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THE ULCEROGENIC EFFECT OF BILE AND BILE ACID IN RATS
DURING IMMOBILIZATION STRESS

J. Wiesener
Pathological Institute of the Free University in Berlin

The duoO-I^al reflex has been discussed for some time as a cause in /539*

the pathogL,' sis of the gastric ulcer. The reflux of alkaline duodenal

juice may destroy the gastric mucosal barrier [15] , so that the acid

may directly affect the mucosa. When examining the juices of the empty

stomach, high concentrations of bile and/or bile acids were found 33

In the present study the effact of oxen bile and bile acid on the

gastric mucosa is to be studied under immobilization stress conditions.

Method

Male Wistar rats (AFH Hanover, Institute of Dr. Hageman) weighing

200-240 g. served as trial animals. The rats were held in plastic boxes

(55 x 35 x 20 cm. in size) in groups of 12 animal s before trials were

made. They were fed Altromin solid fonder and water ad libitum. Immo-

bilization was carried out in cylindrical wire cages 16 cm. long and

5.5 cm. base diameter.

Pretrials with groups of 10 or 12 animals for determination of an

approx. 50% ulcer frequency resulted in rats, which had not previously

fasted, 30% after 8 hours, 33% after 12 hours, 50% after 16 hours and

75% after 24 hours erosive or ulcerogenic mucosal lesions. An ulcer

frequency of 42% resulted after a 4 hour immobilization of the animal

wb en they had not been fed for 24 hours but had received sufficient

water.

* Numbers in the margin indicate pagination in the foreign text.
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Figure 1: Frequency of Ulcers After Several Hours of Immobilization
Stress With and Without Feeding

Key

A	 With Feeding	 C	 % of Animals with Mucosal Lesions
B	 Without Feeding	 D	 Immobilization Stress

In further pretrials with 50% and 10% oxen bile, with 3.3% crys- /540

talline cholic acid and physiological salt solution after a G hour

immobilization stress, 90% of the animals receiving 10% oxen t?le

demonstrated mucosal lesions. In the group receiving 50% oxen bile

in the stomach, a 50% frequency of ulcers resulted with a high degree

of dilated and atonic stomachs. In the case of the animals receiving

3.3% crystalline cholic acid, 30% mucosal lesions resulted; in the

control group, receiving physiological salt solution, 20% of the ani-

mals demonstrated mucosal lesions.

Defined trial conditions were therefore employing rats weighing

200-240 g., giving the animals no food, but sufficient water, for a

24 hour period and carrying out a 4 hour immobilization after appli-

cation of oxen bile and bile acids via a stomach tube.

The stomach tube was introduced into the stomach; 2 vil. each pre-

warmed to 35-37 0 C of oxen bile, crystalline cholic acid, Na-deoxycho-

lic acid, Na-glycocholic acid, Na-taurocholic acid and lithocholic acid
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were applied at a concentration of 1%, 5%, and 10% in a physiological

salt solution.- A further group of rats received 2 ml. of physiologi-

cal salt solution, another received nothing.

Evaluation

After 4 hours of immobilization the animals were anesthetized by

means of ether and killed with the application of a pneumothorax. The

stomach was separated 5 mm. below the pyloris, filled with 2 ml. water

and fixed for 3-5 minutes in a 4% Formalin solution. The stomachs

were subsequently cut open carefully along the large curvature with-

out damaging mucosa and spread on a cork plate. The preparations

were immediately examined with the naked eye and with the microscope.

Localization and size of mucosal lesions were registered. Only those

mucosal lesions microscopically visible were evaluated. A group com-

parison was made uf the animals with gastric mucosal lesions and

without these findings. No determination of an ulcer index was nade-

The % test was applied, where necessary, for checking results.

Results

The mucosal lesions were found almost exclusively in the glandular

stamacb - in only one case an ulcer having the dimensions of a large-

sized pkihead was found in the stomach. The lesions were evenly dis-

tributed on the front and back wall. The antrum was seldom affected,

the duodeiazin was never affected. The lesions were usually found in

the folds, having a deep, wide hemorrhagic base. Microscopically only

the mucosa were affected, never the lamina musculavis mucosa.

In addition to the alterations in mucosa already described, in the

case of the rats receiving 50% oxen bile and in. those receiving 10%

N a-glycocholic acid, an extreme dilation of the stomach occurred. In

addition, all animals of the 2 groups mentioned were affected by

diarrhea.
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Frequency of acute mucosal lesions in the glandular stomach of rats

where oxen bile and various bile acids were applied in differing con-

centrations is shown in Table 1.

