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Aim: This study aims to explore the effect of different doses of antibiotics on rats in order to observe alterations in their fecal 
microbiota, inflammatory changes in the colonic mucosa and four types of inflammatory markers in blood serum.
Methods: Our methodology involved separating 84 female Sprague Dawley rats into groups A-G, with each group consisting of 12 
rats. We collected the rat feces for analysis, using a distinct medium for bacterial cultivation and counting colonies under a microscope. 
On the 11th and 15th days of the experiment, half of the rats from each group were euthanized and 5 mL of abdominal aortic blood and 
colon tissues were collected. Inflammations changes of colon were observed and assessed by pathological Hematoxylin Eosin (HE) 
staining. Enzyme-linked immune sorbent assay (ELISA) was adopted for detecting C-reactive protein (CRP), IL-6, IL1-β and TNF-α.
Results: Our findings revealed that the initial average weight of the rats did not differ between groups (p>0.05); but significant 
differences were observed between stool samples, water intake, food intake and weight (p=0.009, <0.001, 0.016 and 0.04, respectively) 
within two hours after the experiment. Additionally, there were notable differences among the groups in nine tested microbiota before 
and after weighting methods (all p<0.001). There were no difference in nine microbiota at day 1 (all p>0.05); at day 4 A/B (p=0.044), 
A/D (p<0.001), A/E (p=0.029); at day 8, all p<0.01, at day 11, only A/F exist significant difference (p<0.001); at day 14 only A/D has 
difference (p=0.045). Inflammation changes of colon were observed between groups A-G at days 11 and 15. Significant differences 
between all groups can be observed for CRP, IL-6, IL1-β and TNF-α (p<0.001).
Conclusion: This study suggests that antibiotics administration can disrupt the balance of bacteria in the rat gut ecosystem, resulting 
in an inflammatory response in their bloodstream and inducing inflammation changes of colon.
Keywords: antibiotics, imbalance of intestinal flora, Sprague Dawley rats, inflammatory bowel disease, IBD, colitis model

Introduction
Antibiotics first appeared in the 1940s and were regarded as a miracle of modern medicine.1 The health and life 
expectancy of humans have been improved because of antibiotics.2 After over a century, antibiotics have developed 
properties and susceptibility profiles for microorganisms. However, changes to microbial organisms and the struggle to 
fight microbiota infections with antibiotics has not stopped. The intestines are where bacterial flora, beneficial and 
pathogenic organisms, gather, and the intestinal flora is balanced in a healthy population. When using antibiotics, this 
balance is often altered, leading to intestinal diseases, such as antibiotic-associated diarrhea, inflammatory bowel disease 
(IBD),3 and pseudomembranous colitis.4 The gut microbiota is closely related to IBD;5–7 furthermore, it is associated 
with colorectal cancer.8–11 The intestine is a complex organ necessitating sophisticated and comprehensive animal 
models to study its function and associated diseases.12 The immune system within the intestine is also complex, 
comprising coordinated responses between the innate and adaptive immune systems within the intestinal mucosa.13,14 

The immune system can stimulate cellular and liquid immunity to respond to infections in the intestinal mucosa, resulting 
in acute inflammation. Further, changes in the gut microbiota cause an inflammatory response in the intestinal mucosa, 
resulting in an inflammatory response in the blood. The main lymphocytic cellular components of the adaptive immune 
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system comprise CD8+ and CD4+ T-cells. Cytotoxic CD8+ T-cells can also enhance the release of effector cytokines, 
such as tumor necrosis factor-α (TNF-α) and interleukin-6 (IL-6), which collectively promote macrophage activation and 
cell death. Other inflammatory factors and proteins also exhibit high expressions, such as interleukin-1β (IL1-β) and 
C-reactive protein (CRP).12,15 Sprague Dawley (SD) rats are easily raised and controlled because of their mild 
temperament. They have been used to establish various disease models, such as skin photoaging, glioma, pancreatico
duodenal transplantation, heart transplantation, and intestinal flora imbalance.16,17 For example, the 2,4,6-trinitrobenze
nesulfonic acid (TNBS) model was initially developed for rats, but it is now widely used in other organisms.12,18

Changes in the intestinal microbial composition can cause intestinal inflammation. Studies have shown that the 
addition of probiotic bacteria in diets causes changes in the metabolic profiles of specific bacteria, thus supporting the 
growth of carbohydrate-reducing bacteria.19,20 Because the gut microbiota is important to intestinal diseases, such as IBD 
and colorectal cancer, we aimed to study some common microbiota-related disorders using antibiotics; this is the 
highlight of the study. In this study, different doses of antibiotics (single and combination) were intragastrically 
administered to rats to show the changes in their intestinal flora and blood inflammatory responses. The target flora 
included Staphylococcus aureus, Bifidobacterium, yeast, Bacteroides, Clostridium, anaerobic bacteria, E. coli, 
Enterococcus, and Lactobacillus. We examined TNF-α, IL1-β, IL-6, and CRP since they are common inflammation 
factors expressed after immune responses.12,15 This study aims to explore the effect of different doses of antibiotics on 
rats in order to observe alterations in their fecal microbiota, inflammatory changes in the colonic mucosa and four types 
of inflammatory markers in blood serum.

Materials and Methods
Rats
From Liaoning Changsheng Biotechnology Co., Ltd. (Benxi, China) (Experimental Animal Production License No.: 
SCXK (Liao)), 84 five- to six-week-old female Sprague Dawley rats with weights ranging from 172.4 to 179.5 g were 
obtained and randomized to seven groups (each group n = 12). The animals were examined for their health within 24 
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hours of arrival and grouped before beginning the experiment. Only healthy rats were used in the study, which allowed 
them to have free access to normal rat feed (Liaoning Changsheng, CS-102) and sterile water during the experiment. All 
animals underwent quarantine and adaptation to specific pathogen-free conditions for a total of 9 days. The experimental 
environment consisted of a time cycle of 12-hour light/12-hour dark, air was exchanged ≥15 times/h, temperatures was 
kept between 20°C and 26°C, pressure gradients of ≥10 Pa, and humidity levels between 40% and 70%. All procedures 
followed the National Institutes of Health Guide for the Care and Use of Laboratory Animals (NIH Publications No. 80– 
23; 1996 version). All effort was made to minimize the number of animals used in the study.

Experimental Drugs, Reagents, and Instruments
The drugs employed comprised clindamycin hydrochloride (a 99% pure sample available from Shanghai Maclean 
Biotechnology Co., Ltd.), ampicillin (a 98% pure product from Hebei Bailingwei Superfine Material Co., Ltd.), and 
streptomycin (a ≥ 90% pure substance from Tianjin Guangxia Fine Chemicals Institute).

Rat CRP, TNF-α, IL-6 and IL1-β were procured from Bioswamp (Wuhan, China). Dichloran Rose Bengal 
Chloramphenicol (DRBC) agar, Lactobacillus selective agar and Bacteroides-Bile-Enterprise (BBE) agar were acquired 
from Qingdao Science and Technology Industrial Park Haibo Zhang Biotechnology Co., Ltd. (Qingdao, China). Mannitol 
sodium chloride agar medium, Trypticasephytone yeast extract (TPY) agar medium and Anaerobic bacteria agar were 
obtained from Beijing Luqiao Technology Co., Ltd. (Beijing, China). Eosin Methylene Blue (EMB) agar was purchased 
from Beijing Road and Bridge Technology Co., Ltd. (Beijing, China). Citrate Azide Tween&#174; Carbonate (CATC) 
agar was sourced from Qingdao High-Tech Industrial Institute Haibo Zhang Technology Co., Ltd. (Qingdao, China). 
Reinforced Clostridium Culture Medium was procured from Beijing Luqiao Rapid Co., Ltd. (Beijing, China).

