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TOM TAT

Nitric Oxide (NO) dwoc san xuét & té bao ndi mac mach mau, vai tré nhw chét~trung
gian ndi tiet, co t;éc dung bao vé hé tim mach thér)g qua co ché gian mach tai cho, tan
tao mach, trc ché phat trién co tron va téng sinh té bao ndi mé.

Thiéu hut NO gay réi loan chL'yc nang nai mé mach mau, gién‘mach qua trung gian
NO bi ton hai, tang hoat héa va két dinh tiéu cau cung véi bach cau; cling nhw sy hoat
héa clia cac cytokine lam tang tinh thdm thanh mach dm Vi cac lipoprotein bi oxy hoa
va céac chat trung gian gay viém. OxLDLs lam suy yéu sy can bang gitra cau thanh
eNOS va yéu tb gay viém iNOS trong té bao ndi mo6 (EC). Hau qua dan dén e ché cac
co ché bao vé, chang han nhu chirc nang eNOS va qua trinh tw bao vé, cudi cung dan
dén qua trinh chét theo chuwong trinh cua té bao ndi mo va sau do la ri loan chirc néng
ndi m6. Hau qua cudi cung lam ton thwong cAu tric co tron cta thanh déng mach, tang
sinh té bao va hinh thanh mang xo vira déng mach.

Bb sung Acid folic cé tac dung chdng oxy héa, ting tbng hop NO ndi sinh théng
qua chuyén héa véi BH4, nén cé tac dung bao vé ndi mac d@ng mach. Cac th&r nghiém
lam sang da chirng minh bd sung acid folic gitp gidm nhe huyét &p, dw phong dot quy
ndo va giam bién c6 tim mach.

Terkhéa: Nitric Oxide (NO), acid folic, chire ndng ndéi mé mach mau, bénh tim mach

ROLE OF NO IN CARDIOLOGICAL NUTRITION

ABSTRACT

Nitric Oxide (NO) which is produced in vascular endothelial cells, acts as an
endocrine mediator, and has protective effects on the cardiovascular system
through local vasodilation, angiogenesis, and growth inhibition smooth muscle
and endothelial cell proliferation.

NO deficiency causes vascular endothelial dysfunction, compromised NO-
mediated vasodilation, increased activation and adhesion of platelets and
leukocytes; as well as the activation of cytokines that increase vascular
permeability to oxidized lipoproteins and inflammatory mediators. OXLDLs
impair the balance between constitutive eNOS and inflammatory factor iNOS in
endothelial cells (ECs). Consequences lead to inhibition of protective
mechanisms, such as eNOS function and self-protection, ultimately leading to
endothelial cell apoptosis and subsequent endothelial dysfunction. The end
result is that damage to the smooth muscle structure of the arterial wall, cell
proliferation and the formation of atherosclerotic plaque.
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Folic acid supplementation has antioxidant effects, increases endogenous
NO synthesis through metabolism with BH4, so it has a protective effect on the

arterial endothelium. Clinical

trials have demonstrated that folic acid

supplementation slightly lowers blood pressure, prevents stroke, and reduces

cardiovascular events.

Keywords: nitric Oxide (NO), acid folic, vascular endothelial function,

cardiovascular disease

I. PAT VAN PE

Palmer va CS (1988), da phat hién
Nitric Oxide (NO) dugc tong hop tir L-
arginine, va NO la chat gi&n mach do té
bao noi md mach mau tiét ra, cd thé ha
huyét ap, e ché tang sinh té bao co tron
mach mau, tc ché két dinh tiéu cau.
Nam 1998, ba nha duoc hoc My phét
hién td&c dung NO da nhan giai Nobel
Sinh Iy hoc va Y hoc, khi ching minh
dugc tac dung sinh hoc va co ché hoat
dong ciaa NO, va “NO nhu mét phan tu
tin hiéu cua hé théng tim mach”. NO 1a
mot chét truyén tin té bao va phan tu
effector. Hon nira, NO 1a mét géc tu do
vO co co chitc ning kép trong co the,
tham gia vao cac quéa trinh sinh ly va
bénh Iy khac nhau trong hé than kinh,
tuan hoan, ho hap, tiéu hoa va hé thng
mién dich.

