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Effect of the prostaglandin precursor, arachidonic
acid, on histamine stimulated gastric secretion in the
conscious dog, and observations on the effect of
inhibiting endogenous prostaglandin synthesis
M. E. CONOLLY1, P. R. BIECK, N. A. PAYNE, B. ADKINS, AND J. A. OATES

From the Division of Clinical Pharmacology, Vanderbilt University Medical Center, Nashville,
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SUMMARY The effects of intravenous infusions of prostaglandin E2 (PGE2) and arachidonic acid
(AA) on histamine-stimulated gastric secretion have been studied in conscious dogs with either a
simple gastric fistula or a denervated Heidenhain pouch. Both compounds produced a dose-related
inhibition of acid secretion, though AA was 86-5 to 203'2 times less potent than PGE2. The maximal
effect ofAA was not achieved until 20 to 40 minutes after the infusion had ceased, suggesting that AA
has to undergo some kinetic or metabolic process before it can act. Eicosatetraynoic acid (ETYN)
1-0 pg.kg-1min-1, an inhibitor of PG biosynthesis, almost totally abolished the anti-secretory effect
of AA up to 200 ,ug.kg-1min-1. At 400 jig AA.kg-lmin-1, the antisecretory effect was reduced by
about one half. The effect ofPGE2 was not altered by ETYN. Furthermore, ETYN did not increase
the response to histamine stimulation in control studies, which suggests that, in this model at least,
prostaglandins are not involved in regulating gastric secretion.

Prostaglandins (PG) have been studied extensively as
inhibitors of gastric acid secretion since the original
observations of Robert et al. (1967). There is a fair
degree of consistency in the reports so far published
indicating that basal gastric acid secretion and secre-
tion stimulated in several different ways is reduced or
inhibited by prostaglandins in several species, in-
cluding man. Thus Robert et al. (1967) showed in-
fusions of PGE1 to abolish the secretory response to
food, histamine, pentagastrin, and deoxyglucose in
the dog. PGE2 inhibited the effect of food and hista-
mine. It has also been demonstrated that, in
anaesthetised rats, large doses of PGE1 flowing
through the lumen of the stomach effectively sup-
pressed acid secretion which had been stimulated
by a variety of secretagogues (Shaw and Ramwell,
1968).
By contrast, in man, oral PGE1 in tolerable doses

is without effect on acid secretion (Horton et al.,
1968) but Classen et al. (1970) have shown that intra-

'Present address: Department of Clinical Pharmacology,
Royal Postgraduate Medical School, Du Cane Road, London
W12.

Received for publication 4 November 1976

venous infusion of PGE1 does reduce acid output.
The 15-methyl and 16.16 dimethyl analogues of
PGE2, which are relatively resistant to metabolic
degradation, have been found to suppress basal acid
secretion in man when given by mouth (Karim et al.,
1973; Robert et al., 1974).
This paper describes studies undertaken to

quantify the inhibitory effect of the prostaglandin
precursor, arachidonic acid (AA), on histamine
stimulated secretion in conscious dogs and to com-
pare this with the effects of PGE2. Numerous com-
pounds are now available which inhibit the trans-
formation of fatty acids to biologically active com-
pounds such as PG. We have used one of these,
eicosatetraynoic acid, to explore the role of such
endogenous biotransformation in modulating the
secretory response to histamine, and also to evaluate
the importance of biotransformation of arachidonic
acid to PGE2, and possibly other compounds, in
producing its inhibitory effect.

