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Abstract 23 

The aim of this study was to investigate the effect of a mixture of multi-strain probiotics and 24 

prebiotics on loperamide-induced constipation in Sprague-Dawley rats. A multi-strain probiotic alone 25 

(loperamide-induced group with multi-strain probiotic mixture group; Lop-Pro) and a mixture of multi-26 

strain probiotics and prebiotics (loperamide-induced group with multi-strain probiotic and prebiotic 27 

mixture group; Lop-Pro/Pre) were administered orally after inducing constipation. The fecal water 28 

content was significantly higher (by 42%) in the Lop-Pro/Pre group (33.5%) than in the loperamide-29 

induced group (Lop) (23.7%) (p<0.05). The intestinal mucosal thickness, crypt cell area, and interstitial 30 

cells of Cajal area were significantly higher in the Lop-Pro/Pre group compared to the Lop group by 31 

16.4%, 20.6%, and 42.3%, respectively. Additionally, the total short-chain fatty acid content was 32 

significantly increased in the Lop-Pro and Lop-Pro/Pre groups by 56.4% and 54.2%, respectively, 33 

compared with the Lop group. The Lop-Pro and Lop-Pro/Pre groups recovered loperamide-induced 34 

alteration in Bacteroidetes and Verrucomicrobia abundance among intestinal microbiota, whereas the 35 

Lop-Pro/Pre group recovered Akkermansia, Lactobacillus, Clostridium, Bacteroides, and Oscillibacter 36 

abundance. Moreover, the relative abundance of Oscillibacter and Clostridium was significantly 37 

different in the Lop-Pro/Pre group compared to the Lop group. Collectively, administration of synbiotics 38 

rather than multi-strain probiotics alone is effective in alleviating constipation. 39 
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Introduction 42 

Colons are culture devices for numerous intestinal microbes. The intestinal microbiota not only 43 

protects against the invasion of pathogens but also participates in the immune system as well as in the 44 

production of vitamins and short-chain fatty acids (SCFAs) to supply nutrients to regulate human 45 

metabolism. Additionally, intestinal microbiota is known to have an influence on human health and 46 

various diseases. In fact, the intestinal microbiota of patients with diseases such as constipation is 47 

different from that in normal people. Previous studies have shown that the abundance of specific species 48 

among intestinal bacteria differs in patients with constipation. People with symptoms of constipation 49 

reportedly have decreased abundance of Bifidobacteria and Lactobacillus and increased abundance of 50 

Bacteroidetes compared to the general population (D’Onofrio et al., 2021; Wang et al., 2020). Such 51 

changes in the intestinal microbiota affect intestinal motility and intestinal environment (Zhao and Yu, 52 

2016). Administration of Bifidobacterium adolescentis to an animal model with loperamide-induced 53 

constipation improved constipation and altered the intestinal microbiome composition (Wang et al., 54 

2017).  55 

Several studies have demonstrated that certain probiotic strains could play a beneficial role in 56 

relieving constipation symptoms (Bekkali et al., 2007; Koebnick et al., 2003). These probiotics are used 57 

to make yogurt. Traditional yogurt starters Streptococcus thermophilus, Lactobacillus bulgaricus, and 58 

L. acidophilus are added to Bifidobacterium strains (B. bifidum and B. lactis) to make yogurt. These 59 

multiple strains are widely used as starters for yogurt production (Ahn, 2014; Lim et al., 2015)[1,2]. 60 

Intake of fermented milk containing multi-strains is effective in improving irritable bowel syndrome, 61 

including constipation (Wen et al., 2020). 62 

The effect of probiotics varies depending on the strain (Aloisio et al., 2012; Presti et al., 2015), 63 

and using mixed strains may be more efficient than using single strains because of the diversity and 64 

complexity of irritable bowel diseases. Moreover, the use of mixed strains improves intestinal adhesion 65 

and the production of various metabolites and is more effective in improving intestinal diseases 66 

compared to a single strain (Yoon et al., 2014). Furthermore, supplements containing multi-strain 67 



 

 

probiotics are effective in treating subjects with irritable bowel diseases and improving the composition 68 

of the intestinal microbiota (Mezzasalma et al., 2019). However, it is currently unclear whether this is 69 

due to synergistic interactions between strains or the higher probiotic doses used in some studies 70 

(Chapman et al., 2011). Multi-strain probiotics appear to exhibit greater efficacy than single strains 71 

according to a limited number of studies. 72 

In this study, Sprague-Dawley rats with loperamide-induced constipation were orally 73 

administered probiotics and prebiotics samples. To evaluate their constipation-relieving effect in rats, 74 

changes in the stool parameters, gastrointestinal transit ratio, and intestinal microbiota were analyzed.  75 

Combination treatment of synbiotics and probiotics effectively alleviated loperamide-induced 76 

constipation. 77 

Materials and Methods 78 

Animals and reagents 79 

Male Sprague-Dawley rats (6 weeks old, 160–180 g) were purchased from Oriental Bio Co., 80 

Ltd. and allowed to adapt to the environment for 1 week. All experiments were approved by the Korea 81 

University Institutional Animal Care & Use Committee (Approval number: KUIACUC-2020-0026). In 82 

the breeding environment, the temperature was 21 ± 1 °C, the relative humidity was 50–55%, a 12-hour 83 

light/dark cycle was maintained, and standard commercial feed and water were supplied ad libitum. A 84 

probiotic sample containing a mixture of Lactobacillus plantarum, L. acidophilus, Bifidobacterium 85 

bifidum, B. lactis, and Streptococcus thermophilus was obtained from Chong Kun Dang HealthCare Co. 86 

(Seoul, Korea). Petri dishes containing strain-specific selective agar were used to count and confirm the 87 

number of probiotics. Each rat in acrylic cages was administered either probiotics (0.2 mL of 5.0 × 109 88 

CFU/g probiotics and prebiotics) or the placebo solution. Loperamide was obtained from Sigma-89 

Aldrich (St. Louis, MO, USA). The prebiotic sample containing a mixture of lactitol (DuPont, 90 

Wilmington, USA), Kamut steamed powder (Duri Duri, Nonsan, Korea), and Microbiome X (BioActor, 91 

Maastricht, Netherlands) was obtained from Chong Kun Dang Healthcare Co. Other reagents used were 92 

general special reagents. 93 



 

