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KOO, M. W. L., C. H. CHO AND C. W. OGLE. Ejfi, cts of cold-restraint stress on gastric ulceration and motility in rats. 
PHARMACOL BIOCHEM BEHAV 25(4) 775-779, 1986.--The effects of stress by restraint at 4°C for 2 hr and of drug 
treatment on gastric lesion formation and motor activities (contraction frequency, amplitude and tone) were studied in rats. 
Restraint at room temperature (22°C) produced a small ulcer index in the controls and did not significantly affect gastric 
motor activities; atropine and verapamil reduced but bethanechol increased gastric contractions under the same experi- 
mental conditions. Restraint at 4°C markedly elevated the ulcer index. The frequency of gastric contractions was signifi- 
cantly increased in the first hr but the amplitude was depressed during the whole 2-hr observation period. Gastric tone 
initially fell but rose in the second hr of cold-restraint stress. Atropine and verapamil pretreatment prevented stress- 
induced ulcer formation and suppressed the frequency and amplitude of gastric contraction. Bethanechol stimulated both 
frequency and amplitude without significantly influencing stress ulcer size. It is unlikely that gastric hypermotility plays a 
major role in stress ulceration; the stomach smooth muscle-relaxing action of atropine and verapamil may contribute only 
partly to their antiulcer effects. 
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C O L D - R E S T R A I N T  stress produces  triphasic responses  in 
gastric emptying  of  solids [ 12]. These  effects  could be related 
direct ly to changes in gastr ic motil i ty caused by stress.  
Stress ulcerat ion is thought  to be partly due to gastric hyper-  
motil i ty caused by vagal overac t iva t ion  [8] and by calcium 
fluxes during muscular  exci ta t ion-cont rac t ion  coupling [17]. 
H o w e v e r ,  the relat ionship be tween  gastric motil i ty and ulcer  
formation is still unclear.  This communica t ion  reports  the 
results o f  a study on the influence of  cholinergic drugs and a 
calc ium channel  b locker  on s t ress- induced gastric ulcerat ion 
and motili ty.  

METHOD 

General 

It has been repor ted  that there is no sex difference in the 
product ion of  stress ulcerat ion in rat s tomachs  [14]; thus, 
only female Sprague-Dawley rats (weighing 200-250 g) were  
used in the present  study. They were  housed in a room with 
control led tempera ture  (22 + I°C) and humidi ty (65-70°A); the 
animals  were  fed a standard laboratory  diet (Ralston Purina 
Company)  and drank tap water .  All rats were  s tarved,  for 48 
hr before  use, in cages with raised wire mesh f loors to pre- 
vent  coprophagy;  drinking fluid, compris ing 8% sucrose in 
0.2% NaC1 w/v,  was al lowed ad lib but was withheld 1 hr 
before exper imenta t ion  [4]. The  animals were  initially re- 
strained at room tempera ture  (22°C) in individual cylindrical  
wire mesh  cages for 4 hr; this was the stability period preced-  

ing measuremen t  of  gastric contract i le  activities.  One group, 
acting as controls ,  cont inued to be restrained in the same 
cylindrical  cage at 22°C for 2 hr; the o ther  batch was simi- 
larly restrained but was exposed to 4°C for the same period 
of  t ime [19]. Gastr ic  motor  act ivi t ies were  measured  during 
this 2-hr period. Both groups o f  animals were  then killed and 
their  ulcer  indices determined.  Drugs were  adminis tered in- 
t raperi toneal ly (IP) 30 min before  stress. 

Measurement of  Gastric Mucosal Lesions 

The animals were  killed by a sharp blow on the head at 
the end of  the exper iments .  Thei r  s tomachs  were  removed ,  
opened  along the greater  curva ture  and examined  under  an 
i l luminated magnifier  (× 3). Each lesion was measured  along 
its greatest  length; in the case  of  petechiae,  five of  these were  
taken as the equivalent  of  a 1 mm ulcer. The sum of the 
lesion lengths in each group of  animals was divided by its 
number  and expressed  as the mean ulcer  index [3]. 

