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Regulation of circulating Mg* concentration in rats by ATP depletion
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Abstract : Since intracellular free Mg™ ([Mg™*]) appears to be tightly regulated following
cellular energy depletion, we hypothesized that the increase in [Mg*], would result in Mg*
extrusion into circulation. Extracellualr Mg™* contents ([Mg™"],) were measured in rat erythrocytes,
the perfused heart and liver, and plasma in the anesthetized rat. Animals were injected intraperi-
toneally with sodium nitrite (NaNO,) and plasma Mg® was measured after the injection and then
10 and 20 minutes later. An increase in circulating (plasma) Mg™* ([Mg**],) and methemoglobin
was observed in animals injected with NaNO, (30 mg/Kg). The time course of the effects demon-
strated that [Mg™], and methemoglobin continued to increase 10 minutes after the NaNO, injection.
Under these conditions, there was a sustained increase in [Mg™]., but not in methemoglobin,
which was inhibited by pretreatment with potassium cyanide (KCN, 4 mg/Kg), indicating that an
increase in [Mg"']. was accompanied by ATP depletion. Injection of rotenone (0.9 mg/Kg) or 2,4-
dinitrophenol (15 mg/Kg) also induced an increase in [Mg™'].. Reduced respiration rate from 100/
min to 10/min during 30 minutes also caused a time-dependent rise in [Mg™*).. These increase in
[Mg™']. were inhibited by pretreatment with KCN. In addition, ATP depletion by NaNO, or KCN
sustainedly increased the [Mg*], in rat erythrocytes. Mg®* efflux was stimulated by KCN in the
perfused heart and liver, but not by NaNO,. These results suggest that the activation of Mg”
effluxes into the circulation is directly dependent on the ATP depletion-induced increase in [Mg™];
and heart, liver and erythrocytes have a major pool of Mg™ that can be mobilized upon cellular
energy state.
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Fe8 Mg"1e 4375 F8E 2P|
Mg**& A4 sarcoplasmic reticulum(SR)o) 4 Ca** $-2) &
248, 53] A4A8o] Mg FEF29 BA'HY
AALFolt HEL ATP Z ¥, Al ¥ = mitochon-
driaf Ca™ 37h, A¥% A A 339 R 24 radical &
AR TN AXESE doNdY. AAaZoy 58
o] A¥Hoz MELYE dod + UAT ATP 2Y
A 98 #2439 Mgl F7Heke} AEROE Mgho)
FEEtH ol M) BEZ2d 9% Ca'Y 4o
Zoto] MEEF0] dojd M E ATt YRrEe
[Mg™]:& T}H& adennine nucleotidel} inorganic phosphate
Bt ATPS} 2§ o] of A7) o &%) YA ATP 22
E Mg FEE 3A AFAA AAY A 7%l
FEE vt meA M 9 Mg, EE AR
g9 Ay} & BHF Fas)

AA2FA ATP AY2 ATP o E4 o] LALAE o
At AXY o] 2FEE MEANAY AEey £33t
A& BN F Yok A8 23 L AN ATP Z
Hog Mg 53717 #2EYdE R1%E 3%
% HEZY FEo diF 2usl 918 B ol
A2 HEAY g% ANAFA M) FEF7H)
methemoglobin(Met-Hb) %3 #3851 [Mg”]. 5%
7t 2R AF(FEA ARyl g8 Frh=o" 24 9
HEAN Mg” $=7t F71EUE o) Z2E A3 9
3 o Be Mgl fEE & Ao AR1E i
AT B AANH ATP 290 98 [Mg"). $EF
he 23 EE AX2HE M"Y 29 I £ 3
7] Ao ATPE AFAE & A& A4 244 g}
HE - 99 Mg*e] 238 £ At} mAA ¥
[Mg™]o] ATP Z2go2 ZF7Hgte AFH s} YA}
4A B AW2FA Mg L] FHEAhe waE
ZAZ ATP 299 ¢ Mg”). 37 A ¢ 982
ATP ZYA Mg»o] 28 § & HAE Toliaz
Aot WA in vivo AElY FANN &8 gy
Mg"(Mg")) f2lo] & MetHb 83 E+ hypoxiash
A A A% BAE FHEn J¥F L @
FA83 oA ATP YA Mg FEWF o8 ¢
oi7] 9J3te o] ATE AA &