 

Induction of constipation  94 

Experimental animals were randomly divided into four groups of six animals each and 95 

classified into a control group (Cont), loperamide-induced group (Lop), loperamide-induced group with 96 

multi-strain probiotic mixture group (Lop-Pro), and  loperamide-induced group with multi-strain 97 

probiotic and prebiotic mixture group (Lop-Pro/Pre). In all groups, except for the Cont group, 98 

loperamide (3 mg/kg) diluted in physiological saline was administered orally once a day for 6 days to 99 

induce constipation. Constipation symptoms were confirmed by measuring the amount of stool.  100 

Cont and Lop groups were orally administered with saline, and the treatment groups (Lop-Pro 101 

and Lop-Pro/Pre) were orally administered a multi-strain probiotic (31 mg/kg) or a mixture of multi-102 

strain probiotics and prebiotics (31 mg and 120 mg/kg, respectively). All samples were suspended in 103 

saline and administered orally once daily for 21 days. The body weight and food intake of all rats were 104 

measured twice per week throughout the experiment. All rats were sacrificed by CO2 exposure after 21 105 

days of treatment.  106 

Measurement of fecal parameters 107 

The number, weight, and moisture content of the feces were measured twice in the last week. 108 

To examine the fecal moisture content, feces were dried at 70°C for 24 h to measure the dry weight, 109 

and the difference in fecal weight before and after drying was divided by the fecal weight and calculated 110 

as a percentage.  111 

Measurement of intestinal transit time 112 

On day 21, all experimental animals were fasted for 12 h and 1 mL of 8% charcoal was orally 113 

administered; 20 min later, the animals were sacrificed to measure the length of the intestine and the 114 

distance traveled by the charcoal. Intestinal transit time was calculated using the following equation: 115 

Intestinal transit ratio (%) = 
the distance travelled by the activated carbon (cm) 

× 100 
the length of the intestine (cm) 

 116 



 

 

Histopathological analysis 117 

On the day of sacrifice, the colon tissue was excised, cut into cells, fixed in 10% neutral 118 

formalin for 18 h or more, dehydrated, paraffin embedded, and prepared into 3–4 μm paraffin sections. 119 

Then, hematoxylin and eosin (Sigma-Aldrich) staining was performed and changes in the intestinal 120 

membrane thickness were observed under a light microscope (Axio Zoom v.16; Carl Zeiss, Göttingen, 121 

Germany). For mucin staining, Alcian blue was used. Additionally, the morphology of the Alcian blue-122 

stained crypt cells in the large intestine was observed using an optical microscope and the Leica 123 

Application Suite software (Leica Microsystems, Switzerland). Staining of intestinal mucosa cells was 124 

observed using an optical microscope and Leica Application Suite software (Leica Microsystems, 125 

Switzerland). Analysis of stained mucins was performed using MATLAB software by selecting 10 126 

random cryptic cells from at least 5 fields of view per sample. 127 

Observation of interstitial cells of Cajal (ICC) through immunohistochemistry (IHC) staining 128 

Immediately after sacrificing the experimental animals, both sides of the large intestine from 129 

the post-cecum to the rectum were removed. The extracted colonic tube was fixed with 10% 130 

formaldehyde, subjected to a tissue treatment process, and embedded in paraffin to prepare 5 μm thick 131 

sections. The sectioned tissues were deparaffinized with xylene, rehydrated for 5 min each in decreasing 132 

ethanol concentrations (100, 90, 80, and 70%), and then stained using c-kit (Santa Cruz; SC-168, Dallas, 133 

TX, USA) and primary antibodies. Then, the samples were washed with running water, dehydrated for 134 

5 min each in increasing ethanol concentrations (70, 80, 90, and 100%), washed with xylene, and then 135 

sealed. The stained intestinal membrane cells were observed using an optical microscope (MM-400, 136 

Nikon, Tokyo, Japan) and analyzed using MATLAB. The number of pixels with RGB values in the 137 

stained intestinal membrane cells were observed using an optical microscope (MM-400, Nikon, Tokyo, 138 

Japan) and analyzed using MATLAB as follows.  139 

Area of ICC in intestine (%) = 
Number of pixels with specific RGB values 

× 100 
Total number of pixels 

 140 



 

 

Assay of SCFA  141 

For SCFA analysis, 0.5 g of the cecum content was vortexed after adding 0.5 mL of 90% 142 

methanol, centrifuged at 8000 × g for 20 min at 4 °C, and the supernatant was filtered through a 0.45 143 

μm Millipore filter (Millipore, USA). The SCFA in the filtrate was analyzed using a gas chromatograph 144 

(YL-6100 GC system, Yong-Lin Co., Korea) equipped with a DB-FRAP 123-3253 column (50 m × 145 

0.32 mm × 0.5 μM), a flame ionization detector, and an autosampler (HT 300, Young-Lin Co.). The 146 

injection volume of the sample was 1 μL, the temperature at the injection port and detector was 200 °C 147 

and 240 °C, respectively, and the analysis conditions were similar to those described by Demigne and 148 

Remesy (1985). 149 

Intestinal microbial analysis 150 

To extract microbial genomic DNA from the intestine of Sprague-Dawley rats subjected to different 151 

treatments, cecal contents were collected. The genomic DNA of microorganisms contained in the cecal 152 

contents was extracted using the ZR Fecal DNA Kit™ (Zymo Research, Orange County, CA, USA), 153 

and the changes in intestinal microorganisms were analyzed using 16S rRNA gene pyrosequencing 154 

method (Kim et al., 2012). The nucleotide sequence obtained through pyrosequencing were assigned to 155 

operational taxonomic unit (OTU) to obtain the OTU values, and the species with 97% sequence 156 

similarities were identified using the CLcommunityTM CD-HIT program (ChunLab. Inc., Seoul, Korea) 157 

(Li and Godzik, 2006). Taxonomic ranking and classification were classified according to the cut-off 158 

criteria and the significant difference between groups was performed using the Kruskal-Wallis test 159 

method (p<0.05). Database and the sequencing reads of the 16S rRNA gene from this study were 160 

deposited in the EzBioCloud database (ChunLab. Inc.).  161 

Statistical analysis 162 

Statistical analysis of the data was performed using the Statistical Package For Social Science 163 

