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Abstract 

AIM: To determine the efficacy profiles of different concentrations of Lactobacillus acidophilus (L. acidophilus) for treating colitis using an experimental murine model.
METHODS: Colitis was established in 64 BALB/c mice by adding 5% dextran sodium sulfate (DSS) to the drinking water and allowing ad libitum access for 7 d. The mice were then randomly divided into the following control and experimental model groups (n = 8 each; day 0): untreated model control; negative-treatment model control (administered gavage of 1 mL/10 g normal saline); experimental-treatment models C4-C8 (administered gavage of 104, 105, 106, 107, or 108 CFU/10 g L. acidophilus, respectively); positive-treatment model control (administration of the anti-inflammatory agent prednisone acetate at 45 g/10 g). Eight mice given regular water (no DSS) and no subsequent treatments served as the normal control group. Body weight, fecal traits, and presence of fecal occult blood were assessed daily. All animals were sacrificed on post-treatment day 7 to measure colonic length, perform histological scoring, and quantify the major bacteria in the proximal and distal colon. Intergroup differences were determined by one-way ANOVA and post-hoc Student-Newman-Keuls comparison.
RESULTS: All treatments (L. acidophilus and prednisone acetate) protected against colitis-induced weight loss (P < 0.05 vs model and normal control groups). The extent of colitis-induced colonic shortening was significantly reduced by all treatments (prednisone acetate > C4 > C5 > C7 > C8 > C6; P < 0.05 vs. untreated model group), and the C6 group showed colonic length similar to that of the normal control group (P > 0.05). The C6 group also had the lowest disease activity index scores among the model groups. The bacterial profiles in the proximal colon were similar between all of the experimental-treatment model groups (all P > 0.05). In contrast, the bacterial profile in the distal colon of the C6 group showed the distinctive features (P < 0.05 vs all other experimental-treatment model groups) of Lactobacillus sp. and Bifidobacterium sp. being the most abundant bacteria and Staphylococcus aureus being the least abundant bacteria. 

CONCLUSION: The most therapeutically efficacious concentration of L. acidophilus (106 CFU/10 g) may exert its effects by modulating the bacterial profile in the distal colon.
( 2013 Baishideng. All rights reserved.
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Core tip: Efficacies of the current treatments for ulcerative colitis (UC) are limited by procedure-related complications, poor patient compliance, and high relapse rates. Administration of supplemental probiotics represents a promising new therapy of UC. Since UC pathogenic sites mainly involve the rectum and colon and UC patients show differential composition profiles of intestinal bacteria, this study was designed to evaluate the therapeutic efficacies of various concentrations for the standard probiotic, Lactobacillus acidophilus, using a well-known murine model of experimental colitis to examine the changes in colitis symptoms and the corresponding effects on the bacterial flora in the distal and proximal colon.
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INTRODUCTION
Ulcerative colitis (UC), a non-specific chronic inflammatory bowel disease, has emerged as a significant human health burden in Western countries and its prevalence is rising worldwide. As such, extensive research efforts have focused on determining its pathogenic mechanisms and developing efficacious therapies. While these studies have helped to define the clinical course of UC, identification of a safe and effective treatment has remained elusive. The primary drug therapies currently in use, including the anti-infective salazosulfamide, anti-inflammatory glucocorticoids and immunosuppressant probiotics, are limited by considerable side-effects, which lead to poor patient compliance and may contribute to the high relapse rates of UC[1].
Four fundamental components underlying UC pathogenesis have been identified, which represent likely sources for the yet undefined etiological factors: environment, microbiota, immune system, and genome[2,3]. A large number of experimental studies using animal models and clinical studies of human UC subjects have demonstrated that the intestinal microbiota, in particular, plays an important role in both UC onset and progression[4-7]. Moreover, sterile conditions (i.e., germfree environments) have been shown to induce UC in mice and differential distributions of specific bacteria (i.e., Campylobacter sp.) have been correlated with UC in adult humans[8,9]. Interactions between the microbiota and the immune system are well-described and recognized for their critical roles in normal physiological processes; accordingly, aberrant development and response of the immune system related to the microorganism environment in the gut, have been associated with UC[2,10]. 
 The profile of normal human intestinal flora consists of about 30 genera of bacteria, representing hundreds of species and unknown thousands of strains. The most abundant species are anaerobic (including Bifidobacteria, Lactobacilli and Bacteroides), among which the Lactobacillus sp. appear to be the predominant flora, especially in the colon. Furthermore, quantitative analysis has indicated that many of these anaerobes are present at concentrations between 109-1012 CFU/mL. Many of these anaerobes, such as Lactobacillus sp. and Bifidobacterium sp., are characterized as probiotics, exerting beneficial effects on the human body. Indeed, detection of latent pathogenic species, such as Clostridium and Staphylococcus, is rare under normal physiological conditions[4]. 
Probiotics are considered a promising alternative therapy for UC. To date, Lactobacilli, Bifidobacteria, VSL#3 (a compound probiotic preparation composed of four Lactobacilli strains, three Bifidobacteria strains, and one Streptococcus salivarius strain), and Escherichia coli Nissle 1917 have been applied to UC subjects (both animal models and human cases) and shown to effectively resolve disease symptoms[11-14]. In addition, our laboratory showed that administration of Lactobacillus acidophilus (L. acidophilus) at the early stage is an effective therapy for UC but that administration of different probiotics does not provide the same efficacies[15,16]. These results suggest that the distinctive features of different bacteria, including their secretory functions and interactions with other bacteria and the host system, may have significant functional implications for their therapeutic efficacies in specific host tissues. Thus, while it is possible that introducing a large amount of a probiotic (or a mixture of probiotics) may beneficially impact the overall profile of intestinal bacteria, such an effort may also provide no benefit or be detrimental, possibly promoting latent pathogenicity, in specific intestinal regions.
 Since UC pathogenic sites mainly involve the rectum and colon[3] and UC patients show differential composition profiles of intestinal bacteria[17,
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MATERIALS AND METHODS
Bacterial strain 
L. acidophilus was isolated from a normal human intestinal tract SMC-S095 sample and sequence-identified by our laboratory. After culturing under anaerobic conditions with MRS medium for 24 h, the bacteria was collected, quantified by a spectrophotometer, and diluted with normal saline (NS) to 1010 CFU/mL.

