[ Downloaded from yafte.lums.ac.ir on 2026-05-27 |

Olwp) My Pole allsly - @bl Lol ale aolilad

Sigi g s Jolw 49 (Jobw (3999 (&35 O 3w (w0

P e (5306 s 2 b S (s putals Lo pule
sy Sibgy pole olSils S 3, 015l ool 0,8 oylalial -1

OIS wyde Cayi oKl (Kb 33 0uSitils ‘un}}'lﬂ 09,5 il -2

O ke Sy olStils cly pole 01Kl (S sudgn 0,8 bl -3

33 Jwlws / 86 b / 3 s)laids / @l 0)9s / a3sl

86/4/9 :alliin piiygy 86/1/23  allia caily

gy ] el JuSi g (rmilog ;S w51 5l 3T Cllad a5 (g 0k Wbl (oo JUad T8 sy 1T oo I
S Jokw 15 99290 G55 limerd ke KB SRl a5 31 929 Jlekol (nl IV g cunl (5551 o wiojls
il oo Sgiy gl gl Jobu ;0 ATPlimo (g Gz ol 51 B0 5055 & j90 Seigy g

o o3l 05,5 38 55 BALB/CHS Sbgn yu 50 1 o 50 45 sl o125 anlllan S5 i ol gy 9 Slg &

g0 G5 (Sle S50 O g Slawd paw B 50 wald 095 103 95kl 35520 MYIKGyl5me ¢yg03T 09,8 o
sebiie 4 ;50 (g (o 9Suwg ;S axlllae Cuz sud 1 o S5 W )T THlE waed Sufi@r, i 3l oy ceslw 16,088
(8,8 158 ool 950 diud uablitio (ilig)y SeuSS 3l ooliiwl b (Jobw (5950 ATP ylime (oo 2

039t plls 5o J glus 1 865905 Kigiy T b Jgkes 53 ATP oyl meniicnd el 31 ool gylis ol 1 b asidly I
Sl

Wl Gl pus 3 g gl Jobe e wigy o3g JUd Sl asllhe ol (G0 Al g Sy D
Wbl oo (Jobw S o (b 5o b Jsbw (I ATP e

Kb o lisio uilia ol (5 5 (32330l s n] [ 0319 anls’

PPBUT 09,5 (b jy 0351 (ST 3y pgle SLLIS Y d g b 9ol 2oixo 33glles (LT o3 1AWl (5T

khalat90@yah00.CoM : 39 »isIl vy

86 /‘{._/_(/_: ("Q}; 6/9) 14.29.0" /65


mailto:khalat90@yahoo.com
https://yafte.lums.ac.ir/article-1-49-fa.html

[ Downloaded from yafte.lums.ac.ir on 2026-05-27 |

Sgnnl cla Joke 0 ek 09590 6551 Olime (o

s9a5 1y semel camx ATP alinl o> bize ool aolsl 3
2 4z bsingad G158 (il Jshe) J5S 09,5 % 25 J1 15
o Jsko ATPpme b alal, 15 osd L3 )l55 oglite polia
oiliyy eSS o5 e ol 59 5 5 (65 A)Ssgns]
G YL S8 0,08 b g 7 3u80 Cilyo 4 s uodolize
ok 030 ATP .S ol gz slordisn sledsy plo &
sl Joboo 531 Ol BB s p Dp9po 55 o(8:T)
4S) sk S o £55 l g 4z 2 LD jslite 4 S
5 > b U2lse 5l il s dinej 395 T 50 s
ol el 00 (e o ool 1) soasie o (s )lon
o (g, 9 3lge

sl sk 5 Jsko 090 ATP s ooy e
) BALBICSS ige o 50 slass «mgort Seisiass]
s 28l g (59050 09,5 98 4 (0,512 0 85 ()39 4 (ol atin
(920mglkg, e 0 ososl 055 lls> & 08
O go ay Dlaed o 8l aals 095 Sy a5 gsLliSs
sk 09)S o Sy G s S G5 Slhe JBb
o el 16 0us s o6 e slo atws 4 ol
Sopd S B g o6 o Shge (esesd 008 (93,5
g o 03l )13 95laSC )3 Sy Sie aslllae Sy 00 o
ale G5 5> ok 090 ATP (liee (o) 2 ez 5500
Sy 5 b ablie a9 slel (S Jolrend sl I8
Gk 5958 5 655 (oiSwg S adlllas g sy Sz (5]
2d 5 &ye0 (10)s st o9,
ATP (im0 g5 o3l cter (ogous’ <l 3 diged and (bg)
P-NMR &ess 31 solicw! b

