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Results. The  b lood levels of free and  b o u n d  p a n t o t h e n i c  
acid a f t e r  in fus ion  of coenzyme  A or  ca lc ium p a n t o -  
t h e n a t e :  (a) D u r i n g  t he  i n t r a v e n o u s  a d m i n i s t r a t i o n  of 
coenzyme  A, b lood levels of free a n d  b o u n d  p a n t o t h e n i c  
acid increased.  20 h a f t e r  t he  end  of the  infusion,  the  
b lood c o n c e n t r a t i o n s  of free a n d  b o u n d  p a n t o t h e n a t e  were 
s t i l l  f o u n d  to be  e l eva t ed  (Figure).  (b) D u r i n g  t h e  in fus ion  
of ca lc ium p a n t o t h e n a t e ,  t he  free p a n t o t h e n i c  acid in 
b lood rose, whereas  t he  b o u n d  p a n t o t h e n i c  acid r e m a i n e d  
u n c h a n g e d  or was  w i t h i n  t he  r ange  of e x p e r i m e n t a l  error.  

The  u r i n a r y  exc re t ion  of p a n t o t h e n i c  acid d u r i n g  a n d  
a f t e r  in fus ion  of coenzyme  A or ca l c ium p a n t o t h e n a t e :  
(a) The  da i ly  u r i n a r y  excre t ion  of free p a n t o t h e n i c  acid 
was e l eva ted  a f t e r  the  a d m i n i s t r a t i o n  of coenzyme A and  
n o r m a l  aga in  2 days  a f t e r  t he  beg inn ing  of t he  infusion.  
I n  3 cases, t he  e x t r a  p a n t o t h e n a t e  excre t ion  co r re sponded  
to  22-24% , a n d  in  1 case to  52% of t h e  infused  a m o u n t  
of coenzyme  A. No b o u n d  p a n t o t h e n i c  acid could be 
de tec ted  in ur ine.  (b) Fo r  2 days  an  ex t r a  da i ly  u r i n a r y  
excre t ion  of p a n t o t h e n i c  acid was observed  a f t e r  t h e  in- 
fusion of ca lc ium p a n t o t h e n a t e .  I t  co r responded  to 16% 
a n d  29% of t h e  ca lc ium p a n t o t h e n a t e  admin i s t e red .  

Discussion. I n  h u m a n s  w i t h  n o r m a l  g lomeru la r  f i l t ra-  
t i on  ra tes ,  an  e x t r a  u r i n a r y  excre t ion  of free p a n t o t h e n i c  
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acid is obse rved  a f t e r  i n t r a v e n o u s  a d m i n i s t r a t i o n  of 
coenzyme  A. Th i s  f ac t  a n d  t h e  e l eva t ed  free b lood  p a n t o -  
t h e n a t e  d u r i n g  a n d  a f t e r  t he  in fus ion  po in t  to  a b reak -  
d o w n  of t he  in jec ted  coenzyme  A in the  organism.  On 
t h e  o t h e r  h a n d ,  t he  b lood  level  of b o u n d  p a n t o t h e n a t e  is 
ra ised  a f t e r  a d m i n i s t r a t i o n  of coenzyme  A and  was found  
to  be  st i l l  e l eva t ed  20 h la ter .  

I t  is no t  k n o w n  w h e t h e r  t he  e n z y m a t i c  d e g r a d a t i o n  of 
coenzyme  A to  p a n t o t h e n a t e  b y  p h o s p h a t a s e s  and  pep t i -  
dases  t akes  place in t he  c i rcu la t ing  b lood in t he  ex t r a -  
v a s c u l a r  ex t race l lu la r  c o m p a r t m e n t  or w i th in  t he  cells. 

