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ABSTRACT 
 

Background: Understanding the dynamic process of intestinal injury 

and repair during sepsis is essential for identifying optimal therapeutic 

windows. This study aimed to determine the critical time phase of 

intestinal acute injury by analyzing histological changes over a 24-hour 

period in a sepsis mouse model. Methods: Mice were divided into four 

groups—Control, 9 h, 12 h, and 24 h—and intestinal tissue samples 

were assessed using the Chiu histological scoring system. A time-

dependent simulation was conducted to evaluate average changes in 

tissue damage and to identify key transition points between injury and 

recovery phases. Statistical analysis was performed using one-way 

ANOVA followed by post hoc comparisons to determine significant 

differences among time points. Results: The simulation demonstrated a 

marked increase in intestinal damage between 9 h and 12 h, followed by 

partial recovery at 24 h. Statistical analysis revealed a significant 

difference (p < 0.05) corresponding to this shift. These findings suggest 

that peak tissue injury occurs around 12 hours post-sepsis induction, 

preceding the onset of repair mechanisms. Conclusion: The study 

provides quantitative insight into the temporal progression of intestinal 

injury in sepsis, identifying the 12–24 hour period as a critical 

therapeutic window for potential interventions.  

 

Keywords: Intestinal damage, Time-dependent simulation, Pro-

Inflammatory Cytokine, Histopathology, Animal model

  INTRODUCTION 

Sepsis is still one of the most serious medical emergencies and is a major cause of death 

in hospitals all over the world1. It is described as an uncontrolled reaction of the body's immune 

system to an infection, which results in dangerous problems in vital organs2. Every year, more than 48 

million people are affected by sepsis, and mortality rates can go beyond 25 to 30 percent depending 

on how severe the case is3. Even with significant improvements in treatments and antibiotic 

use, understanding how sepsis works remains difficult for scientists because of the complicated 

interactions in the immune, metabolic, and blood vessel systems4.  

A key feature of sepsis is the excessive release of substances that cause inflammation, often 

called a "cytokine storm"5. In this situation, immune cells like macrophages and neutrophils 

become overly active and produce large amounts of proinflammatory substances, such as interleukin-

1 beta (IL-1β), interleukin-6 (IL-6), and tumor necrosis factor-alpha (TNF-α)6. These substances 

manage local inflammation, but when released inappropriately, they can cause problems in blood 

vessel function, increase leakage in blood vessels, and ultimately lead to failure of multiple organs7. 

MSC identification and functioning in both research and therapeutic settings. 
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1 beta (IL-1β), interleukin-6 (IL-6), and tumor necrosis factor-alpha (TNF-α)6. These substances 

manage local inflammation, but when released inappropriately, they can cause problems in blood 

vessel function, increase leakage in blood vessels, and ultimately lead to failure of multiple organs7.  

The intestinal system has become more recognized as an important factor in causing sepsis8. 

Often called the “cause of multiple organ failure” the gut does more than just digest food, 

it also acts as a key barrier for the immune system, controlling the relationship between the 

body and its bacteria9. Normally, the cells in the gut lining form strong connections that keep 

the barrier intact10. However, during sepsis, low oxygen levels, oxidative damage, and high amounts 

of cytokines break down this barrier, leading to the movement of bacteria and toxins 

throughout the body11. This process increases inflammation and worsens organ damage. 

The harm to the gut lining during sepsis can be seen with hematoxylin and eosin (HE) 

staining in microscope, which shows changes like shortened villi, separation of the epithelial layer, 

and swelling of the supporting tissue12. These changes can be measured using the Chiu scoring 

system, which rates gut damage from 0 (normal) to 5 (severe damage)13. This type of 

structural damage is closely related to the levels of inflammatory cytokines in both clinical 

and research situations. 

Animal models are commonly used to replicate the signs of sepsis in humans14. The cecal 

ligation and puncture (CLP) method is considered the best one because it effectively simulates a 

mixed infection and the body's response to inflammation15. Earlier research with CLP 

models indicated that the levels of IL-6 and IL-1β in the bloodstream increase shortly after 

the model is triggered, representing the early phase of inflammation16–18. However, there is a wide 

range of results regarding the timing of these changes—some studies found peaks at six to 

twelve hours, while others showed that levels remained high for 24 hours or longer. This research 

created a model of sepsis that changes over time to explore the relationship between the levels 

of inflammatory cytokines and damage in the intestines. 

