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Summary. i. The distribution of histamine was determined in tissues of the 
digestive tract of man, dog, pig, cow, and sheep, especially in the oral mucosa, 
stomach, gallbladder, and pancreas. 

2. After treatment with compound 48/80, histamine was released from the 
frenulum linguae, soft palate, tongue, and thyroid gland of dogs, but not from 
the vestibulum oris, hard palate, pharynx, oesophagus, stomach, and pancreas 
(experiments in the dog). The release of histamine from the tongue showed regional 
differences and was lowest in the root and highest in the tip. 

3. A parallelism could be shown between the histamine content and the mast 
cell density in different parts of the tongue, stomach and in the soft palate of 
untreated dogs and dogs treated with 48/80. The mast cells in the gastric mucosa 
could be characterized by their staining properties as "atypical" mast cells, whereas 
those in the musculature of the tongue were "typical" mast cells. 

4. The histamine content of the single mast cell was similar in all tissues (3.2 pg/ 
cell in the tongue, 3.3 in the stomach, 4.8 in the soft palate and 3.4 in the sub- 
maxillary gland). Only the mast cells in the fundie mucosa showed a significantly 
lower histamine content (1.9 pg/ecll). The mast cells of the fundus and body of 
the stomach of the dog seemed to store histamine which was released by 48/80. 

5. A new classification of histamine stores is proposed: "unspecific mast cell 
stores" and "tissue specific stores". 
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I a  the digestive t rac t  of mammals ,  the h is tamine  conten t  of the 
tissues has been examined  more f requent ly  t h a n  of other organ systems 
(for a survey see L o ~ c z  and  W ~ L ~ ,  1969). Bu t  in  some of them, like the 
pancreas,  gallbladder,  and  oral mueosa, no th ing  or very  li t t le is known 
abou t  its concent ra t ion  and  dis t r ibut ion.  

I n  the dog, cellular localization of the amine  had been s tudied 
intensely in many tissues of the alimentary canal (FELDBEI~G and HARI~IS, 
1953; A~vu and QuIvY, 1955, 1955a; ~oTA et al., 1956; LorENz et al., 
1968c; Au~a~s et al., 1968). Nevertheless,  the results obta ined  by  bio- 
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chemical and  histoehemieal methods are no t  sufficient to characterize 
various types of h is tamine  stores, which m a y  occur in  one single tissue. 
Especially since E ~ B X C ~  (1966a--d)  had differentiated two kinds  of 
mast  cells by  their  biochemical and  histochemieal  properties, which he 
had called " typica l"  and  "a typica l"  mast  ceils, i t  seemed necessary to 
invest igate  the problem whether  h is tamine is ac tual ly  localized in  two 
types  of stores only:  the "mas t  cell store" and  the " n o n m a s t  cell store" 
(Bnon i~  etal., 1966). 

I n  this s tudy  the concent ra t ion  and  d is t r ibut ion  of h is tamine were 
de termined in  m a n y  tissues of the digestive tract ,  especially in  some 
par ts  of the oral mueosa, in  the pancreas,  gallbladder,  and  stomach. 
Fur thermore ,  by  the aid of biochemical  and  histochemical  methods  we 
tr ied to characterize the stores of h is tamine in  different organs of the 
a l imenta ry  canal  of the dog. 

Methods 

Materials. The human tissues were obtained from four men who died of accidents. 
The tissues of the animals were obtained from a local slaughter house or from our 
laboratory. Mongrel dogs weighing 8--12kg were narcotized by 10--15 mg/kg 
Nembutal | and bled. The organs were removed immediately after the death of the 
animals, frozen by C02 snow and held at -- 20 ~ C, until the assay of histamine was 
performed. 

Reagents: o-phthaldialdehyde (recrystMlized from ligroin B. P. 50--70~ 
histamine dihydrochloride (Fluka, Basle), n-butanol (for chromatography, Riedel de 
Ha@n, Seelze), n-heptane, perchloric acid (Uvasol | Merck, Darmstadt); toluidine 
blue 0 for microscopy, lead acetate and Entellan (merck, Darmstadt). We thank 
very much the Imperial Chemistry Industries, Manchester, for the gift of 
compound 48/80. 

Determination o] Histamine. Histamine was measured spectrofluorometrically 
according to the method of SJ~onE etal. (1959). Blanks were obtained by omission of 
the condensation step and by carrying 4 ml of 0.4 N HCIOa through the whole 
procedure. The recoveries of 0.5--20.0 tzg histamine hydrochloride added to the 
tissue homogenates were 70--80~ . 

The specifity of the method was proved by comparing the fluorescence spectra of 
the tissue extracts (in 0,1 N ttC1) with that of standard histamine, and by comparing 
the histamine values obtained by the method of SHOR~ et al. (1959) with those 
obtained by the biological assay of histamine on the isolated guinea-pig ileum 
using the highly specific antihistaminic drug antazoline (LorEnz and W~RT.S., i969 a) 
as an antagonist. The results of the two methods corresponded upto a difference of 
only ~ 5~ the fluorescence spectra of the extracts were identieM with those of 
standard histamine. All histamine values are expressed as ~g histamine dihydro- 
chloride/g wet weight. 

Treatment o/the Dogs with Compound 48/80. Adult mongrel dogs (pairs of the 
same litter) were treated on three successive days with i.m. injections of increased 
doses of 48/80 (2.5 mg/kg, 3.5 mg/kg and 4.0 mg/kg daily). Then the animals were 
sacrificed and the tissues removed, as described under materials. 

Staining o/ the Mast Cells with Toluidine Blue and Estimation o/ the Mast Cell 
Density. Specimens of the tissue adjacent to the ones used for the determination of hist- 
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amine were fixed for 24 hours with 4 ~ basic lead acetate. Then they were embedded 
in paraffin; 10 tz sections were stained for 30 rain with a 0.5 ~ toluidine blue solution 
at pH 4.0 and mounted in Entellan. For the characterization of the "typical" or, 
"atypical" mast cells, the same sections or those following immediately on the paraffin 
block (5 ~ thickness) were stained for 30--45 sec or 10 rain with 0.1 ~ toluidine blue 
solution at pH 0.3, 0.5, 1.5 and 4.0, according to the method of EN]~Si~CK (1966b). 
The gastric mncosa was cut vertically to its surface. In each section the number 
of mast cells was counted in 25 fields of nearly I mm ~ each. 2 - 3  sections in layers 
of different depth were examined in each specimen of tissue. Also, cells degranulated 
to a large extent by the treatment of 48/80 were counted. The density of mast cells is 
expressed as the number of cells/25 fields (averages of 2--3  sections). 

