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Abstract
Geographically the prevalence of duodenal ulceration is related to the staple foods in the diet in regions of developing countries where the diet is stable. It is higher in regions where the diet is based on milled rice, refined wheat or maize, yams, cassava, sweet potato, or green bananas, and is lower in regions where the staple diet is based on unrefined wheat or maize, soya, certain millets or certain pulses. Experiments on rat gastric and duodenal ulcer models showed that it was the lipid fraction in staple foods from low prevalence areas that was protective against both gastric and duodenal ulceration, including ulceration due to non-steroidal anti-inflammatory drugs (NSAIDs). It also promoted ulcer healing. The lipid from the pulse, Dolichos biflorus, horse gram which was highly protective was used to identify the fractions with protective activity in the lipid. The protective activity lay in the phospholipid, sterol and sterol ester fractions. In the phospholipid fraction phosphatidyl choline (lethicin) and phosphatidyl ethanolamine (cephalin) were predominant. In the sterol fraction the sub-fractions showing protective activity contained -sitosterol, stigmasterol, and an unidentified isomer of -sitosterol. The evidence from animal models shows that certain dietary phospholipids and phytosterols have a protective action against gastroduodenal ulceration, both singly and in combination. This supports the protective role of staple diets in areas of low duodenal ulcer prevalence and may prove to be of importance in the prevention and treatment of duodenal ulceration and management of recurrent ulcers. A combination of phospholipids and phytosterols could also play an important role in protection against ulceration due to NSAIDs.
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INTRODUCTION
Relationship between staple diets and duodenal ulcer prevalence

This research began in the 1950s when the author was working as a surgeon in South India. Duodenal ulceration especially in males was a major surgical problem, the majority of the cases coming from the area where rice was the staple crop and only a few from the area where the staple crops were a millet or pulse. This suggested that duodenal ulcer prevalence was related to the staple diet[1].
Information was then collected from all over India confirming a higher prevalence in areas where milled rice or cassava was the staple food and lower prevalence where the staple food was unrefined wheat, millet or a pulse. Later from 1970 to 1984, in conjunction with the Medical Research Council in the United Kingdom, more information was gathered from Sub-Saharan Africa, China, and other developing countries. A picture was built up by correspondence, by personal visits (two to China, three to Africa and two return visits to India), by assessing reports from many sources and publications, from the opinion of clinical workers as to whether duodenal ulcer was a major or minor problem in the area where they worked, from radiological and necropsy records, and from hospital admission figures. 

The period 1951 to 1984 was an ideal time for collecting such information for two reasons. Firstly, the primary treatment for duodenal ulceration in developing countries was still surgical, and valuable information about local prevalence could be gathered from the number of surgical operations for chronic duodenal ulceration, or its complications, obtained from hospitals of similar size and with similar surgical facilities. Nowadays, with the widespread advent of medical treatment for duodenal ulceration, such information is no longer available. Secondly, in rural areas during this period staple diets were stable, whereas nowadays, with better communications, there is much more variety in the diets in many rural areas and any relationship to a staple diet is no longer clear. Information from urban areas was less valuable because of more social classes and a wide variation in diets.

A consistent pattern was established. The pre​valence of duodenal ulcer was higher in areas where milled rice, wheat or maize, yams, sorghum, cassava (manioc), sweet potato and green bananas were the staple food. It was lower in regions where unrefined wheat or maize, soya and certain millets and pulses were the staple diet[2-8].

EXPERIMENTS USING ANIMAL PEPTIC ULCER MODELS

Models producing gastric ulceration

Pyloric Ligation: To determine the effect and na​ture of the protective factor(s) in the diet of low prevalence areas in India, experiments were carried out on rats with South Indian rice, or rice and cassava diet, with Punjabi unrefined wheat diet, and with millets or pulses from other areas of low duodenal ulcer prevalence, using the pyloric ligation model which produces ruminal ulceration. The rats were fed for two weeks with the food prior to the pyloric ligation and then sacrificed 6 h after ligation. These were compared with equal numbers of rats on a normal laboratory stock diet. The Punjabi diet gave marked protection whereas the South Indian rice diet showed a significant increase in ulceration and the rice plus cassava diet an even greater increase[9]. 
Rats fed on certain of the millets or pulses from low prevalence areas also showed significantly less ulceration than those fed on foodstuffs from high prevalence areas. Ethanol, ether and water extracts from these and unrefined wheat were then tested and the protective action was found to lie in the ether extracts showing it to be a lipid. Amongst these the pulse Dolichos biflorus (horse gram) and its lipid (HGL) gave the most protection[10].

