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Tom tat
§ thuat sic ky long khdi pho hai 1an (LC-MS/MS) da dugc nghién ctru nham xdy dyng va thim
dinh phuong phap xac dinh 4 pyrrolizidine alkaloids (PAs) dc trong cac san pham thuc pham
bao vé stc khoe (TPBVSK) c6 ngudn gbe thao duoc, bao gdbm intermidine, senecionine, echimidine
va jacobine. Hé thong sic ky long véi cot TSK Gel, két hop véi detector khdi phd ba tir cuc nguon
ESI (+), ché d6 theo ddi ion MRM da dugc sir dung trong nghién ciru. Phuong phéap da dugc xac
nhan gié tri str dung cho thay c6 tinh dic hiéu tét, khoang tuyén tinh tir 1,0 — 40 ng/g, giéi han phat
hién 0,3 ng/g; 46 lap lai va do dang dap tng yéu cau ciia AOAC véi hé sb bién thién va do thu hoi
lan luot dao dong tir 3,6 - 7,5 % va 88,7 - 117 %. Két qua phan tich 90 mau TPBVSK c¢6 ngudn gbc
thao dugc trén thi truong cho théy, c6 26 mau (28,8 %) phat hién chua it nhat 1 chit PAs trong
nghién ctru.
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1. PAT VAN DE

Pyrrolizidine alkaloids (PAs) 1a nhom hop chét chuyén hoa thir cép c6 mit trong khoang 3%
thuc vat trén toan thé gioi, chu yéu tr cac ho thyc vat thudc ho Voi voi (Boraginaceae), ho Cuac
(Asteraceae), va ho Pau (Fabaceae). Trong do, khoang 600 loai PAs da dugc xac dinh va md ta co
kha niang gy nhiém doc cip tinh va man tinh trén gan, doc tinh trén gen va nhiém sac thé, doi khi
c6 lién quan dén sy hinh thanh mot s6 khéi u phat trién trén da, bang quang, ndo, tuy séng, tuy va
duong tiéu hoa. Ham lugng PAs trong thuc vat thuong thay doi, dao dong tir 100 mg/kg dén 40.000
mg/kg (tinh theo chét kho), tiry thudc vao loai thuc vat, diéu kién khi hau va méi trudng, do tudi va
cac bd phan khac nhau. [1][2].

Hién nay, cac san pham TPBVSK c6 nguon gbc thao duoc dugc ngum tiéu dung ngay cang ua
chudng. Tuy nhién, cac san pham nay lai tiém an nguy co chtra mot s6 doc tb thuc vat, trong dé co
céc hop chat nhom PAs. Co quan an toan thuc pham chau Au (EFSA) da khuyén nghi sir dung tdi
da 0,35 pg PAs /ngay dbi voi nguoi co trong lugng 50 kg. O Ao, murc gidi han tdi da cua PAs trong
cac ché pham tir thao dugc 1a 1 pg/kg [3]. Tai Viét Nam, TCVN 12053:2017 quy dinh vé quy pham
thuc hanh kiém soét co dai dé ngan ngira va giam thleu nhiém pyrrohzldlne alkaloid trong thuc
pham va thirc dn chin nudi, chwa c6 quy dinh cu thé vé gii han ndng d6 pyrrolizidine trong thuc
pham [4].

Trén thé gidida co nhiéu nghién ctru xac dinh ham lugng PAs trong thuc vat, mat ong, thao dugc
va cac san pham TPBVSK. Cac PAs c6 thé dugc chiét khoi nén mau ¢ dang base sir dung dung méi
hitu co hoac dang mudbi str dung dung dich acid. Sau do, dung dich chiét thuong dugc lam sach bﬁng
chiét pha rin va xac dinh bang sic ky khi khdi phd (GC-MS) hoic séc ky 1ong khbi phd hai 1an (LC-
MS/MS) [5-7]. Phuong phap LC-MS/MS két hop lam sach va lam giau bang chiét pha ran (SPE) da
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duogc nhiéu tac gia nghién ciru dé xac dinh PAs trong cac nén mau. Theo nghién ciru cua Griffin va
Zhou, c¢ot SPE SCX da duoc sir dung ddi v6i nén mau tra, sau khi chlet bang HZSO4 0,5 M c6 thé
dat dugc gidi han phat hién tur 1 »3-3,9 ng/kg [8][9]. Gan ddy, mot sé nude chau Au di dwa ra quy
dinh cac phuong phéap phan tich can phai dat ngudng gidi han dinh lu:orng duoc t6i thidu 1a 1 pg/kg.