N ¥ Yy

BFlolA HYxNH <t @AEa] : 87 (Sprague-Dawley,
200~250g)E& AY 90F-H | pentobarbital sodium(30mg/
kg)& B3 FoAsto] vt st o 3085 HAAR
¥ HEFH cannulag AUsH] wHEAHQ HYo] &
0] 3= & 3}glth. Cannulad) heparin(1000IU/ml)o] & 5-¥
A HdTE AN 480 A 48
AAFFE 980 trachead) catheterE 4} 3} rodent ven-
tilator(Harvard, USA)Z. 3§+ 2 38% 58 2439
o, 4L EARY ERY2 Fosignt. ¥
< FEFA 108 AHE AAsA b 108 3Fo
ANGHLH(FEFA At APAFoM 0 mino
2 E7)), FEFAH A A& gxdoz 2143
At

% 03mlE A¥3te] YR(SF 200p)E Met-Hbe) 234
of AHg3t9.e™ Ui ZA] heparin(1000[U/ml)& 7}
3 eppendorff centrifuge tube(1.5ml)e] o} 14,000pm.o 2
SET 433 838 AT 92 ¥ 50pE 15
ml¢] 10% nitric acid &9 EF3to 1023 A4
LA F FAH(1,500rpm, 108)4 A EZ U9 protein 5
2 AARL FFHE A

HEHE Y UFY A AAE FREEE AR
€ AHE8A 4T 42 EJYFAY95% 0,:5% CO,
PH 73)dA Ef & AAG tg 9%do] gFsxz
UE #F system(Langendorff open system)?] @Z ol Al
29 dEAE A4gstd 2FAD. T F NaCl 120,
KCl 3, CaCl, 1.2, MgCl, 1.2, KH,PO, 1.2, glucose 10,
NaHCO, 12 281 HEPES 10mMe] 9%ei(37T, 95%
0,:5% CO, 2 pH 7.3)& 10ml/min £ X2 2087 BF
AR o BFAE Mg” free JFAOE GRS F
F9ch Mg™ free FYA L FFAZ 208 FHE(Fig
A 1202 EASES) BFE 999L 12 240
2 AAGAT FEL #FY A 108 FRE 2FS
do P2 Frlete] o 108 BFA o
B9 BFAE 249 g WFAAL.

HE? oY ¥ AEXH2 : olH T BHAAA % Sml 7}
Fo 4 e HY3te 1,000g0 4 1083 44 B2 8o
YT E 4UY. Y TE 150mM KCl g0 23
AHE Fo| HYTF 20%71 HEE KCM-MgCl, %A
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(140mM KCl, 50mM sucrose, SmM glucose, 30mM Hepes-
Tris, 1.2mM MgCl,, 37, pH 7.4, 95% 0,, 5% CO)& 3
748t} 3083 vk dch WYgE 1% BSAE Es13iz
FExAAA 1022 g HFE ¥ T Sml
£ 3ty sucrose % %Y (350mM sucrose, SmM glucose,
30mM Hepes-Tris)2. 2 2-~33] A% (3,000rpm, 10%)3}%1
0. 2 F Agdd ¥ 10%8 ¥ HE F U=E
sucrose JFHE& A71ete] 10mlo] H=E 3pof wjgFs}
At A&H oz wge] S Y AYBLERE A
Y18 24 1m¥ 38 71402 Hin GES WGE
3ERE Rk gy 10,000rpmo A 283 A
ARE ¥ 459 1.5mig #8ted sucrose JFJo2 F
ol 3mlo] HEE 343l Mg"& 24 &ATh

AlROIM Mg” SEZE : 47]9 wid g8 43
3 A3d 2 gFAY Mg” HEE atomic absorption
spectrophotometer(Analab 9200A, Korea)& o] & 3}ed o3
285.2 nmol| A ZA 34 o

HZ Met-Hb £X : Met-Hb 24 & Evelyns} Malloy™
o Wlo] o3, AEH 200p9 ¥3L 5% PBS 9.8
mlo] 7hate] 2 EEe T o] EFAE AN 77 AY
222 B Yoz sm¥ e th A3 25% KFe(CN), &
& 201 H71g BYA spectrophotometer(Milton Roy,
USAYE o] 439 630nmolA FZE=E FAH3IAon,
o] #EE 47 A % Bojgtz Atk A, € B, 49
2z} 20 pie} 2% KCNE 7h3te] 2 E¢8 F 3080 4
ol AF F o] $YS S 22 PPoR FHEE S
At o] &L A, ¥ B2tz 33t o184 F44d
EHTE MetHb(%) = A-Ay/By-B, X 1008] F2] o} A Met-
Hb =& &3t

