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SUMMARY

Regarding the activity of CYP450 enzymes has enjoyed considerable attention in recent years
as a major source of variability in drug pharmacokinetics and biological response, and
consequently, CYP450 activity assays have gained crucial applications in drug development, ...
conditions for determining the activity of CYP2ET as the highest expressed CYP enzyme in the
human liver were evaluated. In this context, concentrations of the substrate (aniline), cofactor
(NADPH) and incubation time were investigated on rat liver microsomes (0.4 mg microsome/mi).
To obtain the maximum reaction rate, the minimum required concentration of aniline and NADPH
for experiments was 250 umol/L and 0.4 mmol/L, respectively. Besides, the average reaction rate
was reduced due to the reaction duration being over 20 minutes. As thus, the conditions proper for
the CYP2E1 activity assay using 0.4 mg microsome/ml were established as follows: 250 umol/L of
aniline - 0.4 mmol/L of NADPH and reaction duration - 20 minutes. In this study, DMSO served as
the selective inhibitor of CYP2ET, i,e. a proof of concept for demonstration of the validity of the
proposed experimental methodology.

Tirkhéa: microsom, gan chuét céng, xdc dinh hoat dé CYP2E1, anilin, NADPH, thoi gian phdn ing.

Dat vén deé

Cac mo hinh in vitro, trong dé mo hinh st
dung microsom dé nghién ctu anh huéng
cla chat nghién ctu/dugc liéu dén hoat tinh
cac enzym cytochrom P450 (CYP450) cé vai
trd quan trong trong nghién clu tuong tac
thuéc [1]. Trong moét nghién cdu trudc [2]
chung t6i da phan lap dugc microsom chua
cac CYP450 tir gan chudt céng. Xac dinh hoat
do6 cla cac CYP450 chua trong microsom la
budc tiép theo dé danh gia chat lugng cla
microsom thu dugc cling nhu thuc hién cac
nghién cdu danh gia anh hudng cua cac

chat/duoc liéu dén hoat tinh cac CYP450.
Trong cac CYP450, CYP2ET la enzym dugc
bi€u hién nhiéu nhat (chiém 21 % tong
protein CYP450) va c6 vai trd chuyén héa
nhiéu thudc nhu paracetamol, isoniazid,
ciplatin, va lidocain [3]. Nhiéu nghién ctu sur
dung co chat anilin va NADPH dé xac dinh
hoat d6 CYP2E1 [4, 5] nhung chua c6 nghién
ctiu cdng bo vé ndng do6 can thiét cla cac
chat nay dé phan ting c6 téc dé cuc dai (diéu
kién can thiét dé xac dinh hoat do cla
enzym). Bén canh dé, toc dé phan (ng cling
c6 thé thay ddi theo thai gian do su thay déi
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cac diéu kién phan ung. Do vay, trong nghién
clu nay, chang t6i khao sat anh huéng cta
néng do6 anilin, néng dé nicotinamid adenin
dinucleotid 2 -phosphat va thai gian phan
ing t&i téc dé phan tng hydroxyl hoa anilin
duédi sy xuc tac cta CYP2E1 c6 trong
microsom phan lap tU gan chudt thuc
nghiém, tir d6 xac dinh diéu kién dé xac dinh
hoat d6 ctla CYP2E1 cho cac nghién ctu danh
gia anh hudng clia cac chat nghién ctu dén
hoat tinh enzym nay.

Nguyén vat liév va phvong phdap nghién
cuov

Nguyén vit liéu va trang thiét bi

Microsom: dugc phan lap tir gan chudt
céng 7 tuan tudi theo phuong phap bé sung
calci [2] chia CYP2E1 ¢6 hoat d6 riéng > 0,5
nmol/phut.mg protein.

Hdéa chat: Nicotinamid adenin dinucleotid
2 -phosphat (NADPH), anilin (dang mudi
hydrochlorid), dimethyl sulfoxid (DMSO), natri
carbonat, calci chlorid, p-aminophenol, acid
trichloacetic, phenol, sucrose, glycerol, dém
phosphat pH 7,4, Tris-HCI, BCA kit (Sigma-
Aldrich, My).

Trang thiét bi: Mdy ly tam Mikro 220R
(Hettich, Buc), may ly tam Supra R22 (rotor
6x50 ml) (Hanil, Han Quéc), médy nghién déng
thé WiseStir (B. Braun, Buc), may doc dia iMark
(Bio-Rad, Nhat Ban).

