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P < 0,01). L ' a c t i v i t 6  p ro t6o ly t ique ,  q u a n t  ~ elle, est  plus  
for te  lorsque  l ' & h e r  est  ut i l is6 et  elle est  la plus  fa ible  
apr~s  n n e  anes th6s ie  au  n e m b u t a l  oh  l ' on  ne  t r o u v e  que  
7,83 • 0,58 m g  de peps ine  ( t i t re  200, Codex) p a r  mt  de suc 
(P < 0,05). 

E n  ce qui  concerne  le FSMG,  on o b t i e n t  des r6su l ta t s  
compara t i f s  ana logues  selon que  l ' on  r a p p o r t e  les va leurs  
du  f lux  seu lemen t  au t emps ,  ou au  t e m p s  et  au poids  see 
de l ' o rgane ;  il a p p a r a i t  de t o u t e  Iacon des diff6rences 
s igni f ica t ives  ( P  < 0,01) en t re  l ' anes th6s ie  au n e m b u t a l  
d ' u n e  p a r t  et  celle ~ l ' 6 ther  ou ~ l ' u r 6 t h a n e  d ' a u t r e  p a r t ;  p lus  
p r6c i s6ment  le F S M G  est  s t a t i s t i q u e m e n t  le plus  61ev6 au 
cours  de l ' anes th6s ie  au  n e m b u t a l ,  oh il a t t e i n t  0,185 ml /  
ra in  et  0,748 • 0,053 m l / m i n / g  de t i ssu  sec, alors que  les 
va leurs  ob t enues  avec  l ' 6 ther  et  l ' u r 6 t h a n e  sont  plus  
faibles et  r e s p e c t i v e m e n t  de 0,114 et  0,132 m l / m n .  

Discussion. Les r4su l t a t s  p e r m e t t e n t  done  de c o m p a r e r  
l ' e f fe t  de l%ther,  du  n e m b u t a l  e t  de l ' u r 6 t h a n e  sur  quel-  
ques  p a r a m g t r e s  de la  fonc t ion  gas t r ique .  L ' 6 t h e r  qu i  
d 'apr~s  LEE et  THOMPSON ~ ne  p e r t u r b e  pas  la  s6cr6t ion 
gas t r ique ,  ne  semble  pas  a u g m e n t e r  le FS3/IG dens  nos 
condi t ions ,  b i en  que  chez l ' H o m m e  il a u g m e n t e  la circula-  
t i on  sangu ine  cu tan6e  is e t  accroi t  le r y t h m e  e t  le d6b i t  
c a r d i a q u e l t  P a r  cont re ,  l ' n r 6 t h a n e  d o n t  l ' a c t i on  sur  les 
s6cr6tions bi l ia i res  et  p a n c r 6 a t i q u e s  a 6t6 6tudi6e e~ alt~re 
de mani~re  s igni f ica t ive  l%vacua t ion  gas t r ique  ~ mats  les 
effets sur  la s6cr4t ion et  le FSlVIG dans  nos cond i t ions  se 
r a p p r o c h e n t  de ceux ob t enus  au cours  d ' u n e  anes th6s ie  
l '6 ther .  

Tableau II. Comparaisou inter-groupes (valeur du F) des effets des 
3 anesth4siques g6n4raux (6ther, nembutal, ur&hane) sur le flux 
sanguin de la muqueuse gastrique (FSMG) ehez le Rat 

Anesthdsiques compar4s Ether et Ether et Nembutal 
nembutal ur6thane et ur4thane 

Le n e m b u t a l  a u g m e n t e  le FSMG,  t o u t  au  moths  p a r  
r a p p o r t  aux  deux  au t res  anes th6s iques  uti l is6s ; c e p e n d a n t  
il f au t  soul igner  le fa i r  que  nos  cond i t ions  exp4 r imen ta l e s  
ne  p e r m e t t e n t  pa s  de pr6ciser  si ]e n e m b u t a l  exa l t e  
e f f e c t i v e m e n t  le F S M G  ou si au con t r a i r e  l ' 6 the r  e t  
l ' u r & h a n e  le d i m i n u e n t ,  le n e m b u t a l  ne  m o d i f i a n t  alors 
pas  les va leurs  que l ' on  t r o u v e r a i t  chez le R a t  n o n  anes th6-  
st6; l ' u n e  de ces deux  4ven tua l i t4s  ne  p e u t  pas  6tre a 
pr ior i  6cart6e b ien  qU']?;RICSSON ~ af t  m o n t r 6  chez le 
Chien que  le n e m b u t a l  d i m i n u e  16g~rement le d6b i t  car-  
d i aque  sans  modi f ie r  le d6bi t  s angu in  ar t6r ie l  h @ a t i q u e .  

