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ABSTRACT. We have reported earlier that mercaptomethylimidazole (MMI), an antithyroid drug of
thionamide group, induces gastric acid secretion at least partially through the liberation of histamine, sensitive
to cimetidine. Now, we show that the drug has a significant inhibitory effect on the cyclooxygenase and
peroxidase activity of the prostaglandin (PG) synthetase of the gastric mucosal microsomal preparation. The
effect can also be mimicked by low concentrations of H,O,. While studying the possible intracellular effect of
MMI on acid secretion, a cell fraction (F;) enriched in parietal cell was isolated by controlled digestion of the
mucosa with protease. This cell fraction is activated by MMI as measured by increased O, consumption. The
activation is sensitive to omeprazole, a proton-pump inhibitor, indicating that the activation is due to increased
acid secretion by MMI. MMI was also found to directly inhibit the peroxidase activity of the F; cell fraction and
may thus increase the intracellular level of H,O,. The cyclooxygenase activity of the PG synthetase of the F;
cell fraction is also inhibited by MMI and the effect can be reproduced by low concentrations of H,O,. Both
MMI and H,O, can also inhibit the peroxidase activity of the PG synthetase. We suggest that in addition to the
activation of the parietal cell by MMI possibly through endogenous H,O,, MMI induces acid secretion in vivo
by inactivating the PG synthetase thereby inhibiting the biosynthesis of PG and removing its inhibitory
influence on acid secretion so that the histamine released by MMI can stimulate acid secretion with maximum
efficiency. BIOCHEM PHARMACOL 56;7:905-913, 1998. © 1998 Elsevier Science Inc.
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Gastric acid (HCI) secretion is stimulated by several phys- Among various effectors, PGt is known to play an
iological secretagogues such as histamine, acetylcholine important role in the regulation of gastric acid secretion.
and gastrin which act through the specific receptor on the PG E, inhibits histamine stimulated acid secretion via the
parietal cell [1]. The stimulus-secretion coupling takes place inhibitory GTP binding protein (G,) of the adenylate
through the involvement of a second messenger such as cyclase [8—10]. Enzymes responsible for the biosynthesis
cAMP, Ca’* or inositol trisphosphate which activates and degradation of the PGs have been identified in the
various cellular protein kinases [2]. The message is trans- epithelial wall of the stomach. It is now well established
mitted to the terminal proton pumping H"-K*-ATPase at that PG acts as a natural inhibitor of acid secretion and
the apical membrane which actively transports H in stimulator of cytoprotection against various damaging fac-
exchange with K™ [3, 4]. The molecular mechanism of the tors causing gastric ulceration [11]. PG is synthesised from
stimulus-secretion coupling has not been fully resolved yet. arachidonic acid by PG endoperoxide synthase having two
However, various cellular and cytoskeletal proteins might enzymatic activities [12]. The initial step is the oxygenation
play an important role in the regulation of gastric acid of arachidonic acid catalysed by the COX part of the PG
secretion [5-7]. synthetase yielding PGG, which is subsequently reduced to

PGH, by the peroxidase part of the enzyme. Recently, de
novo synthesis of the enzyme has been shown in guinea pig

* Corresponding author: R. K. Banerjee, Tel. +91-33-4733491; FAX:

+91-33.4730284. +91-33-4735197. gastric mucous cells [13]. The enzyme exists in two forms—
T Abbreviations: COX, cyclooxygenase; ESA, eicosatrienoic acid; GPO, COXI and COXII. COXI is a constitutive enzyme while
gastric peroxidase; HBSS, Hank’s balanced salt solution; MMI, mercap- COXII is inducible and found only in a limited number of

tomethylimidazole; NSAIDs, teroidal anti-infl tory drugs; and . L . . .
P%neprgstlgl diz(irf > fonsteroldal anti-infiammatory: drugs an cells involved in inflammation and proliferation [14]. Both
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inhibit PG biosynthesis and stimulate acid secretion by
inhibiting the activity of the PG synthetase [16]. Apart
from the NSAIDs, we have shown that MMI, an antithy-
roid drug of thionamide group acts as a potent inducer of
gastric acid secretion [17]. MMI-induced acid secretion is
partially sensitive to cimetidine, the H,-receptor blocker
whereas it is almost completely blocked by omeprazole, an
established inhibitor of the H"-K™-ATPase [17]. Although
MMI stimulates histamine release which accounts for the
cimetidine sensitivity [18], the partial inhibition by cime-
tidine also indicates possible involvement of some intracel-
lular site of action of MMI. While studying the mechanism,
MMI induced acid secretion was found to be correlated
with the inhibition of the GPO [19, 20] which is located
mainly in the parietal cell [20] and is involved in the
scavenging of the endogenous H,O, [21]. Further studies
indicated that MMI inactivates the purified GPO by acting
as a suicidal substrate [22] and may thus help in the
accumulation of endogenous H,O,. We have also shown
recently that MMI can directly inactivate the parietal cell
peroxidase and catalase activity [23] and exogenous H,0O,
at low concentration can induce acid secretion in isolated
gastric mucosal preparation as well as in the gastric gland
[23]. We suggested that MMI induced acid secretion is
mediated through endogenous accumulation of H,O,
which probably acts like a second messenger to activate
signal transduction mechanism [23]. As PG synthetase
plays an important role in controlling acid secretion by
generating PG, possibility exists that either MMI or H,0O,
may directly inhibit this enzyme to stimulate acid secretion
optimally by histamine released by MMI [18]. From the
results presented in this communication, we suggest that
MMI induced acid secretion by liberated histamine in vivo
[18] occurs optimally by inactivation of the PG synthetase
either directly or indirectly through increased intracellular
level of H,0O, following peroxidase inhibition.

