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Tém tit: Trong nghién ciru nay, chiung toi nghién ctu anh huéng cua carbonyl-cyanide
m-chlorophenylhydrazone (CCCP) t6i chtic ning ty thé cua té bao co tim chuot HOC2. Thanh
phan lipid mang ty thé (cardiolipin) va dién thé mang ty thé dwoc phan tich thong qua su thay d6i
mat d§ huynh quang cua tetramethyl rhodamine ethyl ester (TMRE) va 10-nonyl acridine orange
(NAO) sir dung kinh hién vi dong tiéu LSM800. Két qua thu dugc cho thdy CCCP tic dong manh
va ddng thoi dén mat d6 va chirc ning ty thé cua té bao HOC2.

Tir khéa: Ty thé, HOC2, dién thé mang.

1. Dit van dé

Bénh tim mach la nguyén nhan gay tur vong
phé bién nhit trén toan thé gidi [1]. Nhiing ton
thuong trong bénh 1y tim mach cé lién quan
nhiéu dén sy thay ddi cu trac va chirc ning ty
thé [2-5]. Thuc té, nhiéu nghién ctru da tap
trung phan tich sy thay ddi cdu tric va chirc
nang cua bao quan nay [6-8], nhu khd ndng
tong hop nang lugng ATP, gid tri dién thé 16p
mang ty thé hay hoat dong cua chu01 hé hap ty
the Té bao HIC2 1a mot dong té bao c¢6 ngudn
gdc tir mb co tim phdi thai chudt BDX1 va
thuong dugc st dung trong cac mé hinh nghién
ctru bénh vé tim mach nhu thiéu mau cuc bd co
tim, phi dai co tim, nghién ctru sang loc va tao
thudc méi [9].

Dé cing c¢b phuong phap ciing nhu khing
dinh két qua, cac nghién ctru sang loc hay chimg
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minh hoat tinh sinh hoc mdi cta chit hay thudc
thuong co sir dung cac chét (e ché hay chit kich
thich vdi cac tinh ning di biét [10]. Trong do,
carbonyl-cyanide m-chlorophenylhydrazone
(CCCP) thuong dugce sir dung nhu mot chat tc
ché chudi ho hép mang ty thé do no lién quan
dén viéc van chuyén ion H' (protonphore), qua
d6 1am giam lam dién thé mang cua bao quan
nay [10-12]. CCCP ¢6 co ché tac dong sinh hoc
phu thudc vao ndng d6. Ngoai dich tac dong la
chudi ho hip dién tir & mang ty thé, & ndng do
cao CCCP ciing c6 thé lam giam dién thé mang
té bao HOC2 [13]. Horn nira, CCCP ciing c6 kha
trc ché luong ion Ca’" tich tu trong ty thé trong
mo hinh bénh 1y tim [11, 13].

Tuy nhién, cac nghién ctu vé anh hudng
ciia CCCP [én ty thé t& bao H9C2 con chua
nhiéu. Trong nghién ctru nay, ching toi tién
hanh nghién ctu khao sat tac dong cua CCCP &
mot s6 liéu ndng dd 1én céu tric va chirc ning
mang ty thé thong qua phan tich thay d6i mat
dd huynh quang theo thoi gian cia cac chi thi
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thanh phan lipid cdu trac mang trong ty thé
(cardiolipin) va gia tri dién thé mang trong ty
thé (A¥Ym).

Két qua nghién ciru chi ra rang CCCP c6
tac dong 1am bién dbi ddng thoi ca ciu trac va
chirc ning ty thé té bao HOC2 thong qua viéc
giam tin hi¢u huynh quang chi thi thanh phan
lipid cardiolipin (10-N-nonyl acridine orange,
NAO) va dién thé mang ty thé (Tetramethyl
rhodamine, ethyl ester, TMRE). Két qua nay s&
1a tién d& hd trg cho cac phan tich hudng dich
ty thé trong cac md hinh nghién ctru tim mach
sir dung té bao H9C2.

2. Poi twgng va phuwong phap nghién ciru
2.1. Péi twong

Té bao co tim chudt HIC2 (ATCC® CRL-
1446™).