Methods

The studies were carried out in trained fasted con-
scious mongrel dogs weighing between 10 and 22 kg
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in which had been fashioned either a denervated
isolated (Heidenhain) gastric pouch (six dogs), or a
simple gastric fistula to a stomach with intact inner-
vation (nine dogs). Each dog was studied on several
occasions and at varying doses.1
The dogs were supported by a canvas sling, and

drugs were administered by an infusion pump into a
peripheral vein.
The stimulus to secretion was provided by hista-

mine given by intravenous infusion. The dose of
histamine used was that which produced 50% of the
maximum secretory response, as determined in a
preliminary study in each dog.
Dogs with an intact vagus (gastric fistula dogs)

had an extremely variable acid output during the
course of a four hour study (Fig. la), which made
the accurate assessment of the effect of inhibitors
difficult to evaluate. This is in accord with previous
observations indicating that the gastric response to
secretory stimuli is profoundly influenced in the in-
tact animal by many variables, notably vagal tone
(Hirschowitz and Robins, 1966; Emas and
Grossman, 1967; Emas, 1968; Hirschowitz, 1968).
It was possible to overcome this variability by giving
the dogs atropine (0 04 mg/kg) at the start of the
experiment, after which, increasing the dose of hista-
mine to twice the original dose restored HCI secre-
tion to its former rate. Infusion of half the initial
dose of atropine during the study (0-02 mg.kg-1/4 h)
was found to maintain vagal blockade at its initial
level, and using this technique a stable baseline was

achieved (Fig. lb). In contrast, acid secretion in the
non-atropinised Heidenhain pouch dogs was re-
latively stable (Fig. 1c). In this latter group, and in
the gastric fistula dogs once atropinised, there was
little day-to-day fluctuation in basal acid secretion,
so that there was no need to reject any studies for
this reason.

Gastric juice was collected every 10 minutes in
Heidenhain dogs and every 20 minutes in fistula dogs
and an aliquot was titrated with 0 1 N NaOH to
pH 7 0 determined by indicator dye (bromophenol
red), for determination of HCI content, the total
H+ secretion rate being thence calculated for the
period of each collection.
Once the response to histamine reached its

'plateau', 80 minutes after the start of the infusion,
infusion of PGE2 or AA was started. This lasted
for one hour; the histamine infusion continued in
parallel with, and for 90 minutes after, the end of
the PG or AA infusion. In those experiments which
involved eicosatetraynoic acid, this compound was
infused from the 80th minute, the start of the
arachidonic acid or PGE2 being delayed until the
100th minute, from which point both drugs were in-
fused for 60 minutes; the histamine continuing
during and for 90 minutes after the infusion of these
drugs as before.

DRUGS
Histamine dihydrochloride (Fisher) was dissolved in
saline and infused at a predetermined rate derived as
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Fig. 1 (a) Acid secretion in response to half maximal dose of histamine infused for 260 minutes. Responses are
expressed as mean (± 2 SE) percentage of the secretion rate achieved by 80 minutes. Values obtainedfrom seven
conscious, non-atropinised dogs with gastric fistulae. (b) Identical study to that shown in (a), after each animal had
been atropinised. Histamine dose 2 x ED50. (c) Acid secretion in response to half maximal dose of histamine infused
for 240 minutes. Responses (mean ± 2 SE) expressed as in (a). Values obtained in five consciouts non-atropinised
dogs with Heidenhain pouch.
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described above. There was considerable between-
subject variation in dose, the optimal dose, derived
as described above, ranging from 30 to 73 tkg.kg-'
h-1 of the salt; the range of doses required by both
types of dog was similar.

Prostaglandin E2
This was a gift from Dr J. E. Pike, Upjohn Co.'
Stock solution of PGE2 in ethanol was kept at
- 20°C under nitrogen. It was prepared immediately
before use as follows.
The required amount of stock solution was placed

in a nitrogen-filled vessel. Phenolphthalein was
added as indicator. The solution was then titrated
with 0-01 N NaOH using a magnetic stirrer until the
first permanent red colour was achieved (pH ± 8-0).
The ethanol was then evaporated in the stream of
nitrogen and, just before the point of complete dry-
ness, the resultant soap was dissolved in saline at
40°C, using the stirrer to ensure complete solution,
the volume being half the final desired volume for in-
fusion.

