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pheny lace ty l - a -amino  isobutyr ic  acid, DL-~-benzyloxy-x- 
pheny laee tamidoprop ion ic  acid 5 DL-m-methoxy-x-phenyl-  
ace tamidoprop ion ic  acid m e t h y l  ester  s, chloroacetyt-x-  
amino  i sobutyr ic  acid. 

V¢ith t h e  amino  acid de r iva t ives  tes ted,  i t  was  possible 
to  observe  c leavage  only  in those be longing  to  the  L-series, 
t he  acyl  group being phenylace t i c  or  chloroacet ic  acid and 
the  carbon a t o m  no t  being comple te ly  subs t i tu ted .  

Fo r  t he  above-men t ioned  compounds ,  which  undergo  
enzymat ic  hydrolys is  and have  the  a s y m m e t r i c  carbon 
a t o m  conta in ing  the  amide  group, t he  conf igura t ion  a t  
a symmet r i c  centre  is known.  We, however ,  also u t i l ized 
~-benzyloxy-phenace tur ic  acid s, whose conf igura t ion  is 
no t  known.  In  our  exper iments  w i th  t he  DL-COmpound, 
one of the  two forms was comple te ly  hydro lysed  af ter  
65 h, while  the  o the r  was unchanged.  This  l a t t e r  gave  

m.p.  106-108 °, [~]n = -- 2.05 ° (C = 3.8%) ~. The  config- 
u ra t ion  of the  a symmet r i c  ca rbon  a t o m  presen t  in t he  
isolated opt ica l ly  ac t ive  c o m p o u n d  is p robab ly  as follows: 

COOH 

H=~C-~NH--CO--CH~--C6H 5 

O 

CH= 
I 

C~H5 

l~iassunto. L'az ione  delle acilasi  present i  helle cellule di 
E.  colt A.T.C.C. 9637 ~ s t a t a  s tud ia t a  u t i l izzando divers i  
substrat i .  Si b cost t r ova to  che alcuni  c loroacet i l  e fenil- 
acet i l  amino  acidi  subiscono un ' idrol is i  as immetr ica .  

Amino acid Time % of phenylaeetic 
derivatives in h acid produced 

Phenylacetyl-L-alanine 48 77 
Phenylacetyl-L-valine 100 10 
Phenylacetyl-L-leucine 48 50 
Phenylacetyl-L-~-amino- 
n-butyric acid 48 66 
Phenylacet yl-L-phenyl- 
alanine 48 48 

G. LUCENTE, A. ROMEO, 
and D. Ross I  

Istituto di Chimica Farmaceutica A pplicata, 
Universith di Roma (Italy), December d, 196d. 

s We shall report on the preparation of the ¢¢-alkoxy-~-phenyl- 
acetamido acids in a further note. 
Satisfactory elemental analyses were obtained for each new com- 
pound and optical rotation values were determined in ethanol 
solution. 

S y n e r g i s m  B e t w e e n  Ion iz ing  Radia t ion  and  a 
Cytotox ic  M e t h y l h y d r a z i n e  Derivat ive:  Effect on  

D N A - D e g r a d a t i o n  

The  degrada t ion  of deoxyr ibonucle ic  acid (DNA) by  
m e t h y l h y d r a z i n e  de r iva t ives  has  recen t ly  been de- 
scribed 1 I t  has  been po in ted  ou t  t h a t  t he  m e c h a n i s m  of 
ac t ion  of  these  a n t i t u m o u r  agents  seems to show a simi- 
l a r i ty  w i th  t he  ind i rec t  effect  of ionizing rad ia t ion  2, e.g. 
fo rmat ion  of s t rongly  oxidiz ing and  reducing  free radicals.  
I t  therefore  appeared  desirable  to  inves t iga te  t he  effect  of 
the  combined  ac t ion  of  t he  above  men t ioned  compounds  
and  of  ionizing rad ia t ion  on deoxyr ibonucle ic  acid. 