2.2. Héa chdt va thiét bi

Mo6i truong Dulbecco's Modified Eagle
Medium (DMEM, Lonza), Photphate buffered
saline (PBS, Lonza), Fetal bovine serum (FBS,
Lonza); chit nhudm chi thi dién thé mang ty thé
Tetramethylrhodamine ethyl ester (TMRE,
Invitrogen); chat nhuém chi thi cardiolipin
mang ty thé 10-N-nonyl acridine orange (NAO,
Invitrogen, USA); Dimethyl Sulfoxide (DMSO,
Sigma), Carbonyl cyanide-4-phenylhydrazon
(CCCP); dia nudi cay confocal (SPL Life
Sciences, Korea); hé thong kinh hién vi dong
tiéu (Confocal microscopy, LSM800 cua Carl
Zeiss) va cac thiét bi vat tu tiéu hao phuc vu thi
nghiém khac.

2.3. Nudi cdy té bdo co tim chuét (H9C2)

Té bao co tim chuét HOC2 duge nudi cy
on dinh trong méi truong DMEM (Lonza
Walkersville, MD, USA) ¢6 bd sung 10% huyét
thanh phéi bo (FBS) va 1% Penicillin-
Streptomycin (PS; ThermoFisher Scientific
Inc.) ¢ diéu kién 37°C va CO, 5% trong dia
confocal day kinh trong. Sau 48 tiéng cac té bao
s& dugc bd sung thém TMRE, NAO va duogc xir
Iy voi CCCP 1uM va 2uM.

2.4. Phan tich cdc thong sé chire nang ty thé

Sau 48 gid nudi cdy trén dia nudi day kinh
trong , t& bao HIC2 duge nhuém NAO (0,1puM,
ex/em:495/519nm), TMRE (0,1uM,
ex/em:530/580nm) trong 20 phut va & nhiét do
phong. Sau d6, cac mau thi nghiém duogc rira 3
lan bang PBS [14]. M4t d6 huynh quang cia
TMRE va NAO duoc xac dinh bang kinh hién
vi ddng tiéu LSMS800 (Carl Zeiss, Jena,
Germany) véi vat kinh 20x va 63x. Anh duoc
phan tich bang phan mém Zen (Carl Zeiss,
Jena, Germany). Su thay ddi mat do huynh
quang TMRE va NAO cua t& bao H9C2 khi
ching duoc bd sung CCCP (1uM va 2uM trong
20 phut ciing duoc theo ddi bang hé théng
LSM800 (20x) tai 10 vung khac nhau trén dia
confocal va anh phan tich bang phan mém Zen
(Carl Zeiss, Jena, Germany).

2.5. Xur Iy 56 liéu

i Két‘qué nghién ctru dugc phan tich st dung
phén mém Zen va Excel 2016. p<0.05 phan anh
su khac biét c6 y nghia thong ké.

3. Két qua va ban luin

3.1. Thanh phan lipid mang ty thé va dién thé
mang ty the té bao H9C2

Thanh phén lipid (cardiolipin) mang trong
ty thé va dién thé mang ty thé dugc theo ddi boi
huynh quang cia NAO va TMRE nhu da mo6 ta
trong cac nghién ctru trudc day [12, 15, 16]. Su
tich tu NAO va TMRE trong ty thé té bao
H9C2 dugc thé hién trong Hinh 1.

A B

Hinh 1. Mét d6 huynh quang cia NAO
va TMRE trong té bao H9C2.
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A- Thanh phan lipid mang trong ty thé dugc
nhudém béi NAO; B- Dién thé mang ty thé duoc
nhudém bdi TMRE. Hinh anh té bao dugc chup
véi vat kinh 63x, thude do Spum.

Két qua tir Hinh 1 cho thdy, mat d6 huynh
quang mau xanh cua NAO (Hinh 1A) va mau
d6 cuia TMRE (Hinh 1B) trong té bao H9C2
sang dam va rd nét. Piu nay thé hién ham
lwong cardiolipin 16n hay sé luong ty thé trong
té bao nhiéu dong thoi ghi nhan dién thé hoat
dong ciia mang ty thé ¢ trang thai sinh 1y binh
thuong cua té bao HIC2.

