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 Acute kidney injury (AKI) is a significant biomedical issue stimulated 

by many signaling pathways by lipopolysaccharide (LPS). This study 

looked at how fennel and khellah seed extracts (FSE&KSE) ameliorate 

the nephrosis that LPS-induced in experimental rats. Forty healthy adult 

male Westar albino rats weighing 200±20g, were used. Ten rats were left 

as control group G1, while other 30 rats were received a single 

intraperitoneal injection by LPS (12mg/kg b. wt.) and then divided into 3 

groups 10 rats for each. G2 represented the positive control, however the 

remaining two groups treated orally by FSE and KSE for 4 weeks. The 

injection of LPS increased KIM-1 and NFAT-5 genes expression, 

inflammatory biomarkers, nephrotic proteinuria moreover histological 

and structural changes in kidney tissue, while administration of FSE and 

KSE resulted in a significant (P˂0.05) improvement in biochemical 

parameters and ameliorate structural changes in kidney tissue and down 

regulate of KIM-1and NFAT-5 genes expression related to protect 

kidney from LPS injury. 

 

 

 

   

 

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

International License. 

 

 

1. Introduction 

Acute kidney injury (AKI), a condition of systematic inflammation response, is defined clinically as acute 

tubular cell damage and is linked to systematic and intrarenal inflammation, which quickly results in kidney 

failure [1]. In patients with bacterial infections in critical care units, severe sepsis and septic shock are now 

understood to be the primary causes of AKI, accounting for almost half of all AKI patients [2]. A clinical 

state of systemic inflammatory reactions brought on by an infection is known as sepsis. If not treated right 

away, it can cause multiple organ failure and eventually death [3]. There is growing evidence that the 

pathophysiology of AKI is underpinned by a number of interrelated processes [4]. 

 

 Lipopolysaccharide (LPS), a macromolecule present in the outer membrane of gram-negative bacteria, 

circulates at higher levels during sepsis and plays a crucial for triggering severe immunological response 

and inflammatory mediators [5]. It causes increased inflammation, induction of free radicals, and tubular 

cell necrosis. The induced inflammatory mediators bind to Toll-like receptors on plasma membrane of 
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immune cells and renal tubular epithelial cells [6]. As a result, the processes underlying sepsis-induced AKI 

have been extensively studied using animal models of LPS-induced AKI [3]. In practically all mammalian 

cells, nuclear factor-κB (NF-κB) function as the primary regulators of inflammatory responses that 

triggered by LPS-injection then starts transcription of target genes, including cytokines, chemokines, and 

adhesion molecules [7]. Furthermore, targeting the activated NF-κB ameliorated inflammation condition 

and decreased nephrotic proteinuria. So, NF-κB inhibitors could be a possible therapeutic choice for 

treating LPS-induced nephrosis [8]. 

 

Kidney injury molecule-1 (KIM-1) is a protein expressed in renal toxicity and is undetectable in the normal 

kidney. It functions as an adhesion molecule linking cells to one another and to the extracellular matrix. 

KIM-1 is a highly helpful indication for assessing kidney damage and creating novel medications [9]. 

According to earlier research, the nuclear factor that activated T cells-5 with its abbreviation (NFAT-5) can 

increase NF-κB transcriptional activity by interacting with complexes containing p65 subunit and initiate 

production of inflammatory mediators. NFAT-5 was involved in the pathophysiology of the inflammatory 

condition only [10]. 

 

Fennel, or Foeniculum vulgare M., is a species of blossoming plant in the apiaceae family. Humans have 

long used it as medicinal plant for its supposed anti-inflammatory and antioxidant effects [11]. Due to its 

breath-freshening and digestion aiding qualities, it is consumed as an after-meal snack in many Southeast 

Asian nations [12]. Fennel seed extracts have been found in experiments on animals to have potential uses 

in the treatment of hypertension, glaucoma, and as a diuretic [13]. Fennel seeds also constitute a valuable 

source of phytochemicals, fatty acids, sterols and polyphenols that might be applied in the food business 

[14]. 

 

Another species of flowering plant belongs to the carrot family known as the Ammi Visnaga L. goes by 

numerous popular names, including toothpick weed and khellah. Ancient Egyptians employed it as a natural 

remedy for kidney cramps, and one of its constituents, khellin, has pleiotropic effects on urolithiasis and can 

be used in combination with phototherapy for vitiligo [9]. The Unani clinicians utilize khellah, as an anti-

emetic, laxative, and antispasmodic in old-style medication, to treat bronchial asthma and whooping cough. 

