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Tém tat

Céng hudng tir phé Phosphorus 31 (P31-MRS) la k§ thuat khéng xam 14n, cung cdp théng tin quan trong
V& qué trinh trao d6i chat va trang thai phosphoenegertic cla co thé. V&i nhitng tién bd vuot bac trong ki
thuat Cong hudng tir, d3c biét 1a vdi cac hé théng cong hudng tir tir tredng cao, P31-MRS ngay cang duoc
nhin nhén twong x&ng vdi kha ndng cla né. Tuy nhién, tai liéu vé k§ thuat P31-MRS hién nay chua phé bién
va twong déi xa la vdi céc bac sy chdn doan hinh anh va béac s§ 1dm sang. Vi vay, trong bai viét nay, chlng toi
trinh bay cac khia canh co ban vé k§ thuat va céc ing dung cla ki thuat P31-MRS.

Tir khod: P31-MRS; PCr; ATP; pH néi bao; cdng huéng tir tir trvdng cao.
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Abstract

Phosphorus-31 magnetic resonance spectroscopy (P31-MRS) is a non-invasive imaging modality that
furnishes pivotal insights into metabolic processes and the phosphoenegertic status within biological entities.
Recent advancements in Magnetic Resonance technology, notably within ultra-high field magnetic resonance
systems (ultra-high field MRI), have elevated the perceived suitability of P31-MRS due to its enhanced
capabilities. Despite these advancements, comprehensive documentation regarding the P31-MRS technique
remains relatively obscure and is not widely disseminated among radiologists, radiographers, and clinicians.
Therefore, this article endeavors to expound upon the fundamental technical intricacies and applications of

the P31-MRS technique.

Keywords: P31-MRS; PCr; ATP; intracellular pH; ultra-high field MRI.

1. DAT VAN BE

Céng hudng tr phd (Magnetic Resonance
Spectroscopy — MRS) la k§ thuat khéng xam 1an, cung
cip théng tin vé cac chat chuyén héa clia mé sinh
hoc. Ky thuat nay két hgp véi hinh dnh céng huwéng
tr thwong quy (Magnetic Resonance Imaging — MRI)
cung cap dit liéu vé cac qud trinh sinh ly bénh & cap
dd phan tlr [1]. Phan 1&n cac k§ thuat cong hudng
tir ph6 hién nay tap trung vao viéc st dung hat nhan
Hydro (H*). Hydro Ia hat nhan phd bién nhat trong co
thé. Viéc thu tin hiéu cong hudng tir phé hat nhan
hydro c6 thé thyc hién déng thdi vdi thu nhan hinh
anh cong hudng tlr thudng quy trén 1am sang. Hién
nay, v&i si tién bd trong phat trién chudi xung, cling
nhu sy xuat hién cla cac hé théng cdng hudng tir co
tlr truong siéu cao da giup viéc thuc hién ky thuat
cong hudng tir phd P31 (P31-MRS) tré nén kha thi
va dé dang hon [2]. Muc dich cla ching t6i 13 trinh
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bay céc kién thirc téng quan vé khia canh ky thuat va
ng dung 1am sang clia P31-MRS; tém tat cac chat
chuyén héa can quan tam va vai tro clia ching trong
sinh ly va bénh ly.

2. NGUYEN LY KY THUAT

Nguyén ly tao dnh cong hudng tir phé 1a sy tuwong
tadc cda hat nhan véi tir trudng manh, két hop st
dung séng radio frequency (RF) va thuat todn chuyén
d&i Fourier. Hién tugng cong hudng tir hat nhan xay
ra & nhitng nguyén td cé spin hat nhan khong bang
0, nghia la nguyén t6 cé sé proton hodc neutron 13
s6 18, vi du Hydro-1, Carbon-13, Phosphorus-31. Khi
& bén ngoai nam cham, tat ca cac spin dinh hudng
ngau nhién (hinh 1a); khi dwoc dit vao tir truong
clla may cong hudng tlr, cac spin sap x&p song song
hodc d6i song vdi hudng tir trudng (hinh 1b). Két
hop tat ca cac spin tao ra vector tir hod téng song
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song véi tlr trudng (hinh 1c). Khi mot phan ndng
lvong dwoc cung cap cho qua trinh tir hoa bang coil
RF, vector tlr hod bi 1at (flip) sang mét hudng khac
(hinh 1d). Vector tir hod luén cé xu huwdng quay tré
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lai vi tri ban dau bang chuyén déng dao. Trong qua
trinh chuyén déng ddo, tir hod phat ra nidng luvong,
nang luong nay duoc RF coil thu lai va tao ra tin hiéu
cong hudng tlr hat nhan (hinh 1e).
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Hinh 1. So d6 hién tugng cdng hudng tir hat nhan.