Trong nghién clru nay, ky thuat LC-MS/MS da duoc sir dung dé xay dung phuong phép xac
dinh dong thoi 4 PAs trong mau TPBVSK ¢6 ngudn gdc thao duge, nham gop phan giam sat, danh
gi4 cac san pham TPBVSK trén thi truong.

2. POI TUQONG VA PHUONG PHAP NGHIEN CUU
2.1. Poi twong nghién ciru

Céc PAs duoc lya chon trong nghién ctru g(”;m intermidine, echimidine, senecionine, jacobine
(Bang 1). Cac mau TPBVSK c6 ngudn gdc thao dugc gdm 30 mau dang tra thi loc, 30 mau dang
vién, 30 mau dang l6ng dugc mua tai cac chg, ctra hang & Ha Noi.

2.2. Héa chét

Céc chét chuan don gém intermidine, senecionine, echimidine va jacobine c6 do tinh khiét 99,5%
(PhytoLab). Cac dung méi, hoa chat dwgc mua tir Merck gom H5SO4 98%, HC1 37%, acetonitril
(ACN), methanol (MeOH), acid formic (HCOOH) dichloromethan (CH,Cl,), chloroform (CHCl3)
va amoni hydroxide (NH4OH). Cot chiét pha ran (SPE) dugc st dung 1a c6t SCX (500 mg, 3 mL),
cot C18 (500 mg, 3 mL) cua Supelco va cot Oasis HLB (60 mg, 3 mL) ciia Waters.

2.3. Thiét bi va dung cu

Heé thdng sic ky long khdi phd hai 1an gdm thiét bi sic ky 1ong LC20AD-XR (Shimadzu) va thiét
bi khéi phd ba tir cuc 5500QQQ (AB Sciex). Céc thiét bi khac gdm may ly tim Mikro 200R (Hettich),
may rung siéu 4m S100H (Elma), may lic ngang HS260 (IKA), can phén tich (co d6 chinh xéc 0,1
mg) XS105 (Metter Toledo) va céc thiét bi, dung cu thong thudng khac trong phong thi nghiém.

2.4. Phuong phap nghién ciru
2.4.1. Khao sdt diéu kién LC-MS/MS @é phan tich céc PAs

Céc PAs duoc t6i vu st dung ngudn ion hoa phun dién tir (ESI), ché d6 quét lwa chon da phan
tmg (MRM). Mbi chat duoc khao sat dé chon ion me va thuc hién tdi wu cac didu kién phan manh
dé chon ra 2 ion con, trong do 1 ion dugc str dung dé dinh luong va 1 ion dugc st dung dé xac nhan.
Piéu kién LC duoc khao sat trén 2 loai cot sic ky C18 va TSK-Gel.

2.4.2. Khao sat diéu kién xir 1y mdu

Str dung mau TPBVSK c¢6 chita cac PAs va thyc hién xtr Iy miu theo hai quy trinh chiét co ban
dé tach chiét cac PAs:

Quy trinh 1: (chiét alkaloid dang base bang dung méi hitu co) Khao sat loai dung moi chiét gom
CH,Cly, CHCl3, MeOH va ACN [6]. Can 2,5 g mau vao dng ly tim 50 mL, thém 1 mL dung dich
kiém hoa (str dung NH4OH 5% do NH3 phu hop v6i phan tich khdi pho). Mau duoc chiét voi 15
mL dung moi moi loai va siéu am trong 30 phit. Chiét lap 2 lan, sau d6 loc dich chiét vao binh c6
quay, c6 quay chan khong & 50°C dén can. Hoa cin bang 5 mL MeOH, loc dich qua mang loc
0,22 pm va phan tich trén LC-MS/MS.

