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Effect of lead on mitochondrial activity in rat tussues
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Abstract : Cardiac, hepatic and renal mitochondria in rats fed lead containing diets were

isolated and their activities were studied in terms of NADH oxidation.

In normal rats, cardiac and renal mitochondria had similar activities and showed activity

values of higher than those in hepatic mitochondria.

Cardiac mitochondiral activities in rats fed lead containing diets were increased after 4

weeks of feeding but decreased to activity values close to normal.

Renal mitochondrial activides showed a trend of inhibition in all groups fed lead

containing diets but were no differenes by feeding periods of 4 and 8 weeks.
Feeding of lead containing diets could not be attributed to any changes in the hepatic

mitochondrial antivities at experimental doses during 4~8 weeks.
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somed} & A= Zioe gaA gt Mitochodria:
G A7 1SS FHR AV R AESE, A 9
Arsh, BAMYE S ¢4 R mitochondriad) #AE F¥-4
HEEE SN T2 A A4 JEE HSES
gt 58 Aty dashubee ohEd Ay
(multienzyme sequence)o] €|t} RS H7 A4 e
Hhe-0 8 A G (electron transport system)3} 73
Ao heme A & FH 9 yrochrome o 2 T4 ¢
th Z12jy heme B¢ cytochromeo] hemoglobindi] 4]
8t ol woll 93t FAol JAHEAE o}y Esi).
Hammond$} Beliles’2 ol €13} cytochrome §430]
g wrexe E3ds T oy H 2 Taki et al'’,
Christenson et al''€ g¢] mitochondria 841& o} #3132
™, microsome ] %FZ Aol FJFl= cytochrome P4500]
ZAgtn Haste go] cyochromeS 9] §AE AA 2
T AT AT

& T3 mitochondria Thof] A o2 &£AS T
Aoz Byt Mitochondriad) A&} o 1] =] A
BAoli= HTA] ALE YA 50 o] Ao oA
o Fitsl} putel e Aoz dEA . ojn B A A3
At3}(lipid peroxidaton)E A3 ALE BuEn ¢
th. Skozynska eet al'*e] 9]8}H Fo] superoxide dismu-
sed] 244 Ago] 1A 4R 9B oA
9 &A4& dortn s om wehA mitochondria ot
MM o9 Foo] Y& Ao FAEY.

ojde B3 Fo8 Bof o] g UL Ao
5714 A 447132 mitochondriad] &4 F8&
F ALR FHH] gom, AP AMIZ gdH1 9l
o, oo we} & dFAM F& BFH F4F F mi-
tochondria®] 840 J&& FEAE 8elstuzl 21ahH
QA3 Ao A AAE+E p-nicotinamide adenine dinu-
cleotide reduced form(f-NADH)9] &3 % W3l 233}
o 1 A%E Hug

¢ oo

ME 3 Uy

BAEE : 55799 Wistard) A4 A= 3052 YR
2 RE Bl 654 5L02 o] 712AlR
2447 A3 EESE F 47 st gy
2o} ARyt 17 Y2 FoE N xARTS AdE
o Foq3HR 2%, 37, 47 2 57 4] ¢ 10ppm,

100ppm, 1,000ppm % 5,000ppm 3= ALa g
A Zhgof diste] 4789} 87 R o 354 & WY x]A}
NA FA A%, 8 R 438 A8 mitochondriag
st

SAKE : AAZ AFe] 7] pellet AFEE 7)1 24}
RE AT @ FRARE 712AIBE 245 24
(Pb(CH,COO0,), Wako, Japan}& &l =of Ha#F g
EFALF Al et & 3ol 10ppm, 100ppm,
1,000ppm 2 5,000ppmo] =& ALEE SHEQIT)

Mitochondriagl &2| : 4FZA M2 mitochondria
B2 Lees} Lee’ % Smith'e] W& #8819 &3}
ol 3. F, 24 2.5g& 2l Aty A AAE
WA FE 7tete] 502 5871 vls)8 F Eastabrook
Z9(0.225M sucrose(Wako), 10mM sodium phosphate
(Wako), pH 7.4, 5mM triethanolamine(Hayashi), pH 7.4)
30mlE 718l H-A2) homogenated]] 2M wis €4 7}
8o} pH 7.82 3% t}. HomogenateZ YA ] o] A
1200xgol 4 687+ AARelsa 2 4HAe TA 18,
000x goll A 15%-7F 942213t mitochondria HA &
Aot o] Ao dA 45 30mlE 7p8te] e 23S
13] o] wrEgle] & AHE &5 SmlE 7)3te] i
Al7) homogenate(mitochondria suspension}E ZA] mi-
tochondria &4 FAo) Ag3ger F50] & ol & -
20T ¥E7]el B@stdA 39 oo mitochondria &4
249 AHgE .