Phuong phdp nghién ciu

Phuong phdp xdc dinh téc dé phan ung

T6c d6 phan tng hydroxyl héa anilin dugc
biéu thi bang s& nmol p-aminophenol tao
thanh trong 1 phuat dudi su xuc tac cua
CYP2E1.Téc d6 phan ting dugc tinh la toc do
trung binh trong khoang thai gian phan tng.
H6Nn hop gom dung dich dém phosphat (0,7
ml), microsom (0,1 ml ndbng d6 4 mg/ml) va
anilin (0,1 ml néng dé 160 — 120000 pmol/L)
dugc 4 5 phut & 37 °C truéc khi bd sung
NADPH (0,1 ml néng d6 1 - 16 mmol/L). Sau
khi bd sung NADPH, hén hgp phén ting tiép
tuc dugc 0 trong cac khoang thoi gian khac
nhau (10 - 40 phut) (thoi gian phan ung) & 37
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°C r6i b6 sung 0,5 ml acid trichloacetic 20 %
dé két thiuc phan tng. Hén hop dugc lac
(vortex) va ly tam 8000 g trong 5 phut dé thu
dich néi. Lugng p-aminophenol trong dich
noéi dugc xac dinh theo phuong phap dugc
mo ta trong muc “Phuong phap dinh lugng
p-aminophenol”.

Phuong phdp dinh lugng p-aminophenol

Dich ndi ti hén hgp phéan tng (0,1 ml)
dugc G vai Na2COs 10 % (0,05 ml) va phenol 2
% (0,1 ml) trong 30 phut & nhiét dé phong roi
tién hanh do do6 hap thu anh sang cia dung
dich thu dugc & budc séng 630 nm. Dua vao
dudng chuadn p-aminophenol (2 - 250
umol/L) dé xac dinh néng d6 p-aminophenol
tao thanh trong hon hgp phan tng. Ti dé xac
dinh dugc téc d6 phan ung hydroxyl hoa
anilin tao thanh p-aminophenol (nmol/phut).

Phuong phdp xdc dinh anh hudng cua
DMSO

DMSO dugc hoa tan trong dung dich dém
phosphat dugc U 5 phat ¢ 37 °C cung véi 0,1
ml microsom néng d6 4 mg/ml, 0,1 ml dung
dich anilin trudc khi bé sung 0,1 ml NADPH.
Téng thé tich cta hén hop phan dng la 1 ml
va néng d6 DMSO trong hon hop phan ting
nay la 0 - 1 %. Nong dé anilin, ndbng do
NADPH va thdgi gian phan Ung thich hgp dugc
xac dinh trong nghién ctu. Téc d6 phan tng
khi c6 mat va khi khong c6 mat (nong dé
DMSO bang 0) dugc sir dung dé xac dinh kha
nang Uc ché hoat tinh xdc tac phan Ung
hydroxyl héa anilin cia CYP2E1. Néng do
DMSO tc ché 50 % hoat tinh CYP2E1 (IC50)
dugc xac dinh bang phan mém Graphpad
prism 8.0 (San Diego, Hoa Ky).

Phuong phdp xt ly sé liéu

Kiém dinh t-test hodc one-way ANOVA
dugc st dung dé so sanh téc do phan tng
trong cac nhém khac nhau. Su khac nhau c6
y nghia khi p < 0,05.

Két qua nghién cou

Anh huéng cta ctia néng dé anilin

Cac nghién ctu vé CYP2E1 thudng ap
dung thai gian phan ng 1a 20 phat, ndong d6
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Hinh 1. Anh huéng ctia néng dé anilin trong khodng 16 — 500 umol/L dén téc dé phan tng.

NADPH la 1 mmol/L [4-6]. Trong mét s
nghién ctu (chua dugc cong bo) ching toi
khong thay co su khac biét dén téc d6 phan
tng khi s&t dung NADPH néng d6 1 mmol/L
so v&i 0,4 mmol/L. Vi vay ching t6i thuc hién
khdo sat anh hudng ctia néng d6 anilin trong
khodng 16 - 12000 umol/L dén toc d6 phan
(ng & diéu kién thai gian phan tng la 20 phut,
néng dé NADPH la 0,4 mmol/L. Két qua cho
thay, trong khoang néng dé 16 — 250 umol/L,
tang néng do anilin lam tang dang ké téc dé
phan tng (p < 0,001). Tuy nhién, tang gap doi
néng d6 anilin trong khoang 250 - 12000
umol/L khong lam tang toc do phan tng (p >
0,05) (hinh 1).

Gia tri trung binh + SD dugc biéu thi trén
biéu d6 dua trén 3 thi nghiém lap lai, sttdung
phan mém Graphpad 8.0, phan tich one-way
ANOVA, su khac biét c6 y nghia khi p<0,05.

