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THONG TIN CHUNG TOM TAT

Nedy gii bai- 27/3/2026 Phuong phép sic kj long ghép khoi pho hai lan (LC-MS/MS) da dinh lugng

o dong thoi 04 chat ma tiy nhom tryptamin thé vi tri s0 4 trén vong indol
Ngdy nhdn ban sira: 04/5/2026 (psilocin, psilocybin, 4-acetoxy-N,N-dimethyltryptamin (4-AcO-DMT), 4-
Nady chdp nhin ding: 08/5/2026 hydroxy-N,N-diisopropyltryptamin (4-OH-DiPT)) va chit chuyén hoa acid 4-
hydroxyindol-3-acetic (4-HIAA) trong huyét twong nguoi. Qué trinh tich duoc
thuc hién trén ¢t ACQUITY UPLC BEH C18 (2,1x100 mm; 1,7 um), pha
dong gom nude va acetonitril (ACN), déu chira acid formic 0,1%, theo chwong
Tir khod trinh gradient trong 10 phiit véi toc do dong 0,2 mL/phat. Ché do ion hoa phun
dién tr ESI(+) duoc dimg cho cac tryptamin va ESI(-) cho chét chuyén hoa 4-
HIAA. Mau huyét twong duoc 6n dinh bang acid ascorbic 1 M, xt Iy bang ky
thé vi tri s6 4 thuat két tua protein vdi ACN, c6 kho bang khi nito va hoan nguyén véi dung
moi pha dong. Phuong phéap dat d6 chon loc cao va tuong quan tuyén tinh chat

Ma tiry nhom tryptamin

Chat chuyén héa X Y
o ché (R*>0,990) trong cac khoang nong do: psilocin (0,050-20 ng/mL),
Psilocin psilocybin (0,10-60 ng/mL), 4-AcO-DMT va 4-HIAA (0,50-60 ng/mL), 4-
Psilocybin OH-DiPT (0,10-30 ng/mL). Gi6i han phat hién dat ngudng vét tir 0,10 dén 67
LC-MS/MS pg/mL. Ty 1§ thu hoi ctia 4-AcO-DMT dat khoang 70%, céc chét con lai dat
. y tr 80% deén 120% vai do dung va do chinh xac (49 1éch chuan twong doi -
Huyet twong nguoi RSD%<15%) dap tmg tiéu chuan US-FDA (2018). Quy trinh c6 d nhay va
do on dinh cao, cung cap cong cu tin cdy cho gidm dinh ma tay d6i voi cac

chat nhom tryptamin thé vi tri s6 4 trong mau sinh hoc.

ABSTRACT

A liquid chromatography-tandem mass spectrometry (LC-MS/MS) method was developed and validated for the
simultaneous quantification of four 4-substituted tryptamines (psilocin, psilocybin, 4-acetoxy-N,N-
dimethyltryptamine (4-AcO-DMT), 4-hydroxy-N,N-diisopropyltryptamine (4-OH-DiPT)) and the metabolite 4-
hydroxyindole-3-acetic acid (4-HIAA) in human plasma. Chromatographic separation was achieved on an
ACQUITY UPLC BEH C18 column (2.1x100 mm; 1.7 um) using a gradient mobile phase of water and
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acetonitrile (both containing 0.1% formic acid) over 10 minutes at a flow rate of 0.2 mL/min. Mass spectrometry
was operated in positive electrospray ionization mode ESI(+) for tryptamines and negative mode ESI(-) for
metabolite 4-HIAA. Plasma samples were stabilized with 1 M ascorbic acid and prepared via protein precipitation
(PPT) with acetonitrile, followed by nitrogen evaporation and reconstitution with mobile phase. The method
demonstrated high selectivity and excellent linearity (R*>0.990) across the concentration ranges of 0.050-20
ng/mL for psilocin, 0.10-60 ng/mL for psilocybin, 0.50-60 ng/mL for 4-AcO-DMT and 4-HIAA, and 0.10-30
ng/mL for 4-OH-DiPT. Limits of detection reached trace levels ranging from 0.10 to 67 pg/mL. The recovery
rate for 4-AcO-DMT was approximately 70%, while other analytes ranged from 80% to 120%, with accuracy
and precision (relative standard deviation - RSD% <15%) meeting US-FDA (2018) guidelines. This sensitive
and stable procedure provides a reliable tool for forensic analysis of low-concentration 4-substituted tryptamines

in biological matrices.

Dat vén deé

Trong nhitng nim gan day, sy gia ting nhanh
chong cua cac chit hudng than mai (NPS) da
tro thanh thach thirc nghiém trong dbi voi stc
khoe cong ddng va cong tac kiém soat ma tay
toan cau. Trong do, nhém tryptamin, bao gém
cac hop chét ty nhién va tong hop, dic biét dang
lo ngai do kha nang kich hoat thy thé serotonin
5-HT2A, d_an dén cac tac dong ao giac manh,
lam thay 46 nhan thitc va gay réi loan hanh vi
[1]. Dit liéu tir t6 chirc Khao sat ma tiy toan ciu
(Global Drug Survey - GDS) cho thiy tinh hinh
sir dung cac chét gy ao gidc c6 xu hudng gia
tang trong giai doan 6 nam tir 2015 dén 2020.
Dac biét, bao cdo GDS2019 (dir liéu thu thap
nam 2018) ghi nhéan sy gia ting rd rét nhét, voi
ty 1& ngudi bao cdo str dung psilocybin trong 12
thang gan nhét dat 14,8% [2]. Tai Viét Nam, cac
dan xuat tryptamin thé & vi tri s6 4 ctia vong
indol nhu psilocin, psilocybin, 4-hydroxy-N,N-
diisopropyltryptamin (4-OH-DiPT) va 4-
acetoxy-N,N-dimethyltryptamin (4-AcO-DMT)
da dugc dua vao danh muc kiém soat nghiém
ngat theo Nghi dinh 73/2018/ND-CP va Nghi
dinh 60/2020/ND-CP [3, 4]. .

