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Histamine Formation in Rats Bearing the 
Walker Mammary  Carcinosarcoma 

D u r i n g  r e c e n t  yea r s  c e r t a i n  o b s e r v a t i o n s  h a v e  led to  
t h e  bel ief  t h a t  t h e r e  is a c o n n e c t i o n  b e t w e e n  r a p i d  t i s sue  
g r o w t h  a n d  h i s t a m i n e  f o r m a t i o n  1. F o r  example ,  em-  
b r y o n i c  t i ssue  in t he  r a t ,  mouse  a n d  man ,  r a t  bone  m a r -  
row, w o u n d  and  g r a n u l a t i o n  t i s sue  in r a t  a n d  man ,  r a t  
h e p a t o m a  a n d  W a l k e r  r a t  m a m m a r y  c a r c i n o s a r c o m a  
h a v e  b e e n  s h o w n  to  be  c a p a b l e  of fo rming  h i s t a m i n e  a t  
h igh  r a t e s  in  v i t ro ,  a n d  a n  e l eva t ed  exc re t i on  of h i s t a m i n e  
in t he  u r ine  of p r e g n a n t  a n d  h e p a t o m a - b e a r i n g  r a t s  ha s  
b e e n  observedL=.  F u r t h e r m o r e ,  i n v e s t i g a t i o n  of t h e . E h r -  
l ich asci tes  t u r n o u t  of mice  showed  t h a t  t h e r e  was  a 
pos i t ive  co r r e l a t i on  b e t w e e n  h i s t a m i n e  fo rming  capac i ty  
(HFC)  a n d  m i t o t i c  i n d e x  2. 

T h e  p r e s e n t  r e p o r t  gives r e su l t s  of f u r t h e r  e x p e r i m e n t s  
on  t h e  W a l k e r  m a m m a r y  ca rc inosa rcoma .  H/~KANSBON ~1 
m e a s u r e d  t he  t l F C  of t h i s  t u m o u r  in v i t r o  and  o b t a i n e d  
va lues  v e r y  m u c h  h i g h e r  t h a n  t hose  g iven  b y  n o r m a l  
m a m m a r y  t issue,  b u t  no  in  v ivo  m e a s u r e m e n t s  of u r i n a r y  
h i s t a m i n e  exc re t i on  were  pe r fo rmed .  HALLENBEEK a n d  
CODE 4, in  t h e i r  e x p e r i m e n t s  on  t h e  Vv'alker r a t  ca rc ino-  
s a r c o m a  in S p r a g u e - D a w l e y  ra ts ,  f o u n d  no  g rea t  or  con-  
s i s t en t  changes  in t h e  levels  of u r i n a r y  h i s t a m i n e  d u r i n g  
g r o w t h  or  a f t e r  excis ion of t h e  t u m o u r .  Howeve r ,  s ince a 
s t r i k ing  rise in  h i s t a m i n e  exc re t i on  was  r e p o r t e d  for  
h e p a t o m a - b e a r i n g  ra ts ,  a fu l ler  i n v e s t i g a t i o n  of  t h e  V~'al- 
k e r  t u r n o u t ,  e m p l o y i n g  t h e  be s t  of a v a i l a b l e  m e t h o d s ,  
seemed des i rable .  

Materials and methods. T he  t u m o u r  was o b t a i n e d  b y  
cou r t e sy  of Prof .  A. HADDOW, C hes t e r  B e a t t y  I n s t i t u t e ,  
London ,  a n d  was  t r a n s p l a n t e d  i n to  a d u l t  f emale  r a t s  of a 
s t r a i n  b r e d  a t  t h e  I n s t i t u t e  of Phys io logy ,  L u n d .  A l imi ted  
n u m b e r  of e x p e r i m e n t s  were  done  us ing  S p r a g u e - D a w l e y  
ra ts .  U n d e r  s ter i le  cond i t i ons  a n d  us ing  a t rocar ,  smal l  
pieces of neop las t i c  t i s sue  were depos i t ed  s u b c u t a n e o u s l y  
nea r  t he  scapula .  The  t u m o u r s  grew rap id ly ,  r e ach ing  
30-40 g a t  a b o u t  14 days ,  b y  which  t i m e  c e n t r a l  necrosis  
h a d  deve loped .  