I n  3 o u t  of 4 b a l a n c e  s tud ies  w i t h  c o e n z y m e  A, 2 0 - 3 0 %  
of the  dose infused was excre ted  as p a n t o t h e n a t e  w i t h  
t h e  urine.  The  fa te  of t h e  r e m a i n d e r  is no t  known.  I t  is 
a s s u m e d  t h a t  t he  m a i n  p a r t  of t he  coenzyme A infused is 
adso rbed  on  t he  cell surface  or is t a k e n  up  b y  t h e  cells 
e i t he r  as coenzyme  A or as one of i t s  b r e a k d o w n  p r o d u c t s  
(dephospho-coenzyme  A, p h o s p h o p a n t e t h e i n ,  p a n t e t h e i n ,  
p a n t o t h e n i c  acid).  

The  u r i n a r y  excre t ion  of infused ca lc ium p a n t o t h e n a t e  
co r re sponded  to 15-30~o. Th i s  is s imi la r  to  t he  resu l t s  
o b t a i n e d  a f t e r  in fus ion  of coenzyme A a n d  is in  good 
a g r e e m e n t  w i t h  t he  o b s e r v a t i o n s  of SCHMIDT :'s. 

Zusammen/assung. Bei  V e r s u c h s p e r s o n e n  mi t  n o r m a l e r  
g lomerul / i rer  F i l t r a t i o n  u n d  n o r m a l e r  L e b e r f u n k t i o n  
wurde  n a c h  i n t r a v e n 6 s e r  In fus ion  yon  C a l c i u m - D - P a n t o -  
t h e n a t  oder  Coenzym A die Bi lanz  de r  freien u n d  der  
g e b u n d e n e n  Pan to thens~ tu re  (Coenzym A) e rmi t t e l t .  Es  
k o n n t e  gezeigt  werden,  dass  i n fund ie r t e s  Coenzym A 
tei lweise zu freier  Pan to thens~ tu re  a b g e b a u t  wird.  Unge-  
IAhr 70% des i n f u n d i e r t e n  Coenzym A k o n n t e n  weder  im 
U r i n  (als P a n t o t h e n a t )  n o c h  im B l u t  w iede rge funden  
werden.  
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Effect of Chol ine  Sal icy lates  and S o m e  Other  
A n a l o g u e s  of Sal icyl ic  Acid on the Repl icat ion  of 

EMC Virus  in vitro 

I t  has  r ecen t l y  been  r epo r t ed  t h a t  ce r t a in  s imple  aro- 
m a t i c  p h o s p h o n i c  and  ca rboxyl ic  acids h a v e  a n t i v i r a l  
a c t i v i t y  1 ~. Th i s  c o m m u n i c a t i o n  p resen t s  f u r t h e r  evi- 
dence  for t he  effect  of some de r iva t i ve s  of salicylic acid 
on  the  rep l i ca t ion  of encepha l om yoca r d i t i s  (EMC) v i rus  
in  t he  s e c o n d a r y  mouse  e m b r y o  t issue cul ture .  Therefore ,  
some aspec ts  of t he  r e l a t ionsh ip  be t w een  t he  chemica l  
s t r u c t u r e  of t h e  d rugs  a n d  t h e i r  v i rus  i n h i b i t o r y  ac t ion  
are discussed. 

The  m e t h o d s  used for t he  a s say  of a n t i v i r a l  a c t i v i t y  of 
d rugs  were t he  same  as descr ibed  h i t h e r t o  1-3. 

I n  the  Tab le  v i rus  i n h i b i t o r y  ac t ion  of e leven drugs  ha s  
been  s u m m a r i z e d  and  compared .  I t  c an  be seen t h a t  t he  
a n t i v i r a l  effect  of these  d rugs  is connec t ed  w i t h  t he  
cha rac t e r i s t i c  s t r u c t u r e  of sal icylate .  The  s u b s t i t u t i o n  of 
oxygen  b y  la rger  b u t  also b i v a l e n t  su lphu r  in t he  ortho- 
phenol ic  g roup  e n h a n c e d  t h e  a n t i v i r a l  a c t i v i t y  of t he  
compound (UI). On the  o t h e r  h a n d ,  t he  s u b s t i t u t i o n  of 

