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[Abstract] Mitochondria play a major role in normal metabolism of the body. Therefore, mitochondrial

dysfunction inevitably participates in or even determines the onset and progression of many diseases. Methods

for in vivo assessment of mitochondrial function would help understand the biological function of mitochondria.

This review focuses on the methods to assess mitochondrial function in vivo.
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MRS 72 A5 48 B R St 4 19 RSB G U SR 1 3 M T
RIEFRHEE, SREIRCEAUSERED
WER—MER, JUIEFRAEBARZSFHASN
o FIM P IABEBEAR, YP-MRS TR FHE
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P 2B 1A = IRERTEF (tricarboxylic acid cycle )& fk
RN, K& BCEY P 2T VK L RE WS ELIE IS
BB, OREAMKREHA P RE ARG EE
ft. 'H-MRS ] R R EAE A 2 o i S A ) AR
Wik, eI A H R PR AT R
EALWRE,

*P-MRS o] AR M T BEREL . ATPHIBER
A% (phosphocreatine, PCr) A3k E, FHCHAH X5
VIR E A X ZF RGBS, SRREFD
K ZBREATTHE R AL B HIPRE, “P-MRS F
C-MRS MK S AZI, H5 ATP 5 RETH
X, FAHTHERANEBREE, CHERRES
LU PC/ATP HEAL FHRERBIRAKFE, *P-
MRS 5 'H-MRS #5681 FH ] A ks .0 LS AL
B, Wil —B R BRI EE (creatine kinase )i X
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Mo fEBIEETH MRS &R, *P, 'H, ®Nafll °C #9
MRS{5 5 Al R L RO AR O IR R IR BE R AR
WHEE, YP-MRS IFEZRIik ATP & BUEY, ]
[ PSSR (A FBER AL Z2, IKSh, van den Broek %
B AR 'H-MRS F1 *P-MRS AR K 3. KHARAR
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FA T 400 A (5] i PR AR B 8 SR 2 5 49 HIV /R
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BREh R RBEEARRRE, RS, RBEE
YIS ESMNREYBUE R F, UC. N, 0 F&¥
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RAFMER BRI BT RRR
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A & 75 8 F FE X BB B KR BRI T RE
Z5R", PET Rl "C-Z AL ER S N2 % Ak
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Simons S5 FR RHI, B M 2-lR E R EHE
o EALE B E R A SF-FDG PET %, [T
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3 FHRAE
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] RIS E SR S G SN E SR KR L E
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BRI ESHEEE 20114E3H 358528 Int ] Radiat Med Nucl Med, March 2011, Vol.35, No.2 67

FERESR pL A At B AR5 F0 KIC 2 s R Xt
IR 2R 5 AR AR R R R RE B RS —BH B LY
EHE%, EILEEBRIRES R ms &
BCO, PN, Ak B R R RS R R
B/DF|E 2CO, P, Z BERIBT B] ILAR X ZhL
R RE 1 P2 AT A P B R A KIC MU
WG, KERMARE D A T3 b & sk
BT HfE vco, RIAERE LR, HEREH
HIEARAR: FAES 2 BE A S SRR A
AT A TR B A A R e — B B (SELRY
AL AR R0 B BRI ), TR ] ILARR 4K
PARRRRER, FET R IR R B AR RS
HRRW > (R BB R AR R0 — B RIS )

HIV & 5% 3% BB B2 e 5% 3 BB AW 1 7] (nucleic
acid reverse transcriptase inhibitors, NRTI) ¥4 ¥7 @] 5|
ELRRFEER, "C-HRERFIARESERE
B, TRGE "COo, L B BRI/ ; RILMIMAE
BECO B ERARBER MRS, S
FEXTERA . RAPRBEMEL, EFIAREE AR
E45E "Co, HEi BB THE, Milazzo FER °C-
R SRR BT B RN B IG TR IEN &
% HIV BYLE WLRAATIREHAT IS, SRR,
#hFEHLE AL AT REXT RBLA D RE R A RIERT
Banasch % F{ER AR “C-F AR RE
ST HIV 8B & ARG RWEIRIT 7T R XA
RSB AT RERI K HITER . BAXLIFR RIS,
RRA B FVEME NRTLIR PR R kg, (BR
SRR AT — P BITIEL,

