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SUMMARY

STUDY ON THE PROCESS OF ANALYSIS OF NORKETAMINE IN

THE URINE SAMPLES BY GC/MS
In this study, analytical procedure of Norketamine, which is the metabolite of
Ketamine, in urine using gas chromatography — mass spectrometry has been
investigated. Ketamine-d4 was used as an internal standard and it has been added
to sample before the extraction. C8 500 mg/3mL SPE column was used to extract
analyst from each 5 mL urine sample. In SPE procedure 3ml methanol, 3ml
deionizer water and 3ml 0.1M phosphate buffer pH were added in succession one
by one. 3mL mixture of solvent was used each time to eluate analysts. The
sensitivity of the analysis was increased by the HFBA derivatization. The
selectivity of the method was validated, the RSD of repeatability was less than
10 %, the recovery of method was higher than 83%, the linearity range was from
250 to 10000ng/ml, limit of detection (LOD) of the method was 2.1 ng/mL. The
analytical method has been successfully applied for the real suspected urine
specimens, the concentration of Norketamine in positive samples were from
9.0ng/ml to 169.4ng/ml.

I. MO AU sic khoe, gay réi loan nhan cach hanh
Tinh hinh sir dung trai phép cac chat vi, mat kha ning hoc tap va lao dong,
ma tly hién nay dién ra rat phic tap, mat an toan khi tham gia giao
chung loai ma tdy va hinh thuac st thong...

dung rat da dang. Té nan ma tay da Puoc dua vao sir dung trong y té tir
gdy ra tac dong tiéu cuc cho xa hoi, nam 1970, hién nay, Ketamin bi lam
thiét hai vé kinh té cua gia dinh va xa dung nhu mot ma tdy kha pho bién.
hoi, lam cho nguoi sir dung suy giam Norketamin 1a chat chuyén hoa chinh
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cua Ketamin. Do thoi gian ban thai
cia Ketamin 1a 2,5 dén 3h, khoang
95% Ketamin dugc st dung chuyén
hoa thanh cac san pham trung gian,
khoang 91% dugc dao thai qua nudc
tiéu nén viéc dinh  dugc
Norketamin trong mau nudéc tiéu c6 y
nghia quan trong trong xét nghiém ma
tay [2].

Phuong phép sic ky khi khéi pho dé
phan tich Norketamin cho két qua
chinh xac nho vao viéc so sanh ca
thoi gian luu va pho khdi cua chat
phan tich voi chat chuan. Ngoai ra ky
thuat tao dan xuét gitta Norketamin
Véi tac nhan dan xuat 1a HFBA sg lam
taing d6 nhay cua thiét bj phan tich
[1,3]. Trong nghién ctu sir dung cot
chiét pha ran (SPE) C8 loai 500mg —
3ml cua hang Agilent Technology dé
chiét va lam sach chat phan tich trong
mau nuéc tiéu. Quy trinh sir dung
Ketamin-d4 (IS) lam chat noi chuan
dé cho vao mau nudc tiéu truéc khi
tién hanh cac budc xir ly mau trén
SPE s& gilp loai anh huong sai 6
trong cac thao tdc phan tich, ting do
chinh xac cua két qua do.

Il. THUC NGHIEM

2.1.Hda chat, thiét bj nghién cau

Cac hoa chat sir dung géom: axeton,
diclometan, hexan, methanol,
isopropanol, amoniac, HCI, KH;PQy,
KoHPO,4, NaOH, ethyl axetat, HFBA
(heptafluorobutyric anhydride), khi
nito, heli 99,999%, co6t SPE C8 loai
500mg-3ml  cua hang  Agilent
Technology, nuéc cat 2 lan. ..

Céc hoa chat chuan gom: Norketamin

xXac
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HCI 1mg/ml methanol, Ketamin-d4
HCI nong do 0,1mg/ml methanol cua
hdng Cerilliant c6 ma lan luot 1a Lot:
FC 04301414 va FE 04141401.

Thiét bi phan tich séc ky khi 6890N
va khéi phé 5973i cua hang Agilent
Technology.

Cot mao quan EVDX-5MS, dai 25m,
duong kinh 0,2mm, d6 day pha tinh
0,33um.

