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Tom tat

Protein AMPK (5°-AMP activated protein kinase) dwoc biét dén 1 protein chinh tham gia diéu chinh qué trinh chuyén
hoéa niang lugng ndi bao va can bang nang lugng. Nhitng kham pha gan day da chi ra ring AMPK ciing dong mot vai tro
trong sinh san nam va san xuat hormone steroid. Fluoxetine (FLX), mot loai thude chéng tram cam duoc st dung rong
rai chu yéu hoat dong nhu mot chét we ché tai hép thu serotonin c6 chon loc (SSRI) trong hé than kinh trung wong, da
dugc chimg minh 1a thé hién cac co ché hoat dong khac & nhiéu loai té bao khac. Do d6, n6 cé thé cé nhing tac dung
phu khéng mong mudn, khong lién quan dén muc dich st dung cua no, c6 thé trong viéc diéu hoa ndi tiét sinh san.
Chung t6i cho thdy trong bai bao nay sau 1 gid nudi cdy té bao leydig mLTC-1 v6i FLX, phan tmg cua adenosine
monophosphate vong (cAMP) dbi v6i Luteinizing Hormone (LH) bi giam xudng. Nong dd ATP giam di kém theo hiéu
(g nay, cho thay su kich thich hoat dong ctia protein AMPK. Mot két qua twong tu ciing di dwoc tim thay khi st dung
metformin (MET) chat kich hoat gian tiép AMPK. Két luan, nghién ciru ciia chiing toi cho thdy FLX lam giam sy tich
tu CAMP thong qua hoat hoa AMPK trong céc té bao mLTC-1 va do d6 tic ché sy hinh thanh steroid do LH trong cac té
bao nay.

Tur khéa: mLTC-1; cAMP; Adenylyl cyclase; AMPK; Fluoxetine; Metformin.

Abstract

5°-AMP activated protein kinase (AMPK) is a known key sensor and regulator of intracellular energy metabolism and
energy balance. Recent discoveries have shown that AMPK also plays a role in male reproduction and steroid hormone
production. Fluoxetine (FLX), a widely used antidepressant primarily acting as a selective serotonin reuptake inhibitor
(SSRI) in central nervous system, has been shown to exhibit other mechanisms of action in various other cell types.
Consequently, it might have unexpected adverse effects not related to its intended use, possibly in the endocrine
regulation of reproduction. In this context, we show in the present report that after a 1-hour preincubation of mLTC-1
Leydig cells with FLX, the intracellular cyclic adenosine monophosphate (CAMP) responses to Luteinizing Hormone
(LH) is reduced. A drop in ATP concentration accompanies this effect, suggesting the stimulation of 5’-AMP activated
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protein kinase activity. A similar result has also been found with the indirect AMPK activator, metformin (MET). In
conclusion, our study shows that FLX diminished cAMP accumulation through AMPK activation in mLTC-1 cells and
consequently inhibited LH-induced steroidogenesis in these cells.

Keywords: mLTC-1; cAMP; Adenylyl cyclase; AMPK; Fluoxetine; Metformin

1. Pit van dé

Protein AMPK (5’-AMP activated protein
kinase) la protein kinase hoat dong nhu mot
cam bién vé ning lugng trong té bao. Su hoat
hoéa AMPK kich thich cac con duong di hoa san
xudt ning luong ATP (Adenosine triphosphate)
va dong thoi e ché cac con dudng dong hoa
tiéu thu nang lugng ATP, do d6 diéu chinh sy
can bang nang luong té bao [1-2]. AMPK la
mot protein di phan tr bao gdm mot tiéu don vi
xuc tac o va hai tiéu don vi diéu hoa, B va y, véi
su khac nhau vé loai va dong dang dic trung
cho mo. Vi su hoat hda AMPK kich thich cac
con duong di hoa san xuat ATP va dong thoi trc
ché cac con duong dong hoa tiéu thu ATP [1-
2], nén nghién ctru tic dong c6 thé cod cua
Fluoxetine (FLX) d6i v6i cic phan tng cia té
bao thong qua hoat héa AMPK 1a rat can thiét.
That vay, néng do testosterone tang cao & chudt
KO al AMPK- / 14 do té bao Leydig hoat dong
yéu [3] cho thay tic dung tc ché cia AMPK
dbi v6i qua trinh san sinh hormone steroid
trong co thé. Hon nita, hoat dong cia AMPK
rc ché su tao thanh steroid theo chu ky do
CcAMP trong c4c dong té bao Leydig (t& bao
MA-10 va mLTC-1) bang cich can trd su biéu
hién cta cc chéat diéu hoa qua trinh san sinh
steroid nhu chat mang cholesterol, StAR va thu
thé hat nhan Nr4al da duoc bao céo [4].