An electric day constant temperature incubator was acquired from Tianjin Taisite Instrument Co., Ltd. (Tianjin City, China). 
The Lab systems Multiskan MS microplate reader was purchased from Thermo Fisher (Pittsburgh, PA, USA). A low-speed 
condensation centrifuge was procured from Shanghai Luxiangyi Centrifuge Instrument Co., Ltd. (Shanghai, China). An 
electronic balance was obtained from YuyaoJinnuoTianping Instrument Co., Ltd. (Zhejiang Sheng, China). An upright micro
scope was acquired from Japan Nikon Guangxuan Microscope Manufacturing Co., Ltd. (Tokyo, Japan).

Animal Grouping and Drug Delivery
Based on previous investigations21 and our own prior study,22 different doses of streptomycin, ampicillin and clinda
mycin dissolved in saline solution (2 mL) were administrated to a group of 12 SD rats in both an experimental and 
control setting. The doses were listed below. Group A: only saline solution (control); Group B: clindamycin at a low dose 
of 250 mg/kg (single); Group C: clindamycin at a medium dose of 500 mg/kg (single); Group D: clindamycin at a high 
dose of 750 mg/kg (single); Group E: clindamycin at a low dose of 250 mg/kg, ampicillin at a dose of 272.1 mg/kg, and 
streptomycin at a dose of 136.1 mg/kg (triple); Group F: clindamycin at a medium dose of 500 mg/kg, ampicillin at 
a dose of 563.7 mg/kg, and streptomycin at a dose of 281.8 mg/kg (triple); Group G: clindamycin at a high dose of 
750 mg/kg, ampicillin at a dosage of 835.8 mg/kg, and streptomycin at a dose of 417.9 mg/kg (triple).

The experiment consisted of two phases: the modeling period (days 1–7) and the recovery period (days 8–15). The 
administration (10 mL/kg) was carried out between 8:30 and 10:00 AM daily via stomach feeding through an oral needle 
during the modeling phase, which ceased during the recovery period.

Collected and Analyzed Indicators
On the 1st, 3rd, 5th, 7th, 9th, 11th, and 14th days within 2 hours, data of stool samples taken, water intake volume, food 
intake volume and weight were recorded. On the 1st, 4th, 8th, 11th, and 14th days, fecal microbial flora was tested in 
each rat. Lactobacillus, Enterococcus, E. coli, anaerobic bacteria, Clostridium, Bacteroides, yeast, Bifidobacterium and 
Staphylococcus aureus were examined. Five milliliters of Abdominal aortic blood of 5mL were collected from rat, 
following that (ELISA) was carried out to detected CRP, IL-6, IL1-β and TNF-α in undiluted blood serum using detecting 
kit from Shanghai Enzyme Union Biotechnology Co. Ltd.
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Experimental Protocol
In a meticulous manner, 1g of fecal matter was combined with 9 mL of tryptone soy broth to establish an appropriate 
concentration. Subsequently, 20 μL of this sample was uniformly spread onto the agar medium using a coating bar. Nine 
distinct microbial species were isolated using nine unique media. These microorganisms were then inoculated onto 
mannitol sodium chloride agar medium plates, EMB, CATC agar plates under aerobic conditions at 37°C for a duration 
of 48 hours. In addition, these organisms were cultured under anaerobic conditions at 37°C on TPY agar medium plates, 
Bacteroides-Bile-Enterprise (BBE) agar plates, reinforced Clostridium medium plates, anaerobic agar plates, and 
Lactobacillus selective agar plates for an identical period of time. The methodology employed is akin to that published 
previously.22 At 28°C in aerobic conditions, flora inoculated on DRBC agar plates were cultured for 5 days. Nine 
colonies were counted under the microscope. Colonies were enumerated using Equation 1.

Where the dilution factor was 106 (E6) as a uniform unit.
Half of the rats were dissected on the 11th day, and the other half were dissected on the 15th day after euthanization. 

The rats were anesthetized via intraperitoneal injection with 2% pentobarbital sodium (40mg/kg) and dissected via 
abdominal incisions. Five milliliters of abdominal aortic blood were collected under anesthesia to detect inflammation 
factors. TNF-α, IL-1β, IL-6, and CRP were detected in undiluted blood serum via ELISA. Under anesthesia with 2% 
pentobarbital sodium (40mg/kg), SD rats were euthanized by cutting the abdominal aorta. Animals were adjudged dead 
when no pulse was detected in the abdominal aorta and both pupils were dilated.

Tissue H&E Staining
Distilled water was added to the slices for several minutes in an aqueous solution of hematoxylin for dyeing. Color 
separation in both acid water and ammonia water for a few seconds was conducted. The slices were then rinsed with 
running water for 1 h and put in distilled water for a while. Dehydration was performed with 70% and 90% alcohol for 10 
minutes each. Alcohol and eosin staining solution were then added for 2–3 minutes for staining.

Enzyme-Linked Immune Sorbent Assay (ELISA)
We took out the whole box ELISA kit (store in 4°C refrigerator) and put it in 37 incubator for 0.5 h to normal 
temperature, adjust the rocker temperature to 31°C, (150 rpm/min); MQ H2O, sterilized were Diluted to 10 XHRP wash 
buffer to 1 X; Put wells on the 96-hole floor, 300ul/well of 1X HRP wash buffer were slowly dropped along the wall and 
slightly shocked for 5s by hands; In the blank and standard wells, 20ul Matrix solution were put in. We set blank control 
as 1 hole, standard 5.2.5,1.25,0.625,0.3125,0.15625 ng/mL as six wells; Then we added 10 ul Assay Buffer, to the 
standard wells during the blank and sample wells, added 30 ul Assay Buffer; After that we added 20 ul standard samples 
to standard wells, added 20 ul treated samples in sample wells; 50ul/well of detection antibody were added, the sticker 
were covered then the wells were gently shaken for 5 s by hand, then they were put in a flat rocker to respond for 2h, 
(31°C,150 rpm/ min); We gently removed the sticker, got rid of the wells fluid, and slapped them on a tissue, with 1 
X wash buffer washed them 3 times (300 ul each); Enzyme solution 100ul/well was mixed gently. The sticker was 
covered, and they were put on a flat rocker to respond for 30 min (31°C,150 rpm/min); The sticker was gently removed 
and we got rid of the wells fluid, Washing with 1× wash buffer 6 times were performed (300 ul each time); Substrate 
solution 100ul/well were added and mixed gently, and we covered the sticker, then we put them on a flat rocker to 
respond for 15 min (31°C,150 rpm/min); Stop solution 100ul/well were added. It is obvious that the liquid in the hole 
changed from blue to yellow. After adding, we gently shook and mixed them to make them fully responsive. We then 
read absorbance at wave length of 450 nm and 590 nm by enzyme labeling within 5 min; Blank values are 450 readings 
for blank well minus 590 readings. For the remaining wells, the reading value were 450 readings minus 590 readings and 
then minus the blank value. After making the standard curve, the formula was used to calculate the content of factors in 
the sample.
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Ethics Approval and Consent to Participate
This study follows the Basel Declaration of 2010. Most of the authors of this article have been trained in animal 
experiments and have obtained a certificate of competency. We used animals to a minimum following animal welfare 
principles without affecting the accuracy of the experiment. The commissioned experimental unit has qualifications and 
right to use animals, approved by the Institution Animal Care and Use Committee (IACUC) of Xi’an United Nations 
Quality Detection Technology CO., Ltd (no.20220722). All applicable international, national, and/or institutional guide
lines for care and use of animals were followed.

