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Abstract

:

Inflammatory bowel disease (IBD) is one of the predominant intestinal diseases associated with chronic inflammation and ulceration of the colon. This study explored the ameliorative effect of Aloe vera extract (Aloe) and/or heat-killed Lactobacillus plantarum L.137 (HK L.137) on dextran sodium sulfate (DSS)-induced colitis in mice. Aloe and/or HK L.137 were supplied for 9 days and the mice were challenged with DSS for 7 days. The DSS group demonstrated bloody diarrhea, colitis of high histologic grade, increased nuclear factor-kappa B (NF-κB) p65, inducible nitric oxide synthase (iNOS), myeloperoxidase (MPO), interleukin (IL)-6, and tumor necrosis factor (TNF)-α, and decreased IL-10 expression. These alterations were dwindled in DSS-induced mice treated with Aloe and HK L.137 separately. Aloe and HK L.137 together have augmented the therapeutic effect of each other. In conclusion, our findings demonstrated that Aloe and/or HK L.137 ameliorated DSS-induced colitis by promoting the secretion of anti-inflammatory cytokines and suppressing pro-inflammatory mediators. This study indicated that A. vera may function synergistically with HK L.137 to confer an effective strategy to prevent colitis.
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1. Introduction


Inflammatory bowel disease (IBD) is a chronic immune-mediated disease characterized by inflammation and ulceration of mucosal and submucosal layers of the colon. So far, the etiology of the disease is not precisely known; however, several different genetic and environmental factors might be involved [1]. IBDs include two basic types, namely Crohn’s disease (CD) and ulcerative colitis (UC). The disease is manifested by chronic diarrhea, rectal bleeding, and abdominal cramps [2]. A vast number of inflammatory mediators were implicated in the pathogenesis of the disease. Therefore, most medications formulated for the treatment and/or management of the IBD depend mainly on the anti-inflammatory/immunosuppressive actions [3]. Unfortunately, the treatment is mostly not effective in some instances and accompanied mainly by frequent relapsing and progressive nature. Therefore, surgical interference and resection of parts of the digestive system are necessary for 20%–50% of IBD patients [4]. The mechanism of the inflammatory response of IBD is mostly associated with activation of inflammatory cells, such as macrophages, dendritic cells, neutrophils, and different subsets of T lymphocytes [5]. These cells were accompanied with massive production of reactive nitrogen species (RNS) and reactive oxygen species (ROS) and several inflammatory mediators, such as tumor necrosis factor-alpha (TNF-α), interleukin (IL)-6, IL-17, IL-21, and cyclooxygenases (COX-1 and COX-2). These cytokines were mostly associated with increased epithelial permeability, mucosal injury, and subsequent invasion of commensal bacteria into the sub-epithelial space [6].



Dextran sodium sulfate (DSS) is a sulfated polysaccharide that has been reported to induce colitis for the first time in hamsters [7]. Although not fully understood, the mechanism of DSS-induced colitis is related to direct injury of the crypt epithelium and crossing of intestinal contents, particularly the commensal bacteria and/or their products, leading to inflammation [8,9]. Besides, the histopathological findings have closely resembled that of human UC [10]. Therefore, the DSS-induced colitis has been permitted as a valuable model for evaluating the potential of agents of interest as therapeutics for IBD [11].



