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10 Abstract

11 Constipation, a common health problem, causes discomfort and affects quality of life. This study 

12 aimed to evaluate the potential effect of probiotics on loperamide (LP)-induced constipation in 

13 Sprague-Dawley (SD) rats, a well-established animal model of spastic constipation. In total, 100 

14 male SD rats (age, 8 weeks; Japan SLC, Inc., Hamamatsu, Japan) were used in the experiments 

15 following a 12-day acclimatisation period. They were randomly divided into two treatment groups 

16 (groups 1 and 2) of 50 rats each. Spastic constipation was induced via oral administration of LP (3 

17 mg/kg) for 6 days 1 hour before the administration of each test compound. Similarly, a probiotics 

18 solution (4 ml/kg body weight) was orally administered to the rats once a day for 6 days in group 2. 

19 In group 1, phosphate buffer solution was orally administered once a day for 6 days 1 hour after each 

20 LP administration. The changes in body weight, faecal parameters, short-chain fatty acid 

21 concentration in faeces, and faecal immunoglobulin (Ig)-A concentration were recorded. In the 

22 present study, the oral administration of probiotics improved faecal parameters, short-chain fatty 

23 acid concentration in faeces, and faecal IgA concentration. Our results indicate that probiotics 

24 increase the levels of intestinal short-chain fatty acids, especially butyric acid, thereby improving 

25 constipation and intestinal immunity.

26
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27 Introduction

28 Constipation is a common problem, and probiotics have been reported to improve bowel motility 

29 [1,2]. Symptoms of constipation include the following: a decrease in the frequency of bowel 

30 movements, decrease in the amount of faeces, painful bowel movements, dry faeces, and 

31 dissatisfaction after a bowel movement [3]. Constipation has a significant impact on quality of life, 

32 and prebiotics and probiotics are expected to help in the treatment of constipation [4,5]. Therefore, 

33 there is a growing interest in better understanding the effects of probiotics on constipation.

34 Probiotics are defined as living microorganisms that enter the gastrointestinal tract in their active 

35 form in sufficient numbers to exert positive effects [6,7]. Probiotics may, in fact, facilitate a return to 

36 normal status after a perturbation of the microbiota (e.g. because of the use of antibiotics or illness) 

37 or may reduce the degree of change invoked by such challenges. A few studies have measured a 

38 probiotic-enhanced return to baseline levels after antibiotic use in humans [8]. The concept of 

39 stabilising intestinal microorganisms via the associated probiotics for health improvement dates to 

40 the beginning of the last century. Many studies have been conducted to determine the effect of 

41 probiotic cultures on health [9-14]. The ingestion of probiotics is beneficial for treating different 

42 diarrhoea-like disorders and lowering the levels of metabolites that are harmful to health, including 

43 cancerous markers in the colon [15,16]. Probiotic microorganisms promote various 

44 immunomodulatory effects by modulating the gut microbiota [17,18]. Thus, probiotic bacteria could 
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45 be used for the treatment of constipation because of their health-promoting benefits.

46 Recently, advances in medical treatments have led to increased numbers of immunocompromised 

47 patients; some patients contract opportunistic infections caused by some bacterial species, which are 

48 considered non-pathogenic bacteria [19]. However, there are only few studies on intestinal immunity 

49 during constipation [20]. Therefore, determination of the safety of probiotics is crucial.

50 Bio-three H (Takeda Consumer Healthcare Company Limited, Tokyo, Japan) has been approved for 

51 medical use and is widely used in Japan, China, and India for the treatment and prevention of 

52 infectious diseases. In terms of safety, Bio-three H is considered suitable for the treatment of 

53 constipation [21].

54 There have been many studies regarding the role of probiotics in the mitigation of constipation. 

55 However, to the best of our knowledge, only few studies have investigated the role of 

56 safety-guaranteed probiotics in the mitigation of constipation and gut immunity. Therefore, this 

57 study aimed to investigate the effects of safety-guaranteed probiotics on constipation relief and gut 

58 immunity in a rat model.

59

60 Materials and methods

61 Ethical approval

62 This study was conducted at Inatomi Animal Clinic in Tokyo Prefecture, Japan. It was performed 
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63 under the fundamental guidelines for the proper conduct of animal experiments and related activities 

64 at academic research institutions under the jurisdiction of the Ministry of Education, Culture, Sports, 

65 Science, and Technology. It was approved by the Ethics Committee of the Inatomi Animal Clinic 

66 (Tokyo, Japan; approval number 2020-003).