Evaluation of Gastric Motility 

The rats were  lightly anaesthet ised with die thyle ther  and 
laparotomy performed.  The s tomach was exposed  and a 
small incision made in the fores tomach,  through which a de- 
flated air bal loon at tached to a polyethylene tube was in- 
serted into the organ. The  free end of  the tube was then 
exter ior ised  through a stab incision in the left flank and con- 
nected  to a water  mannomete r  which was a t tached to a 
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TABLE 1 

EFFECTS O F  DRUG PRETREATMENT (GIVEN IP 30 MIN 
BEFOREHAND)  ON GASTRIC U L C E R A T I O N  IN COLD-RESTRAINT 

STRESSED RATS 

Glandular mucosal 
Pretreatment Dose ulcer index (mm) 

A. Restrained at 22 ° C for 2 hr (after 4 hr of restraint at 22 ° C) 
Saline 2.0 ml/kg 0.02 _+ 0.01 
Atropine 0.3 mg/kg 0.04 _+ 0.03 
Verapamil 4.0mg/kg 0.03 _+ 0.02 
Bethanechol 1.2 mg/kg 0.02 _+ 0.01 

B. Restrained at 4 ° C for 2 hr (after 4 hr of restraint at 22 ° C) 
Saline 2.0 ml/kg 5.86 _+ 0.65* 
Atropine 0.3 mg/kg 0.38 ± 0.33+-~ 
Verapamil 4.0 mg/kg 3.01 _+ 0.42"t 
Bethanechol 1.2 mg/kg 6.31 _+ 0.79* 

The values are the means ± S.E.M. of 10 rats. *p<0.001 when 
compared with the corresponding group in A. q'p<0.01, ttp<0.001 
when compared with its own saline-pretreated group. 

Statham pressure transducer (Statham Model P23 BB). The 
laparotomy incision was closed and the rat immediately put 
into a tubular wire mesh restraint cage. The gastric balloon 
was then inflated with air to a pressure of 5 cm water and 
stomach motility recorded on a physiograph (E & M Instru- 
ment Co.). The contraction frequency, amplitude (the height 
of contraction in cm H20) and tone (intragastric pressure in 
cm H.,O) were measured for 5 min at a fixed time during the 
2-hr observation period (i.e., at 0, 0.5, 1, 1.5 and 2 hr subse- 
quent to the 4-hr stability period). 

Drugs 

Atropine sulfate (Laboratories Lacroix) 0.3 mg/kg, ver- 
apamil hydrochloride (Knoll) 4.0 mg/kg and bethanechol 
chloride (Merck Sharp and Dohme) 1.2 mg/kg (all doses ex- 
pressed as their salts) were dissolved in 0.9% w/v NaCI solu- 
tion (saline) immediately before IP injection. A similar vol- 
ume of saline (2 ml/kg) was given by the same route to the 
controls. 

Statistical Analysi.s 

All values were expressed as means+S.E.M.  Differences 
were analysed for statistical significance, using the unpaired 
two-tailed Student t-test. 

RESULTS 

Restraint at 22°C for the whole experimental period of 6 
hr produced a small ulcer index in both the saline- and drug- 
treated groups (Table IA). Restraint at 22°C for 4 hr and then 
stress at 4°C for a further 2 hr produced severe haemorrhagic 
ulceration in the gastric glandular mucosa. Both atropine and 
verapamil, but not bethanechol, pretreatment prevented 
stress-induced ulcer formation (Table 1B). 

Table 2 shows the gastric motor activities in rats re- 
strained at 22°C for 6 hr. Gastric motility was increased 30 

min after balloon insertion, but it was stable by the fourth hr 
after operation (Table 2). The experimental period between 
the fourth and sixth hr was, therefore, used to evaluate the 
influence of cold-restraint stress and of drug treatment on 
gastric motor activities. In the saline-pretreated group ex- 
posed to 22°C, the frequency and amplitude of gastric con- 
tractions were stable during this 2-hr experimental period 
(Tables 3A, 4A). Atropine and verapamil lowered, but 
bethanechol increased, gastric motility (Tables 3A, 4A). 
Stress significantly raised the frequency of  gastric contrac- 
tion in the first hr. This increased frequency then subsided, 
returning to a basal level at 1.5 hr, but activity continued to 
fall and was below normal at the end of the 2 hr stress period 
(Table 3B). The contraction amplitude was markedly de- 
pressed during the 2-hr observation period (Table 4B). Both 
atropine and verapamil decreased the frequency and ampli- 
tude of gastric contractions, but bethanechol significantly 
stimulated these two parameters (Tables 3B, 4B). The gastric 
tone was stable when the rats were restrained at 22°C; drug 
treatment also showed a similar effect (Table 5A). When the 
rats were exposed to cold-restraint stress, gastric tone im- 
mediately fell to a significantly low level (data not shown), 
but it returned to a basal level a few minutes after commenc- 
ing stress so that a normal value was obtained at 30 min. The 
gastric tone at the second hr after stress was found to be 
significantly increased. Drug treatment did not significantly 
alter this pattern of changes in the gastric tone of stressed 
rats (Table 5B). 

