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Abstract

To invéstigate the effects of hexavalent chromium on mitochondrial res-
piration of rat kidney, various hexavalent chromium cohceqtrations were
treated, then respiration and electron transfer enzyme activities were meas-
ured. Ultrastructural changes at state IV respiration of‘mitochondria were
also obsefved. Then, to investigate protective role against hexavalent chro-
mium 1n the body, low-molecular-weight, chromium-binding substances
(LMCr) were purified from livers of rabbits 2hr after intraveﬁously admi-
nistrated with sodium dichromate at a dose of 74mg per kg body weight.
And then, respiration rates of mitochondria treated with LMCr, hexavalent
chromlum containing 0.7mM chromium were measured.

Hexavalent chromium decreased state IV respiration rates and electron
transfer enzyme activities of mitochondria, and increased labile membrane
and swelling. And partial inhibitions of condensed to orthodox conformati-
onal change were observed. Respiration rates of mitochondria treated with
LMCr éontaining 0.7mM chromium did not differ from that of the non-tre-
ated mitochondria. But respiration rates of 0.7mM hexavalent chromium-
treated mitochondria decreased by 42%, compared to non-treated mitochon-
dria.

Thesé results suggest that LMCr may play an important role in detoxifi-
cation ‘of toxic hexavalent chromium.
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Dept. of Biology, College of Science, Yonsei University
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)
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Fig. 1. Purification of LMCr from rabbit liver
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Fig. 2. Anion-exchange chromatography of
LMCr on DEAE-Sephadex A-25. Etha-
nol powder extract(4ml) was applied to
the column(3.2 X 15¢m) equilibrated with
distilled water and eluted with a linear
NHCl gradient(0-2M) at a flow rate
of 18ml/hr. 5ml fractions were collected.
Chromium content(A), absorbance at
260nm(®), and NHC] gradient(— - —)
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dex colum(3.2x15cm)9)] loading3dld OM
4 2Me] ammonium chloride® linear
salt gradientg§ Zdo|FHAA &EAFT &
A8 &8 fraction collector(LKB Bromma
2112 Redirac)E& o] &3ld 18ml/hr &5 2
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/hr 22 2z} sml¥ gtow AFF LV}
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Fig. 3. Gel filtration chromatography of LMCr oA 5&EF< E3td Atx9 7AEL =

on Sephadex G-25. Number 47-64 frac- & #H LMCro] Z& 67 =0
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ml/hr). 5ml fractions were collected. 3 Comm s s -
Chromium content(A), absorbance at BI HzTdE FRFE AITAE 0.7TmM

260nm( ®). Column dimension ; 1.8x85cm. ¢ ZE 67}9} 0.7mMe] AZEL X stz

13.0

-
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2.0

Cr «(PPm)

1.0

Absorbance (260nm»
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Homogenate(20% w/v) in
0.25M sucrose, pH 7.4

Centrifuge for

10min at 600x g

I I

Pellet(Nuclei) Supernatant

discard

Centrifuge for

10min at 8,500x g

|
f |

Pellet(Mitochondria) Supernatant

Washed twice by discard
resuspension in 10ml

portion of 0.25M sucrose,

pH 7.4 and centrifuged

for 10min at 8,500 X g

| |
Washed mitochondrial Supernatant
pellet. Resuspend in discard

5ml of 0.25M sucrose, pH 7.4

Fig. 4. Procedure for the isolation of mitochondrial fraction. All steps were carried out at 0-4°C
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< & HZF9 ¥ & NADH-CoQ reduc- o) 1 2 3 4

tasew 41.7%, cytochrome c¢ oxidase:
283% ZxdtHon, 2mMES MRS wel
= 7] 521% % 34.2% 71 248 tH(Table
L, 2). 23A% ARAGA e 27NGAY
NADH-CoQ reductase’} 71244 Q] cyto-
chrome ¢ oxidase BT} Ho| AA| =)

3) e wA& J¢

agF 6718 AdsA gL FFEA nE
Z=gote B AT $%€ #H (conden-
sed conformation)2 &A 3l o (Fig. 7),
SEZ state V 38 & A Fole 443

Crimmn

Fig. 5. Mitochondrial state IV respiration rate
at different various hexavalent chrom-
ium concentrations as percent of the
control. Each point represent the mean
of three experiments. Respiration was
initiated by adding of glutamate(10mM)
+malate(ImM) to reaction medium.
Mean respiratory rates of the controls
were 9.8 nmole Oz/min/mg protein.