o3litl SIS sl ElpFnl g, 5l iged 4

W yp ugess 08 5l I Su oS G ol & (11) ws

1. Necrosis 4. Luminometry
2. Apoptosis 5. Luciferase
3. Adenosis Triphosphate

86 /‘{.{Q (r@}l. 6/9) 14‘4’:0_. /66

doddo

g asliy 5 z5b bl 2 el S sl Jbos (IS 5k
S sl ok Sya0ed o Joho S Joie didl> S L
) aes 2 oaiiS () slo gy plo b g (g5len alauly
5 oo ol Jobo 5o blie 53 oty sF s S5 Sla
oad ity (LelSS sl SO 5l dsu @dly jo a5 (sl sl
2 e sl L 00 (g3, 4y 5 po oSl |, e S5
S oo 50 S lsie d rpmogiysy] 0390l (1) aiel o
(2) 22 o oo JUb

ol 3, ATP5e alaly & gl S8 s
(3) wo S ke 1996 Jlo o il lSen ¢ RiChter Ly
g el (6551 4 atly 9 Jlad Ml gl b 901 aSST (s
JSa3s ilagS @815 el clld pl le wnld
&5 Byo a5 onds it MelS Siginl sla JsS 5
0955 ATPOlie 45 08 (oo plgie Geline (pizman
@ a3l o (Jobo S g5 0diS (a9 eee Jolor Sk
Sy e o0 20l ATP (e a2 5 5emsl )0 &5 s
A oo 25 ol (b o AVl &5 lo anld LS 000 555
S35l ol el a5 90 3 g el S9290 Jeh o SLS
aaly> Glas 1) 5o, Jske Spe @dle Jobwrs ;S 050
o9y 4 1y ATP (i Galiims 51 (29,5 atej ol 5(3) ol
i o i, a3 cal @ 5 (B)oogos sy (5 yiogines)
095 H20 (sl b 5 SzsS Jobe 09, ATP (5
5 ol sals s | 59,80 wdle Jolr aily (ol Jshoo) J 58
S o gibion @Dl ast %50 UZOwjlm ol &S Syge
& 9 M salss oaalin(jsnnl 5 59,5 lauly 9>) Jske
e & 0sdes oy jensl @l 5051 )T al5d
@l S esiegd (B9, 4 5 (O) cmitizes 3 (6,500 09,5
Widged 35 ) stpbine s

sl Jsko ATP e (B) iz 51 %00 098

ot S5 iy S5l oolinad b 1) Ssns]


https://yafte.lums.ac.ir/article-1-49-fa.html

[ Downloaded from yafte.lums.ac.ir on 2026-05-27 |

SSgunl sle Jobo ;5 Jok 09,8 655 liee w2

dga dald 098 0 ok hiled ulel

2 aS Jb s W Sosnal b sl 51 % 1/11+0/26

bl Koy SSgngl b Jolw % 86/03£0/91 (yge;l 09,5

Slscodal Sy gl ol NMRGLL s 5l ol

Sliwisla 09,5 a4 bgyye b pj mhv)osd ool b

05,5 o o1 i) 2/13068 +0/031uals 05,5 ,o(ATP
aily o (2 inl) 117864 £0/018 05T

S Comwgond (wald 09 ,5) wgous il -1 ol YK
(H&.E - x400) Jlo

T 6o Comgons (9031 09,5) pgaus <L =2 o los S
(H& E -x400) S g3 93

8 1t 0 o3 GHLTET

O g ab ol 8 Iiome (Stdl Cgd SO 09,0 gl
Jobme s 38 0,5 S pole G958 5580 (3939
£S5 2 o gl ) o oagsdl T 4 (079 MOI/T) 1S 50l
(4,5 yao sled 3 5 i (Lo B/5 il

