
] 152 Specialia EXPER!ENTIA 28/10 

Role  of S u b m a x i l l a r y  Glands  in R a d i o m a n g a n e s e  M e t a b o l i s m  

Liver  is the  main  excre to ry  and  regula tory  organ in- 
volved in manganese  me tabo l i sm 1, bu t  the re  are o ther  less 
i m p o r t a n t  excre tory  routes  3, 3. The purpose  of th is  s tudy  
was to de te rmine  the  role of ra t  submaxi l l a ry  glands in the  
me tabo l i sm of the  meta l .  

Twelve Double  S t ra in  male  rats,  weighing 200-300 
grams, were fed ad l ib i tum wi th  Pur ina  L a b o r a t o r y  Chow 
(Protinal) .  50 mg  of I%InC12 per  100 ml of dist i l led deminer-  
alized wa te r  were offered ad l ib i tum to 6 of these  rats .  No 
manganese  was added  to  t he  wa te r  of the  controls.  3 m o n t h s  
later,  1 F~C of carr ier  free Mn54C12 (Amersham/Sear le ,  
Illinois) in 0.5 ml  of normal  saline was in jec ted  into t he  
dorsal  vein of the  tai l  of each animal ,  and  body  radioac-  
t i v i t y  was recorded every  o ther  day  in an Armac  Scintil la- 
t ion  Counter  (Packard  I n s t r u m e n t  Co., La  Grange,  Illi- 
nois). 19 days  thereaf ter ,  all ra t s  were sacrificed in an e ther  
a tmosphe re  and  the  r ad ioac t iv i ty  of the i r  livers, sub- 
maxi l la ry  g lands  and  gas t ro in tes t ina l  t rac ts  (GI) was 
measured.  The GI t rac t s  were tho rough ly  washed  wi th  
normal  saline before weighing and  count ing.  

As previous ly  d e m o n s t r a t e d  4, manganese  loaded ani- 
mals  showed a rapid  excre t ion  of Mn 54. F r o m  the  12th 
day, the re  was a t encency  in b o t h  groups to form a pla- 
teau and  on the  19th day  the  to ta l  body  r e t en t ion  of radio-  
ac t iv i ty  by  the  manganese  loaded and control  animals  was 
20% and 30%, respect ively.  The rad ioac t iv i ty  in sub- 
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Total-body retention of Mn 54. Conditions of the experiments are 
described in the text. &.... A, submaxillary glands extracted; ix .... &, 
control; I - -  I ,  bile duet ligated and submaxillary glands extracted; 
E]-.-.-D, control; (~--(~,  non-operated animals; O----D, bile dnet 
igated; O-.-.-O, control. 

maxi l l a ry  glands was s l ight ly higher  in the  over loaded 
group, while  in liver, as has been  shown before 1, it  was  
higher  in the  control  (Table I). The same was observed  for 
the  GI t ract .  W h e n  rad ioac t iv i ty  was expressed in t e r m s  
of t issue weight ,  the  difference was negligible in the  GI 
t ract ,  whereas  i t  was s ignif icant  in l iver (t = 6:58, 0.01 > 
p > 0.001). In  the  submaxi l l a ry  glands  no difference was  
observed  be tween  the  2 groups  (t = 0.96, p ~ 0.4), b u t  t he  
r ad ioac t iv i ty  per  g ram of t issue was a lmos t  11 t imes  h igher  
t h a n  in l iver for t he  over loaded animals ,  and 4 t imes  
h igher  for the  controls .  These resul ts  have  3 possible in ter-  
p re t a t ions  : 1. t he  glands are exc re to ry  routes  for manga-  
nese, bu t  of slow ra te  ; 2. t he  glands are s torage organs for  
the  me ta l ;  and  3. t h e y  are b o t h  excre to ry  and s torage  or- 
gans. 

T w en t y  ra ts  were in jec ted  i.v. wi th  1 ~xC of Mn54Cls each 
and  killed in groups of 2 a t  regular  in tervals  (Table II) .  
The liver ini t ia l ly incorpora ted  a h igh  a m o u n t  of Mn 54 but ,  
in  t he  f i rs t  24 h, a loss of abou t  50% was recorded.  This  
is due to  an init ial  rap id  excre t ion  of the  me ta l  in to  t he  
bile and  red i s t r ibu t ion  to  o ther  t issuesK Since the  radio 
ac t iv i ty  expressed as percen tage  of t o t a l -body  radioact i -  
v i t y  increased wi th  t ime  in submaxi l l a ry  glands,  i t  can be 
sugges ted  t h a t  t he  remain ing  organs  are e l imina t ing  Mn s4 
more  rapidly.  W h e n  expressed  in c p m / m g  of t issue it was  
a lmos t  cons t an t  dur ing  the  12 days  of the  exper iment .  