Nhoém chét nay c6 dic diém chuyén hoa phirc
tap. Psilocybin (tryptamin tu nhién c6 trong nim
thurc than) va 4-AcO-DMT (tryptamin tong hop)
thuc cht 1a tién chat, sau khi vao co thé, chiing
bi khir nhom phosphoryl hodc acetyl boi cac
enzym phosphatase va esterase dé chuyén thanh
psilocin - hop chét ¢6 hoat tinh dugc 1y chinh [5,
6]. Tuy nhién, nghién ctru cia Kolaczynska va
cong su (2021) chi ra rang psilocin c6 nong do
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dinh trong huyét twong rat thip (10-40 ng/mL)
va thoi gian ban thai ngén nén dé tang kha ning
phat hién trong phap y, can phai dinh luong thém
chat chuyén hoa cudi cung la acid  4-
hydroxyindole-3-acetic (4-HIAA) (véi ndng do
trung binh khoang 137,3 ng/mL) [7]. Yéu cau
phat hién dong thoi nhiéu din xudt co cu trac
tuong tu doi hoi quy trinh phéan tich phai co6 tinh
chon loc cao dé chan doan phéan biét chinh xac,
tranh nham 1an giita cac NPS khéac nhau trong
qua trinh giam dinh [8].

Thach thic 16n nhat trong quy trinh phén tich
nhém tryptamin 13 nong do chat ¢ ngudng vét va
dic tinh dé bi oxy hoa, kém bén nhiét cua chung.
Cac k¥ thuat xu ly mﬁu nhu két tia protein (PPT),
chiét long-long (LLE), chiét pha ran (SPE) hay
vi chiét 10ng-1ong phan tan (DLLME) déu c6 thé
duoc tmg dung dé 1am sach mau huyét tuong, tuy
nhién phai cha ¥ bb sung cac chat 6n dinh phu
hop [2, 9-11]. V& phuong phép phat hién, mic du
sac ky khi (GC-MS) 1a ky thuat tiéu chuan cho
phan tich nhiéu ma tuy, nhung d6i véi cac
tryptamin phén cuc va khong bén nhiét, ki thuat
nay thuong doi hoi bude dan xuat hoa phic tap
dé tranh phan hity mau [12]. Nguoc lai, ki thuat
sic ky long khdi pho hai lan (LC-MS/MS) véi
nguodn ion hoa phun dién tir (ESI) duoc danh gia
la cong cu vuot trdi nho do nhay va do chon loc
cao, cho phép dinh lwong chinh x4c ¢ nong do
vét ma khong can dan xuit hoa.

Mic du da c6 nhitng nghién ctru gan day cia
Pego va cong su (2025) hay Tran Nguyen Ha va
cong su (2025) vé mot s6 dan xuat tryptamin [13,
14], hién van chua c6 quy trinh nao c¢6 kha ning
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bao phi1 toan dién chu trinh chuyén héa tir tién
chat dén chat chuyén hoa 4-HIAA két hop véi
cac NPS bién thé trong huyét tuong. Xuét phat
tir yéu cau cap thiét trong cong tic giam dinh tu
phap, nghién ctru nay duoc thuc hién nham cung
cap mot giai phap phén tich tin cy, nhay va on
dinh, hd tro hiéu qua cho cong tac déu tranh
phong chdng toi pham ma ty.

Nguyén liév va phvong phap
Doi twong nghién criu
Psilocin,  psilocybin,  4-acetoxy-N,N-

dimetyltryptamin (4-AcO-DMT), 4-hydroxy-
N,N-diisopropyltryptamin (4-OH-DiPT) va acid
4-hydroxyindole-3-acetic (4-HIAA) trén nén
mau huyet tuO’ng trang c6 ngudn goc tur Vién
Huyet hoc - Truyen mau Trung wong.

Chit chuin

Céac chat chuan ddi chiéu psilocin (s6 16
0652649-53, 95%), psilocybin (s6 16 0633128-
24, 98%), 4-OH-DiPT (6 16 0645229-19, 95%),
4-AcO-DMT (s6 16 0640028-34, 90%), 4-HIAA
(s6 16 0679092-15, 98%) va chat chudn noi
psilocin-d10 (s6 16 0618112-12, 99%) déu dugc
cung cap boi Cayman Chemical (M¥).

Héa chit va dung méi

Acetonitril (Sigma-Aldrich, M¥), methanol
(Merck KgaA, Puc) (dat tiéu chuidn LC-
MS/MS); acid formic, dicloromethan, cloroform,
n-hexan (Merck KgaA, Puc) (dat tiéu chuan
phan tich). Acid ascorbic (99,5%, Duksan, Cas
50-81-07) duoc sir dung lam chét chong oxy hoa.

Thiét bi, dung cu

Hé théng sic ky 1ong khdi phd hai lan (LC-
MS/MS) Sciex Triple Quad™ 7500 (AB Sciex,
My), cot Kinetex® C18 (2,1x100 mm; 1,7 um)
(Phenomenex, My), c6t ACQUITY UPLC BEH
C18 (2,1x100 mm; 1,7 um) (Waters, My), may
ly tim Hermle Z 36 HK (DPuc), may lic vortex
Velp (Y), may thoi kho khi nito Eyela (Nhat
Ban), can phan tich OHAUS (Thuy Si) voi do
chinh x4c 0,01 mg va hé thong nudc siéu tinh
khiét Aquinity.

