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in the  r ena l  b lood t h a t  t he  f low of t h i s  b lood i n to  t he  ge- 
neral  c i r cu la t ion  causes  a decrease  of t h e  f ibr inolys is  t ime  
of the  eug lobul ins  in  t he  b lood  o b t a i n e d  for exam p l e  f rom 
a o r t a  or  a r t e r i a  carot is .  

I n  some cases, a f t e r  p ressure  on  t he  r ena l  ve ins  or l iga- 
t ion  of t h e  ure te rs ,  such  no t i ceab le  a c t i v a t i o n  of f ibr ino-  
lysis occurs  in  t he  eug lobul ins  of t he  r ena l  b lood  t h a t  du -  
r ing  t h e i r  p r e p a r a t i o n  a p ro t eo ly t i c  b r e a k - d o w n  of f ibr ino-  
gen t akes  place,  t h u s  showing  a lack of coagu l a t i on  a f t e r  
the  a d d i t i o n  of calcif ied t h r o m b i n .  

This  inc reased  f ib r ino ly t i c  a c t i v i t y  m a y  also be  o b s e r v e d  
in t h e  p l a sma .  The  p l a s m a  in such  cases c o n t a i n s  f ibr ino-  
gen and ,  a f t e r  r e ca l c ina t i on  a n d  coagu la t ion ,  i t s  f ib r ino-  
lysis t i m e  va r i e s  f rom 2.5 to  6 h. I n  f ib r ino ly t i c  i nac t i ve  
p lasma ,  no  f ibr inolys is  was  obse rved  in 20 h.  

On ly  t h e  R V B  eug lobu l ins  o b t a i n e d  w i t h o u t  s tas is  a n d  
w i t h o u t  p ressure  on  t h e  u re t e r s  show f ib r ino ly t i c  a c t i v i t y  
t h a t  is m a r k e d l y  h i g h e r  t h a n  in t h e  a r t e r i a l  b lood  eug lobu-  
lins. Eug lobu l ins ,  f r om t he  r a b b i t  v e n o u s  b lood  de r ived  
f rom t h e  f emora l  vein,  the  m a r g i n a l  a u r i c u l a r  vein ,  t he  
v e n a  c a v a  be low t h e  inf low of b lood  f rom t h e  r ena l  ve ins ,  
f rom t h e  j u g u l a r  ve in  a n d  f rom t he  b o n e - m a r r o w  blood,  
do n o t  show a n y  n o t e w o r t h y  f ib r inoIy t ic  a c t i v i t y  com- 
pa red  w i t h  t he  f ib r ino ly t i c  a c t i v i t y  of R A B  euglobul ins .  

The  h u m a n  k i d n e y  is s imi la r  in  t h i s  r e spec t  to  t he  r a b b i t  
k idney .  I n  5 surg ica l  pa t i en t s ,  b lood  was  col lected 5 t imes  
f rom t h e  r ena l  ve ins  a n d  c u b i t a l  ve ins  a n d  3 t imes  f rom 
the  r ena l  a r te r ies  ( T a b l e  I I I ) .  

The  resu l t s  o b t a i n e d  a f t e r  e s t i m a t i o n  of eug lobu l ins  
f ibr inolys is  t i m e  in p a t i e n t s  c o r r e s p o n d e d  to those  o b t a i n e d  
in t h e  e x p e r i m e n t s  w i t h  t he  r a b b i t  blood.  

T h e  f ibr inolys is  t i m e  of R V B  eug lobu l ins  is a lways  
s h o r t e r  t h a n  t h a t  of RAt3 a n d  c u b i t a l  ve ins  eug lobul ins  in  
man .  