(SPSS, version 12.0), and Tukey's test and analysis of variance (ANOVA) were performed to assess the 164 

significance between experimental groups (p<0.05). 165 



 

 

Results and Discussion  166 

Fecal parameters 167 

Weight gain, dietary intake, and organ weight were not significantly different between the 168 

groups during the experimental period (data not shown). The number and weight of fecal pellets and 169 

fecal water content were measured twice prior to sacrifice (Fig. 1) and were significantly different 170 

between the Cont group and the Lop group (p<0.01, p<0.05, and p<0.05, respectively). This finding 171 

confirmed that loperamide administration induced constipation. Interestingly, the fecal water content 172 

was significantly higher in the Lop-Pro/Pre group (33.5%) compared to that of the Lop group (23.7%, 173 

p<0.05). From the result of the fecal parameter analysis, we noted that prebiotic administration showed 174 

greater improvement in constipation symptoms than administration of multi-strain probiotics alone. 175 

Multi-strain probiotics may be more efficient than single-strain probiotics by inducing changes in the 176 

diversity of intestinal microbiota, particularly by improving intestinal adhesion and producing various 177 

metabolites (Yoon et al., 2014). In this study, a mixture of two Lactobacillus species, one Streptococcus 178 

species, two Bifidobacterium species, and a prebiotic material were co-administered to assess 179 

constipation-relieving effect. Loperamide is used to induce constipation, inhibit bowel movement, and 180 

increase intestinal water absorption (Read, 1983; Theodorou et al., 1991). During constipation, the 181 

excretion of fecal pellets significantly decreases along with the water content in the fecal pellets 182 

(Wintola et al., 2010; Wu et al., 2011). However, we found that multi-strain probiotic administration 183 

caused changes in the fecal number, fecal weight, and fecal moisture content. In particular, the Lop-184 

Pro/Pre group showed a significant increase in fecal pellet moisture content compared to that in the Lop 185 

group (Fig. 1).  186 

Intestinal transit ratio and intestinal morphology 187 

The intestinal transit ratio was measured using activated carbon prior to sacrifice (Fig. 2). The 188 

intestinal transit ratio of the Lop group was 40.45%, while that of the Cont group was 44.80%, showing 189 

no significant difference. In addition, after induction of constipation, intestinal migration rates of the 190 

Lop-Pro and Lop-Pro/Pre groups increased to 45.55% and 48.46%, respectively, but were not 191 



 

 

significantly different compared to that of the Lop group. Furthermore, the intestinal transit ratio of the 192 

Lop-Pro and Lop-Pro/Pre groups increased, but the difference was not significant when compared with 193 

that of the Lop group. The reason there was no significant difference in the gastrointestinal transit ratio 194 

analysis was that the intestinal length in the Lop group tended to be shorter than in other groups, and 195 

there was no statistical difference between the experimental groups. 196 

The thickness of the intestinal mucosa was observed using hematoxylin and eosin staining. 197 

The mucosal thickness of the Lop group was significantly lower than that of the Cont group (Fig. 3a, 198 

p<0.01). After induction of constipation, the intestinal mucosal thickness of the Lop-Pro/Pre group was 199 

significantly higher in the Lop-Pro/Pre group compared to that of the Lop group (16.4%, p<0.01). On 200 

the other hand, the Lop-Pro group showed no difference in the mucosal thickness compared to that of 201 

the Lop group. The area of mucin-secreting cells, crypt cells, was observed using an optical microscope 202 

after Alcian blue staining (Fig. 3b). The area of crypt cells was significantly smaller in the Lop group 203 

than in the Cont group (p<0.001). Conversely, crypt cell area considerably increased in the Lop-Pro 204 

group compared to the Lop group. In the Lop-Pro/Pre group (21.1%), the crypt cell area increased 205 

significantly by 20.6% compared to that of the Lop group (17.5%, p<0.01) and by 16.6% compared to 206 

that of the Lop-Pro group (18.1%, p<0.01). Changes in the mucous membrane thickness and the crypt 207 

cell area exerted a synergistic effect on improving the intestinal tissue when probiotics and prebiotics 208 

were co-administered rather than administration of probiotic alone. 209 

The ICC area, which is related to intestinal peristalsis, was observed using IHC staining (Fig. 210 

4). The ICC area was significantly different between the Lop and Cont groups. Additionally, the ICC 211 

area of the Lop-Pro (42.4%) and Lop-Pro/Pre (42.3%) groups significantly increased by 45.4% and 212 

44.8%, respectively, compared to that of the Lop group (29.2%, p<0.001 and p<0.001, respectively). 213 

Administration of probiotics alone or the mixture of probiotics and prebiotics reversed constipation-214 

induced decrease in the ICC area; however, the difference in the ICC area was not significant between 215 

the two groups. The findings suggest that the inhibitory effect on constipation-induced reduction of the 216 

ICC area may be attributed to probiotics.  217 



 

 

Induction of constipation by loperamide inhibits intestinal water secretion, decreases colon 218 

mucus, and inhibits colon peristalsis, which in turn delays intestinal transit time and increases fecal 219 

excretion time (Neri et al., 2012; Shimotoyodome et al., 2000). Moreover, the colonic mucosa is directly 220 

associated with constipation (Yang et al., 2008) in that constipation significantly reduces the number of 221 

mucus-producing cells, which act as colon barriers by producing mucins, and colonic mucosal thickness, 222 

which is related to colon peristalsis (McCullough et al., 1998). In the Lop group, the intestinal transit 223 

ratio (Fig. 2), the colonic mucosal thickness, and mucus-producing cell area (Fig. 3A) decreased. Multi-224 

strain probiotic and prebiotic administration (Lop-Pro and Lop-Pro/Pre groups) non-significantly 225 

increased the intestinal transit ratio, whereas the intestinal mucosal thickness, crypt cell area, and ICC 226 

area were significantly different compared to those of the Lop group. When constipation is induced, the 227 

decrease in the number of crypts reduces mucus secretion and delays passage of fluids through the 228 

intestine (Jeon et al., 2007; Shimotoyodome et al., 2001). In the present study, combined treatment with 229 

multi-strain probiotics and prebiotics significantly increased the regeneration of crypt cells compared 230 

