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no t  s ign i f i can t ly  re-u t i l ized  for p r o t e i n  syn thes i s  in  t h e  
l ivers  of a d u l t  r a t s  9. 

The  d rug - induced  r e d u c t i o n  in half- l i fe  of l ive r  p ro t e in s  
was no t  reso lved  i n to  s epa ra t e  c o m p o n e n t s  of syn thes i s  
a n d  d e g r a d a t i o n  since b o t h  half- l i fe  va lues  were reduced.  
The  larger  r educ t i on  ill o rgan  specific a c t i v i t y  half- l i fe  
values,  however ,  sugges ted  t h a t  d rug  t r e a t m e n t  p roduced  
a g rea te r  effect  on  p r o t e i n  deg rada t ion .  As a r e su l t  of an  
increased  r a t e  of p r o t e i n  d e g r a d a t i o n  r e l a t i ve  to p r o t e i n  
syn thes i s  t he  toa l  a m o u n t  of b o t h  soluble  a n d  p a r t i c u l a t e  
p r o t e i n  was r educed  in t he  l iver.  

B r a i n  p ro t e in  half- l i fe  va lues  a f t e r  c y c l o p h o s p h a m i d e  
were  r educed  as ca l cu la t ed  b y  t h e  decl ine in p r o t e i n  
specific a c t i v i t y  a n d  u n c h a n g e d  w h e n  m e a s u r e d  b y  t he  
decl ine ill o rgan  specific ac t iv i ty .  These  o b s e r v a t i o n s  
i n d i c a t e d  t h a t  c y c l o p h o s p h a m i d e  increased  p r o t e i n  
syn thes i s  b u t  d id  n o t  affect  deg rada t ion .  A n  increased  
level  of s y n t h e s i s  m a y  be  i n d i c a t i v e  of a r epa i r  process  to  
d rug  induced  damage .  A l k y l a t i o n  of D N A  a n d  d i s r u p t i o n  
of t h e  cell cycle ~~ a l t e rna t i ve ly ,  m a y  h a v e  p e r m i t t e d  
p ro t e in  syn thes i s  to  con t inue  in a n  uncon t ro l l ed  fashion .  
The  fa i lure  of a 30 ra in  pulse  of ~4C-leucine to d e t e c t  a 
c y c l o p h o s p h a m i d e  effect  on  b r a i n  p r o t e i n  syn thes i s  s m a y  
be  a t t r i b u t e d  to  a d rug  i nduced  r e d u c t i o n  in t he  specific 
a c t i v i t y  of t he  p recurso r  pool. 

A dose of c y c l o p h o s p h a m i d e  wh ich  d i s r u p t e d  n o r m a l  
p o s t n a t a l  d e v e l o p m e n t  r educed  t h e  half- l i fe  of p r o t e i n s  
f rom n e o n a t a l  mice. A r egu la t ed  b a l a n c e  b e t w e e n  p r o t e i n  
syn thes i s  a n d  d e g r a d a t i o n  a p p e a r s  to  be  a n  i m p o r t a n t  
c o m p o n e n t  of n o r m a l  g r o w t h  a n d  agen t s  w h i c h  af fec t  
th i s  ba l ance  m a y  d i s r u p t  s u b s e q u e n t  g r o w t h  a n d  develop-  

merit .  The  o b s e r v a t i o n s  w i t h  cyc lophosphamide ,  in  
add i t ion ,  sugges t  t h a t  a l k y l a t i n g  agen t s  m a y  r ende r  
p ro t e in  molecules  more  suscep tab le  to  deg rada t ion .  Since 
specific p ro t e in s  were no t  s tud ied  i t  was  n o t  poss ib le  to  
d i s t i ngu i sh  b e t w e e n  select ive  d e g r a d a t i o n  of a l k y l a t e d  
p ro t e ins  a n d  genera l  p ro t e in  d e g r a d a t i o n  w h i c h  resu l ted  
f rom cell deathlY. 

