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Regulation of Feeding in Leeches 

Hirudo rnedicinalis (L.) feeding t h r o u g h  a n  ar t i f ic ia l  
m e m b r a n e  can  i m b i b e  6- to  7-fold i ts  own  w e i g h t  of 
b lood  d u r i n g  a s ingle meal .  W e  h a v e  r e p o r t e d  p rev ious ly  
t h a t  t h i s  leech will  also i m b i b e  a so lu t ion  of  glucose 
(I mg/mt )  in  0 . 1 5 M  NaC11, b u t  in  t h i s  case t h e  i n t a k e  is 
less t h a n  ha l f  t h a t  of blood.  F u r t h e r  i n v e s t i g a t i o n s  (to be  
pub l i shed)  h a v e  s h o w n  t h a t  severa l  a m i n o  acids can  also 
elicit  feeding re sponse  in H. medicinalis. I n  pa r t i cu la r ,  
L-arginine  in 0.15 M NaC1 causes  t h e  s ame  ave r age  w e i g h t  
ga in  as whole  Mood.  W h i l s t  t h e  r a t e  of feed ing  on  glucose- 
or  a r g i n i n e - c o n t a i n i n g  so lu t ions  is t he  same,  t he  s uck ing  
of t he  fo rmer  is t e r m i n a t e d  m u c h  earlier.  T h e  ave rage  
t i m e  of feeding on  a rg in ine  so lu t ions  was 21 m i n  a n d  t h a t  
on  glucose so lu t ions  8.3 min .  

Th i s  m a r k e d  d i f fe rence  ra i sed  ques t ions  r e g a r d i n g  feed- 
ing  con t ro l  in  t h e  leech. I n  some b lood  suck ing  an imals ,  
e.g. Rhodnius prolixus, i nges t ion  is n o r m a l l y  t e r m i n a t e d  
b y  n e r v o u s  i n f o r m a t i o n  as to  t he  size of t he  a b d o m e n  e. 
To t e s t  if t h e  same  m e c h a n i s m  ope ra t e s  in  H. meclicinalis, 
we al lowed leeches to  feed on  a rg in ine  so lu t ion  a n d  2 m i n  
a f t e r  c o m m e n c e m e n t  of feeding c u t  t h e  r ea r  end  of t h e  
leech, j u s t  a b o v e  t h e  ana l  s p h i n x t e r .  Th i s  t r e a t m e n t  d id  
n o t  i n t e r r u p t  feed ing  b u t  caused  t h e  i nges t ed  so lu t ion  to  
leak o u t  w i t h o u t  s t r e t c h i n g  t h e  g u t  wall.  Leeches  t h u s  
t r e a t e d  fed more  t h a n  twice  as long  as controls ,  i.e. 45 min,  
a n d  passed  t h r o u g h  t h e i r  gu t  13-fold t h e i r  own  w e i g h t  of 
so lu t ion .  T h e  s a m e  o p e r a t i o n  p e r f o r m e d  on  leeches im- 
b i b i n g  so lu t ions  c o n t a i n i n g  glucose  p r o d u c e d  on ly  s l igh t ly  
longer  feeding  per iod,  11.3 m i n  o n  t h e  average .  I t  is t h u s  
obv ious  t h a t  t h e  m e c h a n i s m  w h i c h  t e r m i n a t e s  feeding  on  
a rg in ine  differs  f rom t h a t  wh ich  t e r m i n a t e s  glucose in take .  
The  f o r m e r  is r e l a t ed  to  t he  v o l u m e  of so lu t ion  held  in t he  

g u t  a n d  ind ica tes  t h a t  t he  m o n i t o r  is some k i n d  of a 
s t r e t c h  receptor .  On t h e  o t h e r  h a n d ,  t h e r e  seems to  be  
a d a p t a t i o n  of t h e  t a s t e  r ecep to r  to  glucose before  i n fo rma-  
t i o n  r e g a r d i n g  t h e  v o l u m e  inges t ed  exe r t s  i nh ib i t i on .  