At22Hg U EI%{2] : Rotenone, 2,4-dinitrophenol(2,4-D),
potassium cyanide(KCN), heparin § sodium nitrite(NaNO,)
%< Sigma Co.2 ¥E] 74J8te] AME-3tglct AP AL
Mean+SEMO 2 eI, 2} 229 94 AAL Sw-
dent's t-testo]] ] &) &4 3ot

i oo

NaNO, % KCNo| (Mg*). ZE0ll ol|& & : Na-
NO, & methemoglobin Y3 & Yo A HAArFd o
ATP ZY & %39 KCN g4 ARALAE g3
o A8+ Q14k3t o Al(state 3 respiration)E ATP ZH &

dozlth Fig 1914 BE vt} o] NaNO,(30mg/ke)E
BAZEARE 9 Ao g Mg"| 557 @A F
7484 ol# @ F7h &7t KCN(mgkg) AA X o 9]
8o AEH AT} KON Aol JHHE Mg $EE
Z7HAE v A AR o] 9sH KON AA A
of osf o]u] ATP7} Z¥HSN7] W& NaNO,o| ¢ 3
A o o)4e] Mg” %7l P ¥eoE F2En)

KCNol NaNO,oll /8 Met-Hb §Zoll ajx|= A8 :
NaNO,(30mghkg)E FH#& o Algto| wet Met-Hbr}
#A3 F7HAL o] F NaNO,o| o] Met-Hb 57}
A3 KON & §3& A @kch(Table 1). we}
A Fig 194 B& u}s} Zo] NaNO,d o & [Mg”]. 5%
%7be Met-Hb ¥30) 9@ Z3o| o KCNE MetHb 8
Zol 98¢ vAA i x| ATPE ZHAA Mg” &
ol 9L X Ao F5E)

Mty olArsl AR|K|of oJFt Mg® RalE ol ojx|&
KCNe| &8 : & 3}e Ax dEA A rotenoneo]
U ZEPAQ 24D 9§ Mg”). F7}o] ¥ KCN9)
E3E ##3}¢ch Rotenone(900pg/Kg, LP.) G A] [Mg™].
FEE 27N ol F7HE%7} 4mg KON 3
AR o 3t oA HAHFig 2). EF 2,4-D(15mg/Kg)

—O— Control

—<O— 30 mg NaN©D,

5 30-} —— 4 mg KCN + 30 mg NaNO, *
8
§ 20-1
3
20—‘
E
eg 0+
a2
£
e -10-]
c
5
-20 T T SUSR T T 1
-10 0 10 20 30 40

Time (min)

Fig 1. Changes in [Mg™']. induced by injection of sodium nitrite
in the absense (O) or presence (®) of potassium cyanide
(KCN) pretreatment (LP.). Arrow indicates the time of in-
jection of sodium nitrite (NaNO,, L.P.). The number in paren-
thesis are experimental numbers. Data are expressed as mean =+
SEM. *Significant difference (p { 0.05) from 0 minute values.
*Significant difference (p ( 0.01) from comesponding values
with the 30mg NaNO, time points.
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Table 1. Influences of potasium cyanide (KCN) on the sodium nitrite (NaNO,)}-induced methemoglobinemia in the anesthetized

rats
Methemoglobin concentration (%)
Agents Time (min after NaNO, injection)
-10 0 20 - 30 40

Control 3.651042 3.83+043 3.98+0.61 4.33+0.55 4.24+0.50 3.99+0.64
30mg NaNO, 3.32+013 3.40x0.16 9.89+1.95* 14.05£13.1** 1942+1.61**  2242+199**
4mg KCN+
30mg NaNO, 3141019 3.63+0.17 9831149 13.46+1.59 18.27+2.02 21431214

Data are expressed as mean+SEM. Significant difference(*p ( 0.05, **p  0.01) from corresponding values with the control time points.

—O— Control
—<—— 900 ug Rotenone

—@— 4mg KCN + 900 ug Rotenone
40 4

Change in serum Mg2* concentration
(percent change)
N
d

T 1
-10 o] 10 20 30 40
Time (min)

Fig 2. Changes in [Mg™). induced by injection of rotenone in
the absense (<) or presence (@) of KCN pretreatment (1.P.).
Other legends are the same as in Fig 1. *Significant difference
(p € 0.05) from 0 minute values. *Significant difference (p { 0.
05) from comesponding values with the 900 pg rotenone time
points.

