
15.10. 1977 Speeialia 1369 

o b s e r v a t i o n  of t h i s  t y p e  of i n t r a n u c l e a r  inclus ions  in the  
n e u r o n s  of t he  r e t r o c h i a s m a t i c  a rea  of a n y  m a m m a l i a n ,  
and  also t h e  f i rs t  r epor t  of N R  ill t h e  h y p o t h a l a m u s  of 
the  ra t .  
Methods. The  u l t r a s t r u c t u r e  of t he  N R  of the  h y p o t h a -  
l amic  r e t r o c h i a s m a t i c  area was s t ud i ed  in n o r m a l  a d u l t  
W i s t a r  r a t s  of b o t h  sexes. T he  r a t s  were f ixed b y  per fus ion  
wi th  3% g l u t a r a l d e h y d e  and  t he  h y p o t h a l a m i c  b locks  
were pos t - f ixed  in  2 % o s m m m  te t rox ide .  B o t h  f ixa t ives  
were m a i n t a i n e d  a t  p H  7.4 w i t h  0.12 M p h o s p h a t e  buffer.  
The  h y p o t h a l a m i c  Mocks  were d e h y d r a t e d  in ace tone  
a n d  e m b e d d e d  in D u r c u p a n  (Fluka) .  U l t r a t h i n  sect ions  
were  s t a ined  w i t h  1% aqueous  u r a n y l  ace t a t e  a n d  t h e n  
lead c i t ra te ,  a n d  e x a m i n e d  in a Ph i l ips  EM-201 e lec t ron  
microscope.  
Results. The  n e u r o n s  of t h e  r e t r o c h i a s m a t i c  area  d i sp lay  
a n  i r regu la r  nuc leus  w i t h  ex tens ive  infoldings  of t he  
nuc lea r  m e m b r a n e .  T he  e lec t ron- luc id  c y t o p l a s m  con t a in s  
m i t o c h o n d r i a ,  free po ly r ibosomes  a n d  i so la ted  c i s t e rnae  
of g r a n u l a r  endop la smic  r e t i c u l u m  (figure 1). 
I n  some n e u r o n s  of t h i s  area,  b o t h  in male  a n d  female  
ra ts ,  m ic ro f i l amen t ous  sp ind le - shaped  rodle ts  are  ob-  
served.  The  rod le t s  h a v e  an  i n d e t e r m i n a t e  l e n g t h  a n d  
t h e y  are 0.1-0.3 t~m w i d t h  (figures 1-3).  These  s t r u c t u r e s  
are  composed  of a b u n d l e  of n u m e r o u s  closely p a c k e d  
mic ro f i l amen t s  o r i en ted  a long  i ts  log axis  (figures 1 a n d  4). 
These  mic ro f i l amen t s ,  of a b o u t  60-70  i t  in  d iamete r ,  
are  genera l ly  s t r a igh t .  T h e y  are a r r a n g e d  in para l le l  w i t h  
a cen t r e - to - cen t r e  spac ing  of 140-150 A (figure 4). 
The  pos i t ion  of t he  rod le t s  w i t h i n  t he  nuc leus  is va r iab le ,  
b u t  t h e y  are n e v e r  r e l a t ed  to  a n y  o t h e r  nuc lea r  fea tures ,  
such  as t h e  nucleolus  or t h e  nuc l ea r  envelope.  T h e y  are  
n o t  s u r r o u n d e d  b y  a na r row-zone  free of c h r o m a t i n  
granules ,  a n d  f r e q u e n t l y  c o n t a c t s  be t w een  t h e  rodle t s  
a n d  c h r o m a t i n  granules  c an  be obse rved  (figures 1 a n d  4). 
Discussion. Thi s  s t u d y  shows t h a t  N R  are p r e s e n t  in 
n e u r o n s  of t he  r e t r o c h i a s m a t i c  a rea  of t he  h y p o t h a l a m u s  
of t he  h e a l t h y  adu l t s  ra ts .  A l t h o u g h  in some ins tances  
i ts  p resence  in t he  c e n t r a l  n e r v o u s  s y s t e m  has  been  re la ted  
to  pa tho log ica l  processes  1~ t h e y  m u s t  be  cons idered  
as n o r m a l  nuc l ea r  inc lus ions  in t he  neu r ons  of th i s  area,  
b o t h  in ma le  a n d  female  ra ts .  Since N R  are wide ly  

