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ABSTRACT 

 

Emodin, derived from Rheum officinale and aloe, is known for its diverse benefits such as anti-

inflammatory, antioxidant, and antibacterial properties. Currently, the impact of emodin on 

urosepsis is unclear. This study aims to investigate the mechanism of action of emodin in urosepsis. 

Peripheral blood mononuclear cells (PBMCs) were purchased from Cloud-Clone Animal Inc. 

and treated with emodin. Cell viability and the lactate dehydrogenase (LDH) level were then 

assessed. In a separate experiment, a urosepsis model was established in Sprague Dawley rats which 

were subsequently treated with emodin. The levels of oxidative stress-related factors, serum 

complements and inflammatory factors were measured using commercial kits. Blood urea nitrogen 

and serum creatinine levels were determined using a fully automatic biochemical analyzer. The levels 

of pro-inflammatory proteins and AMP-activated protein kinase (AMPK)/Sirtuin 1 (SIRT1) 

pathway-related proteins were evaluated via Western blot. 

PBMCs were unaffected by emodin concentrations below 60 μg/mL, and minimal LDH levels 

were detected in the cells. Emodin attenuated the effects of Escherichia coli and diminished the 

production of serum complements, oxidative stress-related proteins, and inflammatory factors in 

PBMCs. Notably, the effects of emodin were lessened by an AMPK pathway inhibitor. Additionally, 

emodin alleviated oxidative stress, complement system activation, inflammation, and kidney injury 

in urosepsis rats through the AMPK/SIRT1 signaling pathway. 

Emodin improved kidney damage in urosepsis rats by activating the AMPK/SIRT1 signaling 

pathway, which reduced oxidative stress, inflammation, and complement system activation. 

 

Keywords: AMP-activated protein kinase/Sirtuin 1 pathway; Emodin; Inflammatory responses; 

Oxidative stress; Urosepsis  

 
INTRODUCTION 

 

Sepsis has an extremely high mortality rate, ranking 

as the second leading cause of death in ICU patients after 
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cardiovascular disease.1,2 Urosepsis accounts for 

approximately 9% to 31% of sepsis cases.3 Urosepsis is 

a condition in which the body first becomes infected by 

pathogens,  followed by the release of toxins  from  the 
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urogenital tract into the blood circulation, triggering a 

systemic inflammatory response syndrome (SIRS).4 If 

not treated, SIRS can evolve into severe sepsis, 

multiorgan dysfunction, and septic shock. Within the 

urinary system, Gram-negative bacteria especially 

Escherichia coli, which accounts for 50% of cases, serve 

as the primary causative agents of urosepsis. In contrast, 

Gram-positive bacteria make up only about 15%.5 

Therefore, a crucial step in mitigating urosepsis-driven 

renal injury involves discovering a mechanism for 

alleviating oxidative stress and neuronal inflammation 

in urosepsis. 

Emodin is a natural compound derived from 

anthraquinone, found in the roots and rhizomes of   

plants such as Rheum officinale and aloe. It exhibits 

potential for chemical prophylaxis and therapy, 

demonstrating anti-inflammatory, anticancer, and 

antimicrobial properties.6-10 Previous studies have 

reported that emodin can alleviate sepsis-induced 

damage through autophagy,11,12 and it can suppress the 

phosphatidylinositol-3-kinase (PI3K)/mammalian target 

of rapamycin (mTOR)/glycogen synthase kinase 3β 

(GSK3β) pathway in the neuroblastoma SH-SY5Y cell 

line, thereby reducing inflammation and oxidative 

stress.13 However, no study to date has clearly elucidated 

the effect and mechanism of action of emodin in 

urosepsis. 

AMP-activated protein kinase (AMPK) is a key 

kinase that regulates bioenergy metabolism and plays an 

important role in regulating oxidative stress and cell 

apoptosis.14,15 It is known to stimulate sirtuin 1 (SIRT1),16 

which is part of the class III histone deacetylase family 

and plays a major role in such physiological processes as 

cellular apoptosis, aging, oxidative stress, and 

inflammatory responses.17-22 As previously reported, 

pterostilbene attenuates allergic airway inflammation and 

oxidative stress by regulating the AMPK/SIRT1 

pathway.23 However, it is largely unknown whether 

emodin mitigates oxidative stress and inflammatory 

responses in urosepsis by utilizing this pathway. 

