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— Abstract —

A Study of Relationship between Exposure to
Manganese Chloride and Malondialdehyde in Rat Tissues

Chul-Jin Moon, Soo-Jin Lee”, Se-Hoon Lee”

Green Cross Reference Laboratory
Occupational Health Center, Hanyang University Hospital”
Department of Preventive Medicine, College of Medicine, The Catholic University of Korea”

Objectives : This research was intended to investigate the relationship between man-
ganese and malodndialdehyde concentration in tissues of rats exposed to maganese chloride.

Methods : The study groups were 12 manganese treated rats and 9 control rats.
Manganese treated rats were given intraperitoneally manganese chloride(Mn”", 4 mg/kg)
daily for a period of 30 days except Sunday. Control rats were injected 1ml of saline. The
plasma manganese concentrations of rats were determined by graphite furnace atomic
absorption spectrometry. The tissue manganese concentration was determined by flame
atomic absorption spectrometry. Malondialdehyde, the product of lipid peroxidation was
determined by ultraviolet-visible spectrophotometry. The plasma malondialdehyde was
determined by gas chromatography with mass-detector. Protein concentration was quanti-
fied by ultraviolet-visible spectrometry and was used for the compensation of tissue mal-
ondialdehyde and manganese concentration.

Results : Manganese concentrations of plasma, brain, liver, and pancreas were very
significantly higher in the manganese-treated rats than in the control rats.
Malondialdehyde concentration of plasma, brain, and pacrease were significantly higher
in the manganese-treated rats than in the control rats. The concentration of malondialde-
hyde was correlated with manganese levels in plasma, brain and pancreas.

Conclusion : Based on the results obtained as above, it was concluded that the malon-
dialdehyde, product of lipid peroxidation was related to the cell death due to dosing excess
manganese.

Key Words : Malondialdehyde, Lipid peroxidation, Manganese
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7} 2.6-tert-butyl-4-methylphenol (Sigma-
Aldrich Co., St. Louis. MO, °]3} BHT)Z 3+t
sixelet & BAAI7R] 70 CcolA WEEAS A

©

42 % microwave(Q45, Enviroprep. Questron
Co.. Prinecton, NJ, U.S.A)E o]&sdl] =4&
Lalataict. AHEelE AAE ERAASTTESEEA
(PE3300, Perkin Elmer, Norwalk, CT, U.S.A.)
of FYstd FBEE SAsAt. Microwavee] A
2] 24-& Table 13} 2t}

TAstE 22N 3 mP 35 %(w/w) ZAF 3 nl&
o

Table 1. Operating conditions of microwave

digestion.
Step Power (watt) Time(minute)

5 15

1 10 15

15 15

20 15

25 10

2 30 10

35 10

40 10

duigioz gx AlE g 0.1 mlS iE A
A(0.095 M (NH,),HPO,, 0.5 % Triton X-100)<}
0.9 ml® 41& 3 Baldwin $(1994)¢] WS o]
|351] PAFFEBF A A2E graphite fur-
nacedl| 10 4 FY4ale] B89

3) =&°] MDA st &3

ZZ2Y MDA s TBA wHgol <& A
MDA-TBA adductE Shah(1983)¢] WhHo=
gotgion qokeld v Zry. 237 < 2 g
o] ¢k 49 potassium phospate saline
buffer(pH 7.3, 1.9 mM NaH,PO,, 8.1 mM
Na,HPO,, 0.15 M NaCl, 5.2 mM KCI, e°]3s}
PBS) 20 mi¢t 42 5 A%F2A homogenizer TKA-
ULTRA- TURRAY, T25, Janke & Kunkel

