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Recovery and Identification of Interferon in the 
Rabbit Urine 

I t  h a s  b e e n  s h o w n  z,2 t h a t ,  a f t e r  t h e  i .v.  i n o c u l a t i o n  of 
va r ious  vi ruses ,  a m a x i m u m  level  of c i r cu la t ing  i n t e r f e r o n  
is d e t e c t a b l e  a f t e r  4 - 8  h a n d  t h e n  fails off v e r y  quickly .  
The  presence  of p ro t e in s  in  t he  u r ine  3-6 a n d  t he  r e l a t i ve ly  
smal l  mo lecu l a r  w e i g h t  of i n t e r f e r o n  ~ m i g h t  exp la in  t h e  
rap id  d i s a p p e a r a n c e  of i .v.  i n j ec t ed  i n t e r f e r o n  f r o m  
circulat ionS,L due,  a t  l eas t  in  pa r t ,  to  t he  exc re t ion  o1 
th i s  p r o t e i n  in to  t h e  ur ine .  Th i s  poss ib i l i ty  was  p u t  for- 
ward  b y  one  of us  (V.B.) d u r i n g  a d iscuss ion  w i t h  Prof .  
M. t t o  las t  J u n e  a t  Siena,  a n d  i t  was  cons ide red  w o r t h  
while  i n v e s t i g a t i n g  e i t h e r  f rom a biological  or  a p r a c t i c a l  
po in t  of view. I n d e e d  t h e  i so la t ion  of i n t e r f e r o n  could  be  
more  eas i ly  u n d e r t a k e n  if t h i s  p r o t e i n  was f o u n d  in  t h e  
ur ine  in  large  a m o u n t s  a n d  fa i r ly  free of c o n t a m i n a t i n g  
se rum pro te ins .  

A lb ino  r a b b i t s  we igh ing  2 kg  were i n o c u l a t e d  i.v. w i t h  
a b o u t  10 ~ p l a q u e - f o r m i n g  u n i t s  (pfu) of S indb i s  v i rus .  
Cont ro l  e x p e r i m e n t s  were  ca r r ied  o u t  e i t he r  in  r a b b i t s  
in j ec ted  w i t h  p h o s p h a t e  buf fe red  sa l ine  (PBS) ,  o r  in  
r a b b i t s  i nocu la t ed  w i t h  v i rus ,  b y  t a k i n g  t he  b lood  a n d  
u r ine  s amples  i m m e d i a t e l y  before  t h e  v i r u s  in jec t ion .  
Blood was col lected f rom t h e  ea r  ve in  a n d  t h e  u r ine  b y  
c a t h e t e r i z a t i o n  of t h e  b l a d d e r  a t  se lec ted  i n t e r v a l s  d u r i n g  
t h e  e x p e r i m e n t .  S e r u m  a n d  u r ine  for  a s s a y  were  im-  
m e d i a t e l y  acidif ied w i t h  2 M  ci t r ic  acid a n d  d ia lysed  a t  
4 °C, a t  p H  2.1, w i t h  c o n s t a n t  s t i r r ing ,  a g a i n s t  a t  leas t  
40-fold l a rger  vo lume s  of 0 . 1 M  ci t r ic  ac id  Ior  4 -5  days  
w i t h  4 changes .  S e r u m  was t h e n  e q u i l i b r a t e d  w i t h  PBS ,  
b y  d ia lys i s  a t  4 °C, whe r ea s  t h e  u r ine  was  e x h a u s t i v e l y  
d ia lysed  aga in s t  d is t i l led  w a t e r  a n d  f ina l ly  a g a i n s t  1 m M  
s o d i u m  p h o s p h a t e  buffer ,  p H  7.2. Af t e r  d ia lys i s  s e r u m  
a n d  u r ine  were  found  to  be  d i lu t ed  a b o u t  2.7- a n d  1.2-fold 
respec t ive ly .  Ur ine  p rec ip i t a t e s  were r e m o v e d  b y  een t r i -  
f u g a t i o n  a t  2000 g for  60 m i n  a n d  freeze-dr ied.  

S e r u m  a n d  u r i n a r y  p ro t e in s  were m e a s u r e d  b y  UV-  
a b s o r p t i o n  a t  280 n m  a n d  b y  b i u r e t  m e t h o d  ~° us ing  a 
c rys ta l l i zed  s a m p l e  of b o v i n e  s e r u m  a l b u m i n  as  a s t a n d a r d .  
I n t e r f e r o n  was t i t r a t e d  in b a b y  r a b b i t  k i d n e y  cell cu l tu res  
b y  m e a s u r i n g  v i r a l  i n h i b i t o r y  ef fec t  b y  p l a q u e  r e d u c t i o n  
m e t h o d  of ves icu la r  s t o m a t i t i s  v i rus  (VSV). A t  l eas t  2 
b o t t l e  cu l tu res  were  used for each  d i l u t i on  of t he  i n t e r f e r o n  
p r e p a r a t i o n .  