Thus, we hypothesized that emodin might influence 

the complement C5a, oxidative stress, and inflammatory 

responses in urosepsis rats via the AMPK/SIRT1 

pathway. To validate this hypothesis, we first examined 

the in vitro toxicity of emodin and scrutinized its impacts 

on oxidative stress, complement system activation, and 

inflammatory reactions. We then delved into the effects 

of emodin on oxidative stress, complement system 

initiation, inflammation, and renal impairment in 

urosepsis rats through the AMPK/SIRT1 signaling 

pathway. Our findings could serve as a reference for 

emodin-based treatment to alleviate urosepsis. 

 

MATERIALS AND METHODS 

 

Cell Culture 

Peripheral blood mononuclear cells (PBMCs, 

CSI165Ra01) were obtained from Cloud-Clone Animal 

Inc. (Wuhan, China). These PBMCs were cultured in 

Dulbecco's Modified Eagle's Medium (DMEM) 

(11965092, Gibco, Grand Island, NY, USA) enriched 

with 10% fetal bovine serum (A5669701, Gibco, Grand 

Island, NY, USA) and 1% penicillin-streptomycin 

(15140148, Gibco, Grand Island, NY, USA), and 

maintained at 37°C in a 5% CO2 atmosphere. 

Subsequently, the PBMCs were subjected to an E coli-

rich environment and cultured for 24 hours to stimulate 

the creation of in vitro urosepsis models. Following this, 

the cells were preincubated with 10 μmol/L Compound 

C (CC) (HY-13418A, MedChemExpress, Monmouth 

Junction, NJ, USA) for 60 minutes to assess the efficacy 

of the AMPK signaling pathway. 

 

Cell Counting Kit-8 Test 

PBMCs were seeded into 96-well plates at a density 

of 2× 103 cells/well and cultured for 24 hours. The 

original medium was then discarded, and the cells were 

treated with medium containing varying concentrations of 

emodin (0, 7.5, 15, 30, 60, and 120 μg/mL) (HY-14393, 

MedChemExpress, Monmouth Junction, NJ, USA), and 

incubated for 48 hours, respectively. Following this, the 

medium was replaced with a fresh one; each well was 

treated with 10 μL of the Cell Counting Kit-8 (CCK-8) 

solution (APE×BIO, Houston, Texas, USA), and 

incubated for an additional 4 hours. Finally, the 

absorbance of the cells was measured at 450 nm using a 

microplate reader (Bio-Rad, Sunnyvale, CA). 

 

Lactate Dehydrogenase Test 

Cells cultured with varying concentrations of 

emodin were collected and tested using Lactate 

Dehydrogenase (LDH) assay kits (AAT-A13809, QiYi 

Biological Technology Co., Ltd., Shanghai) to 

determine LDH levels within the cells.  

 

Reactive Oxygen Species (ROS) Test 

Cells and rat renal tissue homogenates were 

collected and incubated with 15 μmol/L 
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dihydroethidium (DHE) (810253P, Sigma-Aldrich, 

Milwaukee, WI, USA) for 30 minutes. Afterward, the 

ROS levels in the aforementioned cells or tissues were 

observed using a fluorescence microscope (BX53, 

Olympus, Tokyo, Japan). 

 

Malondialdehyde, Superoxide Dismutase, and 

Glutathione Peroxidase Tests 

First, the cells and rat renal tissue homogenates 

were collected, and then centrifuged at 10000g and 4℃ 

for 10 minutes. Subsequently, they were tested with 

malondialdehyde (MDA) assay kits (S0131M, 

Beyotime, Shanghai, China), superoxide dismutase 

(SOD) assay kits (S0101S, Beyotime, Shanghai, China), 

and glutathione peroxidase (GSH-Px) assay kits (E-BC-

K096-M, Elabscience, Wuhan, China) to determine the 

MDA, SOD, and GSH-Px levels. 