Anh huéng cia néng dé nicotinamid
adenin dinucleotid 2’-phosphat

Tu két qua ctia nghién ctu anh hudng cla
nong do anilin, ching t6i khao sat anh huéng
clia nbng d6 NADPH trong khoang néng dé
0,1 - 1,6 mmol/L & diéu kién néng dé anilin
t6i thiéu (250 umol/L) dé phan ing dat t6c dé
cuc dai; thai gian phan Ung la 20 phut. Két
qua cho thay tang néng dé NADPH trong

khoang 0,1 — 0,4 mmol/L lam tang dang ké
t6c d6 phan ng (p<0,001). Cu thé, tang ndng
dé NADPH tur 0,1 mmol/L 1én 0,2 mmol/L lam
téc do phan Ung tang gan 4 lan va tang thém
gan 25 % khi tang nong dé NADPH tu 0,2
mmol/L 1én 0,4 mmol/L. Tuy nhién, trong
khoang 0,4 - 1,6 mmol/L, taing néng d6
NADPH khong lam tang téc do phan tng
(p>0,05) (hinh 2).
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Hinh 2. Anh huéng ctia néng dé NADPH dén
téc dé phan ung.
Gia tri trung binh + SD dugc biéu thi trén
biéu d6 dua trén 3 thi nghiém lap lai, strdung
phan mém Graphpad 8.0, phan tich one-way
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ANOVA, su khac biét c6 y nghia khi p<0,05.

Anh huéng caa thoi gian phan ting

Tu két qua nghién ctu anh huéng cua
nong do anilin va nbng d6 NADPH, ching téi
khao sat anh huéng cua thai gian phan Ung
trong khoang 10 - 40 phut & diéu kién nong
dé anilin ti thi€u (250 umol/L) va néng do
NADPH té&i thiéu (0,4 mmol/L) dé phan tng
dat t6c d6 cuc dai. Két qua cho thay tang thoi
gian phan dng ttr 10 phat 1én dén 30 phuat
khéng lam thay doi téc dé phan ting (p>0,05).
Khi thoi gian phan Gng la 10 phut thi téc d6
phan Ung xac dinh dugc cé su chénh léch
dang ké gitra cac thi nghiém khac nhau (biéu
hién bai d6 1éch chuan I6n). Dang chay, tang
thoi gian phan Ung tu 10 phat va 20 phat [én
40 phut lai lam gidm t6c d6 phan Ung
(p<0,05). (hinh 3).
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Hinh 3. Anh huéng ctia thoi gian phdn ting
dén t6éc dé phan uing.

Gia tri trung binh + SD dugc biéu thi trén
biéu d6 dua trén 3 thi nghiém Iap lai, sttdung
phan mém Graphpad 8.0, phan tich one-way
ANOVA, su khac biét c6 y nghia khi p<0,05.

Anh huéng cia DMSO

Diéu kién dé phan (ing dat t6c dé cuc dai
dugc st dung dé xac dinh hoat dé enzym
trong cac nghién cttu anh hudng clia cac chat
dén hoat tinh CYP2E1. Tu cac két qua trén
(hinh 1, 2 va 3), chting t6i lua chon diéu kién
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nong do anilin la 250 umol/L, nbng d6 NADPH
la 0,4 mmol/L, thdi gian phan ung la 20 phut
dé danh gia anh hudng ctia DMSO (néng d6 0
— 1 %) dén hoat tinh CYP2E1. Két qua cho thay
tac dung tic ché CYP2E1 cia DMSO phu thudc
vao ndng dé DMSO st dung trong phan ting
véi IC50 la 0,1440,02 % (hinh 4).
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Hinh 4. Anh huéng ctia DMSO dén hoat tinh
CYP2E1.

Gia tri trung binh + SD dugc biéu thi trén
biéu d6 dua trén 3 thi nghiém lap lai, sttdung
phan mém Graphpad 8.0.