Phuong phdp chudn bi miu

Chudn bi mau thie: Mau huyét tuong duoc bd
sung acid ascorbic 1 M trude khi bao quan trong

t0 lanh/ti &m sau (ngay sau khi thu mau), sau d6
dugc xu ly theo phuong phap duge xay dung nhu
trinh bay trong phan két qua nghién ciru. Phuong
phap xir Iy mau dugc khao sat sao cho giam thiéu
duoc anh hudng ciia nén mau 1én tin hiéu phan
tich (dam bao do dac hi¢u cua phuong phap dat
yéu cau), va hiéu sut chiét cac chat can phan tich
chép nhan dugc (do dung va d6 chinh xac dat yéu
cau). Viéc khao sat va xdy dung phuong phap
duoc thyc hién trén mau thir tu tao, 1a mau huyet
tuong trang dugc thém cac dung dich chuan déi
chiéu & nong do xac dinh.

Chuén bi dung dich chuan: Dung dich chudn
gbc (1,00 mg/mL) dugc pha trong methanol
(MeOH) va pha lodng bang methanol thanh cac
dung dich chuan lam viéc. Cac dung dich chuan
1am viéc duoc thém vao huyét twong tring tao ra
cdc mAu huyét tuong trang chira chuan hon hop
& nhiéu mirc ndng do phu hop cho timg chat phan
tich. Pong thoi, cac mau kiém tra chat luong
(QC) duoc chuan bi doc 1ap trong nén huyét
twong tai 3 mirc ndng do (thap - LQC, trung binh
- MQC, cao - HQC). Dung dich chuin ni
psilocin-d10 duoc thém vao tit ca cac mau voi
néng d6 cb dinh. Toan bd dung dich chuén dugc
bao quan ¢ nhiét do - 70°C trong ti am sau.

Phwong phap phén tich

Phuong phap phan tich dugc xay dung dua
trén cac diéu kién ban dau nhu trinh bay dudi day,
cac diéu kién con lai dugc khao sat nhu trinh bay
trong phan két qua nghién cu.

Diéu kién khdi pho: Trén co s tham khao tai
liéu [7, 8, 13], nghién ctru tién hanh khao sat va
lwa chon ngudn ion hoa phun dién tir (ESI) véi
ché d6 ion duong ESI(+) cho psilocin, psilocybin,
4-AcO-DMT, 4-OH-DiPT, psilocin-d10 va ché
d6 ion am ESI(-) cho 4-HIAA.

Phan tich bang ngudn ion hoa phun dién tir
(ESI) & ché do theo ddi da phan tmg (MRM) véi
cac thong s6 khdi pho (ion me, ion con va cac
diéu kién khdi phd) dugc t6i wu hoa trén phan
mém cua thiét bi, sao cho tin hiéu thu dugc cao
va 6n dinh.

Piéu kién sdc ky: V& pha tinh, trén co sé tham
khao tai li¢u [9, 13], nghién ctru khao sat trén 2
cot BEH C18 va cdt Kinetex® C18. Cot BEH sir
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dung cong nghé hat lai cau ethyl (chiém 20%)
gitip hau nhu loai bo hién turong kéo dudi pic cua
cac hop chat c6 tinh base do triét tiéu twong tac
v6i nhom silanol du trén bé mit silica, va hat lai
bén vitng cho phép van hanh trong khoang pH
hoat dong rong (1-12). Trong khi d6, cdt Kinetex
sir dung cong nghé hat xép bé mit (core-shell),
bao gom moét 161 silica ran dugc bao quanh boi
mot 16p vo xop mong, giup rat ngan quang
duong khuéch tan, giam tro khang chuyen khdi
va cai thién hiéu nang sac ky, dong thot van duy
tri ap suat nguoc twong d01 thap so vai cac cot
LC truyén thong ding hat xdp hoan toan. V& pha
dong, hai loai dung méi phd bién 1a ACN va
MeOH, va hai loai dung dich trong nudce cua acid
formic va amoni format, phu hop voi LC-
MS/MS dugc st dung. Cac h¢ pha dong va
gradient khac nhau dugc khao sat dé lya chon
diéu kién t6i wu. Toc d6 dong 0,2 mL/phit, thé
tich tiém mau 2 uL.

Tham dinh phwong phdp phan tich

Phuong phap phan tich dugc tham dinh theo
huéng dan ctia Cuc Quan ly Thuc pham va
Dugc pham Hoa Ky (FDA) (2018) véi cac chi
tiéu: do chon loc, khoang tuyén tinh, gioi han
phat hién, do dung va do chinh xac, d thu hoi,
anh huong nén mau, d6 6n dinh, anh huong cua
d6 pha loang.

Két qud nghién cou va ban ludgn

Két qua nghién ciru

Xay dung phwong phdp

Khdo sdt diéu kién khoi pho (MS/MS)

Viée toi wu hoa diéu kién khdi phé duge thyc
hién bang cach tiém truc tiép cac dung dich
chudn don chét ndng do 5 ng/mL vao hé thdng
Sciex Triple Quad™ 7500.

Thuyc hién t6i wu hoa cac thong sb ngudn ion
hoa, bao gdm: dién thé phun, khi tao suong va
nhiét d6 ngudn (anh huong tryuc tiép dén qua trinh
bay hoi dung méi va tao ion pha khi). Két qua
diéu kién khdi pho thu duogce nhu sau: nhiét do
ngudn 500°C, dién thé phun 2000 V, ap suét khi
ngudn 1 va 2 lan luot 13 60 psi va 70 psi.