W h e n  s h o r t l y  a f t e r  t h e  c o m m e n c e m e n t  of feed ing  t h e  
glucose or  a rg in ine  so lu t ions  i m b i b e d  were  rep laced  b y  
0 . 1 5 M  NaC1 alone,  t h e  leeches s t o p p e d  suck ing  a f t e r  
1-2  min .  Th i s  t i m e  is p r o b a b l y  r equ i r ed  to  w a s h  o u t  t h e  
chemorecep to r s .  Th i s  shows  t h a t  t he  m a i n t e n a n c e  of 
feed ing  is d e p e n d e n t  o n  c o n t i n u o u s  sensory  i n p u t  f rom 
t h e  ora l  chemorecep to r s ,  as  in  t h e  case of Phormia regina 
descr ibed  b y  DETHIER 3. 

Rdsumd. Des essais de n u t r i t i o n  o n t  m o n t r 6  que  la 
sangsue  Hirudo medicinalis qui  b o l t  le s ang  a b s o r b e  auss i  
des  so lu t ions  de  l 'a rginine-L,  ou de  glucose  d a n s  0 . 1 5 M  
de  NaC1. La  dur6e  de  n u t r i t i o n  avec  l ' a rg in ine-L d 6 p e n d  
de la q u a n t i t 6  bue,  t a n d i s  q u ' a v e c  la glucose la  n u t r i t i o n  
se t e r m i n e  p lu t6 t ,  p r o b a b l e m e n t  ~ cause  d ' u n e  a d a p t a -  
t i o n  des  ch6mo-r6cep teurs .  
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P r e n a t a l  D e v e l o p m e n t  in the  Rat  F o l l o w i n g  A d m i n i s t r a t i o n  of  C y c l a m a t e ,  S a c c h a r i n  and  S u c r o s e  

Art i f ic ia l  swee ten ing  agen t s  a re  b e c o m i n g  inc reas ing ly  
i m p o r t a n t  as food a d d i t i v e s  to  r e s t r i c t  t he  i n t a k e  of 
calories  de r ived  f rom sugar.  A p a r t  f rom sacchar in ,  cycla-  
m a t e  ( sodium or  ca lc ium cyc lohexy l  s u l p h a m a t e ,  in t ro -  
d u c e d  in 1950) is wide ly  c o n s u m e d  in va r i ous  coun t r i e s  
a n d  i t s  sa fe ty  in  use  h a s  b e e n  s u b s t a n t i a t e d  b y  a large  
n u m b e r  of i n v e s t i g a t i o n s  1,*. I so l a t ed  r epo r t s  on  a n i m a l  
expe r imen t s ,  however ,  h a v e  h i n t e d  a t  poss ible  e m b r y o -  
tox ic  effects  of ar t i f ic ia l  swee tene r s  s,4, or  h a v e  sugges ted  
t h a t  feeding r a t s  a d ie t  c o n t a i n i n g  5 a n d  10% of c y c l a m a t e  
ca l c ium m a y  r educe  t h e  g r o w t h  r a t e  of wean l ings  s. 

I n  o rde r  to  i n v e s t i g a t e  w h e t h e r  c y c l a m a t e  a n d  sac- 
c h a r i n  have ,  in  fact ,  a n y  ef fec t  o n  e m b r y o n a l  a n d  foe ta l  
d e v e l o p m e n t ,  a de ta i l ed  s t u d y  was  car r ied  o u t  in  t he  
p r e g n a n t  ra t .  The  doses a d m i n i s t e r e d  were  r e l a t ed  to  t h e  
' swee t en ing  power  'l,e of these  p r o d u c t s  a n d  t h e  resu l t s  
were  c o m p a r e d  w i t h  r a t s  t r e a t e d  w i t h  sucrose.  

F e m a l e  r a t s  of  k n o w n  fe r t i l i ty  of a n  a lb ino  (~Zistar- 
der ived)  s t r a i n  were m a t e d  w i t h  p r o v e n  males .  C y c l a m a t e  
sodium,  s a c c h a r i n  s o d i u m  a n d  sucrose  (puriss.  Merck) 
were g iven  da i ly  b y  s t o m a c h  t u b e  f rom t h e  s ix th  to  t h e  
f i f t e e n t h  d a y  of p r e g n a n c y  (day 0 be ing  t h e  d a y  on  wh ich  
s p e r m a t o z o a  were  found  in  t h e  v a g i n a l  smear) .  T h e  dose 
levels  used  a re  i n d i c a t e d  in T a b l e  I. T a p  w a t e r  s e rved  as 
so lvent .  T h e  a m o u n t  of l iqu id  a d m i n i s t e r e d  was  5 m l / k g  
in t h e  g roups  m e d i c a t e d  w i t h  c y c l a m a t e  a n d  s accha r in  
a n d  20 m l / k g  in t he  g roup  to  wh ich  sucrose  was  given.  I n  
t he  l a t t e r  ins tance ,  a c o m p a r a b l e  con t ro l  g roup  rece ived  

