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k n o w n  to  block d o p a m m e  i n h i b i t o r y  effectsT, l~ caused  
no a l t e ra t ion  in t h e  sna i l  cyclic AMP.  T h e  snai l  d o p a m i n e  
recep tors  also s eem to  be s imi la r  to those  of the  ve r te -  
b r a t e s  ~9, s ince f l u p h e n a z i n e  s t r o n g l y  c o u n t e r a c t s  t he  in- 
crease  in cyclic A M P  caused  b y  dopamine ,  and  a p o m o r -  
ph in e  also m i m i c s  t he  effect  of dopamine .  Moreover ,  t hese  
recep to rs  are un l ike  t he  f l -adrenergic recep tors  of t he  ver-  
t e b r a t e s  1~ in t h a t  t h e y  are n o t  in f luenced  by  n o r a d r e n a l i n e  
or propranolol .  A l t h o u g h  5 - h y d r o x y t r y p t a m i n e  is more  
p o t e n t  t h a n  d o p a m i n e  in s t i m u l a t i n g  a d e n y l a t e  cyclase  in 
t he  snai l  n e rv o u s  s y s t e m ,  w h i c h  s u p p o r t s  the  r e su l t s  of 
Cedar  a n d  S c h w a r t z n ,  i t  a p p e a r s  as  if t he  r ecep to r s  for 

t he  2 a m i n e s  are different ,  s ince t u b o c u r a r i n e ,  f l u p h e n a -  
zine a n d  ha loper ido l  h a d  no inf luence  u p o n  t he  5 -hyd roxy -  
t r y p t a m i n e  effect  a t  c o n c e n t r a t i o n s  which  d ras t i ca l ly  in- 
h ib i t ed  d o p a m i n e  s t i m u l a t i o n  of a d e n v l a t e  cyclase.  To 
conclude ,  t he  p r e s e n t  r e su l t s  p rov ide  s u p p o r t  for t he  idea 
t h a t  a d o p a m i n e - s e n s i t i v e  a d e n y l a t e  cyc lase  m a y  be  the  
e x c i t a t o r y  recep tor  for d o p a m i n e  in t h e  snail  n e r v o u s  
s y s t e m .  F u r t h e r  s tud ie s  on t he  b i o c h e m i s t r y  a nd  p h a r m a -  
cology of th is  d o p a m i n e - s e n s i t i v e  a d e n y l a t e  cyc lase  and  
i ts  r e l a t ionsh ip  wi th  physio!ogical  processes  in n e u r o n s  
are, however ,  neces sa ry  n o t  on ly  to c lar i fy  t he  t y p e  of re- 
ceptor ,  bu t  also to locate  the i r  si tes.  
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Summary. The  organic  m a t r i x  of th i s  t ype  of u r i n a r y  ca lculus  con ta ins  3 c o m p o n e n t s ,  wh ich  differ  in fo rm a n d  in 
a m o r p h o u s , c r y s t a l l i n e  con ten t .  Depos i t ion  of c rys ta l l ine  m a t e r i a l  in the  ear ly  s t ages  of mine ra l i s a t i on  seems  to be 
ep i t ax ia l ly  re la ted  to the  o r i en t a t i on  of the  o rgamc  ma t r i x .  

