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N T P P  did no t  affect  the  l ipaemic level  (B); hydro-  
cor t isone caused a pronounced  hyper l ipaemia  (C) which 
was decreased by  the  s imul taneous  admin i s t r a t ion  of 
N T P P  (D). F igure  2 reveals  t h a t  hydrocor t i sone  caused 
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Fig. 2. The level of soluble and insoluble glycogen in liver after 10 
days' treatment with NTPP and hydroeortisone. A, control; B, 
NTPP, C, hydrocortisone; D, NTPP + hydrocortisone. The dif- 

ferences are significant at p = 0.05. 

an e levat ion  of bo th  glycogen fract ions in the  l iver  (C), 
b u t  this  increase was par t i a l ly  inhibi ted  by  the  s imulta-  
neous admin is t ra t ion  of N T P P  (D). N T P P  alone did no t  
affect the glycogen level  (B). 

Since the  increase of bo th  the  l ipid level in blood and 
the  glycogen con ten t  in l iver  is a concomi tan t  phenome-  
non of the  prote ino-ca tabol ic  act ion of glucocort icoids,  
the  decrease bo th  of l ipaemia  and of glycogen con t en t  
caused by  N T P P  could be t aken  for an ant ica tabol ic  ef- 
fect. This  fact  can serve as an exp lana t ion  of why  N T P P  
alone does no t  exer t  a subs tan t ia l  influence on l ipaemia  
and glycogen levels in liver.  

Zusammen[assung. Der  durch  Hydrokor t i son  (zehn- 
t/~tige Zufuhr) e rh6hte  Spiegel  der  gesamten  LipAmie im 
Serum und der  16slichen und unl6sl ichen Glykogenfrak-  
t ion in der  Leber  der  R a t t e  wurde  mi t te l s  gleichzei t iger  
1 9 - N o r t e s t o s t e r o n - p h e n y l p r o p i o n a t z u g a b e  e rn ied r ig t ,  
w~ihrend 19-Nor tes tos te ron-phenylpropiona t  allein die 
ver fo lg ten  P a r a m e t e r  n ich t  beeinflusste.  

O. LIN~T, A. JAKUBOVI~, 

and Z. C;EKAN 

Research Institute/or Natural Drugs, Prague 
(Czechoslovakia), January 25, 1965. 

Demethylat ion in vivo of Natulan, a Tumour -  
Inhibiting Methylhydrazine Derivative 

The metabo l i sm of the  tumour - inh ib i t ing  methy l -  
hydraz ine  de r iva t ive  RO 4-64671 (trade name :  Natulan)  
has been inves t iga ted  by  OLIVERIO and KELLY 2 and by  
RAAFLAUB a n d  SCHWARTZ 3. These au thors  have  found a 
v e r y  rapid  dehydrogena t ion  of the  drug  in the  p lasma and 
the  appearance  in the  urine of N- i sopropy l t e reph tha lamic  
acid. F u r t h e r m o r e  it  m a y  be of in teres t  tha t ,  in v i t ro ,  
au tox ida t ion  of benzy lhydraz ine  leads to the  fo rma t ion  
of m o n o m e t h y l h y d r a z i n e  (BERNEISet et  al.*). N-deme-  
thy la t ion  of Na tu l an  has been pos tu la ted  by  WEITZEL 
et  al. 5,6. These  au thors  were able to de tec t  fo rmaldehyde  
af ter  ox ida t ion  of the  drug  in vi t ro.  The  metabo l i sm of 
iproniazid v is an example  of dea lky la t ion  of an  a lkylhy-  
drazine  der iva t ive .  

R e m o v a l  of the  1-methyl  group and fo rmat ion  of N- 
i sopropy l te reph tha lamic  acid suggests t h a t  the  Na tu l an  
molecule  is u l t ima te ly  c leaved a t  b o t h  sides of the  
hydraz ine  group.  However ,  the  possibi l i ty  of t he  spl i t t ing  
of the  N - N  bond, according to the  classical example  of 
prontosi l  8, should  also be considered.  