MATERIALS AND METHODS
Materials

Protease (type XIV), thiobarbituric acid, porcine pepsin,
epinephrine, eicosatrienoic acid, BSA, histamine and MMI
were purchased from Sigma. HBSS was prepared according
to the instruction of the Life Technologies manual. Ome-
prazole was a gift from Dr. W. Beil of Medizinische
Hochschule, Hannover, Germany. All other reagents used
were of analytical grade.

Methods

PREPARATION OF MITOCHONDRIAL FRACTION FROM MOUSE
STOMACH FOR THE ASSAY OF PEROXIDASE ACTIVITY. Fundic
stomachs from Balb/c mice (20-25 g) of Institute inbred
strain were minced and a 5% homogenate was prepared by
homogenising in a motor-driven Potter—Elvehjem glass ho-
mogeniser for 60 sec in a solution containing 0.25 M sucrose
and 50 mM potassium phosphate buffer pH 7.2. The homog-
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enate was centrifuged at 1000 g for 10 min to remove cell
debris and nuclear fraction and the supernatant was recentri-
fuged at 10,000 g for 10 min in a Sorvall RC5B refrigerated
centrifuge to obtain the mitochondrial fraction. The pellet
was suspended in 1 mL of the sucrose-phosphate buffer and
peroxidase activity was assayed by following the formation of
[5 at 353 nm using iodide as an electron donor [19]. The assay
system contained in a final volume of 1 mL; 50 mM sodium
acetate buffer pH 5.2, 1.7 mM KI and a suitable amount of
enzyme preparation. H,O, (0.3 mM) was added last to start
the reaction. Results were expressed either as total activity
(AOD/min of total protein) or specific activity (AOD/min/mg
of protein). This fraction has no significant PG synthetase
COX activity as measured by O, consumption in presence of
ESA (described below) indicating that mitochondrial perox-
idase [19] is not contributed by the PG synthetase peroxidase.

PREPARATION OF MICROSOMAL FRACTION FROM MOUSE
STOMACH FOR THE ASSAY OF PG SYNTHETASE ACTIVITY.
Microsomal fraction was prepared from fundic stomach of
12 mice as described previously [24]. Briefly, fundic stom-
achs were minced and homogenised in 30 mL of 50 mM
potassium phosphate buffer pH 7 for 60 sec. The homoge-
nate was centrifuged at 10,000 g for 15 min. The super-
natant was further centrifuged at 105,000 g for 60 min.
The microsomal pellet was suspended in 1 mL of 10 mM
potassium phosphate, buffer pH 7 and was used immediately
for the assay of PG synthetase activity. PG synthetase has
both COX and peroxidase activity [24—26]. The peroxidase
activity of the enzyme was measured spectrophotometri-
cally as described [26]. The reaction mixture contained in a
final volume of 1 mL: 50 mM Tris-HCI buffer pH 8, 1 mM
epinephrine and a suitable amount of the microsomal
protein. Auto-oxidation of epinephrine was minimised by
the inclusion of 1 mM EDTA. The reaction was started by
the addition of H,O, (0.5 mM) and the activity was
measured by recording the increase in absorbance at 480
nm due to formation of adrenochrome. Results were ex-
pressed as nmol of adrenochrome formed/min/mg of pro-
tein. The COX activity was measured in a Gilson oxygraph
by monitoring the oxygen consumption [25] following
cyclooxygenation of ESA. The reaction mixture contained
0.2 M Tris-HCI buffer pH 8, 0.5 mM epinephrine and a
suitable volume of the enzyme preparation. The reaction
was started by adding 75 pg of ESA. The initial rate of O,
consumption was expressed as nmol of O, consumed/
min/mg of protein. The microsomal fraction has no signif-
icant peroxidase activity as measured by highly sensitive
iodide oxidation assay [19] and hence the peroxidase
activity as measured by epinephrine oxidation [26] is
contributed by the PG synthetase.

PREPARATION OF DISPERSED CELL SUSPENSION FROM STOM-
AcH. Dispersed cell suspension from mouse stomach was
prepared after modification of previous method [27, 28].
The fundic stomachs of eight mice were rinsed with chilled
oxygenated HBSS, pH 7.4, the mucosa were pooled,
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minced well, washed with HBSS and transferred to a
double-walled glass chamber (for water circulation at a
constant temperature) containing 12 mL of HBSS
(NaHCO;-Ca®*) with 0.1% BSA and 0.5 mg/mL of pro-
tease (type XIV). The tissue was digested by slow stirring
with constant oxygenation. After 30 min, the tissue was
allowed to settle. The supernatant was decanted through
nylon mesh and centrifuged at 4,000 g for 1 min. The
resulting cell pellet was washed with oxygenated HBSS
twice to remove adhering protease and termed as F,
fraction. The remaining tissue was resuspended in 12 mL of
HBSS with 0.1% BSA and 0.5 mg/mL of protease and
digested for a further 45 min. The whole process was
repeated as above to give a cell suspension designated as F,.
The remaining tissue was similarly processed for another 2
hr. The resulting cell fraction was termed as F; fraction.
Each cell fraction was suspended in oxygenated HBSS and
kept at room temperature for 30 min for further studies. The
viability of the cell was checked by dye exclusion using
trypan blue. Both viability and cell count were done in a
phase contrast microscope with a magnification of X400.