I n t e r f e r o n  t i t e r s  of samples  of r a b b i t  s e r u m  a n d  u r ine  
h a v e  b e e n  f o u n d  to  be  c o n s i s t e n t l y  h i g h e r  in  u r i n e  t h a n  
in se rum,  whereas  no  i n h i b i t o r y  a c t i v i t y  could  be  d e t e c t e d  
in t h e  cont ro ls .  

T h e  fo l lowing e x p e r i m e n t s  h a v e  been  ca r r ied  o u t  in  
o rde r  to  a sce r t a in  if such  h i g h  i n h i b i t o r y  a c t i v i t y  in u r ine  
could  be  a sc r ibed  t o  i n t e r f e r o n :  

The  u r i n a r y  v i ra l  i n h i b i t o r  was  s t ab l e  a t  p H  2 f o r  u p  
to  5 d a y s  a t  + 4 °C, i t  was  non -d i a ly sab l e  (Visking t u b i n g  
23/32 in), a n d  i t  was  r e l a t i v e l y  s t ab l e  a t  e l eva t ed  t e m p e r -  
a tures .  F r o m  t h e  T a b l e  i t  a p p e a r s  to  be  p a r t i a l l y  r e s i s t a n t  
a t  80°C for  1 h,  b u t  i t  was  d e s t r o y e d  b y  h e a t i n g  to  100°C 
for 1 h. I t  was  also h i g h l y  suscep t ib l e  to  t r y p t i c  ac t ion ,  
a n d  c e n t r i f u g a t i o n  a t  200,000 g for  2 h d id  n o t  cause  a n y  
decrease  in a n t i v i r a t  a c t i v i t y  of t h e  s u p e r n a t a n t .  I t  h a d  
no d i rec t  i n a c t i v a t i n g  a c t i v i t y  on  V S V  since v i rus  a n d  
u r i n a r y  i nh ib i t o r ,  i n c u b a t e d  t o g e t h e r  a t  37 °C for  2 h,  d id  
no t  decrease  v i ra l  in fec t iv i ty .  I t  showed  species specif ici ty,  
as i t  d id  n o t  i n h i b i t  V S V  in cell  cu l tu res  de r ived  f rom 
ch ick  e m b r y o  or  m o n k e y  k i d n e y  (s t ra in  37 R C ) n ,  a n d  i t  
l acked  v i ra l  speci f ic i ty  since i t  i n h i b i t e d  b o t h  S indb i s  
v i rus  a n d  VSV.  

H a v i n g  a sce r t a ined  t h a t  t he  a n t i v i r a l  m a t e r i a l  in t h e  
u r ine  h a d  t h e  same  phys i cochem i ca l  a n d  b io logica l  

p r o p e r t i e s  of s e r u m  in te r fe ron ,  i t  a p p e a r e d  i n t e r e s t i n g  to  
s t u d y  t h e  t i m e  course  a p p e a r a n c e  of u r i n a r y  in t e r f e ron .  

T h e  F igu re  shows  t h a t  m a x i m a l  a n t i v i r a l  a c t i v i t y  in a 
g r o u p  of 10 r a b b i t s  occur red  b o t h  in  s e r u m  a n d  u r i n e  a t  

Stability of urinary interferon calculated as % plaque reduction. 
Interferon titre was 10,000 U/ml. Heating was effected at neutrality 
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Interferon titers, expressed as U/mg of protein in rabbit serum 
and urine collected at intervals after i.v. inoculation of 108 pfu of 
Sindbis virus. The Urine/Serum (U/rag) ratios are plotted at the top 

of the diagram. 
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8 h af ter  Sindbis i .v.  inoculat ion and af te rwards  fell off 
more quick ly  f rom serum t h a n  urine.  

I t  appears  likely, therefore,  t h a t  u r ina ry  in terferon 
derives d i rec t ly  f rom the  p lasma pool and its h igh specific 
ac t iv i ty  is reached t h r o u g h  the  select ive renal  g lomerular  
f i l t rat ion.  Indeed  i .v.  adminis te red  in ter feron has  been  
de tec ted  in the  k idney  s. The  u r ine / se rum (U/rag) ra t ios  
suggest  t h a t  some of t he  u r ina ry  in terferon is der ived,  
af ter  8 h, d i rec t ly  f rom the  k idney  and these da t a  are 
consis tent  w i th  the  f inding t h a t  inh ib i to ry  ac t iv i ty  in the  
k idney  is low and delayed 2. Never theless  the  slower tail-  
ing off of t he  u r ina ry  in ter feron curve  m a y  also be  
accounted  for by  a smal l  residue of ur ine  in the  b ladder .  