Furthermore, treat peptic ulcer, cramping in the stomach and painful periods [15]. Numerous conventional 

medications, such as amiodarone, nifedipine, and cromolyn, have been created from khellah [16]. 

 

This work was designed to examine the effect of fennel seed and khellah seed extracts to ameliorate LPS-

induced nephrosis in experimental rats through downregulation of KIM-1 and NFAT-5 genes expression in 

kidney cell. 

 

2. Materials and Methods 

 

2.1 Materials 

Lipopolysaccharide (LPS) was purchased from Sigma Aldrich Company (St. Louis, MO,USA). Fennel 

seeds and khellah seeds were purchased from Ministry of Agriculture, Cairo, Egypt. 

 

2.2 Ethical statement 

The experiment was designed and conducted in animal house of the Medical Ain Shams Research institute 

(MASRI), Faculty of Medicine, Ain Shams University. According to bioethics approved by Institutional 

Animal Care Use Committee (IACUC), of Faculty of Science, Ain Shams University. 
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2.3 Animal design 

For the experimental investigation, 40 healthy adult male Westar albino rats, aged 6 weeks and weighing 

200±20g, were obtained from the National Research Center in Cairo, Egypt. For nephrosis induction, rats 

received a single intraperitoneal (i.p) injection by (12mg/kg b. wt.) freshly prepared LPS solution (dissolved 

in sterile LPS-free PBS) according to [17]. Ten rats apiece from each of the 4 groups of rats were used: Rats 

in group 1 (control group) were given commercial pellet diets and a single intraperitoneal injection of 

0.1mol/L citrate buffer and 1 ml distilled water orally once daily for 4weeks. Group 2 (LPS): nephrosis 

control rats received commercial pellet diet after LPS intraperitoneal injection and 1 ml distilled water 

orally once daily for 4weeks. Group 3 (FSE) and Group 4 (KSE) after nephrosis induction, the rats received 

commercial pellet diet and treated with 1 ml (60mg/kg b. wt.) fennel and khellah seeds extract respectively, 

orally daily for 4weeks according to [18]. The aqueous extracts of seeds were performed according to [19]. 

 

At the end of the experiment, all rats were sacrificed by decapitation. Samples of blood were collected and 

were allowed stand for clotting then serum was separated by centrifugation at 3000 r.p.m. for 10 min at 

4°C. Kidney was removed, washed with sterile solution of (9gL-1) NaCl, dried and kept for biochemical 

analysis and histopathological examination. Urine samples were collected 24h before sacrifice. 

 

2.4 Determination of bioactive components of fennel and khellah seeds 

The content of total phenolic compounds (TPC) was determined according to [20] procedure and was 

expressed as µg of Gallic acid equivalent (GAE) per ml of seed extract. The content of total flavonoids 

(TFC) was determined according to [21] and was expressed as µg of Quercetin equivalent (QE) per ml of 

seed extract. Total antioxidant activity (TAA) was measured by the stable 1, 1-Diphenyl-2-picryl-hydrazyl 

(DPPH0) according to [22] and was expressed as percentage of inhibition of DPPH0. 

 

2.5 Determination of KIM-1 and NFAT-5 genes expression 

The quantitation of expression of KIM-1 and NFAT-5 genes in addition to, the control housekeeping gene 

β-Actin in kidney tissue of normal and LPS-nephrotic rats was done by using the technique of polymerase 

chain reaction (PCR). The first step total RNA extraction from kidney tissue was performed using TRIzol 

total RNA extraction reagent following the methodology of [23]. Then the extracted RNA was converted to 

complementary DNA (cDNA) strands by reverse transcription using the sensi Fast cDNA synthesis kit, 

(CAT. No. BIO-65053). The product of PCR was laden on 2% gel electrophoresis for separation the 

amplified cDNA strands were visualized according to their size as previously described [24] Table (1) 

presented the sequences for the selected primers. 