to that of the Lop and Lop-Pro groups (Fig. 3B). Probiotics and prebiotics together exert a synergistic 231 

effect that can inhibit epithelial crypt cell damage. ICC is a cell that regulates colon peristalsis and is 232 

closely associated with constipation (Burns et al., 1997; He et al., 2000). Decreased ICC is related to 233 

smooth muscle contraction activity and bowl movements, resulting in constipation where there is 234 

difficulty in normal bowel movement (He et al., 2000; Wedel et al., 2002). Our results indicated that 235 

administration of multi-strain probiotics showed an ameliorating effect on reduced ICC area that was 236 

due to long-term constipation (Fig. 4).   237 

SCFA in cecum 238 

The levels of acetic acid, propionic acid, and butyric acid, which are SCFA that help improve 239 

gut health, and the total SCFA content were analyzed using gas chromatography (Fig. 5). The SCFA 240 

content in all groups was significantly different compared to the Lop group. The level of acetic acid, 241 

which was the most prevalent SCFA in the samples, was highest in the Cont group. On the other hand, 242 

acetic acid levels in the Lop-Pro and Lop-Pro/Pre groups were similar. Cont, Lop-Pro and Lop-Pro/Pre 243 



 

 

groups exhibited significantly higher acetic acid levels compared to the Lop group (p<0.01, p<0.001 244 

and p<0.01, respectively). The difference in propionic acid and butyric acid levels between these groups 245 

was similar to the difference in acetic acid levels. The total SCFA content was significantly elevated by 246 

56.4% and 54.2% in the Lop-Pro (36.9 mM) and Lop-Pro/Pre (36.4 mM) groups, respectively, 247 

compared to the Lop group (23.6 mM, p<0.001 and p<0.01, respectively). However, the total SCFA 248 

content was not significantly different between the Lop-Pro and Lop-Pro/Pre groups. Administration of 249 

probiotics and synbiotics resulted in a significant increase in the total SCFA content in the constipation 250 

model. 251 

The combination of dietary fiber and probiotics was associated with SCFA production, which 252 

is involved in the inhibition of crypt cell loss. As a postbiotic, SCFAs stimulate the proliferation of 253 

colon epithelial cells, inhibit the growth of harmful bacteria through acidification of the intestinal 254 

environment, and are involved in the integrity of the colon epithelium as a major energy source for 255 

intestinal cells (Pruzzo, 2000; Topping and Clifton, 2001). Here, the SCFA content was significantly 256 

higher in the Lop-Pro and Lop-Pro/Pre groups than in the Lop group (Fig. 5). Postbiotics such as cell-257 

free supernatant, glutathione peroxidase, cell wall fragments, vitamins, phenol-derived metabolites and 258 

aromatic amino acids produced by microorganisms are known to have immunomodulatory, anti-259 

inflammatory, antioxidant and anticancer properties (Zolkiewicz et al., 2020). The increase in SCFA 260 

content due to the intake of probiotics or synbiotics plays an important role in maintaining bowel health 261 

and improving constipation. In addition, the administration of an exopolysaccharide (kefiran; 262 

postbiotics) is known to regulate levels of fecal moisture and wet weights of feces (Maeda et al., 2004), 263 

and sterilized L. gasseri CP2305 has shown a beneficial improvement in constipation (Sawada et al., 264 

2016). 265 

Changes in intestinal microbiota after oral intake of multi-strain probiotics  266 

Changes in intestinal microbiota following multi-strain probiotic administration were analyzed 267 

in loperamide-induced constipated rats. Analysis of changes in intestinal microbiota at the phylum level 268 

(Fig. 6A) revealed that Firmicutes was the main phylum, occupying a relative abundance ratio of 65.1–269 



 

 

78.4%, and there was no significant difference between the groups. The Lop group showed a decrease 270 

in Bacteroidetes abundance and an increase in Verrucomicrobia abundance compared to those of the 271 

Cont group. Contrarily, in the Lop-Pro and Lop-Pro/Pre groups, Bacteroidetes abundance increased and 272 

that of Verrucomicrobia decreased compared to those of the Lop group. At the order level (Fig. 6b), the 273 

abundance of Clostridiales, Bacteroidales, and Lactobacillales decreased in the Lop group but increased 274 

in the Lop-Pro and Lop-Pro/Pre groups compared to the Lop group. At the genus level, the relative 275 

abundance of Akkermansia was significantly higher in the Lop group than in the Cont group (p<0.05, 276 

Fig. 6c) and significantly lower in the Lop-Pro group compared to the Lop group (p<0.05). 277 

Lactobacillus abundance tended to decrease when constipation was induced, but there was no 278 

significant difference between the groups. Furthermore, the relative abundance of Clostridium increased 279 

in the Lop group but decreased in the Lop-Pro/Pre group. In particular, the Lop-Pro/Pre group showed 280 

a significant difference in the relative abundance of Oscillibacter and Clostridium compared to that of 281 

the Lop group (p<0.05). The relative abundance of Bacteroidetes increased in the Lop-Pro and Lop-282 

Pro/Pre groups compared to the Lop group. Although there are differences in the composition of 283 

intestinal microbiota, multi-strain probiotics have led to an improvement in the intestinal microbiota. 284 

Patients with chronic constipation have relatively lower abundance of beneficial bacteria, such 285 

as Lactobacillus, Bifidobacterium, and Bacteroides spp., and greater abundance of potential pathogenic 286 

microorganisms, such as Pseudomonas aeruginosa and Campylobacter jejuni, in intestinal microbiota 287 

(Gerritsen et al., 2011; Kirgizov et al., 2001). These alterations in intestinal microbiota can affect 288 

intestinal motility and the production of metabolites, such as SCFAs, by changing intestinal 289 

environment. The main strains of multi-strain probiotics, Bifidobacteria and Lactobacillus, alleviate 290 

constipation by producing SCFAs, stimulating intestinal peristalsis, and increasing the water content in 291 

fecal pellets (Ojetti et al., 2014). Also, the selected strains used in the experiment have been 292 

demonstrated through various animal model experiments and randomized controlled trials to affect the 293 

consistency of bowel movements through improvement of the intestinal environment by an increase in 294 

beneficial bacteria and metabolites when administered in effective doses (Kaminski et al., 2020; Ohkusa 295 

et al., 2019). The use of a mixture of multi-strain probiotics and prebiotics, which is named synbiotics, 296 



