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Isotopic composi t ion of cattle pancreatic stones: Biological and geochemical  implications 1 
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Summary: L a t i t u d i n a l  v a r i a t i o n s  of t h e  O ls /O 16-ratios of  c a r b o n a t e  a n d  p h o s p h a t e  of ca t t l e  p a n c r e a t i c  s t o n e s  para l l e l  
a s imi l a r  p a t t e r n  of o x y g e n  i so tope  v a l u e s  in r a in  w a t e r .  C 18/C iS-ratios were  v i r t u a l l y  iden t i ca l  for  t h e  7 cases  s tud ied .  
I s o t o p i c  m e a s u r e m e n t s  of m a m m a l i a n  h a r d  t i s sues  m a y  be  u sed  for  s t u d y i n g  s h o r t - t e r m  c l ima t i c  v a r i a t i o n s  t h r o u g h  
Q u a t e r n a r y .  

Material and methods. Cat t le  p a n c r e a t o l i t h i a s i s  is a s p o n -  
t a n e o u s  a n i m a l  e q u i v a l e n t  of t h e  h u m a n  disease,  ch r on i c  
ca lc i fy ing  p a n c r e a t i t i s  2. Whi l e  p a n c r e a t i c  les ions  differ  
in t h e  2 species8,  p a n c r e a t i c  s t o n e s  are  qu i t e  s imi la r ,  as  
s h o w n  b y  chemica l  a n a l y s e s  *,5, t h e r m a l  a n a l y s e s  ~ a n d  
X - r a y s  d i f f r ac t ion  7,8. S t o n e s  of b o t h  species  are  m a i n l y  
calci te.  I n  m a n ,  ch ron ic  ca lc i fy ing  p a n c r e a t i t i s  is r e l a t ed  
to  a l c o h o l i s m  in s o m e  c o u n t r i e s  a n d  t o  m a l n u t r i t i o n  in 
o t h e r s  ~ I n  ca t t le ,  no  e t io logica l  f a c t o r  h a s  b e e n  found ,  
e x c e p t  t h a t  t h e  o c c u r r e n c e  of t h e  d isease  s e e m s  to  be  
a s s o c i a t e d  w i t h  t h e  ex i s t ence  of a s i l iceous  unde r - so i l  1~ 
All k n o w n  c h a r a c t e r i s t i c s  of t h e  ca t t l e  disease,  s u c h  as  
ep izoo t io logy ,  les ions  a n d  chem i ca l  c o m p o s i t i o n  of s tones ,  
are  iden t i ca l  f r o m  one  c o u n t r y  to  a n o t h e r ,  t h o u g h  t h e  
inc idence  of t h e  d isease  va r i e s  w i t h  u n d e r - s o i l  c o m p o s i -  
t ion .  
T h e  o x y g e n  a n d  c a r b o n  i so top ic  c o m p o s i t i o n  of s t o n e s  
f r o m  d i f f e r en t  a r ea s  w a s  s t u d i e d  to  assess  t h e  p o s s i b i l i t y  
of  i d e n t i f y i n g  t h e  a r ea  in w h i c h  s t o n e s  o r ig ina t e  or  t h e  
t i m e s  of t h e  y e a r  of f o r m a t i o n  in cases  in w h i c h  t h e  
m i g r a t i o n  h a b i t s  of t h e  a n i m a l s  a re  k n o w n .  Also we  
w a n t e d  to  check  if p r e c i p i t a t i o n  c o n d i t i o n s  r e m a i n e d  
c o n s t a n t  d u r i n g  p a n c r e a t i c  s t o n e  f o r m a t i o n .  I t  h a s  b e e n  
s h o w n  t h a t  c o n d i t i o n s  d id  n o t  r e m a i n  c o n s t a n t  in t h e  case  
of t h e  f o r m a t i o n  of b i l i a ry  s t o n e s n .  I s o t o p i c  a n a l y s e s  of 
p a n c r e a t i c  s t o n e s  were  u n d e r t a k e n  on  ca t t le ,  r a t h e r  t h a n  
on  h u m a n  spec imens ,  b e c a u s e  t h e  f o r m e r  are  m o r e  r ead i ly  
ava i lab le .  Also,  ca t t l e  are  m o r e  c lose ly  d e p e n d e n t  u p o n  

local  soil a n d  c l ima te  c o n d i t i o n s  t h a n  m a n  w h o  t r a v e l s  
a n d  feeds  on  n o n l o c a l  p r o d u c t s .  P a n c r e a t i c  s t o n e s  were  
col lected f r o m  7 a n i m a l s  in 4 E u r o p e a n  c o u n t r i e s :  
D e n m a r k ,  E n g l a n d ,  F i n l a n d  a n d  F r a n c e  TM. O x y g e n  a n d  
c a r b o n  i so top ic  c o m p o s i t i o n  of c a l c ium c a r b o n a t e  ( a b o u t  
95% in weigh t*)  a n d  o x y g e n  i so top ic  c o m P o s i t i o n  of  
c a l c ium p h o s p h a t e  ( a b o u t  1 .5% in w e i g h t  4) we re  de te r -  
mined .  S a m p l e s  were  p r e p a r e d  a n d  a n a l y z e d  a c c o r d i n g  
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Oxygen and carbon isotopic composition of pancreatic stones (CaCO3)* 