Téi vu hoa diéu kién khéi phd: Véi mdi chét
phan tich, ion me dugc xac dinh bang cach quét
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pho toan phan, sau d6 ning lugng va cham (CE)
va thé nang thoat budng va cham (CXP) duoc
khao sat su thay doi cudng do cac ion con twong
ung dé lua chon 01 ion con co cuong do lon nhét
lam ion dinh lugong va 01-02 ion con khac lam
ion dinh tinh. Két qua chi tiét vé cac thong sb
khdi phé duge trinh bay tai Bang 1.
Bing 1. Két qua khdo sat diéu kién khoi pho

Tén chat Manh me Manh con CE CXP
(m/z) (m/z) (V) V)
58,027* 22 9
Psilocin 205,1184 160,007** 27 14
115,001%* 50 14
i i 205,051* 25 14
Psilocybi 285,046
n 115,015%* 61 10
- - 58,028* 31 7
4AcO 247,096
DMT 160,025%* 36 18
160,034* 30 10
4-OH- -
DIPT 261,126 114,084 22 14
114,998** 61 14
130,989* -34 -1
4-HIAA 190,006
146,002%* -20 -1
ilocin- 66,076* 18 11
Psilocin 215,141
di10 164,052%* 29 12

Ghi chu: *: ion dinh lugng; **: ion dinh tinh

Khao sat cot pha tinh

Nghién ctru khao sat vdi hai cot: BEH C18
(2,1x100 mm; 1,7 pm) va Kinetex® C18
(2,1x100 mm; 1,7 pm) sir dung cing diéu kién
phan tich. Két qua cho théy, khi st dung cot
Kinetex® C18, pic cua psilocin, 4-HIAA va
psilocybin c6 hién tugng bi ché. Trong khi do,
cot BEH C18 cho hinh dang pic can xung, gon
va cuong do tin hiéu cao hon déng ké doi véi
psilocybin, 4-AcO-DMT va 4-OH-DiPT. Do vay,
cot BEH C18 duoc luya chon cho cac nghién ctiu
tiép theo.

Khdo sdt thanh phan pha dong

Trén co so tham khao tai liéu [5, 7, 8, 11, 13],
nghién ctru khao sat véi bon hé dung méi pha
dong nhu sau:

H¢ (1): kénh A: HCOOH 0,1% trong nudc va
kénh B: HCOOH 0,1% trong MeOH.

H¢ (2): kénh A: HCOOH 0,1% trong nudc va
kénh B: HCOOH 0,1% trong ACN.
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H¢ (3): kénh A: amoni format 5 mM (pH 3)
va kénh B: ACN.

H¢ (4): kénh A: amoni format 5 mM (pH 3)
va kénh B: MeOH.

Két qua cho thiy sir dung pha dong chira
dém amoni format (3, 4) hodc methanol (1)
khién pic cta da s6 cac chét bi ché hodc dap tmg
ctia 4-HIAA rat thap. Hé (2) cho pic sic ky sic
nét, gon va tach t6t cac chat phan tich. Do vy,
hé (2) (kénh A: H.O + HCOOH 0,1% va kénh
B: ACN + HCOOH 0,1%) dugc lya chon. Hinh
anh sac ky d6 ctia 5 chat phén tich va chat chuan
ndi (IS) bang hé pha dong (2) dugc trinh bay
trong Hinh 1.

Khao sat chwong trinh gradient

Tur hé pha dong dugc Iya chon, tién hanh khao
sat cac chuong trinh gradient khac nhau dé lya
chon két qua tach cac chét phan tich t6t ciing nhu
thoi gian phan tich khong qua dai. Chuong trinh
gradient pha dong duoc lya chon, dugc trinh bay
trong Bang 2.

Khdo sdt diéu kién xir 1y mdu

Bdng 2. Chuong trinh gradient pha dong

Thai gian T6c d6 dong Pha déng B
(phut) (mL/phat) (%)
0,0 0,2 10,0
0,5 0,2 10,0
50 0,2 70,0
55 0,2 90,0
7,5 0,2 90,0
7,6 0,2 10,0
10,0 0,2 10,0

Khdo sat ky thudt xir 1) mau: Nghién ctu tién
hanh khao sat 2 k¥ thuat xtr Iy: két tua protein két
hop chiét long-long (PPT-LLE) va k¥ thuat két
tia protein (PPT). Mau khao sat 1a mau tu tao
chira hdn hop chuan ndng d6 12,5 ng/mL trong
huyét tuong tring. Mdi quy trinh dugc thyc hién
1ap lai 3 1an. Quy trinh phén tich va két qua cu
thé nhu sau:

* Quy trinh 1-3 (PPT-LLE): Hut 15 pL dung
dich acid ascorbic 0,1 M va 15 pL chuan noi
psilocin-d10 400 ppb vao 300 pL mau huyét
tuong. Tién hanh két tia protein bang 1,2 mL
ACN, lic vortex 30 gidy va ly tdm 10.000

vong/phut trong 3 phut. Hat 600 puL dich trong
sang mot 6ng khéc, thém 600 pL dung moi hiru
co. Cac dung moi hiru co dugc st dung trong
LLE cho cac quy trinh 1, 2 va 3 1an luot 1a n-
hexan, cloroform va dicloromethan. Lic vortex
30 gidy va ly tam 10.000 vong/phut trong 3 phut.
Hut 600 pL 16p dung méi hitu co (16p trén doi
v6i n-hexan; 10p duéi dbi véi cloroform va
dicloromethan), dem th6i kho béng khi nito, sau
d6 hoan nguyén bang 250 puL dung méi pha dong
ACN:HO (1:1) va tiém sac ky.

* Quy trinh 4 (PPT): Cho 15 pL dung dich
acid ascorbic 0,1 M va 15 pL chuan noi psilocin-
d10 400 ppb vao 300 pL mau huyét twong. Tién
hanh két tia protein bang 1,2 mL ACN, lic
vortex 30 giay va ly tam 10.000 vong trong 3
phat. Hat 600 pL dich trong, thoi kho bang khi
nito va hoan nguyén bang 250 pL dung mdi pha
dong ACN:H:O (1:1) va tiém séc ky.

Biéu db két qua do thu hoi trung binh (n=3) cia
cac cht phan tich v6i ca bon quy trinh dugc trinh
bay & Hinh 2. Két qua cho thdy quy trinh 1 (PPT-
LLE) khong ghi nhan tin hiéu ctia cac chét phan
tich, trong khi céc quy trinh 2 va 3 (PPT-LLE) cho
ty 18 thu hoi thap va khong 6n dinh. Quy trinh 4
(PPT) mang lai ty 1& thu hdi cao va 6n dinh nhat
v6i hau hét cac chat. Quy trinh nay lai don gian,
tiét kiém thoi gian va chi phi, than thién moi
truong hon cac quy trinh 1-3. Do d96, quy trinh 4
duoc lua chon cho cac budc khao sat tiép theo.

