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Effects of lead on ATPase activity in the sciatic nerve of
Sprague-Dawley rat

Myung Kiu Chung

Department of Environmental Engineering, Sun Moon University
ABSTRACT

Nerve conduction impairment in lead neuropathy has been empirically linked to
altered nerve myo-inositol metabolism. In most cases of neuropathy, abnormal myo
-inositol metabolism is associated with abnormal Na*/K* ATPase provides a potential
mechanism to relate defects of the myo-inositol metabolism in the peripheral nerve
treated with lead. Therefore, the effect of lead on the rat sciatic nerve Na*/K* ATPase
and other ATPase of sciatic nerve was studied. ATPase activity was measured en-
zymatically in sciatic nerve homogenates from 2-wk lead treated neuropathy rats and
age-mached controls administered myo-inositol. Na*/K+* ATPase components were
assessed by ouabain inhibition or the omission of sodium and potassium ions. Lead
reduced 50% reduction in the Nat/K* ATPase activity in homogenates of sciatic nerve.
The 50% reduction in the Na*/K* ATPase activity was selectively prevented by myo
-inositol treatment. This study suggests that the toxic mechanism of the lead on
peripheral nerve may be through reduction in Na*/K* ATPase activity which has been
linked to axonal transport slowing in the rat model of lead neuropathy, via direct
changes by the perturbation of the intracelluar sodium or potasium level.
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Table 1. General characteristics of experimental animals.

Group Body weight (g) Water intake (ml/day/rat) Food intake(g/day/rat)
Initial Final Initial Final Initial Final
NC (9) 160+15 23020 35.5+2.0 36.5+2.0 21.5+2.5 24.5+2.2
NT19) 17014 235114 37.5+2.3 37.2+2.2 22.5+3.3 27.2+3.2
NT2A? 165+15 234+14 37.2+3.3 37.2+2.2 25.2+3.3 26.2+4.3
NT3(6) 158+15 22014 36.9+3.2 37.1+2.2 25.9+2.2 30.1+£3.4

Each value represents mean+SE. The number of experimental animals are given in parenthesis. Initial and Final
represent the values before and after treatment, respectively. NC; normal control group, NT1; lead-treated group
(10ppm), NT2; lead-treated group (100ppm), NT3; lead-treated group (1000ppm)
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Table 2. Electron microscopic observations on sciatic nerves from experimental rats.

Group Rectal temperature('C) Histological observation

Initial Final Demyelination Wallerian degeneration
NC (9) 21.5%2.0 24.5%£2.0 Not detected Not detected
NTI9) 37.5%0.3 37.2+0.2 Not detected Not detected
NT27) 37.2+0.3 37.2%0.2 Not detected Not detected
NT3(6) 36.9%0.2 37.1£0.2 Detected Detected

Each value represents mean+SE. The number of experimental animals are given in parenthesis. Initial and Final
represent the values before and after treatment, respectively. NC; normal control group, NT1; lead-treated group
(10ppm), NT?2; lead-treated group (100ppm), NT3; lead-treated group (1000ppm)

Table 3. Effects of lead on axonal transport and myo-inositol concentration in the sciatic nerve of experimental

animals.

Group Accumulation rate (n moles/nerve/hr) Concentration (umol/g wet wt.)
Acetylcholinesterase Cholinacetyltransferase myo-inositol

NC (8) 204+13% 4.79+0.5" 2.94+0.35%

NT1 (9) 105414 2.29+0.3° 1.45+0.22"

NT2 (o) 112179 1.62+0.3Y 0.98+0.20™

NTI1R®#4) 188+18¢ 73.75£0.4" 1.88+0.25"

NT2R(6) 158+11¢ 23.34%0.5" 1.68+0.30”

Myo-Inositol was administered in distilled water per oral for 3 days. Control groups were administered the same
volume of distilled water. Each value represents mean+SE. The number of experimental animals are given in
parenthesis. NC; normal control group, NT1; lead-treated group (10ppm), NT2; lead-treated group (100ppm), NT1R;
lead (10ppm) +myo-inositol-treated group (100mg/kg), NT2R; lead (100ppm)+ myo-inositol-treated group (100mg/
kg). Accumulation=F (C—A)+E (B—A). a) vs b), ¢), b) vs d), ¢) vs e), f) vs g), h), g) vs i), h) vs j). k) vs I), m), c), )
vs n), m) vs o), P<0.05 (Duncan test).

