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Effect of Histamine on Gastric Secretion in the Pylorus Ligated Rat. 
(30211) 

PETER E. BAUME* AND DAVID H. LAW (Introduced by V. S. Lequire) 
Department of Medicine, Vanderbilt University School of. Medicine, Nashville, Tenn. 

Histamine is a powerful stimulant of gas- 
tric secretion in man(l) ,  and in dogs(2) but 
its effect on rat gastric secretion is contro- 
versial. Some authors have noted augmenta- 
tion of rat gastric secretion with histamine 
(3-10) while others ( 11-14) have been unable 
to document any effect. Recent publication 
of a dose-response curve following histamine 
administration( 15) indicated that as much 
as 40 mg/kg was required to get a maximal 
secretory response to a test meal in the rat. 
Most workers have used doses of 10 mg/kg 
or less in such studies. 

The present study was planned to investi- 
gate the effect of adequate histamine doses 
on rat gastric secretion. During the experi- 
ments we discovered that failure to demon- 
strate stimulation of rat gastric secretion in 
the past may have been due in part to the 
use of the pylorus ligated (Shay) rat as the 
assay animal. These observations form the 
basis for this report. 

Materials and methods. One hundred and 
fif ty-one male Sprague-Dawley rats weighing 
between 2 0 0  and 3001 g were maintained on 
a standard diet (Purina chow and water ad 
libitum) until 48 hours before the study when 
food was withdrawn and water only was con- 
tinued. 

On the day of testing the rats were weighed 
and transferred to individual cages with wide, 
wire mesh floors. Under ether anesthesia the 
gastro-duodenal region was exposed through 
a small upper midline incision. The pylorus 
was ligated using the method of Shay, Sun 
and Gruenstein ( 16), the stomach emptied by 
gastric intubation, washed with water until 
the return was clear, and left empty. The 
abdomen was closed in one layer with 00 
black linen, care being taken to ensure appo- 
sition of the muscles, and the wound was 
painted with collodion to prevent ingestion 
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of blood. Animals were then allotted to the 
various groups and treated as outlined below 
after which they were returned to their cages 
to rest quietly. After either 2 or 4 hours (see 
below), each rat was anesthetized again, the 
abdomen reopened and the lower end of the 
esophagus ligated. The stomach, thus isolated 
with its accumulated secretions intact, was 
excised and the animal sacrificed by exsan- 
guination. 

The outside of each stomach was gently 
rinsed with water, the stomach carefully in- 
cised, its contents collected, centrifuged, and 
the volume of supernatant recorded. Twelve 
rats with blood or feces in the stomachs were 
excluded from the study at this stage. Acid- 
ity of the gastric juice was determined by ti- 
tration against a standard solution of sodium 
hydroxide on a Radiometer TTT1 automatic 
titrator to an end point of pH 7.0 and the 
acid content of the sample of gastric juice 
was calculated from the volume and acidity. 
The pH of each sample of juice was deter- 
mined using the automatic titrator just prior 
to the titration. Volumes were recorded as 
milliliters per 100 g rat weight because of the 
known relationships of parietal cell mass ( 17) 
and gastric secretion( 18) to body weight in 
the rat. Acidity was recorded both in p H  
units and as milliequivalents per liter of gas- 
tric juice as recommended by James ( 19) and 
acid output was ,recorded as milliequivalents 
of acid secreted per 100 g of rat weight per 
2 or 4 hours. 

Rats were divided into 4 control and 4 test. 
groups. In the first series of experiments, 24 
control rats which received no histamine and 
27 rats which received histamine were killed 
2 hours after histamine injection and pylorus 
ligation. In  a second series of experiments, 
28 control rats and 29 rats which received 
histamine were killed 4 hours after pylorus 
ligation and histamine injection. The third 
group of rats (11 control and 11 histamine 
injected animals) were given histamine 2 



462 HISTAMINE ON GASTRIC SECRETION IN RATS 

TABLE I. Gastric Secretion After Histamine Injecition. 