DISCUSSION 

Cold-restraint stress stimulated stomach contraction fre- 
quency in the first hr, this returned to a basal level 1.5 hT 
later but became depressed in the second hr. The pattern ol 
motility changes closely paralleled the triphasic responses 
found with gastric emptying of solids in stressed rats [12]. 
Thus, the present experiment provides further evidence thai 
emptying of solids from the stomach is indeed controlled by 
its contraction frequency. It has been reported that restraint 
at normal room temperature for as long as 6 hr does nol 
produce a significant increase in ulceration [20]. Restraint for 
6 hr evoked a low ulcer index (Table 1 ), and this finding is in 
accord with that of others [ 18,201. 

The cholinergic control of gastric motility was demon- 
strated by the suppressive action of atropine and the 
stimulating effect of  bethanechol on stomach motor activity. 
As cholinergic stimulation facilitates calcium influx through 
slow channels to trigger off muscular contraction [6,11], the 
ability of verapamil, a calcium channel blocker, to depress 
gastric motility, therefore, adds further support to the de- 
ductions from atropine and bethanechol. 

Cold-restraint stress lowered the amplitude of gastric con- 
tractions. The mechanism for this action remains unclear. 
but it could be due to the hypothermia occurring during 
cold-restraint stress [12]. The gastric tone was also affected 
by the same experimental conditions. Cold-restraint stress 
caused an immediate fall in intragastric pressure, but it re- 
turned to a basal value by 30 rain. It is likely that the vago- 
vagal reflex could have contributed partly to this effect [ 10]. 
The stimulation of nonadrenergic and noncholinergic vagal 
fibers could result in decreased intragastric pressure through 
the actions of ATP [I], bradykinin [71 or 5-HT [2]. Reduced 
pressure may also be due to adrenaline and/or noradrenaline 
[5] relaxing the gastric musculature by ~-adrenoceptor ac- 
tivation 19,16]. 
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T A B L E  2 

EFFECTS OF ACUTE OPERATION ON GASTRIC MOTOR ACTIVITIES (RESTRAINED AT 22 ° C) 

Time after operation (hr) 

Motor 
activities 0.5 1 2 3 4 5 

Frequency 161.3 _+ 8.7 136.3 +_ 8.6 83.8 ± 7.2*** 63.8 _+ 3.5* 57.5 _+ 4.1 61.3 ± 3.3 
(contractions/hr) 
Amplitude 2.1 ± 0.4 1.5 _+ 0.3 1.6 ± 0.3 2.2 _+ 0.1 1.9 _+ 0.1 2.0 ± 0.2 
(cm H20) 
Tone 6.4 ± 0.2 5.6 ± 0.1"** 5.0 _+ 0.2** 4.8 ± 0.3 5.2 ± 0.2 4.9 _+ 0.1 
(cm H20) 

56.3 ± 3.5 

1.7 _+ 0.3 

4.7 ± 0.2 

The values are the means _+ S.E.M. of  6 rats. *p<0.05, **p<0.02, ***p<0.01 when compared with the preceding value 
of  the same motor  activity. 

