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t he  gametes  in the  presence  of an t imycin ,  a p o t e n t  inhi-  
b i to r  of mi tochondr ia l  e lectron t r a n s p o r t  and respi ra t ion.  
The effect  of these  t r e a t m e n t s  on gamete  resp i ra t ion  was  
de t e rmined  using W a r b u r g  m a n o m e t r y  to  e s t ima te  
oxygen  up take  b y  eggs 4t and  a Teflon covered Clark 
electrode (Yellow Spr ing I n s t r u m e n t  Co) to  e s t ima te  
spe rm respi ra t ion  12. Fer t i l iza t ion  was  al lowed to  t ake  
place in a W a r b u r g  flask a t  25 ~ Eggs were placed in t he  
main  c o m p a r t m e n t  in 0.5-1.0 ml  of 10% Ringer  solut ion 
at  p H  7.4. The side a rm con ta ined  0.7 ml  of the  spe rm 
suspension.  

As anaerobic  exper iments ,  t he  flasks were f lushed wi th  
n i t rogen  for 10 min.  The con ten t s  of the  flasks were main-  

Table II. Anaerobic fertilization of amphibian body-cavity eggs 

Fertilization (%) 

Anaerobic Control 

1 56 (134) 48 (100) 
2 100 (21) 100 (24) 
3 75 (25) 98 (54) 
4 68 (30) 89 (25) 
5 63 (28) 91 (28) 

Mean -t- SE 72 -E 7.6 85 q- 9.6 

Conditions were same to those indicated in Table I. 

Table III. Effect of antimycin on the fertilization of mature eggs 

Fertilization ( % ) 

Antimycin Control 

1 34 (32) 85 (59) 
2 29 (68) 97 (64) 
3 31 (54) 98 (60) 
4 33 (62) 100 (70) 
5 30 (54) 92 (68) 

Mean ~ SE 31 J2 0.9 94 4- 2.7 

Concentration of spermatozoa was 108 sperm/ml. Concentration of 
antimyein was 1.0 ~xg/ml. The number in parentheses indicate the 
number of eggs used in each experiment. Each experiment was per- 
formed on eggs and sperm obtained from different animals. 

t a i n e d  under  n i t rogen  for an addi t ional  10 min  before the  
spe rma tozoa  in the  side a rm were t i pped  in to  the  main  
c o m p a r t m e n t  con ta in ing  the  eggs. Control  expe r imen t s  
carr ied out  unde r  aerobic condi t ions  were made  simul- 
taneously .  At  the  appearance  of the  f i rs t  embryo  cleavage 
s tage in the  contro l  flask, t he  con ten t s  of all flasks were 
r emo v ed  and  the  n u m b e r  of fert i l ized ova counted.  

Results and discussion. As is clear f rom the  d a t a  in 
Table  I, oocytes  f rom the  species Bu[o arenarum are 
fert i l ized under  anaerobic  condit ions.  The fer t i l izat ion of 
eggs taken  f rom the  b o d y  cav i ty  (Table  II) e l iminates  t he  
possibi l i ty  t h a t  the  gelat inous coat  found  on eggs t aken  
f rom the  ovisac p r e v e n t  anoxia  when  a n i t rogen  purge  
alone is used. Fer t i l iza t ion  of eggs in t he  presence  of ant i -  
myc in  in concen t ra t ion  t h a t  comple te ly  s tops  respi ra t ions  
(Table I I I ) ,  e l iminates  t he  possibi l i ty  t h a t  technica l  errors 
were in t roduced  in expe r imen t s  using n i t rogen  only. 

This  is the  f i rs t  ve r t eb ra t e  species in which  fer t i l izat ion 
unde r  anaerobic  condi t ions  has  been  observed.  However ,  
fer t i l izat ion under  these  condi t ions  has  been  observed  in 
inve r t eb ra t e s  and  bacter ia .  G~ZMA~ BARRON12 repor ted  
t h a t  the  germinal  ceils of Nereis were unaf fec ted  b y  the  
lack of oxygen  and  were able to  ca r ry  out  fer t i l izat ion 5 h 
af ter  exposure  to an oxygen-free  e n v i r o n m e n t ;  and  more  
recent ly ,  STALLIUS and  CURTIS 14 showed t h a t  ch romosome  
t rans fe r  in E. coli occurs a t  h igh  f requency  under  anaero-  
bic condit ions.  