Statistical Analysis
SPSS v27 (IL, USA) was used for data analysis. ANOVA and F-test were used to measure and analyze the data between 
groups. Pairwise comparisons within groups were performed using the least significant differences (LSD) test if the 
variance was homogeneous and Dunn’s test was used for uneven variance. Gut microbial counts are logged by 10 and 
visualized using SPSS27. A log10 of 0 is defined as a missing value which were replaced by serial mean. p<0.05 was 
considered statistically significant.

Results
Comparison of General Indicators Between Groups
The SPSS software used was legitimate. The average starting weight of all rats before the experiment was 172.6 ± 2.49 g, 
and there were no significant differences among groups A–G (p> 0.05). There were significant differences in groups 
A (control) to G (treated) for weight, food intake, water intake, and stool samples 2 hours after antibiotic use on all 
involved days (1st, 3rd, 5th, 7th, 9th, 11th, and 14th days) (p= 0.04, 0.016, <0.001, and 0.009, respectively). Means and 
standard deviations are shown in Table 1 and Figure 1A–D).

Comparison of Total Microbiota Between Groups
Nine intestinal floral bacterial species (Staphylococcus aureus, Bifidobacterium, yeast, Bacteroides, Clostridium, 
Anaerobic bacteria, E. coli, Enterococcus, and Lactobacillus) were cultured using a special medium for each (shown 
in Table 2) and counted with an upright microscope (Ni-U, Japan) (Figures 2 and 3). Microbial loads for these nine 
organisms at the 1st, 4th, 8th, 11th and 14th days for each animal group were compared. The means, standard deviations, 
and 95% confidence interval (CI) of each group are as follows: (A): 1376.7 ± 3683.8(95% CI: 562.15–2191.26); (B): 
687.06 ± 1498.74 (95% CI: 355.65–1018.45); (C): 454.89 ± 2187.53 (95% CI: 548.96–2400.83); (D): 478.17 ± 1758.11 
(95% CI: 65.03–891.31); (E): 664.50 ± 1567.91(95% CI: 317.80–1011.19); (F): 403.77 ± 1171.99 (95% CI: 144.62– 
662.92); (G): 3609.76 ± 21,206.52 (95% CI: −1079.38 ± 8298.91) (CFU/g). After being performed by Log10 method, 
there were significant differences among groups A/D (p < 0.001), A/F (p < 0.001) and A/G (p = 0.013) comparing the 

Table 1 Comparison of Basic Status for Rats on All Involved Days g; X� S
� �

Weight Food Intake Water Intake Stool in 2h

A 204.02±13.5 19.02±3.63 38.86±4.73 0.96±0.48

B 203.31±17.2 19.58±2.83 49.76±11.31 2.20±1.38

C 208.09±22.15 18.93±2.75 44.40±9.24 2.23±1.09
D 188.13±24.05 15.47±5.66 41.96±18.95 2.47±1.53

E 209.00±18.58 18.80±2.11 60.33±9.02 2.82±2.01

F 210.70±19.18 20.31±3.57 52.68±10.23 3.09±1.79
G 212.12±20.31 20.66±3.13 53.47±7.84 2.33±1.55

F 2.313 2.807 6.213 3.043
P 0.04 0.016 <0.001 0.009
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total nine microbiota on all collected days, whereas there were significant differences between groups (F = 3.811, p < 
0.001). Details are shown in (Figure 4A).

The microbial loads for all nine organisms were performed by Log10 and compared among groups A–G daily, using 
before and after weighted methods and F-test. All comparisons of nine microbiota variables between groups (from A to 
G) were significantly different (p < 0.001) (Figure 4B and C).

Comparison of Microbiota by Log 10 on Different Days Between Groups
Further analysis was conducted to explore the differences in the nine microbial species existed between group 
A (Control) and groups B–G (Experiments) on days 1, 4, 8, 11 and 14 by Log10 methods. On the 1st day, there were 

Figure 1 Basic indice of the rat. (A) Error bar graph of body weight in different groups on days 1, 3, 5, 7, 9, 11, 13, 14, there is significant between groups (P = 0.04); (B) Bar 
graph of food intake of rats in different groups on days 1,3,5,7,9,11,13,14, there is significant between groups(p = 0.016); (C) Heatmap of water intake of rats in different 
group on days 1, 3, 5, 7, 9, 11, 13, 14, there is significant between groups (P < 0.001); (D) Boxplot graph of stools in different groups of rats for 2 hours on days 1, 3, 5, 7, 9, 
11, 13, 14, there is significant between groups (P = 0.009). Groups: A Control; B Low single dose; C Middle single dose; D High single dose; E Low triple dose; F Middle triple 
dose; G High triple dose.

Table 2 Culture Method for Nine Microbiota Species

Microbiota Culture Media Culture Condition

Staphylococcus aureus Mannitol sodium chloride agar medium Aerobic
Bifidobacterium TPY agar medium Anaerobic

Yeast DRBC agar Aerobic

Bacteroides Bacteroides-bile-escin agar (BBE) Anaerobic
Clostridium Reinforced cloaca culture medium Anaerobic

Anaerobic bacteria Anaerobic agar Anaerobic

E. coli Eosin blue agar medium(EMB) Aerobic
Enterococcus CATC agar Aerobic

Lactobacillus Lactic acid Bacillus selective agar Anaerobic

https://doi.org/10.2147/JIR.S447098                                                                                                                                                                                                                                    

DovePress                                                                                                                                                 

Journal of Inflammation Research 2024:17 1794

Tong et al                                                                                                                                                             Dovepress

Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com
https://www.dovepress.com


no significant differences in the microbiota composition between group A and groups B–G (all p>0.05). On the 4th day, 
there were significant differences in the microbiota composition by comparing A/B (p=0.044), A/D (p<0.001), A/E 
(p=0.029), others have no significance. On the 8th day, there were significant differences in the microbiota composition 
between group A and groups B–G (p= 0.003, <0.001, <0.001, <0.001, 0.002, and <0.001, respectively). However, on the 
11th, day there was only significant differences in the microbiota composition at A/F (p<0.001), other groups have no 
significance compared with A group (all p>0.05). Only significant difference was also observed on the 14th day at A/D 
(Figure 4D and E). These changes show that the intestinal flora gradually returned to normal after drugs were stopped.

Histological Changes in Intestinal Tissues
Pathological colonic images were observed under a microscope after HE staining (×100). In Figure 5, the left panel is the 
dissection of the rat colon tissue on day 11, and the right is the dissection of the rat colon tissue on day 15. On day 11, in 
group A, no obvious neutrophil infiltration and mucosal edema were observed and in groups B–G, neutrophil infiltration 
was severe, and mucosal edema became obvious; further, mucosal necrosis was observed, and the focal ulcer was 
formed; On day 15 in group A, no obvious neutrophil infiltration and mucosal edema were observed and in groups B–G, 

Figure 2 On the fourth day, 9 kinds of microbiota culture pictures. Colony forming unit (CFU). Mannitol sodium chloride agar medium (culture of Staphylococcus 
aureus,48h at 37 °C); TPY agar medium (culture of Bifidobacterium, 48h at 37 °C); DRBC agar (cultured yeast, 5 days at 28°C); Bacteroides-bile-escin agar (BBE) (culture of 
Bacteroides, 48h at 37 °C); reinforced cloaca culture medium (culture of Clostridium, 48h at 37 °C); anaerobic agar (culture of anaerobic bacteria, 48h at 37 °C); Eosin blue 
agar medium (EMB) (culture of E. coli, 48h at 37 oC); CATC agar (cultured Enterococcus, 48h at 37 °C); lactic acid Bacillus selective agar (cultured Lactobacillus, 48h at 37 
°C). Groups: A Control; B Low single dose; C Middle single dose; D High single dose; E Low triple dose; F Middle triple dose; G High triple dose.
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neutrophil infiltration was severe, and mucosal edema became obvious; further, mucosal necrosis was observed, and the 
focal ulcer was not formed. The colic inflammation was significant mild on day 15 comparing with that on day 11 
(Figure 5).22