The  poss ibi l i ty  t h a t  u r ina ry  interferon could be due  to 
a t r a u m a  of the  b ladder  af ter  ca the te r iza t ion  has  been  
excluded by  the  absence of blood in the  urine and by  
col lect ing the  ur ine on ly  once, f rom 3 rabbits ,  10 h a f te r  
t he  virus  inoculat ion.  Again  u r ina ry  in ter feron had  a 
specific a c t i v i t y  of 674 (U/mg) as compared  to  4.7 in t he  
serum of the  same group of rabbits .  

The  da t a  here  repor ted  suggest  t h a t  levels of blood 
in ter feron are the  resul t  of complex  equi l ibr ia  of circu- 
la t ing in ter feron wi th  t issues and body  fluids and 
w i t h  s imul taneous  leakage of th is  pro te in  in to  t he  urine. 
I n  th is  respect  in ter feron behaves  like Iysozyme ~2 or  the  
sex-dependen t  a , -globul in  in the  ra t  ~8. An i m p o r t a n t  si te 
of in ter feron b reakdown m a y  occur also in the  in tes t ine  
as it  appears  for se rum a lbumin  ~4,~8. 

W h e n  this  work  was completed ,  we learn t  t h a t  OH ~s 
has also found in ter feron in some b o d y  fluids and  a small  
a m o u n t  in urine. The  d i sc repancy  wi th  our  resul ts  m a y  
be due to the fact  t h a t  OH-induced in terferon produc t ion  
by  typho id  endotoxin ,  and i t  is known ~7 t h a t  this  in ter-  
feron has a h igher  molecular  weight  than  the  virus-  
induced one and is l ikely to be largely re ta ined  by  the  
k idney  filter. 

F r o m  these  resul ts  t he  conclusion is d r a w n  t h a t  inter-  
feronur ia  represents  an excel lent  condi t ion  for ob ta in ing  
h igh ly  purif ied interferon.  Clear ly  the  dynamic  and the 
metabo l ic  fate  of in ter feron will  be more d i rec t ly  t raced 
by  isotopical ly  labelled pure  i n t e r f e ron lSa t  

Riassunto. ~. s t a t e  d imos t r a to  che l ' inoculazione en- 
dovenosa  di v i rus  Sindbis nel  coniglio p rovoca  formazione 
di in ter ferone che viene  l ibera te  nel  sangue ed escreto 
con le urine.  L ' in te r fe rone  ur inar io  sembra  der ivare  quasi  
comp le t amen te  da l  siero, h a  al t i  t i tol i  ed  ha  le stesse 
propr ic t~  f is ico-chimiche e biotogiche del l ' in ter ferone  
sierico. 
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PRO EXPERIMENTIS 

Whole Body Sagittal  Technique in Mice Employ-  
ing a New Bio-Autographic  Method: Its Utility 
for the Evaluation of the Body Distribution of 

Antibacterial Drugs  

B o d y  dis t r ibut ion  of an t ibac te r ia l  drugs is usual ly  
eva lua ted  by  measur ing  t issue levels using bacter iological  
or sc int i l lometr ic  me thods :  these, however ,  are t rouble-  
some and t ime  consuming  and require  a large n u m b e r  of 
animals  to  ob ta in  t rue  average  values .  Progress  was 
ach ieved  by  the  au torad iograph ic  method ,  using whole 
body sag i t ta l  sections of mice, which allows more  rapid  
and accura te  assay 1-B. This  me thod  however  requires  
t ime  (generally no t  less t han  4 months)  to give rel iable 
resul ts ;  moreover ,  i t  allows a correct  eva lua t ion  of dis- 
t r ibu t ion  on ly  in the  per iod i m m e d i a t e l y  fol lowing 
admin i s t r a t ion  for t he  genesis of label led ac t ive  or  in- 
ac t ive  metabol i tes  : therefore  con temporaneous  ch romato -  
graphic  trials are essential.  For  t he  purpose  of ob ta in ing  
a d is t r ibut ion  pa t t e rn  closer to t he  effect ive chemothe ra -  

peut ic  dis t r ibut ion,  a m e t h o d  has  been deve loped  in our  
l abo ra to ry  G, based on the  di rect  inocula t ion  of thin,  
whole b o d y  sections of mice prev ious ly  t rea ted  wi th  ant i -  
bac ter ia l  drugs, and on the  d i rec t  obse rva t ion  of the  l ive 
microbe  b y  v i t a l  s ta in ing  wi th  t e t r azo l ium salts.  

Methods. Swiss a lbino mice,  t r ea t ed  wi th  an t ibac te r ia l  
drugs and kil led a t  var ious  hours  a f te r  the  adminis t ra t ion ,  
are used;  t h e y  are frozen on a Lei tz  mic ro tome  t y p e  1300 
and cu t  a t  -- 10°C into  sections of 300 /~. Sections are 
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