Quy trinh 2: (chiét alkaloid dang mu01 bang acid lodng) Khao sat 2 loai acid gdm H)S040,05M
va HC10,1M [7]: Can 2,5 g mAu vao ong ly tam 50 mL. Chiét bang 15 mL dung dich acid méi loai
va siéu 4m trong 30 phut. Thu 13y dich chiét, 1ap lai qua trinh chiét véi 10 mL acid. Gop dich chiét
va dinh mirc dén 25 mL bang dung dich acid. Liy 5 mL dich chiét cho qua c6t SPE SCX (500 mg,
3 mL), rira giai bang 5 mL NH4OH 5% /MeOH. Thoi kho dich rtra giai, hoa can thu dugc trong 1
mL MeOH, lgc dich qua mang loc 0,22 um va phan tich trén LC-MS/MS.

2.4.3. Tham dinh phwong phép

Tién hanh thim dinh phuong phap di t6i wu cac thong s6 co ban gém tinh dic hiéu, giéi han
phat hién, gidi han dinh luong, khoang tuyén tinh, d6 1ap lai va d6 thu hdi. Cac két qua duoc danh
214 so sanh véi cac quy dinh theo AOAC.
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3. KET QUA VA BAN LUAN
3.1. Khio sat cac diéu kién t6i wu phan tich PAs bang LC-MS/MS

Dé khao sat diéu kién MS/MS, tién hanh tiém dung dich chuan c6 ndng d6 100 ng/mL vao khi
phé va thyc hién lya chon ion me, ion con va nang lugng va cham. Céc két qua xéac dinh dugc tom
tat trong Bang 1.

Bing 1. Cic PAs dwoc sik dung trong nghién ciru va diéu kién MS/MS

B P Ion con Ion con Sé diém
PAs Cong thirc cau tao lon me CE (eV) CE(eV)
(dinh lwong) (xdc nhdn) 1P
Echimidine 398,2 120,3 23 220,3 17 4
Intermidine 300,1 138,3 18 156,2 28 4
OH
o o
Jacobine o™ o o 3523 120,1 22 155,2 20 4
H
AN
N
Senecionine 336,2 120,2 27 138,2 29 4
AN
N

PAs 1a céc chat twong d6i phan cuc, nén khi sir dung pha tinh C18 khéong luu gilt dugc chat phan
tich. Khi str dung cot TSK Gel voi ban chét hat nhdi 1a Amide-80 ¢6 tinh phan cuc co thé luu gilr va
tach dugc cac PAs véi nén mau. Qua khéo sat da chon dugc chuong trinh gradient (kénh A: HCOOH
0,1% /H,O, kénh B: ACN) nhu sau: ban dau 90% B, giﬁ‘ 2,5 phat; giam 10% B t6i1 2,55 phut; gitr téi
5,5 phut; tang 90% tdi1 5,55 phut va gitr téi 8 phit. Sac d6 MRM cua tirng PAs dugc dua ra ¢ Hinh 1.
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Hinh 1. Siic d6 MRM ciia timg PAs & nong do 10 ng/mL
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3.2. Khio sat quy trinh xir Iy miu
3.2.1. Khao sdt quy trinh chiét

Str dung mau TPBVSK c¢6 chtra ca 4 PAs. So sanh hai quy trinh xtr Iy mau: Chiét alkaloid dang
base bang dung méi hitu co va chiét alkaloid dang mudi bang acid lodng. Thuc hién 2 lan lay két
qua trung binh, cac két qua duoc thé hién trong Hinh 2.

Khao sat loai dung méi chiét
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Hinh 2. Biéu dé két qud khdo sat dung méi chiét

Khi chiét miu béng quy trinh 2 (chiét bang acid) cho két qua cao hon dang ké so voi chiét béng
dung méi hitu co ddi v6i ca 4 chét PAs. Trong do, su dung acid H2804 0,05M cho hiéu qua chiét
cao nhat. Phuong phap chiét alkaloid dang mubi bang acid lodng c6 nhiéu thuén loi khi két hop véi
giai doan 1am sach bang cot SPE SCX. Nhu vay, quy tr1nh 2 v6i dung mai chiét 1a H5>SO4 da duoc
Iira chon cho cac khao sat tiép theo. Qua khao sat véi ndng do HySO4 tr 0,01 M; 0,025 M; 0,05 M;
0,075 M; 0,1 M; 0,2 M cho thay ndng d6 H»SOy4 t6i wu 12 0,05 M. Két qua nay ciing phut hop voi
nhiéu nghién ctru trude day [8][9]