0-2 hr study 
Control group 

Histamine ” 

Significance of 
difference (P) 

2-4 hr Studs 
Control group 

Histamine ” 

Significance of 
difference (P) 

0-4 hr study 
Control group 

Histtarnine ” 

Significance of 
diffemnce (P) 

24 -1.31* 1.70 

27 1.33 1.20 
(1.061.68) (1.210-1.40) 

.93 .(I003 

( .86-1.83) t (1.40-2.05) 

11 1.08 2.05 
( .83-1.48) (1.85-2.15) 

11 .71 2.50 
( .48- .77) (2.0,04.0O) 

.01 .07 

28 1.88 1.40 

29 1.60 1.44 

.27 .81 

( 1.48-2.7 1) (1.20-1.60) 

( 1.3 3-2.11) ( 1.2 0-1.50) 

62 

92 
( 7 6 1 0 3 )  

.0002 

(40- 79) 

59 
(53- 61) 

37 

.01 
(26- 47) 

79 
(64- 95) 

71 
(6P 90) 

.60 

.078 
(.047-.108) 

.112 
(.08&.143) 

.0008 

.063 
(.053-.087) 

.02t? 
(.OW-.035) 

.OM6 

.149 

.118 

.19 

(.10&.212) 

(.093-.167) 

* Median. t Iabrquartile range. 

hours before and were killed 2 hours after 
pylorus ligation, thus enabling measurement 
of secretion over the third and fourth hours 
following histamine. The results from these 
3 series of experiments are shown in Table 
I. The fourth series of experiments was de- 
signed to study whether effects observed after 
histamine were due, in fact, to the drug and 
not to the volume of fluid injected. Eleven 
rats given histamine were compared with 10 
rats given isotonic saline in the same volume 
and by the same route. The injections were 
given at  the time of pylorus ligation and the 
animals were killed 2 hours later. The re- 
sults from this group are shown separately in 
Table 11. Histamine as histamine acid phos- 
phate 2.75 mg/mlt was used in all experi- 
ments and was given by multiple subcutane- 
ous injections in a dose of 50 mg (18 ml) 
per kg rat weight. ‘ 

Rats from a control and a test group were 
tested alternately and several groups were 
tested each day to minimize variations be- 
tween days or batches of rats. The distribu- 

t Eli Lilly & Co., ampoules type 269 equivalent to 
1 mg histamine base. 

tions of results were not Gaussian but were 
skewed towards the lower values. The groups 
have therefore been identified by their medi- 
ans and interquartile ranges rather than by 
mean and standard deviation. All statistical 
calculations were done using a normal a p  
proximation of the rank sum test which is 
more suitable for non-normal distributions 
than the t test(20). 

ResuZts. Histamine did not result in signi- 
ficant alteration in volume, gastric acidity or 
acid production in rats killed 4 hours after 
pylorus ligation. The probability levels de- 
rived from these results are shown with the 
results in Table I. 

In  contrast, there was significant evidence 
of histamine induced gastric secretory stimu- 
lation in stomachs removed from rats killed 
2 hours after injection (Table I). Median 
acid output was 0.112 mEq/lOO g/2 hr in 
the histamine treated rats and 0.078 mEq/ 
100 g/2 hr in the controls. This difference is 
significant (P = .0008). The pH of the juice 
was significantly lower in the histamine 
treated rats (1.20 cf 1.70 pH units; P = 
.OOO3) and titratable acidity was significantly 
higher (92 cf 62 mEq/liter ; P = .0002). Vol- 
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TABLE 11. Effects of Equal Volumes (18 ml/kg) of Subcutaneous Histamine and Imbnic 
Saline on Gastric Secretion 0-2 Hours. 

VOl H+ content Acidity Acid output 
No. (m.l/lOOg) (pH) (mEq/l) (mEq/100 g> 

Saline 10 .go* 1.80 64 ,040 

1.26 1.25 101 .117 
(1.14-1.39) ( 1.80-1.3 2) (87-109) ( . l o  k . 1 3  6) 

injected ( .39-1.25) t (1.60-2.50) (36- 76) (.023-.082) 

Histamine 11 I 

Significmce of .03 .0008 ,001 .002 
injected 

diff ermce (P) 

* Median. 

umes were identical in the 2 groups (1.31 
ml/lO0 g/2 hr) . 

When the results of gastric secretion in the 
third and fourth hours after histamine were 
examined a third pattern of response was ob- 
served. In this instance gastric secretion was 
less in the histamine treated group than in 
the controls. The histamine group had sig- 
nificantly less volume (0.71 cf 1.08 mlJl00 
g/2 hr, P = .Ol), titratable acidity (37 cf 
59 mEq/l, P = .Ol) and acid output ( .022 
cf .063 mEq/lOO g,/2 hr, P = .0006) than 
sham treated controls. 