 

Table (1): The sequences of primers of KIM-1, NFAT-5 and β-Actin genes 

Gene  Sequence direction  Primers 

KIM-1 Forward sequence  5՜-TGGCACTGTGACATCCTCAGA-3՜ 

Reversed sequence  5՜-GCAACGGACATGCCAACATA-3 

NFAT-5 Forward sequence 5՜-TCAACCCATGTCACCCCTAC-3 

Reversed sequence 5՜-TACAAAGGCTCTGTCGCTGA-3 

β-Actin Forward sequence 5՜-AAGCAGGAGTATGACGATCCG-3 

Reversed sequence 5՜-GCCTTCATACATCTCAAGTTGG-3 

 

2.6 Determination of inflammatory biomarkers in serum and kidney tissue homogenate 

The frozen kidneys were homogenized in 100 mg tissue/mL cold PBS. The samples were centrifuged at 
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12,000 × g for 15 min then the supernatant was collected for analysis. The serum and kidney levels of 

prostaglandin F2α (PGF2α), cyclooxygenase-2 enzyme COX-2 and iNOS were measured using ELISA kits 

[25]. 

 

2.7 Evaluation of nephrotic proteinuria 

For evaluation of nephrotic proteinuria urinary albumin and creatinine were measured by using compatible 

protein kit (BIO-Med) and creatinine assay kit (Ray-Bio). The final result of proteinuria was standardized to 

creatinine excretion as A/C ratio according to [26]. 

 

2.8 Microscopic examination of kidney 

For regular histological investigation using (H&E) stain, portions of the kidney were carefully excised and 

preserved in neutral formalin solution at a 10% concentration. Tubular injury score and the percentage of 

damaged area were evaluated as previously described [27]. 

 

2.9 Immunofluorescence staining (LTL-staining) of kidney 

Kidney sections were deparaffinized, dehydrated, and blocked in a blocking buffer. The sections were 

probed with an anti-Ly6B.2 antibody (Novus Biologicals, Littleton, CO, USA) to recognize the Ly-6B.2 

antigen that expressed on neutrophils, inflammatory monocytes and some activated macrophages in kidney 

tissue. After washing, the sections were probed with an Alexa-Fluor-488-conjugated secondary antibody 

(Invitrogen, CA, USA) for labeling. Nuclear staining was performed with DAPI (4′,6-diamidino-2-

phenylindole) blue dye. The brush border of the tubules was detected using green colored fluorescein-5-

isothiocyanate (FITC)-conjugated LTL (Lotus tetragonolobus lectin) that had high conjugated affinity to 

lipopolysaccharides (Burlingame, CA, USA). Images were taken with a confocal (bright images) 

microscope (Nikon, Tokyo, Japan). Positive cells were examined in 10 arbitrarily selected fields per sample 

[27]. 

 

2.10 Statistical analysis 

Version 16.0 of the Statistical Package for Social Science to analyze the data, Microsoft Windows and 

SPSS Inc. were utilized. The data were expressed as mean ± SD using the mean and standard deviation. 

Levesque [28] reported that one-way analysis of variance (ANOVA) was used to detect statistical 

differences between groups; the mean difference was significant at the (P˂ 0.05) level. 

 

3. Results 

 

3.1 Bioactive components in FSE and KSE seeds extracts  

The results tabulated in (table 2) showed that fennel and khellah seeds are from high bioactive components 

herbs. Since TPC that was measured as GAE recorded 194±11 µg/ml of FSE and 159±8µg/ml of KSE. In 

addition, TFC that was measured as QE recorded 116±10µg/ml of FSE and 210±6µg/ml of KSE. Also, 

TAA for FSE and KSE extracts was measured as the percentage of inhibition of DPPH0 and recorded 

36.50% and 69.64%, respectively. Collectively we could report that, FSE had higher TPC than KSE, while 

KSE had higher TFC and TAA than FSE. 

 

Table (2): The bioactive components in FSE and KSE seeds extracts 

 TPC (µg/ml) TFC (µg/ml) TAA (%) 

FSE 194±11 116±10 36.50 

KSE 159±8 210±6 69.64 
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3.2 The effect of FSE and KSE on KIM-1 and NFAT-5 genes expression in kidney tissue  

The results tabulated in (table 3) indicated that, i.p. injection with LPS induced acute renal failure that 

resulted in a significant (P˂0.05) elevation in KIM-1 and NFAT-5 mRNA levels by about 177.55% and 

169.66% respectively in LPS G2 as compared with control G1. While orally administration of FSE and 

KSE reduced significantly (P˂0.05) mRNA levels of tested genes. The percentage of decrement in KIM-1 

gene expression were 54.41% and 48.90% respectively in FSE (G3) and KSE (G4) as compared with 

corresponding LPS G2, while the percentage of decrement in NFAT-5 gene expression were 30.42% and 

24.58% respectively in FSE (G3) and KSE (G4) as compared with corresponding LPS G2. From previous 

results, it was noticed that, FSE was more effective than KSE on downregulating the expression of tested 

genes. 