A AAZAMES mitochondra 22)E Johnson
% Lardy”¢] W] Za%}. &, 274 2552 A%2A
o] K¢} Zo} vtA|#H Eastabrook ¢ 30mlE 713l
B.5217) homogenateE 700 gof| A 587+ QA1 8-8) 349
o A YL O] 14,000x gl A 1087 LA E-2l8kd
mitochodria 3 A& d%Ach. Mitochondria R g3
& AHEste] FYE Bz 238 o] YAEE s A
¥ mitochondria H A& ¢34 5mlE 718t F-f A7l
mitochondrial suspension® % A] mitochondria 84154
of AREElAY XE53] & do 20T REIHUA 3Y
ol o] g AH&-3AATh. Mitochondria®] Ee]ol] A8
3 QAR )= Sorval RC-5B refrigerated superspeed
centrifuge( Dupont) T

Mitochondrial activity®] &3 : AzxtAZ4H(elecoron
transport reaction)¥} #7 ®8k2ol AbstA 913} (oxidatve
phosphorylation)# 3 o] 4| mitochondrial suspensiondl] 7}
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3%l NADH$} ADP9] i3t A4 5= NADHY &%
T 22 233899 Mitochondrial suspension®] Tl
2 8#FE Lowry 02 2431, 3mlF 100pg 2L
ot E d3doz Mato bAdd Hatu o7
o 0.025M ADP(Shigma)&<} 50p9} 0.025M p-NADH
(Sigma)&<f 40pE 7Ist FA EFE F 36TIA
280~400mm7t2| 9] FFFHE 28 HFo2 A3
A4 d=9] A" mitochondrial activity®] z}o]E ZA}
ATt ob&E Y FUT PR F HAIRE AL
% =9 mitochondrial suspensionol] 2j3ld A E &
#5422 FE NADHY Ho) 333421 340nmol|A]
o Z34% M3 E ZAISS vl w2

T3 239 @9 %3 2£2)¥ mitochondriad] &%t
NADH-4t3te] ¥\ 2E 98t AA%7 16.7mg, HZE
2 6677mg 2 ANRFZRA 667mgoTHE Egd mi
tochondrial suspensiong& 3mlZ A-&3}3 o§7]9) 9]} o]
ADP #9443} B-NADH £94& 718t 36T A 340nmo
Ao FRE WSE 2z 2 2pdsto] wusgc ok
2 280~400nmo| X o} FFIHE At wl w3 gt
33s 9 FFFMY F44L UV-recording spectro-
photometer(UV-2100, Shimatzu)}E o] 83} t}.

2

HYAERE AT A2 F9 A7 22 E AEY mi-
tochondria &4 & ¥|iL3}7] $13le] 7|2ALEE 857 A}
¢ A=E AT F FA AHE AR, F 2 A
% mitochondria®] F33419] W+ Fig 13 2gtch.

Fig 1ojA 9} o] 2z} Z & mitochondrial suspension

o &% f-NADHY] Ats}el] 2 &3340 Haloy =
¥ mitochondria &/4¢] Ao]& & 4= glon], 439
mitochondria 84/0] 714 ¥9tx, 7H-& A3 of 27%,
AL A9 o 60% FFol %}

 FATEY 43 ¥ 8FF, B 100pg S T3l
mitochondrial suspensiono] ]+ 340nmofjA{ 9] 137 $-
NADHY| £34% 745 &4l Table 1) Yeh)dh.
4422 9] mitochondria 84 & 453 ¢ Fo A7 A
deetglen 53 10ppm ¥ #F ARFATIAE
2019 ThbE w2 A€ Bt oy ¢ S99 &
7}$} mitochondria A3 HHA Aol it
8% Fol& & i Ale g Aol 2z 2oj7t 9
k.

