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 ABSTRACT 
Lactobacillus plantarum IS-10506 (LIS-10506) is a native Indonesian 
probiotic derived from fermented milk originating from Sumatera. Intestinal 
mucosa damage results from gastrointestinal tract infections. Using 
Scanning Electron Microscopy (SEM), the intestinal mucosa structure, 
following mucosal damage, was evaluated. The objective of this study to 
evaluate effect of Lactobacillus plantarum IS-10506 on accelerating the 
regeneration of the intestinal mucosa structure, using SEM. This study 
conducted on sixty-four Sprague-Dawley rats were divided into 4 groups: 
control group (K1); the group that received Lipopolysaccharide (LPS) 
Escherichia coli O55:B5 (K2); the curative group, which received LPS 
Escherichia coli O55:B5 then probiotics (K3); the preventive group, which 
received probiotics six days before LPS Escherichia coli O55:B5 and 
continued probiotics (K4). The probiotics used were LIS-10506. Necroscopy 
was performed on days 3, 4, 6 and 7, and the ileum was analysed. SEM was 
conducted to evaluate the structure of the intestinal mucosa. SEM showed 
that the K4 group experienced the fastest mucosal regeneration on the fourth 
day. On the seventh day, examination of the ileum using SEM showed 
improvement in the intestinal villi of all groups. The conclusion, SEM 
showed that all groups underwent regeneration following mucosal damage. 
Probiotics accelerated the regeneration of the intestinal mucosa, and the best 
results were observed in the preventive group. 
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1.Introduction  

Probiotics have been shown to shorten the 
duration of diarrhoea in children with infectious 
diarrhoea (Allen et al., 2011). Recovery from 
diarrhoea is closely related to damaged intestinal 
epithelial repair. Lactobacillus plantarum IS 
strains 10506 and 20506 have demonstrated a 
regenerative effect on the intestinal brush border 
protein, which was represented by the 
expression of Galectin-4, Myosin-1a, Occludin 
and ZO-1 (Ranuh, 2008). Research conducted 

by Ciorba found that the administration of 
probiotics can affect mesenchymal stem cells by 
invoking their migration towards the crypts, and 
consequently increasing crypt survival (Ciorba 
et al., 2012). 

Lactobacillus plantarum IS-10506 is a 
native Indonesian probiotic derived from curd, 
fermented milk from Sumatera (Collado et al., 
2007; Collado et al., 2016). Exposure of the 
intact epithelium to probiotics activates Hsp27 
and IL-10. Hsp27 and IL-10 affect intestinal 
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stem cell niche, as IL-10 will activate the 
JAK/STAT pathway, and both Hsp27 and IL-10 
will activate stromal cells, paneth cells and 
intestinal stem cells. Signalling pathways 
stimulate proliferation of activate stem cells, 
followed by differentiation and maturation. 
Other studies have shown that L. plantarum IS-
10506 increases the expression of Lgr-5 and 
Bmi1. L. plantarum IS-10506 also induces 
activation of intestinal stem cell pool by 
increasing ERK and β-catenin expression, 
reducing intestinal mucosal injury caused by 
inflammation. These findings suggest that L. 
plantarum IS-10506 is a potentially effective 
therapy, especially when used as prophylaxis for 
gastrointestinal diseases (Athiyyah et al., 2018). 

 Therefore, a study is needed to show the 
regeneration of intestinal mucosa by the 
probiotic Lactobacillus plantarum IS-10506 
using Scanning Electron Microscopy (SEM) to 
evaluate the surface structure of the ileum. 

  
2. Materials and methods 
2.1. Lipopolysaccharides (LPS) 

LPS used in this study came from 
Escherichia coli bacteria serotype 055:B5. LPS 
was diluted with NaCl 0.9%, at a ratio of 10:1, 
and administered at a dose of 250 μg/kg bw 
through a gastric tube on day 1 of the study to 
groups K2, K3 and K4. 
 
2.2. Probiotic 

Microencapsulated Lactobacillus plantarum 
IS-10506 (GeneBank accession n° DQ860148) 
was dissolved in 1.5 ml of sterile water and 
administered daily, through a gastric tube, at a 
of dose 2.86 x 1010 CFU/day. The probiotic was 
given for 6 days to the K3 group and 13 days to 
the K4 group. 
 