Results 

1. Histamine Content o/Di//erent Tissues in the Alimentary Tract 
o /Man,  Dog and other Mammals 

I n  t h e  d iges t ive  t r a c t  o f  t h e  dog, t h e  h ighes t  h i s t a m i n e  c o n c e n t r a t i o n s  

were  f o u n d  in  t h e  s t o m a c h ,  d u o d e n u m ,  a n d  p a l a t i n e  tonsi ls ,  t h e  l owes t  

in  t h e  panc reas ,  t h y r o i d  g land ,  ga l lb l adde r ,  a n d  mucos~  of  t h e  h a r d  

p a l a t e  a n d  v e s t i b u l u m  oris (Table  1). I n  t h e  oral  m u e o s a  t h e  h i s t a m i n e  

Table 1. Histamine content o/di//erent organs in the digestive tract o/the dog 

Organ Histamine content (~g/g) 

Mean value Extreme values 
s2 

Head 
Vestibulum oris 6.2 ~ 1.8 3.8-- 8.2 
Frenulum linguae 16.9 ~ 1.6 14.6--18.1 
Tongue 14.9 :j: 3.8 10.8--21.4 
Hard palate 4.1 :~ 1.1 3.2-- 5.9 
Soft palate 26.5 ~_ 6.5 20.6--90.3 
Palatine tonsil 61.5 4= 16,5 7.6--42.4 
Pharynx 22.7 ~: 14.8 

Neclc and thorax 
Oesophagus 14.4 :~ 3.0 10.1--17.7 
Thyroid gland 6.4 ~ 3.1 3.2-- 9.9 
Thymus 24.9 ~: 26.0 6.7--66.4 
Lymph node 14.5 ~: 12.0 6.2--34.7 

Abdomen 
Stomach 66.5 ~: 12.3 36.4--101.9 
Duodenum 72.3 :~ 9.7 62.1-- 77.7 
Ileum 40.5 ~ 10.2 27.0-- 50.4 
Pancreas 5.4 :j: 0.7 3.9-- 6.1 
Gallbladder 4.8 ~ 0.7 3.1-- 5.7 
Spleen 13.8 • 6.7 6.2-- 24.3 

N ~ 5--9  animals. The mucosa of the vestibulum oris was removed from the 
cheeks. 

6* 
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content  increased from oral to aboral.  The highest h is tamine concentra-  
t ions were found in  the soft palate and  ph a r ynx  (Table 1). Since we 
obta ined  the same results in  man (Table 2), i t  seems possible t ha t  hist- 
amine  plays a role in  the genesis of the in f lammatory  or allergic oedema 
of this region (glottic oedema). 

Table 2. Histamine content o/ di]]erent tissues o/ the human mouth and pharynx 

Organ Histamine content (~g/g) 

Mean value ~: s~ Extreme values a 

Tongue, tip 7.6 -V 3.6 4.8--12.9 
body 5.9 • 0.9 4.6-- 6.8 
root 7.4 • 1.0 6.2-- 8.5 

Mucosa in the region of 
the isthmus faucium 19.4 • 9.5 13.3--30.4 

Palatine tonsil 15.4 • 2.7 12.7--19.0 
Pharynx 16.5 ~= 2.1 13.2--20.3 

a N = 4 (number of human beings tested). 

Table 3. Histamine content o/the pancreas and the gallbladder o/different mammals 

Organ, species N Histamine content (gg/g) 

Mean value • s~ Extreme values 

Pancreas pig 5 5.1 i 0.6 4.6-- 5.4 
cow 6 13.8 =~ 1.5 11.7-- 15.8 
calf 6 6.7 • 2.3 3.8-- 10.0 
sheep 5 22.6 • 6.2 16.8-- 33.0 
rat 6 8.4 • 6.5 3.0-- 21.1 

Gallbladder pig 4 81.6 • 37.0 38.5 -- 114.0 
cow 4 30.3 • 10.0 22.4-- 49.8 
sheep 5 8.1 ~: 4.9 2.1-- 13.4 

N = number of animals tested. 

The h is tamine  concent ra t ion  of the pancreas and  gallbladder varied 
from one species to another  (Table 3). The highest h is tamine conten t  
of the pancreas was found in  t ha t  of sheep, the lowest in  dogs and  pigs. 
The very  low dens i ty  of mas t  cells in  the pancreas of the dog (Anvu 
and  QcIvY, 1955a) can explain this finding. A very  high his tamine 
concent ra t ion  was discovered in  the gal lbladder of the pig. I t  could be 
possible t ha t  h is tamine plays a role in  the etiology of biliary dyskinesia. 
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Fig. 1. Distribution o/ histamine in the tongue o/the dog. Histamine in Fg/g, 2 ~ s~, 
5 animals tested. Strips of the mucosa and musculature were obtained by dissecting 
the tongue into 5 equal, 2--3  cm large pieces. Strip 1 corresponds to the tip, 2--4  to 
the body and 5 to the root of the tongue. Differences of the histamine content in the 
mucosa: 4/1 and 5/1 p <  0.05, in the musculature: 1/5 and 2/5 p < 0.05. [] mucosa; 
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Fig. 2. Distribution o/histamine in the stomach o/the dog. Histamine in Fg/g. 9? • 5 ani- 
mals tested. Strips of the mucosa and musculature were obtained by dissecting the 
stomach in 7 equal, 3- -4  cm large pieces along the circular musculature. The mncosa 
was separated from the musculature (controlled by microscopy). Correlation be- 
tween the histamine content of mucosa and musculature: r = 0,77; p < 0.05. 

[] musculature; [] mucosa 

2. Distribution o] His tamine  in  the Tongue, Stomach and Pancreas 

H i s t a m i n e  is n o t  u n i f o r m l y  d i s t r i b u t e d  in  t o n g u e  of  dogs.  I n  t h e  

m u c o s a  t h e  c o n c e n t r a t i o n  i n c r e a s e d  f r o m  t h e  t i p  to  t h e  root ,  in  t h e  

m u s c u l a r  t i s sue  f r o m  t h e  r o o t  to  t h e  t i p  (Fig. 1), co r r e spond ing  to  t h e  

change  of  t h e  m a s t  cell  d e n s i t y  (Table  8). 
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Fig.3. Distribution o/ histamine in the stomach o] man, chimpanzee, pig and cow. 
Histamine in Fg/g, mean values 4- se., 2 animals tested. Preparation of the mueosa 
and musculature according to Fig.2. Correlation between the histamine content 
of mucosa and musculature: man: r = 0.97, p < 0.001 ; chimpanzee: r = 0.17; cow: 

r = 0.35; pig: r = 0.91, p < 0.001. [] mucosa, [] musculature 

I n  the gastric mucosa  of the dog the highest histamine concentrat ions 
were found in the fundus and body,  the lowest in the an t rum (Fig.2). 
Also in man,  monkey,  pig and cow (Fig. 3), the highest histamine content  
was measured in those regions of  the gastric mucosa, showing the highest 
densi ty  of the acid forming parietal  cells (ELLENBI~RGEI~ and BAud,  1912). 
Only in the rennet-bag of  the cow, the histamine concentra t ion strongly 
increased immedia te ly  at  the pylorus,  where parietal  cells were very  
seldom (LORENZ and PFLV, GER, 1968d). The meaning of  this interesting 
finding is not  known, bu t  it m a y  be possible, t ha t  histamine in some 
species plays a role in the  sphincter mechanism of the pylorus. 

