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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). 
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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. 
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lized f rom acetic acid and  diazot ized in the  usual  way.  
The par t i t ion  coefficients p = Co, dC~2o of the  drugs  

be tween  n-oc tanol  and  10 m M  p h o s p h a t e  buffer  p H  7.4 
were de t e rmined  essent ia l ly  as descr ibed by  FuJITA 
et  a l . t t  

Eva lua t i on  of cy tos t a t i c  and  cyto ly t ic  ac t iv i ty .  The 
subs tances  were t e s t ed  on K B  cells (human epidermoid  
carc inoma of the  mouth)20 cu l t iva ted  in F low Tissue 
Culture Le igh ton  Tubes.  The g rowth  med ium was the  
Eagle  Basal  Medium (BME)21, supp l emen ted  wi th  10% 
calf serum, inac t iva ted  b y  hea t ing  at  56~ for 30 mill. 
The m e d i u m  was added  wi th  ant ib io t ics  (100,000 IU  of 
Penici l l in G and  100,000 ~g of S t r e p t o m y c i n  su lpha te  per  
1) and  buffered  wi th  T E S  (3 raM), H E P E S  (3 raM), B E S  
(3 raM) and  t r ic ine (3 raM). The cells used to  seed were 
fed 24 h before tes t ing.  The cy to tox ic  ac t iv i ty  was evalu-  
a ted  according to  protocols  for screening chemical  
agents  e~, w i th  some modif icat ions .  The cells were seeded 
in Le igh ton  tubes  a t  the  ra te  of 5 • 10 ~ cells per  t ube  and  
incuba ted  at  37 ~ for 24 h. Then  the  tubes  were regrouped  
a t  r a n d o m  and  5 of these  were t ryps in ized  and  coun ted  
in a Biirker coun t ing  chamber ,  in order  to ob ta in  the  
basic value of t he  e x p e r i m e n t  (Baseline). To 5 of the  
remain ing  Le igh ton  tubes,  the  med ium was changed  wi th  
4 ml  of BME, whereas  to  the  o ther  tubes  the  med ium was 
changed  b y  subs t i tu t ing  i t  w i th  4 ml  of BME conta in ing  
the  subs tances  to  be examined ,  a t  3 dose levels a t  one-log 
intervals ,  p rev ious ly  dissolved in physiological  saline and  
t h e n  added  to  the  medium.  D G H A  was t e s t ed  suspended  
in physiological  saline as well as dissolved in DMSO. The 
final concen t ra t ion  of DMSO in BME (0.5%) was  t e s t ed  
for  non- toxic i ty .  Fo r  each expe r imen t  posi t ive  controls  
were carr ied ou t  w i th  6 -mercap topur ine  in doses of 0.05 
and  0.5 ~g/ml. The Le igh ton  tubes ,  so t r ea ted ,  were  in- 
cuba t ed  a t  37~ for 72 h, a t  10 ~ angle. Af te r  72 h, all t he  
cells were  t ryps in ized  and counted .  The percen tage  of t he  
inhib i t ion  of t he  g rowth  is a func t ion  of t he  g rowth  in t he  
contro l  tubes  f rom which  the  value of the  basel ine has  
been  deduc ted .  

Resul ts  and discussion. The chemical  charac ter i s t ics  
and  the  yields of the  single compounds  are r epor ted  in 
Table  I. Method  A gives the  bes t  results ,  b u t  it  is sui table  
only  for a few c o m p o u n d s ;  m e t h o d  B gives good yields 
b u t  p resen t s  pur i f ica t ion  p rob lems  ill ob ta in ing  the  
comple te  e l iminat ion  of p -n i t ropheno l  f rom the  final p rod-  

Table II. Effects of N-diazoacetyl-glycine derivatives on the growth 
of KB ceIIs 

Compounds Drug Concentration Log (p) 
(~xg/ml) 
1 10 100 

DGIEA 9 14 56 -- 1.349 
DGA 7 22 100 b -- 1.260 
DGMA 10 22 87 -- 0.873 
DGI 3 28 94 -- 0.762 
DGEA 11 29 100 b -- 0.620 
DGM 7 18 49 -- 0.480 
DGiPA 2 20 100 b -- 0.411 
DGPA 5 29 100 b -- 0.238 
DGE 27 56 100 b -- 0.082 
DGiBA 22 100 b 100 b 0.368 
DGHA (suspended in phys. saline) 16 37 100b 1.510 
DGHA (dissolved in DMSO) 18 59 100 b 1.510 

~The values are % inhibition of the growth of KB cells in BME in 
the presence of the drug, in respect to the controls. Each value is 
the mean of 5 determinations, b Maximum cytolysis was also observed. 

ucts ;  m e t h o d  C, sui table  for less wa te r  soluble com- 
pounds ,  p resen t s  low yields b u t  no pur i f ica t ion problems.  