Cac nghién ctru da cho thdy NO dugc
tong hop tir L-Arginine. L-arginine la

mot loai amino axit can thiét dé tao
protein trong co thé. Nguon cung cap L-
arginine 1a thit do, gia cam, ca va céc san
pham tir sira. N6 ciing c6 thé duoc tao ra
trong phong thi nghiém va sir dung nhu
mot loai thudc cho cac bénh. Acid Folic
la Coenzym (QDPR) chiu trach nhiém
phuc héi BH4 tir dang rdt gon BH2.
Enzyme BH4 giGp tong hop NO tir L-
Arginine & ndi mac dong mach, do vay
Acid folic c6 tac dung gian tiép tong hop
NO.

Muc dich cap nhat nhitng nghién ctru
sau vé hiéu tng sinh hoc ciia NO, ciing
nhu cac yéu t6 anh hudng dén sinh tong
hop NO va méi quan hé véi Acid folic.
Bai bao nay sé& tong hop nhitng nghién
ctru chuy@n sau vé tac dung cua NO trén
hé tim mach va cac chat dinh dudng lién
quan dén tong hop NO.

I1. TONG HQP NITRIC OXIDE (NO)

NO 1a mét géc tu do dang khi c6 kha
nang phan ung cao, d& khuéch tan véi
dic tinh oxy héa manh. N6 dugc tong
hop bséi 3 phan nhém riéng biét cua
enzyme NO synthase (NOS), méi phén
nhom c6 cac kiéu biéu hién va dic tinh
chic ning doc dao: NOS té bao than
kinh (nNOS, NOS1), NOS cam ung
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(iNOS, NOS2) va NOS noi md (eNOS,
NOS3). Nhin chung, cac protein nay xuc
tac qua trinh san xuat NO va L-citrulline
tur L-arginine va 02, su dung cac dién tu

dugc nhan tr dihydronicotinamide-
adenine dinucleotide phosphate
(NADPH).
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Peroxynitrite MATES: NADP*+ H’ NADP'+ H'
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Hinh 1. Téng hop NO va tdc déng cia NO ¢ ngi mac mach mau

Dephosphorylation of Thr495

Uncoupled eNOS Activity

NO duoc tdng hop bing enzym tir L-  NO va nuac. Nhiéu loai té bao, dang chu
arginine bsi ba dang ddng dang cua Y hhat la te bao noi mo, bicu hién su tao
NOS: loai t& bao thin kinh (nNOS, thanh eNOS, tao ra muac NO tuong doi
NOS1), cytokine-cam @ng hogc NOS dai thép dugc kjém soat chat ch& bai cac yeu
thuc bao (iINOS, NOS2) va loai ngi mo t0 dieu tiet. Nguwoc lai, iNOS binh
(eNOS, NOS3). Ca ba enzym la cac thuong khong duoC biéu hién, nhung khi
protein giéng cytochrom P450, tao didu duoc gay ra boi cac cytokine gay viem,
kien bd sung nito guanidine cua axit CO thé tao ra mot luong I6n NO vuot xa
amin arginine vao oxy phan ti, tao ra S0 VOilugng NO do eNOS tao ra.

I11. CHUC NANG VA TAC DUNG SINH HQC CUA NO TREN HE
TIM MACH

NO Ia chat trung gian noi tiét, hoat Pich tic dong chinh & mic té bao
dong nhu angiotensin II va hormone cua NO la guanylate cyclase hoa tan cé
chéng bai niéu. NO duoc san xuat va chaa heme. Sy kich thich cua hop chat
giai phong bai cac té bao riéng 18, dé nay gitip ting cuong tong hop GMP tuan
dang tham nhap vao mang sinh hoc cua hoan (CGMP) tir guanosine triphosphate,
céc t& bao lan cn, diéu chinh mot s6 lam tang ndng do cGMP trong té bao.
dong tin hiéu & té bao va cac mb. Viné Tac dung cua NO c6 thé dugc ting
c6 thoi gian ban haty cuc ky ngan nénné  cudng bang cach Gc ché sy phan hay
phét huy tac dung cuc bd va tam thoi. cGMP, mot qua trinh dugc xdc tac boi

men phosphodiesterase.
Tac dung sinh hoc

Téc dung sinh hoc caa NO phu thugc  biét 1a sy hién dién va san xuét thiols va
vao ndéng do6 NO duoc tao ra ciing nhu  superoxide:
cac dic diém cu thé déi véi t6 chuc, dic
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Hinh 2. Anh hirong cia NO véi tuan hoan mach mau

- Gidn mach: NO phéat huy tac dung
gidn mach théng qua Kkich thich
guanylate cyclase hoa tan.