The muscularis propria and serosa of  the dog's  s tomach showed only 
48 :J: 8~ of  the  histamine concentrat ion of  the mucosa, in the body  
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580/0 (Fig. 2). Whether  this higher h is tamine  conten t  of the body  muscu- 
laris has any  influence on the blood flow in  this region, is no t  known.  

Bu t  a parallel ism could be demons t ra ted  between the  h is tamine conten t  
of the mucosa and  tha t  of the muscularis  propria,  no t  only in  dogs 
(Fig. 2), bu t  also in  men  and  pigs (Fig. 3), whereas this correlat ion could 
no t  be shown in  monkeys  and  cows. The h is tamine  concent ra t ion  of the 
muscularis  propria was 18 + 1 ~ of t ha t  of the mucosa in  men, 28 ~= 3 
in  pigs, 52 =L 21 in  cows and  55 • 8 in  monkeys  (Fig. 3). Therefore, 
the h is tamine  conten t  of the gastric muscularis  propria  was re la t ively 
high in  monkeys,  cows and  dogs and  low in  men  and  pigs. 

In the pancreas of dogs, cows and calves, histamine was uniformly distributed. 
If the two limbs of the dog's pancreas (canda and caput pancreatis) were divided in 
3 equal parts, the following histamine concentrations were found as mean values of 
6 animals (beginning at the end of the cauda ~ left limb): 4.1 ~_ 1.1; 4.1 ~= 0.8; 
4.3 =9 0.5; 4.4 :c 1.2; 4.3 ~: 1.0; 4.8 :~ 1.4 (~g/g). 

3. Histamine Concentrations in Tissues o/the Digestive Tract o/Dogs 
alter Treatment with 48/80 

I n  the tongue of dogs, h is tamine  was released by  compound 48/80 to 
about  50--600/0 (Table 4). No significant difference existed between the 
mucosa and  the musculature .  However,  similar to the his tamine concen- 
t ra t ion ,  the h is tamine release by  48/80 was no t  equal in all parts  of the 

Table 4. Histamine release in the tongue o/the dog after treatment with compound 48/80 

Tissue N Histamine content Qzg/g) Release (~ Significance 

Untreated Treated (P) 

Whole tongue 9 14.9 i 3.8 7.1 ~- 4.3 52 < 0.001 
Mucosa 5 15.9 • 1.9 7.0 =c 0.3 56 < 0.001 
Musculature 5 14.7 :j- 3.8 5.8 _@_ 0.3 61 < 0.001 

Mueosa 
1. strip 9 14.9 • 5.0 4.0 _@_ 1.5 73 < 0.001 
2. strip 5 15.3 -~ 6.1 5.2 ~ 2.4 66 < 0.001 
3. strip 9 14.1 ~= 3.9 5.6 ~_ 2.2 60 < 0.001 
4. strip 5 16.4 -- 1.7 10.1 ~_ 0.9 35 < 0.025 
5. strip 9 18.6 • 5.0 10.0 ~= 3.9 46 < 0.001 

Musculature 
1. strip 9 18.4 ~ 6.7 6.1 • 2.5 67 < 0.001 
2. strip 5 17.7 • 9.1 6.6 -c 2.4 63 < 0.001 
3. strip 9 14.5 :~ 3.2 6.5 d- 2.4 55 < 0.001 
4. strip 5 13.0 ~= 3.3 6.3 d- 2.0 52 < 0.001 
5. strip 9 9.4 4- 3.0 4.3 • 1.1 64 < 0.001 

2 • s~. N = number of animals tested. Preparation of the tissue strips 
according to Fig. 1. 
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mucosa,  whereas  i t  showed only  insignif icant  var ia t ions  in the  muscula-  
ture  (Table 4). Con t r a ry  to  the  h i s t amine  content ,  the  h i s t amine  
release b y  48/80 decreased  in  the  mucosa  f rom the  t ip  to  the  roo t  of  the  
tongue  (73 • 1 4 %  in the  first s t r ip,  35 • 2 4 %  in the  four th  s tr ip,  
p < 0.02). 

Table 5. Histamine release in the oral mucosa, pharynx and different organs o/neck and 
thorax in the dog after treatment with compound 48/80 

Organ or tissue Histamine content (~g/g) Release (~ Significance (p) 

Untreated Treated 

Vestibulum oris 6.2 • 1.8 7.8 -4- 5.7 0 -- 
Frenulum linguae 16.9 • 1.6 11.0 • 4.7 35 < 0.05 
Hard palate 4.1 • 1.1 7.6 • 3.5 0 -- 
Soft palate 26.5 • 6.5 17.0 =~ 5.5 36 < 0.02 
Pharynx 22.7 • 14.8 20.5 • 2.4 10 > 0.05 
Thyroid gland 6.4 • 3.0 2.7 • 1.4 58 < 0.025 
Thymus 24.9 ~ 26.0 13.7 • 6.5 45 > 0.05 
Lymph node 14.5 • 12.0 5.1 -4- 1.3 65 > 0.05 
Upper oesophagus 12.5 • 3.8 13.6 • 4.0 -- 
Lower oesophagus 16.3 ~= 2.2 17.2 ~= 2.9 -- 

~_ s~. 5 pairs of animals were tested. The 
pharynx up to the division of the trachea, the 
trachea up to the cardia. 

upper oesophagus reaches from the 
lower part from the division of the 

I n  the  mucosa  and  the  submueosa  of t h e / r e n u l u m  linguae and  the  
so/t palate, abou t  350/0 of  h i s tamine  was re leased (Table 5), which was 
less t h a n  in the  tongue.  No h i s t amine  release could be shown in the  
mucosa  and  the  submucosa  of  the  vestibulum otis and  the  hard palate, 
which con ta ined  re l a t ive ly  much  solid connect ive  tissue, and  in the  walls 
of the  pharynx (Table 5). I n  the  regions of  col lum and  t h o r a x  a signif icant  
h i s tamine  release could be d e m o n s t r a t e d  only  in the  thyroid gland 
(Table 5), which was s imi lar  to  t h a t  of  the  tongue.  No signif icant  change 
of  the  h i s t amine  con ten t  could be observed  in the  thymus and  lymph node, 
since the  h i s tamine  values  showed considerable  va r ia t ions  in t r e a t e d  
and  u n t r e a t e d  dogs. 

