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Clt 3 OH 0 
Unsere eigenen Untersuchungen brachten uns zur Ver- 

mutung, dass Cycloserin auf bis jetzt  yon uns nicht v611ig 
gekl/irte Weise teils tiber D K P  hinaus seine biologische 
Aktivit~.t entfaltet.  Die interessanten pharmakologischen 
Eigenschaften des D K P  bieten eine gewisse Sttitze fiir 
unsere Anschauungen fiber die Wirkungsweise yon Cyclo- 
serin. 

diketopiperazins beobachteten toxischen Symptome sind 
durch starke Niedergeschlagenheit gekennzeichnet, welche 
yon Ptosis und Katalepsie begleitet wird. Jedoeh ruff jede 
yon aussen kommende Anregung starke Reizbarkeit  her- 
vor. Sp~iter treten Atmungsschwierigkeiten und Cyanosis 
hinzu. Nach Verabreichung von D,L-Cycloserin wurden 
praktisch dieselben toxischen Symptome beobachtet. 

Im Gegensatz zum D, L-Cycloserin, das die Thiopenthal- 
narkose bei M~iusen bedeutend verl~ingert, zeigte sich 
D, L- 2, 5- Bis- (aminooxymethyl)-  3, 6- diketopiperazin in 
dieser Hinsicht ohne Einfluss. Die Resultate der vorl~tu- 
figen pharmakologischen Untersuchungen deuten auch in 
anderen Richtungen auf die unterschiedlichen Eigen- 
schaften der beiden PrAparate hin (zum Beispiel in der 
Wirkung auI die krampferregenden Stoffe). Das 2, 5-Bis- 
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Es wurden vergleichende Untersuchungen tiber die anti- 
tuberkulose "Wirksamkeit yon D,L-Cycloserin und D,L-  
2, 5-Bis-(aminooxymethyl)-3, 6-diketopiperazin in vitro an 
einer 12 Tage alten Kul tur  des Mycobacterium tuberculosis 
var. hominis H37Rv in fitissigem N/ihrmedium nach Pros- 
kauer-Beck durchgeftihrt. Die verwendeten Pr/iparate 
wiesen Konzentrationen von 0,78 7/ml bis 100 7/ml auf. 
Nach 14t~giger Inkubationszeit  bei 37 ° wurden die Ergeb- 
nisse makroskopisch abgelesen. Die vollstAndige Wachs- 
tumshemmung des Mycobacterium tuberculosis bewegte 
sich bei beiden Pr~iparaten im Konzentrationsbereich von 
6,25 bis 12,5 7/ml. Die in vivo durehgeftihrten Orientie- 
rungsversuche brachten ebenfalls gtinstige Resultate. 

Die Toxizitlit  des D,L-2,5-Bis-(aminooxymethyl)-3,6- 
diketopiperazins ist bei peroraler Verabreichung gleich 
gross wie die des D,L-Cycloserins (DLs0 4 g/kg). Die nach 
der Applikation des D,L-2,5-Bis-(aminooxymethyl)-3,6-  

(aminooxymethyl)-3,6-diketopiperazin sowie seine Deri- 
r a t e  sind Gegenstand weiterer pharmakologischer Unter- 
suchungen. 

Summary. I t  has been ascertained tha t  racemic 2, 5-bis- 
(aminooxymethyl)-3,6-diketopiperazine, being a trans- 
formation product of D,L-cycloserine, possesses the same 
effect against Mycobacterium tuberculosis as D,L-cyclo- 
serine itself. 

j .  MICHALSK~, J. ~TVRTNfK, 
Z. HORfi, KOV2~ und V. BYD~OVSK'~ 

Forschungsabteilung des VE B Farmakon Olomouc und For- 
schungsinstitut [i~r Pharmazie und Biochemie Prag ( Tsche- 
choslowahei), 11. Januar 1962. 

U p t a k e  b y  M a m m a l i a n  Cel ls  of N u c l e i c  A c i d s  
C o m b i n e d  w i t h  a B a s i c  P r o t e i n  

When nucleop~oteins are dissociated with different 
techniques, nucleic acids apparently retain the whole 
genetic information1, z and protein moiety most of the 
immunological properties of the original complex. In ad- 
dition, nucleoproteins have some biochemical and bio- 
logical characteristics which are not displayed by their 
components: a remarkable resistance toward hydrolysis 
with enzymes for instance. The host-specificity and high 
efficiency of infection tha t  whole viruses (but not the 
extracted V-DNA and V-RNA) possess, and the ability of 
ribosomes to serve  as template for protein synthesis 3 (a 
property which i s  not  shared by R-RNA) are other 
characteristics of intact nucleoprotein particles only. 

