru Phét trién, Vién Kiém nghiém thudc Trung wong.

2.2. PHUONG TIEN NGHIEN CUU
2.2.1. Héa chat thuoc thir

Chadt chudn Tetrodotoxin 1 mg/lo (Sigma Aldrich, 1mg Tetrodotoxin va 5 mg dém citrat
pH 4,8/lo, ham luong: 99,0 %, Lot. N°: 038K 1804. Khi thém 1 ml nudc s€ ¢6 dung dich
Tetrodotoxin trong dém pH 4,8 nong d6 1mg/ml);

Nuoc khit 1on, ethanol; acid acetic khan, acid acetic lodng (1%, 3%, 5%, 10%, tt/tt),
dung dich acid acetic 0,2% (tt/tt) trong ethanol; amoniac dam dac (13,5M), amoniac
10% (tt/tt); natri hydroxyd, natri hydroxyd loéng (0,1 M; 1 M), pyridin, n-butanol, dung
dich d@ém acetat (dung dich trong nuéc cit chira 15 mM amoni acetat va 15 mM acid
acetic), dung dich dém phosphat pH 7 (0,5 g kali dihydrophosphat (TT) va 1,1 g dikali
hydrophosphat (TT) trong 900 ml nuée. Piéu chinh pH téi 7,0 bang dung dich acid
phosphoric 1 M (TT) hodc dung dich natri hydroxyd 1 M (TT) va thém nwoc Viea du
1000 ml), dung dich dém citrat 100 mM diéu chinh pH = 4,8; dung dich acid sulfuric
lodng 2%; dung dich acid citric 2%; methanol dung cho HPLC, natri heptansulfonat,
miedc cat siéu tinh khiét;

Than hogt tinh, nhua trao d6i cation Amberlit IRC-60

2.2.2. Thiét bi, dung cu

Lo vi song, may khudy tron siéu téc, may do pH (Metler Toledo), can phan tich, can
phéan tich Mettler MS105 c6 d6 nhay 0,01 mg

Micro pipette Eppendoff 100 pL — 1000 pL;

Ban mong silica gel GFass — Merck

Dung cu thay tinh cac loai (6ng dong, cbc c6 mo, binh dinh muc...)

Cot trao ddi cation Bio-Gel-P2 va Bio-Rex 70 (Bio Rad), cot thay tinh dung cho sic ky
cot vai cac kich thudc khac nhau (20 cm x 10 cm, 50 cm x 10 cm, 50 cm x 4 cm, 60 X 3
cm)
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- Cot chiét SPE: Cot C18 (Accubond 500mg, 3mL); cot trao doi ion Strata SCX
(500mg, 3mL); Cot Evidex (200mg, 3mL)

- Heé thdng cb quay &p suat giam Buchi.

- Thiét bj cong huong tir hat nhan (NMR, Bruker Advance, 500MHz), dung moi
CF3COOD - D,0 (1:99, v/v) va CFsCOOD — D>0 (4:96, v/v) lam dung moi;

- Thiét bi sic ky long khéi pho phan giai cao (LC — FT ICR MS, Varian 900 MS);

- May sic ky long khéi phé (LC — MS/MS) Thermo Finigan LCQ Advantage Max,
detector PDA va MS/MS

- May sic ky long khdi phd LC ESI Orbitrap (Thermo LTQ Orbitrap XL);

- May séc ky long khdi phd (LC-MS, Thermo Finnigan TSQ Quantum);

- Thiét bi sic ky long ban diéu ché Agilent 1060 (Agilent Technologies), detector UV.

- Thiét bi xay ngam chiét (c6 thé xay 20 kg/me) do Vién Kiém nghiém thuéc TW dat
hang ché tao gom co: (1) thung chira véi canh khudy, (2) phan xay thd va (3) phan xay
min dwa trén nguyén tic tryc nghién véi hé théng ludi loc, van khda. Toan bo hé théng

duoc dat trong khu vuc dam bao an toan.

Hinh 2. 1. Thiét bj xay ngam chiét, Vién Kiém nghiém thusc TW
- May sinh khi ni to
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May sic ky long khéi phd (LC — MS/MS) May sic ky long khdi phd (LC — MS/MS) Thermo
Thermo Finigan LCQ Advantage Max, detector Finigan TSQ Quantum, , V.KNT.TU
PDA va MS/MS, V.KNT.TU

May sac ky long khoi pho LC ESI Orbitrap Thiét bi cong huang tir hat nhan Bruker Avance
(Thermo LTQ Orbitrap XL), Phong NC Trong ~ AM500FT- NMR BioSpin NMR,Vién Hoa hoc,
diém hoa hoc, PHQG HN V.KH&CN VN

_— | = & 2

Séc ky long diéu ché, Agilent 1060 (Agilent  Thict bj dong kho Modulyod (Thermo), Vién Héa
Technologies), detector UV hoc, Vién Han lam KHCN VN
Hinh 2. 2. Mét s6 thiét bj si dung trong nghién citu
2.2.3. bong vat thi nghiém

- Chudt nhat trang chung Swiss, ca hai gidng, can ning tir 18 — 22 g, khoe manh do Vién
Vé sinh dich t& Trung wong cung cap. Pong vat dugc nudi dudng theo ché do tiéu chuan
tai phong thi nghiém it nhat trong 5 ngay trudc khi thuc hién cac nghién ciru, duoc nubi
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bang thic an tiéu chuan do Vién Vé sinh dich t& Trung uong cung c4p, uéng nudc tu
do. T4t ca dong vat thi nghiém duoc dé 6n dinh truée khi tién hanh thir nghiém va theo
d6i can nang khi tién hanh thir nghiém.

- Tho tring thuan chung, ca hai giéng, khée manh, can ning tir 2 d¢én 2,5 kg do Trung
tam Pong vat thi nghiém G1 cua Vién Kiém nghiém thudc Trung wong cung cap. Tho
duoc chia ngau nhién thanh 3 nhém thir nghiém (1 nhém chiing va 2 nhém ubng thuéc),
mdi nhém 7 con. Pong vat duge nudi dudng theo ché do tiéu chuan tai phong thi nghiém
it nhat trong 7 ngay trudc khi thuc hién cac nghién ciu, dwgc nudi bang thirc an tiéu
chuan do Vién Vé sinh dich t& Trung wong cung cip, uéng nuoc ty do. Dong vat khac

gidng duoc nudi riéng.

2.3. PHUONG PHAP NGHIEN CUU
2.3.1. Thu miu, dinh danh, xir Iy miu, bao quan, vin chuyén ca néc tir noi thu

miu dén phong thi nghi¢ém

Thu mdu

Muoi loai ca noc doc dugc dinh huong, két hop vaéi Vién Hai duong hoc Nha Trang
(Vién Han 1am Khoa hoc va Cong nghé Viét Nam), va thu mau & ving bién Nha Trang,
tinh Khanh Hoa, dugc dinh danh va lam tiéu ban, gdm c6: (1) Arothron hispidus (c& néc
chugt van bung), (2) Arothron immaculatus (c& noc vién duéi den), (3) Arothron
stellatus (c& ndc chugt cham sao), (4) Lagocephalus inermis (cd néc rdang mé chim), (5)
Lagocephalus lunaris (cad noc tro), (6) Lagocephalus sceleratus (cad noc thu), (7)
Lagocephalus spadiceus (c& noc vang), (8) Takifugu oblongus (c& néc van), (9)
Torquigener brevipinnis (ca ndc van mat), (10) Torquigener gloerfelti (ca4 néc cham
cam). Cac loai nay déu phan bd ¢ khu vuc bién tir tinh Khanh Hoa dén tinh Ba Ria -
Viing Tau.

Phan logi ca néc

Ho va ho phu cac noéc dugc phan loai va duoc dinh danh dén loai tai Vién Hai duong
hoc Nha Trang.

Bco qudn mau va 1am tiéu ban
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Hinh 2. 3. Hai loai (1) Ca noc vang (L. lunaris) va (2) ca noc chugt van bung (A. hispidus)

Hinh 2. 4. Phui tang cd néc dweoc mé ldy ra dé dem di xie i

10 mau cé sau khi dinh danh mét phan duoc loai b phu tang, ngdm trong dung dich
formol, dung trong binh thay tinh, nap kin, ghi di thong tin ngay thu, noi thu mau, loai,
ho; phan con lai (mdi loai it nhat 2 ca thé) dugc dé nguyén con, bao quan trong ti cip
dong (-10°C) dé phuc vu cac nghién ciru dinh hudng doc chat.

M6t s6 luong lén ca duogc 13y riéng phu tang, phan con lai tiéu hay. Pha tang ca (khoang
200 kg) dugc cap dong chuyén vé phong thi nghiém, tiép tuc dugc bao quan trong ta
cap dong (-10°C) trong sudt qué trinh nghién ciu. Pha tang ca néc dugc st dung 1am

nguyén liéu chiét xuat va tinh ché TTX 1am chat déi chiéu.
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2.3.2. Nghién ciru phat hién, dinh tinh, dinh lwong tetrodotoxin

2.3.2.1. Xdc dinh nhanh dé djc ciia phii tang cdc loai cd NOC

Pé xac dinh nhanh do doc cua phi tang mot sb loai ca noc, st dung phuong phép sinh
hoéa chuot.

Pon vi chudt (MU) duge qui dinh nhu 14 lugng TTX gay chét cho chudt cé trong luong
18 — 20 g trong vong 30 phut véi liéu doc t6 téi thiéu.

Chuot thtr nghiém duoc lua chon la chudt khoe manh, cung loai, cung giagi tinh, cung
trong luong, cung diéu kién va ché do nudi.

X ly mau:

- Mau ndi tang ca ndc dugc cat nho, ddng nhat, cho vao céc ¢ mo

- Thém dung djch acid acetic 0,02%, dun noéng dén 90 °C trong 10 phuit.

- Dich chiét dem ly tAm & 11.000 vong/phut trong 10 phdit.

- Dich trong thu dugc dem di tiém phuc mac chuot.

- Nong d6 doc to TTX duoc tiém lan dau 12 1 mg mau TTX tho di chiét/Iml acid acetic
0,02%. Tuy theo doc tinh, lidu tiém s& dugc pha lodng thé nao cho thoi gian chét cua
chuot thir nghiém trong vong 30 pht.

- Song song, tiém 1 ml acid acetic 0,02% vao phic mac caa 3 con chudt dé ddi chung.
Két qua s& khong dugc chap nhan néu 2/3 s6 chudt dbi chang bi chét.

Doc tinh ciia ¢4 noc dugc chia thanh 4 muac [125], dua trén lidu gy tir vong caa TTX
trén nguoi (khoang 10.000MU)

Bdng 2. 1. Bang chia mic do doc cua cd noc theo phuwong phap sinh hoé chugt [125]

Mirc d§ doc Poc tinh (MU/Q)
Doc rat manh > 1000 MU/g

boc manh 100 — 999 MU/g
boc nhe 10 - 99 MU/g
Khong doc duai 10 MU/g

2.3.2.2. Dinh tinh, dinh luwong tetrodotoxin

a. Pha ddy dung dich chudn tir lp chudn 1mg/le

Pha dung dich chuan gc 100 pg.ml™ (C0): Thém 1,0 ml nuée vao lo chuan 1mg TTX/lo;
Dung micropipette véi dau cole 0,5 ml hat toan bo dung dich chuan nay vao binh dinh
muc 5,0 ml, trang lo chuan va chuyén vao binh dinh mirc nhiéu lan bang nudce, va thém
nudc vira da 5,0 ml thu dwgc dung dich chuan gbc CO. Bao quan dung dich chuan gdc
& nhiét d6 < 4°C. Tur dung dich chuan gdc CO, pha day cac dung dich chuan 10,0 ug/ml;
5,0 pg/ml; 2,5 pg/ml; 1,0 pg/ml; 0,5 pg/ml va 0,1 pg/ml trong pha dong, trong qud trinh
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thie nghiém, cac dung dich chuan nay duoc bao quan trong ta lanh nhiét do < 4°C. Cach
pha ddy dung dich chuan dugc ghi trong bang 2.2
Bang 2. 2. Céach pha ddy c4c dung dich chudn

Tom tat cach pha C1 C2 C3 C4 C5 C6
Dung dich chuan trung gian CO CO0 Cl Cl C1 C1
So ml chuan trung gian 0,5 0,25 1,25 0,5 0,25 0,05
V binh dinh mitc (ml) 5,0 5,0 5,0 5,0 5,0 5,0
Nong dé thu dwoc (ug/ml) 10 5 2,5 1,0 0,5 0,1

b. Mdu thi 12 médu pha tang ca néc

Xi# Iy médu

- Mau thet:

(a). Cat nho khoang 5g phu tang (tring, gan, rudt) c& noc, cho vao coc c6 mé 50mL.
(b). Chiét TTX biang acid acetic 2% trong MeOH.

(c). C dich chiét tai can, hoa lai trong khoang 2 ml dung dich acid acetic 0,5% thu dugc
dich Al

(d). Khao sat mot sb cot chiét pha ran (SPE) nhu cot C18, cot Evidex, cot trao doi ion
SCX, ... dé lam sach, 1am giau mau.

- Mdu trang: phu tang ca thu, tién hanh lam tuong tu, song song véi mau thir

- Mdu spike: phii tang ca thu da dugc thém 1 lugng chuan TTX, tién hanh tuong tu, song
song véi mau thir.

Lam sgch va lam giau mdu bang chiét pha ran (Solide Phase Extraction, SPE)

Khao sat loai cot chiét SPE

_CgtC18

(a) Dich A1 duoc trung hoa vé pH =7 bang KOH 10% trudce khi chay qua cot.

(b) Hoat hoa cot véi 3 ml MeOH va 3 ml nudc cat

(c) Chay mau qua cot

(d) Rira cot bang 2 x 2 ml nuéc cat

(e) Gop dich qua cot va dich sau rira giai thu dugc dich Al.1

- Cgt Evidex

(a) Hoat ho4 cot vai 3 ml MeOH va 3 ml nudc cat

(b) Chay mau qua cot

(c) Rtra cot bang 2 x 2 ml nude cat

(d) Théi kho cot, rira giai bang 3 ml dung dich acid acetic trong MeOH

(e) Gop dich sau rira giai thu duoc dich Al1.2
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_ Cgt SCX
(a) Hoat hod cot véi 3 ml MeOH, 3 ml nuéc cat va 3 ml dung dich acid acetic 0,1%.
(b) Chay mau qua cot.
(c) Rua cot bang 3mL dung dich acid acetic 0,1% - 3 ml methanol — 3 ml nuéc cat
(d) Thoi khé cot, rira giai bang 3 ml dung dich @ém phosphate.
(e) Gop dich sau rira giai thu dugc dich A1.3
c. Mdu the# 1a mdu TTX th chiét dwec, mdu nguyén ligu TTX
- Mau thez: Can chinh xac khoang 2,50 mg nguy@n liéu TTX cho vao binh dinh mac 10,0
ml, thém khoang 7 ml dung mdi pha mdu (hdn hop 20% dém acetat va 80% MeOH), lic
ki trong 10 phut, thém dung méi vira da dén vach, lic déu. Hat 1,0 ml dung dich nay
vao binh dinh mic 10,0 ml, pha lodng vira du véi pha dong, lac déu. Loc qua mang loc
0,45 um, thu dugc dung dich thez A. Tur dung dich nay, st dung micropipette pha lodng
dén khoang nong d6 dinh luong.
- Mdu trang: dung mdi pha mau
- Mdu ths# thém chudn: sir dung mét lugng mau thir, thém chinh xac mét luong mau
chuan d3 biét dé tao thanh mau danh gia d6 thu hoi ciia phuong phap dinh lugng.
d. Dinh tinh TTX bang TLC
- Hogt héa bdn mong: Hoat hda ban mong silica gel 60 GFzs4 trang san ¢ 110°C trong
30 phat
- Dung dich déi chiéu: Dung dich TTX trong dung dich acid acetic 5% (tt/tt) c6 nong do
khoang 50 pg/ml.
- Pha dong: Khao sat 2 pha dong

+ Pha dong A: Hon hop n-butanol, acid acetic khan va nuéc (2:1:1)

+ Pha dong B: Hon hop pyridin, ethyl acetate, acid acetic va nudc (15:5:3:6)
- Thuéc ther hién mau: Khao sat thudc thir hién mau 1a cac dung dich KOH 10 % - 30%,
dung dich NaOH 10% - 30%, sy & 90 - 110°C trong khoang thoi gian 30 phdt, soi
huynh quang ¢ budc séng 365nm
- Céch thi: Cham riéng biét 1én ban mong 10 pl mdi dung dich, 1am kho céc vét cham
bang ludng khong khi mét. Trién khai cho dén khi dung méi di dugc khoang 10 cm. Lay
ban mong ra, 1am khd bang ludng khong khi mat. Phun thubc thtr hién mau, soi huynh

quang ¢ budc song 365nm.
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- Yéu cau: sic ky d6 dung dich thir phai cho vét huynh quang cé R twong tng véi vét
huynh quang trén sic ky do dung dich chuan.

e. Dinh tinh va dinh lwong bang LC/MS

Dinh tinh trén thiét bi phé khai hign dai: ESI MS lontrap, thiét bj ESI MS Orbitrap,
va thiét bi FT ICR MS

- Tién hanh tiém tryc tiép dich thu duoc tir chiét pha ran vao detector khéi phd, lya chon
ché d6 quét toan thang dé xac dinh manh me dic trung m/z = 320, lva chon ché d6 SRM
dé x4c dinh cadc manh con dic trung phan manh tir manh me m/z = 320 vdéi céc ché do
ban phéa (collision energy) khac nhau

Dinh tinh va dinh lwong trén thiét bi khéi pho kiéu 3 ti cuc néi tiép (triple
quadrupoles)

Khao sat dé tim diéu kién sic ky dé dinh tinh, dinh luong TTX nhu

- Cot sac ky: cot C3, C8

- Pha dong: thay ddi ty Ié pha dong dé lra chon ty 18 phu hop

- Tdc d6 dong: diéu chinh téc d6 dong dé thoi gian luu phu hop, dam bao mic ap
Suat qua cot.

- Diéu kién khdi phd cho chuwong trinh sic ky LC-MS dinh luong TTX: (Ngudn ion
hoa (+ESI), khi théi Sheath Gas (SG), khi bo trg Auxiliary Gas (AG), nhiét d6 hoa hoi,
nhiét @ mao quan, thé ion héa) dé tin hiéu thu duoc tét, dam bao d6 nhay, d6 6n dinh
trong qua trinh dinh lugng
Danh gia phwong phap
Padnh gid, tham dinh phwong phdp phdn tich dwa trén céc tiéu chi:

- Do dac hiéu

- Do thich hop hé thdng

- Do tuyén tinh

- Do lap lai

- b dung

- Gidi han phat hién LOD va gigi han dinh luong LOQ.

Xz ly s6 liéu
Céc dic trung thong ké duoc tinh dwa vao cac cong thirc hoic dya vao cac ham s trong

Microsoft Excel.
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Phuong trinh hdi qui tuyén tinh bac nhat thé hién quan hé giira dién tich pic sac ky va
nong d6 chat phan tich: Y =ax + b

Trong do:

+ Hé sb goc a duoc tinh dwa vao ham Slope trong Microsoft Excel.

+ Heé s6 b dugc tinh dya vao ham Intercept trong Microsoft Excel.

+ Hé sb twong quan r duoc tinh dua vao ham Correl trong Microsoft Excel.
Tinh toan két qua dinh lwong
Tién hanh tiém lan luot dung dich tring, chuan, thir, ghi lai sic ky do, dién tich pic, thoi
gian luu cua dung dich chuan, thi
Cong thuc:
Luong TTX dugc tinh theo cong thac

S; Ve 1
=—X(C, X—X=—
uwglg S, m,

X

Trong do6:

Se, St: Dién tich pic trong sac ky do cho boi dung dich chuan, thu

Cc: Nong d6 dung dich chuan (ug/mL)

Ve Thé tich pha mau thir (mL)

me: Khéi luong mau thir (g)

h: Hiéu suét chiét qua cot SPE (véi nhizng mdu khdng chiét qua cét SPE nhuwr mau

TTX thd, mdu nguyén ligu TTX dé thiét Idp chudn thi cho gié tri h = 1)
2.3.3. Nghién ciru thanh phén héa hoc, phén lap tetrodotoxin va din chit tir mét s6

loai ca noc

2.3.3.1. Phdt hién tetrodotoxin va cdc chit twong tw tiv mét sé loai cd néc dpc

Str dung cac phuong phéap dinh tinh, dinh luong dé phat hién tetrodotoxin va cac dan
chat tir mot s6 loai ca néc doc. Tir d6 Iya chon 5 loai ca noc doc, chiét xuat phan doan
nhom chat doc, phan lap cac nhdém chat tir cac phan doan, xac dinh doc tinh va cau trdc
hda hoc, danh gia lién quan doc tinh giira cac bo phan khéac nhau cia ca va thanh phan

hoa hoc, trong d6 ¢6 ham lugng TTX.

2.3.3.2. Phin ldp tetrodotoxin va dén chdt tiv mot sé lodi cd néc
Phan Iap tetrodotoxin va mot sé doc td than kinh tir pha tang c& ndc cua mot sé loai ca

néc doc, xac dinh ciu tric cua ching.
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a. Chiét xudt, phdn Idp
- Phu tang c& ndc (trang, gan, rudt, ...) duoc ra dong trong 1o vi song, cit nho, cho
khoang 0,5 kg cho vao cac coc ¢6 mo
- Ngam chiét bing dung dich acid acetic lo&ng, loai tap, loai lipid bang dichloro methan.
- Lam giau nhém chat TTX qua cot than hoat, dinh tinh bang sic ky long khdi phd
- Phan lap TTX va cac dan chat qua cot trao doi cation Bio-Gel P2, Bio-Rex 70 va cot
sac ky gel (Sephadex LH20), dinh tinh bang sac ky long khéi phd
- Phén tich x4c dinh ciu tric: Cac phan doan duoc bay hoi dung méi téi cin va dugc
phan tich dinh danh bang pho khdi, phé khéi phan giai cao va pho cong huong tir hat
nhan NMR (*H-NMR, *C-NMR, DEPT, HMBC, COSY).

b. Xdy dung bo dir liéu phé ctia cde chat phdn lap duoc, xac dinh cau triic
Cac chat sau khi phan lap dugc, xac dinh cau tric bang cong huang tir hat nhan (NMR,
'H-NMR, ¥ C-NMR, DEPT, HMBC, COSY): (NMR, Bruker Advance, 500MHz), dung
mobi CFsCOOD — D,0 (1:99, v/v) va CFsCOOD — D,0 (4:96, v/v) va pho khéi phan giai
cao HR FTICR MS

2.3.4. Chiét xuat va tinh ché tetrodotoxin lam nguyén liéu thiét 1ap chat chuin

2.3.4.1. Chiét va lam giau méu (dich chiét toan phin cé chiva TTX)

- Phu tang c& ndc (trang, gan, rudt, ...) duoc ra dong trong 10 vi séng, cit nho, cho
khoang 10 kg vao thiét bi xay ngam chiét.

- Ngam chiét bang dung dich acid acetic lodng, loai tap lipid, protein hoa tan bang nhiét
do

- Phan lap TTX st dung cot trao doi cation acid yéu (nhua Amberlit IRC-60), cot nhoi
hdn hop than hoat va dat tao cat diatomis (silica diatomaceous) dé loai mubi vé co mudi

acid amin kiém. Binh tinh bang phuong phap sac ky long khéi pho.

2.3.4.2. Tinh ché bang két tinh cho sin pham TTX tho.

- Tinh ché bang phuong phép két tinh dung méi trong mdi trudong nudc, pH kigm.

- Pinh luong TTX thd bang phuong phap LC/MS. Yéu cau TTX thd chiét xuat qua giai
doan nay phai c6 ham luong > 80%. Pinh tinh, dinh luong bang phuong phap sic ky
long khdi phd.

Néu san pham khong dat ham luong theo yéu cau, can phai tién hanh so tinh ché, két

tinh lai
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2.3.4.3. Tinh ché TTX thé bing sdic ky diéu ché dé thu dwoc TTX c6 dé tinh khiét
cao

- Hoa TTX thé trong dung dich acid acetic lodng

- Tinh ché bang séc ky diéu ché, st dung cot sic ky ban diéu ché ODS (HIQ Sil, 250 x
21,2 mm, 5um hogc 10 pum); detector UV budc séng 201 nm

- Gop cac phan doan, c¢b quay dudi 4p suat giam

- Két tinh TTX trong mai truong Kiém, ria taa bang nuéc khir ion

- Say dudi 4p suét giam, thu dugc TTX tinh khiét.

- Pinh tinh, dinh lugng bang phuong phép sac ky long khéi pho.

2.3.5. Thiét 1ap chat chuan tetrodotoxin

2.3.5.1. Nghién citu d¢ én dinh ciia tetrodotoxin trong mét so6 dung méi

Khao sat khoang 5 dung mdi (methanol, dém citrat pH 4-5, dung d;ch acid acetic loang
2%, dém phosphat pH 4-5, dém acetat pH 4-5), theo ddi, phan tich danh gia chat lugng
hang thang hoic dinh ky mdi 3 thang

TTX dugc hoa tan riéng biét trong cac dung dich dém véi ham luong 0,1 mg/ml: cén

chinh xac X mg TTX vao binh dinh mac 25,0 ml, thém dung moi hoa tan va pha lodng
vira du tai vach. X duoc tinh theo cdng thac sau:

X =2,5x100/P

trong do: P 1a ham lugng (%) cta C11H17N3Og trong nguyén li¢u tetrodotoxin.

Dung burret chia vach dong dung dich vao lo thay tinh mau ndu dung tich 2 ml, lugng
dong chinh xac 1,0 ml/dng.

Diéu kién nghién ciru do 6n dinh: nhiét d6 - 20°C + 2°C trong ti dong.

Dinh ky danh gia chat luong: LAy miu danh gié tai cac thoi diém 0, 3, 6 thang.

Pénh gia chat lwong dya trén cac chi tiéu nhu:

- Cam quan: Dung dich trong subt khéng mau

- Pinh tinh: Thé hién ding phép thur dinh tinh coa TTX

- Pinh lwong: Ham luong tetrodotoxin trong mdi éng phai dat tir 99,5% dén 100,5 %

ctia C11H17N3Os, so véi luong ghi trén nhén (0,1mg/mL).

2.3.5.2. Quy trinh déng ong chudn, 100 ug chit/lo 1 ml
Xay dung quy trinh déng dng chuan ding quy dinh ddi vai chat doc, sir dung thiét bi

Glove - Box Labonco
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Pong 0,1 mg /dng dudi dang dung dich hoa tan trong dung mdi pht hop

Cach tién hanh: Hoa tan nguyén liéu tetrodotoxin trong dung méi phi hop dé c6 néng
d6 0,1 mg/ml bang cach: Can chinh xac X g TTX vao binh dinh mac 100 ml, thém dung
moi hoa tan va pha loang vira du toi vach. X duoc tinh theo cdng thac sau:

X =10.100/P

trong do: p 1a ham luong (%) cua C11H17N3Osgtrong nguyén li¢u tetrodotoxin.

Dung burret chia vach dong dung dich vao lo thay tinh mau ndu dung tich 2 ml, lugng
dong chinh xéac 1,0 ml/lo.

Han kin

Dan nhan.