60 o anle Joboo Il a8 Sz alopo ol 5l amy
(I8 =55 &50 GgmilSiigms Joo 15100 o b 5 4l
Souis ko 1y odal ey 03uij9ed JeleSONIC L-40TL)
o 9 (2000rpm - aiss 15 G was o dsled) 00,8
Jobreeyids B0 5o 4wl it 5 g
baze 5 b oag8l o] & (2MON) ookt a8y y00
(2000rpm wids 5 coe 4 @x 0 4 slad) Wo 3 o il
i 136 ol 5l g oo LYOPIlIZE ouss ags aiges oS
S Sz S ISz — 806k oo 4w
5 ool a3l (Ygo Le2)EDTA oo yids 50400l
20 Jode L ool Lil3dl s L 05 4 diges oo
Sl Jsle s See 1000 Lol aD20 12y S
gl 19y abol> Joloma Lales 5 039331 ()T aflh 0/1) S pads |
b 4SS i (o e 05 ,ké «) NMR
oSy Ly 5 42,02 sl P-NMRyls
w5 <t NMR(BRUKER500DRX)
o axdly

TS S (o 2 S Sy S Slalllae ) ol gl

5 035 il Capgont sl Jsho odasialls 05, usert (5 95
2 (1 JS8)as S canlie Sogual Jsho o8 ol Lo
Sl s b Signal sl Cpwgariiigeil 09,5 5 a5 J
sanlio s afolle glo Jobo & Cumdeys 5 oS
S Comgars (97 (Sag S oy (2 JS5) 00 5
2255y 055 (sl 005 Kb 4 g oS (rlag,S b gy
o Jsko 51 (3 JS)(Sistyse plazr! JeSis 5 dte 4l
S Sl 5 e el Sase slo adss L) ol

(4 UKoy it (a5 oDl


https://yafte.lums.ac.ir/article-1-49-fa.html

[ Downloaded from yafte.lums.ac.ir on 2026-05-27 ]

SSgunl sle Jobo ;5 Jok 09,8 655 liee w2

S Comigand (wald 095) geni il —4 o lod S
(EM -x4500) Je

Conbrol samole

.032

GENER 253
TETEY Lk

N

B

Lal

S Comwgons (3903 09,5) wgess il =3 olods S
(EM -x3000)Seiigi 1

CPrast Oata Perasatery
HAE [LTE
(2] i
FROCHD [}

=20 . 380
ATE
20 808

o
B
gi

F¥ = leguinitien Panamtery
Dats_ POOO0EET

ALPROG 2

m [k

EOLVENT e

L AT

=) 4

i ER0030 . 500 Hz

FLOMES 1. 325570 He

& 3. T80 mec

L] IME.8

) 5030 wame

= B.08 usac

E PRy

o £.00008000 mic
SHINEL (| messeme

L T4 R

M 34,00 ymec

Al 0.0 =

Py B2 SE0SE W

B HEGEEY

W 2 lat paramatEry

EEEEJED
&

X 1 I I ¥ 1 ¥ nd 14
npm 0 .| ']

T T T T
-18 =20

(P-NMR)alis 09,5 Jloy s Jobw yoAT Pyl smolcinls

5 1 0 I8


https://yafte.lums.ac.ir/article-1-49-fa.html

[ Downloaded from yafte.lums.ac.ir on 2026-05-27 |

SSgunl sle Jobo ;5 Jok 09,8 655 liee w2

i T L
tursanl Dabe Farsriers
W ehalnt
B
asgee g28 B2 o t
g RAak3 L Sns
é @ GRS " ? o F2 - kequiattim Papmsters
| (] k\! ] Mtn HOHI
| Jy | ) -PX i 1800
'] I.‘ \| 1 [AETEM gt
I =OB0 2 ome BEL S
. LT 0
| ] ]
| SLVENE |
i ] (]
[ “’ g
S 102209, 0680 W
| e | 2T I
| i 1. R -
[ i 3641
w 500 g
¥ 030 e
g mhr
| 2. R000 e
[ ameseeems QUNEL 11 -
HEEL P
i n 4. T
| - %] L@
| Fil 33, GHED
| F¥ - Prapeaping pAFERILEY
H a
¥ 242, GE1a W
W 2]
55 ]
g 5,00 HE
® [
e i
§01 el ot pareme tar
] .50 o
Fip £, 030 gl
Fi 4040 =R
| F= £330 pe
| | | | | m 454 B4
| ) ™ Lo 1.20800 ppn'cm
E ‘3 =i a E DM A4y GdTa Mr'em
=l 4
o i !
g il v ¥
T T T T T 1 > é[l
— . ik i
e 0 & g "
(P-NMR) (39057 03,5 Sigiagnl sl Jokow ;oATP 15002 o
98,5 Oyg0 Q5L.u w)LQ.mML, &.45...’5.1‘ sl LJ5L...'<L$ )