 

Enzyme-linked Immunosorbent Assay (ELISA) 

Cells in the log phase were inoculated into a 6-well 

plate and cultivated for 48 hours. The supernatant was 

then retained and centrifuged for 10 minutes at 4°C and 

1000 rpm, after which the supernatant was collected. 

Subsequently, rat renal tissues were lysed by adding 

RIPA lysis buffer (R0010, Solarbio, Beijing, China) and 

centrifuged at 14,000 rpm at 4°C for 25 minutes. The 

supernatant was again collected. Finally, 2 types of 

supernatants were tested using commercial assay kits to 

measure the levels of C5, C5a, interleukin (IL)-1β, 

tumor necrosis factor-α (TNF-α), and IL-6. The C5 assay 

kits (XY-A14708) were purchased from X-Y 

Biotechnology (Shanghai, China), while the C5a (E-EL-

H0190), IL-1β (E-EL-H0149), TNF-α (E-EL-H2305), 

and IL-6 (E-OSEL-H0001) assay kits were obtained 

from Elabscience (Wuhan, China). 

 

Western Blot 

Cells or rat renal tissues were treated with RIPA 

lysis buffer (R0010, Solarbio, Beijing, China) to extract 

proteins. These proteins were then placed in a solution 

with 10% sodium dodecyl sulfate-polyacrylamide gel 

electrophoresis (SDS-PAGE) gel to separate and 

identify the target protein bands. The target protein 

bands were transferred onto a polyvinylidene fluoride 

(PVDF) membrane, accompanied with and later blocked 

for 1 hour, followed by incubation overnight with 

primary antibodies diluted to 1:1000 at 4°C. The primary 

antibodies used were against cyclooxygenase-2 (COX-2, 

MA5-14568), antibody against inducible nitric oxide 

synthase (iNOS, PA1-036), antibody against p-AMPK 

(PA5-104982), antibody against AMPK (PA5-105297), 

antibody against SIRT1 (PA5-17074), and antibody 

against glyceraldehyde-3-phosphate dehydrogenase 

(GADPH, PA1-988). The membrane was washed with 

Tris-buffered saline with Tween-20 (TBST) on the next 

day, then treated with a goat anti-rabbit secondary 

antibody (A32731) diluted to 1:10000 for 1.5 hours at 

room temperature. Finally, a super excellent 

chemiluminescent substrate (ECL) detection kit (E-IR-

R308, Elabscience, Wuhan, China) was used to visualize 

the protein bands. All the antibodies were sourced from 

Thermo Fisher Scientific (Waltham, MA, USA). 

 

Animal Experiment 

Twenty Specific Pathogen Free (SPF) Sprague-

Dawley male rats weighing 200 g (SCXK [Beijing] 

2021-0011) were procured from the Institute of 

Traditional Chinese Medicine Health Industry under 

China Academy of Chinese Medical Sciences (Beijing, 

China). All rats were housed in the laboratory animal 

center for at least a week, with access to plentiful food 

and water. The environment was maintained between 

20°C to 24°C and at 45% to 65% humidity, with 12-hour 

day and night cycles. The rats were randomly divided 

into a control group, a sham group, a model group, and 

a model+emodin group. Before the surgery, each rat was 

anesthetized with sodium pentobarbital. Following 

disinfection, a silk thread was used to ligate the left 

ureter. Then, E coli (at a concentration of 2.0×107 

CFU/mL) was injected into the renal pelvis of each rat 

to form a urosepsis model.24 The sham group underwent 

similar surgical procedures but without ligation. Then, 2 

mL of 60 μg/mL emodin (HY-14393, MedChemExpress, 

Monmouth Junction, NJ, USA) was intraperitoneally 

injected one hour before the surgery. Postoperation, the 

living conditions and survival rates of the rats were 

closely monitored. After 24 hours, the rats were 

euthanized using CO2 delivered at a steady rate (50% of 

the container volume per minute) for 5 minutes. Finally, 

the renal tissues were harvested 24 hours postoperation. 