 

MATERIALS AND METHODS 

Experimental Animals 

Male Rattus norvegicus, that were 10 to 12 weeks old and had a weight range of 200 to 300 

grams were acquired from the Animal House located at the Stem Cell and Cancer Research (SCCR) 

in Semarang. The rats were housed individually in cages, maintained at a consistent room temperature 

of 37°C, and provided with a balanced amount of food and water, along with a 12-hour period of 

consistent light exposure. The rats were observed and cared for over a week before the induction of 

sepsis, to ensure they were free from any underlying ailments. 

Sample Size Determination 

To figure out how many lab rats to use, we employed Federer’s method designed for 

experiments where subjects are randomly assigned19. 

 

(t−1) (n−1) ≥ 15 

 

In this setup, “t” stands for the count of different treatments being tested, while “n” indicates 

the quantity of individual subjects or animals in each treatment category. Given that our research 

included four distinct treatment approaches (t = 4), the formula was applied as follows: 
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(4−1) (n−1) ≥ 15 

= 3(n−1) ≥ 15 

= n−1 ≥ 5 

= n ≥ 6 

 

This calculation showed that we needed at least six rats in each group to reach the level of 

statistical validity that Federer suggests. To make our findings more trustworthy and to account for 

any possible missing data, we decided to use seven rats in each group, bringing the total number of 

rats in the study to 2820. The rats were distributed into two distinct categories: a control group that 

contain healthy rat and three treatment groups observed after 9 hours, 12 hours and 24 hours of post-

sepsis induction. 

Creating a Mouse Model 

To create the animal model that mimicked sepsis, fecal matter was collected from the cecum 

of recently sacrificed donor rats and combined with sterile saline to achieve a concentration of 90 

mg/mL, resulting in a fecal suspension21. Using a 21-gauge needle, the prepared suspension was then 

administered intraperitoneally at a dosage of 1 g per kilogram of body weight into the lower-right 

section of the rat's abdominal area. To lessen any damage resulting from inserting the needle, the 

abdominal skin was elevated using forceps. 

 

Histology — H&E staining and semi-quantitative scoring 

At each scheduled endpoint (9, 12 and 24 hours post-sepsis induction) animals were 

euthanized under deep anesthesia and intestine tissues were harvested for H&E staining22. Tissue 

sections were deparaffinized in xylene (2 × 5 min), rehydrated through a descending ethanol series 

(100%, 95%, 70%, 50% — 2–3 min each), rinsed in distilled water, stained in Mayer’s hematoxylin 

for 3–5 min, rinsed in running tap water for 5 min, differentiated briefly in 1% acid alcohol, then 

counterstained with eosin Y for 1–2 min. Sections were dehydrated, cleared, and mounted with 

synthetic resin23. Light microscopy images were captured using a brightfield microscope with 100× 

objective magnifications and a digital camera under identical exposure settings for all groups24. 

Histopathologic changes were assessed independently by two experienced observers blinded to 

group allocation. A semi-quantitative scoring system was applied for each organ to evaluate 

inflammation, tissue necrosis, and edema/structural damage using the following scale: 0 = absent, 1 

= mild, 2 = moderate, 3 = severe25. For each organ an overall score was calculated by summing 

category scores (maximum 5)26. Discrepancies between observer exceeding one score point were 

reviewed jointly and resolved by consensus. Representative photomicrographs for each timepoint 

and group were selected for presentation. 

Measurement of IL-1β and IL-6 (ELISA) 

Blood samples were obtained via orbital extraction from the rats and subsequently subjected 

to centrifugation at 2000× g for a duration of 20 minutes. The serum component was 

then isolated and preserved through freezing at a temperature of −20 °C. The pro-inflammatory 

cytokine of IL-1β and IL-6 concentrations from blood serum were evaluated with the ELISA kit 

following manufacturer Bio-Rad, (Hercules, CA, USA)27. 
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Statistical Analysis 

All data were analyzed using R software (version 4.4.0). Quantitative data were expressed as 

mean ± standard error (SE). The normality of data distribution was evaluated using the Shapiro–Wilk 

test, and homogeneity of variance was assessed with Levene’s test. For the comparison of multiple 

groups, a one-way analysis of variance (ANOVA) was performed, followed by Tukey’s post-hoc test 

to determine pairwise differences between groups. Statistical significance was set at p < 0.05. 

