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KOO, M W L , C H CHO AND C W OGLE The antlulcer effect of verapamd m relatzon to gastrw calctum levels m stressed 
rats PHARMACOL BIOCHEM BEHAV 34(1) 73-76, 1989 --The antmlcer effect of verapanul, and its relataonshlp to stomach 
calcmm levels, were exarmned m rats restrained at 4°C (stress) Stress for 2 hr slgmficantly increased muscle calcmm and induced 
mucosal ulcerataon m the gasmc glandular segment, calcmm concentrations m the glandular mucosa and serum were unaffected 
Verapanul or calcmm gluconate given 30 man before stress prevented the rise m gastric muscle calcium, and attenuated ulcer seventy 
Bls(13-amanoethylether)-NNN'N'-tetra-acetlc acid (EGTA) pretreatment, however, further elevated stomach muscle calcmm and 
markedly worsened lesion formation These findmgs suggest that increased stomach muscle calcmm could be a causal factor m 
stress-reduced gastric glandular ulceration 

Stress ulcerataon Calcmm Verapamd EGTA Calcmm gluconate 

CALCIUM is revolved m many physiological processes Increases 
in free calcmm concentration within excitable cells can stimulate 
muscle contraction (3,8), synthesis and secreuon of transmitters, 
and hormone release (14,15), as well as enzyme actlwty and 
membrane permeability (6) Thus, it is concewable that such 
changes could be revolved m stress-evoked ulceration (2,23) 
Indeed, the calcmm channel blockers, veraparml and mfedlpme, 
protect against gastric ulcers produced by cold-restraint stress m 
rats (9,16). This commumcataon reports the results of a study on 
the effects of stress, and of calcium channel blockade of vera- 
pamfl, on gastric ussue and serum calcium levels 

METHOD 

Ammals 
Female Sprague-Dawley rats (170-200 g) were supphed by the 

Laboratory Animal Umt, Umverslty of Hong Kong The animals 
were housed m an atr-condmoned room w~th constant temperature 
( 2 2 -  1°(2) and relauve hurmdity (65-70%) Rats were starved for 
48 hr before use but had free access to sucrose (BDH) 8% w/v m 
NaC1 (BDH) 0 2% w/v Tlus dnnkmg solutaon was removed 1 hr 
before expenmentauon.  The animals were either left m the room 
where they were normally housed (nonstressed controls) or placed 
m mdlwdual close-fittmg tubular wtre mesh cages and exposed to 
4°C (cold-restraint stress) for 30 n-an or 2 hr, after which they were 
lolled by a sharp blow on the head and rapidly cutting thetr throats 

Drug Treatment and Measurement of  Gastrw Mucosal Lestons 

Verapamd hydrochlorlde (Knoll) and calcmm gluconate (E 
Merck) were prepared in normal saline (0 9% NaC1, w/v), 
whereas ethyleneglycol bls(13-anunoethylether)-NNN'N'-tetra-ace- 
tic acid (EGTA) (Sigma) was dissolved m phosphate buffer. These 
agents were rejected lntrapentoneally (IP) 30 roan before exposure 
to cold-restraint stress After the rats were lolled at the end of each 
expenment,  their stomachs were removed and opened along the 
greater curvature The mucosa of the glandular segment was then 
examined, using an dlurmnated magmfier (3 x )  Lesions were 
measured (mm) along their greatest lengths, m the case of 
petechme, five such lesions were considered the eqmvalent of a 
1-mm ulcer (7) 

Measurement of  Gastrw Ttssue and Serum Calcium 

The stomach was rinsed thrice with delomzed 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 
into separate crucibles, the samples were finally ashed m an oven 
(Naber, Model N11) at 600°C for 24 hr. Followmg 24 hr of 
ashmg, all the crucibles were taken our and thetr contents 
dissolved m 2 ml of a solution of 2 M HNO3 (BDH) m LaCIa 
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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 (/xmole/g) (~mole/g) (/~mole/ml) (mm) 

A No Stress (unrestrained at 22°C for 2 hr) 

Sahne 2ml/kg 32 ± 0 1 136 ± 04  235 ± 003 002 ± 00 l  
Verapamd 1 mg/kg 34 _+ 03 142 ± 05 220 ± 005 002 --- 001 
Verapamd 2mg/kg 3 3 - 02  134 -+ 04  223 -+ 004 001 ± 00 l  
Verapamd 4mg/kg 36 _+ 03 129 -+ 04  238 _+ 003 003 + 001 
Verapamfl 8mg/kg 3 3 _+ 0 1 13 3 -+ 05 227 +_ 002 002 --- 001 

B Stress (restrained at 4°C for 2 hr) 