Nhiét d6 giai doan chiét mau dugc liéu co y nghla quan trong dé nang cao hiéu suat chiét. Tién
hanh khao sat anh hudng cia nhiét do dén hiéu suit chiét tir nhiét do phong, 40°C, 50°C, 60°C,
70°C, 80°C va 90°C. Thyc hién lap lai 2 lan lay gia tri trung binh. Két qua khao sat dugc thé hién
0 hinh 3.

Khdo sat anh huéng cia nhiét d¢
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Hinh 3. Biéu do két qua khao sat nhiét do
Hiéu suét chiét tang dan khi tang nhiét do, dat cao nhat & 70°C, sau do giam dan khi tiép tuc
tang nhiét do. Khi tang nhi¢t dg, c6 kha nang cac PAs bi phan huy nén hiu suat chiét giam. Do vay,
nhié¢t ¢ chiét mau 70°C da duogc lya chon dé tién hanh cac budc khao sat tiep theo.
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3.2.2. Khdo sdt giai doan lam sach bang SPE

Céc PAs sau khi dugc chiét ra khoi nén mau sé & dang mudi trong méi truong acid. Theo 1y
thuyét, st dung cot SPE trao dbi cation s& cho hiéu qua lam sach tot nhat. Ngoai ra, cac PAs c6 cac
vong khong phan cyc nén ciing ¢ thé 1am sach bang cac ¢t pha ddo nhu C18 hay HLB. So sanh
hiéu sut chiét bé“mg cot SCX, C18 va HLB. Két qua dugc thé hién trong hinh 4.
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Hinh 4. Biéu do két qua khao sat cot SPE

Cot SCX cho thay uu thé vuot trdi so véi cac cot SPE khac do tinh ddc hiéu tdt hon. Ban chat
ctia cic PAs c6 chtra nguyén t6 N di vong c6 thé tao thanh mudi amoni bac 4 do d6 c6 thé tuong tac
voi cdt qua lién két trao ddi cation. Do vay, cot SCX da dugc lya chon cho budc lam sach. Thé tich
dung moi rira giai ciing duge t6i uu 1a 5 mL.

Qua khao sat, da xac dinh dugc cac diéu kién tdi wu dé chiét cac PAs nhu sau:

- Dung moi chjét va ndng do acid: H>SO4 0,05M

- Nhiét do chiet mau: 70°C

- Lam sach bfmg cot SPE SCX

- Thé tich rira giai: 5 mL NH4OH 5%/MeOH ‘

Sau khi da to1 vu quy trinh xr Iy mau, tién hanh khao sat anh hudéng cia nén mau. Lap duong
chuén trén nén dung moéi va trén nén mau bang cich thém chuan vao mau TPBVSK di dugc xac
dinh 12 khong c6 PAs, tién hanh xir Iy mau theo quy trinh da t6i wu. Cac két qua cho thay, nén miu
lam giam tin higu ctia PAs v6i cac mirc anh huong ddi véi mau TPBVSK dang 1ong 1a 6,8%; dbi vai
mau TPBVSK dang vién 1a 4,4%; d6i v6i mau TPBVSK dang tra tdi loc 14 8,4%. Cac két qua nay
nam trong muc giGi han theo FDA (15%). Do d6 khi phan tich mau thuc té, ¢6 thé sir dung dudong
chuén trén nén mau dung moi dé tinh két qua.

3.3. Tham dinh phuong phap
3.3.1. B¢ dac hiéu

S6 diém IP: Cac PAs déu c6 1 ion me va 2 ion con do d6 sé diém IP = 4, thoa man yéu cau phan
tich trén khdi pho.