The lower ra te  of fer t i l izat ion of eggs in the  presence  
of an t imycin ,  compared  to the  expe r imen t s  in which  
n i t rogen was  used, sugges ted  t t la t  the  ant ib io t ic  m a y  have  
o the r  effect  on fer t i l izat ion no t  re la ted  to  an effect  on 
mi tochondr ia l  e lectron t r a n s p o r t  and  respi ra t ion .  

PETERSON and  FREUND 1~ have  shown t h a t  h igh  levels 
of A T P  are ma in t a ined  in h u m a n  spe rmatozoa  even in t he  
absence of air. A s imilar  s i tua t ion  appears  to  exis t  in 
a m p h i b i a n  gametes  which  genera te  suff icient  energy  
anaerobica l ly  no t  only  to ma in t a in  viabil i ty,  b u t  also to  
car ry  ou t  fert i l izat ion.  

Our s tudies  showed no difference in the  cleavage ra te  or 
any  o the r  ana tomica l  character ,  which  would  indicate  
morphologic  a b n o r m a l i t y  when  fer t i l izat ion in th is  species 
is carr ied ou t  anaerobical ly.  
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Summary. P e n t a l a m i n a r  specialized m e m b r a n e  junc t ions  - t i g h t  junc t ions  - are descr ibed in the  granular  layer  of the  
pigeon cerebellum. The presence  of these  axo-dendr i t ique  and dendrosomat i c  con tac t s  suggest  the  exis tence of electro- 
tonic coupling in the  pigeon cerebellum. 

Special ized junc t iona l  zones be tween  nerve  cell pro-  
cesses, where  m e m b r a n e s  are in close apposi t ion,  have  
been  descr ibed in the  nervous  sy s t em of m a n y  an imal  
species 8. BENNETT, PAPPAS e t  al. 4 d e m o n s t r a t e d  t h a t  
these  low res i s t an t  junc t ions  are t he  morphologica l  
c o u n t e r p a r t  of e lect rotonic  coupling, a p h e n o m e n o n  
which  now appears  to  be qui te  f r equen t  in inve r t eb ra t e s  
as well as ver tebra tes .  These intercel lular  con tac t s  were 
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f i rs t  r ega rded  as t igh t ,  p e n t a l a m i n a r  occlusions of t h e  
in te rce l lu la r  cleft. R~vEL and  KARNOVSKY ~ and  IKAR- 
NOVSKY ~, w i t h  t he  a id  of l a n t a n u m  a n d  ho r se rad i sh  per-  
oxidase,  used as t racers ,  d e m o n s t r a t e d  t h a t  in  l iver  ceils 
a n d  h e a r t  muscle,  s imi lar  j u n c t i o n s  h a v e  a n a r r o w  
med ian  gap, 2 to  4 n m  wide, wh ich  is c o n t i n u o u s  w i t h  
t he  in te rce l lu la r  space. These  resu l t s  were co r robo ra t ed  
b y  Bt~IGHTMAN and  R~EsE 7 in t he  cen t r a l  ne rvous  sys- 
t em,  us ing  t he  same t echn iques  as well  as u r a n y l  b lock  
s t a in ing  before embedding .  Seven  layered  gap j unc t i ons  
appear ,  therefore ,  as t he  morpholog ica l  s u b s t r a c t  of electro-  
ton ic  coupling.  The  purpose  of th i s  work  is to  r e p o r t  t h e  
f i nd ing  of a large n u m b e r  of such  low r e s i s t an t  j unc t i ons  
in the  p igeon cerebel lum,  where,  however ,  e lectr ical  
t r ansmis s ion  has  no t  ye t  been  d e m o n s t r a t e d .  