Table  I I  r epor t s  t he  results  of the  in v i t ro  screening of 
d iazoacetylglycine  der iva t ives  carried ou t  on K B  cells 
and the i r  log p-values.  The posi t ive  controls ,  carr ied ou t  
w i th  6-mercaptopur ine ,  unde r  our  expe r imen ta l  condi-  
t ions, gave a g rowth  inhib i t ion  of 30% a t  dose of 0.05 ~xg/ 
ml  and  of 78% at  dose of 0.5 txg/ml, according to values 
repor ted  by  GERAN et  al. 22. The g rowth  inhib i t ion  per-  
centages  ob ta ined  when  tes t ing  these  diazoacetylglycine  
der iva t ives  a t  doses of 10 and  100 ~zg/ml are ve ry  con- 
s i s ten t  for all compounds  tes ted ,  whereas  a t  dose of 
1 ~g/ml there  is a cons i s ten t  cell g rowth  inhib i t ion  only  
by  DGE,  DGiBA and DGHA.  U n d o u b t e d l y  the  mos t  
ac t ive  c o m p o u n d  was DGiBA, since a t  dose of 1 ~g/ml of 
DGiBA and D G E  the  difference be tween  the  effects  we 
have  po in ted  out  is no t  s ta t i s t ica l ly  significant.  The com- 
par ison be tween  the  effects of DGHA,  suspended  in 
physiological  saline and dissolved in DMSO, gave s ta t is -  
t ical ly  s ignif icant  results  only a t  dose of 10 ~zg/ml, since 
solubil i ty in the  two di f ferent  solvents  a t  concen t ra t ion  
of 1 ~zg/ml is ve ry  likely to  be a lmos t  t he  same.  

We  have  compared  the  cy to tox ic  effect  of var ious  
diazoacetylglycine der iva t ives  wi th  the i r  l iposolubil i ty,  
expressed as log p (p = Coct/eE2o). There  seems to be a 
fair ly good correla t ion be tween  cy to tox ic  ac t iv i ty  and  
l iposolubil i ty.  The only  plain except ion  is DGHA,  which,  
a l though  i t  is abou t  10-fold more  l iposoluble t h a n  DGiBA, 
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ha s  lower cy to tox ic  ac t iv i ty .  Th i s  f ind ing  m a y  be  ex- 
p la ined  cons ider ing  on  one h a n d  t he  longer  the  s ide-chain ,  
t he  more  l iposoluble t he  molecule,  t he  easier  t h e  molecule  
gets  in to  the  ceils; on  t h e  o t h e r  h a n d  t he  longer  t he  side- 
cha in  is, t h e  less i ts  a l k y l a t i n g  c a p a b i l i t y  or, in our  
opinion,  t h e  lower  t h e  a c t i v a t i o n  b y  ceil b iochemica I  
mechan i sms .  

Therefore  i t  m a y  be  in t e re s t ing  to t e s t  t h e  a l k y l a t i n g  
c a p a b i l i t y  of these  d iazoace ty lg lyc ine  de r iva t i ve s  and  to 
s y n t h e t i z e  o the r s  of i n t e r m e d i a t e  so lubi l i ty  be tween  D G E  
a n d  D G H A .  Moreover ,  in  our  opinion,  in v ivo  t e s t i ng  of 
these  subs t ances  is ind ispensable ,  s ince whi le  D G A  is a 
good in v ivo  an t i neop l a s t i c  agent ,  i t  h a s  g iven  mi ld  
cy to tox ic  effects in vi t ro .  

Graft-Versus-Host Reaction and Lymphoid Organs in Normally Fed and Protein-Deprived Rats 

A. ASCHKENASY 1 
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Summary. L y m p h  node  g ra f t -ve r sus -hos t  r eac t ion  (GVHR)  induced  b y  p a r e n t a l  splenic l y m p h o c y t e s  inocu la ted  in to  
h i n d  foot  pads  of F-1 h y b r i d  r a t s  is cor re la ted  w i t h  the  s t a t e  of t he  t h y m u s  and  t h e  spleen of t he  recipients .  This  
m a y  exp la in  the  depress ion  of t he  r eac t ion  a f te r  p r o t r a c t e d  p ro t e in  dep r iva t ion .  F u r t h e r m o r e ,  G V H R  provokes  m a i n l y  
in n o r m a l  r a t s  a r educ t ion  of t h y m u s  and  spleen poss ib ly  due  to a T-cell  t r a n s f e r  to  t he  g ra f ted  area.  

The  g ra f t -ve r sus -hos t  r eac t ion  (GVHR)  induced  in 
h y b r i d  F-1 r a t s  b y  p a r e n t a l  spleen l y m p h o c y t e s  is deep ly  
impa i r ed  if t he  rec ip ien ts  are dep r ived  of d i e t a r y  pro te in .  
Since t h e  g rea t  m a j o r i t y  of t he  cells i nvo lved  in th i s  reac-  
t i on  are of hos t  or igin 2, ~ and  seem to be fo rmed  m a i n l y  of 
T l y m p h o c y t e s  ~, one could suppose  t h a t  t he  i n h i b i t o r y  
effect  of a p ro t e in  dep r ived  (PD) d ie t  m a y  be  cond i t ioned  
b y  t he  invo lu t ion  of t he  t h y m u s  and  t h e  decrease  in t he  
T cell p o p u l a t i o n  induced  b y  th i s  m a l n u t r i t i o n .  The  f ind-  
ings r epo r t ed  here  are  in f a v o u r  of t h i s  hypo thes i s .  