Histological studies of the gastric mucosa of rats fed on South Indian rice diet for 2 wk showed that a supplement of 4 mg HGL daily resulted in an increased content of mucus in the surface epithelial cells and a thicker surface mucous layer compared with those without the supplement (Figure 1).

In the pyloric ligation model the ulceration is due to a high concentration of acid. Further experiments were next conducted on models in which mucosal ulceration was produced by local irritants.

Rat ethanol model: This model was used to com​pare the protective activity of the lipids extracted from different protective staple foods, including wheat bran and fresh rice bran. Gastric ulceration was produced by the intragastric instillation of 1.0 mL of 100% (later 80%) ethanol into rats 1 h after they had been given a dose of 4.0 mg of the respective lipid. The rats were killed 15 min after the instillation of ethanol and the areas of mucosal ulceration were measured using a planimeter and compared with that of controls. All the lipid extracts gave marked protection and again this was most marked in the lipid obtained from horse gram. HGL also gave protection when given intramuscularly 24 h prior to the rats being given the ethanol. This lipid was selected for further experiments[10].

Aspirin model: To determine its activity against non-steroidal anti-inflammatory drugs (NSAIDs) induced ulceration experiments were done using acidified aspirin to produce gastric ulceration. Two milligram of HGL were instilled into the oesophagus 1 hour prior to giving aspirin and resulted in a 90% reduction in the total length of ulceration[10]. 

Model producing duodenal ulceration

Cystamine model: To determine the effect of HGL on duodenal ulceration a novel method of cysteamine induced duodenal ulceration was used. A slow release preparation of cysteamine given by injection to the rats 24 h beforehand produced uniform duodenal ulceration. HGL given either by intra-oesophageal installation or intramuscularly in doses ranging from 4 mg down to 50 g gave complete protection[10]. 

Models showing promotion of ulcer healing 

HGL promoted the healing of ulcers in the ethanol model, the cysteamine model and in ulcers produced by topical application of acetic acid to the anterior surface of the rat’s stomach[10].

Fresh rice and rice bran vs stored rice and rice bran
In the pyloric ligation experiments a diet of stored white rice was ulcerogenic when compared with controls on stock diet. Stored rice bran oil greatly increased the extent of the ulceration of rats on South Indian diet when 0.1 mL was instilled into the stomach at the time of pyloric ligation. In this model mucosal biopsies showed severe degranulation of mast cells, but this did not occur if 4 mg of HGL were instilled into the oesophagus prior to pyloric ligation[11-14] (Figure 2).  
Fresh rice bran and rice bran oil however were protective in the pyloric ligation experiments. The protective action of fresh rice bran oil was also reported by Gimeno Forner et al[13] using several rat models, including ulceration due to indomethacin. The reason for this change on storage is that within a few days rice bran and rice bran oil become rancid. On milling the bran and germ of rice, unlike those of wheat, do not come separately the bran remaining attached to the germ. The bran is rich in enzymes, in particular lipases, and some oil, and the germ is rich in oil. The resultant bruising of milling causes the lipase in the bran to mix with the oil present in the germ. As a result the oil undergoes rapid lipolysis and peroxidation, with the production of ketoaldehydes which are ulcerogenic in animal models. These changes also occur on storage in the residual oil present in the grains of milled rice, which in India are said to make the rice more tasty. This may account for the high incidence of duodenal ulcer wherever refined or polished rice is the staple diet. This ulcerogenic activity can be reversed by -tocopherol and by cysteine which inhibit the peroxidation. Also the ulcerogenic activity of rice bran oil disappeared when it was combined with whole wheat oil.