T A B L E  3 

EFFECTS OF DRUG PRETREATMENT (GIVEN IP 30 MIN BEFOREHAND) ON GASTRIC CONTRACTION FREQUENCY 
(NUMBER OF CONTRACTIONS/HR) IN COLD-RESTRAINT STRESSED RATS 

A. Restrained at 22 ° C for 2 hr (after 4 hr of  restraint at 22 ° C) 
Saline 2.0 ml/kg 56.6 +_ 2.9 58.8 ± 5.4 55.0 +_ 6.6 63.8 +_ 5.1 
Atropine 0.3 mg/kg 25.7 ± 2 . 1 t t t t  29.1 _+ 3 .9 t t t  24.8 ± 2 .5 t t t  25.0 ± 1 .7 t t t t  
Verapamil 4.0 mg/kg 45.7 _+ 5.9 37.8 +_ 5.3t t  37.5 ± 4.2t 38.3 ± 3 .5 t t t  
Bethanechol 1.2 mg/kg 196.2 ± 7 .5 t t# t  206.3 _+ 9 . 2 t t t t  135.0 _+ 8 . 9 t t t t  118.8 ± 9 . 3 t t t t  

B. Restrained at 4 ° C for 2 hr (after 4 hr of  restraint at 22 ° C) 
Saline 2.0ml/kg 62.3 ± 1.6 112.5 +_ 8.8**** 82.6 ± 8.2* 73.8 ± 4.9 
Atropine 0.3 mg/kg 25.6 +_ 2 . 7 t t t t  13.8 _+ 5 . 8 t t t t  0****#tt t  0**** t t t t  
Verapamil 4.0mg/kg 41.3 _+ 6 .5 t t t  53.8 ± 5 . 8 t t t t  46.3 +_ 6.5t~t 0**** t t t t  
Bethanechol 1.2 mg/kg 182.5 ± 12 .1 t t t t  218.8 _+ 4 . 9 t t t t  138.8 ± 8 . 2 t t t t  74.9 ± 6.0*** 

64.5 _+ 3.0 

23.5 --- 2 . 1 t t t t  
46.3 ± 2 .5#t t t  
88.8 - 5 . 8 t t t t  

45.7 ± 7.9* 
0****t+tt  

0**** t t t t  
67.5 _+ 4.2"*t 

The values are the means _+ S.E.M. of  6 rats. 
*p<0.05, **p<0.02, ***p<0.01, ****p<0.001 when compared with the corresponding group in A. 
tp<0.05,  t?p<0.02,  t t t p < 0 . 0 1 ,  t t t t p < 0 . 0 0 1  when compared with its own saline-pretreated group. 

T A B L E  4 

EFFECTS OF DRUG PRETREATMENT (GIVEN IP 30 MIN BEFOREHAND) ON GASTRIC CONTRACTION AMPLITUDE 
(CM H20) IN COLD-RESTRAINT STRESSED RATS 

Time (hr) 

Pretreatment Dose 0 0.5 1 1.5 2 

A. Restrained at 22 ° C for 2 hr (after 4 hr of  restraint at 22 ° C) 
Saline 2.0 ml/kg 2.4 _+ 0.3 1.9 + 0.2 1.9 _+ 0.2 2.1 _+ 0.2 2.1 ± 0.3 
Atropine 0.3 mg/kg 1.0 _+ 0 .1? t t  0.7 _+ 0.1~tt  0.7 _+ 0 . 1 t t t  0.8 _+ 0 .1 t t t  0.7 + 0 .1t t  
Verapamil 4.0mg/kg 0.7 _+ 0 .1 t t t  0.6 +_ 0 .1t t  0.5 +_ 0 .1 t t t  0.6 _+ 0 .1 t t t  0.5 ± 0 . 1 t l t t  
Bethanechol 1.2 mg/kg 2.4 ± 0.2 1.8 _+ 0 . 3 t t t t  2.9 _+ 0.4t 2.0 _+ 0.5 2.5 ± 0.3 

B. Restrained at 4 ° C for 2 hr (after 4 hr of  restraint at 22 ° C) 
Saline 2.0 ml/kg 2.0 + 0.2 0.9 ± 0.1* 0.8 + 0.1** 0.5 _+ 0.1"* 0.5 __ 0.1"* 
Atropine 0.3 mg/kg 0.9 ± 0.1t++ 0.5 _+ 0.1t t  0****t t t t  0**** t t t t  0**** t t t t  
Verapamil 4.0mg/kg 0.8 _+ 0.2+t 0.5 _+ 1.0tt 0.5 + 0.1t 0****~tt~ 0****tt t~ 
Bethanechol 1.2 mg/kg 2.1 _+ 0.4 1.7 _+ 0.3t 1.8 _+ 0.3i t  1.1 _+ 0.2t 0.6 _+ 0.1"* 

