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SHORT COMMUNICATIONS 

Regional differences of prostaglandin Dz-sensitive adenylate cyclase activity in the 
human alimentary tract 

(Received 30 March 1979. nccepred 27 June 1979) 

In the past, most attention has been focused on prosta- 
glandins of the E- and F-type as the biologically important 
prostaglandins formed by the gastrointestinal tract [ 11. 

However, several other products of the arachidonic acid 
cascade are biologically active and, if synthesized by the 
alimentary tract, could have physiological importance. 

Recently Knapp et al. [2] presented evidence that quite 
large amounts of prostaglandin D2 are produced by whole 
cell preparations of rat stomach corpus. jejunum and colon. 
In contrast to PG Ez and PG Fz~ there IS little information 
about the gastrointestinal activity of PG D2. 

Prostaglandins of the E-type have been shown to modify 
the intracellular concentrations of adenosine-3’.5’-mono- 
phosphate (CAMP) in gastric and colonic mucosa (3-S]. 
We have investigated the effects of PG D? on the adenylate 
cyclase activities in human gastric and colonic mucosa and 
have compared the effects with PG Ez. 

METHODS AND MATERIALS 

(A) Stomach tissue was obtained by subtotal gastric 
resection from six patients suffering from peptic ulcer dis- 
ease. Scrapings of the gastric mucosa (approximately 2 g) 
were homogenized in a Teflon-glass homogenizer (Zell- 
Homogenisator, Colora-Messtechnik GmbH, Larch, 
Wiirttemberg, West-Germany) after addition of 20 ml of 
5 mM Tris-HCl buffer, pH 7.6 containing 3 mM MgClz, 
1 mM EDTA and 3 mM mercaotoethanol. The homogenate 
was filtered through a nylon mesh, washed once and assayed 
for enzyme activity. Only freshly prepared homogenates 
were used. 

(B) Biopsy specimens of normal colonic mucosal tissue 
were obtained from patients suffering from polyposis or 
cofonic neoplasia (n = 6). Biopsies of different parts of the 
colon were used in our experiments. Single biopsy con- 
tained about 0.5 mg tissue. Ten to fifteen biopsy specimens 
were combined and homogenized in 4-5 ml of 5 mM Tris- 
HCI buffer, pH 7.6, containing 3 mM M&12, 1 mM EDTA 
and 3 mM mercaptoethanol. Histological studies confirmed 
this tissue to comprise only colonic mucosa. Tissue was 
immediately chilled, subsequent preparatory steps were all 
done at 0-TC. Each patient gave his informed consent for 
the removal of biopsies. 

The adenylate cyclase activity was determined according 
to the method of Salomon et al. [6] in a linal volume of 
0.1 ml at 30”. The incubation mixture contained 2.5 mM 
Tris-HCl buffer, pH 7.5, 5 mM M&12, 20 mM creatine 
phosphate, 100 Uiml creatine phosphokinase, 1 mM 3’,5’- 
cvclic AMP, 1 mM a’2P-ATP (40-50 d.D.m./Dmolj. The . . , 
reaction was initiated by addition of 20 ~1 of homogenate 
protein (20-50 pg of protein) and terminated by addition 
of 0.1 ml of stopping solution composed of 2% (w/v) lauryl 
sulfate, 1 mM CAMP and 40mM ATP. Cyclic “‘P-CAMP 
was purified by column chromatography using Dowex AG 
50 W-X 4 and neutral alumina, as described in detail by 
Salomon et al. [6]. 

Adenylate cyclase activities were proportional to the 
amount of protein in both preparations added up to at least 
80 pg per sample. Time courses of basal and prostaglandin- 

stimulated enzyme activities were linear up to 20 min. 
When indometacin was added during the homogenization 

procedure in concentrations up to 1 pmol/l. no change of 
basal and prostaglandin-stimulated enzyme activities in 
both tissues was noted. 

The protein content of the samples was determined 
according to Lowry et al. [7] using bovine serum albumin 
as standard. Data are given as picomoles of CAMP formed 
per mg protein per 15 min. Statistical analysis was by the 
Wilcoxon-test for paired samples. 

a-3’P-ATP (2-6 Ciimmol) and ‘H-CAMP (27 Ciimmol) 
were purchased from the Radiochemtcal Centrc, Amer- 
sham, Bucks, England. 