Zusammen/assung.  U n t e r s u c h u n g  der  Cyc lophosphamid -  
W i r k u n g  bei  1 Tag  a l t en  MSmsen. Die H a l b w e r t s z e i t  v o n  
P ro te inen ,  die m a n  w ~ h r e n d  de r  i n t r a u t e r i n e n  E n t w i c k -  
l ung  mark ie r t e ,  wurde  in v e r s c h i e d e n e n  Geweben be- 
s t i m m t .  E r m i t t l u n g  des  Gle ichgewichts  zwischen P ro t e in -  
syn these  in der  Diskuss ion  der  D a t e n  fiber W a c h s t u m s -  
u n d  E n t w i c k l u n g s b e z i e h u n g e n .  
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T r i b e n o s i d e  a s  a n  I n h i b i t o r  o f  C h e m i c a l l y  I n d u c e d  

Tr ibenos ide  ~, a d rug  used ill t h e  t r e a t m e n t  of venous  
insuf f ic iency  of t h e  lower  leg, d i sp lays  a wide  s p e c t r u m  of 
pha rmaco log ica l  ac t iv i t ies ,  i nc lud ing  a n t i - i n f l a m m a t o r y  
a n d  ant i -a l le rg ic  effects  in  va r i ous  t e s t  mode ls  2-6. 

I n  a d d i t i o n  to  suppress ing  n o n - i m m u n o l o g i c a l  a n d  
immuno log i ca l  i n f l a m m a t o r y  reac t ions ,  t h e  c o m p o u n d  has  
been  shown  to exe r t  an t i noc i cep t i ve  a c t i v i t y  in  t he  mouse  7. 
F u r t h e r m o r e ,  i t  af fords  p r o t e c t i o n  aga i n s t  l e tha l  wasp-  
v e n o m  shock  in  t h e  gu inea-p ig  s a n d  a g a i n s t  ea r ly  shock  
reac t ions  to  l e tha l  doses of colchicine and  n i t r ogen  
m u s t a r d  in t h e  r a t  9, i.e. i t  possesses ' a n t i t o x i c '  p roper t ies .  
Of p a r t i c u l a r  i n t e r e s t  w i t h  r ega rd  to i ts  m a i n  cl inical  use 
is t h e  p r o n o u n c e d  veno t rop i c  ac t ion  of t r ibenos ide ,  
w h i c h  can  b e  d e m o n s t r a t e d  in  va r i ous  species ~~ as 
well  as i ts  m e m b r a n e - s t a b i l i z i n g  effect, e.g. p r o t e c t i o n  
aga ins t  s i l ica- induced l ab i l i za t ion  of l ip id  b i l aye r  m e m -  
b r a n e s  ta or s i l i ca- induced  red  cell lysis  ~4. I n  order  to  ga in  
some i n s igh t  in to  t h e  celIular  or subce l lu la r  m e c h a n i s m  
of ac t ion  of t r ibenos ide ,  we t lave e x a m i n e d  i ts  effect  on 
t he  h i s t a m i n e  release r eac t i on  fo l lowing exposure  of r a t  
m a s t  cells to  c o m p o u n d  48/80 or C44 680-Ba. Tile resu l t s  
of t h i s  s tudy ,  in  wh ich  va r ious  k n o w n  inh ib i to r s  of 
i m m u n o l o g i c a l  or n o n - i m m u n o l o g i c a l  m a s t  cell deg ranu la -  
t ion  were e x a m i n e d  com par a t i ve l y ,  c lear ly  d e m o n s t r a t e  
t h a t  t r i benos ide  is one of t h e  m o s t  p o t e n t  i n h i b i t o r s  of 
chemica l ly  i nduced  h i s t a m i n e  release.  