Cependan t ,  c o m p t e  t e n u  des r6su l ta t s  0 b t e n u s  avec  
l ' 6 the r  et  l ' u r6 thane ,  il nous  semble  que  le n e m b u t a l  soft  
un  anes th6s ique  de cho ix  pou r  l ' 6 tude  des fonc t ions  
gas t r iques  en  r a p p o r t  avec  la c i rcu la t ion  chez le Ra t .  

Enf in ,  il est  i n t6 r e s san t  de c o n s t a t e r  q u ' a u  cours  de 
ce t te  exp6 r imen ta t i on ,  nous  n ' o b s e r v o n s  pas  de correla-  
t ions  en t re  le F S M G  et  l ' u n  des p a r a m ~ t r e s  de la s6cr4t ion 
gas t r ique ,  ma t s  ces corre la t ions ,  si elles son t  f r4quen tes  % 
ne son t  malgr6  t o u t  pas  g4n@rales2r 

Summary. Effects  of e ther ,  n e m b u t a I  or u r e t h a n e  
anaes the s i a  on  gas t r ic  secre t ion  a n d  mucosa l  b lood  flow 
(MBF) are  s tud ied  in t h e  R a t ;  these  3 a n a e s t h e t i c s  a l t e r  
n e i t h e r  v o l u m e  no r  t o t a l  ac id i ty  of juice,  b u t  free a c id i t y  
and  p ro t eo ly t i c  a c t i v i t y  are more  i m p o r t a n c e  a f te r  e the r  
a n a e s t h e s i a ;  lVIBF is h ighes t  in  n e m b u t a l  a n a e s t h e t i z e d  
ra t s  ; there fore  n e m b u t a l  is t he  bes t  a n a e s t h e t i c  for s tudies  
of d iges t ive  phys io logy  or pha rmaco logy .  

O. 0ZTITRKCAN, O. DE SAINT BLANQUAT et  
R. DERACHE 

Groupe de recherches sur la Toxicologie des Aliments 
et des Boissons f N S E R M  ([7 87), 
fmt i tu t  de Physiologic, 84, Grande Rue St-2VIichel 
F-37 Toulouse (France), 75 Janvier 7973. 

Acidit~ libre 3,62 10,56 1,68 
N.S. P < 0,01 N.S. 

Activit4 prot4olytique 9,73 0,66 4,96 
P < 0,01 N.S. P < 0,05 

FSMG (ml/mn) 54,67 3,67 28,67 
P < 0,01 N.S. P < 0,01 

FSMG (ml/min/g de tissusee) 18,45 0,28 13,09 
P < 0,01 N.S. P < 0,01 

Les valeurs num4riques repr6sentent la valeur du F ealcul4e selon la 
mfthode de SCHWARTZ t~; les diff4rences sont eonsid6r6es significatives 
pour P < 0,05; le terme N.S. signifie P > 0,05 (non signifieatif). 

IS E. I. EGER, N. T. SMITH, D. J. CULLEN, B. F. CULLEN et G. A. 
GREGORY, Anesthesiology 34, 25 (1971). 

1, G. A. GREGORY, E. I. ]7~GER, N. T. SMITH, B. F. CULLEN et D. J. 
CULLEN, Anesthesiology 34, 19 (1971). 

2s C. DEBRAY, J. DE LATOUR, C. VAILLE, C. ROZE et M. SOUCHAED, 
J. Physiol., Paris 54, 459 (1962). 