The  u r i n a r y  exc re t i on  of h i s t a m i n e ,  wh ich  ha s  been  
s h o w n  to ref lec t  the  r a t e  of w h o l e - b o d y  e n d o g e n o u s  for- 
m a t i o n  of t h e  s u b s t a n c e  5, was  fol lowed in  female  r a t s  
before  a n d  a f t e r  i m p l a n t a t i o n  of t he  t u m o u r .  T he  an imMs 
were k e p t  in  m e t a b o l i s m  cages  a n d  fed a s e m i s y n t h e t i c ,  
h i s t amine - f r ee  d i e t  a. U r i n e  was  col lec ted  c o n t i n u o u s l y  in 
24 h s amples  in  f lasks  c o n t a i n i n g  a few d rops  of concen-  
t r a t e d  hyd roch lo r i c  acid, to  p r e v e n t  f o r m a t i o n  or des t ruc -  
t ion  of h i s t a m i n e  b y  bac te r i a .  Free  h i s t a m i n e  was  a s sayed  
on t he  a t r o p i n i z e d  gu inea -p ig  i leum. 

E x c r e t i o n  of  z4C-his tamine a f t e r  i n j ec t i on  of z4C- 
h i s t i d ine  was  also i nves t i ga t ed .  2 r a t s  were i n j ec t ed  s.c. 
w i t h  50 #g  x4C-histidine before  a n d  a f t e r  t u m o u r  im- 
p l a n t a t i o n ,  a n d  a l iquo t s  of t he  u r ines  were assayed  for 
x4C-histamine for the  3 consecu t ive  days  a f t e r  in jec t ion ,  
us ing  a m e t h o d  w h i c h  ha s  b e e n  desc r ibed  p r e v i o u s l y L  

T h e  r a t e  of f o r m a t i o n  of h i s t a m i n e  b y  t h e  t u m o u r  
t i ssue  in  v i t ro  was m e a s u r e d  b y  a m e t h o d  w h i c h  ha s  b e e n  
desc r ibed  in de ta i l  p r ev i ous l yL  Brief ly ,  f ine ly -cu t  t i ssue  
was i n c u b a t e d  w i t h  z4C-histidine a n d  t he  ~4C-histamine 
fo rmed  was measu red .  T he  coenzyme  py r idoxa l -5 -phos -  
p h a t e ,  7.9 #g  pe r  sample ,  was  a d d e d  to  t h e  i n c u b a t i o n  
m i x t u r e  s ince i t  was  found  to  e n h a n c e  t h e  e n z y m e  ac- 
t i v i t y .  Resu l t s  a re  expressed  as ng  ( =  10 -9 g) h i s t a m i n e  
Io rmed /g  t i s sue /3  h. 

The  we l l -known  p h e n o m e n o n  of l iver  e n l a r g e m e n t  in 
t h e  t u r n o u t - b e a r i n g  h o s t  s was  also no t iced  in t h i s  inves t i -  
ga t ion ,  a n d  i t  seemed of i n t e r e s t  to  d i scover  w h e t h e r  t he  
l iver  e n l a r g e m e n t  was  a n o t h e r  e x a m p l e  of g r o w t h  ac- 

c o m p a n i e d  b y  h i g h  HFC.  U s i n g  t h e  s a m e  me thod  as 
desc r ibed  a b o v e  for  t h e  t u m o u r  t issue,  t h e  r a t e  of hist" 
a m i n e  f o r m a t i o n  in v i t ro  of l ive r  t i s sue  f rom tunaour~ 
b e a r i n g  a n d  con t ro l  a n i m a l s  was  measu red .  The  effect °~ 1 
t h e  e n z y m e  i n h i b i t o r s  a - m e t h y l h i s t i d i n e  a n d  ~-rnethY_ ~ 
D O P A  o n  t u m o u r  a n d  l iver  t i s sue  was  inves t iga ted  iv 
v i t ro .  E a c h  was a d d e d  s e p a r a t e l y  to  t h e  usua l  mcubati°~ 
m i x t u r e  a n d  H F C  d e t e r m i n e d  as desc r ibed  above .  

