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Gastric emptying in rats with gastroduodenal disease induced by 

N-methyl-N-nitro-N-nitrosoguanidine and akohol
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The rale of gastric emptying was measured with a dye dilution technique in rats treated with N-methyl-N

nitro-N-nitrosoguanidine and a/coho/. 

Gastric emptying was compared in rals ,vith gastroduodena/ iliflammatory diseases and gastroduodenal 

neoplasms, and in those without gastroduodenal disease. 

Gastric emptying was found to be significantly increased following the intragastric injection of liquid meal 

in rats with gastroduodena/ diseases as opposed to t/ze control group of healthy rats. 

These findings suggest that an increased gastric emptying of liquids can be explained by abolition on tlze 

relaxation of the gastric wall in rats with gastroduodenal diseases. 
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Introduction 

There is an increasing tendency to incriminate ab

normalities in gastric emptying in the pathogenesis 

of gastroduodenal disease. Many disorders are as

sociated with delayed gastric emptying without evi

dence of a structural gastric outlet obstruction. 1-4 

Nevertheless, Nomiyama5 found, by use of the ace

taminophen absorption method, that gastric empty

ing in patients with early gastric cancer was rather 

rapid, if compared with emptying in healthy sub

jects. These differences may be caused by differ

ences in the methods of the gastric emptying meas

urement and in the test meal used. 3• ''

We supposed that liquids injected directly into 

the stomach by a sonde, would be emptied from a 

stomach with gastroduodenal disease more quickly 

than from a healthy stomach.7 
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We tested this hypothesis using the dye dilution test 

for gastiic emptying"· 9 atler treating Wistar rats with 

N-menthyl-N-nitro-N-nitrosoguanidine (MNNG) 10.1 1 

and alcohol. 

Materials and methods 

Animals 

We used 70 male Wistar rats weighing 150-200 g. 

The animals were fed pelleted Knapka food, and 

maintained in macrolon cages at a constant tempe

rature (22±2 °C) and relative humidity (60±5 %). 

All the animals were given MNNG (Fluka Chemie, 

Switzerland) at a concentration of 100 mg/litre 10 in 

a drinking solution. We arbitrarily divided the ex

perimental animals into two groups. One group had 

MNNG diluted in tap water, while the other, in a 

12 % alcohol solution. The control group of I O 

animals drank tap water. The experimental animals 

drank MNNG solution for 29 weeks; after that they 

drank tap water for an additional 29 weeks, at which 

time the experiment concluded. 
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The experimental animals were observed daily 
and weighed once every 4 weeks. Autopsies were 
performed on ali except two animals. 

At the end of the 58 experimental weeks, the 
gastric emptying tests were perfonned. 

Gastric emptying studies 

The technique of Mange! and Noegel8
· "  was used 

with modifications. Studies were performed on ali 
rats with the exception of the rats which spontane
ously died during the experiment. 

During fasting the rats were maintaineJ in wire
bottomeJ cages to avoiJ copraphagy. The experi
ments were performeJ in a room with the same 
environmental conJitions (temperature, noise anJ 
humidity) as those in the breeJing area. Ali experi
ments were Jone in the morning. 

The phenol red meal was prepared as follows: 
methyl cellulose was Jissolved in water at about 
80 °C and prepareJ in a fina! concentration of 1.5 %. 
The solution was stirreJ until dissolved, anJ phenol 
red (50 mg/100 ml) was then aJJeJ to the stirring 
solution. 

Three ml of phenol reJ solution, maintaineJ at 
37 °C, was aJministereJ orally to the rats. The ani
mals were then killeJ I O minutes (healthy rats) or 
20 minutes (healthy rats anJ rats with gastroduode
nal diseases) after the ingestion of the phenol red 
meal by means of C02 inhalation. 

An incision was made for a miJJle laparotomy. 
The stomach was exposed anJ occluJeJ at the py
lorus anJ carJia. The stomach was then removed. 
cut along the greater curvature and washeJ out with 
3 ml of 0.9 % saline. The gastric content was placed 
in 100 ml of O, 1 N NaOH with 0,9 % saline. 

