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Aloe vera attenuated gastric injury on indomethacin-induced gastropathy in rats  
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Abstract
AIM: To evaluate the protective effects of Aloe vera on gastric injury in rats with indomethacin (IMN)-induced gastropathy. 
METHODS: Male Sprague-Dawley rats were randomly divided into three groups. Group 1 (control, n = 6) were given orally distilled water (DW). Group 2 (IMN, n = 6) were given orally IMN (150 mg/kg) dissolved in 5% sodium bicarbonate (NaHCO3-) at time 0th and 4th hour. Group 3 (Aloe vera-treated, n = 6) were given orally Aloe vera (150 mg/kg) dissolved in DW and IMN at time 0th and 4th hour. Eight hours later, the stomach was removed to determine gastric malondialdehyde (MDA), the number of interleukin (IL)-18 positive stained cells (%) by immunohistochemistry method, and histopathological examination. Then, the serum was collected to determine tumor necrosis factor (TNF)-and cytokine-induced neutrophil chemoattractant (CINC)-1 by sandwich enzyme linked immunosorbent assay method. 

RESULTS: In IMN group, serum TNF-, CINC-1 and gastric MDA were significantly increased when compared to control group (27.78 ± 1.52 pg/mL vs 85.07 ± 49.11 pg/mL, P = 0.009; 104.55 ± 45.80 pg/mL vs 1054.70 ± 20.38 pg/mL, and 1.74 ± 0.21 nmol/mg vs 9.36 ± 1.07 nmol/mg protein, P = 0.000, respectively). The mean level of TNF-, CINC-1 and gastric MDA in Aloe vera-treated group were improved as compared with IMN group (85.07 ± 49.11 pg/mL vs 35.19 ± 1.61 pg/mL, P = 0.021; 1054.70 ± 20.38 pg/mL vs 813.56 ± 239.04 pg/mL, P = 0.025; and 9.36 ± 1.07 nmol/mg vs 2.67 ± 0.64 nmol/mg protein, P = 0.000, respectively). The number of IL-18 positive stained cells (%) in the gastric epithelial cells of IMN group was significantly higher than control group (5.01% ± 3.73% vs 30.67% ± 2.03%, P = 0.000, respectively). In contrast, Aloe vera-treated group decreased the number of IL-18 positive stained cells (%) significantly when compared with IMN group (30.67% ± 2.03% vs 13.21% ± 1.10%, P = 0.000, respectively). Most rats in IMN group developed moderate to severe gastric inflammation and erosions. The gastric erosions and neutrophil infiltration scores were significantly reduced in Aloe vera-treated group.
CONCLUSION: Aloe vera attenuated IMN-induced gastropathy in rats by the reduction of oxidative stress, inflammation, and improvement of gastric histopathology.  
© 2014 Baishideng Publishing Group Inc. All rights reserved.
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Core tip: Nonsteroidal anti-inflammatory drugs (NSAIDs)-induced gastric damage is the major side effect of this kind of medication. Although the underlying pathogenesis of NSAIDs-induced gastric damage is unclear, neutrophils are believed to play an important role in the development of gastric inflammation and injury following NSAIDs administration. Aloe vera (Aloe barbadensis Mill) possesses several biological activities, including an anti-inflammatory and ulcer healing effects. Authors postulated that Aloe vera, acting through the inflammatory inhibition, could reduce the inflammatory cytokine, neutrophil chemoattractant, oxidative stress; thus resulting in attenuation of gastric injury in indomethacin (IMN)-induced gastropathy in rats.
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INTRODUCTION

Nonsteroidal anti-inflammatory drugs (NSAIDs) are among the most commonly prescribed medications worldwide. However, NSAIDs have adverse effects on the gastric mucosa, resulting in various clinical presentations, ranging from nonspecific dyspepsia to ulceration, upper gastrointestinal bleeding, and death, summarized by the term “NSAIDs gastropathy”[1]. NSAIDs-induced gastric damage is the major side effect of this kind of drug[2].

