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analysis  of the  in t ens i ty  of n inhydr ine  rings ob ta ined  wi th  
amino acid s t anda rds  of 10-20 #g/ml,  referred to as + .  
At  the  end of each e x p e r i m e n t  the  sterile condi t ions  of 
the  mix tures  were control led by  agar  p la te  tes ts  e i ther  
for bac te r ia  or for fungi. 

Results. Of the  ca ta lys t s  examined,  CuSO 4 is the  mos t  
act ive in p roduc ing  di f ferent  amino acids b o t h  a t  0.05 
and 0.1%, especially when  n i t rogen is suppl ied by  an in- 
organic source. This  synthes is ,  as well as in the  presence 
of the  o the r  cata lys ts ,  is charac te r ized  by  the  appearance  
and d i sappearance  of def in i te  amino acids dur ing  the  
i r rad ia t ion  t ime wi th  the  prevalence  of some amino acids. 
An example  of such behav iour  is r epor ted  in Table I. 

The fu r ther  resul ts  wi th  CuSO 4, wi th  FeC1 a a t  0.05 and 
0.1% (also an act ive cata lys t ) ,  and wi th  CoC12 (a good 
ca ta lys t  a t  0.05%), are summar ized  in Table  II .  

An a t t e m p t  to  po t en t i a t e  the  yield of pho tochemica l  
syn thes i s  of amino acids has  been successful:  mix ing  
CoC12 0.05% and  FeC1 a 0.05% in mix tures  where air was 
the  n i t rogen source. Here,  only glycine and alanine are 
formed at  the  beginning and last  up to 30 days  of l ight  
exposure.  NiCO 3 is prac t ica l ly  inact ive.  

The non- ident i f ied  n inhyd r in  rings were p r e sumab ly  
due to pep t ide  format ion.  The tes ts  on the  samples  kep t  
in the  dark  showed format ion  of amino acids de tec tab le  
in ve ry  fa int  r ings wi th  Rf  values  different  f rom those  of 
pho tochemica l ly  synthes ized  amino acids. 

The mechan i sm of fo rma t ion  and t r ans fo rma t ion  of 
amino acids following photoca ta lys i s  is no t  as ye t  known.  
Accordingly,  it  is difficult  to u n d e r s t a n d  the  prevai l ing 
fo rmat ion  of some par t icu lar  amino acid by  the  act ion of 
specific catalysts .  The steri l i ty,  control led carefully 
t h r o u g h o u t  the  exper iments ,  is a clear indica t ion  t h a t  
fo rmat ion  and t r ans fo rma t ion  of amino acids can occur 
under  abiogenic condit ions,  as was observed also by  
MILLER 5 using CH 4 and N H  3 in a cycled sys tem ca ta lysed  
by  electric discharge, and  by  CUL'rRERA and FERRARI a 

f rom glucides and  organic acids exci ted  by  UV-light .  The 
impor t ance  of such a t ype  of pho tochemica l  syn thes i s  has  
been  fu r the r  underscored  by  recen t  observa t ions  by  
BAHADUR et al. ~, conf i rmed by  ]~RIGGS s, d e m o n s t r a t i n g  
t h a t  the  act ion of sunl ight  or of artificial  l ight  on steri l ized 
solut ions conta in ing  mix tu res  of amino  acids and organic 
ca ta lys t s  can br ing abou t  t he  fo rma t ion  of uni ts  hav ing  
proper t ies  of growth,  division and  metabol ic  ac t iv i ty ,  
hence fo r th  called Jeewanu (which in Sanskr i t  means  
par t ic les  of life)9. 