Mater ia l  and methods. The  p r e s e n t  obse rva t i ons  were 
conf ined  to the  cerebel lar  cor tex  of a d u l t  pigeons,  f ixed 

b y  immers ion  fol lowing t h e  m e t h o d  of KANASEKI an d  
KADOTA s. Diced pieces of t i ssue  were f ixed  in 4 %  un-  
buf fe red  o s m i u m  t e t r o x i d e  fol lowed b y  12% u n b u f f e r e d  
g lu ta ra ldehyde ,  a n d  b lock  s t a ined  w i th  aqueous  u r a n y l  
ace ta te .  This  f ixa t ion  t echn ique ,  an d  t h e  s u b s e q u e n t  s teps  
of t h e  p rocedure  used here,  h a v e  been  desc r ibed  in de ta i l  
in  a p rev ious  p a p e r  3. 

Results  and discussion. Special ized j u n c t i o n s  were 
found  only  in t h e  g r anu l a r  layer  of the  ce rebe l la r  cor tex,  
a n d  t h e  area  occupied b y  t h e m  seems to  be  v e r y  m u c h  
smal le r  t h a n  t h a t  occupied  b y  c o n v e n t i o n a l  chemica l  
synapses .  These  j u n c t i o n s  are m o s t  c o m m o n l y  obse rved  
b e t w e e n  mossy  f ibre  end ings  an d  granule  cell dend r i t e s  
(Figures 1-3). I n  a few cases, however ,  m ixed  synapses  
such  as descr ibed  b y  PETERS e t  al. 1~ h a v e  been  ident i f ied.  
Th i s  i n f r e q u e n t  a r r a n g e m e n t  is cha rac t e r i zed  b y  t h e  
presence of special ized j u n c t i o n s  i m m e d i a t e l y  close to a 

Fig. 1. Tight junctiou (arrow) be- 
tween a mossy Iibre ending and a 
granule cell dendrite. • 120,000. 

Fig. 2. The same junction as 
Figure 1 at higher magnification. 
The external leaflets of both mem- 
branes appear fused, specially at 
the right side of the junction. 
• 300,000. 

Fig. 3. Mixed synapses between a 
mossy fibre terminal and a gran- 
ule cell dendrite. On the same 
synaptic interface, a classical 
active zone with associated vesi- 
cles and dense projections is pre- 
sent immediately next to a spe- 
cialized junction (arrow). • 120~000 
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Fig. 4 .4 dendro-somatie contacts, 
between unidentified dendrites 
and a granule cell body (A-D). A 
small attachment plate (arrow) 
can also be recognized.• 35,000. 
Insets: higher magnifications of 
these junctions, showing clear 
asymmetrical disposition of the 
cytoplasmatic dense material. Tri- 
angular differentiations can be 
seen in insets A and C. Spherical 
condensations are present in B 
(arrow-heads). • 120,000. 

classical act ive zone (Figure 3), suggest ing t h a t  chemical  
and  electrical t ransmiss ions  occur a t  t he  same synap t i c  
interface.  Some p robab le  dendro- somat ic  specialized junc-  
t ions have  also been  observed,  and  an example  is shown 
in Figure  4 where  unident i f ied  dendr i tes  es tabl ish  4 such 
con tac t s  wi th  a granule cell perykar ion.  Similar  dendro-  
somat ic  con tac t s  have,  so far, beeh  descr ibed only in the  
m o r m y r i d  e lec t romotor  nuclei11. 

The p resen t  special ized junc t ions  could be followed 
only  in a few consecut ive  sections,  showing t h a t  t he  ap- 
posi t ion surface is res t r i c ted  in area. In  b o t h  cases here 
described,  t he  junc t ions  have  an overal l  th ickness  of 15 
to  16 n m  (Figure 2 and  insets  of Figure  4). A l though  
u rany l  block s ta in  was used, a gap be tween  the  apposed  
m e m b r a n e s  could no t  be visualized.  The ex te rna l  leaflets 
of t he  m e m b r a n e s  seem to be fused and  to  form a cent ra l  
dense layer  w i th  the  same th ickness  as the  inner  leaf le ts  
(Figure 2). Therefore,  these  con tac t s  appear  as t i gh t  
junct ions .  However ,  it  m u s t  be emphas ized  t h a t  m e t h -  
odological differences m a y  be a reason for the  failure to  
visualize a gap be tween  the  junc t iona l  membranes .  

