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b ina ry  mix tu re  of the  following types :  Tf M/M, Tf O/O 
and  Tf R/R,  bu t  all o the r  combina t ions  are separable.  
One can also par t ia l ly  separa te  bo th  bands  of a p h e n o t y p e  
by  choosing an adequa te  NaC1 gradient .  The abso rbancy  
curve  of the  eluted fract ions shows in th is  case 2 shoulders  
on each side of a main  peak. The f irs t  one cor responds  
to  the  ca thodic  band  and  the  second one to  the  anodic  
band.  The main  peak  is a mix tu re  of b o t h  bands .  In  
Figure  2 can be seen the  elut ion curve of a he te rozygous  
pheno type ,  Tf H /R .  In  th is  case, the  curve shows 2 main  
peaks,  the  first  cor responding  to Tf R / R  and  the  second 
to  Tf H / H  ins tead  of 1 main  peak  as in the  case of a 
homozygous  pheno type .  I t  is in te res t ing  to note  t h a t  a 
th i rd  ve ry  nar row band  appears  a t  t he  very  end of the  
c h r o m a t o g r a m  for each pheno type ,  wha t eve r  its type.  
This  band  is also visible on the  phe rog ram of a whole 
se rum sa tu ra t ed  wi th  iron. The i ron-b ind ing  capac i ty  
of the  compound  conta ined  in th is  b a n d  has  been  demon-  
s t r a t ed  a. Therefore  each p h e n o t y p e  of the  horse  se rum 
t ransfer r ins  exhib i t s  no t  2 bu t  3 bands  by  s ta rch  gel 
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electrophoresis .  Some character is t ics  of these  bands  will 
be repor ted  elsewhere.  

Immunological ly ,  a band  of purif ied t ransfer r in  shows 
only one prec ip i t ine  line w i th  an i m m u n s e r u m  agains t  
a whole horse  serum. An an t i s e rum p repa red  agains t  a 
purif ied t rans fe r r in  shows likewise only 1 prec ip i t ine  l ine 
wi th  a whole  se rum (see b and c of Figure 3). This is 
i l lus t ra ted by  immunoe lec t rophores i s  in F igure  3 where  
b is the  circular d ish  conta in ing  the  ant igen (whole horse  
serum labeled wi th  4 ~C of 5~ Dish a conta ins  
an i m m u n s e r u m  agains t  the  pool of t ransfer r ins  f ract ions  
men t ioned  above.  An i m m u n s e r u m  against  pure  t r ans -  
ferrin is con ta ined  in dish c; d is an au to rad iogram of 
the  same exper iment .  The circular dish is bare ly  visible 
bu t  the  posi t ion of the  inferior line is exac t ly  the  s ame  
as t h a t  of the  line be tween  b and c, thus  d e m o n s t r a t i n g  
t h a t  the  l a t t e r  cor responds  to  the  t ransferr in .  

One can ob ta in  a larger a m o u n t  of ahnos t  pure  t r ans -  
ferrins by  p rec ip i t a t ing  the  serum, di luted wi th  i vo lume 
of physiological  NaC1 and adding  enough a m m o n i u m  
sulfate to  br ing  the  final  concen t ra t ion  to  56% in am-  
mon ium sulfate.  This  p rec ip i ta t ion  is subs t i t u t ed  for t h e  
gel f i l t ra t ion and  ion-exchange  c h r o m a t o g r a p h y  is re- 
placed by  a b a t c h  operat ion.  The t ransfer r ins  t h u s  
ob ta ined  are still c o n t a m i n a t e d  by  2 a lbumins  which  
can be e l imina ted  by  column c h r o m a t o g r a p h y  ~,6. 

Rdsumd. Les bandes  des diff6rents ph6no types  de  
t ransfer r ines  (Tf), identifi6es par  amido-41ectrophor6se, 
on t  6t4 purifi6es par  f i l t ra t ion sur gel et  ch ro ma t o g raph i c  
6changeuse d ' ions.  Des ant icorps  de lapin on t  6t6 pr4- 
par6s cont re  plusieurs de ces ph6notypes .  
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Fig. 3. hnnlunoelectrophoresis of a whole horse serum (micromethod 
of SCHEIDEGGER) and its autoradiogram as described in the text. 
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I n f l u e n c e  of S e a s o n  and  A c t i v i t y  o n  S o d i u m  C o n t e n t  of  B o n e s  a n d  P l a s m a  of  the  B a t ,  Myotis lucijugus 