Riassunto. Viene confermato  che la s intes i  fo tochimica  
degli aminoacidi  da  paraforn la lde ide  ca ta l izza ta  da  com- 
pos t i  inorganici  avviene  sin in presenza  sin in assenza 
di una  sorgente  inorganica  di azoto f issato (aria). Ino l t re  
viene d imos t r a to  c h e i  t ipi  di aminoacidi  p rodo t t i  come la 
velocit~ di formazione d ipendono  dal ca ta l izzatore  usato.  
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Studies  on the Metabol ic  Fate of the 14C-Labeled 
Methyl  Group of a Metbylhydraz ine  Derivat ive  in 

P815 Mouse  Leukemia  

E x p e r i m e n t a l  and clinical evalua t ion  of the  cy to toxic  
agent  1-methyl-  2 -p- ( i sopropylcarbamoyl )benzylhydraz ine  
hydrochlor ide  (MBH) (NSC 77213) evoked an in te res t  in 
its react ion mechan i sm and  metabol i sm.  The coincidence 
of cy to tox ic l ,  carcinogenic~, and  te ra togenic  effects s re- 
vealed a probable  a t t a ck  on the  genetic mater ia l  of the  
cell, and the  b reakdown  in vivo of DNA by  MBH * s t imu-  
la ted the  search in the  same direction.  Our in te res t  in th is  
compound  was increased by  our observa t ion  t h a t  the  
t e rmina l  N - m e t h y l  group was labile s and by  the  con- 
siderable in teres t  and specula t ion  as to the  biological 
significance of the  normal ly  occurr ing m e t h y l a t i o n  of 
R N A  and D N A  in m a n y  species. 

The aim of this  inves t iga t ion  was to  compare  the  po- 
tencies  and l imits  of the  fo rmate  pool of the  m a m m a l i a n  
cells in vivo wi th  t h a t  of the  Cl-uni t  der ived f rom the  N- 
me thy l  group of MBH,  and  to search for m e t h y l a t e d  and 
u n m e t h y l a t e d  pur ine  bases  in the  urine of P815 leukemic 
mice t r ea ted  e i ther  wi th  ~4C-MBH or ~4C-Na formate .  

Materials and methods. The two 14C-labeled compounds ,  
M B H  (labeled in the  t e rmina l  N - m e t h y l  group) and  Na  

formate ,  showed a specific ac t iv i ty  of 17.0 #c /mg and 74 
/~c/mg, respect ively  6. Bo th  subs tances  were dissolved in 
0.9% saline. 2 series of 30 B D F  1 mice each, ranging  in 
weigh t  f rom 20-25 g, were inocula ted  in t raper i tonea l ly  
wi th  10 million 17815 leukemic cells on day  0. On day  6, 
a group of 10 mice f rom each series was in jec ted  i.p. w i th  
33.33 mg/kg  (0.129 mM/kg)  of �92 and  1.47 mg/kg  
(0.0216 mM/kg)  of 14C-Na formate ,  respect ively.  The 
urine of these mice was collected in ice-cooled flasks over  
a 24 h period. The remain ing  20 mice f rom each series 
were in jec ted  wi th  the  same doses of e i ther  t4C-MBH or 
~*C-Na formate  on day  7. Their  urine was collected 5 h 
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following in ject ion of the  drugs.  The 5 h and  24 h urines 
of b o t h  series were t h e n  pooled separa te ly  for the  ex t rac-  
t ion  s tudies .  

The pur ine  bases  were isolated f rom urine following the  
p rocedure  descr ibed by  WEISSMANN et  al.L The f inal  
separa t ion  of the  bases was effected using the  sys tems  of 
MARKHAM a n d  SMITH 8 a n d  HOTCHKISS 9. The  spots  were 
ex t r ac t ed  f rom the  pape r  ch roma tog rams  wi th  0 .1N HC1, 
r e c h r o m a t o g r a p h e d  on W h a t m a n  pape r  e i ther  in the  n- 
b u t a n o l - H C O O H - w a t e r  8 or a p h o s p h a t e  buffer  sy s t em 10 
and  Muted wi th  water .  The comple te  U V - s p e c t r u m  of 
these  ex t rac t s  was de t e rmined  as descr ibed by  WEiss -  
MANN et  al. L An al iquot  of the  basic solut ion was added  
immed ia t e ly  to  10 ml  of d ia tol  n,  and  the  r ad ioac t iv i ty  
was t h e n  measured.  The specific act ivi t ies  were eva lua ted  
as cpm/op t i ca l  dens i ty  a t  the  wave leng th  of the  m a x i m u m  
a t  p H  2.1 le. The  UV-abso rp t i on  spec t ra  were compared  
wi th  k n o w n  samples  of guanine,  adenine,  h y p o x a n t h i n e  
7-methylguanine ,  1 -methyladenine  (compound S of 
W~ISS~ANN ~), and  m e t h y l h y p o x a n t h i n e ,  run  in the  same 
p a p e r - c h r o m a t o g r a p h y  sys t em and ex t r ac t ed  and evalu- 
a ted  as above  xs. 

