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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 ) 
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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.  

1 P. L. l:.geOSTI, B. ICSTBORN, a n d  J .  ZAJIt'EK, N a t u r e  ( l .ond.)  lSS, 
t;63 (19~m). 
S. |;RANZI~:N, G. (~IERTZ, aItd J .  ZAJICEK, Bri t .  J .  I ' ro l .  :~3, l~aa 
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a n d  t h e  depos i t ed  m a t e r i a l  was  a i r -dr ied ,  a f t e r  w h i c h  i ts  
w e i g h t  cou ld  eas i ly  be  d e t e r m i n e d .  T he  f i l te r  disc w i t h  
t he  cells o n  i t  was  s u b s e q u e n t l y  s u b m e r g e d  in t h e  i ncuba -  
t i on  m e d i u m  for m e a s u r e m e n t  of e n z y m i c  ac t i v i t y .  Di-  
p e p t i d a s e  a c t i v i t y  was  d e t e r m i n e d  b y  t h e  m e t h o d  of 
HOLTER a n d  LINDERSTR6IvI-LANG a as  app l i ed  b y  SYLVAN 
a n d  ~'~ALMGREN 4. 

T a b l e  I shows t h e  d i p e p t i d a s e  a c t i v i t y  of m a t e r i a l  aspi-  
r a t e d  f rom 3 cases of m a m m a r y  c a r c i n o m a  a n d  f r o m  3 
cases of  m a m m a r y  f i b r o a d e n o m a .  Measu rab l e  d i pep t i da se  
a c t i v i t y  in  t h e  w a s h e d  cells was  of t h e  s a m e  o rde r  of 
m a g n i t u d e  in  c a r c i n o m a  as  in f i b r o a d e n o m a .  I n  b o t h  
g roups  t h e  d i p e p t i d a s e  a c t i v i t y  in  t he  ex t r ace l l u l a r  f lu id  
was m u c h  h i g h e r  t h a n  t h a t  in  t he  w a s h e d  cells. V e r y  re- 
c e n t l y  SYLVAN and  BOlS 5 r e p o r t e d  h igh  d i pep t i da s e  ac t iv -  
i t y  in  cell-free i n t e r s t i t i a l  f luid f rom u n i c e n t r i c  t u m o r  
t r a n s p l a n t s .  On  a pe r  v o l u m e  basis  t h i s  f luid was up  to  
100 t i m e s  more  ac t ive  t h a n  o t h e r  b o d y  f luids  (per i tonea l ,  
etc.).  

I n  Tab le  I I  t h e  d i p e p t i d a s e  a c t i v i t y  in  ex t r ace l lu l a r  f luid 
a s p i r a t e d  f rom 3 cases of m a m m a r y  f i b r o a d e n o m a ,  3 ol  
m a m m a r y  c a r c i n o m a  a n d  3 of l y m p h a t i c  m e t a s t a s e s  of 

Tab. I. Dipeptidase activity in cells and in extracellular fluid 
expressed on D.W, basis. 

Cases: 
No. t No. 2 No. 3 

Mammary fibroadenoma: 
Celts 5,0 I, 1 2.2 
Extracellular fluid 17,0 19,0 8.0 
Mammary carcinoma: 
Cells 2.6 0.4 4,9 
Extraccllular fluid 11.0 24.0 37.0 

Dipeptidase activity is expressed in lxl 0,1 M NaOH solution per 
100 btg air dried material. Substrate 0.1 31 alanyglycine. The incuba- 

tion time 1 h at 37 ° (pH 7,8). 

Tab. II. Dipeptidase activity in body fluids expressed on volume 
basis 

Cases : 
No. 1 No. ~ No. 8 

Extraecllular fluid from: 
Mammary fibroadenom_a 10.8 7.4 14.8 
Mammary careinoma 18.8 11.~ ~1.8 
Carcinomatous lymph nodes 18.8 19.9 17.4 

Serum 0.40 0 . ~  0.24 
Mammary cyst fluid 0.23 0.42 0.36 
Lymphedema fluid <: 0.05 <: 0.05 < 0.05 

Dipeptidase activity is expressed in V1 M Na0H per I h per lxl body 
fluid. Substrate 0.1 M alanylglycine. The incubation time 1 h at 37 ~ 

(pH 7.8). 

m a m m a r y  c a r c i n o m a  a n d  expressed  o n  v o l u m e  basis  m a y  
be  c o m p a r e d  w i t h  t h e  a c t i v i t y  in  se rum,  in  cys t ic  f luid 
f rom 3 cases of m a s t o p a t h i a  cys t ica ,  a n d  in  f lu id  f rom 
l y m p h o e d e m a  of t he  a r m  fol lowing r ad i ca l  m a s t e e t o m y  
(3 cases).  I t  is seen t h a t  ex t r ace l l u l a r  f lu id  f r o m  b e n i g n  
a n d  m a l i g n a n t  m a m m a r y  t u m o r s  c o n t a i n e d  a b o u t  50 
t i m e s  more  d ipep t i da se  a c t i v i t y  t h a n  d id  s e r u m ,  c y s t  o r  
o e d e m a  f lu id .  