O, CONSUMPTION OF THE ISOLATED CELL. Activation of
cell was measured by O, consumption according to the
method of Berglindh [29]. After 30 min of incubation at
37°,10° cells were added in a final volume of 2 mL of HBSS
with BSA (0.1%) and calcium (1 mM) to the flask of the
Gilson oxygraph and O, consumption was measured in
presence and absence of the desired agent as described in the
legend of each table and figure. Consumption of O, was
expressed as nmol of O, consumed per min per 10° cells.

ESTIMATION OF CELLULAR MUCIN. The cell fractions were
suspended in 0.1 N H,SO, and sonicated at low energy
(two pulses of 10-sec duration). The fractions were heated
at 80° for 1 hr to release the bound sialic acid which was
estimated with thiobarbituric acid assay method [30].
Briefly, to 0.2 mL of the sample was added 0.1 mL of 0.2
mM periodate solution and shaken well. This was allowed
to stand at room temperature for 20 min followed by the
addition of 1 mL of 10% arsenite solution. It was shaken
until the yellow brown colour disappeared. To this was
added 3 mL of 0.6% thiobarbituric acid, shaken and heated
in a boiling water bath for 15 min. To it, 4.3 mL of
cyclohexanone was added, shaken well and centrifuged for
3 min at 1,000 g. The optical density of the clear upper
phase was read at 549 nm. The amount of sialic acid was
determined from a standard curve and expressed as total
mucin content per mg of cell protein.

CELLULAR PEPSIN ACTIVITY. Cells of each fraction were
homogenised in 50 mM potassium phosphate buffer pH 7.4
after freeze-thawing twice. The homogenate was centri-
fuged at 15,000 g for 10 min and the supernatant was used
for the pepsin assay [31]. An aliquot (0.1 mL) was incu-
bated with 0.2 N HCl and 0.06 M KClI in presence of 1 mL
of 2.5% BSA in a total volume of 2 mL for 30 min at 37°.
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FIG. 1. Effect of varying concentrations of MMI on the PG
synthetase (COX) activity of the microsomal fraction of mouse
stomach. COX activity was calculated from the initial rate of O,
consumption in absence and presence of varying concentrations
of MMI. Inset shows the typical oxygraphic tracings in absence
or presence of MMI. The result is from a representative
experiment and has been verified by two more experiments.

The protein was precipitated with 2 mL of 0.3 M TCA and
kept in ice bath for 30 min. The precipitate was removed by
filtration through Whatman 3 MM paper. The clear filtrate
containing small peptides was assayed at 280 nm as a measure
of pepsin activity. The result was expressed as units of pepsin
activity, using porcine pepsin as a standard. The specific
activity was expressed as units/mg of protein. Protein was
estimated according to the method of Lowry et al. [32].

STATISTICAL EVALUATION. All the data were presented as
the mean * SEM. Significance was calculated from Stu-
dent’s t-test.

RESULTS
Effect of MMI on Gastric Mucosal PG Synthetase
Activity

As PG acts as a natural inhibitor of acid secretion, the
effect of MMI was studied on the PG synthetase activity of

TABLE 1. Comparison of the effect of MMI with
indomethacin—a COX inhibitor of the PG synthetase

PG synthetase COX activity
nmol O, consumed/min/mg

Control 38 +5.0
+ MMI 100 uM 10+ 1.5
+ Indomethacin 100 uM 8+ 1.0

The PG synthetase COX activity of the gastric mucosal microsomal fraction was
determined by O, consumption in absence or presence of MMI or indomethacin as
described in the text. The enzyme was incubated with the indicated concentration of
the reagent for 5 min in the oxygraph vessel before the addition of eicosatrienoic acid
and epinephrine.
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FIG. 2. Effect of varying concentrations of MMI on the PG
synthetase-peroxidase activity of the microsomal fraction of
mouse stomach. The activity was measured by the formation of
adrenochrome at 480 nm in presence of varying concentrations
of MMI as indicated. The result is from a representative
experiment and has been verified by two more experiments.