% [Mg”]. 58 Nzt nfat FAAzen o E 3
7bE 37} KCNS| AA A o] 2}8te) o4 5 QL chFig 3).
KCNo| &&= Zt2ol 28t (Mg™). S50 of%|
E Yy n3 930 Yo 5F5E HAANY
o Mg 3EE F94 YA F7hetan oA A4 &
F4Z AP0 o M) FEE HEHAUD. o
3% Zad 9% Mg"]. $E37 37} KCN@mg/
Kg) AAA | o)zt A3 A5 2 chFig 4). BetA
A7) RE Aol I3 ATPE 2RAZ & Y& 2E
2702 Mg} 557 3748 4 vkx Atz g

—O—— Control
—O— 15 mg2,4-D

W
o
J

—@— 4mgKCN+15mg24-D N *

n
o
1

[~}
L

’

—

[+]
1

Change in serum Mg2* concentration
(percent change)
)
i

T 1

L3 L] L
-10 0 10 20 30 40
Time (min)

Fig 3. Changes in [Mg*]. induced by injection of 2,4-D in the
absense (<) or presence (@) of KCN pretreatment (IP.). Oth-
er legends are the same as in Fig 1. *Significant difference (p
(0.05) from O minute values. *Significant difference (p { 0.
05) from comresponding values with the 15mg 2,4-D time
points.

7 HYTolA NaNO,& KCNo| Mg* R2loil o|x|
£ A8 AYFUA 85 FEFo] NaNO, ¥ KCN
€ AR d FA Mg FEE A F73)
FL.n(Fig 5), o] HPF HYLE nitric acid(10%)E 3}
Yo YT F Mg” 558 24 23 A0 o
g 2289 5E FEAE AN A7) F GE
98t} Mg™o) #2 9 BFsq

LRAR Y ZH0lA KCN =& NaNO,7H Mg s2lof
OjXlE G : AA o)A ATP 2ol 9J8AH F7H8 ML
< 3 A7128H fH92 4 vk Fig 594 Hg A
Y728y Fad £ 93, A% 2 23 2 443

- 270 -



—O— Control
—4@-—  Inthe presence of 4 mg KCN

5 120
=
% 1001
% 804
§§ 60
+ .
.
E 404
e (s)
28 20
8= 5)
£ 04
% 20 RR 10/min
5 100/min 100/min
© -40 TTT T T T T T T T 1
40 0 10 20 30 40 S0 60 70 80 90 100
Time (min)

Fig 4. Changes in [Mg®), induced by respiratory hypoxia in the
absense (O) or presence (®) of KCN pretreatment (LP.).
Respiratory rate(RR) was reduced at 20 min from 100/min to
10/min and returned to 100/min at 50/min in the anesthetized
rat. The number of parenthesis are experimental numbers.
Data was expressed as mean SEM. *Significant difference (p
< 0.05) from corresponding values with the control time points.

~—QO— Control
—— ken ax102 M
3.5 :
—@— nano, 3x102 M *
34 *

Mg2+concentration (nM/1x10° cells)
N
1

3 0 3 6 9 12 15
Incubation Time (min)

Fig 5. Changes in {Mg™]. induced by administration of potas-
sium cyanide (¢ ) or sodium nitrite (®) of incubated rate ery-
throcytes. Data are expressed as menatSEM. *Significant

difference (p ( 0.01) from corresponding values with the con-
trol time points.

7128E $2€ 4 Ut} Fig 6(panel A)o A B ule}
zo] BEART 7o) A 2mg KCNoj 9 3te] Mg*o] &
eSS #2E & A 238U BFARF )
A NaNO, AA)o] ojate] Mg™ el gojutAl &t
(Fig 6B). wekA] NaNO,&= ©2] o} A3 oA Met-

Hb 83 ¢ oA ATPE ZYAPoZHA Mg™E 43
N % ee ¢4 Uk

15? A
3
2
[ =
.2
B
+
b
= KCN
T ] 1 1
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151 B
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L
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Fig 6. Effects of KCN (3x10°M, A), NaNO, (3x10°M, B) on
Mg* release in the perfused rat heart (@) and liver (O). The
heart and liver were perfused with the KCN or NaNO,. One
experiment typical of three to five both for the KCN and
NaNQ, stimulated hearts and livers is shown.