4 wimfgaF

1 F MRS SBT3 1 A0 PR AT AU A
FRETATHTERIH . FREENEDIF
o MWRFNFRE R ET A F LR R RE SR AL B B9 &
MEREYLETEE. R, IR, Bk, =
BRIEE P B = A IR . Martin BT R
B, SRemRAMTETE iR RECR AN =R BIEIR A
BEEA MM, E R g AT LS ik
BAR BRSO R BT RE

SRATHRE M R T 5 R A W IR BB AR
e, BEt, BT LS RISNESE Y TR
RAREITER, fln: KTRBBHETR, XCB

[EBAGMEERASWE, ZRBEF+E
Y. AR, RER., Ha5. 324 TRANZMIE
KRB RAEMIE . FIF MRS 8 R %
WP R . Bk s YRR
B, BRI —8 T i B B A LR i Py
FAHRBRICARERERRENE, NiaREFBERNIR
FrEER

ERACEH A LN A R PN A — B
ZEIRE, HAECHHREHRPAIRERAL T E/Y
BRUHLHR, BAKKAEIERLSE ML
EYHEEA KXY, HEMIHR AT TR
AL SRR RIER, XA PXTEnik
AR S A IR RN 22 [ AR R A B 2

5 BRAME

PBMC PR E g5 /EH NRTI X E R
Htmid, EEEEREMAFIELY, BRJLER
B RHHT NRTI SRR R B 4IRIT
%Y1 PBMC BB

R HIV B PBMC P4k & DNA /K F-7f
Rk ZBES NRTIIRIT . Bk EM SRR
HZREIKNER, BRBR, AR NRTIHEBT
d, %512 ARk DNA B SHEE % 30 A
BRGNS R XD, Wi, BHREHR,
FERR B E X BRI, BB ERER KR
BB ER, BRATE PMBC P4 A& DNA 1L
PV E, /R PMBC H2RRi 1K DNA K- 7] i Bk
BT RLIRTRE R,

AEF, Kl PBMC 2RIk MMP FIERER
ARG IHELRARTIRE, 4T NRTI B AEAL
B2 Y, HIV RYE PBMC I ERER TR,
PR ERER, SABRERITHEE PBMC
MMP R FRIGITE, X5 HIV X RBRHN A
Fi—2, HIVBRE KRBT ESRBRYEEHEL, K
MMP B TFE, FFERQITENHERM™, 58
R IEILAIIAR DNA FEFIZEAML

6 %it

TEENZRR TR AR B T — S TR
Aonte . TheeFAL R HEMHIH, Ni#E—PHRA
B B SNRAE O SRRV, Rk



68 ERESE¥SE¥SRE 001F3AF35E%2S In J Radiat Med Nucl Med, March 2011, Vol.35, No.2

ERZYME TR BHARER . BRBAXE
TETENRFER KRR, ERBRIERT
HHE WA R, [BREENLRIREYEIRE
THREOERAURS RN FERALRE, BHERASH
BIREIFA RIS RL B BT R, RS
EHH AR BT AIIE RAR S o

$ % X W

[1] Befroy DE, Falk Petersen K, Rothman DL, et al. Assessment of in
vivo mitochondrial metabolism by magnetic resonance spec troscopy.
Methods Enzymol, 2009, 457: 373-393.

[2] Conley KE, Amara CE, Jubrias SA, et al. Mitochondrial function,
fibre types and ageing: new insights from human muscle in vivo.
Exp Physiol, 2007, 92(2): 333-339.

[ 3 ] van den Broek NM, Ciapaite J, De Feyter HM, et al. Increased

Y 1

drial content in vivo
long-term high-fat-diet-fed rats. FASEBJ, 2010, 24(5): 1354-1364.
[ 4 ] van den Broek NM, Ciapaite J, Nicolay K, et al. Comparison of in

oxidative capacity in

vivo postexerc ise phosphocreatine recovery and resting ATP syn-
thesis flux for the assessment of skeletal muscle mitochondrial
function. Am J Physiol Cell Physiol, 2010, 299(5): C1136- C1143.

[ 5 ] Fleischman A, Johnsen S, Systrom DM, et al. Effects of a nucleoside
reverse transcriptase inhibitor, stavudine, on glucose disposal and
mitochondrial function in muscle of healthy adults. Am J Physiol
Endocrinol Metab, 2007, 292(6): E1666- E1673.

