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KOO,M W L,C H CHO AND C W OGLE The annuicer effect of verapaml in relanon to gastric calcium levels n stressed
rats PHARMACOL BIOCHEM BEHAV 34(1) 73-76, 1989 —The antwlcer effect of verapamil, and its relationship to stomach
calcium levels, were exammed n rats restramed at 4°C (stress) Stress for 2 hr significantly increased muscle calcium and induced
mucosal ulceration 1n the gastnic glandular segment, calcium concentrations m the glandular mucosa and serum were unaffected
Veraparmil or calcium gluconate given 30 mn before stress prevented the nise 1n gastric muscle calcium, and attenuated ulcer severity
Bis(B-amnoethylether)-NNN'N'-tetra-acetic acid (EGTA) pretreatment, however, further elevated stomach muscle calcium and
markedly worsened lesion formation These findings suggest that mcreased stomach muscle calcium could be a causal factor n

0091-3057/89 $3 00 + 00

stress-induced gastric glandular ulceration

Stress ulceration Calcrum Verapaml EGTA

Calcium gluconate

CALCIUM 1s mnvolved 1 many physiological processes Increases
i free calcium concentration within excitable cells can stimulate
muscle contraction (3,8), synthesis and secretion of transmutters,
and hormone release (14,15), as well as enzyme activity and
membrane permeability (6) Thus, 1t 1s conceivable that such
changes could be mvolved 1n stress-evoked ulceration (2,23)
Indeed, the calcium channel blockers, verapamil and mfedipine,
protect agamst gastric ulcers produced by cold-restraint stress in
rats (9,16). This communication reports the results of a study on
the effects of stress, and of calcium channel blockade of vera-
pamul, on gastric tissue and serum calcum levels

METHOD
Animals

Female Sprague-Dawley rats (170-200 g) were suppled by the
Laboratory Animal Umit, University of Hong Kong The animals
were housed 1n an air-conditioned room with constant temperature
(22 1°C) and relative humudity (65-70%) Rats were starved for
48 hr before use but had free access to sucrose (BDH) 8% w/v in
NaCl (BDH) 0 2% w/v This drinking solution was removed 1 hr
before experimentation. The ammals were either left in the room
where they were normally housed (nonstressed controls) or placed
1n individual close-fitting tubular wire mesh cages and exposed to
4°C (cold-restraint stress) for 30 mn or 2 hr, after which they were
killed by a sharp blow on the head and rapidly cutting their throats

Drug Treatment and Measurement of Gastric Mucosal Lesions

Verapamil hydrochlonde (Knoll) and calcium gluconate (E
Merck) were prepared mn normal salme (0 9% NaCl, w/v),
whereas ethyleneglycol bis(B-aminoethylether)-NNN'N'-tetra-ace-
tic acid (EGTA) (Sigma) was dissolved 1n phosphate buffer. These
agents were njected intraperitoneally (IP) 30 min before exposure
to cold-restraint stress After the rats were killed at the end of each
experiment, their stomachs were removed and opened along the
greater curvature The mucosa of the glandular segment was then
examined, using an 1illuminated magmifier (3 x) Lesions were
measured (mm) along their greatest lengths, in the case of
petechiae, five such lesions were considered the equivalent of a
1-mm ulcer (7)

Measurement of Gastric Tissue and Serum Calcium

The stomach was rinsed thrice with deilomzed water after the
lesions were measured, and the mucosa of the glandular segment
of the stomach scraped off with a glass shde. The glandular
mucosa and muscle layer were then weighed after being placed
1nto separate crucibles, the samples were finally ashed 1n an oven
(Naber, Model N11) at 600°C for 24 hr. Followmng 24 hr of
ashing, all the crucibles were taken our and thewr contents
dissolved 1n 2 ml of a solution of 2 M HNO; (BDH) in LaCl,
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TABLE 1

EFFECTS OF VERAPAMIL (GIVEN IP 30 MIN BEFOREHAND) ON STRESS-INDUCED CHANGES IN GASTRIC
GLANDULAR TISSUE AND SERUM CALCIUM LEVELS AND GASTRIC GLANDULAR ULCERS IN RATS

