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MANGANESE UPTAKE BY MOUSE LlVER SUBCELlUlAR 

FRACTIONS. 1. EFFECT OF FERRIC IONS 


Ernesto Bonilla* 

SUMMARY 

It has been shown that intraperitoneally ¡njected 
54Mn concentrates primarily in mitochondrial and nu
clear fractions of hepatic cells. The microsomal and the 
supernatant represented 59% and 42% respectively of 
the mitochondrial uptake. This pattern of distribution 
did not change with time and it was mantained for at 
least 5 days after injection. The in rítro studies revealed 
that 1 mM FeCI 3 produced a significant increase of 
MMn uptake in each one of the subcellular fractions. 
It is believed that Fe 3 + acts as oxidant in the following 
oxidation-reduction mechanism: 1) Mn2 + (dissociable) 
-1e ---> Mn3 + (bound);2) Fe3 + + le .. Fe2 +. 

INTROOUCTlON 

Manganese is preferentially distributed in association with the mem
branous fractions (mitochondria, nuclei, and microsomes) of rat 17, lO, 11) 

and human liver (11) and rat submaxi lIary glands (2). Radioisotopic stu
díes (¡O) have revealed important information about the localization of 
56Mn (half life 2.59 hours) in intracellular organelles of liver before reab
sorption and redistribution of the ¡sotope took place. 

* Instituto de Investigación Clínica, Universidad del ZuJia, Apartado 1151, Mara
caibo, Venezuela. 



Iron and manganese are intimately related as suggested by their com
plementary subcellular distribution (,,11): iron concentration is lowest 
in the nuclei and highest in the soluble fraction. Besides, in tissue iron 
deficiency an increased manganese absorption is produced. Conversely, 
tissue iron load is accompanied with decreased manganese absorption (6). 
Our in vitro assays evidenced that low Fe3 + concentrations « 5 mM) 
added to mouse liver homogenates increased MMn uptake but concentra
tions of Fe3 + as high as 10 mM abolished it (3). 

This work was designed to determine the hepatic intracellular distri
bution of MMn at regular intervals after its intraperitoneal injection so 
as to know to what extent the intestinal reabsorption and redistribution 
of the metal change the pattern of its subcellular localization. O n the 
other hand, this study describes sorne characteristic effects of Fe3 + on 
54Mn uptak~ by the subcellular fractions of normal mouse liver. 

MATERIAL ANO METHOOS 

Adult male mice MRT strain (20·25 g) fed ad libitum with Purina La· 
boratory Chow (32 ug Mn/g) and distilled demineralized water were used 
in all experiments. For the in vivo assays two uCi of carrier free 54MnCI 2 
(Amersham!Searle, IIlinois) were injected intraperitoneally into each ani· 
mal. After appropiate periods of time the mice were killed by cervical 
dislocation and the livers immediately removed, weighed and homogenized 
with a Teflon pestle in cold 0.25 M sucrose (pH 7.4) to provide a 10% 
homogenate. Subcellular fractionation was performed following the pro· 
cedure of Hogeboom (8). Radioactivity on aliquots of each fraction was 
determined in a well·type scintillation counter (Packard Instruments Co., 
La Grange, IlIinois). Protein was measured by the method of Lowry et 
al (9). Statistical analysis was performed using the Student's t test h). 

For the in vitro assays, aliquots of the fractions were incubated in 
buffer Tris/HCI 0.05 M, pH 7.4, with 0.02 uCi of 54MnC1 2 . Reaction was 
initiated by addition of the fractions and the final volume was 1.0 mI. 
Incubation was performed for 10 mino at 37°C in a Oubnoff Metabolic 
Shaking Incubator (60 strokes per min) and the reaction stopped by the 
addition of 2.0 mi absolute ethanol. The tubes were centrifuged at room 
temperature in a Sorvall GLC·l centrifuge at 1650 9 X 15 mino The super
natant was discarded and the precipitate washed with 2.0 mi of the Tris! 
HCI buffer and centrifuged for 15 mino The washing procedure was re· 
peated twice and the final precipitate counted for radioactivity. No como 
plexing of Mn2+ by Tris has been previously demonstrated (12). In fact, 
in our hands no radioactivity was observed, when buffered ó4MnCI2 was 
incubated in the absence of the subcellular fractions, and the whole pro
cedure repeated os described. 
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RESULTS 

