
15. 7. 1977 Specialia 917 

cand ida te  t h a n  soma tos t a t i n  as a sa t i e ty  factor,  since P P  
is de t ec t ed  in the  sys temic  circulation15,17, ~s (whereas 
such m a y  no t  be the  case for somatos ta t in )  and since the  
p lasma  concen t ra t ion  of P P  indeed  increases in response 
to food intake15-~9. 
The p re sen t  work  reveals  t h a t  exogenous  PP ,  when  
admin i s t e red  to the  hype rphag ic  ob /ob  mice, reduces 

food in take and  causes a dose-re la ted  decrease in body  
weight  gain. These resul ts  are compat ib le  wi th  the  hy-  
pothes is  t h a t  P P  par t i c ipa tes  in the  regula t ion of food 
intake.  The d e m o n s t r a t i o n  t h a t  hype rphag i a  in obese 
mice is indeed associated to  decreased levels of c irculat ing 
pancrea t ic  po lypep t ide  awaits  the  avai labi l i ty  of a me t hod  
of m e a s u r e m e n t  of P P  in mur ine  plasma.  

Adenosine 3',5'-monophosphate in snail (Helix pomatia) nervous system: 
Analysis of dopamine receptors 
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Summary. The effect  of dopamine  on snail  (Helix pomat ia)  ne rvous  t issue adenosine  3', 5 ' -monophospha te  co n t en t  was 
examined .  The resul ts  show suppor t  for the  idea t h a t  the  dopamine  receptors  in the  snai l  nervous  sys tem involve 
adeny la t e  cyclase. I t  is suggested t h a t  these  are the  dopamine  exc i t a to ry  receptors  r a the r  t h a n  the  inh ib i to ry  ones. 

Considerable  evidence has accumula ted  impl ica t ing  dopa-  
mine  as a n e u r o t r a n s m i t t e r  in the  snail  brain.  I t  is lo- 
calized in a small  p ropor t ion  of neuron  per ikarya ,  the i r  
axons  and  p resumed  p re synap t i c  endings2-4, and all the  
da t a  f rom expe r imen t s  on the  release of dopamine  f rom a 
single neuron  conta in ing  the  amine  5, the  occurrence of 
d o p a m i n e  receptors  on cer ta in  gas t ropod  neurons  5-7, the  
presence  of dopamine  wi th in  synap t i c - t ype  vesicles 8 and 
the  demons t r a t i on  of a h igh  af f in i ty  up take  process  for 
d o p a m i n e  9 t end  to  s u b s t a n t i a t e  the  hypo thes i s  t h a t  the  
amine  is involved in some specific aspec t  of func t ion  in the  
snail  CNS. W i t h  regard to t he  na tu re  of the  dopamine  re- 
cep tor  in the  gas t ropods ,  a n u m b e r  of e lectrophysiological  
s tudies  have  been  carr ied out  suggest ing t h a t  a t  least  2, 
and  p robab ly  more,  t ypes  of dopamine  receptor  exis t  in 
the i r  nervous  t issues ~~ Moreover,  an adeny la te  cyclase, 
which  is ac t iva ted  by  low concen t ra t ions  of dopamine  ~, 
has  recent ly  been d e m o n s t r a t e d  to occur in the  gas t ropod  
nervous  sys tem,  and  this,  wi th  o the r  da t a  lz,13, suggests  
t h a t  dopamine  receptors  of gas t ropod  nervous  t issues m a y  
be ident ical  wi th  the  dopamine -b ind ing  moie ty  of dopa-  
mine-sens i t ive  adeny la te  cyclase, and  t h a t  the  effects of 
dopam ine  on the  cent ra l  ne rvous  sy s t em m a y  be due to  
dopamine - induced  increases in adenosine  3', 5 ' -mono-  
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Increase in cyclic AMP in homogenates of snail central ganglia as a 
function of the concentration of dopamine and apomorphine. The 
data represent the mean ! SEM for 30 replicate samples in the case 
of dopamine, and 20 replicate samples in the instance of apomorphine. 
In the absence of added agonist, the cyclic AMP content was 2.78 -4- 
0.33 pmoles/mg wet weight of tissue' (4- SEM for 30 experiments). 