P
bt
L
ok
>
ol)
g
ol
Tr‘
PO
lo
fu
B
—u
2
)
'

1

T

2. MZAU axonal transport2} myo-inositol &

Lo ojX= g A8

B

>,
o
o
B
o M
I

N,

AlA 2 myo-inositol9]
ot ARBAY Y-S AAHIFER Ut
Tabel 3ol 4] 2| A€l ule} Zro] yhxjz]of o3 A slo] A7 =22l myo-inositol ¥x ¢ 7t4
Z oiE X179 acetyl cholinesterase®} cholin 7} A7 &4 W29 myo-inositol 44-¢ wtoksle

acetyltransferase ¥ &4 o]%%4%9 myo ATPased &4 &4 sl 7|93 2912 & oo}

-inositol®] Fx7} HA8 4E AL ¢ 47 9
oh, =3 ol AL F Tt FUho| oe
5 FERa A, ole Holx zAsH oz 9l
AeH oz Fdeo] AF velA % 2719 AF
= ol oA of] AstetA ) ofn]e AlA ¥
Hol AFYP=En glS-S ehlEh, myo-inositol
Folol o3 7 \W}EFol o FaHU F AL

27) 95te] o] i Al7we] ATPase &4 3
4 53 Na*/K* ATPaseol] u|x|+& 33 Alsjn
et

3. ATPase 54 4o o|x|= HE&

e AL Ao diF A7 F A ATPase
(composite ATPase)2] 24 W3S Fig. 1l



6 KOR. J. ENVIRON. TOXICOL.

AA3ch, A ATPased] 43¢ Ao v
e AT Aol e A A i

55 24E HolE AL ¢ 4 ok ALt

600

a)

_

&

(S
T

e
S
)
T
RS
RRRIR

X
X

&
n?u

X
X
%

..
[
i~3

>

oo
oo
0.0
:

SO

XL . 3

Composite ATPase activity
(umol/g wet wi./hr.)

% 500000

? NC(6) NTI(5) NT2(5)

Fig. 1. Effects of lead on composite ATPase activities
of sciatic nerve in Sprague-Dawley rats. NC;
normal control group, NT1; lead-treated group
(10ppm), NT2; lead-treated group (100ppm).
Values are mean+SE. The number of experi-
mental rats are given in parenthesis. a) vs b), c):
P<0.05 (Duncan’s test)

150
2 >zt
: & :
g } pll
@ B 90 ~ :.:III d)
3% 5 <) oo
5 3 ooy ek R
WS {a 60 t+ % s) e O00S
k| 3 25 & 2
‘d § QR o :-.u'
< d0F e 3
E o5 % 22 g %
0 R IR %
NC(6) LT4(6) LTS5(8) LT6(8)
Fig. 2. In vitro Effects of lead on sodium-potasium

ATPase activities of sciatic nerve in Sprague
-Dawley rats. NC; normal control group, LT4;
lead-treated group (10~*M), LT5; lead-treated
group (10 > M), LT6; myo-inositol-treated
group (10-°M). The concentration of lead was
100ppm. Values are mean+SE. The number of
experimental rats are given in parenthesis. a) vs
b), ¢), d), b) vs ¢), d): P<0.05 (Duncan’s test)

Vol. 9, No. 1~2

sk B4 ZA Al ouabain 5-& AME-5}ed
AYg $4 W3 Ax+ Fig 20 AA8Qch

Fig. 20014 & 4 & wiel Fo] wo o3t
ATPase &4 7t49] £A42 ouabainol] &j3dle o
A =]+ ATPase(ouabain-inhibited ATPase)$}
<2 sodium3 potasiumel] & ZHrlEE=
ATPase(Na*/K* stimulated ATPase, Na*/K*
ATPase) &4k Agdoz dAE Ao
wrsH e}, od7)4  ouabain inhibited ATPases}
Na*/K* stimulated ATPasex 2 A% 239} o
27k B34] Fol ofshad U g ATPase! 2o
2 Zl =,

e)

[ Jeontrot

400 ) Esdlead—treated
.

wet wi./hr.}
g
S

ATPase activity
%
S

(umol/
S
S
-

COM. ouA.