t h e  s a m e  a m o u n t  of fluid.  T h e  d a m s  were  a u t o p s i e d  on  
t h e  t w e n t y - f i r s t  d a y  of p r e g n a n c y  a n d  t h e  foe tuses  
de l ive red  b y  Caesa rean  sect ion.  The  foetuses  were  care-  
ful ly inspec ted  macroscop ica l ly  a n d  weighed.  I n  o rde r  to  
i nd i ca t e  t h e  s p o n t a n e o u s  inc idence  of a n o m a l i e s  in  t h e  
r a t s  used, t h e  r e su l t s  were  c o m p a r e d  w i t h  t h o s e  o b t a i n e d  
in  a c u m u l a t i v e  con t ro l  g roup  of 363 dams .  

F o r  v i sua l i za t ion  of t he  ske le ta l  e l e m e n t s  of t h e  foetuses  
t he  m e t h o d  of Al izar in  Red  S s t a i n i n g  was used ~. The  
c r i t e r i a  for a s s e s s m e n t  of d e v e l o p m e n t  of t h e  ske le ton  
were  absence  of oss i f ica t ion  a n d  t h e  occur rence  of a n o m -  
alies. T h e  re su l t s  were  expressed  as p e r c e n t a g e s  of t h e  
t o t a l  n u m b e r  of foe tuses  examined .  

As rega rds  t he  l i t t e r  size, t he  r e s o r p t i o n  ra te ,  and  t h e  
m e a n  we igh t  of foetuses,  t h e r e  were  no  s ign i f i can t  differ-  
ences  (p ~ 0.05) b e t w e e n  t he  t r e a t e d  g roups  a n d  t h e  
con t ro l s  (Table  I). No m a l f o r m a t i o n s  occur red  in t h e  
former .  A s s e s s m e n t  of t h e  deve lop ing  ske l e ton  d id  n o t  
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Table I. Embryonic  and foetal development of ra ts  following administration of cyclamate, saccharin and sucrose to the dmns from the sixth 
to the fifteenth day of pregnancy 

Group Dose (mg/kg) No. of dams No. of total No. of live No. of resorp- No. ot real- Mean weight 
imptanta-  foetuses/litter tions/litter formations of live 
tions]litter foetuses (g) 

Cyclamate sodium 50 20 14.85 10.35 4.50 0 5.15 
100 21 14.43 9.95 4.48 0 4.94 
250 24 14.46 11.67 2.79 0 5.2I 

Saccharin sodium 5 23 13.43 10.78 2.65 0 5.29 
10 23 14.96 10.83 4.13 0 4.88 
25 22 13.64 11.23 2.41 0 5.19 

Sucrose 2,000 21 15.33 13.67 1.66 0 5.16 
4,000 23 15.35 13.74 1.61 0 5.34 

10,000 23 14.87 10.78 4.09 0 5.26 

Controls (20 mllkg tap - 30 15.03 8.77 6.26 0 5.08 
water) 

Controls (untreated) - 363 14.60 11.12 2.48 2 4.85 
(= 0.05%)~,b 

a Brachymelia of the 2 fore-legs; b omphaloeete. 

