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The present work was conducted to study the possible protective actions of some antioxidants, namely zinc, selenium, vitamin E and Ginkgo biloba extract against diclofenac sodium-induced gastric ulcer compared to ranitidine as a reference anti-ulcer agent on acute and 14 days daily treatment. 
The possible anti-inflammatory actions of the chosen antioxidants and their possible interactions with diclofenac sodium on acute and 7 days daily treatment were also studied.   
In the present study, two different models of animal experiments have been involved. The first was rat pyloric ligation model. It was constructed to evaluate the possible anti-ulcer effects of the chosen antioxidants against diclofenac-induced gastric ulcer on acute and 14 days daily treatment. The anti-ulcerogenic potentials of the test drugs were evaluated based on number of ulcers, ulcer index, gastric volume, titratable acidity, peptic activity, mucin concentration and gastric mucosal content of histamine and glutathione. Pyloric ligation was performed in order to collect suitable volumes of the gastric juice. 
The chosen doses for acute treatment in pyloric ligation model were; diclofenac sodium (60 mg/kg), ranitidine (150 mg/kg), zinc sulphate (80 mg/kg), sodium selenite (2.3 mg/kg), vitamin E (100 mg/kg) and Ginkgo biloba extract (100 mg/kg). For 14 days daily treatment, the chosen doses were; diclofenac sodium (10 mg/kg), ranitidine (100 mg/kg), zinc sulphate (50 mg/kg), sodium selenite (0.3 mg/kg), vitamin E (100 mg/kg) and Ginkgo biloba extract (100 mg/kg). All the test drugs and ranitidine were administered by oral feeding tube while diclofenac sodium was administered by intraperitoneal injection.       
The second model of experiments was carrageenan-induced granuloma pouch in rats. It was conducted to evaluate the possible anti-inflammatory actions of the chosen antioxidants and their interactions with diclofenac sodium on both acute and 7 days daily treatment. The anti-inflammatory potentials of the test drugs were evaluated based on exudate volume and exudate content of histamine, protein and total leukocyte.
The chosen doses for acute treatment in carrageenan-induced granuloma pouch model were; diclofenac sodium (25 mg/kg), zinc sulphate (25 mg/kg), sodium selenite (2.3 mg/kg), vitamin E (100 mg/kg) and Ginkgo biloba extract (100 mg/kg). For 7 days daily treatment, the chosen doses were; diclofenac sodium (5 mg/kg), zinc sulphate (5 mg/kg), sodium selenite (0.2 mg/kg), vitamin E (100 mg/kg) and Ginkgo biloba extract (100 mg/kg). All the test drugs and ranitidine were administered by oral feeding tube while diclofenac sodium was administered by intraperitoneal injection.       

The findings of the present study can be summarized as follows:  
1. Rat pyloric ligation model
a. Acute treatment
1) All the test drugs as well as ranitidine protected against diclofenac sodium-induced gastric ulcer in pyloric ligated rats as manifested by reduction in ulcer number and ulcer index. 
2) Zinc sulphate and Ginkgo biloba extract did not change gastric secretion in diclofenac sodium-induced gastric ulcer while the other test drugs and ranitidine decreased gastric secretion as manifested by reduction in titratable acidity and acid output. 
3) None of the test antioxidants or ranitidine changed peptic activity. 
4) Only ranitidine and zinc sulphate inhibited diclofenac sodium-induced reduction of mucin concentration. 
5) Only zinc sulphate decreased the gastric mucosal histamine content.
6) Vitamin E and Ginkgo biloba extract inhibited diclofenac sodium-induced reduction of glutathione content while the other test drugs and ranitidine did not affect it. 
b.  Fourteen days treatment  

1) All the test drugs as well as ranitidine protected from diclofenac sodium-induced gastric ulcer in pyloric ligated rats as manifested by reduction in ulcer number and ulcer index.  
2) All the investigated antioxidants as well as ranitidine decreased gastric secretion as manifested by reduction in titratable acidity and acid output.           
3) None of the test antioxidants or ranitidine changed peptic activity. 

4) Apart from selenium and vitamin E, all the test antioxidants and ranitidine inhibited diclofenac sodium-induced reduction of mucin concentration. 
5) Only zinc sulphate and Gingko biloba extract decreased gastric mucosal histamine content.  
6) All the investigated drugs as well as ranitidine inhibited diclofenac sodium-induced reduction of glutathione content.     
2. Carrageenan induced granuloma pouch model in rat.        
a. Acute treatment

1) Diclofenac sodium and Ginkgo biloba extract showed significant anti-inflammatory actions as manifested by reduction of the exudate volume of granuloma pouch while; zinc sulphate, selenium and vitamin E did not affect the exudate volume. 
2) Concurrent administration of diclofenac sodium with any of the test antioxidants did not change the inhibitory effect of diclofenac sodium on the exudate volume.

