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 ABSTRACT 
Microflora in the gastrointestinal tract plays an important role in the 
hepatocyte function from the gut-liver axis. However, the effect of probiotic 
in innate immune response especially in Kupffer cells is still unclear. This 
study aimed to examine the effect of probiotic on the innate immune 
response in the liver. This study is a randomized posttest-only control group 
experimental animal study using white mice (Mus musculus BALB/c). The 
inclusion criteria are 10–12 weeks old, male, and weighing 30–40 mg. 
Samples were randomized and divided into two groups: probiotic and 
placebo. The probiotic group was given multispecies probiotic. Probiotic 
and placebo were administrated for 21 days via a gastric tube. On day 22, 
necropsy was performed, and liver was obtained for immunohistochemical 
examination at the Laboratory of Biochemistry, University of Brawijaya, 
Malang. Number of Kupffer cells and cells which expressing NF-κB p105 
and p65 were examined. A total of 16 mice met the inclusion criteria. A 
significant increase in the number of Kupffer cells (p<0.001) and NF-κB 
p105 (p=0.001) was observed after administration of probiotic. No 
significant differences were observed in NF-kB p65 (p=0.236). 
Administration of probiotics affects the innate immune response (NF-κB 
p105 and Kupffer cell) in the liver tissue but not in NF-κB p65. 
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1.Introduction  

In Indonesia, the prevalence of liver disease 
in children is still relatively high, although the 
actual prevalence is still unknown (Hadi, 2000). 
The incidence of liver disease in infants is 1 
from 2,500 live births with atresia biliary, 
metabolic abnormalities, and neonatal hepatitis. 
Thus, older children experience metabolic 
disorder, intrahepatic chronic cholestasis, and 
obesity-related steatohepatitis (Arya and 
Balistreri, 2002). 

Microflora in the gastrointestinal tract has an 
important role in hepatocyte cell function (Gratz 
et al., 2010; Iacono et al., 2011; Jonkers and 
Stockbrügger, 2007). A symbiotic relationship 

exists between the liver and the digestive tract, 
known as the gut-liver axis (Imani Fooladi et al., 
2013; Jonkers and Stockbrügger, 2007). The 
functional relationship between the intestines 
with the liver includes the balance of 
immunological responses (Imani Fooladi et al., 
2013; Lata et al., 2011; Miyake and Yamamoto, 
2013). 

Probiotics is known to have a protection 
effect in the gastrointestinal tract and is 
explained through a variety of mechanisms 
(Boirivant and Strober, 2007; Pagnini et al., 
2010; Yan and Polk, 2011). 
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Probiotic effects in animal studies have 
demonstrated increasing innate immune 
response through enhancement of TLR-2, TLR-
4, and transcription factors NF-kB p65 and p105 
(Hegazy and El-Bedewy, 2010; Petrof et al., 
2004; Yao et al., 2017). 

The role of probiotics through epitope 
lipoteichoic acid will be captured by 
lipoteichoic-binding protein that will be 
recognized by TLR-2 and TLR-4 in dendritic 
cells, which migrate through the lymphatic tract. 
Dendritic cells will interact with Kupffer cells in 
the liver, therefore resulting in innate immune 
response (Boirivant and Strober, 2007; Thomas 
and Versalovic, n.d.; Trivedi and Adams, 2012; 
Yan and Polk, 2011). 

Based on this idea, we studied the effects of 
probiotic to the innate immune response in the 
liver. 

  
2. Materials and methods 

This study used randomized posttest-only 
control group design conducted in Biochemistry 
Laboratories Universitas Airlangga, Surabaya, 
from February until May 2008. Ethical approval 
was issued by the Veterinary Faculty Research 
Ethical Committee with ethics certificate 
number 034-KE/ II/ 2008. 
 
2.1. Samples 

We used the animal study model obtained 
from Pusat Veterinaria Farma Surabaya. Sixteen 
Mus musculus (BALB/c) mice aged 10–12 
weeks old, male, and approximately 30–40 gr 
were adopted for 1 week before starting 
treatment (Figure 1). The mice were divided into 
two groups: probiotic and placebo. The probiotic 
group was given multispecies probiotic for 21 
days. The placebo group was given a placebo for 
21 days via a gastric tube. Necropsy was 
performed on the probiotic and placebo groups 
on day 22. The liver was dissected for analysis. 