F u r t h e r m o r e ,  no h i s t amine  release b y  48/80 could be shown in the  
u p p e r  and  lower pa r t s  of the  oesophagus and  in different  pa r t s  of the  
mucosa  and  muscu la tu re  of t he  stomach (Table 6). On the  con t ra ry ,  
the  h i s t amine  concen t ra t ion  increased  in the  mucosa  and  muscula ture ,  
b u t  the  difference be tween  t r e a t e d  and  u n t r e a t e d  an imals  was of  no 
s ta t i s t i ca l  significance. Fu r the rmore ,  no h i s tamine  release could be ob- 
served  in the  pancreas  af ter  i.m. in jec t ion  of  48/80 in dogs. 
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Table 6 
Histamine content o/di//erent parts o/the dog's stomach after treatment with 48/80 

Tissue Histamine content (~g/g) Change (~ Significance (p) 

Untreated Treated 

Mucosa 
Fundus 1 7i.2 :~ 26.2 88.4 • 16.6 + 25 > 0.05 

2 74.3 ~ 32.2 83.1 ~: 12.7 + 12 ~ 0.05 

Body 1 71.6 ~ 28.1 84.8 :~ 12.3 + 18 :> 0.05 
2 74.1 ~ 31.8 89.2 • 8.7 + 20 ~ 0.05 
3 74.8 :~ 35.4 89.5 • 10.8 + 19 > 0.05 

Antrum 1 52.5 :~ 25.8 67.7 • 14.9 + 30 > 0.05 
2 46.7 ~: 17.6 46.6 :L 13.7 -- ~ 0.05 

1Y[uscu]ature 
Fundus 1 27.2 :L 6.1 39.9 ~: 11.6 + 48 0.05 ~ p ~ 0.1 

2 29.7 ~: 10.2 37.5 :~ 11.0 + 26 p ~ 0.1 

Body 1 36.6 • 15.0 41.5 • 10.4 + 13 -- 
2 43,6 • 22.6 38.4 :~ 6.7 =- 12 -- 
3 41.5 • 18.0 42.9 ~ 6.1 -- -- 

Antrum 1 26.4 =~ 10.2 28.8 ~ 11.6 -- -- 
2 19.4 + 6.4 17.8 ~ 4.8 -- -- 

• s~. Preparation of the stomach according to Fig. 2. 5 pairs of animals 
tested. 

4. Correlation between the Histamine Content and the Mast Cell Density 
in Tissues o/the Dog 

The highest  mas t  cell dens i ty  of all dog tissues was found in  the 
gastric mucosa, the lowest in  the submaxi l la ry  gland (Table 7). A highly 
significant correlation between the mas t  cell densi ty  and  the h is tamine 
concent ra t ion  of the tissues could be demons t ra ted  (Fig.4). Since the 
regression line passed through the origin, near ly  all h is tamine in  these 
tissues seemed to be localized in  mas t  cells. Only in  the submaxi l la ry  
gland, abou t  40~ of the amine was non-mas t  cell his tamine,  as pre- 
viously shown (Lon]+~z et al., 1968 c). Therefore, the h is tamine value of 
the submaxi l la ry  gland in  Fig. 4 was corrected for mast  cell his tamine.  

After  t r e a tmen t  with 48/80, a parallel  decrease of the h is tamine  
concent ra t ion  and  the mas t  cell dens i ty  could be demons t ra ted  in  
different par ts  of the mucosa and  muscula ture  of the tongue and  in  the 
so/t palate (Table 8). The remain ing  his tamine concentra t ions  and  mast  
cell densities in  the  tongue showed a correlation, the regression line of 
which passed through the origin (Fig.5a).  These findings suppor t  the 
s t a t emen t  t ha t  near ly  all h i s tamine  of those tissues was localized in  mast 
cells. 
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Fig.4. Correlation between the histamine content and the mast cell density o] di//erent 
organs in the digestive tract o/dogs. Histamine content in ~g/g, mast cell density in 
number of mast cells/25 fields. The strips 1, 3, 5 according to Fig. l were studied in 
the mucosa and musculature of the tongue, fundus 1, body 2 and antrum 2 in the 
gastric mucosa and musculature according to Fig. 2. F fundic mucosa. Each point 
in the graph corresponds to a mean value obtained from determinations in 5 ani- 
mals. Coefficient of correlation r ~ 0.91, p ~ 0.001. �9 tongue, o stomach, �9 soft 
palate, [] submaxillary gland. The histamine value of the submaxillary gland was 

corrected for mast cell histamine (see text) 

Table 7. Mast cell density in di//erent organs or tissues o/ the dog 

Organ or tissue 2t Mast cell density 

Mean value -4- se Extreme values 

Tongue, mucosa 15 60 i 20 31--103 
musculature 15 44 ~: 26 13--112 

Soft palate 5 51 -~ 13 29-- 61 
Submaxillary gland 5 44 ~: 23 17-- 68 
Stomach, mucosa 15 341 ~: 197 55--705 

musculature 15 131 ~ 89 14--335 

Mast cell density given in number of cells/25 fields ~ number of cells/ram 2. 
N = number of tests. In  the gastric mucosa and musculature one piece of tissue was 
removed from the fundus, body and antrum, in the tongue from strip 1, 3 and 5 
according to Fig. i .  

I n  t h e  gastric m u c o s a  a n d  m u s c u l a t u r e  o f  t h e  f u u d u s  a n d  body ,  we 

f o u n d  a dec rease  of  t h e  m a s t  cell  d e n s i t y  a f t e r  t r e a t m e n t  w i t h  48/80,  
w h i c h  was  s ign i f i can t  on ly  in  t h e  m u c o s a  of  t h e  f u n d u s  (Table  8), a n d  
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Table 8. Comparison o/the histamine content and the mast cell density in di//erent 
tissues o/the dog after treatment with 48/80 

Tissue Histamine content (~g/g) Change Number of mast ceils/ Change 

Untreated Treated (~ 25 fields (~ 
Untreated Treated 

Tongue 
~UCOSa: 

1. strip 15.7 + 6.2 
3. strip 14.6 + 4.9 
5. strip 20.3 i 5.4 

Musculature: 

1. strip 17.7 + 6.3 
3. strip 14.6 ~- 3.7 
5. strip 7.8 + 2.2 

So/t palate 26.5 • 6.5 

Stomach 
~r 

Fundus 1 137 =~40 
Body 2 141 =~54 
Antrum2 68 •  

Musculature: 

Fundus I 51 i : 20  
Body 2 69 + 2 5  
Antrum2 21 + 7 

3 .7+  1.7 --76 5 0 ~  13 6:~ 6 --88 
4.1 ~ 1.3 --72 69~: 29 17 •  7 --86 
9.4~- 4.9 --56 7 1 +  12 3 6 + 2 6  a --50 