Khdo sat nong dé chat chong oxy héa: Do cac
hop chit tryptamin thé vi tri s6 4 (ddc biét 1a
psilocybin va 4-AcO-DMT) kém bén va d& bi
phan huy bdi qua trinh oxy hoa, nghién ctu da
khao sat viéc bo sung acid ascorbic (dé bi oxy
hoa) vao mau huyét tuong trudce khi xir 1y, véi
vai tro nhu mot chat chong oxy hoa [7, 13].
Nghién ctru tién hanh thém 15 pL dung dich acid
ascorbic & cac ndng do tir 0,05 M dén 2 M (gan
nong do bio hoa cia acid ascorbic) vao 300 pL
mau huyét twong, xtr 1y theo quy trinh 4.

Két qua cho théy, khi khong c6 acid ascorbic,
dap tng cua psilocybin va 4-AcO-DMT chi con
1an luot 14 30% va 10% so véi dap tmg cia chat
chuan trong dung méi ciing ndng do. Khi ndng do
acid ascorbic ting dan, dap ung ciia cac chat duoc
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cai thién 10 rét. Khi sir dung acid ascorbic n6ng do
1 M, dién tich pic cua psilocin, psilocybin, 4-OH-
DiPT va 4-HIAA déu dat mirc 80,0% - 120,0%,
dap ing t6t yéu cau phén tich. C6 thé thay khong
can phai stir dung dén nong do gan bao hoa 2 M,
ma nong d6 1 M da du dé giit 6n dinh cho chét
phan tich. Hon nita, so véi ndng do duoc st dung
trong mot s6 bai bao dugc tham khao 12 0,1 M,
nong d6 dugc lwa chon trong nghién ciru nay da

cao hon 10 1an [7, 13]. Do vay, acid ascorbic nong
do 1 M dugc lua chon lam chét 6n dinh mau trong
quy trinh xtr 1y.

Khao sdt thoi diém bé sung chat chéng oxy
héa: V& nguyén 1y, acid ascorbic nén duoc thém
vao tir ddu, ngay sau khi 1dy mau dé dam bao cac
chat khong bi phan hiy trong qué trinh van
chuyén va bao quan. Tuy nhién, néu c6 thé thém
chit chdng oxy hoa ¢ giai doan trude khi xir 1y
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1D} 4-OH-DiPT

1E) 4-HIAA

1F) Psilocin-d10

Hinh 1. Sdc ky do cac ion con dwoc chon cua 5 chat nhom tryptamin va chuan ngi

Do thu hoi trung binh (%) (n=3)

120 m Psilocin
100 Psilocybin
80
60 4-AcO-DMT
40 :
0 % m” N% =4-OH-DiPT
0 1l m4-HIAA

LLE n-hexan

Quy trinh 1 - PPT- Quy trinh 2 - PPT- Quy trinh 3 -PPT- Quy trinh 4 - PPT

LLE cloroform LLE dicloromethan  (khong két hop

LLE)

Hinh 2. Biéu do két qud dg thu hoi trung binh ciia cac chat nhém tryptamin véi cdc quy
trinh xur [y mau 1) PPT-LLE n-hexan; 2) PPT-LLE cloroform; 3) PPT-LLE dicloromethan va
4) PPT (khong két hop LLE)
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mau dé don gian hoa cho quy trinh ldy mau giam
dinh, thi s& thun tién hon cho viéc trién khai
giam dinh trong thuc té. Do vy, viéc bd sung
acid ascorbic dugc khao sat tai hai thoi diém: (1)
Trudc khi bao quan trong tu lanh/ti am sau (ngay
sau khi thu mau) - Quy trinh 5 va (2) Sau khi bao
quan trong tu lanh/tu am sau (ngay trude khi xur
1y mau) - Quy trinh 6.

Chuan bj hai 16 mau huyét tuong tring thém
chét chuén: 16 1 duge thém acid ascorbic trudce
khi bao quan, 16 2 dugc thém acid ascorbic sau
khi bao quan, voi cung luwong nhu 16 1. Hai 16
duoc bao quan trong ti lanh ¢ nhiét 3o 4-8°C va
tu am sau - 70°C trong 7 ngay va 21 ngay, sau do
1 dong mau (néu can). Phan tich mau trudc va
sau khi bao quan. Két qua duoc thé hién qua %
dién tich pic thu duoc clia mau sau bao quan so

v6i dién tich pic trong mau trudc bao quan duoc
trinh bay tai Bang 3.

Két qua cho thdy, viéc bo sung acid ascorbic
ngay sau khi thu mau huyét tuong (trude khi bao
quan - Quy trinh 5) gitip cai thién d6 6n dinh cua
cac hoat chit (dic biét la psilocybin va 4-AcO-
DMT). Hi¢u qua nay dugc ghi nhan ro rét ¢ ca
hai diéu kién bao quan (4-8°C va - 70°C). Do vay,
can bd sung acid ascorbic trude khi bao quan
trong ti lanh/td 4m sau (ngay sau khi thu mau)
dé dam béo tinh chinh xac cta két qua phan tich.

Nhu vay quy trinh 5 dugc lya chon lam quy
trinh xtr Iy mau, nhu mo ta tom tit trong so do
Hinh 3.