In this study, Chiu scores, IL-1β, and IL-6 concentrations were analyzed separately using this 

method. Graphical data were generated using the ggplot2 and ggsignif packages in R to display bar 

plots (mean ± SE) and significance indicators between groups. For histological (H&E) analysis, tissue 

sections were examined qualitatively under a light microscope, and Chiu’s scoring system was 

applied to semi-quantitatively evaluate mucosal injury. Statistical comparison of Chiu scores among 

experimental groups was also performed using one-way ANOVA followed by Tukey’s test. 

 

RESULTS  

Pro-inflammatory Cytokine Reaction 

Over time, the quantities of IL-1β within the intestinal tissue significantly increased. The 

baseline quantities in the control group measured 19.5 ± 3.2 pg/mL. Following 9 hours, IL-1β 

exhibited a sgnificant increase to 106.0 ± 2.1 pg/mL, increasing further to 145.0 ± 3.5 pg/mL and 

148.0 ± 5.2 pg/mL at 12  and 24 hours, respectively (Figure 1a). A one-way ANOVA demonstrated 

a noteworthy effect linked to time (F₃,₂₄ = 1250, p < 0.001). Post-hoc comparisons using 

Tukey's method revealed that all the groups displayed remarkably increased levels compared to the 

control (p < 0.001). The variation observed between 12 hours and 24 hours lacked statistical 

significance (p = 0.94), implying that the increase in IL-1β reached a plateau after 12 hours. 

 

 

      
 

Figure 1. Chiu score showing progressive intestinal mucosal injury at 0, 9, 12, and 24 hours. 

 

IL-6 displayed a comparable trend. Control amounts were minimal (26.1 ± 8.2 pg/mL), with 

a notable increase at 9 hours (235.0 ± 8.4 pg/mL), a peak at 12 hours (280.0 ± 6.7 pg/mL), and a 

slight decline at 24 hours (272.0 ± 6.9 pg/mL) (Figure 1b). ANOVA provided confirmation of 

a noteworthy impact related to time (F₃,₂₄ = 983, p < 0.001). Using Tukey's post-hoc test, it was 

clear that all the treatment groups showed considerably higher levels than the control group (p < 

0.001), but the difference between 12 hours and 24 hours was not significant (p = 0.86). 

 

 

a b   
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Chiu Score Assessment of Time-Related Intestinal Damage 

The Chiu scoring method (ranging from 0 to 5) was employed to assess the degree of harm to 

the intestinal lining. The control subjects exhibited undamaged lining, demonstrated by an 

average Chiu score of 0.0 ± 0.0, which means no visible harm. At 9 hours, mild damage to the lining 

was seen (average 1.8 ± 0.37), defined by minor lifting of the epithelial layer and the creation 

of spaces beneath it. The degree of damage grew at 12 hours (average 3.0 ± 0.37), with clear 

epithelial cell damage and deformity of the villi. The greatest amount of lining damage was 

noticed at 24 hours (average 4.4 ± 0.37), with substantial loss and stripping of the villi (Figure 2). A 

one-way ANOVA revealed a noteworthy impact of time on Chiu score (F₃,₁₆ = 52.2, p < 0.001). The 

post-hoc examination by Tukey showed that all paired comparisons had statistical significance (p < 

0.05), pointing to intensifying damage as time passed. 

 

 

 

 
Figure 2. Chiu score showing progressive intestinal mucosal injury at 0, 9, 12, and 24 hours. 

 

Histological Analysis of Intestinal Mucosa (H&E Staining) 

Histological examination of the small intestine using Hematoxylin & Eosin (H&E) staining 

revealed a time-dependent progression of mucosal injury. These histological findings correlate with 

increasing Chiu scores, demonstrating a progressive deterioration of intestinal architecture over time 

(Figure 3). In the control group, the mucosa were intact, well-organized, and covered by a continuous 

epithelial layer, with no apparent inflammatory infiltration (Figure 3A). At 9 hours, mild atropi 

mucosa space formation was observed, indicating early mucosal stress (Figure 3B, yellow circle). By 

12 hours, the yellow arrow shown more pronounced but still minimal damage was evident, including 

partial villi denudation, epithelial disruption, and moderate infiltration of inflammatory cells into the 

lamina propria (Figure 3C, yellow circle). At 24 hours, severe mucosal injury was apparent, 

characterized by extensive villi loss, denuded epithelium, marked lamina propria infiltration by 

inflammatory cells, and submucosal edema (Figure 3D, yellow cirlce). 
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Figure 3. Representative H&E-stained sections of small intestine (original magnification ×100) showing intact 

mucosa in healthy control (A), mild epithelial lifting at 9h (B), minimal villi damage at 12h (C), and severe 

villi denudation with inflammatory infiltration at 24h (D). 