Trichloracetic aciJ (0,5 ml) (20 % t/vol) was 
addeJ to 5 ml of the mixture. This sample was 
centrifugeJ at 2,500 rpm for 30 min. The 
supernatant was removeJ anJ 4 ml of 0,5 N NaOH 
adJed. Samples were then reaJ on a colour 
spectrophotometer (MA 9502) at 560 nm. 

The percentage of gastric remains was calculateJ 
as follows: 

% gastric remains = 

absorbtion value for stomach 
mean absorbtion value for test meal 

Values were reporteJ as means ± SE. 

X 100 

Statistical analysis was maJe using the Student's 
t test with a significance leve! criteria of 0,05. 

Mo17J/10/ogic evaluation 

The stomach anJ other visceral organs were exam
ined macroscopically, fixed in a I O % neutral for
malin and routinely processeJ for histopathological 
stuJies. GastroJuoJenal lesions were classified his
topathologically into neoplastic (dysplasia, papil
loma, squamous celi carcinoma, adenocarcinoma, 
sarcoma) and nonneoplastic (principally intlamma
tory) gastroJuodenal diseases, following accepted 
histologic criteria.12 

Statistical evaluation 

The significance of the percentage difference of the 
gastric content 20 minutes after the test-meal was 
evaluated by using the Student's t test. 13 

Results 

Body weight gains of rats in the different MNNG
treated groups are shown in Figure 1. 
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Figure l. Weight gain in rats during different dietary peri
ods. 

One animal in the alcohol and two animals in the 
water group died from pneumonia and one animal 
in the alcohol group from an advanced gastric tu
mor. Autopsies were not done in two animals. 

As shown in Table 1, tumors were found in 23 
rats (from a total of 60 rats). The incidence of 
gastroduoJenal carcinoma was greater in the experi
mental group drinking the tap water with MNNG, 
in contrast to the group drinking alcohol with MNNG. 

The Jata on gastric emptying in rats with gas
troduoJenal diseases anJ those in healthy rats are 
summariseJ in Figure 2. 

The gastric emptying in rats with gastroduodenal 
lesions with or without gastric or duodenal tumors 
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Table l. Effect of Various Test Meals on Gastro<luo<lenal 
Neoplasia ln<luced by MNNG in Male Wistar Rats* 

Gastro<luo<lenal 
Lesions 
Displasia 
Papilloma 
Carcinoma 
Sarcoma 
Tota! 

Treatment (Test Meals) 
Ethanol** Water*** Tota! 

4 
1 
5 
1 

11 

o 
1 

11 
o 

12 

4 
2 

16 
1 

23 
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'1' Tota! No of rats were 60. 
M(UI\JM VAL\Jl CI '. (�r (,1,!,Jfrf COl!l'll'i X, ,..f/lllll5 M !lfi l>tt !t�t �KAL 

** 12.0 vtil % ot' ethanol in tap water with MNNG. 
*** Tap water with MNNG. 

was approximately equal. Figure 2 also shows that 

the gastric emptying was significantly slower in the 

Figure 2. Distribution of the gastric content of the standard 
meal in the stomach of rats with and without gastro<luodenal 
<lisease. 