Probiotics are non-pathogenic microorganisms supplemented to promote the intestinal microbial balance [12]. They include Saccharomyces boulardii and lactic acid-producing bacteria, such as Bifidobacterium and Lactobacillus spp. Lactobacillus species are Gram-positive bacteria playing a central role in food fermentation and offer a plausible model to explore the molecular effects of food-associated bacteria in human mucosa. The health-promoting effects of probiotics in IBD have been acknowledged and Escherichia coli Nissle 1917 has been approved for the treatment of UC [13]. Lactobacillus paracasei reduced circulating pro-inflammatory cytokines in UC [14]. Lactobacillus rhamnosus has a prophylactic activity on colorectal carcinogenesis by inducing apoptosis and ameliorating inflammation, thereby represent promising candidates as a bio-therapeutic dietary agent [15]. Interestingly, altered gastrointestinal microbiota may participate completely or in part in the mucosal immune response [16]. Therefore, the intestinal mucosal barrier in IBD may allow bacterial access to the submucosal tissues, thereby enhancing the inflammatory response. Thus, probiotic therapy depends upon altering the bacterial composition that strengthens the immune status and competes for the inflammation. The premise of dysbiosis is therefore considered the rationale for administering live beneficial bacterial strains for IBD [17].



Aloe vera (Aloe barbadensis Mill) possesses many beneficial biological effects, including anti-inflammatory, antioxidant, immunostimulant, antidiabetic, and antitumor activities [18,19]. It originates mostly within the dry areas of Southern Europe, Africa, Asia, and the Mediterranean region [20]. Dietary supplementation of Aloe components such as aloesin has shown a beneficial role in the treatment of colitis in rats [21]. A. vera gel has been shown to prevent azoxymethane/DSS-induced colon carcinogenesis by inhibiting chronic inflammation as well as cell cycle progression [22]. In a rodent model of colitis, dietary supplementation of A. vera gel ameliorated intestinal inflammation [21]. Given its anti-inflammatory potential, the current study scrutinized the preventive effect of A. vera and/or HK L.137 on DSS-induced acute colitis in mice. Although A. vera and Lactobacillus plantarum have shown multiple pharmacological effects, this is the first study assessing their ameliorative effect on clinical signs, histopathological changes, and tissue cytokines in DSS-induced colitis in mice.




2. Materials and Methods


2.1. Chemicals


DSS (M.W. 36–50 KD) was supplied by MP Biomedicals (Solon, OH, USA), and HK L.137 was supplied by the House Wellness Foods Corporation (Hyogo, Japan). Lyophilized A. vera powder was obtained from Coral Vegetable (Miyakojima, Japan). All other chemicals and kits were purchased from standard commercial sources.




2.2. Experimental Animals


The present study was carried out using 7-week old male Balb/c mice (25.32 ± 3.25 g) obtained from the Laboratory Animal Center of Theodor Bilharz Research Institute (Cairo, Egypt). The animals were divided randomly into eight groups of six mice each and housed in polypropylene cages. All mice were maintained at 25 °C under 12 h light-dark cycle with free access to water and food (Teklad global 18% protein rodent diet, Harlan Laboratories, Livermore, CA). Mice were acclimatized for 1 week before the experiment. All procedures were approved by the Institutional Animal Care and Use Committee at the Faculty of Science, Kafrelsheikh University (Ethical approval number, KFS-2016/10).




2.3. Experimental Design


Treatment with Aloe and/or HK L.137 was started 2 days before DSS administration and continued for 7 days with DSS. 5% (w/v) DSS solution in drinking water was administered to the animals for 3 days, followed by a 3% (w/v) DSS for 4 days [23].



Forty-eight mice were randomized into eight groups as follows (Figure 1):




	(1)

	
Group I (Control): mice received 0.5 mL of phosphate buffer saline (PBS) orally for 9 days.




	(2)

	
Group II (Aloe): mice received 200 mg/kg Aloe [24] dissolved in PBS orally for 9 days.




	(3)

	
Group III (HK L.137): mice received 100 mg/kg HK L.137 [25] dissolved in PBS orally for 9 days.




	(4)

	
Group IV (Aloe/HK L.137): mice received 200 mg/kg Aloe and 100 mg/kg HK L.137 in PBS orally for 9 days.




	(5)

	
Group V (DSS): mice received 5% DSS for 3 days and 3% DSS for 4 days.




	(6)

	
Group VI (Aloe + DSS): mice received Aloe for 9 days and DSS as in group V.