The values are the means _+ S.E.M. of  6 rats. *p<0.01, **p<0.001 when compared with the corresponding group in A. 
tp0.05, t t p<0 .01 ,  t t tp<0 .001  when compared with its own saline-pretreated group. 
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T A B L E  5 

EFFECTS OF DRUG PRETREATMENT (GIVEN IP 30 MIN BEFOREHAND) ON GASTRIC TONE (CM HzO) IN COLD-RESTRAINT 
STRESSED RATS 

Time (hr) 

Pretreatment Dose 0 0.5 1 1.5 2 

A. Restrained at 22 ° C for 2 hr (after 4 hr of restraint at 22 ° C) 
Saline 2.0ml/kg 4.8 _+ 0.2 4.8 _+ 0.3 5.3 _+ 0.2 4.7 _+ 0.3 
Atropine 0.3 mg/kg 5.2 _+ 0.4 4.9 _+ 0.2 4.6 _+ 0.3 5.2 _+ 0.2 
Verapamil 4.0mg/kg 4.7 _+ 0.1 5.1 + 0.3 5.2 _+ 0.2 4.7 _+ 0.2 
Bethanechol 1.2 mg/kg 4.5 _+ 0.2 5.3 _+ 0.4 4.7 _+ 0.4 5.6 _+ 0.4 

B. Restrained at 4 ° C for 2 hr (after 4 hr of restraint at 22 ° C) 
Saline 2.0ml/kg 5.0 _+ 0.2 4.8 _+ 0.3 5.4 _+ 0.4 5.0 + 0.4 
Atropine 0.3 mg/kg 4.8 _+ 0.4 4.8 _+ 0.2 5.2 _+ 0.2 5.3 _+ 0.2 
Verapamil 4.0 mg/kg 5.5 _+ 0.3 5.2 _+ 0.3 4.9 _+ 0.1 4.8 _+ 0.2 
Bethanechol 1.2 mg/kg 4.7 _+ 0.3 4.6 _+ 0.3 5.5 _+ 0.3 4.6 _+ 0.1 

4.8 _+ 0.2 
5.1 _+0.3 
4.8 _+ 0.3 
5.2_+0.1 

5.9 _+ 0.2** 
6.3 _+ 0.3* 
5.8 _+ 0.1" 
6.2 _+ 0.1"** 

The values are the means _+ S.E.M. of 6 rats. 
*p<0.02, **p<0.01, ***p<0,001 when compared with the corresponding group in A. 

The re la t ionship be tween  gastric motili ty and ulcerat ion is 
still unclear.  Al though cold-res t ra int  s t ress  markedly  ele- 
vated the cont rac t ion  f r equency  in the first hr, contract i l i ty  
was  dep res sed  in the second .  A pilot s tudy (unpubl ished 
findings) has already shown that  the ulcerogenic  po tency  of  
cold-res t ra int  s t ress  in the first hr (mean ulcer index - 2.84 
ram) is nearly half  that  o f  2-hr s t ress  (mean ulcer  index - 
5.65 mm),  thus,  indicating that increased cont rac t ion  fre- 
quency  may cont r ibute  only partly to ulcerat ion p roduced  by 
2 hr o f  cold-res t ra int  s t ress .  At ropine  and verapamil  lowered 
gastric motility and dec reased  ulcerat ion;  however ,  
be thanecho l  t r ea tmen t ,  which increased  s tomach  contrac-  
t ions,  did not aggrevate  s t ress - induced  ulcer format ion.  It 
was also found that  the ampli tude of  gastric con t rac t ions  was 
reduced  throughout  the 2 hr of  s t ress .  On the o the r  hand,  

gastric tone,  which was initially lowered,  remained normal 
during most  o f  this 2-hr exper imenta l  period.  These  findings 
reinforce the idea that gastric hypermot i l i ty  is unlikely to 
cont r ibute  substantial ly to s t ress  ulcerat ion.  Thus,  the 
ant iulcer  effect o f  both a t ropine and verapamil  could mainly 
be due to o ther  act ions ,  e .g. ,  p revent ion  of  mast  cell de- 
granulat ion and prese rva t ion  of  mucus  [ 13, 15]. in addit ion to 
their  smooth  muscle-re laxing proper ty .  
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