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Method of gastric ulcer production by 
serosal application of acetic acid

MMethod of gastric ulcer production by ethod of gastric ulcer production by 
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Healing of gastric ulcers in rats treated with dmPGE2
(50 g/kg/d),  omeprazole (40 mg/kg/d) or vehicle
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COX-1 expression at ulcer margin in rats treated with 
vehicle, dmPGE2 (50 g/kg/d) or omeprazole (40 mg/kg/d)
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COX-2 expression at ulcer margin of rats treated with 
vehicle, dmPGE2 (50 g/kg/d) or omeprazole (40 mg/kg/d)
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Acceleration of ulcer
healing by growth factors

VEHICLE

bFGF

EGF

TGF

HGF

GASTRIN

D A Y S U P O N U LC ER I N D U C TI O N

U
LC

ER
 A

RE
A

 (
m

m
)2

+* +* +*
+*+*

+*
+*

+* +*

*
*

0 3 13 21
0

5

10

15

20

25

30

+*

�����!*���%"0�"!%"�#.�3"*(!')��$)%!*�'0�!"(*��'(,�-"'$4�(!%"(2%0(��'(,�&"!'#�*�3!#�(,�.")(#!*�"0-

3"*(!'0� "(� "� -#*%� #.� ��� H3I 3I-� '0�%)(%-� '�����*(%!'* � '0-')"(%*� *'30'.')"0(� -%)!%"*%� 1%$#�� (,%

&"$�%� #1("'0%-� "(� -"4� ����!#**� '0-')"(%*� *'30'.')"0(� -%)!%"*%� 1%$#�� (,%� &"$�%� #1("'0%-� '0� !"(*

(!%"(%-��'(,�&%,')$%��



"-2'0'*(!"('#0� #.� ��?;�� "0-� ��?;�� '0,'1'(#!*� *�),� "*� '0-#2%(,")'0� "0-� '*
"))#2�"0'%-�14�(,%���!%3�$"('#0�#.���?;��"(�(,%��$)%!�2"!3'0��'(�'*�!%"*#0"1$%
(#�)#0)$�-%�(,"(���?;��-%!'&%-�
��2%-'"(%�(,%�"))%$%!"('#0�#.��$)%!�,%"$'03�14
&"!'#�*�3!#�(,�.")(#!*�%<�!%**%-�"(�(,%��$)%!�2"!3'0�=�����!!>��

+,%� $'*(� #.� �$)%!� ,%"$'03� .")(#!*� '0)$�-%*� *%&%!"$� #(,%!*� .")(#!*� #.
3"*(!#'0(%*('0"$�#!'3'0�*�),�"*�),#$%)4*(# '0'0�=��/>��3"*(!'0�!%$%"*'03��%�('-%
=��
>��3,!%$'0��$%�('0��*#2"(#*("('0�"0-�'0*�$'0�=��;��>���*�*,#�0�#0������!"��(,%
�$)%!�,%"$'03�")('&'(4�#.�&"!'#�*�3�(�,#!2#0%*�'*�"))#2�"0'%-�14�(,%�*('2�$"('#0
#.�2�)#*"$�3!#�(,�=%<)%�(�*#2"(#*("('0>�"0-�-%�%0-*��'0�2#*(�'0*("0)%*��#0�(,%
2�)#*"$�3%0%!"('#0�#.�
��-�%�(#�%$%&"('#0�#.���?;��%<�!%**'#0�=�����!">�

+,%��$)%!�,%"$'03�")('#0�#.�&"!'#�*�3�(�,#!2#0%*�)#0(!#$$'03�.##-�'0(" %�*�),
"*���/��$%�('0�#!�3,!%$'0�'*�'0-%�%0-%0(�#0�3"*(!')�")'-�*%)!%('#0�1�(�'0&#$&%*�(,%
")('&"('#0� #.� 1!"'0;3�(� "<'*� +�� *('2�$"('#0� #.� �%!'�,%!"$� *%0*#!*� "0-� "..%!%0(
0%!&%*��+,'*�'*�*���#!(%-�14�(,%�.'0-'03�(,"(�'0")('&"('#0�#.�*%0*#!4�0%!&%*��'(,
0%�!#(#<')�-#*%�#.�)"�*"')'0�"((%0�"(%-�(,%��$)%!�,%"$'03�%..%)(*�#.�(,%*%�"��%('(%;
!%3�$"('03�3�(�,#!2#0%*�=D5;��>��

��

-actin

V
eh

ic
le

H
G

F

bF
G

F

E
G

F

Day 13

In
ta

ct

N
C

COX-1

COX-2

M
ar

ke
r

A

B

C

Expression of COX-1&COX-2 mRNA 
in ulcer treated with growth factors

�����! � �%0%�%<�!%**'#0�#.���?;��"0-���?;��=�!%*%0(%-�"*�!"('#�#.���?�(#�1%(";")('0>� '0� (,%

'0(")(�3"*(!')�2�)#*"�"0-�"(�(,%�3"*(!')��$)%!�2"!3'0�'0�!"(*�(!%"(%-�.#!����-"4*��'(,�7�	����	�"0-

1	�	�� �*(%!'* � '0-')"(%*� *'30'.')"0(� '0)!%"*%� "1#&%� (,%� &"$�%� !%)#!-%-� '0� '0(")(� 2�)#*"�� �!#**

'0-')"(%*�*'30'.')"0(�'0)!%"*%�"1#&%�(,%�&"$�%�#1("'0%-�'0�&%,')$%;(!%"(%-�2�)#*"�



�D

Intact gastric mucosa

Arachidonic acid

Enzyme inductionEnzyme induction
COXCOX--11

constitutiveconstitutive
Enzyme activityEnzyme activity

Enzyme inductionEnzyme induction
COXCOX--22
inducibleinducible

Enzyme activityEnzyme activity

COX-2 inhibitors

Growth factors,
Gut peptides

(+)

NSAIDs

Physiological prostaglandin
(e. g. gastric protection)

Pathological prostaglandins
(e. g. inflammation, pain)

Acceleration of ulcer healing

COX-1 and COX-2 in the healing of gastric ulcer in rats 
treated with growth factor or gut hormones

(+)

Site of inflammation

Glucocorticoids

Exogenous PG

����� !!� 
),%2"(')� �!%*%0("('#0� #.� (,%� 2%),"0'*2� #.� *('2�$"(#!4� ")('#0� #.� 3!#�(,� .")(#!*� "0-

)%!("'0�3�(�,#!2#0%*� *�),� "*�3"*(!'0�#0� (,%� '0-�)('#0�#.� %<�!%**'#0� "0-�")('&'(4�#.���?;�� (,"(

)#0(!'1�(%�(#�(,%�*('2�$"('#0�#.��$)%!�,%"$'03�%..%)(*�#.�(,%*%�*�1*("0)%*�

GUT PEPTIDES AND ULCER HEALING, MUCOSAL
GROWTH & GASTRIC H+ SECRETION & PG GENERATION

Factor     Ulcer healing Mucosal growth     H+

secretion

GASTRIN - CCK                   
GRP
GHRELIN-GH
SOMATOSTATIN
LEPTIN

MELATONIN

INSULIN

HISTAMINE & N H
GLUCAGON & GLP-1

PG

++
++
++
++
++

++

??
??
??

�����!"� �'*(�#.�3�(�,#!2#0%*�"..%)('03�(,%��$)%!�,%"$'03��2�)#*"$�3!#�(,��3"*(!')�")'-�*%)!%('#0�"0-

�!#*("3$"0-'0�3%0%!"('#0�'0�(,%�3"*(!')�2�)#*"



�%$"(#0'0�(,"(��"*�(,#�3,(�(#�#!'3'0"(%��!'2"!'$4�.!#2�(,%��'0%"$�3$"0-*��1�(
!%)%0($4� '(� ,"*�1%%0�-%(%)(%-� '0� $"!3%� "2#�0(*� '0� (,%�-'3%*('&%�#!3"0*�� *�),� "*
*(#2"),��3�(�"0-�(,%��"0)!%"*�=�D����>���$(,#�3,�'(*�3"*(!#�!#(%)('&%�")('&'(4�,"*
1%%0� "((!'1�(%-� (#� *)"&%03'03� #.� !%")('&%� #<43%0� *�%)'%*� "0-� '0)!%"*%� #.
"0('#<'-"('&%�%0@42%*�=��>���%�.#�0-�(,"(�(,'*�'0-#$%��"*��%$$�"*�'(*�*�1*(!"(%��;
(!4�(#�,"0��"))%$%!"(%*��$)%!�,%"$'03�=�����!#>��"(� $%"*(� '0��"!(��14�")('&"('#0�#.
��?;
��*4*(%2�1%)"�*%�'(��"*�"))#2�"0'%-�14�(,%�'0)!%"*%�'0�3"*(!')�2�)#*"$
3%0%!"('#0�#.�
�7� "0-�(,%�'0,'1'('#0�#.���?;�I��?;��*4*(%2�14�'0-#2%(,")'0
-%$"4%-� (,%� �$)%!� ,%"$'03� �!#2#(%-� 14� 2%$"(#0'0� =����� !$>�� 	�!(,%!2#!%�� (,%
-%")('&"('#0� #.� *%0*#!4� 0%!&%*��'(,� 0%�!#(#<')� -#*%� #.� )"�*"')'0� !%&%!*%-� (,%
,%"$'03� "))%$%!"('#0� 14�2%("$#0'0� "0-��;(!4�!#�,"0� "0-� *���$%2%0("('#0��'(,
)"$)'(#0'0;3%0%�!%$"(%-��%�('-%�=���
>��"�0%�!#�%�('-%�(,"(�'*�-%.')'%0(�'0�*�),
*%0*#!4� -%")('&"(%-� "0'2"$*�� !%*(#!%-� (,%� ,%"$'03� %..%)(*� #.� 2%$"(#0'0� "0-� '(*
�!%)�!*#!� =����� !%>�� �(*� '*�� (,%!%.#!%�� !%"*#0"1$%� (#� "**�2%� (,"(� 2%$"(#0'0
%0,"0)%*��$)%!�,%"$'03�(,!#�3,�(,%�")('&"('#0�#.�1!"'0;3�(�"<'*�"0-�*('2�$"('#0�#.
"..%!%0(�*%0*#!4�0%!&%*�=�D;�F>�

�*�'0-')"(%-�'0�(,%�'0(!#-�)('#0�������	�
� '0.%)('#0�"0-��
����"!%� 0#�0�(#
-%$"4��$)%!�,%"$'03�'0�,�2"0*�1�(�'(�'*�0#(�)$%"!�,#��(,%*%�(�#�.")(#!*�'0(%!")(�#0
(,%�,%"$'03��!#)%**�#.�%<�%!'2%0("$��$)%!���*'03�#�!�")%(')�")'-�2#-%$�'0�!"(*��'(,
#!��'(,#�(������	�
� '0.%)('#0���%�.#�0-�(,"(�'0.%)('#0�*'30'.')"0($4�-%$"4*��$)%!

��

Effects of melatonin or L-Tryptophan
on healing of chronic ulcers
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Effects of melatonin or L-Trp on ulcer healing in rats
with intact and suppressed PGE2-generation

I. Brzozowska et al., 2002
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