2.3.5.3. Kiém tra, dinh gid chit lwong
- Xay dwng tiéu chuan chat lweng cho lo chuan
Xay dung tiéu chuan chat luong véi cac chi tiéu:
+ Cam quan
+ Dinh tinh
+ DPinh luong
- Kiém tra danh gia dong nhat 16
Yéu cau:
L6 san xuat dugc coi 1a ddng nhat khi gia tri RSD cua két qua ham luong giita cac 6ng
duoc kiém tra <0,5% = diéu kién dong géi 6n dinh.
Tién hanh:
+ L4y ngau nhién it nhat 10 dng dé kiém tra ddng nhat qua trinh dong goi chi tiéu ham
luong.
+ Ap dung phuong phap dinh luong trong tiéu chuan éng chuan TTX dé tién hanh xéac
dinh ham luong.
- Panh gia lién phong thi nghiém vé chat chuan
Ap dung phuong phap dinh lugng trong tiéu chuan chét lugng lo chuan TTX.
Danh gia lién phong thi nghiém, it nhat 1a 2 phong thi nghiém, mdi PTN nhan duoc
chat chuan géc va 06 lo chuan ban thanh pham
So sénh két qua gitra cc phong thi nghiém, danh gia két qua theo phan tich ANOVA,

so sanh 2 gia tri 2 gia tri Fi va Fe
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Truong hop 1: Fn < Fre = K&t qua trung binh cua cac phong thir nghiém giéng nhau,
phuong phap phan tich c6 d6 tai lap va do lap lai tot.
Truong hop 2: Fn > Fre = Két qua trung binh cua cac phong thir nghiém khac nhau,
phuong phap phan tich khong c6 d6 tai lap va do lap lai.
- X4c dinh gia tri cdng bé trén nhan va chieng chi phan tich
Tap hop két qua phan tich danh gia lién phong thi nghiém, trong truong hop Fin < Fec,
néu tat ca cac két qua thu dugc cia 2 PTN nam trong khoang 99,5 % dén 100,5 % so
véi ham luong nhan thi két qua ghi trén nhan va chang chi: Mdi lo chat chuan
tetrodotoxin ¢ chira 0,1 mg tetrodotoxin (C11H17N3Os). Néu c6 bat cir két qua nao nam
ngoai khoang 99,5 % dén 100,5 % so véi ham lugng nhan thi phai xem xét lai toan bo
qué trinh thir nghiém va/hodc qua trinh dong 19.
2.3.6. Bao ché va tiéu chuan hoa bot dong khé tetrodotoxin 0,1 %
2.3.6.1. Bao ché
Cong thirc bao ché cho 1 lo

TTX tho (ham luong TTX > 80 %)......twong ¢ng V6i.... 1 mg TTX

Dung dich lactose 20% (KI/t) .......coeeiiiiiiii 5mL
Démocitrate ... vua du............ 10 mL
Pha ché

TTX thé c6 ham lwong > 80 % thu dugc theo quy trinh chiét xuat trén dé lam nguyén
liu bao ché bot dong kho. Can chinh xac khoang 25 mg TTX thd di dugc dinh luong
xac dinh chinh xac ham lugng (twong g vai 20 mg TTX) vao binh dinh mac 200 ml,
thém dung 50 ml dich dém citrat pH 4-5 d¢ hoa tan. Thém chinh xac 100 ml dung dich
lactose 20% (Kl/tt), l4c ky, thém dung dich dém citrat vira du, lic déu.
Hut 10 ml dung dich trén vao lg thiy tinh nau dung tich 10 ml, dem dong kho.
Chuong trinh dong kho:

- Nhiét @6 dong lanh -30-C;

- Thoi gian dong lanh 90 phut;

- Thoi gian dong kho 22 gio;

- Nhiét sdy khd tir: -25°C dén 0°C;

- Nhiét d6 condensor — 60°C;

- Apsuat 0,1 mbar;

- Thoi gian sdy khd 19 gio;
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- Nhiét say khd tir: 4°C dén 27°C.

2.3.6.2. Xdy dung tiéu chudn co sé ciia bt dong kho tetrodotoxin 0,1 %

- Cam quan: khéi san pham mau tring nga vang, Xop.

- D6 am: xac dinh mét khéi luong do 1am khd, thir theo DDVN IV, phu luc 10.3, (can
khoang 1g ché pham)

(Y&u cau do am < 1,5 %)

- Ham luong TTX trong san pham duoc dinh luong bang sic ky long khéi phd

(Yéu cau: Ham luong TTX trong san pham phai dat tir 0,09 d¢én 0,11% (kI/k1).)

2.3.6.3. Xdc dinh djc tinh cdp va bdn trwong dién ciia bét dong khé tetrodotoxin
nong dp 0,1 %

Xdc dinh dpc tinh cdp

Phwong phap Xac dinh

- Cho tirng 18 chudt nhit tring udng ché pham thir véi liéu ting dan. Thé tich cho uéng
la 0,2 -0,4 ml/10 g chuot.

- Theo dai tinh trang chung cua dong vat thuc nghiém va ty I& chét trong 72 gio. Xac
dinh LDso (néu co) theo phuong phap Litchfield — Wilcoxon

Thir so bo

- Céch xur ly va chuan bi mau ther: Pha lodng dich chiét gbc véi nuée cat thanh cac dung
dich c6 d6 pha loang cach xa nhau dé thtr so bo.

- Tham do ¢ muc liéu khoéng lam chét chudt thi nghiém

- Tham do murc liéu 1am chét 100% sé chudt thi nghiém

Thet nghiém chinh thzc

- C4c muc lidu tha nghiém: Dwa vao két qua thir nghiém so bd dé lya chon 5 muc liéu
cho thir nghiém chinh thirc (tr liéu LDo dén LD1oo)

Tién hanh

- Chudt duoc nhin an 15 gio truée khi thi nghiém, nudc udng theo nhu cau. Kiém tra
can ning trudc khi thir nghiém. Chudt dat cac yéu cau vé can ning dugc dua vao thir
nghiém.

- Céch dung: Lay thé tich mau thir theo quy dinh dua thang vao da day chudt bang kim

cong dau tu.
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- Lich theo dai: Theo d&i biéu hién cua chudt sau khi ubng trong 24 gio dau va theo dai
hoat dong ciia DVTN trong thoi gian 7 ngay sau khi udng.

Ddnh gid dc tinh bdn trwong dién

Nguyén ly the nghiém

Thur doc tinh dai ngay cua ché pham nham xac dinh kha ning dung nap cua dong vat thi
nghiém khi dung mau tht nhidu 1an. Théng tin cin xac dinh la nhitng biéu hién doc tinh
sau khi dung dai ngay bao gom:

+ Muc lidu khdng hodc ¢ gy thay dbi dang ké téi chire nang, co quan hodc mot sé biéu
hién sdng c6 thé quan sat duoc trén dong vat thi nghiém.

+ Nhitng doc tinh co thé quan sat duoc trén dong vat thuc nghiém va kha ning phuc hoi
néu co.

Bé tri thi nghigm:

Pong vat thi nghiém duoc chia thanh cac 16:

- L& chirng: ubng dung moi

- L6 thtr 1: udng ché pham nghién ciru pha trong dung méi vaéi lidu bang vai liéu thé
hién tac dung sinh hoc téi uu (cé quy doi).

- L6 thtr 2: uéng ché pham nghién ciru pha trong dung méi véi lidu bang voi 3 dén 5 lan
lidu thé hién tac dung sinh hoc téi uu (c6 quy doi).

Dong vit thi nghiém duoc cho dung dung méi hozc ché pham thir lién tuc trong 28 ngay
vao mot gio nhat dinh trong ngay. Trudc khi uéng thude 1,5 gio dong vat khong duoc
cho an nhung dugc ubng nudc binh thuong. Theo ddi dong vat thi nghiém hing ngay
trong 28 ngay, va nudi thém 14 ngay dé theo doi su hdi phuc cia chudt (néu can). Tai
thoi diém két thuc (sau 28 ngay dung thudc) va sau thoi gian nudi hoi phuc (néu can),
ldy mau d@é lam cac xét nghiém huyét hoc va hoa sinh. Mé toan b dong vat thi nghiém
dé quan sat dai thé cac co quan, 1ay ngau nhién 3 tho dé lam tiéu ban vi thé tim, gan va

than.
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Quy trinh thi nghiém

Thich
nghi Ubng dm/thuéc hing ngay Ngirng uéng thude

Ngav

| L
I I
-5 0= 18 « >

l
. 42
Theo doi hang ngay x ‘

Cin hing tuin
Can, 14y mau xét nghiém,
quan sét tim, gan, thin, phéi
Cin, ldy méu xét nghiém,
quan sét tim, gan, thin, phéi

Hinh 2. 5. Quy trinh Xdc dinh déc tinh ban triong dién
Théng sé danh gid
- Tinh trang toan than: hing ngay theo ddi cac biéu hién cua dong vat thuc nghiém: van
dong, nhip tho, tuan hoan, da, long, tinh trang an, udng, can nang.
- Cac thong sb huyét hoc: S6 luong hdng céu, thé tich trung binh hdng ciu, Sé luong
bach cau, s6 lwong tiéu cau, huyét sic to
- Pai thé co quan: quan sat cam quan cac co quan tim, gan, than, lach. Can khéi luong
cac co quan va tinh ty & so voi khéi lugng toan bo co thé.
- M@ bénh hoc: sau khi giét dong vat thi nghiém, cac mau tim, gan, than duoc ¢ dinh
bang dung dich Carnoy, vui trong parafin, cat lat mong 5 — 7 pm, nhuém hematoxylin —
eosin va quan sat dudi kinh hién vi quang hoc dé danh gia cau trac hinh thai vi thé tim,
gan, than.
Phwong phap it 1y s6 liéu
Cac sb liéu duoc biéu thi dudi dang M * & (M: gia tri trung binh tang 16 , &: khoang dao
dong cua gia tri). Xt ly sé liéu trén phan mém Excel. Su khac biét cé y nghia théng ké
khi p < 0,05,
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CHUONG IIl. KET QUA NGHIEN CUU

3.1. XAY DUNG CO SO DU LIEU VE NGUON CA NOC TETRADONTIDAE CO
CHUA TETRODOTOXIN

Trong khoang thoi gian 08.2011 dén 03.2012, két hop véi Vién Hai duong hoc, Vién

han Iam Khoa hoc va Cong nghé Viét Nam, 10 loai ca ndéc doc da dugce chiing téi dinh

huéng thu miu & ving bién Khanh Hoa va Viing Tau, Viét Nam, dinh danh va luu tiéu
ban, gdm c6:

(3) c& néc chudt cham
sao (A. stellatus)

(1) canoc chuotvan bung (%) €4 noc vien dudi den
(A. hispidus) (A. immaculatus)

(4) ca ndc rang mo

chim (L. inermis) (5)) canéc tro (6) ca noc thu

(L. lunaris) (L. sceleratus)

(7) c& néc vang (8) c& ndc van (9) canéc van mat  (10) ca néc chim cam
(L. spadiceus) (T. oblongus) (T. brevipinnis) (T. gloerfelti)

Hinh 3. 1. Tiéu ban 10 loai cd noc doéc
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10 loai ca ndc ddc trén dugc nghién ciru day du diac diém hinh thai ciing nhu dic diém
sinh thai, gop phan vao co s& dit liéu nhan dang loai (b dit liéu, tiéu ban 10 loai ca noc
nay duoc trinh bay chi tiét tai phy luc 1.). Cac loai ca néc nay ciing duoc nghién ciu dit
licu hda hoc, ham lwong tetrodotoxin, cac chat doc twong tuw TTX va phan bé TTX trong

phu tang ca ndc.

3.2. NGHIEN CUU PHAT HIEN PQC TO THAN KINH O MOT SO LOAI CA

NOC (TETRAODONTIDAE)
3.2.1. Xac dinh nhanh ddc t6 ciia phii tang mét s6 loai c4 noc

Két qua phan tich doc tinh mot s6 bo phan (thit, da, gan, rudt, trang, tinh sao) caa 10

loai ca noc thu dugc theo phuong phap sinh hoa chuot.

Bang 3. 1. Mitc dg doc cua phui tang mét sé lodi ca noc

TT Tén loai Murc dg dgc* —
Thit | Gan | Rugt | Trieng | Tinhsao

1 | Candc chugt van bung (A. hispidus) + + ++ +++ +
2 | C&noc chugt cham sao (A. stellatus) + + + +++ ++
3 | Candc vién dudi den (A. immaculatus) | ++ + ++ +4+ +

4 | Candc tro (L. lunaris) + ++ ++ +++ ++
5 | Canaoc thu (L. sceleratus) + +++ ++ ++ +

6 | Candc vang (L. spadiceus) 0 ++ + + 0

7 | Cd néc rang mo chim (L. inermis) 0 +++ ++ ++ +

8 | Candc van mat (T. brevipinnis) ++ +++ ++ ++ ++
9 | Candc cham cam (T. gloerfelti) 0 - + -

10 | Ca nbc van (T. oblongus) + + ++ +++ +

(*) 0: khéng doc, +: doc nhe, ++: doc manh, +++: déc rat manh, -: khong co di liéu.
Tir két qua trén, 10 loai ca ndc thu duoc déu 1a nhitng loai ca noc doc. Boc tinh ca ndc
cha yéu tap trung & gan, trang, tinh sao va ruét.
3.2.2. Xir Iy miu, 1am sach qua cot chiét pha ran
3.2.2.1. Chiét SPE si dung cét C18
- Dich A1.1 thu duoc c6 mau vang trong; cd dén can va hoa lai trong 3mL acid acetic
0.5%/methanol dung dé cham TLC va dinh tinh bang sac ky long khéi phd
- Két qua
+ Sic ky 16p mong: trén sac ky do dung dich thir khdng thay xuat hién vét c6 mau sac
va vi tri (Ry) giéng voi mau sac va vi tri (Ry) cua vét TTX trén sac ky do dung dich chuan.
+ Pinh tinh biang sic ky long khdi pho, khéng thay xuat hién manh khéi dic trung m/z
320 cua TTX
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Hinh 3. 2. Sac ky I6p méng (A) va phé MS (B) cia dich sau khi chiét qua SPE C18
- Két luan: sau khi chiét SPE qua cot C18, dich A1.1 thu dugc khdng con chaa TTX
3.2.2.2. Chiét SPE si dung cét Evidex
- Dich A1.2 thu duoc trong suét, c6 mau hoi vang, mau nhat hon mau cua dich Al.1.
Co dich nay dén can, hoa tan lai trong 3mL acid acetic 0.5%/methanol dung dé cham
TLC va dinh tinh bang sic ky long khéi phd
- Két qua
+ Sic ky 16p mong: trén sac ky do dung dich thir khdng thay xuat hién vét c6 mau sac
va vi tri (Ry) giéng véi mau sic va vi tri (R) ciia vét TTX trén sac ky d6 dung dich chuan
+ Dinh tinh bang sic ky long khi pho, thay xuat hién manh khéi dac trung m/z = 320

cua TTX, nhung véi tin hiéu rat nho

CALTE OrbirapLEMS\INIDOCMEZ

M2 #55 RT: 0.16 Av: 1__NL: 1.63E6
TTMS + ¢ ESI Full ms [75.00-600.00]
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(B)
Hinh 3. 3. Sdc ky 16p mdng (A) va phé MS (B) cua dich sau khi chiét qua SPE cét Evidex
- Két luan: sau khi chiét SPE qua cot Evidex, dich A1.2 thu duoc khong con chira TTX
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3.2.2.3. Chiét SPE si dung cét SCX

- Dich A1.3 thu duoc trong sudt, khdng mau. Cd dich nay dén can, hoa tan lai trong
3mL acid acetic 0.5%/methanol dung dé cham TLC va dinh tinh bang sac ky long khéi
phd

- Két qua:

+ Séac ky 16p mong: trén sic ky d6 dung dich thir xuat hién vét c6 mau sic va vi tri (R)
gidng véi mau sic va vi tri (Ry) caa vét TTX trén sic ky d6 dung dich chuan

+ Binh tinh bing sic ky long khdi phd, xuit hién manh khéi dic trung m/z = 320 cua
TTX

Relative Atundance

77777

11111

zzzzz
444444
33333

(A)

(B)
Hinh 3. 4. Sdc ky 16p méng (A) va phé MS (B) cua dich sau khi chiét qua SPE cgt SCX

- Pinh lugng TTX trong dich chiét thu dugc bang sac ky long khéi pho, tinh do thu hoi
qua SPE.
Tién hanh tao miu spike bing cach thém 1,0 ml cac dung dich chuan (10 pg.mlt, 25
ng.ml, 50 pg.ml™t) vao mau phi tang cé thu. Tién hanh xu Iy mau theo quy trinh, dich
chiét thu dugc sau khi chiét qua SPE duoc ¢6 can, thém chinh xac 10,0 ml hén hop d@ém
acetat — MeOH (20 — 80), siéu am 10 phat, loc dich hoa tan qua mang loc 0,45 pum.
Tiém lan lugt cac dung dich thir, dung dich spike qua may sac ky long khéi pho voi
chuong trinh sic ky da duoc khao sét:

- Cot: Alltech Apollo C8; 5um; 250 x 4,6mm

- Pha dong: dém acetat — MeOH =30 - 70

- Téc d6 dong: 500uL/phat

- Thé tich tiém: 10puL
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- biéu kién khéi pho:
+ Ngudn: ESI+
+ Khi: SG: 20, AG: 10
+ Thé ion hoa: 3200V
+ Nhiét hoa hoi: 200°C
+ Nhiét @6 mao quan: 360°C
+ SRM: 320 — 162 véi mirc nang lugng CE = 32V

Bang 3. 2. Khdo sat d@é thu hoi ciia TTX qua cét chiét SCX

Dung dich S, me thém S, mr7x thu hoi % th hdi
chuan (ng) (ng)

10 115562 7,15 71,54
1 pg/ml 481830 10 109863 6,80 68,02
10 112257 6,95 69,50
25 333544 17,31 69,22
2,5 ug/ml 161527 25 348641 18,09 72,36
25 343039 17,80 71,20
50 819412 36,97 73,95
5 pg/mi 1108135 50 789027 35,60 71,20
50 798620 36,03 72,07
Trung binh 71,01
RSD 2,56

Phuong phéap chiét SPE qua cot SCX c6 d6 thu hoi 1a 71,01% va kha 6n dinh (RSD =
2,56). Véi do thu hoi nay, van dam bao giéi han phét hién, gisi han dinh lugng cua
phuong phap dinh luong. Nhuw vy, ta c6 thé sz dung phirong phdp chiét, xir 1y mdu nhw
dd khao sat dé co thé dinh tinh, dinh lwong TTX trong cd néc ciing nhir trong phii tang
ca noc.

3.2.3. Pinh tinh tetrodotoxin bang sic ky 16p méng

3.2.3.1. Khdo sdt thudc thir hién mau

- Khi phun lan luot céc thudc thi: KOH 10% - KOH 20% - KOH 30%, NaOH 10%,
NaOH 20% véi nhiét o say & 90°C va 100°C, ctr 5 phdt lai quan sat mét lan. Tuy nhién,
sau 30 phut, khdng thay cé vét sang phat huynh quang tai cac thoi diém khao sét. Khi
sdy & nhiét 6 110°C thi ban mong bi uén cong, khdng c6 vét huynh quang phat sang tai
thoi diém khao sat.

- Khi phun thuéc thir NaOH 30%

+ Vi nhiét d6 sdy 90°C: bat dau xuat hién vét huynh quang sau 15 phut, va hién rd hon
& thoi diém 25 phat
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+ V&i nhiét do say 100°C: Vét huynh quang cia TTX hién rd tai thoi diém 10 pht
+ Khi ting nhiét d6 sdy 1én 110°C thi vét huynh quang ciing xuat hién tai thoi diém 10

phut, tuy nhién ban mong ¢6 hién tugng chay

3.2.3.2. Khdo sdt pha dpng chay sic ky
Khao sat 2 hé dung mdi pha dong chay sic ky

+ Pha dong A: Hon hop n-butanol, acid acetic khan va nwdéc (2:1:1)

+ Pha dong B: Hon hop pyridin, ethyl acetate, acid acetic va nwéc (15:5:3:6)
Hai hé dung moi pha dong déu c6 thé phét hién TTX. Dung dich thir va dung dich chuan
déu cho vét huynh quang khi phun thudc ther hién mau, vi tri vét caa dung dich thir va
dung dich chuan 13 twong tng nhau. Pdi véi hé dung moi pha dong A, két qua Re~ 0,3;
con véi hé dung moi pha dong B. két qua R~ 0,6 — 0,7. Pha dong B cho két qua tét
hon, chinh xac hon vi gia tri Rf cao hon; tuy nhién, pha dong B c6 thanh phan cha dao
la pyridin, chat nay rat doc, va hién nay dang han ché st dung. Vi vay, c6 thé sir dung
dung modi pha dong A dé han ché doc hai. C6 thé khic phuc nhuoc diém caa hé pha
dong A bang cach ting quing dudng di cua dung moi va kéo dai thoi gian chay sic ky

hon.

(A) (B) (€)

Hinh 3. 5. (A): Sdc ky do ban méng hé pha dong A: n-butanol, acid acetic khan va nuéc
(2:1:1); (B): Sdc ky do ban méng hé pha déng B: pyridin, ethyl acetate, acid acetic va
nuwoc (15:5:3:6); (C): sdc ky do khao sat LOD theo hé pha dong B.

3.2.3.3. Khdo sat gioi han phat hi¢n cua phwong phdp
Cham 10 pl riéng biét ting néng do 5 pg/ml, 10 pg/ml, 15 pg/ml, 20 pg/ml lén ban
maéng va chay sic ky. Két qua thu duoc tai hinh 3.5 (C).
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Tai nong do 5 pg/ml, khéng thay xuat hién vét trén ban mong. Tai nong do 10 pg/ml,
vét huynh quang d xuat hién, tuy nhién con hoi mo, khé phat hién. Vét huynh quang
nay xuat hién rd hon & cac nong d6 15 pg/ml va 20 pug/ml. Nhu vay, c6 thé coi gidi han
phat hién ctia phuong phap la 10 pg/ml.

3.2.4. Nghién ciru phat hién tetrodotoxin va mét sé doc t6 thin kinh khac tir mot
s0 loai ca néc bang ciac phwong phap hién dai

Ung dung phé khéi hién dai ESI iontrap MS va phé khdi phan giai cao ESI FT ICR MS,
phan tich tir cdc mau xir 1y dinh tinh TTX (phan SKLM) va phan doan dich chiét V2 tir
ca noc doc, cho phép phat hién nhanh dugc TTX va cac chat twong tu TTX, dinh huéng
cho viéc xay dung quy trinh phan 1ap cac chat d6, khiang dinh cho két qua phan tich cac
hop chat nay bang NMR

Pho lon trap

Cac mau thir va chuan & muyc dinh tinh TTX bang TLC c6 thé dugc pha lodng thich hop
phan tich nhanh bang cach bom truc tiép vao phé khdi iontrap MS cua may LC-MS
(Thermo Finnigan LCQ Avantage Max) qua syringe, déu xuat hién manh ion [M+H]* =
320 va manh ion thir cap (MS?) m/z = 302 va 162 dic trung cua TTX

TTX 1pp
50 RT:9.76 AV:1 NL:223E6

33333

Relatve Abundance
°

61 RT:2.43-263 AV:65 NL:3.31E6

302.79

162.56

65
60
55
50

Relative Abundance

284.73

200.48

’’’’’ 306.01 33197 35030 360.17 384.38 39599

120 140 160 180 200 220 240 260 280 300 320 340 360 380 400
z

Hinh 3. 6. Pho ESI MS (A) va phé ESI MS? (B) cua TTX chudn (1 pg/ml)
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Két qua phan tich cho thdy cac mau thir dem dinh tinh cta ca 5 loai ca ndc doc déu co
chiaa TTX (hinh 3.7)

T-01 MS +ESI TIC 100-500 T-01
MS +ES| TIC 100-500

T-01MS +ESI TIC 100-500 #4985 RT: 317 AV: 1 NL 336ES
T: + p ESIQ1IMS [150 070-500 000]
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T-01MS +ESITIC 100-500_121013150027 2897 RT: 346 AV:70 NL: 264E6
T. + p ESI Full ms2 320,000 [100.070-400.000]

100 30251
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(B)
Hinh 3. 7. Phé ESI MS (A) va ESI MS? (B) ciia mdu ca noc
thugc loai T. oblongus (iontrap MS)

Phan tich phé ESI FT ICR MS
Cac mau tht trén khi dem phan tich bang phé khéi phan giai cao HR ESI FT ICR MS
cling déu cho manh khéi dic trung cuia TTX [M + H]* m/z 320,1087.
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Varian MS Remowe Hamaonics @01 0Hz  14-DEC-2012 12-45:585
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(B)
Hinh 3. 8. Phé HR ESI MS cia dung dich TTX chudn 1pg/mL va mdu tha A. hispidus

Vay c6 thé két luan, sir dung pho khéi iontrap MS hoac HR MS (FT ICR hoac orbitrap)
déu c6 thé dinh tinh nhanh dwoc TTX thay vi sir dung sac ky I6p mong, c6 do nhay khéng
cao va khong dic hiéu. Do dic thi cia nghién ctu, doc chat nay phai thuc hién & céac
phong thi nghiém hién dai, st dung phuong phap phé khdi ESI-MS dinh tinh hozc phét
hién TTX la phu hop.
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3.2.5. Xay dung phwong phap dinh tinh, dinh lweng tetrodotoxin bing sic ky long
khoi phé (LC/MS)

Tién hanh khao sat cac diéu kién sac ky trén dung dich chuan TTX 10 ug/ml

Chung t6i d4 khao sat cac chuong trinh sic ky (A, B, C, D, E, F va G), véi cac diéu kién
sac ky do duoc ghi trong bdng 3.3

Bang 3. 3. Khdo sat mét so diéu kién scc ky

Piéu kién sic ky A | B | C D E | F | G

Cot séc ky Zorbax 300SB - C3; Alltech Apollo C8; (5um;
i (5pm; 250 x 4,6mm) 250 x 4,6mm)

Pha dong:

Pém acetat * — MeOH 35-65|20-80 | 25-75|40-60 | 40-60 | 30—-70 | 20-80

Tdc d6 dong (UL/phat) 400 500 500 500 500 500 500

Thé tich tiém (uL) 25 10 10 10 10 10 10

Nguodn ion hoé: +ESI

Khi Sheath Gas (SG) 30 20 20 25 25 20 20

Khi Auxilliary Gas (AG) 20 10 10 10 10 10 10

Thé ion hoa 3200V

Nhiét hoa hoi 200°C

Nhiét do mao quan 360°C

SRM: 320 — 162 véi mirc nang lugng CE = 32V

* (dung dich dém acetat: dung dich chiza amoni acetat 15 mM, acid acetic 15mM)
Pic trén sic ky d6 véi cac diéu kién sac ky (A), (B), (C), (D), (E) va (G) c6 thoi gian luu
khoang 6 — 8 phut; tuy nhién, pic dodng, ti dau hoic kéo dudi, khdng phi hop dé phan
tich.

Véi chuong trinh sac Ky (F), pic can d6i khong bi dodng va khong kéo dudi; thoi gian
lwu cua pic khoang 6,8 phut. Do d6, ¢ thé st dung chuong trinh sic ky nay dé phan
tich mau TTX.

C:\Xcalibur\...\Vat IATTX\TTX10ppm6

0.00-1.99
100

T T T T T T T T T 1
616 B17 618 619 152.0 621 622 1623 2.4 625
.....

Hinh 3. 9. SKB phdn tich TTX theo chwong trinh sdc ky (F)
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Tién hanh tham dinh phwong phdp theo diéu kién sdac ky F, siz dung d@é phan tich mau

TTX nguyén liéu.

D¢ ddc hiéu: duogce xac dinh bang céach tiém dung dich trang, dung dich chudn 2,5 pg/ml,

va dung dich thir (mau nguyén liéu dugc pha dén khoang ndng dé tuong wng 2,5 pg/ml).

Sic ky @6 duogc ghi trong hinh 3.10

CiXcalburHUNG DatalVat WTTXIb 5ppm
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Hinh 3. 10. Sdc ky d6 dung dich chudn TTX nong dé 2,5pg/mL (a), dung dich thi (b), dung
dich trang (c) va manh pho SRM m/z=320 -> 162 ddc trung cua TTX dé dinh lwong (d)

Véi chuong trinh sac ky da chon, thoi gian chay mau 10 phut. Trén sac ky d6 ctia mau

thir c6 pic chinh c6 thoi gian luu, phd MS gidng vai thoi gian luu va phd MS cua pic

chuan tuong (g trén sic ky d6 cia mau chuan. Pho SRM m/z = 320 —> 162 1a dic trung

cho TTX.
D6 thich hgp hé théng: Tién hanh tiém Iap lai 6 1an dung dich chuan TTX ndng do
2,5ug/ml
Bdng 3. 4. Két qua khdo sdt dg thich hop hé thong
Dién tich pic 477033 | 481240 | 483386 | 488258 | 482457 | 484483
Trung binh 482809,5
RSD 0,77

P tuyen tinh:

Bang 3. 5. Két qua khdo sdr dé tuyén tinh ciia phicong phdp

Nong do TTX 05 1 2,5 5 10
(Hg/ml)

Dién tich pic 91168 | 161603 | 482809,5 | 1107050 | 2336471
Phuong trinth hol Y = 239363 - 73759

quy tuyen tinh

Hé s6 twong quan r = 0,9993
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Hinh 3. 11. P6 thj biéu méi twong quan néng do TTX va dién tich pic
Két qua phan tich cho thay trong khoang néng do khao sat 0,5 — 10,0 pg.ml, c6 do

tuong quan tuyén tinh chat ché giita ndng do6 va dién tich pic, véi phuong trinh hoi quy
y = 239363x — 73759, h¢ sb tuong quan r = 0,9993

Do lap lai cua phuong phap:

Sir dung mau thir 1a mau nguyén liéu TTX. HGt ImL dung dich A vao binh dinh muc

10,0 ml, pha lodng vira du voi pha dong, lic déu, loc qua mang loc 0,45 um thu dugc
dung dich thu (B).
Két qua dinh luong va do 1ap lai ghi trong bang 2 cho thay phuong phap c6 d6 lap lai

t6t. Ham lwong mau nguyén liéu TTX dinh lwgng duoc 12 98,27 % voi do léch chuan
tuong d6i (RSD) 0,69%.