Céng hudng tir (MRI) va cdng hudng tir phd
(MRS) sir dung chung mét nén tang nguyén ly vat ly
céng hudng tlir hat nhan, trong dé MRI la ky thuat
thu tin hiéu hinh anh, MRS 13 ky thuat thu tin hiéu
phd. Nhu hinh 2b, MRI cung cap hinh anh Iat ct qua
50 ndo vdi do twong phan khac nhau tuy vao chudi

xung cu thé. Trong khi d6, MRS cung cdp théng tin
chuyé&n hod clia mo séng. K&t hop ca 2 ky thuat thu
duwoc dir liéu chat chuyén hod twong (rng mot vi tri
gidi phau nhat dinh, cung cap thong tin quan trong
cho nghién ctru cling nhu [am sang.
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Hinh 2. So sanh MRS va MRI.

(a) So d6 thu tin hiéu phé trong ndo ngudi; dit liéu thai gian hay phan rd cdm (ng tv do (Free induction
decay — FID) duwoc ghi nhan sau khi tit séng RF; FID dugc chuyén d6i thanh dit liéu tan s6 bang thuat toan
Fourier nhanh (fast Fourier transformation — FFT) tao ra mot d6 thi cé dang phé [3]; phé thu dwoc cho hinh
anh cac dinh trong u ndo nhu Choline (Cho), Creatine (Cre), NAA (N-acetyl aspartate) va Lactate (Lac). (b) So
d6 thu hinh anh MRI; di liéu thoi gian 2 chiéu (2D) hodc 3 chiéu (3D) dugc chuyén thanh di liéu khdng gian

bang FFT; két qua thu duoc cac hinh anh T1w hay T2w.
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Tan s6 chuyén dong ddo cla hat nhan dugc tinh
bang phuong trinh Larmor, ty & thuan véi cuong do
tir trvong va hang sd gyromagnetic dic trung cho
tirng nguyén té hoa hoc. Cac hat nhan bén trong
phan t& chiu su dich chuyén nhé cua tan s6 chuyén
dong dao do tir truong duoc tao ra bdi cac electron
I4n can. Hién tugng nay duoc goi |3 dich chuyén hda
hoc (chemical shift). 6 dich chuyén hod hoc cla
phan t&r dugc do bang Hertz (Hz) hodc phan triéu
(parts per million — ppm). Két qua cla qua trinh thu
nhan tin hiéu cdng hudng tir phé khéng phai la hinh
anh giai phau thong thwong ma 1a cac biéu do cé
dang phé. Trong d6, mbi chat chuyén hda cé vj tri cu
thé twong &ng vdi sy bién déi tan s6 cong hudng,

duwoc biéu thj bang ppm trén truc hoanh (truc X).
Bién d6 cla chat chuyén hdéa dugc hién thj trén truc
tung (trucY).

DU chua dwoc nghién ciru day dd, P31-MRS cung
cap thdng tin déc ddo vé trang thai nang lvong sinh
hoc, thanh phan mang té bao, pH ndi bao va néng
dd Mg?*. Day 13 nhirng thong tin khéng thé thu dwoc
tlr cac ky thuat cong hudng tlr hay cong hudng tir
phd cta hat nhan khéc [4]. Tuy nhién, k§ thuat P31-
MRS chua dugce ing dung réng rdi vi yéu cau may
CHT ¢6 tlr luc cao, cé thé hoat ddng & tan s6 cong
hwéng cta hat nhan Phosphorus 31, déng thoi can
coil chuyén dung dé thu nhan tin hiéu (hinh 3).