F ive  ra t s  were anes thes ized  i.p. w i th  n e m b u t a l  and  sub- 
maxi l la ry  glands ex t rac ted .  In  ano the r  group of 5 animals  
the  co mmo n  bile duc t  was l igated,  and  in o ther  5 rats,  sub- 
maxi l la ry  glands were ex t r ac t ed  and  the  c o m m o n  bile 
duc t  l igated.  E a c h  group had  its own s h am-o p e ra t ed  con- 
t ro l  of 3 animals.  A final  group of 3 animals  was no t  
opera ted .  E a c h  ra t  was in jec ted  i.v. wi th  1 ~zC of Mn~4Ct~, 
and  b o d y  rad ioac t iv i ty  decay de te rmined .  

The Figure  shows no difference be tween  the  ra t s  wi th-  
out  submaxi l l a ry  glands and  the i r  controls.  The same re- 
sponse  was observed be tween  the  group wi th  bile duc t  
l igated and the  group w i t h  submaxi l l a ry  glands ex t r ac t ed  
and  bile duc t  l igated.  This  migh t  indica te  t h a t  the  glands  
are no t  excre to ry  organs or t h a t  t he  excre t ion  is no t  h igh  
enough to  reveal  any  difference.  The non-opera ted  ani- 
mals  had  a lower ra te  of decay  t h a n  the  controls  1. On the  
8th day  t h e  ra t s  were killed, t he  l ivers and  submaxi I la ry  
glands ex t rac ted ,  and the i r  r ad ioac t iv i ty  de te rmined .  In  
animals  wi th  the  bile duc t  l igated, the  l iver  h a d  a radio 
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Table I. Organ distribution of Mn ~4 in rats overloaded with MnC12. 

Groups Total-body radioactivity (%) 

Liver Submaxillary 
glands 

Gastrointestinal 
tract 

Radioactivity per g of tissue 
(total-body radioactivity, %) 

Liver Submaxillary Gastrointestinal 
glands tract 

Rats overloaded 4.03 q- 0.69 2.00 -4- 0.40 5.33 • 1.53 0.38 -4- 0.08 4.00 =h 0.80 0.20 • 0.08 
with MnCI~ 
Control 9.33 -4- 0.51 1.49 -4- 0.41 8.31 -t- 0.50 0.75 -I- 0.00 2.98 -b 0.82 0.25 -t- 0.02 

Conditions of the experiment are given in the text. 
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Table II. Mn 54 incorporation in liver and submaxillary glands at different time intervals 

1153 

Liver Submaxillary glands 

Time after injection Injected Total-body cpm/mg of tissue Injected 
of Mn~CI2 (h) radioactivity radioactivity radioactivity 

(%) (%) (%) 

Total-body 
radioactivity 
(%) 

cpm/mg of tissue 

1 31.15 29.43 41 0.93 0.88 26 
2 25.23 23.83 35 0.95 0.91 32 
8 21.58 19.25 26 1.07 0.95 23 

24 14.43 18.40 19 0.81 1.04 28 
48 16.60 24.90 17 0.78 1.17 22 
72 17.73 29.19 18 0.99 1.62 33 
96 15.09 23.41 13 0.94 1.46 25 

120 10.31 16.44 10 1.06 1.70 29 
192 7.85 16.95 6 0.56 1.23 12 
288 4.93 15.08 2 0.59 1.79 17 

Conditions of the experiment are given in the text. 

Table III. Radioactivity retention of liver and submaxillary glands subjected to the conditions described in the text 

Group of animals Total-body radioactivity (%) Radioactivity per g of tissue 
(Total-body radioactivity, %) 

Liver Submaxillary glands Liver Submaxillary glands 

Bile Duct Ligated 54.30 :k 3.0 1.05 4- 0.2 3.53 =E 0.0 

Control 12.57 • 1.4 1.53 -~ 0.3 1.09 i 0.0 

Bile duct ligated and 47.25 • 6.7 - -  3.89 ~ 0.0 
submaxillary glands extracted 

Control 13.97 • 2.7 1.46 ~= 0.0 1.46 i 0.0 

Submaxillary glands extracted 12.27 -4- 1.5 - -  

Control 11.16 • 1.2 1.37 2- 0.56 - -  

2.44 =t= o.o 

3.73 ~ 0.o 

3.40 =k 0.0 

Table IV. Subcellular distribution of Mn 54 CI~ in rat submaxillary 
glands 

Fraction Radioactivity Total radioactivity (%) 
(epm) 