5 .4+  2.6 --70 5 7 + 3 3  1 6 •  --72 
5 .6 •  2.5 --62 49~=29 1 7 + i 3  --65 
2.9+ 1.0 --63 16+11  16+11  --63 

17.0~= 5.5 --36 51:~ 13 3 2 + 1 3  --37 

117 + 4 7  --15 545•  313+62  --43 
143 + 7 2  -- 323+ 78 261+88  --19 
71 + 3 9  -- 157•  85 172+75 + 1 0  

56 ~ 23 -~10 148• 74 118+45 --20 
66 +21  -- 196t= 87 125+46 --36 
27 + 1 5  + 2 9  5 6 +  24 8 8 + 5 0  + 5 7  

~= se. 5 pairs of animals tested. The changes of the histamine content and 
mast cell density are given in + per cent, the tissue pieces were named according 
to Fig. 1 and 2. 

Significance: tongue: In all cases p < 0.001, in a p < 0.01. Soft palate: p < 0.02. 
Stomach: With the exception of the number of mast cells in the mueosa of fundus 1 
(p < 0.025) no significant changes. 

an  insignif icant  increase in  the an t rum.  Contrary  to these changes of 
the mas t  cell densi ty,  the h is tamine concent ra t ion  of the gastric mueosa 
and  muscula ture  remained by  far cons tant  (Table 8, see above). Since 
the change of the mas t  cell densi ty  was relat ively small, a significant 
correlation between the h is tamine content  and  the mast  cell densi ty  
before and  after t r e a tmen t  with 48/80 could be shown in  different parts  
of the s tomach as well as in  the tongue (Fig. 5b). These findings indicated 
t ha t  near ly  all h is tamine in  the s tomach was localized in mast cells. But  
the decrease of the n u m b e r  of m~st  cell needs fur ther  explanat ion  
(see below). 
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Fig. 5 a and b. Correlation between the histamine content and the mast cell density o/the 
tongue and the stomach in normal dogs and those treated with 48/80. Histamine content 
in ~g/g, mast cell density in number of mast cells/25 fields. Each point in the graph 
eorrseponds to a mean value obtained from determinations in 5 normal dogs (.) 
and those treated with 48/80 (| Pieces of tissue in the tongue and stomach 
according to Fig.4./~ fundie mucosa, a) tongue: r = 0.97, p ~ 0.001; b) stomach: 

r ~ 0.86, p ~ 0.001 

5. Characterization o / the  Mast  Cells in  the Tongue and the Stomach 
by Staining with Toluidine blue at Di/]erent p H  Values 

The mas t  cells of the gastric mucosa, duodenum and  i leum of the 
ra t  could be differentiated from those of other tissues (RILEY, 1959; 
SC~AU~I~, 1964): They  were s t rongly res is tant  to 48/80 and  stained by  
0.1 ~ toluidine blue at  pH 4.0, bu t  no t  a t  p H  0.3. ENEI~Bi4CK (1966a--d)  
called these cells "a typical  mas t  cells". 



Distribution of Histamine in the Digestive Tract 93 

a 

Fig. 6 a and b. Staining o/a section o] the gastric musculature o~ the dog with toluidine 
blue (0.1 ~ ) at ~H 4.0 and 0.3. The same section was stained for 45 sec at p t I  4.0 and 
for 10 min at pH 0.3 according to E~Et~Bs (1966b). I t  was obtained from body 
2 according to Fig. 2. a = pH 0.3, b = pH 4.0. The mast cells appear as deeply black 
spots, note the great difference between the number of these cells at loll 0.3 and 4.0. 

Magnification 300 • 
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Since the mast cells of some tissues of the dog were resistant to 48/80, 
we examined the staining behaviour of these cells with 0.1~ toluidine 
blue at p i t  4.0; 1.5; 0.5 and 0.3. In  all parts of the musculature of the 
tongue (according to Fig. 1) no difference could be fond in the mast 
cell density at different pH-values before and after t reatment 
with 48/80. In  the mueosa, this was only the case in the tip and body 
of the tongue, but  not in the root, where about 400/0 of the mast 
cells disappeared at pI-I 0.3. Therefore, the mast cells of the tongue 
seemed to be typical mast cells, with the exception of 40~ in the 
mucosa of the radix linguae, which were atypical mast cells. In the gastric 
mucosa and musculature of fundus, body and antrum of untreated dogs, 
only 39~ of the mast cells could be stained with 0.1 ~ tolnidine blue at 
p i t  1,5, and only 18~ at pI-I 0.3 (for example see Fig. 6a, b). In dogs 
treated with 48/80, practically no mast cells could be shown in the 
gastric mucosa at pH 0.3. Thus about 20~ of the mast cells of the gastric 
mucosa seemed to be typical mast cells by their staining properties and 
their sensitivity towards 48/80 (see above) and 80~ seemed to be 
,,atypical" mast cells. Indeed, the mast ceils of the gastric mucosa were 
much smaller than those in the musculature of the tongue. The increase 
of the histamine content and the mast cell density in the antrum mucosa 
after 48/80 was somewhat surprising, but  EI~EI~B;dCK (1966C) obtained 
the same results in the duodenum of rats after the t reatment  with 48/80. 

In  the stomach of the rat, the typical mast cells had been found only 
in the submucosa, while all mucosal mast ceils were "atypical"  (AuRws 
et al., 1968). In  the dog's stomach too, the " typical"  mast cells occurred 
only in the basal layers of the mucosa and in the submucosa. This could 
be shown by staining of the sections with 0.1 ~ toluidine blue at pH 0.3, 
and by a reduction of the mast cell density after t reatment  of the animal 
with 48/80 (Table 9). In  the upper two thirds of the corpus mucosa the 
number of mast cells/ram 2 was the same as in the basal third and in the 
submucosa. Contrary to that ,  in the fundic mucosa it was in the upper 
layers about 25~ higher than in the basal layers and in the submucosa. 
In  dogs treated with 48/80, this difference was statistically significant 
(p < 0.05). 