14249 mitochondria 4 & 45 4 8FF 3] A
gzl zFH Aozt At AFEAe mi-
tochondria &4 & 45%F A wgoTdA gaZdo]
oy g FdFe] b2 ol A 8F Fol=
10ppm WEHHALE FoTE A3 ZE F Fo:7o A
ZAEAGE B oY 47 FoA B} @y

7t #7123 9 d9F %7 mitochondria 49| ¢ F
oo o g AR 4FZRAL 16.7mg, 13
27 ¢ 6667mg, NAZAL 667mgoeRE 2t
mitochondrial suspension$ 3ml2 A-§&k 3 Aol Wl
Ao} o] 340nmo A 9] E3% W32 mitochondra
24& 2439

AZzAe a9)FEo2 Y 2% mitochondriad]
49 UiF ¢ FQEH+ Fig 2-19 Yl ¢ &
o 4FF AEA BHFE 2o ¢ g uf
2 Aole AY ot 8F Fe 45 FRO H U ¥

Kidney A Liver

20 20

Fig 1. Comparison of NADH-oxidation by mitochodrial suspension of normal rats. UV-spectrophotometrical tracings werc start-
ed after adding of 50pl of 0.025M ADP and 40pi of 0.025M NADH to 3ml of mitochondrial suspension(equal to 100ug prote-
rin) isolated from tissues. Tracings were graphed at an interval of 2 minutes.
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4 weeks after fecding of lead acctate 8 weeks after feeding of lead acerate
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Fig 2-1. Changes of absorbances at 340nm according to oxidation of NADH added to mitochondrial suspension from heart of
rats treated with lead acetate.
I: Untreated  II: Group fed 10ppm lead acetate  III : Group fed 100ppm lead acetate

IV : Group fed 1,000ppm lead acetate ~ V : Group fed 5,000ppm lead acetate
" Expressed as changes of absorbances per minute per 3ml of mitochondrial suspension from 16.7mg cardiac muscle.

4 weeks afier feeding of lead acetate 8 weeks after feeding of lead acetate
| :
5 4
. 4 8 n
i g 3
g v == ém
g 3 N v
£ 2y 2 =1
g P -1 < .
o S~ il 1
1 0 L " I
. ) ) N 1 2 3 4 5
|
1 2 3 4 5 (min)
| (min)

Fig 2-2. Changes of absorbances at 340nm according to oxidation of NADH added to mitochondrial suspension from liver of
rats treated with lead acetate.”
I: Untreated  II: Group fed 10ppm lead acetate  IIX : Group fed 100ppm lead acetate

IV : Group fed 1,000ppm lead acetate  V : Group fed 5,000ppm lead acetate
" Expressed as changes of absorbances per minute per 3ml of mitochondrial suspension from 666.7mg hepatic tissues.
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Fig 2-3. Changes of absorbances at 340nm according to oxidation of NADH added to mitochondrial suspension from kidney of

rats treated with lead acetate.”

I: Untreated  II : Group fed 10ppm lead acetate
IV : Group fed 1,000ppm lead acetate 'V : Group fed 5,000ppm lead acetate

* Expressed as changes of absorbances per minute per 3ml of mitochondrial suspension from 66.7mg hepatic tssues.

111 : Group fed 100ppm lead acetate
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AZ71E B

AFzAY g9FHFez By £2l8 mitochondriad
Ao g ¢ FARPE Fig 2-29) Y & 7
o 45% 5,000ppm & $Hr AlRFA TN g BHA
3 AL By oy 7lg §97L g 22 Aol AY
Aglom 8F Fo A dFA7Y B4 gxeH A
o} Bo|A gt