WHEAT BRAN AND WHEAT GERM OIL

The oil from whole wheat was strongly protective in the pyloric ligation and alcohol models. As mentioned above the bran and germ of wheat come apart separately on milling. Unlike rice the germ is rich in lipase and not the bran. Wheat bran is fairly stable from lipolysis but lipolysis occurs in the germ if it is not treated. Wheat bran oil was strongly protective against ulceration in pyloric ligation and alcohol models but not wheat germ or its oil[11].

Investigations into the activity of components of HGL
Horse gram lipid is rich in phospholipids and ste​rols. Thin layer chromatography of HGL showed the presence of free fatty acids and triglycerides, phospholipids, sterol esters and sterols. Different techniques were used to obtain fractions of HGL containing each of these components which in turn were tested on different animal models for protective activity[15].

Free fatty acids: Using the pyloric ligation model there was no significant difference between controls and rats on the rice diet plus 3 mg of the free fatty acid and triglyceride fraction, and in rats on a rice and cassava diet receiving 11 mg of the fraction daily.

Phospholipids: Different fractions obtained by different techniques gave protection in the pyloric ligation model in doses of 100 g for 3 d prior to ligation, in the ethanol model in doses down to 1 g, and in the cysteamine model in doses of 2 g.

Sterols: Thin layer chromatography (TLC) of the sterol fraction from HGL showed three bands corresponding to different sterols. These bands were tested for protective activity. Of these the band corresponding to 60% pure -sitosterol (Sigma) was highly protective in both the rat ethanol (P = 0.0019) and cysteamine models (P = 0.0357). It was effective in both models in very small doses (3.17 g). It was not protective however in the pyloric ligation model (diet rice and cassava) given a daily dose for two weeks. 

The difference may be explained by the fact that sterols when given directly into the stomach in the acute models probably act topically but only for a short time until gastric emptying when their activity ceases. They are poorly absorbed in the small intestine and hence would have no prolonged systemic action when given in daily doses. 

Sterol esters: Two fractions shown on TLC were tested. One fraction, when tested using the long-term pyloric ligation model in rats fed on the ulcerogenic rice and cassava diet and given a daily doses 0.93 mg of the fraction for 14 d prior to the ligation, gave highly significant protection. However using the acute ethanol and cysteamine single dose models the fraction gave no protection suggesting that the activity was systemic and not topical.

INVESTIGATIONS INTO THE NATURE OF THE PROTECTIVE PHOSPHOLIPIDS AND STEROLS IN HORSE GRAM LIPID

Phospholipids
TLC and high performance liquid chromatography (HPLC) analysis of the phospholipids in HGL showed the presence of phosphatidyl choline and ethanolamine, lyso-phosphatidyl choline and ethanolamine, phosphatidyl serine and inositol plus small amounts of other unidentified phospholipids[16]. 

Sterols
Using the rat ethanol model 60% pure -sitosterol derived from soya (Sigma) gave significant protection. On HPLC of the HGL the fraction cor​responding to commercial 60% -sitosterol showed high peaks corresponding to stigmasterol and -sitosterol and smaller peaks corresponding to campesterol and ∆7-stigmasterol (Schottenol).

A preparation of 98% pure -sitosterol was not protective. Likewise 90%-95% pure ∆7-stigmasterol (Schottenol) was not protective whereas 50% pure Schottenol gave highly significant protection. Stigmasterol (90%) gave insignificant protection (P = 0.15). This suggested that the protective activity may lie in a combination of sterols.

The HPLC fraction was now subjected to further analysis and 5 major sub-fractions were obtained and tested for protective activity using the ethanol model. Of these, two closely similar fractions were found showing highly significant activity (P = 0.0006). One of these was shown to contain -sitosterol and stigmasterol and the other contained -sitosterol and an unidentified isomer of -sitosterol which might be У-sitosterol or 7-stigmasterol (schottenol)[16,17].

DISCUSSION

The findings show that certain of the phospholipids and sterols/sterol esters present in the lipid of foods from low prevalence areas of duodenal ulcer are highly protective in both gastric and duodenal ulcer animal models, both when incorporated in the diet for 14 d in the long term pyloric ligation models and also acutely following a single dose in the ethanol, aspirin and cysteamine models. The effect therefore may be both systemic and topical.