21 C. ROZE, J. CHARIOT et C. DEBRAY, Compt. r. Soc. Biol. 16d, 1955 
(1970). 

33 B. F. ERICSSON, Aeta ehim. seand. 737, 613 (1971). 
33 E. D. JACOBSSON, Proe. Soe. Biol. Med. 133, 516 (1970). 
3,I j .  CHAClN-MELEAN et J. COLINA-CHOURIO, Acta cient venez. 22, 88 

(1971). 

Formation of 4-Ketocyclophosphamide by the Oxidation of Cyclophosphamide with KMnOr 

I n v e s t i g a t i o n s  in to  t he  m e t a b o l i s m  of cyclophos-  
amide  (I) h a v e  inc luded  a t t e m p t s  to  mimic  t he  me tabo l i c  
processes b y  p u r e l y  chemica l  means  1, 8. I n  one such  s tudy,  
NORPOTH et  al. a r epo r t ed  on  t he  p roduc t ion ,  in  the  presence  
of acidic KMnO4, of one of t he  k n o w n  in  v ivo  m e t abo l i t e s  
of cyc lophosphamide ,  n a m e l y  2 - c a r b o x y e t h y l  N,N-bis(2- 
c h l o r o e t h y l ) p h o s p h o r o d i a m i d a t e  [II).  T he  KMnOr 
a t e d  fo rmat ion ,  f rom cyc lophosphamide ,  of t w o  addi -  
t i ona l  in  v ivo  metabol i t es ,  2-[bis(2-chloroethyl)amino]te- 
t r ahyd ro -2H-1 ,  3, 2 -oxazaphosphor in -4-one-2-ox ide  (4- 
ke tocyc lophosphamide ,  I I I )  and  2- [ (2-chloroe thyl )amino]-  
t e t r a h y d r o - 2 H - 1 , 3 , 2 - o x a z a p h o s p h o r i n e  2-oxide ( the N- 
m o n o d e c h l o r o e t h y l a t e d  analogue,  IV) is now  repor ted .  

Methods. Rad ioac t ive ly - l abe l l ed  [32p] cyc lophosph-  
amide,  of in i t ia l  specific a c t i v i t y  2.3 m C i / m m o l e  (Radio-  
chemica l  Centre,  A m e r s h a m )  was a p p r o p r i a t e l y  di lu ted,  
before  use, w i t h  non- labe l l ed  cyc lophosphamide .  

For  t he  ox ida t i on  reac t ions ,  a so lu t ion  of [a2p] cyclo- 
p h o s p h a m i d e  (5 rag) and  KMnOr (10 mg) in  t h e  appro-  

1 R. A. ALARCON and J. MEIENHOFER, Nature New Biol. 223, 250 
(1971). 

3 C. BENCKHUIJSEN, J. VAN DER STEEN and G. VESTRA, Report VII, 
Int. Chemother. Congr. Praha, August 1971. 

3 K. NORPOTH, J. KNIPPSCHILD, U. WITTING and H. M. RAUEN, 
Experientia 28, 536 (1972). 
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4-Ketocyclophosphamide 

a) 2h reaction F 1 
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b) 5h reaction 

[ 
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Cyclophosphamlde 4-Ketocyclop losphamide 
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Radiochromatogram scan: TLC on alumina of products from the KMnO4 oxidation of cyclophosphamide a) in water: 3 developments 
in CHC13 ;b) in acetone: 1 development in CHC13. 

pr ia te  solvent  (water ar acetone,  0.2 ml) was kept  at  room 
tempera tu re  (20 ~ Al iquots  (0.04 ml) were subjected,  at  
sui table t ime- in te rva ls  to th in- layer  ch roma tog raphy  
TLC) on plates  (20 • 5 cm) coated  e i ther  wi th  a lumina  
(Merck, A lumin ium oxid [Type El) when chloroform was 
the  developing solvent  (Solvent  A), or wi th  silicic acid 
(Merck, Kieselgel G) wi th  chloroform-ethanol  (19:1) as 
i r r igant  (solvent ]3). Af te r  development ,  t h e  plates  were 
examined  for r ad ioac t iv i ty  using a Ber tho ld  L]32723 
rad iochromatogram scanner. The adsorbants  in the  areas 
corresponding to the  rad ioac t iv i ty  were separate ly  re- 
moved,  Muted wi th  me thano l  and subjected to mass 
spec t romet ry  according to the  procedure of RIX et al 4. 
Mass spectra  were de te rmined  wi th  an A.E.I .  MS-12 
spectrometer ,  opera t ing  a t  an ion-source t empera tu re  of 
80-100~ and an ionizing vol tage of 70 eV. 