the gastric mucosal microsomal fraction (Fig. 1). The inset
shows the oxygraphic tracing of O, consumption in pres-
ence of varying concentrations of MMI. MMI directly
inhibits the COX activity in a concentration-dependent
manner with 1C55 of 30 uM and showing nearly 70%
inhibition with 80 uM. When compared (Table 1), MMI
was found to be almost as effective as indomethacin, an
established inhibitor of the COX activity of the PG
synthetase [26]. Figure 2 shows that peroxidase activity of
the PG synthetase of the same microsomal fraction is also
inhibited by MMI. Nearly 75% inhibition was observed
with 0.1 mM MMI with 1C54 of 50 pM. As MMI inactivates
the peroxidase-catalase system of gastric mucosa [22, 23]
and should increase the endogenous H,O, level, the pos-
sible role of H,O, on the PG-synthetase activity was
therefore studied. The result (Fig. 3 and the inset) shows
that COX activity of the PG synthetase gradually decreased
with increasing concentration of H,O, with 1c54 of 6.3 uM
and showing almost complete inhibition with 20 WM.
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FIG. 3. Effect of varying concentrations of H,O, on the PG
synthetase-COX activity of the microsomal fraction of mouse
stomach. The enzyme was preincubated with the indicated
concentrations of H,O, for 5 min before assaying the rate of O,
consumption. The inset shows the results of the typical oxy-
graphic records in absence and presence of H,O, and have been
verified by two more experiments.

Effect of MMI on the Isolated Parietal Cell

In order to study the intracellular mechanism of action,
MMI effect was studied on the parietal cell isolated from
the gastric mucosa. During sequential enzymatic digestion
of the fundic mucosa, three cell fractions (F;, F, and F;)
were isolated (Table 2). Mucin secreting cell, chief cell and
parietal cell were judged by mucin content, pepsin activity
and histamine-stimulated O, consumption, respectively. As
revealed in Table 2, F,, F, and F; fractions are functionally
distinct. F; had a yield of 2 X 10° cells/stomach and was
enriched with the surface epithelial cell secreting mucin. F,
had an yield of 6 X 10° cells/stomach and contained a
mixture of chief cell, a few surface epithelial cell and some
parietal cell. These fractions did not show significant
histamine-stimulated O, consumption. F; had an yield of
1.4 X 10° cells/stomach of which the majority were large
(15 ) and readily identifiable as parietal cell as judged by
established morphological criteria by their comparatively

TABLE 2. Differentiation of the three fractions of dispersed cell suspension from mouse gastric mucosa by biochemical indices

Consumption/
Mucin Content Pepsin min/10° cells 0,
Cell Total ng/ Total activity Specific activity —Hist +Hist
fraction (ng) mg*# (units) unit/mg** 107* M
F, 1.6 6.4 5.5 3.2 1.65 = 0.4 1.85+0.3
F, 1.8 3.1 4.2 8.2 1.56 £ 0.7 2.00 = 0.7
F; 53 34 13 8.1 2.15 = 0.86 3.8 £1.2%

The cells from the fractions were processed and measured for either mucin content or pepsin activity as described in Materials and Methods. For O, consumption studies, cells
were added to the incubation cell of the oxygraph, containing HBSS (pH 7.4) and 1 mM Ca®™" as described under Materials and Methods. The data of mucin and pepsinogen

content are the mean of two experiments. O, consumption study is the mean of 4 separate experiments.

*P < 0.05; **mg of cell protein.
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FIG. 4. Effect of histamine and MMI on oxygen consumption in
F; cell fraction. F; cell fraction was obtained as described under
Materials and Methods. Oxygen consumption was expressed as
the mean percentage stimulation by histamine or MMI above the
basal value = SEM. The concentration of omeprazole used was
100 pM. *P < 0.01; **P < 0.02; N = 3.
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larger diameter, concentric nuclei and eosinophilic cyto-
plasm. Predominance of parietal cell was observed in F;
fraction as shown by its significant stimulation of O,
consumption by histamine. The purity of the parietal cell in
this fraction is about 60%. It could not be purified further
by density gradient centrifugation due to low yield. As
parietal cell is activated during secretagogue-stimulated
acid secretion as shown by increased O, consumption [29],
the ability of the F;5 cell fraction to respond to histamine or
MMI was first investigated. As shown in Fig. 4, F5 cell
fraction showed increased O, consumption when activated
by histamine and O, consumption is significantly reduced
by prior incubation with omeprazole (panel A). The cells,
however, respond better than histamine when incubated
with varying concentrations of MMI (panel B). This is due
to acid secretion as revealed by its sensitivity to omeprazole.
The result indicates that MMI can directly activate the
parietal cell population of the F; fraction for acid secretion.

Effect of MMI and H,O, on Peroxidase and PG
Synthetase Activity of the F5 Cell Fraction

MMI has been shown to be an established inhibitor of GPO
[20, 22, 23]. The enzyme is highly enriched in F; cell
fraction showing highest specific activity and having 65—
75% of total activity (Table 3). Assay of the mitochondrial
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FIG. 5. Effect of varying concentrations of MMI on GPO
activity of the mitochondrial fraction of the F; cells. Peroxidase
activity was measured by following the formation of 15 at 353
nm in absence or presence of varying concentrations of MMI.
The result presented is from a typical experiment and has been
verified by two more experiments.