oo it
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GmbH & Co., Staufen, Germany)® T23}s}
Ak, o] FE AL ultrasonic cell membrane dis-
truptor (Ultrasonic homogenizer 4710, Cole-
Parmer Instrument Co., U.S.A)E ©]&3le] 7
watte] powerZ 20%37F S E]d oS 4T,
20000 gellAl 3043t YA R8T YAdReE
9 1 ms T ¥ 17.5 % trichloroacetic acid
(o]t TCA) 1 mE H7Kekdoh 1 w2l 0.6%
TBA(pH 2.0)& H718 & 1587 2ol $E2A31
Aok, Ao Fo A3l H 1 me] 710% TCAE #
7Feta 2083 5830 Fol WA 1083t
3000 rpmelA] FAEEg 5 FEHE 534 nme]
gatel] 33 =A (DU-65, Beckman, U.S.A.)
2 EF=E =3t 399 FH)E malondi-
aldehyde bis(diethyl acetal) 24 #4E 10 m<]
0.01 M fztel 41o] 6AITHESE Ao W]l A
At

4) gxte| MDA s &3

g3l MDA %+ Jiankang $(1997)¢] Wi o
AEsision aoket v 2k AAgolA A1F
N5 heparine tubedl] ¥ F A4lEe|std A
2 250 wo 10 M BHT 20 ©E 49} 10
Mo 6.6 N &k 7hstar, 103t A2 WAakd
o}, 75 42l 0.3 M sodium tungstate (Na,WO,)&
A& H713 T2, 14000 rpmell A 1553 94 &5t
ATt S AR &0 F, 150 49 0.5 M
sodium dihydrogen phosphate (NaH,PO,) &
7kl 10 mg/mle] pentafluorophenylhydrazine
< 71et 5 A2ollA 1A B B 10 W 9
N Zakga g 718199 tt. n-hexane2 500 «# 713t
U=, 12000 rpmollA 1083F FAlEEsk] 45
400 4E GC-MSD(Gas chromatograph-Mass
detector 6890, Hewlett Packard, U.S.A)dll
slo] BAslgit, BA2HL Table 29} 2t}

o

&
=
&
=

TEE EYsh] flstd
=5 Yo, o
Lowry (1951)¢] WHS ol&3te] A Faisict. w4
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= A2eA 1583 #A|Ekth. Folin A19F(2 N
Folin-Ciocalteau—phenol 10 ml, S/ 90 ml)<
3 ml F7Fe thy ARoA 4581 WA ST
< 540 me HFE EFF=A (DUG6S,
Beckman, U.S.A)E FFEE S5t EF
Ao 2= Bovine serum albumin 0.3 % £

(Sigma-Aldrich, St. Louis, MO)< AH&-3}3it},

6) SHEA
Table 2. Operating conditions of gas chromatog-
raphy for determining the concentration of mal-

ondialdehyde.

Classification Condition

Hewlett Packard 6890
GC-MSD

HP-5MS(25 mx0.32
mm X0.25 um)

initial 50C for 1 min,
rate 20°C/min,

final 280°C for 1 min

Instrument

Capillary column

Column temperature

Injector temperature 250¢C

Flow rate N, 1 ml/min
Split ratio 10:1

Detector Mass detector
Injection volumn 3 H

=9 MDA =& o
skt vAfr%-E— 0.05

i

g7 Preee 558+
1.17£0.50 wg/1ET} BA A
A =X Hp<0.001). = A7Fe] =Hxb
Aol izl Hlste] FATGH R FootA =
StHp<0.001). He| 75, BrA=TH dzT9
WHseE ZH2E 3.39+1.90 ng/g protein, 0.74+
0.26 ng/g proteine|Ax, AF ALE 2z
5.40+2.56 ng/g protein, 1.30%+0.89 ng/g pro-
teine] At 1] e EE WA Tl 2.93
+0.87 ng/g protein®& thz72] 1.60 ng/g pro-
tein®Et} oAl E4THp<0.05). BT Al
Aol Bteee T ot fod zelrt gldth
(Table 3).
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Table 3. Manganse concentration between manganese-treated and control rats.