Bang 3. 6. Két qua khdo sdt dé lap lai

Lwong can mau e Két qua dinh lwon

Stt m{h?r (mg) Dién tich pic tq (gl/;)) wong
1 2,48 466937 97,49
2 2,49 473893 98,55
3 2,51 478755 98,77
Trung binh 98,27
RSD (%) 0,69

D¢ diing: Str dung phuong phap thém chuan, thém chinh xac mot lugng chuan TTX da

biét vao mau thir

- Dung dich thi# (80%): Hut 0,25 ml dung dich A va 0,375 ml dung dich chudn C1 vao

binh dinh mirc 5,0 ml, thém pha dong vira du dén vach, lic déu. Loc qua mang loc 0,45

pm.
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- Dung dich thi (100%): HGt 0,25 ml dung dich A va 0,625 ml dung dich chuan C1 vao
binh dinh mic 5,0 ml, thém pha dong vira du dén vach, lic déu. Loc qua mang loc 0,45
pm.

- Dung dich the (120%): Hat 0,25 ml dung dich A va 0,875 ml dung dich chuan C1 vao

binh dinh mirc 5,0 ml, thém pha dong vira da dén vach, lic déu. Loc qua mang loc 0,45

pum.

Bang 3. 7. Két qua khdo sdt dg thu hoi
Dung dich m¢ (MQ) mzr:g;m St wa;fig;l—r;( g;mh %ht(gu
80% 1,24 0,75 376038 1,95 97,85
80% 1,245 0,75 382611 1,98 99,31
80% 1,255 0,75 378023 1,96 97,63
100% 1,24 1,25 471083 2,44 97,96
100% 1,245 1,25 476732 2,47 98,94
100% 1,255 1,25 478046 2,48 98,82
120% 1,24 1,75 560840 2,90 97,13
120% 1,245 1,75 569380 2,95 98,44
120% 1,255 1,75 574077 2,97 98,92
Trung binh 98,33
RSD 0,74

Két qua khao sét ghi trong bang 3.7 cho thdy phuong phap c6 ty I thu hdi cao, d6 ding
t6t (98.33%, RSD = 0,74 %)

Giéi han phat hién, gidi han dinh lvong: Gidi han phét hién dugc xac dinh bang phuong
phap pha lodng dan dung dich chuan C6 dén khi dung dich chuan khéng cé dap ung.
Sau khi khao sat & diéu kién sac ky da chon, & nong do 10 ng/ml c6 ty s6 nhiéu duong
nén s/n = 4. Pha lodng hon ndng d6 dudi 10 ng/mL thi thdy khéng con dap tng nén day
duoc coi 1a gisi han phét hién (LOD) cua hé théng. Nhu vay gigi han dinh luong (LOQ)
cua hé thong 1a 25 ng/ml

3.2.6. Khio sat ham lwong tetrodotoxin trong mét s6 bd phéan ciia mot so loai ca
néc

Tién hanh xiz Iy mdu theo quy trinh hinh 3.12
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{ 5g phu tang ca noc

L Acid acetic 2%/MeOH J

v

{ Dich chiét

[ C6 cén | >

2mL Acid acetic 0,5% J

<
[
Ty

{ Chiét SPE | >

< | Cb cin J

{ Cin ’
[ Dich A3 ]

Hinh 3. 12. Quy trinh chudn bi mdu dinh lwong TTX tir c& n6c
Tién hanh dinh tinh, dinh luong bang phuong phap sac ky long khdi pho theo diéu kién

\

v

( Hoa tan trong pha dong

sic ky da khao sat, tham dinh ¢ trén:
- Cot: Alltech Apollo C8; 5um; 250 x 4,6mm
- Pha dong: dém acetat — MeOH = 30 - 70
(dung dich dém acetat: dung djich chzza amoni acetat 15 mM, acid acetic 15mM)
- Téc d6 dong: 500uL/phit
- Thé tich tiém: 10pL
- biéu kién khéi phd
+ Nguon: ESI+
+ Khi: SG: 20, AG: 10
+ Thé ion hoa: 3200V
+ Nhiét hoa hoi: 200°C
+ Nhiét d6 mao quan: 360°C
+ SRM: 320 — 162 véi mirc nang lugng CE = 32V
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a. Mau gan ca noc chugt van bung (A. hispidus) dwoc thu mdu thang 7-8/2012

- Dung dich chuan: TTX nong d6 5ug/mL

- Dung dich tha: dich chiét A2 duoc ¢6 can qua may cit quay, thu duoc can. Hoa
tan cin trong 10mL hdn hop dém acetat — methanol (20 — 80) thu duoc dich A3, loc qua
mang loc 0,45um, tiém sac ky
Két qua: Dién tich pic dung dich chuan S¢ = 1107112

Bang 3. 8. Két qua dinh lrong TTX trong gan c& néc chudt van bung

x x Ham lugng TTX Trung binh
Mau Luong mau S ;
ng ma (9) t (ug/g) (ug/g)
1103944 13,43 13.35
1 5,23 1090313 13,26 -
1099189 13,37 (RSD =0,65%)
1024982 12,14 1299
2 5,37 1039840 12,32 !
1029837 12,20 (RSD =0,75%)
1379873 15,65 15.46
3 5,61 1347892 15,28 '
1362905 15,45 (RSD = 1,20%)
Trung binh 13,68

b. Mdu trizng c& ndc chugt van bung (A. hispidus) thu dwoc vao thang 7-8/2012

- Dung dich chuan: TTX ndéng do 50 pug/mL

- Dung dich thir: dich chiét A2 duoc cd can qua may cat quay, thu duoc can. Hoa
tan can trong 20mL hdn hop dém acetat — methanol (20 — 80) thu duoc dich A3, loc qua
mang loc 0,45um, tiém sac ky
Két qua: Dién tich pic dung dich chuan: S = 11398714

Bang 3. 9. Két qua dinh lwong TTX trong tritng ca ndc chugt van bung

x x Ham lugng TTX Trung binh
Mau Luong mau S ;
: g mau (g) ‘ (ug/g) (ug/g)
17530423 370,01
1 5,84 17213462 364.20 (ng6:5’f728%)
17104557 361,90 :
16804878 376.17
, - 16507301 369,51 373,69
’ - 0
16770210 375,39 (RSD =0,97%)
15974028 344,47
3 5,73 16052854 346,17 (RSD = 0.70%)
15332093 341,40 !
Trung binh 361,12
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¢. Mdu gan cé néc tro (L. lunaris) dwoc thu bdt vao thang 8/2013

- Dung dich chuan: TTX nong d6 5ug/mL

tan can trong 100mL hdn hop dém acetat — methanol (20 — 80) thu duoc dich A3, loc

qua mang loc 0,45pum, tiém sic ky
Két qua: Dién tich pic dung dich chuan: S¢ = 1093741

- Dung dich tha: dich chiét A2 duoc ¢6 can qua may cit quay, thu duoc can. Hoa

Bang 3. 10. Két qud dinh lwong TTX trong gan ca ndc tro

x x Ham luong TTX Trung binh
Mau Luong mau S ;
ng mau (g) t (ug/g) (ug/g)
5.84 1109286 124,65 124.82
1 1121793 126,05 (RSD = 0.92%)
1101428 123,77 Bl
1003574 111,41
) - 1007209 111,81 111,45
] — 0,
1001083 111,13 (RSD = 0,31%)
1330813 144.25
3 5,73 1342088 145,48 (RSD = 042%)
1336729 144,90 ’
Trung binh 127,05

d. Mdu trizng ca noc tro (L. lunaris) dwoc thu bat vao thoi diém thang 8/2013

tan can trong 10mL hdn hop dém acetat — methanol (20 — 80) thu duoc dich A3, loc qua

mang loc 0,45um, tiém sac ky

- Dung dich chuan: TTX nong d6 10pg/mL

Két qua: Dién tich pic dung dich chuan: S¢ = 2179742

- Dung dich tha: dich chiét A2 duoc ¢6 can qua may cit quay, thu duoc cin. Hoa

Bang 3. 11. Két qud dinh lwong TTX trong trizng c& néc tro

Mau Luong mau (g) St Ham (ﬁ%“;’ X Trung binh (ug/g)

21123042 463,46

1 589 21283462 466,97 (RSSG—&J 26% )
21004557 260,86 =0,
23447603 486,38

, 623 23608846 489,73 486,50

’ = 0,

23304009 483,40 (RSD =0,65%)
21094029 459,70

3 5,93 21184072 461,66 (RSD 2 0.70%)
20894713 455,35 ’

Trung binh 469,72
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e. Mdu gan ca noc van (T. oblongus) dwoc thu bdt vao thang 3/2012

- Dung dich chuan: TTX nong d6 5ug/mL

- Dung dich tha: dich chiét A2 duoc ¢6 can qua may cit quay, thu duoc can. Hoa
tan cin trong 10mL hdn hop dém acetat — methanol (20 — 80) thu duoc dich A3, loc qua
mang loc 0,45um, tiém sac ky
Két qua: Dién tich pic dung dich chuan: S¢ = 1110593

Bang 3. 12. Két qud dinh lrong TTX trong gan cé noc van

x x Ham lugng TTX Trung binh
Mau Luong mau S ;
ng ma (9) t (ug/g) (ug/g)
1148057 12,82 12 85
1 5,68 1144799 12,78 !
1160932 12,96 (RSD =0,74%)
1310947 14,02 14.20
2 5,93 1330878 14,23 !
1342794 14,36 (RSD =1,21%)
1440832 16,76 16.84
3 5,45 1449083 16,86 '
1452905 16,90 (RSD =0,43%)
Trung binh 14,63

f. Mdu trizng ca noc van (T. oblongus) dwoc thu bat vao thang 3/2012

- Dung dich chuan: TTX ndng do 5ug/mL

- Dung dich thir: dich chiét A2 duoc cd can qua may cat quay, thu duoc can. Hoa
tan can trong 100mL hdn hop dém acetat — methanol (20 — 80) thu duoc dich A3, loc
qua mang loc 0,45pum, tiém sac ky
Két qua: Dién tich pic dung dich chuan: S¢ = 1110593

Bang 3. 13. Két qud dinh lwong TTX trong trizng ca noc van

ML Luang miu (g) S, Hém(l;x;ré? TTX Trl(JSg/g;nh
1508723 162,15

1 5,90 1451?8325 122 éé (RSéGj ’i2,213%)
1459732 158,50

R e - L

1708405 178,47 6.6

] P wetow

Trung binh 165,87
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Bang 3. 14. Ham lirong TTX trong gan, tring cia mét so 10di ca noc

Ham lwong TTX Thoi
TT Loai trung binh (ug/g) | diém thu
Gan Tring mau
1 | Canoc chudt van bung (Arothron Hispidus) 13,68 361,12 8/2012
2 | Candc tro (Lagocephalus Lunaris) 127,05 469,72 8/2013
3 | Candc van (Takifugu Oblongus) 14,63 165,87 3/2013

Tir cac két qua trén, co thé thay, ham luong TTX trong céc loai khac nhau Ia khac nhau,
khong phai bd phan nao cling chira ham Iugng TTX nhu nhau, dac biét 1a trong tring ca

noc nhiéu TTX nhat.

3.3. NGHIEN CUU THANH PHAN HOA HQC, PHAN LAP TETRODOTOXIN
VA CAC DAN CHAT TU MOT SO LOAI CA NOC
3.3.1. Phat hién tetrodotoxin va nhém chat twong tw tetrodotoxin (TTXs) tir mét s6

loai ca néc doc

Két qua thir nghiém trén chudt nhat trang cho thay 10 loai ca thu thap déu c6 doc voi
muc d6 khac nhau, c6 kha niang cac loai nay déu c6 chira TTX hoic c&c chat twong tu
TTX (TTX analogues, ky hiéu TTXs).

Quy trinh chiét xuat TTX va cac dan chat

Phu tang ca néc (tring, gan, rudt, khoang 5 kg) duoc ra dong trong 10 vi séng, cét nho,
cho khoang 0,5 kg cho vao céac céc c6 mo 1.000mL. Thém 750 mL nuéc khir ion va 750
UL acid acetic khan; khudy déu, ddy kin, ngdm qua dém. Khoi dong thiét bj khudy tron
va khuay hén hop trong 10 phut & nhiét d6 phong. Loc va ép, thu lay dich loc trong mau
vang. Thém 700 mL nudc khir ion vao coc ¢6 mo va 1ap lai qua trinh nhu mé ta o trén.
Gop cac dich loc ngam chiét, cat quay loai nude dudi ap suit giam va nhiét ¢ khong
qua 80°C dén con khoang 500 ml. Lam lanh, loc, ly tim lay dich. Dich thu dugc dem
lic vai dichloro methan loai dé loai lipid va trung tinh ha véi dung dich natri hydroxyd
tGi pH 6,5. Chuyén toan bo 500 ml dich chiét vao binh gan 2 L, lic dich chiét véi ethyl
acetat 3 1an (500 mL, 300 mL va 200 ml), dich gop ethyl acetat duogc cat thu héi dung
moi dudi 4p suat giam téi can (can E). Phan dich nudce (V1) tiép tuc duoc xir Iy bang sac
ky cot. TTX trong dich chiét nay duoc dinh tinh va dinh luong bang sic ky long khéi
phd. Quy trinh tém tit qua so do hinh 3.13
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(kg

Ciat nho [ Ri dong bang vi song

[ Mau phu tang ca néc J

Lay 0,5 kg

\ J

e | - ; R : :
Khinky dbu; Ay ki nighnuadem e—— 750 ml nwéc RO va 750uL acid acetic khan

s N

Dich ngam

Khuay tron siéu toc 10 phit —————»

Y

Thém 700mL nwoc, Dich loc
lap lait qua trinh chiét \ | J
J[
[ Dich loc ]
Loc, ép
Y S
- [ Dihar |
Co quay ap
suat giam, t°
iy | s ) < 80°C
Lac dich chiét vor [ 500 mL ] ¢
ethyl acetat (500mL, J
300mL. 200mL) 4

Dich chiét Dich chiét
Ethyl acetat nwac V,

Hinh 3. 13. So d6 quy trinh chiét TTX va céc chdt twong tir

Lam giau va phan lgp TTX va cac dan chat

T dich chiét V1, trung hoa dén pH khoang 6,5 — 7,0 bang dung dich NaOH 1M. Chuyén
toan bo dich da trung hoa 1én cot than hoat tinh da dugc can bang va thim am véi nudce.
Sau khi da chay hét va rira sach cot voi nude, hdn hop TTXs duogc rira giai bang dung
dich acid acetic 2% pha trong ethanol 50% (phan doan V) va dung dich acid acetic 5%
trong nudc (phan doan V). Dich chiét V, dugc cd dic bang cat quay dén 50 ml, thu
duoc dich chiét toan phan (TTXs). TTX trong phan dich nay duoc dinh tinh va dinh lwong
bang sic ky long khdi ph.

Dich chiét V2 duoc chuyén 1én cot trao doi cation Bio-Gel P2 va Bio-Rex 70 di duoc

hoat hoa va can bang véi nudc. Rira giai chat bang dung dich acid acetic theo chuwong
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trinh gradient nong do tir 0,1 M dén 0,5 M, thu dugc cac phan doan chét, bay hoi dung

moi, do phd khéi. Quy trinh tom tit qua so dd hinh 3.14

[ Dich chiét nuée V1 J

Trung hoa dén pH
khoang 6,5 — 7,0 bang
NaOH 1M

[ Dich sau trung hoa ]

Chuyén 1én c6t than hoat

[ Cot than hoat ]

Reacotbangnwée
- » Bodichria
A\ 4

[ Cot than hoat ]

Rira giai bang acid acetic
2%/ethanol 50%

v

[ Dich nuwée V2 ]

Co ap suat giam

A

[ 50mL dich TTXs ]

Phan ldp trén Bio-Gel P2 va
? _
Bi1o-Rex 70

[ Cac phan doan chat ]

Hinh 3. 14. So' d6 quy trinh l1am giau va phan lgp nhém chat TTX va céac dan chat

Két qua dinh tinh dich chiét V2 cua 5 loai:

(1) Arothron hispidus (ca noc chugt van bung),
(2) Arothron immaculatus (ca noc vién dudi den),
(3) Lagocephalus inermis (ca noc rang mo chim),
(4) Lagocephalus lunaris (ca ndc tro),

(5) Takifugu oblongus (ca ndc van).

Bang phd khéi ESI-MS déu cho thy dich chiét V2 cua cac lodi ca noc nay cho manh

khdi [M+H]* m/z 320 cua TTX va mét sé manh 288, 304 véi tin hiéu cao, nhu vay cac

loai ca nay déu co chia doc té TTX va c6 kha ning chira cac doc to khac 1a nhitng chat

TTXs
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(A)TTX (B) Arothron hispidus
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Hinh 3. 15. Phé khéi ESI-MS ciza mau chuan TTX 1 pg/ml (A) va cua dich chiét phdn doan V2
Cua 5 loai cd noc doc (B, C, D, EvaF)
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Két qua dinh tinh va dinh luong bang LC MS trén thiét bi cho thay 3 loai c& (01) ca
chudt van bung Arothron hispidus, (02) ca noc tro (Lagocephalus lunaris) va (03) ca
néc van Takifugu oblongus, déu cd chita TTX véi ham lwong khéc nhau (muc 3.3).
Két qua khao sat nay dinh huéng cho viéc phan lap TTX, cac TTXs ciing nhu giup cho
viéc lya chon nguyén lidu dé chiét xuat, tinh ché TTX dé thiét 1ap chat chuan TTX:
- Dé thiét 1ap chat chuan chét d6i chiéu TTX, ching toi cd thé sir dung bat cir loai nao
trong 10 loai ca trén.
- Bé nghién ciru chiét xuat phan lap céc chat TTXs, chdng toi chon 5 loai:

+ Arothron hispidus (ca noc chugt van bung),

+ Arothron immaculatus (ca noc vién dudi den),

+ Lagocephalus inermis (cd noc rang mo chim),

+ Lagocephalus lunaris (ca noc tro),

+ Takifugu oblongus (ca ndc van).
3.3.2. Xdy dung quy trinh phén lap tetrodotoxin va mot sé dc té than Kinh tir mot
s6 loai c4 néc
T phdn doan V2 cia 5 loai ca noc doc, phan lap theo hudng doc té cua TTX bang sic
ky cot trao doi cation (st dung Bio-Gel P2 va Bio-Rex 70) thu duoc 11 cin, dugc ky
hiéu theo viét tat cua loai, va th tu rira giai thu duoc (bang 3.15)

Bang 3. 15. Ky hiéu cuia cac phdn doan chat phan lap ra tir 05 lodi cd néc doc

L odi Arothron Arothron Lagocephalus | Lagocephalus | Takifugu
hispidus immaculatus inermis lunaris oblongus
Ky hiéu
phan doan |  AHW1 AlW1 LIW1 LLW1 L
chat phan AHW?2 AIW2 LIw2 LLW2
A TOW3
lap duoc

Két qua phan tich NMR va MS cua 11 chit phan lap duoc, dugc néu chi tiét trong muc
xéac dinh cau trc

3.3.3. Phén tich xic dinh ciu tric cac doc t6 phan lap dwoe tir 5 loai ca née

Dit liéu do phd NMR (*H-NMR, C-NMR) va pho khé phan giai cao (HR FTICR MS)
cua 11 chat chiét ra duoc ghi trong bang 3.16, tir dix liéu phd ndy cho thiy chi cé 4 chat
c6 phd khac nhau, con lai 8 chat, trong d6 c6 2 nhém, mot nhém ¢é 5 phé gidng nhau
va mot nhém c6 3 phé gidng nhau. Nhu vay, thuc té chi thu dugc 6 chét, ky hiéu Ia
TTX1, TTX2, TTX3, TTX4, TTX5va TTX6
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Bang 3. 16. Dz liéu pho cia TTX va 5 chdt phan ldp dieoc

TTX1

(AHW1, AIW1, LLW2,TOW1, LIW2)

TTX2
(AHW2, TOW?2)

C dn (mult,, J in Hz) oc dn (mult,, J in Hz) dc
2 - 154,1 - 156,1
4 5,40 (1H, d, 9,5) 72,6 5,47 (1H, d, 9,5) 74,8
43 2,25 (1H, d, 9,5) 38,1 2,02 (1H, overlap) 40,2
5 4,15 (1H, s) 71,3 4,32 (1H, s) 74,9
6 - 68,9 - 72,3
7 3,98 (1H, s) 77,1 4,10 (1H, s) 82,1
8 4,19 (1H, s) 70,2 4,15 (1H, s) 73,1
8a - 57,2 - 59,2
9 3,85 (1H, s) 68,3 4,02 (1H, s) 70,5
10 - 108,3 - 110,4
11 3,93 (2H, d, 11,0) 63,0 3,75 (2H, d, 11,0) 65,2
HR-ESI-MS: m/z 320,1087 [M + H]* HR-ESI-MS: m/z 320,1087 [M + H]*
(calcd, for C11H1sN30s, 320,1094) (calcd, for C11H1sN3Og, 320,1094)
TTX3 (TOW3) TTX4 (AIW2)
C On (mult,, J in Hz) dc Sn (mult,, J in Hz) dc
2 - 156,4 - 156,5
4 5,22 (1H, d, 9,4) 77,6 5,44 (1H, d, 9,5) 74,9
4a 2,30 (1H, m) 42,5 1,97 (1H, d, 9,5) 46,1
5 2,01 and 29,7 4,50 (1H, s) 71,5
1,25 (each 1H, m)
6 - 77,0 1,88 (1H, m) 43,2
7 4,62 (1H, s) 82,6 4,24 (1H, s) 78,5
8 4,43 (1H, 9) 71,3 4,05 (1H, 9) 76,2
8a - 61,4 - 60,6
9 4,65 (1H, s) 72,7 3,92 (1H, ) 71,0
10 - 176,6 - 110,4
11 3,51 (1H, d, 11,0) 67,0 3,99 (1H, dd, 11,0, 7,5), 62,0
3,72 (1H, d, 11,0) 3,85 (1H, dd, 11,0, 7,0)
HR-ESI-MS: m/z 305,1211 [M + H]* HR-ESI-MS: m/z 304,1140 [M + H]*
(C&lCd, for 011H19N307, 305,1217) (C&lCd, for C11H18N307, 304,1145)
C TTX5 (LIW1) TTX6 (LLW1)
dn (mult,, J in Hz) dc On (mult,, J in HZ) dc
2 - 156,2 - 156,4
4 5,48 (1H, d, 9,5) 74,9 5,49 (1H, d, 9,5) 75,1
4a 2,25 (1H, m) 40,4 1,93 (1H, m) 45,9
5 4,10 (1H, s) 77,2 4,25 (1H, 9) 75,6
6 - 69,2 1,82 (1H, m) 35,4
7 3,96 (1H, s) 83,5 4,12 (1H, s) 82,6
8 4,27 (1H, s) 72,8 4,04 (1H, s) 76,3
8a - 59,6 - 60,0
9 4,00 (1H, s) 70,6 3,96 (1H, s) 71,2
10 - 110,4 - 110,1
11 1,68 (3H, brs) 25,8 1,32 (1H, d, 6,5) 15,5

HR-ESI-MS: m/z 304,1140 [M + H]*
(calcd, for C11H18N3O7, 304,1145)

HR-ESI-MS: m/z 288,1189 [M + H]*
(C&|Cd, for C11H18N305, 288,1196)
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Tién hanh giai phd NMR thu dugc dé dinh danh céc chat thu duoc.
Hop chat TTX1 (thu dwoc tir cdc phin doan AHW1, AIW1, LLW2, TOW1, LIW?2)

Phéd khdi luong phan giai cao HR ESI MS cua hop chat TTX1 c6 pic ion [M + H]* m/z
= 320,1087 cho phép xac dinh hop chat nay c6 khéi lugng phan tir 319 va céng thirc
phan tr du doan 1a C11H17N30es.

Phé 'H-NMR xuét hién 3 tin hiéu doublet tai § 2,25 (1H; d; J = 9,5 Hz; H-4a): 3,93 (2H;
d: J = 11,0 Hz; H-11); 5,40 (1H; d; J = 9,5 Hz) cung véi 4 singlet tai & 3,85 (1H; s; H-
9); 3,88 (1H; s; H-7); 4,15 (1H; s; H-5); 4,19 (1H; s; H-8)

Trén pho 3C-NMR va DEPT cua TTX1 cho thay su xuat hién ctua 11 vach tin hiéu gdm
1 nhém CH tai 8¢ 63,0 (C-11); 6 nhém CH [5¢ 72,6 (C-4); 38,1 (C-4a); 71,3 (C-5): 77,1
(C-7); 70,2 (C-8); 68,3 (C-9)] va 4 nhém C bac 4 [5¢ 154,1 (C-1); 68,9 (C-6): 57,2 (C-
8a): 108,3 (C-10)]

Cac phan tich trén phé 2 chiéu HSQC cho phép gén tin hiéu proton va carbon twong ng
(Bang 3.16). Tuong tac di hat nhan HMBC cho thay H-4a (§ 2,25) véi C-8a (5 57,2), C-
6 (68,9) va C-4 (72,4); giita H-7 (5 3,98), H-9 (5 3,85) va H-5 (5 71,5) v&i C-10 (5
108,3). Nhitng di kién phé trén cho thay sy phi hop vai s6 liéu pho da cong bd cua hop
chat tetrodotoxin (TTX) dd cong bd trude d6. Nhuw vay hop chét TTXI dwec xdc dinh

chinh 1a TTX, mot hop chat c6 mat kha phd bién trong céac loai ca néc doc.

Hinh 3. 16. Cau tric cua TTX1 va cdc tuwong taic HMBC chinh
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Hop chdt TTX2 (thu dwoc tir phin dogn chat AHW2 va TOW2)

Hop chat TTX2 ciing duoc xac dinh ¢d khdi luong phan tir 319 va cong thic phan tir 1a
C11H17N30s dira vao pho khéi lwgng phan giai cao véi pic ion tai m/z 320,1092 [M +
H]*.

Phé *H-NMR xuat hién 2 tin hiéu doublet tai & 3,75 (2H, d, J = 11,0 Hz, H-11), 5,47
(1H, d, J = 9,5 Hz) cung vai 4 singlet tai 6 4,02 (1H, s, H-9), 4,10 (1H, s, H-7), 4,32
(1H, s, H-5), 4,15 (1H, s, H-8).

Trén pho 3C-NMR cua TTX2 cho thay sy xuat hién cua 11 vach tin hiéu. Céac phan tich
trén pho 2 chiéu HSQC cho phép gan tin hi¢u proton va carbon twong tng, tir d6 xéac
dinh duogc sy ¢ mat cua 1 nhém CHa tai 6c 65,2 (C-11), 6 nhém CH [6c 74,8 (C-4),
38,1 (C-4a), 74,9 (C-5), 82,1 (C-7), 73,1 (C-8), 70,5 (C-9)] va 4 nhom C bac 4 [5¢
156,1 (C-1), 72,3 (C-6),1 59,2 (C-8a), 110,4 (C-10)].