H i s t a m i n e  l ibe ra to r s  used:  C44680-Ba ,  a p ro ly l  a lkyl  
d e r i v a t i v e  of D-Ser a, Lys  TM 17, is jS-cort icotrophin,  w h i c h  
has  p rev ious ly  been  shown  to be a h igh ly  p o t e n t  h i s t a m i n e  
l i be ra to r  16. C o m p o u n d  48/80 (Lot. K4023)  was  pur-  
chased  f rom Wel l come  Res. Lab .  B e c k e n h a m ,  E n g l a n d .  

Methods and materials. Suspens ions  of u n f r a c t i o n a t e d  
pe r i tonea l  cells were o b t a i n e d  as follows: 10 ml  of a 

H i s t a m i n e  R e l e a s e  

modi f ied  Tyrode  so lu t ion  (NaCt 110 m M ;  KC1 2.2 m M ;  
CaC12 1.4 m M ;  N a z H P O  4 9.4 r a M ;  N a H 2 P O  4 0.3 r a M ;  
KH~PO4 0.3 m M ;  N a H C O  3 4.8 r a M ;  MgC12 0.08 r a M ;  
glucose 4.4 r a M ;  p H  7.2), a t  b o d y  t e m p e r a t u r e  was  ad-  
m i n i s t e r e d  i.p. to  ma le  r a t s  ( Ivanovas ,  Ra-25) weigh ing  
180 to 200 g. Af te r  10 ra in  t he  an ima l s  were sacrificed, 
t h e  pe r i t onea l  c a v i t y  was opened  a n d  t he  f luid c o n t a i n i n g  
t h e  cells was  t r a n s f e r r e d  in to  chi l led PVC tubes .  Cell 
suspens ions  f rom 4 r a t s  were  pooled  a n d  k e p t  in  ice- 
w a t e r  un t i l  use. A l iquo t s  of 1 ml  were mixed  w i t h  0.5 ml  
so lu t ion  c o n t a i n i n g  t h e  p o t e n t i a l  i n h i b i t o r  and  pre-  
i n c u b a t e d  in a m e t a b o l i c  s h a k e r  a t  37~ 15 m i n  later ,  
0.5 m l  of a so lu t ion  w i t h  t he  h i s t amine - r e l ea s ing  agen t  
was  a d d e d  to  t h e  mix tu re ,  w h i c h  was  f u r t h e r  i n c u b a t e d  
for  15 min.  I n c u b a t i o n  was s topped  b y  t r an s f e r r i ng  t h e  
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Inhibition of histamine release, ED~0 in mM (~g/ml) 

Specialia EXPXRIE~T]A 30/4 

Releasing agent/Inhibitor tested C 44680-ha" Cpd 48/80 b 

Diethylcarbamazinehydroehloride N 100 (23.600) ~ ~ 100 (23.600) 
Diethylcarbamazine citrate 3 (1.200) 3 (1.200) 
Sodium citrate 15 (2.800) 10 (1.900) 
Polyphloretin phosphate (PPP) 0.02 a (10) 0.02 (10) 
Disodium cromoglycate 30 (15.000) 10 (5.000) 
Flufenamic acid 0.2 (56) 0.1 (28) 
Phenylbutazone 2 (620) 2 (620) 
Sodium salicylate 20 (3.200) 60 (9.600) 
Norepinephrine 0.3 (51) -- 
Isoproterenol i (210) -- 
Theophylline 3 (520) 10 (1.740) 
Nieotinamide 20 (2.400) - -  
Nikethamide (Coramin | 3 (520) 10 (1.740) 
Tribenoside (Glyvenol ~) 0.02 (10) 0.02 (10) 

At the concentration used (0.03 ~zg/ml) this compound released 64.9 ~ 3.2% of the total histamine (n = 35). h At the concentration used 
(0.1 ~zg/ml) this compound released 61.2 • 5.9% of the total histamine (n = 25). o Z, no inhibitory activity at the concentration stated. 
a Assuming that most of the compound was in the dimer form. 

tubes  in to  ice-water  and subsequen t  cent r i fugat ion  
(1000 • min/0~ The h i s tamine  was ex t rac ted  (n- 
heptanol)  f rom the  s u p e r n a t a n t  and  de t e rmined  af ter  
condensa t ion  wi th  o -ph tha la ldehyde  (OPT) according to 
REDLICH and GLICK 17, 18. 