Discussion. F r o m  the  d i f ference  in f ib r ino ly t i c  a c t i v i t y  
obse rved  b e t w e e n  R V B  a n d  RAt3  i t  m a y  be  supposed  t h a t  
t he  h i g h e r  f ib r ino ly t i c  a c t i v i t y  of t h e  fo rmer  is caused  b y  
a r e d u c t i o n  in f ibr inolys is  i nh ib i t i on .  Th i s  m a y  be  a r e su l t  

of a g r ea t e r  exc re t ion  of t he  i n h i b i t o r s  w i t h  t he  urine*0, u 
t h a n  of p l a s m i n o g e n  a c t i v a t o r ,  w h i c h  is supposed  to  be  
car r ied  to  t h e  k i d n e y  w i t h  t h e  b lood  s t r eam.  However ,  
on  l iga t ing  the  u re te r s  a n  increased  f ib r ino ly t i c  a c t i v i t y  
of r ena l  b lood is also m a r k e d  a n d  even  more  no t i ceab le  
t h a n  d u r i n g  b lood s tas is  a n d  t a k e s  place in such  condi-  
t ions  t h a t  a loss of f ib r ino lys i s  i n h i b i t o r s  f rom the  b lood 
is p rac t i ca l ly  impossible .  

I n  such  cond i t ions  a n  increase  in f ib r ino ly t i c  a c t i v i t y  
of r ena l  b lood can  be e x p l a i n e d  as b e i n g  t he  r e su l t  of a n  
increased  c o n c e n t r a t i o n  of t h e  p l a s m i n o g e n  a c t i v a t o r  pro-  
duced  local ly b y  t he  k i d n e y  a n d  secre ted  i n to  t he  blood.  

The  resu l t s  ind ica te  t he  power fu l  effect  of t he  f ibr ino-  
lysis a c t i v a t o r  p roduced  b y  t he  k i d n e y  w h i c h  would  
a p p e a r  to  be the  o rgan  con t ro l l i ng  t he  f ibr inolys is  of t he  
c i r cu la t ing  blood. 

The  presence  of U K  in h u m a n  a n d  a n i m a l  u r ine  a p p e a r s  
to  be  mere ly  a side effect  of t h e  m u c h  more  i m p o r t a n t  
f unc t i on  of the  k idney ;  t h a t  is, t h e  p r o d u c t i o n  of t he  plas-  
m i n o g e n  a c t i v a t o r  a n d  t he  sec re t ion  of i t  i n to  t he  c i rcula-  
t i n g  blood.  

Zusammen/assung. Die F ib r ino lyseze i t  de r  E u g l o b u l i n e  
aus  d e m  ]31ut der  N i e r e n v e n e n  i s t  kf i rzer  als  die F ib r ino -  
lysezeif  de r  Eug lobu l ine  aus  d e m  B l u t  de r  N i e r e n a r t e r i e n  
des  Menschen  und  Kan inchens .  Es  wi rd  h i e r aus  gefolgert ,  
dass  die Niere Urok inase  p r o d u z i e r t  u n d  s o m i t  e in  Organ  
ist,  das  die F ib r ino lyse  des k r e i s e n d e n  B l u t e s  kon t ro l l i e r t .  
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Effect  of  T h y r o x i n e  o n  R a d i o i o d i n e  M e t a b o l i s m  
b y  t h e  T h y r o i d  G l a n d  o f  G o l d f i s h ,  Carass ius  
a u r a t u s  L . ,  in F r e s h  and  I o d i n e - E n r i c h e d  Water  

I n  t e l e o s t e a n  fish, t h e  t h y r o i d  g l and  is d i f fused a long  
t he  v e n t r a l  ao r t a .  The  bas ic  f u n c t i o n  of t he  t h y r o i d  is to  
c o n c e n t r a t e  iodine  a n d  to  fo rm f rom th i s  bas ic  e l e m e n t  a 
cha r ac t e r i s t i c  iodopro te in .  I n  general ,  m a r i n e  forms,  
wh ich  l ive in s a l t - w a t e r  r ich  in iodine,  a c c u m u l a t e  less 
iodine  1-3. On t h e  c o n t r a r y ,  iod ine  a c c u m u l a t i o n  is h i g h  in 
f r e sh -wa te r  f ish 4-~. I t  h a s  also b e e n  s h o w n  t h a t  goldfish,  
Carassius auratus L., b e h a v e d  d i f f e ren t ly  w h e n  k e p t  in  
f r e sh -wa t e r  t h a n  t h e y  do in iod ine -en r i ched  w a t e r L  The  
presence  of a b u n d a n t  iodine  in a q u a r i u m  w a t e r  caused  
t he  goldf ish  to t a k e  up  i n j ec t ed  rad io iod ine  less ef fec t ively  
a n d  to  excre te  more  of r ad io iod ine  in to  t he  w a t e r  t h a n  d id  
t he  f ish m a i n t a i n e d  in f r e sh -wa te r  w h i c h  c o n t a i n  v e r y  
l i t t le  iodine.  Th i s  para l le l s  t he  d i f ference  in iodine  accu-  
m u l a t i o n  a n d  r e t e n t i o n  in t he  t h y r o i d  b e t w e e n  m a r i n e  a n d  
f r e sh -wa te r  f ish a n d  sugges ts  t h a t  t h e  cause  of t h a t  
d i f ference is a ssoc ia ted  w i t h  t h e  l a rger  s tores  of iodine 
w h i c h  are  n o r m a l l y  p r e s e n t  in  sea. T he  p r e s e n t  exper i -  
m e n t s  were ca r r ied  o u t  to  d e t e r m i n e  if t he  t r e a t m e n t  of 
t he  f ish w i t h  t h y r o x i n e  b r o u g h t  a b o u t  a n y  difference.  