67

68 Experimental animals

69 One hundred male Sprague-Dawley rats (age, 8 weeks; Japan SLC, Inc., Hamamatsu, Japan) were 

70 used in the experiments following a 12-day acclimatisation period. They were randomly divided into 

71 two treatment groups (groups 1 and 2) of 50 rats each. Animals were housed individually in a 

72 polycarbonate cage, in a temperature (20-23°C)- and humidity (40-50%)-controlled room. The 

73 light/dark cycle was 12/12 hours, and basic diet (Rodent Diet CL-2, CLEA JAPAN, Tokyo, Japan) 

74 and water were supplied ad libitum. The probiotics solution used in this study was Bio-three H. 

75 Bio-three H (1 g) contains 50 mg of Bacillus mesentericus TO-A, 10 mg of Enterococcus faecalis 

76 T-110, and 50 mg of Clostridium butyricum TO-A. The probiotics solution was dissolved in 

77 phosphate buffer solution (PBS) to a final concentration of 12.5 mg/ml. In group 2, the probiotics 

78 solution (4 ml/kg body weight) was orally administered once a day for 6 days 1 hour after each 

79 loperamide (LP) administration, as suggested by previously reported studies [22,23]. In group 1, a 

80 PBS was orally administered once a day for 6 days 1 hour after each LP administration.
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81

82 Induction of constipation in the rats

83 Constipation was induced in all rats through the oral administration of 3 mg/kg of LP, once a day for 

84 6 continuous days at 1 hour before administration of each test material [22-25].

85

86 Changes in body weight

87 The body weights of individual rats were daily measured starting from 1 day before administration 

88 of the test compounds through the sixth day of administration of the test compounds and LP.

89

90 Measurement of faecal parameters

91 The excreted faecal pellets of individual rats during a 24-hour period were collected 1 day before the 

92 first administration of the test compound and immediately after the fourth administration for a 

93 duration of 24 hours. The total number, water content, and wet weight of the faecal pellets were 

94 measured. The collected faecal pellets were dried at 60°C in a general dry oven for 24 hours to 

95 obtain faecal dry weights.

96

97 Short-chain fatty acid concentration in faeces

98 The short-chain fatty acid (SCFA) concentration in faeces of each rat was measured using gas 
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99 chromatography, as described previously [26]. Approximately 0.5 g of faeces from the dissections 

100 described above was gently squeezed into a micro-centrifuge tube containing 1 mL of 10% 

101 meta-phosphoric acid with 0.4 mL of 4-methyl valeric acid per mL added as an internal standard. 

102 The solution was thoroughly mixed using a vortex mixer and centrifuged at 5,700 ×g for 20 minutes 

103 at 4°C. The SCFA content of the supernatant was measured using an HP Agilent 6890 series gas 

104 chromatograph (Agilent Technologies Inc., Santa Clara, CA, USA) fitted with an HP 5973 series 

105 mass spectrometer (Agilent Technologies Inc.). The columns (Agilent Technologies) used were 

106 HP-free fatty acid polyester stationary phase capillary columns of polyethylene glycol on Shimalite 

107 TPA 60/80, measuring 30-m long with a 0.25-mm internal diameter.

108 The parameters of gas chromatography were as follows: 1-µl injection volume, 240°C injector 

109 temperature, 12.15 psi pressure, and 1.1 mL min-1 constant flow using helium as a carrier. Fatty 

110 acids were eluted with the following oven program: 80°C initial temperature hold for 5 minutes, 

111 ramp 10°C min−1 to 240°C, and hold for 12 minutes. Individual SCFA concentrations were 

112 expressed in mg/g wet faeces.

113

114 Faecal immunoglobulin A concentration

115 Faeces were suspended in six times the weight of PBS and extracted at 25°C for 24 hours. The 

116 extract was centrifuged at 1500 ×g for 10 minutes to collect the supernatant and stored at -30°C, and 
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117 then, immunoglobulin (Ig) A was measured using an enzyme-linked immunosorbent assay (ELISA) 

118 quantitation kit (Betyl Laboratories, Montgomery, Texas, USA). ELISA was conducted according to 

119 the manufacturer protocol.

120 Briefly, 100 μl of the sample or standard was added to the wells of the plate and allowed to stand at 

121 22°C for 1 hour; the plate was then washed 4 times. Next, a chicken IgA detection antibody was 

122 added to each well and allowed to stand at 22°C for 1 hour; it was then washed 4 times. Horseradish 

123 peroxidase solution A was allowed to stand at 22°C for 30 minutes, and the plate was then washed 4 

124 times. One hundred microliters of 3,3',5, 5'-tetramethylbenzidine substrate solution was added to 

125 each well, and the plate was developed in the dark for 30 minutes at 22°C. After stopping the 

126 reaction by adding 100 μl of the stop solution to each well, the absorbance was measured at 45-nm 

127 wavelength using a plate reader. Subsequently, a calibration curve was prepared, and the IgA 

128 concentration was calculated.