	(7)

	
Group VII (HK L.137 + DSS): mice received HK L.137 for 9 days and DSS as in group V.




	(8)

	
Group VIII (Aloe/HK L.137 + DSS): mice received Aloe and HK L.137 for 9 days and DSS as in group V.









The mice were euthanized 24 h after the last administration of Aloe and/or HK L137 and samples were collected for analyses.




2.4. Assessment of Disease Activity Index (DAI)


Food intake and water consumption were recorded throughout the experiment (Supplementary Figure S1). Disease activity index (DAI) was determined according to stool consistency, rectal bleeding, diarrhea, and body weight loss. Each parameter was given a score according to the previously proposed criteria [26] and used in calculating an average daily DAI.




2.5. Histology


Following sacrifice, the colon was excised up to cecum, the length was determined and then emptied with PBS. Samples were divided into two portions; one preserved in formalin and the other was kept at −80 °C. For histopathology, samples from the colon were fixed in 10% neutral buffered formalin. The samples were processed for paraffin embedding, and then 5-µm sections were cut and stained with hematoxylin and eosin (H&E).




2.6. Histological Score Assessment of Colitis


The histological alterations were assessed blindly following a previously validated intestinal histologic inflammatory score [27] where the infiltration of neutrophils and eosinophils in the lamina propria and crypt degeneration were monitored (Table 1).




2.7. Immunohistochemical Expression of NF-κB p65 and iNOS


Paraffin sections were cleared in xylene, rehydrated in descending grade of ethanol, immersed in distal water, and then an antigen retrieval (EDTA solution, pH 8) was carried out. The slides were incubated in 0.3% hydrogen peroxide and blocked for 2 h in 5% bovine serum albumin in Tris-buffered saline (TBS). The sections were immunostained with rabbit anti-NF-κB p65 (RB1638P0, Thermo Fisher Scientific, Waltham, MA, USA; 1:100 dilution) anti-iNOS polyclonal primary antibodies (PA1-036, Invitrogen, USA; 1:20 dilution) overnight at 4 °C. After washing with PBS, the sections were incubated with secondary antibody (anti-rabbit IgG, EnVision + System HRP; Dako) for 30 min at room temperature, washed and incubated for 2 min in diaminobenzidine (DAB; Dako). Counterstaining was performed using hematoxylin stain, and the slides were visualized under a light microscope (Leica, supplied with DFC Leica digital camera). Quantitative analysis of NF-κB p65 and iNOS immunostaining was carried out using ImageJ (version 1.32j, NIH, USA) and expressed as percent of control.




2.8. Determination of Myeloperoxidase (MPO) and Cytokines


A total of 100 mg of the whole colon tissue was weighed, homogenized in 1000 µL EDTA-PBS, and centrifuged for 5 min at 4 °C (1000× g). The protein content in the supernatant was measured using a NanoDrop. MPO activity and the cytokines (TNF-α, IL-6, and IL-10) were assayed in the homogenate using ELISA kits supplied by Kamiya Biomedical Company (Tukwila, WA, USA) and RayBiotech (Peachtree Corners, GA, USA), respectively, following the provided instructions.




2.9. Statistical Analysis


The results are presented as mean ± standard deviation (SD). All statistical comparisons were performed by one-way ANOVA followed by Tukey′s Kramer test using GraphPad Prism version 7 (GraphPad Software Inc., La Jolla, CA, USA). A p value less than 0.05% was considered significant.





3. Results


3.1. Effect of Aloe and/or HK L.137 on DAI and Colon Length in DSS-Induced Mice


Mice received DSS showed an increase in DAI (diarrhea, stool consistency, bleeding, and body weight loss) when compared with the control group (p < 0.001). DSS-induced mice treated either with Aloe or HK L.137 showed significantly reduced colitis degree (p < 0.01), and the combined therapy effectively decreased the severity of colitis when compared with Aloe or HK L.137 (p < 0.001), as represented in Figure 2A.