 

Hematoxylin and Eosin Staining 

The isolated left renal tissues from rats were fixed 

with 4% paraformaldehyde and embedded in paraffin. 

These tissues were then cut into 4 μm thick slices and 

dried for 6 hours in an oven set at 65°C. Subsequently, 

the slices were conventionally deparaffinated, hydrated, 

and stained with Hematoxylin and Eosin (H&E, C0105S, 
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Beyotime, Shanghai, China). Ultimately, the renal 

tissues were examined under a microscope (APX100, 

Olympus, Tokyo, Japan) to detect any localized 

pathological alterations. 

 

Biochemical Analysis 

Rats were first injected with emodin. After 24 

hours, we collected blood samples from these rats and 

assessed the levels of blood urea nitrogen (BUN) and 

serum creatinine (Cr) using a fully automatic 

biochemical analyzer (CS1200, Jason, Shanghai, 

China). 

 

Statistical Analysis 

The test results are presented as the mean±

standard deviation. Analysis of variance and the 

Student's t test was performed using the SPSS 26.0 

software, with p<0.001 indicating a significant 

difference. Graphs were generated using the GraphPad 

Prism 9.0 software. Each test was conducted 3 or more 

times. 

 

RESULTS 

 

Emodin’s Toxic Effect on PBMCs 

To confirm the toxic effect of emodin on PBMCs, 

PBMCs were exposed to a solution with gradient 

concentrations of emodin for 24 hours, followed by 

testing with CCK-8 reagent and LDH assay kits to assess 

cell activity and LDH levels. Within the concentration 

range of 7.5 to 60 µg/mL, emodin did not significantly 

affect the activity or LDH levels of PBMCs (p>0.001). 

However, after being treated with 120 µg/mL emodin, 

the cell activity decreased to less than 50%, while the 

LDH level significantly increased (p<0.001) (Figures 

1A and 1B). Consequently, 60 µg/mL emodin was used 

in subsequent tests. 

 

Emodin’s Suppression of E coli-stimulated Oxidative 

Stress in PBMCs 

To elucidate the influences of emodin on the 

oxidative stress in PBMCs, emodin was employed to 

intervene in the PBMCs stimulated by E coli. ROS test 

findings indicated that E coli amplified the production 

of ROS in PBMCs, this effect was moderately attenuated 

by emodin (p<0.001) (Figure 2A). Concurrently, the 

increase in MDA production induced by E coli was 

significantly curtailed by emodin, and it also visibly 

mitigated E coli’s inhibitory effect on the activities of 

GSH-Px and SOD (p<0.001) (Figures 2B-D). Therefore, 

emodin lessened the oxidative stress in PBMCs 

stimulated by E coli. 

 

Emodin’s Inhibition of E coli-stimulated 

Complement System Activation in PBMCs 

The levels of serum complement C5 and C5a were 

evaluated using ELISA. Consequently, emodin was 

discovered to obstruct E coli’s enhancement of C5 and 

C5a levels (p<0.001) (Figure 3A and B). Through 

Western blot testing, it was found that emodin could 

boost the expressions of COX-2 and iNOS (p<0.001) 

(Figures 3C–E). Moreover, ELISA results indicated that 

E coli stimulated the production of IL-1β, TNF-α, and 

IL-6, while emodin partially hindered this effect 

(p<0.001) (Figures 3F–H). These results revealed that 

emodin repressed the activation of the complement 

system in PBMCs stimulated by E coli, thereby 

alleviating inflammatory responses in these cells. 

 

 

Figure 1. Emodin’s toxic effect on peripheral blood mononuclear cells (PBMCs). (A) The activity of PBMCs was assessed with 

the Cell Counting Kit-8 (CCK-8) method. (B) Lactate dehydrogenase (LDH) levels in PBMCs were tested using an applicable 

assay kit. The data are expressed as mean ± standard deviation; *** p<0.001. 
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Figure 2. Impact of emodin on the oxidative stress in peripheral blood mononuclear cells stimulated by Escherichia coli. (A) 

Reactive oxygen species levels were detected with the fluorescent probe labeling method. (B-D) Malondialdehyde (MDA), 

superoxide dismutase (SOD), and glutathione peroxidase (GSH-Px) levels were measured using commercial assay kits. The 

data are expressed as mean ± standard deviation; ***p < 0.001. 