At all times about 85% of the radioactivity was located in cel! orga
nelles. As shown in table I the concentration of 54Mn found in the homo
genate one hour after the injection of the radioisotope, was lower than in 
the nuclear (p < 0.002) and mitochondrial (p < 0.001) fractions, similar 
to that of the microsomal fraction and higher than in the supernatant 
(p < 0.05). When compared, both the nuclear and the mitochondrial 
fractions reached similar 54 Mn concentration. In addition, although the 
total radioactivity was lower during the remainder time intervals studied, 
the intracellular distribution of 54Mn did not differ from that previously 
described. 

Under our experimental conditions 1.0 mM FeCI 3 produced a signifi
cant increase of 54 Mn uptake in each one of the subcellular fractions 
(Table 11). In the presence of 1 mM ascorbate as a reducing agent the 
54Mn uptake was not affected. However, a significant decrease was pro
duced by the addition of 10 mM ascorbic acid to the nuclear, microsomal 
and mitochondrial fractions. Adding FeCI 3 (1 mM) to the incubation 
medium in the presence of 1 mM ascorbic acid produced a significant 
increase in 54Mn uptake by al! the fractions, as compared with the con
trols, but the values obtained were lower than those produced by FeCI 3 

(1 mM) in abscense of ascorbate. This was true for the nuclear (p < 0.02), 
mitochondrial (p < 0.001) and microsomal (p < 0.002) fractions. Ascorbic 
acid (10 mM), in the presence of Fe3 + (1 mM), caused a significant decrea
se in the 54Mn uptake by al! the subcellular fractions. 

As shown in table 111 the utilization of the strong oxidazing agent, 
potassium persulfate (K2 S2 Os), at the concentration of 10 mM, inhibited 
the 54Mn uptake in the mitochondrial, microsomal, and supernatant 
although it did not alter the uptake in the nuclear fraction. At lower 
concentrations of K2 S2 0S the 54Mn uptake of the subcellular fractions 
did not differ from the controls. When K2 S2 Os (0.01, 0.1, 1.0 and 10 
mM) was assayed in the presence of FeCI 3 (1 mM) a significant increase 
in 54Mn uptake was obtained in each one of the fractions as compared 
with controls free of added Fe3 +. The 54Mn uptake in the presence of 
both 1 mM FeCI3 and 1.0 mM or 10 mM K2 S2 Os was higher than the 
observed with FeCI 3 alone (Table IV). This behaviour was not seen with 
lower concentrations of K2 S2 Os. 

DISCUSSION 

Maynard and Cotzias (to) have reported that intraperitoneally injected 
66 Mn is rapidly distributed in rat tissues, concentrating primarily in organs 
rich in mitochondria. Liver cell fractionation studies revealed that the 

33 



TA
B

LE
 

I 

SU
B

C
E

L
L

U
L

A
R

 D
IS

T
R

IB
U

T
IO

N
 O

F
 5

4M
n 

IN
 M

O
U

SE
 L

IV
E

R
 A

T 
D

IF
F

E
R

E
N

T
 T

IM
E

 I
N

T
E

R
V

A
L

S
 


A
F

T
E

R
 I

T
S 

A
D

M
IN

IS
T

R
A

T
IO

N
 


T
im

e 
af

te
r 

N
·o

f 
S

ub
ce

ll
ul

ar
 

F
ra

ct
io

ns
 

in
je

ct
io

n 
(h

) 
E

xp
er

im
en

ts
 

H
om

og
en

at
e 

N
uc

le
ar

 
M

it
oc

ho
nd

ri
al

 
M

ic
ro

so
m

al
 

S
up

er
na

ta
nt

 