La mot chat chdng trAm cam e ché tai hap
thu serotonin c¢6 chon loc (SSRI), FLX c6 thé
duge sir dung dé giam tram cam [5], nhung nd
cling Grc ché cac kénh ion khac nhau [6-10]
cling nhu chudi ho hap trong ti thé [7]. FLX c6
thé cai thién tri nhd va chirc nang nhan thac [5].
FLX d3 dugc chimg minh 13 c¢6 thé tc ché san
xuat B-amyloid va ngin chin sy thoai hoa té
bio than kinh trén md hinh chudt APP/PSI

[11]. Hon nita, Li et al. (2004) d3 chi ra rang
FLX c6 thé ting cuong dang ké qua trinh
phosphoryl héa GSK3 [12]. Pilar-Cuellar et al.
(2012) da tiét 16 rang FLX c6 thé lam ting mirc
B-catenin [13]. Do d6, du kién s& 1am giam san
xuit ATP va kich thich hoat dong cua protein
AMPK.

Trong nghién ctru nay, chung t61 da khao sat
anh huong cua FLX dén hoat dong cua enzyme
adenylate cyclase dudi tdc dong kich thich cua
hLH trong té bao Leydig mLTC-1 va tim hiéu
mbi lién két vai protein AMPK, dé ¢o duge cai
nhin chinh x4ac hon vé co ché hoat dong cua
FLX trong té bao Leydig.

2. Vat liéu va phwong phap
2.1. Vit liéu

Vit liu: Dong té bao mLTC-1 tir chudt do
Vién Nghién ctu Noéng nghiép qubc gia
(INRAe) Phap cung cip duoc bao quan va nudi
cay tai Hoc vién Quan y, Ha Noi.

Hoéa chit: T4t ca cac héa chit duoc mua tir
Sigma-Aldrich trir khi c6 ghi chu khac.

2.2. Phwong phap nghién ciru

Phuwrong phdp nuéi cdy té bao

Té bao mLTC-1 nudi ciy trong mdi trudng
RPMI 1640 (Gibco, Invitrogen) c6 bd sung
huyét thanh bo 48 tiéng trudc khi tra vao cac
giéng trén mot dia nudi cay 96 giéng, khoang
100.000 té bao/giéng, sau d6 mang u & 37°C
v6i 5% CO2 trong vong 24 tiéng.

Phuwong phap xac dinh cAMP noi bao

cAMP noi bao tich liy dudi tdic dong cua
hormone trong céc té bao mLTC-1 dugc do bang
su phat quang cta oxiluciferin duoc san xuét
dudi tac dung cua luciferase phu thuoc cAMP.
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Té bao mLTC-1 sau 24 tiéng nudi cay duogc
transfected vdi Glosensor-TM-22F cyclic AMP
plasmid, st dung chit vin chuyén X-
tremeGENETM-HP-DNA. Plasmid nay bao
gom trinh tr gen mé hoa luciferase cuia dom
d6m dung hop voi ving lién két cAMP cua gen
ma hoa protein kinase A cho phép kiém soat
hoat dong enzyme bing cAMP [14].

Sau d6 dich méi truong transfection dugc loai
bo va thay thé bang méi truong RPMI 1640 khong
¢6 huyét thanh va chira co chat ca luciferase 1a
luciferin c6 bo sung IBMX. Té bao sau d6 duoc u
vél FLX va MET ¢ 28°C 1 gio trude khi kich
thich bang hLH. Nong d6 cAMP dugc xac dinh
bang may do quang phd huynh quang dau doc
Polarstar OPTIMA (BMG labtech) [14].