Opt ica l  mic roscopy  a n d  X - r a d i o g r a p h y  show t h a t  u r i n a r y  
calcul i  are c o m p o s e d  of a series of layers  of c rys ta l l ine  
c o m p o n e n t s  and  a lesser  a m o u n t  of organic  m a t r i x  3-5. 
The  c rys ta l l ine  layers  c o n t a i n  oxa la t e s  and  p h o s p h a t e s  
of ca lc ium,  v a r y i n g  in calculi  of differ ing p rovenance .  
Boyce  and  Ga rv ey  a f ound  t h a t  t he  m a t r i x  is m a d e  up  of 
fibrils a n d  a m o r p h o u s  in ter f ibr i l la r  ma te r i a l .  
X - r a y  d i f f rac t ion  a n d  mic rop robe  ana lys i s  h a v e  been  suc-  
cessful  in i n v e s t i g a t i n g  the  n a t u r e  and  o r i en t a t i on  of t he  
c rys ta l l ine  regions ~. 5.7 b u t  e lec t ron  mic ro scopy  has  been  
l i t t le  used,  because  of t he  d i f f i cu l ty  of c u t t i n g  suf f ic ien t ly  
t h in  sect ions .  W a t s o n  s app l ied  a replica t e chn ique  a nd  
ob ta ined  m i c r o g r a p h s  of h e x a g o n a l  c rys t a l s  f rom some  
spec imens ,  p rov i s iona l ly  ident i f ied as  cys t ine .  Ca ta l ina  
and  Ci fuen tes  D e l a t t e  9 e x a m i n e d  t he  ca l c ium oxa la t e  
s e d i m e n t s  depos i t ed  f rom urine,  a n d  ob t a ined  some  elec- 
t r on  m i c r o g r a p h s  a n d  d i f f rac t ion  pa t t e rns .  These  showed  
a t y p e  of spheru l i t i c  c rys t a l  g rowth ,  b u t  the  d i f f rac t ion  
p a t t e r n s  were d i f fused  and  p r o b a b l y  d o m i n a t e d  b y  organic  
m a t r i x  m a t e r i a l  depos i t ed  w i t h  the  c rys ta l l ine  compo-  
n e n t s  s. 
M o h a m m e d  et  al.10, tl succeeded  in o b t a i n i n g  t h i n  sec t ions  
of calculi  an d  s t u d i e d  t h e m  b y  e lec t ron  m i c r o s c o p y  a t  
80 kV an d  by  e lect ron d i f f rac t ion .  T h e y  showed t h a t  t he  
o rgan ic  m a t r i x  is o f ten  a r r a n g e d  in layers  a l t e r n a t i n g  wi th  
c rys ta l l ine  c o m p o n e n t s ,  b u t  s o m e t i m e s  seems  to be pre-  
s en t  in screw d i s loca ted  crys ta ls .  T h e y  were unab le  to 
d i s t i n g u i s h  s t r u c t u r e  in the  o rgan ic  m a t r i x ,  or to  f ind 
ev idence  for t h e  n a t u r e  of i t s  role in c rys t a l  g rowth .  
T h e  ava i l ab i l i ty  of e lec t ron  mic roscopes  ope ra t i ng  a t  v e r y  
h igh  vo l t age  now m a k e s  it  poss ible  to s t u d y  re la t ive ly  
t h i c k  sect ions,  an d  a d v a n c e s  in the  t e c h n i q u e s  of micro-  
t o m y  fac i l i ta te  the  c u t t i n g  of su i t ab le  sec t ions  f rom fr iable 
ma t e r i a l s  su ch  as calculi.  T h e  p r e sen t  s t u d y  ut i l ized these  
d e v e l o p m e n t s  to  o b t a in  de ta i l ed  i n f o r m a t i o n  on t he  s t ruc -  
t u r e  of t h e  organic  m a t r i x  a n d  i ts  morpho log ica l  r e la t ions  
w i th  t h e  c rys ta l l ine  regions.  
Materials and methods. Sect ions  were p r epa red  f rom 3 
s t on es  col lected b y  surg ica l  ope ra t i on  f rom 3 d i f fe rent  
pa t i en t s ,  1 w o m a n  a n d  2 men.  Some  200 sect ions ,  cu t  

f rom all p a r t s  of a s tone  f rom the  cen t re  to  the  pe r iphery ,  
were e x a m i n e d  in an  A E I  E M 6 B  e lec t ron  microscope  at 
80 kV and  in t h e  C a v e n d i s h  h igh  vo l t age  microscope  a t  
60O kV. 
Embedd i f ig :  Ara ld i t e  was  used  as e m b e d d i n g  mater ia l ,  
severa l  ra t ios  of resin, h a r d e n e r  a nd  acce lera tor  be ing  tried 
in order  to ob ta in  good c ohe re n t  sect ions .  Be s t  resu l t s  
were ob t a ine d  w i th  a c ompos i t i on  of 5 c ~ resin,  8 c ~ ha rd -  
ener  a n d  0.4 c 3 accelera tor ,  i n s t e a d  of t h a t  u sua l ly  used 
for biological  t i s sues  : 10, 10 a nd  0.5 c a respec t ive ly .  
Sec t ioning:  Grea t  d i f f i cu l ty  was  e n c o u n t e r e d  in c u t t i n g  
and  col lect ing t h in  sec t ions  f rom calculi .  Glass  kn ives  
p r e p a r e d  w i t h  di f ferent  wedge angles  were inves t iga ted .  
A 40 ~ angle  was  found  s a t i s f a c t o r y  for cu t t i ng ,  a n d  al- 
lowed sec t ions  to be collected safely.  Troub le  was  ex- 
perienced f rom the  w a t e r  in t he  col lect ing t r o u g h  w e t t i n g  
t h e  sur face  of t he  s tone  so t h a t  t he  l a t t e r  d ragged  sec t ions  
wi th  it  du r i ng  the  m o t i o n  of t he  m i c r o t o m e .  To avo id  th i s  
the  level of t he  w a t e r  in the  t r o u g h  m u s t  be lowered,  and  
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Fig. 1. Section through the organic matrix of a calculus showing the 
3 types of structural component, A, B, C. (80 kV). • 6000. Scale 
mark, 2 ~xm. 