Results and discussion. The chromatographic  proce- 
dures used in the  present  inves t iga t ion  were designed to 
faci l i ta te  the  detec t ion  ond isolat ion of ox ida t ion  pro- 
ducts  of cyc lophosphamide  which are less polar  t han  the  
2 -carboxye thy l -der iva t ive  (II) de tec ted  by  NORPOTH 
et  al. a Ini t ia l ly ,  the  ox ida t ion  was conducted  in aqueous  
solut ion and, af ter  2 h reaction,  two mobi le  rad ioac t ive  
components  were observed (TLC, solvent  A), addi t ional  
to cyclophosphamide.  Solvent  A was preferred for 
moni tor ing  the  oxidat ions;  cyc lophosphamide  and 4 -  
ke tocyc lophosphamide  have  v i r tua l ly  ident ical  Rf  values  
in so lvent  B. Repea t ed  deve lopment  was necessary to 

H (3.. H 2 
/CH2--N \ O "~' 

/ \ . /  "P~r .COH N O 
CH 2 C, 2 v \  

O / 
",q / 

X'~CH2-- N(CH2CH2C[)2 CH2--O N(CH2CH2C[) 2 

([) (2) 

H H 
.C N O CH 2 -  N O 

/ \ J  / \ f CH 2 Y, CH 2 p \  
"~CH2 - 0 /  \N(CH2CH2C[)2 \ C H 2 - - 0  / \ N  CH2CH2C[ 

d,) (iv) 
H HO\ H 

CH - N O .CH N O \ /  / \ /  
C~. / p \  /CH2CHzC [ CH 2 p , .  

\CH - /  "" CH2--- O NX 2 - -  U N(CH2CH2C[)2 
(V) C2H5 (V[) 

separate the slowest of the mobile components from 
abundant immobile products. The slow moring component 
from had a mass spectrum which corresponded with 
that reported for 4-ketocyclophosphamide 5 (III) and 
chromatographic properties (TLC solvents A and ]3) 
identical with those of authentic II!. The more mobile 
product (solvent A) gave a mass spectrum which was 
consistent with a mixture of the monodechloroethylated 
compound (IV) and a compound not so far reported as a 
metabolite of cyclophosphamide namely 2-[N-(2-chloro- 
ethyl) ethylamino] tetrahydro- 2H- I, 3, 2-oxazaphosphorine 
2-oxide (V). Thus the peaks 6 appropriate to the compound 
(IV) were present  at  m/e 198 and 200 (M +, 2%) and m/e 149 
[(M-CH2CI)+, 100%], whereas the  signals at  m/e 226 and 
22S (1 c1, M+ for V, 2%) and at  m/e 211 and 213 [(M-CHs)+ , 
14%] were indica t ive  of (V). The iden t i ty  of IV was 
fur ther  confirmed by compar ison (solvents A and t3) wi th  
au then t ic  mater ia l  obta ined by def ini t ive  synthesis. The 
cont r ibut ion  of the  ke to-der iva t ive  (III) to the  to ta l  
r ad ioac t iv i ty  af ter  a react ion t ime  of 2 h was es t imated  
as 18% by  measuremen t  of the  area under  the  appro- 
pr ia te  peak  (Figure 1). Similar  values  were obta ined for 
react ion t imes  of 0.5 h (16%) and 4 h (14%). The  values  
for cyc lophosphamide  diminished f rom 24%, at  0.5 h to 
1.5% at  4 h. 