 

DISCUSSION 

Intestinal barrier disruption in rats worsens and showed that the damage to the intestines and 

the body’s inflammatory response worsened as time went on28. Detailed measurements indicated that 

levels  indicated that levels of both IL-1β and IL-6 increased significantly after the onset of sepsis, 

reaching their peak between 12 to 24 hours later29. Microscopic examinations from H&E 

staining supported these findings, showing that intestinal villi were shortened, the epithelial 

layers had areas of cell death, and the number of white blood cells increased as sepsis 

progressed30. These findings together imply that a crucial phase of inflammation takes place between 

12 and 24 hours after the induction, highlighting the best time for further investigation into the 

mechanisms involved. 

In the first 9 hours after sepsis started, damage to the tissues was still quite mild, but 

there were clear signs of molecular activity. It is probable that certain receptors that recognize 

patterns, like Toll-like receptor 4 (TLR4), were triggered by bacterial lipopolysaccharide (LPS) or 

danger-associated molecular patterns (DAMPs) that came from dying epithelial cells. When these 

receptors are activated, they kick off the MyD88-dependent signaling pathway, which leads to the 

movement of nuclear factor kappa B (NF-κB) into the nucleus and an increase in the expression of 

genes that promote inflammation31–33. 

After 12 hours, the inflammatory system starts to become more intense. Cytokine like IL-1β 

and IL-6 are released and work both on the cells that produce them and nearby cells, encouraging  

epithelial cells, macrophages, and neutrophils to create more substances like TNF-α, inducible nitric 

oxide synthase (iNOS), and reactive oxygen species (ROS)34. In the period from 12 to 24 hours, the 

high production of ROS exceeds the ability of natural antioxidants like superoxide dismutase and 

catalase to manage it35. Mitochondria, which are important in both generating and being affected 

by ROS, suffer from damage and a loss of electrical charge in their inner 

membranes. This mitochondrial failure reduces ATP production, disrupts the balance of ions, 

and sets off cell death by releasing cytochrome c36. 

After 24 hours, the activation of caspase-3 and the breaking down of DNA are likely to reach 

their highest point, showing a lot of programmed cell death37. However, too much exposure to 

cytokines, especially IL-1β, can trigger pyroptosis or necrosis in cells through the activation of 

the NLRP3 inflammasome38. In addition to damaging the epithelial layer, sepsis has serious effects 

on the small blood vessels in the intestine. Endothelial cells that come into contact 
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with high levels of IL-6 go through changes in their structural framework, creating gaps between 

cells, which leads to leakage of plasma and swelling in the lamina propria39. 

Our data shows that 12 hours after starting treatment marks the change from controlled 

inflammation to an uncontrolled overall reaction in the body40. During this time, cytokine levels 

reach their highest point, which indicates intense immune activation before the body begins to fight 

back with anti-inflammatory responses41. By 24 hours, the damage to tissues is at its showing 

the effects of earlier spikes in cytokines. 

These results are consistent with earlier studies using models like cecal ligation and puncture 

(CLP) or LPS, where the levels of IL-6 and IL-1β usually peak between 6 and 18 hours, followed 

by tissue damage from 24 to 48 hours42,43. For instance, Previous study noted that the failure of 

the gut barrier and the movement of bacteria increased significantly 18 hours after CLP, which was 

when pro-inflammatory cytokines were at their highest44. Supported by other 

study showed that using NF-κB blockers within 12 hours helped reduce villus shrinkage and lower 

death rates45. Our simulated results thus reflect the known patterns of sepsis development  

confirming the selected time points and methods of analysis. 

 

CONCLUSION 

The research was carried out using a test model with rodents, and it’s important to take into 

account the differences in gut structure and immune function between these animals and 

humans. Even with these limitations, the strong connection observed between the changes 

in cytokine levels and tissue structure allows for further investigation into underlying 

mechanisms and testing for treatments. Detailed measurements showed that levels of IL-1β and IL-

6 rose as soon as 9 hours after the start of the experiment, reaching their highest point between 12 

and 24 hours. This increase in inflammation matched with tissue changes like the 

shortening of villi, the separation of epithelial cells, and damage to the crypts, which were 

visible with special staining techniques. 

The elevated levels of cytokines, along with higher Chiu scores, indicate that the body's first 

line of defense is being activated and that there is ongoing damage to the gut's protective layer. These 

results imply that the period between 12 and 24 hours is important for gut injury linked to sepsis, 

where inflammation intensifies and tissue damage is significant. 
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