France England Denmark No. 1 Denmark No. 2 Denmark No. 3 Finland No. 1 Finland No. 2 
O TM ~ C TM ~ O 1~ ~ C TM ~ o TM ~ c TM d O TM 6 C TM ~ 0 TM ~ C 18 ~ O TM d c TM d O TM ~ c TM 

22.97 -15.21 21.95 -15.15 21.87 -15.21 21.88 -14.94 21.27 -15.10 16.49 -15.48 16.70 =14.98" 
23.11 -15.17 21.65 -15.19 21.87 -15.30 21.97 -15.21 21.09 :-15.53 16.44 -15.40 16.76 -14.95 
23.04 -14.89 22.14 -14.95 22.09 -15.18 21.88 -15.03 21.53 -15.05 16.56 -15.51 16.61 -15.11 
23.08 -14.82 21.86 -15.25 21.91 -15.22 21.74 -15.03 21.53 -15.44 16.35 -15.23 16.85 -15.03 
23.19 -15.50 22.15 -15.32 21.95 -15.40 21.92 -14.95 21.48 -15.36 16.44 -15.19 17.00 -15.14 
22.94 -15.16 22.26 -15.38 21.85 -15.44 21.79 -15.33 21.44 -15.18 16.63 -15.40 16.80 -14.99 
23.06 -15.18 21.85 -15.25 21.89 -15.34 21.72 -15.20 21.32 -14.90 16.42 -15.39 16.79 -15.09 
22.87 -15.09 22.15 -15.00 22.26 -15.23 21.46 -15.37 21.26 -14.81 16.78 -15.12 16.70 -15.20 
22.75 -15.00 22.15 -14.90 21.96 -15.20 21.90 -15.10 21.49 -15.19 16.48 -15.09 16.78 -15.08 

Average Average Average Average Average Average Average 
23.00 -15.10 22.02 -15.15 21.96 -15.28 21.80 -15.13 21.38 -15.17 16.51 -15.31 16.78 -15.06 

O~S(PO~ -) d O18(po~ - ) (~ olS(po~ -) ~ olS(pol - ) 60ls(POl -) ~ OlS(POl -) d O18(po~ -) 
15.9 14.7 14.3 14.3 13.8 9.5 10.0 

Probable ~ O TM of rain water in the studied areas 
-7.0 4- 0.5 -8.0 4- 0.5 -9.0 =L 0.5 -9.0 ~ 0.5 -9.0 ::k 0.5 -12.5 ::tz 1.0 -12.5 -4- 1.0 

r O TM are given versus SMOW, (~ C TM versus PDB-1. * Reported measurements refer to both small stones (less than 1 mm in diameter) and large 
stones (1 4 mm in diameter). ~ O is rain water values are evaluated from current literature and from Dansgaard temperature/bo TM relation- 
ship 19. They refer obviously to a 'probable range' of values taking into account the local meteorological conditions and the possibility of 
yearly variations. The different sign of ~O TM of carbonate and phosphate and bO TM of rain water is the effect of the carbonate[water and 
phosphate/water fractionation factor (~) which causes a large OlS-enrichment in the solid phase compared with the ~ olS(H20) of the solution 
from which the solid phase is precipitated. 
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to  t h e  t e c h n i q u e s  deve loped  b y  E p s t e i n  e t  al. 13 for car-  
b o n a t e  and  b y  Longine l l i  14-1s for p h o s p h a t e .  The  s t a n d a r d  
r ep roduc ib i l i t y  of t he  m e a s u r e m e n t  was  •  pe r  mil  
( l a )  for c a r b o n a t e  (bo th  oxygen  and  ca rbon)  a n d  • 0.2 
pe r  mil  ( l a )  for p h o s p h a t e  (oxygen).  I so top ic  ana lyses  
were ca r r ied  o u t  on  single s tones  and  ana lyses  of phos-  
p h a t e  were m a d e  on  groups  of 10-20 s tones  because  of 
t he  r e l a t ive ly  low p h o s p h a t e  con ten t .  The  isotopic  com- 
pos i t ions  are r e p o r t e d  in t he  & n o t a t i o n :  

e s a m p l e  - -  estandard 
6 = • 1000. 

