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 Sepsis is a life-threatening organ dysfunction caused by a dysregulated 

host response to infection. Andrographis paniculata (AGP) was anti-

inflammatory by inhibiting nuclear factor-kappa B (NF-κB), a family of 

transcription factors that plays a central role in the inducible nitric oxide 

synthase (iNOS) expression. To prove the effect of AGP on NF-κB p65 

and iNOS expression in lipopolysaccharide-induced liver injury in a rat 

model of sepsis. Immunohistochemistry (IHC) was performed on 30 

liver paraffin blocks from 5 groups of male Wistar rats: K1: healthy 

control; K2: negative control; P1, P2, and P: rats had given AGP doses 

of 200, 400, and 500 mg/kg BW/day for 14 days. The mean NF-κB p65 

and iNOS expression scores in the K1: 3.83±0.408 and 2.83±0.753; K2: 

4.00±0.000 and 3.67±0.516; P1: 3.50±0.837 and 3.50±0.837; P2: 

3.83±0.408 and 3.83±0.408; P3: 3.83±0.408 and 3.67±0.516. AGP doses 

of 200, 400, and 500 mg/kg BW/day did not affect NF-κB p65 and iNOS 

expression in lipopolysaccharide-induced liver injury in a rat model of 

sepsis. The NF-κB p65 and iNOS expression had a significant 

correlation (p<0.05) with a coefficient value of 0.514 (moderate). AGP 

extract prevents the accumulation of lipids that lead to liver necrosis. 

NF-κB p65 expression had a significant correlation with iNOS 

expression (p<0.05). 

 

 

 

   

 

This work is licensed under a Creative Commons Attribution Non-Commercial 4.0 

International License. 

 

 

1. Introduction 

Sepsis is a life-threatening organ dysfunction caused by a dysregulated host response to infection [1], [2]. 

Excessive production of response immune leads to widespread tissue damage resulting in multi-organ 

failure and death [3]. The high incidence, mortality, and health costs required to treat a patient with sepsis 

are a problem in almost every country [1]. 
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Lipopolysaccharides (LPS) are the major outer surface membrane components present in almost all Gram-

negative bacteria, [4- 6] trigger the activation of the immune system, [7- 9] activated inducible nitric oxide 

synthase (iNOS) gene through Nuclear factor-kappa B (NF-κB) pathway, [10] and increased tumor necrosis 

factor (TNF)-α, interleukin (IL)-1β, IL-6, reactive oxygen species (ROS), and nitric oxide (NO) [11]. The 

over-reactive immune response to an infection could lead to sepsis [12], [13]. 

 

The NF-κB consists of a family of transcription factors that play critical roles in immune response and 

inflammation [14]. In mammals, the NF-κB/Rel family consists of five members: p65 (RelA), RelB, c-Rel 

(Rel), p50/p105 (NF-κB1), and p52/p100 (NF-κB2) [14- 16]. NF-κB regulates both innate and adaptive host 

immune responses to infectious pathogens [17]. Many cellular processes are regulated through the NF-κB 

signaling pathway, dysregulation of the NF-κB pathway results in severe disease [18]. Hypothermia is a 

significant sign of sepsis, which is associated with a poor prognosis. The iNOS expression is an 

inflammatory mediator that plays a role in sepsis. Whether there is a decrease in iNOS expression resulting 

in a decrease in NO production, inflammation can be prevented. Liver dysfunction is common in early 

sepsis, and is not always accompanied by. The liver is the largest gland in the human body and plays a 

central role in metabolic homeostasis and immunological [19]. 

 

Various attempts have been made to prevent infection leading to sepsis. The potential of AGP in alleviating 

sepsis complications derived from liver injury has been commonly related to their remedial actions as 

hepatoprotective, [20- 22] immunomodulator, [23- 27] antioxidant, [28], [29] anti-hyperlipidemia. [30- 33] 

anti-microbial, [34- 36] and anti-inflammatory [9], [37], [38] agents. 