1 A. D. INGLOT, M. KOCHMAN, and P. MASTALERZ, Nature 207, 784 
(1965). 

2 M. KOCHMAN, P. MASTALERZ, and A. D. INGLOT, Nature 207, 888 
(1965). 

8 A. D. INGLOT, M. KOCItMAN, P. MASTALERZ, Aeta virol., in press 
(1966). 
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Effects of choline salicylates and some other structural analogues of salicylic acid on replication of EMC virus in mouse ebryo tissue culture 

No. Compound Formula Concen- Protection Inhibition Inhibition Cytotoxic 
traion in against of virus of adsorp- concen- 
mM CPE~ yield tion and tration in 

(% of penetration m M  a 
control) b (% of 

control)" 

I Sodium salicylate ,,OH 2 ~ 2 99.5 74 ~ 10 

~ -COOH 1 1 90 62 
0.5 0 55 50 

II  Sodium /OOCCH3 2 ~ 2 94 60 ~- 10 
acetylsalicylate ~ C O O H  0.5 0 80 - 

I I I  Sodium ,.SH 2 ~ 2 99.6 82 ~.~ 10 
2-mercaptobenzoate ( / - - \ -COOH 1 1.5 - - 

0.5 0.5 97 63 

IV Sodium OH 5 0.5 74 42 ~ 10 
sulphosalicylate (--~f -COOH 

/ 
SOaH 

V Choline .,OH 2 > 2 99.5 ~ 5 
salicylate A / ~ C O O ( C H @ , ~ ( C H 3 ) 3  1 1.5 98 54 

\ /  - " 0 . 5  1 9 2  50 

VI Choline .,OH CH3 2 > 2 99.9 - > 8 
salicylate B / ~ N  I 1 1.5 99 63 

-COO---N-(CH.2)~OH k _ /  H3 C/1 0.5 1.5 98 50 
CH3 

VII Choline .OOCCH 3 1 2 96 54 ~ 5 
acetoxysalicylate / -~_COO(CH2)~(CH3) 3 

VIII  Choline C1 /---~_COO(CH2)+r(CH3)3~, 1 0.5 71 22 ~ 5 
p-chlorobenzoate ~ /  

IX Choline C1 1 0.5 74 42 ~ 5 
- - \  + 

o-chlorobenzoate C/_COO(CH2)2N(CH3) 3 

- - / - - \  + 1 0 0 0 ~ 8 X Choline H e  -COO(CHe)2N(CHa)a 
p-hydroxybenzoate 

XI Choline CH3COO /~_COO(CH2)2+r(CHa)3~, l 0 10 0 ~ 8 
p-acetoxybenzoate ~ /  

Protection against viral eytopathic effects (CPE) was expressed as delay (in days) of degeneration of cell population infected with virus 
and treated with compound in question in comparison with untreated culture, b To measure the inhibition of virus yield the inonolayer 
mouse embryo tissue cultures were infected with approximately 100 plaque forming units (pfu) of virus per culture and were incubated in 
the presence of the drugs incorporated into the fluid maintenance medium for 48 h at 37 ~ The virus yield was measured by plaque 
assay, o The inhibition of adsorption and penetration of virus was determined by incubation of cell monolayers with these drugs and ap- 
proximately 50 pfu of virus per culture for 2 h at 37 ~ The drugs were then removed by change of medium, the cultures were washed 
with saline and were incubated further under methylcellulose mediunl without inhibitors for 20 h at 37 ~ The results are expressed as 
% inhibition of virus infectivity of controls treated with saline, a Minimal cytotoxic concentrations of the conlpounds in question leading to 
the microscopically visible degenerative changes of cells were determined during 48 h incubation period. 