Sahne 2 ml/kg 3 9 --+ 0 2+ 13 5 -+ 0 3 2 26 -+ 0 04 6 28 --+ 0 95~ 
Verapamll 1 mg/kg 3 4 ± 0 3 13 6 + 0 8 2 30 -+ 0 06 4 71 --- 0 635 
Verapamll 2mg/kg 35 _+ 03 12 1 -+ 06  228 -+ 005 3 26 ___ 1 05~:§ 
Verapamll 4 mg/kg 3 3 ± 0 2§ 13 8 -+ 0 4 2 25 ± 0 08 2 85 --- 0 71~:¶ 
Verapamll 8 mg/kg 3 1 _+ 0 2¶ 12 4 + 0 5 2 33 + 0 04 2 12 _+-+ 0 86*¶ 

Values are the means _+ S E M of 20 rats m each group 
*p<0 02, +p<0 01, :~p<0 00l when compared with the corresponding control m A 
§p<0 05, ¶p<0 01 when compared with the sahne-pretreated group m 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 ussues could 
be calculated after deducting the averaged residual calcmm levels 
m both receptacles Arterml blood was collected mto a centrifuge 
tube and allowed to clot for 10 mln at room temperature (22°C), 
it was then spun at 4,500 rpm for 15 mln The clear serum was 
p~petted into another tube and subjected to the same centrffugat~on 
speed for another 10 mm An ahqout of the supernatant was then 
&luted to 50% with delonlzed water, 0 2 ml of this ddutlon was 
added to 1 8 ml of a solution of 2 M HNO 3 m LaC13 The amount 
of calcmm present in the tissue and serum was determined, using 
an atomic absorption spectrophotometer (Perkm Elmer, model 
103) with its wavelength set at 495 nm Calcmm levels in the 
samples were calculated from a standard curve 

Statlsttcal Analysts 

The data were analyzed for statistical s~gnxficance by means of 
the two-taded Student's t-test (1) Verapamd effects on calcium 
levels and glandular ulcer formation were further analyzed by the 
one-way ANOVA (1) 

RESULTS 

Effects of  Verapamtl Treatment on Gastrtc Ttssue and Serum 
Calctum m Cold-Restramed Rats 

Verapamfl pretreatment &d not have any effect on the serum 
calcmm of nonstressed rats, similarly, no difference was found m 
the gastric glandular mucosal and muscle layers (Table 1), 
hemorrhagic gastric lesions were not observed in these control 
ammals Stress for 2 hr elevated the gastric muscle calcmm level 
m sahne-pretreated rats, this was accompamed by hemorrhagic 
gastric glandular ulceration The calcmm content of the gastric 
mucosa and serum was, however, not slgmficantly affected by 
cold-restraint stress Verapamd pretreatment dose-dependently 
and slgmflcantly lessened stress-reduced gastric glandular ulcer- 
atmn when analyzed by Student's t-test and by ANOVA (F = 3 77, 

p < 0  01) The drug also slgmficantly prevented the elevation of 
muscle calcium levels when gwen m the higher dose range 
(Table 1) 

Effects of  Calctum Gluconate of EGTA Treatment on Gastrw 
Ttssue and Serum Calcmm m Cold-Restramed Rats 

Under nonstress con&tlons, nelther sahne, phosphate buffer 
nor EGTA pretreatment, given 30 mm beforehand, influenced 
calcium levels m gastric glandular txssue and serum throughout the 
whole 2-hr experimental period (Tables 2 and 3) Calcmm 
gluconate reduced a transient rise of calcxum m the glandular 
muscle layer and serum 1 hr after its IP injection, however, no 
ulceration was observed (Table 2) Restraint at 4°C for 30 rain &d 
not reduce any change m the gastric t~ssue and serum calcmm in 
both vehicle- and EGTA-treated animals This period of stress did 
not produce glandular mucosal ulceration in e~ther group Calcium 
gluconate pretreatment also increased the calcmm levels m the 
glandular muscle and serum m 30-mm stress conditions, as m the 
nonstressed group, no ulceration was observed (Table 2) The 
calcium levels m the gastric tissue and serum of all 2-hr non- 
stressed rats were comparable to those at 30 rain (except for 
muscle and serum calcmm following calcium gluconate) after 
reject|on of the drugs, no hemorrhagic lesions were observed m 
these animals (Table 3) Cold-restraint stress for 2 hr slgmficantly 
mcreased the gastrac glandular mucosal ulcer index When com- 
pared with the controls left at room temperature (22°C), there was 
s~gmficant elevation of the glandular muscle calcmm levels in the 
vehicle- and EGTA-treated animals, but not m those gwen calcium 
gluconate (Table 3) Calcmm gluconate, however, increased 
serum calcium The ulcer index of EGTA-treated ammals was 
found to be slgmficantly greater when compared to that of the 
vehicle-treated group Calcmm gluconate admlmstratlon tended to 
prevent the stress-reduced elevation of gastric glandular muscle 
calcmm and to lessen ulcer formation slgmficantly (Table 3) 