Results  and discussion. As shown in the  Table,  af ter  i.p. 
in jec t ion  of b o t h  I*C-MBH and  14C-Na formate ,  guanine 
and  7-methylguanine ,  adenine  and 1-methyladenine ,  
h y p o x a n t h i n e  and  1 -me thy lhypoxan th ine  were found in 
t he  24 h ur ine (xanthine,  b u t  n o t  7 -methy lxan th ine ,  was  
also identif ied) .  Several  s tudies  indicate  t h a t  in bac-  
te r ia  ~4,~s and  Ehr l i ch  ascites cells ~6 the  m e t h y l  group for 
the  m e t h y l a t e d  t race  bases of s - R N A  originates  pr imar i ly  
f rom the  m e thy l  group of methionine .  If  th is  were also 
t rue  for mammals ,  we would expec t  in an exper iment ,  in 
which  14C-Na fo rmate  is used as the  sole labeled precursor  
for pur ine  bases,  t h a t  me thy l a t i on  of guanine  and  adenine  
would no t  inf luence the  rat ios  of the  specific ac t iv i ty  of 
the  m e t h y l a t e d  to u n m e t h y l a t e d  bases,  i.e. we were to 
expec t  a ra t io  of 1. In  the  I~C-Na fo rmate  exper iment ,  as 
d e m o n s t r a t e d  in t he  Table, the  rat ios  of t he  specific ac- 
t i v i t y  of 1 -methyladenine  to  adenine,  and  1-methyl-  
h y p o x a n t h i n e  to  h y p o x a n t h i n e  (0.99 and 0.94, respec- 
t ively) come close to  the  theore t ica l ly  expec ted  value, 
whereas  the  rat io of 7 -methylguanine  to  guanine  (2.9) 
obviously  does not .  This  suggests  t h a t  14C-Na fo rmate  
n o t  only  enters  t h e  fo rma te  pool  for use in  t he  de novo  
syn thes i s  of the  C 2 and  C 8 posi t ions of the  pur ine  bases,  
b u t  t h a t  one pa r t  of ~4C-Na fo rmate  migh t  be t rans fe r red  
e i ther  directly onto the  7-posit ion of guanine (including a 
s tep  of reduct ion)  or t h rough  the  fo rmate  pool  onto  homo-  
cysteine,  as repor ted  by  BERG ~, wi th  subsequen t  t rans -  
m e t h y l a t i o n  of the  m e t h y l  group of the  resul t ing meth io-  
nine onto  guanine.  Al though  the  result  of these  two, or 