No % 

20.2 
2 18.2 
3 24.1 
4 24.1 
5 22.9 
6 13.8 
7 21.5 

8 29.6 
9 55.0 

10 27.1 
11 64.4 
12 (-) 
13 20.0 

14 61.8 
15 10.3 
16 44.9 

17 24.4 
18 16.9 

19 (-) 
20 21.0 
21 19.6 
22 16.1 
23 34.7 
24 19.6 

25 17.7 
26 23.5 
27 9.6. 
28 27.8 
29 11.4 
30 20.2 
31 27.6 

32 52.6 
33 10.2 
34 21.0 
35 38.8 
36 (-) 
37 22.9 
38 1.6 

39 10.9 

Chronic superlicial <luodenitis. 
Fibrosis ot' fun<lic mucosa. Chronic superlicial duodenitis. 
Chronic superlicial duodenitis. 
Chronic antral gastritis with focal fibrosis of mucosa an<l sub. mucosa. 
Focal fibrosis of fun<lic an<l antral mucosa. 
No pathological changes. 
Chronic gastritis and focal fibrosis of antral mucosa. 
Focal <lysplasia (grade II) of nonglandular (squamous) mucosa. 
Chronic superficial duodenitis. 
Chronic superficial cluodenitis an<l focal fibrosis of antral mucosa. 
Focal regeneratory atypia of <luo<lenal mucosa (in the vicinity of librosis). 
Focal chronic gastritis of antral mucosa. Early a<lenocarcinoma of !iver. 
Mild chronic gastritis ot' antral an<l t'un<lic mucosa. 
No autopsy report. 
Focal fibrosis of t'undic mucosa. Focal <lysplasia an<l invasive squamous celi carcinoma 
of nonglandular mucosa. 
Mil<l chronic duo<lenitis with focal librosis of propria. 
Chronic duo<lenitis. Chronic gastritis and chronic erosion of antral mucosa. 
Focal librosis ot' submucosa of antral mucosa region. 
Chronic <luodenitis. 
Chronic gastritis of antral mucosa. 
Mo<lerate <lysplasia of squamous mucosa. Chronic antral gastritis with focal fibrosis of submucosa. 
Early adenocarcinoma of antral mucosa. 
Advanced sarcoma. 
Chronic gastritis of antral mucosa. Liver cysta<lenoma. 
Chronic gastritis of antral mucosa. 
Focal lib7-osis ot' antral and <luo<lenal mucosa. 
Chronic gastritis of antral mucosa. 
Chronic gastritis of antral mucosa with focal librosis. 
Squamous celi papilloma of nonglan<lular mucosa. 
Adenocarcinoma (infiltratcs muscularis propria) of antral mucosa. 
Modcratc dysplasia of squamous mucosa. Early invasive celi carcinoma of nonglan<lular mucosa. 
Milll dysplasia of squamous mucosa. 
Chronic gastritis of antral mucosa with focal fibrosis. 
Focal librosis of antral mucosa. Liver cystadenoma. 
Focal fibrosis of antral rnucosa. 
Chronic gastritis of antral an<l fun<lic mucosa with focal librosis. 
Chronic gastritis of antral mucosa with focal librosis. 
Liver harnartoma. 
Chronic duodenitis. 
Chronic gastritis of antral mucosa and erosion of t'un<lic mucosa. 
Chronic gastritis of antral mucosa with focal fibrosis of antral and duodenal mucosa. 
Focal librosis of antral and t'un<lic mucosa. 
Advanced autolysis. No tumor. 
Focal fibrosis of antral and fundic rnucosa. 
Chronic gastritis of antral mucosa. Moderate <lysplasia of nonglan<lular mucosa. 
Early invasivc squamous carcinoma. 
Chronic gastritis of antral mucosa. Focal dysplasia of t'un<lic mucosa. 
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-
No o/t-) 

40 8.3 

41 (-) 
42 5.9 

43 7.6 

44 6.5 

45 76.2 

46 63.5 

47 65.5 

48 36.6 

49 22.4 

50 38.9 

51 25.0 

52 48.3 

53 21.9 

54 36.8 

55 80.5 

56 (-) 
57 12.7 

58 20.0 

59 (-) 
60 75.0 
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Chronic gastritis of antral mucosa. Chronic duodenitis. 
Focal fibrosis of antral mucosa. lnitial autolysis. 
Chronic gastritis and focal fibrosis of antral mucosa. Chronic duodenitis. 
Advanced (Dukes B) adenocarcinoma of duodenum. 
Chronic gastritis of antral mucosa. Papillary cystadenoma of !iver. 
Chronic gastritis of antral mucosa. Focal fibrosis of duodenal mucosa. 
Adenocarcinoma of antral mucosa. 
Focal fibrosis of antral mucosa. Gastritis cystica profunda of prepyloric regi on. 
Focal fibrosis of antral and duodenal mucosa and antral submucosa. 
Adenocarcinoma of antral mucosa (submucosal invasion). 
Gastritiscystica profunda of antral mucosa. Cystadenoma of liver. 
Chronic duodenitis. Adenocarcinoma of antral (prepyloric) mucosa (submucosal invasion). 
Focal fibrosis of antral mucosa and submucosa and chronic erosion of antral mucosa. 
Focal fibrosis of antral and fundic mucosa. 
Focal fibrosis of antral mucosa. Adenocarcinoma of antral mucosa (submucosal invasion). 
Chronic gastritis of antral mucosa. Advanced (Dukes B) adenocarcinoma of duodenum. 
Chronic gastritis and focal fibrosis of antral mucosa. 
In nonglandular mucosa squamous papilloma and invasive squamous carcinoma (early). 
Advanced (Dukes B) adenocarcinoma of duodenum. Multiple papillary cystadenoma of !iver. 
No autopsy report. 
Chronic gastritis or antral mucosa. Adenocarcinoma of antral mucosa (invasion of submucosa). 
Adenocarcinoma of antral (prepyloric) mucosa (invasion of submucosa) 
Chronic gastritis and focal fibrosis of antral mucosa. 
Advanced (Dukes B) adenocarcinoma of distal duodenum. 