We have been interested in investigating the properties 
of artificial ribonucleoprotein complexes deriving from the 
in vitro combination of a basic protein with nucleic acids 
of different types and sources, with the aim of using them 
as biochemical tools for a s tudy of more complex systems 
such as viruses and ribosomes. 

Experimental. Basic protein (MA) was prepared by 
methylation with methanol and HCI of bovine serum 

albumin (fraction V, Armour Labs.) 4-6. Nucleic acids were 
obtained from mammalian cells and viruses by extraction 
with cold phenol 73. HeLa cells, homogenously labelled by 
suspension culture in modified Hank's  medium containing 
Pa2-orthophosphate, and suspended in 0.1 M NaC1 buffered 
at pH 7.1 with 0.1 M phosphates, were extracted with 2% 
duponol and water-saturated phenol T, s. Protein-free 
nucleic acids, precipitated with ethanol (95%, 6 vol, 18 h, 
3°C) and redissolved in buffered saline (0.1M NaC1, 
pH 7.1) were fractionated with 1.51~[ NaC1 (18 h, 3 ° C) into 
a sediment containing most of the high molecular weight 
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ribonucleic acid (HMW-RNA)  and  a s u p e r n a t a n t  y ie ld ing 
most  of DNA a n d  low molecular  we igh t  r ibonucleic  acid 
(LMW-RNA) ' .  I n  some e x p e r i m e n t s  t h e  las t  f rac t ion  was  
used as such,  for  o the r s  i t  was  t r e a t ed  wi th  K O H  (0.3M, 
18 h, 37°C) or nucleases,  and  s u b s e q u e n t l y  neu t ra l i zed  
and dissal ted,  or  ex t r ac t ed  wi th  dupono l  and  p h e n o l  to  
obta in  s epa ra t e  f rac t ions  of D N A  a n d  L M W - R N A .  Con- 
cen t ra ted  suspens ions  of pol iomyel i t i s  virus were ob t a ine d  
by shor t  sonica t ion  of cells cu l tured  in suspens ion  and  
harves ted  a t  the  8th hour  a f te r  infect ion wi th  mul t ip l i c i ty  
5. Ti t ra t ion  of pol iovirus  was carr ied out  on monolayers  of 
monkey  k idney  cells ~. Columns employed  for c h r o m a t o -  
graphic s epa ra t ion  of nucleic acids (PCS) consis ted  of 
several layers  of supercel  coa ted  wi th  MA ~-8. 

Results. (a) W h e n  a pro te in- f ree  ex t r ac t  of P~- labe l led  
nucleic acids f rom H e L a  cells is loaded on a PCS-co lumn  
and e la t ed  wi th  a sa l t  g r ad ien t  of increas ing mola r i ty  
0.3 --~ 1 . 5 M  NaC1 c o n s t a n t l y  buf fe red  a t  p H  6.8 w i th  
0 .05M phospha te s ,  four  peaks  of rad ioac t ive  and  UV-  
absorbing ma te r i a l s  are obtainedLS. The f i rs t  f rac t ion  
washed ou t  by  0 . 3 M  NaG1 con ta ins  nucleot ides ,  bases,  in- 
organic p h o s p h a t e s  and  o t h e r  P~2-1abelled or  UV-abso rb -  
ing molecules,  the  second  peak  is composed  of LM~V-RNA 
eluting a t  0 . 5 M  and  hav ing  a S~,~ = 4 s (M.W. = 2.5 x 
X 10a), and  the  t h i r d  f rac t ion  is referred to  D N A  (S2°0w = 
= 38 s,  M.W. = 3.2 X 106). The four th  peak  (which can be 
fur ther  resolved b y  sui table  gradients)  conta ins  two 
types  of H M W - R N A  d u r i n g  be tween  0.75 and  1 .0M,  and  
having  s ed imen ta t i on  coeff icients  of 16s (M.W. = 0.6 x 
106) and  27 s (M.W. = 1.2 × 10 ~) 10, values  qui te  s imi lar  
to those  r epo r t ed  for analogous nucleic acids f rom o the r  
cells. We  m a y  t h e n  conclude t h a t  MA combines  revers ib ly  
wi th  nucleic acids releasing t h e m  a t  d i f fe ren t  molar i t ies  
which are  charac te r i s t i c  for t he  bound  molecules,  and  
t h a t  nucleic acids e lute  f rom a PCS co lumn  w i t h o u t  
any  a p p a r e n t  a l t e ra t ion  of the i r  b iophys ica l  proper t ies .  
Rat io  of nucleic acid phospho rus  in exponen t i a l ly  growing  
H e L a  cells was  found  to  be t h e  following L M W - R N A :  
D N A :  H M W - R N A  = 8 : 32 : 60. 