n @

LFE Mg"e & RARAZ 2448 & ke Ba¥
9} ischemiaX] A XU} Ca™9) 712 FAdo] ¢y
A248 4 HYAZAN Mg*)& FHNAHE | #
AL AT, Mgt e Catol 3] 28 A2 &g
¥ & Avhs B2 v|Ro] Bel A¥Y 3% Mg”
9 F7he AEY Ca™ F71o) dhsf 284e & 5 9
o}, 12} A ischemia ¥ hypoxiaA] §-&8 [Mg™}e] F7}
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€ 27]9 RFAE JAse AZHE R AFE uE
g4 e Moz 23490 oY ME e &3}
£ 90% o] 4<] Mg*o| ATPS} A%t Q7] W &o)® 4
EEAA o2 AT ATP/} ZAHE A Z, ischemia,
hypoxia ¥ cyanides} Z& 333 gAIGA A Y
[Mg"Je] 3712 & AT, B Mgho] HEd ¥ &
7@ A ATPS A@3ta Q7] G ATP 44 &
g8 Mgo] 371 & Qo] 2 A FUL A7)
Ex AERoE Mgho] AEY¥Y 4 gL 2881
33 qAA B TEGA g8 M) 5=
7t g uh o} A XY cytochrome oxidaseE o A
3t cyanide FEA] A XU ATPE @A 3] 7228 Ao
2 I8 Mg"e 3718 Aold. AXEH g
ATP 227} 4219 Mg A8 772 #alY
Mg*& 238 Mg” B M2 371 28] Mg¥],
£ SN Aol o] AYdA FE8 Mg 24
& 5 o ischemic 41404 31P NMR spectroscopy
€ o] &3te] ATP 728 87 vl 32°, A2 Kim3}
Scarpa”’= NaCN 5] 12 o]ujel] o 80%9) ATP7} 7+4
ol §8¥ Mg"ol 3781 olg g freld Mg™q
F7te Z2E A3 g3 Axde fE8 & gdz
3gict wek ATP Z¥o g Mg”] 5537 84
< FWL ATP AP Fo2 4PHE 298 &
Atz &

A XA ATPE Mg” ¢34 98¢ o2 & ATP
FEVES M| FEo] 9L v]d Holg. E3) A
BHEAA & ATP 5= & Mg*]ol ¢3driz
P, 2 ATP ¥ £74 7} ischemiat} hypoxiad) 4 Yo
um Mg® 2342 M} 5537 8900 A
F, A23FY AL +IY M9 F718 Yo7
I olg# fY Mg*9 F7tE AEe Mg” &
o #ejdte RoE U#A o AXIFY YA
Mg"]. =e) A& 798 9ot Aok AgAe
2 mitochondriad| A Al E AW ] Mg™-ATP Y] §59)
Mg") 558 37104 4 U8 E B3 o Qo2
oy ATPE @4 [Mg”] 5585 ¢ 23t 938
3 717y Bolth, & A¥Y 444, mitochondriad)
g /el 2 SR A& /Y 2L VFE 2
Halok 317 W&o|th. ATP A4 7]F¢) mitochondriat
Mg™} F8 AR22 ¢4 Yok A% 7 mi-
tochondriad} 4| @93 mgd 20~30mM A=z Hc}?

A mitochondriay: Mg*E A X 273 A%
Y A & QoA 7130 28 Mg sEE Mg
f5d wet 283 & Q. T8 H 2R A
7} FCCP(carbonyl cyanide p-trifluoromethoxyphenylhydrazone)
EE e BEYAC 93te foi A& 9 mitochondria
Y Mg* ¥E7 $38rhe 2370 93te] mitochondria
Mg* 22 9% proton J&¢] F2Ao) FEHY}
QA ZHM £} sublingual mucous acini®*o) 4} FCCPE A}
33 Qs AAA AXAY #Y Mg”o] FrHg
£ A2 mitochondriad] Mg™ #AH4¢ ¢1% A9 9
%244 2&Fr}. Romani et al 2% 9 A} cAMPO) ¢) 5]
7 7t} 44 mitochondriao] 4] rotenone &) 5o A
Mg*& 2 A17] 2 Mg™o] AIAY A ¥4l mitochon-
driaE W F P& o Mg™ f2l7t dojdtn g Fa
Mg* AB29E &A%t A atractylosided} &
adenine nucleotide translocase & &) & ¢l o] &4 Mg> &2l
7} 9 A=) o] mitochondriad] 4| Mg?* -2 o) ADP/ATP carrier
o #AYE Basg” oy 47 AJEL 2%
3 ATP A4 2 5 E& YA Mg™ 24 JHHo
E #¥de ¢ F Aok o] A7 A& NaNO,, rotenone,
24D, 2 3FGA ) & Mg") F=F7 A37} Yo}
A 37 BE el 202 ATP 2Y ¢ 4o 4
A&E 1Y 4 ATPS} Mg™ 29 BAE YHst
o, 7] 229 4% Mg"]. =377k KCN A48l
M 4AEE B KON} 47) 2480 BF 22 /A
o 95t Mg"& 2ddz J&E ¢ 5 AUtk &, KON
2.2 ATPE 1A AejdA utEg ATP 2 2& Mg™
€ FEAINA Fol 47] RE 224 98 Mg* =
ATP 179 e ¢ 5 9ok