A d u l t  male  ( S h e r m a n / W i s t a r )  F-1 rats ,  de r ived  f rom 
pa thogen- f ree  s t r a ins  (C.N.R.S.,  Orl6ans),  were m a i n t a i n e d  
for 4 or 9 weeks on  a P D  d ie t  (for i ts  composi t ion ,  see 
ref. 5) while  o the r  F-1 r a t s  were fed on  a ba l anced  diet .  
All  t he  r a t s  received,  1 week  before  killing, an  in jec t ion  
in to  t he  r i gh t  h i n d  foot  pad  of v iab le  spleen l y m p h o c y t e s  
o b t a i n e d  f rom male  S h e r m a n  donors  (1 74107 for well  
nou r i shed  rec ip ien ts ;  6 • 106 for P D  recipients) .  The  v ia -  
b i l i ty  was  d e t e r m i n e d  b y  a dye  (ery thros in)  exclus ion 
tes t% 1 week  later ,  t h e  ra t ios  b e t w e e n  t he  we igh t s  and  
l y m p h o c y t e  popu la t i ons  of ips i la te ra l  and  c o n t r a l a t e r a l  
popl i tea l  l y m p h  nodes  ( iPLN a n d  cPLN)  were ca lcu la t -  
ed ~, 7. I n  addi t ion ,  the  we igh t s  of t h y m u s ,  spleen and  
cervical  l y m p h  nodes  (not  i nvo lved  in t h e  G V H R )  were 
n o t e d  in the  g ra f t ed  rats ,  a n d  c o m p a r e d  w i t h  those  of 
non -g ra f t ed  we igh t -pa i r ed  male  r a t s  wh ich  were e i the r  
fed on a ba l anced  die t  or depr ived  of p r o t e i n  for 9 weeks. 

Results. H i g h  i P L N / c P L N  ra t ios  were m u c h  more  
f r equen t  in r a t s  w i t h  large l y m p h o i d  o rgans  t h a n  in those  
w i t h  smal l  organs.  The  cor re la t ion  was s ign i f ican t  as 
ca lcu la ted  for 38 r a t s :  r = + 0.345 (p < 0.05), + 0.462 
(p < 0.01) and  + 0.407 (p < 0.02) in r ega rd  to  t he  we igh t s  
of the  t h y m u s ,  spleen a n d  ce rv ica l  l y m p h  nodes  respec t ive-  
ly. However ,  ill r e la t ion  w i t h  t he  l a t t e r  organs,  t he  per-  
cen tages  of h igh  i P L N / c P L N  ra t ios  d id  n o t  decrease  
f u r t h e r  be tween  t he  4 week-  a n d  t he  9 week-PD groups  
(Table  I). 

The  weigh ts  of t he  t h y m i  were m u c h  lower in g ra f ted  
r a t s  t h a n  in non -g ra f t ed  ones, fed e i the r  on  a b a l a n c e d  
d ie t  (p < 0.001) or on  a P D  d ie t  (p < 0.01). The  spleen 
was also r educed  fol lowing G V H R  (p < 0.02) w i t h  t he  
fo rmer  d ie t  b u t  no t  w i t h  t he  l a t t e r  one. The re  were no 
s ign i f ican t  changes  in t h e  we igh t  of t he  cerv ica l  l y m p h  
nodes.  
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Table I. Graft-versus-host reaction (GVHR) expressed as weight- and cell-ratio between ipsilateral (inoculated) and contralateral popliteal 
lymph nodes. Comparison wit h weights of lymphoid organs in normally fed or protein deprived rats 

Diet Thymus Ratios iPLN/cPLN Spleeli Ratios iPLN/cPLN Cervical Ratios iPLN/cPLN 
(rag) (mg) lymph node 

Weight : Number of cells : Weight: Number of cells : (mg) Weight : Number of ceils : 
> 3.0 > 15 > 3.0 > 15 > 3.0 > 15 

Balanced 280-470 68.7% 68.7% 520-660 68.7% 68.7% 6 -19 55.0% 60.0% 
(11/16) a (11/16) �9 (11/16), (11/16) a (11]20) �9 (12/20)" 

Protein-free 45 120 41.7% 50.0% 170-220 50.0% 57.2% 4.1 5.5 40.0% 40.0% 
(4 weeks) (5/12) (6/12) (7/14) (8/14) (4]10) (4/10) 
Protein-free < 45 20.0% 20.0% < 155 0 0 ~ 4.0 37.5% 37.5% 
(9 weeks) (2/10) (2110) (0/8) (0/8) (3/8) (3/8) 

,Number of rats with GVHR > 3 or > 15 respectively/total number of rats belonging to the different weight groups of cacti lymphoid organ. 