Finally, canine albumin (2 g/dl) or serum from
the animal being studied (diluted with an equal
volume of saline) was added. This final step com-
plexed the PG to protein in a manner comparable
with that required in preparing the arachidonate
solution. It was then immediately sealed under N2
(parafilm) and transferred to the infusion pump.
Doses of 0 3 to 10 /ig.kg-1 min-' were infused for a
period of one hour. Only the very highest doses pro-
"Upjohn Co., Kalamazoo, Michigan 49001.
2Nu-Chek Prep Inc., P.O. Box 172, Elysian, Minn, 56028.
3Hoffman La Roche Inc., Nutley, New Jersey 07110.
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duced any evidence of nausea (retching, salivation).

Arachidonic acid
This was purchased from Nu-Chek Prep Inc.2 The
sealed ampoules were kept at - 20°C until needed.
Extreme care was needed to prevent spontaneous
conversion of arachidonic acid to PGE2 or other
biologically active lipids (Splawinski et al., 1973),
so that, when the ampoules were opened, the con-
tents were immediately transferred to a vial under a
stream of nitrogen and then dissolved in ethanol,
after which they were titrated as above, except that,
because of the larger quantities involved, 1-0 N
NaOH was used. After titration, the solution was
extremely carefully evaporated under nitrogen,
since it was found that sponteneous degradation was
most likely to occur at this stage, if the soap were
allowed to dry out completely. Therefore, just before
the soap solution reached dryness it was taken up in
saline, and the protein added as described above.
The resultant solution should be optically clear (or
at least no more cloudy than the serum if that was
the source of the protein). It was found by ex-
perience that solutions which became cloudy on
addition of protein were unsatisfactory and, as it
proved impossible to redissolve the fatty acid once
this happened (warming, sonification), all such solu-
tions were discarded. Doses of 10-400 ,ug.kg-1 min-'
(the maximum the dogs could tolerate in a peri-
pheral vein because of local irritation) were infused
for a period of one hour.

Eicosatetraynoic acid
This was kindly supplied by Dr E. Whitman.3 The

A

1.0 10
Pg / kg/min

1000100

Fig. 2 Maximal inhibition of the socretory response to histamine produced by a 60 minute infusion ofPGE2 (O) and
AA (0) in seven conscious atropinised gastric fistula dogs. Doses of antagonists infused are plotted in tLg.kg-1min-1.
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precautions described above were used to prepare
the dose solutions of this unsaturated fatty acid.

This compound was used as an inhibitor of PG
synthesis in a dose of 1-0 /xg.kg-1 min-1 for 20
minutes before, and during the whole 60 minutes of
the arachidonic acid or PG infusion.

ANALYSIS OF ACID SECRETION DATA
For purposes of statistical analysis, the responses
were expressed as percent inhibition of the maximal
(or 'plateau') secretion rate achieved before the in-
fusion of PGE2 or arachidonic acid was begun. The
percent inhibition achieved by each dose was plotted
against the dose as a conventional log dose-response
curve (Figs. 2 and 3). Where the effect of eicosatetray-
noic acid was being examined, the maximum in-
hibition achieved by the doses of PGE2 or arachi-
donic acid in the presence or absence of eico-
satetraynoic acid (in the same animal) were plotted
in like manner (Fig. 7). In both sets of experiments
these 'curves' were then examined for coincidence
and parallelism, using the methods described else-
where (Conolly et al., 1971).

Results

PROSTAGLANDIN INFUSION
PGE2 in doses of 0 3 to 5 0 ,ug.kg-1min-1 in dogs
with a gastric fistula and in doses ranging from 10
to 100 ,ug.kg-lmin-1 in dogs with a Heidenhain
pouch produced a dose related inhibition of secre-
tion (Tables 1 and 2). The dose-response curves were
parallel but that relating to the Heidenhain pouch
dogs was significantly to the right of the fistula dog

100-r
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Table 1 Inhibition of histamine induced acid secretion
in atropinised gastric fistula dog by IVPGE2