Thim dinh phwong phdp

Quy trinh phan tich dwoc tham dinh theo
hudng dan cua US-FDA (2018) ddi voi phuong

Bing 3. Két qua khdo sat thoi diém bé sung acid ascorbic truée (Quy trinh 5) hodc sau
(Quy trinh 6) bao quan mau trong tu lanh/ tu am sdu

% dién tich pic cila mau sau bdo quan td lanh 21 ngay so v6i mau trudc bao quan

Ta lanh 4-8°C Ta am sau —70°C

Chat phan tich Quy trinh 5 Quy trinh 6 Quy trinh 5 Quy trinh 6
TB% RSD% TB% RSD% TB% RSD% TB% RSD%

Psilocin 37,9 4,0 12,5 6,0 130 0,60 133 4,2

Psilocybin 52,3 15 - - 11,9 1 533 3,8

4-AcO-DMT 17,2 10 - - 29,3 2,5 391 1,0

4-OH-DiPT 43,9 3,3 26,6 14 110 12 11 4,2

4-HIAA 69,7 7,0 52,0 11 113 12 102 7,2

15pL acid ascorbic 1M

300 pL huyét teong

+ 15puL chudn néi psilocin-d10

va thém 1.2mL ACN

Ly tam 10000 vong/phot x 3 phit

Lic xody 30z

Hit 600uL dich trong, thdi khé

dung méi bang khi Ny

|

Hba tan cin trong 250uL. dung
dich ACN-H20 (1:1), tiém sic ky

Hinh 3. So do quy trinh xit [y mau huyét twong dwege lwa chon cho dinh lwong cdc chdt nhém
tryptamin theé vi tri 4
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phap phan tich trong dich sinh hoc. Két qua cta
céc chi tiéu tham dinh dugc trinh bay dudi day.

Do chon loc

Phan tich mau huyét tuong trang (blank), mau
Zero (mau huyét twong trang thém IS), mau huyét
tuong tring thém chuan don cia cac chat phan
tich psilocin, psilocybin, 4-AcO-DMT, 4-OH-
DiPT, 4-HIAA, mau huyét twong tréng thém
chudn hdn hop va chuin ndi. Két qua cho théy,
trén sac ky d6 mau zero xuét hién pic chat chuan
noi, trén sac ky dd hdn hop chuan xuét hién cac
pic tuong ung v6i pic cua ting chat phan tich
trong mau chuan don. Tai thoi diém twong tmg
v6i thoi gian luu ctia chat phén tich, dép ing cta
timg méu blank, mau zero (néu c6) déu khong
16n hon 20,0% dap (mg trung binh ctia mau tai
néng do gioi han dinh lugng dudi (LLOQ). Tai
thoi diém twong Gmg véi thoi gian luu cua IS, dap
{mg cta timg mau blank déu khong 16n hon 5,0%
dép tng trung binh ctia mau IS. Nhu vay phuong
phap dat yéu cau vé do chon loc theo huéng dan
cua US-FDA (2018).

Puong chudn va khodng tuyén tinh

Pudng chuin duoc xay dung tai 7 mitc ndng
do cho ting chét: psilocin (0,050; 1,0; 5,0; 8,0;
10; 15; 20 ng/mL), psilocybin (0,10; 5,0; 10; 12;
25; 45; 60 ng/mL), 4-AcO-DMT va 4-HIAA
(0,50; 5,0; 10; 15; 25; 45; 60 ng/mL), 4-OH-
DiPT (0,10; 1,0; 5,0; 10; 15; 25; 30 ng/mL).
Pudng chuan sir dung trong sd 1/x2. Két qua thuc
nghiém cho thay tat ca cac chat phan tich déu dat
gia tri R>>0,990 (Bang 4).

Gioi han phat hién (LOD)

Gidi han phat hién dugc thiét lap dua trén ty
1¢ tin hiéu trén nhiéu (S/N )= 3, trong d6 tin hiéu
(S)la chleu cao pic cua chat phan tich, con nhleu
dudng nén (N) duoc xac dinh tir dao dong nén tai
ving lan can thoi gian luu cta pic chat phén tich.
Gia tri LOD dat dugc ¢ ngudng rat thip, dao
dong tir 0,10 pg/mL dbi véi psilocin dén 67
pg/mL dbi véi psilocybin (Bang 4), cho phép
phat hién ngay ca khi cac tryptamin da bi thai trtr,
n6ng dd trong mau sinh hoc con lai nho.

Do thu hdz

Cac mau klem tra chat luong (QC) dugc
chuén bi trong nén huyét twong tai ba mirc ndng
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d6 cho timg chat: psilocin (0,15; 10; 15 ng/mL),
psilocybin (0,30; 30; 45 ng/mL), 4-AcO-DMT va
4-HIAA (1,5; 30; 45 ng/mL), 4-OH-DiPT (0,30;
15;25 ng/mL). Két qua cho thay ty 16 thu hoi cua
cac chat 6n dinh va ldp lai tot & ca 3 miic ndng
d6 QC. Cac chat psilocin, psilocybin, 4-OH-
DiPT va 4-HIAA déu dat ty 1¢ thu hdi cao, dao
dong tr 80,0% dén 120,0%, riéng 4-AcO-DMT
c6 hiéu suét dat khoang 70,0%. Gié tri RSD%
ctia d6 thu hdi gitra cac 1an chiét déu ndm trong
gi61 han cho phép (<15,0%) (Bang 4).

Anh hwéng nén mau

Két qua cho thay gid tri RSD% ctia ty sb giita
hé s6 anh huong nén mau ctia chét phén tich tai
hai mtrc ndng d6 LQC va HQC déu nho hon
15,0% dbi v6i tat ca 05 hoat chat, dap timg yéu
cau cua US-FDA (Bang 4).

Do dung va do chinh xac

Nghién ctru dugce thuc hién tai 4 mic nong do
(LLOQ, LQC, MQC, HQC) v6i 6 1an lap lai cho
mdi mirc trong 3 ngay khac nhau. Cac mirc ndng
do twong Gmg v6i timg chat dugc trinh bay trong
phan Phuong phap nghién clru O trén. Két qua
ghi nhan d6 ding trung binh nim trong khoang
85,0%-115,0% (riéng mau LLOQ dat 80,0%-
120,0%) va gia tri RSD% luon dudi 15,0%
(LLOQ<20,0%) cho ca thur nghiém trong ngay
va khéc ngay, dap tmg yéu cau phan tich trong
huyét twong (Bang 4).