 
Emodin’s Regulation of the AMPK/SIRT1 Pathway 

To ascertain the regulation of the AMPK/SIRT1 

pathway by emodin, we conducted a Western blot assay 

to study the expressions of AMPK, p-AMPK, and 

SIRT1 in PBMCs. We found that emodin counteracted 

E coli’s inhibition of p-AMPK and SIRT1 expressions 

in rat PBMCs, but with the addition of CC, this effect of 

emodin was reversed (p<0.001) (Figures 4A–C). 

Therefore, it can be stated that emodin activates the 

AMPK/SIRT1 pathway. 

 

Compound C (CC) can Weaken the Effect of Emodin 

After the intervention with CC and/or emodin, the 

E coli-stimulated PBMCs were tested using a 

fluorescence probe labeling method and commercial 

assay kits. Notably, CC drove the increase in the peak 

intensity of ROS signals and the MDA levels but 

mitigated the generation of GSH-Px and SOD (p<0.001) 

(Figures 5A-D). The ELISA revealed that intervention 

with CC notably heightened the production of C5 and 

C5a in PBMCs (p<0.001) (Figures 5E–F). Furthermore, 

as detected by Western blot testing, CC treatment 

significantly raised the levels of COX-2 and iNOS 

(p<0.001) (Figures 5G–I). In addition, the generation of 

IL-1β, TNF-α, and IL-6 were also enhanced by CC 

(p<0.001) (Figures 5J–L). These variations confirmed 

that emodin can alleviate the oxidative stress, 

complement system activation, and inflammatory 

responses triggered by E coli by activating the 

AMPK/SIRT1 pathway in PBMCs. 
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Figure 3. Impacts of emodin on the complement system activation and inflammatory responses in PBMCs stimulated by 

Escherichia coli. (A-B) Levels of C5 and C5a were measured by enzyme-linked immunosorbent assay (ELISA). (C-E) Protein 

levels of cyclooxygenase-2 (COX-2) and inducible nitric oxide synthase (iNOS) were assessed by Western blot analysis. (F–H) 

Levels of inflammatory cytokines were measured using ELISA kits. The data are expressed as mean±standard deviation; 

***p<0.001. 

 

 

 

Figure 4. Emodin’s modulation of the AMP-activated protein kinase (AMPK)/Sirtuin 1 (SIRT1) pathway. (A-C) Expressions 

of p-AMPK, AMPK, and SIRT1 proteins were assessed by Western blot analysis. The data are expressed as mean±standard 

deviation; *** p<0.001. 

 

http://ijaai.tums.ac.ir/


J. Cui, et al. 

556/ Iran J Allergy Asthma Immunol                         Vol. 23, No. 5, October 2024 
Published by Tehran University of Medical Sciences (http://ijaai.tums.ac.ir) 

 