This  paper  repor ts  on the  in v i v o  deme thy la t i on  of 
1-x*CHa-Natulan in normal  mice and rats,  and in rats  
af ter  p r e t r e a t m e n t  wi th  phenobarb i ta l .  In  addi t ion,  re- 
suits  ob ta ined  by  perfusion of isolated r a t  l ivers  are 
repor ted.  

Methods. Male Swiss Albino mice weighing 20 g and 
male  ra t s  of  140-200 g (strain 'Fi i t l insdorf ' ,  Hof fmann-  
La  Roche  & Co.) were used for the  in v i v o  exper iments .  
Ra t s  f rom the  same source b u t  weighing 250-280 g were  
used in the  perfusion exper iments .  

All in v ivo  exper iments  were in i t ia ted  by  in t raper i -  
tonea l  admin is t ra t ion  of a single dose of 1-14CHa-Natulan. 

The  metabol ic  cage and COs-trapping devices have  been 
descr ibed recent ly  ~. The  perfusion appara tus  was a fur-  
ther  deve lopmen t  of the  one described by  MILLER et  al. 10. 
Rad ioassay  was conduc ted  in a TRICARB- l i qu id - s c in -  
t i l la t ion spec t rometer  (Packard,  Mod. 314 EX) .  

Results (see Tables). The  to ta l  expired 14CO, was 19-  
21% after  24 h in mice and 19°/0 af ter  12 h (ext rapola ted  : 
21% af te r  24 h) in rats  in re la t ion to the  original  radio-  
a c t i v i t y  adminis tered .  

Three  perfusion exper iments  wi th  a per fusa te  contain-  
ing 1-14CHa-Natulan (1 raM/l)  yielded the  fol lowing ra tes  
of 14CO~-production a t  the  s t eady  s ta te :  1.20, 1.25, and 
1.43 I~M/h/lO0 g body  weight  (mean va lue :  1.29). This  
corresponds to 75-80% of the  mean  14CO 2 expi red  follow- 
ing admin i s t r a t ion  in v ivo  (see Tables  2 and 3). The  
14CO2 values  ob ta ined  by  the  perfusion t echn ique  de- 
creased to 2% of the  l iver  perfusion values  when  the  
circulat ing perfusate  by-passed the  liver.  

1 N-isopropyl<z- (2 -methylhydrazino) -p-toluamide. 
2 V. T. OLIVERIO and M. G. KELLY, Symposium on Chemotherapy 

of Cancer, Lugano 29.4.-1.5.64 (Elsevier, Amsterdam 1964). 
J. RAAFLAUU and D. E. SCHWARTZ, Expcr. 21, 44 (I965). 

* K. BERNEIS, M. KOFLER, W. 13OLLAG, P. ZELLER, A. I~AISER, and 
A. LANGEMANN, Helv. chim. Acta d6, 2157 (1963). 

5 G. WmTZEL, F. SCHNEInER, and A. M. FRETZDORFF, Exper. 20, 38 
(1964). 

6 G. VYtEITZEL, F. SCHNEIDER, A. M. FRETZDORFF~ K. SEYNSCHE, 
and H. FIN~ER, Z. physiol. Chem. 3.36, 271 (t964). 

7 B. KOECHLIN and V. ILIEV, Ann. N.Y. Aead. Sci. 80, 864 (1959). 
s A. T. FULLER, Lancet 232, 194 (1937). 
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Table I. 14CO2-cxpiration in mice 

Animal number 1 2 3 4 5 Mean values 
Body weight {g) 18.5 19 21 21 22 4- S.D. 

Natulan dose mg/kg 540 220 200 260 I I0 

14CO 2 rate of expiration at the steady state 
(/tM/h/t00 g body weight) 3.5 3.6 2.5 3.3 2.5 

14CO2 total expiration after 7 h ; % of original 
administered activity 10.5 15.4 9.1 12.1 12.5 

3.1 4-0.3 

11.9 4. 5.6 

Table If. l~CO~-expiration in rats 

Animal number 1 2 3 4 Mean values 
Body weight (g) 140 140 145 145 -4- S.D. 