Prostaglandin Ez and prostaglandin D? were obtained 
from the Upjohn Co., Heppenheim. F.R.G. Prostaglandin 
concentrations were diluted from an ethanolic stock sol- 
ution (10 mgiml). The solvent had no effect on enzyme 
activities in both tissues up to concentrations of 10% (v/v). 
All other chemicals and reagents were of the highest grade 
commercially available. 

Basal enzyme activity in homogenates of corpus gastric 
mucosa averaged 500 ? 200 pmol cAMP/mg protein/l5 min 
(Table 1): non-stimulated enzyme activity in biopsy speci- 
mens of colonic mucosa was 250 pmol cAMP/mg 
protein115 min (Table 1). 

The cyclase system in gastric mucosa could be stimulated 
dose-dependently by prostaglandin E2 and prostaglandin 
12 181. but not bv orostaelandin Dz. Maximal effects on . >, 
enzyme activity we;e observed at PG E?-conceptrations of 
0.28mM. PG D2, however, was ineffective in activating 
the gastric cyclase when tested over the same concentration 
range (Fig. 1A and Table 1) in the absence and presence 
of the guanine nucleotide analogue GMP (PNP). 

As opposed to the gastric mucosal enzyme, both types 
of prostaglandins were almost equipotent in stimulating the 
colonic adenylate cyclase (Fig. 1B and Table 1). An about 

Table 1. Effects of prostaglandin D2 and prostaglandin Ez 
on human adenylate cyclase activities in gastric and colonic 

mucosal homogenates 

Additions? 

Adenylate cyclase activity* 
(pmol cAMP/mg protein/l5 min) 

Gastric mucosa Colonic mucosa 

None 500 _f 160 250 +- HO 
Prostaglandin D2 520 t 170 650 ? 1 lO$ 
Prostaglandin E2 1450 2 400$ 720 ? 130$ 

* Values are mean % S.D. of six (gastric mucosa) and 
six (colonic mucosa) separate experiments respectively. 
carried out in triplicate. 

t The concentrations of prostaglandin D? and prosta- 
glandin E2 were 0.28 mM. 

$ Significantly higher than the corresponding basal 
adenylate cyclase activities (P 4 0.05). 
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Fig. 1. Effect of prostaglaudin Dz and prostaglandin Ez on the adenylate cyclase activities in human 
gastric (Fig. 1A) and colonic (Fig. IB) mucosal homogenates. 

Adenylate cyclase activity is expressed as the relative increment above basal levels. 
Basal enzyme activity in homogenates of Billroth II resection material averaged 500 prnol cAMP/mg 

prot.ll5 min; non-stimulated enzyme activity in biopsy specimens of colonic mucosa was 25tl pm01 
cAMP/mg prot.il5 min. 

A representative experiment out of six individual preparations is shown. 

l.S-2.0-fold increase of enzyme activity was observed at 
prostaglandin concentrations of 0.28 mM. Rose-response 
curves revealed that the concentrations needed for one- 
half maximal activation were approximately in the same 
range for both hormones (IO pM) (Fig. IS). When PG Ez 
and PG Dz in submaxiIlary ~n~entrations were added into 
the assay medium, the activating effects of both prosta- 
glandins were additive (not shown). 

The present study suggests that in human large bowel 
cyclic AMP is implicated as the mechanism in the response 
to prostaglandin D?. The failure to demonstrate PG Dz- 
receptor sites coupled to cyclase in human corpus mucosa 
is surprising and cannot be explained by the pathological 
resection material used in the present study: an unrespon- 
siveness of the adenylate cyclase towards PG DZ (not to 
PG E2) could also be demonstrated in histologically intact 
biopsies of the corpus and antral region of the stomach. 
Since large quantities of prostagiandin I.& are synthesized 
in the rat stomach wall [Z] our findings are compatible with 
the concept that prostagiandin Dz is acting on non-mucosal 
components of this organ. 

Our results, therefore, emphasize that prostaglandin 
receptor populations coupled to the adenylate cyclases in 
human gastn’c and cufonic mucosa are different. The pos- 
sibility exists that similar to the platelets [9] the gastroin- 
testinal mucosa of human beings contains separate and 
specific sites for prostaglandin E2 and prostaglandin Dz. 
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