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U s e  of T h e r m a l  G r a v i m e t r y  in the  S tudy  of 
N e p h r o l i t h s  

Therma l  g r av ime t ry  was used successfully by  DUVAL 
et al. 1 in the i r  a t t e m p t  to corre la te  chemical  composi t ion  
wi th  t he rm a l  behav iour  of a p p r o x i m a t e l y  1000 analyt ica l  
precipi ta tes .  Recent ly;  STRATES 2 employed  a similar 
t echn ique  in s tudy ing  the  compos i t ion  and  the  mechan i sm 
of fo rmat ion  of concret ions  - or prec ip i ta tes  - of bio- 
logical origin. In  the  p resen t  repor t ,  d a t a  are p resen ted  
to d e m o n s t r a t e  the  use of the  t he rmograv ime t r i c  m e t h o d  
of analysis  in the  inves t iga t ion  of nephrol i ths .  

In  this s t u d y  nephro l i ths  were ob ta ined  pos t -opera-  
t ively  f rom h u m a n  subjects .  E a c h  s tone  was cleaned 
ex te rna l ly  wi th  a scalpel and washed  free of blood, mucus  
and o the r  ex t raneous  ma t t e r .  I t  was t h e n  dried a t  55 ~ 
in a v a c u u m  and  sawn into  2 near ly  equal  pa r t s  wi th  a 
t h in  h a n d  saw. One half  of t he  s tone was reduced  to a fine 
powder  in an agate  mor ta r ,  whereas  the  nucleus and  the  
layers of the  o the r  half  were carefully singled out  and  
ground separate ly .  The powder  was dr ied again in a 
v a c u u m  and  cooled in a desiccator .  100 mg of th is  
powder  were weighed each t ime  into p l a t i n u m  crucibles, 
and t he rma l  d iagrams were ob ta ined  wi th  an auto-  
mat ica l ly  recording S t a n t o n  Thermoba lance  covering 
room t empera tu r e s  up to  1000 ~ Using th is  technique ,  
qui te  a large num ber  of nephro l i ths  was analysed.  

In  t he  Figure A are dep ic ted  the  di f ferent ia l  t he rmo-  
gravimetr ic  (DTG) curves of the  nucleus and  the  surface 
layers of a represen ta t ive  p r edomina t i ng  calcium oxalate  
nephrol i th .  Bo th  DTG curves  are indeed  qual i ta t ive ly  
similar  to each other.  They  are also basically the  same as 
curves ob ta ined  wi th  ana ly t ica l  p rec ip i ta tes  of calcium 
oxala te  1,2. The 2 nephro l i t h  curves,  however ,  differ 
quan t i t a t i ve ly  in regard to the  f i rs t  - wa te r  of hyd ra t i on  - 
peak. The con t en t  in such w a t e r  of the  nuclear  por t ion  of 
the  nephro l i th  is d i s t inc t ly  lower t h a n  t h a t  of its surface 
layers. 

These da t a  migh t  be i n t e rp re t ed  as indica t ing  t h a t  
(a) the  con t en t  of the  neph ro l i t h  nucleus in h y d r a t e d  
calc ium oxalate  is lower t h a n  t h a t  of the  sur rounding  
layers, or (b) the  nuclear  calc ium oxala te  is - pr imar i ly  
or ent i re ly  - in the  m o n o h y d r a t e  form, whereas  the  sur- 
face layers con ta in  the  d ihydra te .  E i the r  CaC204 �9 H20 or 
CaC204 �9 2H20 or b o t h  have  been  known  to be p resen t  
in u r inary  calculi 3,4. 

In  the  Table are given the  ma in  lat t ice spacings der ived 
f rom an X - r a y  spect rogram5 of the  powdered  half  of the  
nephro l i th  in quest ion.  These values are in good agree- 
m e n t  w i th  the  d spacings for calcium oxala te  mono-  
hydra te ,  CaCaO4 �9 HzO, publ i shed  in the  ASTM X - r a y  
card file. Thus,  t he  nucleus and  the  surface layers of this  
nephro l i th  conta in  the  same t y p e  of calcium oxalate ,  i.e. 
the  monohydra t e .  