Na+K

NON-QUA.

Fig. 3. Effects of lead on ATPase activities of sciatic
nerve in Sprague-Dawley rats. COM; composite
ATPase, OUA; ouabain-inhibited ATPase,
Na+K: sodium-potasium stimulated ATPase,
NON-OUA: non-ouabain-inhibited ATPase.
Values are mean+SE. The number of experi-
mental rats are given in parenthesis. a) vs e), b)
vs f), ¢) vs g): P<0.05 (Duncan’s test).

Al&-sted Na*/K* ATPase2] &4 wistz} ol
oJgk Al Az ohvd A & giat
REE T3 vehie oAl axlA| B dotn
7] A3t ARz A= AHE F S5 107°M
-107°M ¥ 5.9 ¥ in vitroZ AZ|ste] 2 HAE
Fig. 3¢ AlAlstgich, Fig. 3o & 4 gl& uist
7ol 107*M-10"°M A F=of AH &d 9 #4o]
745 Ao 2 ulRo] Na*/K* ATPaseol] o3l



April, 1994 Chung . Effects of lead on ATPase activity in the sciatic nerve of Sprague-Dawley rat 7

ol A oA &2 AAHA Aoz
%8 myo-inositol Fojol & A7
AE A3 H3sled myo-inositol &
Na*/K* ATPase &4jol| o] 3} 3 3+&
Ae gt ARl JEE o
10mg, 100mg, 1000mge] &% 2 myo-inositol
= 347 AT2 FoAd Ay ARE Fig. 4ol A4

RERES
SRS
e

EAE

1

5
N
=S

A5 kg

saieh,
200
{Jeontrot
5’ ) E&Jlead~treated
2 br6or m
§ } » ©) L
o 3120k @
0 -
3 o
&3
- o 80}
LURN
X9
L E 40
gé
NONE(5) M10(6) M100(6) M10600(6)
Fig. 4. Effects of lead on sodium-potasium ATPase

activities of sciatic nerve in Sprague-Dawley
rats. NONE; normal control group, M10; myo
-inositol-treated group (10mg), M100; myo
-inositol-treated group (100ppm), M1000; myo
-inositol-treated group (1000mg). The concen-
tration of lead was 100ppm. Values are mean+
SE. The number of experimental rats are given
in parenthesis. a) vs b}, ¢), d), ) vs ), g), h), ) vs
g), h): P<0.05 (Duncan’s test).

Fig. 4ellA] & 4 gl wi9} o] Na*/K*
ATPase2] 3412 A7 #l¥ Aol myo-inositol
9] F57} Folgte| uhel Folsle BE AEAHL

°H‘§3

Holul, AAA AL A AR o4t 2=
FaJo] ZrhekA| G AL vedFa gl =
myo-inositol&, &AL Aleol A ol 8w Ale]ol

4} Na*/K* ATPase &A&o v} & &7Z e}
W ez Beleh, zev ol o8 7t4s Na
*/K* ATPase &Ao] AAslElE= A =9} axonal
transport /A= A= —A179w Al Azt
2to] & Hol= Ao 7 (Table 37 Fig. 4) v]&Fo],
e Al7d=Ee] A ATPase ¥ Nat/K'

stimulated ATPase <  ouabain inhibited
ATPase &4jut-& AgAo]n, A o2 A3}
o] A7 EA<L Jehiv], myo-inositole] 2138 Al
73w 3]& s]He] Na*/K* ATPase &4 &4
st A A @5 Holx o 71" ] A4
T P54l Aeke AL £ Adol AARIFEL Y

ct.

Z 2

471 Sprague-Dawley & A}§-51o] 2
Sl A#g SD #lee] Al7z2 ATPase &
ol ks s vy oha

A Aol A3 oF 50%

2. e A ATPase 4 £ Na*/K* ATPase
A4 B3} ouabain inhibited ATPase &4 22
oful e o g 2Lt TAE FHaAglch,

3. Na*/K* ATPase ¢} ouabain inhibited
ATPased] 384 7 A o] & A A o) oA 2HL-o]
o) gk A o)},

4. Na*/K* ATPase: ouabain inhibited
ATPases} 543 ATPaseq]l A22 2ql=g)

5. Na*/K* ATPase &4 842 myo-inositol
o] tE ¥x JEAHS B},

6. ¥ EA<l myo-inositol®] AlZwH AA
7142 Na*/K* ATPase &4 2] F7} ¢]9o=
oz & g 7)Ao EAdle Aoz Algdoh