 

 

can be used as a synergistic approach to the survival of probiotics and restore intestinal microbial 297 

balance (Khodadad and Sabbaghian, 2010). In addition, reliable evidence has been reported that post-298 

biotics produced through improved intestinal environment and metabolic activity of microorganisms 299 

directly or indirectly have beneficial effects on the host (Zolkiewicz et al., 2020). Intestinal microbiota 300 

at the phylum level involved Firmicutes, Bacteroidetes, Proteobacteria, and Verrucomicrobia, and these 301 

phyla accounted for more than 98% of intestinal microbiota (Guo et al., 2020). During loperamide-302 

induced constipation, the relative abundance of Firmicutes decreases and that of Verrucomicrobia 303 

increases (Wang et al., 2020). L. rhamnosus CCFM1068 administration has shown to decrease the 304 

abundance of the phylum Verrucomicrobia. The ability of L. rhamnosus CCFM1068 to alleviate 305 

constipation symptoms was associated with a decreased abundance of Verrucomicrobia (Wang et al., 306 

2020). We found that multi-strain probiotic and synbiotic co-administration significantly decreased the 307 

abundance of Verrucomicrobia compared to that of the Lop group, and constipation-relieving effect 308 

may be due to the reduction of the Verrucomicrobia phylum (Fig. 6). 309 

When constipation is induced by loperamide, a decrease in Clostridiales and Lactobacillales 310 

abundance and an increase in Bacteroidales abundance is noted (Deng et al., 2018); however, in patients 311 

with constipation, Bacteroidales abundance decreases, demonstrating contradictory results (Guo et al., 312 

2020). As shown in Figure 6B, the decrease in Bacteroidales was confirmed following loperamide 313 

treatment, and the levels of the orders Bacteroidales, Clostridiales, and Lactobacillales, which showed 314 

changes during constipation induction, were improved when multi-strain probiotics were administered 315 

alone or mixed with prebiotics. In particular, in the order Clostridiales, significant differences were 316 

observed in the multi-strain probiotic administration groups. In addition, species such as Blatuia, 317 

Lachnospira, and Oscillibacter are associated with SCFA production (Zang et al., 2018). In patients 318 

with slow-transit constipation, it is inferred that a decrease in SCFA content is associated with a decrease 319 

in SCFA-producing microorganisms (Li et al., 2020). The relative abundance of Oscillibacter was 320 

significantly increased in the Lop-Pro/Pre group. An increase in the abundance of Akkermansia has 321 

been observed in the feces of constipated mice (Wang et al., 2020). An increase in Akkermansia 322 

abundance has also been observed in colon cancer patients, and Akkermansia may be related to the 323 



 

 

disease (Hibberd et al., 2017). As can be seen in Figure 6C, the relative abundance of Akkermansia was 324 

also increased in the Lop group, but the relationship between Akkermansia and constipation should be 325 

confirmed. Furthermore, an increase in Clostridium abundance has been reported in children and adults 326 

with constipation (Jeffery et al., 2012; Ohara, 2019). As shown in Figure 6C, the relative abundance of 327 

Clostridium in constipated rats was elevated but tended to decrease when multi-strain probiotics and 328 

prebiotics were administered. In particular, the relative abundance of Clostridium was significantly 329 

reduced in the low-dose group of prebiotics.  330 

The use of probiotics indicated that constipation and intestinal microbiota can be improved. 331 

The intestinal pH is lowered by metabolites, such as lactic acid and SCFAs, and this change in the 332 

intestinal environment improves intestinal peristalsis and reduces intestinal transit time. It is also 333 

involved in bile acid metabolism, changing the shape and concentration of fecal pellets, and activating 334 

intestinal movement (Im et al., 2011). The constipation-relieving effect and probiotic activity of yogurt-335 

containing probiotics were improved through modifications such as addition of dietary fiber or various 336 

probiotic strains (Jeon and Choi, 2010; Kokke et al., 2008).  337 

Conclusion 338 

 We provided experimental evidence that prebiotics/probiotics mixture is an effective approach 339 

to changes in cecal microbiome and intestinal health, which relieves constipation. These results were 340 

followed by the involvement of prebiotics and probiotics in the processes of alleviating constipation, 341 

including improvement of intestinal movement and growth of beneficial intestinal bacteria. According 342 

to the results, these effects were mediated by changes in the intestinal mucosal thickness, crypt cell area, 343 

and interstitial cells of Cajal area. In addition, changes in Akkermansia, Lactobacillus, Clostridium, 344 

Bacteroides and Oscillibacter abundances were involved in the enhancement of the intestinal 345 

environment and SCFA production. Collectively, the use of multi-strain probiotics alone (Lop-Pro) 346 

showed a constipation-alleviating effect, but synbiotic (Lop-Pro/Pre) used with prebiotics showed better 347 

effects in relieving constipation than using probiotics alone. 348 

Conflicts of Interest  349 



 

 

The authors declare no potential conflicts of interest. 350 

Acknowledgements 351 

This manuscript has not received any funding.  352 

Author contributions  353 

Conceptualization: Sus HJ, and Hong K. Data curation: Kim MG, Jo K. Formal analysis: Kim MG, Jo 354 

K. Methodology: Jo K, Suh HJ, Hong K. Software: Suh HJ, Hong K. Validation: Kim MG, Jo K, Suh 355 

HJ. Investigation: Kim MG, Jo K. Writing – original draft: Suh HJ, Hong K. 356 

Ethics Approval 357 

The study was approved by the Institutional Animal Care and Use Committee of Korea University 358 

(Approval number: KUIACUC-2020-0026). 359 

References 360 

Ahn Y-T. 2014. Development of probiotic dairy products using lactic acid bacteria isolated from human 361 

intestine. Food Science and Industry 47:45-54. 362 

Aloisio I, Santini C, Biavati B, Dinelli G, Cencic A, Chingwaru W, Mogna L, Di Gioia D. 2012. 363 