T h e  expe r imen t s  were carr ied  o u t  w i t h  a 0.05% solu- 
t ion  of  sod ium deoxyr ibonuc lea te  p repared  f rom calf  
t h y m u s  glands  in 1 / 3 0 M  phospha te  buffer  of p H  7, wi th  
t h e  add i t ion  of 10% sodium chloride 3 as well  as 0.002 
moles/1 sod ium py rophospha t e  to  e l imina te  i ron ions ~. 
T h e  cy to tox ic  compound  5 N- isopropyl -p- (2-methyl -  
hyd raz inomethy l )benzamide  hydrochlor ide  (Natu tan  ®) 
was  added  in solid form. The  degrada t ion  of t he  D N A  
was checked by  v iscos i ty  measu remen t s  w i th  an  Ostwald  
t y p e  v i scomete r  (sheer stress abou t  200 to  500 sec -~) and 
by  the  de t e rmina t ion  of sed imen ta t ion  cons tan ts  (extra-  
pola t ion  to concen t ra t ion  l imes zero) w i th  a Spinco 
ana ly t ica l  u l t racent r i fuge  t y p e  E,  F u r t h e r  expe r imen ta l  
detai ls  have  been descr ibed in previous  papers  i Fo r  t he  
i r rad ia t ion  exper iments  a cobal t -60 T-ray source of 112 
curies was used% 10 ml  of t he  solut ions in cyl indr ical  
flasks were  p laced a t  a d is tance  of 11.5 cm f rom the  
radia t ion  source, the  dose ra te  being 11,000 rad/h.  The  

i r rad ia t ion  was carr ied ou t  a t  room tempera tu re .  A b o u t  
30 min  af te r  t e r m i n a t i o n  of the  i r radiat ion,  the  sampels  
were p u t  in a t h e r m o s t a t  and  kep t  a t  37°C. 

F igure  1 presents  t he  v iscos i ty  decrease of t h e  D N A  
solut ion in i t i a ted  b y  the  fol lowing t r e a t m e n t s :  I = irra-  
d ia t ion  wi th  11,000 tad,  I I  = add i t ion  of 0.0005 moles/ l  
Na tu lan ,  I I I  = i r rad ia t ion  wi th  11,000 rad  followed imme-  
d ia te ly  by  add i t ion  of 0.0005 moles/1 Na tu lan .  Accord ing  
to  t he  expe r imen ta l  results ,  the  decrease in specific vis-  
cosi ty  caused by  the  combined  ac t ion  of i r rad ia t ion  and  of 
Na tu l an  is subs tan t ia l ly  grea te r  t h a n  t h a t  expec ted  from 
a simple add i t ion  of bo th  t r ea tmen t s .  The  m a x i m u m  effect  
was ob ta ined  when  N a t u l a n  was added  i m m e d i a t e l y  af ter  
t e rmina t ion  of the  i r radia t ion.  The  effect  decreased gra- 
dua l ly  as the  in t e rva l  be tween  the  t e r m i n a t i o n  of i r radia-  
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t ion and the  addi t ion  of Na tu lan  increased. The effect of 
Na tu lan  decreased also when i t  was added be]ore the 
i rradiat ion.  This  was probably  due to compet i t ive  radio- 
p ro tec t ive  react ions  of Na tu lan  during irradiat ion result- 
ing f rom its  reducing power,  e.g. ' repair '  of D N A  radicals. 

I n  F igure  2 t h e  correlat ion between specific viscosity 
of t he  D N A  solut ion and  the  sedimentat ion constant  of 
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Fig. 1. Change in tim specific viscosity of a 0.05% solution of DNA 
after the following treatments: (C) Control (without treatment). 
(I) Irradiation with I1,000 tad. (II) Addition of 0.0005 moles/1 N-iso- 
propyl-p-(2-methylhydrazinomethyl)benzamide hydroehtoride. (III) 
Irradiation with i1,000 rad and addition of 0.0005 moles/l N-isopro- 
pyl-p-(2-methylhydrazinomethyl)benzamide hydroehloride imme- 

diatdy after termination of irradiation. 

the D N A  is given. These results were obta ined  with  D N A  
degraded by different doses of Na tu lan  wi th  and wi thou t  
prcccding irradiation. The  results suggest  t ha t  the  same 
correlat ion exists between specific viscosi ty and  sedi- 
menta t ion  cons tant  for bo th  D N A  degraded by  Na tu tan  
alone and by a combinat ion of Natu lan  and i rradiat ion.  