The main action of NSAIDs is to inhibit prostaglandin synthesis. There is substantial evidence supporting the view that the ulcerogenic effect of this medication correlates with its ability to suppress prostaglandin synthesis[3-5]. Endogenous prostaglandins normally regulate mucosal blood flow, epithelial cell proliferation, epithelial restitution, mucosal immunocyte function, mucus and bicarbonate secretion, and basal acid secretion[6]. Therefore, decreases in prostaglandins, protective factors for ulcer formation, lead to gastric mucosal injury. 

Animal studies have shown that neutrophil adherence to the endothelium of gastric microcirculation is critical in NSAIDs injury[7]. Neutrophil adherence damages the mucosa by producing oxygen-free radicals, releasing proteases, and obstructing capillary blood flow. NSAIDs might induce the synthesis of tumor necrosis factor (TNF)-α and leukotrienes[8,9]. These inflammatory mediators subsequently stimulate neutrophil adherence by the upregulation of adhesion molecules[10].

NSAIDs administration in rats caused a rapid and significant increase in adhesion between neutrophils and vascular endothelial cells in both gastric and mesenteric venules[11-13]. This was dependent on intercellular adhesion molecule (ICAM)-1 expression on the endothelium and CD11/CD18 expression on the leukocyte[14,15]. Interestingly, Thong-Ngam et al[16] recently reported that administration of indomethacin to rats resulted in a significant increase in ICAM-1 and TNF-α expression in the gastric mucosa. Andrews et al[10] reported that administration of aspirin or indomethacin to rats resulted in a significant increase in ICAM-1 expression in the gastric microcirculation. 

 Aloe vera (Aloe barbadensis Mill) is classified in family of Aloaceae, originated in the dry areas of Africa, Asia, and Southern Europe, especially in the Mediterranean regions. Aloe vera and other species of Aloe are succulent and xerophytic plants that are adapted to living in areas with little water. These plants possess extensive water storage tissue in their leaves, the part of the plant which is used for its therapeutic properties[17]. The largest component (60%) in the dry matter, are the carbohydrates (soluble sugar and complex polysaccharides). Aloe is known well for its topical use as an anti-inflammatory and for curing wounds, and burns[18]. Anti-oxidative, anti-inflammatory, and immunosuppressive activities of Aloe vera have been indicated[19,20]. Acemannan is a key compound that stimulates the immunity mediated by the cells[21]. 

Several studied showed that Aloe vera is also an anti-inflammatory and ulcer healing substance. It can protect gastric mucosa by its anti-inflammatory[22], cytoprotective, healing, and mucus stimulatory effects[23].

Preliminary data obtained in animal models of NSAIDs-induced gastropathy showed that the treatment with Aloe vera could be effective in limiting gastric damage, but the exact mechanism of these effects is still largely undefined. 

There are currently limited studies investigating the effects of Aloe vera on NSAIDs-induced gastropathy. To date, there are was no experimental data to prove its beneficial effects on the inflammatory mediator, principally interleukin (IL)-18 level change. 

IL-18, originally known as interferon-γ (IFN-γ)-inducing factor (IGIF), is a cytokine that shares structural and functional properties with IL-1[24,25]. This cytokine is mainly produced by activated macrophages, but may also be expressed by Kupffer cells, T cells, B cells, keratonocytes, astrocytes, and osteoblasts[26]. Like IL-1, IL-18 is synthesized as an inactive precursor (pro-IL-18, 24 kDa), which is cleaved by interleukin-1 β-converting enzyme (ICE or caspase-1) into an active 18 kDa mature form[26-28]. 

Therefore, the aim of the present study was to test the effects of Aloe vera on oxidative stress, inflammation, and gastric histopathology in rats with indomethacin-induced gastropathy and also determine IL-18, which is a proinflammatory cytokine. 

MATERIALS AND METHODS

Animal, indomethacin, and Aloe vera preparations

Male Sprague-Dawley rats weighing 180-220 g, purchased from the National Laboratory Animal Center, Mahidol University, Salaya (n = 18), Nakorn pathom, were used in an experimental study. All rats were kept in a controlled temperature room at 25 ± 1 ℃ under standard conditions (12 h day-night rhythm). They were cared for in accordance with the Ethical Committee, Faculty of Medicine, Chulalongkorn University, Thailand. NSAIDs or indomethacin was dissolved in 5% sodium bicarbonate (NaHCO3-). Aloe vera extract in powder form (Sigma®) was dissolved in distilled water (DW).