2 A sk w08 ale Sgua] Glb Camges
U8BI030/91 505 03,5 ,o o111 L0126 J,5 05,5
05,5 PATP e 100 Bk ) sing Ssunl b sl
11786420106 - 5051 05,5 o 5 2/13068+0/031 J s

sl 0583
4 S Szl glo Jsho ATP 1als o5

b Jobo alS 0005 anle 5 by, Gillae plle Jsho

86 sl «2# 0,95 sl /69

bog Gemml Wl o s Vsl aSiilsl

Jotie ugod C8L 50 S9zse slo Jsho aldSiogilal S
Ll 5 wilo asalss 3 pllo (o250 5 ouds (Joho S5 5o )
@ by o addllae 590 slo 09,5 ;oATPous aulxs polis
sl Jsho 5l pel) ol (oo Gogass 50 25750 (slo Jsho a5
plle @le Jole SSE gz B(plle 5 Soosns]


https://yafte.lums.ac.ir/article-1-49-fa.html

[ Downloaded from yafte.lums.ac.ir on 2026-05-27 |

Sgnnl cla Joke 0 ek 09590 6551 Olime (o

sk s ATP () omiins 51 5,500 o35
330 3] S5 5l ool b I, Sagml gla Jolo
Folo 59,0ATPAlL] o> dise cplaiols 18wy
ol sk 125 1 15090 1, Sl a5l 0550
oilil gz st lo N, ojgpelaiages A1S
Shols e & ol sy Jske 05 ATP,S
s (48) s spast 5 {6)],ies(15)UV(14)PLCH
S5l gl Bk 0 0 el S mpl sle o,
i ot Y SSE S b i erbliin il
35,5 ool ol 9 ATP s 65 o3l e b
@ Cod F VLSS Oy by 5 38 e 4 (S0, &
090> s Josbe (625 o3Il Cgz S9zse slo =SS ple
Syge Jloyied SlaS 5 el &5 gyshuadl (o (Jske
S 48 g oxly o] .o AMP g ADD ATP i el asllas
S 1 855 45 oo 8 ol 90 3 ssnlie ol il
el 5 40375 090 plojen ysb al; ol Gluds Oy (o
WSS ol Sl Bl 5w s b Sy S50 slols I3
gl @ o e Lz adl oo il el ol yo Lo e
Slglis collddeas 3l (0,5 (15 092g b Jsko JATP
b S ATPa 25 K6l 1 g casls salgs 095 (s050> b
Geizs 5o 1(17.16)ccsls anlys o939 (605 o3l >y
A )0 g WS b 4,02 les ol il Al ol
il o 5S35 Cubly 4 0als (6,5 o3lasl ATP,luds
DATPfse i o 5| Jol qulis il

JrsS 09,8 o lo Jsho 86 sgu> Signsyl o
5 Jd ganlp el a5 ol cuably opl Kby 5 ailes

Oliee 5o sl azgs B pals W ool (550 4 axls

055 (o059 ok (59,0 555

86 /‘{.{Q (r@*/’ d/y) 1429'[/_. /70

Jok ,oATP laie A=(1100)0s 5,8 ol wals 09,5
05,5 wllo sl Jolu % B =(2/13068)unls 05,5 oJle slo
09,5 ol slo Jsbo ,0ATP jlaze C=(100-86/03) 9051
XK1= (5051
_ B C _2/13068" (100- 86/03)
A 100
0503l 05,5 Sigal gla Jolo ATP ;e
X, =2/13068 - 0/2976 - 1/ 8320
(A=(2/13068)) aals 09,5 Lo slo Jokw ,o ATP jlais

Xy

osesl esS Sasmml gl JSLWATP ol
5H100 sals 09,5 slo Jsko s ATP % (B=(1/8320))
Comd Sggl sl Jobo o ATPH (C) ws s 5 L
(X3) plls Jgkoo 4
_ C'B _ 100" 1/8320
A 2/13068
186 53 Sigian] slo JsLoATPlme ggame ;s
oS bl lowl oad oyl S 05, Wil sl Jsbos
b Jleel g ol (55 4 aaly g Jlad sanl 3 el
Sigml Gl Jo5is 5 uileg S 05T idgas il collad
35y com S 13 el (5551 G o il 5 ok ki SMels