d i s t r i b u t e d  in va r ious  t ypes  of neurons ,  i t  h a s  been  
p roposed  t h a t  t hey  shou ld  be  cons idered  as a n o r m a l  
ce l lu lar  organel le  s, 9,14. Our  r epo r t  of these  s t r u c t u r e s  in  
an  a rea  where  t hey  h a v e  n o t  been  p rev ious ly  obse rved  
s u p p o r t  ~hts suggestiotl .  
The  s t r u c t u r e  ar/~l shape  Of N R  obse rved  in th i s  a rea  
co r re spond  to  t he  m i c r o f i t a m e n t o u s  sp ind le - shaped  in- 
clusions descr ibed  in o t h e r  n e u r o n a l  loca t ions  ~-~. O t h e r  
t ypes  of N R  such as m i c r o f i l a m e n t o u s - m i c r o t u b u l a r  
sp ind le - shaped  or c rys ta l lo ids  s h a v e  n o t  been  found.  
T h e  or igin of NIZ ha s  b e e n  s tud ied  in  de ta i l  in  e m b r y o n i c  
m a t e r i a l  b y  M a s u r o v s k y  e t  a l ) .  I n  ou r  s tudy ,  in  t h e  a d u l t  
ra t ,  we found  NIZ of d i f f e ren t  th ickness ,  sugges t ing  t h a t  
t h e y  are  d y n a m i c  s t r u c t u r e s  of t h e  n e u r o n  fo rmed  b y  
progress ive  aggrega t ion  of p ro t e in  subun i t s .  Th i s  observa-  
t i o n  is in  a g r e e m e n t  w i t h  t he  r e su l t s  of Seite e t  al. 14,15. 
Accord ing  to  these  au tho r s ,  i t  cou ld  be sugges ted  t h a t  
t h e i r  f o r m a t i o n  is r e l a t ed  w i t h  t h e  level  of n e u r o n a l  
ac t iv i ty .  The  i r regu la r  d i s t r i b u t i o n  of these  s t r u c t u r e s  
we h a v e  obse rved  w i t h i n  t he  n e u r o n s  of t h i s  re t ro -  
ch i a sma t i c  a rea  suppor t s  t h i s  hypo thes i s .  
Sei te  e t  al. 9 h a v e  d e m o n s t r a t e d  r e c e n t l y  t h a t  t h e  cyclic 
A M P  induces  t h e  f o r m a t i o n  of N R  in  t h e  n e u r o n s  of t he  
s y m p a t h e t i c  gangl ion.  T h e y  sugges t  t h a t  t h i s  effect  is a 
consequence  of t he  increase  of t h e  n e u r o n a l  a c t i v i t y  
m e d i a t e d  b y  t he  m o d u l a t i n g  effect  of t he  cyclic A M P  
on t h e  s y n a p t i c  t r ansmiss ion .  The  fac ts  t h a t  cyclic A M P  
p lays  a p r o m i n e n t  role in  t he  ca t echo lamine rg i c  t r a n s -  
miss ion  16, a n d  t h a t  t h i s  k i n d  of t r a n s m i s s i o n  is specia l ly  
i m p o r t a n t  in  t he  r e t r o c h i a s m a t i c  a rea  we h a v e  s tud ied  17, 
m a y  sugges t  a r e l a t i on  be tween  t h e  presence  of N R  and  
ca t echo lamine rg i c  neurons .  The  occur rence  of N R  in 
o t h e r  h y p o t h a l a m i c  a reas  r ich  in  ca t echo lamine rg i c  
neurons ,  like a r cua t e  nuc leus  ~, suppo r t s  t h e  above  
hypo thes i s .  

14 R. Seite, N. Mei and J. Vuillet-Luciani, Brain Res. 50, 419 
(1973). 

15 R. Seite, N. Mei and S. Couineau, Brain Res. $d, 277 (1971). 
16 P. Greengard, Adv. cyclic nucl. Res. 5, 585 (1975). 
17 M. Hyypp~i, Z. Zellforseh. 98, 550 (1969). 
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Summary. The  effect  of t o l b u t a m i d e  on  t he  ea r ly  d e v e l o p m e n t  of X e n o p u s  laevis  ha s  been  s tudied:  The  resu l t s  sugges t  
t h a t  c o n t i n u o u s  exposu re  to  3 • 10 -4 M t o l b u t a m i d e  causes  a b n o r m a l  deve lopmen t .  