Experimental protocol 
All rats were randomly divided into three experimental groups. Group 1 (control, n = 6): Rats were given DW 1 mL/rat orally via an intragastric tube. Group 2 [Indomethacin (IMN), n = 6]: Rats were given IMN [(150 mg/kg body weight (BW)] dissolved in 5% NaHCO3- 1 mL/rat orally via an intragastric tube at time 0th and 4th hour. Group 3 (Aloe vera-treated, n = 6): Rats were given Aloe vera (200 mg/kg BW) dissolved in DW and IMN (150 mg/kg BW) dissolved in 5% NaHCO3- 1 mL/rat orally via an intragastric tube at 0th and 4th h.

Eight hours later, all rats were anesthetized with intraperitoneal injection of Thiopental (60 mg/kg, Jagsonpal Pharmaceuticals Ltd Haryana, India). The stomach was removed and dissected along the greater curvature and washed twice with ice-cold phosphate-buffered saline, frozen in liquid nitrogen, and stored at -80 ℃ to examine tissue malondialdehyde (MDA) using thiobarbituric acid reactive substances (TBARS) assay kit (Cayman Chemical Company, United States) and was expressed as nanomole per milligram (nmol/mg) protein. The remaining stomach was cut into multiple 5-micron-thicked sections, fixed in 10% formalin solution, which were later stained with hematoxylin and eosin (H and E) for histopathologic examination. Then, the blood sample was collected by cardiac puncture. The blood was allowed to clot at room temperature for 2 h before centrifuged at 1000  g for 20 min and serum was separated and stored at -80 ℃ to measure the TNF-α and CINC-1 levels using sandwich enzyme linked immunosorbent assay (ELISA) technique (R and D Systems, Inc., United States) and was expressed as picogram per milliliter (pg/mL). 

Histopathology 

Tissue samples of stomach were excised and fixed with 10% formalin and later processed by routine technique before paraffin embedding. Sections were cut at 5 μm thickness and stained with H and E. One experienced gastrointestinal pathologist examined all blinded samples by using light microscope with magnification × 20. All histopathological findings were recorded and graded by using gastric erosion and polymorphonuclear leukocyte infiltration score as follow; Score 0: No erosion; Score 1: Erosion 1/3 of epithelium depth; Score 2:  Erosion 2/3 of epithelium depth, or develop ulcer. For PMN infiltration score, Score 0: No infiltration; Score 1: PMN infiltrate 1/3 of epithelium; Score 2: PMN infiltrate 2/3 of epithelium; Score 3: PMN infiltrate all depth of epithelium which represent normal, mild, moderate and severe gastric mucosal injury respectively[29].
Immunohistochemistry

The stomach sections were deparaffinized with xylene and ethanol for ten minutes. After water washing, sections retrieved the antigen with citrate buffer pH 6.0 in microwave for thirteen minutes. Next, 3% H2O2 and 3% normal horse serum were performed on the slides to block endogenous peroxidase activity for five minutes and blocked nonspecific binding for twenty minutes, respectively. Then, the primary antibody used for IL-18, a monoclonal antibody against the Rat IL-18, was applied at a dilution of 1:100 (R and D Systems, Inc., United States) and 1:200 (Gene Tex, United States) respectively for one h at room temperature and incubated with the secondary antibody for IL-18 (ready-to-use; Dako, Denmark) for thirty minutes. When the development of the color with DAB was detected, the slides were counterstained with hematoxylin.