Study design

Seventy-two female BALB/c mice (6-8-wk-old, 20.0 ± 2.0 g mean body weight) were purchased from Hunan Agricultural University and housed under standard conditions (50% ± 10% humidity, 12 h light/dark cycle, ad libitum access to standard mouse chow). Colitis was established in 64 of the mice by adding 5% dextran sodium sulfate (DSS, MW 50000; Sigma Corp, St. Louis, MO) to the drinking water and allowing ad libitum access for 7 d. The mice were then randomly divided into the following control and experimental model groups (n = 8 each; day 0): untreated model control; negative-treatment model control (administered gavage of 1 mL/10 g normal saline); experimental-treatment models C4-C8 (administered gavage of 104, 105, 106, 107, or 108 CFU/10 g L. acidophilus, respectively); positive-treatment model control (administration of the anti-inflammatory agent prednisone acetate at 45 g/10 g). Eight mice given regular water (no DSS) and no subsequent treatments served as the normal control group.

Body weight, fecal traits, presence of fecal occult blood, and disease activity index (DAI) scores were assessed daily, as previously described[19]. On post-treatment day 7, all mice were sacrificed by ether anesthesia overdose. The resected colon was measured (length-wise). Colonic segments (0.5 cm) were obtained starting from 1 cm to the ileocecus to 1 cm to the anus and used for bacterial analysis (described below). The remaining colonic segments ~0.5 cm to the anus were fixed in neutral formalin, prepared as paraffin-embedded sections, stained with hematoxylin and eosin (HE), and subjected to histological analysis by light microscopy and the damage scoring procedure described by Dieleman et al[20].

