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Effect of simulated intragastric haemorrhage on
gastric acid secretion, gastric motility, and serum

gastrin

GM Fullarton, E J S Boyd, G P Crean, T E Hilditch, K E L McColl

Abstract
The majority of upper gastrointestinal bleeds
stop spontaneously despite the low pH and
proteolytic activity of gastric juice which
inhibit coagulation and platelet aggregation. In
order to investigate this paradox six healthy
male volunteers received intragastric infusions
of 160 ml autologous venous blood or 160 ml
egg white acting as control in random order on
separate days. Basal acid output was cal-
culated before infusion, net acid secretion and
gastric volume emptied were calculated after
intragastric infusions. Serum gastrin concen-
trations were also measured before and after
intragastric infusions and expressed as the
integrated gastrin response. Basal acid output
(mmol/h) was 4*7 (1.9) (mean (SEM)) before
egg white infusion and 5 9 (2.6) before venous
blood infusion. After egg white infusion net
acid secretion (mmol/20 min) increased to 5*6
(3.1) compared with 2-3 (1.3) after venous
blood infusion (p<005). The gastric volume
emptied (ml/20 min) was less after venous

blood infusion at 105 (28) compared with 321
(66) after egg white infusion (p<0 03). Inte-
grated gastrin response was similar after
venous blood and egg white infusion. When
compared with an equivalent protein meal
intragastric blood stimulates less acid secretion
and delays gastric emptying. This effect may
facilitate haemostasis after gastric bleeding.
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Despite the multiplicity of aggressive factors
present in the upper gastrointestinal tract most
gastroduodenal bleeds stop spontaneously. This
is surprising in view of the high acidity, pro-
teolytic activity, vascularity and motile nature of
the upper gastrointestinal tract, all factors which
should act to inhibit haemostasis and promote
haemorrhage.

Initial experimental studies in normal volun-
teers have shown that simulated duodenal
haemorrhage inhibits acid and pepsin secretion
and delays gastric emptying, responses which
may facilitate haemostasis in the adverse
environment of the upper gastrointestinal tract. '

It is common in upper gastrointestinal bleeding,
however, for blood to be found in the stomach
either indirectly from an oesophageal or duo-
denal source, or directly from a gastric lesion.
Intragastric blood constitutes a concentrated
protein meal which would be expected to stimu-
late gastric secretion by both neural and hor-
monal mechanisms"' and possibly overcome any
protective responses induced by duodenal blood.
It is important therefore to establish the effects of
intragastric blood on gastric secretion and

motility to determine whether similar protective
responses occur. The aim of this study was to
examine the effects of simulated intragastric
haemorrhage on gastric acid secretion, gastric
emptying and serum gastrin concentrations.

Methods

GASTRIC SECRETION AND MOTILITY
STUDY
Studies were performed in six healthy male
volunteers (median age 29 years, range 28-36).

After an overnight (12 h) fast a size 10 FG
vented nasogastric tube (Andersen Inc, New
York) was passed perorally into the stomach and
its satisfactory position for aspiration confirmed
by a water recovery test.5 At time -30 minutes
continuous nasogastric suction was started and
two 15 minute basal gastric collections were
taken, the volume of each noted and a 5 ml
aliquot retained for analysis. At time -10
minutes each volunteer was blindfolded and 160
ml venous blood removed in 4x40 ml heparin-
ised syringes (250U sodium heparin/40 ml
syringe) at two minute intervals. The intragastric
blood was heparinised as initial studies with
unheparinised blood clotted which precluded
adequate mixing and aspiration of gastric con-
tents. Volunteers were then randomised to
receive intragastrically either 160 ml of auto-
logous heparinised venous blood or 160 ml egg
white acting as a control having similar nutrient
content, pH and osmolality to blood (Table I).
At time 0 minutes blood or egg white was
introduced into the stomach as 4 x 40 ml aliquots
at 1 minute intervals, each aliquot having 5 ml
'4C-polyethylene glycol (PEG) (Amersham
International) added as a non-absorbable
marker. A 5 ml aliquot of this test meal mixture
was retained for '4C-PEG assay. The total dose
of '4C-PEG infused into the stomach was
equivalent to 0-9 MBq. Immediately after the
last aliquot of blood or egg white was given the
intragastric contents were mixed and a 10 ml
aliquot retained for analysis. The gastric con-
tents continued to be mixed at regular intervals
and a further 10 ml aliquot was removed at 10
minutes for analysis. At 20 minutes the stomach
was emptied completely, the volume noted, and