Emodin Treats Urosepsis Rats by Activating 

AMPK/SIRT1 Signaling Pathway 

Rats in the urosepsis condition exhibited a notably 

low rectal temperature. However, after the 

administration of emodin, this temperature rose 

significantly (p<0.001) (Figure 6A). Emodin also 

reduced the levels of MDA and ROS in the renal tissues 

of rats with urosepsis while increasing the levels of SOD 

and GSH-Px (p<0.001) (Figures 6B–E). ELISA results 

showed that emodin significantly reduced the 

expressions of C5a, C5, IL-1β, TNF-α, and IL-6 in rats 

suffering from urosepsis (p<0.001) (Figures 6F-J). The 

increases in Cr and BUN levels observed in rats with 

urosepsis were prevented by emodin, as detected by the 

automatic biochemistry analyzer (p<0.001) (Figures 

6K–L). According to H&E stained renal tissues, the 

control group and sham group of rats had well-organized 

renal structures, with clear glomeruli, renal capsule, and 

renal tubules, there was no inflammatory cell infiltration 

observed in the interstitium. On the other hand, rats with 

urosepsis showed disorganized renal tissue structures, 

abnormal glomerular structure, discernible enlarged 

renal capsules, dilated renal tubular lumens, and 

apparent necrotic tissue shedding, coupled with 

obstruction in the lumens. In addition, the renal 

interstitium was congested and ringed with numerous 

inflammatory cells. After administering emodin, these 

observed pathological changes in the renal tissues were 

mitigated (Figure 6M). Further, Western blot results 

indicated that emodin significantly increased the levels 

of SIRT1 and p-AMPK/AMPK in rats with urosepsis 

(Figures 6N–P). In summary, through the AMPK/SIRT1 

pathway, emodin can reduce oxidative stress, 

complement system activation, and inflammatory 

responses, and could ultimately attenuate renal injury in 

rats with urosepsis. 
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Figure 5. Compound C (CC)-affected partial counteraction to emodin’s attenuation of the Escherichia coli-stimulated oxidative 

stress, complement system activation, and inflammatory responses in peripheral blood mononuclear cells. (A) Reactive oxygen 

species (ROS) levels were detected by fluorescent probe labeling. (B–D) Malondialdehyde (MDA), superoxide dismutase (SOD), 

and glutathione peroxidase (GSH-Px) levels were measured using commercial assay kits. (E–F) C5 and C5a levels were assessed 

by enzyme-linked immunosorbent assay (ELISA) (G–I) Protein levels of cyclooxygenase-2 (COX-2) and inducible nitric oxide 

synthase (iNOS) were evaluated by western blot analysis. (J–L) Levels of inflammatory cytokines measured. The data are 

expressed as mean±standard deviation; *** p<0.001.  
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Figure 6. Emodin’s alleviation of oxidative stress, complement system activation, inflammatory responses, and renal injury in 

urosepsis rats via the AMP-activated protein kinase (AMPK)/Sirtuin 1 (SIRT1) pathway. (A) Rectal temperature of rats. (B) 

ROS levels detected by fluorescent probe labeling. (C–E) Malondialdehyde (MDA), superoxide dismutase (SOD), and 

glutathione peroxidase (GSH-Px) levels were measured using commercial assay kits. (F–J) C5, C5a, IL-6, tumor necrosis factor-

α (TNF-α), and interleukin-1β (IL-1β) levels assessed by enzyme-linked immunosorbent assay (ELISA). (K–L) Creatinine (Cr) 

and blood urea nitrogen (BUN) levels were evaluated using an automatic biochemical analyzer. (M) Renal injury in rats 

assessed by hematoxylin and eosin staining. (N–P) Expressions of p-AMPK, AMPK, and SIRT1 were evaluated by western blot 

analysis. The data are expressed as mean±standard deviation; ***p<0.001. 

 
DISCUSSION 

 

Urosepsis is a severe, life-threatening infectious 

disease characterized by purulence and inflammation.4 It 

commonly occurs in patients with functional or 

anatomical abnormalities in the urogenital tract who 

either receive improper treatment or develop urinary 

tract infections. Such patients may experience the spread 

of pathogens into their bloodstream, triggering 

unregulated bodily responses.25 Urosepsis often results 

from a combination of urinary tract infection and 

obstruction of the upper urinary tract obstruction,26-28 

typically presenting as acute pyelonephritis.29  

Sepsis is characterized by concurrent inflammation 

and oxidative stress, involving imbalances in iNOS, 

nitric oxide (NO), and glutathione.30-32 Cells under 

oxidative stress often produce more ROS, which can 

damage their molecular structures such as DNA, 

membrane lipids, and proteins.33 ROS primarily targets 

lipids and polyunsaturated fatty acids. MDA is the end 
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product of lipid peroxidation and reflects the severity of 

free radical attack.34,35 GSH-Px and SOD can protect 

cells from oxidative damage by removing ROS.27,36 The 

results of our study showed that when emodin 

concentrations were below 60 µg/mL, PBMC cell 

viability was higher and the LDH level was lower. Also, 

emodin reduced the E.coli-promoted increase in ROS 

and MDA production in PBMCs and dampened the  

E.coli-induced reduction in SOD and GSH-Px 

production in PBMCs. Therefore, emodin can lessen the 

oxidative stress on PBMCs. 