3.2. Anh hudng cia carbonyl-cyanide
m-chlorophenylhydrazone lén thanh phan lipid
mang trong ty thé

Két qua Hinh 2 cho thdy CCCP lam giam
gid tri % mat d6 NAO trong ty thé t& bao HOC2
(so voi thoi diém té bao chua duoc bd sung
CCCP). Piéu nay c6 thé giai thich do CCCP ¢
tac dong dén cardiolipin & mang trong ty thé.
CCCP pha v& gradient H" bang cach cho H
chuyén dong tu do qua mang trong ty thé, vi
vay lam giam pH chat nén ty thé va dong thoi

CCCP IpM  CCCP 2uM

" . .
" . .
o . .

anh huéng t6i thanh phin ciu trac hoat dong
cua cardiopilin [17]. Luong cardiolipin mang
trong ty thé bién d6i dan dén lugng NAO tich tu
trong ty thé ciing giam dan.

Anh huéng cua CCCP toi thanh phan lipid
mang trong ty thé t& bao HOC2 phu thudc vao
thoi gian va n(‘Sng do. Gia tri % mat d6 huynh
quang cua NAO khi té bao duoc bd sung thém
CCCP giam dan trong thoi gian 20 phat (Hinh
2A). Su giam mat d6 huynh quang NAO cua
H9C2 khi xtr 1y té bao véi CCCP & ndng do
2uM manh hon so véi khi xir 1y t& bao véi
CCCP & ndéng d6 1uM (Hinh 2B). Diém khéc
biét nay & cac thoi diém 5 phuat, 10 phat, 15
phat va 20 phat déu co6 y nghia théng ké
(p<0,05). bac biét, gia tri % mat do huynh
quang NAO giam manh ghi tai thoi diém 5 phut
dau tién voi 70,83+10,86 va 35,69+4,04 lan
luot & cac ndng do CCCP twong tng 13 1uM va
2uM. Sau do, gia tri % mat d¢ huynh quang nay
giam cham hon va tai thoi diém 20 phuat con
54,51£11,52 va 24,13+3,06 (p<0.05 so voi thoi
diém té bao chua duogc xir Iy thudc).
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Hinh 2. Anh huéng ciia CCCP 1én thanh phan lipid mang ty thé cua té bao HOC2.

A- Anh dai dién cho su thay d6i mat do huynh quang cua NAO dudi tdc dong cua CCCP 1uM, 2uM tai cac
thoi diém 0 phut (chua thir thude), 5 phat va 20 phat. Hinh anh dwoc chup véi vat kinh 63x, thuée do 20pum.
B- Biéu db thé hién su thay d6i mat do huynh quang cia NAO duéi tac dong cua CCCP 1pM, 2uM trong 20

phiit. Diém khac biét co ¥ nghia thong ké p<0,05, *so véi thoi diém chwa c6 thude, # so véi CCCP 1uM.
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3.3. Anh  hudng cia carbonyl-cyanide
m-chlorophenylhydrazone lén dién thé mang
ty thé

Dién thé mang ty thé 1a tham sb quan trong
dé danh gia chirc nang cua ty thé. Sy sut giam
dién thé mang do nhiéu nguyén nhan, c6 thé

CCCP IpM CCCP 2pM

phat

5
phat
A

20
phut

gdy ton thuong ty thé va gay chét t& bao [18].
Tuong tu véi nhitng két qua ghi nhan duoc khi
theo ddoi mat d6 huynh quang NAO, gid tri
TMRE ciing thay d6i theo nong d6 va thoi gian
thir CCCP, két qua nay 1a kha twong ddng véi
cac nghién cuu trudce day [10, 12, 13].
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B

Hinh 3. Anh hudng ctia CCCP 1én dién thé mang ty thé ciia té bao HC2.