Oxidat ion  of cyc lophosphamide  by  KMnO 4 in acetone 
also yielded bo th  the  ke to-der iva t ive  (III) and the  mono- 
dechloroe thyla ted  p roduc t  (IV). The  l a t t e r  compound  
was no t  de tec ted  after  3 h (Figure lb),  bu t  af ter  20 h, a 
rad ioac t ive  componen t  (3%) was observed a t  the  appro-  
pr ia te  Rf  va lue  (0.30, solvent  A). The  mass spec t rum of 
this component  conta ined only the  peaks a t t r ibu tab le  to 
the  compound  (IV). 

The  present  studies thus  provide  a fur ther  proof t h a t  at  
least  some of the  metabol ic  t ransformat ions  of cyclo- 
phosphamide  can be imi ta t ed  by  pure ly  chemical  methods.  
Addi t ional ly ,  the  use of radioact ively- label led cyclo- 
phosphamide  in such react ions affords a me thod  of 
obta in ing the  appropr ia te  radioact ively- label led  meta-  
bolites, useful for fur ther  metabol ic  or chemical  studies, 
w i thou t  resort ing to de novo synthesis.  I n  part icular ,  
4-ke tocyclophosphamide  is considered to be an  in v ivo  
oxida t ion  p roduc t  of the  corresponding 4-hydroxy-  

4 M. J. RIx, B. R. WEBSTER and I. C. WRIGHT, Chemy. Ind. 1969, 452. 
5 R. F. STRUCK, IV[. C. KIRK, L. B. ]V[ELLETT, S./~I. DAREER and D. L. 

HILL, Molec. Pharmac. 7, 519 (1971). 
6 j .  ]~. BAKKE, V. J. FEIL, C. E. FJELSTIJL and E. J. THACKER, J. 

Agric. Food Chem. 20, 384 (1972). 
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der iva t ive  (VI), a compound  bel ieved to be a key inter-  
media te  in the  t r ans fo rma t ion  of cyc lophosphamide  into 
a cy to tox ic  species 7, s Approaches  to  the  syn thes i s  of the  
4 -hydroxyder iva t ive  (VI) have  included the  a t t e m p t e d  

reduct ion  of 4-ke tocyc lophosphamideL The avai labi l i ty  
of [a2P]4-ketocyclophosphamide,  consequen t  upon the  
p resen t  studies,  should  faci l i ta te  t he  moni tor ing  of such 
reactions.  

7 K. NORPOTH and H. M. RAUEN, Klin. Wschr. 50, 449 (1972). 
s D. g. HILL, W. R. LASTER and R. F. STRUCK, Cancer Res. 32, 658 

(1972}. 
R. F. STRIJCK, Proc. Am. Ass. Cancer Res. Abstr. 13, 50 (1972). 
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Zusammen/assung. Oxyda t ion  des (a2p) Cyclophosph-  
amides  durch  KMnO 4 in Wasser  oder  Aceton  f i ihrt  zu 
4 -Ke tocyc lophosphamid  und e inem N-dechloro/ i thyl ier ten  
Der iva t  des Cyclophosphamides ,  beides b e k a n n t e  Meta-  
bol i ten der  Droge. Die Auf t r ennung  der P ro d u k t e  gelingt 
durch  Dt innsch ich tch romatograph ie  und  die Richt igkei t  
der  S t ruk tu ren  wurde  durch  Massenspec t romet r ie  nach- 
gewiesen. 

M. JARMAN 10 

Chester Beatty Research Institute, 
Institute o/ Cancer Research, Royal Cancer Hospital. 
Fulham Road, London SW3 6JB (England), 
27 December 7972. 

Cyclic 3',5'-Adenosine Monophosphate in Tetrahymena pyriformis 
Adenyl  cyclase ac t iv i ty  1 and  cyclic nucleot ide  phos-  

phodies terase2 ac t iv i ty  have  been repor ted  in the  ciliate 
Tetrahymena pyri/ormis. I t  has  been repor ted  t h a t  
theophyl l ine  increases glycogen level in TetrahymenaL 
Since m e t h y l x a n t h i n e s  are bel ieved to affect  the  glycogen 
me tabo l i sm via  cyclic AMP sys tem a, it  was of in te res t  to 
s tudy  w he the r  cyclic AMP 4 is p resen t  in Tetrahymena. 