These  o b s e r v a t i o n s  do n o t  i n d i c a t e  t h e  or ig in  of  t h e  
d ipep t i da se  a c t i v i t y  f o u n d  in t h e  ex t r ace l l u l a r  f lu id  of 
p r i m a r y  a n d  m e t a s t a t i c  m a m m a r y  t u m o r s  (Tab le  I I ) .  
H i s t o c h e m i c a l  s tud ies  h a v e  s h o w n  h i g h  a m i n o p e p t i d a s e  
a c t i v i t y  in  t he  s t r o m a l  e l e m e n t s  6-s as a r e a c t i o n  to  t u m o r  
g r o w t h  9. I t  is poss ible  t h a t  t h e  h i g h  d i p e p t i d a s e  a c t i v i t y  
in  ex t r ace l l u l a r  f luid of m a m m a r y  t u m o r s  is due  to  re lease  
of t h e  e n z y m e s  f rom the  t u m o r  ceils as well  as f rom the  
ceils of t h e  s t r o m a  c o m p a r t m e n t  to  t h e  s u r r o u n d i n g  me-  
d ium,  a f t e r  w h i c h  t h e  enzymes ,  t o g e t h e r  w i t h  t h e  e x t r a -  
ce l lu lar  f luid a n d  w i t h  c a n c e r  cells, m a y  be  c o n v e y e d  
t h r o u g h  l y m p h a t i c  c h a n n e l s  i n to  reg iona l  l y m p h  glands .  
The re  is some  ev idence  t h a t  t h e  successful  g r o w t h  of neo-  
p las t i c  cells c an  in p a r t  be  e x p l a i n e d  b y  super io r  ab i l i t y  
of such  cells to  c a p t u r e  f rom t h e  e n v i r o n m e n t ,  a n d  to  
c o n c e n t r a t e  in t race l lu la r ly ,  t h e  free amino -ac ids  necessa ry  
for p r o t e i n  syn thes i s  9. H i g h  c o n c e n t r a t i o n  of p r o t e o l y -  
t i c  e n z y m e s ,  i n c l u d i n g  d ipep t idases ,  in  t h e  ex t r ace l l u l a r  
f luid a n d  poss ib ly  also in t h e  l y m p h a t i c  channe l s ,  p r e s u m -  
ab ly  c o n s t i t u t e s  a f ac to r  e n h a n c i n g  t he  neop las t i c  ~ rowth .  

A m o r e  de ta i l ed  a c c o u n t  of t he  m e t h o d  we h a v e  used  
will  be  p u b l i s h e d  la ter ,  t o g e t h e r  w i t h  a d iscuss ion  of t h e  
r e su l t s  h i t h e r t o  o b t a i n e d .  

Zusammen/assung: E s  wi rd  e ine  P u n k t i o n s m e t h o d e  zu r  
q u a n t i t a t i v e n  B e s t i m m u n g  de r  E n z y m a k t i v i t ~ t  in  Zel len  
u n d  in te rs t i z ie l l e r  F l i i ss igkei t  m e n s c h l i c h e r  T u m o r e n  be-  
sch r i eben .  Die  in  d e n  ZeIlen u n d  de r  in te r s t i z ie l l en  Flfis- 
s igke i t  yon  M a m m a c a r c i n o m e n  u n d  - f i b r o a d e n o m e n  ge- 
messene  Dipep t idaseak t iv i t~ i t  wurde  m i t  de r j en igen  ver -  
s ch iedene r  K6rper f l i i s s igke i t en  verg l ichen .  

• ,  VOZELJ a n d  J. ZAJICEK 

Department o/ Cytology, Institute of Radiopathology, Ra- 
diumhemmet, Stockholm (Sweden), August 28, 1961. 
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Tryptophan i m  a k t i v e n  Z e n t r u m  v o n  Trypsin 
und Chymotrypsin 

E i n e  R e i h e  y o n  H y d r o l a s e n  wi rd  d u r c h  Di i sopropy l -  
f l u o r p h o s p h a t  (DFP)  b lockier t .  N a c h  sa l z sau re r  H y d r o -  
lyse is t  de r  D I P - R e s t  a n  e in  Seryl  g e b u n d e n ,  das  in  e iner  
Aminos~iurensequenz  liegt,  die fiir n e u n  E s t e r a s e n  in ver-  
s ch iedene r  A u s d e h n u n g  iden t i s ch  ist.  OOSTERBAAN et  al. x 
z iehen  eine e n z y m a t i s c h e  S p a l t u n g  de r  S / iu rehydro lyse  
vor ,  d a  sic wen ige r  G e f a h r e n  y o n  T r a n s a m i n i e r u n g e n  
bzw.  T r a n s a c y l i e r u n g e n  b ie te t ,  f a n d e n  abe r  d e n  P h o s p h o r  

a m  g le ichen  Serin.  Al len  a u f  d ie sem Geb ie t e  b i s h e r  e in-  
ge se t z t en  A n a l y s e n m e t h o d e n  i s t  j e d o c h  g e m e i n s a m ,  dass  
sie z u m  Ver lus t  des  T r y p t o p h a n s  f t ihren.  HARTLEY gab  
n u n  in Moskau  z e inen  grossen  Tel l  de r  Aminos~iuren-  
sequenz  des  C h y m o t r y p s i n s  b e k a n n t ,  de r  zwar  ke in  H i -  
s t id in ,  woh l  abe r  zwei de r  s i eben  T r y p t o p h a n e  en th / i l t ,  

1 R.A. OOSTERBAAN et al., Biochim. biophys, Acta 27, 549 (1958), 
und V. Int. Congr. Biochem. Moskau 4, 130 (1961). 
B. S. HARWLEV, V. Intcrnation~er Kongress ffir Biochemie in 
Moskau, August (1961). 


