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ABSTRACT

Peptic ulcer disease (PUD) is one of the gastrointestinal disorders known to be an important cause of morbidity and mortality. It is a chronic inflammatory condition of the duodenum and the stomach (gastric ulcer) caused by gastric acid (HCl) and pepsin. PUD is also known to be caused by infection with Helicobacter pylori. The ulcer-healing promoting effect of the methanol extracts of Eucalyptus camaldulensis and E. torelliana leaves on acetic acid induced-ulcer in rat was investigated. Ulcer was induced with 60% acetic acid for 60sec after which the animals were treated with the extracts of the plants by oral intubation. Phytochemical screening of the plant extracts revealed the presence of tannins, saponins, and cardenolides in both plants with the addition of anthraquinone in Eucalyptus torelliana. The ulcer-healing promoting effect of the methanol extracts investigated in acetic acid-induced ulcer in rats showed a decrease in the size of the ulcer from day 5 in animals treated with 500mg/kg body weight of reconstituted extracts at 24 hours interval. At the end of the experiment (i.e. day 14)  most of the ulcer has reduced by half the original in size with 46.67 + 3.33 % and 58.33 + 3.07% decrease in diameter for Eucalyptus camaldulensis and Eucalyptus torelliana extracts respectively compared to the controls (distilled water and ranitidine) which afforded  21.67 + 1.05% and 59.17 + 1.54% decrease in diameter respectively. The use of these plants in the treatment of wounds and ulcers has been shown from this study and suggests that these plants contain important phytochemical components from which effective therapeutic agents could be developed for the treatment of existing peptic ulcer. 

INTRODUCTION

Peptic ulcer disease (PUD) defined as mucosal defects with a diameter of at least 0.5 cm penetrating through the muscularis mucosa is one of the gastrointestinal disorders known to be an important cause of morbidity and mortality. It is a chronic inflammatory condition characterized by ulceration most commonly in the first few centimetres of the duodenum (duodenal ulcers) and along the lesser curvature of the stomach (gastric ulcer) caused by gastric acid (HCl) and pepsin (Kuipers and Blaser, 2011). PUD is also known to be caused by infection with Helicobacter pylori. Both gastric and duodenal ulcer diseases are strongly related to H. pylori; the prevalence of H. pylori infections in gastric ulcers is > 90% and > 95% in the case of duodenal ulcers (McLoughlin et al., 2005). In Western countries, duodenal ulcers are approximately fourfold more common than gastric ulcers; elsewhere, gastric ulcers are more common. Duodenal ulcers in particular occur between 20 and 50 years of age, while gastric ulcers predominantly arise in subjects over 40 years old (Kusters et al., 2006). Peptic ulcers are characterized mainly by pain, anorexia, flatulence, nausea and vomiting. It is typically a recurrent condition with 50 - 90% of duodenal ulcer patients having a recurrence within a year (McLoughlin et al., 2005). 

The goals in the treatment of peptic ulcers are to relieve pain, enhance ulcer healing and prevent recurrence. These are normally accomplished by neutralizing the hydrochloric acid of the stomach by the frequent administration of antacids, by decreasing the secretory activity of the stomach with the use of histamine H2 - receptor antagonists (such as Cimetidine, Ranitidine) or acid/proton pump inhibitors (Omeprazole) and by protecting the gastric mucosa with the administration of prostaglandins (e.g. Misoprostol). Treatment should be intensive and during its course, the intake of irritants such as aspirin and other non-steroidal anti-inflammatory drugs or alcohol must be strictly avoided. In developing nations where the use of herbs in the treatment of peptic ulcer disease and other gastrointestinal disorders is on the increase, effective herbal treatment for peptic ulcer is not numerous. Most previous reports on the use of medicinal plants in gastrointestinal disorders have been on gastro-protection (Maity et al., 2009; Al-Howiriny et al, 2005) while a few others have also reported on the anti-ulcer activities of some medicinal plants (Lemos et al., 2007). Previously, we have reported the gastro-protective activities of methanol extracts of Eucalyptus camaldulensis and Eucalyptus torelliana (Adeniyi et al., 2006 a&b) as well as the anti-Helicobacter pylori activities of extracts and compounds from these plants (Adeniyi et al., 2009; Lawal et al., 2011).

