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does no t  cause swell ing b u t  a cy topa th i c  effect,  as sl ight  
cy toplasmic  coar t a t ion ,  can  be  observed.  

~ - s t aphy lo tox in - t r ea ted  cells show a precocious and  
progress ive  cy top lasmic  vacuo la t ion  (Figure  3). I n  these  
cells the  mi tochond r i a  are  n o t  induced to swell b u t  a 
mi tochondr ia l  f r agmen ta t ion  is of ten  observable .  I n  t he  
control  cul tures  any  cy topa th ic  effect  or  mi tochondr ia l  
change occur.  

Discussion. The effect  of d iph the r i a  tox in  is comparab le  
to t h a t  p r ev ious ly  ob ta ined  in this l abora to ry  1-8 

O-s t repto lys in  and  a - s t aphy lo tox in  do no t  induce  mi to -  
chondr ia i  changes  a t  these  concent ra t ions ,  b u t  cause a 
cy topa th ic  effect.  This  f inding e l iminates  t h e  doub t  t h a t  
the  nega t ive  results  concerning the  m i tochond r i a  are  due 
to a lack of pene t r a t i on  of these toxins  in to  the  cell. The  
cy topa th ic  effect  induced by  these  tox ins  is comparab le  

to  t h a t  descr ibed e l s ewheren -L  Te tanus  tox in  does no t  
induce  any  morphologica l  change  in t h e  mi tochondr i a  b u t  
t he  lack  of a cy topa th i c  effect  ~ does n o t  a l low t h e  con- 
clusion t h a t  t he  tox in  pene t ra tes  in to  t he  cells. On  t h e  
o ther  hand,  a mi tochondr i a l  swelling in the  l iver  cells of 
t e t anus  tox in  t r ea ted  ra ts  is descr ibed ~, while  in mice 
t r ea ted  wi th  t r i t i a ted  t e t anus  tox in  the  up t ake  of label led 
toxin  by  the  neurones  is on ly  occasional ly  r epor t ed  s. 

I n  our  exper iments ,  nevertheless ,  the  cells were  ent i re ly  
sur rounded  b y  the  solut ion con ta in ing  t e t anus  toxin,  
and i t  is p robab le  t h a t  i t  reached  the  mi tochondr i a  in t h e  
cy top l a sm and  t h a t  t e t anus  tox in  was then  depr ived  of 
swelling proper t ies  in r i v e  9. 

t~iassunto. In  precedent i  lavor i  ~ s t a t e  s tud ia to  il r igon- 
f i amento  causa to  dal la  tossina dif ter ica  nei  mi tocondr i  
di  cellule co l t iva te  in v i t ro .  Si .~ f a t t o  un  conf ron to  I ra  
l ' az ione  del la  tossina d i f te r ica  e que l la  di  a l t re  tossine 
ba t t e r i che  come  la O-st reptol is ina ,  la  ¢(-stafilotossina e la  
tossina t e t an ica  sui mi toc0ndr i  di  cel lule  di  cuore  di 
embr ione  di pollo co l t iva te  in vi t ro .  Solo la tossina di f ter -  
ica ha  manffes ta to  capac i tg  r igonf iant i  m e n t r e  le a l t re  
tossine, alle dosi usa te  e con ques to  t ipo  di cellule, sono 
apparse  sprovvis te  di ques ta  proprieth.  
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Fig. 3. ¢(-Staphylotoxin treated cell (2,5 MLD/ml for 5 rain). Note the 
cytoplasmic vacuolation and rod-like mitochondria (arrows). Phase- 

contrast microscope. About × 1000. 
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Structure Activity Relationships of Compounds 
able to Suppress the Antipolio Action of 

Guanidine 

Previous  work  f rom ,our labora tor ies  and f rom others  
has demons t r a t ed  t h a t  t he  inf luence of guanid ine  on 
pol iovirus  repl ica t ion  is an tagonized  b y  a n u m b e r  of 
compounds ;  2 methyl -donors ,  me th ion ine  and  choline, 
being the  m o s t  ac t ive  ones (LwoFy and  LWOFFI; LODDO 
and SCHIVO ~). 

As a working  hypothesis ,  LWOFF has suggested t h a t  
guanidine  would  interfere  wi th  an  essential  m e t h y l a t i o n  
of a v i ra l  s t ruc tu re  8. However ,  since i t  was found t h a t  the  
guanid ine  effect  is an tagonized  by  ethionine,  by  2 de- 
m e t h y l a t e d  meth ion ine  analogs,  homocys te ine  and  ~- 
ami nobu ty r i c  acid, and by  the  methy l - f ree  chol ine analog 
e t h a n o l a m i n e  4, t he  m e t h y l a t i n g  hypothes i s  was  no longer  
tenable .  