A num ber  of workers  have  no ted  changes  in p lasma  
levels of cer ta in  minerals  dur ing  the  h ibernal  siege, bu t  
the re  are few repor t s  concerning f luc tua t ions  in bone  
levels of these  elements .  Fu r the rmore ,  no a t t e m p t  has 
been  made  to  de te rmine  w h a t  effects s imple inac t iv i ty  
migh t  have  upon h ibe rna to r s '  skeletons if the  animals  
were no t  h iberna t ing .  This s tudy  was  p a r t  of an a t t e m p t  
to  clarify the  s t a tus  of ma jor  minera ls  in a h iberna tor ,  
Myotis luci/ugus, dur ing  na tu ra l  h ibe rna t ion  and  in 2 
ac t iv i ty  s ta tes  while kep t  under  l abora to ry  condit ions.  

Methods. H i b e r n a t i n g  ba t s  were cap tu r ed  ill a sou thern  
I n d i a n a  cave a t  3 stages of the  h ibe rna t ing  season (early, 
November ;  deep, Feb rua ry ;  late, April). In  the  l abora to ry  
t h e y  were housed  in a moist ,  cold (8 ~ 2~ da rkened  
room unti l  sacrifice shor t ly  af ter  capture .  Summer  ba t s  

were cap tu red  in June  f rom an a t t ic  colony and  sacrif iced 
immedia te ly .  Ba t s  des igna ted  'win te r  free-f l ight '  a n d  
'win te r  res t r i c ted '  were procured  f rom a colony in ear ly  
fall. The  ' f ree-f l ight '  ba t s  were weighed,  sexed, coded,  
and  placed into a screened cage of 450 It 3 f lying space.  
The cage was ma in t a ined  in a room at  35 ~ wi th  a rela-  
t ive  h u m i d i t y  of 20%. The 'win te r  res t r ic ted '  ba t s  were  
housed  in the  same room, bu t  were res t r ic ted  in m o v e -  
m e n t  by  placing t h e m  in a conf ined space of 100 in  s. 
Animals  des igna ted  as ' s u m m e r  free-f l ight '  and  ' s u m m e r  
res t r ic ted '  were ob ta ined  f rom a colony in June  a n d  
housed  in the  same m a n n e r  as t he  'win te r  f ree-f l ight '  
and 'win te r  res t r ic ted '  groups,  respect ively.  All ba ts  were  
fed mea l w o rm (Tenebrio molitor) larvae, and  wa te r  w a s  
provided  ad l ibi tum.  
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Af te r  a chronic  per iod  in  t he  f ree-f l ight  r oom or  re- 
s t r a in ing  cage, t h e  b a t s  were sacr i f iced b y  d e c a p i t a t i o n  
a n d  b lood and  bone  samples  were  r e t a ined  for analysis .  

Plasma sample preparation. Fol lowing  decap i t a t ion ,  
t he  b a t  was  e x s a n g u i n a t e d  a n d  t h e  whole  b lood  was 
p r o m p t l y  dra~wn in to  ca l i b r a t ed  (volume = arch) micro-  
h e m a t o c r i t  cap i l la ry  t u b e s L  Fol lowing  cen t r i fuga t ion ,  
t h e  p l a s m a  s u p e r n a t a n t  was  d i lu ted  to  p u t  t he  sod ium 
c o n c e n t r a t i o n  wi th in  t he  work ing  range  of a n  a tomic  
a b s o r p t i o n  s p e c t r o p h o t o m e t e r  ( P e r k i n - E l m e r  model  303) ~. 
A work ing  cu rve  for sod ium was p l o t t ed  b y  o r d i n a t i n g  
a b s o r h a n c e  w i t h  k n o w n  c o n c e n t r a t i o n s  of sodium.  The  
c o n c e n t r a t i o n  of sod ium in p l a s m a  samples  was read  
f rom the  cu rve  a n d  expressed  as mEq/1. 

Bone sample preparation. T he  bones  s u p p o r t i n g  t he  
wing  m e m b r a n e s  of t h e  b a t  were  ana lysed  for  sod ium 
con ten t .  Af te r  r e m o v a l  of e x t r a n e o u s  tissue, the  bones  
were weighed,  dried,  a n d  ashed  in a muff le  furnace .  Bone  
ash  was dissolved in c o n c e n t r a t e d  HC1 and  a p p r o p r i a t e l y  
d i lu ted .  T h e  c o n c e n t r a t i o n  of sod ium in bone  was de ter -  
m i n e d  as for  p lasma,  a n d  expressed  as m E q / k g .  