Material and Methods. Two groups  of goldf ish  were m a i n -  
t a i n e d  in f r e s h - w a t e r  a n d  iod ine -en r i ched  w a t e r  (60 p .p .m.  

K I  solut ion)  in well  a e r a t ed  a q u a r i a  in a c o n s t a n t  t e m p e r -  
a tu re  room a t  20°C for a week.  E a c h  f ish was  t h e n  in- 
j ec ted  w i th  40 fzc of car r ier - f ree  I TM i n t r a p e r i t o n e a l l y .  T h e  
so lu t ion  of I xat was m a d e  in phys io log ica l  sa l ine  so t h a t  i t  
would no t  in te r fere  w i t h  t he  osmot ic  b a l a n c e  of t he  fish. 
The  needle  was p u s h e d  t h r o u g h  t he  h y p a x i a l  musc les  of 
t he  cauda l  pedunc le  to  t he  p e r i t o n e a l  c a v i t y  so t h a t  a n y  
leakage  of t he  r ad io i cd ine  was  p r e v e n t e d  w h e n  t h e  needle  
was w i t h d r a w n .  

A t  regu la r  i n t e rva l s  s t a r t i n g  f rom 1 h, f ive f ishes were  
t a k e n  out ,  a n e s t h e t i z e d  in 1 :2000  so lu t ion  of t r i ca ine  
m e t h a n e  su l fona te  (MS 222), r a d i o a c t i v i t y  of I TM was  
d e t e r m i n e d  on  a scaler  us ing  a t h i n  w i n d o w  Geiger  t u b e  
(No. D34,  Nuc lea r -Ch icago  Corp.)  b y  t h e  t e c h n i q u e  de-  
scr ibed b y  SWIFT s , all t h e  r ead ings  were  co r rec t ed  for 
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decay  a n d  regu la r ly  checked  a g a i n s t  a u r a n i u m  s t a n d a r d .  
S t a n d a r d  e r ror  of t he  m e a n  was d e t e r m i n e d  for each  po in t .  
Goldf ish  ha s  been  s h o w n  to possess h e t e r o t o p i c  t h y r o i d  
follicles in the  h e a d  k i d n e y  9, a n d  hence  t he  lower j aw a n d  
h e a d  k i d n e y  region was k e p t  a t  a c o n s t a n t  d i s t ance  f rom 
the  t h i n  mica  window of t he  Geiger  tube .  Af te r  t he  de te r -  
m i n a t i o n  of the  r ad io -ac t iv i ty ,  t he  fish were r e t u r n e d  to 
t h e i r  respec t ive  aquar i a .  