Dog no. PGE, % inhibition Mean ± SE
,ug.kg-'min-' of secretion

38 0-3 19 24-0 5-0
40 03 29
38 0-7 51 47-5 3-5
40 0-7 44
54 1 81
53 1 22
58 1 82 64-6 + 13-7
24 1 43
38 1 95
38 2 87
40 2 77
71 2 78 84-8 3-3
24 2 87
38 2 95
38 5 100 99-5 0-5
58 5 99

Table 2 Inhibition of histamine induced acid secretion
in Heidenhain pouch dogs by IVPGE2

Dog no. PGE, Y/. inhibition Mean ± SE
,ug.kg-,min-' ofsecretion

37 1 35
59 1 15 26-3 5-9
61 1 29
61 2 39
59 2 41 39-7 0-7
61 2 39
62 5 80 89-0 9-0
63 5 98
37 10 97
59 10 98 98 ± 0-6
61 10 96

1000
pg/kg/min

Fig. 3 Maximal inhibition of the secretory response to histamine produced by a 60 minute infusion ofPGE2 (0)
and AA (0) in five conscious non-atropinised dogs with Heidenhain pouch.

0.1 1.0 10 100
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Inhibition ofgastric secretion by prostaglandin precursor

curve (Figs. 2 and 3); the sensitivity of the fistula
dogs to the inhibitory effects of PGE2 as compared
with that of the Heidenhain pouch dogs (expressed
as a ratio of the calculated ED50s) was greater by a
factor of 3-4.

ARACHIDONIC ACID INFUSION
Arachidonic acid was infused in doses ranging from
25 to 400 /g.kg-'min'1 in dogs with a gastric fistula,

Table 3 Inhibition of histamine induced acid secretion
in atropinised gastric fistula dog by IV arachidonic acid

Dog no. Arachidonic % inhibition Mean ± SE
acid of secretion
p.g.kg-'min-'

24 25 0
25 25 6 8-7 5-9
54 25 20
54 50 75
58 50 43
38 50 27 40-3 ± 76
25 50 23
24 50 35
58 50 39
54 100 33 40-0 + 7-0
38 100 47
38 200 55
24 200 39 55-5 13-2
25 200 93
58 200 35
24 400 83 69-0 14-0
66 400 55

and in doses ranging from 100 to 400 ,ug.kg-1min-1
in dogs with a Heidenhain pouch (lower doses had
also been given to this latter group but were without
effect and so are not included in the calculations).
A significantly dose-related suppression of acid
secretion was seen (Tables 3, 4). As with PGE2,
at least in doses up to 200 ,ug.kg-1min-1, fistula
dogs were more responsive than the Heidenhain
pouch dogs to the inhibitory effects of the arachi-
donic acid. However, as shown in Figs. 2 and 3, the
slope of the regression lines for arachidonic acid in
Heidenhain pouch dogs is significantly steeper (p <
0 05) than in the fistula dogs and it appears that at
the highest dose studied the inhibitory potency of

Table 4 Inhibition of histamine induced acid secretion
in Heidenhain pouch dogs by IV arachidonic acid

Dog no. Arachidonic °/ inhibition Mean ± SE
acid of secretion
p,g.kg-'min-'

59 100 0 4 ± 4
61 100 8
59 200 12
62 200 64
61 200 71 57-8 t 122
61 200 84
65 200 58
61 400 87 90-0 3-0
63 400 93
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Fig. 4 (a) Time course of the inhibitory effect ofPGE2 (1J0 ptg.kg-1min-') on histamine stimulated gastric acid
secretion in five conscious atropinised gastric fistula dogs. Duration of infusion ofPGE, or saline shown by
shaded zone. Response to PGE2 0-0, to saline 0--- 0. Values are plotted as mean (± 2 SE) percentage of the
secretion rate achieved after 80 minutes infusion of histamine. (b) Time course of the inhibitory effect ofAA
(200 jsg.kg-1min-1) on histamine stimulated gastric acid secretion in four conscious atropinised gastric fistula dogs.
Values expressed as in (a). Response to AA 0-0, to saline 0---0.
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Fig. 5 (a) Time course of the inhibitory effect ofPGE2 (10 0 jig.kg-1min-1) on histamine-stimulated acid
secretion in three conscious non-atropinised Heidenhain pouch dogs. Duration of infusion ofPGE2 and placebo shown
by shaded zone. Response to PGE2 0-0, to saline 0--- 0. Values are plotted as mean (± 2 SE) percentage
of the secretion rate achieved after 80 minutes' infusion of histamine. (b) Time course of the inhibitory effect ofAA
(200 tLg.kg-1min-1) on histamine stimulated acid secretion in five conscious non-atropinised Heidenhain pouch dogs.
Values expressed as in (a). Response to AA 0-0, to saline O---O.