Comparison of Inflammation Factors Between Groups
There were significant differences in the levels of TNF-α between group A and groups B–G (p = 0.021, 0.048, 0.012, 
0.046, 0.025, and 0.012, respectively) with ANOVA showing a significant difference within groups (F = 2.343, p < 
0.001). Significant differences in IL1-β were observed between group A and groups B–G (p = 0.042, 0.033, 0.020, 0.047, 
0.022, and 0.015, respectively) with ANOVA showing F = 1.186, p < 0.001. Significant differences existed among all 
groups regarding IL-6 comparison as follows: A(B/A, p = 0.012; C/A, p = 0.025; D/A, p = 0.047; E/A, p = 0.022; F/A, 
p = 0.015; G/A, p = 0.001); ANOVA analysis showed F = 1.337, p < 0.001. Significant differences in CRP levels were 
observed between group A and groups B–G (B/A, p= 0.023; C/A, p = 0.042; D/A, p < 0.001; E/A, p < 0.001; F/A, p = 
0.001; G/A, p < 0.001), with ANOVA showing F = 2.807, p < 0.001 (Figure 6).

Discussion
Clinically, we have witnessed an increase in the incidence of intestinal dysfunction. Medical history has revealed various 
reasons for this, such as bad living habits, irregular work, and long-term use of antibiotics. Antibiotics are indispensable 
in modern medicine; however, proper use of these medications and standardized medical procedures are constantly 
demanded of most physicians. The gradual promotion of Enhanced Recovery After Surgery (ERAS)23–26 has reduced the 
clinical application of antibiotics, intestinal complications, and other complications caused by double infections. This 
study used rats to explore the effects of antibiotics on the intestinal flora, focusing on nine common microbial organisms, 

Figure 3 Pictures of counted microbiota specimen under a microscope on fourth day using Melan staining. CFU/g=number of plate colonies ×50×dilution factor. (A) 
Staphylococcus aureus, (B) Bifidobacterium, (C) yeast, (D) Bacteroides, (E) Clostridium, (F) anaerobic bacteria, (G) Escherichia coli, (H) Enterococcus and (I) Lactobacillus.
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both beneficial and pathogenic. Campylobacter jejuni, suggesting that both chemical and biological agents were useful to 
induce colitis in the rat animal model.27 Researchers have also utilized the rat model to investigate the impact of fiber- 
rich diets on intestinal microbial community structure.28,29 Based on these publications, we chose rat as a model for our 
research on intestinal flora following antibiotic use. This study showed that the body weight of rats changed after 
antibiotic molding, suggesting that antibiotics influence the nutritional status of the rat. This may be because glycolipid 
disorders are closely related to the intestinal flora and its metabolites.30,31 Here, food intake decreased and water intake 

Figure 4 Nine kinds of microbiota by Log10 of all involved days were analyzed between groups. (A) Nine microbiota in each group were compared using ANOVA and 
Dunn’s, showing A/B: P=0.064; A/C:P = 0.128; A/D:P < 0.001; A/E:P=0.164; A/F:P < 0.001; A/G:P = 0.013; (B) Nine microbiota in involved days were compared between 
A to G groups before weighting days (F-test), P < 0.001; (C) Nine microbiota in involved days were compared between A to G groups after weighting days (F-test) P < 0.001; 
(D) 3D maps of nine microbiota in different groups and days, Bifidobacterium and Lactobacillus were significantly higher in the G group on the first day than the other groups. 
(E) 9 microbiota of A group were compared to B - G group at first,4th,8th,11th, 14th days: at day 1, all P>0.05; at day 4, A/B (P = 0.044), A/D(P < 0.001), A/E(P = 0.029), 
others P > 0.05; at day 8 all P < 0.01, at day 11, A/F (P < 0.001), others P > 0.05; at day 14, A/D (P = 0.045), others P > 0.05. ns indicates no significance compared with 
control group; *Indicates P<0.05 compared with control group; **Indicates P < 0.01 compared with control group; ***Indicates P<0.001 compared with control group. 
Groups: A Control; B Low single dose; C Middle single dose; D High single dose; E Low triple dose; F Middle triple dose; G High triple dose.
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Figure 5 Pathological image of colonic HE staining (×100) of groups: (A) Control; (B) Low single dose; (C) Middle single dose; (D) High single dose; (E) Low triple dose; (F) Middle 
triple dose; (G) High triple dose. The left panel is the dissection of the rat colon tissue on day 11, and the right is the dissection of the rat colon tissue on day 15. (A) (left, and right): no 
obvious neutrophil infiltration; (B) (left):arrow indicates light neutrophil infiltration, (B) (right): no obvious neutrophil infiltration; (C) (left): arrow indicates moderate neutrophil 
infiltration, (C) (right):arrows indicates light neutrophil infiltration; (D) (left): arrows indicates severe neutrophil infiltration; (D) (right): arrow indicates moderate neutrophil infiltration; 
(E) (left): arrow indicates light mucosal edema with neutrophil gathering. (E) (right): arrow indicates neutrophil gathering without mucosal edema; (F) (left): arrows indicates moderate 
mucosal edema with amount neutrophil gathering, (F) (right): arrow indicates light mucosal edema with neutrophil gathering; (G) (Left): arrow indicate severe mucosal edema, necrosis 
and focal ulcer. (G) (right): arrow indicate severe mucosal edema, moderate necrosis, no focal ulcer. On day 15, the inflammation was significant mild comparing with that on day 11.
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increased significantly with an increase in antibiotic dose, and dose-dependent defecation changes were observed within 
2 hours after antibiotic use. These changes indicate intestinal dysfunction, which led us to explore the changes in the 
intestinal micro-ecology. Previous studies32–34 have shown that the gut microbiota is a central regulator of host 
metabolism, modulates body immunity, and affects the diet, such as the amount and composition of lipids. Different 
strains of rats have been reported to have different responses to stress,35,36 and these differences may affect outcomes on 
a small scale.

The host intestinal tract contains a diverse community of bacteria, totaling 1013–1014 bacterial cells37, with organisms 
most often belonging to the Bacteroidetes, Firmicutes, Actinobacteria, Spirochete, and Proteobacteriaphyla.12,38,39 Here, 
the nine target microbial organisms studied are indicated at 106 (CFU/g). Homeostatic interactions between the host and 
the resident microbiota occur in the intestine, and microbial abundance changes might lead to intestinal inflammation.39 

Investigations have well documented that commensal microbiotas are important in maintaining a healthy intestine by 
preventing the overgrowth of pathogenic microorganisms and help to regulate and maintain a quiescent intestinal 
immune system.40 Once the healthy flora is destroyed and the intestinal flora is disordered, damage to the intestinal 
mucosa can be caused by changes in the immune system through the brain-gut axis, the intestinal-bacteria axis, and 
abnormal flora metabolites. Reports have shown that aberrant immune responses could occur from increased exposure to 
the commensal microbiota.38,41 Attack of the intestinal mucosa by immune cells can produce intestinal diseases. IBD is 
an intestinal inflammatory condition affecting over two million people in the United States.42 Intestinal dysbiosis for 
patients with IBD has shown a characteristic pattern of decreased commensal microbial diversity, with Firmicutes and 
Bacteroides, the two most abundant groups in the normal flora, being decreased the most.43–45

Staphylococcus aureus is a major human pathogen that causes a wide range of clinical infections. It is a leading cause 
of bacteremia and infective endocarditis and osteoarticular, skin and soft tissue, pleuropulmonary, and device-related 
infections.46 This bacterium can reside in a wide range of host tissues, from superficial surfaces like the skin to deeper 
tissues like the gastrointestinal tract, heart, and bones.47 Thus, in this study, Staphylococcus aureus was tested and 
analyzed. It decreased compared to the control group; and as the antibiotic dose increased, the decrease in bacterial load 
was obvious, indicating that the drug inhibited the strain. We also analyzed S. aureus load chronologically throughout the 

Figure 6 A regional map (pg/mL) of four inflammatory factors compared between groups: A Control; B Low single dose; C Middle single dose; D High single dose; E Low 
triple dose; F Middle triple dose; G High triple dose. There were a significant difference about TNF-α, IL1β, IL-6 and CRP between and within groups (all P <0.001). And the 
mean values from high to low are TNF-α, IL1β, IL-6, CRP.
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tested days; we found it highest on day 14. The rebound phenomenon was obvious after stopping the drug. This might be 
related to the strong regeneration ability after the drug elimination, but the mechanisms are still unknown.