In  Figure 3 the specific viscosities of F igure  1 were 
convertcd to 'average molar  concent ra t ions '  of  DNA.  
For  this calculation the relat ionship given in i : igure 2 
between specific viscosity and sed imenta t ion  cons tan t s  
was used. The la t ter  were t ransformed into average  mole-  
cular weights using the relat ionship of Dov,z et  al. 7. The  
increase in 'average molar  concent ra t ion '  is a measure  of  
the number  of double breaks tha t  have  occurred in the  
DNA molecule*. Figure 3 thus represents the increase in 
'avcrage molar  concentra t ion '  of D N A  with  t ime af tcr  
the following t rea tments  : I = i rradiat ion with 11,000 rad, 
II  = addit iou of 0.0005 moles/l Natulan,  I I l =  i r radia t ion 
with 11,000 tad and addit ion of 0.0{}05 molcs/l  Na tu lan  
immediate ly  after  te rminat ion  of the irradiat ion.  Accord- 
ing to these results the combined action of ionizing 
radiat ion and of Natulan  causes more double breaks in 
the DNA molecule than wouhl bc expected from a simple 
summat ion of the effects of radiat ion and of the cy to tox ic  
agcnt. 

A remarkable feature is the syncrgistic effect of ionizing 
radiat ion and of the cytotoxic  mcthy lhydraz inc  com- 
poumt on DNA fragmentat ion and the fact t ha t  the  maxi -  
mum effect was observed only when Natulan  was added  
immediate ly  after  the irradiation.  No such effects were  
obtained with  a ni t rogen mustard  [methyl-bis(fl-chlor- 
ethyl)amine hydrochloride].  Added hydrogen peroxide 
had a much smaller  enhancing effect on the  degrada t ion  
than  the cquimolar  amount  of Natulan.  In te res t ing ly  
enough, the  effect of hydrogen peroxide was grea ter  when 
it  was alrcady present  dur ing irratt iation than  when 
added afterwards. 
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Fig. 2. Correlation between specific viscosity and sedimentation con- 
stant of DNA degraded with different doses of N-isopropyl-p-(2- 
methylhydrazinomethyl)benzamide hydrochlorlde with and without 
preceding irradiation. Circles: Degradation by 11,000 rad and N-iso- 
propyl-p-(2-methylhydrazinomethyl)benzamlde hydroehloride. Tri- 
angles: Degradation by N-isopropyl-p-(2-methylhydrazinomethyl)- 

benzamide hydroehloride alone, 
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Fig. 3. Effect of ionizing radiation and of a cytotoxic methylhydrazin¢ 
derivative and of tiwir combinatiem on the 'average molar cotzcen- 
tratiou' of DNA. (C) Control. (l) 11,000 tad. (l I) 0.0005 moles/l N-iso- 
propyl-p-(2-methylhydrazinomethyt)benzan!ide hydrochloride. (Ill) 
11,000 rad and 0.0005 moles/l N-ist)propyi-p-(2-nmthylhydrazino- 
methyl)benzamide hydrocitloride added immeditltdy a/ter termina- 

tion of irradiatimL 
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Acco rd ing  to  t h e  resul ts ,  ion iz ing  r a d i a t i o n  seems to  
h a v e  a sens i t i z ing  effect  on  D N A  s u b j e c t e d  to  t h e  a c t i o n  
of  N a t u l a n .  Th i s  m a y  b e  e x p l a i n e d  b y  t he  f o r m a t i o n  of 
u n s t a b l e  pe rox ides  d u r i n g  i r r a d i a t i o n  9, w h i c h  y ie ld  free 
r ad ica l s  as a resu l t  of t h e i r  d e c o m p o s i t i o n  ~o. SCHOLES e t  
at. n h a v e  d e m o n s t r a t e d  t h a t  t h e  o rgan ic  pe rox ides  
f o r m e d  b y  X - i r r a d i a t i o n  of D N A  in  t h e  p resence  of o x y g e n  
show a m a r k e d  p o s t - i r r a d i a t i o n  decay  wh ich  m a i n l y  
t a k e s  place  w i t h i n  a few h o u r s  a f t e r  t e r m i n a t i o n  of t h e  
i r r ad i a t i on .  The  free rad ica l s  fo rmed  d u r i n g  t h i s  decay  
m a y  ac t  as i n i t i a t o r s  ~ of t h e  a u t o x i d a t i o n  of c y t o t o x i c  
m e t h y l h y d r a z i n e  c o m p o u n d s L  T h e  h i g h e r  r a t e  of au t ox i -  
d a t i o n  wil l  r e su l t  in  a n  increase  of b o t h  t h e  f o r m a t i o n  ~ 
a n d  of  t h e  a c t i v a t i o n  13 of h y d r o g e n  pe rox ide  a n d  t h u s  
e n h a n c e  t h e  d e g r a d a t i o n  of D N A .  