A s t ruc tu re -ac t iv i ty  re la t ionship  of c o m p o u n d s  able to  
suppress guanid ine  effect  is a t t e m p t e d  in this  paper ,  in 
order  to  shed some l ight  on the  m e c h a n i s m  b y  which  
guan id ine  inhibi ts  virus  replicat ion.  

The  techniques  used were  prev ious ly  described in 
deta i l  ~. I n  Tab le  I are  listed, in  decreas ing order  of 
po tency ,  t he  amino  acids found ac t ive  agains t  guanidine.  
I n  Tab le  I I  t h e  inac t ive  ones are  l isted.  As i t  appears  f rom 
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the se  Tab le s  t he  bas ic  s t r u c t u r e  essent ia l  for  a n  a n t i -  
g u a n i d i n e  ac t ion  is t h e  fo l lowing:  

R 
I 

NH~--CS--H 

C*OOH 

that is: (a) amino acids must be L-isomers; the D-forms 

a re  i n a c t i v e ;  (b) t h e y  m u s t  be  ~ - a m i n a t e d ;  (c) t h e  H 
l inked  t o  C 2 c a n n o t  b e  s u b s t i t u t e d ;  (d) - N H  2 shou ld  n o t  
b e  i n c l u d e d  in  a r i ng  s t r u c t u r e ;  (e) R m u s t  be  c o n s t i t u t e d  
b y  a t  l eas t  I m e t h y l  g roup ;  i t  m u s t  c o n t a i n  n e i t h e r  bas ic  
no r  ac id  groups .  T h e  presence  of a n  O H  g roup  decreases  
or  abo l i shes  t h e  a n t i g u a n i d i n e  p r o p e r t y .  T h e  p re sence  of 
a n  - S H  r ad i ca l  a l lows a n  a n t i g u a n i d i n e  ef fec t  to  occur  
w h e n  loca ted  in C 4 (homocys t e ine ) ;  o n  t h e  c o n t r a r y ,  i t  
abo l i shes  t h e  a n t i g u a n i d i n e  ef fec t  w h e n  i t  is l inked  to  
c a r b o n  3 (cysteine) .  Moreover ,  t h e  a n t i g u a n i d i n e  effect  is 
r o u g h l y  p r o p o r t i o n a l  t o  t h e  l e n g t h  of t h e  C cha in .  F i n a l l y  
t h e  a n t i g u a n i d i n e  effect  is n o t  r e s t r i c t e d  to  n a t u r a l  a m i n o  
ac ids :  ~ - a m i n o b u t y r i c  acid a n d  e t h i o n i n e  are  h igh ly  
ac t ive ,  

A l t h o u g h  t h e  d a t a  p r e s e n t e d  in  T a b l e  I l I  a re  t oo  s c a n t y  
for  a de f in i t e  conclusion,  t h e  f a c t  t h a t  n-~-alani lol  a n d  
¢¢-aminobutanol  a re  h i g h l y  a c t i v e  whi le  n-fl-alanilol  is in-  
ac t ive ,  i nd i ca t e s  t h a t  a s t r u c t u r e  s imi la r  t o  t h a t  p r e s e n t  
in  t h e  a c t i v e  a m i n o  ac ids  is also p r e s e n t  in  t h e  a c t i v e  
a m i n o  alcohols .  

S u b s e q u e n t l y ,  we h a v e  c o m p a r e d  t h e  p a t t e r n  of t h e  
a n t i g u a n i d i n e  a c t i o n  of t h e  m o s t  a c t i v e  r e p r e s e n t a t i v e  of 
t h e  2 g roups  of c o m p o u n d s :  i.e. m e t h i o n i n e  a n d  leucine,  
a m o n g  a m i n o  ac ids ;  chol ine  a n d  e t h a n o l a m i n e  a m o n g  
a m i n o  alcohols .  F i g u r e  1 shows  t h a t  t h e  slope of t h e  l ines 
expres s ing  t h e  dose a c t i v i t y  r e l a t i o n s h i p s  for  a m i n o  acids  
is d i f f e ren t  f rom t h a t  for  a m i n o  alcohols.  