Tissues Group™ Mean+SD** Range p'
Treated rat 5.58+1.66 2.5~8.0
Plasma ciiirzl ;jtss 1.17+0.50 0.01~1.5 <0.001
Treated rat 3.39+1.90 1.01~6.68
Brain ciiirzl ;jtss 0.74+0.26 0.40~1.25 <0.001
N _
= R R
N _
Comrel 2 8 o O
Treated rat 2.93+0.87 1.92~4.65
Liver ciiirzl ;jtss 1.60+1.07 0.26~3.63 <0.05
Contrel 1ot 00 61 a2 09

* N : treated rats=12, control rats=9

** Unit : blood- we/l, tissue-ng/g protein.

Tt Wilcoxon rank-sum test for the comparison between manganese-treated rats and control rats.
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P e 84 MDA =+ 0.44+0.13 i =t
mM(0.22~0.63 mM)Z o2 0.31+0.08
(0.13~0.39 mM)Et} F]3tA =%tHp<0.05). FEAY] Ao o5l dAFo R Pt =F
Heo| A5, WA MDA ¥ 7.48% © ZA$ A& 7oA o] uzto] AAH &
2.58 prmol/g protein®® ETe 4.68+1.20 =L =g goz =z widEzm, THgRow g
umol/g protein® ot BATAH o2 KA &% H Ao 10~30%7F 7t F2E 2 dRE 5, v

oM (p<0.05), AF=E FrALe] 31.28+ #, H‘ﬂ 5ol H45E Aer deA drk(Klaassen,
12.80 pmol/g protein@A tiEw9 16.87+  1974). o2 AFoAE 3097t Bolox o) &
6.66 pmol/g protein®tt #9dA EXtHp wra Wzle] =yl Holx grevn Huigot
<0.05). 22y A%, 2, ¥ge] MDA % (Scheuhammer$t Cherian, 1982). 2 Adox&
= F w3t Zolzt gidtk(Table 4). A9 ¥ A gz 7k 2FdA g2EY &
3 oGt zolE HSA Pt v EZ=2ol(mito-

chondria) .TL%EE ZAF e tike] nEZC g
gl gite=et MDA icﬂg BEATE opt EAlete W, A%, b Al Bol EAlekA|Nt

M

| EAL YzHsEof MDA SE7ke] Alpkal

0. 2 Agee A Wt feld atolsl gl
7L O.8295(p<0.001), TM}—&- 0.8299(p<0.001) b AeA fregt Aolrt gle e dF Wrio]
2 Ee ABWAVE e aev 2 0 aeln 9ES B ARe Bol F2 gwow wasy]
AAE F St ARAA T 9 Yk (Table 5). w2 Aoz gy},

P 3] Jeo e A5 A7 vz

Table 4. Malondialdehyde concentration between manganese-treated and control rats.

Tissues Group* Mean+SD** Range p'

Plasma Treated rats 0.44+0.13 0.22~0.63 0.016
Control rats 0.31£0.08 0.13~0.39

Brain Treated rats 7.48+2.58 3.54~11.76 0.007
Control rats 4.68+1.20 2.67~6.32

Pancreas Treated rats 31.28+12.80 13.01~46.86 0.013
Control rats 16.87+6.66 7.00~24.90

Kidney Treated rats 4.65+0.90 3.44~6.14 0.943
Control rats 4.95+1.20 3.35~7.13

Liver Treated rats 0.28+0.07 0.18~0.44 0.082
Control rats 0.34+0.11 0.18~0.55

Spleen Treated rats 9.96+1.86 7.36~14.33 0.256
Control rats 8.97+£2.25 6.38~12.83

*N : treated rats=12, control rats=9
** Unit : plasma-mM, tissue- umol/g protein.
T Wilcoxon rank-sum test for the comparison between manganese-treated rats and control rats.

Table 5. Correlation coefficients between the manganese concentration and the malondialdehyde concen—

traion in tissue. N=21
Plasma Brain Pancreas Kidney Liver Spleen

r 0.5059 0.8295 0.8299 -0.0741 0.0253 0.2584
p 0.019 <0.001 <0.001 0.749 0.913 0.258
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