Natulan dose mg/kg 

a4CO2 rate of expiration at the steady state 
{[~tM/h/lO0 g body weight) 

a4CO, total expiration after 7 h; % of original 
administered activity 

210 210 206 200 

1.75 1.80 1.80 1.45 1.7 -4- 0.3 

12.9 13.0 10.0 9.3 11.3 4- 3.7 

Table ItI. Induction experiments with phenobarbital in rats. Administration of Natulan (200 mg/kg i.p.) (a) before and (b) after induction 
of drug enzymes by phenobarbital. Microsomal enzymes were induced by in~ecting daily single doses of 100 mg/kg phenobarbital (Luminal 

Bayer) for five days. The second dose of Natulan was administered 48 h after the last phenobarbital injection 

Animal number 1 2 3 4 Mean values 
Nos. 1-3 

x4CO 2 expiration at the steady state: 
(a) before inductior~ 1.50 1.66 1.60 1.05 1.59 
(b) after induction 3.80 4.20 3.50 2.67 3.83 
(#M/h/lO0 g body weight) 

Ratio of induction (b/a) : 2,5 2.6 2.2 2.5 2.4 

Discussion. A d m i n i s t r a t i o n  of 1-14CH3-Natulan to  mice 
and  ra t s  is fol lowed b y  exp i ra t ion  of 14CO~. In  ra t s  the  
s t eady  s t a t e  lasts  3-5 h.  To ta l  a m o u n t s  of 14CO2 and  of 
N - i s o p r o p y l t e r e p h t h a l a mic  acid in 24 h are  of t he  same 
order  of  m a g n i t u d e  3,3. 

The  ques t ion  arises as to  where  d e m e t h y l a t i o n  occurs in 
t he  m e t a b o l i s m  of Na tu lan .  A d i rec t  deme thy l a t i on  of 
Na tu l an  is unl ikely  since the  d rug  is rap id ly  and com- 
p le te ly  c o n v e r t e d  in to  t he  azo c o m p o u n d  3, which still 
carr ies t he  m e t h y l  group.  Thus  the  subs t r a t e  of de- 
m e t h y l a t i o n  m a y  be the  azo or  hyd razone  der iva t ive  or 
u l t ima te ly  t he  h y p o t h e t i c a l  3 me tabo l i t e  monomethy l -  
hydraz ine  (MMH). Several  f indings,  however ,  suggest  
t h a t  t he  d e m e t h y l a t i o n  of MMH is unl ikely:  (1) Equi-  
molar  doses of xaC-MMH undergo  cons iderably  slower 
d e m e t h y l a t i o n  t h a n  N a t u l a n  in ra t s  n .  W h e t h e r  the  rela- 
t ive ly  polar  MMH reaches  t he  microsomal  demethy lases  
a t  t he  same ra te  w h e n  admin i s t e r ed  exogenously,  is still 
quest ionable .  (2) The  s t e a d y  s t a t e  of 14CO, expi ra t ion  
occurs only  10 rain af ter  admin i s t r a t i on  of Natulan.  In  
t h a t  t ime  t h e  azo c o m p o u n d  m u s t  have  accumula ted  in 

large amounts  *, while the  fo rmat ion  of MMH requi res  
fur ther  metabol ic  s teps .  (3) MMH was no t  d e t e c t e d  by  
RAAFLAUB and SCHWARTZ 3, a l though  i t  would  be ex-  
pec ted  to accumula te  because of i ts  low d e m e t h y l a t i o n  
rate.  

Demethy la t ion  of Na tu l an  seems to  occur  p r imar i ly  
in the  liver as shown b y  the  compar i son  of the  d e m e t h y l a -  
t ion ra tes  in vivo and  those ob ta ined  by  perfus ion of t h e  
isolated liver. The  considerable  increase in t h e  r a t e  of 
deme thy la t ion  in vivo by  p r e t r e a t m e n t  w i t h  p h e n o -  
barbi ta l  suggests  t h a t  microsomal  enzymes  have  been  
induced.  This  microsomal  enzyme  s y s t e m  t h u s  seems to  
be responsible  for the  d e me t h y l a t i o n  of Na tu lan .  E x p e r i -  
men t s  in vi tro t~ conf i rm this  result .  In  ra t s  the  ra tes  of  