T o l b u t a m i d e ,  N ' - 4 - m e t h y l b e n z e n e s u l p h o n y l - N " - b u t y l -  
urea ,  is a t h e r a p e u t i c  a g e n t  useful  for t he  con t ro l  of 
d i abe t i c  hype rg lycemia .  A l t h o u g h  i ts  side effects in  adu l t s  
a re  min imal ,  t h e r e  is ev idence  t h a t  such  h y p o g l y c e m i c  
d rugs  are  t e r a togen i c  in  m a m m a l s  3, s. However ,  i t  is no t  
c lear  w h e t h e r  i t s  t e r a t ogen i c  effects  in  m a m m a l s  are  due  
to  t o l b u t a m i d e  i tself  or to  t h e  m e t a b o l i c  s t a t e  of t he  
p r e g n a n t  female  i nduced  b y  t o l b u t a m i d e .  As p a r t  of a 
series of e x p e r i m e n t s  des igned  to  assess w h e t h e r  sea- 
u r c h i n  e m b r y o s  could be  used as a t e s t  s y s t e m  for 
p h a r m a c o l o g i c a l  agents ,  I -Iagstr6m a n d  L 6 n n i n g  4 s tud ied  
t h e  effects of t o l b u t a m i d e  on  t h e  g a m e t e  s a n d  ear ly  
e m b r y o s  of P a r a c e n t r o t u s  l ividus.  A l t h o u g h  t61bu tamide  
d id  n o t  a f fec t  fe r t i l iza t ion ,  i t  d id  h a v e  r a t h e r  specific 

effects  on  ear ly  d e v e l o p m e n t .  E m b r y o s  exposed to  to l -  
b u t a m i d e  showed  i n h i b i t i o n  of t h e  f o r m a t i o n  of t he  
endode rm,  a g rea te r  n u m b e r  of yo lk  p la t e l e t s  t h a n  controls ,  
a n d  a change  in t he  u l t r a s t r u c t u r a l  a p p e a r a n c e  of t h e  
yo lk  p la te le t s  4. A n y  a g e n t  wh ich  effects  specif ical ly one 
e m b r y o n i c  t i ssue  m i g h t  p rove  a power fu l  tool  for  t he  
ana lys i s  of ea r ly  d i f fe ren t ia t ion ,  a n d  i t  is i m p o r t a n t  

1 Acknowledgments. I wish to thank Mr F. Schaefer who prepared 
the histological material, and Hoechst U.K. Ltd for their gift 
of tolbutamide. 

2 M. Smithberg and M. N. Runner, Am. J. Anat. 113, 479 (1963). 
3 J .G.  Wilson, Teratology 7, B (1973). 
4 B.E.  HagstrSm and S. LSnning, Experientia 32, 744 (1976). 
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therefore  to de t e rmine  w h e t h e r  t o lbu t amide  has  similar 
effects  on o ther  embryos .  This  pape r  repor t s  t he  resul ts  
of expe r imen t s  des igned to  t e s t  t he  effect  of t o lbu t amide  
on the  ear ly  em bryos  of the  South  African clawed toad,  
X e n o p u s  laevis. 
Materials and methods. E m b r y o s  of Xenopus  laevis were 
ob ta ined  b y  h o r m o n e  in jec t ion  of t he  adul ts ,  and  were 
s taged  according to  Nieuwkoop and  Fabe r  5. The jel ly 
coats  were r emoved  chemical ly  s and the  embryos  were 
cu l tured  in 10% Ste inberg ' s  saline ~ a t  20 4- 0.5~ Tol- 
b u t a m i d e  is p rac t ica l ly  insoluble in water ,  and  so a s tock 
5 • 10 .2 M solut ion was p repa red  in e thanol ,  and  di lut ions 
were made  b y  adding  d i f ferent  vo lumes  of th is  s tock to  
10% Ste inberg ' s  saline. Controls  con ta ined  an equ iva len t  
vo lume of e thanol .  E m b r y o s  were  t e s t ed  in groups  of 10, 
and  each e x p e r i m e n t  was pe r fo rmed  in t r ip l ica te  using 
embryos  f rom di f ferent  ba tches .  E m b r y o s  were observed 
af ter  3 h, and  scored af ter  a b o u t  18 h, w h e n  the  controls  
h a d  reached  the  neuru la  stage.  For  t he  purpose  of 
s ta t i s t ica l  analysis ,  embryos  were classed as normal ,  
abno rma l  or dead,  and  each group was compared  w i t h  
i ts  cont ro l  b y  Z * analysis.  3 t ypes  of expe r imen t  were  
pe r fo rmed ;  to  t e s t  t he  effects  of cont inuous  exposure  to 
d i f fe rent  concen t ra t ions  of t o lbu t amide  ; to  t e s t  the  effects 
of d i f ferent  t imes  of exposure  to  one concen t ra t ion  of 
t o l b u t a m i d e ;  and to  t e s t  t he  effect  of t he  ages of embryos  
when  f irs t  exposed  to  to lbu tamide .  Some embryos  were 
f ixed in Smi th ' s  fo rmol -b ichromate  f ixat ive  s, sect ioned 
according to  rout ine  procedures ,  and s ta ined  wi th  modi-  
fied Mallory 's  s ta in  9. 
Results and discussion. Effec t  of d i f ferent  concent ra t ions .  
The f irs t  e x p e r i m e n t  was pe r fo rmed  to  t e s t  the  effects of 