Xac dinh mike nang lwong ATP trong té bao

Cac té bao mLTC-1 dugc tra vao dia nudi
ciy gom 96 giéng véi s6 lugng khoang 100.000
té bao/giéng. Sau 48 gid nudi cdy ¢ nhiét do
37°C, mdi truong duoc thay thé bing moi
truong khong c6 huyét thanh va c6 bd sung
FLX va MET. Pia té bao dugc 1 thém 1 gio &
nhiét do 37°C trudc khi thém 50ul Cell-Titer-
Glo 2.0 Assay Promega vao mdi giéng. Sau do
dia té bao duge lic déu véi van téc nhe trong
10 phit trong t6i va 0 thém 2 phut ¢ nhiét do
phong trude khi ghi lai sy phat quang cua thude
thar Cell-Titer-Glo 2.0. Gia tri cuong do phat
quang thu dugc twong duong véi gia tri ndng
d6 ATP trong té bao song [14].

Phwong phdp danh gid kha nang song ciia té
bao mLTC-1

Céc té bao mLTC-1 duoc gieo vao dia 96
giéng voi 100.000 té bao/giéng. Hai ngay sau,
moi trudng duoc thay thé bang méi trudng
khong c6 huyét thanh va c6 bd sung FLX va
MET. Sau d6 u 1 gio ¢ nhi¢t d§ 37°C trudc
khi bé sung 20ul CellTiter-Blue Reagent
(Promega, Madison, WI, USA) dén tung
giéng. Sau khi 0 trong 2 gid & 37°C, nhiing
thay dbi trong huynh quang di dwgc ghi lai

bing méay do quang phd Spectra Gemini
(Sunnyvale, CA) & budc song kich thich
560nm va budc song phat xa la 640nm. Tin
hiéu huynh quang tir thudc thir CellTiter-Blue
ty 18 thuan vai sb luong té bao sdng [14].

Phuong phdp Western-Blotting

Protein tong s6 dugc chiét xuat tir cac té bao
MLTC-1 trong dung dich dém ly gidi. Protein
sau d6 dugc dién di vai gel SDS-PAGE 10% va
lai qua mang nitrocellulose. Sau do, mang dugc
U voi khang thé so cap AMPKo (62kDa) va
phospho-Thr172-AMPKa (62kDa), khang thé
duoc pha loang trong BSA 5% (d6 pha loang
cubi cung 1: 1000), u qua dém & 4°C. Sau do,
cac mang nay dugc tiép tuc 0 1 gio trong khang
thé thir cap IgG tho (H + L) (CF ™ 770
Conjugate) (46 pha lodng cubi cing 1: 2000).
Cuong do tin hiéu bang protein dugc phan tich
bang may Odyssey, phién ban 1.2 (LICOR
Biosciences, Lincoln, Hoa Ky) [14].

Phuwrong phdp xik 1y 56 liéu

Trong mdi thi nghiém, 3 lan lap lai duogc
thuc hién va gia tri trung binh cling nhu sai s6
chudn coa gia tri trung binh (SD) duoc xac
dinh. Phén tich thong ké duogc thuc hién bing
phan mém Graphpad Prism.

3. Két qua va thao luin

3.1. Anh huéng ciia Fluoxetine va Metformin
dén nong dp cAMP néi bao dwdi tic dpng
kich thich ciia hLH

AMPK la protein tham gia chinh trong con
duong diéu hoa can bang ning lugng té bao, co
lién quan dén viéc diéu hoa axit béo, tong hop
cholesterol [15], va nhiéu con dudng dong hoa
khac [16-17]. Biéu hién AMPK trong tuyén
sinh duc da dugc ching minh rd rang [18-20].
AMPK c6 trong nhiéu té bao sinh duc nhu té
bao hat, t& bao theca, t& bao trimg va té bao
hoang thé, té bao Sertoli, Leydig va té bao mam
ctia nhiéu loai [21].
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Protein AMPK da tham gia vao qua trinh
hinh thanh steroid tuyén sinh duc, truong thanh
té bao mam, ting sinh va ton tai t& bao, phan
cuc, hinh thanh va duy tri cac phirc hop nbi té
bao va dong luc hoc cua té bao. Su hoat hoa
AMPK duoc kich hoat boi sy thay ddi cAu tric
do AMP gay ra, cho phép phosphoryl hda
threonine 172 cua tiéu don vi xuc tic o boi
nhiing protein kinase nhu Liver kinase Bl
(LKB1) hoac Calcium/calmodulin-dependent
protein kinase kinase B (CaMKK) [16].