Table 1: Frequency of Mucosal Lesions in the Glandular Stomach of
Rats Where Oxen Bile and Varying Bile Acids Were Applied
in Differing Concentrations.

/541

}j 11+	 1 1	 1 i 1	 1 1+	 1	 1 1	 1	 1	 1	 1

iS N ^ .	 ^ L4	 .O r t1 N	 _	 N	 ^ A _ ^• » A N

']	 w wNn	 1 1	 - h	 1 1	 ♦ 1	 1	 1	 y /IN 7 NNN

y ^ 7t

Jt H .O •♦• 	 N »	 f. 1	 1 1	 N 1	 ♦ 	 1	 1 •O	 I - •N M 1

v^
F.1 t

N N .%	 - i	 N -	 - -	 1 1	 O	 1	 1 1	 1	 1	 1	 I	 .O

7

C N .N.	 ^N. N N	 .N. w	 .. ..	 w	 -	 _ _ .. N .... l7

r .^	 n 11	 4 11 »	 .^	 n	 ,4 w s a w.

s

a ++t	 r +	 + +	 + +	 +	 +	 + +++
A ! ^ ^ J1 'J. N	 `y

o

a

.i

7	 7 7	 v ^	 w	 v	 r

e

^ V	 Y	 ^}
V	 V

:^	 ..^
•.^	 V

la	 7
^

7	 ^7t r9^1^	 :7	 :J	 I.i
.:SIIx :311 :^

:^ ^t :1 Y ^	 ti 1:	 .L•
^ Y. ^ ^yt r	 p^	 .C{{	 Jyy	 .0 1l	 l: O

1. r .Lwv ^^	 .7 /^1

x a z O PW	 a

R N w
•c«<S

^•
^ ^

..
;:	 ^3'

w
u ^

N	 w	 w
a	 a	 u	 ^: u	 ^:^quo•

u

u	 ii 10r

^ 
My

UD

"4 M ^^i
O	 r4 O

0 "4 Aj

.C.+UaOMO
1.3 z it 04 W U'

a/ aac

V

c aaa
171	 V "4-HM4

P4	 P'4 P4 p.4
r4 Q 41 000

ooe 
I

a xxx
-H44 ul-°i^	 0 0

L*+ Aj C 0 1
0
In 0 E^

o 4141xH'uao a,QyzM(n 0Udzzz

o-%
O
	

10..V

"0ocnx
$+ r4 r4 Cd O 14 1 to

a +^ x U $4 -r4 0 4J I

$$4 a 0 

z 
1^ W (V 0 CC

c^^nEn0:::,waaon

x^ QoaU r^wwc^x

I

''; It !t.	 ;^	
t•	 I 1 ^

4



In only 2 of 246 animals there were 3 ulcers, in 4 other animals / 542

there were 2 ulcers per stomach.

Unusual mucosal lesions in the form of wide, deep mucosal blooding,

especially along the limit fold, originated by the application of 10%

Na-glycocholic acid. Because of lesion intensity those were rated as
ulcerations.

0 
FG^R 

quA^
0

Figure 2: Band-Shaped Bleeding
Along the Limit Fold
in the Glandular Stomach
of the Rat. Condition
After the Application of
10% Na-glycocholic Acid
and After 4 Hours of
Immobilization Stress.

An increase in frequency of ulcers was only proven in the groups

D3 , Al , A2 , A3 . A statistically based difference, however, occurred

in the %2 test only between the 0 groups and groups A3 and D3.

Discussion

The present studies of rat stomachs in the case of direct appli-

cation of bile and bile acids in connection with a 4 hour immobiliza-

tion stress should serve for examining the effect of the duodenal

reflux in connection with the pathogenesis of the gastric ulcer.

The combination of 2 methods for generating peptic mucosal lesions

in the animal experiment, in the present studies the combination of

immobilization stress with the application of bile and bile acids in

varying concentrations, permits more precise statements on the effect

of certain materials on the gastric mucosa compared to published

5
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experiments.

With respect to the complex compositi,.ri of bile, in addition to

oxen bile the following bile acids in 1%, 5%, and 10% concentrations

were applied in each case: cholic acid, sodium deoxycholic acid,

sodium •glycocholic acid, sodium taurocholic acid and lithocholic

acid.

/543

Immobilization stress of rats has been tested for a long period of

time as an animal experimental model for generation of gastric mucosal

lesions ane has been described in various variants ( [ 3 ] - [ 8 1,
[22] , [ 241] , and others). Several discussions of the pathogenetic
course of these styes- models have been published in connection with

oth,.r experiments ( 1161 , [ 17 land others) .