Results. The  c o n c e n t r a t i o n  of sod ium in b a t  p l a s m a  
a n d  bone  u n d e r  v a r y i n g  n a t u r a l  a n d  l a b o r a t o r y  cond i t ions  
is p r e s e n t e d  in t h e  Table .  An  inspec t ion  of these  d a t a  
revea ls  t h a t  t he  sod ium c o n c e n t r a t i o n  of bone  decreases  
as h i b e r n a t i o n  progresses,  a n d  beg ins  to  r e t u r n  to  h ighe r  
levels  in  s u m m e r  ba ts .  Bone  sod ium is g rea t e r  in  b o t h  
w i n t e r  a n d  s u m m e r  f ree-f l ight  an ima l s  t h a n  in t he i r  
r e s t r i c t ed  c o u n t e r p a r t s .  A cons i s t en t  p a t t e r n  of sod ium 
changes  in p l a s m a  is n o t  e v i d e n t  in  t he  h i b e r n a t i n g  ani -  
mals ,  a l t h o u g h  sod ium c o n c e n t r a t i o n  is g rea t e s t  in p l a s m a  
of b a t s  wh ich  h a v e  j u s t  en t e r ed  h i b e r n a t i o n .  T he  p l a s m a  
p i c tu re  is qu i t e  c o n s i s t e n t  in  showing  h ighe r  concen-  
t r a t i o n s  of sod ium in t he  r e s t r i c t ed  b a t s  as c o m p a r e d  
w i t h  t he  f ree-f l ight  ba t s ,  in  b o t h  w i n t e r  a n d  summer .  
Some  of t h e  differences  obse rved  are  s t a t i s t i ca l ly  signifi- 
can t ,  as i nd ica t ed  b y  S t u d e n t ' s  t - tes t  (Table).  

Discussion. Prev ious  s tud ies  h a v e  shown  t h a t  chronic  
i m m o b i l i t y  of a l i m b  or t he  en t i r e  b o d y  p rec ip i t a t e s  
m ine ra l  loss f rom t he  skele ton.  T he  resu l t s  of th i s  s t u d y  
af f i rm t h a t  th i s  occurs  d u r i n g  h i b e r n a t i o n  in t h e  l i t t l e  
b r o w n  ba t ,  for bone  sod ium c o n c e n t r a t i o n  is p rogress ive ly  
lower  a t  successive s tages  of h i b e r n a t i o n .  These  resu l t s  
agree  w i t h  in  v i t ro  ev idence  of o the r s  3 i nd i ca t i ng  t h a t  
a lack of m e c h a n i c a l  s t ress  on  bones  leads to  bone  mine ra l  
loss, a n d  s u p p o r t  t he  c o n t e n t i o n  t h a t  disuse os teoporosis  
c an  occur  in  t he  absence  of m e c h a n i c a l  s t r a i n  4. F u r t h e r -  
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more,  t he se  f indings  s u p p o r t  conclus ions  f rom d e n t a l  
t i ssue  s tud ies  w i t h  h i b e r n a t i n g  g r o u n d  squir re ls :  as 
h i b e r n a t i o n  proceeds,  t he  mine ra l  d r a in  w i t h i n  t h e  a n i m a l  
b o d y  increases  s-L 