During sepsis, the complement system is initially 

activated, leading to an abundant production of 

complement fragments such as C3a, C4a, and C5a. 

These fragments trigger inflammation, resulting in 

dysfunction in the liver, kidneys, heart, lungs, brain, and 

other organs.37-39 Major pro-inflammatory proteins such 

as COX-2 and iNOS play a crucial role in the synthesis 

of prostaglandin E2 (PGE2) and NO.40-43 In cases of 

inflammation, the levels of pro-inflammatory cytokines 

like IL-1β, TNF-α, and IL-6 are significantly 

upregulated.44,45 This study examined the effects of 

emodin on the generation of serum antibodies and 

inflammatory factors in PBMCs stimulated by E coli. 

Emodin noticeably suppressed the E coli-stimulated 

generation of serum antibodies (C5 and C5a), pro-

inflammatory proteins (iNOS and COX-2), and 

inflammatory cytokines (IL-1β, TNF-α, and IL-6) in 

PBMCs. Thus, suggesting that emodin can attenuate 

inflammatory responses and complement system 

activation in the context of urosepsis. 

AMPK can augment the increase in the 

NAD/NADH ratio, thus activating the SIRT1 

deacetylase.46 Bei et al, demonstrated that emodin, by 

modulating the PPARα/γ-AMPK pathway, can 

participate in fatty acid metabolism.47 Song et al, 

reported that amelogenin could be used to regulate the 

AMPK/SIRT1/NF-κB pathway, thereby preventing 

sepsis-induced brain injury.48 To understand the 

emodin-based control of the AMPK/SIRT1 pathway, 

Western blot tests were carried out to clarify the 

expressed levels of AMPK, p-AMPK, and SIRT1 in 

PBMCs. Consequently, the production of p-AMPK and  

SIRT1 was noticeably hindered with the addition of CC. 

CC stimulated the restoration of ROS and MDA levels 

but obstructed the production of SOD and GSH-Px; after 

administering CC, we observed elevated levels of C5, 

C5a, COX-2, iNOS, IL-1β, TNF-α, and IL-6. Therefore, 

emodin played a part in relieving E coli-induced 

oxidative stress, inflammatory responses, and 

complement system activation in PBMCs by controlling 

the AMPK/SIRT1 pathway in these cells. 

In subsequent experiments using rat urosepsis 

models, we noticed anomalous glomerular structures, 

dramatically enlarged renal capsules, visibly necrotic 

tissue shedding, obstructions in the renal tubules, and 

infiltration of inflammatory cells in the interstitium. 

After administering emodin, the renal tissue lesions 

within urosepsis rats significantly improved. Notably, 

emodin impeded the production of ROS and MDA while 

enhancing the production of SOD and GSH-Px in 

urosepsis rats. At the same time, emodin diminished the 

expressions of C5a, C5, IL-1β, TNF-α, IL-6, Cr, and 

BUN, but conversely promoted the expressions of 

SIRT1 and p-AMPK. Overall, emodin can reduce 

oxidative stress, complement system activation, 

inflammatory responses, and renal injury in rats with 

urosepsis via the AMPK/SIRT1 pathway. 

This study simply illustrates the significant role of 

emodin in the treatment of urosepsis. The use of emodin 

in clinical settings requires further exploration. A 

summary of the survey findings indicates that emodin 

effectively mitigated oxidative stress, complement 

system activation, and inflammatory responses in 

PBMCs in vitro, and pathological damage in renal 

tissues in vivo. Importantly, emodin inhibited oxidative 

stress in PBMCs and played an integral role in urosepsis 

rats through the AMPK/SIRT1 pathway. Despite these 

findings, additional investigation is necessary to 

elucidate how emodin triggers this pathway. Emodin is 

non-toxic for PBMCs. Emodin can lessen oxidative 

stress, complement system activation, and inflammatory 

responses in E coli-stimulated rat PBMCs by modulating 

the AMPK/SIRT1 pathway, thus improving the 

condition of renal injury in urosepsis rats. 
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