The capac i ty  of a subs tance  to inhibi t  the  release of 
h i s t amine  was calculated as follows: 

Inhibition (%) = 1 -- 

ng histamine released on exposure to liberator and inhibitor 
ng histamine released on exposure to liberator without inhibitor 

• 100% 

All h i s t amine  values were corrected for spon taneous  
h i s tamine  release (mean 6.4~o). 

Results and discussion. Of the  two h i s t amine  l ibera tors  
used, C44680-13a proved  some 3 to  10 t imes  more  act ive 
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Fig. 1. Dose-dependent inhibitory effect of tribenoside on histamine- 
release induced by C44680-Ba in a rat peritoneal-cell system. The 
solid line represents the inhibitory capacity of tribenoside and the 
solvent, the broken line the effect of the solvent alone. The P- 
values of the means (•  SD) were calculated against the correspond- 
ing solvent system, the ethanol content of which is indicated. 

t h a n  cpd. 48/80, thus  conf i rming our previous  f inding 
made  in a somewha t  d i f ferent  t e s t  system1% The resul ts  
ob ta ined  wi th  a r ep resen ta t ive  selection of c o m p o u n d s  
examined  wi th  regard to  a possible  inh ib i to ry  ac t iv i ty  are 
l is ted in the  Table.  I t  is clear f rom the  Table t h a t  ant i -  
i n f l a m m a t o r y  drugs such as f lufenamic  acid, phenyl -  
bu tazone  and sod ium salicylate,  in descending  order  of 
act ivi ty ,  are capable of p ro tec t ing  ra t  mas t  cells agains t  
release of h i s t amine  induced  by  e i ther  cpd. 48/80 or 
C44680-Ba.  Of the  3 compounds  which, have  repea ted ly  
been repor ted  to  exer t  inh ib i to ry  effects on react ions  
involving immunologica l  or non- immunologica l  release of 
mast -ce l l -der ived his tamine,  only  po lyphlore t in  p h o s p h a t e  
( p p p )  10 exer ts  clear-cut  inh ib i to ry  ac t iv i ty  agains t  bo th  
l iberators,  while d isodium cromoglyca te  displays  only a 
ve ry  weak act ion as a l ready  repor ted  by  BAECI<ELAND 
and  LECOMTE 20. The ac t iv i ty  d isp layed  by  P P P  agains t  
48/80-induced h i s t amine  release is in good accordance  
wi th  the  results  publ i shed  by  HOOBERG and  UvNKs el. 

Al though  mainly  classified as agents  possessing e i ther  
an t i - i n f l ammato ry  or anti-al lergic proper t ies ,  all the  
compounds  examined  in th is  s t u d y  wi th  regard to the i r  
abi l i ty  to suppress  h i s t amine  release induced by  com- 
pound  48/80 or C44680-Ba have  been  repor ted  to  inh ib i t  
var ious immunologica l  react ions,  e.g. PCA, Schul tz-Dale  
reaction,  Ar thus  p h e n o m e n o n  or release of med ia to r s  
following an t igen -an t ibody  react ions  a, ~, 15, 2~-a5. 

Of special in te res t  in th is  connec t ion  is our p resen t  
f inding t h a t  d i e thy lca rbamaz ine  citrate,  bu t  no t  d ie thyl-  
ca rbamazine  hydrochlor ide ,  inhibi ts  h i s t amine  release 
elicited by  co mp o u n d  48/80 or C44 680-Ba. I t  is therefore  
an open ques t ion  whe the r  t he  inh ib i to ry  ac t ion  of 
d ie thy lca rbamaz ine  on immunologica l ly  caused med ia to r  
release, as observed  by  ORANGE et al. 31 and  ]~YRG 28, 
should be regarded as an isolated p h e n o m e n o n  or a t t r i -  
bu t ed  to an effect  of the  c i t ra te  anion r a the r  t h a n  to t h a t  
of the  cation.  