Bifidobacteriumis defined as a group of living microorganism supplements, which confer health benefits on the host 
when administered in adequate amounts.48 Here, the beneficial bacterium was significantly reduced in groups B, D, E, 
and F than in the control group; however, it was elevated in the middle-dose mono-therapy group C and the high-dose 
combination group G. We considered that an obvious rebound effect after stopping the drug might be observed in the 
middle single dose and high combined dose groups. This was also confirmed by comparison on different days.

Yeast cells are often used in industrial fermentation processes due to their ability to efficiently convert relatively high 
sugar concentrations into ethanol and carbon dioxide.49 Yeast is not a common intestinal microbiota, and it is low in the 
control group. It was found increasing in the triple-agent low- and middle-dose groups (E and F). We believe this was 
a rare flora colonization, one manifestation of intestinal flora disorder.

Bacteroides is a genus of gram-negative, non-sporulating, obligate anaerobic Bacillus. This study showed 
a significant reduction of Bacteroides in the high-dose medication group, suggesting sensitivity to high-dose and 
combination drugs, and the rebound effect was very obvious after stopping the drug. A previous study has shown that 
Bacteroides metabolic disorders are associated with type 2 diabetes.50

Clostridium organisms are anaerobic, gram-positive, rod-shaped, endospore-forming bacteria belonging to the phylum 
Firmicutes, constituting both a class and genus in the phylum.51 Infection of the colon with the gram-positive bacterium, 
Clostridium difficile, is potentially life-threatening, especially in older adults and patients who have dysbiosis of the gut 
microbiota following antimicrobial drug exposure. C. difficile is the leading cause of health care-associated infective 
diarrhea.52 This study showed that compared to the control group, Clostridium decreased in the single-agent group but 
increased in the combined drug group, revealing that this organism had strong regeneration after the drug was stopped.

Anaerobic bacteria play pivotal roles in the human microbiota, and they are significant infectious agents involved in 
several pathological processes, especially in immunocompromised individuals. Their isolation, cultivation, and correct 
identification differ significantly from the workup of aerobic organisms, although using innovative technologies changes 
anaerobic diagnostics dramatically.53 Here, anaerobic bacteria were significantly decreased in all other groups during 
drug feeding periods than in the control group.

Although Escherichia coli can be an innocuous resident of the gastrointestinal tract, it also has the pathogenic 
capacity to cause significant diarrheal and extraintestinal diseases. Pathogenic variants of E. coli have caused much 
morbidity and mortality worldwide.54 Here, we found that E. coli increased after antibiotic drug being used, but it 
changed by independent drugs.

Enterococcus strains that adhere strongly to the intestinal epithelium form biofilms and possess antioxidant defense 
mechanisms; they seem to have the greatest influence on the inflammatory process.55 Here, a significant decrease in this 
organism in groups of different doses of single and combination drugs at all tested days was observed. We found it 
significantly decreased on the 1st and 4th days but significantly rebounded after drugs were stopped, suggesting that both 
single and combined drug use affected this organism regardless of the dose.

Lactobacillus comprises 173 genera, with many genomes available to study taxonomy and evolutionary events, as 
reported by a previous study.56 As a probiotic, Lactobacillus was significantly reduced in groups B-G than in the control 
group on the 4th, 8th, and 11th days. We found that Lactobacillus peaked on the 1st day and did not rebound significantly 
after the drugs were stopped (Figure 4B and C). This proves that the drug killed Lactobacillus by continuous administration.

Some recent literatures57–59 showed antibiotic use and microbial imbalance in murine models which were similar with 
this study. Microbiota disorders associated with IBD have been reported by previous literature.60–62 Our study showed 
that colon tissue inflammation became more server in a dose-dependent manner (Figure 5). Intestinal microecological 
disorders can also affect the immune system. This information is propagated to T-cell populations through the secretion 
of cytokines to facilitate cell maturation and proliferation.63 Fitzpatrick et al16 found Interleukin (IL)-12 and tumor 
necrosis factor (TNF)-alpha peaked during the earlier postnatal time points and then declined after repetitive adminis
tration of the hapten but, IL-13 and IL-17 were consistently elevated using intracolonic 2,4,6-trinitrobenzene sulfonic 
acid (TNBS) rat model. This study found that TNF-α and IL-6 were significantly higher in experimental groups than in 
the control group, and there was a significant relationship with the dose administered. Inflammation induces IL1-β 
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production in Kupffer cells and hepatocytes.64 In this study, the IL1-β was significantly greater in the groups adminis
tered drug doses than in the control group. CRP is a novel topic in the study of inflammation and related diseases.65–67 It 
is associated with chronic inflammation; thus, here, CRP was examined in the abdominal blood of the SD rats. The 
results showed that elevated CRP had a similar relationship with groups receiving antibiotics as did other inflammatory 
factors earlier described. The four inflammation factors increased depending on the drug dose. An increase in the single 
and combined dose led to an increase in intestinal flora disturbance, with the four target inflammatory factors in serum 
increasing significantly in the humoral and cellular immune mechanisms (Figure 6).

Based on our study, to avoid antibiotics-induced intestinal microbial disorders and pathological reactions, we 
recommend that prophylactic antibiotics use should not be advocated for aseptic surgery clinically. Other non-severe 
bacteria are moving to minimize the dose and course of antibiotic use. This is consistent with the guidelines for the 
clinical use of antibiotics.68

However, this study has some shortcomings. We did not explore the mechanisms via which intestinal flora disorder 
causes rat intestinal inflammation, and we did not study intestinal dysfunction after antibiotic-induced flora disorder. 
Further, we did not genetically analyze the gut target flora in this paper.

Conclusions
Antibiotics can cause disorder in the intestinal target flora organism of rats, without apparent law of the doses and 
combination of antibiotic use. Antibiotics can also cause an inflammatory response in the blood system of rats with intestinal 
inflammation changes of colon. The current research provides a basis for intestinal inflammatory diseases caused by 
intestinal microbial disorders. Antibiotic-induced flora imbalance might be applied for establishment of IBD model.

Abbreviations
BBE, Bacteroides-Bile-Enterprise; CI, Confidence interval; CRP, C-reactive protein; DRBC, Dichloran Rose Bengal 
Chloramphenicol; ELISA, Enzyme-linked immune sorbent assay; EMB, Eosin Methylene Blue; ERAS, Enhanced 
Recovery After Surgery; IACUC, Institution Animal Care and Use Committee; IBD, Inflammatory bowel disease; 
LSD, Least significant differences; SD, Sprague Dawley; TPY, Trypticasephytone yeast; ANOVA, Analysis of variance; 
CATC, Citrate Azide Tween® Carbonate; TNBS,2,4,6-trinitrobenzenesulfonic acid model; TNF-α, Tumor necrosis 
factor-α; IL-6, Interleukin-6; IL1-β, Interleukin-1β; SAP, Serum amyloid P-component.