p h o s p h a t e  (cyclic AMP) in the  pos t - synap t i c  cells. St rong 
evidence exis ts  to suppor t  the  opinion t h a t  cyclic AMP 
media tes  the  effect  of dopamine  in the  m a m m a l i a n  superi- 
or cervical  ganglion,  re t ina  and cauda te  nucleus 14 and 
also in the  thoracic  ganglia of the  cockroach 16. In  view 
of the  impress ive da ta  suppor t ing  a t r a n s m i t t e r  role for 
dopamine  in t he  gas t ropod  cent ra l  nervous  sys tem,  I 
examined  more  closely the  effects of dopamine  on cyclic 
AMP con ten t  wi th  the  aim of charac ter iz ing  the  receptors .  
Material and methods. Active  snails caugh t  dai ly  in the  
sur rounding  woods of G6t t ingen were used. Adeny la t e  
cyclase ac t iv i ty  was measured  in homogena te s  of t issue 
according to the  me t h o d  of K e b a b i a n  et  al. 16 wi th  some 
modif icat ions.  The s t an d a rd  assay sys t em (final volume 
500 ~xl) con ta ined  (in mmoles/ l i t re)  : t r is  (hydroxymethyl )  
a m i n o m e t h a n e - m a l e a t e  90; ATP,  0.5; Mg SO4, 2.0; 
ascorbate ,  0.5 ; theophyl l ine ,  5 ; EGTA,  0.2 ; plus t e s t  sub- 
s tances  as indicated.  The react ion was in i t ia ted  by  the  ad- 
d i t ion  of ATP.  Incuba t ion  was for per iods  of 15 min  in a 
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shak ing  w a t e r - b a t h  a t  25 ~ The  r eac t ion  was t e l m i n a t e d  
b y  p lac ing  assay  t ubes  in a boi l ing w a t e r - b a t h  for 3 min.  
The  a m o u n t  of cyclic A M P  p r e s en t  in each  t u b e  was  
m e a s u r e d  on  50 ~1 a l iquo t s  b y  the  m e t h o d  of G i l m a n  ~7. 
Results.  I n  th i s  s t u d y  350 ~xM d o p a m i n e  caused  m a x i m a l  
s t i m u l a t i o n  of a d e n y l a t e  cyclase in h o m o g e n a t e s  of snai l  
c en t r a l  gangl ia .  In  severa l  expe r imen t s ,  t he  m a x i m a l  in- 
crease was a b o u t  3fold. This  agrees  well w i t h  the  va lue  
r epo r t ed  for d o p a m i n e - i n d u c e d  cyclic A M P  f o r m a t i o n  in 
Aplys ia  gangl ia :L The  figure i l lus t ra tes  the  effects  of var i -  
ous c o n c e n t r a t i o n s  of d o p a m i n e  and  also apom or ph ine ,  a 
d o p a m i n e  agon i s t  is on  snai l  a d e n y l a t e  cyclase.  The  con-  
c e n t r a t i o n s  caus ing  a h a l f - m a x i m a l  s t i m u l a t i o n  (ECs0) 
were a p p r o x i m a t e l y  50 ~M for d o p a m i n e  a n d  180 ~xM for 
apomorph ine .  In  t he  ve r t eb r a t e s ,  h a l f - m a x i m a l  s t imu-  
l a t ions  of a d e n y l a t e  cyclase for d o p a m i n e  a n d  apomor -  
p h i n e  in slices of c a u d a t u s  nuc leus  are in t i le  region of 
60 aM a n d  150 aM respec t ive ly  19. T he  o b s e r v a t i o n  t h a t  
a p o m o r p h i n e  a c t i v a t e s  snai l  a d e n y l a t e  cyclase,  b u t  to  a 
lesser e x t e n t  t h a n  dopamine ,  is of p a r t i c u l a r  in te res t ,  since 
S t r u y k e r  Bond i e r  e t  al. ~0 h a v e  r ecen t ly  shown  t h a t  apo-  
m o r p h i n e  can  mimic  the  e x c i t a t o r y  effects  of d o p a m i n e  in 

Table 1. Effect of various substances on the dopamine stilnulated 
adenylate cyclase in snail central ganglia 