The observation that bile does not cause any phlogistic changes

in gastric mucosa was made in the case of transplantation of gastric

muucosa to the gallbladder 19 ]. Instead a cholecystitis was deter-

mined in all trial animals.

On the other hand, an increase in mucosal lesions was determined

due to a chronic gastritis and attributed to the duodenal reflex of

bile [15] . Watkinson [32] already found bile often in his examina-

tions of digestive juice content of empty stomachs in patients with

gastric ulcers. A connection between duodenal-pancreatic reflux of

bile and gastritis has also been mentioned by other authors 15 .

In 1956 Siurala and Tawest [ 31 ] described so-called "Gmelinpositive

agents" in 46% of extreme cases of atrophy of gastric mucosa and in

31% cases of less severe mucosal atrophy. Capper et al. I]A] were

able to prove an increased duodenal reflux in the case of gastric

ulcers using X-ray methods, Rhodes Cad discovered significantly high-

er bile acid concentrations in patients with stomach ulcers as opposed

to healthy patients. Due to lipophilic and hydrophilic characteristics

bile and bile acids are attributed the capability of destroying the

gastric mucosal barrier. Ball et al.[ 21 found a loss in viscosity of

gastric mucosal barrier where digestive juices were neutralized. Due

to reduced resistance of mucosal barrier the a ions directly affect

6
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the mucosa, in which pa+ ions are released from the mucosal cells

( [12] , [13] , [23] ). Ivy 23 discovered only 15 minutes after

application of bile or bile salts destruction of the functional mu-

cosal barrier with alterations of the described ion flaw, Werther [33]

observed this result after 30 minutes. Via rediffused H + ions into

the mucosa an increased HU and pepsin secretion results in the mucosa

[29] . Lawson [26] determined a chronic gastritis in the case of

duodenal reflex especially in connection with bile and pancreatic juice

when experimenting with dogs. In the case of experiments with monkeys

all degrees of a reflex-esophagitis was generated, as well as an eso-

phageal ulcer after cholecystic ingestion [18] .

The present studies with oxen bile in varying

5% and 10%) as well as varying bile acids resultei

given the 10% oxen bile (group A3 ) and given 10%

acid (D3) a statistically significant increase in

lesions in the stomach as compared to the control

concentrations (1%,

I only in the animals

sodium glycocholic

frequency of mucosal

group (Table 2).

The important morphologically and statistically significant alter-

ations in the animal groin, 03) given 10% sodium -glycccholic acid was

F

	 striking.

The animals demonstrated as a whole a large degree of stony with a /544

considerable dilation of the stomach as well as extended band-shaped

areas of mucosal bleeding. The high degree of stomach stony, in con-

nection with a stasis of the stomach as described by Dragstedt must be

considered as the reasons for an increased vulnerability of mucosa.

To what degree the sodium glycocholic acid has a toxic effect -

Cross and Wangensteen reported in 1951 on 8 cats with necrosis of the

esophagus wall after perfusion with sodium -taurocholic acid and

sodium glycocholic acid [111 - remains to be examined.

7
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Table 2: Summary of the individual Main Groups Designated by a
Letter and Composed of 3 Sub-groups in Each Case and a
Comparison of the Animals with Ulcers or Erosions (in
this case pre-ulcerations) and Those Where None Were Found.
An increased lesion frequency results only in the ^grr^^ps
A and D, statistically significant only in A3 and D3.
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B Ulcer	 D Without Findings

Sodium taurocholic acid, however, showed no visible effect in our

experiments compared to the control group.

Except for the important and probably toxic effects of Na-glyco-

cholic acid in a 10% solution only the animal group given oxen bile in

a 10% solution showed a statistically significant ulcer frequency com-

pared to the control group. As far as the oxen bile is concerned, the

results are in agreement with those published, especially with clinical

observations. With the exception of the 10% Na-glycocholic acid,

however, the same statement may not be made about the individual bile

acids tested, or their natrium salts. The effect of bile in the patho-

genesis of ulcerous gastric mucosal lesions may be considered pioneer-

ing, taking the experimental results into consideration and is espe-

cially apparent in combination with other ulcerogenic factors, repre-

sented in the present experiments by immobilization stress.

8



Sumesix

The present work studies the effect of oxen bile and individual

bile acids, or their natrium salts in differing concentrations on the

gastric mucosa of rats in combination with immobilisation stress. A

statistically significant highs; frequency of ulcers was only deter-

mined in the application of 10% oxen bile. Dosages of 10% sodium

glycocholic acid d mstrated strong toxic damage with atonic dilation

of the stomach and extansive mucosal bleeding.

The results gained are explained in connection with published

clinical and animal experiments.

^x
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