Hinh 3. H*/P31 transmit-receive surface coil cla may CHT Bruker 9.4 Tesla.

Tuwong tu hat nhan Hydro, hat nhdn P31 c6 sé spin hat nhan 13 1/2, ¢é kha nang tao ra tin hiéu cdng hudng
ttr (bang 1). Tuy nhién, hé sé hoi chuyén tir clia P31 thap hon 2,5 [an so véi hydro, dan dén tan s6 cdng hudng
cla P31 thap hon Hydro (51,7 MHz so v&i 127,7 MHz trong tir trwdng 3T), dong thoi d6 nhay cta P31 rat

thap, chi bang khoadng 7% so vé&i Hydro [5].

Bang 1. D3c diém cdng hwdng tir cla cac hat nhan

Hé s6 hoi chuyén tiry

Hat nhan S4 spin hat nhan (107 rad s T4) Do phong phu (%) Do nhay (%)
Hydro-1 1/2 26,7522208 99,9885 100
C13 1/2 6,728286 1,070 1,59
N15 1/2 -2,7126189 0,364 0,10
F19 1/2 25,16233 100 83,30
P31 1/2 10,8394 100 6,63

Nh{tng yéu t6 trén cho thay dé thu dugc phd P31 chat lwong twong duwong phé Hydro, can I&p lai nhiéu
[an qua trinh thu nhan dit liéu véi muc dich tang ty 1& tin hiéu trén nhiéu (SNR), dan dén viéc thoi gian chup
phd P31 dai hon nhiéu phd Hydro [6]. Can luu v rang ndng do cac chat chuyén hda P31 thap hon cac chat
chuyén héa Hydro, gay khé khan cho viéc thu dugc tin hiéu P31-MRS vé&i SNR cao. Bang 2 13 dic diém mot s6

chat chuyén hoa trén P31-MRS.
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Bang 2. Cac chat chuyén hda P31-MRS co ban clia mé co [7] va mé nio [8]

Nong d6 chat chuyén hoa (mM)

Chat chuyén hoa 6 (ppm) V5 ndo M6 cor

PE 6,76 2,27 £0,16 -

PC 6,24 0,30+0,12 -

Pi 4,82 0,85+0,11 4,6+0,2
GPE 3,5 0,80+0,18 -
GPC 2,95 1,32+0,18 -
PCr 0 4,37 £0,39 34+1,0
NAD -8,21 0,28+0,13

UDPG -9,72 0,08 + 0,04

y-ATP -2,52 3,0

o-ATP -7,56 3.09+0,23 8,1+0,2
B-ATP -16,15 2,82+0,25

Thoi gian thu dudi ngang (T2) cla cac chat chuyén
héa trong phd P31 ngan, do dé cac ky thuat thu
phé H* théng dung nhu PRESS (Point Resolved
Spectroscopy) hoac STEAM (Stimulated Echo
Acquisition Mode) khéng dugc st dung dé thu phé
P31. Thay vao dé, ki thuat thu phé duoc st dung
trong P31-MRS 13 “Phé in vivo chon loc hinh anh”
(Image selected in vivo spectroscopy — ISIS). ISIS cho
phép thu tin hiéu phé véi TE t8i thi€u 0,3 ms [9].

Trong ky thuat ISIS, viéc dinh vi mot lat cat duoc
thuc hién bang cach thu nhan 2 FID, trong d6 1 FID
duoc tao ra sau khi tac dong xung 180° cho mot
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chiéu, 1 FID dwoc tao ra ma khdng can xung 180°.
Phép trir (subtraction) cha 2 tin hiéu nay tuong
duwong voi tin hiéu clia mot 1at cat don, con goi 1a
ISIS m6t chiéu (1D ISIS). D& dinh vi mét khéi thé tich
(3D ISIS), can thu dugc 8 FID. Sy khéc biét gilra cac
FID nay la viéc xung chon loc 180° cé duoc st dung
theo mdt hwdng xac dinh hay khong, tir d6 dan dén
sy két hop 8 FID. Trong thuc té, thay vi trir céc tin
hiéu lién tiép nhau, ISIS chi thu nhan cac phase xen
ké (chu ki phase) (Hinh 4). Lic d6 chi co tin hiéu quan
tam duoc ghilai [10].