Results and discussion. U r i n a r y  free h i s t a m i n e  excreti°~ 
was  found  to  increase  as t he  t u m o u r s  e rew in b0~ J 0t 
S p r a g u e - D a w l e y  a n d  I n s t i t u t e - s t r a i n  r a t s  IncreaSes 
f rom 3-8  t i m e s  t h e  p r e - i m p l a n t a t i o n  va lues  were  observe° 
a n d  2 e x a m p l e s  f rom i n d i v i d u a l  r a t s  are  s h o w n  in the 
Figure.  I n  b o t h  r a t s  i n j ec t ed  w i t h  14C-histidine the  excre~ 
t i on  of xaC-histamine was  h i g h e r  d u r i n g  t h e  course 0~ 
t u I n o u r  g r o w t h  t h a n  i t  was  in t h e  con t ro l  pe r iod  b efore 
i m p l a n t a t i o n  (Table  I). 

Table I. Excretion of z4C-histamine after injection of 14C-histidi~e 
(Counts per min[Total daily urine volume) 

Before 12-15 d ays 
implan- after 
ration implantati# 

/ 

Sprague-Dawley 1st day 195 240 
rat 2nd day 28 115 

3rd day 14 78 

Institute strain 1st day 83 259 
rat 2nd day 18 73 

3rd day 6 81 
J 
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Urinary histamine excretion patterns in 2 female rats implanted 
the arrow with the Walker careinosarcoma. 
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The in v i t ro  resu l t s  on  t u m o u r  H F C  (Table  I I )  show 
a:athe t u m o u r  t i ssue  ha s  a cons ide rab le  ab i l i t y  to  fo rm 

raine b u t ,  as is genera l ly  o b s e r v e d  for  e n z y m e  ac- 
tivities in t r a n s p l a n t e d  t u m o u r s  o, t h e  va lues  fall  w i t h i n  
tt he ex t remes  f o u n d  in  n o r m a l  t i s sues  (va lues  for  r a t  
18s 

t ues, expressed  as ng /g /3  h,  as m e a s u r e d  in t h i s  l abo ra -  
0 r y :  gas t r ic  m u c o s a  up  to  a b o u t  15,000, sma l l  i n t e s t i n e  
,uaeu no  d e t e c t a b l e  ac t iv i ty )  T h e  r a t e  of h i s t a m i n e  
~0rrnatmn in v i t r o  in  t h e  liv~er t i ssue  of t u m o u r - b e a r i n g  
rats {Table I I )  was  found  to be  v e r y  m u c h  h i g h e r  t h a n  in  Turnout 
t i°r~ ' tumour-bearing cont ro ls ,  age, 

The effects of t h e  c o m p o u n d s  e - m e t h y l h i s t i d i n e  a n d  days ~ 'methyl  D O P A  on  t h e  r a t e  of h i s t a m i n e  f o r m a t i o n  in 
Uraonr t issue a n d  l iver  of the  t u m o u r - b e a r i n g  hos t  were 14 

i ifferent (Table  I I I ) .  ~¥hereas  t he  f o r m e r  c o m p o u n d  pro-  14 
treed 7 0 - 9 0 %  i n h i b i t i o n  of e n z y m e  ac t iv i ty ,  t he  l a t t e r  14 

• acl p rac t ica l ly  no  i n h i b i t o r y  effect.  T he  c o n t r a s t i n g  ef- 14 ~ cts of these  2 s u b s t a n c e s  h a v e  been  used  to  d i s t i ngu i sh  14 
~Shdine d e c a r b o x y l a s e  f rom w h a t  is re fer red  to as ' non -  17 

17 
~P~mfic' h i s t i d ine  deca rboxy la se ,  t h e  fo rmer  be ing  17 

r°ngly i n h i b i t e d  b y  a - m e t h y l h i s t i d i n e  b u t  n o t  b y  e- 25 
thyl  D O P A ,  w h i c h  l a t t e r  c o m p o u n d  s t r o n g l y  i n h i b i t s  

t~ le non-specif ic '  d e c a r b o x y l a s e  L T h e  re su l t s  o b t a i n e d  in Controls 
i ue p resen t  s t u d y  are  s imi la r  to  t hose  p r e v i o u s l y  r eco rded  

r mouse foe ta i  t i s sues  ~° a n d  E h r l i c h  asc i tes  t u m o u r L  
~aUs ind i ca t i ng  t h a t  t h e  e n z y m e  i n v o l v e d  is h i s t i d ine  
ueearboxylase.  