 
 

 

 
Figure 1. Animal treatment 

 
2.2. Probiotic 

The probiotic group used multispecies 
probiotic with composition Lactobacillus casei 
PXN 37, Lactobacillus rhamnosus PXN 54, 
Lactobacillus acidophilus PXN 35, 
Lactobacillus bulgaricus PXN 39, 
Bifidobacteria breve PXN 25, Bifidobacteria 
infantis PXN 27, Streptococcus thermophilis 
PXN 66, and fructooligosaccharide packed in an 
aluminum foil sachet. Probiotic was 
administrated by dissolving in 0.5 ml D5% and 
dose of 109 cfu/day/kg animal weight via a 
gastric tube once daily for 21 days. 
 
2.3. Immunohistochemistry 
The liver section was cleaned in a 10% formalin 
buffer solution, followed by dehydration, 
clearing, impregnating, and embedding. 
Immunohistochemistry was performed to 
determine the innate immune response. The liver 
section was probed with NF-κB p65 monoclonal 
antibody (33-9900; Thermo Fisher Scientific, 
Waltham, MA, USA) and p105 monoclonal 
antibody (GTX60465; GeneTex Inc., Irvine, 
CA, USA). The Kupffer cell was probed with 
CD68 monoclonal antibody. Number of Kupffer 

16 male Mus musculus 
BALB/c mice (aged 10–12 

weeks, weight 30–40 grams) 
 

Randomized into 2 groups 

Group 1 Group 2 

Multispecies 
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cfu/day/kg 
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Mice were euthanized 

Histopathology analysis on 
liver 

Day 1-7 

Day 8 

Day 8-28 
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cells and cells which expressing NF-κB p65 and 
p105 were counted the mean number of cells 
within 20 random fields under a light 
microscope (CX21; Olympus, Tokyo, Japan) at 
1000x magnification.  
 
2.4. Statistical analysis  

Data were analyzed using SPSS version 22 
software. Descriptive analysis was conducted to 
determine the immune response profile in each 
group and difference in profile changes from the 
probiotic and control groups. Differences 
between groups were analyzed by the t-test for 
variables that were normally distributed and the 
Mann–Whitney test for variables that were not 
normally distributed.  

 
3.Results and discussions  

A total of 16 mice were included in this 
study, all of which were male. They were 
divided into two groups. The characteristics of 
the subject are described in Table 1.  

A significant difference was observed 
between the Kupffer cell count and NF-κB p105 
in the probiotic group compared with the control 
group. By contrast, no significant difference was 
observed between NF-κB p65 in the probiotic 
group and that in the control group, as shown in 
Table 2. The liver section that had been stained 
with immunohistochemistry, which showed 
number of Kupffer cells  and Kupffer cells that 
expressed NF-κB p105 and NF-κB p65 in mice 
is shown at the figure 2, figure 3 and figure 4. 
Innate immune response in the liver is a defense 
mechanism because it is a physical barrier and 
stimulates the adaptive immune system. The 
Kupffer cell is the main macrophage in the liver 
and plays an important role in normal 
physiology and homeostasis. It participates in 
the acute and chronic response in the liver with 
toxic substances and acts as a liver protector 
(Roberts et al., 2006). 

Innate immune response activation also 
stimulates the Kupffer cell to produce 
hepatoprotective cytokine, IL-6, and IL-10 
during alcoholic liver disease and express TLRs 
and main cytokine producer pro- and anti-
inflammation (Gao, 2012; Szabo et al., 2007). 

Similar to a previous study by Neuman using 
the probiotic Lactobacillus acidophilus UFV-
H2b20, this Lactobacillus acidophilus can 
survive in stressful conditions in the gut. 
Furthermore, the probiotic group had two times 
more Kupffer cells that are responsible for 
bacterial clearance and can stimulate 
nonspecific immune response (Neumann et al., 
1998). 