cont inuous  exposure  of X en o p u s  ear ly  embryos  to  dif- 
fe rent  concen t ra t ions  of to lbu tamide ,  Ea r ly  cleavage 
s tage embryos  (stage 5) were exposed  to  5 •  -5 M, 
1'0 .4 M or 3 • 10 .4 M to lbu tamide .  Judged  b y  ex te rna l  
appearance  of the  embryos ,  5 • 10 .5 M and  10 .4 M tol-  
b u t a m i d e  did no t  af fect  early deve lopment ,  and  s ta t is t ica l  
analysis  conf i rmed t h a t  the  t r e a t ed  embryos  did no t  
differ f rom the i r  controls  (Z 2 = 0:64 and  1.68 respect ively) .  
At  3 • 10 .4 M to lbu t amide  had  a s ignif icant  te ra togenic  
effect  since 77% of the  embryos  were abnorma l  (Z ~ ~ 40, 
p < 0.001). The t y p e  of a b n o r m a l i t y  p roduced  was 
reasonab ly  cons i s t en t :  when the  controls  were ear ly  
neurulae  (figure 1) mos t  of the  abnorma l  embryos  re- 
sembled  midgas t ru lae  (stage 10) excep t  t h a t  a large area 
of t he  ec tode rm opposi te  the  yolk  plug appeared  t r ans -  
lucent .  Microdissect ion showed t h a t  th is  layer  was ve ry  
th in  and  his tological  examina t ion  showed t h a t  i t  was one 
cell th ick  (figures 2 and  3). Gast ru la t ion ,  judged  by  the  
appearance  of the  lip of the  blas topore ,  appeared  to have  
s t a r t ed  normal ly  (figure 4). I n  a few cases, t r ea t ed  
embryos  had  fo rmed  neurulae  wi th  similar ec todermal  
vesicles. Thus  a t  t he  h ighes t  concen t ra t ion  tes ted,  tol-  
b u t a m i d e  caused abnorma l  d e v e l o p m e n t  of X en o pus  
embryos .  

5 P.D. Nieuwkoop and J. Faber, in : A Normal Table of Xenopus 
laevis Daud. North-Holland Publishers, Amsterdam 1956. 

6 I .B. Dawid, J. molec. Biol. 12, 581 (1965). 
7 M. Steinberg, see J. D. Ebert, Carnegie Inst. Wash. Yearbook 

56, 1957. 
8 H.F.  Steedman, in: Section Cutting in Microscopy. Blackwell, 

Oxford 1960. 
9 J .E .  Cason, Stain Technol. 25, 225 (1950). 

Fig. 1. Transverse sectiotl of con- 
trol neurula of Xenopus laevis. 

Fig. 2. Transverse section of Xeno- 
pus embryo exposed to 3 • 10 -4 M 
tolbutamide from 16-cell stage 
(stage 5) showing characteristic 
abnormality. 

Fig. 3. Detail from figure 2 show- 
ing ectoderm one cell thick. 