Finally, the results shown in Table I1 dem- 
onstrate that the stimulation of gastric secre- 
tion seen at 2 hours was in fact due to hista- 
mine and not to a non-specific effect of in- 
jected fluid. There was significantly more 
secretion by the histamine injected rats as 
regards volume (P = . 03 ) ,  pH (P = .0008), 
titratable acidity (P = .OOl), and acid out- 
put (P = ,0012) than in the saline treated 
animals. 

Discussion. These studies show that sub- 
cutaneous histamine significantly stimulated 
gastric juice acidity and acid secretion by 
the pylmorus ligated rat stomach within 2 
hours, the first time such an effect has been 
shown with this assay method. This initial 
period of stimulation was followed by signi- 
ficant net secretory depression over the next 
2 hours. Because of this, there was no ap- 
parent effect due to histamine when assays 
were made ‘over 4 hours, the period usually 
recommended for studies using the Shay rat 
technique ( 16). Friedman (9) reported that 
histamine was ineffective as a gastric secre- 
tory stimulant in the rat, but his results 
show an increase in acidity and total acid 
output at  1% and 2 hours. Most workers 

t Interquartile range. 

who have shown stimulation of rat gastric 
secretion by histamine have estimated secre- 
tion immediately or within 2 hours of injec- 
tion( 6,8,9) ; while investigators who have 
failed to demonstrate any effect usually em- 
ployed a longer collection period ( 1 2,13 ). 
Thus we have been able to confirm both sets 
of results and show that the differences re- 
side in the experimental procedures used. 

It is known that saline given to dogs sub- 
cutaneously will augment gastric secretion 
( 2 1 )  and it  was necessary to examine the 
possibility that the injected fluid and not the 
histamine was causing the increase in gastric 
secretion. This volume of fluid was consid- 
erable (18 ml/kg) and to date there are no 
reports available regarding the effects of such 
an injection on gastric secretion in the rat. 
Our studies, designed specifically to examine 
this possibility, showed significantly greater 
secretion in histamine treated rats than in 
rats given an equal volume of isotonic sodium 
chloride and we have concluded that the aug- 
mented gastric secretory function was, in 
fact, due to histamine. 

It appears, as suggested by Lane et aZ(8), 
that the pylorus ligation technique as origi- 
nally described ( 16) is unsuitable for study 
of the effects of histamine. This technique 
utilizes vagally innervated total gastric 
“pouches” from which there is known to oc- 
cur a constant interdigestive secretion de- 
pendent Ton vagal stimuli( 9,22) .  Distension 
of vagally innervated gastric pouches over a 
limited period leads to increased gastric acid 
secretion (23 ,24 ) .  We believe that this mecha- 
nism may explain the gradually increasing 
secretory rates seen in our control rats. Be- 
cause of this, it is now our practice to limit 
collection to 2-hour periods when assaying 
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gastric secretion by the pylorus ligation tech- 
nique. 

While histamine exerts an immediate 
stimulating effect and might be followed by 
continuing secretion due to gastric distension, 
the very low secretory rates seen during the 
latter part of the 4-hour collection period 
seem to be due to relative secretory refrac- 
toriness following a supreme gastric secretory 
response to maximal histamine stimulation. 
In  addition, it is known that there is signifi- 
cant insorption of hydrogen ions from juice 
in the gastric lumen(25,26). It is possible 
that the early increased acid output in the 
histamine treated rats made possible more 
loss of hydrogen ions during the collection 
period than from the controls. Rats with 
gastric fistulae or 2-hour pylorus ligated rats 
minimize the time gastric juice remains sub- 
ject to loss of hydrogen ions by insorption 
and may be more sensitive than the classical 
4-hour Shay rat preparation. 

Many of the previous reports on the effect 
of histamine in the rat used what we now 
recognize to be very small doses of histamine. 
Valberg and Witts ( 15)  published a dose-re- 
sponse curve for histamine on rat gastric se- 
cretion and suggested that 50 mg/kg given 
subcutaneously was an appropriate dose in 
the rat to produce maximal stimulation. Our 
study, which employed a dose I of this magni- 
tude, produced a significant stimulation of 
acid production. Nevertheless, this effect was 
as transient as those previously observed with 
smaller doses(6,8,9,27). 