the  surface tens ion  reduced  to ensure t h a t  the  upper  sur- 
face of the  knife remains  we t ;  10% of acetone  in wa te r  
was found to  be sa t i s fac tory .  
Results .  Elec t ron  micrographs  and the  cor responding  dif- 
f rac t ion p a t t e r n s  were ob ta ined  f rom samples  of the  or- 
ganic m a t r i x  and  the  crys ta l l ine  mater ia l ,  and f rom the  
ear ly  s tages of depos i t ion  of the  la t t e r  on the  mat r ix .  

Bo th  the  m a t r i x  and  the  crysta l l ine  mater ia l  were found  
to  consis t  of more  t h a n  one componen t ,  charac ter i sed  by  
morpho logy  and  s t ruc ture .  The crys ta ls  are small  in size 
near  t he  centre  and  larger in the  outer  regions. F r o m  X - r a y  
di f f ract ion p a t t e r n s  the  presence  of b o t h  wedell i te  (calcium 
oxala te  d ihydra te )  and whewel l i te  (calcium oxala te  mono-  
hydra te )  was conf i rmed.  

3 componen t s  can be ident i f ied  in the  organic mat r ix .  
Sect ions t h r o u g h  this  region of a s tone  (as in figure 1) 
show a dense fair ly regular  mater ia l  (A), larger i rregular  
inclusions (B), and  an amorphous  cont inuous  ma t r ix  (C). 
The presence  of crysta l l ine  mater ia l  in forms A and B was 
es tabl ished by  e lec t ron diffract ion.  At  h igher  magnif ica-  
t ion (figure 2) fo rm A is seen in t h inne r  areas to conta in  
small  crystal l i tes  d ispersed among  fine Iibrillar mater ia l .  
F o r m  B has  a complex  and  irregular  s t ructure .  Th inner  
sect ions (figure 3) of ten show a va r i e ty  of in ternal  com- 
ponen t s  wi th in  a b o u n d a r y  membrane .  

The cont inuous  ma t r i x  (form C) in which forms A and  B 
are emb ed d ed  is amorphous  in na ture ,  giving no diffrac- 
t ion  pa t t e rn .  A t t e m p t s  to character ize  i t  by  electron mi-  
c roprobe  analysis  (in publ icat ion)  showed t h a t  it  conta ins  
also a cer ta in  p ropor t ion  of calcium salts. 

E lec t ron  d i f f rac t ion  p a t t e r n s  f rom region B of the  organic 
ma t r i x  display a n u m b e r  of b road  r ings (figure 4), show- 
ing t h a t  the  crysta l l ine  mater ia l  p resen t  is small  in average 
par t ic le  size, whereas  form A gives a single crys ta l  p a t t e r n  
as well. The m e a n  values for the  in te rp lanar  spacings are 
shown in the  tab le  : A 1 and A 2 refer to the  two componen t s  
in form A. 

A 1 B A 2 H 

5.46 • 5.35 A 5.26 A 
3.51 4.00 A 

3.07 3.08 
2.51 2.50 2.68 2.72 

2.63 
1.79 1.74 1.78 1.78 

1.56 
1.47 1.48 1.54 

1.176 

Fig. 2. Section through composite material, showing small crystal- 
lites and the microfibriller nature of the matrix (A). (600 kV). 
• 50,000. Scale mark, 0.2 txm. 

Fig. 3. In thin section, form B of the matrix shows a well-defined 
envelope and internal particles of virus-like fornl. (80 kV). 
x 100,000. Scale mark, 0.1 ~zm. 
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Fig. 4. Electron diffraction pattern from a region of the matrix con- 
taining form B. (600 kV). 