any  other ,  processes is the  same, n ame l y  labeled 7- 
methy lguan ine ,  t he  difference in the  specific act ivi t ies  
indica tes  a preference  of one of these  metabol ic  p a t h w a y s  
or a d i f ferent  size of the  pools. A fur ther ,  bu t  slight,  pos- 
sibil i ty migh t  be a rapid excre t ion  of 7-methylguanine ,  
whereas  guanine  itself migh t  be re-used for the  synthes is  
of D N A  and  RNA.  However ,  we would expec t  a re-use 
no t  only  of guanine  b u t  also of adenine,  which is no t  the  
case, as the  resul ts  show. The selective devia t ion  f rom the  
expec ted  rat io of the  specific activit ies,  as d e m o n s t r a t e d  
here for 7-methylguanine  to guanine only, migh t  well be 
the  express ion of the  more r eady  accessibil i ty of guanine 
for me thy l a t i on  or, in general,  a lkylat ion.  This  phenome-  
non is well k n o w n  for the  a lkyla t ion of D N A  ~s-20 and  
R N A  20 in vi t ro  wi th  various m e t h y l a t i n g  and  a lkyla t ing 
agents  and  was p red ic ted  for in vivo s tudies  by  LAWLEu ~0 
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Comparison of specific activity of purine bases found in the urine of BDF 1 nlice with P815 leukemia after treatment with 14C-MBH and 
14C-Na formate 

PHrine bases 

Urine of mice treated with 14C-MBH Urine of mice treated with a4C-Na formate 

Specific activity Ratio of specific Specific activity Ratio of specific 
(cpm/optical activity of methylated (epm/optical activity of methylated 
density) to unmethylated base density) to unmethylated base 

7-Methylguanine 1505 24.3 1392 2.9 
Guanine 62 482 

1-Methyladenine 314 7.9 367 0.99 
Adenine 40 370 

1-Methylhypoxanthine 326 4.3 1612 0.94 
Hypoxanthine 76 1722 



15. VII. 1966 Speeialia 433 

and conf i rmed b y  MAGEE and FARBER 21 for D N A  and  
R N A  in rats.  A l though  in vi t ro  a lkyla t ion  of nucleosides 
and  nucleot ides of guanine 18 and deoxynucleotides19 can 
also be achieved,  the  general  belief t o d a y  is t h a t  the  
a lkyla t ion in vivo takes  place a t  the  level of the  macro-  
molecules ~,21-~3. 

W h e n  the  pa t t e rn s  of the  u r inary  pur ines  of ~4C-MBH- 
t r ea t ed  and  14C-Na fo rma te - t r ea t ed  mice are compared ,  
the  mos t  s t r iking difference is the  more  t h a n  8 t imes  
h igher  ra t io  of the  specific ac t iv i ty  of 7 -methy lguan ine  
to guanine (24.3) in the  14C-MBH exper iment ,  whereas  
the  rat ios  of the  specific ac t iv i ty  of 1 -methy laden ine  to  
adenine and its metabol ic  p roduc t  1 -me thy lhypoxan t h i n e  
to h y p o x a n t h i n e  are much  lower (7.9 and  4.3, respec- 
t ively).  

These results  suggest  t h a t  the  me thy l  group of M B H  
not  only  con t r ibu tes  to the  fo rmate  pool bu t  is also t r ans -  
ferred b y  by-pass ing  the  pool e i ther  (and mos t  probably)  
by  a d i rect  t r ansme thy la t ion ,  or poss ibly  by  the  rou te  
(a) homocys te ine  -> (b) meth ion ine  -> (c) guanine and 
adenine;  (a) and (c) serve as acceptors  and (b) as t rans -  
mi t t e r  of the  m e t h y l  group. 

I t  is in te res t ing  t h a t  in a recent ly  publ i shed  s t u d y  of 
the  fate  of the  14C-labeled m e t h y l  group of (methyl-  
~4C-)nlethionine, MANDEL et al. 24 repor ted  the  identif ica-  
t ion of the  same u n m e t h y l a t e d  and m e t h y l a t e d  bases in 
the  urine of mice carrying m a m m a r y  carc inoma as in our  
s tudies  wi th  P815 leukemic mice. F u r t h e r  s tudies  will be 
needed to prove or disprove a possible connec t ion  be tween  
the  metabol ic  p a t h w a y s  of the  me thy l  group of meth io-  
nine and MBH 2B. 