TABLEI Comparative constituents ofblood and egg white*

Protein CHOt Fat Osmolality
(g/100 ml) (gIl00 ml) (g/l00 ml) (mosmol/kg) pH

Egg-white 10 8 0 4 0 05 230 7-8
Blood 22 0-6 0-6 280 7 5

*Based on RomanoffP and Lentner tCHO=carbohydrate.
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TABLE II Gastric secretory parameters after intragastric
blood and egg white in six volunteers

Acid concentration Net H' secretion
(mmol/l) (mmol/20 min)

Subject
No Egg white Blood Egg white Blood

1 20-8 16-1 2-0 0-6
2 66-3 49 50 05
3 596 48-5 20-9 8-3
4 507 2-4 1-2 03
5 42-2 23-9 4-2 3-8
6 2-8 3-6 0-2 03
Mean 40 4 16-6 5 6 2-3
SEM 99 7-2 3-1 1-3

p<00S p<005

Acid concentration=concentration of acid (mmol/l) aspirated
from the stomach 20 minutes after intragastric infusions. Net H'
secretion=calculated acid secretion (mmol/20 min) after
intragastric infusions.

a 10 ml aliquot retained for analysis. After this,
the stomach was then lavaged with 100 ml
distilled water, the residual volume recorded
(wash volume) and a 10 ml sample retained for
analysis. Each subject underwent an identical
study with the alternative intragastric infusate at
least one week later. On each occasion the same
volume of blood was removed. On egg white
infusion days this was discarded.

GASTRIN STUDIES
Serial blood samples were taken before and after
intragastric infusions to investigate changes in
gastrin secretion. Three 10 ml samples of venous
blood were removed at 15 minute intervals
during the basal collection period and added to
heparinised tubes at times -30, -15, and 0
minutes. After intragastric infusions further
venous blood samples were taken at 15 minute
intervals until time 60 minutes with the final
sample taken 90 minutes after the start of
the infusions. All heparinised venous blood
samples were immediately centrifuged, the
plasma removed and stored at -20°C for later
assay.

ANALYSIS

Gastric secretion
Gastric juice was analysed for: (1) hydrogen ion
concentration by automatic titration to pH 7 0
with 100 mmol/l sodium hydroxide using an
Autotitrator (Radiometer, ETS 822, Copen-
hagen). (2) "C-PEG radioassay was measured

TABLE III Gastric secretion and volume changes after intragastric blood and egg white in six
volunteers

Vc Vp Vs
(ml) (ml/20 min) (ml/20 min)

Subject
No Egg white Blood Egg white Blood Egg white Blood

1 94-2 37-3 334 0 204-9 248-3 62-2
2 35 0 107-5 250 2 94-2 105-2 21-6
3 60-9 119-4 637-0 148-6 518-0 87-9
4 23-3 1248 265 9 2-6 1092 526
5 61 4 142 6 255 2 63-9 1366 26-5
6 69-4 83-0 182 7 115 5 72-0 18-5
Mean 57 4 102-4 320-8 105-0 198-2 36-1
SEM 10-3 15-3 66-2 28 5 68-6 13-3

p=0-07 p<0 03 p<0 03

Vc=corrected volume recovered from stomach; Vp=volume discharged through pylorus in 20
minutes; Vs=-volume secreted in 20 minutes.

by liquid scintillation counting (Packard Tri-
Carb 300, Canberra Packard, Berks). Aliquots
(0-2 ml) of each gastric sample were initially
added to a solubiliser solution Soluene 350
(Canberra Packard) and iso-propyl alcohol in a
1:2 volume ratio. After overnight incubation to
allow complete solubilisation, 0 5 ml hydrogen
peroxide solution was added and samples in-
cubated at 400 Centigrade for a further 30
minutes. At this stage, 10 ml Hionic Fluor
Scintillator (Canberra Packard) was added and
counted for 10 minutes under "4C conditions
with an inbuilt quench correction.

GASTRIN
The gastrin assay was performed by radioim-
munoassay using antibody R98 which has a
lower limit of detection of 2-4 pmol/l.8 The
gastrin estimations were all performed in a single
batch.