 

Table (3): The effect of FSE and KSE on KIM-1 and NFAT-5 genes expression in kidney tissue 

Groups/Parameters KIM-1 NFAT-5 

G1 (Control) 0.98±0.12a 0.89±0.03a 

G2 (LPS) 2.72±0.15b 2.40±0.33b 

G3 (FSE) 1.24±0.23a, c 1.67±0.20c 

G4 (KSE) 1.39±0.32c 1.81±0.11c 

L.S.D. 0.34 0.37 

-Values are mean ±SD. 

 -There is no significant difference between means having the same letter in the same column (P<0.05). 

-Gene expression of KIM-1 and NFAT-5 were measured relative to housekeeping β-Actine gene. 

 

3.3 The effect of FSE and KSE on inflammatory biomarkers in serum and kidney tissue homogenate 

The results illustrated in (figure 1 a & b) showed that, the injection of LPS resulted in acute inflammation in 

kidney tissue appeared as a significant (P˂0.05) elevation in the tested inflammatory biomarkers PGF2α, 

COX-2 and iNOS in serum and kidney homogenate. In serum the percentage of increment in PGF2α, COX-

2 and iNOS levels were 49.43%, 188.79% and 329% respectively as compared with control G1. While, oral 

administration of FSE and KSE caused a significant (P˂0.05) decrease in PGF2α, COX-2 and iNOS levels. 

The percentages of decrement were 28.01%, 41.74% and 25.87% respectively in FSE G3 as compared with 

LPS G2. Moreover, the percentages of decrement were 20.05%, 31.82% and 33.68% respectively in KSE 

G4 as compared with LPS G2. 

 

In kidney homogenate the inflammatory biomarkers levels followed the same manner as in serum. Since, 

the induction of acute nephrosis by LPS injection resulted in a significant (P˂0.05) increase in PGF2α, 

COX-2 and iNOS levels. The percentage of increment were 57.58%, 182.70% and 150.80% respectively, as 

compared with control G1. But with oral administration of tested extracts the levels of PGF2α, COX-2 and 

iNOS in kidney homogenate led to a significant (P˂0.05) reduction related to LPS G2. The percentages of 

decrement were 28.85%, 35.62% and 29% respectively in FSE G3 as compared with LPS G2. Farther, the 

percentages of decrement were 26.92%, 38.36% and 25.80% respectively in KSE G4 as compared with LPS 

G2. Totally, we observed that, FSE had more anti-inflammatory effects than KSE as observed in decreased 

inflammatory mediators' production. 
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Figure (1): a) Inflammatory biomarkers PGF2α, COX-2 and iNOS in serum b) Inflammatory biomarkers 

PGF2α, COX-2 and iNOS in kidney homogenate 

 

3.4 The effect of FSE and KSE on nephrotic proteinuria 

With respect to the results of urinary albumin, urinary creatinine and their ratio in (table:4) we concluded 

that, the induction of nephrosis by i.p. injection of LPS resulted in abnormal renal permeability appeared as 

a significant (P˂0.05) increase in urine albumin by about 88.11% and a significant (P˂0.05) decrease in 

urine creatinine by about 62.69% as compared with control G1. This disturbance in urinary excretion of 

albumin and creatinine caused a significant (P˂0.05) rise in A/C ratio by about 406.33% as compared with 

control G1. The treatment of nephrosis by tested extracts FSE and KSE showed a significant (P˂0.05) 

decrease in urine albumin by about 29.10% and a significant (P˂0.05) increase in urine creatinine by about 

84% in FSE G3 as compared with LPS G2. Moreover, this improvement in renal permeability by FSE oral 

administration reflected on A/C ratio as a significant decrease by 61.46% when compared with LPS G2. 

 

Considering the effect of KSE on renal permeability it was clear that, the oral administration of KSE led to 

a significant (P˂0.05) reduction in urinary albumin by about 41.13% and a significant (P˂0.05) elevation in 

urinary creatinine by about 108% in KSE G4 as compared with LPS G2. Also, this improvement in renal 
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permeability by KSE oral administration reflected on A/C ratio as a significant decrease by 71.69% when 

compared with LPS G2. Finally, from previous results we observed that, KSE was more effective than FSE 

in improving renal permeability and nephrotic proteinuria. 