Corbitt et al. (2013), in their study, showed 
a strong correlation between probiotic with the 
Kupffer cell maturation status and its function. 
Gut bacteria will release unique composition 
microbe-associated molecular patterns in the 
circulation, which can upregulate LSEC ICAM-
I expression, that influence the number and 
function of Kupffer cells in the liver. 

Giving probiotic in mice significantly 
increased NF-κB p105 compared with the 
control group. Miyoshi et al. (2001), studied 
three rats as cholestasis animal models showing 
that NF-κB is activated in the hepatocyte. The 
NF-κB activation function decreases hepatocyte 
apoptosis and liver damage. The ability of bile 
acids to become potentially toxic in activating 
NF-κB might cause pathological adaptation that 
helps survival and continues the hepatocyte 
function. 

The NF-κB function bridges the innate 
immune system and the adaptive immune 
system by releasing an inflammatory mediator 
(Luedde and Schwabe, 2012; Seki and Schnabl, 
2012). 

However, no significant difference in NF-
κB p65 was observed between the treatment and 
the control group. This result was caused by the 
fact that the animal models in this study were a 
healthy sample not found in the inflammation 
model. Proteolysis NF-κB p105 becomes NF-κB 
p65, and NF-κB p50 is triggered by 
inflammation (Baud and Derudder, 2011; 
Oeckinghaus and Ghosh, 2009). 
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Figure 2. The liver section stained with immunohistochemistry method with monoclonal antibody 

anti mouse CD68 with 1000x magnification. The arrows pointed the Kupffer cells with expressed CD68 
as the antibody marker for Kupffer cells. 

A. Probiotic group; B. Control group. 
 

 
Figure 3. The liver section stained with immunohistochemistry method with monoclonal antibody anti 

mouse NF-kB p105 with 1000x magnification. The arrows pointed the Kupffer cells 
with expressed NF-kB p105 as the antibody marker for Kupffer cells.  

A. Probiotic group; B. Control group 
  

                  
Figure 4. The liver section stained with immunohistochemistry method with monoclonal 

antibody anti mouse NF-kB p65 with 1000x magnification. The arrows pointed the 
Kupffer cells with expressed NF-kB p65 as the antibody marker for Kupffer cells.  

A. Probiotic group; B. Control group. 

A B 

A B 
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This result did not agree with previous 
studies on the gut due to the difference in organ 
and immune response. Moreover, probiotic was 
administrated through the gastrointestinal tract, 
so the stronger immune response occurred in the 
gut and the weaker immune response occurred 
in the liver (Darma et al., 2009; Trivedi and 
Adams, 2016).Previous studies showed that 
giving the probiotic group with LPS increased 
TLR-2 and TLR-4 activation and NF-κB p50 
and p65 activation. Administration of probiotic 
decreased TLR-2 expression and NF-κB p50 
activation caused by LPS, which was expected 
to decrease the inflammation reaction (Luh Putu 
HM et al., 2011). 

Expressing the protein NF-κB can give 
specificity in responding to some stimulus. NF-
κB p50 and p65 play an important role in IL-6 
production in synovial fibroblast and are closely 
involved in inflammation gene activation with 
IL-1 or TNF-a in human monocytes (Seki and 
Schnabl, 2012). However, inhibition of NF-κB 
can reduce the viability of hepatocytes besides 
beneficial results (Luedde and Schwabe, 2012). 

Xu et al. (2011), in his animal model 
research, suggested administration of probiotic 
as a safe and cheap therapy for nonalcoholic 
fatty liver disease because oral probiotic 
supplementation has been proven to decrease 
liver fat accumulation. 

This study has limitations because mice 
were used, although mice share many 
similarities with humans in the immunologic 
aspect (Mestas and Hughes, 2004) and need 
pathogen as an inflammation inducer. Further 
studies are needed to describe the probiotic 
mechanism in the immunological aspect. 

 
4. Conclusions  

Administration of probiotic influences the 
innate immune response in the liver with 
increasing Kupffer cells and number of Kupffer 
cells that express NF-κB p105 in mice. 
However, no influence was observed in the 

number of Kupffer cells that express NF-κB p65 
in mice.  
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