6. Histamine Content of the Single Mast Cell in Normal Dogs 
and Those Treated with 48/80 

The histamine content of the single mast cell has been calculated 
from the histamine concentration per g tissue and the number of mast 
cells per cm a. I t  was 3.2 ~= 0.9 pg (1.4--7.1) in the tongue, 3.3 =~ 0.7 pg 
(1.6--14.1) in the stomach, 4.8:~1.4 pg (2.0--8.4) in the soft palate and 
3.4 ~ 0.9 (1.5--6.7) in the submaxillary gland. 
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Table. 9. Mast cell density in different layers o/the gastric mueosa and the muscularis 
mucosae in the/undus and body o/ the clog after treatment with 48/80 

Layer Mast cell density (number of cells/ Decrease 
25 fields) (~ 

Unt rea ted  Treated 

Fundic mucosa 
Upper  two thirds 583 :~ 215 575 =~ 74 -- 

Basal th i rd  and  muscularis 
mucosae 474 ~= 66 445 ~= 99 6 

Body 
Upper  two thirds 303 ~ 69 299 -~ 152 --  

Basal  th i rd  and muscularis 
mucosae 316 ~ 124 261 :z 129 18 

2 ~ s~. 5 pairs of animals tested, the  fundic mucosa corresponded to fundus 1, 
the  body mucosa to body 2 in Fig. 2. 

Table 10. Histamine content o/the single mast cell in different tissues o/the dog after 
treatment with 48/80 

Tissue 2V Histamine content  (pg/cell) Increase Significance 

Unt rea ted  Treated (~176 (P) 

Stomach 
Mueosa 

Fundus  1 9 1.9 ~ 0.8 3.5 • 1.0 
Body 2 9 4.0 • 1.8 6.2 4- 2.0 
An t rum 2 9 3.8 =~ 2.2 4.0 =~ 1.3 

Musculature 

:Fundus 1 5 4.5 • 2.7 5.3 :~ 2.5 
Body 2 5 4.1 i 2.1 5.4 • 0.9 
A n t r u m  2 5 4.2 =~ 2.3 3.8 ~ 2.1 

Tongue 
Mueosa (strip 3) 5 2.5 =~ 0.8 2.5 =L 1.6 
Musculature (strip 3) 5 3.6 ~: 2.3 3.6 j= 1.4 

85 < 0.005 
55 < 0.05 

18 < 0.2 
32 < 0.1 

- -  r 

2 :~ #2. Tissue pieces named according to Fig. I and  2. Calculation of the histamine 
content  of the single mast  cell from the histamine eontent/g and the  number  of mast  
cells/era s = nmnber  of mast  cells/25 fields • 100000 (thickness of the section 
0.01 ram, area of 1 ram2). 

The mean content of at all iavestigated was 3.7 • 0.8 pg. For com- 
parison, the values found by other investigators are given: 1.14 10g in the 
eat skin (RILEY, 1959), i0--15 pg in the mesentery of the rat (Uv~is 
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and THO~, 1966), 1 pg in the basophile granulocyte (vA~ AlCSDEL and 
B]~AY, 1961), 6.7--15.6 pg in different tissues of the dog (GRAHA~ et al., 

1955), 18 and 24 pg in the liver capsule of calves and oxes (R~LEY, 
1959), 25--34 pg in different tissues of the guinea-pig (Boo ,us  and 
CHAK~AVA~TY, 1960). 

The histamine content of the single mast  cell was nearly the same in 
all tissues studied in. the dog. Only the mast  cells of the fundic mucosa 
showed a histamine concentration which was about  50o/0 lower than tha t  
of the body mucosa (p ~ 0.01) and tha t  of the other tissues examined 
(Table 10, cf. Fig.5b).  Since the animals were starved 12 hours before 
death, an influence of feeding could not explain these findings. But  after 
t rea tment  of the dogs with 48/80, the histamine content of the mast  
ceils of the fundic mucosa increased to about 85 ~ and was now similar 
to tha t  of the other tissues. Also, the histamine concentration of the mast  
cells of the body mucosa increased to about  55~ and reached values 
which were the highest of all mast  cells in the dog as far as investigated 
(Table 10). t~urthermore, a small, not significant increase in the histamine 
content of the single mast  cell could be observed in. the musculature of the 
fundus and body after application of 48/80 (Table 10). In  the other tissues 
the histamine content of the mast  cells remained unchanged. Since it is 
known, tha t  the "atypical"  mast  cells can store monoamines (EN~BXCX, 
1966 d), it seems probable tha t  the increase of the histamine content of the 
single mast  cell in the fundus and body is due to an uptake and storage 
of histamine released from typical mast  cells in the whole body by  48/80. 
An uptake of exogenous histamine by  the gastric mucosa of dogs has 
been described (CODE, 1965). Contrary to the " a t y p i c a l "  mast  ceils, 
the typical mast  cells cannot take up and store exogenous histamine 
(Sc~AYER, 1956). 

Discussion 

The studies on a possible physiological rSle of histamine in the diges- 
tive t ract  were focussed on the stimulation of gastric secretion (CODE, 1966 ; 
L o n ~ z  and PFLEGER, 1968 d). But  histamine has probably some other 
physiological functions in the alimentary tract,  too. 

For instance, a mediator r61e of this amine was discussed in the detoxieation 
mechanisms of the Waldeyer's tonsillar ring by the enhancement of the permeability 
for different toxins (GAsTP~I~ and LORENZ, 1968). Specific histidine decarboxylase 
and diamine oxidase were demonstrated in the tonsils (G~sTPA~ and LORENZ, 1968). 
The induction of the histidine decarboxylase by the toxins could play a rSle in the 
focal infection, since the "induced" histamine (Sc~AYER, 1966) would enhance the 
permeability not only in the direction from the blood into the lympoid tissue, but 
also from this tissue into the blood-stream (GAsTPA~ and LOR]~z, 1968). 

Distribution and metabolism of histamine in the pancreas have been studied 
only in the rat (ER~GE~ et a[., 1968; LORENZ eta[., 1968a). A release of histamine 
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into the pancreatic juice of dogs during secretion could be shown by L o ~ z  et al. 
(1968 b). But, contrary to the submaxillary and parotid glands (LORENZ and Pgr,v, oER, 
1968d; LORENZ and Wv,~LE, 1969a), the pancreatic secretion induced by histamine 
and secretin could not be inhibited by several antihistaminic drugs (LORENZ et al., in 
preparation). Since even high doses of antihistiminics with a strong cholinolytic 
action (promethazine and piprinhydrinate) were ineffective after injection into the 
A. panereaticoduodenalis, the conclusion was that these drugs could penetrate only 
in small amounts into the pancreatic tissue (LORENZ, 1969). Further studies are 
necessary to elucidate the function of histamine in this gland. 