Under light microscopy (Nikon E50i, Nikon Corporation, Japan), the number of IL-18 positive cells presented dark brown stained nuclei of gastric epithelial cells. Images were obtained at x 20 and x 40 magnification field from each sample. Ten images from two sections per animals were analyzed. The numbers of IL-18 positive stained cells were counted manually using Point tool in the IMAGE-PRO PLUS software program (version 6.1). A thousand gastric epithelial cells were counted for each sample. The results were expressed as the number of IL-18 gastric epithelial positive stained cells (%) calculating from this equation:

The number of positive stained cells (%) = ([image: image9.emf]0
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Statistical analysis

All data are presented as mean ± SD. We evaluated group differences with one-way analysis of variance (one-way ANOVA) followed by Tukey PostHoc comparision by using SPSS for windows version 17.0 (SPSS Inc., Chicago, IL, United States). A P-value of < 0.05 was considered significant.
RESULTS 

Changes in TNF- level  

The mean serum TNF-α level in the IMN group was significantly higher than in the control group (27.78 ± 1.52 vs 85.07 ± 49.11pg/mL, P = 0.009). In Aloe vera-treated group, the serum TNF-α was significantly reduced when compare to the IMN group (35.19 ± 1.61 vs 85.07 ± 49.11 pg/mL, P = 0.021). The averages of serum TNF-α level of all groups were shown in Figure 1A and Table 1. 

Change in CINC-1 level

The average concentrations of serum CINC-1 were 104.55 ± 45.80 pg/mL, 1054.70 ± 20.38 pg/mL, and 813.56 ± 239.04 pg/mL in the control group, the IMN group, and the Aloe vera-treated group respectively. The mean serum CINC-1 level in the IMN group was significantly higher than in the control group (P = 0.000) and significantly decreased in Aloe vera-treated group when compared with IMN group (P = 0.025). The averages of serum TNF-α level of all groups were shown in Figure 1B and Table 1. 

Change in MDA level

The level of gastric MDA was significantly higher in the IMN group compared with the control group (1.74 ± 0.21 nmol/mg vs 9.36 ± 1.07 nmol/mg protein, P = 0.000). In the Aloe vera-treated group, there was a significant decrease in the elevated gastric MDA level compared with IMN group (9.36 ± 1.07 nmol/mg vs 2.67 ± 0.64 nmol/mg protein, P = 0.000).  The averages of serum TNF-α level of all groups were shown in Figure 1C and Table 1. 

Change in IL-18 level

The expression of IL-18 in gastric epithelial cells was determined by immunohistochemistry method and showed as dark brown stained nuclei of this cell.

The data of IL-18 expression in all experimental groups were given in Figures 1D, 2, and Table 1. From the result, the number of IL-18 positive stained cells in the gastric epithelial cells of IMN group was significantly higher than control group (30.67 ± 3.73 vs 5.01 ± 3.73, P = 0.000, respectively). In contrast, Aloe vera–treated group (150 mg/kg BW) decreased the number of IL-18 positive stained cells significantly when compared with IMN group (13.21% ± 1.10% vs 30.67% ± 2.03%, P = 0.000, respectively). 

Histopathological changes 

In IMN group, five rats developed gastric erosion (score 2+) and one rat developed 0.5 cm gastric ulcer. Polymorphonuclear (PMN) infiltration score in the IMN group were 1+ (n = 4) and 0 (n = 2). In the Aloe vera-treated group, stomach histopathology was improved when compared to the IMN group, especially in the reduction of PMN leukocyte infiltration (score 0: n = 4 and score 1+: n = 2). The severity of gastric erosion was reduced from score 2+ to score 1+. Additionally, no gastric ulcer was found as shown in Table 2.

DISCUSSION 

In this study, we investigated the effect of Aloe vera on gastric injury in rats with IMN-induced gastropathy. The results clearly demonstrated that Aloe vera administration prevented the ulcerogenic effect of IMN, possibly through its anti-inflammatory action. Evidence suggests that NSAIDs-induced gastric ulceration is a neutrophil-dependent process. NSAIDs administration to rats caused a rapid and significant increase in adhesion between neutrophils and vascular endothelial cells in both the gastric and mesenteric venules[11,12]. Indeed, monoclonal antibodies that blocked NSAIDs-induced neutrophil adherence to vascular endothelium could significantly alleviate NSAIDs-induced gastric mucosal injury[7,15,29]. Neutrophils play an important role in the development of inflammation and tissue injury by releasing a variety of inflammatory mediators[30,31]. These inflammatory mediators are capable of producing tissue injury; therefore, they may be involved in the pathogenesis of NSAIDs-induced gastric mucosal injury[32]. Furthermore, adhesion molecules expressed on activated neutrophils, such as CD11b and CD18 have been shown to play an important role in neutrophil-induced tissue injury[14]. 