Summary. The effects of single large sub- 
cutaneous doses (50 mg/kg) of histamine 
acid phosphate on gastric secretion were 
studied in pylorus ligated rats. Significant 
increases in gastric acidity and acid produc- 
tion were observed 2 hours after histamine 
injection. No differences between control and 
histamine injected rats were found 4 hours 
after injection. Study of the secretory pat- 
terns indicated that histamine caused early 
increased secretion of acid followed by a pe- 
riod of secretory inactivity while, in control 
rats, the secretory rate increased with time 
so that by 4 hours gastric secretion was equal 
in all groups. The gastric secretory stimula- 
tion was shown to be due to the histamine 

and not to the fluid in which it was contained. 
These studies help reconcile the differing re- 
sults previously reported concerning the ef- 
fects of histamine on the rat stomach and 
suggest that the standard 4-hour pylorus li- 
gated rat preparation may not be suited for 
experiments utilizing histamine. 

The authors wish to acknowledge the technical 
assistance of R. L. J,acobs and G. S. Davis. 
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Release of Histamine and Slm-Reacting Substance Activities from 
Guinea Pig Lung.* (30212) 
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The addition of specific antigen in vitro to 
the lung of a sensitized guinea pig results in 
the release of histamine and a slow-reacting 
substance (SRS) ( 1 , 2 ) .  This release can be 
blocked by certain enzyme inhibitors (3,4). 
Cobra venom (Naja  naja) added to the lung 
of a non-sensitized guinea pig also causes the 
release of histamine and an SRS (5) .  The pos- 
sibility arises, therefore, that the antigen- 
antibody reaction activates an enzyme which 
is similar to one present in the cobra venom 
and which effects the release of histamine and 
SRS. That a phospholipase A might be the 
enzyme involved in the release by venom is 
suggested by the observation of HSgberg and 
Uvnas(6) that bee venom phospholipase A 
effected the release of histamine from rat 
mast cells. The present study, indeed, sug- 
gested that of the many enzymes in cobra 
venom, the phospholipase A could account 
for the release of histamine and SRS activ- 
ities by the venom. Since phospholipase A 
catalyzes the hydrolysis of lecithin to lyso- 
lecithin, the effect of lysolecithin on release 
of histamine and SRS activities from guinea 
pig lung was also studied. In addition, the 
effect of non-specific tissue damage on re- 
lease of histamine and SRS activities was 
evaluated. 

MateriaZs and methods. All materials. to 
be tested were made up in Tyrode’s solution, 
added to fresh chopped lung (or other tissues 

*This investigation was supported in p r t  by a 
research grant from Nat. Heart Inst., P.H.S., and 
in part by a research grant from Nat. Inst. of 
Allergy and Infect. Dis., P.H.S. 

t Recipient of Lederle Medical Faculty Award. 

in one experiment) of non-sensitized guinea 
pigs in a ratio of 1 ml of solution to 0.1 g 
tissue, the suspension incubated at  37°C for 
20 minutes unless otherwise stated, centri- 
fuged, and the liquid phase removed and as- 
sayed for histamine and SRS activities using 
the guinea pig ileum as described previously 
( 7 ) .  When any of the venom preparations 
were studied, this liquid phase was heated at 
100°C for 15 minutes in order to inactivate 
the venom, which when unheated has a con- 
tractile action on the guinea pig ileum( 7 ) .  At 
the alkaline pH of Tyrode’s solution, this 
degree of heating has been reported to de- 
stroy all venom enzyme activity measured, 
while at neutral pH most of the phospho- 
lipase A activity survives (8,s). All of the ven- 
om solutions were added to the lung in a 
final concentration of 0.5 mg venom per ml 
Tyrode’s solution. Samples to be compared 
were added to aliquots of the same guinea 
pig lung. A sample of the lung in plain Ty- 
rode’s solution served as a control for each 
run. 

The hemolytic ability of various of the 
materials tested was estimated by making 
samples to a final volume of 2 ml containing 
a 1% suspension of human or sheep red 
blood cells washed 3 times with and made up 
in Tyrode’s solution; this suspension was 
incubated at 37°C for one hour, centrifuged, 
and the supernatant diluted with water and 
its -absorbance measured in a Klett-Summer- 
son colorimeter using a 540 mp filter. 

Two preparations of lysolecithin, one made 
from beef brain lecithin and the other from 
beef serum lecithin, and one preparation of 