CALCULATIONS

Gastric secretion and motility
(a) Basal acid output (mmol/h) was calculated by
summing the outputs during the two 15 minute
basal collection periods and multiplying by two.
(b) To calculate net gastric secretion and trans-
pyloric loss of gastric contents the method of
Hunt9 was used (see appendix).

GASTRIN
Fasting gastrin values were expressed as the
mean of the three preinfusion samples at -30,
-15, and 0 minutes. The integrated response to
intragastric blood and egg white was calculated
for each individual by estimating the area under
the plasma gastrin/time curve using the trape-
zoidal method."

STATISTICAL ANALYSIS
Results are given as mean standard error of the
mean (SEM). Statistical analysis was performed
using the paired Wilcoxon's signed-rank test
(two sided). Results were considered significant
when p<0 05.

Written, fully informed consent was obtained
in each case and the study was approved by the
local hospital Ethical Committee.

Results

GASTRIC SECRETION

(a) Basal secretion
The mean basal acid output (mmol/h) before
infusions was 5 9 (2 6) on the blood infusion day
and 4-7 (1 9) on the egg white infusion day (p=
NS).

(b) Acid concentration
The concentration of acid (mmol/l) aspirated
from the stomach after 20 minutes was 40 4 (9-9)
after egg white infusion and 16-6 (7 2) after
blood infusion (p<0 05) (Table II).
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Figure: Plasma gastrin
concentrations before and
after intragastric infusion of
160 ml blood and egg white
in six healthy volunteers.
Results are given as mean
(SEM).
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(c) Volume secreted (Vs)
There was an increase in secretion
min) after intragastric egg white ini
198-2 (68-6) compared with 36-1
intragastric blood infusion (p<0-03)

(d) Net acid secretion
There was a positive net flux o
secretion of acid) in all six volunteei
egg white and blood infusion. Net a(

(mmol/20 min), however, was less
gastric blood infusion being 2-3 (1
with 5-6 (3- 1) after egg white infusi
(Table II).

GASTRIC EMPTYING

(a) Corrected residual volume (Vc)
The corrected residual gastric volun
minutes was 57-4 (10-3) after intr
white infusion and 102-4 (15-3)
infusion (p=0Q07) (Table III).

(b) Volume emptied through the pyloru
The volume (ml/20 min) emptie
stomach was less after intragastric bl
being 105 (28-5) compared with
after intragastric egg white infusi(
(Table III).

CORRELATION BETWEEN RATE
ING AND RATE OF SECRETION
There was a significant positive
between the volume emptied t
pylorus (Vp) and net acid secret
minutes after intragastric egg wb
(r=0-94; p<0-01) but not after bl1
(r=0-21; p>0 1). There was also
positive correlation between the
volume secreted into the stoma
minutes (Vs) after both intragastri
infusion (r=0-99; p<0-001) and bl
(r=0-86; p<0 03).

GASTRIN
Fasting serum gastrin concentrati
were 22-8 (3-8) before intragastric bl
and 22-6 (3-7) before egg white infu
(Figure). Gastrin concentratior

increased above fasting values after both intra-
gastric egg white and blood infusion (Figure).

rhite The integrated gastrin response (pmol/l/min),
was similar after intragastric blood infusion
being 1839 (274) compared with 1906 (404) after
egg white infusion.

Discussion
This study has shown that intragastric blood
infusion significantly stimulates less acid secre-
tion and delays gastric emptying compared with
an equivalent protein meal. In contrast there
were no differences in the integrated serum

60 90 gastrin response after either intragastric blood or
egg white infusion.
These results suggest that intragastric blood

does not act as a protein meal and is not therefore
a potent stimulus to acid secretion. In the context

rates (ml/20 of an upper gastrointestinal bleed these res-
fusion being ponses may be beneficial in promoting
(13-3) after haemostasis.
(Table III). Intragastric protein normally acts as a potent

stimulus to acid secretion2 1 12 and serum
gastrin.413 This stimulatory action of intragastric

f acid (net protein is initiated by particular amino acids and/
rs after both or peptone fragments'2 14 and is gastrin
cid secretion mediated.5 Egg white being essentially an
after intra- albumin solution has approximately similar