 

2. Material and methods 

 

2.1 Chemicals and Reagents 

AGP was probed into wistar rats in the form of a gel: AGP 2 g dissolved in 100 mL of 1% Na-CMC 

solution (P1 group); AGP 4 g dissolved in 100 mL of 1% Na-CMC solution (P2 group) and AGP 5 g 

dissolved in 100 mL of 1% Na-CMC solution (P3 group) 

 

NF-κB p65 expression could be detected using the primary antibody NF-B p65/RelA antibody (A19653) 

ABclonal with 1:1200 dilution and iNOS expression could be detected using the primary antibody iNOS 

Rabbit pAb (A0312) ABclonal with 1:1000 dilution in liver tissue. Immunohistochemistry (IHC) staining of 

both NF-κB and iNOS expression used secondary antibody produced by BioCare Medical (Pacheco, CA, 

United States). 

 

2.2 Experimental Animals 

This research used male; 2-3 months age, 150-200 grams bodyweight of white rats Rattus novergicus strain 

Wistar. Wistar rats are available and kept with controlled environmental conditions at a temperature of 

28±2˚C, relative humidity of 30-70%, and with 12h light/12h dark cycle. The animals were acclimatized to 

laboratory conditions for 7 days prior to the initiation of the experiment. Approval from the Research Ethics 

Commission of the Faculty of Medicine, Diponegoro University, and Semarang No. 130/EC/H/FK-

UNDIP/XI/2021 was obtained prior to the experiments. 

 

2.3 Experimental Designing and Grouping 

After the acclimatization to the housing conditions, the animals were randomized into five groups with 6 

animals each: K1= healthy control group administrated with NaCl 0.9% into the peritoneum (i.p); K2 = 

negative control group without given AGP prior to LPS-induced dose 5 mg/kg BW/i.p; P1, P2, and P3 
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groups as treatment groups which were given AGP doses 200 mg/kg BW/day, 400 mg/kg BW/day and 500 

mg/kg WB/day prior to LPS-induced dose 5 mg/kg BW/i.p. 

 

2.4 IHC Staining 

The thin slices of liver tissue were placed on a glass slide that had been coated (poly-L-lysine incubated at 

37ºC overnight), IHC staining of both NF-κB p65 and iNOS expression was performed using the 

Steptavidin-biotin method: xylol deparaffinization (4x5 mins), absolute ethanol, ethanol 96%, ethanol 70% 

rehydration (5 mins each), distilled water (5 mins), running water, distilled water (5 mins), phosphate 

buffered saline (PBS) (2x5 mins), antigen retrieval was performed in a microwave oven with Tris EDTA 

pH 9 at a temperature of 90ºC (3 mins) then continued at low temperature (10 mins), PBS (2x5 mins), 3% 

endogenous methanol peroxidase H2O2 (20 mins), running water, blocking serum (10 mins), drained, 

primary antibody, incubated at 4ºC (18 hours), PBS (2x5 mins), biotin (15 mins), PBS (2x5 mins), 

streptavidin (10 mins), PBS (2x5 mins), peroxidase enzyme substrate: DAB (3-5 mins), running water (10 

mins), hematoxylin (4 mins), running water (10 mins). The final stage of the preparation was then dried at 

room temperature and then mounted using entellan and covered with a cover glass. 

 

2.5 Assessment Criteria 

The staining was assessed in terms of the proportion and intensity of cytoplasmic staining. The proportion 

(P) of staining in the liver tissue sections is generally assessed as follows: [39], [40] No staining (0); 

staining <25% (+1); staining 25-50% (+2); staining 50-75% (+3); and staining >75% (+4). 

 

The intensity (I) of staining reflects the intensity of cell chromogen staining which shows cytoplasmic 

staining in the tissue section with a score of 0 meaning no intensity, +1 weak intensity, +2 moderate 

intensity, and +3 strong intensity [39], [40]. 