 

Table (4): The effect of FSE and KSE on urinary albumin, creatinine and A/C ratio 

Groups/Parameters Albumin (mg/dl) Creatinine (mg/dl) A/C Ratio 

(mg/mg) 

G1 (Control) 18.08±0.76a 1.34±0.21a 13.43±0.28a 

G2 (LPS) 34.01±0.48b 0.50±0.11b 68.00±0.31b 

G3 (FSE) 24.12±0.46c 0.92±0.08c 26.21±0.18c 

G4 (KSE) 20.02±0.42c 1.04±0.15c 19.25±0.38d 

L.S.D. 4.48 0.30 5.42 

-Values are mean ±SD. 

 -There is no significant difference between means having the same letter in the same column (P<0.05).  

 

3.5 The effect of FSE and KSE on microscopic examination and immunofluorescence staining of kidney 

Figure (2: a-d) showed kidney sections of all tested groups, with respect to figure (2b) LPS injection to rats 

resulted in acute nephrosis appeared as pathological changes including, focal necrosis of renal tubules, 

infiltration of macrophages and other inflammatory cells, tubular cell detachment and dilated tubules as 

compared with normal kidney section of healthy control G1 (Figure:2a) that showed normal histological 

structure of renal parenchyma. However, the oral administration of FSE and KSE resulted in significant 

improvement on kidney tissue structure appeared as decreased number of inflammatory cells, decreased 

congested tubules and decreased macrophages infiltration (Figures: 2 c & d). KSE showed more efficiency 

than FSE, these results matched bioactive components analysis that confirmed higher TAA (scavenging of 

free radicals) and higher flavonoids content in KSE than FSE. Considering the tubular injury score (TIS) in 

(Figure: 4a), the LPS injection led to a significant increase in TIS to 3.75 as compared with healthy control 

G1 that recorded 0.4. while, the oral administration of FSE and KSE resulted in significant decrease in TIS 

recorded 2 and 1.5 respectively. 

 

Figure (3: a-d) showed immunofluorescence staining of kidney tissue by (LTL). Loutus tetragonolobus 

lectin that is isolated from (asparagus pea) and attached with lectin used for detection of some kidney and 

colon diseases. Since, it has high conjugated affinity to fructose in LPS. In our study we used it for labeling 

brush border of renal tubules that followed by immunofluorescent staining green colored (FITC) to examine 

the effect of LPS on brush border membrane. We observed that LPS injection to rats resulted in loss in 

brush border membrane as noticed in (Figure:3b) by decreasing the percentage of LTL green fluorescent 

area. In addition to, a significant reduction in LTL-stained percentage to 7% as compared with control G1 

that recorded 35% as showed in (Figure: 4b). However, the oral administration of FSE and KSE attenuated 

brush border loss (Figure: 3 c & d) and increased significantly the percentage of green LTL-stained area to 

20% and 15% respectively as showed in (Firure:4b). 
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Figure (2: a-d): Kidney sections in all tested groups. a) kidney section of healthy control G1 with normal 

kidney parenchyma. b) Kidney section of LPS G2 showed focal necrosis of renal tubules, inflammatory 

cells infiltration, tubular cell detachment and dilated tubules. c) Kidney section of FSE G3 showed 

decreased number of inflammatory cells. d) Kidney section of KSE G4 showed decreased congested tubules 

and decreased macrophages infiltration. (H & E × 400) 

 

 
Figure (3: a-d): Immunofluorescence staining of kidney tissue by (LTL). a) Control G1: normal green 

stained brush border membrane b) LPS G2: loss in brush border membrane c) FSE G3 and d) KSE G4 

showed improved brush border membrane by oral administration of FSE & KSE. 
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Figure (4: a & b): a) Tubular injury score (TIS). b) LTL-Stained area (%) 

 

4. Discussion 

It had been proposed that one of the mechanisms causing LPS-associated toxicity was the depletion of free 

radical scavengers in rats received LPS injections. Consequently, its oxidative stress may be responsible for 

the LPS toxicity that was seen in our study. 

 

The phenolic components were thought to be associated with the protection of disorders that induced by 

oxidative stress and inflammation. Previous studies claimed that the isolated phenolic compounds from FSE 

and KSE have pharmacological effects because of their potent antiradical scavenging capacities [13], [29]. 

 

The antiradical scavenging capacities of ethanolic and aqueous extracts of FS were both shown to be highly 

antioxidant efficient in mercuric chloride induced hepatorenal toxicity rats, according to research by [30]. 