Mice received DSS exhibited a significant decrease in the colon length (p < 0.001; Figure 2B), an effect that was reversed in the mice received Aloe and/or HK L.1.37. Of note, oral administration of Aloe and/or HK L.137 did not affect the colon length in normal mice (Figure 2B).




3.2. Aloe and/or HK L.137 Suppress Histopathological Alterations in DSS-Induced Mice


H&E-stained sections from the colon of control (Figure 3A) and Aloe and HK L.137-treated mice (Figure 3B) showed normal mucosa consisted of perpendicular crypts. In contrast, the DSS-induced group revealed severe colitis associated with extensive necrosis of the crypts extended along the whole mucosa to the lamina propria and the muscle layer. The other inflammatory lesions, such as hemorrhage, edema, and neutrophilic infiltration were obviously seen in this group (Figure 3C). DSS-induced animals treated with Aloe (Figure 3D) or HK L.137 (Figure 3E) revealed a decrease in the colitis degree that appeared within the last third of the mucosal surface, whereas the combined treatment improved the intestinal mucosa with apparent mucosal covering (Figure 3F).



The quantitative histological grades of each segment indicated a decrease in G0 percentage (normal tissue grade). The DSS group showed low levels of G0 with markedly increased G3 and G4 inflammation score. DSS-induced animals treated with Aloe and/or HK L.137 demonstrated marked increase in the G0 and G1 score and decreased percentage of G3 and G4 (Table 2).




3.3. Aloe and/or HK L.137 Suppress NF-κB and iNOS Expression in the Colon of DSS-Induced Mice


Colon sections of control (Figure 4A) and Aloe and HK L.137-treated mice (Figure 4B) showed mild interstitial expression of NF-κB p65. DSS significantly increased NF-κB p65 mostly within the infiltrated inflammatory cells (p < 0.001; Figure 4C,G). Treatment of the DSS-induced mice with Aloe (Figure 4D), HK L1.37 (Figure 4E), or their combination (Figure 4F) demonstrated marked decrease the expression of NF-κB p65 (p < 0.001; Figure 4G).



Both the control (Figure 5A) and Aloe and HK L.137-treated mice (Figure 5B) exhibited a scanty iNOS immunostaining, whereas the DSS-induced animals showed marked iNOS expression mostly from the inflammatory cells and necrotic crypts (p < 0.001; Figure 5C,G). Treatment with Aloe (Figure 5D), HK L1.37 (Figure 5E), or their combination (Figure 5F) suppressed iNOS expression significantly in DSS-induced mice (p < 0.001; Figure 5G).




3.4. Aloe and/or HK L.137 Reduce MPO Activity and Attenuate Inflammation in DSS-Induced Mice


DSS induced a significant activation of MPO in mice colon (p < 0.001), as depicted in Figure 6A. While Aloe and/or HK L.137 exerted no effect in normal mice (p > 0.05), MPO was significantly reduced in DSS-induced animals (p < 0.001).



To evaluate the anti-inflammatory effect of Aloe and or HK L.137, pro- and anti-inflammatory cytokines were determined in the colon of mice. DSS increased colon TNF-α and IL-6 and decreased IL-10 as compared to the control values (p < 0.001; Figure 6B–D). Supplementation of Aloe and/or HK L.137 significantly reduced TNF-α and IL-6, and increased IL-10 (p < 0.001). Oral supplementation of Aloe and/or HK L.137 did not affect these cytokines in normal mice.