- Tao mach: NO va cac yéu tb lién
quan dén NO c6 thé dong mot vai tro
trong sy phat trién cua cac té bao thanh
mach va mach méau. NO la mét chat e
ché sinh hoc di véi sy phat trién cua co
tron. Anh huong cia NO dbi voi sy phat
trién co tron thanh mach qua trung gian
cua cGMP. Ngoai viéc e ché su phat

trién cua co tron, NO ciing c6 thé thic
day qua trinh apoptosis.

- Tang sinh té bao noi md: Trong khi
NO va cac chit kich hoat GMP vong
khac tc ché sy phat trién cua co tron
mach mau, chung khong lam thay doi
tbc do phét trién caa té bao noi md. NO
c¢6 xu hudng giam thiéu sy két dinh tiéu
cau va ting sinh co tron mach mau trong
khu vuc, nhung sé khdng can tr¢ su tang
sinh té bao noi mé.

Tan sinh mach mau bao gém mét sé bwéc riéng biét

— Tang tinh thim thanh mach va lam tan
lién két gitra ndi mo va mang day
— Di chuyén va gan lai cac té bao noi mod
— Sy ting sinh va di cu cua cac té bao
noi mé va hinh thanh ong, la cau truc
mach mau tho so.
C6 mot mbi quan hé chat ché giira
viéc giai phong NO va dieu chinh sy
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tang truéng va phat trlen cta mach mau.
Chat P va céc yéu té tang truong nhu
yéu té tang truong noi md mach mau
(VEGF) va yéu té tiang truong nguyén
bao soi (FGF), tat ca déu kich thich giai
phong NO, tao thanh mach mdéi; tiang
tinh tham, di chuyén va tang sinh céc té
bao ndi mo.
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IV. NO VOI CHUC NANG NQI MAC MACH MAU VA LIEN
QUAN TOI XO VUA PONG MACH

4.1. Réi loan chire ning ndi mac mach mau

Tang truong lyc van mach ¢ dong
mach vanh bj xo vira mot phan do rdi
loan chic nang ndi mod; tuy nhién,
endothelin-1 ciing gop phan vao phan
ung co mach qué mac. Sir dung mot chét
doi khang thu thé endothelin tao ra su
gidn n& dang ké & cac dong mach bi xo
vira, dac biét la ¢ cac mach mau, cho
thiy endothelin gop phian dang ké vao
truong lyc mach & cac dong mach xo
vita (74 so v6i 39% & dong mach binh
thuong).

Réi loan chic ning 1a sy mat can
bang trong san xuat va tiéu thu nitric
oxide (NO). Hau qua chinh la dong
mach khong thé gian ra dang cach. Biéu
hién 1am sang chinh cua réi loan chuc
nang ndi md trong tuan hoan mach vanh

4.2. Rbi loan tong hop NO

Chuyén héa nitric oxide bat thuong,
gay réi loan chirc nang noi mod do giam
san xuat va / hoic ting tiéu thu NO, bao
gom:

- Tinh trang cing thang (stress) oxy
hoa va tinh trang viém dan dén chuyén
héa NO bt thuong (sinh kha dung, sir
dung / dap (ng, san xuat, giai phong va
suy thoai), c6 thé tram trong hon v&i céc
tinh trang khac (lanh, cing thang tinh
than, tac gian) gay co mach toan thé.
Tang cing thang oxy hoa duoc dic trung
boi sy gia tang co thé do luong duoc cac
loai oxy phan ung (ROS), c6 thé la két
qua cta viéc suy giam tong hop NO,
giam hap thu L-arginine, ting
cholesterol lipoprotein ty trong thap bi
oxy hoa (Ox-LDL), hoac giam
superoxide dismutase, mot enzyme quan
trong trong viéc loai bo ROS. Tang lipid
mau dugc biét 1a 1am tang ROS, lam
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la thiéu méau cuc bo co tim. Khi giin
mach qua trung gian NO bj tén hai, dap
g gidn mach duoc cho 14 tao diéu kién
thuan loi bai cac yéu té ¢d ngudn gbc tir
cytochrom, peptide loi tiéu natri,
prostacyclin va cac san pham khac cua
ddng dang cyclooxygenase.