17 D. VON REDLICH and D. C.LICK, Analyt. Bioehem. 10, 459 (1965). 
is D. YON REDLICH and D. GLICK, Analyt. Bioehem. 29, 167 (1969). 
19 Kindly gifted by Dr. B. HSGBERO, Leo Laboratories, Helsingborg, 

Sweden. 
2o E. BAEKELAND and J. LECOMTE, C. r. Soe. Biol., Paris 760, 218 

(1972). 
21 ]3. H/SGB~RG and 13. UVNRS, Acts physiol, seand, dl, 345 (1957). 
2~ N. CHAKRAVARTI, Acts pt~ysioI, seand, z18, t46 (1960). 
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Anothe r  compound  deserving in te res t  is n i k e t h a m i d e  
(Coramin| a resp i ra to ry  s t imuIant ,  which  inhib i t s  
h i s t amine  release in our t e s t  sys tem at  roughly  the  same 
concen t ra t ion  at  which  it has been repor ted  to suppress  
anaphy lac t i c  h i s t amine  release in a guinea-pig mas t  cell 
or lung slice sys tem ~s. Nicot inamide ,  which  is an inhib i tor  
of d iphosphopyr id ine  nucleot idase  like n i k e t h a m i d e  bu t  
lacks resp i ra to ry  s t imu lan t  ac t iv i ty ,  has  previous ly  been  
shown to inh ib i t  anaphy lac t i c  h i s t amine  release f rom 
var ious  t issues e6,~s,a" and is also act ive  in our sys tem.  
On the  o ther  hand,  ve ry  low concen t ra t ions  of t he  
glucofuranoside der ivat ive,  t r ibenos ide ,  p ro tec t  ra t  mas t  
cells agains t  h i s t amine  release induced  by  compound  48/80 
or C44680-Ba,  the  ED~0 being 0.02 m M  (10 ~xg/ml) in b o t h  
cases (Figure 1). Besides being more  act ive t h a n  flufen- 
amic  acid, t r ibenos ide  is also less easily washed  off f rom 

t rea ted  ceils. In  the  expe r imen t  out l ined in Figure  2, the  
concen t ra t ion  of these  compounds  was chosen so as to  
produce  a 50% inhibi t ion.  I t  is ev iden t  t h a t  a f ter  1 
wash ing  t r ibenos ide  caused abou t  40% and f lufenamic 
acid abou t  20% inhibi t ion,  whereas  af ter  3 washings  the  
inh ib i to ry  capac i ty  of t r ibenos ide  still  r emained  abou t  
20% and  f lufenamic acid d isp layed  no ac t iv i ty  a t  all. 

Zusammen/ass~ng. In  e inem Per i tonea lze l I -Sys tem der  
R a t t e  zeigt ein AlkyI-Pro ly l -Der iva t  yon Cor t icot rophin  
(C44 680-Ba) eine gr6ssere His tamin- f re i se tzende  Wi rkung  
als Compound  48/80. Dieser Ef fek t  der  beiden Subs tanzen  
kann  durch  Verb indungen  g e h e m m t  werden,  die ant i -  
in f l ammator i sche  und /oder  ant i -a l lergische E igenschaf t en  
besi tzen.  Tr ibenos id  (Glyvenol | und  Po lyphlore t in -  
p h o s p h a t  erweisen sich als sehr ak t ive  Inh ib i to ren  dieser 
chemisch  induz ie r ten  His t amin-Fre i se t zung ,  w&hrend 
Diae thy l ca rbamaz in  und  Dina t r i umcromog lyca t  nur  
e inen geringen H e m m e f f e k t  ergeben.  