DISCUSSION 

In this study, 2-hr cold-restraint stress sxgnlficantly increased 
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T A B L E  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 

Calcmm Content 
Glandular 

Pretreatment Muscle Mucosa Serum Ulcer Index 
Group Dose (Ixmole/g) (l~mole/g) (p, mole/ml) (mm) 

A No Stress (unrestrained at 22°C for 0 5 hr) 

Sahne 2ml/kg 435  ___ 051 127 ± 1 0 2 2 6  --- 0 0 3  001 ±- 0 0 l  
Phosphate buffer 2ml/kg 470  ±_ 0 5 4  124 ± 1 4 2 3 2  - 0 0 7  0 0 3  ± 0 0 2  
Calcmmgluconate 100mg/kg 582  ___ 0 4 2 "  133 --- 1 0 277  ±- 0 0 4 t  0 0 2  ± 001  
EGTA 20mg/kg 467  ± 073  126 ± 1 5 2 3 4  - 0 0 3  0 0 2  ± 001  

B Stress (restrained at 4°C for 0 5 hr) 

Saline 2ml/kg 451 __. 0 6 8  136 ± 1 3 231 ±- 0 0 9  0 0 2  ± 001  
Phosphate buffer 2ml /kg  4 9 3  ± 0 6 2  132 --- 1 1 225  ± 0 0 8  001  ___ 001  
Calcxumgluconate 100mg/kg 643  ± 050"  125 -+ 0 9  2 8 4  ± 0 0 9 t  003  ± 001 
EGTA 20mg/kg 354  ___ 0 5 0  13 8 _ 1 4 2 4 6  +-- 0 0 6  0 0 4  ± 0 0 2  

Values are the means _ S E M of 8 rats m each group 
*p<0 05, t p < 0  00l when compared with the corresponding vehlcle-pretreated group 
EGTA = ethyleneglycol bls(13-ammoethylether)-NNN'N'-tetra-acetlc acid 

the s tomach  glandular  musc le  ca lc ium content ,  whereas  no change  
occurred m the m u c o s a  and se rum Gastric g landular  mucosa l  
ulcerat ion was  also observed  m these s t ressed a m m a l s  Thus ,  an 
increase m musc le  calcaum during stress m a y  be related to ulcer  
format ion  It is difficult  to be certain whether  this c a l c m m  
elevat ion is the cause ,  or the result ,  o f  the ulcerat ion A n  increase 
in mtracel lular  ca lc ium has  been shown  to facdltate musc le  
contractdl ty  m stress-xnduced ulcerat ion (24,25) ,  this effect  is 
thought  to be due to vagal  s t imulat ion wh ich  occurs  m stress 
(4,11) Ace ty l chohne  release f rom the vagal  nerve fibre depolar- 
izes m smoo th  musc le  m e m b r a n e s  and opens  the potentml-  

operated slow channe ls ,  a l lowing an reflux o f  c a l c m m  (21) Stress 
also mcreases  the release o f  ca techolamines  (18) wh tch  activate 
receptor-operated slow channe l s  to allow more  c a l c m m  reflux 
(20,22) It has  further  been  found that the actwlty  o f  the e n z y m e  
C a + + - A T P a s e ,  which  is partly responsible  for the ex t rus ion  o f  
cellular c a l cmm,  is depressed  by low temperatures  (7), thus ,  w h e n  
antmals  are subjected to cold-restraint  s tress,  the fall m body  
temperature  m a y  depress  this c a l c m m  ext rus ion  process  The  
elevat ion o f  ca lc ium levels m the gastric g landular  musc le  layer  
could,  therefore,  be due to these  factors col lec twely  producing  an 
increase m gastric wall  contract ion d u n n g  stress.  