While [31] noted that numerous phenolic compounds included in KSE may have the ability to lessen the 

toxicity brought on by LPS treatment. [16] also reported that KSE had significantly improved the 

antioxidant status and had pharmacological activities because of its valuable chemical constituents, which 

consisted primarily of polyphenols, including khellin (flavonoid) and visnagin (γ-pyrones). Accordingly, in 

bases of these results, the antioxidant activity of FSE and KSE may have contributed to their protective 

effect against the toxicity of LPS that was shown in our investigation. 

 

KIM-1 was shown to be a significant indicator of the degree of renal damage. Rats given LPS displayed 

significantly higher levels of KIM-1 expression in comparison with control group, also these rats 

experienced markedly elevated levels of nephrotic proteinuria, which suggested loss polarity of tubular cell, 

increased permeability of epithelial cells, and distraction of the actin cytoskeleton in renal microvascular 

cells due to LPS injection [9]. Furthermore, KIM-1 expression was shown to be higher in the early stages of 

kidney damage [32]. In our study rats that injected with LPS, KIM-1 expression increased significantly 

suggested that renal cell damage had been induced. These results could be long-established by the previous 

studies [33]. Additionally, prior research found that the KIM-1 gene was expressed more often and urine 

protein levels were higher, both of which were related to the acute renal injury's inflammatory and high 

ROS levels [34]. In contrast, the dramatic reduction in KIM-1 expression following treatment with the 

tested extracts (FSE and KSE) suggested that renal cells had returned to a healthy state, possibly as a result 

of the phytochemical content of these extracts. This finding also suggested that FSE and KSE treatment 

could significantly lessen LPS-induced AKI by downregulation of the KIM-1 gene and suppression of the 

NF-κB pathway [35]. 
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By activating the MAPK pathway, KIM-1 has been shown to promote macrophage migration into tissue 

space. Furthermore, the suppression of the MAPK pathway could control KIM-1 expression and reduce 

macrophage infiltration [36]. Additionally, according to [37] LPS injection in rats increased the production 

of pro-inflammatory mediators through toll-like receptors (TLRs) cascades that involved the expression of 

more kidney damage and apoptosis biomarkers like KIM-1, NFAT-5, TLR-2, TLR-4, Bcl2 and Bax. The 

previous reports were consistent with current results which suggested the inflammatory effect of LPS 

through MAPK pathway activation. 

 

It was reported that the P38 protein also promoted NFAT-5 accumulation and NFAT5-dependent activation 

of iNOS in macrophages activated by LPS exposure. In RAW macrophage cell line treated for 24 hours 

with LPS, increased NFAT-5 expression through increased p38 protein production [38]. In an animal model 

of nephrotic proteinuria caused by LPS, [8] found that NFAT-5 deletion reduced NF-κB activity and 

improved clinical symptoms. These findings therefore established a link between the favorable effects of 

NFAT-5 knockdown on podocyte filtration barrier function and improved proteinuria, with suppression of 

NF-κB activation. 

 

It was detected that NFAT-5 and NF-κB working together to promote the expression of particular genes in 

response to oxidative stress, and can cooperate to regulate a group of target genes in primary macrophages 

that have been stimulated by TLRs. Although both factors had distinct roles in macrophages, the fact that 

they could activate several of the same target genes and that NF-κB could control the expression of NFAT-5 

indicated that there was functional interaction between both of them [39]. NFAT-5 controls expression of 

large number of genes that regulate NO generation, cell growth, inflammation. Additionally, in the current 

study NFAT-5 expression pattern was linked to nephrotic proteinuria, with LPS-treated rats showing a 

notable rise in nephrotic proteinuria and overexpression of NFAT-5. While rats given FSE and KSE showed 

a significant reduction in NFAT-5 expression and a notable improvement in nephrotic proteinuria. These 

findings indicated the possibility of inhibiting proteinuria disease development by targeting KIM-1, NFAT-

5, and NF-κB gene expression. 

 

According to [7], exposure to LPS significantly boosted iNOS synthesis and elevated NF-κB activation 

through IκBα induction. The fact that NFAT-5 knockdown in the glomeruli similarly inhibited NF-κB 

activity in rats receiving FSE and KSE treatment suggested that the protective mechanism might be caused 

by the positive regulation of NFAT-5 downregulation on NF-κB activity [40]. 

 

One of the characteristics of LPS-induced kidney damage was the existence of high levels of oxidative 

stress and inflammatory mediators. The increased ROS production caused by LPS treatment in the kidneys 

caused the apoptotic death of tubular epithelial cells [41]. LPS-induced kidney injury also required 

inflammatory responses in addition to direct cellular damage. Infiltration of inflammatory cells, tubular 

epithelial cells degeneration and released an excess of inflammatory cytokines were observed during LPS-

induced AKI [42]. Further, ROS buildup resulted in inflammation in a number of ways, and these induced 

free radicals and inflammatory mediators were intimately related and cooperatively supportive. It was well 

approved that inflammasome complexes were essential for pro-inflammation progressions in several tissues 

and cells [6]. Additionally, too much ROS played a key role in the inflammasome complex being activated. 