In  the  Figure B are shown t h e  IR- spec t r a  of the  nucleus 
of the  nephro l i th  and  i ts  surface layers.  In  each case 2 mg 
of the  f inely powdered  spec imens  were mixed  wi th  200 mg 
K B r  and  pressed in to  pellets.  The main  wave leng ths  
observed are s t rong  ca rboxyl  absorp t ions  a t  6.10 and 
7.58 p wi th  a sharp  absorp t ion  at  12.73 ,u, indica t ing  the  
presence  of oxala te  and  a s o m e w h a t  broad  bu t  s t rong  OH 
s t re tch ing  a t  app rox ima te ly  3.0 /~. These values agree 
fairly well w i th  publ i shed  I R - d a t a  for p rec ip i t a t ed  cal- 

c ium oxalate4,L There  are also 2 re la t ively  b road  bu t  
d i s t inc t  p h o s p h a t e  absorpt ions  a t  abou t  9.1 and  9.9 ff and  
a smal l  ca rbona te  peak  at  11.4 /,, indica t ive  of the  
presence  of ca rbona toapa t i t e .  I t  is clear t h a t  these  la t te r  
absorp t ions  are deeper  and more  d i s t inc t  for the  nucleus 
t h a n  for its su r round ing  layers. 

Therefore,  the  IR- spec t r a  p resen ted  here  show t h a t  the  
nuclear  por t ion  of the  nephro l i th  is r icher  in p h o s p h a t e  
t h a n  the  surface layers.  The d is t inc t  nuclear  I R  ca rbona te  
peak,  as well as the  near ly  unchanged  CO and  CO s DTG 
peaks  ob ta ined  wi th  the  nucleus on the  one h a n d  and  the  
surface layers of the  nephro l i th  on the  other ,  indica te  t h a t  
the  phospha t e  is in the  form of a ca rbona ted  apa t i t e  
r a the r  t h a n  pure  - p rec ip i ta ted  - h y d r o x y a p a t i t e  7. This 
is in ag reemen t  wi th  publ i shed  works of a n u m b e r  of 
inves t iga tors  s-10. 
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Figure. A = Differential thermogravimetric (DTG) curves of the 
surface layers (--) and the nucleus (---) of a typical predominating 
calcium oxalate nephrolith. B - IR-spectra (A = 2.5-15 if) of the 

surface layers (--) and the nucleus (---) of the same nephrolith. 
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d-Spacings of a finely-powdered calcium oxalate nephrolith compared with ASTM values for CaC204 �9 H20 (Cu radiation, ~.Ka = 1.542 ~-) 

d Nephrolit h 5.900 3.640 2.960 2.487 2.344 2.246 2.201 2.068 

d CaC204 �9 H20 (ASTM) 5.950 3.630 2.969 2.494 2.356 2.256 2.212 2.070 
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O n  t h e  b a s i s  o f  t h e s e  d a t a  i t  i s  c o n c l u d e d  t h a t  t h e  
i n t e r p r e t a t i o n  fo r  t h e  t h e r m o g r a v i m e t r i c a l l y  o b s e r v e d  
l a c k  of  t h e  n u c l e a r  p o r t i o n  of  t h e  n e p h r o l i t h  in  w a t e r  o f  
h y d r a t i o n  is to  be  f o u n d  in  i t s  c o m p a r a t i v e l y  h i g h e r  
p h o s p h a t e  c o n t e n t .  F r o m  t h i s  i t  fo l lows  t h a t  t h e  c o n t e n t  
of  t h e  n u c l e u s  in  o x a l a t e  is c e r t a i n l y  l ower  t h a n  t h a t  o f  
t h e  s u r f a c e  l a y e r s .  

A d d i t i o n a l  d a t a  o n  s i m i l a r  l ines  a r e  n o w  b e i n g  ob -  
t a i n e d  w i t h  t h e  p u r p o s e  of  g a i n i n g  a n  i n s i g h t  i n t o  t h e  
f o r m a t i o n  m e c h a n i s m  of  n e p h r o l i t h s .  

Rdsumd. O n  e x a m i n e  la  pos s i b i l i t 6  d ' e m p l o i  de  la 
t h e r m o g r a v i m 6 t r i e  A l ' 6 t u d e  d e s  c a l cu l s  r 6 n a u x .  O n  p r6 -  

s e n t e  de s  d o n n 6 e s  - r a d i o g r a p h i q u e s ,  t h e r m o g r a v i m 6 t r i -  
q u e s  e t  s p e c t r o p h o t o m 6 t r i q u e s  - p o u r  u n  c a l c u l  c o m p o s 6  
p r i n c i p a l e m e n t  d ' o x a l a t e  de  c a l c i u m .  L e s  r 6 s u l t a t s  
s p e c t r o p h o t o m 6 t r i q n e s  e t  t h e r m o g r a v i m 6 t r i q u e s  i n d i q u e n t  
q u e  le n o y a u  de  ce  c a l cu l  c o n t i e n t  p l u s  de  p h o s p h a t e  
c o n t e n a n t  d u  c a r b o n a t e  q u e  la  su r f ace .  
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P r o d u c t i o n  of  6 - M e t h o x y - M e l l e i n  b y  
S p o r o r m i a  bipart is  C a i n  