Ngoai ra, rdi loan chirc ning ndi md
tao diéu kién thuan loi cho su hoat hoa
va két dinh tiéu cau cung vai bach cau,
cling nhu sy hoat hoa cua cac cytokine
lam ting tinh thim thanh mach di véi
cac lipoprotein bi oxy héa va cac chét
trung gian gy viém. Hau qua cudi cling
dan dén ton thuong cu tric co tron cia
thanh dong mach, ting sinh té bao va
hinh thanh mang xo vira dong mach.

BH4 Tryptophan  Tyrosine  Arginine
TPH TH NOS3
BH2 Serotonin  Dopamine NO

Hinh 3. BH4 is a key cofactor for
several important enzymes involved in
neurotransmitter formation and blood
giam sinh kha dung ciia NO; né c6 thé
duoc cai thién véi viéc didu chinh ting
lipid mau.

- Sy thiéu hut L- arginine, chat nén
cia eNOS wva dong yéu tb
tetrahydrobiopterin dan dén giam tong
hop va giai phdng NO.

- Su bat thuong cua tin hiéu protein
G, dan dén giam hoat hoa eNOS dé dap
g vai viéc kich hoat thu thé té bao noi
mo. Ngoai ra, enzym arginase cé thé
tang hoat dong sau khi tai tudi mau do
thiéu mau cuc bo.
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- Tang dimethylarginine khong ddi
xtng (ADMA), 1a chat tc ché canh tranh
noi sinh cua NO. ADMA c¢06 lién quan
dén viéc giam chtc nang ndi mod ciing
nhu rdi loan cwong duong & nhitng bénh
nhan c6 nguy co mic bénh tim mach.
Hon nira, cholesterol lipoprotein ty trong

thip bi oxy hdéa (Ox LDL) c6 thé 1am
ting ADMA, lam ting thém cac yéu t6
nguy co da biét & bénh nhan bénh mach
vanh, tham chi dan dén gia ting cac bién
cb & nhimg nguoi dugc phat hién c6 mic
ADMA cao.

4.3. Lién quan NO véi oxLDL, Acid foilc va co ché phat trién xo vira ddng mach

Mai lién quan gi@a NO véi oxLDL

Viéc duy tri mic sinh ly cua oxit
nitric (NO) do eNOS tao ra la mot yéu tb
quan trong ddi voi can bang noi mod
mach mau. Mit khac, NO san xuét qua
murc, do kich hoat iNOS trong cac diéu
kién cang thang khac nhau, dan dén réi
loan chic nang ndi md va ¢ giai doan
cudi dan dén sy phat trién cia ching xo
vira dong mach. LDL bi oxy hoda
(oxLDL) dai dién cho cac chat kich hoat
chinh cac qué trinh sinh hoc phan tu, di
kém véi réi loan chirc nang ndi md va
viém mach mau dan d&n xo vita dong
mach.

Tém tit bang ching gan day cho
thiy rang oxLDL gay ra su suy giam
dang ké trong qua trinh diéu ché cua bo
may eNOS/iNOS, diéu chinh giam
eNOS thong qua con duong HMGBI1-
TLR4-Caveolin-1. Mat khac, oxLDL
tang din dén kich hoat bén viing thu thé
xac thdi LOX-1 va sau do, kich hoat
NFKB, do d6 lam ting iNOS, dan dén
stress oxy hoa EC. Cudi cung, nhiing sy
kién nay co lién quan dén viéc giam
phan &ng ty thuc bao va ting toc do hoai
tir do apoptotic EC, kich hoat su phat
trién xo vita dong mach. Két hop lai véi
nhau, théng tin nay lam sang to cac co
ché sinh ly bénh cua suy giam chtic nang
EC lién quan dén oxLDL va m¢g ra
nhitng trién vong méi trong phong ngira
xo vira dong mach.