Nghién cru ctia ching t6i dd chi ra rang
FLX va MET (chét kich hoat gian tiép protein
AMPK) da lam tdng qua trinh phosphoryl hoa
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AMPK va giam su tich tu cAMP dudi su kich
thich hormone Luteinizing
Hormone (hLH), ciing nhu phan tng tong hop
progesterone dudi kich thich bdi hLH trong
dong té bao mLTC-1.

That vay, Hinh 3.1 cho théy dong hoc huynh
quang oxiluciferin phu thuoc cAMP duogc kich
thich boi hLH giam dang ké boi FLX phu thudc
vao lidu lugng. Su tc ché gé‘m nhu hoan toan dugc
quan sat thdy sau 1 gio i véi ndng d6 100uM FLX
(Hinh 1a). Hon nita, chiing t6i cling nhan dugc
mot két qua tuong tu dbi véi MET, mot chat kich
hoat gian tiép cia AMPK (Hinh 3.2).
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Hinh 3.1. Anh hwéng ciia Fluoxetine va Metformin dén nong dé cAMP ndi bao dwéi tic dong kich thich
ciia hLH. Luong hormone hLH dwoc tra vao mdi giéng trén dia 96 giéng 1 gidng nhau 10pl, mdi ndng d6 déu lap lai
3 1an. S6 lidu trinh bay & biéu do 1a gié tri trung binh vé cuong d tin hiéu biéu hién ciia cAMP & ca 3 lan.

*##% (P< 0.001): C6 ¥ nghia thong ké khi so sanh mau d6i chimg (OpM) va mau thi nghiém c6 FLX.
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Hinh 3.2. Anh hwéng ciia Metformin dén nong do cAMP ndi bao duéi tac dong kich thich ciia hLH. Lugng hormone
hLH dugc tra vao moi giéng trén dia 96 giéng 1a giéng nhau 10u], mdi ndng d6 déu lap lai 3 lan. SO liéu trinh bay & biéu
dd 1a gi4 tri trung binh vé cudng do tin hidu biéu hién ciia cAMP & ca 3 lan. *** (P<0.001); ** (P<0.01): C6 y nghia théng
ké khi so sanh mau ddi ching (OpM) va miu thi nghiém c6 FLX. ns: Khong c6 ¥ nghia thong ké (P>0.05).
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3.2. Anh huwéng ciia Fluoxetine va Metformin
dén néng dé ATP trong té bao mLTC-1

Pé hiéu chinh xé4c hon co ché hoat dong cua
FLX va MET trong t& bao mLTC-1, ching tdi
quyét dinh nghién ctu anh hudng cia nd dén
nﬁ‘)ng do ATP ndi bao cling nhu sy tdn tai cua té
bao. Két qua cua ching t6i cho thdy trong céc
té bao mLTC-1, FLX gdy ra sy giam ndng do
ATP trong té bao phu thude vao liéu lugng sau
60 phat u (Hinh 3.3a). Mot két qua tuong tu
cling duoc tim thay déi véi MET (Hinh 3.3Db).
Diéu tha vi 1a khong co tac dung nao ciia FLX
hoic MET d6i véi su séng sot cua té bao
mMLTC-1 sau 1 gio (dir liéu khong hién thi). Do
d6, dir liéu trén cho thiy rang sy suy giam nong
dd cAMP nodi bao dudi tdc dong cua FLX va
MET c6 thé phan 16n lién quan dén viéc giam

ning lugng ATP nhung khong anh hudng dén
kha ning song cua té bao. Diéu nay khéng nam
ngoai dy doan vi ATP 1a co chit dé enzyme
adenylate cyclase tong hop cAMP.