 

The immunoreactive score is the value of the proportion (P) multiplied by the intensity (I) and the results 

are classified as follows: [39], [40] 

 

0  = score 0 (Negative) 

1 – 3 = score 1 (weak immunoreactivity) 

4 – 6  = score 2 (moderate immunoreactivity) 

7 – 9  = score 3 (strong immunoreactivity) 

10 – 12  = score 4 (very strong immunoreactivity) 

 

3. FINDINGS AND DISCUSSION 

Observation of both NF-κB p65 and iNOS expression in the liver is carried out after the experimental rats 

are given treatment according to the group, termination and removal of liver organs as well as tissue 

processing and IHC staining are carried out. Immunoreactive cells are counted under a microscope 400x, 

the average cells stained at 5 places are counted. The expression of NF-κB p65 and iNOS is observed as a 

brown color, and the immunoreactive score (proportion x intensity) is an indicator of increased expression 

observed by 2 expert observers. 

 

3.1 NF-κB p65 Expression 
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Figure 1. IHC staining results of NF-κB p65 expression in the liver. 

 

The proportion of NF-κB p65 expression (stained in brown) is almost uniform in all groups. LPS causes 

fatty degeneration and liver necrosis in group K2. AGP treatment groups (P1, P2, P3) do not show fatty 

degeneration and necrosis cell. Observations view microscopic at 400x by 2 pathologists. The level of the 

immunoreactivity score is based on the multiplication between the score of the proportion of cells and the 

intensity of the stained cells. The arrows indicate the cell intensity: blue (weak), purple (moderate), and red 

(strong); a (fatty degeneration); b (necrosis). 

 

The mean immunoreactive of NF-κB p65 expression shows no statistically significant difference between 

the healthy control groups (K1) with the negative control group (K2) (sig. 0.317). The significant 

differences between the K1 and K2 groups are obtained from the microscopic view (figure 1). The healthy 

control group had a high mean immunoreactivity score, roughly 90% of cells showing moderate/strong 

intensity of NF-κB p65 expression. Liver tissue in the negative control group shows fatty degeneration and 

necrosis cell, roughly 85% of the cells show a strong intensity of NF-κB p65 expression. Approximately 

88% of cells show weak/moderate/strong intensity of NF-B p65 expression in the P1 group. Approximately 

90% of cells show moderate/strong intensity of NF-κB p65 expression in the P2 group. Approximately 91% 

of cells show moderate/strong intensity of NF-κB p65 expression in the P3 group. 
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Table 1. Shapiro-Wilk Test Normality for NF-κB p65 Ekspression 

Groups NF-κB p65 

Mean±SD 

Median 

(min-maks) 

Normality p 

K1 

K2 

P1 
P2 

P3 

3.83±0.408 

4.00±0.000 

3.50±0.837 
3.83±0.408 

3.83±0.408 

4.00 (3.00-4.00) 

4.00 (4.00-4.00) 

4.00 (2.00-4.00) 
4.00 (3.00-4.00) 

4.00 (3.00-4.00) 

0.000* 

0.006* 

0.000* 
0.000* 

0.000* 

0.635K 

*abnormal distribution (p<0.05); K (Krusskall Wallis) 

 

Table 1 shows that the mean immunoreactive score of NF-κB p65 expression in the healthy control group 

(K1) was 3.83; the negative control group (K2) is 4.00; the group giving AGP extract dose of 200 mg/kg 

BW/day (P1) is 3.50; the dose of 400 mg/kg BW/day (P2) is 3.83; and the dose of 500 mg/kg BW/day (P3) 

is 3.83. The mean immunoreactive score of NF-κB p65 expression in the K2 group shows no significant 

increase compared to the K1 group. Significant differences between the K1 and K2 groups are obtained 

from the microscopic images. 

 

The Shapiro-Wilk normality test has obtained a significance value of p<0.05 (not normally distributed). The 

Mann-Whitney statistical test between the healthy control group (K1) and the negative control group (K2) 

launch that the difference in liver NF-κB p65 expression is not significant (sig 0.317). Krustal-Walls 

statistical test launch that the difference in liver NF-κB p65 expression is not significant between two or 

more groups (sig 0.635), and the Mann-Whitney statistical test between the control group K2 and the 

treatment groups (P1, P2, and P3) have not performed in this study. 