Calcium Content

Glandular
Pretreatment Muscle Mucosal Serum Ulcer Index
Group Dose (pmole/g) (nmole/g) (pmole/ml) (mm)
A No Stress (unrestrained at 22°C for 2 hr)
Saline 2 ml/kg 3201 136 04 235003 002 =001
Verapamul 1 mg/kg 3403 142 +05 220 £ 005 002 =001
Verapamil 2 mg/kg 3302 134 04 223004 001 + 001
Verapamil 4 mg/kg 3603 129 04 238 =003 003 £ 001
Verapamil 8 mg/kg 33+£01 13305 227002 002001
B Stress (restrained at 4°C for 2 hr)
Saline 2 ml/kg 39 = 02+ 13503 226 = 004 628 = 095%
Verapamil 1 mg/kg 3403 136 08 230 2006 471 = 063%
Verapamil 2 mg/kg 35+x03 121 06 228 005 326 = 105%8
Verapamil 4 mg/kg 33 02§ 138 204 225 £ 008 28 07119
Verapamil 8 mg/kg 31029 124 =05 233 =004 212 = 0 86*

Values are the means = S EM of 20 rats 1n each group

*p<<0 02, +p<<0 01, $p<<0 001 when compared with the corresponding control 1n A
§p<<0 05, Yp<<0 01 when compared with the saline-pretreated group in B

(BDH) 0 7% w/v Two empty crucibles were also exposed to
600°C for 24 hr so that the net calcium content of the tissues could
be calculated after deducting the averaged residual calcium levels
n both receptacles Artenal blood was collected mto a centrifuge
tube and allowed to clot for 10 min at room temperature (22°C),
1t was then spun at 4,500 rpm for 15 mun The clear serum was
pipetted 1nto another tube and subjected to the same centrifugation
speed for another 10 min An aligout of the supernatant was then
diluted to 50% with deronized water, 0 2 ml of this dilution was
added to 1 8 ml of a solution of 2 M HNO; in LaCl; The amount
of calcium present in the tissue and serum was determined, using
an atomic absorption spectrophotometer (Perkin Elmer, model
103) with 1ts wavelength set at 495 nm Calcium levels 1n the
samples were calculated from a standard curve

Stanistical Analysis

The data were analyzed for statistical significance by means of
the two-tailed Student’s #-test (1) Verapamul effects on calcium
levels and glandular ulcer formation were further analyzed by the
one-way ANOVA (1)

RESULTS

Effects of Verapamil Treatment on Gastric Tissue and Serum
Calcium in Cold-Restrained Rats

Verapamul pretreatment did not have any effect on the serum
calcium of nonstressed rats, similarly, no difference was found n
the gastric glandular mucosal and muscle layers (Table 1),
hemorrhagic gastric lesions were not observed in these control
anmimals Stress for 2 hr elevated the gastric muscle calcium level
in saline-pretreated rats, this was accompanied by hemorrhagic
gastric glandular ulceratton The calcium content of the gastric
mucosa and serum was, however, not significantly affected by
cold-restraint stress Verapamul pretreatment dose-dependently
and sigmficantly lessened stress-induced gastric glandular ulcer-
ation when analyzed by Student’s r-test and by ANOVA (F=3 77,

p<001) The drug also sigmficantly prevented the elevation of
muscle calcium levels when given in the higher dose range
(Table 1)

Effects of Calcium Gluconate of EGTA Treatment on Gastric
Tissue and Serum Calcium in Cold-Restrained Rats

Under nonstress conditions, neither saline, phosphate buffer
nor EGTA pretreatment, given 30 min beforehand, influenced
calcium levels 1n gastric glandular tissue and serum throughout the
whole 2-hr expermmental period (Tables 2 and 3) Calcium
gluconate induced a transient rise of calcium in the glandular
muscle layer and serum 1 hr after 1ts IP injection, however, no
ulceration was observed (Table 2) Restraint at 4°C for 30 mun did
not induce any change 1n the gastric tissue and serum calcium 1n
both vehicle- and EGTA-treated animals This period of stress did
not produce glandular mucosal ulceration 1n either group Calcium
gluconate pretreatment also increased the calcium levels in the
glandular muscle and serum 1n 30-min stress conditions, as 1n the
nonstressed group, no ulceration was observed (Table 2) The
calcium levels 1 the gastric tissue and serum of all 2-hr non-
stressed rats were comparable to those at 30 mun (except for
muscle and serum calcium following calcium gluconate) after
mjection of the drugs, no hemorrhagic lesions were observed n
these amimals (Table 3) Cold-restraint stress for 2 hr significantly
increased the gastric glandular mucosal ulcer index When com-
pared with the controls left at room temperature (22°C), there was
sigmficant elevation of the glandular muscle calcium levels in the
vehicle- and EGTA-treated amimals, but not 1 those gtven calcium
gluconate (Table 3) Calcium gluconate, however, mcreased
serum calcium The ulcer index of EGTA-treated amimals was
found to be significantly greater when compared to that of the
vehicle-treated group Calcium gluconate administration tended to
prevent the stress-induced elevation of gastric glandular muscle
calcium and to lessen ulcer formation significantly (Table 3)