Characterization of bifidobacterium spp. Strains for the treatment of enteric disorders in 364 

newborns. Applied Microbiology and Biotechnology 96:1561-1576. 365 

Bekkali NLH, Bongers MEJ, Van Den Berg MM, Liem O, Benninga MA. 2007. The role of a probiotics 366 

mixture in the treatment of childhood constipation: A pilot study. Nutrition Journal 6. 367 

Burns AJ, Herbert TM, Ward SM, Sanders KM. 1997. Interstitial cells of cajal in the guinea-pig 368 

gastrointestinal tract as revealed by c-kit immunohistochemistry. Cell and Tissue Research 369 

290:11-20. 370 

Chapman C, Gibson GR, Rowland I. 2011. Health benefits of probiotics: Are mixtures more effective 371 

than single strains? European journal of nutrition 50:1-17. 372 

D’onofrio V, Del Chierico F, Belci P, Vernocchi P, Quagliariello A, Reddel S, Conta G, Mancino MV, 373 

Fadda M, Scigliano MC. 2021. Effects of a synbiotic formula on functional bowel disorders 374 



 

 

and gut microbiota profile during long-term home enteral nutrition (lthen): A pilot study. 375 

Nutrients 13:87. 376 

Demigne C, Remesy C. 1985. Stimulation of absorption of volatile fatty-acids and minerals in the 377 

cecum of rats adapted to a very high-fiber diet. Journal of Nutrition 115:53-60. 378 

Deng Y, Li M, Mei L, Cong LM, Liu Y, Zhang BB, He CY, Zheng PY, Yuan JL. 2018. Manipulation of 379 

intestinal dysbiosis by a bacterial mixture ameliorates loperamide-induced constipation in rats. 380 

Beneficial Microbes 9:453-464. 381 

Gerritsen J, Smidt H, Rijkers GT, De Vos WM. 2011. Intestinal microbiota in human health and disease: 382 

The impact of probiotics. Genes and Nutrition 6:209-240. 383 

Guo MQ, Yao JF, Yang F, Liu WJ, Bai HJ, Ma JX, Ma XC, Zhang JH, Fang Y, Miao YX, Sun JQ, Zhang 384 

YM, Zhao H. 2020. The composition of intestinal microbiota and its association with functional 385 

constipation of the elderly patients. Future Microbiology 15:163-175. 386 

He CL, Burgart L, Wang LN, Pemberton J, Young-Fadok T, Szurszewski J, Farrugia G. 2000. Decreased 387 

interstitial cell of cajal volume in patients with slow-transit constipation. Gastroenterology 388 

118:14-21. 389 

Hibberd AA, Lyra A, Ouwehand AC, Rolny P, Lindegren H, Cedgard L, Wettergren Y. 2017. Intestinal 390 

microbiota is altered in patients with colon cancer and modified by probiotic intervention. Bmj 391 

Open Gastroenterology 4. 392 

Im J-H, Choi J-K, Lee M-H, Ahn Y-T, Lee J-H, Huh C-S, Kim G-B. 2011. Effect of functional yogurt 393 

(r&b rhythm®) on the improvement of constipation in animal models. Food Science of Animal 394 

Resources 31:442-450. 395 

Jeffery IB, O'toole PW, Ohman L, Claesson MJ, Deane J, Quigley EMM, Simren M. 2012. An irritable 396 

bowel syndrome subtype defined by species-specific alterations in faecal microbiota. Gut 397 

61:997-1006. 398 

Jeon JR, Choi JH. 2010. Lactic acid fermentation of germinated barley fiber and proliferative function 399 

of colonic epithelial cells in loperamide-induced rats. Journal of medicinal food 13:950-960. 400 

Jeon JR, Kim JY, Choi JH. 2007. Effect of yam yogurt on colon mucosal tissue of rats with loperamide-401 



 

 

induced constipation. Food Science and Biotechnology 16:605-609. 402 

Kaminski M, Skonieczna-Zydecka K, Loniewski I, Koulaouzidis A, Marlicz W. 2020. Are probiotics 403 

useful in the treatment of chronic idiopathic constipation in adults? A review of existing 404 

systematic reviews, meta-analyses, and recommendations. Prz Gastroenterol 15:103-118. 405 

Khodadad A, Sabbaghian M. 2010. Role of synbiotics in the treatment of childhood constipation: A 406 

double-blind randomized placebo controlled trial. Iranian Journal of Pediatrics 20:387-392. 407 

Kim OS, Cho YJ, Lee K, Yoon SH, Kim M, Na H, Park SC, Jeon YS, Lee JH, Yi H, Won S, Chun J. 408 

2012. Introducing eztaxon-e: A prokaryotic 16s rrna gene sequence database with phylotypes 409 

that represent uncultured species. International Journal of Systematic and Evolutionary 410 

Microbiology 62:716-721. 411 

Kirgizov I, Sukhorukov A, Dudarev V, Istomin A. 2001. Hemostasis in children with dysbacteriosis in 412 

chronic constipation. Clinical and Applied Thrombosis/Hemostasis 7:335-338. 413 

Koebnick C, Wagner I, Leitzmann P, Stern U, Zunft HJF. 2003. Probiotic beverage containing 414 

lactobacillus casei shirota improves gastrointestinal symptoms in patients with chronic 415 

constipation. Canadian Journal of Gastroenterology and Hepatology 17:655-659. 416 

Kokke FTM, Scholtens PaMJ, Alles MS, Decates TS, Fiselier TJW, Tolboom JJM, Kimpen JLL, 417 

Benninga MA. 2008. A dietary fiber mixture versus lactulose in the treatment of childhood 418 

constipation: A double-blind randomized controlled trial. Journal of Pediatric Gastroenterology 419 

and Nutrition 47:592-597. 420 

Li W, Godzik A. 2006. Cd-hit: A fast program for clustering and comparing large sets of protein or 421 

nucleotide sequences. Bioinformatics 22:1658-1659. 422 

Li XR, Liu CJ, Tang XD, Zhang HM, Luo YY, Zhang L, Yang E. 2020. Gut microbiota alterations from 423 

three-strain yogurt formulation treatments in slow-transit constipation. Canadian Journal of 424 

Infectious Diseases & Medical Microbiology 2020. 425 

Lim K, Jeong J, Oh S, Moon Y-I, Koh J. 2015. Current market trends and perspectives of probiotics. 426 