4. Discussion


Several experimental models have been validated for the assessment of preclinical use of new treatment trials in IBD prior to provisional clinical phase. DSS is frequently used in the induction of IBD and investigation of different treatment trials [23,28]. This model mimics human UC and is of great value for understanding different morphological and pathophysiological features associated with IBD, including superficial ulceration and mucosal damage. Additionally, this model could be employed to show the efficacy of new treatment trials against inflammatory mediators and leukocyte infiltration associated with IBD [29,30]. The beneficial effects of probiotics and medicinal herbs in IBD have been reviewed by different authors [31,32]. The efficacy and safety of A. vera gel for the treatment of mildly to moderately active UC has been reported in a randomized, double-blind, placebo-controlled trial [33]. Patients that received 100 mL A. vera gel twice daily for 4 weeks showed decreased simple clinical colitis activity index and histological scores, whereas sigmoidoscopic scores and laboratory variables were not significantly changed [33]. Clinical trials on the symptomatic efficacy of L. plantarum 299v in patients with irritable bowel syndrome (IBS) showed contradictory results. While a 4-week treatment with L. plantarum 299v provided effective symptom relief [34], an 8-week treatment did not provide symptomatic relief in patients with IBS [35]. However, the efficacy of HK L.137 and its combination with A. vera to ameliorate UC has not been previously studied. Herein, we investigated for the first time the ameliorative effects of A. vera and/or HK L.137 on UC induced by DSS in mice. The results revealed that DSS colitis was associated with crypt degeneration, edema, and inflammatory cells infiltration. The severity of the lesions greatly differed from local, superficial that limited to the mucosal lining to diffuse and pancolitis extending to all layers, including the musculosa and even the serosa.



Oral supplementation of Aloe and/or HK L.137 prevented all histopathological alterations and decreased the score of neutrophilic infiltration in the mouse colon, demonstrating their anti-inflammatory efficacy. The hallmark of the therapeutic activity of herbs and functional foods is to prevent the disease onset through maintaining high levels of the bioactive constituents. Aloe is one of the herbal plants that has been widely applied in traditional medicine for relieving pain accompanying ulcers and burns and boosting wound healing [36]. A. vera contains a large amount of the bioactive phenolics with a potent antioxidant activity [37]. A previous study has shown that chromone-3-yl-acrylate, a bioactive constituent of A. vera, can block neutrophils adhesion to the endothelium [38]. Wan et al. have also pointed to the ability of the chromone moiety to suppress neutrophils and reduce ROS in activated neutrophils [39]. Importantly, Aloe shares a basic chromone structure that suppresses MPO activity and exerts anti-inflammatory activity. Aloe has also contracted the leukotriene production, one of the most critical chemotactic factors responsible for recruiting and activating inflammatory cells in various inflammatory diseases [40].



Moreover, HK L.137 exerted a protective effect against colitis elicited by DSS. Several lines of evidence have pointed to the existing role of microbiota that influences the mucosal immune system [41,42,43]. Previous reports demonstrated that any alteration in gut microbial diversity augments inflammation seen in both patients with UC and experimental colitis in animals. Bacteroides and Clostridium bacteria have been demonstrated to increase in colonic inflammation, whereas the beneficial bacteria as Lactobacillus and Enteobacteriaceae spp. were decreased [44,45]. It was shown that L. plantarum can ameliorate experimental colitis in murine models [46]; however, the safety of live bacteria is still debated in certain instances [47]. Therefore, there is an increased interest in the use of heat-killed probiotics. Heat killed bacteria is a type of bacteria treated with high temperatures which range between 70 and 100 °C, and/or by tyndallization [48]. Beneficial products resulted from cracking in the bacterial cell wall which lead to release of different cell components and cytoplasmic contents, including lipoteichoic acids, peptidoglycans, exopolysaccharides, and organelles as DNA and cell wall components [48], and can also inhibit pathogens [49]. The immunomodulatory activities of L. plantarum are conferred by suppressing pro-inflammatory cytokines and blocking different inflammatory signaling pathways, including toll-like receptor (TLR-4)-linked NF-κB and MAPK complexes [50,51]. Furthermore, L. plantarum possessed a powerful antioxidant function manifested by its ability to increase cellular antioxidants and suppress lipid peroxidation [52].