Céc té bao noi md (EC) la thanh phan
chinh cua l6p trong cung caa thanh mach
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Hinh 4. Mai lién quan giiza NO Véi
OxLDL

mau, la mot hang rao tu nhién, cé chuc
nang duy tri dong mau tach biét vai cac
mo ngoai mach mau. Tinh toan ven cua
noi mé mach méu 1a diéu kién tién quyét
quan trong dé diéu chinh luu lwong mau
trong khu vuc va nhiéu co ché khac gop
phan diéu chinh cac phan ung cua mach
mau, bao gdém ca viéc tc ché sy phat
trién ciia bénh xo vira ddong mach.

Trong s6 céc yeu t6 sinh Iy bénh da
dugc xac dinh 1a gay ra réi loan chic
nang ndi MO, Viéc san Xuat qua muc cac
lipoprotein phan tar thip bi oxy hoa
(oxLDLs) duong nhu dong mot vai tro
quan trong trong su phét trién cua chang
xo vira dong mach. That vay, cac nghién
ctru di ching minh riang oxLDL tao ra
cac tac dong sinh ly bénh, dac trung bai
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su giai phéng céc cytokine tién viém,
bleu hién qua muc cac phan ti két dinh
té bao, protein hoa huéng dong don
nhan-1 va cac yéu tb ting truong té bao
co tron (SMC) va suy giam gidn mach
phu thudc vao noi md. Ngoai ra, réi loan
chirc ning t&€ bao noi md (Endothelial

cells: ECs) do san xuit qua nhiéu oxLDL,

dan dén kich hoat mét can bang tong hop
nitric oxide (NOS), tao diéu kién kich
hoat dong dang cam ¢ng cua enzyme
nay (iNOS), do d6 lam phat trién qua
trinh viém trong thanh mach va thuc day
qua trinh xo vira dong mach. Tuy nhién,
mac du co bang ching r6 rang cho thay
raing su didu bién mat can bang cua
eNOS/iINOS bat nguon tir viéc san xuat
oXLDL cao ¢ bénh nhan m& mau cao va
quéa trinh nay 1a co s& cho mot sé khia
canh lién quan dén sy tién trién cua xo
vita dong mach, van chua rd rang co ché
gay viém cua oxLDL lam suy giam chac
ning ndi md dan téi thuc diy xo vira
dong mach.

Dit liéu nhat quan cho thay rang su
giai phong co ban cua NO va sy gién
Co ché gidi phéng NO va diéu hoa NOS

Viéc tao ra NO dai dién cho san
pham cuta qua trinh oxy hoa nito
guanidino cudi cing cua L-arginine,
dugc xuc tac boi NOS thong qua mot
quy trinh duoc kiém soat chat ché. Tong
hop NO tur L-arginine bagi cac isoenzyme
NOS xay ra théng qua su hinh thanh
chat trung gian, No-hydroxy-l-arginine,
dén luot n6, bi oxy hda thanh L-
citrulline va NO & giai doan cudi cua
phan ung.

97

mach noi md bi suy giam trong qud trinh
phat trién chung ting cholesterol mau.
Dic biét, nguoi ta di danh gia rang su
giai phong NO cuc bd bi suy giam ¢
nhitng bénh nhan c6 néng do LDL trong
huyét thanh 18n t6i 160 mg/dL. Nhitng
bénh nhan tang cholesterol mau, né)ng do
LOX-1 trong huyét thanh cd lién quan
dén sy diéu hoa mat can bang cua L-
arginine-NO. Viéc san xuit céc anion
superoxide boi NADPH oxidase gay
giam sinh kha dung NO, 1am rdi loan
diéu hoa can bang eNOS/iNOS va cudi
cung 1a rdi loan chtrc ning ndi md, qua
d6 thic day qua trinh xo vita d6ng mach.
Nong d¢6 NO giam, ciing nhu su gia ting
cua lipoperoxide, co thé diéu chinh lai
hoat dong cua iNOS dé bu dap cho kha
dung sinh hoc cua NO bi suy giam. Mac
du kich hoat co ché thich ang nay,
lipoperoxide van gay tac dong bat loi 1&n
cac té bao noi md khi cholesterol mau
tang. That vay, su gia tang cia m& mau
Xau gdy tang LOX-1, nén din dn roi
loan diéu hoa san xuit NO.

O,+L-arginine

NO+L-citrulline

NADPH NADP*
.