Fig. 5. Section through a region between the organic matrix layer 
and a fully crystalline layer, showing particle growth in preferred 
orientations. (600 kV). • 20,000. Scale mark, 0.5 [xm. 

Add i t i ona l  r ings  somet imes  occur red  a t  4.20, 3.65 an d  
3.00 s 
There  appea r s  to  be a c o m m o n  b road - r ing  c o m p o n e n t  of 
forms A a n d  t3, cha rac t e r i zed  b y  t he  spacings  2,51, 1.79 
(1.74) a n d  1.47 (1.48) ~ ,  mixed  w i t h  a c o m p o n e n t  specific 
to  fo rm A (wi th  5.46 and  3.51 h spacings) and  a compo-  
n e n t  specific to  form 13 (wi th  4.00 A spacing).  W e  could 
no t  i den t i fy  these  c o m p o n e n t s  w i t h  a n y  of the  c rys ta l l ine  
fo rms  of ca lc ium oxa la te  n o r m a l l y  p r e sen t  in k i d n e y  
s tones.  T h e y  m a y  be  mixed  c rys ta l s  fo rmed  b y  oxa la tes  
h a v i n g  v a r y i n g  degrees  of h y d r a t i o n  in the  ea r ly  s tages  
of m i n e r a l i s a t i o n  a n d  t h u s  of v e r y  smal l  par t ic le  size. 
A l t e r n a t i v e l y  these  c o m p o n e n t s  m a y  consis t  solely or 
p r i m a r i l y  of prote ins ,  some of wh ich  give good e lec t ron  
d i f f rac t ion  p a t t e r n s  even  w h e n  u n s t a i n e d  12. The  well- 
def ined h e x a g o n a l  p a t t e r n  A s co r responds  m o s t  nea r ly  
to  t h a t  of h y d r o x y a p a t i t e  (H in the  table) ,  w i t h i n  our  
e x p e r i m e n t a l  error.  
A t  l a t e r  s tages  of m ine ra l i s a t i on  t he  c rys ta l l i t es  are larger  
a n d  b e t t e r  defined.  F igure  2 is t yp i ca l  of a region in wh ich  
t he  c rys ta l s  are a b o u t  0.1 ~zm across a n d  suff ic ient ly  t h i c k  
to show e x t i n c t i o n  fringes.  Tile f ibr i l lar  n a t u r e  of t h e  
m a t r i x  is vis ible  a t  A a n d  elsewhere.  The  c rys ta l l i t es  t end  
to o r i e n t a t e  t hemse lves  in the  f ibr i l la r  d i rec t ion  a n d  in 2 
d i rec t ions  a t  60 ~ to it. The  d i f f rac t ion  p a t t e r n  f rom these  
par t ic les  cor responds  to t he  3-d imens iona l  la t t ice  of cal- 
c i um oxa la t e  m o n o h y d r a t e  (whewelli te) .  A sect ion cu t  in  
t he  region be tween  t he  organic  m a t r i x  and  t he  c rys ta l l ine  
m a t e r i a l  showed dense  depos i t s  o r i e n t a t e d  in severa l  
c rys t a l log raph ica l ly  r e l a t ed  d i rec t ions  (figure 5), t yp ica l  
of t h e  ep i t ax i a l  g r o w t h  of one c rys ta l l ine  s u b s t a n c e  on 
ano the r .  Here  i t  is p r o b a b l y  due  to c rys ta l l i sa t ion  of cal- 
c ium oxa la t e  on t he  organic  ma t r ix ,  t he  pre fe r red  direc- 
t ions  be ing  those  of a h e x a g o n a l  p l a n a r  la t t ice .  