Moreover, NSAIDs are believed to have the effect on nuclear translocation of nuclear factor (NF)-B, which modulates the expression of several adhesions molecules, including ICAM-1[33]. ICAM-1, one of the major adhesion molecules, plays a pivotal role in the inflammatory reaction by increasing leukocyte adhesion to endothelium and promoting transendothelial migration of leukocytes to inflammatory sites[34]. Another important mechanism that induces ICAM-1 expression is the increment of TNF-α level[34,35]. The inhibitory effect of NSAIDs on COX-2 leads reduced prostaglandin E2 (PGE2) levels. Thus, TNF-α production, which is normally inhibited by PGE2, increases[35]. TNF-α is an important mediator causing NSAIDs induced gastropathy. Apart from its effect on adhesion molecules, TNF-α may have the ability to activate pro-apoptosis caspases, which regulate gastric epithelial cells apoptosis in NSAIDs-treated rats[34]. 

In the present study, after administration of 150 mg/kg of IMN, erosions and ulcer were developed as well as increasing in PMN infiltration around the gastric lesions. With Aloe vera treatment, gastric histopathology was improved compared with the IMN group especially in the reduction of PMN leukocyte infiltration score and reduction in gastric erosion severity score. Serum TNF-, IL-18, serum CINC-1 and gastric MDA, which is a proinflammatory cytokine, a neutrophil chemoattractant and a metabolite of intracellular lipid peroxidation reaction respectively, level in the IMN group were significantly higher than the control group and were significantly reduced in the Aloe vera-treated group. 

TNF-, the major proinflammatory cytokine released from the migrated macrophages, plays an important role in pathogenesis of gastric ulcer through stimulation of ICAM-1 expression on vascular endothelial cells which increasing leukocytes adhesion to the endothelial surface on post-capillary venules and promoting transendothelial migration of leukocytes to inflammatory sites[36]. TNF-also increases intracellular oxidative stress and up-regulation of CINC-1 mRNA and protein in gastric epithelial cells in rats[35]. Aloe vera-treated group significantly reduced TNF-, in concordance with the previous studies, resulting in decrease of leukocyte adherence and promote gastric ulcer healing[23,37]. 

The significantly higher level of serum CINC-1 in the IMN group compared with the control group demonstrates the pathophysiologic mechanism of CINC-1 as a functional chemoattractant for neutrophils into the gastric ulcer area leading to a decrease in blood flow by their adhesion to microvessels and results in the production of reactive oxygen species, MPO, and protease, which exert a noxious effect on the gastric mucosa. The CINC-1 level gradually decreases as the ulcer healed[38]. With Aloe vera treatment, there was significant reduction in serum CINC-1 compared with the IMN group which may responsible for the reduced PMN infiltration score. 

 Gastric MDA, which is the main metabolite in the intracellular lipid peroxidation reaction, level represents the extent of the reactive oxygen species injuring the membrane structures of the cells which was reported to play a major role in pathomechanism of IMN-induced gastric lesion[39] and also play a key role in the mechanism of the gastric carcinogenesis[40,41].

IL-18, originally known as IFN-γ-inducing factor (IGIF), is a cytokine that shares structural and functional properties with IL-1[24,25]. This cytokine is mainly produced by activated macrophages, but may also be expressed by Kupffer cells, T cells, B cells, keratonocytes, astrocytes, and osteoblasts[26]. Like IL-1, IL-18 is synthesized as an inactive precursor (pro-IL-18, 24 kDa), which is cleaved by interleukin-1 β-converting enzyme (ICE or caspase-1) into an active 18 kDa mature form[26-28].