T A B L E  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 (l~mole/g) (p~mole/g) (p, mole/ml) (mm) 

A No Stress (unrestrained at 22°C for 2 hr) 

Sahne 2ml/kg 332  ±- 0 2 4  128 ± 0 9  228  • 005  0 11 ± 0 0 5  
Phosphate buffer 2 ml/kg 3 38 --- 0 42 13 4 --- 0 7 2 15 --- 0 04 0 04 ___ 0 02 
Calcmm gluconate 100 mg/kg 3 69 ± 0 38 13 1 + 0 7 2 26 ± 0 08 0 09 _ 0 06 
EGTA 20mg/kg 3 12 --- 0 3 4  144 --- l 0  221 --- 0 0 6  008  __. 0 0 3  

B Stress (restrained at 4°C for 2 hr) 

Sahne 2ml/kg 4 3 6  - 0 2 8 "  123 +_ 0 9  225  +- 0 0 8  743  + 1 52§ 
Phosphate buffer 2 ml/kg 4 62 - 0 43* 12 3 4- 0 8 2 20 - 0 05 8 24 + 1 86§ 
Calcmmgluconate 100mg/kg 391 --- 0 3 2  137 ± 1 2 243  --- 0 0 9 "  3 17 ±_ 1 105"¶ 
EGTA 20 mg/kg 5 01 ± 0 47:~ 13 6 - 1 1 2 38 ± 0 08 13 86 ± 1 73§¶ 

Values are the means ± S E M of 8 rats m each group 
*p<0 05, t p < 0  02, :~p<0 01, §p<0 001 when compared with the corresponding control m A 
¶p<0  05 when compared with the corresponding vehlcle-pretreated group m B 
EGTA = ethyleneglycol bls(l:~-ammoethylether)-NNN'N'N-tetra-acetlc acid 
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Verapamfl, a calcmm antagomst (10), was found to prevent 
stress-reduced elevatmn of muscle calcmm levels, as well as 
gastric ulceratmn in the glandular segment (Table 1) Th~s sup- 
ports the idea that increased calcium levels m the muscle wall 
could be an important causatwe factor In stress ulcer formatmn 
Verapamd treatment, however, &d not significantly mfluence 
muscle layer calcmm levels under nonstress con&tmns, this may 
be explained by the abthty of verapamfl to block preferentmlly 
calcium channels only when they are tn the activated state (13,23) 
Specific bmdmg s~tes for calcium blockers have been demon- 
strated in rat stomach t~ssue (12) Thus, one of the antmlcer effects 
of verapamtl could be due to ~t bemg bound to these receptors, th~s 
would prevent over-loading of calcmm m the gastric ttssue and 
lnhlbtt gastric contractton and actd secretton (9, 16, 17) However, 
the importance of acid secretion m stress-evoked ulceration ts still 
debatable Complete neutrahzatlon of the luminal acid does not 
prevent glandular formation (19), furthermore, nife&pme, which 
is less potent than verapamll m reducing gastrtc acid secretmn, is 
more effective m attenuating stress-reduced mucosal lesions (9) 
Thus, it IS unhkely that gastric acid reduction by verapamll could 
play a major role m the anttulcer action of this calcium channel 
blocker 

Calcium gluconate mject~on s~gmficantly increased the gastric 
muscle and serum calcmm levels 1 hr after Its admmlstrataon, both 
under nonstress and stress (30-mm duration) conditions (Table 2) 
However, th~s elevatmn of calcium was not accompanied by 
ulceration in the gastric glandular mucosa Thus, when stressing 
the animals for only 30 mtn, the increased stomach tissue and 

serum calcium levels during this period were unable to produce 
ulceratmn However, it ts possthle that excess calcmm alone is 
unable to mltmte ulcer formatmn during this early period of stress 
As the calcmm content in 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 &rect 
relatmnshlp to the mechanism of stress-evoked lesions The 
observatmn that EGTA admm~stratlon further mcreased muscle 
calcium levels and aggravated ulceratmn In 2-hr stress experiments 
(Table 3) indeed points to a &rect relatmnshlp between an elevated 
glandular muscle calcium content and ulcer seventy In the same 
experiment, calcmm gluconate mjectlon &d prevent the stress- 
induced rise m muscle calcmm levels when compared with the 
sahne-pretreated controls, and th~s was associated with less lesmn 
formation Such an observation also suggests that gastric muscle 
calcium may be closely related to ulcer aggravatton during the 
later phase of 2-hr cold-restraint stress 

It is concluded that the mampulatlon of gastric tissue and serum 
calcmm levels by calcmm gluconate admmlstrat~on does not 
reduce gastric glandular ulceration m nonstressed ammals Vera- 
pamfl or calcium gluconate protects against, whereas EGTA 
worsens, ulcer formation in rats stressed for 2 hr The effects of 
verapamfl, calcmm gluconate and EGTA pretreatment on stress- 
reduced ulceration could be medmted through their interaction 
wtth membrane-bound calcium and free calcmm reflux into the 
glandular muscle cells, this in turn influences cell membrane 
stablhty and muscle contraction, as well as the integrity of the 
gastric glandular mucosa 
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