Ban luén

Vé anh huéng ciia néng dé anilin

Theo phuang trinh Michealis-Menten thi
téc d6 cla phan tng enzym phu thudc vao
néng do ca chat: tang ndng dé ca chat lam
tang téc d6 clia phan ing, dén moét néng do
nhat dinh thi t6c d6 phan Uing dat gia tri cuc
dai va néu tiép tuc tang néng dé co chat thi
téc d6 phan ng khong tang nia [7]. Két qua
khao sat néng d6 anilin trong khoang 16 -
12000 pmol/L cho thay toc dé phan tng dat
gia tri cuc dai khi néng d6 anilin la 250
umol/L. Do d6 dé xac dinh hoat dé CYP2E1
khi st dung 0,4 mg microsom/ml thi can su
dung néng dé anilin t&i thiéu la 250 pmol/L.
Chung t6i da st dung muc néng dé nay cho
cac thi nghiém tiép theo trong nghién ctu.
N6ng d6 250 umol/L thap hon dang ké so vai
néng dd 15 mmol/L trong nghién clu cua
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Chatuphonprasert W. va cong su [5]. Néng d6
co chat can thiét phan Uing enzym dat toc do
t6i da phu thuéc vao hang sé Michealis-
Menten (Km) va nong dbé enzym.
Chatuphonprasert W. va céng su sU dung
CYP2E1 cé trong microsom phan lap tur gan
chudt nhat véi nong d6 1,5 mg microsom/ml.
CYP2E1 trong microsom phan lap tu chudt
nhat c6 kha nang xuc tac phan tng hydroxyl
héa moét s6 co chat cé nhan benzen manh
hon dang ké so v&i CYP2E1 trong microsom
phan lap tir gan chudt cdng [8]. Do c6 su khac
biét vé CYP2E1 va nobng dé microsom trong
nghién ctu ctla Chatuphonprasert W. va cong
su vGi nghién ctu clia ching t6i nén nong do
anilin can thiét dé dat téc dé phan Ung toi da
trong hai nghién cuu rat co thé la khac nhau
nén can phai xac dinh néng dé co chat phu
hop cho méi nghién ctu. Nong do co chat
qué cao clng cb thé tc ché enzym va lam
giam téc d6 phan (ng [9]. K&t qua nghién clu
cla chdng t6i cliing cho thay s dung anilin
néng d6 cao (tGi 12000 umol/L) cling khong
anh huéng téi toc d6 phan (ng, ching to
hoat tinh CYP2E1 c6 trong microsom phan lap
tU gan chudt cong khéng bi tc ché bai anilin
3 néng do cao. Tuy nhién viéc st dung néng
dd ca chat qua cao la khong can thiét va gay
tén hoa chat, tang chi phi cho cac thi nghiém.
Vi vay, chiing t6i chi stt dung anilin  néng do
250 umol/L cho cac nghién ctu tiép theo. Mac
du ca chat anilin khong ddc hiéu tuyét déi véi
CYP2E1 [10] nhung van dugc st dung trong
nhiéu nghién ctu danh gia anh huéng cua
cac chat dén hoat tinh CYP2E1 do phuong
phap thuc hién tuong doi don gian, phu hop
vdi nhiéu phong thi nghiém.

Vé anh huéng ciia néng dé6 NADPH

Trong cac phan Ung c6 sy xuc tac cla
enzym CYP450, NADPH c6 vai tro la chat cung
cap dién ti dé oxi héa co chat[11]. Do vay can
phai bé sung NADPH cho phan tng hydroxyl
héa anilin dudi su xuic tac ctia CYP2E1. Nong
do6 NADPH anh huéng téi téc d6 cla phan

N

Uing oxi hoa co chat [11] nén can thiét phai xac
dinh néng dé NADPH dé phan ting dat téc do
cuc dai khi xac dinh hoat dé enzym. Trong
mot s6 nghién clu, tac gia sit dung NADPH
néng dé 1 mmol/L [5], [12], chiing t6i da khao
sat anh hudng cua téc dé phan ing hydroxyl
héa anilin bdi néng d6 NADPH trong khoang
0,1 - 1,6 mmol/L. Két qua cho thay téc do
phan (ing dat gia tri cuc dai khi st dung néng
dé NADPH tu 0,4 mmol/L tré Ién. Do vay,
trong thi nghiém cuta chuing t6i (st dung 0,4
mg microsom/ml) thi chi can s dung néng
dd NADPH 0,4 mmol/L dé xac dinh hoat do
CYP2E1. S& dung nong d6 NADPH cao hon
(tGi 1,6 mmol/L) khong lam thay d6i téc do
phan ung. Do NADPH cé gid thanh cao
(khoang 7 triéu d6ng/100 mg) nén s dung
NADPH néng dé cao sé lam tang dang ké chi
phi thi nghiém nén ching t6i chi st dung
noéng dé 0,4 mmol/L cho cac nghién cuu tiép
theo. Do NADPH c6 gia thanh cao nén ching
t6i cho rang viéc xac dinh nong d6 NADPH t6i
thiéu dé phan Ung dat t6c d6 cuc dai la rat can
thiét dé gidm chi phi nghién cuu, dac biét la
cac nghién clu can thuc hién nhiéu thi
nghiém vi du nghién citu sang loc cac chat cé
tac dung tc ché/hoat héa CYP2ET.