Die t  as well as i m m o b i l i t y  u n d o u b t e d l y  inf luences  
sod ium loss f rom bone,  a l t h o u g h  t h e r e  are ind ica t ions  
here  t h a t  t h e  effect  of d ie t  on  bone  demine ra l i za t ion  is 
o v e r r i d d e n  b y  t h a t  of immobi l i ty .  Bone  levels of sod ium 
are lower  in  w i n t e r  r e s t r i c t ed  b a t s  t h a n  in w in t e r  free- 
f l igh t  ba t s ,  a l t h o u g h  b o t h  groups  received iden t ica l  diets .  
The  s ame  is t rue  for s u m m e r  free-f l ight  and  re s t r i c t ed  
ba ts ,  a n d  t he  dif ference is s t a t i s t i ca l ly  s ign i f ican t  a t  a n  
s- level  of 0.01 (Table).  The  p l a s m a  sod ium levels seem 
to  be  h igher  in ea r ly  s tages  of h i b e r n a t i o n ,  fa l l ing to  
ha l f  t h a t  c o n c e n t r a t i o n  for t he  r e m a i n d e r  of the  h i b e r n a l  
per iod  a n d  in summer .  Bone  sod ium is also a p p a r e n t l y  
mobi l i zed  more  w h e n  t h e  b a t  is r e s t r i c t ed  in m o v e m e n t ,  
as i nd i ca t ed  b y  lower  bone  sod ium levels in r e s t r i c t ed  
t h a n  in f ree-f l ight  b a t s  in  b o t h  w i n t e r  and  summer .  
P l a s m a  va lues  in  t h e  w i n t e r  f ree-f l ight  versus  r e s t r i c t ed  
b a t s  s u p p o r t  th i s  con ten t ion ,  whereas  p l a s m a  s o d i u m  
levels in t h e  s u m m e r  l a b o r a t o r y  an ima l s  are a b o u t  t h e  
same in t he  2 groups.  I t  shou ld  be  n o t e d  t h a t  t h e  p l a s m a  
sod ium c o n c e n t r a t i o n  is cons ide rab ly  h ighe r  in  t h e  b a t  
on  a genera l  bas is  t h a n  in m o s t  m a m m a l s ,  acco rd ing  
to  t h e  resu l t s  of t h i s  inves t iga t ion .  

I t  seems ce r t a in  t h a t  bone  sod ium c o n c e n t r a t i o n s  are  
dep le ted  d u r i n g  h i b e r n a t i o n  a n d  d u r i n g  enforced  i m m o -  
b i l i ty  in  w i n t e r  a n d  s u m m e r  ba ts .  The  m e c h a n i s m  
caus ing  t h i s  demine ra l i z a t i on  is u n k n o w n ,  a l t h o u g h  t h e  
os teoc las t  u n d e r  t h e  inf luence  of p a r a t h o r m o n e  a n d / o r  
o t h e r  h o r m o n a l  agen t s  ha s  been  imp l i ca t ed  s-10. 

Zusammenfassung. P l a s m a  u n d  K n o c h e n s u b s t a n z  y o n  
Mik roch i rop t e r en  w u r d e n  auf  N a t r i u m g e h a l t  u n t e r s u c h t .  
Der  K n o c h e n - N a t r i u m g e h a l t  n i m m t  im Ver lauf  de r  W i n -  
t e r sch la f l e tha rg ie  a b  u n d  k e h r t  zu h 6 h e r e n  W e r t e n  bei 
Sommer f l ede rmAusen  zuriick. Die K n o c h e n - N a t r i u m -  
menge  is t  bei  a k t i v e n  Flederm/ iusen ,  die in ih ren  Bewe-  
gungen  w~ihrend des Sommers  u n d  W i n t e r s  b e h i n d e r t  
wurden ,  n iedr iger  als bei f re igelassenen F lede rm~usen .  
Dies zeigt,  dass  die B e w e g u n g  ke inen  s t a r k e n  Einf luss  
auf  den  Mine ra lgeha l t  der  K n o c h e n  ha t .  Der  P l a s m a -  
N a t r i u m g e h a l t  der  F lederm/ iuse  is t  h 6 h e r  als in den  mei-  
s t en  a n d e r n  S~iugetieren u n d  sche in t  z u d e m  zu B e g i n n  
des W i n t e r s c h l a f s  besonde r s  hoch  zu sein. 
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Treatment Plasma (mEq/1) Bone (mEq/kg) 

S.D. t-value .~ S.D. t-value 

Early hibernation 
Deep hibernation 
Late hibernation 
Summer 

Winter free-flight 
Winter restricted 
Summer free-flight 
Summer restricted 

11624- 73..~ 
637-4-108~347_4_ 68 0.9007"353a 7 1 3 4 - 1 0 7 ~  11'614b 
371•  48 7 0 5 •  0.164 
385::t= 77 `> 0.481 793:t= 73 j 2"112c 

3774- 83 7864- 9 2 ~  
4194_157 ) 0.438 772-I- 41 . /  0.431. 
2964- 39 6094- 67 
2594- 52 ~ 0.121 5134- 62 ) 3"309~ 

a Significant at the 0.01 level: t0.01 (20) = 2.845. 
b Significant at the 0.01 level: t0.01 (18) = 2.878. 
c Significant at the 0.05 level: t0.05 (18) = 2.101 
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