Substance Cyclic AMP 
content 
(pmolesflng 
wet weight tissue) 

Dopamine (120 ~/.:u) alone 10.6:[-0.31 
i 

Dopamine (120 Exm)+tubocurarine 100 ~m) 2.94-0.29 
Dopamine (120 a m) + tubocurarine (10 ~xm)  7.3~0.29 
Dopamine (120 ~m)+strychnine (100 a m) 7.84-0.33 
Dopamine (120 ~xm) +chlorpromazine (100 tzm) 8.8~0.29 
Dopamine (120 am)+propranolol (100 ~xm) 10.44-0.42" 
Dopamine (120 ~m)+ergometrine (100 ~nl) 8.32:0.28 
Dopanfine (120 am) +ergometrine (10 ~ t l n )  10.84-0.33 * 
Dopamine (120 ~m)+haloperidol (100 t x m )  2.82:0.34 
Dopamine (120 ~xm) +haloperidol (5 [xm) 7.74-0.36 
Dopamine (120 ~xm) + fluphenazine (100 ~xm) 2.6~-0.34 
Dopamine (120 ~zm)+fluphenazine (5 a m) 3.84-0.26 

* Not significantly different from dopanfine alone. 
The basal level of cyclic AMP (without dopamine added to the in- 
cubation medium) was 2.9 J_ 0.31 pmoles/mg wet weight tissue. Each 
value is the mean ~- SEM for at least 10 experiments. 

Table 2. Effect of dopanfine and other substances on the stimula- 
tion of cyclic AMP production in bomogenates of snail central ganglia 