Besides the attenuation of histological alterations and inflammatory cells infiltration, both Aloe and HK L.137 suppressed NF-κB, iNOS, MPO, TNF-α, and IL-6 and increased IL-10 in the colon of DSS-induced mice, supporting their anti-inflammatory potential. It has been previously reported that TNF-α, IL-6, and IL-1β represent the most essential pathological mediators of IBD [53]. In the present study, TNF-α and IL-6 were dramatically increased in the colon of DSS-exposed mice, suggesting that immune cells are attracted to the site of inflammation. Therefore, the use of anti-inflammatory therapy can confer beneficial therapeutic outcomes in IBD patients. Accordingly, anti-TNF agents are effective in moderate and severe IBD in both children and adolescents, and their application resulted in limiting the use of corticosteroids [54]. A recent study has demonstrated that the therapeutic role of anti-TNF agents is critically dependent on IL-10 to resolve intestinal inflammation [55]. Hence, it is noteworthy assuming that IL-10 plays a role in the ameliorative effect of Aloe and/or HK L.137 on colitis. In addition, NF-κB p65 and iNOS were noticeably upregulated and were clearly noticed within the infiltrated inflammatory cells and damaged intestinal epithelial cells. Indeed, the UC patient is distinguished by overexpression of iNOS, and increased NO production by macrophages and colonic mucosa stimulated with interferon (IFN)-γ or IL-17A, and is correlated with the histological damage [56,57]. Furthermore, MPO was increased in the colon of mice challenged with DSS. Given its presence in neutrophils, increased activity of MPO is considered a marker of inflammation and linearly associated with neutrophilic infiltration [58]. Here, the magnitude of the inflammatory response was correlated with MPO whose activity showed several-fold increase following DSS administration. Accordingly, neutrophil accumulation is implicated in the pathogenesis of experimental colitis through the excessive release of inflammatory mediators and ROS [59]. In addition, increased activity of MPO can provoke oxidative damage and diminish antioxidant defenses culminating in cell death [58]. Although the mechanism underlying the suppression of TNF-α and IL-6 by Aloe is unclear, the role of the chromone moiety in inhibiting NF-κB activation elicited by TNF-α has been acknowledged [20,60]. In the same context, L. plantarum has been reported to attenuate inflammation by inhibiting NF-κB signaling [50,51]. Therefore, the protective activity of Aloe and HK L.137 is mediated, at least in part, via inhibiting NF-κB activation.