t h e  h y d r o x y l  g r o u p  b y  ch lor ine  ( V I I I  and  I X )  or  d i sp lace-  
m e n t  of t he  h y d r o x y l  g r o u p  f r o m  the  p o s i t i o n  or tho  t o  t h e  
p o s i t i o n  p a r a  (X  a n d  X I )  r e su l t ed  in t he  g r e a t  r e d u c t i o n  
of t h i s  ac t iv i ty .  Moreover ,  w h e n  the  s t r o n g l y  e lec t ro-  
n e g a t i v e  s u l p h o n i c  g r o u p  w a s  l inked  in close p r o x i m i t y  
to  t h e  sal icylic g r o u p  (IV),  i t  also lowered  t h e  a c t i v i t y  of 
t h e  c o m p o u n d .  Su i t ab l e  es te r i f i ca t ion  of  t he  c a r b o x y l  
g r o u p  can  inc rease  t h e  a n t i v i r a l  a c t i v i t y  of  t h e  d rug ,  s ince 
chol ine  sa l i cy l a t e s  were  f o u n d  to  be  far  m o r e  ac t ive  p e r  
m o l a r  c o n c e n t r a t i o n  t h a n  s o d i u m  sa l i cy la te  (V, V I  a n d  
V I I ) .  T h e  n a t u r e  of t h e  l inkage  of t he  c a r b o x y l  g r o u p  w i t h  
chol ine  is n o t  v e r y  cr i t ical  s ince c o m p o u n d s  V a n d  V I  are  
a l m o s t  e q u a l l y  ac t ive .  H o w e v e r ,  c o m p o u n d  V I  is less 
tox ic  to  t h e  cells t h a n  c o m p o u n d  V. 

I t  is i n t e r e s t i n g  to  n o t e  t h a t  chol ine  sa l icy la tes  h a v e  
m u c h  h i g h e r  t h e r a p e u t i c  a c t i v i t y  in v ivo  t h a n  t h e  'o lder '  
sa l icy la tes ,  a n d  t h e y  h a v e  a l r e a d y  been  i n t r o d u c e d  in to  
med i c a l  p r ac t i ce  as  analges ic ,  a n t i p y r r e t i c  a n d  an t i -  
i n f l a m m a t o r y  a ge n t s4  6. 

T h e  r e su l t s  o b t a i n e d  s u g g e s t  t h a t  t he  v i r u s  i n h i b i t o r y  
ac t i on  of t h e  d r u g s  t e s t e d  so fa r  is i n t i m a t e l y  c o n n e c t e d  

4 R. H. t~ROH-KAHN, Int. Rec. Med. 773, 217 (1960}. 
5 P. BOUVET, I. BERTRAND, T. GAYET-HALLION, and N. DORME, 

Annls pharm, fr. 21, 87 (1963). 
6 Z. MACHOZ<I, T. ZAWlSZA, and Z. KuczvSIsKI, Dissert. Pharmac. 

17,491 (1965). 
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w i t h  t h e i r  a n t i i n f l a m m a t o r y  ac t iv i ty .  F r o m  t he  bio-  
chemica l  p o i n t  of view, the  ab i l i ty  of these  c o m p o u n d s  to 
uncoup le  ox ida t ive  p h o s p h o r y l a t i o n  v m a y  a t  leas t  p a r t i a l l y  
exp la in  t he  i n h i b i t i o n  of syn thes i s  of v i rus  3. I n  fac t  
sod ium 2 -mercap tobenzoa t e ,  wh ich  is more  p o t e n t  t h a n  
sa l icyla te  in  uncoup l ing  ox ida t ive  p h o s p h o r y l a t i o n  s, was  
also p r o v e d  to h a v e  g rea te r  a n t i v i r a l  ac t iv i ty .  A l t e rna -  
t ively ,  sa l icyla tes  m i g h t  become  b o u n d  to l ipopro te ins  of 
cell m e m b r a n e s  7, a n d  b y  t he  a l t e r a t i o n  of t he i r  p rope r t i e s  
i n h i b i t  t he  adsorp t ion ,  p e n e t r a t i o n  a n d  release of v i rus  
f rom cells 3. 