3) compared amino acid content to blood.667 It is therefore
on (p<0-05) particularly surprising to show significantly less

acid secretion after infusion of intragastric blood
compared with egg white. In this study intra-
gastric blood induced a median acid secretion of
0-5 mmol/20 minutes which was 70% less than
that induced by egg white infusion (median 3-1
mmol/20 min).

ne (ml) at 20 With intragastric egg white infusion there was
agastric egg as expected a significant positive correlation
after blood between the volume emptied into the duodenum

and the rate of acid secretion. This correlation
did not exist, however, when blood was intro-

ts (Vp) duced into the stomach suggesting that intra-
d from the gastric blood interferes with this normal physio-
lood infusion logical response.
320-8 (66-2) The differences in secretion rates after intra-
on (p<0 03) gastric egg white and blood cannot be explained

on the basis ofdifferences in gastrin release. This
would suggest inhibitory mediation of parietal
cell function either directly or indirectly by

OF EMPTY- inhibition of gastrin induced acid secretion.
Somatostatin is a candidate inhibitory mediator

correlation which suppresses both gastrin stimulated'8 and
hrough the food stimulated'9 acid secretion possibly by a
ion over 20 direct action on the parietal cells.20 Other pos-
lite infusion sible inhibitory mediators include the hormones
ood infusion of the secretin group (secretin, glucagon, gastric
a significant inhibitory polypeptide) which also inhibit the
Vp and the action of gastrin on parietal cells possibly
[ch over 20 through somatostatin release.2' 23
ic egg white The inhibition of gastric emptying noted in
ood infusion this study after intragastric blood infusion com-

pared with egg white infusion must be indepen-
dent of the factors known to influence gastric
emptying which include the pH,24 osmolality,2'
nutrient content,26 and volume27 of the meal as

ons (pmol/l) these parameters were similar in each of the
lood infusion study groups. Recent evidence suggests that
Lsion (p>0- 1) gastric emptying of a liquid meal may involve
as (pmol/l) alteration ofantro pyloroduodenal motor activity
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possibly by stimulation of duodenal receptors.28
Such duodenal receptors are not simply pH or
osmolarity sensors but may be sensitive to other
intraluminal stimuli such as glucose.29 It is
interesting to speculate that the duodenal recep-
tors may also respond to intraluminal blood or its
products to slow gastric emptying possibly
mediated by inhibitory gastrointestinal
hormones. In the context of upper gastro-
intestinal bleeding reduced gastric motility is
likely to be beneficial by preventing clot dis-
lodgement, decreasing duodenal acid delivery
and,gastric blood flow requirements.

In conclusion, this study has shown that
intragastric blood infusion induces weak gastric
acid secretion and inhibits gastric emptying
without alteration of integrated gastrin response
compared with an equivalent egg white infusion.
This suggests that contrary to expectations intra-
gastric blood does not behave as a protein meal,
an effect which may represent an additional
protective mechanism in upper gastrointestinal
haemorrhage.

Appendix

CALCULATIONS OF NET GASTRIC
SECRETION AND TRANSPYLORIC LOSSES
The following symbols have been used:
VI = volume oftest meal instilled
V2= volume aspirated after 20 minutes
V3= wash volume
Vp= volume discharged through the

pylorus in 20 minutes
Vs=volume secreted in 20 minutes (this

represents the resultant of the
volume of gastric secretions plus the
volume of contaminant secretions -
that is, saliva, duodenogastric reflux,
minus the volume of water absorbed
from the stomach)

PEGI = PEG concentration in test meal
PEG2= PEG concentration in aspirate at 10

minutes
PEG3= PEG concentration in aspirate at 20

minutes
PEG4 = PEG concentration in wash
C1 = H+ concentration in test meal
C2 = H+ concentration in aspirate at 10

minutes
C3 = H+ concentration at 20 minutes

The following equations were then used to
calculate net fluxes and volume changes:
(1) Residual Volume (Vr) = V3 (PEG4/PEG3)
(2) Corrected volume recovered from stomach
(Vc) = V2 + Vr
(3) Vp = (VI PEGI - Vc PEG3)/PEG2
(4) Vs = Vc + Vp - VI
(5) Net secretion of H+ = (Vc. C3 + Vp. C2 -
V1. C1)

Our thanks to Professor K Buchanan, Department of Medicine,
Queens University, Belfast for performing the gastrin assays and
to Mrs D Park for typing the manuscript.
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