Aloe vera treatment significant reduced the gastric MDA and proinflammatory cytokine IL-18 levels compared with the IMN group which may reflect the reduced amount of the reactive oxygen species-mediated gastric injury and also reflect the inhibition of inflammatory cells expression.  

In conclusion, Aloe vera attenuated IMN-induced gastropathy in rats by the reduction of inflammatory cytokine, neutrophil chemoattractant, oxidative stress, and improvement of gastric histopathology.
COMMENTS

Background

Nonsteroidal anti-inflammatory drugs (NSAIDs)-induced gastric damage is the major side effect of this kind of medication. Although the underlying pathogenesis of NSAIDs-induced gastric damage is unclear, neutrophils are believed to play an important role in the development of gastric inflammation and injury following NSAIDs administration. Aloe vera (Aloe barbadensis Mill) possesses several biological activities, including an anti-inflammatory and ulcer healing effects. Authors postulated that Aloe vera, acting through the inflammatory inhibition, could reduce the inflammatory cytokine, neutrophil chemoattractant, oxidative stress; thus resulting in attenuation of gastric injury in indomethacin (IMN)-induced gastropathy in rats.

Research frontiers

Aloe vera (Aloe barbadensis Mill) is classified in family of Aloaceae. These plants possess extensive water storage tissue in their leaves, the part of the plant which is used for its therapeutic properties and exerts many biological activities by inhibition of inflammatory responses. NSAIDs-induced gastropathy has various pathogenesis mechanisms, including directed inhibition of the prostaglandins, directed toxic effect of NSAIDs, and indirect effects through stimulation of inflammatory mediators leading to gastric damage. The hallmark of this study was that we showed an attenuation of gastric injury through decrease serum tumor necrosis factor- level, interleukin-18 level, serum cytokine-induced neutrophil chemoattractant-1 level, and gastric malondialdehyde, which is a proinflammatory cytokine, a neutrophil chemoattractant and a metabolite of intracellular lipid peroxidation reaction respectively.

Innovations and breakthroughs

Preliminary data obtained in animal models of NSAIDs-induced gastropathy showed that the treatment with Aloe vera could be effective in limiting gastric damage, but the exact mechanism of these effects is still largely undefined. In this study, authors investigated the protective effect of Aloe vera on gastric injury in rats with IMN-induced gastropathy. Authors found that Aloe vera could attenuate gastric injury by the reduction of proinflammatory cytokine, neutrophil chemoattractant, oxidative stress, and improvement of gastric histopathology.  

Terminology

NSAIDs gastropathy: NSAIDs are one of the most commonly prescribed worldwide and known to induce gastric injury from multiple mechanisms, ranging from nonspecific dyspepsia to ulceration, upper gastrointestinal bleeding and death. Aloe vera is a species of succulent plant. Aloe vera is known to effectively decrease inflammation and promote ulcer healing. 

Applications

Aloe vera might be used as a novel therapeutic strategy against NSAIDs-induced gastric damage in clinical use and an interesting option for the treatment of cellular or tissue injury in the future.

Peer review 

This is an interesting study of the effect of Aloe vera on NSAIDs-induced gastropathy in rats. The results clearly demonstrated that Aloe vera administration prevented the ulcerogenic effects of IMN, possibly through its anti-inflammatory action.
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Figure 1 effects of Aloe vera on serum tumor necrosis factor-alpha, serum chemoattractant-1, gastric malondialdehyde, interleukin-18 gastric epithelial positive stained cells in rats with indomethacin-induced gastric ulcer. A: Tumor necrosis factor-alpha (TNF-α), aP < 0.05 vs indomethacin (IMN) group, bP < 0.01 vs control group; B: Cytokine-induced neutrophil chemoattractant-1 (CINC-1), cP < 0.05 vs IMN group, dP < 0.01 vs control group; C: Gastric malondialdehyde (MDA), fP < 0.01 vs IMN group, hP < 0.01 vs control group; D: Interleukin (IL)-18, lP < 0.01 vs IMN group, jP < 0.01 vs control group. 1: Control; 2: IMN; 3: Aloe vera-treated. 
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