Ty 1& ion: tién hanh phan tich mau chudn va méu tring thém chuan, so sanh ty 1é ion giita ion
dinh tinh va ion dinh lwong. Két qua & bang 2 cho thay ty 1¢ ion thu dugc trén mau thém chuan hoan
toan pht hop vé6i chuan twong tng.

Bdng 2. Ty I¢ ion cuia cdc PAs

PAs Echimidine Senecionine Intermidine Jacobine
MAu chuin 254 98,5 88,2 34,1
MAu thém chuin 24,8 96,1 83,5 31,8
% sai léch -2,4% -24% -53% -6,7%
% sai léch cho phép +20 % +10% +10% +20 %
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Phan tich mau tring, mau chuin va mau thém chuan: Tir sic d6 ¢ hinh 5 cho thdy miu tring
khong c6 tin hiéu cia chat phan tich, miu tring thém chudn c6 pic ctia cac PAs & thoi gian tring
khdp voi thoi gian luu ciia chuan twong tng (chénh 1éch thoi gian luu khong quéa 2%). Nhu vay,
phuong phap dam béo tinh dic higu dé phén tich cac PAs.

= SR T — =re =0 e
F'Eak Nar"lE IerErrr‘E{:ll'le1 Mas. —eak. ‘-\.lgrn:- - r Ern’le-dlnE1 Aas. F'B=k Fame: I'l(:"rrbedln=-1 Mas_..
Comment —  Annotabon: Coerument: Anmoctation: Comment —  Ananctstion.

Intermedine Intermedine

Intermedine

Chudn 10 ng/mL MAu thém chudn

MAu tréng
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Hinh 5. Scic do mau trang thém chudn, mdu chudn va mau trang cia Intermedine
3.3.2. Gioi han phat hién (LOD) va gidi han dinh luwong (LOQ)

Tién hanh phéan tich mau tr'Zing thém chuan véi néng do thép con co thé xuét hién tin hiéu chét
phan tich. Phan tich 1ap lai 6 lan. Gi6i han phat hién la néng d6 ma tai do6 c¢6 S/N = 3. Gidi han dinh
luong 1a gidi han ma tai d6 S/N = 10 hay LOQ = 3,3LOD. Phuong phap da dat dugc LOD =0,3 ng/kg,
LOQ = 1 pg/kg d6i v6i ca 4 PAs nghién ciru.

Bing 3. Két qud phan tich mau thiee té

Mi Ham luong cdc PAs (ug/kg) Mi Ham lwong cdc PAs (ug/kg)

mau Echimidine | Senecionine | Jacobine | Intermidine mau Echimidine | Senecionine| Jacobine | Intermidine
T-01 - 3,1 - 4,0 L-12 - 65 - -
T-04 - 14 - 2,8 L-13 - 31 41 1,0
T-06 - 22 - 4,5 L-20 - 0,98 - -
T-07 - 11 1.4 4,8 L-21 - 2,9 9,3 -
T-14 - 2,6 8,2 8,7 L-29 - 13,4 56 -
T-15 - 16 - 3,0 V-01 - 6,8 - 39
T-21 - 20 1,0 1,8 V-02 5.4 7.3 - 59
T-25 - 4,5 6,5 2,4 V-06 - 1,1 - 40
T-30 - 2,7 10 14 V-09 - 10 1,0 -
L-03 - 1,79 13 - V-16 - 3,5 9,8 34
L-04 - - 3,7 - V-17 - 1,7 42 35
L-07 - 1,0 4,9 - V-18 - 8,8 - -
L-08 - 13 25 - V-23 - 43 9,5 3,1

3.3.3. Xdy dung dwong chudn

Tién hanh thém chuan vao dich chiét mau tring & cac mirc ndng d6 1; 2; 5; 10; 20; 40 png/kg va
phan tich trén LC-MS/MS. Xay du’ng duodng phu thudc gitra dién tich pic va nong do tuong ung.
Puong chuan duoc lap theo phan mém cua thiét bi.