A- Anh dai dién cho su thay ddi mat do huynh quang TMRE dudi tac dong ctia CCCP & nf“)ng do 1uM, 2uM
tai cac thoi diém 0 phut (chua thir thude), 5 phit va 20 phut. Anh dugc chup duéi vat kinh 63x, thudc do 20um.
B- Biéu d6 thé hién sy thay d6i mat do huynh quang cia TMRE duéi tac dung cia CCCP & ndng do 1uM
va 2uM trong 20 phut. Sy khac biét c6 y nghia théng ké p<0,05, *so v6i thoi diém chua xir Iy CCCP,

# so vo1 CCCP 1uM.

Dién thé mang ty thé cia té bao HIC2
giam dan theo thoi gian dudi tac dong cua
CCCP thé hi¢n & sy giam gia tri % mat do
huynh quang cua TMRE so voi thoi diém
chua thir thuéc (Hinh 3). Tac dong khir cuc
mang ty thé cia CCCP nay phu thudc vao
ndéng do, va dicu nay ciing dugc khing dinh
trong nghién ctru da duogc cong bd trude [13].
Hinh anh mat @6 huynh quang TMRE (mau
d6) giam manh nhét trong 5 phut dau tién sau
khi xtr 1y CCCP ¢ ca hai nong d6 1uM va
2uM. Gia tri % TMRE ¢ thoi diém 5 phat lan
luot 12 67,3£10,96 va 44,46+11,01 lan lugt &
cic nong d6 CCCP twong tng la 1pM va
2uM. Sy thay do6i gia tri do huynh quang nay
tiép tuc dwoc ghi nhan tai thoi diém 20 phat
sau tho thudc, véi gia tri twong ung la

52,46+13,24% (CCCP 1uM) va 18,91+6,77
% (CCCP 2uM) (Hinh 3A, 3B).

Két qua Hinh 3 con cho thdy & ndng do
2uM, CCCP gay tc ché manh dién thé mang ty
thé hon so voi CCCP & ndng d6 1uM. Su khéc
biét c6 y nghia théng ké (Hinh 3B, p<0,05).

Bén canh d6, theo ddi sy giam dién thé
mang trén Hinh 3A, ching toi thiy mot s té
bao H9C2 dugc bd sung CCCP 2uM c6 gia tri
dién thé cao hon ngudng binh thuong thé hién
thong qua sy xuat hién cac diém sang mau do
v6i cuong d6 manh va khong giam nhiéu trong
20 phut. Tuy nhién, co ché phat sinh hién tuong
nay can duogc nghién ctru chi tiét hon trong cac
nghién ciru tiép theo.
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4. Két luan

Nghién ctru nay 1an dau cung cip sb liéu vé
anh huéng cia CCCP 1én thanh phan céu tric
va chtc nang ty thé cia té bao HIC2 theo thoi
gian va theo ndng d6 thudcthir dua vao ki thuat
hinh anh hién vi huynh quang. CCCP ¢ nong do
2uM c6 tac dong tdi ty thé nhanh va manh hon
so véi CCCP & ndng d6 1pM. Chung toi hi
vong, két qua nay s& 1a co sé tién d& cho céac
nghién cu ty thé coa t& bao HIC2
tiép theo.

Loi cam on

Chung t6i chan thanh cam on quy nghién
ctu Nafosted 106-YS.06-2016.23 da hd tro
chung t6i thuc hién nghién ctru nay.
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Effects of Carbonyl-cyanide m-chlorophenylhydrazone
on Mitochondrial Function of H9C2 Cells

Ngo Thi Hai Yen, Bui Thi Van Khanh, Vu Thao Hien, To Thanh Thuy,
Pham Thi Bich, Dang Thi Ha Trang, Vu Thi Thu

Faculty of Biology, VNU University of Science, 334 Nguyen Trai, Thanh Xuan, Hanoi, Vietnam

Abstract: We examined the effects of carbonyl-cyanide m-chlorophenylhydrazone (CCCP) on
mitochondrial function of H9C2 cells. Composition of mitochondrial membrane lipids (cardiolipin)
and mitochondrial membrane potential was analyzed by fluorescence intensity change of tetramethyl
rhodamine ethyl ester (TMRE) and 10-nonyl acridine orange (NAO) using the LSM800 confocal
microscope. Our results showed that CCCP simultaneously affected mitochondrial structure and
function of H9C2 cells.

Keywords: Mitochondria, H9C2, membrane potential.