Bacterial analysis of intestinal flora

Colonic segments were weighed, homogenized, serially diluted in NS, and used to inoculate nonselective and selective culture mediums. For each animal, 10 L of intestinal fluid (100-10-5 L. acidophilus concentration) was collected and also inoculated in corresponding media. After culturing, three isolates each of anaerobic bacteria (Lactobacilli, Bifidobacteria, and Bacteroides) and aerobic bacteria (S. aureus, E. coli, and Enterococci), as well as a sample of total aerobic bacteria, were selected for further analysis. 
The anaerobic bacteria were incubated in the BAC.III-IE anaerobic workstation (Shel Lab, Cornelius, OR) at 37 ℃ for 48-72 h using the appropriate medium (Lactobacilli, LBS medium; Bifidobacteria, BS medium; Bacteroides, BDS medium; total aerobic bacteria, ordinary nutrition agar medium). The aerobic bacteria were incubated in the BSG-4 biochemical incubator (WanTong Precision Instruments Co., Ltd, Wuhan, China) at 37 ℃for 24-48 h using the appropriate medium (S. aureus, high-salt mannitol medium; E. coli, eosin-methylene blue medium; Enterococci, TTC sodium azide medium). The resultant bacterial colonies were counted and converted to CFU/g by the following formula: number of bacterial colonies × [(diluted liquid volume + sample weight)/sample weight] × dilution multiple.
Bacteria identification
Preliminary identification was performed on colonies of different bacteria according to morphological and Gram staining characteristics detected by light microscopy.
Identification of anaerobic bacteria (Lactobacilli and Bifidobacteria):  Using Bifidobacteria as an example, the bacterial colonies of various forms were obtained from the BS medium, cultured respectively in MRS liquid culture medium. Resultant colonies were analyzed by light microscopy to confirm normal homogeneous morphology of Bifidobacteria, and isolates were inoculated onto MRS solid culture medium and cultured in the anaerobic incubator at 37 ℃ for 24 h. The resultant colonies were rescreened. After several generations’ of serial cloning, the bacterial colonies with normal homogeneous appearance and morphology were selected for bacterial identification via the API20 A test (bioMérieux Vitek, Inc., Hazelwood, MO), according to the manufacturer’s instructions. Results were within the API20 Analytical Profile Index. The protocol for Lactobacillus identification was similar.
Identification of Enterococci: The serially purified bacteria isolated from TTC culture were verified as Enterococci according to results of catalase test and verified by Gram staining. A single colony was resuspended in 0.3 mL sterile water, inoculated on a sheep blood agar plate, and incubated in the biochemical incubator at 37 ℃ for 24 h. One of the resultant colonies was selected for testing with the API20 Strep test (bioMérieux Vitek, Inc.), according to the manufacturer’s instructions. Results (at 4 and 24 h of culture) were within the API20 Analytical Profile Index.
Statistical analysis
All statistical analyses were carried out with the SPSS statistical software suite (version 16.0; SPSS Inc, Chicago, IL). Results are expressed as mean ± SD. Quantitative data were converted to logarithm values and tested for homogeneity of variance. If the variance was homogeneous, single-factor analysis of variance (one-way ANOVA) was used to analyze the differences between groups. Mean values with significant difference (P < 0.05) were subjected to post-hoc pairwise comparison by the Student-Newman-Keuls test. 

RESULTS
Effects of L. acidophilus treatments on colitis-induced changes in the general condition, body weight, and colonic length of mice

General condition: Mice in the normal control group were alert and had sleek, healthy coats. Mice in the untreated model control and the negative-treatment model control groups were apathetic, inert, had horrapiliated, dry coats with blood staining around the perianal area, and showed an obviously leaner body configuration than the normal controls. All experimental-treatment model groups and the positive-treatment model group showed similar disruptions in alertness, motor function, and coat condition as their model control counterparts, but to a much lesser extent.

Body weight: Mice in the normal control group experienced an increase in body weight over the duration of the study course; all mice were within normal weight range at sacrifice. In contrast, all other mice experienced a decrease in body weight over the study course. The greatest weight loss occurred in the untreated model control group, and the negative-treatment model control group showed only slightly less (and statistically similar; P > 0.05) weight loss. The body weight loss experienced by all experimental-treatment model groups and the positive-treatment model group showed trends of a more gradual decline over time than that of the untreated model control group. On the day of sacrifice, the extent of body weight loss among the model groups (Figure 1) showed the following hierarchical pattern: untreated model control = negative-treatment (NS) model control > C4 > C8 > positive-treatment (prednisone acetate) model control > C5 > C7 > C6.

Colonic length:  All model groups had significantly shorter colonic lengths than the normal control group (P < 0.05), with the greatest extent of shortening observed in the untreated model control and negative-treatment model control groups. As shown in Figure 2, the following hierarchical pattern was observed for shortening degree among the -treatment model groups: positive-treatment (prednisone acetate) model control > C4 > C5 > C7 > C8 > C6. Compared to the untreated model control group, the mean colonic lengths of C7, C8, and C6 were significantly longer (P < 0.05). Among those groups, the C6 group experienced the smallest degree of colonic shortening, and its mean colonic length was similar to that of the normal control group (P > 0.05). 
Effects of L. acidophilus treatments on colitis-induced changes in DAI scores