Cytoplasmic  dense  mater ia l  was found  symmet r i ca l ly  
d i s t r ibu ted  on b o t h  sides of the  junc t iona l  zones, w i th  
low elect ron dens i ty  in t he  axo-dendr i t i c  con tac t s  (Fig- 
ures 2 and  3), while it  had  an a symmet r i ca l  disposi t ion 
and  h igher  e lectron dens i ty  on the  dendro - somat i c  junc-  
t ions  (Figure 4). In  some of t he  la t t e r  (Figure 4, A and  C), 
t he  f inely granular  dense mate r ia l  a ssumed a t r i angu la r  
shape,  w i th  i ts  base towards  the  per ikar ia l  membrane .  

A similar a r r a n g e m e n t  has  been descr ibed by  SOTELO 
and LLIN~-S 12 in t he  g y m n o t i d  fish, where  a t r iangular  
dendr i t ic  d i f ferent ia t ion  was found b en ea t h  a diffuse 
b a n d  of pa ra - junc t iona l  dense mater ia l .  In  one of t he  
p resen t  dendro- somat ic  contac ts ,  the  cy top lasmat i c  
mater ia l  is spher ical ly  condensed  (Figure 4, ]3, a r row 
heads),  and  forms a s t ruc tu re  similar  to t he  sub junc t iona l  
dense bodies  descr ibed b y  ~/~ILHAUD and  PAPPAS la. How-  
ever,  these  spherical  condensa t ions  are smaller  in d iamete r  
and t h e y  are s i tua ted  more  closely to  the  junc t iona l  
m e m b r a n e  t h a n  t h e y  are in the  ' pos t  synap t i c  bodies '  of 
I~ILHAUD and  PAPPAS. I t  is n o t  known  w h e t h e r  these  
d i f fe ren t  aspects  of the  cy top lasmat i c  dense mate r ia l  cor- 
respond  to d i f fe rent  physiological  proper t ies  of t he  junc-  
t ions. 
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Simultaneous electrical and chemical synaptic trans- 
mission has been physiologically demonstrated by MAR- 
TIN and PILAR 14 in the chick ciliary ganglion. Subsequent 
ultrastructural studies l, ~5 reported the existence of 
specialized contacts in this ganglion. HINOJOSA and 
ROBERTSON x6 described tight junctions in the nucleus 
vestibularis tangentialis of the same animal. The exis- 

fence of these junctions also in the cerebellar cortex of 
the pigeon seems to suggest that  electrotonic coupling 
may play an important  role in the bird nervous system. 

14 A. R. MARTIN and G. PILAR, J. Physiol., Lond.  768, 443 (1963). 
16 K. TAKAHASHI and K. HAMA, Z. Zellforseh. 67, 174 (1965). 
1r R. HINOJOSA and J .  D. ROBERTSON, J .  Cell Biol. 3d, 421 (1967). 

Synthesis and in vitro Cytotoxic Activity of New N-Diazoacetylglycine Derivatives 
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Summary. The syntheses of various N-diazoacetylglycine derivatives are described. The results of an in vitro screening 
carried out on KB cells for cytotoxie activity are reported. The m6st active compounds are DGE, DGiBA and DGHA. 
A possible relationship between the activity and the l!posolubility of these compounds is discussed. 