S6 lieu pho nay co su tuong dong vai s6 lieu pho caa hop chat TTX ngoai trir sy khéc
biét I6n & vi tri cac vi tri C-5 dén C-8 cho phép du doan c6 su khac nhau vé cau hinh
trong cau trdc caa 2 chat. So sanh véi cac so liéu da cong bd [171] cho thay sé liéu phd
cua TTX2 hoan toan tring khép véi hop chat 6-epitetrodotoxin. Nhw vdy, hep chat
TTX2 dwoc xdc dinh l1a 6-epitetrodotoxin

k)

CAu tric cua TTX2 (6-epitetrodotoxin) Céc tuong tac HMBC chinh

Hinh 3. 17. Cdu triic va twong tdc HMBC ciia TTX2
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Hop chdt TTX3 (thu dwoc tir phén dogn chit TOW3)

Pho khéi lugng HR ESI MS ¢6 pic ion tai m/z 305.1211 [M + H]* cho phép xac dinh
hop chit nay c6 khdi lwgng phan tir 304 va cdng thirc phan tir 1a C11H17N307.

Phd 'H-NMR cua TTX3 xuét hién 3 tin hiéu doublet tai § 3,51 va 3,72 (each 1H; d; J =
11,0 Hz; H-11); va 5,22 (1H; d; J = 9,4 Hz) cung vai 4 singlet tai 6 4,65 (1H; s; H-9);
4,62 (1H; s; H-7); 4,43 (1H; s; H-8).

Phd 3C-NMR cuaa TTX3 c6 cac tin hiéu rat gidng voi phd cua TTX2 ngoai trir sy xuat
hién cua tin hiéu tai § 176,6 va 29,7. Phé HSQC cho phép xac dinh tin hiéu 176,6 1a
nhém C bac 4 con tin hiéu 29,7 l1a CH..

Phé HMBC cho thay tuong tac giita H-5 (5 2,00 va 1,25) véi C-8a (5 61,4), C-11 (67,0)
va C-4 (77,6) chiing té nhdm OH tai vj tri C-5 da bi mét di trong cau trdc caa TTX3 so
véi TTXL. Nhw vdy c6 thé khing dinh hep chat TTX3 1a 5-deoxyTetrodotoxin va s6
licu pho thu duoc hoan toan trung khop véi nghién cau cia Yotsu-Yamashita [176].
Day 1a 1an dau tién hop chat nay duoc phan 1ap tir loai ca noc Takifugu oblongus & bién
Viét Nam.

Hep chdt TTX4 (thu tir phédn doan chat AIW?2)

Hop chat TTX4 duoc xac dinh c6 khdi lwong phan tir 303 va cong thic phan tir 1a
C11H17N307 dua vao phéd khéi luong phan giai cao vaéi pic ion tai m/z 304,1140 [M+H]".

Phé 1H- va 13C-NMR caa AIW2 c6 nhitng tin hiéu tuong dong véi phd cua hop chat
TTX1. Trén pho 'H-NMR ciing xuat hién tin hiéu doublet tai § 5,44 (1H, d, J = 9,5 Hz)
cling véi 4 singllet tai 8 3,92 (1H, s, H-9), 4,05 (LH, s, H-8), 4,24 (1H, s, H-7), 4,50 (1H,

s, H-5). Ngoai ra con c6 cac tin hiéu tai viung truong cao & 1,88 va 1,97.

Trén pho 3C-NMR cua TTX4 cho thay sy xuat hién cua 11 vach tin hiéu. Cac phan tich
trén phé 2 chiéu HSQC cho phép gén tin hiéu proton va carbon twong tng, tir d6 xéac
dinh duoc sy xuat hién mot nhém metin tai & 43,2 thay vi nhém C bAc 4 tai § 68,9 nhur
cua hop chat TTX4. Phan tich chi tiét ph6 HMBC cho thay c6 su tuong tac tir protn H-
11 (3 3,99 va 3,85) dén vi tri 43,2 nay. Dit kién nay cho phép dyu doan nhom OH tai vi
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tri C-6 da bi mat di, diéu nay hoan toan phu hop véi s6 liéu pho khéi luong c6 su chénh
léch 16 don vi giira 2 chat TTX4 va TTX1. Nhw vdy, c6 thé khing dinh hop chdt TTX4
la 6-deoxytetrodotoxin va sb liéu phd thu dugc hoan toan tring khép véi nghién ciu
cua Kudo [83]

Cau tric cia TTX4 Céc twong tac HMBC chinh
(6-deoxytetrodotoxin)

Hinh 3. 18. Cdu trlc va firong tdc HMBC ciia TTX4

Hop chdt TTX5 (thu dwoc tir phin doan chat LIW1)

Hop chat TTX5 duoc xac dinh c6 khdi Iwong phan tir 303 va cong thic phan tir 1a
C1:H17N307 dwa vao phé khéi lwong phan giai cao vai pic ion tai m/z 304,1140 [M+H]".

Ph6 H- va 3C-NMR cua TTX5 ¢6 nhitng tin hiéu tuong dong véi pho caa hop chat
TTX1. Trén phd 'H-NMR ciing xuét hién tin hiéu doublet tai 8 5,48 (1H, d, J = 9,5 Hz,
H-4) cung vai 4 singlet tai 6 3,96 (1H, s, H-7), 4,00 (1H, s, H-9), 4,10 (1H, s, H-5), 4,27
(1H, s, H-8). Ngoai ra con xuét hién thém 1 tin hiéu nhém CHs tai & 1,68 (3H, br s, H-
11).

Trén phd 1*C-NMR cta TTX5 cho thdy su xuat hién cua 11 vach tin hiéu. Cac phan tich
trén pho 2 chiéu HSQC cho phép gan tin hiéu proton va carbon twong tng, tir 46 xéac
dinh duoc su xut hién mot nhém CH3 tai & 25.8 thay vi nhém CH2 tai § 63.0 nhu cua
hop chat TTX4. Dix kién nay cho phép du doan nhom OH tai vi tri C-11 d4 bi mat di dé
tao thanh nhdm CHa, diéu nay ciing hoan toan phu hop vai s6 lidu phd khéi lugng ¢6 su
chénh léch 16 don vi giita 2 chat TTX5 va TTX1. N vy c6 thé két lugn LIW1 1a hop
chdt 11-deoxytetrodotoxin, phi hop véi tai liéu da cong bd [171].
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Hop chdt TTX6 (thu dwgc tie phin dogn chat LLW1)

Phé H- va 13C-NMR cta TTX6 ¢ nhitng tin hiéu dic trung ctia 16p chat tetrodotoxin
d3 phan 1ap tir céc lodi c& noc. Trén phd 'H-NMR ciing xuét hién tin hiéu doublet tai &
5,48 (1H, d, J=9,5 Hz) dac trung cua proton H-4, cung 4 tin hiéu singlet tai 6 3,95
(1H, s, H-9), 4,04 (1H, s, H-8), 4,12 (1H, s, H-7), 4,25 (1H, s, H-5). Ngoai ra con xuét
hién thém 1 tin hiéu nhém CHs tai 6 1,32 (3H, br d, J = 6,5 Hz, H-11).

Trén pho 3C-NMR caa TTX6 cho thay su xuat hién cua 11 vach tin hiéu phi hop Vi
cau trlic cua 16p chat 1a dan xuit cua tetrodotoxin. C4c phan tich trén pho 2 chiéu HSQC
cho phép gan tin hiéu proton va carbon tuong ung, tir 46 xac dinh dugc sy xuat hién mot
nhom metin tai § 35,4 thay vi nhém C bac 4 tai & 68,9 nhu cua hop chat TTX1. Diéu nay
goi ¥ hop chat nay bi mat nhdm OH tai vi tri C-6 giéng truong hop cua hop chét 6-
deoxytetrodotoxin (TTX4). Ngoai ra con sy xuat hién mot nhdm CHs tai & 15,6 thay vi
nhoém CHa tai & 63,0 nhu cua hop chat TTX1. Dix kién nay cho phép du doan nhom OH
tai vi tri C-11 d& bi mat di dé tao thanh nhém CHs tuong tu trudng hop caa hop chat 11-
deoxytetrodotoxin (TTX5). Céc phan tich trén phd hai chiéu HMBC di khang dinh vi
tri mat nhém OH 14 tai C-6 va C-11.

Nhitng dix liéu phd NMR 6 trén da cho thay hop chat TTX6 la dan xuat dideoxy hoa caa
tetrodotoxin, diéu nay ciing hoan toan phu hop véi s6 liéu pho khdi luong c6 su chénh
léch 23 don vi gitra 2 chat TTX6 va tetrodotoxin. TTX6 duoc xac dinh c6 khéi luong
phan tir 287 va cong thiic phan tir 14 C11H1sN306 dua vao pho khoi lwgng phan giai cao
Vi pic ion tai m/z 288,1189 [M + H]*. Nhu vay, c6 thé khing dinh hop chat TTX6 la
6,11-dideoxyTTX, phu hop véi nghién ctru cua Jang [68].

Nhu vay, qua giai pho, tir phan doan V2 caa 05 loai ca néc doc: (1) Arothron hispidus
(cad noc chudt van bung), (2) Arothron immaculatus (c& noc vién duéi den), (3)
Lagocephalus inermis (ca noc rang mo chim), (4) Lagocephalus lunaris (ca noc tro),
(5) Takifugu oblongus (ca ndc van), da phan lap duoc 6 hop chat. Phan tich pho NMR
va HR ESI MS d3 xac dinh c&c hop chét phan lap duoc 1a tetrodotoxin (TTX) va 5 TTXSs:
6-epitetrodotoxin, 5-deoxytetrodotoxin, 6-deoxytetrodotoxin, 11-deoxytetrodotoxin va

6,11-dideoxytetrodo-toxin (xem bang 3.17)
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Bang 3. 17. Céc chat dic tetrodotoxin va twong tir tetrodotoxin

deoc phan Idp tir phui tang mét sé lodi cd néc doc
T | PP Tén chit Cong thiic, M,
chat
AHW1
AIW1 C11H17N30s,
TTX1 | LLW2 | Tetrodotoxin M: 319,1
TOW1
LIW2
C11H17N30s
AHW2 . . : '
TTX2 TOW? 6-epitetrodotoxin M: 319,1
C11H17N30Oy,
TTX3 | TOW3 | 5-deoxytetrodotoxin | M: 303,1

C11H17NsO7
TTX4 | AIW2 | 6-deoxytetrodotoxin M: 303,1
C11H17N3sO7
TTX5 | LIW1 | 11-deoxytetrodotoxin | M: 303,1
C11H17N3Os
7TX6 | LLwa | &1L

dideoxytetrodotoxin | M- 2871
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3.4.NGHIEN CUU CHIET XUAT VA TINH CHE TETRODOTOXIN O QUY MO
PHONG THi NGHIEM PE LAM NGUYEN LIEU THIET LAP CHAT CHUAN
3.4.1. Nghién ctru chiét xuit, phén 1ap tetrodotoxin tho

Buwiéc 1. Chiét va lam giau méu (dich chiét toan phin cé chira TTX)

Xu# Iy mau, ngam, chiét va loc: Phu tang c& ndc (tring, gan, rudt, khoang 10 kg) duoc ra
déng, cit nho, cho vao thung chtra cua thiét bi xay ngam chiét. Them mét luong nuéc
khoang (20 L), thém khoang 30 - 60 ml dung dich acid acetic 10 %. Khoi dong hé théng
canh khudy cua thiét bi, khuay trong vong 4 — 8 tiéng (hoic qua dém). Khai dong phan
thiét bi xay thd, ma van dé chuyén toan luong dich va ca xuéng phan xay thd, mau duoc
nghién va xay nat qua ludi, dugc chuyén tiép xudng phan xay min, va duoc loc qua ludi
vao thung dung dung tich 100 L. Chuyén 15 - 20L nuéc va 30 - 60 ml dung dich acid
acetic 10 % vao thung khudy, mo van va khai dong may xay. Thuc hién budc nay thém
1 1an nita dé chiét duoc toi da doc t6. Phan ba ca noc con lai duoc xt 1y theo quy dinh.
Chuyén toan bo dich chiét vao thiét bj cit quay dung tich 200 L, diéu chinh dé dich
ngam duoc ngadm & nhiét do 60 — 90°C (t6t nhat 14 85 - 90°C) trong 10 — 20 phut, dé lam
két ttia va loai bo protein.

Sdc ky trao doi ion thu dich chiét toan phan TTX: Piéu chinh dich ngam téi pH 6,0 —
7,0 bang dung dich NaOH 0,1 M, cho dich chay qua cot trao ddi cation acid yéu dé loai
protein hoa tan va lam giau doc td. Rura cot bang nudc khir ion dén khi khong con protein
trong nudce rira. Rura giai TTX bang acid acetic 3 %. Diéu chinh dich rua giai vé pH 8-9
bang NaOH 0,1 M, cho dich loc qua cot nhdi hdn hop than hoat va dat tao cét (silica
diatomaceous) dé loai mubi vé co, mudi acid amin kiém. Cot dugc nhdi thanh hai 16p,
l6p silica diatomaceous & trén 16p than hoat va c6 do day bang 1/10 téi 1/2 (t6t nhat 1a
1/10 t6i 1/5) 16p than hoat. Rira cot biang nuéc khir ion, sau d6 rira giai véi dung dich
acid acetic 2% trong ethanol.

Buéc 2. Tinh ché bang két tinh cho sin pham TTX thé.

Dich rira giai thu duoc dugc diéu chinh dén pH kiém (pH 9,0) bang ammoniac ddac, 1am
lanh, dé yén két tinh TTX, loc, sdy dudi &p suat giam dén khdi luong khong doi (khoang
24 gio). Pinh lwong TTX thé bang phuong phap sac ky long khdi phd (LC MS).
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Buwiéc 3. Tinh ché TTX thé bang sdic ky cét.

TTX thd duogc hoa tan trong dung dich acid acetic 1 %. Chuyén dich [én cot trao doi
cation Bio-Gel P2 va Bio-Rex 70 di duoc hoat hda va can bang voi nudc. Rua giai chat
bang dung dich acetic 0,1 — 0,5 M. Gop dich rira giai. Biéu chinh pH bang dung dich
ammoniac 10 % dén pH kiém (pH = 9,0), tiép tuc 1am lanh, dé ling dé két tinh TTX.
Rura tua két tinh bang nude khir ion vai 1an va sdy taa trong ta sdy ap suat giam thu duoc
TTX thd

10 kg phii tang
Cia Ndc

Nude co chira acid acetic loang

Dich ngim chiét Bi ca

y Dun t&i 80 - 90° C, lam ngudi & loc

Dich lpc
- biéu chinh pH=6,0-7.0

- Chay qua cdt trao doi cation yéu

- rira giai bang dung dich acid acetic 3%

v v

Dich rika gidgi Phin khéng cé6 TTX
- Diéu chinh pH=18.0 - 9,0

- Chay qua cot than hoat — dat tao

cat, rira bang nuwde khir ion

- rira giai bang dung dich acid

¥ __ acetic tropg ethanol

Dich rira gidai ethanol

- Piéu chinh pH kiém

- Lam lanh, dé yén két tinh TTX
- Loc, say ap suit giam

v
Tinh thé TTX thé  [€

Dinh lugng bing LC/MS

v ‘b

Dé tinh khiét> 80% Dé tinh khiét < 80%
. —d
Tinh ché qua HPLC Tinh ché budc 1
\ 4

TTX tinh khiét

Hinh 3. 19. Quy trinh chiét xudt TTX
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TTX tho chiét xuat qua giai doan nay phai c6 ham luong > 80%. Néu san pham khéng

dat ham lugng theo yéu cau, can phai tién hanh so tinh ché.

So tinh ché: Hoa tan lai taa TTX trong dung dich acid acetic 1%, trung hoa dung dich
bang dung dich ammoniac 10 % dén pH kiém (pH =9,0), tiép tyc lam lanh, dé ling dé
két tinh TTX. Rira tua két tinh bang nudc khir ion vai 1an va sdy tua trong ta siy 4p suat
giam thu duoc tinh thé TTX.

Dinh lugng bang
Sic ky long khoi pho

. Dat I
Dé tinh khiet ciia TTX Tinh ché bang
80% sic ky long diéu ché

Khidng dat

Hoi tan trong acid acetic lodng,
loc

Kiém hod dung dich bang thém tirng
gigt ammoniac loing

‘ Lam lanh, két tira ‘

‘ Rita tiia 3 ldn véi nwée khivion ‘

|

‘ Siy chin khong ‘

Tink thé TTX ‘

L

Hinh 3. 20. Quy trinh so tinh ché
Tir 10 kg phu tang ca néc twoi, voi quy trinh chiét xuat, thu duoc tir 35 mg dén 55 mg

TTX thé (ham luong TTX > 80 %, bang 3.18)

Bang 3. 18. Luwong TTX thu dwoc va do tinh khiét dat duwoc

STT Khoi lrgng Lwong TTX Ham lwong | Hiéu suat (ug TTX/g
phu tang (kg) thu dwoc (MQ) TTX (%) phu tang twoi)
M¢ 01 10,3 47,13 83,27 4,6
M¢ 02 10,8 35,55 81,19 3,3
M¢ 03 10,6 _ 55,17 84,44 5,2
. Tong LO NC1: . .
TB: 10,56 137,85 mg TB: 82,97 TB: 4,36

94



Do nguyén liéu phu tang ca néc dugc tron 1an tir nhiéu loai c4, khong duoc lam dong
nhat miu, ham luong TTX thay ddi theo ca thé, loai va bo phan (rudt, gan, trimng), nén
c6 sy khac nhau dang ké vé lwong TTX thu dugc qua 3 mé khao sat.
Diy 1a nghién ctru bude dau, ching t6i ciing khong dinh lwong ham luong TTX trong
mau trudc khi chiét va sy khd mau dé tinh két qua theo luong mau da say kho. Tuy
nhién, day ciing 1a quy mo pilot duoc thuc hién va thu dugc lugng TTX da 1on va c¢6 do
tinh khiét dugc xac dinh mot cach chinh xéac o Viét Nam. Trong nghién ciu nay, ching
t61 da sir dung hé théng xay ngam chiét phu tang c& ndc véi quy md thiét ké t6i 20
kg/mé, c6 kha nang chiét toi da TTX. Qua trinh sic ky trao doi ion va loai tap bang than
hoat da thu dugc TTX thd véi ham lugng TTX kha cao (> 80 %)
3.4.2. Tinh ché tetrodotoxin bang sic ky 16ng diéu ché
TTX tho duoc tinh ché bang sic ky long diéu ché.
Churong trinh sdc ky tinh ché TTX tir san pham TTX tho:
- Cot sdc ky ban diéu ché: ODS (HIQ Sil, 250 x 21,2 mm, 5um hogc 10 um);
- Pha dong: Dung djch natri heptansulfonat 0,01 M;
- Tbc do dong: 4 ml/phdt;
- Thé tich tiém: 200 pl,
- Detector UV: budc song 201 nm
Tién hanh
- TTX thdé dugc hoa tan trong dung dich acid acetic 1 % nong do khoang 20
mg/ml. Tiém mdi lan 200 pl, thu phan doan pic TTX tinh khiét.
- Gop C4c tat ca cac phan doan TTX thu duge va co quay dudi 4p suat giam.
Lam lanh dich, thém dung dich amoiac dam dic dé két tinh TTX, loc tua két
tinh, ria taa két tinh bang nuéc khir ion dén khi hét phan tng Na* (dung diia
thay tinh, d6t dich rira dudi ngon ).
- Hoatan lai taa TTX trong dung dich acid acetic 1%, trung hoa dung dich bang
dung dich ammoniac 10 % dén pH kiém, tiép tuc 1am lanh dé két tinh TTX.
- Rura tua két tinh bang nuéc khir ion vai 1an va siy tua trong tu say 4p suat
giam thu duoc tinh thé TTX tinh khiét.
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| D tinh khiée = 80% |

W acid acetic lodng
| Dich TTX |
Sic kv ling didu ché
-CHClE
- Pha ding: Matri heptansulfonat 0,016
- T a6 diomg: dml/phit
- Thé tich tiém: 200 pl
- Detector: & = 200nm
W
| Phan doan TTX |

v

| O alerck i digy S8edt gricisn |

- Lam ngudi
- Thém dung dich ammoniac dic
- BYé wén ket tinh
- Loc _
- Riia ttia bang mrdc khir ion dén khi hét ion Natri
N
| Tinh thé TTX |
acid acetic lodng
| Dung dick TTX |
- pH kigm _
- Liam lanh, dé I\:{‘l tinh TTX
W - Loc, rim tha bing medc Kt ion
| Tinh thé TTX |
‘M\ durdi A sudt i dtén khii lrgng khing doi
Wy
| TTX tinh khiét |
Hinh 3. 21. Quy trinh tinh ché TTX tir TTX thd

Str dung sac ky long diéu ch

sau khi tinh ché ciing phu hop véi dir liéu phé TTX d3 nghién ctu. Két qua nay hoan

toan phu hop vai két qua do pho khdi phan giai cao (HR ESI) cua hop chat sau khi tinh

ché, cho manh ph6 [M+H]* 3
tetrodotoxin (Hinh 3.22)

é da thu duoc 93,49 mg tinh thé TTX. Pho NMR cua chat

20,10926, twong ung va4i cdng thuc [C11H17N30g + H]* cua
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Varian MS
File: D:\Quang-2009\VHH\NXCuong-HCTN\2012\Cuong_TTX.trans
Base-Peak Amplitude: 55.2220 Total Intensity: 92.557 Scans:1  Positive lons

320.10926
100 —
i Elemental Composition Search Report:
i [Target Mass:
- Target m/z = 320.10926 1 5.00ppm
3 Charge =+1
B Posslble Elements:
80 — Element: _ Exact Mass: Min: Max:
] C 12.000000 0 100
B H 1.007825 0 150
_ o] 15994915 0 100
_ N 14.003074 0 100
N IAdditional Search Restrictions:
N Seven Golden Rules
= Nitrogen Rule
60 —| DBE Limit Mode = Both Integer and HalF-Integer
7 -Minimum DBE = 0
] -Maximum DBE = 100
] Search Results:
- Number of Hits = 2
i miz Delta miz (ppm) __DBE Formula
- 320.10884 130 45 Cy4HygNsO5*
40 — 320.11018 287 95 CypHy N0
] 302.09857
20 —|
7 160.0s517
0 l
RN R N R R R R NN N R RN
160 180 200 220 240 260 280 300 320 340
Mass/Charge

Hinh 3. 22. Phé khéi phan gidi cao (HR ESI MS) cua hop chat TTX tinh ché
Két qua phan tich cho thay TTX sau khi tinh ché bang sac ky diéu ché pha dao trén cot

ODS cho d¢ tinh khiét cao. Ham lwong mau nguyén liéu TTX dinh luong duoc 13 98,27
% voi d6 léch chuan trong dbi (RSD) 0,69%. Két qua dinh lugng TTX duoc ghi trong
bang 3.19

CAXcalibunHUNG!\Data\Vat IATTXx2 Sppm

RT:000-9.00
X0 3.525

(a)

Relative Abundance
o8 8 4888388

°
o7

05 © 15 20 25 a0 s 40 45 50 55 €0 65 70 75 80 85

CAXcaliburHUNG\DataWat AT TXT1

RT: 0.00-8.00

0o RT:681 ML

90::
o

(b)

Relative Abundance
g

as
Time fmink

Hinh 3. 23. Sdc ky do dinh heong TTX, (a) dung dich chudn TTX nong dé 2,5ug/mL; (b) dung
dich thi
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Bang 3. 19. Két qud dinh lirong TTX trong mau sau khi tinh ché

Lwong can mau e Két qud
Stt .thgi’ (mg) Dign tich pic dinh lwgqng (%)
1 2,48 466937 97,49
2 2,49 473893 98,55
3 2,51 478755 98,77
Trung binh 98,27
RSD (%) 0,69

3.5. XAY DUNG TIEU CHUAN CO SO CUA NGUYEN LIEU TETRODOTOXIN
Budc dau xay dung tiéu chudn co s cua nguyén liéu tetrodotoxin véi cac chi tiéu:

Bang 3. 20. Tém tdt chi tiéu chdt lirong trong TCCS nguyén ligu TTX

TT Chi tiéu , Yéucau ‘
1 | Hinh thac B?t ket tinh hay tinh thé mau trang hoac gan nhu
trang
2 | Pinh tinh Phai thé hién cac phép thir dinh tinh cua

tetrodotoxin.
Khéng qua 0,5 %

Do mat khoi luong

3 | 4o 1am kho

Ham luong TTX trong san pham phai khdng it
hon 95%

4 | Pinh luong

3.6. NGHIEN CUU THIET LAP CHAT CHUAN TETRODOTOXIN
3.6.1. Nghién ctru d 6n dinh cia tetrodotoxin trong mét s6 dung moi

TTX duogc hoa tan trong mot s6 dung dich dém (methanol, dém citrat pH 4-5, dung dich
acid acetic loang 2%, dém phosphat pH 4-5, dém acetat pH 4-5) véi ham luong 0,1
mg/ml, déng lo 1 ml, bao quan trong diéu kién nhiét d6 -20°C + 2°C trong ta bao quan
dong. Pinh ky danh gia chat luong, danh gia tai cac thoi diém 0, 3, 6 thang (thang
6/2014, thang 9/2014 va thang 12/2014).

Céc chi tiéu theo doi:

Cam quan: T4t ca cac 10, tai cac thoi diém khao sat déu dat chi tieu cam quan. Céc dung
dich van trong subt, khdng mau.

Dinh tinh: T4t ca céc 1, tai cac thoi diém khao sat van thé hién tt phép thtr dinh tinh.
Trén sic ky d6 dung dich thir trong phan dinh lwgng déu cho pic ¢6 thoi gian luu, phd
khdi MS giéng véi thoi gian luu, pho khdi MS cua pic TTX trén sac ky d¢6 dung dich
chuan

Pinh luong: ham luong TTX trong cac dung dich dém, giira cac thoi diém khao sat khac

nhau da c6 su bién doi
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Bdng 3. 21. Ham lwong TTX trong mét s dung mdi theo thoi gian

) . Ham luong TTX (%)

TT TTX trong cac dung dich 0 thang 3 thang 6 thang
1 | MeOH 100,1 99,5 97,4
2 | bémcitratpH4-5 99,9 99,8 99,5
3 | bém acetat pH 4 -5 100,2 98,3 97,2
4 | Bém phosphat pH 4 - 5 100,2 98,7 96,9
5 | Dung dich acid acetic 2% 100,2 99,5 97,1

Tir két qua nghién ctru 6 thang, ta thdy TTX trong dung dich d@ém citrat pH 4 — 5 ¢6 sy
giam nong do it nhat (0,4%/6 thang). Nhu vay, cd thé lya chon dém citrat c6 pH 4 — 5
lam dung mdi pha dung dich chuan TTX.

3.6.2. Nghién ctru quy trinh déng 6ng chuin, 100 pg chit/lo 1 ml, sir dung dung
moi thich hgp

Xay dung quy trinh dong dng chuan dung quy dinh di véi chat doc, s dung thiét bi
Glove - Box Labonco

Thoi diém dong goi: thang 12/2014

Diéu kién moi truong thoi diém dong goi: nhiét d6 20 °C, d6 am twong ddi 48 %.

S6 luong nguyén liéu: 10,17 mg

S6 6ng chuan déng duroc: 100 dng

Ham luong TTX trung binh trong cac dng da duoc danh gia ddng nhat 16: 99,89%

—

Hinh 3. 24. Lo chudn tetrodotoxin 0,1 mg trong 1 ml dung dick d@ém citrate
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3.6.3. Kiém tra danh gia chit lwgng 6ng chuin

3.6.3.1. Pdnh gid dong nhit 16 trong qud trinh déng gdi

Yéu cau:

L& san xuat dugc coi 1a ddng nhat khi gié tri RSD cua két qua ham lwong giira cac dng

duoc kiém tra <0,5% = diéu kién dong géi 6n dinh.

Tién hanh:

- L4y ngau nhién it nhat 10 ng dé kiém tra dong nhat qua trinh déng géi chi tiéu ham

lugng.

- Ap dung phuong phap dinh luong trong Tiéu chuan dng chuan TTX dé tién hanh xac

dinh ham lugng.