Therefore, LPS activated the NOX4/NLRP3, inflammasome signaling pathway of liver fibrosis, which 

regulates the status of oxidative stress and the condition of inflammation [43]. 

 

LPS induced AKI through initiation synthesis of cytokines and ROS, excessive buildup of pro-

inflammatory cells that caused further tissue harm [44]. Anti-inflammatory drugs and radical scavengers 
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used concurrently did, in fact, provide renoprotective benefits against LPS-induced kidney damage. FES 

and KSE have been used pharmaceutically as anti-inflammatory and anti-radical agents, suggesting that 

they have protective effects against rat kidney damage caused by LPS. 

 

The key enzymes in the production of PGs and thromboxane were COXs. There are two known members of 

COXs, COX-1 and COX-2. A range of triggers as LPS injection, including inflammatory mediators, can 

increase the production of COX-2 that resulted in production of inflammatory prostaglandins as PGF2α 

[45]. Anti-inflammatory drugs either modify the activation and migration of inflammatory cells from 

intravascular to tissue space or block the enzymes that produce inflammatory mediators, such as 

cyclooxygenase (COX-2), administration of FSE decreased production of COX2 and subsequently 

decreased inflammatory prostaglandins (PGF2α) [46]. 

 

The tested extracts of current study had an anti-inflammatory impact by downregulation of KIM-1 and 

NFAT-5 in addition to lowered COX-2 level, which led to decreased synthesis of inflammatory 

prostaglandins, particularly PGF2α, because of their phenolic contents and their scavenging activities 

towards free radicals. The results were supported by earlier research by [47] who found that FSE has anti-

inflammatory effects in renal damage caused by acute kidney injury induced by cisplatin. 

 

The capacity of FSE to reduce NFAT-5 mRNA in LPS-induced kidney damage led to the NF-κB 

inflammatory pathway being blocked and improved nephrotic proteinuria [48]. Because FSE had highly 

anti-inflammatory, antioxidant, and scavenging activities towards free radicals, the scientists described how 

these properties contribute to its therapeutic benefits. Anethole, a key component of fennel seeds, may be 

responsible for the nephroprotective action of fennel because it had been demonstrated to reduce 

inflammation. Also, anethole is a powerful inhibitor on the inflammatory effects of TNF-α through 

inhibition of IκBα phosphorylation (NF-κB pathway initiator) [14]. 

 

Furthermore, in rats with renal toxicity, the impact of FSE was examined on the excretion of protein and 

creatinine through the urine. They detected that FSE showed a dose-dependent pattern of nephroprotective 

action. In addition to decreased renal cell necrosis and inflammatory cell infiltration, the administration of 

FSE had a positive effect on the balance between cell death and proliferation in kidney tissue histological 

examination [13]. 

 

It was previously [49] reported that using anethole, extracted from fennel seeds in treating LPS-induced 

acute lung injury rat model had anti-inflammatory effects through reduction of TNF-α, iNOS and IL-6 and 

reduced neutrophils and macrophage numbers. However, estragole, another component of fennel that 

identified by [50] had anti-inflammatory and antioxidant effects in vitro and in vivo by suppressing NF-κB 

and activating Nrf-2 pathways resulted in the decreased production of iNOS, COX-2 and PGF2α and 

increased antioxidant enzyme production. 

 

The study of [41] showed that oral administration of KSE decreased renal disorders and histopathological 

abnormalities in LPS-injected mice. Mainly, tubular epithelial injuries were markedly attenuated by KSE. 

These results suggested that KSE had a renoprotective effect against LPS-induced functional and structural 

injury. Also, it had been reported that KSE ameliorated kidney injury induced by carbon tetrachloride in 

mice mainly through suppressing oxidative stress [51]. The observation of [34] that KSE could deactivate 

MAPK by decreasing monocytes and macrophages activation indicted the anti-inflammatory effect of KSE 

which might due to its highly contents of flavonoids, polyphenols and pyrones. In addition, KSE 

significantly improved LPS-induced oxidative stress and developed tissue injury [52]. 
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The nephroprotective effect and anti-inflammatory activity of visnagin in KSE was reported by [29] they 

stated that visnagin in KSE can decreased the expression of mRNA and the secretion of TNF-α, IL-1β, 

iNOS and IFNγ. The anti-inflammatory activity of visnagin could be due to the suppression of transcription 

factors of NF-κB pathway. 