(b) In  a previous  work  n i t  has  been  shown  t h a t  com-  
b ina t ion  of MA wi th  cellular nucleic acids of d i f ferent  
origins resul ts  in the i r  p ro tec t ion  f rom the  hydro ly t i c  
act ion of crys ta l l ine  nucleases,  in vitro. Do these  combi-  
nat ions  w i t h s t a n d  also the  in t racel lu lar  enzymes  when 
MA-bound  nucleic acids are t a k e n  up by  m a m m a l i a n  
cells ? P r o b l e m  was  ana lyzed  b y  incuba t ing  wi th  MA in 
vitro, Pa~-labelled nucleic acids isolated f rom suspens ion  

cul tures  of H e L a  cellsL s. Mixtures  were  subsequen t ly  in- 
c u b a t e d  for a sho r t  while  w i th  mono laye r s  of H e L a  cells. 
Af t e r  r emova l  of  unabso rbed  rad ioac t iv i ty ,  mono laye r s  
were  covered  wi th  unIabel ted m e d i u m  a n d  al lowed to  
mu l t ip ly  for two  genera t ions ,  in o rde r  to  p e r mi t  t h e  pene-  
t r a t i o n  of labelled macromolecules  inside the  cellular b o d y  
and  expose  t h e m  to t he  hyd ro ly t i c  ac t ion  of in t racel lu lar  
enzymes .  P3~-labetled nucleic acids  recovered by  phenol  
ex t r ac t i on  of the  cell suspens ions  were ana lyzed  by col- 
u m n  c h r o m a t o g r a p h y ,  and  resul ts  s u m m a r i z e d  in the  
Table .  I t  can been seen t h a t :  (1) Mammal i an  cells take  up 
far more  p ro t e in -bound  nucleic  acids t h a n  pro te in- f ree  
molecules (increase in the  up take  in d i f fe rent  e x p e r i m e n t s  
was of the  order  of 40 t imes  for D N A  and  H M W - R N A  and  
20 for LMW-RNA) .  (2) In t race l lu la r  nucleases  hydro lyze  
nucleic acids t h a t  cells take  up,  while  p r o d u c t s  of hydro ly -  
sis seem to be ut i l ized for syn thes i s  of new nucleic acids.  (3) 
A p p a r e n t l y  H e L a  cells are unable  to spl i t  d o w n  the  com-  
plexes  m e t h y l a t e d  a lbumin-nuc le ic  acids wi th in  a two  
genera t ion  period.  

(c) P rob lem w h e t h e r  nucleic  acids  abso rbed  b y  cells in 
combina t ion  wi th  m e t h y l a t e d  a lbumin ,  stil l  r e t a in  the i r  
biological proper t ies ,  e.g. as carr iers  of  new genet ic  in-  
fo rmat ions  inside the  cel lular  body,  was  inves t iga ted  wi th  
the  use of nucleic acids f rom viruses  which  can repl ica te  
on H e L a  cells. We have  observed  t h a t  infect ious  V - R N A  
ob ta ined  wi th  cold phenol  ex t r ac t ion  of c o n c e n t r a t e d  sus- 
pens ions  of pol iovirus  combines  wi th  m e t h y l a t e d  a lbumin  
and  forms a complex  which  is t aken  up by  H e L a  cells b u t  
is no t  infectious.  Since we have  previous ly  r e p o r t e d  8 t h a t  
the  complex  of V - R N A  wi th  MA can be pur i f ied  by  
co lumn c h r o m a t o g r a p h y  and  t h e n  d issocia ted  w i t h  
0.82ff NaCI, y ie ld ing free V - R N A  still  infect ious  for H e L a  
cells monolayers ,  we can then  suppose  t h a t  complex  i tself  
is s tab le  to  in t race l lu la r  enzymes ,  wh ich  causes  i t s  com-  
p o n e n t s  to  be biological ly inact ive .  P r o b l e m was  f u r t h e r  
ana lyzed  by  in jec t ing  in to  the  a l tantoic  cav i ty  of 8-day old 
e m b r y o n a t e d  eggs the  mi x t u r e  of m e t h y l a t e d  p ro te in  and  
V - R N A  from poliovirus.  This  s y s t e m  has  been  s tud ied  in 
our  I n s t i t u t e  a n d  p roved  to  be a pa r t i cu la r ly  useful tool  
for work  wi th  V - R N A ,  because polio V - RN A ,  bu t  no t  