DISCUSSION

In this study, 2-hr cold-restraint stress sigmificantly increased
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TABLE 2

EFFECTS OF CALCIUM GLUCONATE OR EGTA (GIVEN IP 30 MIN BEFOREHAND) ON STRESS-INDUCED CHANGES IN
GASTRIC GLANDULAR TISSUE AND SERUM CALCIUM LEVELS AND GASTRIC GLANDULAR ULCERS IN RATS

Calcium Content

Glandular
Pretreatment Muscle Mucosa Serum Ulcer Index
Group Dose (pmole/g) (pmole/g) (pmole/ml) (mm)
A No Stress (unrestramed at 22°C for 0 5 hr)
Saline 2mlkg 435 05! 12710 226003 001 £001
Phosphate buffer 2mlkg 470 054 12414 232007 003 002
Calcium gluconate 100 mgkg 582 +042* 13310 277004t 002 £ 001
EGTA 20mgkg 467 073 12615 234003 002+ 001
B Stress (restrained at 4°C for 0 5 hr)
Saline 2mlkg 451 £ 068 13613 231009 002 =001
Phosphate buffer 2mlkg 493 062 132x11 225008 001 =001
Calcium gluconate 100 mgkg 643 £ 050* 125209 28 =009t 003 + 001
EGTA 20mgkg 354 £050 13814 246006 004 =002

Values are the means = S EM of 8 rats i each group
*p<0 05, tp<0 001 when compared with the corresponding vehicle-pretreated group
EGTA = ethyleneglycol bis(B-aminoethylether)-NNN'N'-tetra-acetic acid

the stomach glandular muscle calcium content, whereas no change
occurred 1n the mucosa and serum Gastric glandular mucosal
ulceration was also observed in these stressed ammmals Thus, an
increase 1n muscle calcium during stress may be related to ulcer
formation It 1s difficult to be certain whether this calcium
elevation 1s the cause, or the result, of the ulceration An increase
i ntracellular calclum has been shown to facilitate muscle
contractility 1n stress-induced ulceration (24,25), this effect 1s
thought to be due to vagal stimulation which occurs in stress
(4,11) Acetylcholine release from the vagal nerve fibre depolar-
1zes 1 smooth muscle membranes and opens the potential-

operated slow channels, allowing an influx of calcium (21) Stress
also 1ncreases the release of catecholamines (18) which activate
receptor-operated slow channels to allow more calcium influx
(20,22) It has further been found that the activity of the enzyme
Ca* "-ATPase, which 1s partly responsible for the extrusion of
cellular calcium, 1s depressed by low temperatures (7), thus, when
ammals are subjected to cold-restraint stress, the fall in body
temperature may depress this calcium extrusion process The
elevation of calcium levels 1n the gastric glandular muscle layer
could, therefore, be due to these factors collectively producing an
mcrease 1n gastric wall contraction during stress.