Peroxidase activity (AOD/min/mg)

peroxidase activity of the F5 cell fraction with MMI shows
concentration dependent inhibition of the enzyme activity
(Fig. 5) which is 95% inhibited by 32 puM MMI with an 1c5,
value of 7 wM. These three cell fractions also showed
significant PG synthetase COX activity in the microsomal
fraction as revealed by O, consumption (Table 4). F, cells
contain the highest enzyme activity followed by F5 and F,
fractions. Figure 6 shows the effect of MMI on the COX
activity of the F; cell fraction. The result indicates that
MMI can directly inhibit the COX activity in a concen-
tration-dependent manner showing an 15, value of 20 pM
whereas nearly 80% loss of activity occurs with 100 M
MMI. The inset show the oxygraphic tracing of O, con-
sumption in absence and presence of MMI. As inactivation
of peroxidase by MMI should increase intracellular level of
H,0O, (catalase activity of this cell fraction is very low), the
effect of latter was also studied on the microsomal PG
synthetase activity of the F; cell fraction. As shown in Fig.
7, preincubation with H,O, causes a concentration-depen-
dent irreversible inactivation of the COX part of the
enzyme which shows an 1Csy value at 4 wM. The inset
shows the rate of O, consumption in absence or presence of
H,0O,. Besides COX, the peroxidase activity of the micro-
somal PG synthetase of the F; cells is also inhibited by both
MMI and H,O, (Table 5). Mercaptomethylimidazole 100
M or preincubation with 20 puM H,0O, can cause around

TABLE 3. GPO activity in the three fractions of dispersed cell suspension from mouse gastric mucosa

Specific activity AOD/min/mg

Total activity

Experiment F, F, F; F, F, F,
1 3.7 7.2 20 11.5 9 40
2 12 14 92.8 28 16 120
3 3 4 11.1 10.6 6 30

The cells of the three fractions F;, F, and F; were homogenised after freeze-thawing. GPO activity of the homogenate was measured as described under Materials and Methods.
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TABLE 4. PG synthetase (COX) activity in dispersed cells of
mouse gastric microsomal fraction

nmol O, consumed/min/mg N
F, 68.95 = 12.7 4
F, 288.5 = 21.7 4
F, 206.0 + 25.7 4

PG synthetase (COX) activity of microsomal fraction of F;, F, and F; fractions of
cells was calculated from the initial rate of O, consumption as described in Materials
and Methods.

95% inactivation of the peroxidase part of the PG syn-
thetase. The H,0, effect seems to be specific to the
peroxidase part of the PG synthetase as preincubation of
mitochondrial peroxidase with 20 puM H,0O, alone has no
significant effect (data not shown). Moreover, GPO and
PG synthetase peroxidase are two entirely different entity
as evidenced by differential sensitivity to MMI (Table 6),
GPO being more sensitive than PG synthetase peroxidase.
Moreover, H,O,-preincubated microsomal fraction does
not show any significant peroxidase activity [19] indicating
that microsomal peroxidase activity is not contributed by
the contaminated mitochondria. Thus two peroxidase ac-
tivities studied here are contributed by two different en-
zymes.

DISCUSSION

The present study indicates that MMI has a direct activat-
ing role on the parietal cell to stimulate acid secretion by
some intracellular mechanism. We have shown earlier that
MMI can directly stimulate acid secretion in witro in frog
gastric mucosa in Ussing chamber experiment, even after
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FIG. 6. Effect of varying concentrations of MMI on PG syn-
thetase COX activity of the microsomal fraction of F; cells. O,
consumption was monitored in absence or presence of varying
concentrations of MMI as indicated. The inset shows the typical
oxygraphic records and the result has been verified by two more
experiments.
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FIG. 7. Effect of varying concentrations of H,O, on the PG
synthetase-COX activity of the microsomal fraction of F; cells.
The procedure was same as described in Fig. 3 except that the
microsomal fraction of the F; cells were preincubated with
H,O0, for 5 min before monitoring the O, consumption. Inset
shows the typical tracing of the O, consumption in absence or
presence of H,O,. This is a representative experiment and has
been verified by two more experiments.

addition of histamine to saturate the H, receptor [18§]
indicating that it might work through some intracellular
mechanism. MMI effect could also be mimicked with low
concentration of H,O, to stimulate acid secretion in
isolated rat gastric mucosa [23]. As MMI is a potent

TABLE 5. PG synthetase (peroxidase) activity of microsomal
fraction of F; cells from mouse stomach

nmol adrenochrome/min/mg

F, 458 + 48
F, + MMI 100 pM 20 * 3
F, + H,0, 20 pM* 13+2

PG synthetase (peroxidase) activity was measured by the formation of adrenochrome
at 480 nm as described under Materials and Methods.
*Preincubated for 5 min.

TABLE 6. MMI-sensitivity to gastric peroxidase and PG
synthetase-peroxidase

IC5, ICg0_o5
MMI MMI
Gastric mucosal 7.5 puM 32 uM
peroxidase
Gastric mucosal PG 50 M 110 pM
synthetase
peroxidase
F; cell peroxidase 7 M 32 uM
F; cell PG synthetase 45 puM 100 pM
peroxidase