R. Dt~LBECCO and M. VOGT, J. exp. Med. 99, 167 (1954). 
a0 L. PnlLIPSON (Virology, Univcrsity of Uppsala), personal com- 

munication. 
xl C. CoclTo and P. DE SO.~R, in press. 

Experimental conditions: HeLa cells homogenously Iabeiled through growth for 3 generations in PSZ-mcdium. Labelled nucleic acids extracted 
with cold phenol, precipitated by ethanol, fractionated by NaCI 1.5M,_de-salted and allowed to combine or not with methylatcd protein at 
37°C. Aliquots of tabetlcd nucleic acids or nucleoproteins incubated for 1 h at 37°C on monotayers of HeLa cells: excess removed by repeated 
washings. Monolayers covered with unlabelled media and incubated for 48 h at 37 ~ C. Cells dispersed with trypsin, then centrifuged mid washed 
five times, suspended in 0.1 M NaC1 0.I M phosphate buffer pH 7.1, counted and extracted at 3 °, 37 °, 3°C with phenol and 2% dupmmi. 
Aliquots of the original nucleic acids solutions (controls) and of extracted cells fractionatcd by column chromatography. Radioactivity and 
O.D. at 253 my. continuously recorded. Scbmidt-Thannh~user procedure carried out simultaneously as control Efficiency of extraction judged 
from the UV-absorption values and the number of cells. In parenthesis percent distribution of recovered radioactivity among the three nucleic 

acid fractions obtained by partition chromatography. 

Uptake and conservation of labelled nucleic acids in HeLa ceils 

Nucleic acid Methylated Incubation on HeLa Recovered pa2 nucleic acids after colunm chromatography (cpm/chrom. peak) 
fraction albumin monolayers S-RNA DNA R-RNA 

S-RNA + DNA - -  - -  1.1 x 10 '5 (16%) 5.5 x 106 (70%) 3.3 × 105 {5%) 
- -  + 5.7 x 10 a (33%) 5.02 × l0 a (29%) 6.5 × 10 (38%) 
+ + 5.8 × 10 ~' (18%) 2.3 × 106 [76%) 1.5 x 105 (5%) 

R-RNA - -  - -  1.3 × t0 '~ (2%) 3.7 × 10 ~ (5%} 7.1 × 10 (93%) 
- -  + 1.0 x 104 (19%) 1.8 x 104 (33%) 2.6 × 104 (48%) 
-'}-- + 7.7 x lO 4 (4%) 2.6 × ltJ ~ (13%) 1,6 × 106 (83%) 
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i n t a c t  v i r a l  par t ic les ,  m a y  rep l i ca te  a n d  induce  a one-cycle  
p r o d u c t i o n  w h e n  in jec ted  i n t o  such  e m b r y o n a t e d  eggs. 
I n  t h i s  s y s t e m  also, t h e  c o m b i n a t i o n  of MA a n d  V-1RNA 
showed  to  be  non- in fec t ious  o v e r  a 24 h per iod .  I f  combi -  
n a t i o n s  of V - R N A  w i t h  MA r e m a i n  u n a l t e r e d  in t r ace l lu -  
lar ly ,  t h e n  one  shou ld  e x p e c t  to  be  ab le  to  b lock  mul t ip l i -  
c a t i o n  of v i ruses  b y  g iv ing  MA to  H e L a  cells before  in- 
fec t ion  w i t h  v i r a l  par t ic les  a n d  t h e i r  nucle ic  acids.  E x -  
p e r i m e n t s  ca r r i ed  o u t  w i t h  vacc in i a  (virus  c o n t a i n i n g  
V-DNA)  a n d  po l iov i rus  or  i t s  V - R N A  c o m p o n e n t ,  how-  
ever ,  were unsuccessful ,  because  a r educed  yie ld  of pa r -  
t ic les  pe r  cell was  obse rved  b u t  cond i t i ons  necessa ry  to  
s h u n  v i r a l  r ep l i ca t ion  c o m p l e t e l y  h a v e  n o t  ye t  been  met .  
Tox ic i ty  of MA for  H e L a  m a k e s  i t  d i f f icu l t  to  s a t u r a t e  
cells w i t h  basic  p r o t e i n  in  such  w a y  t h a t  s ingle nucle ic  
acid molecules  could  be  c o n v e n i e n t l y  t r a p p e d  before  t h e y  
c a n  t r a n s f e r  t h e i r  gene t ic  message  to  t h e  cell. 