Eucalyptus species are indigenous to Australia, but are naturalized in many parts of Africa, including Nigeria (Bhatti et al., 2007). Many Eucalyptus species are known for their medicinal uses, as the essential oil is a common ingredient in many medicinal and herbal preparations (Far ah et al., 2002). The bark and the leaves of Eucalyptus species are used for cold and cough, influenza, toothaches, fevers, sore throat and other infections (Farah et al., 2002; Kim et al., 2001). A poultice prepared from the leaves is applied to wounds and ulcers, to reduce infection and stimulate healing (Gills, 1992). In this study the ulcer-healing effect of the methanol extracts of Eucalyptus camaldulensis and E. torelliana leaves on acetic acid induced-ulcer in rat was investigated.

MATERIALS AND METHODS

Plant collection
 The leaves and stem bark of Eucalyptus camaldulensis and Eucalyptus torelliana were collected and authenticated by the Department of Botany, University of Ibadan and Forest Research Institute of Nigeria (FRIN) Herbarium.  Voucher specimens were deposited at FRIN with the herbarium number (FHI 104908 and FHI 104909 for Eucalyptus camaldulensis and Eucalyptus torelliana respectively). The leaves and stem bark were air-dried and pulverized using an electric grinder. 
Animal preparation

Ninety-six (96) Wistar rats (weighing 150 - 250g) purchased from Central Animal House of the University of Ibadan was used for the experiment. They were housed in cages and fed with standard laboratory rat diet and water ad libitum. The animals were fasted for 24 hours before the experiment. At the commencement of the experiment, the animals were divided into different treatment groups of six animals per group (Table 1).
Induction of experimental ulcers
After one hour of oral intubation of the different treatment samples, the abdomen was opened under light Thiopental barbitone (50 mg/kg body weight) anaesthesia and the stomach exposed (visualized). A cylindrical tube (10 mm in diameter) plugged with cotton wool was tightly placed upon the anterior serosal surface of the glandular portion of the stomach 1cm away from the pyloric end. A 60% acetic acid was instilled into the tube and allowed to remain for 60 sec on the gastric wall (Okabe et al., 1971). After the removal of acid solution, the abdomen was closed in two layers. Animals were returned to the cage and were allowed free access to feed and water once they became active. The rats were treated with reconstituted methanol extracts of Eucalyptus camaldulensis and E. torelliana leaf at a concentration of 500 mg/kg body weight once in 24 hours by oral administration. The degree of ulcer healing was determined on days 3, 5, 7 and 14 in the test and control groups. This was done by dissecting the animals after 18 hours of the last dose of the extracts under light Thiopental barbitone (50 mg/kg body weight) anaesthesia. The pylorus and the distal opening were ligated; the diameter of the ulcer was measured and the stomach was carefully removed and fixed in 10% formalin solution.

Ulcer scoring method
 The percentage change in the diameter of ulcer was calculated (Szabo et al., 1985). Histological examination of the stomach tissues was carried out to determine the extent of the ulcer caused by the acetic acid and the degree of healing affected by the extracts. 

Statistical analyses

A two-tail Student’s t-test confirmed the level of significance of the reduction (mean change in diameter of ulcer + SEM) in ulceration in animal groups on the treatment days and it revealed a significant difference between the treatments at p< 0.05.
RESULT

Phytochemical screening of the plant extracts revealed the presence of tannins, saponins, and cardenolides in both plants with the addition of anthraquinone in Eucalyptus torelliana as previously published (Adeniyi et al., 2009). The ulcer-healing effect of the methanol extracts investigated in acetic acid-induced ulcer in rats showed a non-significant decrease in the size of the ulcer from day 5 in animals treated with 500mg/kg body weight of reconstituted extracts. On day 5 there was 21.67 + 3.07% and 23.33 + 2.11% decrease in diameter of ulcer by Eucalyptus camaldulensis and Eucalyptus torelliana extracts respectively when compared with the controls (7.5 + 1.12% and 23.33 + 2.11% decrease in diameter for distilled water and ranitidine respectively). 