Assay of GPO activity and PG synthetase peroxidase activity with varying concen-
trations of MMI has been described in the text. IC5 and 1Cgq_g5 value was determined
from the concentration-dependent activity curve.
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inhibitor of GPO-catalase system [20, 22, 23], we postulated
that the effect might be mediated through increased level of
intracellular H,O, which might act like a second messenger
[23]. As PG acts as a natural inhibitor of acid secretion [9,
10], it was thought interesting to investigate whether
increased acid secretion by MMI in vivo is due to decreased
biosynthesis of PG by PG synthetase. The present study
indicates that MMI itself acts as an inhibitor of the
PG-synthetase and the effect can be mimicked by H,O,
also. The in vitro studies also indicate that MMI is a potent
inhibitor of the peroxidase activity of the F; fraction
enriched in parietal cell. Thus increased accumulation of
intracellular H,O, following peroxidase inactivation by
MMI is a possibility. Because catalase activity in the
parietal cell is very low and is also inactivated by MMI [23],
the accumulated H,0O, would not be easily metabolized and
may thus affect the cellular function. As PG synthetase is a
hemoprotein having heme as a prosthetic part and showing
intrinsic peroxidase activity [33], it is more likely that MMI
might interact close to the heme moiety to show inactiva-
tion as previously shown for GPO [22] or lactoperoxidase
[34]. The mechanism of inhibition of the COX activity of
the PG synthetase is not clear yet. Hydroperoxides have
been suggested to inhibit the PG synthetase activity [35—
37]. H,0O, may also block the COX activity of this enzyme,
as shown in cultured porcine aortic endothelial cells [38].
Production of hydroxyl radical (OH’) from H,O, by metal-
catalyzed Haber—Weiss reaction [39] may also be involved
in the inactivation of COX by H,O, [40]. However, further
studies are required to prove this. Whatever the mechanism
of inactivation of the PG synthetase might be, H,O, is also
able to stimulate acid secretion not only in isolated gastric
mucosa but also in gastric gland preparation [23]. Attempts
were made to demonstrate this effect on the isolated
parietal cell, but the result was not impressive because the
isolated cell is highly susceptible to the damaging action of
H,0, when added from outside.

Although H,O, can directly inhibit the PG-synthetase
activity of the parietal cell, its possible role in intracellular
Ca’* mobilization [41] or activation of the protein kinase
C [42] to stimulate the intracellular signal transduction
mechanism for acid secretion cannot be excluded. Evidence
is accumulating on the role of intracellular H,O, in the
regulation of various cellular functions [43—46]. Moderate
concentration of intracellular H,O, and cellular redox state
has significant role in gene expression and post-transla-
tional modification of proteins [47]. A new concept is
emerging that H,O, may act as a signal transduction
messenger and affect the critical steps in the signal trans-
duction cascade thereby affecting the basic events of
cellular regulation [42]. It is thus more likely that MMI-
induced acid secretion is caused at least partially through
the elevation of intracellular H,O, affecting the signal
transduction mechanism of the parietal cell.

We have shown earlier that MMI stimulates acid secre-
tion in vivo through the liberation of histamine [18], which
is sensitive to cimetidine [17]. As histamine-stimulated acid
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secretion should occur at an optimum rate with concomi-
nant removal of the inhibitory influence of G, protein on
the adenyl cyclase system and regulated by PG [8-10, 48],
it was thought interesting to investigate whether MMI can
inhibit the PG-synthetase activity; inhibit PG biosynthesis,
and stimulate acid secretion by liberated histamine [18].
Our studies indicate that all the cell fractions isolated from
stomach contain the PG synthetase although the activity is
high in F, and F; fractions. PG synthetase is an ubiquitous
enzyme. Its high activity in the parietal cell-enriched
fraction (F;) is expected and the endogenous PG will be
suitable to modulate the H,-receptor-stimulated adenylate
cyclase activity through the G, protein. PG apparently
binds to the G, protein causing a decrease in the adenylate
cyclase activity through the dissociation of G, from the
heterotrimer G;afy [49]. Thus G, activation leads to
decreased adenylate cyclase activity controlling cAMP
synthesis. Our studies indicate that MMI itself inhibits the
PG-synthetase activity probably by interacting with its
peroxidase part. If the peroxidase part is inactivated, there
will be a build-up of 15-hydroperoxide of the PGG, [25] as
an intermediate which will inactivate the enzyme and
inhibit PG synthesis. Thus after administration of MMI,
the inhibitory influence of PG on the adenylate cyclase
system should be withdrawn leading to increased acid
secretion by the liberated histamine by MMI [18]. We
suggest that MMI stimulates acid secretion in vivo partially
through the activation of the H, receptor by the release of
histamine [18] with concurrent inhibition of the PG-
synthetase activity as well as through the inhibition of the
GPO-catalase system [23] leading to the accumulation of
intracellular H,O,. As H,O, itself can also inactivate the
PG-synthetase, it appears that MMI either directly or
indirectly through the higher level of endogenous H,O,
inactivates the PG synthetase in vivo and stimulates acid
secretion through decreased biosynthesis of PG. However,
inhibition of PG-synthetase activity by MMI may not be
the cause of activation of the parietal cell by MMI in vivo as
observed by increased O, consumption. This direct activa-
tion may be explained due to possible elevation of the
intracellular H,0, following inhibition of the peroxidase
activity of the parietal cell. Endogenous H,O, may stimu-
late signal transduction mechanism presumably through
intracellular Ca?™ mobilization [41] or activation of the
protein kinase C [42]. However, this is a speculation and
should be substantiated by direct measurement of the
intracellular H,O, under the influence of MMI. Works are
in progress for direct measurement of the intracellular H,O,
and its possible role in the activation of the parietal cell
through signal transduction mechanism.