Patabiosis experiments. T h e  f i nd i ng  t h a t  t he  p resence  
~iv f a t u r n o u t  in  t he se  r a t s  s eemed  to  cause  a n  e l e v a t i o n  in 

er HI?C p r o m p t e d  i n v e s t i g a t i o n  of p a r a b i o t i c  ra ts ,  one  
Partner t u m o u r - b e a r i n g ,  to  see w h e t h e r  a b l b o d - b o r n e  
i gent(s) was  respons ib le .  Pa i r s  of p a r a b i o t i c  r a t s  were 

repared, us ing  female  l i t t e r - m a t e s  aged 5 -6  weeks. A 
ge area  of l a t e ra l  s ldn  e x t e n d i n g  f rom t h e  ear  to  t he  

all was r e m o v e d  f rom each  p a r t n e r  a n d  t he  cu t  edges 
~0 ere jo ined  b y  i n t e r r u p t e d  e v e r t i n g  su tures .  Th i s  proce-  

re is k n o w n  to r e su l t  in  a degree of c o m m o n  b lood  flow. 
6Weeks a f t e r  t he  opera t ion ,  w h e n  r isk  of pa rab ios i s  in tox i -  Rat 
~ation was negligible,  1 p a r t n e r  f rom each  of 2 pa i rs  was  
~f~Planted w i t h  t he  t u m o u r  as desc r ibed  above .  Af te r  a 
t~rther 2 weeks b o t h  pa i rs  were kil led a n d  t he  H F C  of 1 

~hoeir t issues d e t e r m i n e d .  A con t ro l  pa i r  w h i c h  h a d  n o t  2 
een i m p l a n t e d  was also inves t iga t ed .  3 

The  resu l t s  (Table  IV)  i nd i ca t e  a genera l  e l eva t ion  of 4 
I-t C in m a n y  t issues,  i nc lud ing  t h e  l iver.  T he  va lues  for  
~hee n o n - t u m o u r - b e a r i n g  p a r t n e r s  of pa i r s  2 a n d  3 fall 

tween to  those  of t h e i r  t u r n o u t - b e a r i n g  c o u n t e r p a r t s  
~lld the  con t ro l  pa i r  (pa i r  1). Th i s  is c o n s i s t e n t  w i t h  t he  ~ Volvement  of a b l o o d - b o r n e  agent(s)  in  t h e  m e c h a -  

sra Causing e l e v a t i o n  of HFC.  T h e  effect  is n a t u r a l l y  

g r ea t e r  in  t h e  t u m o u r - b e a r i n g  p a r t n e r  s ince t he  concen-  
t r a t i o n  of t h e  agent (s )  in  t h e  b lood  of t h e  o t h e r  r a t  will 
n o t  be  so h igh ,  poss ib ly  due  to  d e s t r u c t i o n  or  exc re t ion .  
I n  t h e  case of a b d o m i n a l  skin,  t h e r e  seems to  be  no  e leva-  

Table II. Rate of histamine formation in tumour and liver tissue 

Turnout Tumour LIC ~ Liver 
weigh t, H FC, H FC, 
g ng/g[3 h ng/g/3 h 

40 278 
35 416 
34 821 
32 884 
38 1090 
60 770 
49 1190 
37 1890 
69 900 

0.074 290 
0.054 437 
0.071 582 
0,063 296 
0,073 1200 
0.081 613 
0.064 371 
0.065 886 
0.043 219 

0.038 31 
0.044 27 
0.039 22 
0.049 25 
0.032 I8 

L]C is the ratio liver weight/carcass weight (weight of rat ex- 
sanguinated and minus the tumour). 

Table l lI .  Effect of a-methylhistidine and co-methyl DOPA (10-SM) 
on the rate of histanfine formation of turnout tissue and liver of the 

tumour-bearing host (ng histamine formedlg tissue/3 h) 

Tmnour Liver 

No 0c-methyl- ~-methyl No o~-methyl- ~-methyl 
addition histidine DOPA addition histidine DOPA 

166 42 191 62 15 58 
900 211 806 219 26 219 

1550 381 1560 2530 354 2310 
416 79 437 437 70 418 

0 j .  p. GI~:EENSTEIN, Biochemistry o~ Cancer (Academic Press, New 
York 1954), p. 362. 

lo E. P.OSENaREN, Experientia 18, 176 (1962). 