1 
3 

15
49

 ±
 1

68
 

22
90

 ±
 1

52
 

24
74

 ±
 7

7 
14

52
 ±

 2
64

 
10

40
 ±

 1
48

 

2 
3 

59
5 

±
 3

9
 

10
24

 ±
 1

09
 

93
2 

±
 9

0
 

61
7 

±
 6

2 
47

8 
±

 6
4 

8 
2 

55
8 

±
 1

2 
97

6 
±

 9
0

 
95

2 
8

2
 

5
3

0
 ±

 4
7 

27
6 

±
 3

6 

24
 

1 
40

7 
71

2 
69

5 
38

7 
20

1 

48
 

1 
36

5 
63

8 
62

2 
34

7 
18

0 

96
 

1 
27

9 
48

0 
47

6 
26

5 
14

0 

12
0 

1 
21

2 
37

0 
36

2 
20

0 
9

0
 

T
w

o 
p.

C
i 

o
f 

ca
rr

ie
r 

fr
ee

 5
4M

nC
12

 w
er

e 
in

je
ct

ed
 i

nt
ra

pe
ri

to
ne

al
ly

 i
nt

o 
ea

ch
 a

ni
m

al
. 

A
ft

er
 a

pp
ro

pi
at

e 
pe

ri
od

s 
o

f 
ti

m
e 

th
e 

m
ic

e 
w

er
e 

ki
ll

ed
 a

nd
 t

he
ir

 li
ve

rs
 h

om
og

en
iz

ed
 i

n 
0.

25
 M

 s
uc

ro
se

, 
pH

 7
.4

 t
o

 p
ro

vi
de

 a
 1

0%
 h

om
og

en
at

e.
 

A
ft

er
 f

ra
ct

io
na

ti
on

, 
th

e 
ra

di
oa

ct
iv

it
y 

on
 a

li
qu

ot
s 

o
f 

ea
ch

 f
ra

ct
io

n 
w
a
~
 d

et
er

m
in

ed
 i

n 
a 

w
el

l-
ty

pe
 s

ci
nt

il
la

ti
on

 
co

un
te

r.
 R

es
ul

ts
 a

re
 e

xp
re

ss
ed

 a
s 

cp
m

 p
er

 m
g 

o
f 

pr
ot

ei
n 

±
 S

.E
.M

. 



T
A

B
lE

 
11 

IN
 V

IT
R

O
 5

4M
n 

U
PT

A
K

E
 B

Y
 M

O
U

SE
 L

lV
E

R
 S

U
B

C
E

L
L

U
L

A
R

 F
R

A
C

T
IO

N
S

. 

E

F
F

E
C

T
 O

F
 F

eC
l a

 A
N

D
 A

SC
O

R
B

IC
 A

C
m

 A
D

D
E

D
 T

O
 T

H
E

 I
N

C
U

B
A

T
IO

N
 M

E
D

IU
M

. 


C
on

ce
nt

ra
ti

on
 o

f 
S

ub
ce

ll
ul

ar
 

F
ra

ct
io

ns
 

C
om

po
un

ds
 

N
uc

le
ar

 
M

it
oc

ho
nd

ri
al

 
M

ic
ro

so
m

al
 

-
-
-
-
-
-
-
~
~
~
-
-
~
-
-
-
_
.
_
-
-

S
ta

nd
ar

d 
in

cu
ba

ti
on

 m
ed

iu
m

 
10

0 
±

 0
0

 
10

0 
±

 0
0 

10
0 

±
 0

0 

1 
m

M
 F

eC
la

 
(4

) 
43

1 
±

 4
6

*
 

26
7 

±
 1

8*
 

30
9 

±
 4

0*
 

1 
m

M
 A

sc
or

bi
c 

A
ci

d 
(3

) 
12

3 
±

 2
4+

 
11

4 
±

 1
8+

 
1

0
8

±
1

9
+

 