Zusammen/assung. Neben der  berei ts  beschr iebenen  teil- 
weisen Oxyda t ion  der  endst / indigen N-Methy lg ruppe  yon  

1 - Methyl  - 14C - 2 - p - ( i sopropylcarbamoyl)  b e n z y l h y d r a z i n -  
Hydroch lo r id  (MBH) (NSC 77213) in vivo 5 lassen die h ier  
aufgef i ihr ten Resu l t a t e  auch  auf eine T ran s me t h y l i e rung  
dieser  Methy lg ruppe  schliessen. 
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Effect of Menadione  on the Phagocyt ic  Act iv i ty  
of Guinea -P ig  P o l y m o r p h o n u c l e a r  Leucocytes  

Previous  work 1 has  shown t h a t  menadione,  an e lectron 
acceptor  for the  ox ida t ion  of pyr id in  nucleot ides  t h rough  
the  f lavopro te in  DT-diaphorase  2, s t rongly  increases the  
oxygert up take  of res t ing  po lymorphonuc lea r  leucocytes.  
The menad ione - s t imula ted  respirat ion is amyta l - ,  rote-  
none-,  an t imyc in  A- and cyanide- insensi t ive ,  and it is 
inhib i ted  by  d icoumarol  a t  low concent ra t ion .  The in- 
creased oxida t ion  of N A D P H  2 by  menad ione  s t imula tes  
the  oxida t ion  of glucose t h rough  the  hexosemonophos -  
pha t e  pa thway .  

The presen t  communica t ion  deals wi th  the  f inding t h a t  
menad ione  is a powerful  inhib i tor  of phagocytos i s  by  
po lymorphonuc lea r  leucocytes and wi th  expe r imen t s  
carr ied out  in an a t t e m p t  to inves t iga te  the  mechan i sm of 
such inhibi t ion.  

Experimental. The exper iments  on phagocytos i s  (incu- 
ba t ion  and  cytological  examinat ions)  and on metabol ic  
assays were pe r fo rmed  as descr ibed previouslyl ,~,  4, using 
guinea-pig po lymorphonuc lea r  leucocytes  f rom sterile 
per i tonea l  exudate .  

Results. (1) Ef fec t  of menad ione  on phagocytos i s  and  
its metabol ic  concomi tan t s  in aerobiosis. The addi t ion  of  
menad ione  10 42VI, 2 �9 10-42VI to leucocytes  i ncuba ted  in 
d i f ferent  condi t ions  (Krebs-Ringer  p h o s p h a t e  w i t h o u t  
CaC12, Krebs -R inge r  b ica rbona te  w i thou t  CaC12, t r is-  
buffered NaC1-KC1 solution) inhib i t s  phagocytos i s  of 

killed opsonized Staphylococcus aureus and Bacillus sub- 
tills. The ex t en t  of inhibi t ion was 80-90% over  30 exper i -  
men ts  wi th  d i f ferent  ba tches  of cells. The add i t ion  of 
bac ter ia  fails to s t imula te  the  oxygen  up take  and  the  
C1402 p roduc t ion  f rom glucose-U-C 14 when  menad ione  is 
p resen t  (Table 1). 

Dicoumarol  10-SM, 10-~M s l ight ly  increases the  res- 
p i r a to ry  ac t iv i ty  of res t ing cells and  has  no effect  on the  
ex t en t  of phagocytos is .  In  the  presence  of dicoumarol ,  t he  
effect of menad ione  on the  leucocyt ic  respi ra t ion  is abol-  
ished, whereas  phagocytos is  remains  inhib i ted  (Table I). 

(2) Ef fec t  of menad ione  on aerobic glycolysis. There  
are m a n y  indica t ions  5 7 on the  i m p o r t a n t  energy-supply-  
ing role of aerobic glycolysis for phagocytos i s  in poly-  
morphonuc lea r  leucocytes.  

The aerobic p roduc t ion  of lactic acid is s l ight ly  in- 
h ib i ted  by  menad ione  even ill the  presence  of d icoumarol .  
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