Hinh 4. Nguyén ly cla k§ thuat thu phé ISIS: Dinh vi 1D ISIS yéu ciu 2 [an quét: khong st dung xung 180°
(A) va c6 slr dung xung 180° (B). (C) la hinh subtraction cuta (A) va (B) sau khi loai di cac tin hiéu khéng mong

muén. (D), (E): 2D ISIS yéu cau 2 1an quét bd sung, theo dé thé tich chon loc (F) =

(A) = (B) — (D) + (E). 3D ISIS

yéu cau thém 4 [an quét b8 sung dé cé tng cong 8 lan quét. Qua trinh trir va cdng cac [an quét khac nhau
thuong 1d mot phan cla chu ki phase. Du + dé va — xanh biéu thij tir hda lién quan tai chd.

Céc chat chuyén hda hién thi trén dudng cong
phé dudi dang dinh don (singlet), dinh d6i (doublet),
dinh ba (triplet) hodc da dinh (multiplet). Yéu t6 tao
ra sy phan chia tin hiéu céng hwdng tir phd thanh 2
hodc nhiéu dinh 13 khai niém tuong tac J-coupling
gitta cac hat nhan lién k& trong clng mot phan té
[11]. Hiéu &ng J-coupling cé thé duoc loai b néu
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trong qué trinh thu tin hiéu phé, hat nhan gay ra hiéu
(rng nay bi “chiéu xa” (irradiated) béi séng RF thi
2. Pay la k§ thuat duoc sir dung dé lam gidm hiéu
trng J-coupling, goi la decoupling [12]. P31-MRS cé
sy xuat hién cda 2 dinh dbi va mét dinh ba clia phan
tlr Adenosine triphosphate (ATP) [13].

C4 thé truyén mot phan ndng luvong dugc hip thu
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bé&i hat nhan Hydro sang P31 thdng qua viéc chiéu xa
hat nhan Hydro, qua d6 lam tang tin hiéu co ban cta
hat nhan P31. Khai niém nay goi la hiéu &ng Tang
cuwong Overhauser hat nhan (Nuclear Overhauser
enhancement effect — nOe) [14]. Hiéu rng nOe cling
c6 thé xuat hién khi s&r dung xung decoupling. Luc
dd céc spin Hydro hap thu nang lugng truyén sang
spin P31, day cé thé trd thanh mot yéu té dnh huwéng
dén ky thuat thu phé. Tir nhitng ly do trén, ching
tdi khuyén nghi khi st dung ky thuat decoupling, hat
nhan Hydro nén dugc chiéu xa trudce khi thu tin hiéu
P31-MRS dé tao hiéu (rng nOe |&n hon.

So vd&i phé Hydro, phé P31 loi thé hon & viéc

khong thu tin hiéu tir cac phan t&r nuéc, do do P31-
MRS khong can st dung cac lwéi chan bdo hoa [15].
Mot loi thé khac clia P31-MRS nam & pham vi phan
tan rong cta dé dich chuyén hoéa hoc, khoang 30 ppm
hodc 2000 Hz & tlr truong 3 Tesla [16]. Nhirng thong
s nay gitp nang cao dang ké do phan giai phd P31, dé
dang phan biét vj tri va dinh cta cac chat chuyén hoa.
Dé thu duogc phé v&i SNR cao, chién lugce ly tudng
14 thu tin hiéu theo thé tich vdi nén tang 13 k§ thuat
thu phé ISIS, trong d4 viéc dinh vi khéng gian thu phd
duoc thye hién bang cac gradient ma héa pha [17].
Hinh 5 minh hoa cach d3t ROI dé thu phé P31-MRS co
bap chan clia chudt, véi thoi gian quét a 7 phut.