10
 m

M
 A

sc
or

bi
c 

A
cí

d 
(2

) 
3

0
±

8
*

 
23

 ±
3

*
 

37
 ±

 5
* 

1 
m

M
 F

eC
1a

 
+

 1
 m

M
 A

sc
or

bi
c 

A
ci

d 
(4

) 
28

4 
±

 3
7*

 
14

5 
±

 1
0*

 
20

5 
±

 1
7*

 

1 
m

M
 F

eC
l a

 
+

 1
0 

m
M

 A
sc

or
bi

c 
A

ci
d 

(3
) 

22
 ±

 2
* 

18
 ±

 2
* 

24
 ±

 3
*

 

S
ta

nd
ar

d 
in

cu
ba

ti
on

 m
ix

tu
re

s 
(1

.0
 m

i)
 c

on
ta

in
ed

 t
he

 s
ub

ce
ll

ul
ar

 f
ra

ct
io

ns
 s

us
pe

nd
ed

 i
n 

0.
25

 M
 s

uc
ro

se
, 

0.
02

 u
C

i 
54

 M
nC

l 2
 

an
d 

bu
ff

er
 T

ri
s/

H
C

I 
0.

05
M

, 
pH

 7
.4

 T
he

 r
ea

ct
io

n 
w

as
 i

ni
ti

at
ed

 b
y 

ad
di

ti
on

 o
f 

th
e 

su
bc

el
lu


la

r 
fr

ac
tí

on
s.

 I
nc

ub
at

io
n 

w
as

 f
or

 1
0 

m
in

 a
t 

37
"C

. 
T

he
 5

4M
n 

up
ta

ke
 w

as
 e

xp
re

ss
ed

 a
s 

m
ea

n 
pe

rc
en

ta
ge

 o
f 

co
nt

ro
l 

va
lu

es
 ±

 S
.E

.M
. 

F
ig

ur
es

 in
 b

ra
ck

et
s 

re
pr

es
en

t 
nu

m
be

r 
of

 e
xp

er
im

en
ts

 c
ar

ri
ed

 o
ut

 b
y 

tr
ip

li
ca

te
. 

* 
p 

<
 0.

00
1,

 w
he

n 
co

m
pa

re
d 

w
it

h 
co

nt
ro

ls
. 

+N
o 

si
gn

if
ic

at
iv

e.
 



TA
B

LE
 

111
 

IN
 V

IT
R

O
 5

4M
n 

U
PT

A
K

E
 B

Y
 M

O
U

SE
 L

IV
E

R
 S

U
B

C
E

L
L

U
L

A
R

 F
R

A
C

T
IO

N
S

. 
E

F
F

E
C

T
 O

F
 K

2S
20

S
. 

C
on

ce
nt

ra
ti

on
 

o
f 

S
ub

ce
ll

ul
ar

 
F

ra
ct

io
ns

 

C
om

po
un

ds
 

N
uc

le
ar

 
M

it
oc

ho
nd

ri
al

 
M

ic
ro

so
m

al
 

1 
m

M
 F

eC
1a

 (
4)

 
43

1.
0 

±
 4

6.
0*

 
26

7.
0 

±
 1

8.
0*

 
30

9.
0 

±
 4

0.
0*

 
58

5.
5 

±
 1

29
.0

* 

la
 m

M
 K

2S
20

 S
 (

4)
 

11
6.

8 
±

 3
8.

8+
 

64
.3

 ±
 6

.7
* 

64
.7

 ±
 1

6.
4*

* 
57

.2
 ±

 7
.4

* 

1 
m

M
 K

2S
20

S
 (

9)
 

16
6.

0 
±

 4
1.

7+
 

80
.3

 ±
 1

5.
9+

 
10

7.
9 

±
 1

5.
3+

 
11

8.
9 

±
 1

3.
9+

 

0.
1 

m
M

 !
<

2S
20

S
 (

6)
 

19
0.

5 
±

 7
5.

6+
 

12
1.

6 
±

 2
3.

8+
 

13
2.

2 
±

 2
8.

0+
 

12
2.

0 
±

 2
3.