6 - M e t h o x y - m e l l e i n  ( 3 - m e t h y l - 6 - m e t h o x y -  8 - h y d r o x y -  
3 , 4 - d i h y d r o i s o c o u m a r i n )  ~ h a s  b e e n  i s o l a t e d  f r o m  b i t t e r  
( s tored)  c a r r o t s  2,3 a n d  in  h i g h e r  y i e l d s  f r o m  c a r r o t  r o o t  
t i s s u e  4,5 i n o c u l a t e d  w i t h  Ceratocystis /imbriata, Cerato- 
cystis ulmi, Helminthosporum carbonum o r  Fusarium 
oxyspom, m [. lycopersici. T h e  c o n c I u s i o n  w a s  d r a w n  5 t h a t  
' t h e  p r o d u c t i o n  of  t h e  i s o c o u m a r i n s  r e s u l t s  f r o m  a n  
a l t e r a t i o n  in  t h e  n o r m a l  m e t a b o l i s m  of  t h e  c a r r o t  r o o t  
t i s s u e  i n d u c e d  e i t h e r  b y  t h e  p r e s e n c e  of  f u n g i ,  c h e m i c a l s  
o r  e n v i r o n m e n t a l  c o n d i t i o n s ' .  W e  h a v e  n o w  i s o l a t e d  6- 
m e t h o x y - m e l l e i n  I ( R -  OCHa)  ~ f r o m  s u b m e r g e d  cu l -  
t u r e s  of  Sporormia bipartis Cain .  T h i s  f u n g u s  w a s  g r o w n  
a t  27 ~ on  a m e d i u m  c o n s i s t i n g  o f  14 g Di fco  c a s a m i n o  
ac ids ,  24 g g lucose ,  2.7 g K H 2 P O 4 ,  1.2 g M g S O  4 �9 7 H z O  , 
28 m g  FeSO4,  3 m g  Z n S O  4 a n d  d e m i n e r a l i z e d  w a t e r  u p  
to  1000 ml .  
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6 - M e t h o x y - m e l l e i n  is one  of  t h e  n u m e r o u s  f u n g a l  iso-  
c o u m a r i n s  r e l a t e d  to  C - a c e t y l - o - o r s e l l i n i c  a c i d  7 Cx0H1005 
(II), w h i c h  is b e l i e v e d  to  be  b i o s y n t h e s i z e d  b y  h e a d - t o - t a i l  
c o n d e n s a t i o n  o f  1 a c e t a t e  a n d  4 m a l o n a t e  u n i t s  ~. ~i'o t h e  
g r o u p  of i s o c o u m a r i n s  w i t h  a Cx0-backbone  b e l o n g  3- 
m e t h y l - 8 - h y d r o x y - i s o c o u m a r i n  s f r o m  Marasmius ramea- 
lis, r e t i cu lo l  ~ ( 3 - m e t h y l - 6 , 8 - d i h y d r o x y - 7 - m e t h o x y - i s o -  
c o u m a r i n )  f r o m  Streptomyces rubrireticuli, m e l l e i n l ~  
( - - - o c h r a c i n )  I (R  = H)  f r o m  Aspergillus melleus, r e sp .  
A. ochraceus, 3 - m e t h y l - 6 ,  8 - d i h y d r o x y - 3 ,  4 - d i h y d r o i s o c o u -  
m ~ r i n  u I ( R  = O H )  f r o m  a m u t a n t  of Aspergillus terreus 
a n d  r a m u l o s i n  1~ ( 3 - m e t h y l - 8 - h y d r o x y - 3 ,  4, 5, 10, 6, 7 - h e x a -  
h y d r o - i s o c o u m a r i n )  f r o m  Pestalotia ramulosa. I n t r o d u c -  
t i o n  of a d d i t i o n a l  C 1 u n i t s  w i d e n s  t h e  c i rc le  of  r e l a t e d  

i s o c o u m a r i n s  xa to  i n c l u d e  t h e  o c h r a t o x i n s  14 f r o m  A sper- 
gillus ochraceus, o o s p o l a c t o n e  is, o o s p o n o l  ~*, o o s p o g l y c o l  t7 
f r o m  Oospora astringenes, 4 - a c e t y l - 5 - m e t h y l - 6 , 8 - d i h y -  
d r o x y - i s o c o u m a r i n  13 f r o m  A spergillus viridinutans a n d  
d i h y d r o c i t r i n o n  is ( I I I )  f r o m  a m u t a n t  of  Aspergillus 
terreus w i t h  t h r e e  a d d i t i o n a l  C~ u n i t s .  

Zusammen/assung. Die  I s o l i e r u n g  v o n  6 - M e t h o x y -  
m e l l e i n  I (R  --  OCH~) a u s  S u b m e r s k u l t u r e n  y o n  Sporormia 
bipartis Cain  w i rd  b e s c h r i e b e n .  
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