3) Only Ginkgo biloba extract decreased histamine concentration in the pouch exudate while the other test antioxidants and diclofenac sodium did not affect it. 
4) Concurrent administration of diclofenac sodium with Ginkgo biloba extract decreased histamine concentration in the pouch exudate while concurrent administration of diclofenac sodium with any of the other test antioxidants did not change it. 
5) Apart from selenium and vitamin E, all the test antioxidants as well as diclofenac sodium decreased protein concentration in the pouch exudate. 
6) Concurrent administration of diclofenac sodium with any of the test antioxidants did not change the inhibitory effect of diclofenac sodium on protein concentration in the pouch exudate. 
7) Diclofenac sodium and Ginkgo biloba extract decreased total leukocytes count in the pouch exudate while the other test antioxidants did not change it. 
8) Concurrent administration of diclofenac sodium with any of the test antioxidants did not change the inhibitory effect of diclofenac sodium on total leukocytes count in the pouch exudate. 
b.  Seven days treatment  

1) All the test antioxidants as will as diclofenac sodium showed significant anti-inflammatory action as manifested by reduction of the exudate volume of granuloma pouch.  
2) Concurrent administration of diclofenac sodium with zinc sulphate or Ginkgo biloba extract synergized the inhibitory effect of diclofenac sodium on the exudate volume.
3) Concurrent administration of diclofenac sodium with the other test antioxidants did not change the inhibitory effect of diclofenac sodium on the exudate volume.
4) Apart from selenium, all the test antioxidants as well as diclofenac sodium decreased protein concentration in the pouch exudate. 
5) Concurrent administration of diclofenac sodium with vitamin E or Ginkgo biloba extract synergized the inhibitory effect of diclofenac sodium on protein concentration in the pouch exudate.
6) Concurrent administration of diclofenac sodium with the other test antioxidants did not change the inhibitory effect of diclofenac sodium on protein concentration in the pouch exudate.
7) Apart from selenium, all the test antioxidants as well as diclofenac sodium decreased total leukocytes count in the pouch exudate.

8) Concurrent administration of diclofenac sodium with Ginkgo biloba extract synergized the inhibitory effect of diclofenac sodium on total leukocytes count in the pouch exudate.

9) Concurrent administration of diclofenac sodium with the other test antioxidants did not change the inhibitory effect of diclofenac sodium on total leukocytes count in the pouch exudate.
Conclusions
Depending on the results of the present investigation, it could be concluded that:-
1) Diclofenac possesses a pronounced gastric ulcerogenic effect in rats after both single dose and 14 days daily administration.
2) Zinc sulphate, selenium, vitamin E and Ginkgo biloba extract protect against diclofenac sodium-induced gastric ulcer in rats after acute and 14 days daily treatments. 
3) The anti-ulcer effects of the test antioxidants are more prominent after 14 days daily treatment than after acute treatment.  

4) Vitamin E has the most prominent effect while selenium possesses the least protective effect compared to ranitidine. 
5) The gastric mucosal protective effects of zinc sulphate, selenium, vitamin E and Ginkgo biloba extract is most probable secondary to their antioxidant activities. 
6) Diclofenac sodium shows a pronounced anti-inflammatory effect against carrageenan-induced granuloma pouch on acute and 7 days daily treatment. 
7) Zinc sulphate, selenium, vitamin E and Ginkgo biloba extract show anti-inflammatory activity after 7 days daily administration while, only Ginkgo biloba extract shows anti-inflammatory activity after acute treatment. 
8) Ginkgo biloba extract has the most prominent anti-inflammatory effect while selenium possesses the least effect compared to diclofenac sodium.
9) Zinc sulphate as well as Ginkgo biloba extract synergizes the anti-inflammatory action of diclofenac sodium after 7 days of concurrent treatment. 

Based on these findings, the present study provides a further evidence to justify the use of the selected antioxidants in combination with non-steroidal anti-inflammatory drugs in hope that various side effects associated with the use of these drugs would be alleviated or minimized and their action would be enhanced. However, this conclusion requires further clinical investigations.
Points for Further Investigation 
1) Investigation of other possible mechanisms involved in the gastroprotective and anti-inflammatory effects of zinc, selenium, vitamin E and Ginkgo. 

2) Study of the combinations of zinc, selenium, vitamin E and Ginkgo with the classic anti-ulcer agents for the treatment of NSAIDs-induced gastric ulcer. 
3) Non steroidal anti-inflammatory drugs other than diclofenac sodium can be studied for their interactions with antioxidants.

4) Many antioxidants of natural origin can be studied for its antiulcer and anti-inflammatory actions.
5) Different animal models for peptic ulcer and inflammation can be utilized for further study of the possible interactions between analgesics and antioxidants.
6) Other parameters for oxidative stress can be measured in blood parallel to the measurement in tissues.      
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