When the mean DAI score of the normal control group was set to zero, the mean DAI score of all model groups showed a trend of significantly increasing values (indicating increasing detrimental pathology) over the study course. On the day of sacrifice, the untreated model control and the negative-treatment model control groups showed the highest (and similar) DAI scores. During the first four days after treatment, no significant differences were observed between the model groups (controls and experimentals). However, starting at day 5 post-treatment, the scores of the untreated model control and the negative-treatment model control groups markedly increased, indicating that the UC in these mice was aggravated. In addition, at this time, therapeutic effects begin to appear among the -treatment model groups. As shown in Figure 3A, while all model groups showed a sharp increase in mean DAI scores at day 7, the scores for the C4 and prednisone acetate treatment groups became significantly higher than the other experimental-treatment groups and statistically similar to those of the model control groups (both P < 0.05). As shown in Figure 3B, the experimental-treatment groups showed the following hierarchical pattern of decreasing DAI scores on day 7: C8 > C7 > C5 > C6. 

Effects of L. acidophilus treatments on colitis-induced changes in histopathological features of the intestinal tissues
Mice in the normal control group showed normal orderly arrangement of the cellular structure of rectal and colonic tissue glands, with no obvious perturbations in goblet cell number or mucosal integrity. In contrast, mice in the untreated model control and the negative-treatment model control groups showed multifocal and deep ulcers distributed throughout the entire colon; moreover, the extent of ulceration increased along with disease severity, as evidenced by recess depth, histological perturbations, mucosal erosion, bleeding, necrosis, partially or completely damaged epithelial cell structure, and inflammation extending towards the submucosa and serosa. Mice in the experimental-treatment model groups and the positive-treatment model group also showed mucosal defects similar to but less extensive than those in the model control groups; moreover, the extent of relief of the mucosal defects varied among the different treatment models. The C6 group, in particular had the most apparent relief of colitis-induced mucosal defects, showing partially incomplete glands, rare occurrences of mucosal erosion, bleeding and necrosis, and only a small quantity of inflammatory cell infiltration (Figure 4A, panels 1-9).
The histological scores of colon damage observed in the various groups at day 7 are shown in Figure 4B. When the mean damage score of the normal control group was set to zero, the mean damage scores of all model groups showed a trend of significantly increasing values over the study course. The untreated model control and the negative-treatment model control groups had the highest mean damage scores. Compared to the untreated model control group, the mean damage scores of all experimental-treatment groups and the positive-treatment control model group were significantly lower (P < 0.05). Comparisons among the –treatment model groups revealed that the mean damage scores of C6 and C7 groups were significantly lower than that of the prednisone acetate group (P < 0.05), with the C6 group having the lowest score.

Effects of L. acidophilus treatments on colitis-induced changes in the proximal and distal colonic bacterial profiles
The bacterial profiles detected in the proximal colons of the control, model, and –treatment model groups were similar, and none of the between-group differences reached statistical significance (Figure 5A). In contrast, the bacterial profiles detected in the distal colons showed distinct features between the various groups (Figure 5B). While the most abundant bacteria in all of the profiles were Lactobacilli, Bifidobacteria and Staphylococcus, the levels of each were different. For example, the levels of Lactobacilli among the untreated, negative-treatment, and positive-treatment model control groups were significantly higher than those in the normal control group (P < 0.05) but similar to one another (P > 0.05), while the experimental-treatment groups showed the highest levels (P < 0.05 vs the untreated model control group and the positive-treatment model control group), The levels of Bifidobacteria showed the same trends as the Lactobacilli levels. The levels of S aureus, however, were similar between the untreated model control group, the negative-treatment model control group, the positive-treatment model control group, the C4 group, and the C8 group (P > 0.05), but all five were significantly higher than that in the normal control group (P < 0.05). The C6 group showed the lowest level of S aureus among all the model groups (P < 0.05), and this amount was not significantly different from that in the normal control group (P > 0.05). No other bacteria detected showed significantly different levels between any of the groups. 