Fig, 4. Detail from Figure 2 show- 
ing lip of blastopore. 
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Ef fec t  of d i f fe ren t  t imes  of exposure .  Some t e r a t o g e n s  
p roduce  a b n o r m a l i t i e s  a f t e r  exposure  h a s  ceased 10, xt, a n d  
in a n  a t t e m p t  to  ana lyse  w h e t h e r  t h e r e  is a cr i t ica l  pe r iod  
w h e n  e m b r y o s  were v u l n e r a b l e  to  t o l b u t a m i d e ,  a n  ex- 
p e r i m e n t  was  c o n d u c t e d  in w h i c h  e m b r y o s  were exposed  
for d i f f e ren t  l eng ths  of t i m e  to a t e r a togen ic  c o n c e n t r a t i o n  
of  t o l b u t a m i d e .  E a r l y  c leavage  e m b r y o s  (stage 5) were 
exposed  to  3 •  -4 M t o l b u t a m i d e  for 1 h, 3 h or con-  
t i nuous ly .  Fo l lowing  exposure ,  e m b r y o s  were  w a s h e d  ill 
2 changes  of 10% S te inbe rg ' s  sal ine a n d  cu l t u r ed  in  f resh  
sa l ine .  E x p o s u r e  for  1 h or  3 h h a d  no  effect  (2 3 = 2.02 
a n d  X ~ =  2.02), b u t  as in  t h e  p rev ious  e x p e r i m e n t ,  
c o n t i n u o u s  exposure  p r o d u c e d  a b n o r m a l  d e v e l o p m e n t  
(Z ~ = 37, p < 0.001). T he  t ypes  of a b n o r m a l i t i e s  were 
t he  same  as those  found  prev ious ly .  T h u s  i t  would  a p p e a r  
t h a t  e i t he r  c o n t i n u o u s  exposure  is r equ i red  for t o l b u t a -  
m ide  to  be  t e ra togen ic ,  or  t h a t  t h e  v u l n e r a b l e  per iod  is 
a f t e r  t h e  mid-  to  l a t e  b l a s t u l a  s tage  (3 h a f t e r  s tage  5). 
E f fec t  of age of embryos .  I n  t he  las t  e x p e r i m e n t ,  ea r ly  
c leavage  e m b r y o s  (s tage 5), m i d b l a s t u l a e  (stages 7-8) a n d  
la te  b l a s tu l ae  (stage 9) were exposed  c o n t i n u o u s l y  to  
3 • 10 -~ M t o l b u t a m i d e .  W h e n  exposure  was  c o m m e n c e d  
a t  s tage  5, 77% of t h e  e m b r y o s  were a b n o r m a l  (X ~ = 43, 

p < 0.001); w h e n  exposure  was c o m m e n c e d  a t  t he  mid -  
b l a s t u l a  stage,  73% of t h e  e m b r y o s  were a b n o r m a l  
(Z 2 = 38.5, p < 0.001) and  w h e n  exposure  was c o m m e n c e d  
a t  t h e  la te  b l a s t u l a  stage,  53% of t he  e m b r y o s  were  
a b n o r m a l  (Z 2 = 15.8, p < 0.001). The  t ypes  of a b n o r -  
mal i t i es  found  were s imi lar  to  those  found  previous ly ,  
excep t  t h a t  t h e r e  was a t e n d e n c y  for e m b r y o s  exposed  
a t  t he  b l a s t u l a  s tage  to fo rm more  n e u r u l a e  w i t h  vesicles.  
These  resu l t s  show t h a t  u n d e r  c e r t a i n  cond i t ions  exposure  
of ea r ly  e m b r y o s  of X e n o p u s  laevis  to  t o l b u t a m i d e  leads  
to  a b n o r m a l  d e v e l o p m e n t .  The  t y p e  of a b n o r m a l i t y  
p roduced  is a p p a r e n t l y  no t  ana logous  to t h a t  p r o d u c e d  
in e c h i n o d e r m  embryos ,  b u t  i t  is r e a s o n a b l y  cons i s ten t .  
I t  is n o t  k n o w n  w h e t h e r  t h e  ac t ion  of t o l b u t a m i d e  in 
m a m m a l s  is due  to  t he  d rug  or to  t h e  m e t a b o l i c  s t a t e  i t  
induces .  The  p r e s e n t  resu l t s  conf i rm t h a t  t o l b u t a m i d e  
i tself  m a y  be  t e r a togen i c  4, a n d  f u r t h e r  e x p e r i m e n t s  to  

a n a l y s e  i t s  m e c h a n i s m  of ac t ion  in a m p h i b i a n  e m b r y o s  
are be ing  u n d e r t a k e n .  