In all studies on the possible physiological function of histamine, the cellular 
localization of this amine plays an important r61e. Different methods of solving this 
problem should be combined, since no biochemical or histoehemical assay by its own 
is able to characterize the histamine stores qualitatively and quantitatively with a 
complete reliability. The fluorescence microscopical techniques seem to have two 
sources of error: These methods suffer from a limited sensitivity, and tissue com- 
ponents, like guanidines and thioimidazoles, could inhibit the formation of the com- 
plex between o-phthalaldehyde and histamine (LoR]~NZ et al., 1968e). The following 
procedures were chiefly used: Determination of the correlation between the hist- 
amine content and the mast cell density ( I ~ E u  and Wv.ST, 1953) ; estimation of the 
histamine release by typical liberators, like 48/80 (mast cell histamine) or reserpine 
(non-mast cell histamine) (M~cIxTos~ and PATEN, 1949; BROnIE et al., 1966); histo- 
chemical (Sc~IY~.R and WEnLE, 1959) and fluorescence microscopical demonstration 
of histamine ( J u ~ r g  and S~LLEY, 1966; T~U~BERO, 1967; H~K,tNSON et al., 1967, 
1967 a, b); histochemical characterization of the mast cell type (E~ERB~-eK, 1966 a 
to d). Other methods, which are not so often used, should be mentioned: Autoradio- 
graphy after application of laC-histamine (WEI~S~ELBAU~ and FEI~OVSON, 1966), 
the fractionating of cells of the blood (CODE, 1937; M~mD, 1940), and of cell par- 
ticles of the tissues (MoTA et al., 1954; SNu et al., 1966; KATAOKA and DE 
ROBERTXS, 1967). 

Since the cellular localization of  his tamine in the gastric mueosa and 
the  muscula ture  of  the  tongue has been studied with the  aid of  the  four 
methods  chiefly used (F~LDB~RG and TA~,]~SNI~, 1953; LORENZ and 
P~LWG~, 1968d; A v ~ s  et al., 1968 ; and  this paper) complete evidence is 
presented, t ha t  histamine in gastric mueosa (fundus and body) is localized 
to about  800/o in "a typ ica l "  and  to  about  200/o in " typ ica l "  mas t  cells 
and in  the muscula ture  of  the  tongue  to  about  100~ in typica l  mas t  
ceils. I n  all of  the other  tissues of  the dog fur ther  studies seem to  be 
necessary, especially b y  the  fluorescence microscopy.  

B~oa)IE et al.  (1966) differentiated two types  of  his tamine stores, mas~ 
cell and non-mas t  cell store. His tamine can be released from the mas t  cell 
store by  the compound  48/80 and  f rom the  non-mas t  cell store by  reserpine 
and by  parasympathe t i c  stimuli. Since the "a typ ica l"  mas t  cells with 
properties of  the  non-mas t  cell stores (ENa~BXC]~, 1966d) have been 
discovered, this classification seems to be questionable. According to  the 
morphology  and  the functional  significance we would prefer the  terms 
"unspecific mas t  cell" stores and  "tissue specific" stores. The former  are 
found in all tissues, the lat ter  only in one or few tissues. The former  are 
localized only in mas t  cells, the lat ter  in "a typ ica l "  mas t  cells, entero- 

7 ~aunyn-Schmiedebergs Arch. Pharmak.  Bd. 265 
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ehromaffin and  enterochromaffiniike cells (HAKANSO~ etal., 1967, 1967a, b), 
nerve endings (S~DW~ et al., 1966; KAT~OKA and  DE RO~E~T~S, 1967) 
or in  a new cell system in  the pancreas and  hypophysis  (EHIN~E~ et al., 
1968). The former m a y  have a similar  func t ion  in  all tissues, like regula- 
t ion  of the blood flow, the la t ter  seem to have a specific funct ion,  like 
s t imula t ion  of the gastric or sa l ivary secretion (LoR~,~z et al., 1968b). 

References 

A~S])EL, P. P. VA~, JR., and R. E. BRAY: On the release of histamine from rat peri- 
toneal mast cells by compound 48/80: Effects of metabolic inhibitors. J. Phar- 
macoh exp. Ther. 183, 319 (1961). 

A~vY, L., et D. QuIvu Relation entre la richesse en labrocytes et la teneur en 
histamine des divers segments du tube digestif ehez le chien. C. R. See. Biol. 
(Paris) 149, 658 (1955). 

--  -- Dorm&es sur ta r~partition des ]abrocytes ehez le chien. C. R. Ass. Anat. 
42, 234 (1955a). 

Avows, D., R. H A ~ s o ~ ,  C~. OWMA~, and B. S~ORRO~G: Cellular stores of hist- 
amine and monamines in the dog stomach. Life Sci. 7, 1147 (1968). 

Bogeys, L. 0., and hi. C]tAKRAVARTY: The histamine content of guinea-pig mast 
cells. Experientia (Basel) 16, 192 (1960). 

B~ODIE, B. B., M. A. BEAVV.~, F. ERZEVEO, and H. L. Jon'ssoN: Uptake and release 
of Ha-histamine. In:  Mechanisms of release of biogenic amines, Wenner-Gren 
Center International Symposium Series, Voh 5, p. 401. Oxford: Pergamon Press 
1966. 

CODE, C.F.: The source in blood of the histamine like contituent. J. Physiol. 
(Lend.) 90, 349 (1937). 

-- Histamine and gastric secretion a later look 1955--1965. Fed. Prec. 25, 1311 
(1965). 

E~NG~.R, B., R. HAKA~SO~, Cm OW~A~, and B. SPOR~O~G: Hist~chemical de- 
monstration of histamine in paraffin sections by a fluorescence method. Bio- 
chem. Pharmacol. 17, 1997 (1968). 

ELT.E~Bm~G~,W., U. H. BAUd: Handbuch der vergleichenden Anatomie der Haus- 
tiere, S. 419. Berlin: A. Hirschwald 1912. 

ENE~BXOK, L.: Mast cells in rat gastrointestinal mucosa. 1. Effects of fixation. 
Acta path. microbiol, seand. 66, 289 (1966a). 

-- Mast cells in rat gastrointestinal mucosa. 2. Dye-binding and metachromatic 
properties. Acta path. microbioh scand. 66, 303 (1966b). 

-- Mast cells in rat gastrointestinal mucosa. 3. Reactivity towards compound 
48/80. Aeta path. mierobiol, scand. 66, 313 (1966c). 

-- Mast cells in rat gastrointestinal mucosa. 4. Monoamine storing capacity. Acta 
path. microbiol, scand. 67, 365 (1966d). 

F~T.DBERG, W., and G.W. H ~ g I s :  Distribution of histamine in the mucosa of the 
gastro-intestinal tract of the dog. J. Physiol. (Lend.) 120, 352 (1953). 

--, and J. T~v,S~-IK: Reduction of tissue histamine by compound 48/80. J. Physiol. 
(Lend.) 126, 550 (1953). 

GASTP~a% H., u. W. LOR]~z: Speicherung, Bildung und Umsatz yon Histamin in 
Speieheldriisen und Tonsfllen. Arch. klin. exp. Ohr.-, Nas.- u. Kehlk. Heflk. 
191,715 (1968). 

GRA~lvI, H.T., D.H. LowRY, N. WArm, and M.K. I ~ I ~ B ~ :  Mast cells as sources 
of tissue histamine. J. exp. Med. 102, 307 (1955). 