Vé dnh huédng cua thdi gian phan ing

Trong cac thi nghiém danh gid anh huéng
cla ndng d6 co chat anilin va NADPH, chiing
t6i da xac dinh dugc néng dé hai chat nay can
st dung dé t6c d6 phan tng ludén dat gia tri
cuc dai trong thoi gian phan Ung. Tuy nhién
téc do cuc dai ctia phan ting con phu thudc
vao kha nang xuc tac ctia enzym [13]. Dé
danh gia liéu sau mot thoi gian nhat dinh kha
nang xuc tac phan tng cda CYP2E1 trong
microsom cé thay ddi hay khéng, ching téi
thuc hién phan Ung trong cac khodng thai
gian khac nhau (10 - 40 phat) véi diéu kién
noéng dé anilin va NADPH da I6n dé toc do
phan Ung dat gia tri cuc dai. K&t qua cho thay
téc dd phan Ung trung binh (hoat d6 CYP2E1)
¢6 xu hudng giam khi thoi gian phan Ung
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tang trong khoang 20 - 40 phut. Diéu nay
chiing té rang toc d6 phan tng giam khi thoi
gian phan tng qua 20 phat dan tsi toc do
phan lng trung binh giam, rat cé thé vi sau
mot thai gian phan Ung thi kha nang xuc tac
clia phan Ung giam do cau tric ctia enzym
hoac cau trdc ciia microsom chira enzym thay
déi do anh huéng cla nhiét dd hodc cac
thanh phan khac trong hén hgp phan ting. Do
vay dé xac dinh hoat dé CYP2E1 can lya chon
thdi gian phan tng duéi 20 phut dé téc do
phan ung luén dat gia tri cuc dai trong toan
b6 khodng thdi gian phan Uing. Tuy nhién lua
chon thai gian quéa ngan thi lugng san pham
p-aminophenol tao thanh khéng du I6n dé c6
thé dinh lugng dugc. Nhu két qua cho thay
khi th&i gian phan ung la 10 phat thi do lap
lai clia két qua gilra cac lan thi nghiém thap
hon so véi khi thoi gian phan Ung la 20 phut
(thé hién & gia tri SD cao hon). Do d6, ching
t6i cho rang thai gian phan tng 20 phut la
thich hgp cho céac thi nghiém can xac dinh
hoat d6 CYP2E1 c6 trong microsom do ching
t6i phan 1ap dugc ti gan chudt céng. Thai
gian phan ting nay giébng véi mot s6 nghién
cu [4], [5] nhung ngan hon so véi moét sé
nghién ctu khac [12], [14]. Thai gian phan Ung
thich hgp rat c6 thé phu thudc vao nong dod
microsom cling nhu nguén g6c cua
microsom nén theo ching t6i can phai xac
dinh thgi gian phan ng thich hop dé gép

N

phan lam tang do tin cay clia cac thi nghiém
can xac dinh hoat d6 enzym.

TU két qua danh gia anh hudng clia néng
dé anilin, néng d6 NADPH va thgi gian phan
Ung, ching t6i xac dinh dugc diéu kién thich
hop dé xac dinh hoat @& CYP2E1: 1 ml hén
hop phan ting gém 0,7 ml dung dich dém
phosphat; 0,1 ml microsom néng d6 4 mg/m|;
0,1 ml anilin néng d6 2,5 mmol/L; 0,1 ml
NADPH nong dé 4 mmol/L; thdi gian phan
Ung la 20 phut. Chang téi da st dung diéu
kién nay dé danh gia anh huéng ctia DMSO -
mot chat e ché chon loc CYP2E1 cho két qua
tuong dong véi nghién clu clia Burenheide
A.va cong su [15].

Két luan

Nong dé anilin, néng d6 NADPH va thoi
gian phan Ung déu anh huéng téi toc do
phan Ung hydroxyl héa anilin xtc tac bai
CYP2E1 c6 trong microsom phan lap tur gan
chudt c6ng. Khi strdung 0,4 mg microsom/m,
dé téc dd phan ung dat gia tri cuc dai thi can
st dung anilin va NADPH c6 néng d6 t6i thiéu
lan lugt la 250 umol/L va 0,4 mmol/L. Véi diéu
kién phan Ung nay, thoi gian phan Ung thich
hop la 20 phut. Diéu kién vira dugc xac dinh
& trén la phu hop dé tién hanh cac nghién ciu
vé anh hudng clia cac chat nghién clu/dugc
liéu trén hoat tinh CYP2E1 c6 trong microsom
phan lap dugc tir gan cta chudt céng cua
chung toi.
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