Céc két qua cho thiy trong khoang ndng d6 da khao sat, tin hiéu cac PAs co sy twong quan tuyén
tinh v6i ndng d6. Puong chuin c6 thé dugc 1ap trén nén dung moi hodc nén mau.
3.3.4. Do dung, do lap lai, do tai lap ngi bo

Do diing va do 1ap lai cua phuong phap dugc danh gia bang cach thém chuan vao mau TPBVSK
da duoc xéac dinh khong chtra PAs, tién hanh phan tich theo quy trinh dd xdy dung. Cac mau dugc
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thém chuin & cac muc nﬁ”)ng do 1; 10; 40 ng/g. Két qua phan tich c6 40 thu hoi tir 88,7 — 117%, do
lap lai tur 3,6 — 7,5%, d0 tai lap 5,9 — 7,4%. biéu nay cho théy phuong phép c6 do dung, do lap lai
dap tng yéu cau cua AOAC.

3.3.5. Ung dung phan tich PAs trong mau TPBVSK

Trén co s& phuong phap di xay dung, ching t6i tién hanh xac dinh ham lugng PAs trén mot sd
mau TPBVSK dang tra (T), 1ong (L) va vién (V). Két qua cac mau c6 phat hién it nhat 1 PAs dugc
thé hién trong bang 3.

Két qua cho thay c6 26/90 mau (chiém 28,8%) c6 chira it nhat 1 chat PAs nghién ciru. Trong dé,
c6 nhiéu mau chua déng thoi 3 chat PAs gém Senecionine, Jacobine, Intermidine; chi ¢ 1 mau phat
hién Echimidine. Ham lugng cua cac PAs dao dong lan lugt tir 1,0-65 ng/kg (Senecionine),
tir 1,0-56 pg/kg (Jacobine) va tir 1-59 pg/kg (Intermidine). Cac mau nay déu c6 ham luong PAs vuot
qua mirc quy dinh caa Ao (1 pg/kg). Cac dbi twong mau dwong tinh c6 thanh phan chira nhiéu loai
thao dugc khac nhau, cac loai thao duge co mit ¢ thé 1a nguén PAs bao gém: khoan dong hoa, voi
voi, lién moc.

KET LUAN

Str dung phuong phap LC-MS/MS trén cot TSK-Gel két hop véi qua trinh chiét mau bang acid
lodng, 1am sach bang SPE SCX, nhom nghién ctru da xay dung dugc quy trinh phén tich PAs trong
TPBVSK c6 ngudn gbc thio duge dap tmg dugc cac yéu cau theo AOAC. Két qua xac dinh
ntermidine, echimidine, senecionine, jacobine trong mot sé mau TPBVSK dang long, vién va tra
tai loc cho thiy tan suat va mic do xuét hién 1a dang ké, can phai cé quy dinh kiém soat d6i véi cac
hop chit nay va cac PAs noi chung.
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Summary
SIMULTANEOUS DETERMINATION OF PYRROLIZIDINE ALKALOIDS IN
FOOD SUPPLEMENTS OF HERBAL ORIGIN USING LIQUID
CHROMATOGRAPHY TANDEM MASS SPECTROMETRY

Tran Cao Son", Bui Cao Tien', Dang Phuong Thao’, Nguyen Xuan Truong’,

Cung Thi To Quynh?*, Le Thi Hong Hao'

! National Institute for Food Control

2 Hanoi University of Pharmacy

3 Vietnam Food Administration

* School of Biotechnology and Food Technology,

Hanoi University of Sicence and Technology

A simple and accurate method has been developed for the simultaneous determination of four
pyrrolizidine alkaloids (PAs) including echimidine, senecionine, jacobine and intermidine in food
supplements of plant origin. The instrumental conditions including the use of TSK-Gel column
for the separation and an MS/MS detector in positive ESI source, multi-reactive monitoring
(MRM) mode for quantitation were optimized. The method has fully validated and meets the
performance requirement of AOAC with good specificity. The linearity varies from 1.0 pg/kg to
40 ng/kg, the LOD was of 0.3 ng/kg; the repeatability and recovery range from 3.6% to 7.5% and
88.7% to 117%, respectively. The method was applied to determine PAs in 90 food supplement
samples, of which 26 samples (28.8%) contain PAs.

Keywords: LC-MS/MS, pyrrolizidine alkaloids, senecionine, jacobine, intermidine, echimidine
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