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P h y l o g e n e t i c a l  P e r s i s t e n c e  of the  N o n - M a s t  Cell  
p a r i s o n  w i t h  M a s t  Cell  H i s t a m i n e  

The main  locat ions for s torage of h i s t amine  in the  
m a m m a l i a n  b o d y  are the  m a s t  cells and the  mucosal  
layer  of the  digest ive t r ac t  1,2. A previous r epor t  raised 
the  ques t ion  of h i s t amine  con ten t  in t he  m a s t  cells of 
lower ver tebra tes ,  a n d  p resen ted  evidence t h a t  t h e y  were 
def icient  in th is  subs tance  3. A m o n g  tissues which in 
spi te  of numerous  mas t  cells showed low levels of h is ta-  
mine  (0.08-0.77 ~zg/g) were the  swimbladder  of a te leost  
(Rut i lus  rutilus) and the  tongue  and  the  pe r i t oneum of 
an amph ib i an  (Rana temporaria). Addi t iona l  evidence 
for absence  of h i s t amine  in the  m a s t  cells of amph ib i ans  
has la ter  been  p resen ted  by  others ,  s tudy ing  R a n a  
catesbeiana 4. 

During  the  last  4 years  I have  per fo rmed  fu r the r  and 
more  sys t emat i c  studies,  including one or more  species 
f rom every  subclass of l iving lower ve r t eb ra t e s  5. The 
resul ts  suppor t  the  view t h a t  the  mas t  cells of te leosts  
and  amph ib i ans  are devoid  of h i s t amine  3A. However ,  
t h rough  the  use of b o t h  chemical  and  h is tochemica l  
ine thods  6,7, it  was clearly d e m o n s t r a t e d  t h a t  h igh con- 
cen t ra t ions  of h i s t amine  are p resen t  in m a s t  cells and 
blood basophi ls  of turt les ,  snakes, l izards and  crocodilians. 
Large species differences explain  w h y  previous  experi-  
m e n t s  3 - which  moreover  were pe r fo rmed  dur ing  spr ing 
and  summer ,  when  t issue m a s t  cells in rept i les  seem to 
be mos t  scarce - indica ted  t h a t  the  h i s t amine  levels in 
rept i l ian  t issues were low. 

The p resen t  work utilizes the  in fo rmat ion  summar ized  
above in an a t t e m p t  to s t u d y  the  non -mas t  cell h i s t amine  
of the  diges t ive  t r ac t  in species where  it is no t  inter-  
mingled  wi th  mas t  cell h is tamine .  Observa t ions  were 
m a d e  in several  species of fish, amph ib i ans  and  rept i les  
(5-12 spec imens  f rom each species). The t issue samples  
were dissected out  shor t ly  af ter  the  animals  had  been 
killed. H i s t amine  was assayed  spect rof luorometr ica l ly ,  
as descr ibed previously  3,e, and  t issue levels were calcu- 
la ted  as ~g h i s t amine  base/g  wet  tissue. 

The h i s tamine  con ten t  of d i f fe rent  pa r t s  of the  digest ive 
t r a c t  of 2 species of s tomachless  teleosts,  where  acid 
secre t ing cells are absen t  s,9, are l is ted in Table  I. The 
to ta l  d iges t ive  t ract ,  d iv ided  into 3 par ts ,  was assayed,  
and  as can be seen f rom the  Table, showed r a the r  low 
levels of h is tamine .  Similar  h i s t amine  levels are previously  
found  in the  gut  of the  cyc los tome M y x i n e  glutinosa 3 
which  phylogenet ica l ly  represents  a s tage where  s tomach  
has  appa ren t l y  no t  ye t  evolved. 

Table  I I  l ists t issue h i s t amine  levels in the  digest ive 
t r ac t  of teleosts,  amph ib i ans  and reptiles,  which  all have  
a s tomach .  I t  is ev iden t  t h a t  t he  h i s t amine  levels of 
in tes t ina l  t issues are low or modera te ,  whereas  those  of 
the  s tomach,  a l though  d isp laying wide var ia t ions ,  are 
a lways high. The whole s t omach  was included in the  
assay, excep t  in reptiles,  in which  small  amoun t s  of 
t issue had  been  removed  for observa t ion  on m a s t  cells. 
I n  a few large specimens  of Gadus morhua, Brosmius  
brosme and  Testudo graeca (not included in Table II), 
t issues f rom the  s t omach  were spl i t  in to  mucosal  and  
muscular  layers before being assayed.  The h i s t amine  
levels of the  mucosal  layer  were abou t  twice  as h igh as 
those  l is ted in Table I I  for t he  whole  s t omach  of . the  same 
species, whereas  the  muscu la r  layer  showed levels s imilar  
to  or lower t h a n  the  intest ine.  Assay of h i s t amine  in the  
s t o m a c h  f rom a single specimen of car t i laginous fish 
(Squalus acanthias) gave values  of 26.1 vg/g and  1.8 ~zg/g 
for t he  mucosal  and  the  muscular  layer, respect ively.  