YA Ao 3 Mge} 287 Ho) g AT7E BA
%e B ol in vivo oA tAI Ao o Mg¥),
9 FEEEel B A7 AR AN Mg™ A
Fule 37, AR YT g #3° 59 Ay
€ 53t W ojFojAh. AWM Mgt &4
A 20 dF 7E AA, Mg™] B AT 273
e Mgt 435 2o Ago] M2 o]Ro)xn &
A, AXehe B Mg §5& AX - 97t 4z o
239 F4& Yehd Aolu A, [Mg"]. 35 & kid-
neyo] o) o3 2HP"E nefsiof e ATP 2
A AgHoz ¥Foz Mg"Y 48 2= ANE
F oy o] d¥A o] 93w A4, 3ty gL A2
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el ATP 224 Mg¥), 52230 38 7B
g UE ookl AT 9N Mg” %8 B398
B3 ATP Yo 84 (Mglo] Zrdnie
S 712 Table 10]4] B uj9} Zo] KCNo| NaNO,o| 9]
& Mg") Z7LETHE QAR oY Met-Hb Aol =
FFE vAA FUATh EF NaNO,o| o3 [Mg™). 37}
A7} MetHb 8F X 84¢ methylene blue2 A 5)
gtke B 95t Met-Hb §Zo| o8 ATP 2Y
22 Y Mg"le) 3HoEM AXY - 99 Mg
FEA A gate] MEROE GHUPORH M) B
7t F74ske AL AR®T. 271402 KONE in
vivo 7k ol BFARH e E Mg™ Gl aHE
HY o NaNO,E in vivo A A [Mg”), 558 2743
2 & dFAAOIY Dol E Mg e SN 7A@t
THFig 6). o1& MetHb 8%} s H Mg¥o] faj€ &
Athe AHHA FACT 3F5 2a G4 Mg,
F7ERE YebdTh ol ischemia, hypoxiar] M| ¥u)
% Mg} 37127 A Eohe B Mg® §50) =
ZHHRAY AL FEYA R ATP 24 S0 98 AT
9 724 B3 7198 ASHE YgoT o= o
Fajof & "ast U

id B

fFrEl¥ Mg} 28o] X ouix AYH YHs
A d¥dez, S8 /28 M"Y 2701 284
WE Mg™o] $29 F3Y Rojgtn Y. o2
FERIA vl e AN ¥4 agn HYy,
FRAE R oM M), 5EE 2R 2YE
E9 B2 NaNO, 8 $989 1, [Mg*].& &%
¥ 10-20%9) A 85ich AP SS9 WmgKgs) NaNO,
Foatd Fo 108 $2E [Mg”]. 5 Met-Hbe] Z7}
42E F AU e 2N M) 27 aD
4mg/Kge] KONl Ao o) A5} Met-
Hbe] 37k A H A Gk ol @ AoE Mg™), E
7keh ATP Zyo] Futg g Juj$d. T3 09mgKg
rotenone %= 15mg/Kg 2,4-dinitrophenole] [Mg™), $5&
Z7HAT. EF4E 100/mino) A 10/mine.T 3087
REAS o BF ARgEH o2 M”] 557} F7}
ATk ol § [Mg"]. $EZ7}= KCNS AX o) ¢
& A& 714 22 NaNO, & KCNo| 2] 3o

e mu wu

ATPE ZHAE 879 FEFGN [Mg®), 557}
F7H5%. #5433 gelA KCN9| 242 o) 34
E Mg fHAA T NaNO,o| sl A= Mg»o) &
57 @skeh A7) Ao dsta M), 4d37 &
e Mg F8 AR29 A% 3 283 JY o)A
AR o2 ATP 29 98 458 $38 Mg¥], 2
7kl S EHo|n HX Y o 1ix] Aejo) wrat Mg*o] o
59 5 08¢ dvgo.
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