 
2.3. Animals 

This research was approved by the Ethics 
Committee (Animal Care and Use Committee) 
of Veterinary Medicine School, Universitas 

Airlangga (Surabaya, Indonesia). Subjects of 
this study were male Sprague-Dawley rats 
(Rattus norvegicus) obtained from the animal 
management unit of the veterinary faculty of 
Bogor Agricultural Institute (12 weeks old; 100–
120 grams; n = 64), randomised into 4 groups: 
K1 (control group); K2 (Lipopolysaccharide 
(LPS) Escherichia coli O55:B5 group); K3 (LPS 
Escherichia coli O55:B5 + Lactobacillus 
plantarum IS-10506 group); K4 (Lactobacillus 
plantarum IS-10506 + LPS Escherichia coli 
O55:B5 + Lactobacillus plantarum IS-10506 
group). K1 was given the placebo via tube for 14 
days, which consisted of sterile water. LPS 
Escherichia coli O55:B5 was administered at 
250 µg/kg bw/day, starting on day 1, of the study 
for all groups except group K1. Lactobacillus 
plantarum IS-10506 were administered via tube 
every day at a dose of 2.86 x 1010 CFU; group 
K3 received this probiotic for 6 days and group 
K4 received it for 13 days. This methods is part 
of a study on intestinal mucose (Athiyyah et al., 
2018). After observation and treatment, the 
subjects were sacrificed on days 3, 4, 6 and 7 by 
guillotine and the ileum was analysed. The 
anatomical structure of the ileum was 
determined by electron microscopy. 

2.4. SEM 
For the organic SEM process, fresh samples 

should be observed. The ileum was fixed in a 2% 
glutaraldehyde solution for 2–3 hours at 4 oC. 
The samples were washed with pH 7.4 
phosphate buffer solution (PBS) (SIGMA, 
USA) 3 times, 5 minutes each time, at 4 oC. The 
PBS was replaced with a 1% post fixation osmic 
acid solution for 1–2 hours at 4 oC. The samples 
were then washed with pH 7.4 PBS 3 times, 5 
minutes each time, at 4 oC. The samples were 
gradually dehydrated with alcohol: 30%, 50%, 
70%, 80%, 90% and absolute, 2 times each, for 
15–20 minutes. Dehydration using 30%–70% 
alcohol was performed at 4 oC, and dehydration 
using 80%–absolute alcohol was performed at 
room temperature. The alcohol was then 
replaced with absolute amyl acetate (MERCK, 
D-6100 Darmstadt, F.R. Germany), as a 
preservative to wait for drying time. The 
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samples were dried using the Critical Point 
Drying (CPD) procedure (Samdri®-780), with a 
pressure of 1000 psi, at 45 oC. Each sample was 
attached to the stub (holder) using Araldite 
(Araldite®) and coated with pure gold using a 
vacuum evaporator (JEOL, JEE-4X Thermal 
Evaporator Operation OPER-001). Finally, the 
samples were observed and photographed using 
SEM (JEOL, JSM-T100 Scanning Microscope). 
 
3.Results and discussions  

The ileum surface structure was visualised 
by SEM, and the results of the structure on the 
third day can be seen in Figure 1 for each group. 
At 350x magnification, an intact surface 
epithelial structure was observed in the K1 
group. For the K2 group, the villi structure was 
damaged and the epithelium had an irregular 
arrangement. The damage observed in the K3 
group was more severe compared to the K2 
group. Damaged villi and epithelium were also 
observed in the K4 group, but not as severe as 
that observed in the K2 and K3 groups.  

On the fourth day (Figure 2), a slight 
improvement in the structure of the epithelial 
villi was observed in the K2 group, but the 

structure was still irregular. The improvement 
observed in the K3 group was better than that 
observed in the K2 group, and the greatest 
improvement was observed in the K4 group. 

On the sixth day (Figure 3), the ileum 
structure of K3 and K4 appeared like normal 
intestinal villi, with a good villous structure and 
well-arranged epithelium; although, the K3 
group had no improvement in the overall 
structure of the surface. 

On the seventh day (Figure 4), an 
improvement in the intestinal villi was observed 
in all groups, as determined by SEM 
examination of the ileum. 

SEM aims to evaluate the mucous structure 
of the ileum. Mucosal damage was found in the 
groups that received LPS Escherichia coli, K2, 
K3 and K4 groups. This result is in line with 
research conducted by Nikaido, which 
demonstrated that the administration of LPS 
parenterally can induce clinical manifestation in 
some species. In the gastrointestinal tract, 
bacterial endotoxins induce damage to the 
intestinal mucosa (Nikaido, 1996). 
 