Data Sharing Statement
All raw data were shared in Science Data Bank (https://www.scidb.cn/anonymous/bWFlWU5y), Number: 10.57760/ 
sciencedb.09521.

Ethics Approval and Consent to Participate
This study follows the Basel Declaration of 2010. Most authors of this article have been trained in animal experiments 
and have obtained a certificate of competency. We used animals to a minimum following animal welfare principles and 
without affecting the accuracy of the experiment. Xi’an United Nations Quality Detection Technology Laboratory was 
commissioned to perform our experiments under his IACUC permission (No.20220722). All applicable international, 
national, and/or institutional guidelines for care and use of animals were followed.

Acknowledgments
We thank Professor Liqin Li and researcher Zhihong Ma (Central Laboratory, Huzhou Central Hospital) who gave us 
many suggestions and thank Xi’an United Nations Quality Detection Technology Laboratory researchers for performing 
our experiments. We thank MedSci (Shang Hai) for editing our paper and also thank Research Square website to preprint 
our paper (https://www.researchsquare.com/article/rs-25711/v1).

Journal of Inflammation Research 2024:17                                                                                          https://doi.org/10.2147/JIR.S447098                                                                                                                                                                                                                       

DovePress                                                                                                                       
1801

Dovepress                                                                                                                                                             Tong et al

Powered by TCPDF (www.tcpdf.org)

https://www.scidb.cn/anonymous/bWFlWU5y
https://www.researchsquare.com/article/rs-25711/v1
https://www.dovepress.com
https://www.dovepress.com


Funding
This study was supported by Project 2018C37090 to Guojun Tong (ethic number: no.20220722). The funding is mainly 
used for experimentation, data collection, experimental index detection, statistical analysis, and experts communication.

Disclosure
The contents of this manuscript have not been copyrighted or published. There are no related manuscripts or abstracts, 
published or unpublished, by any authors of this manuscript. The authors declare no conflicts of interests.

References
1. Kang-xiao G, Kang-kang Y, Huan W, et al. The effect of modeling dysbacterial diarrhea with antibiotics on molecular diversity of intestinal 

microbiota in mice. Chin J Microecol. 2014;26:3.
2. Ting-ting. F. Study on regulation of antibiotics abuse in our country. Nanjing Univer Chin Med. 2012;2012:1.
3. Jacobs JP, Goudarzi M, Singh N, et al. A disease-associated microbial and metabolomics state in relatives of pediatric inflammatory bowel disease 

patients. Cell Mol Gastroenterol Hepatol. 2016;2(6):750–766. doi:10.1016/j.jcmgh.2016.06.004
4. Yun G. Study on the abuse of antibiotics and the use of mistakes. Mod Chin Med. 2011;18:5.
5. Khan I, Ullah N, Zha L, et al. Alteration of gut microbiota in inflammatory bowel disease (IBD): cause or Consequence? IBD treatment targeting 

the gut microbiome. Pathogens. 2019;8(3):126. doi:10.3390/pathogens8030126
6. Zuo T, Ng SC. The gut microbiota in the pathogenesis and therapeutics of inflammatory bowel disease. Front Microbiol. 2018;9(2247). 

doi:10.3389/fmicb.2018.02247
7. Mukherjee S, Joardar N, Sengupta S, Sinha Babu SP. Gut microbes as future therapeutics in treating inflammatory and infectious diseases: lessons 

from recent findings. J Nutr Biochem. 2018;61:111–128.
8. Sánchez-Alcoholado L, Ramos-Molina B, Otero A, et al. The role of the gut microbiome in colorectal cancer development and therapy response. 

Cancers. 2020;12(6):1406. doi:10.3390/cancers12061406
9. Gagnière J, Raisch J, Veziant J, et al. Gut microbiota imbalance and colorectal cancer. World J Gastroenterol. 2016;22(2):501. doi:10.3748/wjg.v22. 

i2.501
10. Gao R, Gao Z, Huang L, Qin H. Gut microbiota and colorectal cancer. European J Clin Microbiol Infect Dis. 2017;36:5.
11. Kong F, Cai Y. Study insights into gastrointestinal cancer through the gut microbiota. Biomed Res Int 2019;2019:8721503.
12. Jiminez JA, Uwiera TC, Douglas Inglis G, Uwiera RRE. Animal models to study acute and chronic intestinal inflammation in mammals. Gut 

Pathog. 2015;7(29). doi:10.1186/s13099-015-0076-y
13. Wallace KL, Zheng LB, Kanazawa Y, Shih DQ. Immunopathology of inflammatory bowel disease. World J Gastroenterol. 2014;20(1):6–21.
14. Geremia A, Biancheri P, Allan P, Corazza GR, Di Sabatino A. Innate and adaptive immunity in inflammatory bowel disease. Autoimmunity Rev. 

2014;13(1):3–10.
15. Janeway CAJ, Travers P, W M. Immunobiology: The Immune System in Health and Disease. 5th ed. New York: Garland Science; 2001.
16. Fitzpatrick LR, Meirelles K, Small JS, Puleo FJ, Koltun WA, Cooney RN. A new model of chronic hapten-induced colitis in young rats. J Pediatr 

Gastroenterol Nutr. 2010;50(3):240–250. doi:10.1097/MPG.0b013e3181cb8f4a
17. Geiger BM, Gras-Miralles B, Ziogas DC, et al. Intestinal upregulation of melanin-concentrating hormone in TNBS-induced enterocolitis in adult 

zebrafish. PLoS One. 2013;8(12):e83194. doi:10.1371/journal.pone.0083194
18. Krimi RB, Kotelevets L, Dubuquoy L, et al. Resistin-like molecule beta regulates intestinal mucous secretion and curtails TNBS-induced colitis in 

mice. Inflamm Bowel Dis. 2008;14(7):931–941.
19. Barthel M, Hapfelmeier S, Quintanilla-Martínez L, et al. Pretreatment of mice with streptomycin provides a Salmonella enterica serovar 

Typhimurium colitis model that allows analysis of both pathogen and host. Infect Immun. 2003;71(5):2839–2858.
20. Gourbeyre P, Denery S, Bodinier M. Probiotics, prebiotics, and synbiotics: impact on the gut immune system and allergic reactions. J Leukoc Biol. 

2011;89(5):685–695. doi:10.1189/jlb.1109753
21. Zhang W. Animal model of antibiotic-associated diarrhea. Guangdong. 2015;2015:1–90.
22. Tong G, Qian H, Li D, Li J, Chen J, Li X. Establishment and evaluation of a specific antibiotic-induced inflammatory bowel disease model in rats. 