Distribution of Histamine in the Digestive Tract 99 

HXKANSON, R., B. L ~ A ,  and CH. OW~AN: Properties of a new system of amine- 
storing cells in the gastric mucosa of the rat. Europ. J .  Pharmacol. 1,188 (1967a). 

--  --  -- ,  and S. TgU~ELL: Changes in gastric secretion induced by certain amines, 
amine precursors and related enzyme iuhibitors. Europ. J .  Pharmaeol. 1, 425 
(1967b). 

- -  C~. Ow~x~, and N. O. SffOBERO: Cellular stores of gastric histamine in the 
developing rat. Life Sci. 6, 2535 (1967). 

Jc tmI~ ,  L., and W. B. S]tEI~EY: Detection of histamine by a new fluorescent o- 
phthalaldehyde stain. J.  Histochem. Cytochem. 14, 525 (1966). 

KATAOKA, K., and E. DE ROm~R~S: Histamine in isolated small nerve endings and 
synaptic vesicles of rat  brain cortex. J.  Pharmacol. exp. Ther. 156, 114 (1967). 

Lorenz ,  W.:  Lokalisation, Stoffwechsel and Frage einer physiologischen Funktion 
yon t t istamin in Speiche]drfisen, Schilddrfise and Magen. Habilitationsschrift, 
Miinchen 1969. 

- -  M. GE~A~T, and E. WE~LE : Induction of the specific histidine decarboxylase by 
TSH and 2-mercaptobenzimidazole-l,3-dimethylol (MBI). Naunyn-Schmiede- 
bergs Arch. Pharmak. exp. Path. 260, 171 (1968a). 

--  ST. HALBACH, M. GERAWT, and E. WERL~.: Specific histidine decarboxylases in 
the gastric mucosa of man and other mammals:  Determination, location 
and properties. Biochem. Pharmaeol. (in press) (1969). 

- -  G. HAU~XSAK, M. ttVTZ~L u. E. W~RLE : Histaminliberierung in G1. submaxilla- 
ris and Pankreas durch Parasympathicomimetica, Peptidhormone, t t istamin 
and Mepyramin. ~aunyn-Schmiedebergs Arch. Pharmak. exp. Path. 260, 416 
(1968b). 

--  ST. H~I~,~ND, A. StrAW, R, H. GASTe~ u. E. Wv,~LE: Histamin in Speichel- 
driisen, Tonsillen und Thymes und adaptative Histaminbildung in der G1. sub- 
maxillaris. Naunyn-Schmiedebergs Arch. Pharmak. exp. Path. 259, 319 (1968 e). 

- -  M. HUTZEL, E. MATEKJA, and E. WERnE: In  preparation. 
-- ,  u. K. P r L ~ G ~ :  Stoffwechsel and physiologisehe Funktion yon Histamin im 

Magen. Klin. Wschr. 46, 57 (1968d). 
--  --  u. E. WERL]~: In  vi tro-t temmung der Histidindecarboxylasen durch anti- 

thyreoidale Substanzen. Bioehem. Ph~rmacol. 17, 539 (1968e). 
- - ,  and E. W~RL]~: Inhibition of the salivary secretion by antihistaminic drugs 

and the question of a physiological r61e of histamine in the submaxillary and 
parotid glands, p. 362. Abstr. Intern. Congress of Pharmacology, Basel (1969a). 

- -  - -  Occurrence, cellular distribution and subcellular localization of histamine 
in man, animals and plants. Int.  Encyclopedia of Pharmacology and Therapeu- 
tics. Oxford: Pergamon Press 1969 (in press). 

MACInTosh, F.C., and W.D.M.  PATO~: The liberation of histamine by certain 
organic bases. J.  Physiol. (Loud.) 109, 190 (1949). 

M ~ z D ,  D. : The presence and distribution of histamine in blood. Amer. J .  Physiol. 
132, 327 (t941). 

MOTA, I., W . T .  BER~DO, A. G. FERRI, and L. C. U. JUIgQUEIRA: Intracellular 
distribution of histamine. Nature (Loud.) 174, 698 (1954). 

- -  A.G. FERRI, and S. u The distribution of mast-cells in the digestive 
tract  of laboratory animals: its bearings on the problem of the location of 
histamine in tissues. Quart. J .  mier. Sci. 97, 251 (1956). 

F~mEY, J .  F. : The mast cells. Edinburgh-London: E. &. S. Livingstone 1959. 
-- ,  and G. B. W~ST: The presence of histamine in tissue mast cells. J .  Physiol. 

(Lond.) 120, 528 (1953). 
SC~UER, A. : The mast cell. In:  Ver6ffentlichungen aus der morphologisehen 

Pathologie, F. Bvcm~]~ und W. G ~ s ~  (Eds.). Stut tgar t :  G. Fischer 1964. 

7* 



100 W. LoRenz et al. : Distribution of Histamine in the Digestive Tract 

SC~VER, A., u. E.WERLE: Zur histochemischen Darstellung des Histamins der 
Mastzellen. Z. ges. exp. ivied. 181, 100 (1959). 

SCH~Y~, R. W. : Formation and binding of histamine by free mast cells of rat 
peritoneal fluid. Amer. J. Physiol. 196, 189 (1956). 

-- Evidence that induced histamine is an intrinsic regulator of the microcircula- 
tory system. Amer. J. Physiol. 209, 66 (1962). 

SELu H. : The mast cells, p. 95. London: Butterworths 1965. 
SHOR~, P. A., A. BURKH~T~, and V. H. COHN, Jm : A method for the fluorometric 

assay of histamine in tissues. J. Pharmacol. exp. Ther. ]27, 182 (1959). 
S~YD~R, S. H., J. GT.owr~sKI, and J. AX~L~OD: The physiological disposition of 

HS-histamine in the rat brain. J. Pharmacol. exp. Ther. 153, 8 (1966). 
THUNB~RG, R.: Localization of cells containing and forming histamine in the 

gastric mucosa of the rat. Exp. Cell Res. 47, 108 (1967). 
UvNXs, B., and I. L. THON: A physico-chemical model of histamine release from 

mast cells. In: Mechanisms of release of biogenic amines. Proc. International 
Wermcr Gren Center Symposium Series, Vol. 5, p. 361. Oxford: Pergamon 
Press 1966. 

W~r~S~LBA~, E. J., and D. J. FERGUSO~: Localization of carbon-14 from hist- 
amine in enterochromaffin cells. Gastroenterology 51, 1028 (1968). 

Priv.-Doz. Dr. Wm~IED L O ~ Z  
Institut fiir Klinische Chemie 
und Klinische Biochemie 
8000 Nffinchen 15, NuBbaumstr. 20 