s t r a h l u n g  e n t s t a n d e n e n  o r g a n i s c h e n  Pe rox ide  z u m  gr6ss- 
t e n  Tell  i n n e r h a l b  de r  e r s t en  zwei bis  dre i  S t u n d e n  n a c h  
d e r  B e s t r a h l u n g  u n t e r  B i l d u n g  f re ier  Rad ika l e .  Diese  
k 6 n n e n  als S t a r~ rad ika le  be i  de r  A n t o x y d a t i o n  y o n  
N a t u l a n  w i r k e n  u n d  d a h e r  d e n  A b b a u  y o n  D N S  beschleu-  
nigen.  

K.  BERNEIS, W,  BOLLAG, 
M. KOFLER, a n d  H.  LUTHY 

Forschungsableilung der F.  Ho/[mann-La  Roche 6o 
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Strahlenphysik, Biirgerspital, Basel (Switzerland), 
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Zusammen/assung.  Die k o m b i n i e r t e  E i n w i r k u n g  y o n  
ion i s i e rende r  S t r a h l u n g  u n d  N - I s o p r o p y l - p - ( 2 - m e t h y l -  
h y d r a z i n o m e t h y l ) b e n z a m i d  h y d r o c h l o r i d  ( N a t u l a n  ®) 
f i ihr t  zu e inem wesen t l i ch  s t i t rke ren  A b b a u  y o n  Desoxy-  
r ibonucle insXure  (DNS) als au f  G r u n d  de r  l i nea ren  Super -  
pos i t i on  zu e r w a r t e n  witre. D e r  S y n e r g i s m u s  is t  a m  aus-  
gepr i ig tes ten ,  w e n n  de r  Z u s a t z  y o n  N a t u l a n  u n m i t t e l b a r  
n a c h  de r  B e s t r a h l u n g  erfolgt .  Dieser  E f f e k t  k a n n  als  Fo lge  
de r  B i l d u n g  i n s t a b i l e r  P e r o x i d e  w ~ h r e n d  d e r  B e s t r a h l u n g  
erk l i i r t  werden .  B e k a n n t l i c h  zerfa l len  die be i  de r  Be-  
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and M. HAISSINSKY; Pergamon Press, London 1958), p. 42. 
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D e t e r m i n a t i o n  of the  D r y  M a s s  o f  N e r v o u s  and 
Glial  Cel l  N u c l e i  by  I n t e r f e r e n c e  M i c r o s c o p y  1 

BRATTGARD a n d  HYDEN 2# a n d  HYDEN 4 m e a s u r e d  t h e  
d r y  mass  c o n c e n t r a t i o n  of n e r v e  cells b y  m e a n s  of X - r a y  
mic roscopy  a n d  ca l cu la t ed  i nd i r ec t l y  t h e  t o t a l  d r y  mass  
of t h e  same  cells on  t h e  bas is  of t he  area.  

Th i s  m e t h o d  is l abor ious  a n d  does n o t  seem well  su i t ed  
for  t he  d e t e r m i n a t i o n  of t h e  d r y  mass  of t h e  nuclei .  
I n t e r f e r e n c e  mic roscopy  seems to  show m a r k e d  a d v a n -  
t ages  for  t h i s  purpose ,  a n d  in  t h i s  p a p e r  t h e  va lues  ob-  
t a i n e d  in  t h e  m e a s u r e m e n t s  of t h e  d r y  mass  of n e r v o u s  
a n d  gl ial  cell nuc le i  of a l b i n o  r a t s  are  descr ibed.  