10 M. Stanisstreet, Experientia 30, 1081 (1974). 
11 J .L.  Smith, J. C. Osborn and M. Stanisstreet, J. Embryol. exp. 

Morph. 36, 513 (1976). 
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Summary. The  effect  of def ic ien t  n u t r i t i o n  of p r e g n a n t  W i s t a r  r a t s  on  t he  fe ta l  we igh t  ha s  b e e n  s tudied .  I t  has  been  
e s t a b l i s h e d  t h a t  t he  fe ta l  we igh t  of t he  g roup  of r a t s  fed w i t h  a r e s t r i c t ed  a m o u n t  of s tock  d ie t  lags b e h i n d  t he  fe ta l  
w e i g h t  of t he  g roup  rece iv ing  u n r e s t r i c t e d  a m o u n t s  of t he  same  s tock  diet .  The  di f ferences  in  we igh t  b e t w e e n  t h e  2 
g roups  were, on  each  d a y  of t h e  o b s e r v a t i o n  period,  s ign i f ican t  a t  t h e  level  of p < 0.05 a n d  p < 0.01, respect ive ly .  

N u t r i t i o n  of t h e  p r e g n a n t  female  c e r t a i n l y  p lays  a n  
i m p o r t a n t  p a r t  in  fe ta l  d e v e l o p m e n t  ~. T he  effect  of re- 
s t r i c t ion  of some food com ponen t s ,  especia l ly  pro te ins ,  
h a s  b e e n  e x p e r i m e n t a l l y  s tud ied  3. So far  t he  s tud ies  h a v e  
b e e n  m a i n l y  d i r ec t ed  t o w a r d s  t h e  effect  of m a l n u t r i t i o n  
on  r e p r o d u c t i o n  4 a n d  we igh t  of t he  offspr ing s b u t  l i t t l e  
a t t e n t i o n  ha s  b e e n  pa id  to  t h e  consequences  of r e s t r i c t ed  
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Fig. Mean weight values curves and curves indicating SE in the 
experimental and the control group. 

t o t a l  da i ly  q u a n t i t y  of s tock  diet .  The  i n t e n t i o n  of t h i s  
s t u d y  was to  gain  a n  ins igh t  in to  t h e  effect  of m a l n u t r i t i o n  
on  t he  fe ta l  d e v e l o p m e n t  of rats .  R e s t r i c t e d  da i ly  q u a n -  
t i t y  of s tock  d i e t  was  app l ied  on ly  d u r i n g  t he  ges ta t ion .  
Material a~cd methods. E x p e r i m e n t a l  ad  l i b i t u m  feeding 
h a s  shown  t h a t  a female  W i s t a r  r a t  consumes  12 g of pel-  
le ted  food, a p roduce  of t he  p h a r m a c e u t i c a l  f i rm 'P l iva ' ,  
composed  of:  c rude  p ro te ins  (rain. 18%),  c rude  fa t s  (min. 
4 .5%),  c rude  f ibres  (max. 3%),  Ca (max.  1.10%),  P (min.  
0 .65%),  a sh  (max.  4%),  m o i s t u r e  (max.  13%),  v i t a m i n  A 
(22,000 IU), v i t a m i n  D 3 (2000 IU),  Fe  (400 mg) a n d  
I (0.37 mg) pe r  kg  of pe l l e ted  food. 
Vi rg in  female  r a t s  of W i s t a r  s t r a i n  were ma ted .  The  d a y  
of i n s e m i n a t i o n  was  d e t e r m i n e d  b y  t he  f ind ing  of t h e  
s p e r m  in t he  v a g i n a l  smear  a n d  was t a k e n  as t h e  f i rs t  d a y  
of e m b r y o n i c  d e v e l o p m e n t .  On  t h a t  d a y  t h e  females  were  
p laced  in to  s ingle cages a n d  were  p u t  on  t he  r e s t r i c t ed  
d ie t  cons i s t ing  of 6 g of t he  commerc i a l l y  p r e p a r e d  pel le ts  
besides  u n r e s t r i c t e d  w a t e r  c o n s u m p t i o n .  The  p r e g n a n t  
femals  of t he  con t ro l  g roup  c o n t i n u e d  to receive b o t h  
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