Két qua:

Bang 3. 22. Két qud danh gia dong nhat 16

S6 thir tu

X 01
ong

15

26

34 47 55

68 77 88 99

HL (%)
S0 Véi
nhan

99,67

99,73

99,86

100,12 | 99,91 | 99,68

100,09 | 99,97 | 99,66

Trung
binh (%)

99,87

RSD (%)

0,18

Két luan: RSD = 0,18% < 0,5 % = L6 ban TP dong nhat vé ham luong

3.6.3.2. Pdnh gid lién phong thi nghi¢m vé chit chudn (2 phong thi nghiém)

- Ap dung phuong phéap dinh lugng trong Tiéu chuan chat lugng 6ng chuan TTX.

- Mdi PTN nhan dugc chat chuan goc va 06 6ng chuan ban thanh pham.

Bang 3. 23. Cac thong sé cia hé sdc ky

Yéu cau PTN 1 PTN 2
Céc thdng s6 (Khoa thiét 1ap chét chuan (Trung tim Péanh gia
— chat ddi chiéu) Tuong duong sinh hoc)
Thiét bi Tandem MS (Thermo Tandem MS (Thermo
Scientific TSQ Quantum Scientific TSQ Quantum
Ultra) Ultra)
Cotsac ky | Alltech Apollo Cs (250 x | Phenomenex Cs (250 x 4,6
4,6 mm; 5um) mm; 5um)
Thoi gian luu 6,8 phat 6,5 phat
cua pic chinh

100

100,03




Bang 3. 24. Két qud ddanh gid lién phong

Yéu cau PTN 1 (HL %) PTN 2 (HL %)
1 99,67 99,72
Ham lugng TTX| 2 99,73 100,08
phai tir 99.5% dén | 3 99,86 100,01
100,5% so luong | 4 100,12 99,89
ghi trén nhén 5 99,91 100,04
6 99,68 99,76
7 100,09
8 99,97
9 99,66
10 100,03
B 99,87 99,92
RSD 0,18 % 0,15 %
Bang 3. 25. Két qud ddanh gid theo ANOVA
TOM TAT
Nhom S6KQ | Téng | Trungbinh | Phwong sai
PTN 1 10 998,72 99,87 0,0320
PTN 2 6 599,5 99,92 0,0229
ANOVA
Tong sé Bic | Binh phuwong | Fm Fr
Nguon saisé | binh phwong | twdo | trung binh
Giira cac nhom 0,0075 1 0,0075 0,260 | 4,600
Trong tirng nhom 0,4025 14 0,0287
Tong cong 0,4100 15

Nhan xét: Fin < Fre = K&t qua trung binh caa 2 phong thir nghiém gidng nhau,

phuong phap phan tich c6 do tai lap va do lap lai tot

3.6.3.3. Hodn thién hé so chudn, xdc dinh gid tri dn dinh ghi trén nhén va trén chitng

chi phédn tich

Bang 3. 26. Tdp hop két qua cia hai PTN

TT Xi (%) TT Xi (%)
1 99,66 9 99,91
2 99,67 10 99,97
3 99,68 11 100,01
4 99,72 12 100,03
5 99,73 13 100,04
6 99,76 14 100,08
7 99,86 15 100,09
8 99,89 16 100,12

Trung binh 99,89
RSD 0,17 %
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Nhdn xét:

Ham Iugng trung binh: 99,9 % so véi ham Iuwgng nhan, do khong dam bao do ma rong
U =+ 0,09 % véi hé s6 phu k=2 & d6 tin cay 95%.

Tat ca cac két qua thu duoc caa 2 PTN nam trong khoang 99,5 % dén 100,5 % so véi
ham luwong nhan do vay két qua ghi trén nhan va ching chi 1a: Chat chuan tetrodotoxin
SKS: TTX.DTDL.2015 1,0 ml dung dich chira 0,1 mg tetrodotoxin (C11H17N30s) trong
dém citrate pH 4,8.

3.7. BAO CHE BOT PONG KHO TETRODOTOXIN 0,1 %
3.7.1. Bao ché bot dong khod

Cong thirc bao ché cho 1 lo
TTX thd (ham lugng TTX > 80 %)...... twong tng voi.... 1 mg TTX

Dung dich lactose 20% (KI/tt) .........ccovviiiiiiiiis 5mL
bémucitrate ... viradu............ 10 mL
Pha ché

TTX tho 16 NCO02 c¢6 ham lwong 81,19% thu duoc theo quy trinh chiét xuat trén dé lam
nguyeén lidu bao ché bot dong kho. Can 24,6 mg TTX thd vao binh dinh mac 200 ml,
thém dung 50 ml dich dém citrat pH 4-5 dé hoa tan. Thém chinh xac 100 ml dung dich
lactose 20% (Kl/tt), lac k, thém dung dich dém citrat vira du, lic déu.
HGt 10 ml dung dich trén vao lan luot 20 lo thay tinh nau dung tich 10 ml, dem dong
kho.
Chuong trinh dong Kho:

- Nhiét @6 dong lanh -30-C;

- Thoi gian dong lanh 90 phut;

- Thoi gian dong kho 22 gio;

- Nhiét say kho tur: -25°C dén 0°C;

- Nhiét do condensor — 60°C;

- Apsuat 0,1 mbar;

- Thoi gian sy khd 19 gio;

- Nhiét sdy khd tur: 4°C dén 27°C.
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. Bor . = Y
= "'nang do |
"otoxin 0,1!
"TX. BND.OX

/,,l”df’ln.\’in 0

Hinh 3. 25. Bot dong khé tetrodotoxin 0,1%
3.7.2. Xy dung tiéu chuan co s& va kiem nghiém san pham
Di bude dau xay dyng duoc tidu chuan chat lwong cho bot dong kho TTX 0,1 % (phu
luc 4) véi cac chi tiéu

Bang 3. 27. Tom tdt chi tiéu chdt hieong trong TCCS bét dong khé 0,1%

TT Chi tiéu Yéu cau
1 | Hinh thac B4t xop, mau trang hoac trang nga
2 | binhtinh Phai thé hién cac phép thir dinh tinh caa tetrodotoxin.
Do mat khéi lugng do .
3 1am khé <L5%
4 | Pinh lwong I(){irﬁ)/iuqng TTX trong san pham phai dat tir 0,09 dén

Ap dung tiéu chuan, danh gia chat luong lo bot ndng do bao ché duoc: Ham lugng TTX
trung binh dat 0,103%.
3.7.3. Panh gia dc tinh cip va ban trwong dién cia bt dong kho 0,1%
3.7.3.1. Péc tinh cip
a. Muc lieu
Thir so bé

- Céch xtr Iy va chuan bi miu tha: Pha lodng bot ndng do véi nudc cat thanh cac
dung dich c6 d6 pha lodng cach xa nhau dé thir so bo.

- Tham do ¢ muc lidu khéng lam chét chuot thi nghiém:

Dung dich ¢ nong d6 1 mg/ml. Cho 10 chuét ung thudc, mdi chudt udng 0,4
ml mau tha. Sau 24 gio theo ddi thay khong chét chudt ndo. LDo = 20 mg bot nong
do/kg chudt.

- Tham do muc liéu 1am chét 100% sé chudt thi nghiém:
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Dung dich ¢6 ndng d6 30 mg/ml. Cho 10 chuét udng thuc, mdi chudt uéng 0,4 ml
mau thir. Sau 24 gi¢ theo déi 100% chudt thi nghiém bi chét. LD1oo = 600 mg bot ndng
do/kg chuot.
Muzc liéu thiz nghiém chinh thic

Mrc lidu 1: 20 mg/kg chuot

Mc lidu 2: 165 mg/kg chuét

Mtc liéu 3: 310 mg/kg chudt

Mic lidu 4: 455 mg/kg chuét

Mtc liéu 5: 600 mg/kg chudt
b. Tién hanh
Tién hanh

- Chudt duoc nhin dn 15 gio tredc khi thi nghiém, nuéc udng theo nhu cau. Kiém
tra can ning trude khi thir nghiém. Chudt dat cac yéu cau vé can ning duoc dua vao thir
nghiém.

- Céch dung: Lay thé tich mau thir theo quy dinh dua thang vao da day chuot
bang kim cong dau to.

- Dua trén két qua tham do trong thir nghiém so b, tién hanh thir nghiém chinh
thac trén 50 chudt, chia thanh 5 nhém thir theo muc liéu nhu sau:

Bang 3. 28. Muzc liéu thir nghiém trén chugt

Nhém chuat Licu dung S6 chuot

' (mg bot nong do/kg chuot) thi nghiém
M lidu 1 20 mg/kg chuot 10
Mc lidu 2 165 mg /kg chudt 10
Moc liéu 3 310 mg /kg chuot 10
Mrc liéu 4 455 mg /kg chuot 10
Mc liéu 5 600 mg/kg chudt 10

- Lich theo ddi: Theo ddi biéu hién cua chudt sau khi uong trong 24 gio dau va
theo ddi hoat dong ciia DVTN trong thoi gian 7 ngay sau khi uong.
Phép thtr duoc tién hanh véi 2 mau dich chiét toan phan: NC1, NC2.
Theo doi
Sau khi ung dung dich thir: O mirc liéu 1 khong nhan thay biéu hién ngo doc, chuot
an udng hoat dong binh thuong. G muc lidu 2,3,4 va 5 sau khi uéng mau thir khoang
0,5 — 4 gid, mot s6 chudt co biéu hién ngdo doc, va mot sb chét.. Sb luong chudt chét ¢
cac nhom ty 1é thuan véi muc lidu thie. Chudt true khi chét c6 hién tuong co giat,
tang tiét nudce bot.
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c. Két qud
Bdng sé ligu:
Mau bd ndng d6 dem thir nghiém cho két qua nhu sau:

Bang 3. 29. Két qua thit nghiém doc tinh bét déng khé

Mikc Liéu thir So chugt chét/ S0 chudt chét/ % Chét
lieu (mg/kg chuot) song thuc té song Ky vong
1 20 0/10 0/27 0
2 165 2/8 2117 10,5
3 310 4/6 7/9 40,0
4 455 7/3 14/3 82,4
5 600 10/0 24/0 100

Vé do thj theo cac sé liéu trén bang

100
a0 /

g0

. 7

&0 /

50 /

40

. 7
+

10

Ty l& chét (%)

a

20 165 310 455 600

Liéu (mg/kg)

Hinh 3. 26. P¢ thj biéu dién méi twong quan giira liéu thi nghiém va ty 1é chét chugt
Tinh LDso theo Behrens

(50—a)xd
b—a

Trong d6: A - Liéu gay chét a% DVTN
a- % DVTN chét sat dudi 50% sao cho a < 50%
b - % DVTN chét sat trén 50% sao cho b >50%

LDSO = A +

d - khoang cach giira cac liéu (ml)

Theo bang trén, ta co:

a=40,0% b=282,4%
A =310 mg/kg chuot d =145 mg/ kg chuot
LDg, = 310 + E0200XI 344 20 mg/ kg chuét

82,4-40,0

105




kxSxd

n

Tinh sai s chudn: (S;pso)? =
Trong do:
k: hé sb Behrens = 0,66

n: S6 chudt trong mi nhom.

__ LDg4—-LDy¢
2

S

Theo db thi, ta co:
LD16 = 198 mg/ kg chudt
LDss = 469 mg/ kg chudt

§ = 222218 = 1355 mg/kg chudt

kxSxd _ 0,66x135,5%x145
n 10

(SLDSO)Z == == 1296,7

— Sipso = 36,01 mg/ kg chuét
Vay LD 5o = 344,20 £ 36,01 mg/ kg chudt.
d. Két lugn
Trong thtr nghiém nay, chang t6i dd tim duoc lidu khéng gay chét chudt theo duong
udng 1a 20 mg/ kg chuét, liéu gay chét 100% sé chudt thir nghiém 1a 600 mg/ kg chudt.
Dya trén s liéu thuc nghiém, chung toi da tim duoc liéu LDso trong khoang LDso =
344,20 £ 36,01 mg/ kg chudt.
Sau khi udng thubc, chudt co cac biéu hién ngd doc nhu sau: Chudt giam hoat dong,
nam mét, vd mo hdi, tho gap va chét trong tinh trang co giat, kich dong. Riéng nhom
thir 1, khdng nhan thay c6 biéu hién ngo doc. Sau khi uéng khoang 20 pht gio bat dau
c6 chuot chét & cac nhdm 2, 3, 4, va 5. Trong vong 24 gio sau khi udng, nhom thir 5 gay
chét 100% s6 chudt thir nghiém, cac nhém 2, 3 va 4 ¢ chudt chét ting dan theo mirc
lidu. Trong thoi gian theo ddi tiép theo (sau khi udng 24 gi¢r dén 7 ngay) khong c6 thém
chuot chét. Toan bo sé chudt khong chét sau khi ubng 24 gio & cac nhém déu dn udng,

hoat dong binh thuong.

3.7.3.2. Pjc tinh bdn trwong dién

a. Chuan bi mdu the:

Lwa chon muc liéu thr nghiém: Ching t6i dya trén liéu dy kién dung trén ngudi liu
TTX twong duong 25 mg bot dong kho/ ngay/ nguoi nang khoang 50 kg va bang ngoai

suy lidu dudi ddy dé dua ra muc lidu thir co ¥ nghia, hop 1y khi chuyén doi.

106



Bang 3. 30. Bang ngogi suy liéu

Chuot nhat tring Chuoét cong Tho Ché Nguoi
Chuét nhit tring 1 0,55 0,25 0,15 0,085
Chuét cong 1,82 1 0,45 0,27 0,15
Tho 4 2,20 1 0,60 0,34
Cho 6,67 3,67 1,67 1 0,57
Neuoi 11,76 6,47 2,94 1,67 1

Cach xu Iy va chuan bi mau thir:
+ Dung dich doi chirng: Nudc cat.
+ Mdu the# 1: Dung dich bot déng khé 0,5 mg/ml.
+ Mau thiz 2: Dung dich bot dong kho 1,5 mg/ml.
b. Bé tri thi nghiém:
Thi nghiém duoc b tri va ther véi cac mic liéu nhu & bang sau:

Bang 3. 31. B¢ tri thi nghiém thir déc tinh ban trong dién

Nhom | So thé thi Thé tich cho udng Liéu ding
nghiém (ml dung dich thi/kg thé) (mg bt dong kho/kg thé)
Chieng 7 3,0 ml dung dich d6i chirng/kg tho 0
Ther 1.1 7 3,0 ml dung dich thu 1/kg tho 1,5
Thar 1.2 7 3,0 ml dung dich thu 2/kg tho 4,5

c. Theo ddi va danh gia:
Theo ddi thé hang ngay vé mic d6 tiéu thy thie dn, nudc udng, kha ning hoat dong,
tinh trang phan,nudc tiéu, va long.
Trudéc thi nghiém, xac dinh can ning cua tho, cac dau hiéu toan than, 1ay mau xét nghiém
danh gia cac chi s6 huyét hoc (sé lwong hdng cau, bach cau, tiéu cau, hemoglobin,
hematocrit), cac chi sb sinh héa (GOT, GPT, creatinin, urea, protein toan phén). Theo
ddi can nang cua thé hang tuan. Sau 14 va 28 ngay udng thudc, xac dinh can niang cua
tho va lay mau dé l1am cac xét nghiém nhu trén. So sanh két qua ciia nhom thir va nhém
ching theo phuong phap théng ké. Sau khi két thuc thi nghiém tho & cac nhom duoc
mo lay tim, gan, than duoc lay 1am tiéu ban dé quan sat dai thé cau tric.
d. Két qua
Tinh trgng the:

Trong thoi gian thi nghiém, tat ca cac tho déu hoat dong binh thudng, dn udng

t6t, phan kho, 16ng muot.
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Bang 3. 32. Két qud theo d&i can nang tho

Két qua can niing (Kg)
Nhom (n=7)| Trwéc TN Saul Sau 2 tuan Sau 3 Sau 4 P
(mo) tuan (mj) (my) tuan(ms) | tuan (ms)
Chung (C) | 2,05+0,07 | 2,08+0,04 | 2,10+0,04 | 2,14+0,04 | 2,18+0,03 P 20,002
A (me-mo) 0,03+0,03 | 0,05+0,04 | 0,09+0,05 |0,113+0,07 s
Thir1(T1) | 2,03£0,10 | 2,06+0,09 | 2,10+0,06 | 2,15+0,04 | 2,18+0,03 Piruec-sau=0,003
) Ptruse (11-¢)=0,633
A (mi-mo) 0,003+0,02 | 0,08+0,06 | 0,12+0,08 | 0,15+0,09 Poas (11.0=0,942
Thir 2 (T2) | 2,02+0,08 | 2,05+0,07 | 2,10+0,05 | 2,15+0,03 | 2,18+0,02 Pirusc-sau=0,000
- Ptruse (12-¢)=0,566
A (Me-mo) 0,04+0,05 | 0,01+0,10 | 0,04+0,11 | 0,05+0,13 Paay (12.0=0,903
Két lugn:

Theo ddi can ning tho trong qua trinh thi nghiém cho thay, can nang trung binh cua tho

& c&c nhom thir trude khi dua vao thi nghiém khong ¢6 su khac biét so vai nhom chirng

(Puuse (T1-0), Puuse (T1-c) >0,05). Sau 28 ngay thir nghiém, tho tang can déu & nhdm chiang,

nhom thtr 1 va 2; khong c6 su khac biét vé can ning trung binh gitra nhdm thir so véi

nhom ching (Psau (t1-c), Psau (t2-c) > 0,05).

Két qud theo ddi cac chi sé huyét hoc

Truoc thi nghiém:

Bang 3. 33. Bang theo ddi cac chi sé huyét hoc truréc thi nghiém

Chi tiéu NI Nhém ching Nhom T1 Pcm1 Nhom T2 Pct2
truoc truwoc
Hong cau (x 10'%/L) | 7| 5,75+0,25 573+0,40 |0924| 575+0,41 |0,972
Bach cau (x 10% L) | 7| 9,70+ 2,57 759+1,05 |0,087| 759+1,06 |0,087
Tiéucau (x 10%L) |7 420,14+ 506,14 +
98 97 128,04 0,220 | 524,71+ 98,35 | 0,092
Hematocrit (%) 7| 3546+250 | 3544+1,79 |0,991| 3544+179 |0,991
Hemoglobin (g/dL) | 7| 11,67+0,72 | 11,80+0.96 |0,797 | 11,80+0,96 | 0,797
Gitra thi nghiém:
Bang 3. 34. Bang theo ddi cac chi sé huyét hoc gizza thi nghiém
Chi tiéu n | Nhom NhomT1 | "™ | NhomT2 | Po
] ) chang gida giia
Hong cau (x10*%/L) | 7| 575+0,26 | 587+0,20 | 0597 | 583+0,12 | 0,756
Bach cau (x 10% L) | 7| 961+249 | 756+0,22 | 0,106 | 7,46+0,20 | 0,907
Tiéucau (x 109L) | 7| 42471+ 478,71 + 479,43 +
98,12 0,63 0,412 0,80 0,381
Hematocrit (%) 7]3551+258 | 3454+0,35 | 0,459 | 35,03+0,23 | 0,627
Hemoglobin (g/dL) | 7 | 11,71+0,99 | 11,46 +0,36 | 0,606 | 11,53+0,58 | 0,724
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Sau thi nghiém:

Bang 3. 35. Bang theo ddi cac chi sé huyét hoc sau thi nghiém

Chi tiéu n |  Nhom NhOm T11 | Perisw | NhomT2 | FCT2
] ] chang sau

Hong cAu (x10%/L) | 7 | 567+046 | 582+0,75 | 0549 | 584+0,20 | 0,461

Bach cAu (x 10 L) | 7 | 9,60+2,38 | 7,56+0,21 | 0,094 | 7,39+0,10 | 0,063
Tiéucau (x 10%L) |7 | 43057+ 480,57 + 488,43 +

102,83 0.71 0,454 0.98 0,347

Hematocrit (%) 7| 3560 +222 | 3406+0,27 | 0175 | 34,04+0,26 | 0,288

Hemoglobin (g/dL) | 7| 11791089 | 1143+ 052 | 0449 lE | 056

Két lugn:

Truéc khi thir nghiém cac tho thi nghiém dugc kiém tra cac thong sé vé huyét hoc cho
thay khong co su khac biét gitta nhém chtng va 2 nhom thtr (Pe-r wuse > 0,05). Giira va

sau khi thir nghiém, khong nhan thay sy khéac biét c6 ¥ nghia gittra nhém ching va 2

nhém thi nghiém (Pc-1 giz>0,05; Pc-1sau>0,05).

Két qud theo ddi cac chi sé sinh hoa

Truoc thi nghiém:

Bang 3. 36. Bang theo di cac chi sé sink hod truréc thi nghiém

Chi tiéu n Nhém chikng Nhém T1.1 Pcm1 Nhom T2 Pcr2
trugc trudc
SGOT (1U/1it) 7 27,759 28,1+238 0,875 27,0x3,6 0,805
SGPT (1U/ lit) 7 69,3+ 8,0 62,4 +10,2 0,219 58,7+ 8,8 0,05
Creatinin 7 85,7+6,4 77,9+9,6 0,122 76,4 +£9,3
. 0,068
(pmol/lit)
Urea (mmol/lit) 7 50+£0,7 55+£0,5 0,129 55%£0,5 0,180
Bilirubin toan 7 2,2+0,2 25+1.2 0,492 25+1.2
A . 0,560
phan (umol/lit)
Protein toan 7 57,6 £3,2 59,0£5,0 0,567 589+44
) _ 0,573
phan (g/ lit)
Giwra thi nghi¢m:
Bang 3. 37. Bdng theo ddi cac chi sé sinh hoa giira thi nghiém
Chi tiéu N Nhom chirng Nhom T1 | Pc.11giia Nhom T2 Pc-12 giira
SGOT (Ulit) | 7 29,7+38 291+22 | 0758 | 27,9+40 | 0427
SGPT (WU/1it) | 7 71,9+10,0 63961 | 0119 |59,6+116 0,073
Creatinin T 8764 1 2934112 | 0184 | 779%96 | 0,086
(pumol/lit)
Urea (mmol/lit) | 7 51+06 5,6 +0,4 0,111 5,5+ 0,5 0,181
Bilirubin toan ) 7 22%0,2 26+09 | 0246 | 24+08 | 049
phan (pmol/lit)
Proteintoan | 7 | 574+33 597+46 | 0341 | 590+50 | 0533
phan (g/ lit)
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Sau thi nghiém:

Bang 3. 38. Bdng theo ddi cac chi sé sinh hoa sau thi nghiém

Chi tiéu N Nhom chl’rng Nhém T1 Pc-11 sau Nhém T2 Pc-12sau
SGOT (IU lit) 7 29,0+ 3,0 29,120 0,924 32,4+6,0 0,241
SGPT (1U/ lit) 7 716 £9,9 60,3 +10,7 0,082 64,1 +17,2 0,382

Creatln.ln 7 84,4+ 47 89,4+75 0,195 891471 0,203
(pmol/lit)
Urea (mmol/lit) 7 51+0,6 57+0,3 0,052 58+0,8 0,075
B|L|rub|n toa.n 7 22+0,2 2,2+0,3 0,920 21402 0,415
phan (pmol/lit)
Pro}em to_an 7 57,7+3,0 59,3+ 4,0 0,457 50,0+ 4.3 0,339
phan (g/ lit)

Két lugn: Trudc thi nghiém céc chi s6 sinh héa cua thod & nhoém thir va nhém ching
khong c6 su khéc biét nhau (Pc-t wuse > 0,05). Gitra va sau thi nghiém khdng nhan thay
¢ su khéc biét dang ké giita nhom chiing va cac nhom thir (Pe-t giza>0,05; Pc-T sau >
0,05).

Quan sdt dai thé: Khong nhan thay c6 biéu hién khac thuong vé hinh dang bén ngoai,
MAu Sic cac to chuc tim, gan, than, phoi, da day, rudt cua cac tho nhém thi so véi nhém
chirng sau thi nghiém.

Quan sat vi thé: Lay ngau nhién mau gan, than caa 3 tho trén mdi nhoém dé lam tiéu
ban. Thé dugc ma hoa truse khi gii sang Bo mon Giai phau sinh ly bénh - Trudng Dai
hoc Y Ha Noi thuc hién quan sét vi thé.

Két qua quan sat vi thé thu dugc cho thay cac mau gan, than caa 3 tho trén mdi nhom
déu binh thuong, cu thé:

+ Gan: Céu triic md gan khong dao 16n, nhan rd cac tiéu thuy gan. Céac tinh
mach trung tam tiéu thily sung huyét. Khoang cira khong tang sinh xo, khéng xam nhap
c4c loai té bao viém. Céc té bao gan thodi hda nhe (chii yéu 1a thoai hoa nuéc, thodi hoa
hat), tip trung quanh cac tinh mach trung tdm tiéu thiy sung huyét, cang ra xa tinh mach
trung tam tiéu thiy, mtc d6 thoai hda cang nhe. C6 lang dong glycogen & cac té bao gan
thoai hoa quanh tinh mach trung tam tiéu thiy. Két luan: Mé gan binh thwong.

+ Than: Nhu md than sung huyét, cac huyét quan & khoang ké va céc cuén mao
mach cau than rdn, chaa nhiéu hong cau. Céc cau than khdng teo, khong xo hoa va khong
thiy ting sinh t& bao. Mang day cudn mao mach cau than va mang day cac 6ng than khdng
day. Mot s6 té bao ng luon gan thoéi hda nhe. Mo dém khong thay xam nhap té bao

viém. Két luan: M6 than binh thwong.
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e. Két lugn

Sau khi cho thé uéng bot dong kho lién tuc trong 28 ngay véi muc lidu 1,5 mg/kg tho/ngay
va 4,5 mg/kg tho/ngay, ching t6i nhan thay hau nhu khong c6 sy khac nhau vé chi sinh
hoa va huyét hoc giira nhém ching va nhém thir. Toan bo thé thi nghiém & nhém ching
tang can déu, nhom thir 1 va 2 khong tang trong lwong nhung so véi nhém chang khdng
cd su khéc biét co ¥ nghia thdng ké. Quan sat dai thé, khdng nhan thay sy khac nhau vé
hinh dang bén ngoai, mau sic cua cac td chic tim, gan, than, phoi va hé tiéu hoa gitra cac
thd nhém chitng va cac nhém thir sau thi nghiém. Quan sat vi thé cho thay md gan va than
& nhom chang binh thuong, nhung c6 su ton thuong mé gan & ca hai nhém thir sau thi

nghiém.
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Nhu md gan c6 cau tric hinh thai | cac cau than va ng.than khong
trong gidi han binh thuong
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Nhu md gan c6 cau tric hinh thai
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Hinh 3. 27. Hinh anh md gan, thdn dai dién cua tirng nhoém tho thi nghiém
(Nhugm HE, dé phéng dai 400 lan)
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Nhom

Chung

Cac té bao gan khéng ling dong
glycogen

Ther 1

Céac té bao gan khong ling dong
glycogen

Thet 2

Céc té bao gan khdng ling dong
glycogen

Hinh anh m6 thgn

Cac cau than va dng than khdng
thy ton thuong

Céc cau than va dng than khdng thay
t6n thuong

Céc cau than va dng than khong
thiy ton thuong

Hinh 3. 28. Hinh anh md gan, thdn dai dién cua tirng nhom tho thi nghiém
(Nhugm PAS, d6 phong dai 400 lan)
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CHUONG 1V. BAN LUAN

4.1. VE CO SO DU LIEU NGUON CA NOC VA POC TO CA NOC
Theo nghién cuau, ¢ Viét Nam co 46 loai ca ndc, trong 4 ho (Diodontidae, Ostraciidae,

Tetraodontidae, Triodontidae) séng & bién, trong d6 ho Ca ndc (Tetraodontidae) 1a chi
yéu, chiém khoang 85%. Tong trix lugng ca ndc trén toan ving bién Viét Nam nam 2005
khoang 37.400 tan, trong d6 & ving bién Trung Bo khoang 16.000 tan, ty Nam Bo
khoang 7.800 tan va vinh Bic Bo khoang 5.600 tan.

Cac nghién cuu tir trudc t6i nay vé doc tinh ca noc chu yéu dé phong chong ngo doc ca
néc. Cac nghién ctu vé ang dung doc té ca ndc di dugc mot s6 tac gia trong nude thuce
hién trong khoang 10 nam lai day, cho thay c6 thé sir dung doc té ca ndc lam thudc cai
nghién hoac thudc giam dau. Mot sb tac gia da nghién ctu két hop dich chiét caa ca ndc
véi mot s6 thao duge dé thir nghiém 1am thudce giam dau, hd tro cai nghién. Nghién ctu
nay ciing di khao sat danh gia doc tinh cap, doc tinh ban truong dién caa san pham
nghién cuu.