Nhiéu nghién ctru truéc ddy di chi ra rang
FLX anh hudng gian tiép dén van chuyén dién
tr va hoat dong (F1F0)-ATPase, do dé trc ché
qué trinh phosphoryl héa oxy héa trong ty thé,
dan dén giam ATP [22]. Bén canh d6, MET la
biguanide, dan xuat téng hop cua guanidine,
hién nay 1a thubc duoc lya chon dau tién dé
diéu tri bénh tiéu duong loai 2. La mot cation,
MET tich tu trong ty thé lam thay d6i dién thé
clia mang trong ty thé va trc ché hoat dong cua
phic hop I trong chudi van chuyén dién tir
trong ty thé, din dén giam ning lugng ATP
[23].
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H:Inh ‘3.3. Anh hwéng caa Fluoxetine va Metformin dén n(?ng dd ATP trong té bao mLTC-1. S liéu trinh bay ¢
biéu do 1a gia tri trung binh vé cudng d9 tin hi€u ATP & ca 3 1an thi nghiém doc 1ap. Nhitng chit so khac nhau thé hién
su khac nhau c6 y nghi thong ké giita d6i ching (Ctrol, khong bo sung FLX, MET) va chat thi nghiém FLX, MET.

3.3. Anh hwong ciia Fluoxetine va Metformin
dén mirc dp phosphoryl héa protein AMPK,
nong dp progesterone trong té bao mLTC-1

Protein AMPK dugc biét 1a dugc kich
hoat bang cach tang ty 1é AMP/ATP noi bao, do
vay ching t61 da theo doi mirc d§ phosphoryl
héa AMPK trong cac té bao mLTC-1 vdi su

hién dién cua FLX hoac MET. Hinh 3.4 cho
théy FLX hodac MET thuc sy kich thich qua
trinh phosphoryl hoa protein AMPK. Day la
bang chung ung ho tac dong cua FLX d6i véi
phan tng cua cAMP dudi tac dong kich thich
cia hLH trong mLTC-1 thong qua co ché phu
thuoc AMPK.
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Hinh 3.4. FLX hoic MET ting cuong qua trinh phosphoryl h6a AMPK trong té bao Leydig MLTC-1

Ngoai ra, chung t6i cling quan sat thiy rang
su gia ting san xudt progesterone boi hLH
trong cac té bao mLTC-1 bi trc ché khi co su
hién dién ctia FLX (Hinh 3.5). Dya trén két qua
nay, chung toi dé xuat mot mo hinh véi vai tro
trung tam cua protein AMPK trong viéc tham
gia (rc ché san sinh cAMP ndi bao thong qua
hoat dong cta enzyme adenylate cyclase dé dap
ung véi FLX va MET, din dén wc ché sy hinh
thanh steroid trong cac té bao mLTC-1. Trong
mo hinh niy, ca MET va FLX déu kich hoat
protein AMPK mét cach gian tiép, c6 thé bang
cach giam murc ning luong té bao théng qua sy
trc ché ho hép cua ty thé, do d6 dan dén tang ty
1€ (AMP+ADP)/ATP, do d6, su kich hoat
protein AMPK lam giam tong hgp cAMP boi
enzyme adenylate cyclase dudi su kich thich
cua hLH.
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Hinh 3.5. FLX trc ché nﬁng t0 progesterone dudi kich
thich ciia hormone hLH trong té bao Leydig mLTC-1

4. Két luén

Nghién ctu cta ching t6i cho thiy
Fluoxetine va Metformin da lam giam cuong
d6 tin hiéu cAMP ndi bao dudi kich thich cua
hLH trong té bao mLTC-1. Tuy nhién sy suy
giam nay mot phan 1a do giam nang lugng ATP
trong t& bao va co lién quan dén hoat dong cua
protein AMPK. Fluoxetine va Metformin cling
dd 1am giam san xuét progesterone trong té bao
mLTC-1.

Nhu vdy nghién ctru cua ching téi da cho
biét co ché hoat dong cua Fluoxetine co lién
quan dén con dudng tin hiéu AMPK. Két qua
ctia chung t6i cung cdp thém bang chimg vé co
ché san sinh hormone steroid c6 thé bi suy giam
& bénh nhan tram cam dugc diéu tri bang
Fluoxetine hodc & bénh nhan tiéu duong duoc
diéu tri bang Metformin.
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