Table II. Skeletal development of rat foetuses following administration of cyclamate, saccharin and sucrose to the dams from the sixth to 
the fifteenth day of pregnancy 

Group Dose No. of Missing ossification Skeletal anoinalies 
(mg/kg) skeletons Phalangeal nuclei Cervical Super- Bipartite Dislocation of 

fore-legs hind-legs vertebrae numerary  vertebrae centres of 
sternebra vertebrae 

Cyclamate sodium 50 204 7 9 1 0 0.5 0 
100 208 24 19 1 0 0 0 
250 276 12 10 1 0 0.9 0 

Saccharin sodium 5 248 12 12 5 0.4 0.8 0.8 
10 249 19 24 10 0 0 0 
25 247 18 25 4 0 0.8 0.4 

Sucrose 2,000 287 18 16 5 0 0.(~ 0.3 
4,000 315 7 10 1 0 0.6 0.3 

10,000 248 19 14 2 0.4 0.8 0 

Controls (20 mllkg - 261 30 30 8 0 0 0 
tap water) 
Controls (untreated) - 363 24 28 3 0 0.6 0.3 

r e v e a l  a n y  d e v i a t i o n s  f r o m  t h e  c o n t r o l s  t h a t  c a n  b e  
r e g a r d e d  a s  s i g n i f i c a n t  ( T a b l e  I I ) .  

T h e  r e s u l t s  o f  t h i s  s t u d y  i n d i c a t e  t h a t  t h e  s w e e t e n i n g  
a g e n t s  c y c l a m a t e  a n d  s a c c h a r i n  h a v e  n o  a d v e r s e  e f f e c t s  
o n  t h e  o f f s p r i n g  o f  r a t s  w h e n  a d m i n i s t e r e d  t o  t h e  d a m s  
d u r i n g  t h e  c r i t i c a l  p h a s e  o f  o r g a n o g e n e s i s .  T h e  h i g h  d o s e  
Ieve l  o f  c y c l a m a t e  s o d i u m  u s e d  (250 m g / k g )  is  r o u g h l y  
t h e  e q u i v a l e n t  o f  12 g / d a y  i n  a 50 k g - p e r s o n .  T h i s  c o r r e -  
s p o n d s  i n  s w e e t e n i n g  p o w e r  t o  a n  i n t a k e  o f  a b o u t  500 g 
o f  s u c r o s e ,  i .e.  h a l f  t h e  a v e r a g e  w e e k l y  s u g a r  c o n s u m p t i o n  
o f  a n  a d u l t  p e r s o n  1, 

I n  h i s  m o u s e  e x p e r i m e n t s ,  TANAKA 4 a s s u m e d  t h e  ' 5 0 %  
f o e t a l  l e t h a l  d o s e '  o f  s a c c h a r i n  t o  b e  155 m g / k g  a n d  t h a t  
o f  c y c l a m a t e  t o  b e  180 m g / k g  w h e n  a d m i n i s t e r e d  in  e a r l y  
p r e g n a n c y .  T h e s e  r e s u l t s  a r e  i n c o m p a t i b l e  w i t h  o u r  f i n d -  
i n g s  i n  t h e  r a t ,  a n d  i t  s h o u l d  b e  m e n t i o n e d  t h a t  in  e x p e r i -  
m e n t s  s i m i l a r  t o  t h e  p r e s e n t  o n e ,  b o t h  c y c l a m a t e  a n d  
s a c c h a r i n  w e r e  w i t h o u t  e f f e c t  o n  t h e  o f f s p r i n g  o f  m i c e  8 
a n d  r a b b i t s  ~. 

M e t a b o l i c  i n e r t n e s s  o f  c y c l a m a t e  is m o s t  p r o b a b l y  t h e  
r e a s o n  fo r  i t s  l a c k  o f  e f f e c t  o n  f o e t a l  d e v e l o p m e n t  in  t h e  

r a t .  D e s p i t e  i t s  r a p i d  e l i m i n a t i o n  f r o m  t h e  b o d y ,  i .v .  
a d m i n i s t e r e d  3 ~ S - c y c l a m a t e  is c a p a b l e  o f  p e r m e a t i n g  t h e  
p l a c e n t a l  b a r r i e r  in  t h i s  s p e c i e s  10. 

Zusammen[assung. S t u d i e n  f ibe r  d ie  K e i m e n t w i c k l u n g  
be i  d e r  R a t t e  n a c h  h o h e r  D o s i e r u n g  m i t  N a - C y c l a m a t ,  
N a - S a c c h a r i n  o d e r  S a c c h a r o s e  w / i h r e n d  d e r  o r g a n o g e n e t i -  
s c h e n  P h a s e  e r g a b e n  k e i n e  e m b r y o t o x i s c h e n  o d e r  t e r a t o -  
g e n e n  E f f e k t e ,  
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