2.2. Quy trinh xir Iy mau nwéc tiéu
Thém 50pl chat noi chuan ketamin-d4
¢6 ndng @6 5pg/ml vao 5ml mau nuéc
tiéu da ly tam loai can. Thém tiép 5ml
dung dich dém 0,1M phosphate
pH=6,0. Lic mau khoang 5 phut. Cot
SPE duoc hoat hoa lan luot bang 3
mL methanol, 3 mL nudc deion, 1
mL dém phosphate pH = 6,0. Tién
hanh nap mau nudc tiéu qua cot SPE
Vi tée do 1 - 2 mL/phut. Rira tap chat
bang 2ml H,O deion, 1ml dung dich
0,1M axit acetic, 3ml n-hexan, 1ml
methanol. Chat phan tich duoc rua
giai bang 3ml hdn hop dung moi
Diclomethan isopropanol
ammoniac = 78:20:2. Lam bay hoi
dén can va hoa lai bang 100 pl
ethylacetate. Thém 50ul chat dan xuét
HFBA va gia nhiét & 70 'C trong thoi
gian 40 phat. Mau sau dan xuat dugc
lam bay hoi dudi dong khi nito dén
cin va hoa tan lai bang 100pl
Ethylacetate. Bom 2ul trén thiét bi
sc ky khi khéi phé.

2.3. Panh gia quy trinh

2.3.1. Bé chon loc cua quy trinh phan
tich

Do chon loc duoc thuc hién trén 03



mau nudc tiéu khac nhau khong cé
chaa chat ma tly. Qua trinh xu ly
mau nude tiéu duge thuc hién theo
ding quy trinh néu tai muc 2.2.

2.3.2. Khao sdt @ on dinh cua thict
bi GC/MS

Do 6n dinh cua thiét bi dugc khao sat
phan tich & 03 diém ndng cua
Norketamin da din xuét véi HFB lan
luot 1a 250ng/ml; 2500ng/mL; 10000
ng/mL, néng d6 cua Ketamin-d4
trong cac diém déu 1a 2500 ng/mL.
Mbi diém ndng do phan tich lap lai 6
lan. Két qua danh gia thong qua gia
tri d6 léch chudn tuong di (RSD).
2.3.3. Khao sat dé lap lai cua ky thugt
tqo dan xudt

Do lap lai cua ki thuat tao dan xuat
duoc tién hanh ¢ 2 diém ham luong
cua Norketamin la 50 ng va 1000
ng, cdc mau déu c6 cing mot ham
lugng Ketamin-d4 1a 250 ng, mdi
diém ndng d6 dan xuét lap lai 6
mau. Diéu kién dan xuit thuc hién
theo ding quy trinh.

2.3.4. Khodng tuyén tinh va gidi han
phat hi¢n

Khoang tuyén tinh cia Norketamin
duoc khao sét trong khoang nong do
tir 250ng/ml dén 10000ng/ml. Chat
noi chuin trong cac diém déu la
2500ng/ml Puong chuan noi dugc
dung dya vao phan tich 6 diém néng
do cua Norketamin lan luot 1a 250,
1250, 2500, 5000, 7500 va 10000
ng/mL. Nong d6 cua Ketamin-d4 &
cac diém déu la 2500 ng/mL. LOD
dugc tinh dua vao ty 1€ gitra tin hiéu
chiéu cao pic so vai nhidu duong nén
thong qua phan tich miu chuan pha
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lodng dan trong dich chiét mau trang,
khi d6 LOD duoc tinh 1a S/IN = 3,
LOQ = 3,3 LOD.

2.3.5. D¢ thu hoi cua quy trinh phan
tich

Do thu hdi dugce danh gia va so sanh
gita miu nuoéc tiéu thém chuén
Norketamin sau khi qua cot SPE va
mau chuan khéng qua cot SPE & cung
nong d6, mdi diém thi nghiém tién
hanh 13p lai 6 mau. Mau nuéc tiéu
thém ham lwong chuan Norketamin
dé c6 cac nong do lan lugt la 10
ng/ml, 100 ng/ml, 200 ng/mL nudc
tiéu (twong GNg VSi ham luong
Norketamin la 50, 500, 1000 ng).
Mau dugc xir Iy theo quy trinh da néu
tai muc 2.2, chat ndi chuan dugc thém
vao trudc khi dan xuat mau.

2.3.6. D¢ lap lai cua quy trinh phén
tich

Do lap lai cua quy trinh phéan tich
duoc thuc hién trén mau nudéc tiéu
thém chuan c6 cac nong do l1a 10,0;
100,0 va 200,0 ng/mL. Mdi ndng do
phan tich Iap lai 6 lan va tinh gi4 tri
RSD%.