On day 7, there was a gradual healing of the ulcerated area with regenerating epithelial cells and increase in the percentage change in diameter of ulcer size (41.67 + 4.01% and 36.67 + 3.33% change in diameter for Eucalyptus camaldulensis and Eucalyptus torelliana extracts respectively compared to the controls-15.83 + 2.01% and 36.67 + 3.33% change in diameter for distilled water and ranitidine respectively). 
At the end of the experiment (i.e. day 14)  most of the ulcer has reduced by half the original in size with 46.67 + 3.33 % and 58.33 + 3.07% decrease in diameter for Eucalyptus camaldulensis and Eucalyptus torelliana extracts respectively compared to the controls (distilled water and ranitidine) which afforded  21.67 + 1.05% and 59.17 + 1.54% decrease in diameter respectively 
 (Table 2). The animals withstood the procedure well, and adverse symptoms were not observed at any time during the experimental period. Adhesion of the ulcer to the surrounding organs mainly liver and omental fat was observed in the majority of animals, although the adhered area was small. Another significant observation was that animals with a clearly defined ulcer showed gastric retention, since the stomach was filled with food residue. The methanol extract of Eucalyptus torelliana significantly reduced the time of ulcer healing and favourably compared with the activity seen in ranitidine (Table 2). A two-tail Student’s t-test analysis (p < 0.05) of percentage change in diameter of the ulcer showed a significant reduction in ulcer size in the extract-treated animals compared with the untreated control animals (Fig. 1). 

The effect of the extract in aiding ulcer healing was further revealed by changes in the histological assessment of the muscles of the stomach (Plates 1a-d & 2 a -d). Histological examination revealed ulceration of the serosal layer of the stomach with erosion of epithelial cells. Healing of the ulcerated region was seen with epithelial regeneration form the edge and proliferation of granulation tissue from the base of the ulcer.

Table 1: Treatment groups for the ulcer-healing experiment

	Group
	No of animal
	Av. wt of animal (g)
	Treatment 
	Duration of treatment

	A
	6
	203.33
	10 mL/kg body weight of distilled water (negative control)
	3

	B
	6
	186.67
	10 mL/kg body weight of distilled water (negative control)
	5

	C
	6
	183.33
	10 mL/kg body weight of distilled water (negative control)
	7

	D
	6
	183.33
	10 mL/kg body weight of distilled water (negative control)
	14

	E
	6
	196.67
	500 mg/kg body weight of mEcL
	3

	F
	6
	186.67
	500 mg/kg body weight of mEcL
	5

	G
	6
	216.67
	500 mg/kg body weight of mEcL
	7

	H
	6
	211.67
	500 mg/kg body weight of mEcL
	14

	I
	6
	216.67
	500 mg/kg body weight of mEtL
	3

	J
	6
	181.67
	500 mg/kg body weight of mEtL
	5

	K
	6
	183.33
	500 mg/kg body weight of mEtL
	7

	L
	6
	181.67
	500 mg/kg body weight of mEtL
	14

	M
	6
	216.67
	50 mg/kg body weight of *Ranitidine
	3

	N
	6
	181.67
	50 mg/kg body weight of *Ranitidine
	5

	O
	6
	183.33
	50 mg/kg body weight of *Ranitidine
	7

	P
	6
	181.67
	50 mg/kg body weight of *Ranitidine
	14


NOTE: mEcL – methanol extract of Eucalyptus camaldulensis leaf, mEtL - methanol extract of Eucalyptus torelliana leaf, *Ranitidine – Ranitidine was the positive (drug) control
Table 2: Ulcer-healing effect of methanol extracts of Eucalyptus camaldulensis (MEcL) and                      Eucalyptus torelliana (MEtL) in albino rats.
	Extract/Control
	  Mean % decrease in diameter of ulcer + SEM

	
	Day  0
	Day 3
	Day 5
	Day 7
	Day 14

	Negative Control (10 mL/kg)
	0 ± 0.0
	0 ± 0.0
	7.5 ± 1.12
	15.83 ± 2.01
	21.67 ± 1.05

	Extract 1 MECL (500 mg/kg)
	0 ± 0.0
	0 ± 0.0
	21.67 ± 3.07
	41.67 ± 4.01
	46.67 ± 3.33

	Extract 2 METL (500 mg/kg)
	0 ± 0.0
	0 ± 0.0
	23.33 ± 2.11
	36.67 ± 3.33
	58.33 ± 3.07