 

LPS injection increased its accumulation in the kidney tissue of rats. Then LPS molecules bound to kidney 

proteins with covalent bounds, this resulted on overconsuming and even depletion of antioxidant molecules 

such as GSH. These findings led to the hypothesis that LPS-triggered oxidative renal damage was the 

original cause of the histological renal damage caused by LPS [37]. This supports the hypothesis put out by 

[42] that oxidative renal damage was caused by free radical damage that was sparked by LPS. These free 

radicals reacted with the lipids in the membrane, triggering peroxidation of those lipids. Additionally, the 

reaction between NO and superoxide O2 increased the production of ONOO- (peroxynitrite), which 

produced hyperactive radicals (ONOO-) and led to cellular reactions such as lipid peroxidation, protein 

oxidation, protein nitration, inactivation of antioxidant enzymes with depletion of intracellular antioxidants, 

and ultimately cellular necrosis [18]. 

 

The fact that NFAT-5 was upregulated in the glomeruli of mice after induction of nephrotic proteinuria by 

LPS injection suggested that, NFAT-5 was involved in the pathophysiology of the condition only. [53] used 

albumin permeability assay and decreased NFAT-5 expression in LPS-treated podocytes using siRNA 

transfection to determine if NFAT-5 influences the filtration barrier function of podocytes. Albumin 

permeability across the podocyte monolayer was increased by LPS treatment, however this impact was 

minimal in (siRNA-NFAT-5) podocytes. The scientists suggested that, the NFAT-5, a transcription factor 

of NF-κB pathway, could be activated by LPS and whose activation had a link with the development of 

proteinuria, to explain the molecular mechanism by which NFAT-5 affected podocyte function. 

 

[10] decreased NF-κB activity in LPS-treated podocytes by depletion NFAT-5 in order to demonstrate a 

causal relationship between suppressed NF-κB activity and better filtration barrier performance of NFAT-5 

depleted podocytes. KSE administration in LPS-induced nephrotic proteinuria models effectively produced 

a suppression of NF-κB activity. When NF-κB activity is inhibited, the increased albumin permeability 

across the podocyte monolayer that was induced by LPS stimulation sharply recovered after KSE treatment, 

supporting the idea that podocytes have improved filtration barrier function. These findings suggested that 

KSE administration achieved the same results as NFAT-5 depletion in suppression of NF-κB activity and 

improvement of the filtration barrier function of LPS-treated podocytes [54]. 

 

The hematoxylin and eosin staining of kidney tissue was carried out as a traditional approach for 

determining the acute tubular necrosis score with endothelial dysfunction and microvascular congestion 

following intraperitoneal injection of LPS [55]. According to [56], [33] lotus tetragonolobus lectin (LTL) 

staining was able to show that the brush boundary was destroyed in the proximal tubules following LPS 

injection. However, the KSE oral administration considerably reduced the erosion of the brush boundary. 

These findings collectively imply that KSE treatment reduced functional and structural renal damage, 

particularly tubular injury, following LPS injection. 

 

 According to [35] LPS administration caused clear pathological damages to the renal cortex, including an 

increase in mesangial cells and a proliferation of mesangial matrix in the glomeruli. The pathological 

alterations brought on by LPS exposure, however, might be greatly reduced by the administration of KSE 

therapy. In the kidney 48 hours after LPS injection, histopathological examination of AKI in the proximal 

tubules of LPS-injected rats revealed tubular dilation, loss of nuclei of epithelial cell, brush boundary loss 
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and cell sloughing. The KSE group kidney damage score was considerably lower than the LPS group. 

 

5. Conclusion 

Injection of LPS resulted in acute nephrosis that was represented by increased KIM-1 and NFAT-5 genes 

expression, inflammatory biomarkers and induced nephrotic proteinuria in addition to, histological and 

structural changes in kidney tissue. While, consuming FSE and KSE had high pharmacological potential 

due their valuable chemical constituents mainly polyphenolic and flavonoids compounds with antiradical 

scavenging activities, could protect kidney from LPS injury. FSE effect exported in downregulation of 

tested genes and decreased inflammation condition, while KSE effect exported in decreased nephrotic 

proteinuria, improved renal permeability and decreased tubular injury score. 
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