Rstandard 

R is t he  isotopic  r a t io  (O18/O 16 or C13/CIi). T he  isotopic  
va lues  are r e p o r t e d  versus  S M O W - s t a n d a r d  as def ined  
b y  Craig 17 for t h e  oxygen  and  versus  P D B - 1  Chicago 
s t a n d a r d  for t h e  ca rbon .  
Results and discussion. The  resu l t s  o b t a i n e d  e x h i b i t  2 
m a i n  fea tu res  ( table).  F i rs t ,  6c13 of t he  c a r b o n a t e  is 
essen t ia l ly  iden t i ca l  for al l  t h e  samples .  I t  is r a t h e r  dif- 
f icul t  to  i n t e r p r e t  this .  W e  do no t  k n o w  t he  Ct3/C~2-ratios 
of t h e  food a n d  c o n s e q u e n t l y  c a n n o t  a d v a n c e  h y p o t h e s e s  
conce rn ing  biological  f r a c t i o n a t i o n  effects. 
Second,  oxygen  isotopic  compos i t i on  of c a r b o n a t e  is also 
fa i r ly  c o n s t a n t  a m o n g  s tones  f rom one  single case b u t  
va r i e s  s ign i f i can t ly  f rom area  to  area,  a long w i t h  t he  
p h o s p h a t e  isotopic  compos i t ion .  Moreover ,  t hese  differ-  
ences b e t w e e n  areas  e x h i b i t  a s t r ik ing  l a t i t u d i n a l  p a t t e r n .  
2 conclus ions  c a n  be  d r a w n  f rom t he  6 Ors-values. F i rs t ,  
in each  case phys i ca l  chemica l  cond i t ions  p r o b a b l y  re- 
m a i n e d  c o n s t a n t  d u r i n g  t he  p r e c i p i t a t i o n  of t he  s tones,  
because  t he re  is a lack of va r i ab i l i t y ,  w i t h i n  t h e  exper i -  
m e n t a l  error ,  for t h e  c a r b o n a t e  isotopic r a t ios  even  w h e n  
s tones  of d i f fe ren t  size were m e a s u r e d  (table).  Second,  
v a r i a b i l i t y  b e t w e e n  areas  seems to be  closely r e l a t ed  to  
t he  6015 of ave rage  r a in  w a t e r  in t he  same areas.  The  
oxygen  isotopic  com pos i t i on  of p a n c r e a t i c  s tones  ref lects  
t h a t  of t he  w a t e r  of t he  a n i m a l ' s  e n v i r o n m e n t ,  w h i c h  
p r o b a b l y  is n o t  far  f rom t he  va lue  of ave rage  r a in  water .  
A s imi la r  r e l a t i onsh i p  was p rev ious ly  found  in t he  case of 
t he  oxygen  isotopic  compos i t i on  of some m a m m a l  
bones  is. R e c e n t  u n p u b l i s h e d  m e a s u r e m e n t s  on  bones  
con f i rm  the  p r ev ious  f ind ings  and  those  r epo r t ed  here.  
Th i s  seems r ea sonab le  since t e m p e r a t u r e  a n d  oxygen  