1 
+

 

F
ig

ur
es

 i
n 

br
ac

ke
ts

 r
ep

re
se

nt
 n

um
be

r 
o

f e
xp

er
im

en
ts

 c
ar

ri
ed

 o
ut

 b
y 

tr
ip

li
ca

te
. 

T
he

 u
pt

ak
e 

w
as

 e
xp

re
ss

ed
 a

s 
m

ea
n 

pe
ro

 
ce

nt
ag

e 
o

f 
co

nt
ro

l 
va

lu
es

 ±
 S

.E
.M

. 
• 

*:
 

p 
<

 0.
00

1 
co

m
pa

re
d 

to
 c

on
tr

ol
 v

al
ue

s.
 

**
: 

p 
<

 0.
05

 
+:

 N
o 

si
gn

if
ic

at
iv

e.
 



T
A

B
lE

 
IV

 

IN
C

R
E

A
S

E
D

 5
4M

n 
U

P
T

A
K

E
 P

R
O

D
U

C
E

D
 B

Y
 F

eC
I 3

 
IN

 T
H

E
 P

R
E

S
E

N
C

E
 O

F
 K

2
S

2
0 

S 
IN

 T
H

E
 I

N
C

U
B

A
T

IO
N

 

M

E
D

IU
M

 


C
on

ce
nt

ra
ti

on
 

o
f 

C
om

po
un

ds
-
-
-


-
-
-
"
-
-
-


"
-
-
~
 

N
uc

le
ar

 

S
ub

ce
ll

ul
ar

 

M
it

oc
ho

nd
ri

al
 

F
ra

ct
lo

ns
 

M
ic

ro
so

m
al

 
S

up
er

na
ta

nt
 

1 
m

M
 F

eC
1 3

 
(5

) 
10

0.
0 

±
 0

.0
 

10
0.

0 
±

 0
.0

 
10

0.
0 

±
 0

.0
 

10
0.

0 
±

 0
.0

 

1 
m

M
 F

eC
I 3

 
+

 l
a
 m

M
 K

2 
S

2 
0 

S 
(5

) 
15

2.
7 

i 
24

.0
+

 
19

1.
5 

±
 2

3.
2*

 
13

4.
9 

±
 1

1.
5 

**
 

11
7.

8 
±

 5
.1

 *
 

1 
m

M
 F

eC
1 3

 
+

 
1 

m
M

 K
2 

S
2 

0S
 (

5)
 

11
6.

3 
±

 2
.8

* 
13

4.
5 

±
 7

.6
* 

11
4.

4 
±

 2
.7

* 
11

4.
3 

±
 6

.3
* 

1 
m

M
 F

eC
1 3

 
+

 0
.1

 m
M

 K
2 

S
2 

0 
S 

(5
) 

10
0.

1 
±

 1
.5

5+
+

 
99

.9
 ±

 5
.5

+
+

 
98

.8
 ±

 4
.2

+
+

 
10

7.
2 

±
 5

.8
+

+
 

1 
m

M
 F

eC
Ia

 
+

 0
.0

1 
m

M
 K

2 
S

2 
0 

S
 (

5)
 

98
.4

 ±
 3

.9
+

+
 

99
.5

 ±
 3

++
 

9
8

.4
 ±

 7
.5

+
+

 
11

0.
5 

±
 6

.8
+

+
 

R
es

ul
ts

 e
xp

re
ss

ed
 a

s 
m

ea
n 

pe
rc

en
ta

ge
 o

f 
1 

m
M

 F
eC

l 3
 

va
lu

es
 ±

 S
.E

.M
. 

F
ig

ur
es

 in
 b

ra
ck

et
s 

re
pr

es
en

t 
th

e 
nu

m
be

r 
o

f 
ex

pe
ri

m
en

ts
 c

ar
ri

ed
 o

u
t 

b
y

 t
ri

pl
ic

at
e.