Do on dinh

Do mau huyét trong trai qua nhiéu diéu kién
(xir Iy, bao quan ngan han/dai han, chu ky dong
- rd dong va qua trinh phan tich), do 6n dinh cta
chit phan tich duoc danh gia bang cach so sanh
két qua ctia mau sau bao quan vai mAu méi chun
bi (n=3) tai cdc mirc ndng do LQC va HQC. Két
qua cho thdy dung dich chudn gdc cua tat ca cac
chit nhom tryptamin 6n dinh trong 6 gio' ¢ diéu
kién bao quan ngan d4 ti lanh (- 20°C). Cac chét
6n dinh sau 3 chu ky dong - rd dong, 6n dinh 8
gio trong budng tiém mau va 24 gio ¢ 4-8°C. Khi
bao quan dai ngay & - 70°C, hau hét cac chat 6n
dinh sau 1 tuan, ngoai trir 4-AcO-DMT (n6ng do
chi con chua t6i 40% so v6i thoi diém ban dau).
Do d6, v6i 4-AcO-DMT, khuyén céo nén phan
tich mu sém.
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Anh hwéng cua do pha loang

Nghién ctru tién hanh pha loang mau 10 lan
bang huyet tuong trang d6i voi mau c6 nong do
cao. Két qua cho thdy do dung trung binh dat tir
90,0% dén 106,1% véi gia tri RSD% nhé hon
15,0% cho tat ca cac chat phan tich.

Nhu vay, két qua thim dinh cho thay phuong
phép c6 do chon loc cao, duong chuan tuyén tinh
trong khoang ndng do khao sat, do dung va do
chinh xac cao, phuong phap c6 d6 nhay cao voi
cac chat phan tich, d¢ thu hdi cua cac chat nam
trong khoang 60-120% va 6n dinh giira cac murc
nong do.

Ban lugn

Nghién ctru di xay dung va tham dinh thanh
cong quy trinh xac dinh dong thoi 04 dan xuat
tryptamin thé vi tri s6 4 (psilocin, psilocybin, 4-
OH-DiPT, 4-AcO-DMT) cling chat chuyén hoa
quan trong 4-HIAA trong huyét trong bang LC-
MS/MS. Py 1 bao cao dau tién ¢ Viét Nam thiét
1ap dugc mot phuong phép phan tich ca tién chat,
hoat chat chinh va san pham chuyén héa cudi
cung cua nhém nay, cho phép theo ddi chu trinh
dugc dong hoc trong giam dinh doc chat.

V& viéc lua chon chét chuan ndi, nghién ctru
str dung chuan noi psilocin-d10 cho nhém chét
phan tich do ¢6 ciu tric twong tur (thugc nhom
tryptamin thé vi tri 4) va thoi gian luu gan voi cac
chat phén tich. Tin hi¢u cua chuan noi tai nong
d0 Iua chon cho thay d6 6n dinh tét, pic sdc ky rd
rang va ddi ximg, khong bi anh huong dang ké
baoi nén mau, phit hop cho muc dich hiéu chinh
sai O trong qua trinh phan tich. Mac du viée st
dung chuén noi dong vi riéng cho tung chit co
thé cai thién d¢ chinh xé4c tot hon; tuy nhién, dleu
nay thuong bi han ché boi chi phi cao va tinh sin
c6 cta cac chat chuan dong vi.

Phan tich c4c chat co tinh base nhu tryptamin
béng sic ky long pha dao co thé gap van dé hinh
dang pic khong can xtmg do twong tac thir cap
gilra nhom silanol trong pha tinh va nhom amin.
Ca hai cot khao sat déu sir dung pha tinh C18
(octadecylsilan), phtt hop dé tach cac hop chét co
d6 phan cuc khac nhau, tir trung binh dén cao, nhw
cac dan xuét tryptamin. Cot BEH C18 véi vat ligu
hat lai c6 kha nang gidm tuong tac silanol, trong
khi cot Kinetex C18 sir dung cong nghé hat xop

bé mit véi uu diém vé hiéu ning sic ky. Trong
nghién ctru nay, két qua thue nghiém cho thiy cot
BEH CI18 tao ra cac pic can xung hon va tin hiéu
cao hon so voi ¢ot Kinetex C18, do vay cot BEH
C18 phtt hop hon déi véi cac chat tryptamin trong
diéu kién phan tich da khao sat [15, 16].

Vé diéu kién khéi phd, viéc chuyén doi gitra
ché d6 ion duong va ion am (ESI+ cho céc
tryptamin va ESI- cho 4-HIAA) 14 can thiét vi 4-
HIAA c6 nhom acid carboxylic nén dé dang khu
proton dé tao thanh ion [M-H]", cho dap umg t6t
hon & ché d6 ion am, gitip giam nhidu nén va
tang d6 nhay. Trong khi do, cac tryptamin con
lai chtra nhém amin c6 tinh base, dé proton héa
tao ion [M+H]* nén dugc phan tich ¢ ché d6 ion
duong (ESI+).

Trong khao sat xir ly mau, két qua thuc
nghiém cho théy k§ thuat chiét 16ng-long cho két
qua do thu hoi thap va khong 6n dinh bang két
tua protein huyet tuong. Diéu nay cé thé giai
thich dua trén cau tric ctia nhoém trypamin thé vi
tri s6 4. Trong phan tir tryptamin c6 cac nhom
chirc phéan cyc cao nhu hydroxyl va phosphat, do
d6 cac ma tiy nhom tryptamine tan khong tot
trong cac dung moi hitu co kém phan cuc nhu n-
hexan, dicloromethan hay cloroform nén quy
trinh chiét LLE khong cho hiéu suat thu hoi cao
trong cac dung moi nay. Tuy nhién, nhém nghién
ctru khong tiép tuc nghién ciru thém chiét LLE
v6i cac dung moi khac, do quy trinh két taa
protein (PPT) két hop 6 kho bang khi nito da
cho do thu hoi dat yéu cau. Ung dung nay cling
yéu cau dinh tinh chinh xac, chtr khong yéu cau
d6 ding va do chinh xac qua khat khe, nén quy
trinh don gian bang PPT phu hop véi yéu cau
phan tich nhanh trong giam dinh NPS.