Results  and Conclusions.  Figures  1 and  2 show t he  resul ts .  
P r ev ious  e x p e r i m e n t s  h a d  s h o w n  t h a t  in fresh and  iodine-  
enr iched  w a t e r  t h e  a c c u m u l a t i o n  of r ad io iod ine  in t he  
t hy ro id  r eached  i ts  peak  in 24-48 h 7. At  24 h, the  fishes 
in f r e sh -wa te r  a n d  iod ine-enr iched  w a t e r  were s u b d i v i d e d  
in to  two sets  each,  in one of which  t he  fish were in jec ted  
w i th  0.4 ml  of 0 .1% / - t h y r o x i n e  ( N u t r i t i o n a l  B iochemica l  
Corp.) a n d  t he  o t h e r  w i th  0.4 ml  of phys io logica l  sa l ine  to  
serve  as controls .  The  resu l t s  show t h a t  because  of single 
t h y r o x i n e  in jec t ion ,  t he  fish m a i n t a i n e d  in f r e sh -wa te r  
w e n t  on a c c u m u l a t i n g  rad io iod ine  up  to 72h  a f t e r  which  
the  u p t a k e  equ i l ib ra ted .  In  iod ine-enr iched  water ,  t he re  
was a s h a r p  rise in a c c u m u l a t i o n  up  to  72 h, read ings ,  
however ,  e q u i l i b r a t i n g  on ly  a f t e r  96 h. Phys io logica l  sa l ine  
in jec ted  fish, wh ich  se rved  as con t ro l s  d id  no t  show a n y  
f u r t h e r  u p t a k e  a f t e r  24 h in f resh-water ,  whereas  in iodi- 
ne -enr i ched  w a t e r  a sor t  of p l a t eau  was seen a t  24 48 
96 h per iod,  m a x i m u m  a c c u m u l a t i o n  be ing  a t  48 h. I t  is 
i n t e r e s t i ng  to no te  t h a t  the  p e a k  va lue  of t h y r o x i n e - i n -  
j ec ted  fish in iod ine -enr i ched  w a t e r  was s imi la r  to  t he  
p e a k  va lue  of the  phys io logica l  sal ine in jec ted  fish in 
f resh-wate r .  F u r t h e r m o r e ,  t he  r a t io  be t w een  the  peak  

va lues  of r ad io iod ine  a c c u m u l a t i o n  b e t w e e n  physiological  
sal ine in jec ted  and  t h y r o x i n e  i nj ec ted fish is a p p r o x i m a t e l y  
1 : 3 in iod ine -enr i ched  w a t e r  and  1 : 4 in f r e sh -wa te r  respec- 
t ively .  

In f luence  of t h y r o x i n e  on  fish r e sp i ra t ion ,  g rowth ,  h e a r t  
bea t ,  l iver  g lycogen a n d  sexua l  m a t u r a t i o n  etc. has  been  
ex t ens ive ly  reviewed ~0. I ts  inf luence  on p h o s p h o r u s  me- 
t abo l i sm  has  been  shown  recen t ly  u.  I n j e c t i o n s  of t h y r o x i n e  
in to  t he  b lood s t r e a m  has  shown  to i n h i b i t  t he  release of 
rad io iodine .  In  dog, t he  release of t h y r o i d a l  I T M  was sup-  
pressed  for 54 h j u s t  a f t e r  3 h of a s ingle in j ec t ion  of 10 ~tg 
/ - t h y r o x i n e  ~2. I t  i nd ica tes  t h a t ,  in  th i s  respect ,  t he  fish 
t h y r o i d  b e h a v e s  like m a m m a l i a n  thy ro id .  In  iodine-  
en r i ched  water ,  a t  144 h period,  t h y r o x i n e  in j ec t ed  fish 
r e t a i n  9 t imes  more  rad io iod ine  t h a n  the  cont ro ls ,  where-  
as in f resh-wate r ,  t he  d i f ference  is on ly  5.5 t imes .  Th i s  is 
because ,  in iod ine -en r i ched  water ,  t h e  exc re t ion  of I TM is 
ve ry  fast ,  a fac t  wh ich  ha s  also been shown  in a p rev ious  
pub l i c a t i on  v. I n j e c t i o n  of t h y r o x i n e  i m m e d i a t e l y  inh ib i t s  
t he  release of D al, In  f resh-water ,  t he  t h y r o i d  i tself  has  a 
g rea t e r  c a p a c i t y  of r e t a i n i n g  iodine,  t he  exc re t ion  is slow 
a n d  hence  the  d i f ference  o f  iodine  a c c u m u l a t i o n  a t  144 h 
b e t w e e n  t h y r o x i n e - i n j e c t e d  a n d  phys io logica l  sa l ine  in- 

9 W. CItAV1N, J .  exp.  Zool.  13:3, 259 (1956). 
10 G. g .  PICKI:ORD a n d  J .  W. ATZ, The Physiology o/the Pituitary 