129

130 Statistical analysis

131 The Kolmogorov-Smirnov test was used to assess the normal distribution of the data before 

132 statistical analysis was performed. Mann-Whitney U tests were performed using EZR software 

133 (Saitama Medical Center, Jichi Medical University); EZR is a graphical user interface for R (The R 

134 Foundation for Statistical Computing, version 2.13.0). The significance level was set at p<0.05.
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135

136 Results

137 Effect on body weight

138 Changes in body weight are shown in Table 1. There were no differences in body weight between 

139 group 1 and group 2 during this study.

140

141 Table 1. Changes in body weight of the rats (g).

Day -1 Day 1 Day 6

Group 1 290.1±1.641 287.3±1.776 290.9±2.236

Group 2 292.5±1.552 291.2±1.803 288.5±1.941

142

143 Changes in faecal parameters

144 Faecal parameters are shown in Tables 2 and 3.

145 Table 2. Faecal parameters on day -1.

Pellet numbers 

(numbers/rat)

Wet weights of 

faeces (g/rat)

Dry weights of 

faeces (g/rat)

Water contents of 

faeces (%/rat)

Group 1 58.0±0.42 9.41±0.15 7.54±0.16 29.9±0.27

Group 2 57.7±0.45 9.34±0.15 7.41±0.2 30.1±0.24

.CC-BY 4.0 International licenseperpetuity. It is made available under a
preprint (which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in 

The copyright holder for thisthis version posted November 23, 2020. ; https://doi.org/10.1101/2020.11.23.393843doi: bioRxiv preprint 

https://doi.org/10.1101/2020.11.23.393843
http://creativecommons.org/licenses/by/4.0/


Effects of probiotics on loperamide-induced constipation

10

146

147 Table 3. Faecal parameters on day 4.

Pellet numbers 

(numbers/rat)

Wet weights of 

faeces (g/rat)

Dry weights of 

faeces (g/rat)

Water contents of 

faeces (%/rat)

Group 1 30.0±0.19a 4.12±0.05a 3.55±0.04a 13.9±0.39a

Group 2 58.3±0.29b 9.01±0.10b 6.70±0.06b 25.4±0.75b

148 a, b Different letters within columns indicate differences between the treatment groups (p<0.01).

149

150 At 1 day before treatment for 24 hours, there were no differences in pellet numbers, wet weights of 

151 faeces, dry weights of faeces, and water contents of faeces between group 1 and group 2. After the 

152 fourth administration for 24 hours, pellet numbers, wet weights of faeces, dry weights of faeces, and 

153 water contents of faeces were significantly higher in group 2 than in group 1 (p<0.01).

154

155 Short-chain fatty acid concentration in faeces

156 Short-chain fatty acid concentrations in faeces are shown in Table 4.

157

158

159

.CC-BY 4.0 International licenseperpetuity. It is made available under a
preprint (which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in 

The copyright holder for thisthis version posted November 23, 2020. ; https://doi.org/10.1101/2020.11.23.393843doi: bioRxiv preprint 

https://doi.org/10.1101/2020.11.23.393843
http://creativecommons.org/licenses/by/4.0/


Effects of probiotics on loperamide-induced constipation

11

160 Table 4. Short-chain fatty acid concentration in faeces (mg/g).

Day -1 Day 4

n-butyric acid 

(mg/g)

acetic acid

(mg/g)

n-butyric acid 

(mg/g)

acetic acid

 (mg/g)

Group 1 0.497±0.007 1.481±0.016 0.448±0.007a 1.480±0.015a

Group 2 0.489±0.007 1.519±0.015 0.523±0.007b 1.561±0.020b

161 a, b Different letters within the columns indicate differences between the treatment groups (p<0.01).

162

163 At 1 day before treatment for 24 hours, there were no differences in n-butyric and acetic acid 

164 concentrations in faeces between group 1 and group 2. After the fourth administration for 24 hours, 

165 n-butyric and acetic acid concentrations in faeces were significantly higher in group 2 than in group 

166 1 (p<0.01).

167

168 Faecal IgA concentration

169 Faecal IgA concentrations are shown in Table 5.

170

171

172
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173 Table 5. Faecal immunoglobulin A concentration (mg/g).

Day -1 Day 4

Group 1 2.05±0.04 2.04±0.04a

Group 2 2.04±0.04 2.36±0.03b

174 a, b Different letters within the columns indicate differences between the treatment groups (p<0.01).

175

176 At 1 day before treatment for 24 hours, there were no differences in IgA concentrations in faeces 

177 between group 1 and group 2. After the fourth administration for 24 hours, IgA concentrations in 

178 faeces were significantly higher in group 2 than in group 1 (p<0.01).