arachidonic acid is greater in the Heidenhain pouch
dogs.

COMPARISON OF PGE2 AND ARACHIDONIC

ACID
The inhibitory effects exerted by these two com-

pounds differ qualitatively as well as quantitatively.
The time course of their effects is different (Figs.

4a and 4b). In the gastric fistula dogs the maximum
inhibitory effects of PGE2 occurred during the in-
fusion, whereas with arachid6nic acid the maximum
observed inhibition did not occur until 40 minutes
after the infusion had ceased. In the Heidenhain
pouch dogs this difference was less clear cut, but
still occurred (Figs. 5a and 5b).
PGE2 proved far more effective than arachidonic

acid in both types of dog. In fistula dogs, in whom
the dose response curves for PGE1 and AA were not
significantly non parallel (Fig. 2), the ratio of the
EDsos was 203-2:1 in favour of PGE1. In the
Heidenhain pouch dogs, where the dose response
curves deviated significantly from parallelism (p <

0 05) no such precise comparison can legitimately
be made. However, as can be seen from Fig. 3, the
ratio of the ED5os is 86-5:1 in favour of PGE1

EFFECT OF EICOSATETRAYNOIC ACID ON

GASTRIC FISTULA DOGS
Eicosatetraynoic acid, when infused (1-0 jug.kg-1

min-' for 80 minutes) into four dogs receiving only
histamine, was associated with a slight increase in
acid secretion (Fig. 6), which was not significantly
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Fig. 6 Effect of infusion of eicosatetraynoic acid on
response to histamine infusion in four conscious
atropinised gastric fistula dogs. Eicosatetraynoic acid
infusedfrom 80-160 minutes. Response to histamine
( -0) plotted as mean (± SE) percent of secretion
rate achieved after 80 minutes infusion of histamine.
Shaded area represents response to saline infusion fiom
80-160 minutes (mean i 2 SE) in eight animals.
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different from the control response observed in
eight dogs.'

In two dogs whose gastric acid output was re-
duced by an infusion of PGE2, concomitant infu-
sion of eicosatetraynoic acid produced no change in
their response. However, it reduced the inhibitory
effect of arachidonic acid, 200 ,ug.kg-1min-1, by
84-6% and 96-4 %. At the higher dose of 400 ,ug.kg-1
min-', the inhibitory effect of the AA was reduced by
27-6% and 35-5% when eicosatetraynoic acid was
given concomitantly (Fig. 7; Table 5).

'To achieve statistical significance with so small a difference,
a minimum of 20 dogs in each group would be required.
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Discussion

These results amply confirm the findings of previous
workers with respect to the effect of PGE2 on hista-
mine-stimulated gastric acid secretion. For both
types of dog a clearly dose-related inhibition of acid
secretion is seen. Although the slopes of the dose
response curves do not differ significantly, the
sensitivity of the fistula dogs to the effect of PGE2
(as judged by the position of the curves) is signifi-
cantly greater than that of the Heidenhain pouch
dogs.
We have demonstrated that arachidonic acid also

exhibits a dose dependent inhibition of histamine-

Arachidonic Acid

x----x = before eicosa tetra-
ynoic acid

o-o= during infusion of
eicoso tetraynoic

acid

10

,/

,,

1o0o

pg/kg/min

Fig. 7 The inhibitory effect ofPGE2 and AA before (x---x) and during (0-0) an infusion of eicosatetraynoic
acid (1-0 tg.kg-Imin-1) in conscious atropinised gastric fistula dogs. Doses ofPGE2 and AA given as [Lg.kg'Imin-1.