=86/0326

X3

Olie 5o 9l (28l gyl (Jshos S 5o g, (b 5
sl ail (21213)55 %5 ssalie Jslu o5, ATP
sl Jsho 0 ATP sas als pos wuge ju pol> Gudos
aey ol ool (oo pllo lo Jsho @ i S
 Seismsl o Jsbo ATPI5a(45) s 51 (o295
45 W) 4 (ol Ay g Wdged (w1 (S Fegedd B9
h20 solus b 5 iSzrsS Jsbo 019,9ATP e aziliz
Slde (nl &5 (i 55 5 59,55 @dle il ol sla Jobo
Ly 05) Jsbo e ili ol il %50 b 30,
B e - ST TP TI-

Oﬁ...u ° 0dsd )5..4541 pj)l.c‘%SO


https://yafte.lums.ac.ir/article-1-49-fa.html

[ Downloaded from yafte.lums.ac.ir on 2026-05-27 |

Sgnnl cla Joke 0 ek 09590 6551 Olime (o

References

1. Bowen JD, Bowen SM, Jones AH. Mitosis
and apoptosis, 1th ed. Chapman & Hal,
1998: 765-774

2. Klabedz K, Grzanka A, lzdebska M.
Mitochondria and cell death.Postepy. Hig
Med Dosw, 2006; 60: 439-46

3. Richter C, Schweizer M, Cossarizza A, and
Franceshi C. Hypothesis control of
apoptosis by the cellular ATP level.FEBS
Letter, 1996; 378: 107-110

4. Leist M,Single B,Cstoldi A,and Kuhnel S.
Intracellular adenosine triphophate
(ATP)concentration: A switch in the
decision between apoptosis and necrosis.J
Exp Med ,1997; 185(8): 1481-1486

5. Eguchi Y, Shimizu S,  Tsujimoto
Y.Intracellular ATP levels determine cell
death fate by apoptosis and
necrosis.Cancer Res, 1997; 57: 1835-1842

6. leberthl W, Menza SA, Levine JS. Graded
ATP depletion can cause necrosis or
gpoptosis of cultured mouse proximal tubular
cellsAm JPhysiol, 1998; 274: 315-327

7. Balaban RS. The application of nuclear
magnetic resonance to the study of cellular
physiology.Am J Physiol , 1984, 246: 10-19

8. Aliev MK, Dorsten FA, Nederhoff MG,
and Vanechted CJA. Mathematical model
of compartmentalized energy transfer:lts
use for analysis and interpretation of P-
NMR studies of isolated heart of creatine
kinase deficient mice.Mol Cell Biochem,
1998; 174: 209-229

9. Sun YM, Dinsdale D, Snowden RJ, Cohen
GM. Characterization of apoptosis in
thymocytes isolated from dexamethasone
treated rats. Biochem Pharmacol, 1992; 44.
2131-37

86 jurb «2p 8,95 Sl / T1

10. Wjllie AH. Cell death: A new classification
Separating apoptosis from necrosisAm J
Pathol ,1981;109:78-87

11.Uhrin P,and Lipta T. P-NMR study of
phosphorus metabolites in fast and slow
muscles.Int J Biochem , 1990; 22(10)
1133-1138

12. Astres J, Borras C, Garcia-Sala D, Lioret
A, Pdlardo FV, Vina J. Mitochondrial
damage in aging and apoptosis.Ann N Y
Acad Sci ,2002; 959: 448-51

13.Hona A, Kujoth C, Seo Y. Evaluation of
sex  differences on  mitochondrial
bioenergetics and apoptosis in  mice.
Experimental Gerontology, 2006; 75: 1-10

14. Kawamoto Y, Shinozuka K, Kunitomo M,
Haginaka J. Determination of ATP and its
metabolites released from rat caudal artery
by necrosis ion-pair revesed-phase high
performance liquid chromatography. Anal
Biochem ,1998; 292: 33-38

15. Trauschol Lamprecht W, Schweitzer G’

Methods of enzymatic analysis’ 3rd ed.

Bergmeyer, 1985: 1764-1796

16. Desmolin F, Cozzone PJ, Canioni P.
Phosphorus- 31nuclear magnetic resonance
study of phosphorylated metabolistes
compartmentation,intracellular and
phosphorylation state during normaxia,
hypoxia and ethanol perfusion,in the
perfused rat liver.Eur J Biochem,1987;
162: 151-159

17.Jenson JAL, Wiseman RW,Kushmerick
MJ. Non-invasive quantitative P-NMR
assay of mitochondrial formation in
skeletal muscle in  situMol  Cell
Biochem,1997;174:17-22


https://yafte.lums.ac.ir/article-1-49-fa.html
http://www.tcpdf.org