DISCUSSION
To date, investigations of the potential correlations between bacterial profiles and UC have been carried out from the perspective of disease cause (etiological factors) and resolution (therapeutic modalities). Despite the focused efforts of many experimental and clinical studies, no particular bacterial genus or species, or combined panel of such, has been identified as a causative agent of UC onset. Profiling of the organic acids metabolized by bacteria that are present in stool samples has indirectly provided some insights into this issue, suggesting that UC is likely to be related to a panel of multiple bacteria, rather than a single species or phenotype[21]. Profiling of human intestinal flora has indicated that individuals with UC have significantly higher numbers of intestinal Bacteroides sp., Streptococcus sp., and facultative anaerobes, but significantly lower numbers of Lactobacillius sp. and Bifidobacterium sp. than their healthy counterparts[21-23]. These results are considered to have clinical implications in that they suggest administration of corresponding probiotics may restore the profile of enteric microorganisms to match that of a non-UC status. 
Indeed, several studies to date have evaluated the therapeutic efficacy of probiotic administration using Lactobacilli[24,25], Bifidobacteria[11,26,27], E. coli Nissle 1917[16,28], or VSL#3[15,29-31]. The degrees to which these individual supplements successfully resolved the UC varied, which led to the hypothesis that administration of a combination of probiotics may provide more benefit to the patients. In order to determine the most efficacious composition, the overall profile of bacteria present at the mucus barrier in UC needs to first be determined[32]. Another important issue that needs to be elucidated is the activities and effects of the various probiotics on the normal intestinal flora; otherwise, a suboptimal dose of any particular probiotic may negatively impact the overall efficacy of the treatment.
Gionchetti et al[30] demonstrated that high-dose VSL#3 helps to maintain the remission status achieved by surgery to treat mild pouchitis of UC; lower doses were not evaluated. An informal review of the research studies of probiotic treatment for UC published in the publicly accessible science and medical literature databases suggested that most common concentrations of probiotics used range between 106-109 CFU/mL; the lack of a standardized concentration precludes direct comparison of the results from these studies. In addition, we have found no published reports of comparative analyses to evaluate the differential effects of probiotics at varying concentrations.

L. acidophilus was chosen as the focus of the current study based upon previous results showing its therapeutic benefit for early-stage experimental colitis and its abundance in the normal human intestine[33]. The current results indicated that the therapeutic effect of L. acidophilus did not increase in a concentration-dependent manner, but revealed that a moderate-dose concentration (106 CFU/10 g) provided the most alleviation of UC symptoms, as evidenced by the significant reductions in DAI and tissue damage scores. Most importantly, this moderate-dose restored UC-related parameters to the levels in non-UC healthy control mice.
Our detailed analyses of the proximal and distal colonic intestinal flora provided further insights into the relationship between the therapeutic effects observed and the concentration of Lactobacillus in the lesion. The symptoms’ resolution mediated by the moderate-dose of L. acidophilus was accompanied by distinct and significant changes in the distal colon bacterial profile (i.e., increases in Lactobacilli and Bifidobacteria, and decreases in S. aureus). Since UC lesions frequently involve the proximal colon and rectum, and the L. acidophilus intervention used in this study mainly affected the distal colonic bacterial flora, it is possible that the different therapeutic efficacies observed for the various probiotics in previous studies may result from effects in specific tissues. 
In the current study, the number of Lactobacilli detected in specific lesions did not increase in conjunction with increased concentrations of the administered L. acidophilus. Since the Lactobacilli population is composed of many species, such as L. acidophilus, L. casei, L. plantarum and L. bulgaricus, researchers have started to investigate the therapeutic effects on UC related to the individual species[12,34]. Similarly, efficacy studies on the Lactobacilli compound bacteria VSL#3 have been carried out, and their results confirmed that the combined panel of Lactobacillus sp. in this compound is beneficial for treating inflammatory bowel diseases[15,35]. We hypothesize that, in the intestine, interactions between L. acidophilus and other local Lactobacilli (at low concentrations) may serve to promote each other mutually. It is possible then that increasing the concentration of L. acidophilus (via administration of the probiotic supplement) may serve to intensify this mutual promotion. However, the dose of the L. acidophilus supplement is important; too high of a dose may instead create an imbalance between the different Lactobacillus sp. and disrupt the mutual promotion, thereby leading to a decrease in the total number of the beneficial Lactobacilli. Gaining a detailed understanding of the mechanisms of the interactions between Lactobacillus sp. will provide important insights into the related roles in UC pathogenesis. 
The optimal dose of L. acidophilus will promote the growth of endogenous probiotics, such as Bifidobacteria, and inhibit the growth of pathogenic bacteria, such as S. aureus. The moderate-dose of L. acidophilus in the current study increased the amount of other probiotics and reduced the amounts of the pathogenic species. However, it appears that simply modifying the dose of L. acidophilus will not be sufficient for designing a supplemental regimen with optimal efficacy as we also found that the concentration of endogenous Lactobacilli in the lesion is relatively positively correlated with the efficacy.