11 M. BAGOIOLIN[, M. H. BrCKEL, and F. S, M~ssmx, unpublished 
results. 

lZ M. BAGGIOLINI, M. H. BICKEL, and F. S. MESSIHA, in preparation. 
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microsomal  N - d e m e t h y l a t i o n  of N a t u l a n  and  o t h e r  drugs 
like m e t h i x e n  ta and  a m i n o p y r i n e  t4 are of a s imilar  o rder  
of m a g n i t u d e  (1.7, 0.3, and  3.0 p M / h / 1 0 0  g b o d y  we igh t  
respec t ive ly  1~). 

~* H. AERL J. QWTT, and E. LAUBER, Arch. exp. Path. Pharmak. 
224, 477 (1963). 

14 It. AEnI and G. ROGGEN, Pharm. Acta Helv. 33, 413 (1958). 
15 Acknowledgment: The authors thank Messrs. F. Hoffmann-La 

Roche & Co. for a generous gift of t4CHa-Natulan which was syn- 
thesized by D. J. WORSCH. 

Zusammen[assung. Die in t raper i tonea le  Verab re i chung  
yon  1-14CHa-Natulan bei der  Maus und  der  R a t t e  h a t  eine 
Aussche idung  yon  1'CO2 in der  A t e m l u f t  zur Folge. Die 
D e m e t h y l i e r u n g s r a t e  in vivo betrt~gt bei  der  Maus 3,1, 
bei de r  R a t t e  1,7 f fM/h / lO0 g K6rpergewich t .  Sic wird  
bei der  R a t t e  du rch  Behand lung  mi t  P h e n o b a r b i t a l  m e h r  
als ve rdoppe l t ,  t~ber das  S u b s t r a t  de r  N - D e m e t h y l i e r u n g  
1//sst s ich keine sichere Aussage  machen .  

M. BAGGIOLINI, M. H.  BICKEL, 
and  F. S. MESSlHA 

,~fedizinisch-Chemisches Inst i tut  der Universitiit Bern 
(Switzerland), March 2, 1965. 

/3-Glucuronidase Activity in the Liver of Infant 
M a m m a l s  

The me tabo l i sm of g lucuronides  has received m u c h  at-  
t e n t i o n  because  of its re la t ionship  to neona ta l  j aundice  
(Sympos ium 19591, S y m p o s i u m  1963 2, MARSH and  
LEVV'Z s, CoNcmE and  LEVVY*). The d e v e l o p m e n t  of 
con juga t ion  abi l i ty  has  been  s tud ied  to  a large ex ten t ,  
b u t  surpr i s ingly  enough  the  d e v e l o p m e n t  of fl-glucuroni- 
dase  a c t i v i t y  in t he  l iver has  been  fol lowed in mice only.  
I t  has  been  r e p o r t e d  (KARANURAITNAM e t  al. 5) t h a t  ac- 
t i v i t y  is m u c h  h ighe r  in new-bo rn  and  in fan t  m a m m a l s  
t h a n  in a d u l t  animals .  I t  has  been  shown  in p rev ious  work  
(HERINGOV£ et  al. 6) t h a t  in t h e  r a t  i leum the re  is a rise 
in ac t iv i ty  a f te r  b i r t h  and  a fall a f te r  weaning.  This  is in 
c o n t r a s t  to  the  f inding of NARANURAITNAM et  al. 5 for 
mice  l iver  fl-glucuronidase.  Hence  i t  was dec ided  to  s t u d y  
the  d e v e l o p m e n t  of f l-glucuronidase ac t iv i ty  in the  l iver  
of in fan t  m a m m a l s  of d i f fe ren t  species, i.e. those  born  in  
a m a t u r e  and  those  bo rn  in an i m m a t u r e  s ta te .  

Ac t iv i ty  was d e t e r m i n e d  according to  TALALAY et  al. 7 
in t he  l iver of rats ,  mice, r abb i t s  and  guinea-pigs.  Phenol -  
ph tha l ing lucuron ide  served  as the  subs t ra te ,  the  p H  being 
ad jus t ed  to  4.5 in ace ta te  buffer.  Ac t iv i ty  is expressed  in 

#g released p h e n o l p h t h a l i n e / m g  wet  weight /60  min  at  
38°C. 