S a m p l e s  were  t a k e n  f rom w h i t e  m a t t e r  (corona  r a d i a t a ,  
l u m b a r  e n l a r g e m e n t  of t h e  sp ina l  cord) a n d  f r o m  g rey  
m a t t e r  ( l u m b a r  e n l a r g e m e n t  of t i le  sp ina l  cord) .  

T h e  t i ssue  (5 rag) was  d i spersed  in  a n h y d r o u s  glycerol  
(Merk) a f t e r  p rev ious  f reeze-drying ,  or d i r ec t ly  in  BARNES, 
ESNOUF, a n d  STOCKEN f luid  5. F o r  p r e p a r a t i o n  of t he  d r y  
nuclei ,  t h e  t i s sue  was  d r o p p e d  i m m e d i a t e l y  a f t e r  dissec- 
t i on  in to  semi f rozen  F r e o n  12 a n d  r a p i d l y  t r a n s f e r r e d  to  
t h e  h is to logica l  f r eeze -d ry ing  a p p a r a t u s  (TD2, E d w a r d s  
Crowley) .  Af te r  c o m p l e t i o n  of t h e  d ry ing ,  t h e  t i ssue  was  
d i spe r sed  in a n h y d r o u s  glycerol  b y  P o t t e r - E l v e j h e m  ap-  
p a r a t u s .  

I n  t h e  second  case, t h e  nucle i  were  d i spersed  d i r e c t l y  in  
BARNES, ESNOUF, a n d  STOCKEN 5 so lu t ion  a n d  t h e  n u c l e a r  
f r ac t i on  was  s e p a r a t e d  f rom t h e  h o m o g e n a t e  b y  cen t r i fu -  
g a t i o n  in  a r e f r ige ra t ed  cen t r i fuge  (E i sp i roue t t e ,  Phywe) ,  
w h i c h  was r a p i d l y  acce le ra ted  to  3000 g a n d  t h e n  lef t  to  
dece le ra te  un t i l  i t  s topped .  

The  nucle i  p r e p a r e d  acco rd ing  to  t h i s  m e t h o d  unde r go  
a n o t a b l e  loss of t h e  so luble  p ro t e in s  a n d  t h e i r  d r y  mass  

vMues  co r r e spond  s u b s t a n t i a l l y  to  t h e  c o n t e n t  of insol -  
ub le  p ro te ins ,  w h e r e a s  t h e  nucle i  p r e p a r e d  in  a n h y d r o u s  
g lycerol  possess  t h e i r  ful l  c o m p l e m e n t  of p ro te ins .  T h e  
d i f fe rence  in  t h e  va lues  o b t a i n e d  w i t h  t h e  two  m e t h o d s  
gives  a n  i n d i c a t i o n  of t h e  n u c l e a r  c o n t e n t  of  soluble  
p ro t e in s  s. 

Nucle i  were  m e a s u r e d  in a c h a m b e r  a b o u t  40 /, t h i c k  
(ob ta ined  b y  i n t e rpos ing  t h i n  mica  foils b e t w e e n  sl ide a n d  
coversl ip)  in  o rder  to  m a i n t a i n  t h e i r  spher ica l  shape ,  
w h i c h  is a l t e red  b y  compress ion  w h e n  t h e y  are p laced  
d i rec t ly  b e t w e e n  slide a n d  covers l ip .  

D r y  mass  m e a s u r e m e n t s  were m a d e  w i t h  a S m i t h - B a k e r  
i n t e r f e r ence  microscope  us ing  a X 100 ' s h e a r i n g '  o b j e c t i v e  
a n d  ' hMf- shade '  eyepiece.  T h e  f o r m u l a  used  for  t h e  ca lcu-  
l a t i o n  of t h e  t o t a l  d r y  mass  was :  

M = KQA/IOOc¢,  

where  M is t he  t o t a l  d r y  mass ,  K is a c o n s t a n t  (ca lcu la ted  
b y  PELLEGRINO et  al.7), Q is t h e  op t i ca l  p a t h  difference,  
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