Tetrahymena pyri/ormis, GL strain,  is used in our 
studies.  The ceils are grown, ha rves t ed  and  washed  as 
descr ibed earlier s. Finally,  t he  cells are homogenized  by  
freeze thawing  3 t imes  in 1 ml 0.05 M sodium aceta te  
buffer  p H  6.2 plus 0.5 ml theophyl l ine  (30 mg/ml).  The 
homogena te  is cent r i fuged at  3000 r p m  for 20 min  and 
the  s u p e r n a t a n t  t aken  for assay. 

Rad io imm unoas sy  m e t h o d  is used for the  de te rmina t ion  
of cyclic AMP. The detai ls  of the  m e t h o d  are welt docu- 
m e n t e d  s. The r ad io immunoassay  ki t  is purchased  from 
Schwarz/Mann.  Pro te in  is de te rmined  by  the  m e t h o d  of 
LowRY at. al. 7 The Table  includes the  results.  The 
a m o u n t  of cyclic AMP presen t  is expressed as picomoles 
per  mg protein.  As can be seen, cyclic AMP is p resen t  in 
cells grown in b o t h  media.  

The intracel lular  concen t ra t ion  of cyclic AMP is 
ex t r eme ly  low, of the  order  of 10 -s M or lower, in mos t  
tissues. Cyclic AMP-med ia t ed  events  are t r iggered by  
re la t ively  smal l  changes  in t he  intracel lular  concen t ra t ion  
of  cyclic AMP. Hence,  ex t r emely  sensi t ive me thods  are 
necessary  to  measure  t he  intracel lular  levels of cyclic 
AMP. Among  the  var ious  m e t h o d s  available, the  sensi- 
t i v i ty  of the  r ad io immunoassay  t echn ique  for cyclic AMP 
is repor ted  to surpass  t h a t  of the  o ther  methodsS.  In  our 
exper iments  descr ibed here, we could de tec t  the  ex t r emely  

Determination of cyclic AMP in Tetrahymena pyri]ormis, GL. 

Medium Conditions Amount of C-AMP 
(pmoles/mg protein) * 

With glucose 25 ~ + shaking 2.70 -t- 0.38 
Without glucose 25 ~ no shaMng 1.07 :~ 0.38 

The assay is carried out with different aliquots of the homogenate 
(25 to 100 [xl) in duplicate. 

low level of the  cyclic AMP in Tetrahymena, using the  
r ad io immunoassay  technique.  

The significance of the  presence of cyclic AMP in 
Tetrahymena can only be specula ted  at  the  mo men t .  The 
effect  of theophyl l ine  on glycogen me tabo l i sm in Tetra- 
hymens, m a y  now be examined  by  s tudy ing  its effect  on 
phosphodies te rase  and the  intracel lular  level of cyclic 
AMP. 

I t  is r epor ted  t h a t  Tetrahymena conta ins  catechol-  
amines  and sero tonin  and the  g rowth  of Tetrahymena is 
inhibi ted  by  a va r i e ty  of adrenergic  and/or  serotonergic  
drugs 2. These da t a  have  earlier l ed  to the  hypo thes i s  
t h a t  Tetrahymena conta ins  a p r imi t ive  metabol ic  contro l  
sys tem wi th  several  fea tures  in co mmo n  wi th  the  inter-  
cellular metabol ic  sys tems  found in me tazoa  2. This  
s imi lar i ty  can now be ex t ended  fu r ther  wi th  our  de tec t ion  
of cyclic AMP in Tetrahymena and the  repor ted  adenyl  
cyclase and  phosphodies te rase  activit ies.  Work  is now in 
progress  to  measure  the  effect  of several  drugs on the  
intracel lular  level of cyclic AMP in Tetrahymena. 

Zusammenfassung. In  Tetrahymena pyri/ormis, GL., 
wurde  zyklisches AMP nachgewiesen.  

S. R A M A N A T H A N  a n d  S .C .  CHOU 8 

Department o/ Pharmacology, University o/ Hawaii, 
School o/Medicine, 7960 East West Road, 
Honolulu (Hawaii 96822, USA), 27 January 7973. 
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