I n  fact ,  a m i n o  acids  such  as  m e t h i o n i n e  a n d  leuc ine  
possess  a wide r  r a n g e  in  t h e i r  a n t i g u a n i d i n e  e f fec t iveness  
t h a n  a m i n o  alcohols ,  as  cho l ine  a n d  e t h a n o l a m i n e :  i.e. 
a m i n o  acids  m a i n t a i n  t h e  ab i l i t y  to  suppres s  t h e  ac t ion  of 
g u a n i d i n e  u p  to  a g u a n i d i n e  c o n c e n t r a t i o n  of 1.3 × 10 -8 M ,  
whi le  a m i n o  a lcohols  (a t  t h e  s ame  m o l a r  c o n c e n t r a t i o n s )  
a r e  ab l e  t o  a n t a g o n i z e  o n l y  u p  to  a g u a n i d i n e  c o n c e n t r a -  
t ion  of 3.3 × 10-4M.  Howeve r ,  a g a i n s t  a lower  c o n c e n t r a -  
t i o n  of guan id ine ,  a m i n o  a lcohols  ho ld  t h e i r  a n t i g u a n i d i n e  
a c t i o n  to  a m u c h  g r e a t e r  e x t e n t  {Figure 2). 

Table I. Suppression by amino acids of the inhibitory action of 
guanidine on the multiplication of polio 1 virus {BRuNHENDERS) 

Amino adds Lowest molar concentration 
capable of suppressing the 
inhibition of guanidine HC1 
3 × 10-4M at 12 h a 

L-methionine 3.2 × 10 -$ 
L-leucine 3.4 X 10 -5 
L-homocysteine 3 "× 10 -4 
L-cc-aminobutyric acid 4 × 10 -~ 
L-valine 3 × I0 -4 
L-isoleucine 8 x 10 -4 
L-ethionine 10 - a  
~-phenylalanine 10 -8 
L-ty'rosine 3 × 10 -~ 
~-ct-alanine 5 x I0 -s 

a I.e. the concentration able to increase by at least 2 logs the plaque 
forming units (pfu} of cultures treated with guanidine. 

T h e  m e c h a n i s m  of a c t i o n  of g u a n i d i n e  a n t a g o n i s t s  is 
n o t  clear.  Severa l  facts ,  howeve r ,  sugges t  t h a t  a n t i g u a n i -  
d ine  c o m p o u n d s  i n t e r a c t  d i r ec t l y  w i t h  t h e  g u a n i d i n e  
molecule .  T h e  a c t i o n  of g u a n i d i n e  c a n  be  supp re s sed  in-  
d i s c r i m i n a t e l y  b y  a n y  of t h e  seve ra l  ac t ive  c o m p o u n d s ;  
i.e. t h e y  a re  in  t h i s  effect  i n t e r c h a n g e a b l e .  T h e  a n t i -  
g u a n i d i n e s  a re  ab le  to  suppres s  also t h e  c o n d i t i o n i n g  ef fec t  
of g u a n i d i n e  for  t h e  g r o w t h  of g u a n i d i n e - d e p e n d e n t  polio- 
v i rus  6. 

Table II. Amino acids unable, at the maximum concentration 
tolerated by the cells, to antagonize guanidine HCI inhibition of 

poliovirus 1 multiplication (B~uN~ENDXRS strain) 

Amino acids Concentration 
used (~g/ml) 

D-isomers: 
n-metbionine 2000 
D-leucine 2000 

8- and 7-aminated: 
s-E-amino-butyric acid 1000 
L-7-amino-butyrie acid 1000 

~-methylated: 
L-~-methyl-tyrosine 1000 
L-cc-amino-isobutyric acid 2000 

NHs cyclized: 

L-proline 2000 
0rotic acid 1000 
Glycocholbetain¢ I000 

R = H :  
Glycine 1000 

Basic groups in R: 
L-lysine 1000 
L*arginine 300 
L-canavanine 20 
L-asparagiue 1000 
L-Histidine 300 
L-Tryptophane 200 

Acid groups in R: 
L-glutamic acid 1000 
L-aspartic acid 1000 
L-serine I000 
L-homoserine 1000 

-SH group in C5: 
L-cysteine 300 

Table III. Suppression by amino-alcohols of the inhibitory action of 
guanidine on the multiplication of polio virus I (BRuNHE~D~RS) 

Amino alcohols Lowest molar concentration 
capable of totally suppressing 
the inhibition of guanidine 
HC1 (3 × 10-4M) at 12 h 

Choline HC1 
Ethanolamine 
L-~-alaninol 
nL-cc-amino-butanol 
~-alaninol 

4 × 10 "~ 
4 × I0 -s 
1.5 × 10 -5 
1.2 > 10 -5 

10-s 
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10"3 6.10 "~ 3.10 -~ 
Molecular guanltline concentration 