[ 6 ] Forester BP, Berlow YA, Harper DG, et al. Age-related changes in
brain energetics and phospholipid metabolism. NMR Biomed,
2010, 23(3): 242-250.

[ 7 ] Hadigan C, Liebau J, Andersen R, et al. Magnetic resonance spec-
troscopy of hepatic lipid content and associated risk factors in HIV
infection. J Acquir Immune Defic Syndr, 2007, 46(3): 312-317.

[ 8 ] Powers WJ. PET studies of cerebral metabolism in Parkinson dis-
ease. J Bioenerg Biomembr, 2009, 41(6): 505-508.

[ 9 ] Simons AL, Mattson DM, Dornfeld K, et al. Glucose deprivation-
induced metabolic oxidative stress and cancer therapy. J Cancer
Res Ther, 2009, 5(Suppl 1): S2- S6.

[10] Madar I, Ravert H, Nelkin B, et al. Characterization of membrane
potential-dependent uptake of the novel PET tracer *F-fluorobenzyl
triphenylphosphonium cation. Eur J Nucl Med Mol Imaging, 2007,
34(12): 2057-2065. .

[11] Matsuo S, Nakae I, Tsutamoto T, et al. A novel clinical indicator

hondrial func-

using Te-99m ibi for ing cardiac
tion in patients with cardiomyopathies. J Nucl Cardiol, 2007, 14
(2): 215-220.

[12] Turner C, Schapira AH. Mitochondrial matters of the brain: the role
in Huntington's disease. ] Bioenerg Biomembr, 2010,42(3): 193-198.

[13] Duro D, Duggan C, Valim C.et al. Novel intravenous (13)C-me-
thionine breath test as a measure of liver function in children with
short bowel syndrome. J Pediatr Surg, 2009, 44(1): 236~-240.

[14] Milazzo L, Menzaghi B, Caramma I, et al. Effect of antioxidants on
mitochondrial function in HIV-1-related lipoatrophy: a pilot study.
AIDS Res Hum Retroviruses, 2010,26(11):1207-1214.

[15] Banasch M, Frank J, Serova K, et al. Impact of antiretroviral treat-
ment on (13) C-methionine metabolism as a marker of hepatic mi-
tochondrial function: a longitudinal study. HIV Med, 2011, 12(1):
40-45.

[16] M;anin FM, Xu X, von Lshneysen K, et al. SOD2 deficient erythroid
cells up-regulate transferrin g
drial biog PLoS One, 2011, 6(2): e16894.

[17] Haas RH, Parikh S, Falk MJ, et al. The in-depth evaluation of sus
pected mitochondrial disease. Mol Genet Metab, 2008,94(1): 16-37.

[18] Hanawa N, Shinohara M, Saberi B, et al. Role of JNK translocation
to mitochondria leading to inhibition of mitochondria bioenergetics

and do 1 itoch

is and metaboli

in acetaminophen-induced liver injury. J Biol Chem, 2008, 283
(20):13565-13577.
[19] Milinkovie A, Martinez E, Lépez S, et al. The impact of reducing
stavudine dose versus switching to tenofovir on plasma lipids, body
in HIV-infected patient

position and mitochondrial functi
Antivir Ther, 2007,12(3 ): 407-415.
[20] Chene G, Amellal B, Pédrono G, et al. Changes in the peripheral

blood mtDNA levels in naive patients treated by different nucleoside

reverse transcriptase inhibitor combinations and their association
with subsequent lipodystrophy. AIDS Res Hum Retroviruses, 2007,
23(1): 54-61.

[21] Garcta-Ramirez M, Francisco G, Garcia-Arumi E, et al. Mitochond-
rial DNA oxidation and manganese superoxide dismutase activity in
peripheral blood mononuclear cells from type 2 diabetic patients.
Diabetes Metab, 2008, 34(2): 117-124.

[22] Stemnfeld T, Schmid M, Tischleder A, et al. The influence of HIV
infection and antiretroviral therapy on the mitochondrial membrane
potential of peripheral mononuclear cells. Antivir Ther, 2007, 12
(5): 769-778.

(KRB 2011-01-05 )