A= Halgok(Fig. 8). 0.5mMe]
2 6712 A5tz 587 state V &

3
A7 FlEe AYIHE WE A= A

fo to 1y

Table 1. NADH-CoQ Reductase Activities of Rat Kidney Mitochondria treated with

various Concentrations of Hexavalent Chromium.

Hexavalent Enzyme Activity % of
. No® . P value
Chromium(mM) (4 O. D./min/mg protein) control
Control® 3 0.14040.0057 100.0
0.1 3 0.118 +0.0071 84.3 <0.05
0.5 3 0.105+0.0035 75.0 <0.01
1.0 3 0.083 +0.0064 59.3 <0.01
2.0 3 0.067 +0.0035 47.9 <0.01

% Data are expressed as means + S. D.

Data were statistically tested with student’s t-test.

a . Number of experiments.
b : Chromium not added.
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Table 2. Cytochrome ¢ Oxidase Activities of Rat Kidney Mitochondria treated with

various Concentrations of Hexavalent Chromium.

Hexavalent Enzyme Activity % of
] No® . . P value
Chromium(mM) (4 0. D./min/mg protein) control
Control® 3 0.474+0.0532 100.0
0.5 3 0.416 = 0.0570 87.8 N. S.
1.0 3 0.340+0.0283 7.7 <0.025
2.0 3 0.312+0.0288 65.8 <0.025
* Data are expressed as means + S. D.
Data were statistically tested with student’s t-test.
a : Number of experiments.
b : Chromium not added.
g Rpdoz 37¥YE EAsdded 3
#84el BFIUG(Fig. 9. ImME He) substrates

3 Ade A4 gFHJoU &5
ejof| 7i7le FE e = YEFY o™ matrix
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3EFS NEZ=gole state I TEFS
Al Fo] 71A& Wi 52 FU state V &
&S $=39E # 0.7mMe =ZE 67}
AEld Afde FHFFE AT AR
Hgted 42% AE 3FEol FL2IFAT 2
dy 22 0.7mM¢& 2331 3= LMCr&
hx7Fd HdE 3589 AoleE YENA
9}k tH(Fig. 6).

33 283 LMCro| diphenylcarbazide
E Yo Bg o o] HAGgen A
€ 6712 4tstd Fojof wralo] EHAUTH

n &

E Ade 43 3E 67l AFAEY
nNEZsgole] FFEE FRAFeW A
AR @A el Complex 19 &3s= NADH
-CoQ reductase®] AL ZAAZAT. oA

l-

3nmol

02 comsumed

I — e

3 6 9
Incubation mim

Fig. 6. The effect of hexavalent chromium and
LMCr on state IV respiration.
The figures indicated are nmole O; con-
sumed/min/mg protein.
Cr-W(—--), LMCr(--- ), Control(—
).
Substrates ; glutamate(10mM) + malate
(ImM).
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Effects of Cr® and CBS in Rat Kidney

ARZAYS BEAE F4F =M (Tandon
E, 1979 ; AlexenderE, 1982 ; BianchiE,
1982 ; DebettoE, 1982 ; Rybergs, 1984),
HAAARel AE dojubx E3sHAl dhe
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% 24t 28 67l MlEEEeoly 55
o 3a% MTER £4& AAHE 9
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AEd e REES zxHYsA Hol IF °°]
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anion exchange, gel f11trat10n—~ A A
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H(YamamotoE, 1981).
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Figure Legends

Fig. 7. Electron micrograph of mitochondria just after isolation from liver of normal
rat. All the mitochondria have condensed conformation(CON),

Fig. 8. Electron micrograph of mitochondria after 5 minutes of state IV respiration.
Nearly all the mitochondria are transformed from the condensed to the orthodox
conformation(ORT),

Fig. 9. Electron micrograph of 0.5 mM chromium(Vl)—treated mitochondria after 5
minutes of state IV respiration. Some mitochondria are transformed from con-
densed to orthodox conformation, and intermediate conformation is seen(IC).
Swollen mitochondria(S) and labile membranes(arrow) are seen.

Fig. 10. Electron micrograph of 1mM chromium(Vl) —treated mitochondria after 5 min-
utes of state IV respiration. Some mitochondria are transformed from condensed
to orthodox conformation, and ruptured mitochondrion(arrow) is seen,

Fig. 11. Electron micrograph of 4 mM chromium(Vl)—treated mitochondria after 5
minutes of state IV respiration. Condensed(CON) and intermediate conformation

(IC) are seen. Labile membrane(arrow) and swollen mitochondria(S) are seen.
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