Tuy vay, doc t6 ca noc rat khac nhau tay thudc vao cé thé va mua sinh san, néu khong
chuan hoa dugc nguyén liéu dau vao vé chat luong va doc tinh s& khdng an toan va
khong duoc cap phép dang ky san xuat thube theo quy dinh.

Nghién ctru nay da thu thap, xay dung duoc bd co sd dir liéu vé dic diém hinh thai, sinh
thai ciing nhu so bo dit liéu doc t6 cua 10 loai ca noc doc. Cac loai nay chu yéu thudc
ho c& noc 4 rang Tetraodontidae. B dir liéu nay gop phan 1am giam sé vu ngd doc do
an nham phai ca noc doc, gitp dinh hudng cho cac nghién cau tiép theo, cho cac nghién
ctu lyu chon, chuan héa ngudn nguyén liéu trong cac dinh hudng ang dung lam thudc.
Tir nhitng nim 2000, ca noc va cac san pham tir ca ndc van thudc dién cidm danh bit,
thu mua, ché bién, van chuyén, kinh doanh theo Chi thi cia Bo Thuy san hay mot s6
UBND nhu Nghé An, Hué, Pa Ning, Thanh phé HO Chi Minh, .... Tuy nhién, tir ndm
2013, Dé 4n thi diém khai thac, thu mua, ché bién va xuét khau ca néc bao dam an toan
thuc pham giai doan 2013-2015 da dugc Bo Nong nghiép va Phat trién ndng thon phé
duyét ngay 26/6/2013 nham thi diém khai thac, thu mua, ché bién, xuat khau ca ndc tai
mot s6 tinh dé tan thu ngudn ca da khai thac phuc vu xuat khau, han ché khong dé nguoi
dan sir dung ca noc doc 1am thuc pham, anh huong dén sic khoe. Chinh vi vay, ca ndc

lai c6 thé 1a ngudn cung cap nguyén liéu TTX ddi dao, dac biét 1a co thé tan dung phé
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pham cta nganh céng nghiép ché bién ca noc 1a phu tang. Pidu nay 1am ting loi ich kinh
té va thiang du xa hoi.

Qua viéc nghién cuiru dir liéu cac loai ca noc c6 doc tinh, dinh hudng cho viéc thu pha
tang cua céc loai c6 doc tinh nham chiét xuat TTX lugng I6n phuc vy thiét 1ap chat chuan
va nghién ctru trng dung trong y hoc.

4.2. VE NGHIEN CUU PHUONG PHAP PHAT HIEN, PINH TiNH VA PINH
LUQNG POQC TINH, POC TO THAN KINH TETRODOTOXIN VA CAC CHAT
TUONG TU TETRODOTOXIN

4.2.1. Sang loc, phat hién ddc tinh bing phwong phap sinh héa chudt

Phuong phap nay da dugc chap nhan trén toan thé gisi [16], [43], [135], tuy nhién,
phuong phéap nay lai c6 nhuge diém la do nhay khong cao, khong dac hiéu, bai doc t6
tetrodotoxin ¢ nhiéu dan chat ciing mang doc tinh. Hon nira, viéc str dung dung dich
trang la dung dich acid acetic 0,02% dé tiém phlic mac chudt ciing gy ty 1é tir vong
chuot cao, vi vay nghién ctiu chi co ¥ nghia khi 2/3 s6 chudt doi chiing khong bi chét.
Ching tdi sir dung phuong phap chi dé thir nghiém nhanh trén chudt nhat cho biét loai
ca co doc hay khong, doc it hay rat doc, so lugc danh gia ham luong TTX va TTXs cao
hay thap, qua d6 sang loc dé loai nhiing loai ca khong doc hoic doc it.

4.2.2. Cac phwong phap dinh tinh fetrodotoxin va dén chit

Ham lugng TTX trong c& ndc ¢ chi muic d6 vét, do dé dé phan tich, phai qua nhiéu giai
doan 1am giau doc t6. Qua nghién ciru dinh tinh TTX bang sic ky I6p mong thong thuong
cho thdy, d6 nhay thip va kém dac hiéu. Thém vao d6, dé dinh tinh TTX trong ca ndc
phai sir dung mot lugng chat déi chiéu khong nho, trong khi chat chuan ddi chiéu TTX
rat dat. Vi vay, chiing t6i s& khdng str dung phuong phap dinh tinh TTX bang TLC trong
c4c nghién ctu tiép theo.

Phuong phap khéi phd ESI ¢6 do nhay cao, ¢6 thé sir dung dé dinh tinh hodc dinh lwong
chinh xac ham lugng TTX trong phu tang cé noc.

Vi ndng d6 caa TTX khoang 0,1 pg/ml dung dich thir, sau khi 1am sach cé thé phét hién
bang céach tiém mau tryc tiép qua syringe vao detector khdi phd cua cac thiét bi LC/MS
(ion trap, quadrupole) dé phat hién manh khéi phan t [M + H]* m/z 320 hoic manh
ion con m/z 302, 162 cua TTX. Trong nghién ciu ndy, ESI MS dugc sir dung dé phan
tich TTXs trong qué trinh phan lap va tinh ché dugc tir phi tang c& néc, thém thdng tin

cho bo dir liéu xac dinh cau tric va khang dinh cu trdc cua TTX.
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Str dung pho khéi phan giai cao (HR ESI MS), lan dau tién ¢ Viét Nam trong nghién ctu
phat hién TTX, c6 do nhay tét va cho phép phat hién TTXs. Nhd d6 phan giai va do chinh
X4c cao, cho phép du doan phén tir cc chat twong ty TTX nhanh. Phuong phap da duoc
su dung trong phat hién va phan lap TTX va TTXs tir 5 loai ca noc khac nhau. (bang 4.1)

Bang 4. 1. C4c manh ion phan ti déic trung cua TTX va cac chat fuong tir TTX

Tetrodotoxin 6-epitetrodotoxin

HR-ESI-MS: m/z 320,1087 [M + H]*| HR-ESI-MS: m/z 320,1087 [M + H]*
(calcd. for C11H1sN3Os, 320,1094) (calcd. for C11H18N30s, 320,1094)
5-deoxytetrodotoxin 6-deoxytetrodotoxin

HR-ESI-MS: m/z 305,1211 [M + H]* | HR-ESI-MS: m/z 304,1140 [M + H]*
(calcd. for C11H19N307, 305,1217) (calcd. for C11H18N307, 304,1145)
11-deoxytetrodotoxin 6,11-dideoxytetrodotoxin

HR-ESI-MS: m/z 304.1140 [M + H]*| HR-ESI-MS: m/z 288,1189 [M + H]*
(calcd. for C11H18N3O7, 304,1145) (calcd. for C11H18N3Og, 288,1196)

Nhu vay, pho khoi phan giai cao c6 thé duoc sir dung trong nghién ctu tap va danh gia
dinh ky chat chuan, tuy nhién, can duoc nghién ciu tiép, khdng nam trong pham vi cua
nghién ctu nay.

Phé NMR 1a mét cong cu hitu hién dé dinh danh chat. Nghién ctu st dung NMR dé
dinh danh cac TTXs phan lap duoc. vi vay, két hop phé 1 chiéu 'H-NMR va C-NMR
va phé 2 chiéu ciing nhu phd MS phan giai cao duoc sir dung dé nhan dang va khing
dinh chat TTX chiét xuat va tinh ché dé 1am chat chuan va thiét 1ap chat chuan, ciing nhu
gitip danh gia do tinh khiét, xac dinh tap chat lién quan cua chuan TTX thiét 1ap dugc.
4.2.3. Cac phwong phap dinh lwong tetrodotoxin

Do trong phan tir TTX khong c6 lién két doi lién hop, do d6 néu dinh tinh va dinh luong
TTX bang HPLC véi detector UV, budc séng phét hién thudng phai st dung 13 201 nm,
phuong phap do nhay thap, do chon loc thudng khdng cao béi trong cé ndc c6 rat nhiéu
dan xuat caa TTX [182], vi vay chi dugc str dung phat hién va thu phan doan c6 TTX khi
tinh ché bang sic ky ban diéu ché (Preparative HPLC) trong quy trinh tinh ché.

Dinh tinh va dinh lugng TTX bang HPLC - detector huynh quang (FLD), buéc séng kich
thich 381 nm va budc séng phat hién 505 nm cho d6 nhay rét tét. Phuong phap nay duoc
nhiéu tac gia trén thé gioi va ¢ Viét Nam sir dung, c6 thé sir dung & nhitng phong thi
nghiém c6 sin phuong tién. Tuy nhién, han ché cia phuong phap nay la phai st dung
NaOH dac, nong [38], [97] tao thanh 2-amino-6-hydroxymethyl-8-hydroxyquinazoline
(C9-base) dé phat huynh quang. Diéu nay 1am quy trinh dinh luong phirc tap, kéo dai

thoi gian chuan bi mau va phan tich. Ngoai ra, mot nhuoc diém nita cia phuong phap
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nay la cudng d6 huynh quang ciia TTX va cac dan chat khac nhau, phu thudc vao cau
truc, nhu: cudng do huynh quang cua 5-deoxyTTX va 11-deoxyTTX chi bang 1/20 va
1/100 cua TTX, trong khi 6-epiTTX va 11-norTTX-6(R)-ol c6 cuong do huynh quang
cao gap 20 1an va 10 1an so v&i TTX [146]. Biéu nay lam anh huéng dén do nhay, gioi
han phat hién TTX va cac dan chat.

Ban than TTX chi tan dugc trong céc acid hiru co yéu, nén khéng thé phan tich truc tiép
bang phuong phap sac ky khi khdi phd. TTX phai dugc kiém hoa, chuyén vé dang C9-
base (2-amino-6-hydroxymethyl-8-hydroxyquinazoline) réi tao dan xut [53], [86] voi
BSTFA (N,O-bis-trimethylsilyl-trifluoroacetamide) [25] hoac MSTFA (N-methyl-N-
TMS-trifluoroacetamide) [37]. Piéu nay lam cho qua trinh phan tich phirc tap va cé thé
lam giam d6 nhay.

Sir dung sic ky 1ong khéi phé LC MS ¢ thé dinh tinh va dinh lugng TTX, ty theo thiét
bi, thuong c¢6 do gidi han dinh lugng LOQ < 0,1 pg/ml, do do trong nghién ciru nay,
LC-MS duoc str dung dé dinh tinh va dinh luong TTXs trong phu tang c& ndc, trong cac
dich chiét, phan doan caa quéa trinh nghién ctu, va trong san pham tinh ché va qua trinh
thiét lap, danh gia chat chuan.

Trong cé&c nghién citu cua c4c tac gia trén thé gioi, cot phan tich duoc st dung gdm cot
Cs [155], cot HILIC [70], [41], [108], [128], [186], cot amid gel (TSKgel Amide-80)
[69], [83] hay cot Shodex RSpak NN-414 [100] hoic bo cot chuyén doéi (Column
Switching) [60], .... Trong nghién ctu nay, cot dugc sir dung la cot Cs, mot loai cot phod
bién trong phan tich sic ky long hiéu ning cao, cho thay thai gian phan tich nhanh (thoi
gian luu khoang 7 phdt, 1 1an chay mau Ia 10 pht), va cho két qua 6n dinh.

43. PHAN LAP TETRODOTOXIN VA NHOM CHAT TUONG TU
TETRODOTOXIN TU MOQT SO LOAI CA NOC THU PUQC TU VUNG BIEN
VIET NAM

Do qué trinh thu bat c& néc gap phai nhiéu kho khan, rao can, hon nita tap trung thu bat
dinh huéng vao cac loai ca noc doc, nén sb luong ca thé cac lodi ca noc thu duoc 1A
khong nhiéu, chi tap chung cha yéu ¢ 5 loai:

+ Arothron hispidus (ca noc chugt van bung),

+ Arothron immaculatus (ca noc vién dudi den),

+ Lagocephalus inermis (cd noc rang mo chim),

+ Lagocephalus lunaris (ca noc tro),

+ Takifugu oblongus (cé néc van).
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Qua nghién ctru sang loc, chling toi nhan thiy day ciing 13 5 loai ¢ doc té manh, vi vay,

ching tdi lra chon 5 loai nay dé nghién ciru phan 1ap cac hop chét caa TTX.

Tir nghién ctru phét hién TTX va nhom chat teong tu TTX, qua xem xét cau trdc, chdng
t61 dd sir dung phuong phap phén 14p cac chat nay bang sic ky loc gel va trao doi cation
yéu (Bio-Gel P2 va Bio-Rex 70). Pa phan 1ap duwoc TTX va 5 chat twong ty TTX, gom 6-
deoxytetrodotoxin tir c& ndc vién dudi den Arothron immaculatus; 6-epitetrodotoxin va
5-deoxytetrodotoxin tir c& noc van Takifugu oblongus; 11-deoxytetrodotoxin tir ca ndc
rang mo chim Lagocephalus inermis va 6,11-dideoxytetrodotoxin phan Iap tur ca noc tro
Lagocephalus lunaris. Cac hop chat nay da duoc nghién ciu, phan lap boi nhiéu tac gia
trén thé gigi, tir nhiéu loai khac nhau, ca ca noéc [109], [177] va nhitng loai khac nhu
loai sdu Cephalothrix simula [30], sa gidong Cynops ensicauda [171], ... Tuy nhién, phan
lap ching tir cac loai ca n6c ¢ Viét Nam thi chua c6 tac gia trong va ngoai nudc nao
nghién cuu.

Dac chat chiét tir ca ndc 12 hdn hop cua hon 10 analog, chi yéu 1a TTX, (chiém ti 70%
- 80% khdi lwong chiét). Viéc lay ra duoc cac chat twong tu khac s& gop phan vao nhiing
nghién ciru lién quan gitra cau tric va tac dung caa doc té than kinh TTX trén hé than
Kinh.

Mot trong nhitng van dé duoc dit ra hién nay 1a hoat lyc caa TTX trén hé than kinh qua
manh, tac dung chen kénh Na* ciia TTX trén hé than kinh c6 phuc hdi, TTX ¢6 hay hoai
té bao than kinh hay khéng van dang dwoc nghién ciu 1am sang t6. Viéc tim kiém céc
dan xuat khéc caa TTX c6 hoat luc thip hon hay thiét ké cac dan chat sao cho tao lién
két ligand — receptor duoc phuc hoi la can thiét d6i nghién ctru phét trién thudc méi.
Cac hop chét tuong ty TTX s& duoc tiép tuc nghién ctu trong hudng phat trién thuc
méi, tim kiém cac chit dan duong (lead copounds) tiém ning, han ché nhuoc diém caa
TTX, va bd sung thém cho cac nghién ciu tim hiéu vé sy hinh thanh doc t6 trong sinh
vat cling nhu nghién ctu lién quan giira cdu tric va tac dung cia nhom chat nay
(Structure Activity Relationship, SAR)... vv

Viéc chiét tach dugc cac TTXs ciing gop phan nghién ctu, phan tich mot s tap chét lién
quan trong qué trinh st dung TTX lam nguyén liéu thiét 1ap chuan hay lam nguyén liéu
dé bao ché cac dang ché pham lam thubc tng dung trong y hoc. Biéu nay rat quan trong,

viéc kiém soat ham luong TTX 1a chua du, boi cac TTXs khac ciing c6 doc tinh kha
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manh, trong khi kiém soat doc té bang cac thir nghiém doc tinh cap, doc tinh ban trudng

dién ciing chi mang tinh twong ddi.

4.4. VE PHUONG PHAP CHIET XUAT VA TINH CHE TETRODOTOXIN PAT

PO TINH KHIET LAM NGUYEN LIEU THIET LAP CHAT CHUAN

4.4.1. Chiét xuat

Cac nhém chirc quan trong quyét dinh hoat tinh cua phan ti TTX bao gom:

- Nhom guanidin tich dién duong vdi 3 nguyén tir nito;

- \Vong pyrimidin voi 3 vong lién két tao thanh 03 nhom hydroxyl (c6 chirc ning giir
6n dinh cho phtic hop gan két giita TTX va kénh Na* tai bé mit pha 1ong).

Ngoai ra, vi tri C-4 ciing anh hudng dén hoat lyc, doc tinh caa TTX. C-4 14 vi tri ortho

ctia nguyén tir nito véi nhdm OH & vi tri lién két bién va nguyén tir H ¢ vi tri lién két

tryc. Boi vay, cac hoat tinh hda hoc va sinh hoc ciia nhém hydroxyl ¢ C-4 14 rat dang

ké. Néu H* c6 mat trong dung dich, nguyén tir 6xy tir nhém hydroxyl cua C-4 s& két hop

V6i nd, tao ra cau tric B hda tri duong tir cau truc A. Cau tric B mat phan tir H2O tao

thanh cau tric C véi C-4 hda tri duong.

H H
+H+ H2 )\ +H2O \\O+H2
4 % g ]
Y Caa’ / N Co N Caa v/ N
H,0 *HZO
D
A B E
TTX H
H
H H
/Q\OH
C4a ! N3 c4a\\\\‘ 4 N3
HO
F
4-epi-TTX A
TTX

Hinh 1. 25. Co ché epimer hoa OH-C4 ciia TTX
CAu trdc C c6 thé tuong tac véi H20 trong dung dich. H,0 c6 thé tan cong vi tri noi

phan tir H20 gbc bi loai bo va tao thanh ciu tric E, hoic tan cong vi tri dbi dién noi
phan tir H20 gbc bi loai bo va tao thanh cau trdc D. Néu phan tir H20 bi loai khoi ciu
tric E, cau tric A gbc cua TTX dugc tao thanh. Cau trdc D chuyén thanh céu trdc F sau
khi H20 bi loai bo. Su khac nhau gita cdu tric F va cau tric A 1 vi tri caa H va OH
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hoan ddi cho nhau. H trong C-4 cua ciu tric A 12 lién két truc va OH 1a vi tri bién, trong
khi d6 & cAu tric F nguyén tir H trong C-4 1a xich dao va OH 1a tryc.

Tetrodotoxin cdu trac A dugc goi “tetrodotoxin”, 1a chét chu yéu cua TTX thu duoc tur
ca ndc tu nhién. Tetrodotoxin cau trac F thudng duoc goi “4-epi tetrodotoxin”. Do nhém
hydroxyl & C-4 gan véi nhém hydroxyl ¢ C-9 trong 4-epi tetrodotoxin, phan ta H.0 dé
dang bi loai béi trong tac véi HY, tao ra mot analog cua TTX chira lién két ether, duoc
goi 1a “4-epi anhydro tetrodotoxin”. Cac dac tinh hda hoc cua cac phan tir nay khac nhau
khong dang ké. Nhung ching khac nhau dang ké vé hoat tinh sinh hoc. Vi du, doc t6
cua TTX la 4500 MU/mg; cua 4-epiTTX la 710 MU/mg va cua 4-epi anhydrotetrodoxin
chi la 92 MU/mg [109].

Sy quan trong cua nhdm hydroxyl C-4 con thé hién & chd: doc tinh ciia nd giam dang
ké khi n6 duoc thay thé bang nhitg nhém khéc, nhu H, CHs hay CH3CO-. Do d6, vé ly
thuyét, can gitt nhdm hydroxyl trong C-4 & vi tri xich dao trong qua trinh chiét TTX.
Nhu viy, diéu quan trong 1a can phai lya chon dang cac vat liéu va thiét bi chiét, khoang
pH va nhiét 6 cua dung dich, ciing nhu thoi gian chiét phi hop dé thu duoc TTX t6i da.
Két qua khao sat cho thay ham luong TTX trong noi tang c& ndc tir vai chuc dén vai trim
Hg/g ty theo bo phan trimng hay gan, tir d6 ching toi thiét ké chiét xuat 10 kg/mé, khéng
can phai tach riéng trirng va gan.

Do TTX rét it tan trong nudc va cac dung moi thong thuong, nhung lai hoa tan tét trong
acid nhe, do d6 chung t6i chon acid acetic 10% dé ngam chiét.

Dé hd tro cho viéc ngam chiét, chiing t6i da thiét ké thiét bi xay ngam chiét (hinh 4.1).
Khéc véi cac tac gia khéc, thiét ké thing ngdm va canh khuay trén manh, trong thiét ké
cua ching t6i, thiét ké ngam sau d6 xay 2 1an, xay thd va xay min theo nguyén tic truc
nghién ép tdc do cao qua mit ray thd va mét ray min.

Thiét ké nay c6 thé xay ngam chiét téi da 25 - 30 kg phi tang/mé, tuy nhién, dé phi hop
Vvéi cac thiét bi khéc, quy trinh chiét duoc tién hanh 1a 10 kg. Van hanh 3 mé cd thé thu
dugc lwong TTX can thiét khoang 13 100 — 200 mg.

Do TTX bén nhiét, do d6 qua trinh loai protein hoa tan duoc xtu Iy bang cach dun ndng
dich chiét téi 85 — 90°C. Dich chiét dugc kiém hoa, TTX dugc tach ra trén cot trao doi
cation acid yéu (nhwa Amberlit IRC-60) dé lam giau doc t6. Qua trinh so tinh ché da thu
duoc TTX thd c6 ham luong > 80,0 %, sau d6 tiép tuc tinh ché qua sac ky long diéu ché
dé thu dugc TTX ¢6 do tinh khiét > 95% dé thiét lap chat chuan.
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Hinh 4. 1. Thiét bi xay, ngam va chiét: M6 hinh va thiét b si dung trong nghién cizu
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Hinh 4. 2. So do thiét ké phan ngdm, xay thé va motor diéu toc
4.4.2. Tinh ché

Qua trinh tinh ché duoc thyc hién bing sic ky long diéu ché, sir dung cot ODS (HIQ Sil,
250 x 21,2 mm, 5um hogc 10 um), dung dich tiém sic ky c6 nong d6 khoang 20 mg/ml,
tiém mdi lan 200 pl (tinh ché dugc khoang 3 — 4 mg TTX/1 lan sic ky). Do TTX khong
hip thu UV, do d6 budc sdng phat hién phai dat & budc séng ngan (201 nm), va trong
pha dong, ching t6i c6 sir dung thém 1 lugng chat tao cap ion la natri heptansulfonat dé
lam tang kha nang phat hién TTX.

Str dung sac ky ban diéu ché da thu dugc 93,49 mg tinh thé TTX c6 ham lwong 98,27 %
Vv6i d6 léch chuan twong ddi (RSD) 0,69%, dam bao do tinh khiét dé thiét lap chat chuan.
Tu TTX tinh khiét c6 thé nghién cau bao ché thudc tiém giam dau hoic tao cac dan xuat
khac nham giam doc tinh hoic thay doi &i luc véi kénh Na* 1a mot hudng nghién ciu 6

thé duoc thyc hién tiép.
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4.5. THIET LAP CHAT CHUAN TETRODOTOXIN

Luan an da thiét 1ap dung dich TTX chuan 0,1 mg/ml, d& nghién cttu su 6n dinh cua TTX
trong mot sé6 dung méi thong thuong, va da lwa chon dém citrat pH 4,8, qua trinh theo
ddi do 6n dinh cho thiy dung dich chuan 6n dinh trong 6 thang & nhiét do - 20°C

Xay dyng duoc quy trinh dong dng chuan, dung dich dugc dong trong lo thuy tinh nau.
Tir dung dich nay, c6 thé pha vao binh dinh mic 5 hoic 10 ml dé tao dung dich chuan
g6c 10 pg/ml hodc 20pg/ml phuc vu kiém nghiém hozc nghién ctu.

Chat dbi chiéu TTX lan dau tién duoc thiét 1ap & Viét Nam, sé& giup co quan quan |y cha
dong trong viéc kiém tra, giam sat doc té TTX trong an toan thuc pham, doc td va céac
nghién ctru ang dung TTX lam thudc

Tuy nhién, hién nay chat chuan TTX trén thé gisi thuong dong 1 mg/lo, do d6 néu co
diéu kién, trong cac nghién ciu tiép theo, s& nang cap chat chuan TTX, thiét 1ap lo chuan

nong d6 TTX 1mg/ml hozc 1mg/lo bang phuong phap dong kho.

4.6. BOT PONG KHO TETRODOTOXIN 0,1 %

Pé phuc vu cac nghién cau ung dung TTX trong y hoc, va bao ché san pham cé chua
TTX st dung trong y hoc, do TTX ¢6 hoat luc rat cao va nong @6 TTX trong dich chiét
khong 6n dinh, vay can phai bao ché bot dong kho c6 nong do TTX thap, 6n dinh nham
pha lodng, lam thanh nguyén liéu dé c6 thé dé dang bao ché duogc cac ché pham khac.
Tir bot TTX thd ¢6 ndng do > 80%, bao ché bot ddng khd sir dung lactose lam ta duoc
don. Luan an ciing da xay dung du thao Tiéu chuan chat lwong Bét TTX déng khé 0,1
%, dinh lwong ham luong cua ché pham va thi doc tinh cap va ban treong dién caa ché
pham. Két qua doc tinh cho thay bot dong kho nay hoan toan co thé st dung lam nguyén
liéu dé bao ché cac san pham tiép theo.

Bot dong kho TTX ndng do 0,1% la dinh huéng wng dung gan nhat, nhim gép phan vao
cac nghién cau phat trién thudc ciia cac tac gia trén thé gidi cling nhu ¢ Viét Nam hudng
t6i: bao ché thudc cai nghién hoic thudc giam dau. Vi gia thiét mdi vién nang cé chta
lwgng TTX 14 100 ng, vay 100 g bot dong kho c6 thé bao ché duoc 1 triéu vién thudc
tuong (ng vai 2 hoac 3 16 cong nghiép (quy mé 300.000 — 500.000 vién/16).

Pay 1a dinh huéng @ng dung tiém nang nhat cho viéc tng dung doc t than kinh TTX tir
ca noc, c6 thé phuc vu cho hang triéu ngudi cai nghién va bénh nhan ung thu & Viét
Nam ciing nhu trén thé gidi. Tac dung giam dau cua TTX dd duoc biét dén tir 1au, tuy

nhién, do doc tinh qua manh nén chua duoc tng dung. Gan day, trén thé gidi, di c6 ché
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pham chaa TTX [35], [62], [111] dang dugc nghién ciu lam thude hd trg giam dau trong
diéu tri ung thu va dang dugc nghién ciru 14m sang pha IIL d6 1a co s& viing chic cho
dinh huéng wng dung san pham caa luan an. Tuy nhién, cac ché pham trén déu duoc
bao ché tir TTX tinh khiét, sir dung duong tiém. Pinh huéng bot dong kho 1am nguyén
licu & bao ché thubc, str dung qua duong udng, vi vay, nghién ctru nay ciing thir nghiém
danh gia doc tinh cép, doc tinh ban treong dién qua duong udng cua bot déng kho co
chta 0,1% TTX. Pay ciing 1a diém khéc so voi cac nghién ctu doc tinh trén thé gigi khi
cac bao cao dua ra doc tinh cua TTX chu yéu st dung duong tiém nhu tiém dudi da,
tiém phdc mac 6 bung. Tuy nhién, dé phuc huéng nghién cau nay, can thiét:

+ Hoan chinh di thdo tiéu chudn chdt lwong, kiém nghiém va tham dinh, dac
biét 1a gidi han ham lwong, gidi han tap chat lién quan phdi dioc kiém soat chdt ché.

+ Hoan thién quy trinh bao ché bét déng khé va theo ddi, danh gid dé én dinh

+ Dadnh gid déc tinh, thir nghiém tac dung gidm dau hodclva hé tro diéu tri cai
nghién cia ché pham sau khi bao ché tir bét dong khé.
Ngoai ra, bot dong kho nong d6 0,1% co thé tré thanh dang ban thanh pham cuaa nhiéu
dang thudc chira TTX phuc vu cac muc dich khac nhau ma cic nha khoa hoc trén thé
gidi dang con tiép tuc nghién ctiru nhu:

+ Thudc gay té, gy mé ding trong phau thugt

+ Thudc khang virus HIV

+ Thudc khang mét sé loai ung thu nhw ung thu vil.