isotopic  compos i t i on  of t he  w a t e r  in a so lu t ion  are t he  
on ly  va r i ab le s  wh ich  can  af fec t  t he  f inal  isotopic  com- 
pos i t ion  of ca lc ium c a r b o n a t e  a n d  ca lc ium p h o s p h a t e  
p r e c i p i t a t e d  u n d e r  isotopic  equ i l i b r i um cond i t ions  or 
w h e n  biological  f r a c t i o n a t i o n  fac tors  r e m a i n  c o n s t a n t .  
I n  our  case, t he  t e m p e r a t u r e  of p r e c i p i t a t i o n  was  l ikely 
to  be  c o n s t a n t  t h r o u g h  t ime.  The  isotopic  compos i t i on  of 
t h e  w a t e r  in  t h e  b o d y  f luids is no t  known,  b u t  i t  shou ld  
ref lect  the  i so topic  compos i t i on  of t h e  e n v i r o n m e n t a l  
w a t e r  t a k e n  in b y  t h e  o rgan i sm,  even  if r e la t ive  h u m i d i t y  
a n d  e n v i r o n m e n t a l  t e m p e r a t u r e  m a y  be  i m p o r t a n t  as 
t h e y  af fec t  v a p o r  loss d u r i n g  b r e a t h i n g .  Differences  
caused  b y  isotopic  f r ac t i ona t i ons  d u r i n g  v i t a l  processes  
shou ld  cause  c o n s t a n t  or q u a s i - c o n s t a n t  isotopic  effects 
t h r o u g h  t ime.  I t  follows t h a t  t he  m i n o r  di f ferences  be- 
t w e e n  ave rage  d018 of t he  3 cases f rom D e n m a r k  could 
ref lec t  s imi la r  d i f ferences  in t he  ave rage  isotopic  compo-  
s i t ion  of local water .  
Since i t  is we l l -known  t h a t  t he  ave rage  isotopic  composi-  
t i on  of r a in  w a t e r  depends  m a i n l y  on  local  c l imat ic  con- 
d i t ions  19, and  since t he  oxygen  isotopic  compos i t i on  of 
some m a m m a l i a n  h a r d  t i ssues  seems to  ref lect  t h a t  of 
r a in  water ,  i t  m a y  be possible  to  use isotopic measure -  
m e n t s  of m a m m a l i a n  h a r d  t i ssues  for s t u d y i n g  s h o r t - t e r m  
c l imat ic  va r i a t ions .  Fo r  ins tance ,  i sotopic  s t u d y  of fossil 
bones  of k n o w n  age could p rov ide  a 601s ve r sus  t ime  
curve ,  whose g r ad i en t s  could ref lect  v a r i a t i o n s  of average  
r a i n  w a t e r  6ols  and ,  consequen t ly ,  c l imat ic  v a r i a t i o n s  in 
t h e i r  a rea  of origin.  These  isotopic  m e a s u r e m e n t s  could 
t h e n  r e p r e s e n t  a comple t e ly  i n d e p e n d e n t  tool  to  compa re  
pa leoc l ima t i c  cu rves  o b t a i n e d  in c o n t i n e n t a l  a reas  (e.g. 
s t u d y i n g  bones  of Q u a t e r n a r y  age f rom food refuse in 
caves) w i t h  sec t ions  of ' p a l e o t e m p e r a t u r e '  cu rves  ob-  
t a i n e d  f rom oceanic  s e d i m e n t  cores. 
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On the  in v i tro  b e h a v i o u r  of  'mousel s u b m a x i l l a r y  g land  cel l s .  
II.  M e t a b o l i c  d i f ferences  b e t w e e n  [male and if e m a l e  C3H m i c e  1 
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Summary. S u b m a x i l l a r y  g l and  cells f rom female  CBH mice  were  isolated,  c u l t i v a t e d  in v i t ro  a n d  t h e i r  me tabo l i c  prop-  
er t ies  c o m p a r e d  w i t h  those  of male  der ived  cells. F r o m  the  resu l t s  i t  c an  be  conc luded  t h a t  these  cells r e t a i n  the i r  
m e t a b o l i c  d i f ferences  w h e n  g rown in v i t ro .  

I t  is now well  e s t ab l i shed  t h a t  t he  sexua l  d i m o r p h i s m  of 
m u r i n e  s u b m a x i l l a r y  g lands  is re la ted  to  di f ferences  in  t he  
cy to logica l  d i f f e r en t i a t i on  of t he  t u b u l a r  po r t i on  of t he  
g l and  2. In  add i t ion ,  b iochemica l  sex- l inked differences,  
w h i c h  are due  m a i n l y  to  specific p roper t i e s  of r e g u l a t o r y  
enzymes  of t h e  g lycolyt ic  p a t h w a y ,  h a v e  been  foundB-6. 
Moreover  cells f r om male  C3H s u b m a x i l l a r y  g lands  h a v e  
been  i so la ted  a n d  c u l t i v a t e d  in v i t ro  a n d  t h e i r  b iochemica l  
a n d  morpho log ica l  cha rac t e r i s t i c  h a v e  been  descr ibed  7. 
Because  these  cells r e t a i n  some b iochemica l  p roper t i e s  
r e l a t ed  to t h e i r  e n z y m a t i c  c o n t e n t  a n d  t h e i r  respons ive-  
ness  to  d ibu ty ry l cyc l i c - A MP,  i t  is conce ivab le  t h a t  sex- 

r e l a t ed  b iochemica l  d i f ferences  m a y  be  gene t i ca l ly  deter -  
m i n e d  and  so i n d e p e n d e n t  of e n v i r o n m e n t a l  condi t ions .  
The  a im o1 t h i s  s t u d y  was to  ve r i fy  t h i s  hypo thes i s .  The  
cells f rom s u b m a x i l l a r y  g lands  of female  mice g rown in 
v i t r o  and  t h e i r  me tabo l i c  p roper t i e s  c o m p a r e d  w i t h  those  
of ma le  der ived  cells. 
Materials and methods. S u b m a x i l l a r y  g lands  were  r an -  
d o m l y  col lected f rom B-month-old  male  and  female  C3H/  
He  mice ( I .R .E .  colony),  r e m o v e d  asept ica l ly ,  minced  
a n d  r e suspended  in H a n k ' s  b a l a n c e d  sa l t  solut ion.  The  
cells were i so la ted  a n d  c u l t i v a t e d  in v i t r o  as p rev ious ly  
descr ibed  v. Cells were h a r v e s t e d  f rom the  g rowth  m e d i u m  