Current Topics in Lactic Acid Bacteria and Probiotics 3:46-53. 427 

Maeda H, Zhu X, Omura K, Suzuki S, Kitamura S. 2004. Effects of an exopolysaccharide (kefiran) on 428 



 

 

lipids, blood pressure, blood glucose, and constipation. Biofactors 22:197-200. 429 

Mccullough JS, Ratcliffe B, Mandir N, Carr KE, Goodlad RA. 1998. Dietary fibre and intestinal 430 

microflora: Effects on intestinal morphometry and crypt branching. Gut 42:799-806. 431 

Mezzasalma V, Manfrini E, Ferri E, Sandionigi A, La Ferla B, Schiano I, Michelotti A, Nobile V, Labra 432 

M, Di Gennaro P. 2019. "A randomized, double-blind, placebo-controlled trial: The efficacy of 433 

multispecies probiotic supplementation in alleviating symptoms of irritable bowel syndrome 434 

associated with constipation" (vol 2016, 4740907, 2016). Biomed Research International 2019. 435 

Neri F, Cavallari G, Tsivian M, Bianchi E, Aldini R, Cevenini M, Guidetti E, Piras GL, Pariali M, Nardo 436 

B. 2012. Effect of colic vein ligature in rats with loperamide-induced constipation. J Biomed 437 

Biotechnol 2012:896162. 438 

Ohara T. 2019. Identification of the microbial diversity after fecal microbiota transplantation therapy 439 

for chronic intractable constipation using 16s rrna amplicon sequencing. Plos One 14. 440 

Ohkusa T, Koido S, Nishikawa Y, Sato N. 2019. Gut microbiota and chronic constipation: A review and 441 

update. Front Med (Lausanne) 6:19. 442 

Ojetti V, Ianiro G, Tortora A, D'angelo G, Di Rienzo TA, Bibbo S, Migneco A, Gasbarrini A. 2014. The 443 

effect of lactobacillus reuteri supplementation in adults with chronic functional constipation: A 444 

randomized, double-blind, placebo-controlled trial. Journal of Gastrointestinal and Liver 445 

Diseases 23:387-391. 446 

Presti I, D'orazio G, Labra M, La Ferla B, Mezzasalma V, Bizzaro G, Giardina S, Michelotti A, Tursi F, 447 

Vassallo M, Di Gennaro P. 2015. Evaluation of the probiotic properties of new lactobacillus 448 

and bifidobacterium strains and their in vitro effect. Applied Microbiology and Biotechnology 449 

99:5613-5626. 450 

Pruzzo RC, Paola Mastrantonio, Carla. 2000. Short chain fatty acids, menaquinones and ubiquinones 451 

and their effects on the host. Microbial Ecology in Health and Disease 12:209-215. 452 

Read N. 1983. Speculations on the role of motility in the pathogenesis and treatment of diarrhoea. 453 

Scandinavian journal of gastroenterology. Supplement 84:45-63. 454 

Sawada D, Sugawara T, Ishida Y, Aihara K, Aoki Y, Takehara I, Takano K, Fujiwara S. 2016. Effect of 455 



 

 

continuous ingestion of a beverage prepared with lactobacillus gasseri cp2305 inactivated by 456 

heat treatment on the regulation of intestinal function. Food Research International 79:33-39. 457 

Shimotoyodome A, Meguro S, Hase T, Tokimitsu I, Sakata T. 2000. Decreased colonic mucus in rats 458 

with loperamide-induced constipation. Comp Biochem Physiol A Mol Integr Physiol 126:203-459 

212. 460 

Shimotoyodome A, Meguro S, Hase T, Tokimitsu I, Sakata T. 2001. Sulfated polysaccharides, but not 461 

cellulose, increase colonic mucus in rats with loperamide-induced constipation. Digestive 462 

Diseases and Sciences 46:1482-1489. 463 

Theodorou V, Fioramonti J, Hachet T, Bueno L. 1991. Absorptive and motor components of the 464 

antidiarrheal action of loperamide - an invivo study in pigs. Gut 32:1355-1359. 465 

Topping DL, Clifton PM. 2001. Short-chain fatty acids and human colonic function: Roles of resistant 466 

starch and nonstarch polysaccharides. Physiological Reviews 81:1031-1064. 467 

Wang G, Yang S, Sun S, Si Q, Wang L, Zhang Q, Wu G, Zhao J, Zhang H, Chen W. 2020. Lactobacillus 468 

rhamnosus strains relieve loperamide-induced constipation via different pathways independent 469 

of short-chain fatty acids. Frontiers in cellular and infection microbiology 10:423. 470 

Wang LL, Hu LJ, Xu Q, Yin BX, Fang DS, Wang G, Zhao JX, Zhang H, Chen W. 2017. Bifidobacterium 471 

adolescentis exerts strain-specific effects on constipation induced by loperamide in balb/c mice. 472 

International Journal of Molecular Sciences 18. 473 

Wedel T, Spiegler J, Soellner S, Roblick UJ, Schiedeck THK, Bruch HP, Krammer HJ. 2002. Enteric 474 

nerves and interstitial cells of cajal are altered in patients with slow-transit constipation and 475 

megacolon. Gastroenterology 123:1459-1467. 476 

Wen Y, Li J, Long Q, Yue CC, He B, Tang XG. 2020. The efficacy and safety of probiotics for patients 477 

with constipation-predominant irritable bowel syndrome: A systematic review and meta-478 

analysis based on seventeen randomized controlled trials. Int J Surg 79:111-119. 479 

Wintola OA, Sunmonu TO, Afolayan AJ. 2010. The effect of aloe ferox mill. In the treatment of 480 

loperamide-induced constipation in wistar rats. Bmc Gastroenterology 10. 481 

Wu D, Zhou J, Wang X, Cui B, An R, Shi H, Yuan J, Hu Z. 2011. Traditional chinese formula, lubricating 482 



 

 

gut pill, stimulates camp-dependent cl− secretion across rat distal colonic mucosa. Journal of 483 

ethnopharmacology 134:406-413. 484 

Yang Z-H, Yu H-J, Pan A, Du J-Y, Ruan Y-C, Ko W-H, Chan H-C, Zhou W-L. 2008. Cellular 485 

mechanisms underlying the laxative effect of flavonol naringenin on rat constipation model. 486 