 

3.2 iNOS Expression 

The mean immunoreactive iNOS expression shows no statistically significant difference between the 

healthy control group (K1) and with negative control group (K2) (sig. 0.057). The significant differences 

between the K1 and K2 groups are obtained from the microscopic view (figure 2). The healthy control 

group has a high mean immunoreactivity score, roughly 79% of cells show moderate/strong intensity of 

iNOS expression. Liver tissue in the negative control group shows fatty degeneration and necrosis cell, 

roughly 84% of the cells show a strong intensity of iNOS expression. Approximately 90% of cells show 

weak/moderate/strong intensity of iNOS expression in the P1 group. Approximately 93% of cells show 

moderate/strong intensity of iNOS expression in the P2 group. Approximately 95% of cells show 

moderate/strong intensity of iNOS in expression in the P3 group. 
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Figure 2. IHC staining results of iNOS expression in the liver. 

 

The proportion of iNOS expression (stained in brown) is almost uniform in all groups. LPS-induced causes 

fatty degeneration and liver necrosis in the K2 group. AGP treatment groups (P1, P2, P3) do not show fatty 

degeneration and necrosis cell. Observations view microscopic at 400x by 2 pathologists. The level of the 

immunoreactivity score is based on the multiplication between the score of the proportion of cells and the 

intensity of the stained cells. The arrows indicate the cell intensity: blue (weak), purple (moderate), and red 

(strong); a (fatty degeneration); b (necrosis). 

 

Table 2 shows that the mean immunoreactive score of iNOS expression in the healthy control group (K1) is 

2.83; the negative control group (K2) is 3.67; the group giving AGP extract dose of 200 mg/kg BW/day 

(P1) is 3.50; the dose of 400 mg/kg BW/day (P2) is 3.83; and the dose of 500 mg/kg BW/day (P3) is 3.67. 

The mean immunoreactive score of iNOS expression in the K2 group showes no significant increase 

compared to the K1 group. Significant differences between the K1 and K2 groups are obtained from the 

microscopic images. 

 

Table 2. Shapiro-Wilk Test Normality for iNOS Ekspression 

  Groups iNOS 

Mean±SD 

Median  

(min-maks) 

Normality p 

K1 
K2 

P1 

P2 

P3 

2.83±0.753 
3.67±0.516 

3.50±0.837 

3.83±0.408 

3.67±0.516 

3.00 (2.00-4.00) 
4.00 (3.00-4.00) 

4.00 (2.00-4.00) 

4.00 (3.00-4.00) 

4.00 (3.00-4.00) 

0.212* 
0.001* 

0.006* 

0.000* 

0.001* 

0,121K 

*abnormal distribution (p<0.05); K (Krusskall Wallis) 

 

The Shapiro-Wilk normality test has obtained a significance value of p<0.05 (not normally distributed). The 

Mann-Whitney statistical test between the healthy control group (K1) and the negative control group (K2) 

launch that the difference in liver iNOS expression is not significant (sig 0.317). Krustal-Walls statistical 

test launch that the difference in liver iNOS expression is not significant between two or more groups (sig 
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0.635), and the Mann-Whitney statistical test between the control group K2 and the treatment group (P1, 

P2, and P3) are not performed in this study. 

 

3.3 Correlation between NF-κB p65 and iNOS 

The mean of NF-κB p65 expression is to be higher than the mean of iNOS expression in the liver of the K1 

group, similarly well as K2 and P3 groups. The mean of NF-κB p65 expression is the same as the mean of 

iNOS expression in the P1 and P2 groups. The both NF-κB p65 and iNOS expression have almost the same 

pattern. The decrease of NF-B p65 expression is followed by decreased in iNOS expression in the P1 group 

and the increase of NF-B p65 expression is followed by increase of iNOS expression in the P2 group. 