snai l  neu rons  despi te  p rev ious  proof  t h a t  i t  does no t  imi-  
t a t e  t he  d o p a m i n e  i n h i b i t o r y  effect  in snai l  neu rons  21 
A t  leas t  2 types  of d o p a m i n e  recep to r  h a v e  been  r epo r t ed  
to occur  in  t he  gas t ropod  moIluscs 6,10. E r g o m e t r i n e  selec- 
t ive ly  an tagon izes  t he  i n h i b i t o r y  effects of d o p a m i n e  a t  
m o d e r a t e  doses of a b o u t  10 ~M 7, t h o u g h  a t  h igher  con-  
c e n t r a t i o n s  i t  has  d i f fe ren t ia l  effects  on  the  e x c i t a t o r y  
d o p a m i n e  response1~ and  r ecen t  s tudies  h a v e  also s h o w n  
e rgome t r ine  to an t agon ize  t he  i n h i b i t o r y  se ro ton in  effects  
in  gas t ropod  neuronsS.  E x c i t a t o r y  effects of d o p a m i n e  in 
t he  ga s t ropod  ne rvous  s y s t e m  seem in c o n t r a s t  to  be  
se lect ively  b locked b y  t u b o c u r a r i n e  and  s t r y c h n i n e  2~,23. 
Ch lo rp romaz ine  a n d  haloper idol ,  se lect ive blockers  of  do-  
p a m i n e  receptors  in  the  v e r t e b r a t e s  2., h a v e  no  effect  
upon  t he  i n h i b i t o r y  d o p a m i n e  responses  b u t  depress  t he  
e x c i t a t o r y  responses  in  t he  gas t ropods  e,7. As shown  in 
t ab l e  1, t u b o c u r a r i n e  (100 ~xM) was found  to a n t a g o n i z e  
t he  a c t i v a t i n g  response  of d o p a m i n e  (120 a M) to  snai l  
a d e n y l a t e  cyclase a l m o s t  comple te ly ,  whi l s t  e rgomet r ine ,  
ch lo rp romaz ine  and  s t r y c h n i n e  a t  t he  same c o n c e n t r a t i o n  
(100 ~M) only  p a r t l y  depressed  t he  increase  in the  ade-  
n y l a t e  cyclase a c t i v i t y  caused  b y  120/xM dopamine .  P ro -  
p rano lo l  (100 aM) was w i t h o u t  effect. E r g o m e t r i n e  a t  a 
c o n c e n t r a t i o n  of 10 ~M, wh ich  is k n o w n  to depress  selec- 
t i v e l y  t he  d o p a m i n e  i n h i b i t o r y  responses7,  h a d  no  effect  
on snai l  adeny la t e  cyclase. However ,  ha loper ido l  a n d  
f luphenaz ine ,  an  a n t i p s y c h o t i c  a g e n t  of t he  p h e n o t h i a z i n e  
class, b locked  the  increase  in cyclic A M P  response  caused  
b y  d o p a m i n e  a t  100 a M. Ha loper ido l  a t  5 aM was n o t  
w i t h o u t  effect, while  f luophenaz ine  still  h a d  a p o t e n t  in-  
f luence,  even  a t  5 ttM. 
The  ab i l i ty  of o the r  subs t ances  to  a c t i v a t e  snai l  a d e n y l a t e  
cyclase was also ana lyzed  ( table  2). Dose response  cu rves  
for N - m e t h y l  d o p a m i n e  a n d  5 - h y d r o x y t r y p t a m i n e  were 
o b t a i n e d  w i t h  ECs0 va lues  of 85 a M and  40 a M respec t ive-  
ly  wi th  m a x i m a l  s t i m u l a t i o n  of t he  same order  as t h a t  for 
dopamine .  The  5 - h y d r o x y t r y p t a m i n e  (120 a M) a d e n y l a t e  
cyclase a c t i v a t i n g  response  was n o t  i nh ib i t ed  b y  t u b o -  
cu ra r ine  (100 txM), ha loper ido l  (10 ~M) or f luphenaz ine  
(10 ~xM). I soprena l ine ,  p - ty r amine ,  oc topamine ,  isoterenol ,  
n o r a d r e n a l i n e  and  h i s t a m i n e  were all  i nac t ive  on snai l  
a d e n y l a t e  cyclase a t  120 a M. 
Discussion.  The  resu l t s  r epo r t ed  here  ind ica te  t h a t  t h e r e  
are d i s t i nc t  d o p a m i n e  receptors  in the  snai l  b ra in ,  t he  
s t i m u l a t i o n  of wh ich  resu l t s  in increased  a m o u n t s  of 
cyclic AMP.  This  suppo r t s  the  a l r eady  impress ive  evi-  
dence  t h a t  d o p a m i n e  is a t r a n s m i t t e r  in the  ga s t ropod  
cen t r a l  n e r v o u s  sys tem.  F r o m  the  p r e sen t  d a t a  i t  wou ld  
a p p e a r  t h a t  a d e n y l a t e  cyclase is i nvo lved  in the  d o p a m i n e  
e x c i t a t o r y  receptors ,  s ince drugs  k n o w n  to inf luence  t he  
d o p a m i n e  e x c i t a t o r y  responses,  viz. t ubocu ra r ine ,  s t rych -  
n ine  and  ha loper ido l  ~,v,2~,2a, an t agon ize  the  d o p a m i n e -  
induced  increase  of cyclic AMP.  In  con t ras t ,  e rgomet r ine ,  

Substance ECs0 values ECs0 values for striatum 
for snail ganglia and caudate nucleus 

Dopamine 50 a m 2 ~in*, 160 a m** 
Apomorphine 180 a m 150 a m** 
5-Hydroxytryptamine 40 [xm 
N-Methyl dopamine 85 ~xm 1.5 a m* 

Basal level of cyclic AMP in snail central ganglia was 2.7• 
pmoles/mg wet weight tissue ( •  SEM for 6 experiments). 
* Values for striatum homogenates of rat, from Miller et al. ~5. ** Val- 
ues for caudate nucleus slices of rat, from Forn et al. is. ECs0 values 
refer to the concentrations required to give half maximal stimulation. 
:t_ Isoprenaline, p-tyramine, octopamine, isoterenol, noradrenaline 
and histamine were all without effect at 120 [xm. 
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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.  

Investigation of the microstructure of kidney stones (oxalate type) by high voltage 
electron microscopy and electron diffraction 

K. E1-Sayed 1,2 an d  V. E. Coss le t t  

Department of Physics, Electron Microscopy Section, Old Cavendish Laboratory, Free School Lane, 
GB-Cambridge CB2 3RQ (England), 26 November 1976 

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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