Discussion. (a) S ince  we h a v e  previously- f o u n d  ~ LM\V-  
R N A  in  b o t h  t h e  w a s h e d  pe l le t  a n d  t h e  s u p e r n a t a n t  of a 
105 000 g cen t r i fuga t ion ,  ou r  LMVV'-IZNA c h r o m a t o g r a p h y  
f r ac t i on  is n o t  e x a c t l y  t h e  s a m e  as  t r a n s f e r  r ibonuc le ic  
ac id  (S -RNA)  i so la ted  b y  u l t r a c e n t r i f u g a t i o n  of ce l lu la r  
h o m o g e u a t e s ;  t h e  s ame  d i s t i n c t i o n  m u s t  be  m a d e  for 
H M W - R N A  a n d  R - R N A  f rom r ibosomes .  O u r  p r ev ious  n 
a n d  p r e s e n t  d a t a  i nd i ca t e  t h a t  b o t h  t h e s e  r ibonuc te ic  
acids,  as well  as ce l lu lar  DNA,  w h e n  c o m b i n e d  w i t h  MA, 
a re  s t ab l e  t o w a r d  t he  h y d r o l y t i c  ac t ion  of nucleases ,  in 
vitro a n d  in rive. Such  a r e s i s t ance  seems due  to  a r ea l  
c o m b i n a t i o n  a n d  no t  m e r e l y  to  i n h i b i t i o n  b y  MA of en-  
zyme  ac t iv i ty ,  because  no  c o m p c t i t i o n  was o b s e r v e d  in  
t he  p r e sen t  of a n  excess of r ibonuc lease  n .  

(b) T h e  obse rved  u p t a k e  of n a k e d  D N A  b y  H e L a  cells 
conf i rms  t he  r epo r t s  f rom severa l  L abo r a t o r i e s  '~-'n which  
h a v e  r ecen t ly  descr ibed  t he  p e n e t r a t i o n  of homologous  a n d  
he te ro logous  D N A  molecules  in to  t he  nucle i  of d i f fe ren t  
m a m m a l i a n  cells. 

(c) I t  is k n o w n  t h a t  in fec t ious  cen te r s  a re  r educed  b y  a 
f ac to r  of  3 to  5 togs u p o n  e x t r a c t i o n  of R N A - v i r u s e s  w i t h  
phenol .  In  t h e  case  of t o b a c c o  mosa ic  v i rus ,  howeve r ,  
ef f ic iency of i n fec t ion  was  inc reased  t h o u s a n d  fold b y  
c o m b i n i n g  V - R N A  w i t h  i t s  p r o t e i n  pa r tne r~L  O ur  resu l t s  
seem to  i nd ica t e  t h a t  two  m a i n  fac to rs  are  i n v o l v e d  in t h e  
eff ic iency of in fec t ion  w i t h  V - R N A :  p r o t e c t i o n  f rom e x t r a -  
ce l lu lar  nuc leases  a n d  a b s o r p t i o n  o n  t h e  hos t  as well. T h e  
inc reased  u p t a k e  of p r o t e i n - b o u n d  nuc le ic  acids  t h a t  we 

h a v e  o b s e r v e d  is in  a g r e e m e n t  w i t h  r e c e n t  r epo r t s  of 
s imi la r  e n h a n c e m e n t s  obse rved  for  DNA, R - R N A  a n d  V- 
R N A  c o m b i n e d  w i t h  ge la t in  ~s, p r o t a m i n I ~  a n d  c a l f t h y m u s  
h i s t o n e s  ~0. 