 

Table 3. Correlation Kendall-Tou Statistic Test 

  iNOS expression 

NF-κB p65 expression 

r 0,514* 

p 0,004* 

n 30 

r = rank correlation coefficient 

p = value of significance 

* = significant (p<0,05) 

n = number of samples 

 

According to the Kendall-Tou correlation test in Table 3, both NF-κB p65 and iNOS expression have a 

significant correlation (p<0.05) with a coefficient value of 0.514 (medium) and a positive correlation 

direction (in the same direction). 

 

4. Discussion 

The cause of the increase in both NF-κB p65 and iNOS expression in healthy control group rats liver in this 

study is not known with certainty. The difference in the NF-B p65 and iNOS expression in all groups are 

not significant and the correlation between the NF-κB p65 and iNOS expression do not get the maximum 

results. Perhaps NF-κB p65 in Wistar rats used in this study is activated by a condition still have not yet 

known experimentally, furthermore, the healthy control group should be negative or weak but both NF-κB 

p65 and iNOS expression show a very strong immunoreactive score. The all rats group receive different 

treatments except in terms of food and the environment in this research. The dietary factors and/or stress are 

perhaps the main causes of increased NF-κB p65 and iNOS expression in Wistar rats are use in this study, 

visually is not visible, but molecularly affected. Only two of the six Wistar rats in the healthy control group 

show moderate immunoreactivity scores. 

 

Wistar rats are available and kept in the PAU animal laboratory (Gajah Mada University Yogyakarta, 

Indonesia), and they are fed a standard COMFEED AD II diet containing 12% water content, 7% ash, 15% 

crude protein, 6% crude fiber, 3-7% crude fat. 0.9-1.1% calcium, 0.6-0.9% phosphorus, total aflatoxin 50 

g/kg, amino acids (lysine, methionine, cystine, tryptophan, threonine) 1.59%, carbohydrates and other 

supplements (sodium bicarbonate, vitamins, and minerals) are added in the feed, the percentage is not 

stated. The impact of the composition and supplementation of ad libitum Wistar rat diet on the expression 

of NF-κB p65 and liver iNOS is not known with certainty. 

 

The liver plays a central role in produce energy and fat metabolism in the body, [41], [42], and NF-κB NF-

B is a family of transcription factors that play a role in cellular responses to stimuli, and are activated by 

various regulations. NF-κB signaling is critical in a variety of complexly coordination of biological 

processes [43]. NF-κB activation is triggered not only by infection but also by other signals such as 
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hypoxia, DNA damage, oxidative stress, endoplasmic reticulum stress, and perhaps the condition represents 

a threatening situation (including the sunlight) [43], [44]. NF-κB activation can also be influenced by 

dietary factors. NF-κB is perhaps activated during both overnutrition and undernutrition [45]. Nutrient plays 

an important role in the maintenance of normal physiological conditions in the body [46]. Food components 

such as lipids had been reported to increase of NF-B p65 activation and induce lipogenesis in the liver [47], 

[48]. Previous studies have suggested that a high-cholesterol diet can lead to an overexpression of iNOS 

[49], [50]. Under high glucose conditions, NF-B is activated and rapidly translocates to the nucleus, leading 

to increased binding to the iNOS promoter and increased iNOS expression [51]. The High-carbohydrate diet 

increases NF-κB activation, [52] and the low-carbohydrate diet reduces triglycerides and increases high-

density lipoprotein (HDL) cholesterol levels [53]. Higher intakes of dietary components such as 

carbohydrates (fructose, sucrose, and glucose) promote chronic positive energy balance, furthermore 

promoting liver manifestations such as non-alcoholic fatty liver disease (NAFLD) [54], [55]. Interaction of 

liver cells and activated immune cells, such as Kupffer cells, T cells, and hepatic stellate cells, with 

inflammatory factors and TLR, [56], [57] contribute to the development of NAFLD [55]. 