Viéc toi wu hda ndng do va thoi diém bd sung
chat chdng oxy hoa ciing 13 mot wu diém cua
nghién cuu, dé dam bao phat hién dugc su ¢ mat
clia cac ma tly trong mau, dic biét véi cac mau
& ndng do thap, tranh nguy co duong tinh gia do
chat phan tich bi phan hiy. Miac du Schiiller
(2023) va Eklund (2025) da dé xuét str dung acid
ascorbic dé bao quan mau [3, _11], nhung céc
nghién ctru nay chua cung cap dir li¢u thuc
nghiém vé ndng do t01 wu. Két qua cua nghién
ctru ndy xac dinh ndng do acid ascorbic 1 M
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Bing 4. Tong hop két qua mét so tiéu chi tham dinh phirong phdp

Tiéu chi Psilocin Psilocybin 4-AcO-DMT 4-OH-DiPT 4-HIAA
LOD N6ng dé (pg/ mL) 0,10 67 1,0 2,0 25
LLOQ N6ng dé (ng/ mL) 0,050 0,10 0,50 0,10 0,50
Khoang t“;'i;’ tinh g/ 4 550-20 0,10-60 0,50-60 0,10-30 0,50-60
Pudng
2 R ° y=12074x+ y=0,0631x+ y=0,3782x- y=1,5457x- y=0,0077x+
chuan PT dudng chuan 0,00404 0,000028 0,001160 0,001080 0,000037
R 0,993 0,992 0,990 0,994 0,992
Loc % thu hoi 99,6 88,9 61,2 101 98,9
RSD% 93 6,5 13 6,5 7.1
D6 thu % thu hoi 102 89,3 67,0 99,7 107
o MQcC
héi (%) RSD% 9,2 2,7 5,7 9,5 3,7
% thu hoi 112 94,5 69,1 112 105
HQC
RSD% 26 6.0 9.8 13 57
% thu héi 102 105 96,7 983 105
Anh LQc
" RSD% 4,2 6.7 2.8 43 9,6
hudng S —
nénmit o 9% thu héi 107 104 99,7 97,7 109
RSD% 4,8 7,7 35 4,0 56
% thu héi 101 101 94,9 101 97,2
LLOQ
RSD% 6,4 53 8,0 5.8 7.2
Do ding, % thu héi 102 100 103 101 105
d6 chinh LQC
ic RSD% 7,8 53 53 1 47
trong % thu hoi 97,0 101 102 103 99,5
ngay MQcC
) RSD% 83 4,9 9,1 6.2 54
% thu héi 92,9 101 97,3 101 102
HQC
RSD% 9,0 6.9 6.5 6.7 7.2
% thu héi 103 98,6 95,2 106 103
LLOQ
RSD% 6.2 96 5.8 6,8 1
Do ding, % thu héi 102 99,5 93,0 101 108
d6 chinh LQc
~ RSD% 6.2 7,6 43 8,4 5,0
xac khac -
R % thu héi 104 95,8 99,4 108 99,5
ngay MQC
(n=18) RSD% 7,0 4.4 7,8 6.7 6.2
% thu héi 99,7 102 103 99,6 101
HQC
RSD% 8,5 6.5 7.4 6,9 53

(ndng do acid ascorbic trong dung dich sau xir Iy
mau la khoang 0,024 M) 1a ngudng bao vé hi¢u
qua nhit, ngan chan su syt giam dién tich pic cua
psilocybin va dac bi¢t 1a sy thuy phan nhanh
chong cua 4-AcO-DMT thanh psilocin boi
enzyme esterase trong huyét tuong.

Vé d6 nhay ctia phuong phap, gi6i han dinh
lugng (LLOQ) dat muc 0,050 - 0,50 ng/mL, t6t
hon hin so vdi cac cong bd gan day. Dién hinh,
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nghién ctru cua Pego va cong su (2025) c6 LLOQ
cho psilocybin chi & mirc 5 ng/mL [13], trong khi
Kolaczynska (2021) dat 2,5 ng/mL cho 4-HIAA
[7]. D6 nhay vuot trdi cua phuong phép nay, két
hop voi thoi gian phan tich ngin (10 phut), cho
phép phat hién chinh xac cac ddi twong str dung
“nam thirc than” hodc tryptamin tong hop ngay
ca 6 nong do vét, gop phan nang cao tinh kha thi
trong ung dung giam dinh ma tay.
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Két luan

Nghién ctru da xay dung dugc quy trinh dinh
luong dong thoi 04 chit ma tay nhom tryptamin
thé vi tri s6 4 (psilocin, psilocybin, 4-OH-DiPT,
4-AcO-DMT) va chit chuyén hoa 4-HIAA trong
huyét tuong bang ky thuat LC-MS/MS. Quy
trinh xtr Iy mau sir dung k¥ thuét két tia protein
bang ACN, két hop c6 kho dudi dong khi nito va
6n dinh bang bd sung thém acid ascorbic 1 M di
ching minh dugc hi¢u qua phan tich va duy tri
d6 6n dinh ti uu cho cac chat phan tich. Phuong
phap da duoc thim dinh day du theo hudng dan
ctiia US-FDA (2018), dat yéu cau vé d6 chon loc,
khoang tuyén tinh (R2 >0,990), d6 dung va do
chinh xac vdi gidgi han dinh lugng (LLOQ) dat

nguérng’rét thép (0,050 - 0,50 ng/mL, tuy theo
tung chat), khang dinh tinh kha thi va tin cay cao
trong ung dung giam dinh ma tay.

Xung doét loi ich
Khong.
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