	Ranitidine (50 mg/kg)
	0 ± 0.0
	0 ± 0.0
	23.33 ± 2.11
	36.67 ± 3.33
	59.17 ± 1.54
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Fig 1: Plot of Percentage change in diameter vs. Time (day) showing anti-ulcer activity of methanol extracts of Eucalyptus camaldulensis and E. torelliana leaf on acetic acid-induced ulcer in experimental animals.
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Fig 2: Representative photomicrographs of rat stomach showing (A) Full Thickness of the stomach tissue (B) Area of ulceration in the stomach of control animal without treatment on day 5 (C) Gradual Healing of the ulcerated area on day 7 of treatment with MEET and (D) Advanced stage of healing showing growth of capillary cells in the mucosal lining of animal treated with MEET on day 14 of treatment
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Fig 3: Representative photomicrographs of rat stomach showing (A) Full Thickness of the stomach tissue (B) Area of ulceration in the stomach of animal treated with MEEC remains intact with no attempt of healing on day 5 (C) Gradual Healing of the ulcerated area on day 7 of treatment with MEEC and (D) Advanced stage of healing showing growth of capillary cells in the mucosal lining of animal treated with MEEC on day 14 of treatment
DISCUSSSION
Wound healing is a complex interaction of mechanical, physiological and biochemical events. The wound-healing process consists of four highly integrated and overlapping phases: which are hemostasis, inflammation, proliferation, and tissue remodeling or resolution. These phases and their biophysiological functions must occur in the proper sequence, at a specific time, and continue for a specific duration at an optimal intensity. An alteration in any facet of this intricate process will inevitably lead to prolonged or abnormal wound healing often with devastating effects (Gosain and DiPietro, 2004; Mathieu et al., 2006). These processes of wound healing were accelerated in acetic-acid induced ulcer in experimental animals treated with methanol extracts of Eucalyptus camaldulensis and Eucalyptus torelliana leaf. This could be seen from the extent of reduction (36.67 ± 3.33 on day 7 and 58.33 ± 3.07 on day 14 of treatment) in ulcer size achieved with administration of 500mg/kg body weight of methanol extract of Eucalyptus torelliana. This activity compared favorably with that of ranitidine (drug control) which gave 36.67 ± 3.33 on day 7 and 59.17 ± 3.07 on day 14 of treatment.  Methanol extract of Eucalyptus camaldulensis was not as active as Eucalyptus torelliana (Table 2). The healing effect of the extracts of these plants could be attributed to the presence of secondary phytochemical compounds such as tannins in these plants as previously reported (Adeniyi et al., 2009). 
Tannins have been reported to aid wound healing due to their ability to bind to proteins of exposed tissue, a property known as astringency. The proteins are precipitated and then form a firm antiseptic protective coat under which regeneration of new tissues take place in the process which leads to wound healing.  Thus, tannins are important for the treatment of inflamed or ulcerative tissues (Parekh and Chanda, 2007). Methanol extract of Eucalyptus torelliana was more active than Eucalyptus camaldulensis, an activity that may be attributed to the presence of anthraquinone in the former but not in the later. This is supported by the fact that many plants’ phytochemical compounds act synergistically and/or potentiate the bioactivity of one another for maximum effect. The ulcer-healing activity demonstrated by the plants in this study is closely related to the activity of ranitidine which acts by blocking H-2 receptors on the parietal cells thus inhibiting secretion of gastric acid. A reduction in the secretion of gastric acid aids ulcer healing. 
Peptic ulcer diseases are strongly related to H. pylori infection.  Helicobacter pylori infection induces a substantial inflammatory reaction in the gastric mucosa thus delaying the healing of preexisting gastric ulcers and resulting in the relapse of healed ulcers (Keto et al., 2001). Introduction of H. pylori eradication regimens prevented severe gastric mucosal changes and thus completed the evidence for a causal relation between H. pylori and ulcer disease by showing that eradication of this bacterium strongly reduced the risk of recurrent ulcer disease.  Ulcer recurrences after H. pylori eradication therapy can be due to persistent or renewed H. pylori infection, use of NSAIDs, or idiopathic ulcer disease. Thus the cure of peptic ulcer is hinged on the eradication of H. pylori (Fischbach et al., 2009).


In conclusion, the use of these plants in the treatment of wounds and ulcers has been shown from this study and suggests that these plants contain important phytochemical components from which effective therapeutic agents could be developed for the treatment of existing peptic ulcer. 
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