Fig, 1. Pattern of the antiguanidine effect of different compounds. 
Challenging a constant dose of antagonist against increasing guani- 
dine Concentrations. x x guanidine; • • guanidine + L- 
methionine; o o guanidine + n-leucine; ~ [] guanidine + 
choline; • m guanidine + ethauolamine, The concentration of 

the antagonists was 3.3 × 10-4M. pin, plaque forming units. 
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Fig. 2. Pattern of the antiguanidine effect of different compounds. 
Challenging increasing concentrations of each antagonist against 
a constant dose of guanidine. • • guanidine + L-methionine; 
c o guanidine + L-leucine; [] D guanidine + choline; 
• • guanidine + ethanolamine. The guanidine concentration 

was 3,3 × 10-4M. pfu, plague forming units. 

Conversely,  i t  is possible t h a t  guanidine  migh t  exer t  i ts  
ant ipol io  ac t ion  by  reac t ing  wi th  the  same s t ruc tures  
present  in an  amino  acid  or  in an  amino  alcohol  essent ia l  
fo r  pol iovirus  g rowth  (during replidase synthesis)  b u t  n o t  
for cu l ture  cells. 

Consequently, a potential antipolio agent might be 
found among some analogs of those amino acids which 
most actively antagonize guanidine. I t  is very suggestive 
t h a t  a va l ine  analog,  D-penicit lamine, inhibi ts  v e r y  effec- 
t ive ly  and selectively polio virus growthS, '. 

Riassunto. L' in ib iz ione  da  pa r t e  del la  guan id ina  sulla 
cresci ta  del  virus  polio pub essere an tagon izza ta  da  amino-  
acidi  e amino-alcol i .  Viene def in i ta  la s t r u t t u r a  responsa-  
bile de l l ' e f fe t to  an t iguanid in ico  negli amino-ac id i  a t t iv i .  
U n a  s t r u t t u r a  simile ~ presente  anche  negli  amino-a lcol i  
a t t iv i .  I r i su l ta t i  o t t enu t i  suggeriscono che  i compos t i  

an t iguanid in ic i  in teragiscono con la molecola  guanid in ica  
so t t raendola  da i  rece t tor i  connessi  con l ' e f fe t to  ant ivi ra le .  
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The Influence of Chlorothiazide and To lbutamide  
upon Intest inal  Serotonin Levels  in the Sprague-  

Dawley  Rat 

R a t s  p re t r ea t ed  w i t h  su l fameraz ine  and  several  ant i -  
biotics develop increased sero tonin  levels in some areas 
of the  gas t ro in tes t ina l  t r a c t  1-a. The  mechanism(s)  of th is  
increase is unknown,  b u t  i t  has  been suggested t h a t  
lumena l  s ter i l izat ion is responsible  ~,s. There  are  2 possible 
mechan isms  by  which  lumena l  organisms could a l ter  
t issue serotonin  levels. Firs t ly ,  amines  m a y  undergo an 
en te rohepa t i c  c i rcula t ion  w i t h  subsequen t  des t ruc t ion  b y  
in tes t ina l  bacter ia4;  and secondly,  bac ter ia l  u t i l i za t ion  
of d ie ta ry  amino  acids m a y  reduce  the  ava i lab i l i ty  of 
these amine  precursors  for t issue decarboxylase .  However ,  
i t  seems unl ikely  t h a t  the  e leva ted  sero tonin  levels  ob-  
served fol lowing sul famerazine  are  due  p r imar i l y  to  an  
an t ibac te r ia l  effect  because,  the  addi t ion  of sul fasuxidine  

to the  d ie t  leads to  a grea te r  r ecove ry  of in tes t ina l  sero- 
t on in  in t r y p t o p h a n  def ic ient  ra t s  compared  to  cont ro l sL  
Fur the rmore ,  sero tonin  levels fol lowing sul famerazine  are  
n o t  un i fo rmly  e leva ted  in those  bowel  areas  n o r m a l l y  
inhab i t ed  by  micro-organisms 1. and  in man,  u r ina ry  ty r -  
amine  and  t r y p t a m i n e  h a v e  been shown to be of t issue 
ra ther  t h a n  of bac ter ia l  origin 4. I n  order  to s t udy  the  
poss ibi l i ty  t h a t  the  increased mucosa l  se ro ton in  levels  
fol lowing sulfa~nerazine are  due  to  a non-specif ic effect  
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2 R. S. STACEV and T. J. SULLIVAN, J. Physiol. 137, 63P (1957). 
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