 

 

 

 

A. K1 group, day 3 B. K2 group, day 3 
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C. K3 group, day 3 D. K4 group, day 3 

Figure 1. Images of the ileum of Sprague-Dawley rats on the third day in the K1, K2, K3 and K4 
groups obtained using SEM, with 350x lens magnification. K1 (control group); K2 (Lipopolysaccharide 
(LPS) Escherichia coli O55:B5 group); K3 (LPS Escherichia coli O55:B5 + Lactobacillus plantarum 

IS-10506 group); K4 (Lactobacillus plantarum IS-10506 + LPS Escherichia coli O55:B5 + 
Lactobacillus plantarum IS-10506 group). 

 
SEM was carried out two days after the 

administration of LPS, which was considered 
the third day of this study. The probiotic, 
Lactobacillus plantarum IS-10506, was given 
on the second day. On the third day, damage was 
observed in the ileum of the K4 group, but this 
damage was not as severe as the damage 
observed in the K2 and K3 groups. The most 
severe damage was detected in the K2 group 
(Figure 1). Based on research conducted by 
Khonyoung, heat-killed Lactobacillus 
plantarum L-137 can increase protuberant cells 
in all intestinal segments, especially at doses of 
2 and 4 mg/kg compared to the control and a 
dose of 1 mg/kg. Thus, Lactobacillus plantarum 
L-137 can preserve intestinal function by 
preventing infection and disease in the intestinal 
mucosa. (Khonyoung and Yamauchi, 2012). 
The fastest intestinal repair was seen in the K4 
group, followed by the K3 group and the K2 
group, respectively, on the fourth day (Figure 2). 
On the seventh day, improvement in the 
structure of the intestinal mucosa was observed 

in all study groups. These results suggest that the 
administration of probiotics can accelerate the 
repair of the intestinal mucosa (Figure 4). The 
results of this study are in line with research 
conducted by Dock in 2004, which found there 
was mucous damage in the ileum of Wistar rats 
given protein-free food. Ileal mucosal damage 
was seen in the villi length, depth and thickness 
of the intestinal wall crypt. Probiotic 
administration (Streptococcus thermophilus and 
Lactobacillus helveticus) accelerated the repair 
of the intestinal mucosal damage (‘Probiotics 
enhance the recovery of gut atrophy in 
experimental’, 2004). Other studies also 
reported the same results, namely Lactobacillus 
casei MTCC 1423 accelerated repair in 
malnourished Balb/c mice infected with Giardia 
lamblia. The Lactobacillus casei MTCC 1423-
mediated repair was characterised by reduced 
Giardia trophozoites and improved histological 
morphology observed with haematoxylin eosin 
staining (Shukla and Sidhu, 2011).
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A. K1 group, day 4 B. K2 group, day 4 

 

 

C. K3 group, day 4 D. K4 group, day 4 

Figure 2. Images of the ileum of Sprague-Dawley rats on the fourth day in the K1, K2, K3 and K4 
groups obtained using SEM, with 350x lens magnification. 

 
 

 

 

A. K1 group, day 6 B. K2 group, day 6 
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C. K3 group, day 6 D. K4 group, day 6 

Figure 3.  Images of the ileum of Sprague-Dawley rats on the sixth day in the K1, K2, K3 and K4 
groups obtained using SEM, with 350x lens magnification. 

Probiotics (Bacillus subtilis Bs964, Candida 
utilis BKM-Y74 and Lactobacillus acidophilus 
LH1F) can enhance the number lymph and 
lymphatic cells of the intestinal epithelium (IEL) 
in chicken caecal tonsils, based on research 
conducted by Yurong, which found an increase 
in the density and length of microvilli on the 
surface of the tonsil caecal villi (Yurong et al., 

2005). Another study stated that not all 
Lactobacillus strains adhere to enterocytes. 
Lactobacillus has been shown to inhibit in vitro 
growth and adhesion of various Salmonella 
strains, as well as the production of 
antimicrobial substances (Kankaanpää et al., 
2004).

 

 
 

A. K1 group, day 7 B. K2 group, day 7 
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C. K3 group, day 7 D. K4 group, day 7 

Figure 4. Images of the ileum of Sprague-Dawley rats on the seventh day in the K1, K2, K3 and K4 
groups obtained using SEM, with 350x lens magnification.

 
4. Conclusions  

SEM showed that all groups experienced 
regeneration following mucosal damage. On the 
third day, damage was observed in the K4 group, 
but the damage was not as severe as that in the 
K2 and K3 groups. The regenerative process was 
most accelerated in the preventive group (K4), 
which showed improvement on day 4 of the 
study.  
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