4.7. PONG GOP MOI CUA LUAN AN
(1) - Pua ra dugc bo dix lidu vé 10 loai ca noc doc ¢ Viét Nam, gom: dic diém hinh

thai, danh phap, hinh anh tiéu ban va bo dir liéu doc tinh, gép phan nhan dang ca noc
doc va dinh hudng trong cac nghién ctu tiép theo.

(2) - Lan dau tién, thu duoc hop chat TTX tinh khiét (>95%) va chat chuan di chiéu
hoa hoc TTX duoc thiét 1ap tai Viét Nam. Chat chuan nay s& duoc sir dung trong kiém
nghiém doc té TTX trong an toan thuc pham va cac nghién ctu tng dung TTX lam thude.
Ngoai ra, tir TTX tinh khiét c6 thé nghién ciru bao ché thudc tiém hoic tao cac dan xuat
khac nham giam doc tinh hoic thay dbi &i luc véi kénh Na* 1a nhirng huéng nghién ctu
c6 thé duoc thyuc hién tiép.

(3) - Ngoai TTX, lan dau tién & Viét Nam, phan lap duoc 5 dan chét caa TTX 13 6-

deoxytetrodotoxin tir c& ndc vién dudi den Arothron immaculatus, 6-epitetrodotoxin va
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5-deoxytetrodotoxin tir c& ndc van Takifugu oblongus, 11-deoxytetrodotoxin tir ca ndc
rang mo chim Lagocephalus inermis va 6,11-dideoxytetrodotoxin phan lap tir ca noc tro
Lagocephalus lunaris. Cac hop chat tuong ty TTX (TTX analogues hay TTXs) s& duoc
tiép tuc nghién ctru trong hudng phat trién thudc mai, tim kiém céc chat dan duong (lead
copounds) tiém ning, han ché nhuoc diém cua TTX, va bo sung thém cho cac nghién
ctru tim hiéu vé sy hinh thanh doc t6 trong sinh vat cling nhu nghién cru lién quan gitra
cau tric va tac dung ctia nhdm chat nay, ... vv

(4) - Xay dung duoc quy trinh chiét xuat, tinh ché va tiéu chuan bot TTX thd >80%,
qua phan tich c6 thé xac dinh 20% con lai chu yéu la cac chat doc than kinh TTXs. Céc
analogues nay qua céc nghién ctu cho thiy doc tinh cia chung thudng kém hon nhiéu
lan so voi doc tinh cua TTX. Tir bot TTX thd nay luan an da bao ché thir nghiém dang
bot dong khé ndng do 0,1%. Bot dong kho nay da dugc xay dung tiéu chuan co s¢ dé
kiém soat chat lwong, danh gia doc tinh dé c6 thé dinh hudng wng dung 1am nguyén lidu
bao ché cac san pham khac, dic biét 1a cac san pham giam dau, hd tro cai nghién, ...
Ngoai ra, tir bot dong kho nay con cé thé huéng dén nhiéu dang thudc chira TTX phuc
vu cac muc dich khac nhau ma cac nha khoa hoc trén thé gigi dang con tiép tuc nghién
ctru nhu:

+ Thudc gay té, gy mé ding trong phau thugt
+ Thudc khang virus HIV
+ Thudc khang mét sé loai ung thu nhw ung thu vil.

(5) - Thiét ké duoc hé théng thiét bi xay ngam chiét TTX tir phi tang ca noc doc & Viét
Nam (da dang ky giai phap hitu ich), cing véi quy trinh cong nghé phan lap, tinh ché
TTX ¢6 thé ap dung thuc hién trén quy md 16n, cong nghiép hoa. Pdi tuong cua quy
trinh c6ng nghé nay 1 phu tang cac loai ca néc doc, nhu vay cd thé tan dung phé pham
cuia nganh cdng nghiép ché bién ca ndc 1a phu tang. Piéu nay 1am tang loi ich kinh té va
thang du x4 hoi, gop phan khai thac hop Iy ngudn loi ty nhién twong d6i 16n & bién Viét

Nam la cé noc.

124



KET LUAN VA PE XUAT

KET LUAN

Sau qua trinh thyc hién, muc tiéu cua luan an da duoc hoan thanh, véi két qua cu thé nhu
sau:

- Sang loc va phat hién TTX trong mét sé loai ca ndc:

+ Thu thap, dinh danh va tiéu ban 10 loai c4 néc doc, gom: (1) ca néc chudt van
bung (Arothron hispidus), (2) ca néc chudt chadm sao (Arothron stellatus), (3) ca néc tro
(Lagocephalus lunaris), (4) ca néc van mit (Torquigener brevipinnis), (5) ca noc thu
(Lagocephalus sceleratus), (6) ca noc vién duoi den (Arothron immaculatus), (7) ca ndc
cham cam (Torquigener gloerfelti), (8) c4 néc vang (Lagocephalus spadiceus), (9) céa
néc ring mé chim (Lagocephalus inermis) va (10) ca néc van (Takifugu oblongus). Tat
ca 10 loai nay déu thudc ho ca noc 4 riang Tetraodontidae.

+ Tién hanh sang loc nhanh doc t6 cia mot sé bo phan (thit, gan, rudt, trieng, tinh
s40) cua cac loai c& nay, cho thiy 10 loai ca ndc nay déu 1a ca noc doc, doc t chu yéu
tap trung ¢ gan, trieng, tinh sao va rudt. Trong do, da dinh lugng dugc chinh xac ham
luong TTX trong gan, trang cua 3 loai ca ndc chudt van bung (Arothron hispidus), ca
néc tro (Lagocephalus lunaris) va ca néc van (Takifugu oblongus). Két qua cho thay
ham lugng TTX trong céc loai khac nhau la khac nhau, khdng phai bd phan nao ciing
chira ham luong TTX nhu nhau, trong d6 ham luong TTXs trong tring 1a cao nhat.

- Chiét xuat phan lap va xac dinh cau tric mot s6 doc tb than kinh khac

+ Phan lap dugc 5 hop chit twong tu TTX (tetrodotoxin analogues, ki hiéu TTXSs):
5-deoxytetrodotoxin, 6-epitetrodotoxin, 6-deoxytetrodotoxin, 11-deoxytetrodotoxin va
6,11-dideoxytetrodotoxin. Cac hgp chdt nay ldn ddu tién dwroc phan 1dp tir cac loai ca
néc thu droc ¢ Viét Nam, sé gop phan vao cac nghién ciru doc t6 TTX.

+ Xay dung duoc bo phd dir liéu dinh danh cua TTX va cac dan chat, bao gom
phd khéi, phd khdi phan giai cao va phd cong huéng tir hat nhan.

- Xay dung quy trinh phan lap tetrodotoxin c6 do tinh khiét phil hop dé lam chat chuan
va dinh hudng str dung trong y hoc.

+ P tinh ché dwoc téong lwong 93,49 mg TTX tinh khiét dat ham Iwong
98,27%.
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+ Lam cha duoc cdng nghé/ky thuat chiét xuat va tinh ché TTX ¢o6 d6 tinh khiét
cao, ldn ddu tién ¢ Vigt Nam thiét ldp dwec chdt chuan TTX phuc vu kiém nghiém va
nghién cau, gop phan cho hudng nghién ctu @ng dung TTX trong y hoc.

+ Xay dung duoc bd phd dir liéu dinh danh TTX gom phd khéi, phé khéi phan
giai cao va phd cong hudng tir hat nhan

+ Pa dua ra dinh hudng st dung trong y hoc:

* P3 thiét lap duoc 100 lo chuan TTX nong do 0,1 mg/ml, dong trong lo thuy
tinh nau chta dung dich dém citrat pH 4,8 di duoc theo ddi d6 6n dinh trudc
khi dong lo.

* Pa chiét xudt, phan ldp dwec bét TTX thé cé ham lwong > 80%.

* Bao ché thir nghiém bot dong kho ¢6 chtra 0,1% TTX, da xay dung tiéu chuan
co sO, danh gia chét luong, doc tinh cua bot nay. Tir bot ndy c6 thé tng dung

tiép 1am nguyén liéu bao ché thudc ciing nhu cac ché pham cé chira TTX

PE XUAT
- Ung dung chét chuan TTX thiét 1ap dugc dé phuc vu cong tac kiém nghiém, kiém tra

danh gia cac ché pham c6 chira TTX hay tiép tuc phuc vu cdng tac nghién ctu khac vé
TTXvaTTXs.

- Tiép tuc nghién ctu thiét 1ap chat chuan ddi chiéu TTX 1 mg/lo dang dong kho

- Tiép tuc nghién ctu (tng dung bot dong kho TTX 0,1 % hay cac dang nguyén liéu béan
thanh pham khac dé c6 thé bao ché thubc giam dau hoic hd trg diéu tri cai nghién.

- Khai thac hop Iy ngudn lgi ca néc bién Viét Nam.
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PHU LUC 1. BQ DU LIEU MOT SO LOAI CA NOC PQC
Phu luc 1.1. C4 n6c chudt van bung
1.1.1. Danh phép

Phan loai khoa hoc:

- Gidi: Animalia

- Nganh: Chordata

- L&p: Actinopterygii

- BO: Tetraodontiformes

- Ho: Tetraodontidae, ho phu Tetraodontinae

- Chi: Arothron

- Loai: A. hispidus
Tén khoa hoc: Arothron hispidus (Linnaeus, 1758)
Tén Viét Nam: Ca noc chudt van bung
Tén dia phuong: Ca ndc, Ca nc mu
Tén tiéng Anh: White-spotted puffer, Stars-and-stripes Puffer
1.1.2. Pic diém sinh thai
Trir phan xung quanh mdm va cudng dudi, toan than déu c6 gai nho dang 16ng mao.
Toan than c6 mau nau nhat. Phia dudi cam, dau, lung, hai bén than va cuéng dudi va
trén géc vay dudi déu c6 nhirng dom tring phan b thua va déu.
Phan bung c6 nhiing dai trang l16n chay tir truéc ra sau.
Vi nhitng dic diém ndy ma n6 rat dé dugc nhan ra. Tén tiéng anh “White-spotted puffer”
XUat phét tir nhitng cham trang phia trén loai ca nay hay tén “Stars-and-stripes Puffer”
c6 nghia 13 ¢4 néc co6 cham sao va cac soc.
Xung quanh gbc vay nguc mau den va trén do c6 1— 2 vong tron hodc cac vach chi
mau vang.
Vay dudi tron, c6 mau den luc, khéng cd cham.
Loai nay c6 kich thudc kha 16n, chiéu dai toi da khoang 50 cm. Kich thudc thuong
gap cua chang khoang 10 — 26 cm.
Chuaing thuong séng & trong cac hang hbc cua ran d¢a nim & do sau khdng qua 50 m,

¢ dinh & mot vang 14nh thé nhat dinh. Ca con thudng séng & ving cira song.

PL-1



Loai nay co tap tinh séng don 1¢ va 1a loai an thit. Ching an thit c6 chta canxi

hoic tao san hd, dong vat than mém, tunicates, bot bién, cua, giun nhiéu to siu, sao

bién, urchin, nhuyén thé.

1.1.3. Hinh d4nh tiéu ban

Ca Noc Chuot Van Bung
(Arothron hispidus L.1758)

e Dia diém thu mau: Nha Trang,
Khanh Hoa

e Thoi gian thu mau: 08/2012

e Ngudi thu mau: TS. Pao Viét Ha,
Vién Hai Duong hoc Nha Trang

e Noi luu mau: Phong nghién ctu
doc té ca noc, Khoa Nghién ctu
phat trién, Vién Kiém nghiém

thudc Trung wong
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Phu luc 1.2. Ca néc chudt chdm sao
1.2.1. Danh phép

Phén loai khoa hoc

- Giogi: Animalia

- Nganh: Chordata

- L&p: Actinopterygii

- BO: Tetraodontiformes

- Ho: Tetraodontidae, ho phu Tetraodontinae

- Chi: Arothron

- Loai: A. stellatus
Tén khoa hoc: Arothron stellatus (Bloch & Schneider, 1801)
Tén dia phuong: Cé ndc, Ca noc chudt cham den, Ca ndc ma,Ca ndc vay van day
Tén tiéng Anh: Starry toadfish, Stellate puffer
Tén khac: Star blaasop (An d6), Starry pufferfish (Indonesia), Starry toadfish
(Malaysia), ...
1.2.2. Pic diém sinh thai
Toan than déu co gai nho.
Trir phan bung, con lai toan than, ké ca goc vay lung va trén vay dudi déu co cac cham
den phan bd day va déu. Khi ca con bé thi bung cua ching c6 cac van den vang xen ké
nhau. C4 cang Ion thi cac van ndy mo nhat dan cho dén khi ca truong thanh thi bung cua
ching c6 mau tring va ngay dudi vay nguc c6 mot vai cham den kha 16n. Xung quanh
g4c vay nguc va 16 hau mon c6 mau den tuyén.
La loai c6 kich thudc khé 16n, chiéu dai téi da cua ching khoang 120 cm. Thuong bat
gap nhém chiéu dai 15 — 25 cm. Ching séng ca mdi truong nudc lg va min & day ven
b hoac cac ran d4 san ho ngoai khoi va trong viing bién c6 do sdu khoang 3 —58 m. La

loai an thit.
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1.2.3. Hinh anh tiéu ban

Ci Noe Chugt Chéim Sao

" (f\rothron stellatus)
'hoi gian thu mau: 08/2012

Ca N6c chudt cham sao

Arothron stellatus

(Bloch & Schneider, 1801)

e bia diém thu mau: Nha

Trang, Khanh Hoa
Thoi gian thu mau:
08/2012

Ngudi thu mau: TS.
Pao Viét Ha, Vién Hai
Duong hoc Nha Trang
Noi lvu mau: Phong
nghién ctu doc t6 ca
noc, Khoa nghién cuau
phéat trién, Vién Kiém
nghiém thudc Trung

uong
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Phu luc 1.3. Ca néc vién dudi den
1.3.1. Danh phép

Phan loai khoa hoc

- Giogi: Animalia

- Nganh: Chordata

- L&p: Actinopterygii

- BO: Tetraodontiformes

- Ho: Tetraodontidae, ho phu Tetraodontinae

- Chi: Arothron

- Loai: A. immaculatus

Tén khoa hoc: Arothron immaculatus (Bloch & Schneider, 1801)

Tén dia phuong: Ca noc, Ca noc chudt, Ca néc mu

Tén tiéng Anh: Immaculate puffer

Tén khac: Kasumifugu (Nhat Ban), Buntal-pasir bersih (Malaysia), ...
1.3.2. Ddc diém sinh thai
Thén hinh qua dan.
Trir bap dudi, con toan than déu ¢é nhiéu gai nho li ti trén 16p da nhay.
Mdm hoi nh ra phia trudc, ham trén va dudi déu o hai rang dang tim, ciing, sic, xép
khit nhau & trudc miéng va cd mau trang.
Toan co thé c6 mau tro phét vang, trir phan bung mau trang. Trén than khong c6 cac
cham hay cac van vén. Gbc vay nguc c6 mau xam.
Vay nguc, vdy hau mon va vay lung c6 mau vang xam nhat. Vay duoi tron, c6 mau
vang, nhung vién ngoai c6 mau den kha day.
Kich thuéc cua lodi ndy nho. Chiéu dai téi da than chi khoang 30 cm. va chiéu dai
thuong gap dao dong tur 11 — 17 cm.
Chung thich nghi duoc ca méi trudng nudc min va lo, séng & day khu vuc ven bo, cira

song hay trong cac hang héc hoac 10m co c6 d6 sau khong qué 20 m.
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1.3.3. Hinh anh tiéu ban

Ca N6c chudt vién dudi
den
Arothron immaculatus
(Bloch & Schneider, 1801)
e Pja diém thu mau:
Nha Trang, Khanh
Hoa
e Thoi gian thu mau:
08/2012
e Nguoi thu mau: TS.
Dao Viét Ha, Vién Hai
Duong hoc Nha Trang
e Noi luu mau: Phong
nghién ciru doc t cé
noc, Khoa nghién ctiu
phat trién, Vién Kiém
nghiém thudc Trung

uong

PL-6




Phu luc 1.4. C4 néc dau thé mat to (C4 noc tro)
1.4.1. Danh phap

Phan loai khoa hoc:
- Giogi: Animalia
- Nganh: Chordata
- L&p: Actinopterygii
- BO: Tetraodontiformes
- Ho: Tetraodontidae, ho phu Tetraodontinae
- Chi: Lagocephalus
- Loai: L. Lunaris
Tén khoa hoc: Lagocephalus Lunaris (Bloch & Schneider, 1801)
Tén dia phuong: Ca ndc, Ca ndc tro, Ca ndc vang, Ca néc xanh (khi ca bé)
Tén tiéng Anh: Green rough-backed puffer, Rough Golden Toadfish, Lunartail puffer,
Moontail Blaasop
Tén tai mot s6 nuwéc khac: Doku-sabafugu (Nhat Ban); Buntal pisang (Malaysia);
Pakpaolangkhiao (Thai Lan)
1.4.2. Bgc diém sinh thai

Théan hinh trieng kéo thon dai phia sau.

Lung va bung c6 gai nhé. Gai & mat lung phan bb dang hinh bau duc, bit dau ti
dinh dau kéo dén tan goc vay lung. Mat bung thi gai phan bd tir cam cho dén phia
trudce 16 hau mon.

Mdi bén than ¢ mot duong go ngin cach mit bén va mit bung.

Lung va dau c6 mau xam luc.

Vay hau mén, mat bung va hai bén than doc go bung mau tring. Vay nguc, vay lung,
nira trén vay dudi, phia duéi sau mat va doc hai bén cua lung than déu c6 mau vang
tuoi, nra dudi caa vay dudi co6 mau xam nhat.

L& mang mau trang.

Ca Noc dau tho mat to ¢ kich thudc téi da twong ddi Ion, TL =50 cm. Chiéu dai thuong
khai thac duoc cua loai nay & Viét nam dao dong tir 10 — 25 cm. Trong d6, nhém chiéu
dai 13 — 15 cm chiém ty 1¢ cao trong san luong. Chiéu dai thanh thuc cua loai nay
khoang 25 cm.
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Chuing thudng c6 tap tinh sbng day & ca ving nudce lo va nudc min ven bd hay ving
ctra s6ng thudc vang nudc nhiét doi hodc nhitng ran san hd. Ching nguy trang, an nap
trong nhitng ran san ho dé sinh ton.

Day 1a mot trong nhirng lodi c6 kha nang di chuyén nhanh trong ho ca Ndc.

Mua sinh san, cac con cai dé hang tram tring rat nho, cac con duc giai phong tinh triing
vao nudc xung quanh. Nudc mang chat dinh dudng can thiét dé tring 16n 18n va phat
trién.

Pay 14 loai an tap. Chang la loai ca dir, sdn moi. Thirc an chu yéu cia ching 1a dong
vat than mém, dong vat giap xac, doi khi ca tao.

1.4.3. Hinh dnh tiéu ban

CaNoc Tro
Lagocephalus Lunaris (Bloch &
Schneider, 1801)

e bia diém thu miu: Nha
Trang, Khanh Hoa

e Thoi gian thu mau: 08/2012

e Nguoi thu mau: TS. Pao
Viét Ha, Vién Hai Duong

hoc Nha Trang

e Noi luu mau: Phong nghién
ctru doc té ca ndéc, Khoa
Nghién ctru phat trién, Vién
Kiém nghiém thudc Trung

uong
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Phu luc 1.5. C& néc dau thé chAm tron (C& ndc thu)
1.5.1. Danh phéap

Phan loai khoa hoc:
- Giogi: Animalia
- Nganh: Chordata
- L&p: Actinopterygii
- BO: Tetraodontiformes
- Ho: Tetraodontidae, ho phu Tetraodontinae
- Chi: Lagocephalus
- Loai: Lagocephalus Sceleratus
Tén khoa hoc: L. Sceleratus (Gmelin, 1789)
Tén dia phuong: Ca ndc, Ca ndc thu
Tén tiéng Anh: Silverstripe blaasop, Silver Toadfish, Silver stripe puffer
1.5.2. Pic diém sinh thai
Than hinh tru tron, dai, mém tu.
Lung va bung déu c6 gai nho, phan b phia trudc vay lung va 16 hau mon.
Vay dudi 16m sau.
MJi bén than c6 mot duong go ngan cach mat bén va mat bung rat rd rang.
L6 mang mau den.
Rang dang ban, hinh mo chim, ciing, sac va c6 mau trang.
Lung va dau c6 mau xam tro, trén d6 c6 nhiéu nét cham den nho rd rang. Co thé khong
cd mau anh vang.
Hai bén than, tir dudi goc miéng dén goc vay dudi mau trang bac.
Trong gidng Lagocephalus, day la loai cé kich thuéc téi da twong ddi 16n, chiéu dai
TL c6 thé dat d¢én khoang 120 cm va khdi luong c6 thé dat 7kg.
O bién Viét nam, kich thuéc khai thac cua loai kha nho, thuong chi bét gap cac ca thé
c6 chiéu dai trong khoang 12 —20 cm.
Chung séng & ran da, ran san ho, c6 do sau khoang 18 — 100 m, va c6 truong hop séng
& do sau 250m (bién Do)

Pay 1a loai an tap, bao gdom ca tom, cua, c4, ...
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1.5.3. Hinh anh tiéu ban

CaNoc Thu
Lagocephalus Sceleratus
(Gmelin, 1789)

e bia diém thu miu: Nha

Trang, Khanh Hoa

e Thoi gian thu mau:

08/2012

e Ngudi thu mau: TS. Pao

Viét Ha, Vién Hai Duong
hoc Nha Trang

e Noi luvu mau: Phong

nghién ciru doc t6 ca ndc,
Khoa Nghién cuau phéat
trién, Vién Kiém nghiém

thudc Trung wong
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Phu luc 1.6. Ca n6c vang
1.6.1. Danh phép

Phén loai khoa hoc
- Giogi: Animalia
- Nganh: Chordata
- L&p: Actinopterygii
- BO: Tetraodontiformes
- Ho: Tetraodontidae, ho phu Tetraodontinae
- Chi: Lagocephalus
- Loai: Lagocephalus spadiceus
Tén khoa hoc: Lagocephalus spadiceus (J. Richardson, 1845)
Tén dia phuong: Ca noc, Ca noc xanh, Ca ndc vang
Tén tiéng Anh: Half-smooth golden pufferfish, Brownback Toadfish
Tén khac: Buntal Kerisi, Buntal kuning (Malaysia), Chinese blaasop (An d9), ...

1.6.2. Pdc diém sinh thai

Gai & mat lung phan bé hinh qua chuy cd céan kéo dai (co thé bi ngat quang), vuot
qua ca ngang dau mat vay nguc nhung mat sau cia dam gai khdng phan b dén géc vay
lung. Gai phan bb ¢ mat bung, kéo dai tir dudi cam cho dén 16 hau maon.

Mdi bén than c6 mot duong go ngan cach mit bén va mat bung.

Lung va dau c6 mau xam lyc.

Vay nguc, vay lung, hai bén dau ngang véi 16 mang va luon trén doc than c6 anh
vang kim. Vay duéi c6 nira dudi mau xam nhat, ntra trén mau vang va hai dau mat
mau trang.

L& mang mau trang.

Kich thudc cua loai nay kha nho. Chiéu dai TL chi khoang 30 cm. Chiéu dai thudc khai
thac cua loai nay ¢ Viét nam dao dong tir 12 — 21 cm, nhung nhom chiéu dai 12 — 16
cm c6 ty 1é cao hon ca. Chiéu dai thanh thuc cua loai khoang 17— 19 cm.

Ching c6 xuét hién ca & ving bién siu va ca ¢ cac ctra song hay ¢ cac ving nudc
lo ven bo.

Pay la loai thudng séng thanh dan & ddy va an tap.
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1.6.3. Hinh anh tiéu ban

Ca Noc Vang

Lagocephalus spadiceus

(J. Richardson, 1845)

e Dia diém thu miu: Nha
Trang, Khanh Hoa

e Thoi gian thu mau:
08/2012

e Nguoi thu mau: TS.
bao Viét Ha, Vién Hai
Duong hoc Nha Trang

Cid Noc Vang
(Lagocephalus spadiceus)

e Noi luu mau: Phong

nghién ctu doc t6 ca

noc, Khoa Nghién cuu
phéat trién, Vién Kiém
nghiém thudc Trung

uong
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Phu luc 1.7. Ca néc ring mé chim
1.7.1. Danh phap

Phan loai khoa hoc

- Giogi: Animalia

- Nganh: Chordata

- L&p: Actinopterygii

- BO: Tetraodontiformes

- Ho: Tetraodontidae, ho phu Tetraodontinae

- Chi: Lagocephalus

- Loai: L. inermis
Tén khoa hoc: Lagocephalus inermis (Temminck & Schlegel, 1850)
Tén dia phuong: Ca ndc, Ca noc vang
Tén tiéng anh: Smooth blaasop, Smooth puffer
Tén khac: Buntal pisang, Buntal timah (Malaysia), Smooth-backed blowfish (An d¢)
1.7.2. Pdc diém sinh théi
Thén hinh qua dan.
Gai nho khdng c6 & mat lung, chi c6 & mat bung va phan b phia trudc 16 hau maén.
Vay dubi 16m nhe. Mdi bén than c6 mét duong go ngan cach mat bén va mit bung.
L6 mang mau den.
Ring dang ban, hinh mo chim, cting, sic va c6 mau trang.
Bén lung than va dau c6 mau nau tro, khdng c6 cham den hay van vén.
Vay nguc, hai bén dau ngang vai 16 mang va luon ¢6 mau vang kim, mat bung mau
tring. Vay lung, vay dudi ¢ mau vang nhat, doan cudi chuyén dan thanh mau xam
den.
Loai nay c6 kich thudc toi da kha 16n, TL dat t6i 95 cm. Chiéu dai khai thac duoc
& Viét nam dao dong trong khoang 19 — 30 cm, nhung chiéu dai 20 — 22 cm chiém ty
1€ cao.
Loai c& nay thuong duoc tim thiy & cac déc thém luc dia.

Ca song o day, an tap.
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1.7.3. Hinh anh tiéu ban

Ca Noc Rang M6 Chim
Lagocephalus inermis
(Temminck & Schlegel,

1850)

Pia diém thu mau:
Nha Trang, Khénh
Hoa

Thoi gian thu mau:
08/2012

Nguoi thu mau: TS.
Dao Viét Ha, Vién
Hai Duong hoc Nha
Trang

Noi lwu mau: Phong
nghién ciru doc té céa
noc, Khoa Nghién
ciu phét trién, Vién
Kiém nghiém thudc

Trung vong
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Phu luc 1.8. C4 N6c chAm cam van mit
1.5.1. Danh phap

Phan loai khoa hoc:

- Giogi: Animalia

- Nganh: Chordata

- L&p: Actinopterygii

- BO: Tetraodontiformes

- Ho: Tetraodontidae, ho phu Tetraodontinae

- Chi: Torquigener

- Loai: Torquigener Brevipinnis
Tén khoa hoc: Torquigener Brevipinnis (Regan, 1903)
Tén dia phuong: Cé ndc, Ca ndc van mét, C4 nc mit
Tén tiéng Anh: Brown-spotted puffer
Tén khac: Yellow-stripe toadfish (Indonesia)
1.8.2. Pac diém sinh thai:
Trén than c6 gai nho, tuong dbi ngan, nam sat vao da, va thua. Gai & mat lung va mat
bung ndi lién véi nhau & hai bén than phia trudée khe mang va phia sau vay nguc, nhung
khong c6 ¢ khoang gitra vay lung va vay hau mon.
Puong go ngan cach mat bén va mat bung noi thanh canh rd rang.
MO&m tu, cam thang ding va khe miéng cao hon hoic bang ria trén goc vay nguc.
Pau va mat lung mau nau vang, trén do6 c6 nhiéu cham trang, 16n nho khdng déu.
Hai bén dau c6 4 — 5 dudng van ngang mau nau.
Chay doc 2 bén than, tir géc vay nguc dén gbc vay dudi 1a hai hang cac chim mau
cam, duong trén day va dam mau hon duong dudi.
Khac vai ca Noc cham cam (Torquigener gloerfelti), cd N6c cham cam cé dau va
mat lung c6 cac cham nau nho phan b day dic, ching sip xép tao ra mot sb hoa tron,
mau trang, ¢ kich thudc 16n hon chdng. Cac hoa d6 phan bé rai rac va kha déu trén
mat lung. Doc hai bén than c6 mot s6 cham nau Ién, phan bé rai rac va khong xép thang
hang trén nén xam nau.
Trén cac tia vay dudi cd c4c van ngang mau nau con cad Noc chim cam ¢4 ria sau vay

duoi mau den.
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Trong s6 mau thu dugc, chiéu dai téi da TL 1a 16,8 cm va nhom chiéu dai thuong
gap nam trong khoang 9 — 12 cm.