PLoS One. 2022;17(2):e0264194. doi:10.1371/journal.pone.0264194
23. Gillis C, Gill M, Marlett N, et al. Patients as partners in Enhanced Recovery After Surgery: a qualitative patient-led study. BMJ Open. 2017;7(6): 

e017002. doi:10.1136/bmjopen-2017-017002
24. Spanjersberg WR, van Sambeeck JD, Bremers A, Rosman C, van Laarhoven CJ. Systematic review and meta-analysis for laparoscopic versus open 

colon surgery with or without an ERAS programme. Surg Endosc. 2015;29(12):3443–3453. doi:10.1007/s00464-015-4148-3
25. Gramlich LM, Sheppard CE, Wasylak T, et al. Implementation of enhanced recovery after surgery: a strategy to transform surgical care across 

a health system. Implem Sci. 2017;12(1):67. doi:10.1186/s13012-017-0597-5
26. Miralpeix E, Nick AM, Meyer LA, et al. A call for new standard of care in perioperative gynecologic oncology practice: impact of enhanced 

recovery after surgery (ERAS) programs. Gynecologic Oncol. 2016;141(2):371–378. doi:10.1016/j.ygyno.2016.02.019
27. Morales W, Pimentel M, Hwang L, et al. Acute and chronic histological changes of the small bowel secondary to C. jejuni infection in a rat model 

for post-infectious IBS. Dig Dis Sci. 2011;56(9):2575–2584. doi:10.1007/s10620-011-1662-6
28. Abnous K, Brooks SP, Kwan J, et al. Diets enriched in oat bran or wheat bran temporally and differentially alter the composition of the fecal 

community of rats. J Nutr. 2009;139(11):2024–2031.
29. Kalmokoff M, Zwicker B, O’Hara M, et al. Temporal change in the gut community of rats fed high amylose cornstarch is driven by endogenous 

urea rather than strictly on carbohydrate availability. J Appl Microbiol. 2013;114(5):1516–1528.
30. Di S, Wang Y, Han L, et al. The intervention effect of traditional Chinese medicine on the intestinal flora and its metabolites in glycolipid metabolic 

disorders. Eviden Bas Complem Alternat Med. 2019;2019:2958920.

https://doi.org/10.2147/JIR.S447098                                                                                                                                                                                                                                    

DovePress                                                                                                                                                 

Journal of Inflammation Research 2024:17 1802

Tong et al                                                                                                                                                             Dovepress

Powered by TCPDF (www.tcpdf.org)

https://doi.org/10.1016/j.jcmgh.2016.06.004
https://doi.org/10.3390/pathogens8030126
https://doi.org/10.3389/fmicb.2018.02247
https://doi.org/10.3390/cancers12061406
https://doi.org/10.3748/wjg.v22.i2.501
https://doi.org/10.3748/wjg.v22.i2.501
https://doi.org/10.1186/s13099-015-0076-y
https://doi.org/10.1097/MPG.0b013e3181cb8f4a
https://doi.org/10.1371/journal.pone.0083194
https://doi.org/10.1189/jlb.1109753
https://doi.org/10.1371/journal.pone.0264194
https://doi.org/10.1136/bmjopen-2017-017002
https://doi.org/10.1007/s00464-015-4148-3
https://doi.org/10.1186/s13012-017-0597-5
https://doi.org/10.1016/j.ygyno.2016.02.019
https://doi.org/10.1007/s10620-011-1662-6
https://www.dovepress.com
https://www.dovepress.com


31. Group Lm. Expert consensus on the prevention and treatment of type 2 diabetes mellitus with dyslipidemia in China (revised version in 2017). Chin 
J Endocrinol Metab. 2017;33:11.

32. Schoeler M, Caesar R. Dietary lipids, gut microbiota and lipid metabolism. Rev Endocr Metab Disord. 2019;20(4):461–472. doi:10.1007/s11154- 
019-09512-0

33. Weiss GA, Hennet T. Mechanisms and consequences of intestinal dysbiosis. Cellul Molecul Life Sci. 2017;74(16):2959–2977. doi:10.1007/s00018- 
017-2509-x

34. Rapozo DC, Bernardazzi C, de Souza HS. Diet and microbiota in inflammatory bowel disease: the gut in disharmony. World J Gastroenterol. 
2017;23(12):2124–2140.

35. Wu HH, Wang S. Strain differences in the chronic mild stress animal model of depression. Behav Brain Res. 2010;213(1):94–102. doi:10.1016/j. 
bbr.2010.04.041

36. Shimada H, Yasutake A, Hirashima T, et al. Strain difference of cadmium accumulation by liver slices of inbred Wistar-Imamichi and Fischer 344 
rats. Toxicol Vitro. 2008;22(2):338–343. doi:10.1016/j.tiv.2007.09.013

37. Gill SR, Pop M, Deboy RT, et al. Metagenomic analysis of the human distal gut microbiome. Science. 2006;312(5778):1355–1359. doi:10.1126/ 
science.1124234

38. Hoffmann C, Hill DA, Minkah N, et al. Community-wide response of the gut microbiota to enteropathogenic Citrobacter rodentium infection 
revealed by deep sequencing. Infect Immun. 2009;77(10):4668–4678.

39. Shen XJ, Rawls JF, Randall T, et al. Molecular characterization of mucosal adherent bacteria and associations with colorectal adenomas. Gut 
Microbes. 2010;1(3):138–147. doi:10.4161/gmic.1.3.12360

40. Hawrelak JA, Myers SP. The causes of intestinal dysbiosis: a review. Altern Med Rev. 2004;9(2):180–197.
41. Tabas I, Glass CK. Anti-inflammatory therapy in chronic disease: challenges and opportunities. Science. 2013;339:6116):166–172. doi:10.1126/ 

science.1230720
42. DeGruttola AK, Low D, Mizoguchi A, Mizoguchi E. Current understanding of dysbiosis in disease in human and animal models. Inflamm Bowel 

Dis. 2016;22(5):1137–1150.
43. Hedin CR, McCarthy NE, Louis P, et al. Altered intestinal microbiota and blood T cell phenotype are shared by patients with Crohn’s disease and 

their unaffected siblings. Gut. 2014;63(10):1578–1586. doi:10.1136/gutjnl-2013-306226
44. Nguyen GC. Editorial: bugs and drugs: insights into the pathogenesis of inflammatory bowel disease. Am J Gastroenterol. 2011;106 

(12):2143–2145. doi:10.1038/ajg.2011.308
45. Sokol H, Lay C, Seksik P, Tannock GW. Analysis of bacterial bowel communities of IBD patients: what has it revealed? Inflamm Bowel Dis. 

2008;14(6):858–867. doi:10.1002/ibd.20392
46. Tong SY, Davis JS, Eichenberger E, Holland TL, Fowler VG. Staphylococcus aureus infections: epidemiology, pathophysiology, clinical 

manifestations, and management. Clin Microbiol Rev. 2015;28(3):603–661.
47. Balasubramanian D, Harper L, Shopsin B, Torres VJ. Staphylococcus aureus pathogenesis in diverse host environments. Pathog Dis. 2017;75(1). 

doi:10.1093/femspd/ftx005
48. Kim BJ, Park T, Moon HC, et al. Cytoprotective alginate/polydopamine core/shell microcapsules in microbial encapsulation. Angewandte Chemie. 

2014;53(52):14443–14446. doi:10.1002/anie.201408454
49. Dzialo MC, Park R, Steensels J, Lievens B, Verstrepen KJ. Physiology, ecology and industrial applications of aroma formation in yeast. FEMS 

Microbiol Rev. 2017;41(Supp_1):S95–s128.
50. Horie M, Miura T, Hirakata S, et al. Comparative analysis of the intestinal flora in type 2 diabetes and nondiabetic mice. Experim Animal. 2017;66 

(4):405–416. doi:10.1538/expanim.17-0021
51. Paredes CJ, Alsaker KV, Papoutsakis ET. A comparative genomic view of clostridial sporulation and physiology. Nat Rev Microbiol. 2005;3 

(12):969–978.
52. Smits WK, Lyras D, Lacy DB, Wilcox MH, Kuijper EJ. Clostridium difficile infection. Nature Rev Dis Prim. 2016;2(16020). doi:10.1038/ 

nrdp.2016.20
53. Gajdács M, Spengler G, Urbán E. Identification and antimicrobial susceptibility testing of anaerobic bacteria: rubik’s cube of clinical microbiology? 

Antibiotics. 2017;6(4):25. doi:10.3390/antibiotics6040025
54. Croxen MA, Law RJ, Scholz R, Keeney KM, Wlodarska M, Finlay BB. Recent advances in understanding enteric pathogenic Escherichia coli. Clin 

Microbiol Rev. 2013;26(4):822–880.
55. Golińska E, Tomusiak A, Gosiewski T, et al. Virulence factors of Enterococcus strains isolated from patients with inflammatory bowel disease. 