The Figure  shows t h a t  ac t iv i ty  in n e w - b o r n  rats is 
s igni f icant ly  lower t h a n  in adu l t  animals .  There  is a rise 
af ter  b i r th ,  and  a fall to  a d u l t  values  a t  the  t ime  of wean-  
ing. In  guinea-pigs ac t iv i ty  is h ighes t  a t  b i r t h  and  t h e n  
g radua l ly  decreases  up  to  day  24. In  rabbits values  in- 
crease up  to  day  3 and  t h e n  r ema in  unchanged .  In  mice 

1 Kernic~erus. Symposimn IXth Int. Congr. Ped. (1959) (Ed.: 
A. SAss-KoRTSAK; University of Toronto Press, 1961). 

2 Symposium on Fetal and Infant Liver Function and Structure. 
Ann. N.Y. Acad. Sci. 111, 1 (1963). 

a C. A. MARSH and G. A. LEvw', in Progress in Nutrition and Allied 
Sciences (Ed.: D. P. CUTHBERTSON; Oliver and Boyd, Edinburgh 
and London 1963), p. 307. 

4 j .  CONCmE and G. A. LEVVV, in Progress in Nutrition and Allied 
Sciences (Ed.: D. P. CUTHBERTSON; Oliver and Boyd, Edinburgh 
and London 1963), p. 313. 

s M. C. KARANURAITNAM, L, M. M. KERR, and G. A. LRvvY, Bio- 
chem. J. 45, 496 (1949), 

e A. HERINGOV&, V. JIRSOVA, and O. KOLDOVSK~, Canad. J. Bio- 
chem., ,13, 173 (1965). 

7 p. TALALAY, W. H. FISHMAN, and C. Hvc, ams, J. biol. Chem. 166, 
757 (1946). 
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fl-glueuronidase activity in the livers of different species. Abscissa: 
age in days after birth. Adult animals 3-4 months old. Male and 

female animals in the same proportion. Ordinate: ~-glucuronidase 
activity expressed in/zg phenolphthalin liberated/rag wet weight/60 
min. The final concentration of phenolphthalinglueuronide in the 
assay according to TAL*I.AY et al. ~ is 0.001M. Each circle is the 
average of 10 determinations. Verticallines : S.E., if larger than circle. 
Statistical significance: Rats. 1-day-old against 10, 13, 14, 20, 32, 
and 40-day-oId and adult for p < 0.001. 3-day-old against 10, 13, 
14, 22, and 32-day-old for p < 0.001, against 40-day-old for p <  0.02. 
6-day-old against 10, 13, 14, 22, and 32-day-old for p < 0.001. 10- 
day-old against 22 and 32-day-old and adults for p < 0.001.13-day- 
old against 22-day-old for p < 0.02, against 40-day-old for p <  0.01 
and adults for p < 0.001. 14-day-old against 40-day-old and adults 
for p < 0.001.22-day-old against 40-day-old and adults for p <  0.01. 
32-day-old against 40-day-old for p < 0.02 and adults for p <  0.001. 
]~Iice.O-day-old against 2-day-old for p < 0.02, against 7-day-old for 
p <  0.05. 1-day-old against 7-day-old for p <  0.05. 2-day-old against 
7 and 9-day-old for p <  0.001, against adults for p <  0.01, 7-day-old 
against adults for p <  0.02. Rabbits. 0-day-old against 3 and 7-day- 
old and adults for p <  0.001. Guinea-pigs. 0-day-old against 3-day- 
old for p<  0.02, against 7-day-old for p<0.01, against 9-day-old 
for p<  0.02, against 24-day-old and adults for p <  0.001. 7-day-old 
against 24-day-old for p <  0.001, against adults for p <  0.01. 9-day- 
old against 24-day-old for p<  0.002, against adults for p<0.01 ,  

24+day-old against adults for p <  0.05. 