Table 5 Effect ofPGE2 and AA before and during infusion of eicosatetraynoic acid

Dog no. Dose of E2 (tAg.kg-1min-1) % Suppresion of histamine-induced secretion by:

PGE2 alone PGE2 1 eicosatetraynoic acid

38 0-3 19 20
40 0 3 29 17

Mean ± SE24i 50 19 2-1
38 0 7 44 56
40 0 7 51 44

Mean ± SE 48 3-5 50+ 8-5

Dog no. Dose of arachidonic acid % Suppression of histamine-induced secretion by:
(.g.kg-Imin-1)

Arachidonic acid alone Arachidonic acid +
eicosatetraynoic acid

24 200 39 6
38 200 55 2
58 200 35 2

Mean i SE 43 0 10-6 3-3 1-3
24 400 83 60
66 400 55 41

Mean i SE 69 ± 14-0 50 5 i 95
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stimulated gastric acid secretion. In this instance,
there is a significant difference in the slope of the
dose response curves relating to the two types of
dogs. The fistula dogs appear more responsive to
low doses of arachidonic acid but less responsive
to high doses than do the Heidenhain pouch dogs.
There is no obvious explanation to account for this
difference.
The delay in the response to arachidonic acid in

doses up to 200 ,ug.kg-1min-1 (Figs. 4 and 5) sug-
gests that it must undergo some kinetic or meta-
bolic process before it can inhibit acid secretion.
Concomitant administration of eicosatetraynoic
acid which produces an irreversible inhibition of the
PG synthetase system (Ahern and Downing, 1970)
causes almost complete abolition of the inhibitory
action of arachidonic acid in doses up to 200
,ig.kg-1min-1, which suggests that this action ofAA
depends on its enzymatic conversion either to prosta-
glandin(s) or an intermediate endoperoxide
(Hamberg et al., 1974). The less marked inhibition
of higher doses of arachidonic acid by eicosatetra-
ynoic acid raises the possibility that part of the effect
of the high dose may depend on mechanisms other
than the enzymatic biotransformation of arachi-
donic acid (Splawinski et al., 1973).
The uptake of arachidonic acid and its partial con-

version to prostaglandin (or possibly cyclic endo-
peroxide) suggests that it might be of value to ex-
plore the oral administration of PG precursors, as
prostaglandin deprivation such as induced by
aspirin-like drugs will lead to gastrointestinal ulcera-
tion in experimental animals. Furthermore, these in-
hibitors of PG synthesis will worsen peptic ulcer
disease in man and may be associated with other
intestinal lesions (Sturges and Krone, 1973). It is
therefore of interest to determine whether oral
administration of arachidonic acid or dihomo-y-
linolenic acid would have the opposite effect and
provide a treatment for conditions such as peptic
ulcer, as, although various PG analogues have been
shown to be orally active, satisfactory formulation
to permit their use in the clinical setting has not
yet been achieved.
The inhibition of acid secretion by pharmaco-

logical doses of the PGs and the PG precursor
arachidonic acid raises the possibility that PGs
formed endogenously might participate in a physio-
logical feedback regulation of acid secretion.
However, it is known that in man aspirin produces
no increase in gastric acid secretion (Child et al.,
1976) when given in doses large enough to inhibit
prostaglandin synthesis (Hamberg, 1972). Similar
observations have been made in rats treated with
indomethacin (Lee et al., 1971). The observation
(Fig. 6) that eicosatetraynoic acid (given in a dose

high enough to abolish the inhibitory effect of 200
jig AA.kg-lmin-1) does not significantly increase
the secretory response to an infusion of histamine,
also argues against any substantial negative feed-
back effect dependent on endogenous PG formation.
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