N-Diazoacetylglycine amide (DGA) and some of its 
derivatives have shown interesting ant i tumour and im- 
munosuppressive properties 2-9. investigations into their 
possible mechanisms of action have shown a broad and 
rather unspecific effect on purine nucleotide metabo- 
lism ~~ Recently some antibacterial activity ~ and a 
strong mutagenic activity have been demonstrated, may- 
be due to alkylating effect on bacterial DNA ~4,~5. The 
pharmacological activity shown by DGA, and the fact 
that  this substance has the same active group as found 
in diazoacetylserine (Azaserine) and in diazo-oxo-n- 
norleucine (DON), both powerful ant i tumour and anti- 
bacterial agents~% prompted us to synthetize further 
derivatives. This communication reports the synthesis of 
these compounds and the iesults of an in vitro screening 
for possible cytotoxic effects. 

Materials and methods. 3 synthetic ways were used for 
the synthesis of the diazoacetylglycine amides: A) 
aminolysis of diazoacetylglycine ethylester ; B) aminolysis 
of diazoacetylglycine p-nitrophenylester; C) diazotization 
of glycylglycine amides. 

A) Aminolysis of diazoacetylglycine ethylester (DGE). 
DGE was synthetized as reported by CURTIUS ~7. The 
aminolysis was carried out suspending DGE in an aqueous 
soiution of the appropriate amine in 10-fold excess. 

B) Aminolysis of diazoacetylglyeine p-nitrophenylester 
(DGONP). DGONP was synthetized by diazotization, at 
pH 4, of glycylglycine p-nitrophenylester hydrobromide is. 
Yield 64%; m.p. 136-137~ dec. (Table I). The amino 
lysis was carried out by suspending DGONP in absolute 
ethanol and dropping into the cooled suspension a solu- 
tion of the appropriate amine in absolute ethanol. 

C) Diazotization of glycylglycine amides. A solution of 
the appropriate amine in acetonitrile was added to an 
equimolar solution of carbobenzoxyglycylglycine p-nitro- 
phenylester ~8 in hot acetonitrile; after 30 min refluxing 
followed by cooling, the expected carbobenzoxyglycyl- 
glycine amide precipitates. For the cleavage of the 
carbobenzoxy group, the amides were poured in small 
portions into a threefold amount  of acetic acid saturated 
with HI3r. The resulting glycylglycinamide hydrobromide 
were filtered, abundant ly  washed with acetone, crystal- 

Table  I. Chemical s t ruc tu re  and character is t ics  of diazoacetyl-glycine der ivat ives  

R - C O - C H 2 - N H - C O - C H - N  2 

Compounds R Formula  b 

lVLP. o Yields (%) 

A B C 

Recrystal l izat ion solvents 

D G E  - 0 - C H ~ - C H  3 C6HgN30 a 
DGA - N H  2 C4H6N402 
D G I  - N H - N H ~  C4H7NsO 2 
DGMA ~ - N H - C H ~  C~HsN402 
D G E A  a - -  N H -  CH 2 -  CH 3 C6H10N40 ~ 
D G P A  �9 - N H - - ( C H 2 )  ~ - C H  3 CIH12N402 
DGiPA �9 - N H - C H - C H  3 C7H12N~O ~ 

, |  

CH3 
D G i B A .  - N H - C H  2 - C H - C H  3 CsH14N~O 2 

I 

CH 3 
D G H A  �9 - N H  - (CHe)~- CH 3 CloH18N402 
D G I E A .  - N H - C H 2 - C H ~ - O H  CeH10N40~ 

/CH~-CH2\ 
DGM, - N O CaHI2N40~ 

\CH2-CH J 

106-107 
161-162 
142-144 
163-164 
164-166 
155-156 
153-154 

155-156 

146-148 
133-136 

145-148 

- -  - -  - -  E thano l  
72 50 24 E thano l  
74 - -  - -  Abs. e thanol  
79 65 31 Abs. e thanol  
77 60 33 E thano l  
- -  62 37 Abs. ethanol 
- -  60 35 Methanol  

m 

m 

60 29 Acetone 

63 30 Dioxane 
42 - -  CH~C12/CCI~I/1 

56 34 E thano l  

a n e w  compounds,  bAll compounds  analyzed correct ly  for C, H,  N. cThe mel t ing  points are uncorrected.  All the compounds  mel t  with de- 
composition. 