World J Gastroenterol. 2013;19(23):3562. doi:10.3748/wjg.v19.i23.3562
56. Inglin RC, Meile L, Stevens MJA. Clustering of pan- and core-genome of lactobacillus provides novel evolutionary insights for differentiation. 

BMC Genomics. 2018;19(1):284. doi:10.1186/s12864-018-4601-5
57. Liang W, Gao Y, Zhao Y, et al. Lactiplantibacillus plantarum ELF051 alleviates antibiotic-associated diarrhea by regulating intestinal inflammation 

and gut microbiota. Probiotics Antimicrob Proteins. 2023. doi:10.1007/s12602-023-10150-x
58. Liu L, Kirst ME, Zhao L, Li E, Wang GP. Microbiome resilience despite a profound loss of minority microbiota following clindamycin challenge in 

humanized gnotobiotic mice. Microbiol Spectr. 2022;10(1):e0196021.
59. Huang D, Li H, Lin Y, et al. Antibiotic-induced depletion of Clostridium species increases the risk of secondary fungal infections in preterm infants. 

Front Cell Infect Microbiol. 2022;12(981823). doi:10.3389/fcimb.2022.981823
60. Ni J, Wu GD, Albenberg L, Tomov VT. Gut microbiota and IBD: causation or correlation? Nat Rev Gastroenterol Hepatol. 2017;14(10):573–584. 

doi:10.1038/nrgastro.2017.88
61. Mentella MC, Scaldaferri F, Pizzoferrato M, Gasbarrini A, Miggiano GAD. Nutrition, IBD and gut microbiota: a review. Nutrients. 2020;12(4):944. 

doi:10.3390/nu12040944
62. Larabi A, Barnich N, Nguyen HTT. New insights into the interplay between autophagy, gut microbiota and inflammatory responses in IBD. 

Autophagy. 2020;16(1):38–51.
63. Neurath MF, Finotto S, Glimcher LH. The role of Th1/Th2 polarization in mucosal immunity. Nature Med. 2002;8(6):567–573. doi:10.1038/ 

nm0602-567

Journal of Inflammation Research 2024:17                                                                                          https://doi.org/10.2147/JIR.S447098                                                                                                                                                                                                                       

DovePress                                                                                                                       
1803

Dovepress                                                                                                                                                             Tong et al

Powered by TCPDF (www.tcpdf.org)

https://doi.org/10.1007/s11154-019-09512-0
https://doi.org/10.1007/s11154-019-09512-0
https://doi.org/10.1007/s00018-017-2509-x
https://doi.org/10.1007/s00018-017-2509-x
https://doi.org/10.1016/j.bbr.2010.04.041
https://doi.org/10.1016/j.bbr.2010.04.041
https://doi.org/10.1016/j.tiv.2007.09.013
https://doi.org/10.1126/science.1124234
https://doi.org/10.1126/science.1124234
https://doi.org/10.4161/gmic.1.3.12360
https://doi.org/10.1126/science.1230720
https://doi.org/10.1126/science.1230720
https://doi.org/10.1136/gutjnl-2013-306226
https://doi.org/10.1038/ajg.2011.308
https://doi.org/10.1002/ibd.20392
https://doi.org/10.1093/femspd/ftx005
https://doi.org/10.1002/anie.201408454
https://doi.org/10.1538/expanim.17-0021
https://doi.org/10.1038/nrdp.2016.20
https://doi.org/10.1038/nrdp.2016.20
https://doi.org/10.3390/antibiotics6040025
https://doi.org/10.3748/wjg.v19.i23.3562
https://doi.org/10.1186/s12864-018-4601-5
https://doi.org/10.1007/s12602-023-10150-x
https://doi.org/10.3389/fcimb.2022.981823
https://doi.org/10.1038/nrgastro.2017.88
https://doi.org/10.3390/nu12040944
https://doi.org/10.1038/nm0602-567
https://doi.org/10.1038/nm0602-567
https://www.dovepress.com
https://www.dovepress.com


64. Kanamori Y, Murakami M, Sugiyama M, Hashimoto O, Matsui T, Funaba M. Interleukin-1β (IL-1β) transcriptionally activates hepcidin by 
inducing CCAAT enhancer-binding protein δ (C/EBPδ) expression in hepatocytes. J Biol Chem. 2017;292(24):10275–10287. doi:10.1074/jbc. 
M116.770974

65. Sudhakar M, Silambanan S, Chandran AS, Prabhakaran AA, Ramakrishnan R. C-Reactive Protein (CRP) and leptin receptor in obesity: binding of 
monomeric CRP to leptin receptor. Front Immunol. 2018;9:1167.

66. Yang CD, Huang HY, Shrestha S, Chen YH, Huang HD, Tseng CP. Large-scale functional analysis of CRP-mediated feed-forward loops. Int J Mol 
Sci. 2018;19(8). doi:10.3390/ijms19082335

67. Heroven AK, Sest M, Pisano F, et al. Crp induces switching of the CsrB and CsrC RNAs in Yersinia pseudotuberculosis and links nutritional status 
to virulence. Front Cell Infect Microbiol. 2012;2:158.

68. Edge R, Argáez C. CADTH Rapid Response Reports. In: Topical Antibiotics for Impetigo: A Review of the Clinical Effectiveness and Guidelines. 
edn ed. Ottawa (ON): Canadian Agency for Drugs and Technologies in Health; 2019.

Journal of Inflammation Research                                                                                                     Dovepress 

Publish your work in this journal 
The Journal of Inflammation Research is an international, peer-reviewed open-access journal that welcomes laboratory and clinical findings on 
the molecular basis, cell biology and pharmacology of inflammation including original research, reviews, symposium reports, hypothesis 
formation and commentaries on: acute/chronic inflammation; mediators of inflammation; cellular processes; molecular mechanisms; pharmacology 
and novel anti-inflammatory drugs; clinical conditions involving inflammation. The manuscript management system is completely online and 
includes a very quick and fair peer-review system. Visit http://www.dovepress.com/testimonials.php to read real quotes from published authors.  

Submit your manuscript here: https://www.dovepress.com/journal-of-inflammation-research-journal

DovePress                                                                                                               Journal of Inflammation Research 2024:17 1804

Tong et al                                                                                                                                                             Dovepress

Powered by TCPDF (www.tcpdf.org)

https://doi.org/10.1074/jbc.M116.770974
https://doi.org/10.1074/jbc.M116.770974
https://doi.org/10.3390/ijms19082335
https://www.dovepress.com
http://www.dovepress.com/testimonials.php
https://www.facebook.com/DoveMedicalPress/
https://twitter.com/dovepress
https://www.linkedin.com/company/dove-medical-press
https://www.youtube.com/user/dovepress
https://www.dovepress.com
https://www.dovepress.com

	Introduction
	Materials and Methods
	Rats
	Experimental Drugs, Reagents, and Instruments
	Animal Grouping and Drug Delivery
	Collected and Analyzed Indicators
	Experimental Protocol
	Tissue H&E Staining
	Enzyme-Linked Immune Sorbent Assay (ELISA)
	Ethics Approval and Consent to Participate
	Statistical Analysis

	Results
	Comparison of General Indicators Between Groups
	Comparison of Total Microbiota Between Groups
	Comparison of Microbiota by Log 10 on Different Days Between Groups
	Histological Changes in Intestinal Tissues
	Comparison of Inflammation Factors Between Groups

	Discussion
	Conclusions
	Abbreviations
	Data Sharing Statement
	Ethics Approval and Consent to Participate
	Acknowledgments
	Funding
	Disclosure