A m o n g  the  species s tudied,  absence  of m a s t  cell his ta-  
mine  has  been  demons t r a t ed ,  as a l ready  ment ioned ,  in 

H i s t a m i n e  S t o r e s  of  the  D i g e s t i v e  Tract :  A C o m -  

Rut i lus  rut i lus  3. During  the  p re sen t  work, small  t issue 
samples  f rom the  swimbladder  of Salmo irideus and the  
mesen t e ry  of Bu[o bu[o were s ta ined  in alcoholic th ionin  
(0.1%) for microscopy  of mas t  cells. Ad jacen t  samples  
were used for assay of h i s tamine .  Despi te  the  presence 
of numerous  m a s t  cells in all p repa ra t ions  s tudied,  the  
h i s t amine  levels were only 0.2-0.5 ~g/g (swimbladder)  
and  0.1-0.2 ptg/g (mesentery) .  A h i s tochemica l  me thod  7 
also failed to  provide  evidence for the  presence  of hista-  

Table I. Tissue histamine levels in the digestive tract of teleostean 
fish with reduced stomach 

Species Part of Histamine content 
digestive tract (~zg/g} 

Rutilus rutilus anterior 1.0-1.4 
middle 0.7-1.6 
posterior 0.9-1.5 

Labrus berggylta anterior 0.3-0.8 
middle 0.4-0.7 
posterior 0.4-0.9 

Table II. Tissue histamine levels in stomach and intestine of fish 
(teleosts), amphibians and reptiles with normal stomach functions 

Species Histamine content ([lg/g) 

Stomach Intestine 

Fish 
Salmo irideus 11.5-19.8 0.3-0.9 
Gadus morhua 6.5-14.4 0.6-1.7 
Gadus virens 7.1- 9.2 1.2-2.0 
Brosmius brosme 5.5- 8.3 1.2-2.8 
Trigla gurnardus 9.8-13.6 1.1-2.3 
Pleuronectes microcephalus 6.9- 9.8 0.2-0.4 

Amphibians 
Rana esculenta 5.4- 8.7 0.2 0.3 
Bu/o bulo 4,6-12.5 0.3-0.6 

Reptiles 
Testudo graeca 10.5-16.0 0.1-0.2 
Vipera berus 5.2-11.6 0.3-0.5 
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mine  in t h e  mas t  cells of these  species. The cheek pouch  
of the  hamste r ,  which showed a mas t  cell dens i ty  similar  
to t h a t  of the  swimbladder  of Salmo irideus, was s tudied  
for comparison.  The h i s t amine  con ten t  of the  cheek pouch  
was 19.8-30.5 ~zg/g, and  h i s tamine  could easily be histo-  
chemical ly  localized in the  mas t  cells. In  the  rept i l ian  
specimens,  chosen f rom 2 species which  compared  to 
o ther  repti les  general ly have  very low levels of h i s t amine  
in the i r  t issues 3,5, m a s t  cells were searched for in t issue 
f rom mesentery ,  in tes t ine  and s t omach  (after s ta in ing  
wi th  alcoholic thionin) .  Occasionally, a single or a few 
of these  cells were encountered ,  bu t  in mos t  p repa ra t ions  
t hey  seemed to  be comple te ly  absent .  There  is good reason 
to  believe, therefore,  t h a t  the  h i s tamine  con ten t  of t issues 
f rom the  digest ive t r ac t  of all s tud ied  species of fish, 
amph ib i ans  and rept i les  (Tables I and II) represents  non- 
m a s t  cell h i s tamine .  

The p resen t  s tudy  indicates  t h a t  whereas  the  presence 
of h i s t amine  in the  m a s t  cells in confined to r a the r  l imi ted  

groups of ver tebra tes ,  t h e  presence  of h igh t issue levels 
of n o n -mas t  cell h i s t amine  in the  digest ive t ract ,  and  
specifically in the  gast r ic  mucosa,  is a general  feature.  
The results  suppor t  the  view t h a t  n o n -mas t  cell h i s t amine  
is i n t ima te ly  l inked to the  gastr ic  secre tory  process,  
ac t ive ly  or passively.  