Hinh 5. Pinh vi phé P31 & co bap chan clia chudt. Hinh vudng mau do la vj tri dt ROI

3. CHAT CHUYEN HOA TRONG P31-MRS
Cac phan t&r phosphorus déng vai trd quan
trong trong sinh ly mé ndo, mé co, chuyén hda nidng
lvgng cling nhu ciu tao nén thanh phan mang té
bao. P31-MRS mang lai cac thong tin quan trong sau:
- Théng tin vé ngudn ning lwong: théng qua
dinh Phosphocreatine (PCr), Phosphat v co (Pi)
va Adenosine triphosphate (bao gébm y-ATP, a-ATP,

Pi

PME

PCr

B-ATP).

- Thong tin vé Phospholipids, vé qua trinh téng
hop va thodi héa cla mang té bao: thdong qua dinh
Phosphomonoester (PME) va Phosphodiester (PDE).

- Théng tin vé& d6 pH ndi bao va ndéng do ion
Magnesium (Mg*').

Cac chat chuyén hdéa dién hinh cla P31-MRS
duwgc minh hoa trong hinh 6.

-20

Hinh 6. Ph& P31-MRS dién hinh clla md co & chudt. T phai sang trai: B-ATP, a-ATP, y-ATP, PCr
(Phosphocreatine), Pi (Phosphat vo co), PME (Phosphomonoester)

3.1. Adenosine triphosphate va Phosphocreatine
P31-MRS c6 khad nang phan biét 3 déng vi cla
Adenosine triphosphate (ATP), thé hién bang 3 dinh

riéng biét cta ATP trén d6 thi phd, tir phai sang
trai bao gdbm B-ATP, a-ATP va y-ATP. ATP duwoc téng
hop trong ty thé tir qué trinh phosphoryl oxy ho3
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cla Adenosine diphosphate (ADP) v&i chat xuc téc
|& ATP-synthase, clung sy t6ng hop tir phan ng
creatine kinase [18].

PCr 13 dinh n6i bat nhat trong phé P31 cia mé
ndo cling nhu md co. Pinh PCr cdng huwdng xung
quanh vi tri 0 ppm, vi vdy nd duoc st dung nhw
chat chuyén hod tham chiéu trong P31-MRS. PCr |3
mot phan tlr cao nang lwgng, déng vai tro la chat
dém dé duy tri dinh mtrc ATP, hé tro nhu cau ning
lwgng théng qua phan &ng dugc xuc tac bdi creatine
kinase [19].

3.2. Phospholipids mang té bao

Phosphomonoester (PME) dai dién cho hoat dong
ddnghod chamangtébao. Thanh phan chinh cila PME
la phosphoethanolamine (PE) va phosphocholine
(PC). Nguoc voi PME, phosphodiester (PDE) dai
dién cho sy thodi hoad cla mang té bao. PDE
dwoc ciu tao tir cac san pham cla qua trinh thodi
hoa nhu Glycerophosphoethanolamine (GPE) va
glycerophosphocholine (GPC). Ty 1& PME/PDE thé
hién sy thay d&i ciia mang té bao [20].

3.3. pH ndi bao va néng dd ion Mg?**

Dinh phosphate vo co (Pi) nam gitra PME va PDE.
Pi tham gia tryc tiép vao qua trinh téng hop ATP. P6
dich chuyé&n hod hoc cla Pi so v&i PCr dwoc sir dung
dé tinh pH ndi bao theo cong thirc sau [21]:

§ — 6HA

pH(l) = pKA + logm

Trong dé, pKA = 6,75 |a hang s& phan ly cla Pi;
W= 3,27 va = 5,63 lan luot la do dich chuyén hoa
hoc proton hoa va khéng proton hod cta Pi; la dé
dich chuyén hod hoc cta dinh Pi sau khi tham chiéu
v@&i dinh PCr.

Nong dé ion Mg?* té& bao tu do co thé duoc tinh
todn tu ky thuat P31-MRS in vivo thong qua d6 dich
chuy&n hod hoc clia B-ATP theo phuong trinh sau
[22]:

(8B + 18,58)042
(—15,74 — 6p)08*

pMg = 4,24 —log

Trong d6, 1a d6 dich chuyén hod hoc cla dinh
B-ATP so v&i dinh tham chiéu.