In conclusion, administration of L. acidophilus supplement at a dose of 106 CFU/10 g body weight provides optimal therapeutic effect on experimental colitis in a mouse model. The treatment-induced relief of UC symptoms was correlated with changes in the concentrations of endogenous Lactobacilli and other probiotic and pathogenic bacteria in the distal colon. Future studies should aim to determine the mechanisms underlying the interactions between L. acidophilus and other endogenous bacteria, as well as molecular effects on the host immune system, both of which may identify novel manipulable targets to further increase the therapeutic efficacy of this approach.

COMMENTS

Background

Ulcerative colitis (UC) is a nonspecific chronic inflammatory bowel disease with a high rate of recurrence. The etiological factors of UC remain largely unknown, but a large number of studies have demonstrated that the intestinal microorganism environment plays an important role in the development of UC.
Research frontiers

Despite the increased incidence of UC, there remains a distinct lack of efficacious and non-invasive methods of treatment. Besides surgical intervention, which is performed in the later stages of UC, the primary therapies are drug-based, with the most frequently administered agents being salazosulfamide, glucocorticoids and immunosuppressant probiotics. Yet all of these drugs produce significant side-effects that limit patient compliance, which may actually promote the high relapse rates. Because probiotics are beneficial (and predominant) components of the normal intestinal flora, they represent promising therapeutic agents for UC; yet, to date, no study has reported the comparative efficacies of different kinds of probiotics or different doses in UC. 

Innovations and breakthroughs

Although probiotics are beneficial to the human body, the supplement preparation of these living bacteria is not static and their dynamic activities, such as proliferation and secreted signaling mechanisms, may influence the therapeutic effects at different sites within the host system. It is necessary to identify the most suitable probiotic type for use a supplemental therapy for UC, as well as the optimal dose that will replenish the endogenous probiotics and inhibit any latent pathogenic species.

Applications

By determining the most suitable concentration of Lactobacillus acidophilus (L. acidophilus) for use as a supplemental probiotic treatment of UC, and providing novel insights into the relationship between L. acidophilus and the other endogenous flora, this study not only promotes the clinical potential for probiotic treatment but also expands the base of knowledge about UC pathogenesis.
Terminology

Inflammatory bowel diseases (IBD), such as UC and Crohn's disease, are nonspecific chronic inflammatory conditions with highly complex etiologies. The dextran sodium sulfate (DSS)-induced mouse model of experimental colitis is similar to human UC. 
Peer review

Gramatical errors should be corrected but this manuscript will provide a good addition to the medical literature. 
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Figure 1 Effects of Lactobacillus acidophilus treatments on colitis-induced body weight loss. The x-axis shows the mean weight (mean ± SD) recorded for each group on each day of the 7-dstudy course. NS: Negative-treatment. 
Figure 2 Effects of Lactobacillus acidophilus treatments on colitis-induced changes in colonic length. aP < 0.05 vs normal control group; cP < 0.05 vs untreated model control group; eP < 0.05 vs negative-treatment (NS) model control group.
Figure 3 Effects of Lactobacillus acidophilus treatments on colitis-induced changes in disease activity index scores. Comprehensive evaluation of body weight decrease, fecal properties, and fecal occult blood was carried out by the disease activity index (DAI) scoring system throughout the study course. A: The daily mean ± SD DAI score is plotted for each group; B: Mean ± SD DAI scores on day 7 post-treatment. aP < 0.05 vs untreated model control group; cP < 0.05 vs positive-treatment (prednisone acetate) model control group; eP < 0.05 vs normal control group. 
Figure 4 Effects of Lactobacillus acidophilus treatments on colitis-induced changes in intestinal histopathological features. A: Representative intestinal sections (HE, under light microscope, ×200) are shown. Panel 1: untreated model group, 2: negative-treatment (NS) model control group, 3-7: C4 - C8 experimental treatment model groups respectively, 8: positive-treatment (prednisone acetate) model control group, and 9: normal control group; B: Average histopathological scores. aP < 0.05 vs untreated model control group; cP < 0.05 vs positive-treatment (prednisone acetate) model control group; eP < 0.05 vs  normal control group. 

Figure 5 Bacterial profiles of the proximal (A) and distal (B) colon. Bacteria amount is expressed as the logarithm. aP < 0.05, bP < 0.05 vs untreated model control group; cP < 0.05, dP < 0.05 vs positive-treatment (prednisone acetate) model control group; eP < 0.05, fP < 0.05 vs  normal control group. 
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