Mrinalini Bhattacharjee gratefully acknowledges the receipt of Senior
Research Fellowship from the Council of Scientific and Industrial
Research, New Delhi.




912

References

1.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

Sanders M] and Soll AH, Characterisation of receptors
regulating secretory function in the fundic mucosa. Ann Rev
Physiol 48: 89101, 1986.

. Hanson PJ and Hatt JF, Intracellular signalling and regulation

of gastric acid secretion. Q J Exp Physiol 74: 607-634, 1989.

. Rabon EC and Reuben MA, The mechanism and structure of

the gastric HT-K*-ATPase. Ann Rev Physiol 52: 321-344,
1990.

. Besancon M, Shin JM, Mercier F, Munson K, Miller M,

Hersey S and Sachs G, Membrane topology and omeprazole
labelling of the gastric H*-K*-adenosine triphosphatase.
Biochemistry 32: 2345-2355, 1993.

. Cuppoletti ] and Malinowska DH, Cytoskeletal determinants

of control of gastric acid secretion. Prog Clin Biol Res 258:

23-35, 1988.

. Albert KA, Walaas SI, Wang JKT and Greengard P, Wide-

spread occurrence of 87 KDa, a major specific substrate for
protein kinase C. Proc Natl Acad Sci USA 83: 2822-2826,
1986.

. Chew CS and Brown MR, Histamine increases phosphoryla-

tion of 27 and 40 KDa parietal cell proteins, Am J Physiol 253:
823-829, 1981.

. Soll AH, Mechanisms of action of antisecretory drugs: studies

on isolated canine fundic mucosal cells. Scand ] Gastroenterol
21: 1-6, 1986.

. Rosenfeld GC, Prostaglandin E, inhibition of secretagogue-

stimulated ["*C] aminopyrine accumulation in rat parietal
cells: a model for its mechanism of action. ] Pharm Expt
Therap 237: 513-518, 1986.

Choquet A, Magous R and Bali JP, Gastric mucosal endoge-
nous prostanoids are involved in the cellular regulation of
acid secretion from isolated parietal cells. ] Pharmacol Exp
Ther 266: 1306-1311, 1993.

Miller TA, Protective effects of prostaglandins against gastric
mucosal damage: Current knowledge and proposed mecha-
nisms. Am J Physiol 235: G601-G623, 1983.

Samuelsson B, Goldyne M, Granstrém E, Hamberg M, Ham-
marstrom S and Malmsten C, Prostaglandins and thrombox-
anes. Ann Rev Biochem 47: 997-1029, 1978.

Nakano O, Sakamoto C, Matsuda K, Konda Y, Matozaki T,
Nishisaki H, Wada K, Suzuki T, Uchida T, Nagao M and
Kasuga M, Induction of cyclooxygenase protein and stimula-
tion of prostaglandin E, release by epidermal growth factor in
cultured guinea pig gastric mucous cells. Dig Dis Sci 40:
16761686, 1995.

Vane JR, Mitchell JA and Appleton I, Inducible isoforms of
cyclooxygenase and nitric oxide synthase in inflammation.
Proc Natl Acad Sci USA 91: 2046-2050, 1994.

Fletcher BS, Kujubu DA, Perrin DM and Herschman HR,
Structure of the mitogen-inducible TIS 10 gene and demon-
stration that the TIS 10 encoded protein is a functional
prostaglandin G/H synthase. ] Biol Chem 267: 4338—-4344,
1992.

Vane JR, Inhibition of prostaglandin synthesis as a mecha-
nism of action for aspirin like drugs. Nat New Biol 231:
232-235, 1971.

Bhattacharjee M, Bose AK and Banerjee RK, Histamine H,
receptor mediated stimulation of gastric acid secretion by
mercaptomethylimidazole. Biochem Pharmacol 38: 907-914,
1989.

Banerjee RK, Das PK and Bhattacharjee M, Gastric peroxi-
dase and its role in cellular control of gastric acid secretion.
In: Biological oxidation systems (Eds. Reddy CC, Hamilton GA
and Madyastha KM), Vol 1: pp. 505-513. Academic Press
Inc, San Diego, California, 1990.

Banerjee RK and Datta AG, Gastric peroxidase—localization

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

M. Bhattacharjee et al.

catalytic properties and possible role in extrathyroidal thyroid
hormone formation. Acta Endocrinol 96: 208214, 1981.
Bandyopadhyay U, Bhattacharyya DK, Chatterjee R and
Banerjee RK, Localisation of gastric peroxidase and its inhi-
bition by mercaptomethylimidazole, an inducer of gastric acid
secretion. Biochem ] 284: 305-312, 1992.

Das D, De PK and Banerjee RK, Thioyanate, a plausible
physiological electron donor of gastric peroxidase, Biochem |
305: 59-64, 1995.

Bandyopadhyay U, Bhattacharyya DK and Banerjee RK.
Mechanism-based inactivation of gastric peroxidase by mer-
captomethylimidazole. Biochem ] 296: 7984, 1993.
Bandyopadhyay U, Chatterjee R, Chakraborty TK, Ganguly
C, Bhattacharyya DK and Banerjee RK, Activation of parietal
cell by mercaptomethylimidazole—A novel inducer of gastric
acid secretion. Biochem Pharmacol, 54: 241-248, 1997.
Miyamoto T, Yamamoto S and Hayaishi O, Prostaglandin
synthetase system—resolution into oxygenase and isomerase
components. Proc Natl Acad Sci USA 71: 3645-3648, 1974.
Vander Ouderaa FJ, Buytenhek M, Nugteren DH and Van
Dorp DA, Purification and characterisation of prostaglandin
endoperoxide synthetase from sheep vesicular glands. Biochim
Biophys Acta 487: 315-331, 1977.