Phospholipds

Phospholipids have an important role in gastric and duodenal mucosa. They are integral components of the cell membranes and of the mucosal cells. They contribute to the viscosity of the surface layer of mucus[18] and prevent intracellular acidification. Unsaturated phospholipids supply unsaturated fatty acids for the synthesis of prostaglandins. 

Lichtenberg and colleagues describe the sur​factant action of Dipalmitoyl phosphatidyl choline (DPPC) and phosphatidyl choline, forming a hyd​rophobic barrier to the effect of gastric acid. The surfactant effect, particularly that of DPPC, is en​hanced in the presence of neutral lipids allowing the formation of a microemulsion[19,20]. 

Romero and Lichtenberger[21] reported that the protective effect of unsaturated phospholipids was also enhanced by sterols (-sitosterol and cholesterol), possibly due to enhancement of the packing of the unsaturated phospholipids in the cell membranes.

Lichtenberger et al[22], Anand et al[23] and Dunjic et al[24] have showed that in rats and humans DPPC and phosphatidyl choline are protective against the injurious effects of NSAIDs.

Phosphatidylcholine is present in plant sterols. DPPC is not found in plant material but is present in milk and animal fats.

Sterols

Phytosterols regulate membrane fluidity and the activity of membrane bound enzymes[25]. They are active in reducing proton and sodium ion leaks from cell membranes[26] and are reported to be anti-inflammatory[27], anti-pyretic and to enhance immune response[28,29]. Phytosterols enhance the stability of phospholipid monolayers[30]). They are reported to reduce the water permeability of phosphatidyl-choline bilayers.

Experimentally, certain phytosterols present in sponges and coral, but derived from plankton, have been shown to inhibit histamine release from peritoneal mast cells in rats[31,32].

There are only a few reports of the ulceropro​tective activity of phytosterols. The enhancement of the protective activity of phospholipids by sterols is mentioned above. Otherwise there are only two reports about the ulceroprotective activity of sitosterols alone in animal models comparing the protective activity of -sitosterol with its glycoside. One[33] reports on the anti-gastroulcerative activity of -sitosterol-glycoside and its aglycone in rats using acetic acid and cold stress models, the effect being greater with the aglycone. The second paper[34] reports gastroprotective activity of -sitosterol and sitosterol-3-0-b-glucoside in rat ethanol, aspirin, histamine, pyloric ligation and 8 d glucose diet models, the sitosterol-glycoside in this report being more effective than sitosterol. 

Sterol esters (sterolins)

The sterols present in plant material always exist in combination with sterol esters and glycosides (sterolins). 
Apart from the two papers quoted above three papers report on the protective activity of sterolins (sterol glycosides), two papers[35,36] report that unripe green banana (musa paradisiaca) in the Gangetic basin is protective against experimental ulceration in the rat aspirin model, between August and October when it contains a combination of four sitosterolins (sitoindoside Ⅰ and Ⅱ, sitosterol gentobioside and sitosterol myo-inosityl-b-D-glucoside). The other paper[37], using mice restraint models, reports the ulceroprotective activity of a mixture of steryl-b-D-glucosides.

Free fatty acids and triglycerides

 As reported the free fatty acid fraction obtained from HGL when given as a 14 d supplement was not protective in the rat pyloric ligation model[15]. This may be because essential fatty acids of the 6 series which are known to take a part in prostaglandin synthesis and have been shown to be protective are only found in certain seed oils. A low intake of linoleic acid has been associated with a high prevalence of duodenal ulceration[38-41].

OTHER FACTORS IN PEPTIC ULCERATION

Helicobacter pylori infection and duodenal, ulcer prevalence

There is irrefutable evidence that eradication of Helicobacter pylori (H. pylori) infection leads to healing of H. pylori positive duodenal ulcers, but this does not necessarily mean that H. pylori infection is the primary cause of the ulceration[42]. Infection with H. pylori is widespread yet only a minority of infected persons develop duodenal ulceration. There is evidence that H. pylori infection has been prevalent for several centuries yet duodenal ulceration only became common at the beginning of the twentieth century[42-47].