3. KET QUA VA THAO LUAN

3.1. Piéu kign phan tich sic ky khi
khdi phé

Cac diéu kién phan tich cua thiét bi
GC/MS  duoc dua ra nhu sau:
Chuong trinh nhiét d6 cot tach: Nhiét
d6 ban dau 70 °C, giir dang nhiét 2
phat, ting 20 °C/phit dén 140 °C giir
dang nhiét 2 phat, tang 4 °C/phit dén
260 °C giir 5 phut. Téng thoi gian sic
ky la: 42,5 phat. lon hoa va cham
dién tir & 70eV. Nhiét do budng bom
mau 250 °C. Téc do dong khi heli 13



0,8ml/phiit. Bom mau khong chia
dong.
Tur két qua phan tich Scan mau chuan
Norketamin va Ketamin-d4 c6 ndong
d6 Spg/mL duoc dan xuit voi HFBA
da xac dinh dugc thoi gian luu va ty
I&6 ca&c manh phd can phan tich. Két
qua phan tich chi ra trong bang 1.
Bang 1. Mdanh phé m/z cia
Norketamin, Ketamin-d4 sau khi

dan xuat HFBA.
R £ Manh ion

TT Tén chat (m/2) tr

Norketamin- 356100, 38406,
1 HFBA 3774 2119

Ketamin-d4- 374100, 36688,
2 HFBA 2405, 24,19
(*)-tR: Thoi gian luu cua chat phan
tich (phat)

Trén sic ky do phan tich mau chuan &
hinh 1 chi ra thoi gian luu cua
Norketamin-HFB la 21,193 phut va
Ketamin-d4-HFB la 24,793 phut.

ibundance] 21.1393
E0000
50000
40000
30000
20000

24,733
10000

I}
Time-->»

Hinh 1. Sdc ky dé (TIC) chudn
Norketamin-HFB va ketamin-d4-HFB
3.2. Két qud khdo sdt dé on dinh cia
GC/MS
Do 6n dinh cua thiét bi phan tich
GC/MS dugc danh gia thong qua két
qua tinh toan d6 léch chuan twong doi
(RSD) cua 2 yéu té la thoi gian luu
(tR) cua Norketamin-HFB va ty Ié
dién tich pic cua chat phan tich
Norketamin-HFB chia cho chat noi
chuan Ketamin-d4-HFB. Két qua
dugc chi ra trong bang 2.

—T 7T
20.00 25.00 30.00

Bang 2.Két qua khdo sdt dg on dinh cia thiét bi duwa vao
thoi gian luu va ty ¢ dién tich pic

Ti I ndng do6 (ng/ml A tia A LA tR Ty Ié dién tich pic
Norke%arﬁirg/?s : So licuthong ke (n =6) Nor-HFB %o'rket'amin/ I%

Trung binh 21,190 0,338
250/2500 SD 0,006 0,006
RSD (%) 0,03 1,909
Trung binh 21,171 8,148
2500/2500 SD 0,004 0,119
RSD (%) 0,020 1,457
Trung binh 21,180 32,063
10000/2500 SD 0,010 0,625
RSD (%) 0,046 1,950

Tir két qua trong bang 2 cho ta thay
su sai khac giira cac lan do thap (RSD
< 2%). Trong nghién cau chat noi
chuan 1a Ketamin-d4 d3 duoc su
dung, do d6 két qua tinh ty I& dién
tich pic cua chat phan tich chia cho
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chat noi chuan khong bi anh huéng
bai sai s6 cua thé tich bom mau.

3.3. Khdo sdat d¢ chon lgoc cua
phwong phap

Khao sat do chon loc cua quy trinh
duoc thuc hién trén 03 mau nudéc tiéu




khac nhau khdng c6 chat phan tich.
Két qua phan tich cho thay trén sic ky
dd khoéng c6 pic trung véi pic cua
Norketamin-HFB va Ketamin-d4-
HFB trong mau chuan.
3.4. Pé 1dp lai ciia ky thugt ddn xudt
Do lap lai cua ky thuat dan xuit dugc
danh gia thong qua do léch chuan
tuong dbi cua ty I& dién tich pic cua
Norketamin-HFB chia cho Ketamin-
d4-HFB. Cac mau chuan duoc dan
xuit voi HFBA & ciing mot diéu kién
nhiét do l1a 70°C va thoi gian 1a 40
phat. Sau khi dan xuat dinh mirc thé
tich 1a 100pl.
Két qua phan tich chi ra trong bang
3 cho thdy d6 léch chuan twong ddi
cua ky thuat tao dan xuat thap (RSD
< 10%) tuwong @ng & cac diéu kién
nhiét d6 va thoi gian dan xuit ung
voi 2 mic ham lugng Norketamin
khac nhau. Két qua chi ra sy sai
khac giira cac lan din xuat 1a it, do
bién dong thap. Gia tri RSD cang
thap thi do chinh xac cua céc lan
dan xuit cang cao.