 

Initiation of liver disease involve inflammation phase. This is a continuous process of destruction, and 

regeneration of liver parenchyma leading to fibrosis and cirrhosis. Under many pathological conditions, 

iNOS produces NO which is an indicator of inflammation in the liver, [58], [59] inhibits collagen and 

proteoglycan synthesis, and induces chondrocyte apoptosis and pain [60]. Increased production of NO by 

iNOS and inflammatory cytokines such as TNF-α and IL-1β occurs in the liver injury [61]. Fibrogenesis, 

inflammation, and necrosis are the major changes in the pathophysiological mechanisms of the liver that 

cause the change from liver disease to cirrhosis [62]. Failure to prevent infection leading to sepsis can result 

in several diseases including cancer. One in five cancers is the result of chronic inflammation caused by 

infection, toxins, and autoimmunity [63]. NO induced by iNOS has been recognized as a mediator and 

regulator of inflammatory reactions, can trigger harmful effects on host tissues [64]. 

 

Necrosis can be defined as cell death characterized by cell swelling and loss of plasma membrane integrity, 

[65] and fat degeneration occurs due to abnormal fat deposits in diseased cells [66]. LPS induces liver 

inflammation characterized by fat degeneration, necrosis, fibrosis, [67- 69] furthermore the eventual 

development of hepatocellular carcinoma [70]. Hepatocyte cell death is an important event in the 

development of liver disease due to inflammation leading to fibrosis [71] Apoptosis, necrosis, necroptosis, 

autophagy, pyroptosis and ferroptosis are the pathogenesis of various liver diseases [72]. The 

pathophysiology of acute liver failure is the occurrence of necrosis which causes cascade activation and the 

increasing component of oxidative stress so that hepatocyte death increases [73]. Liver dysfunction is not 

always accompanied by significant histologic changes in the liver, but liver damage usually occurs. Most of 

the patients died of sepsis, the dominant liver histopathological changes are portal/lobular inflammation, 

hepatocellular apoptosis, centrilobular necrosis, cholangitis/cholangiolitis, and steatosis at autopsy [74]. 

 

Our study is not able to prove differences in both NF-κB p65 and iNOS expression in liver tissue with given 

AGP doses of 200, 400, and 500 mg/kg BW/day compared to the control group. AGP doses of 200, 400, 

and 500 mg/kg BW/day have been shown to act as anti-inflammatory agents in the liver of a LPS-induced 

rat model of sepsis [9], [75- 77]. The treatment groups (P1, P2 and P3) have lipopolysaccharide induced but 

the liver tissue does not experience fat degeneration and necrosis because the treatment group is given AGP 

extract. Our study shows that AGP extract prevents the accumulation of liver lipids leading to necrosis in in 

LPS-induced liver injury in a rat model of sepsis. 

 

Previous research has shown that the compounds contained in AGP, andrographolite and β-sitosterol are 
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anti-inflammatory, [37], [33] and anti-cholesterol [30], [31], [33]. Andrographolite inhibits the TLR4/NF-

κB/MMP-9 signaling pathway, [78- 80]. PI3K-Akt-mTOR [81] dan Wnt/β- catenin [82] in colorectal cancer 

cells, and inhibits inflammatory and oxidative responses in the liver [83]. β-sitosterol inhibits the activation 

of the ERK/p38 and NF-κB pathways, play a role in inflammation [84- 87]. Flavonoids exhibit anti-

inflammatory properties through modulation of NF-κB activation, [88] iNOS regulation, cyclooxygenase-2 

(COX-2), [89] and decreases cell-wide production of amyloid protein (Aβ) through NF-κB associated 

mechanisms [90] Previous studies by [32] showed that AGP prevented cholesterol accumulation, 

inflammation and reduced liver damage in mice fed a high-fat, high-cholesterol diet and reduced NLRP3 

inflammasome activation and oxidative stress in the liver. 

 

5. Conclusion 

From our research, NF-κB p65 and iNOS expression no difference in liver tissue between all groups 

(p>0.05). AGP extract doses of 200, 400, and 500 mg/kg BW/day prevents the accumulation of lipids that 

lead to necrosis. NF-κB p65 expression has a significant correlation with iNOS expression (p<0.05). 

 

Limitation 

Not doing preliminary research, the effect of the COMFEED II standard and the addition of supplements on 

NFκB p65 and iNOS expression has not yet known 
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