50 -- -7 Tribenoside 3• 
Flufenamic acid 10-~/'/ % 

40 

o )  

~0 

-d 20 

__.1o i 

0 1 3 

Number of washings 

Fig. 2. Inhibition of histamine-release by tribenoside and flufenamie 
acid after washing-out procedures. The left-hand columns represent 
the inhibitory effect obtained in the presence of the inhibitors, and 
the middle and right-hand columns the results obtained after the 
cell suspensions had been washed once or 3 times, respectively. 
In these cases the supernatant pipetted off was replaced by fresh 
celi-free peritoneal fluid, diluted 1:1 with the medium in which the 
substances were dissolved. 
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l~ber den Einf luss  der Kettenl~inge bet C- t ermina len  Sequenzen  der Subs tanz  P 
in Vergle ich  mi t  ana logen  P h y s a l a e m i n -  und E ledo i s in -Pept iden  

auf die W i r k s a m k e i t  a m  M e e r s c h w e i n c h e n - I l e u m  

Der yon  EULER und  GADDUM1 in t t i r n  und  D a r m  des 
Pferdes  en tdeck te  und  als Subs tanz  P (SP) beze ichne te  
F a k t o r  konn te  yon  VOGLER et al.~, BOISSONNAS et al.3 
und  ZUBER ~ (auch aus anderen  Spezies) isoliert  und  
gereinigt  werden.  An der  yon  L~MBECK 5 gefundenen,  
die Speichelsekre t ion  s t imuI ie renden  Wi rkung  kom~ten 
CHANG und  LEEMAN 6 die Ident i tXt  mi t  e inem aus 
R a t t e n -  und  R i n d - H y p o t h a l a m u s  isol ier ten s ia logenen 
Pep t i d  nachweisen  u n d  dessen Sequenz ~ aufkls D u t c h  

Arg-Pro-Lys- Pro- Gin- Gln-~Phe-IGly-Leu-Met-NH~ I SP 
p Olu-ala-Asp- Pro -Asn- Lys-]Phe-lT~- Gly-Leu-Met-NH2] Ph 
pGlu-Pro-Ser-Lys-Asp - Ala-IPhe-I__[Phe-1I~2-e- Gly-Leu-Met-NH2l E1 

Fig. 1. Vergleich der Sequenzen von Substanz P (SP), Physalaemin 
(Ph) und EIedoisin (El) 

Syn these  erhal tenes  Material  war  h ins icht l ich  h y p o t en -  
slyer, s ialogener Wirkung,  IKontraktion an Meerschwein-  
c h e n _ I l e u m u n d R a t t e n - D u o d e n u m v e r g l e i c h b a r  s. STUDER 
et al. 9 f anden  fiir SP  aus P f e r d e d a r m  die gleiche Sequenz.  

Das mi t  Eledoisin,  aus der  Speicheldri ise des Octo- 
poden  Eledone moschata 1~ und  Physa taemin ,  aus der  
H a u t  des Frosches  Physalaemus /usc'umaculatus n ver- 
gleichbare Wirkungsb i ld  spiegelt  sich auch  in der  St ruk-  
tur / ihnl ichkei t  dieser drei  h y p o t e n s i v e n  Pep t i d e  wider 
(Figur 1). 

LOBKE et a1.1~ fanden  an C- te rmina len  Sequenzen des 
Eledoisins,  dass, beg innend  vom P e n t a p e p t i d ,  die 
W i r k s a m k e i t  schr i t tweise  z u n i m m t  und  alas Okra-  bzw. 
N o n a p e p t i d  mehr fache  Wi rkung  des U n d e k a p e p t i d e s  
zeigen. Dies best~itigten BE~NARDI et  al. 1~ auch  fiir das  
Ph,  wobei  hier  das H e x a p e p t i d  6-11 berei ts  volle Wirkung  
zeigt. 