Day 1a loai song day va an tap, chiing thuong séng & ving bién tuong ddi sau (34 —
100 m), thudc vang can nhiét dai.

1.8.3. Hinh d4nh tiéu bdn

Ca Noc Vin Mit
Torquigener Brevipinnis (Regan,
1903)
e bia diém thu mau: Nha
Trang, Khanh Hoa
e Thoi gian thu mau: 08/2012
e Nguodi thu miu: TS. Pao
Viét Ha, Vién Hai Duong
hoc Nha Trang
e Noi lvu mau: Phong nghién
ctru doc td c4 néc, Khoa
Nghién ciru phat trién, Vién
Kiém nghiém thuéc Trung

uong
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Phu luc 1.9. C4 n6c cham cam
1.9.1. Danh phép

Phén loai khoa hoc

- Giogi: Animalia

- Nganh: Chordata

- L&p: Actinopterygii

- BO: Tetraodontiformes

- Ho: Tetraodontidae, ho phu Tetraodontinae

- Chi: Torquigener

- Loai: T. gloerfelti

Tén khoa hoc: Torquigener gloerfelti (Hardy, 1984)
Tén dia phuong: Ca néc, Ca ndc cham cam, Ca ndc mit

Tén tiéng Anh: Rusty spotted toadfish

Tén khéc: F/EZE 2841 (Trung quoc)

1.9.2. Pdc diém sinh thai

Gai trén than nho, twong dbi ngin, nam sat vao da, va thwa. Gai & mat lung va mit bung
ndi lién véi nhau ¢ hai bén than phia truéc khe mang va phia sau vay nguc, nhung khong
€O ¢ khoang gitra vay lung va vay hau mon.

Puong go ngin cach mat bén va mat bung néi thanh canh rd rang.

M&m tU, cam thang ding va khe miéng cao hon hodc bang ria trén goc vay nguc.

DPau va mit lung c6 cac chdm nau nho phan b day dic, ching sip xép tao ra mot sb hoa
tron, mau trang, cé kich thudc I6n hon chiung. Cac hoa d6 phan b rai rac va kha déu
trén mat lung. Doc hai bén than ¢ mot s cham nau 16n, phan bé rai rac va khéng xép
thang hang trén nén xam nau. Ria sau vay dudi mau den.

Chiéu dai téi da TL ctia ca 1a 22 cm va thuong bat gap duoc cac ca thé ¢d chiéu dai nam
trong khoang 13 — 18 cm. Chiéu dai thanh thuc cua loai nam trong khoang 18 — 20 cm.

Loai nay song ¢ ddy, ven bo va 1a loai an tap.
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1.9.3. Hinh anh tiéu ban

Ca N6c cham cam
Torquigener gloerfelti
(Hardy, 1984)

e bia diém thu mau: Nha

Trang, Khanh Hoa

e Thoi gian thu mau:

08/2012

e Nguoi thu mau: TS.

bao Viét Ha, Vién Hai
Duong hoc Nha Trang

e Noi luu mau: Phong

nghién ctu doc t6 ca
noc, Khoa Nghién cuu
phéat trién, Vién Kiém
nghiém thudc Trung

uong
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Phu luc 1.10. C4 néc van

1.10.1. Danh phép

Phén loai khoa hoc
- Giogi: Animalia
- Nganh: Chordata
- Lép: Actinopterygii
- BO: Tetraodontiformes
- Ho: Tetraodontidae, ho phu Tetraodontinae
- Chi: Takifugu
- Loai: T. Oblongus
Tén khoa hoc: Takifugu Oblongus (Bloch, 1786)
Tén Viét Nam: C4 néc van, ca Noc hod
Tén dia phuong: Cé néc, Ca néc hd, Ca ndc tran, Ca ndc bong
Tén goi & mot s6 nudc: Oblong blow fish (Anh), Lattice blaasop (India), Bebo (India),
Ikan Buntal (Malaysia), Pita-pita (Indonesia), Ruitjies-blaasop (South Africa),
Honfugu (Nhat Ban)

1.10.2. Péc diém sinh thai

Gai nho phan bé & mat lung, mat bung ndi lién véi hai bén than & phia truéc khe mang
va phia sau vay nguc. Gai khdng c6 & hai bén bap dudi.

Trén co thé c6 dudng bén va duong go ngan cach mit bén va mat bung.

Khe miéng thap hon ria trén gdc vay nguc.

Trén dau va lung mau nau véi cac cham vang nhat 1on nho khong déu.

Hai bén dau, lung c6 nhiéu van mau nau va mau vang nhat xen k& nhu da ho. Phia cubi
lung va trén bap dudi, cic van ndy c6 dang hinh chit V nam vit ngang qua.

Vay nguc, vay dudi c6 mau vang tuoi. Vay lung va vay hau mon hinh tam giac. Vay
lung mém (12-14), vay hau mon (10-12)

M3t bung mau trang.

Pay 1a loai c4 c6 ham rang manh m& ma c6 thé phat trién qua dai néu ca khdng thé tiéu
thu thuc pham tha.

Loai nay c6 kich thugc twong d6i I6n, chiéu dai TL téi da khoang 40 cm. Nhém chiéu

dai thuong bit gap nam trong khoang 15 — 25 cm.
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Loai nay thuong séng day ¢ ca ving nudc man va lo, & cac viing nudc ven ba, cira sdng
va bai triéu, dong thoi, ngudi ta cling bat gap ching & cac khu rimng ngap man.

La loai an tap. Thtc an chu yéu caa ching 1a tao, dong vat than mém, dong vat khdng
xuong s6ng, hodc dong vat giap xac nho.

1.10.3. Hinh dnh tiéu ban

Ca Noc Van

(Takifugu oblongus B. 1786)

e Dia diém thu miu: Nha
Trang, Khanh Hoa

e Thoi gian thu mau:
08/2012

e Nguoi thu miu: TS. Pao
Viét Ha, Vién Hai Duong
hoc Nha Trang

e Noi lwu mau: Phong
nghién ciru doc td ca néc,
Khoa Nghién cuu phét
trién, Vién Kiém nghiém

thudc Trung wong
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PHU LUC 2. BO DU LIEU CHUAN NHAN DANG TTX VA CAC CHAT
TUONG TU TTX

2.1. By dir liu nhan dang TTX

Phé khéi lwong ESI MS

TTX 1ppm MS +ESI TIC 100-500
MS +ESI TIC 100-500

TTX 1ppm MS +ESI TIC 100-500 #1450 RT:9.76 AV:1 NL: 2.23E6
T: + ¢ ESI Full ms [100.000-500.000]

100

320.31
95—
90
85—
80~
75
70
65
60—
55
50-
45—

Relative Abundance

40—
35
30—
25

163.56
54
o | 108.89 117.63 142.26 153.39 |170.04 180.26 200.41 213.85 232.81 257.51 273.61 29026 314.96 339.73 35478 36325 37178 39550

120 140 160 180 200 220 240 260 280 300 320 340 360 380 400
miz

Phd ESI MS fullscan cua TTX

TTX 1ppm MS +ESI TIC 100-500_1210131...
MS +ESI TIC 100-500

TTX 1ppm MS +ESI TIC 100-500_121013164227 #797-861 RT:243-263 AV:65 NL:3.31E6
T: + p ESI Full ms2 320.000 [100.000-400.000]

100

302.79

95|
90
85
80
75—
70
65
60,; 162.56
55—
50

45:

Relative Abundance

40-
35

= I 320.31
304 284.73
25

20 — 256.60

15 ol 200.48
| 15024
10— 13548 | ' 19216 | 21063 238,69
= 123(63 g \m A b 1 szs.vz 24261 | 274.66
o ke st M0 Ul atl b M A Mg A bl oo Sy o [|aoeor 33157 35030 360417 38438 395.99
120 140 160 180 200 220 240 260 280 300 320 340 360 380 400
m/z

Pho ESI MS/MS méanh me m/z = 320
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Phé khéi phan gidgi cao HR ESI FT ICR MS

Varian MS
File: D:\Quang\VHH\NXCuong-HCTN\Cuong_TTX .trans
Base-Peak Amplitude: 55.2220 Total Intensity: 92.557 Scans: 1  Positive lons

320.10926

-

(=3

o
|

(=]
o

D
o

S
o

302.09857

N
o

160.05517

o

160 180 200 220 240 260 280 300 320 340
Mass/Charge

Phé khoi phan gidi cao HR ESI FT ICR MS

Elemental Composition Search Report:

Target Mass:
Target m/z = 320.10926 + 5.00ppm

Charge = +1

Possible Elements:
Element: Exact Mass: Min:  Max:
C 12.000000 O 100
H 1.007825 0 150
O 15.994915 0 100
N 14.003074 O 100

Additional Search Restrictions:
Seven Golden Rules
Nitrogen Rule
DBE Limit Mode = Both Integer and Half-Integer
-Minimum DBE =0
-Maximum DBE = 100

Search Results:
Number of Hits = 2

m/z Delta m/z (ppm) DBE Formula
320.10884 1.30 4.5 C1H1sN5;05""
320.11018 -2.87 95 C,H4N;O,1

Phong dodn cong thirc phan tir dua trén pho khoi lirong phan gidi cao
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Phé khéi phan gidgi cao ESI Orbitrap MS

TTX-Fullscan50-500_150128152305

TTX-Fullscan50-500_150128152305 #265 RT: 4.10 AV: 1 NL: 4.07E7
T: FTMS + ¢ ESI Full ms [80.00-500.00]

Relative Abundance

100+

95-]

-
o

w

[=)

98.97667

100

147.05215

150

191.02505
233.07243 262.63940

200 250

Pho ESI Orbitrap MS fullscan cia TTX

320.11285

300

m/z
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TTX-Fullscan50-500_150128152305

TTX-Fullscan50-500_150128152305 #163 RT: 2.39 AV: 1 NL: 2.44E7
T: FTMS + ¢ ESI Full ms2 320.00@cid25.00 [85.00-500.00]

100+ 302.10242

Relative Abundance
(5]
o
I

157 320.11322

B 284.09186

256.[:9644
|

] 98.96852 162.06851 200.04822 382.36551 424.30316 487.70563
_I_fl T r [ 1 © | & T 7 ©t 171 7 17T —r [ rrrrt 1 1t 1+ 1 1]
100 150 200 250 300 350 400 450 500

Pho ESI Orbitrap MS2 manh me m/z=320 véi mitc ning lwong ban pha CE = 25eV
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TTX-Fullscan50-500_150128152305

TTX-Fullscan50-500_150128152305 #212 RT: 3.22 AV: 1 NL: 6.33E6
T: FTMS + ¢ ESI Full ms3 320.00@cid25.00 302.00@cid25.00 [80.00-500.00]
100 284.09152

95

90

85

80

75

70-

65

60

55

50~
256.00625

Relative Abundance

45

40

35

30-

25

20
162.06847
15

238.08540
107 200.04808

, 302.10236
5 151.04111 ‘

03100'04072‘\ , h‘ |.\|.‘ ‘1 ‘|‘\|“ ‘ | 31715677 37244473 42229984  470.94876
T | T | T T 1 T T T T T I T T T T T T T T

| |
100 150 200 250 300 350 400 450 500
m/z

Phé ESI Orbitrap MS® manh m/z=320 =>302 véi mitc ning lwong ban pha CE; =
25eV, CE; = 25eV
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2.2. Bo dir liéu nhan dang 6-epitetrodotoxin

Phé khéi lweng phan gidi cao HR ESI FTICR MS

I +TOF MS: 1,084 to 1,218 min from 20141127_LD_LONGEON_16.wiff Max. 398,9 counts.
a=3,56733398815197530e-004, t0=6,71937539369512680e+001, subtracted (0,018 to 0,834 min)
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PL-33




Pho céng huweeng tir hat nhan NMR

148

€1

4!

17

01

1.00—=

0.94
1.95
0.91\—;
2.07=

11.656

—4.861

2046

Phé NMR H cua 6-epiTTX

PL-34

\-2.009



00T 01T ozt 0€T ovT 0ST 091 0LT 08T 06T

06

—156.184

—110.432

—82.132

74.909
74.820
~73.169
%72.329
70.561
—65.255

—59.275

—40.213

Phé NMR 13C cua 6-epiTTX

PL-35



S0 00 S0 0T ST 0°C SC 0°€ S'€ (VR4 Sy 0's S'S 09 S99 0L S, 08 S8 06

06T+
omﬁh
ONHM
owﬁh
omH“
0bT+
omﬂ“
ozt
oﬁﬂh
ooﬁ“
omh

084

09+
om“
ov]
om“
ON“

0T+

=TT

2

Pho NMR HMBC cua 6-epiTTX

PL-36



S0- 00 S0 01 L 0T S 0'€ S€ 0y Sy 0's S'S 09 59 0L SZ 08 S8 06

09T+
omﬁM
o¢~“
oer]
02T+
o-“
ooﬁM
omM

08+

09
05
(Vs

0€+

2

Pho NMR HSQC cua 6-epiTTX

T

PL-37



2.3. Bo dir liéu nhan dang 5-deoxytetrodotoxin

Phé khéi phan gidgi cao HR ESI FTICR MS

I +TOF MS: 4,351 to 4,485 min from 20141112_LD_LONGEON_6.wiff
2=3,56841866819731220e-004, 10=6,73445738373035850e+001, subtracted (0,484 to 4,018 min)
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Pho NMR cria 5-deoxy TTX
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2.4. Bo dir liéu nhan dang 6-deoxytetrodotoxin

Phé khéi phan gidgi cao ESI FTICR MS

I +TOF MS: 1,201 to 3,168 min from 20141107_LD_LONGEON_4.wiff Max. 473,1 counts.|
a=3,56838222029983650e-004, 10=6,70686099932331250e+001, subtracted (0,467 to 1,101 min)
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Pho NMR ciia 6-deoxy TTX
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2.5. Bo dir liéu nhan dang 11-deoxyTetrodotoxin

Phé khéi phan gidgi cao ESI FTICR MS

I +TOF MS: 1,818 to 2,268 min from 20141112_LD_LONGEON_9.wiff
a=3,56841866819731220e-004, t0=6,73445738373035850e+001, subtracted (0,434 to 1,668 min)
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400
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0 | byl | bt ALK UK e !

693,5462

Max. 402,4 counts.

735,5819

769,5643
785,5431803,5479

gl

150 200 250 300 350 400 450 500 550 600 650 700

m/z, amu

Phé ESI FTICR cua 11-deoxyTTX

PL-48

750 800 850 900 950

1000



Pho NMR cuia 11-deoxyTetrodotoxin
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2.6. Bo dir liéu nhan dang 6,11-dideoxyTetrodotoxin

Phé khéi phan gidgi cao ESI FTICR MS

I +TOF MS: 0,550 to 0,850 min from 20141107_LD_LONGEON_3.wiff
a=3,56838222029983650e-004, 10=6,70686099932331250e+001, subtracted (0,034 to 0,300 min)
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PHU LUC 3. CHAT CHUAN TETRODOTOXIN
Phu luc 3.1. Tetrodotoxin tinh khiét

3.1.1. Anh chup lg tetrodotoxin tinh khiét

Tetrodotoxin tinh khiét
L6 san xuat: TTX-NCO01.13
Ham lugng: 98,27% C11H17N30s tinh theo dang khan

PL-58



3.1.2. Phiéu kiém nghigm tetrodotoxin tinh khiét

CONG HOA XA HOI CHU NGHIA VIET NAM
Poc lap - Ty do - Hanh phic

) BOYTE
VIEN KIEM NGHIEM THUOC TRUNG UONG

48 Hai Ba Trung - Ha Néi - Viét Nam

DT: 84.4.38252791 - Fax: 84.4.38256911 PHIEU KIEM NGHIEM
S6:

Méu dé kiém nghiém: TETRODOTOXIN TINH CHE

Noi sin xuit: Viét Nam

So 16, ngay SX: Lo: TTX-NCO01.13 Ngay SX:
Han diing Sé DK:

Nguwoi va noi giri mau: Duong Minh Tan

Yéu cau KN (ghi ré nji dung, §6, ngay, thang, nam ctia cong van hay gidy to kem theo):

Kiém tra chit lugng

Ngay, thang, ndm nhin mau: ~ 05/05/2014 Sé ding ky A
Nguoi nhin mau: Trinh Thi Quy
Thir theo: Tiéu chuén co s& p

Tinh trang mau khi nhan va mo niém phon é kiém nglfi¢nm’
Bot dung trong lo ddy nit, niém phong kin. Nh { XOANg.
- n . yV
) CHI T!EU’VA KET YRU CAU
TIEU CHUAN AP DUNG 1

1. Tinh chét

inhurang)/ | Bot k&t tinh trang hodc gan trang, sam mau O
mau & 220°C, | khoang 220°C khong kém phan huy.

bung Séc ky dd cua dung dich thur phai ¢6 pic voi
thoi gian luu va phd MS/MS gidng voi thoi
gian luu va phé MS/MS cta TTX trong sac ky
dd cua dung dich chuan.

Dat (0,12%) Khong qua 0,5%

Phiwrong phap TGA
4. Pinh lwong Dat (98.27%) Ham luong Tetrodotoxin (Ci2H;7N30s) trong
Phucong phap LC/MS/MS ché phdm phai_khéng it hon 95.0%, tinh theo

Céc ban trich, sao két qua nay sé khéng co gid tri néu khong c6 su dong y cua Viégn Kiemrrghtem thuée Trung wong

VKN/BM/25.03 171

PL-59



Phu luc 3.2. Chat chuan d@6i chiéu hoa hec phong thir nghiém tetrodotoxin

3.2.1. Anh chup mét sé lg chudn tetrodotoxin 0,1mg/ml

LO CHUAN TETRODOTOXIN 0,1MG/LQ
S6 lwong: 100 lo
L6 san xuat: TTX.DTDL.2015
Ham Iuong: 99,9% C11H17N30s S0 véi ham lugng ghi trén nhén

PL-60



3.2.2. Chirng chi phan tich

CONG HOA XA HOI CHU NGHIA VIET NAM
Déc lap - Tu do - Hanh phic

BOYTE
VIEN KIEM NGHIEM THUGC TRUNG UONG

48 Hai Ba Trung - Ha N¢i - Viét Nam
DT: 84.4.38252791 - Fax: 84.4.38256911

CHUNG CHI PHAN TiCH
Certificate of Analysis

CHUAN CHIiNH
Reference Substance

TETRODOTOXIN
1,0 ml dung dich chira 0,1 mg tetrodotoxin (C,;H7N;Oy) trong dém citrat pH 4,8

I. Muc dich sir dung: Chuén chinh Tetrodotoxin SKS: TT
nghiém hoéa ly va sinh hoc
Intended use: The Reference Substance for 1
intended to be used in physicochemical an

II. M0 ta: Dung dich trong sudt, khong mau.

Description: A clear, colourless solution.

. Két qua phan tich: Tién hanh s chuin Tetrodotoxin Sigma Aldrich 16:
038K 1804, mdi lo chira 1mg tetrodotoxi 5 mp) dém citrate pH, ¢6 ham lugng 99.0 %.
Analytical data: The Tetrodptoxin Sigma AldFich batch: 038K 1804 was used as Standard. Each

i 3 mg citrate buffer, assay 99.0 %.
- Trong phan dinh lugng. thoi gian luu cia pic chinh va phd
MS thu duge tir dung dich thir phai gidng voi thoi gian
luu cua pic chinh va phd MS thu dugc tir dung dich
chuén.
The retention time of the major peak and MS spectra
of the assay preparation corresponds to that of the
standard preparation as obtained in the Assay.
2. Dinh lugng (LCMS/MS) ©99.9 % CH7N304 so v6i ham lugng ghi trén nhan
Assay Do khong dam bao do mo rong U =+ 0.09 %. hé s6 phu k
=2 ¢ do tin cay 95 %.
99.9 % CH;7N30s of the stated amount. Expanded
uncertainty of the certified value U = +0.09 %, using a
coverage factor k = 2 at level of confidence approximately
95 %.
VKN/BM/20.03 112 Ngay ban hanh: 19/9/2014

Tetrodotoxin SKS: TTX.DTDL.2015
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IV.  Huéng din sir dung: Khong sdy truoce khi dung
Direction for use: Do not dry before use

V. Bio quin: Nhiét do — 20 °C, tranh anh sang.
Storage: Keep container protected from light, preferably at the temperature — 20 °C.

Ha Noi. ngay &5 thang/{  nam 2015
VIEN TRUGNG

Doan Cao Son

VKN/BM/20.03 2/2

Ngay ban hanh: 19/9/2014
Tetrodotoxin SKS: TTX.DTDL.2015
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PHU LUC 4. BOT PONG KHO TTX NONG PQ 0,1%

Phu luc 4.1. Tetrodotoxin thé

HOP CHAT TTX THO > 80%
L6 san xuat: NC02
Khéi luong: 17,7 mg
Ham luong 81,19% C1:H17N3Os tinh theo nguyén trang
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Phu luc 4.2. Bét dong khd TTX 0,1%
4.2.1. Anh chup lg bét dong kho

g do

‘in 0,1%

%Jmlnang;
1, "dotoxin |

BOT PONG KHO TETRODOTOXIN NONG PO 0,1%
L6 san xuat: TTX.BND.O1
S6 luong: 10 lo
Ham luong: 0,103% C11H17N3Og theo dang khan
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4.2.2. Phiéu kiém nghiém

CONG HOA XA HOI CHU NGHIA VIET NAM
NIDQC Doc lap - Ty do - Hanh phic

) BOYTE
VIEN KIEM NGHIEM THUGC TRUNG UONG

48 Hai Ba Trung - Ha Noi - Viet Nam

DT: 84.4.38252791 - Fax: 84.4.38256911 PHIEU KIEM NGHIEM
Sé:

Méu dé kiém nghiém: BOT DONG KHO TETRODOTOXIN 0,1%
Noi sin xuit: Viét Nam

S6 16, ngay SX: Lo: TTX.BND.OI Ngay SX:

Han diing So PK:

Nguwoi va noi gii miu: Duong Minh Tan

Yéu cau KN (ghi ré ndi dung, 6, ngay, thang, nam cia cong van hay gidy to kém theo):
Kiém tra chét lugng

Ngay, thing, nam nhgn mau: ~ 15/10/2014

Nguwoi nhan mau: Trinh Thi Quy
Thir theo: Tiéu chuan co s&

Tinh trang mau khi nhan va mo niém phong d orkiem nghi

Bot xdp dung trong lo thuy tinh nut kin. Nhan ghi ¥\

) CHI T}EU'L& KET Q@ YEU CAU
TIEU CHUAN AP DUNG 0
1. Hinh thire Bat xop, méu\fé\/\g-//B(}t x0p mau trang hodc trang nga. o
2. Pinh tinh @ 4 Ging Shc ky dd cua dung dich thir phai co pic voi
Phuwong phap LCPMS/MS thoi gian luu va phd MS/MS giong vdi thoi
gian luu cua pic va phd trong sic ky do cua
% Q ) dung dich chuan.
3. D9 Hurgs Dat < 1.5 %.
lam khé (1,12%)
DDVN I}
4. Dinh lugng Dat Ham lugng Tetradotoxin (CH7N30s) trong
Phuwong phdp LC/MS/MS (0,103%) ché pham phai tir 0,09 % dén 0.12%.
Ha X001, agay3. thang 4¢ nam 2044 7
RNONG 3
. ’ - . ) : Doan Cao Som
Cde ban trich, sao két qua nay sé khong cé gia tri néu khong co sw dong y cua Vién ofiiem thuoc Trung wong
VKN/BM/25.03 171
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4.2.3. Tiéu chudn chdt Iwong bét dong kho

BOY TE TIEU CHUAN CHAT LUGNG | S§ tiéu chuan:
BOT PONG KHO
VIEN KIEM NGHIEM THUOC TETRODOTOXIN

TRUNG UONG C6 hiéu lyc tur:
NONG PO 0,1%

l. Yéu cau ky thuat
1.1. Céng thirc bao ché
Cong thirc bao ché cho 1 lo

TTX th6 (ham luwong TTX > 80 %)...... tuong ung vai.... 1 mg TTX
Dung dich lactose 20% (KI/tt) .........ccooviiiiiiii, 5mL

bémucitrate ... viradu............ 10 mL

1.2. Yéu cau chat lweng

TT Chi tiéu Yéu cau
Hinh thuc Bot xop, mau trang hoic trang nga
binh tinh Phai thé hién cac phép thir dinh tinh cua tetrodotoxin.

Ham lugng nuéc | Khdng qua 1,5 %
Ham luong tetrodotoxin trong ché pham phai dat tir
0,09 dén 0,11%, tinh theo ché pham khan.

4 | Dinh luong

I1. Phwong phap thw
2.1.  Hinh thac
Thir bang cam quan, ché pham phai dat yéu cau da néu.
2.2. Dinhtinh
Phurong phdp sdc ky léng khai pho
Theo phan dinh luogng, sic ky d6 caa dung dich ché pham phai cho pic chinh c6 thoi
gian luu va phd khéi 2 lan (MS?) giéng véi thoi gian luu va pho khoi 2 lan (MS?) cua
pic tetrodotoxin trén sic ky do cua dung dich chuan.
2.3. Ham lwong nwoc
Thir theo DDVN 1V, phu lyc 10.3. Can khoang 1 g ché pham.
2.4. Dinh luwong
Phuong phép sic ky long khdi pho LC/MS/MS
* Dung moi, hoa chat
- Methanol HPLC
- Acid acetic bang PA
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- Amoni acetat PA
* Piéu kién sdac ky
- Thiét bi: May sac ky long khdi phd Thermo Scientific TSQ quantum Ultra
- Cot: Alltech Apollo C8; 5um; 250 x 4,6mm hoac cot tuong duong
- Pha dong: Dung dich dém acetat - methanol (30 : 70)
(Dung dich dém acetat: Dung dich chta 15 mM amoni acetat va 15mM acid
acetic bang).
- Tbc @6 dong: 450 pl/phat
- Thé tich tiém: 10 pl
- Piéu kién khdi pho
Ngudn: ESI véi ché d6 ion duong
+ Khi: Sheath Gas (SG): 20, Khi b6 tro Auxiliary Gas (AG): 10
+ Thé ion hda: 3200V
+ Nhiét hoa hoi: 200°C
+
+

+

Nhiét d6 mao quan: 360°C
Ché do quét SRM: m/z = 320 — 162 véi muc ning luong va cham Collision
Energy = 32V.
* Chudn bi mau:
- Dung dich chudn: Dung dich tetrodotoxin chuan ¢ ndng d6 chinh xac khoang
2,5 pg/ml trong pha dong
- Dung dich thiz: Can chinh xac khoang 63 mg ché pham vao binh 25,0ml, thém
15 ml pha dong, lic siéu &m 10 — 15 phut. Dé nguoi, thém pha dong vira du
25,0 ml, loc qua mang loc 0,45 pum.
- Madu trang: Dung mdi pha mau.
* Tién hanh:
Tién hanh tiém lan luot cac dung dich mau trang, dung dich mau chuan, dung
dich mau thtr vao hé théng sac ky, ghi lai dién tich pic.
* Tinh két qud
Ham lugng tetrodotoxin (C12H17N3Os) trong ché pham duoc tinh theo cong thirc:
. 25,

Xy = S C.” — 100
S m

Trong do6:
St: Dién tich pic tetrodotoxin thu duoc trén sic ky d6 cua dung dich thir
Sc: Dién tich pic tetrodotoxin thu duoc trén sic ky d6 cua dung dich chuan
Cc: Nong do Ci12H17N3Os trong dung dich chuan (mg/ml).

me: Luong mau thir da can dé pha dung dich thir (mg).
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I11. Pong goi, ghi nhan, bao quan
3.1. Pong goi, ghi nhan
Pong goi dang lo chira 1,0 g ché pham.
Nhan ghi 16 rang, dung quy ché.
3.2. Bao quan
Nhiét d6 bao quan: 2-8°C, tranh &nh sang truc tiép.
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