Bang 3. Két qua khdo sdt dé 1ap lai

cua ky thudt tgo dan xudt

Tileham | Sdlieuthéngké | Ty lédién
luong (ng) (n=6) tich pic
Norketami Norketami
n/IS n/IS
Trung binh 0,340
25/250 SD 0,016
RSD (%) 4,792
Trung binh 32,045
1000/250 SD 1,378
RSD (%) 4,299

3.5, Khodng tuyén tinh va LOD,
LOQ

Két qua khao sat khoang tuyén tinh
dua ra duoc d6 thi va phuong trinh hoi
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quy biéu dién méi twong quan tuyén
tinh giita ty 1¢ dién tich pic cua chat
phan tich chia cho chét noi chuan va ty
Ié Twong chat phan tich chia cho chat
noi chuan. Két qua khao sat khoang
tuyén tinh cho ta biét phuong trinh hoi
quy cta Norketamin la Y = 8,124X —
0,272, R = 0,999, LOD = 2,1ng/ml va
LOQ = 7,0ng/ml (trong d6 Y la ty I¢
dién tich pic cua Norketamin chia cho
IS, X la ty & luwong chit cua
Norketamin chia cho IS).
3.6. P$ thu hoi ciia phwong phdp
phan tich
Do thu hoi cia quy trinh phan tich
Norketamin trong mau nudc tiéu
duoc thé hién trong bang 4. Tu két
qua thuc nghiém thé hién trén bang 4
ta thiy do thu hdi cua quy trinh phan
tich Norketamin trong mau nudc tiéu
la tt (R > 80%).

Bang 4. Két qua khdo sdt dé thu hoi

cua quy trinh phan tich

Do thu hoi cua Norketamin (n=6)
7T | Luong thém | Luong tim R( %)
vao (ng) thay (ng) trung
binh
1 50,0 41,88 83,7
2 500,0 422,92 84,6
3 1000,0 871,78 87,2

3.7. Do lap lai caa quy trinh phan
tich

Do lap lai cua quy trinh phéan tich
duoc thé hién trong bang 5. Két qua
gia tri RSD < 15% cho thay do lap lai
la t6t khi phan tich mau nuéc tiéu co
nong do tir 10 dén 200 ppb. Két qua
dat dugc do viéc st dung Ketamin-d4
la chat ndi chuan cho vao mau nudc
tiéu ngay tir dau truge khi xo ly da




loai duoc sai s6 do su mat mau trong
qua trinh xu ly.
Bang 5. Két qua khdo sdt dé 1ap lai

cua quy trinh.

Ty Ié dién tich .
Mau® | pic trung binh, b V? RSD
(n=6) O6)

10 ng/ml 1,310 0,121; 9,243

100 15,345 1,304; 8,500
ng/ml

200 31,241 1,552; 4,967
ng/ml

(*): Nong do cua Norketamin trong
mau nudc tiéu

3.8. Két qua phan tich mau thuc té
Mau nudc tiéu thu duoc tir cac truong
hop xét nghiém ma tiy dugc phén
tich Norketamin theo quy trinh
nghién ciru. 21 mau nude tiéu cho két
qua duong tinh véi Norketamin co
nong d6 trong khoang 9,0 dén 169,4
ng/mL. Hinh 4 chi ra sic ky d6 phan
tich miu nudc tiéu thuc té co
Norketamin.
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Hinh 4. Sdc ky dé phan tich mau
nueéc tieu thyc té
IV. KET LUAN
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Pi xay dung quy trinh phan tich chat
chuyén héa coa Ketamin 1a
Norketamin trong mau nudc tiéu bang
phuong phép sac ky khi khdi pho sir
dung cot SPE C8 dé xur ly mau va tao
dan xuat bang tdc nhan HFBA lam
taing d6 nhay cua thiét bi phan tich.
Quy trinh phan tich dd dugc tham
dinh théng qua cac thong sé nhu do
chon loc, do thu hdi (R > 83%), do
lap lai c6 RSD < 10% khi phan tich
Norketamin trong mau nudc tiéu cé
nong do tir 10 dén 200 ppb, khoang
tuyén tinh khao séat trong khoang
nong do tir 250ng/ml dén 10000ng/ml
Norketamin, LOD la 2,1ng/mL, LOQ
14 7,0 ng/mL.

ba tng dung thanh céng quy trinh
xay dung vao phan tich Norketamin
trong miau nuéc tieu thuc té xét
nghiém. C6 21 mau phat hién thiy
Norketamin cho két qua trong khoang
9,0 dén 169,4 ng/mL.
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