PLOS one 3:e3348. 487 

Yoon JS, Sohn W, Lee OY, Lee SP, Lee KN, Jun DW, Lee HL, Yoon BC, Choi HS, Chung WS, Seo JG. 488 

2014. Effect of multispecies probiotics on irritable bowel syndrome: A randomized, double-489 

blind, placebo-controlled trial. Journal of Gastroenterology and Hepatology 29:52-59. 490 

Zang K, Jiang Y, Sun Y, Chen Q, Zhao L, Zhao P, Cui W, Ma X, Yan Y. 2018. Relationship between 491 

microecologics and the expression of short chain fatty acids synthesis genes in key bacterial 492 

genera in the regulation of intestinal flora structure in populations with constipation and 493 

diarrhea. Shipin Kexue/Food Science 39:155-165. 494 

Zhao Y, Yu YB. 2016. Intestinal microbiota and chronic constipation. Springerplus 5. 495 

Zolkiewicz J, Marzec A, Ruszczynski M, Feleszko W. 2020. Postbiotics-a step beyond pre- and 496 

probiotics. Nutrients 12. 497 

  498 



 

 

Figure legends 499 

Figure 1. Effect of co-administration of probiotics and prebiotics on the number of fecal pellets (a), 500 

weight of fecal pellets (b), and fecal water content (c) in loperamide-induced constipated rats. Data are 501 

expressed as mean ± standard error of the mean for each group, and different symbols indicate 502 

significant differences. * p<0.05 and ** p<0.01 vs. Lop group. Cont: control group, Lop: loperamide-503 

induced group, Lop-Pro: loperamide-induced group with multi-strain probiotic group, Lop-Pro/Pre: 504 

loperamide-induced group with multi-strain probiotic and prebiotic mixture (Lacto 5X synbiotic) group.  505 

Figure 2. Effect of co-administration of probiotics and prebiotics on the gastrointestinal transit ratio in 506 

loperamide-induced constipated rats. Data are expressed as mean ± standard error of the mean for each 507 

group. Cont: control group, Lop: loperamide-induced group, Lop-Pro: loperamide-induced group with 508 

multi-strain probiotic group, Lop-Pro/Pre: loperamide-induced group with multi-strain probiotic and 509 

prebiotic mixture (Lacto 5X synbiotic) group. 510 

Figure 3. Effect of co-administration of probiotics and prebiotics on intestinal mucosal thickness (a) 511 

and crypt cell area (b) in loperamide-induced constipated rats. Data are expressed as mean ± standard 512 

error of the mean for each group, and different symbols indicate significant differences. * p<0.05 and 513 

*** p<0.001 vs. Lop group. Cont: control group, Lop: loperamide-induced group, Lop-Pro: loperamide-514 

induced group with multi-strain probiotic group, Lop-Pro/Pre: loperamide-induced group with multi-515 

strain probiotic and prebiotic mixture (Lacto 5X synbiotic) group. 516 

Figure 4. Effect of co-administration of probiotics and prebiotics on the area of interstitial cells of Cajal 517 

in loperamide-induced constipated rats. Data are expressed as mean ± standard error of the mean for 518 

each group, and different symbols indicate significant differences. *** p<0.001 vs. Lop group. Cont: 519 

control group, Lop: loperamide-induced group, Lop-Pro: loperamide-induced group with multi-strain 520 

probiotic group, Lop-Pro/Pre: loperamide-induced group with multi-strain probiotic and prebiotic 521 

mixture (Lacto 5X synbiotic) group. 522 

Figure 5. Effect of co-administration of probiotics and prebiotics on the short-chain fatty acid content 523 



 

 

in loperamide-induced constipated rats. Data are expressed as mean ± standard error of the mean for 524 

each group, and different symbols indicate significant differences, * p<0.05, ** p<0.01, and *** p< 525 

0.001 vs. Lop group. Cont: control group, Lop: loperamide-induced group, Lop-Pro: loperamide-526 

induced group with multi-strain probiotic group, Lop-Pro/Pre: loperamide-induced group with multi-527 

strain probiotic and prebiotic mixture (Lacto 5X synbiotic) group. 528 

Figure 6. Effect of co-administration of probiotics and prebiotics on the phylum (a), order (b), and genus 529 

(c) of intestinal microbiota in loperamide-induced constipated rats. Data are expressed as mean ± 530 

standard error of the mean for each group, and different symbols indicate significant differences. *p< 531 

0.05 vs. Lop group. Cont: control group, Lop: loperamide-induced group, Lop-Pro: loperamide-induced 532 

group with multi-strain probiotic group, Lop-Pro/Pre: loperamide-induced group with multi-strain 533 

probiotic and prebiotic mixture (Lacto 5X synbiotic) group.534 



 

 

 

 

0

15

30

45

60

75

Cont Lop

**

A

Lop-Pro Lop-Pro/Pre

N
u
m

b
e
r 

o
f 
fe

c
a
l p

e
lle

ts

0

3

6

9

12
*

B

W
e

ig
h

t 
o

f 
fe

c
a

l 
p

e
lle

ts
 (

g
/d

a
y
)

Cont Lop Lop-Pro Lop-Pro/Pre
0

10

20

30

40

*

*

C

F
e
c
a
l w

a
te

r 
c
o
n
te

n
t 
(%

)

Cont Lop Lop-Pro Lop-Pro/Pre

 

Fig. 1  

 

 



 

 

 

 

 

 

 

0

15

30

45

60

Cont Lop Lop-Pro Lop-Pro/Pre

Group

G
a
s
tr

o
in

te
s
tin

a
l t

ra
n
s
it 

ra
tio

 (
%

)

 

Fig. 2  

  

 

 

 

 

 



 

 

 

 



 

 

Fig. 3  

  

 

 

 

Fig. 4  

 



 

 

 

 

 

 

0

10

20

30

40

50

60

Acetic

acid

Propionic

acid

Propionic

acid
Butyric

acid

Total

SCFA

**

*** **

*** * **
*** ****

***

*** **

Cont
Lop
Lop-Pro
Lop-Pro/Pre

C
o

n
c
e

n
tr

a
ti
o

n
 (

m
M

)

 

 Fig. 5  

  

  



 

 

 

Fig. 6 