5. Conclusions


This investigation introduces new information on the ameliorative effect of HK L.137, alone and in combination with A. vera, on DSS-induced colitis. Aloe, HK L.137, and their combination conferred protection against experimental colitis in mice. Aloe and/or HK L.137 prevented histological alterations and neutrophils infiltration, suppressed iNOS, MPO, and pro-inflammatory cytokines, and enhanced IL-10 in the colon of mice. These findings pointed to the role of neutrophils in DSS-induced colitis and the ameliorative effect of Aloe and/or HK L.137 that was mediated via their dual antioxidant and anti-inflammatory efficacy. Therefore, the combination of Aloe vera with probiotics would represent a promising candidate for the prevention/treatment of IBDs, pending further investigations to explore their exact mechanisms of action.
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Figure 1. A schematic diagram showing the experimental groups and treatments. 
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Figure 2. Effect of Aloe vera extract (Aloe) and/or heat-killed Lactobacillus plantarum L.137 (HK L.137) on disease activity index (DAI) (A) and colon length (B) in control and dextran sodium sulfate (DSS)-induced mice. Data are mean ± SD, n = 6. *** p < 0.001 versus DSS. *** p < 0.001 versus Control and ### p < 0.001 versus DSS. 
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Figure 3. Aloe and/or HK L.137 suppress histopathological alterations in DSS-induced mice. Hematoxylin and eosin (H&E)-stained colon sections from (A) Control and (B) Aloe/HK L.137-treated mice showing normal mucosal lining without any inflammatory or degenerative lesions; (C) DSS-induced mice showing G3 degree of colitis manifested by loss of intestinal crypts and replaced with marked inflammatory cells infiltration (arrow); (D) DSS-induced mice received Aloe revealing moderate inflammatory cells infiltration (arrow) towards the submucosa and representing G1; (E) DSS-induced mice treated with HK L.137 revealing edema and moderate submucosal infiltration of inflammatory cells (arrow) mostly of G2; and (F) DSS-induced mice treated with Aloe and HK L.137 showing an increase in normal mucosal lining of G0. (Scale bar = 50 μm). 
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Figure 4. Aloe and/or HK L.137 attenuate NF-κB p65 expression in the colon of DSS-induced mice. NF-κB p65 immunostained colon sections from (A) Control and (B) Aloe/HK L.137-treated mice showing mild interstitial expression, (C) DSS-induced mice revealing upregulation of NF-κB p65 mostly within the infiltrated inflammatory cells, and (D–F) DSS-induced mice treated with Aloe (D), HK L.137 (E), and their combination (F) showing markedly reduced expression of NF-κB p65. Arrows indicate positive immunostaining. (G) Mean ± SD of the NF-κB p65 expression in colon of different groups. *** p < 0.001 versus Control and ### p < 0.001 versus DSS. (Scale bar = 50 μm). 
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Figure 5. Aloe and/or HK L.137 suppress iNOS expression in the colon of DSS-challenged mice. iNOS-immunostained colon sections from (A) Control and (B) Aloe/HK L.137-treated mice showing mild expression, (C) DSS-induced mice showing marked expression, and (D–F) DSS-induced mice treated with Aloe (D), HK L.137 (E), and their combination (F) showed decreased expression. Arrows indicate positive immunostaining which is expressed mostly from the inflammatory cells. (G) Mean ± SD of the iNOS expression in colon of different groups. *** p < 0.001 versus Control and ### p < 0.001 versus DSS. (Scale bar = 50 μm). 
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Figure 6. Aloe and/or HK L.137 reduce myeloperoxidase (MPO) activity (A), tumor necrosis factor (TNF)-α (B), and interleukin (IL)-6 (C), and increased IL-10 (D) in the colon of DSS-induced mice. Data are mean ± SD, n = 6. *** p < 0.001 versus Control and ### p < 0.001 versus DSS. 
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Table 1. Histopathological criteria of colitis grades.
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	Grade
	Microscopic Findings





	0
	Absence of infiltration in the lamina propria.



	1
	Mild and focal infiltration and crypt degeneration.



	2
	Moderate infiltration and crypt degeneration.



	3
	Marked and diffuse infiltration and marked crypt degeneration.










 





Table 2. Histological score of colitis grades within different animal groups.
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Groups

	
Colitis Grade (%)




	
G0

	
G1

	
G2

	
G3






	
Control

	
99.45 ± 0.74

	
0.55 ± 0.74

	
ND

	
ND




	
Aloe

	
97.90 ± 1.30

	
2.09 ± 1.32

	
ND

	
ND




	
HK L.137

	
98.85 ± 0.77

	
1.69 ± 0.19

	
ND

	
ND




	
Aloe/HK L.137

	
98.81 ± 0.47

	
1.46 ± 0.56

	
ND

	
ND




	
DSS

	
6.33 ± 1.89 ***

	
18.16 ± 1.34 ***

	
28.22 ± 1.16

	
47.52 ± 2.15




	
Aloe + DSS

	
22.89 ± 6.43 ###

	
26.46 ± 1.87 ##

	
27.17 ± 5.17

	
23.49 ± 3.11 ###




	
HK L.137 + DSS

	
19.78 ± 0.37 ###

	
30.19 ± 3.91 ###

	
28.09 ± 1.25

	
21.49 ± 3.35 ###




	
Aloe/HK L.137 + DSS

	
36.12 ± 3.38 ##