FMN
Ca¥* —=> Ca**

Zn

Ca"—)i Ca?*
C‘.. 3
£\

NADPH NADP*

O,+L-arginine

BiA NO+L-citrulline

Hinh 5. Piéu hoa tiét NO
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Co ché gay ton thwong chirc ning ngi mé do ting mé mau (LDL)

Bing chung rd rang cho thiy
oxLDLs (oxidized low-density
lipoproteins) tao ra rdi loan chuc ning
noi mé sém. That vy, su xuat hién ndng
dd cao cua oxLDL luu hanh, dugc tim
thiy ¢ bénh nhan ting m& mau ciing nhu
& nhimg ddi twong méac hoi ching
chuyén hda, c6 lién quan dén tinh trang
gi&n mach phan tmg thay d6i, biéu hién
& giai doan dau cua ri loan chuc ning
ndi mo. Co ché gy rdi loan chirc ning

noi moé lién quan dén oxLDL va viém
md mach mau van chua rd rang. Céc
nghién ctu di dua ra gia thuyét rang
oxLDLs c6 thé ngan chan sy giai phong
NO théng qua tc ché truc tiép hoic gian
tiép eNOS, do d6 dan dén kich hoat qué
mirc iNOS va cac tac dong doc hai tiép
theo do phan tng cua NO véi céc anion
superoxide, tao ra peroxynitrite gay ton
thuong ndi mac dong mach.

Mai lién quan gia tong hep NO tir L-arginine va Acid Folic

Téng hop NO can sy tham gia cua
L-arginine va 02, sir dung cac dién tu
dugc nhan tr dihydronicotinamide-
adenine dinucleotide phosphate
(NADPH), enzyme NO synthase (NOS)
gilp xuc tac cho phan ung tong hop NO
& té bao ndi mac dong mach. NO dugc
tong hop bang enzym tir L-arginine bai
ba dang ddng dang cua NOS: loai té bao
than kinh (nNNOS, NOS1), cytokine-cam
ung hoac NOS dai thuc bao (iNOS,
NOS2) va loai noi md (eNOS, NOS3).

Tetrahydrobiopterin (THB hay BH4)
1a dong yéu té téng hop ra nitric oxide
noi moé (eNOS), khi giam THB s& lam
giam tong hop NO noi mo. BH4 dong
mot vai tro quan trong dbi véi ca sic
khoe tim mach va nhan thac. Vai vai tro
quan trong nay, nhiéu nguoi sir dung cac
chat bé sung hd tro mac BH4 va nd
thuong duoc thao luan cung vai mot chu

V. KET LUAN

Nitric Oxide (NO) duoc san xuit & té
bao ndi mac mach mau, vai trd nhu chét
trung gian noi tiét, cé tac dung bao vé hé
tim mach thong qua co ché gidn mach tai
chd, tan tao mach, tc ché phat trién co
tron va ting sinh t& bao noi mo.
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trinh carbon hoac folate. Acid Folic la
Coenzym (QDPR) chiu trach nhiém
phuc hoi BH4 tir dang rat gon BH2.
Enzyme BH4 gilp tong hop NO & noi
mac té bao dong mach.

L-arginine la mot amino acid giap co
thé tong hop protein va duoc tim thay
trong hau hét cac loai thuc pham giau
protein nhu c4, thit do, thit gia cam, dau
nanh, ngii c6c nguyén hat va cac san
pham tur sira. Axit folic ¢ mit tu nhién
trong thtrc dn va ciing c6 thé thu tir thude
udng bé trg. Nhitng thuc pham cé nguon
axit folic doi dao bao gdbm: Cac loai rau
nhu rau chan vit, rau diép ca, dau bép,
mang tay, cu cai, bdng cai xanh, cai
bruxen va rau bina cung cac loai hat nhu
dau kho, dau ha lan hay men, nim. Trai
ciy nhu chudi, dua gang, chanh, nugc ép
cam, budi; gan va than bo.

Thiéu hut tong hop NO gay ton
thuong ciu triic co tron cta thanh dong
mach, ting sinh t& bao va hinh thanh
mang xo vira dong mach. B6 sung L-
Arginine va Acid folic c6 tac dung tang
tong hop NO noi sinh nén c6 tac dung
bao vé noi mac dong mach.
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