179

180 Discussion

181 In the present study, the oral administration of Bio-three H improved faecal parameters, short-chain 

182 fatty acid concentration in faeces, and faecal IgA concentration. Constipation can arise owing to 

183 various causes, including dietary habits; use of chemical compounds, such as morphine; and 

184 psychological stress [27]. In this study, the dose of Bio-three H used in rats was determined based on 

185 the dose used in humans. The administration of Bio-three H did not show any adverse effects on rats.

186 The results of the faecal parameters of group 1 24 hours after the fourth administration suggested 

187 that constipation was properly induced using LP, in accordance with previous studies [22-25]. The 
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188 body weight of rats was not markedly different between groups 1 and 2 in this study. These results 

189 are consistent with those of previous studies [22,23].

190 Shi et al. reported significantly reduced faecal levels of SCFA (acetic acid, propionic acid, and 

191 butyric acid) in a population with constipation compared with those in a healthy population [28]. 

192 These observations indicate an association between the occurrence of constipation and the intestinal 

193 levels of SCFAs. Therefore, SCFAs produced by intestinal flora or probiotics were believed to be 

194 effective for constipation alleviation. Moreover, it was reported that the administration of 

195 Lactobacillus plantarum NCU116 significantly improved symptoms of constipation in mice and led 

196 to significant increases in acetic acid and propionic acid levels in their faeces [29].

197 SCFA stimulates the intestinal tract and enhances motility as one of the mechanisms of action of 

198 SCFA on constipation [30,31]. In this study, Bio-three H significantly increased the faecal 

199 concentrations of butyric acid and acetic acid in LP-induced constipation model rats. These results 

200 are consistent with those of our previous study [32]. In support of past studies, the current study 

201 findings suggest that three bacteria contained in Bio-three H produced SCFA. Bio-three H 

202 significantly improved faecal parameters, such as pellet numbers, wet weights of faeces, dry weights 

203 of faeces, and water contents of faeces, in this study. From the above results, it is considered that the 

204 administration of Bio-three H improved constipation symptoms by increasing SCFA production, and 

205 as a result, the faecal parameters were improved.
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206 Havenaar and Spanhaak demonstrated that probiotics stimulate the immunity of animals in two 

207 ways: 1) flora from the probiotic migrate throughout the gut wall and multiply to a limited extent; 

208 and 2) antigens released by dead microorganisms are absorbed, thus stimulating the immune system 

209 [33]. Probiotics containing B. mesentericus TO-A, C. butyricum TO-A, and S. faecalis T-110 cause 

210 an increase in immunoglobulin production from the mesenteric lymph nodes in rats [34], stimulate 

211 the T-helper 1 immune response in peripheral blood mononuclear and dendritic cells [35], and cause 

212 an influx of CD8+ T cells into the intestinal mucosa. These changes may enhance intestinal 

213 immunity by CD8+ T cells in young chicks [36] and increase IgA concentrations in the jejunum and 

214 ileum in broiler chickens [37]. IgA plays an important role in intestinal immunity by binding to and 

215 neutralising pathogens and toxins in the intestinal tract [38]. Intestinal IgA is mainly produced by 

216 Peyer plate plasmatic cells, and IgA production by plasmatic cells is induced by follicular helper T 

217 cells [39]. The follicular helper T cells differentiate from regulatory T cells in the intestinal tract, and 

218 regulatory T cells differentiate from naive T cells [40]. Recently, it has also been shown that butyric 

219 acid promotes the differentiation of naive to regulatory T cells in the intestinal tract [41]. In this 

220 study, the administration of probiotics increased faecal IgA concentrations. This is because 

221 probiotics promoted the differentiation of naive T cells into regulatory T cells by producing butyrate 

222 in the intestinal tract, and the increased regulatory T cells differentiated into follicular T cells, which 

223 may have indirectly increased IgA production. In support of past studies, the current study findings 
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224 suggest that three bacteria contained in Bio-three H increased faecal IgA concentrations. However, 

225 the mechanism by which this probiotic contributes to the increase in the butyrate concentration in the 

226 intestinal tract and stimulates IgA production, as well as the relationship between constipation and 

227 IgA production, needs to be studied in detail in the future.

228

229 Conclusions

230 Our results indicate that probiotics containing B. mesentericus TO-A, E. faecalis T-110, and C. 

231 butyricum TO-A increase the levels of intestinal SCFA, especially butyric acid, thereby improving 

232 constipation and intestinal immunity. In this study, the probiotics improved constipation symptoms 

233 and immune status in rats; however, their effect in humans is unknown. In addition, this study 

234 showed the effect of the probiotics on loperamide-induced constipation, but the effect on 

235 constipation caused by other factors is unknown. Further studies in humans are needed, but the 

236 results of the current study show the potential of this probiotic in improving constipation and 

237 immune status in immunosuppressed humans.

238
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