Homogenate 9800 -- 
Supernatant 3407 35 
Microsomal 2715 28 
Mitoehondrial 1694 17 
Amilase granules 1191 12 
Nuclear 785 8 

Experimental details are described in the text. 

a c t i v i t y  m o r e  t h a n  4 t i m e s  h i g h e r  t h a n  t h e  cont ro ls ,  whi le  
s u b m a x i l l a r y  g l an d s  h a d  a s l i gh t ly  h igher ,  t h o u g h  in- 
s igni f icant ,  r a d i o a c t i v i t y  in t he  cont ro ls  (Table I I I ) .  S imi-  
lar  r e su l t s  were obse rved  in  t h e  l ivers  of t he  g roup  w i t h  t h e  
bile d u c t  l iga ted  a n d  s u b m a x i l l a r y  g l ands  ex t r ac t ed .  W h e n  
on ly  t h e  s u b m a x i l l a r y  g l ands  were ex t r ac t ed ,  t he r e  was  on 
di f ference  in t h e  r a d i o a c t i v i t y  f o u n d  in t h e  l ivers  of t h e  
p r o b l e m  a n d  con t ro l  g roups .  T h i s  s u g g e s t s  t h a t  if sub-  
m a x i l l a r y  g l ands  excre te  Mn, t h e y  do n o t  increase  t h a t  
f u n c t i o n  w h e n  t h e  m a i n  e x c r e t o r y  rou t e  is b locked.  

Two g roups  of 3 r a t s  were in j ec ted  i.p. w i t h  20 ~zC of 
Mn54C12 a n d  16 h la te r  t he  s u b m a x i l l a r y  g l ands  were ex- 
t r a c t ed  a n d  t h e  subce l lu la r  d i s t r i b u t i o n  of t h e  m e t a l  s tu -  
d ied  as p r e v i o u s l y  descr ibed  ~. E a c h  r e su l t i ng  f r ac t ion  was  
e x t r a c t e d  a n d  co u n t ed .  M a n g a n e s e  was  loca ted  in  all  p a r t i -  
cu l a t e  f rac t ions ,  especia l ly  in t h e  m i c r o s o m a l  a n d  mi to -  
chondr i a l  f r ac t ions  (Table  IV). 

T h e  p resence  of M a n g a n e s e  in  m i t o c h o n d r i a  a nd  i ts  im-  
p o r t a n c e  in  o x i d a t i v e  p t losp t lo ry la t ion  h a v e  been  repor t -  
edS, L T h e  large  n u m b e r  of d i f f e ren t ly  loca ted  e n z y m e s  
t h a t  requ i re  m a n g a n e s e  for a c t i v a t i o n  could exp la in  t he  
obse rved  u b i c u i t y  of t h e  m e t a l  in  t he  i n t r ace l lu l a r  orga-  
nel les  of s u b m a x i l l a r y  g lands .  T h e  s t a b i l i t y  of t he  Mn 54 
p r e s e n t  in  g l a n d s  could  ind ica t e  b i n d i n g  of t he  m e t a l  to  
p ro t e ins  of a v e r y  slow t u r n o v e r ,  b u t  t he  n a t u r e  a n d  me -  
c h a n i s m  of con t ro l  of th i s  b ind ing ,  if i t  exis ts ,  r e m a i n s  un -  
k n o w n  s. 

Zusammen/assung. Die s u b m a x i l l a r e n  Dr i i sen  der  R a t t e ,  
die Mn  54 inkorpor ie ren ,  s ch i enen  s ich wie Meta l l  spe ichern-  
de Organe  zu ve rha l t e n .  Die R a d i o a k t i v i t A t  der  Dr i i sen  
b le ib t  einige Tage  k o n s t a n t ,  da  sie o f fenbar  ein Metal l -  
P r o t e i n - K o m p l e x  m i t  l a n g s a m e r  U m s a t z r a t e  b inde t .  D a s  
I so top  ve r t e i t t  s ich  in al len Zet l fak toren ,  be sonde r s  in 
M i t o e h o n d r i e n  u n d  Mik rosomen .  
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