The  d a t a  s h o w n  in  t he  Tab le  (column 7) ind ica te  c lear ly  
t h a t  a l t h o u g h  sa l icyla te  a n d  i ts  close ana logues  suppress  
t he  adso rp t ion  a n d  p e n e t r a t i o n  of v i rus  in to  ceils, t h i s  
effect  c a n n o t  solely exp la in  t h e  v i rus  i n h i b i t o r y  ac t ion  of 
these  drugs.  Since t h i s  ac t ion  seems to be mul t ip l ex  a n d  
h igh ly  unspecific,  i t  is conce ivab le  t h a t  sa l icyla tes  m a y  
be  ac t ive  in a v a r i e t y  of cel l -virus  sys tems.  

Zusammenlassung. Es  wird  eine 90 -99 ,9%ige  H e m -  
m u n g  in  v i t ro  de r  Rep l i ka t i on  des  EMC-Vi rus  d u r c h  
0,5-2 m molare  L 6 s u n g e n  folgender  Sal icyls~turederivate  
fes tges te l l t :  Chol insal icyla t ,  C h o l i n a c e t o x y s a l i c y l a t  u n d  
der  N a t r i u m s a l z e  von  2-Merkap tobenzoes~ure ,  Saficyl- 

s/iure sowie Acetylsalicyls~iure. F e r n e r  wurde  eine e twa  
70%ige  H e m m u n g  des N a t r i u m s a l z e s  de r  Sulphosa l icy l -  
s~ture, des Chol in -p-ch lorobenzoa tes ,  sowie des Cholin-o- 
ch lo robenzoa t e s  b e o b a c h t e t .  Cho l in -p -oxybenzoa t  u n d  
C h o l i n - p - a c e t o x y b e n z o a t  ze ig ten  h ingegen  ke ine  H e m -  
m u n g s a k t i v i t ~ t .  
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The Activity of Ibenzmethyzin Hydrochloride 
Against  the Human Transplantable Tumors  
Human Epithel ioma No. 3 and Human Adenoma 

No. 1 

I b e n z m e t h y z i n  hyd roch lo r ide  1 (N- isopropyl -~- (2-meth-  
y l h y d r a z i n o ) - p - t o l u a m i d e  hydroch lor ide)  has  been  re- 
p o r t e d  to  be  ac t ive  aga ins t  t r a n s p l a n t a b l e  r o d e n t  tu -  
mors  2-~. N u m e r o u s  r epor t s  h a v e  also appea red  conce rn ing  
i ts  cl inical  effect iveness,  especial ly  for l y m p h o m a s  e-% The  
p r e sen t  r epo r t  e x t e n d s  t he  e x p e r i m e n t a l  d a t a  w i t h  ibenz-  
m e t h y z i n  h y d r o c h l o r i d e  to inc lude  2 ser ial ly  p r o p a g a t e d  
h u m a n  t u m o r s  in  l a b o r a t o r y  animals .  

Methods. Solu t ions  of i b e n z m e t h y z i n  h y d r o c h l o r i d e  
were p r e p a r e d  f resh da i ly  in  dis t i l led w a t e r  a n d  admin i s -  
t e red  in 1.0 ml  a m o u n t s .  A t o t a l  of 2 e x p e r i m e n t s  were 
pe r fo rmed  for each  t u m o r  sys tem,  6 an ima l s  pe r  dose. 