4. Ung dung:

4.1. So ndo — Than kinh

Mot s& nghién clru d3 cung cdp nhiéu bang
chirng cho thdy P31-MRS phan &nh tinh trang rdi
loan chirc nang ty thé trong bénh r6i loan ludng cuc
[23]. K&t qua phd bién trong bénh ly nay 13 gidm d6
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pH ndi bao. Khi réi loan chirc ndng ty thé, nhu cau
nang luvgng dudi dang ATP khong duwoc dép tng bdi
qua trinh phosphoryl hda. Két qua la tdng sdn xuét
cac loai oxy phan (ng, dan dén stress oxy hda, lam
do pH giam [24].

M6t s6 nghién ctru cho thay P31-MRS cd thé phat
hién cac thay d&i chuyén hoéa trong réi loan ting
dong gidm chu y (ADHD). Binh PME va ty |é PME/PDE
giam tai khu vure vé ndo trwdce trdn va hach nén & tré
mac ADHD so v&i nhém ddi chirng [25]. Mot nghién
ctru khac cho thay & tré mac ADHD chuwa dugc chan
dodn, cb sy tdng PME & khu virc hach nén hai bén va
giam PME & vung dinh dwdi bén cau ndo phai [26].

Tuong tw nhu rdi loan ludng cuc, co ché bénh
sinh cta bénh ly Parkinson ciing lién quan dén rdi
loan chirc ndng ty thé. Cac nghién ciru ban dau cho
thay nhirng bat thuong cla chudi ho hap ty thé &
chat den [27] va co [28] cOa bénh nhan Parkinson.
Dé& khao sat nhirng thay d6i nay, cac nghién ciru vé
P31-MRS da do ty 1& Pi/PCr d& m6 ta t&c do chuyén
hda nang lugng ndi bao.

Nhiéu loai dot quy kém theo thi€u mau cuc bd
c6 thé dugc danh gid bang P31-MRS. Danh gia sy
thay d6i moi trwong trao d6i chat trong bénh canh
nay cé tac dong dang ké dén hiéu qua diéu tri. Ca
dét quy, do thi€u mau cuc bd va xuat huyét déu co
thé dan dén tén thuong do thi€u mau va nhodi mau
ndo, dan dén rdi loan ngdn ngtt, van dong va tri nhé.
Cac nghién ctru trén dong vat cho thdy Mg* tv do &
vo ndo giam déng ké sau dot quy [29, 30]. Hon nita,
mot s8 nghién ciu cho thdy mdc dd giam Mg cé
mai twong quan chat ché vdi mic d6 nghiém trong
cla tinh trang thi€u mau cuc bd [31]. DU khéng cé
nhiéu nghién clru vé (rng dung cta P31-MRS trong
dot quy & ngudi, ky thuat nay van rat nhay véinhirng
thay d&i clia ndng dd Mg?* tu do va chuyén hda ndng
lwong & vo ndo trong mot sé nghién ctu in vivo vé
dot quy.

4.2. Co xwong khép

Ph& P31 clia md co khd déng nhat & trang thai
nghi ngoi va thay déi trong mot s6 diéu kién nhat
dinh. Cac bai tap thé duc hay cac thyc phdm bé
sung creatine cé thé |am tdng nong d6 cac chat
chuyén hoa phosphate trong co thé [32]. Tap thé
duc gang strc cé thé lam tang ty 1& Pi/PCr [33], dong
thoi cé thé xuat hién dinh PME & ngudi 1on tudi
[34]. Trong céc bénh Iy réi loan chirc nang ty thé,
nhitng thay d&i nay cé thé lién quan dén sy ting
ADP trong co & trang thai nghi. Nhitng bat thudng
vé trao d6i chat dwoc danh gid rd rang hon nho ky
thuat dynamic P31-MRS trong qua trinh tap luyén
va héi phuc.
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P31-MRS c6 thé danh gid ndng luvgng sinh hoc
cla md co. Ngudn nang lwong tirec thodi cung cdp cho
cac qua trinh tiéu tén nang lwong trong co dén tir
phan &ng sau:

ATP +H,O - ADP + Pi + H*

PCr

Amplitude (-)

Trong qua trinh tiéu thu nang luvong, khi mdc ATP
dugc duy tri khéng d6i, viéc gidm mirc PCr sé di kém
v&i ting mirc Pi. P31-MRS cung cip bang chirng truc
quan nhat cho nhan dinh nay, dugc minh hoa trong
5o d6 tin hiéu phé dynamic trong qua trinh van dong
co (hinh 7).

B-ATP

/ hi hdi phuc

Thi vén dong/cang cd

Thi nghi

Frequency (ppm)

Ref: OE0

Hinh 7. Anh hudng cla sy van dong co 1én phd P31-MRS & chudt. Db thi phd dugc sép xEp theo thoi gian
thuc. Phé dau tién duoc thu & thi nghi véi cac dinh ATP, PCr va Pi. Sau khi b3t ddu qud trinh co co, c6 thé
thay PCr gidm, Pi tdng va ATP it thay d6i. Dé&n giai doan hdi phuc, PCr ting nhanh vé& mdrc ban d3u va Pi giam.

Phan (tng creatine kinase cé chirc ndng 6n dinh
dd pH trong qud trinh co co hodc thiéu oxy, thiéu
mau cuc bd (ischemic). Cé thé quan sat rd rang
chilrc ndng nay trong céc thi nghiém & chudt vdi tao
m3u thi€u mau cuc bo. & nhém chudt bi thiu hut

creatine kinase, do pH gidm xudng thap hon nhiéu
50 v3i nhédm chudt déi chirng. Hon nira, dd pH thap
duoc quan sat trong giai doan dau cla thi hoi phuc
cla co (hinh 8).
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Hinh 8. Anh huéng cda tinh trang thiéu mau cuc bd 1én d6 pH cla co chudt. Thoi gian dién ra thi€u mau
cuc bd 1a 120 phut. D6 pH giam nhanh trong giai doan thi€u mau, tiép tuc gidam trong giai doan dau cha qué
trinh héi phuc va dan héi phuc trong céc giai doan theo ddi (FU: Follow-up). Thi nghiém duoc tién hanh vdi

gia trj trung binh va d6 |éch chuan tir mau 6 con chuét.
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Trong mot nghién clru riéng biét trén chudt,
Giannesini va cdng su da s dung Citrulline malate
(CM) dé diéu tri chirng suy nhuoc va nhan thay rang,
viéc b6 sung CM d3 |am ngan chin su giam ty 1é PCr/
ATP, d6ng thai duy tri d& pH ndi bao 6n dinh trong
qua trinh van dong co bap [35]. Nghién ctru trén két
luan viéc b8 sung CM gitp kiém sodt qua trinh suy
yé&u chirc ndng oxy hod, bao vé qua trinh chuyén hod
nang lvgng co ban. DI liéu tlr cac nghién clru P31-
MRS trén nguoi hodac dong vat goi y cho mot phuong
phap diéu trj titm nang.

4.3. Cac bo phan khac

4.3.1. Tim

Tl trudng cang cao s& lam tdng dang ké tin hiéu
P31-MRS cua tim [36]. Mét s8 nghién clru cho thay
ty |& PCr/ATP co tim giam rd rét & nhirng bénh nhan
co tim phi dai [37]. M&t nghién cru khéac cho thay ty
|& PCr/B-ATP sau ghép bac cau déng mach vanh cao
hon tredce khi ghép, va ca 2 ty [é déu thap hon nhém
daéi chirng [38].

4.3.2. Gan

Tuong tu cac co quan khac, P31-MRS gan cling
huwdng lgi nho tir tredng cao. Wylezinska va cdng su
da thuc hién nghién ctru so sanh ky thuat P31-MRS
ISIS gan & mdy CHT 1.5T va 3T cho nhém d6i chirng
va nhém bénh nhan bi bénh gan man tinh. Két qua
cho thay dé phan giai phd & tir trwong 3T dugc cai
thién dang ké so vdi 1.5T, thé hién & mirc ting SNR
21% cho dinh PME & tir truong 3T [39]. Protocol nay
duwoc thyc hién v&i thé tich ROI 18cm? va thoi gian
chup 34 phut.