12 R.P.  Ferrier, Adv. Opt. El. Microsc. 3, 200 (1969). 
13 A. Randall, Ann. Surg. 105, 1009 (1937). 
14 E.C. Rosenow and J. C. Meissner, Archs intern. Med. 31, 

(1923). 
15 I.M. Nielsen, J. Urol. 75, 4 (1956). 
16 J .H .  Clark, Am. J. Physiol. 98, 328 (1931). 
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Discuss ion .  The  s t r u c t u r e  of t h e  m a t r i x  an d  t h e  f o r m a t i o n  
of calculi.  These  resul t s  show t h a t  t i le organic  m a t r i x  in 
calculi  has  a more  complex  s t r u c t u r e  t h a n  h i t h e r t o  as- 
sumed,  an d  i ts  r e l a t ion  to t h e  c rys ta l l ine  layers  is equa l ly  
complex.  C o m p o n e n t  A of t h e  ma t r ix ,  composed  of v e r y  
smal l  crystal l i tes ,  m a y  be a n  ear ly  s tage of mine ra l i s a t i on  
in which  discre te  cen t res  of c rys t a l l i s a t ion  form in t he  
t r u l y  a m o r p h o u s  c o m p o n e n t  (C) qu i te  r a n d o m l y ,  as t he  
d i f f rac t ion  p a t t e r n s  show. 
The  o t h e r  c o m p o n e n t  (B) of t h e  m a t r i x  appea r s  to be  a 
c o m b i n a t i o n  of organic  an d  crys ta l l ine  mate r ia l .  I t  is 
cel lular  in  fo rm y e t  shows a fa i r ly  wel l -def ined c rys ta l  
s t r u c t u r e  b y  di f f ract ion.  In  some sect ions  smal l  rod - shaped  
or vi rus- l ike  par t ic les  are vis ible  (figure 3), in size a b o u t  
1500 X long an d  500 A across. I t  h a s  been  sugges ted  t h a t  
b a c t e r i a  p lay  a role in t h e  nuc l ea t i on  of k i d n e y  s tones  1~-15. 
We hes i t a t e  to  iden t i fy  c o m p o n e n t  B as a s t reptococcus ,  
b u t  t h e  ev idence  p r e s en t  here  t e n d s  to s u p p o r t  the  hy -  
po thes i s  t h a t  bac t e r i a  are  i nvo lved  in the  f o r m a t i o n  of 
calculi, 
E p i t a x i a l  g r o w t h  of the  c rys ta l l ine  layers.  Ev idence  of 
t h e  o r i e n t a t e d  g r o w t h  of c rys ta l s  in t i ssue  was f irst  ob- 
t a ined  b y  Clark 16, who showed t h a t  h y d r o x y a p a t i t e  in 
bone  was laid down  w i t h  t h e  c-axis  paral le l  to  the  collagen 
fibres. Lonsda le  4,5 r epo r t ed  t h a t  the  c rys ta l l ine  compo-  
nen t s  in k i d n e y  s tones  showed s t rong  prefe r red  o r ien ta -  
t ion,  b u t  a t t r i b u t e d  t h i s  to  t h e  ep i t ax ia l  g r o w t h  of one 
c rys ta l l ine  c o m p o n e n t  on ano the r ,  e. g. ca lc ium oxa la te  on  
ca lc ium p h o s p h a t e  (apat i te) .  
The  mic rog raphs  p r e sen t ed  here  d e m o n s t r a t e  t h e  al ign- 
m e n t  of c rys ta l l i t es  w i t h  t h e  f ibr i l lar  s t r u c t u r e  of t h e  m a t r i x  
an d  d i f f rac t ion  p a t t e r n s  ind ica te  t h a t  t rue  e p i t a x y  occurs 
(figures 2 an d  5). Th i s  is c i r c u m s t a n t i a l  ev idence  for t he  
ep i t ax ia l  g r o w t h  of c rys ta l l ine  ma te r i a l  on  t h e  organic  
m a t r i x  itself, as well  as on  o the r  crysta ls .  B u t  as a calculus 
is of ' on ion-sk in '  cons t ruc t ion ,  a layer  of t h e  organic  
m a t r i x  is i tself  depos i t ed  on  a c rys t a l  la t t ice .  The  f ibri l lar  
s t r u c t u r e  of t h e  m a t r i x  m a y  arise as m u c h  f rom t h a t  
c i r cu ms t an ce  as f rom t h e  form of i ts  c o m p o n e n t  macro-  
molecules.  The  o r i e n t a t i o n  we h a v e  obse rved  in c rys ta l l ine  
layers  on  t h e  m a t r i x  could the re fo re  be descr ibed  as a 
second-order  ep i taxy ,  the  o rde r ing  effect  of a p rev ious ly  
depos i t ed  c rys ta l l ine  layer  be ing  t r a n s m i t t e d  t h r o u g h  the  
m a t r i x  to  the  n e x t  layer.  