& 3=

re

1. Chung MK. #7429 £39 EA7|A 23
. AsEEA 2, 411(1993).

2. Chung MK, Lim G.T. Sprague-Dawley = =
2| oiE] A174F axonal transportel] wj & o]
3. SNt 83| in press.

3. Moore, S.A.,, Peterson, R.G. A quantitative com
parison of motor and sensory conduction veloc



10.

11.

12.

KOR. J. ENVIRON.

ity in short and long term streptozotocin-and
alloxan-diabetic rats. J. Neuro. Sci., 48, 133
(1980).

. Gilson K.R.W. Hawthrone J.N. Sorbito],

inositol, and nerve conduction in diabetes. Life
Sei., 32, 1943 (1983).

. Green, D.A., Lattimer, S.A. Impaired rat sciatic

nerve sodium-potassium adenosin triphos-
phatase in acute streptozotocin diabetes. J.
Clink. Invest., 72, 1058 (1983).

. Berridge M.]J. Inositol triphosphate and diacylg-

lycerol as second messengers. Biochem. J., 220,
345 (1994).

. Simmons, D.A,, Wingrad, A.l, Martin, D.B.

Significance of tissue myo-inositol concentra-
tions in metabolic regulation in nerve. Science
217, 848 (1982).

. Kusama H., Stewart M.A. Levels of myo

-inositol in normal and degenerating peripheral
nerve. J. Neurochem. 17, 317 (1977).

Greene D.A. Lattimer S.A., Sodium and energy
dependent uptake of myo-inositol by rabbit
peripheral nerve. J. Clin. Invest. 70, 1009 (1982).
Simmons D.A., Kern E.F., Wingrad A.L,, Martin
D.B. Basal phosphatidylinositol turnover con-
trols aortic sodium-potassium ATPase activity.
J. Clin. Invest., 77, 503 (1986).

Brismar T.S., Martin D.B. Change of nodal
function in nerve fibers of the spontaneously
diabetic BBrats. Acta. Physiol Scand., 113, 499
(1981).

Das P.K., Bray G., Aguayo A.]. and Rasminsky
M. Diminished ouabain-sensitive sodium-potas-

sium ATPase activity in sciatic nerves of rats

13.

14.

15.

16.

17.

18.

19.

20.

21.

TOXICOL. Vol. 9, No. 1~2

with streptozotocin induced diabetes. Exp.
Neurol. 53, 285 (1976).

Sidenius, P. and Jakobsen, J. Retrograde
axonal transport: A possible role in the develop-
ment of neuropathy. Diabetologia, 20, 110 (1981).
Shama, AK. and Thomas, P.K., Peripheral
nerve structure and function in experimental
diabetes. J. Neurol. Sci., 23, 1(1974).

Jakobsen, J. and Sidenius, P., Early and dose
-dependent decrease of retrograde axonal
transport in acrylamide intoxicated rats. J.
" Neurochem. 40, 447 (1983).

Hebb, C.O. and Silver, A., Gradient of choline
acetylase activity, Nature 189, 123 (1961).
Partlow, LM., Ross, C.D., Motwani, R. and
McDougai, D.B., Transport of axonal enzymes
in surviving segments of frog sciatic nerve, J.
Gen Physiol. 60, 388 (1972).

Ellman, G.L.,, A new and rapid colorimetric
determination of acetylcholinesterase activity,
Biochem. pharmacol. 7, 88 (1961).

Glover, V., A simple quick microassay for
choline acetyltransferase, J. Neurochem. 19,
2465 (1972).

Laine, R.A., Analysis of trimethylsilyl O-meth-
yloximes of carbohydrates by combined gas
-liquid chromatography-mass spectrometry,
Anal. Biochem. 43, 533 (1971).

Greene D.A. and Lattimer S.A. Impaired rat
sciatic nerve sodium-potassium ATPase in
actue streptozocin diabetes and its correction
by dietary myo-inositol supplementation. J.
Clin. invest., 72, 1058 (1983).