"Fable IV. ltFC of tissues of parabiotic rats (ng histamine formedlg tissue/3 h) 

Pair 1 Pair 2 Pair 3 

-- Tulnollr - -  " l " U i l l o u r  - -  Tumour 4 "l'ulnotlr -- Ttulloltr T Tulllour 

Abdominal skin LiVer • 61 43 49 989 58 464 
l~un i 58 44 95 305 278 523 
SPleen 963 838 1,932 3,374 3,337 7,460 

935 678 1,844 2,684 4,337 4,510 
C'a~trie mueosa 15,050 18,500 7,439 2,149 16,140 21,660 
8~1all intestine . . . .  4 
"l(idr~eY 6 1 18 35 51 80 
turnout 398 412 

"~  not detectable. 
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t ion of H F C  in the  non- tumour -bear ing  par tners ,  and the  
figures for gastr ic  mucosa  are inconsistent .  A s imilar  
general  e leva t ion  of H F C  has previous ly  been noted  in 
the  tissues of mice dying  f rom Ehr l i ch  ascites t u m o u r  2, 
bu t  no indicat ion as to t he  mechan i sm of the  process was 
obtained.  

I t  appears  t h a t  the  unusua l ly  high excre t ion  of hist-  
amine in the  urine of female rats  bear ing  the  Walke r  
m a m m a r y  carc inosarcoma m a y  be expla ined  by  the 
abi l i ty  of the  t u m o u r  itself to form h is tamine  and also by  
the  increased capac i ty  of the  l iver  in this respect.  F r o m  
the  results of the exper iments  on parabio t ic  ra ts  i t  seems 
t h a t  the  H F C  of several  tissues, inc luding the  liver,  m a y  
become e leva ted  and  t h a t  a b lood-borne  fac tor  is in- 
volved.  The  observa t ions  of high H F C  in the  t u m o u r  and 
enlarged l iver  t issue suppor t  the  v iew t h a t  there  is a con- 
nec t ion  be tween  h igh  ra tes  of h i s tamine  fo rmat ion  and 
cer ta in  types  of rap id  tissue g rowth  ~. 

Zusammen/assung. Die Geschwindigkei t  der  Histarrii~" 
b i ldung wurde  bei R a t t e n  yon  expe r imen te l l em Walker 
Carc inosarcom kontrol l ier t .  Bei  Parabiosen  konnte  ge- 
zeigt  werden,  dass der  Fak tor ,  welcher  diese I-Iistanain" 
bi ldung ausl6st,  m i t  dem Blu t s t rom i iber t ragen wird. 

MARIAN JoHNS'f0N 

Institute o/Physiology, University o/Lurid (Sweden), 
August 12, 7966. 

11 This study was supported by U.S. Public Health Service g ral~t 
No. 5RO1 HDOO255-06 to Prof. G. I(AHLSOr~, whose intereS~ is 
gratefully acknowledged. Merck, Sharp and Dohme, RahWa3h 
N.J., USA, kindly gave the ~-methylhistidine. 

O s c i l l a t i o n s  in the  P i g e o n ' s  Pupi l  S e r v o m e c h a -  
n i s m  in R e l a t i o n  to I l l u m i n a t i o n  

The cyberne t ic  approach  considers the  pupi l  reflex to  
l ight  as a self-regulated control  device  to regulate  l ight  
impinging on the  ret ina.  S imi lar ly  to the  lmman  eye ~, the  
pupi l  of the  chicken cont inuously  undergoes  mnall fluc- 
tuat ions  in a rea  even in s teady  i l luminat ion  2, compre-  
hensible when considered as sustained oscillations in the  
pupi l  se rvosys tem because of the t ime  lag of the  feedback 
pa th  which completes  the  loop. This  induced pupi l lary  
hippus m a y  or iginate  in, or be modif ied by, propert ies  of 
the  iris neuromuscular  sys tem (i) or  centra l  nervous  sys- 
t em elements  such as reflex centres of the  bra in  s tem (ii) 
or the  re t ina  (iii). 