healthy rats than in those with gastroduodenal le

sions. (P < 0,0 l ). 

Nomiyama5 who, using the acetaminophen absorp

tion method, discovered that gastric emptying in pa

tients with early gastric cancer was rather rapid, 

when compared with emptying in healthy subjects. 

The time duration for gastric emptying in the 

control (healthy) animals is illustrated in Figure 3. 
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Figure 3. Gastric emptying in rats without gastroduodenal 
disease. 

Discussion 

In the present work we found a significantly faster 

gastric emptying in rats with gastroduodenal dis

eases, in comparison with the control group of heal

thy rats. 

We show that there is not a great difference in the 

rates of emptying between the rats having the gas

troduodenal neoplastic and those with intlammatory 

disease. This finding conlirms the previous work of 

On the other band, delayed gastric emptying has 

been demonstrated for a variety of infiltrative dis

eases.1· �- 1-t--1<> This includes lymphomas, carcinoma,

W hipple's disease, and diseases that produce gra

nulomas in the gastric wall. In our study, ali the 

animals with a prolonged gastric emptying witb 

neoplasia had advanced carcinomas of the antrum 

and duodenum. On the other band, the animals with 

sbortened emptying generally had early gastric tu

mors. 

Gastric mucosal abnormalities can affect gastric 

emptying. Diseases of tbe gastric musculature, in

cluding the inllammatory and endocrine my

opathias, muscular dystropbies, and infiltrative dis

orders, can result in significant gastroparesis.1 Most

patients with gastroparesis have a delay in the emp

tying of solid food, but tbe rate of liquid emptying 

is preserved. Tbis observation suggests tbat the fac

tors that regulate the fundic tone are preserved 

longer in most patients with gastroparesis. 17 The

proximal stomach bas two remarkable motor prop

erties that allow it to carefully regulate intragastric 

pressure during gastric filling, namely: receptive 

relaxation and accommodation. 

The proximal stomach relaxes to receive the bo

lus of ingested food from the esophagus; hence the 

term receptive relaxation. Liquids entering the fon-
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dus trigger vagally mediated initial receptive re

laxation, so that the fundus plays a key role in the 

gastric emptying rate for liquids. 1
� 

The slight shortening of the tirne for gastric emp

tying could be accounted for as a result of the 

absence of the part of the recepti ve relaxation of the 

stomach when swallowing is eliminated. 1
" 

Accommodation to distension is a process 

whereby the stomach accepls increasing volumes 

without greatly increasing the intragastric pressure. 

In the present work, an increased gastric empty

ing (especially the initial emptying) of liquids can 

also be explained by the abolition of the vagally 

mediated receptive relaxation, and/or of the change 

in the fundic tone as the intragastric injection of the 

liquid test meal occurs. that raises the intraluminal 

pressure, elevates the pressure gradient between the 

stomach and duodenum, and allows more liquids 

into the duodenum. 20 

This abnormally rapid gastric emptying, com

pared with the emptying in healthy rats, may be 

caused by differences in the gastric tonus." 

In healthy group, the proximal stomach accom

modated easily to distension. keeping the intragast

ric pressure low as the stomach filled. On the cont

rary in the group with gastroduodenal disease, larger 

increases in pressure occurred during gastric dis

tension. The gastroduodenal diseases impaired the 

stomachs' accommodation and led to greater in

creases in intragastric pressure with gastric filling. 

Moreover, the greater increases in pressure in those 

animals with gastroduodenal diseases led to the 

more rapid gastric emptying of liquids for most of 

the rats studied. 
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