(d) T h e  s y s t e m  we h a v e  s t ud i ed  could be  used  as  a model  
for  i n v e s t i g a t i n g  t h e  ac t ion  of in te r fe ron(s ) ,  w h i c h  are 
desc r ibed  as  p ro te in(s )  of low mo lecu l a r  w e i g h t  syn the -  
sized b y  cells t r e a t e d  w i th  i n a c t i v a t e d  v i ruses  a n d  able  to 
i n h i b i t  m u l t i p l i c a t i o n  of o t h e r  a l ive  cha l l enge  vi ra l  
species. One  h y p o t h e s i s  t h a t  we h a d  p o s t u l a t e d  is t h a t  
in te r fe ron(s ) ,  l ike our  m e t h y l a t e d  a l b u m i n ,  m a y  merely  
unde rgo  c o m b i n a t i o n  w i t h  nucle ic  acids in  a complex  
s t ab l e  to  i n t r ace l l u l a r  enzymes .  F u r t h e r  work  is necessary  
to  c la r i fy  t h i s  po in t .  

Rdsumd. Les acides nuc l6 iques  se c o m b i n e n t  avec  l ' a lbu-  
m i n e  md thy l6e  e t  f e r m e n t  des  complexes  qui  ne  s e n t  pas  
hydro lys6s  p a r  les nucl~ases,  m a i s  dissoci6s p a r  des  ions 
ino rgan iques .  Ces nuc l6opro t6 ines  p6n&tren t  d a n s  les 
cellules en  q u a n t i t 6  b e a u c o u p  p lus  61ev6e que  tes acides 
nuc l6 iques  c o r r e s p o n d a n t s ,  e t  c o n t r a i r e m e n t  ~ ceux-ci ,  
elles ne  s e n t  pa s  catabol is6es .  L a  c o m b i n a i s o n  avec  l ' a tbu-  
mine  m6thy l~e  r e n d  inac t i f  l ' ac ide  r ibonuc l~ ique  v i r a l :  les 
ions  inorgan iques ,  e t  n o n  les cel lutes v i v a n t e s ,  s e n t  ca- 
pab les  de  dissocier  ce complexe  e t  de l ib6rer  I ' A R N  in- 
fect ieux.  
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I n f l u e n c e  o f  C h l o r p r o m a z i n e  o n  N u c l e a r  a n d  
C y t o p l a s m i c  U p t a k e  o f  ~ S - M e t h i o n i n e  ~ 

Introduction. T h e  m o s t  e v i d e n t  effects  of c h l o r p r o m a z i n e  
on  cell m e t a b o l i s m  seem to  be  a n  increase  in  t h e  A T P  
c o n t e n t  of c e r t a i n  t i ssues  a n d  a d e r a n g e m e n t  of t he  e l ec t ron  
t r a n s f e r  process  ~-5. I n  severa l  i n s t a n c e s  morpho log i ca l  
d e g e n e r a t i v e  c h a n g e s  h a v e  b e e n  obse rved  s,7. 

T h e  resu l t s  of t he  in f luence  of c h l o r p r o m a z i n e  on  pro-  
t e in  syn thes i s  are in  confl ic t .  MITINA s a f t e r  s t u d y i n g  
severa l  g roups  of r a t s  i n j ec t ed  w i t h  inc reas ing  doses of 
ch lo rp romaz ine ,  up  to 20 m g / k g  of b o d y  w e i g h t  pe r  d a y  
for  13 days ,  f ound  no  d i f ference  in  t he  a sS-meth ion ine  up-  
t a k e  b y  p r o t e i n s  in  t he  e x p e r i m e n t a l  an ima l s ,  as  com-  
p a r e d  w i t h  COlitrols. LINDAN et  al. 9 o b s e r v e d  in vitro a n  
i n h i b i t i o n  of t he  r a t e  of glycine-l-14C i n c o r p o r a t i o n  i n to  
r a t  b r a i n  c o r t e x  p ro te ins ,  in  a c o n c e n t r a t i o n  of t h e  d r u g  
t h a t  h a s  l i t t l e  or  no  ef fec t  on  t h e  r e s p i r a t i on  of t h e  b r a i n  
or  o n  t h e  r a t e  of b r e a k d o w n  of g lycine- l - l*C i n t o  I4CO,. 

ZOLLER e t  al. ~0 found  a decrease  in  t h e  i n c o r p o r a t i o n  of 
glycine-XaC a n d  lys ine-E- laC fol lowing t h e  i n j e c t i o n  of on ly  
5 m g / k g  b o d y  we igh t  of c h l o r p r o m a z i n e  i n to  ra ts .  
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