 

*:
 p

 <
 0

.0
01

 c
om

pa
re

d 
to

 1
 m

M
 F

eC
l 3

 
va

lu
es

. 
*

*
: 
p

<
 0

.0
05

. 
+:

 p
 <

 0
.0

5.
 

+
+

 N
o 

si
gn

if
ic

at
iv

e.
 



uptake of the isotope by. rnitochondria was twice that of the unfractiona
ted homogenate while in the remainder fr~ctions the uptake was lower. 
They concl udea that the distribution of manganese is compatible with is 
functioning as a respiratory cofactor. Theseín vivo studies on the kinetics 
of manganese in subcellular fractions were performed with the short half 
life 56 Mn which can give information about the early portion of the dis
tribution process. Our work with MMn (half life 310 days) showed that 
although hepatic mitochondrial and nuclear fractions demonstrated the 
highest uptake, the values for microsomal and supernatant were also sig
nificative. In fact, their uptake represented about 59% and 42% respec
tively of the mitochondrial uptake observed 1 hour after 54 Mn injection. 
On the other hand, it was evident that this pattern of distribution did not 
change with time in spite of the reabsorption, redistribution, and the 
displacement of radiomanganese by dietary stable manganese (4). 

This work evidenced that 1 mM Fe3 + increased MMn uptake in all the 
subcellular fractions. It is known that in the protein-manganese complexes 
the valence state of manganese is Mn3+ (5). Our in vitro experiments in 
the presence of 1 mM Fe3 + seem to suggest that the following oxidation
reduction mechanisms are operative in the binding of Mn 3 + by liver sub
cellular fractions. 

1) Mn2 + (dissociable) - 1e --->o Mn3 + (bound) 
2) Fe3 + + le ---->o Fe2 + 

In this case Fe3 + acts as an oxidizing agent. Then, any reducing agent 
will tend to break the complex. As judged by the results obtained with 
10 mM ascorbic acid this supposition looks true. Although 1 mM ascorbic 
acid did not aftect MMn uptake, in the absence of added Fe3 +, when it 
was assayed in the presence of Fe3 + it reduced the activation that is nor
mally produced by the latter. 

When 10 mM K2 S2 08 was used as oxidizing agent a decrease in MMn 
uptake was obtained due probably to a fuI! oxi dation to Mn4 + or to higher 
oxidation numbers which do not form protein·metal complexes. However, 
the increase activation in MMn uptake produced by K2 S2 08 (1 mM and 
10 mM) in the presence of Fe3 + (1 mM) could be possibly explained by a 
continuos re-oxidation of Fe2 + to Fe3 + as follows: 

1) Mn2 + le -----'> Mn 3 + 

2) Fe3 + + le ----+ Fe2 + 

3) Fe2 + Fe3 +K2 S2 08 
------~ 

le 



Fe3+ would then be used to oxidize Mn2+ to Mn3+. 
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RESUMEN 

Captación de manganeso por las fracciones subcelulares de h¡gado de 
ratón. l. Efecto del ión férrico. Bonilla E. (Instituto de Investigación 
Clínica, Apartado 1151, Facultad de Medicina, Unirersídad del Zulía, 
Maracaibo, Venezu(,la). Invest CHn 19(1): 31-40. 1978.~ Se ha demos
trado que el Mn54 inyectado por vía intraperitoneal se concentra prin· 
cipalmente en las fracciones mitocondrial y nuclear de las células hepá
ticas. La fracción microsomal y el sobrenadante representaron el 59% y 
el 42%, respectivamente, de la captación mitocondrial. Esta forma de 
distribución no cambió con el transcurso del tiempo y se mantuvo por 
lo menos durante 5 días después de la inyección. Los estudios in vitro 
revelaron que 1 mM FeCI 3 produjo un incremento significativo en la cap
tación de Mn54 en cada una de las fracciones subcelulares. Creemos que 
el Fe3 + actúa como oxidante en el siguiente mecanismo de óxido-reduc
ción: 

1) Mn2 + (disociable) - 1e -~~~ Mn3 + (fijado) 

2} Fe3 + + 1e ---;. Fe2 + 
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