AgzAY d9FFeR F¢ 2|8 mitochondriad]
4o g ¢ FAEBE Fig 2-30) ehisith. & 39
47F AToA d2FRT 9t At A%E HIS
o} 8% FojE 1,000ppm 2 5,000ppm & ¥ AR F
TAAM ti Aehe S B F ST 2
2 Zele YA

a

o] heme §4& A3t 27|50 Agtdde B
& Rt Qe A hemeproteing) cytochrome]
T FEgE FeAd dF A7 AY gidk Al
X oA cytochrome®] t]¥-2-2 mitochondriao] £ 4]3}w
endoplasmic reticulumoll & cytochrome p4500] EA 3t}
Mitochondriaol] £33} cytochrome b, cytochrome c, cy-
tochrome aa; & electron transport system& FAj3}o]
NADHZ RE F49 AZE £A4HL(0,)0 AEsdo
=& QA3 o] FAM A7t 71 Y] E& o] o]
Foja g Qatste g oA F&AIHE ATP7}
AR Ect. o] /) cytochromeE 9] F4& AAlsH=A &
A2 S487] & elecron transport chain}
AbghA bk d@bgdlN A4sl NADHZF £
AAEE ATPHE 243084 Yo 27 mitochondria
9 71%& 34E & 1 B2ty ZF cytochrome 43
g FEAE B At T3 AH2A L 2
w2} mitochondria @4l 4] zto]7} glu dol ¢ FF=
g2A Jeig Rojo. & A7l B R=e 4%, 3
2 AN Zed 100pg dHEE FHE}E mi-
tochondria8] EAolA] & Atol7h o™ Age] 7H =
%3 o2 A%, Mg A% ol 239 oy
273w} Zolrt e RoE AEE A% ALH
oz 870l o Aoz Aztdr.

w 5o AF9AM 4739 mitochondria &4o] 45 F
of £A vehdon 1% 10ppm & FAZAAM M &

i

A3 ojit g FojFo] & FEAME tha PopH o
U dz27Ed 22 84S 20 ¢ FAF e &
ol AY Ul 8F Foll= ¢ Fo AT Yx2dY
Zol 7k YAtk & § %7]9] mitochondria &4& YAl
Aoz AN Alde] A wet Fgos BHA
g Alo] ohd 7t AZE ™ hemoglobin®] #4-& o Als}
7199 s’ ge o] cytochromes] 34
T 71%E AR 4 Ao Alad.

Z2 9] B$|5 %3 mitochondria FA oM E 4]7o] 7}
%D oz A%, e ¢AYeH gl 9
FFoME By g J)FoR P& Yo At &
Aletth. &, ARz Ao A ¢ B 435 mitochondria
84o] MG & T wE Aol fgled,
8F FolE 45 FollA Bot A9 d5o] . 3
23 ¢ R 47 2 8FF 33| ¢ FAF FAYC]
Yz2EH Zol7t A §lo] e £EE B ol 9
g Aol Aol FAHUT AFRAGHE T9 £
2o djg mitochondria &4 A & Fo] 9J3te] AA
He AYolUen 8F FHT 475 4 o W& 84
9 AsE B g T/t g & AolE BAT. o4
o AFEL AR doll 3 AEFHE Y E mi-
tochondria 84 & 4 4 o+ A= Alsgch
Ty o4 28 43¢ mitochondria $4& 454
Ao 2A AFH o2 hALE AN § g0 QY
HQ2H o] Taki et al'%d 9% H19E dXehE A
o2 FEET sk Alg et 28y gol ot F3
£ A oA mitochondria 840 thad a5+ Abut
He 238 Byon, do| & F3gE x2xd 9 &
A& AAHE Aol e Aol ojddst AEE T

=
=
al

=
—
=z

4 &

do] A= N2 njAE G zAE A} 5F
Ho A F=o xAPd(lead acetate)S H7}3ke ¢ 10,
100, 1,000, % 5000ppm® 43 A2 E BEO F
A 4FF 2 85F A, 1+ E AL &3
mitochondria 4 & Z33}5c}.

A% 4= 2A%F mitochondria #4& @93 100pg
of 333t mitochondriag 7|E02 & o HAo] 7H3
=43 o8 A%, 1 M uh

413 mitochondria 84-& ¢ £ 47 Fo| F7133A
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om f FojFd f& Aol U 8F FAE 45 F
2o 4371 wken AdAE FoTd AT
7% mitochondria 4L & Fof 45 9 8FF T3
AAAE FAZ 3 o)zt fAch
A% mitochondria 84 & ¢ 5o 45 % 85F 33| &
otAe Agolger ¢ FoAFd mE Zole A AN
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