O’Brien PJ and Rahimtula A, The possible involvement of a
peroxidase in prostaglandin biosynthesis. Biochem Biophys Res
Commun 70: 832-838, 1976.

Banerjee RK, Bose AK, Chakrabroty TK and Datta AG,
Peroxidase catalysed iodotyrosine formation in dispersed cells
of mouse extrathyroidsl tissues. ] Endocrinol 106: 159-165,
1985.

Romrell L], Coppe MR, Munro DR and Ito S, Isolation and
separation of highly enriched fractions of viable mouse gastric
parietal cells by velocity sedimentation. ] Cell Biol 65:
428-435, 1975.

Berglindh J, Effect of common inhibitors of gastric acid
secretion on secretagogue-induced respiration and aminopy-
rine accumulation in isolated gastric glands. Biochim Biophys
Acta 464: 217-233, 1977.

Warren I, The thiobarbituric acid assay of sialic acids. ] Biol
Chem 234: 1971-1975, 1959.

Schlamowitz M and Peterson LU, Studies on the optimum pH
for the action of pepsin on native and denatured bovine serum
albumin and bovine haemoglobin. J Biol Chem 234: 3137—
3145, 1959.

Lowry OH, Rosebrough NJ, Farr AL and Randall R], Protein
measurement with the folin phenol reagent. J Biol Chem 193:
265-275, 1951.

Vander Ouderaa FJ, Buytenhek M, Slikkerveer F] and Van
Dorp DA, On the haemoprotein character of prostaglandin
endoperoxide synthetase. Biochim Biophys Acta 572: 29-42,
1979.

Bandyopadhyay U, Bhattacharyya D, Chatterjee R and Ban-
erjee RK, Irreversible inactivation of lactoperoxidase by
mercaptomethylimidazole through generation of a thiyl radi-
cal: its use as a probe to study the active site. Biochem ] 306:
751-757, 1995.

Ham EA, Egan RW, Soderman DD, Gale PH and Kuehl FA,
Peroxidase dependent deactivation of prostacyclin synthetase.
] Biol Chem 254: 2191-2194, 1979.

Whorton AR, Montgomery ME and Kent RS, Effect of
hydrogen peroxide on prostaglandin production and cellular
integrity in cultured porcine aortic endothelial cells. J Clin
Invest 76: 295-302, 1985.

Taylor L, Menconi M] and Polgar P, The participation of
hydroperoxides and oxygen radicals in the control of prosta-
glandin synthesis. ] Biol Chem 258: 6855-6857, 1983.
Buckley BJ, Kent RS and Whorton RA, Regulation of



Mercaptomethylimidazole Inhibits Prostaglandin Synthetase

39.

40.
41.

42.
4.
4.

endothelial cells prostaglandin synthesis by glutathione. J Biol
Chem 266: 16659-16666, 1991.

Halliwell B and Gutteridge JMC, Role of free radicals and
catalytic metal ions in human disease: an overview. Methods
Enzymol 186: 1-85, 1990.

Babior B, The respiratory burst of phagocytes. J Clin Invest 73:
599-601, 1984.

Trump BF and Berezesky 1K, The role of cytosolic Ca*™ in
cell injury, necrosis and apoptosis. Curr Opin Cell Biol 4:
227-232, 1992.

Sen CK and Packer L, Antioxidant and redox regulation of
gene transcription. FASEB J 10: 709-720, 1996.
Ramasarma T, Generation of H,0O, in biomembranes. Biochim
Biophys Acta 694: 69-93, 1982.

Muchmore DB, Little SA and Haen C, Counter-regulatory
control of intracellular hydrogen peroxide production by
insulin and lipolytic hormones in isolated rat epidymal fat

45.

46.

47.
48.

49.

913

cells: A role of free fatty acids. Biochemistry 21: 3886-3892,
1982.

Vegasaenz de Miera E and Rudy B, Modulation of K™
channels by hydrogen peroxide. Biochem Biophys Res Comm
186: 1681-1687, 1992.

Doan NT, Gentry DL, Taylor AA and Elliott SJ, Hydrogen
peroxide activates agonist sensitive Ca®" flux pathways in
canine venous endothelial cells. Biochem J 297: 209-215, 1994.
Sies H, In: Oxidative stress. Oxidants and antioxidants. pp. 650,
Academic Press, London, 1991.

Soll AH and Whittle BJR, Interaction between prostaglan-
dins and cyclic AMP in the gastric mucosa. Prostaglandins
21(Suppl): 39-45, 1981.

Chen MCY, Amirian DA, Tooney M, Sanders MJ and Soll
AH, Prostanoid inhibition of canine parietal cells. Mediation
by the inhibitory guanosine triphosphate-binding protein of
adenylate cyclase. Gastroenterology 94: 1121-1129, 1988.