Gland ol Fishes (New Y o r k  Zoological  Soc ie ty ,  New Y o r k  1957). 
n p .  N. SRIVASTAVA, N a t u r e  1~8, 512 (1960). 
12 T. YAMAVA, S. IINo, a n d  M. A. GRFER, E n d o c r i n o l o g y  69, ] (1961). 
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Fig. 1. A r i t h q o g  plot  s h o w i n g  u p t a k e  of r ad io iod ine  b y  the t h y r o i d  
g l and  of goldf ish  in 6o p .p .m,  iod ine-enr iched  wa te r .  

Fig.  2. Ar i th - log  plot  s h o w i n g  u p t a k e  of r ad io iod ine  b y  the  t h y r o i d  
g l and  of goldfish in f r esh-wate r .  

All poin ts  on the g r a p h  rep resen t  the ave rage  of five e s t ima t ions .  At  2-1 h all the  fishes were  e i the r  in jec ted  w i t h / - t h y r o x i n e  or  phys io logica l  
saline.  Ver t ica l  l ines show the  s t a n d a r d  e r ro r  of t h e m c a n ,  o '51=/[ /n  = r~I/[~(v . . M) 2] / n. 
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jec ted  fish is also low, as c o m p a r e d  to t h a t  in iodine-  
enr iched  water .  The  resu l t s  sugges t  t h a t  t h y r o x i n e  in- 
h ib i t s  the  release of I TM f rom the  t hy ro id  g land,  and  in 
th i s  respec t  t he  fish t h y r o i d  resembles  t h a t  of m a m m a l s  ~a 

Schild{lriise {tes ( ;ol( lf isches h~ingt v o m j o d g e h a l t  des 
\Vassers  al). 

l ). N .  SRIVASTAVA 

Zusammen/assung. Die Spe i che rung  und  die A b g a b e  Department o/Z,~olol:y, U~liversitv o/ I?ajas/han, .l,,dhpur 
yon Jod  ~a~ n a c h  I n j e k t i o n  yon  T h y r o x i n  d u r c h  <lie (India), Neplember 20, 1961. 

la T h e  e x p e r i m e n t s  h a d  been  ca r r i ed  on in the  Zoological  t . abora to r i e% 
l )a lhous ie  Un ive r s i ty ,  Ha l i f ax ,  C a n a d a .  The  a u t h o r  is ve ry  g ra t e fu l  
to Professor  F. R. HAYES for all the helpful  sugges t ions ,  cr i t ic isms,  

alia ellettllragelllCtlts, T h a n k s  are also d u e  to  the Na t iona l  Research  
Counci l  of C a n a d a  for  the  a w a r d  of a po . ; t -doe to ra te  fellmvshil). 

Quant i ta t ive  D e t e r m i n a t i o n  of E n z y m i c  Act iv i -  
t ies  in Cel ls  and in E x t r a c e l l u l a r  Fluid A s p i r a t e d  

f r o m  H u m a n  T u m o r s  by N e e d l e  B i o p s y  

I n  r ou t i ne  work i t  was  obse rved  t h a t  the  m a t e r i a l  ob- 
t a i n e d  f rom some c a r c i n o m a s  (e.g., p ro s t a t i c  or m a m m a r y ) ,  
b y  m e a n s  of a s p i r a t i o n  b iopsy  wi th  a fine needle,  cons is t s  
largely  of p lugs  of ep i the l i a l  cells s u r r o u n d e d  b y  va r i ab l e  
a m o u n t s  of ex t r ace l lu l a r  fluid w i th  occas ional  a d m i x t u r e  
of blood.  In  a p rev ious  i n v e s t i g a t i o n  the  ep i the l i a l  com- 
p o n e n t  of a s p i r a t e d  m a t e r i a l  f rom p r o s t a t i c  t u m o r s  was 
isola ted for q u a n t i t a t i v e  d e t e r m i n a t i o n  of acid p h o s p h a t -  
ase a c t i v i t y h  The  p r e sen t  r epor t  conce rns  q u a n t i t a t i v e  
e v a l u a t i o n  of overa l l  d ipep t i da se  a c t i v i t y  in washed  epi- 
the l ia l  cells a n d  in the  ex t r ace l lu l a r  f luid of a sp i r a t e s  f rom 
h u m a n  m a m m a r y  tumors .  