Rdsumd. La t eneur  en h i s t amine  des divers segments  
du tube  digest if  a ~t6 mesur~e chez les poissons, les ba t ra -  
ciens e t  les repti les.  Les r~sul tats  ind iquen t  la pr6sence 
de d6p6ts d ' h i s t a m i n e  dans  la muqueuse  gas t r ique  de 
t o u s l e s  vert6br6s, t and i s  que l ' h i s t amine  de mas tocy t e s  
n ' ex is te  que chez des groupes l imit6es de vert6br~s. 
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Site  of F o r m a t i o n  of C x - R e a c t i v e  Pro te in  

The appearance  of C-react ive pro te in  (CRP) in h u m a n  
serum has been  recognized for years  as a c o m m o n  non-  
specific response to infect ion and o ther  pathological  
processes. For  th is  reason tes ts  for its presence have  
jo ined the  hos t  of o the r  l abora tory  aids used clinically 
for the  evalua t ion  of the  s ta tus  of pa t ients .  I n t e r p r e t a t i o n  
of the  h u m a n  response  is based on a body  of empir ical  
observat ion,  since the  funct ion  of the  pro te in  is unknown  
and its source is no t  es tabl ished beyond  some dispute.  

MONTELLA and WOOD 1 showed t h a t  b lockade of the  
re t iculoendothel ia l  sys t em wi th  ThO 2 severely depressed 
the  abi l i ty  of the  r abb i t  to produce  the  analogous Cx- 
react ive  p ro te in  (CxRP) and suggested it m igh t  arise 
f rom this  cellular c o m p a r t m e n t ,  t(USHNER and KAPLAN 2 
and KUSHNER et al. 3 found C x R P  in necrot ic  muscle 
t issue bu t  no t  in normal  t issue following exper imen ta l  
injury.  C x R P  was de tec ted  by immunoh i s tochemica l  
methods .  They  in t e rp re t ed  the i r  results  to  indicate  C x R P  
arises as a p roduc t  of t issue degenerat ion.  GOTTLIEB 4, 
on the  basis of labelling exper iments  wi th  14C-glycine 
was led to t he  view t h a t  C x R P  exists  in some form in 
t issue prior  to b r eakdown  of a precursor  molecule to  
give c i rculat ing CxRP.  Finally,  HURLIMANN et al. ~, using 
t issue cul ture  technics,  d e m o n s t r a t e d  C R P  p roduc t ion  
by  liver slices of man,  monkey  and rabbi t ,  b u t  not  by  
kidney,  lung, l y m p h  node, intest ine,  sa l ivary gland, 
m a m m a r y  gland, bone  marrow, spleen and per iphera l  
leucocytes of R hesus  monkeys .  We  repor t  here the  
behavior  of C x R P  in rabb i t s  following to ta l  surgical 
removal  of the i r  l ivers to  supp lemen t  the  earlier obser- 
va t ions  on the  source of CxRP.  

New Zealand female rabb i t s  were to ta l ly  hepa tec to -  
mized by a 2 s tage procedure ,  to be descr ibed in deta i l  
elsewhere, based on the  procedure  first  descr ibed by  
DRURY 6. Briefly, the  vena  cava and the  por ta l  vein are 
par t ia l ly  occluded and  some weeks la ter  when  collateral  
c irculat ion has been  es tabl ished the  liver is r emoved  
surgically. R abb i t s  were ma in t a ined  subsequen t ly  by  
pa ren te ra l  admin i s t r a t i on  of glucose unt i l  dea th  inter-  
vened.  Serum C x R P  levels were de t e rmined  by  the  t i t ra -  
t ion procedure  of SWIFT et  al. 7 using specific guinea-pig 
C x R P  an t i se rum (CxRPA) of our  own p repa ra t ion  8 

Summary of CxRP responses before and after total hepatectomy 

Rabbits studied during first stage preparatory surgery 

Serum sample No. Serum CxRP Mean titer 

Preoperative 16 16/16 negative 
Postoperative (24 h) 16 16/16 positive 1:11 
Postoperative (48 h) 16 16/16 positive 1:16 

Rabbits studied during s(cond stage, total hepactectomy, which 
survived longer than 8 h 

Serum sample No. Serunl CxRP Mean titer 

Preoperative 15 11/15 positive 1:8 
4/15 negative 

Terminal posthepatectomy 
Positive preoperative 11 6/11 negative - 
rabbits 5/11 positive 1 : 5 

Negative preoperative 4 4/4 negative 
rabbits 
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