Mét s nghién ctru sir dung ki thudt P31-MRS in
vivo cho bénh ly gan tan toa. Két qua cho thay dinh
PDE trong bénh Iy xo gan thap hon nhém déi chirng
[40]. Binh PDE ciing dugc dung dé phan biét nguyén
nhan do ruou, virus va & méat cta bénh ly gan lan
toa [41]. M6t nghién clru cat ngang d3 phat hién ty
& PME/PDE la thudc do mic d6 nghiém trong cua
bénh viém gan C man tinh [42].

4.3.3. Ung thw & ngudi va mé hinh déng vit

Chawla va cong sy da thuc hién nghién ciru MRS
nhiéu hat nhan vdi ung thu t&€ bao vay & dau va cé.
Nghién ctru két ludn cac con dudng sinh hod xac dinh
dinh tCho trong H*-MRS khéc véi dinh PME trong

P31-MRS, khién ndi dung théng tin chuyén hod cla
ching b6 sung cho nhau [43]. Cac nghién ctru khac
chirng minh vai trod cia P31-MRS trong cédc bénh ung
thu & ngudi nhu u lymphoma khéng Hodgkin (NHL),
sarcoma xuwong, ung thu va va ung thu dau cé [44,
45].

DPaGi véi cdc mé hinh ung thu & loai gdm nham,
P31-MRS la mot ky thuat nghién clru nhiéu tiém
nang khi duoc thyc hién & tir trudng siéu cao, cung
vd&i surface coil hodc volume coil chuyén dung. Nho
c6 SNR va dé phan giadi phé t6t hon déng ké so vdi
k§y thuat MRS in vivo trén nguoi, nhirng nghién ctru
MRS trén dong vat rat phu hgp dé danh gia cac bién
phéap diéu tri, két qua in vivo cd thé dé dang xac nhan
bang k§ thuat cong hwdng tir ex vivo. Bansal va cong
sy d3 phat trién ky thuat dét nhiét cic khdi u dwoc
cdy ghép trong chudt, sau d6 danh gid dap tng tri
lidu bang k§ thuat MRS véi cac hat nhan P31, Hydro
va Na23 [46]. McKenzie va cong sy da theo doi sy
phat trién cta ung thw biéu m6 t& bao gan phat sinh
tir nhiém trung trong 6 thang bang ky thuat P31-
MRS [47]. Két qua cho thay ty |&é PME/B-ATP tang,
von |a két qua cla tang sinh té bao cla khéi u gan.

5. KET LUAN

Cac chat chuyén hod phosphorus déng vai tro
quan trong trong qua trinh chuyén hod cla nhiéu
co quan nhu ndo, co, tim, gan, than,... P31-MRS
tuy chuwa dugc khdm phé day dd nhu Hydro-MRS
nhung da toé ra Ia mot ki thuat chin doan hitu ich
trong phat hién cac bat thudng chuyén hoa trong
nhiéu bénh Iy nhu dét quy, Parkinson,... cling nhu
danh gid bién d6i chuyén hod trong co trong qua
trinh van déng. Cac nghién ctru budc dau trén mé
hinh déng vat cling chirng minh P31-MRS c6 vai tro
nhat dinh trong danh gid hiéu qua cla cac liéu phap
diu tri. Can c6 nhirng nghién clru mai dé danh gia
kha nang cta k§ thuat P31-MRS, dong thoi ridt ngan
khoang cach gitra nghién cru in vivo va lam sang,
dua ky thuat nay phu hop hon véi thuc té 1am sang
hién nay. Chung téi tin rang viéc hiéu rd nguyén ly
va ing dung cla ky thuat P31-MRS rat quan trong
trong viéc phat trién cac nghién cu sdu hon vé ky
thuat nay.
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