Comparison of the  f requency  spec t rum of the  pupi l la ry  
unrest  shows values  up to 2 c/sec in the  smooth  muscle of 
the  h u m a n  iris a and up to 15 c/see for the  pigeon 's  iris 
consist ing of s t r ia te  muscles, which clear ly  indicates  the  
effect of the  iris neuromuscula r  sys tem on the  spontaneous  
oscillations of the  pupi l  area. Similarly,  the  effect of the  
centra l  nervous  sys tem can be inferred f rom the  close cor- 
relat ion of unres t  of one iris wi th  the  s imul taneous ly  
recorded unres t  of the  con t ra la te ra l  iris in humans  *, and 
f rom the  effect of brain cooling on the  f requency of pupi l  
oscillations in pigeonsL The present  exper iments ,  which 
are par t  of a s tudy  of the  pupi l la ry  reflex to l ight in the  
pigeon e, were under t aken  in order  to de termine  how far 
the  pupil 's  unres t  can be modif ied by changes at  t i le loop 
input ,  i.e. a t  the  re t inal  level. 

Awake,  unanaes the t ized  pigeons were used t h roughou t  
the invest igat ion.  The head of the animal  was f ixed by  
holding the  skull be tween  the  occiput  and the  beak.  The  
pupi l  area  was measured cont inuous ly  by  ref lect ing I R -  
l ight  f rom the  iris onto  an IR-pho toce l l  shielded with  a 
K o d a k  87C fi l ter  to e l iminate  the  effects of visible l ight  of 
the  condi t ioning beam. The o u t p u t  of the  photocel l  was 
fed into  the  inpu t  of a d.c. amplif ier  of an oscilloscope 
(Tektronix  t y p e  502A) and recorded photographica l ly  on 
moving  film. In  order  to correct  the  luminance  readings 
into ret inal  i l luminat ion,  i t  was necessary to measure  the 
ac tual  size of the  pupil.  This  was done by  tak ing  photo-  
graphs of the  pigeon's  pupil  in IR- l ight .  The  expe r imen t  

s ta r ted  af ter  a da rk  period of 1 h by  de te rmin ing  the 
threshold of the  pupi l la ry  l ight  reflex. T h e  experiments 
were per formed by  exposing the  eye to  conszant  lights 0{ 
increasingly h igher  luminances.  Records  were t aken  after 
the  adap t ing  l ight  was presented  for a per iod of not  leSS 
than  10 min.  

The  Figure,  showing records of a t y p i c a I  experime~ty 
gives samples of the  f luc tua t ions  of the  pupi l lary  area at 
different  cons tan t  luminances  of adap t ive  itluminatiola' 
As can ba seen f rom par t  A of the  Figure  there  are, at 
low levels of i l luminat ion,  on ly  a few oscillations of larg er 
ampl i tude .  W i t h  increasing luminances  of the condition" 
ing l ight  b o t h  the  ampl i tude  and the  f requency  of the 

7 1 "I~i ure t3) susta ined oscil lat ions increase . Quan t i t a t i ve  y ( ~ g 
the  f requency  of the  pupi l la ry  oscil lat ions increases frorO 
low values  (about  1 c/see) in d im l ight  (ret inal  illumina~ 
t ion less than  10 Troland) to high values  (about  15 c/seC~ 
a t  h igh luminances  of the  condi t ion ing  i ight  (1500 
Troland).  Thus  the  increase of f requency  of oscillations 
of the  pupi l ta ry  d i ame te r  is c lear ly  in the  photOp ic 
range of luminances  of the  pigeon 's  pupi t la ry  respol~Se 
to l ight  ~. V~hile i t  is commonly  bel ieved t h a t  tlae 
pupi t la ry  response to l ight  is ma in ly  governed  by tlaae 
re t ina l  cones 8, this  is cer ta in ly  un t rue  in the  dark-adapte~ 
s ta te  and for l ight  s t imul i  even ly  d is t r ibu ted  over  tl~e 
ent ire  re t ina l  surfaceL However ,  the  present  experiments 
indicate  i t  to be t rue  for the osci l la tory changes of tlae 
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