H u m a n  ep i the l i oma  No. 3 : W i s t a r  female  r a t s  weighing  
30-40 g were i r r a d i a t e d  w i th  a t o t a l  b o d y  dose of 300 r 
24 h p r io r  to  i m p l a n t a t i o n .  T he  a n i m a l s  were t h e n  inocu-  
l a t ed  i n t r a m u s c u l a r l y  w i t h  1.0 ml  of minced  t u m o r  sus- 
pens ion  c o n t a i n i n g  equa l  p a r t s  of t u m o r  a n d  sal ine supple-  
m e n t e d  w i t h  penic i l l in  G, 500 U/ml ,  a n d  s t r e p t o m y c i n ,  
500 #g/ml .  Cor t i sone ace ta te ,  60 mg/kg,  was  a d m i n i s t e r e d  
s u b c u t a n e o u s l y  i m m e d i a t e l y  a f te r  a n d  t h e n  2 a n d  5 days  
a f t e r  i m p l a n t a t i o n .  R a t s  were t r e a t e d  w i t h  i b e n z m e t h y z i n  
hydroch lo r ide  s u b c u t a n e o u s l y  i m m e d i a t e l y  fol lowing im- 
p l a n t a t i o n  a n d  t h e n  once  da i ly  for a t o t a l  of 8 t r e a t m e n t s .  
The  r a t s  were sacrif iced 9-10 days  a f te r  i nocu la t ion  a n d  
t he  t u m o r s  excised and  weighed.  T he  ave rage  we igh t  of 
t he  con t ro l  t u m o r s  (C) was  c o m p a r e d  w i t h  the  ave rage  
weigh t  of t he  t r e a t e d  t u m o r s  (T); an  i nh ib i t i on  i n d e x  
(C/T) was ca lcu la ted  a n d  a va lue  of 2.0 or g rea t e r  was  
cons idered  to r e p r e s e n t  a n  a n t i t u m o r  effect. 

H u m a n  a d e n o m a  No. 1 (H.Ad.  No. 1): Golden  S y r i a n  
h a m s t e r s  weighing  a p p r o x i m a t e l y  60 g were employed .  
Af te r  anes thes i a  w i t h  125 m g / k g  a p r o b a r b i t a l  (Alurate)  

i n t r ape r i t onea l ly ,  t he  eve r t ed  cheek  p o u c h  was i m p l a n t e d  
w i t h  0.25 ml  of a suspens ion  c o n t a i n i n g  1 p a r t  of minced  
t u m o r  a n d  2 p a r t s  of sal ine c o n t a i n i n g  penici l l in  and  
s t r e p t o m y c i n  as above .  The  h a m s t e r s  were t r e a t ed  b y  t he  
s u b c u t a n e o u s  rou te  i m m e d i a t e l y  a f t e r  i m p l a n t a t i o n  a n d  
t h e n  once da i ly  for a t o t a l  of 14 days.  On the  21st d a y  
the  t r e a t e d  and  con t ro l  an ima l s  were sacrificed, t he  
t u m o r s  excised and  weighed and  t he  C/T index  de te r -  
m i n e d  and  e v a l u a t e d  as descr ibed  for the  h u m a n  epi- 
t h e l i o m a  No. 3 (H.Ep.  No. 3) t umor .  

Results. The  resul t s  of e x p e r i m e n t s  w i t h  the  t r a n s p l a n t -  
able  h u m a n  t u m o r s  H .Ep .  No. 3 and  H.Ad.  No. 1 are 
g iven  in Tab les  I and  I I ,  respect ive ly .  

F o r  H .Ep .  No. 3 a n  a n t i t u m o r  effect  was observed  a t  a 
dose of 100 m g / k g  s u b c u t a n e o u s l y  w i t h  50% of t he  r a t s  
su rv iv ing  a n d  a we igh t  loss of 32%. A dose of 50 m g / k g  
s u b c u t a n e o u s l y  and  a dose of 25 m g / k g  (100% surv iva l )  
were inact ive .  I n  our  experience,  t r i e t h y l e n e m e l a m i n e  
(0.125 mg/kg) ,  2 ' -deoxy-5- f luorour id ine  (25 mg/kg)  a n d  
6 - m e r c a p t o p u r i n e  (50 mg/kg)  were w i t h o u t  effect aga ins t  
H .Ep .  No. 3 w h e n  a d m i n i s t e r e d  subcu taneous ly .  
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