A Luer - lock  syr inge  w i th  a specia l  h a n d l e  ~ was used 
t o g e t h e r  wi th  a s ta in less  s teel  needle  a p p r o x i m a t e l y  8 cm 
long a n d  0.7 m m  in o u t e r  d i a m e t e r  (22 gauge) .  Use of a 
t h i n  needle  min imizes  a d m i x t u r e  of blood. The  a sp i r a t e s  
were t a k e n  f rom 2 or 3 sides of the  t umor s ,  w i t h o u t  anae -  
s thes ia .  The  ma te r i a l ,  wh ich  was macroscop ica l ly  free 
f rom blood,  was  used for q u a n t i t a t i v e  d e t e r m i n a t i o n  of 
enzymic  a c t i v i t y  (Figure  1). 

F igure  2 shows t he  p rocedure  for s e p a r a t i n g  the  ex t r a -  
cel lular  f luid f rom the  cells in o rder  to  measu re  the  en- 

zymic  ac t iv i t i es  s epa ra t e ly  in the  cells a n d  in the  fluid. 
Asp i ra t ed  ma te r i a l  from needle  b iopsy  was expressed  on  
to a glass slide an d  i m m e d i a t e l y  sucked  i n to  a b r e a k i n g  
p ipe t te ,  which  was then  sealed wi th  de K h o t i n s k y  cemen t .  
T h e  cap i l l a ry  c o n t a i n i n g  the  a sp i r a t e  was cu t  off a n d  t h e  
cu t  end was also closed with de K h o t i n s k y  cemen t .  The  
m a t e r i a l  in t h e  sealed capi l la ry  was cen t r i fuged  a t  2000-  
4OOO r .p .m,  for 2O rain in order  to  s e p a r a t e  t h e  ex t r ace l lu -  
lar  fluid f rom t h e  c e i l s . . \ f t e r  c e n t r i f u g a t i o n ,  0.5 p.l of 
ex t r ace l l u l a r  fluid was o b t a i n e d  in m a n y  cases ,  t h i s  b e i n g  
t h e  a n l o u n t  n e c e s s a r y  for e n z y m i c  a s s a y ,  

The  d ry  weigh t  and  the  d ipep t idase  a c t i v i t y  of the  cells 
were t h e r e a f t e r  d e t e r m i n e d  as follows. T h e  cells were 
washed  in 0 .9% NaC1 a n d  resuspended  in sa l ine  m e d i u m .  
T h e y  were t hen  depos i t ed  wi th  the  aid of a b r e a k i n g  pi- 
p e t t e  on  a disc of mi l l ipore  f i l ter  pape r  of k n o w n  weight ,  
which  was m o u n t e d  on a s in te red  glass f i l ter  c o n n e c t e d  
w i t h  a p u m p .  The  sal ine m e d i u m  was r e m o v e d  by  s u c t i o n  

capittary (diameter ~ lmm ) 

:;break break 

i 
Fig. I. P tugs  of epi thel ia l  cells a s p i r a t e d  f rom m a m m a r y  c a r c i n o m a  

a n d  s p r e a d  on a glass  slide. Papan i eo l aou  ~tain.  
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Fig. 2. Method  fl}r separatin~z ex t r ace th f i a r  fluid fr, ml cells in ma te r i a l  
o b t a i n e d  b y  a sp i r a t i on  b i~psv ,  l 'nm~ a cap i l l a ry  havin~z a d i a m e t e r  of 
a b o u t  I m m  a l~reakin g p ipe t t e  i~ Imlh 'd .  The  a s p i r a t e d  ma te r i a l  is 
sucked  in to  the  p ipe t t e  a n d  the  open  end  G seah 'd  wi th  de  K h o t i n g k y  
cement. The part of thI' capil lary containing the aspirate is cut off 
f rom the p ipe t t e  ,rod the cu t  end  is a g o  clo*t,d wi th  eement. The  e x t r a -  
ce l lu lar  f luid i* s e p a r a t e d  f rmn  the  cells b y  e e n t r i f u g a t i o n  of the  

eai~inary.  
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