TABLE 3

EFFECTS OF CALCIUM GLUCONATE OR EGTA (GIVEN IP 30 MIN BEFOREHAND) ON STRESS-INDUCED CHANGES
AND IN GASTRIC GLANDULAR TISSUE AND SERUM CALCIUM LEVELS AND GASTRIC GLANDULAR
ULCERS IN RATS

Calcium Content

Glandular
Pretreatment Muscle Mucosa Serum Ulcer Index
Group Dose (nmole/g) (pmole/g) (pmole/ml) (mm)
A No Stress (unrestrained at 22°C for 2 hr)
Saline 2 ml/kg 332024 12809 228 =005 011 £005
Phosphate buffer 2 ml/kg 338 £042 13407 215 004 004 =002
Calcium gluconate 100 mg/kg 369 = 038 13107 226 = 008 009 = 006
EGTA 20 mg/kg 312 034 144 =10 221 =006 008 = 003
B Stress (restramned at 4°C for 2 hr)
Saline 2 ml/kg 436 £ 028%* 123209 225 =008 743 = 1528
Phosphate buffer 2 ml/kg 462 £ 043* 123 08 220 £ 005 824 + 186§
Calcium gluconate 100 mg/kg 391 =032 137%12 243 = 009* 317 =110
EGTA 20 mg/kg 501 = 047¢% 136 211 238 = 008 1386 + 17389

Values are the means = S E M of 8 rats in each group

*p<0 05, tp<0 02, £p<0 01, §p<<0 001 when compared with the corresponding control in A
{p<0 05 when compared with the corresponding vehicle-pretreated group in B
EGTA = ethyleneglycol bis(B-aminoethylether)-NNN'N'N-tetra-acetic acid
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Verapamil, a calcium antagomst (10), was found to prevent
stress-induced elevation of muscle calcium levels, as well as
gastric ulceration 1n the glandular segment (Table 1) This sup-
ports the 1dea that increased calcium levels in the muscle wall
could be an 1mportant causative factor 1 stress ulcer formation
Verapamil treatment, however, did not significantly influence
muscle layer calcium levels under nonstress conditions, this may
be explained by the abiity of verapamil to block preferentially
calctum channels only when they are 1n the activated state (13,23)
Specific binding sites for calcrum blockers have been demon-
strated 1n rat stomach tissue (12) Thus, one of the antiulcer effects
of verapamul could be due to 1t being bound to these receptors, this
would prevent over-loading of calcium 1n the gastric tissue and
mhibat gastric contraction and acid secretion (9, 16, 17) However,
the importance of acid secretion 1n stress-evoked ulceration 1s still
debatable Complete neutralization of the luminal acid does not
prevent glandular formation (19), furthermore, mfedipine, which
1s less potent than verapamu! 1n reducing gastric acid secretion, 1s
more effective 1n attenuating stress-induced mucosal lesions (9)
Thus, 1t 1s unlikely that gastric acid reduction by verapamil could
play a major role in the antiulcer action of this calcium channel
blocker

Calcium gluconate injection significantly increased the gastric
muscle and serum calcium levels 1 hr after 1ts administration, both
under nonstress and stress (30-mun duration) conditions (Table 2)
However, this elevation of calcium was not accompanied by
ulceration 1n the gastric glandular mucosa Thus, when stressing
the animals for only 30 min, the increased stomach tissue and
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serum calcium levels during this period were unable to produce
ulceration However, 1t 1s possible that excess calcium alone 1s
unable to imtiate ulcer formation during this early period of stress
As the calctum content 1n the glandular mucosa remained un-
changed even in the presence of ulcer formation, this finding
suggests that the gastric mucosal calcium level may have no direct
relationship to the mechanism of stress-evoked lesions The
observation that EGTA admuinistration further increased muscle
calcium levels and aggravated ulceration 1n 2-hr stress experiments
(Table 3) indeed points to a direct relationship between an elevated
glandular muscle calcium content and ulcer severity In the same
experiment, calcrum gluconate njection did prevent the stress-
induced rise 1n muscle calcium levels when compared with the
saline-pretreated controls, and this was associated with less lesion
formation Such an observation also suggests that gastric muscle
calclum may be closely related to ulcer aggravation during the
later phase of 2-hr cold-restraint stress

It 1s concluded that the manipulation of gastric tissue and serum
calcium levels by calcium gluconate administration does not
induce gastric glandular ulceration 1n nonstressed animals Vera-
pamil or calcium gluconate protects agamnst, whereas EGTA
worsens, ulcer formation 1n rats stressed for 2 hr The effects of
verapamil, calcium gluconate and EGTA pretreatment on stress-
induced ulceration could be mediated through their interaction
with membrane-bound calcium and free calcium influx into the
glandular muscle cells, this 1n turn influences cell membrane
stability and muscle contraction, as well as the integrity of the
gastric glandular mucosa
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