H. pylori infection could be a secondary and not a primary factor in duodenal ulceration. In support information gathered from India, Africa and China, countries with a high prevalence of H. pylori infection, showed no evidence of any correlation between the prevalence of duodenal ulceration and the prevalence of H. pylori infection or with virulence factors, the only correlation being that with the staple foods. In developed countries with a lower prevalence of H. pylori infection a number of duodenal ulcers not linked with NSAIDs, especially early ulcers, are H. pylori negative. Duodenal ulceration can also recur despite eradication of H. pylori infection. Duodenal ulcers heal with proton pump inhibitors without the eradication of H. pylori. As many as 50% of acute perforated duodenal ulcers have been reported as H. pylori negative[48-61].

This suggests that H. pylori may be a secondary factor in duodenal ulceration and the primary cause is high acid secretion linked with reduced mucosal protection. When ulceration occurs the presence of H. pylori could act like a secondary infection, interfering with the process of healing so that the ulcer becomes chronic. Eradication of the H. pylori infection then allows the ulcer to heal.

NSAIDs: NSAIDs are a common cause of peptic ulceration. The lipid fraction from horse gram (HGL) was highly protective against ulceration in the rat aspirin model[10]. Lichtenberger et al[22] and Anand et al[23] have shown that phosphatidyl choline and DPPC are effective against not only aspirin but also indomethacin, diclofenac and naproxen induced ulceration in rats and that the protective activity is enhanced by -sitosterol[21]. In humans they showed that phosphatidylcholine reduces the toxicity of aspirin and ibuprofen[62]. In a recent clinical trial[63] they reported that a combination of phosphatidyl choline derived from soya lethicin with aspirin reduced the incidence of gastroduodenal ulcers from 17.6% to 5.1% (P = 00069)[63].
Conclusion with human applications: The lipid fractions present in the staple foods, unrefined wheat and maize, soya and certain millets and pulses from low prevalence areas of duodenal ulcer have been shown to be protective against gastric and duodenal ulceration in rat models, the lipid from the pulse horse gram being the most potent. The fraction from horse gram is protective not only against gastric ulceration in the pylorus ligated, ethanol and aspirin models but is also protective against duodenal ulceration induced by cysteamine. The lipid has also been shown to promote ulcer healing. 
The experiments show that the protective activity of the lipid lies in its phospholipid and sterol fractions, which give protection both individually and in combination. The lipid was protective when given intramuscularly in both the pyloric ligation and cysteamine models[15] showing that it has a systemic as well as a topical effect. This systemic effect must be due just to the sterols and not the phospholipids present in the lipid, because phospholipids when give intramuscularly are absorbed locally and have no systemic action. This confirms the protective activity of sterols when acting individually. These dietary phospholipids and phytosterols may prove to be of great significance with regards to human duodenal ulceration, both in reducing the prevalence in areas where it is high and also in the management of cases of refractory duodenal ulceration, especially those which recur despite eradication of H. pylori. 

The protective activity of the lipid may also be of clinical importance in giving protection against the ulcerogenic effect of NSAIDs. The clinical protection given by phospholipids alone against aspirin and ibuprofen as reported by Lichtenberger et al[22] may well be enhanced by the combination of phytosterols with phospholipid as present in the lipid[16]. A ready source of such a combination would be wheat bran or its oil. 
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Figure 1  Sections of gastric mucosa obtained from rats following 2 wk on South Indian rice diet plus 4 mg horse gram lipid daily (A) or only on South Indian rice diet (B). A: The photomicrograph shows a thick mucosa with increased mucus in the surface epithelial cells and a thick surface mucous layer; B: The photomicrograph shows thin mucosa with depleted mucus in the surface epithelial cells and the surface mucous layer (PAS staining with HE staining).
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Figure 2  Degranulation of mast cells in the rumen of rats 6 h after pyloric ligation plus instillation of 0.1 mL stored rice bran oil (A); mast cells in the rumen have been protected by adding 4 mg horse gram lipid to the 0.1 mL stored rice bran oil instilled into the stomach (B). The tissue was stained with toluidine blue followed by 50% ethanol to decolourise the background and was examined using dark ground illumination.
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