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Kidney stones, caused by mineral deposits, lead to severe pain and infections. Genetic factors, including 

the UMOD gene, influence stone formation, while medicinal plants like Silybum marianum and Zingiber 

officinale may offer protective effects. This study investigates how plant extracts modulate UMOD gene 

expression to prevent kidney stones and infections, exploring their therapeutic potential in renal health. 

For this purpose, 100 microliters of extracts of the medicinal plants Zingiber officinale, Silybum 

marianum, Alhagi, Urtica, and Brassica napus were used as samples, and the expression level of the 

UMOD gene was examined using the real-time PCR technique. Real-time PCR analysis revealed a 

significant increase in UMOD expression compared to the control, suggesting a protective role against 

kidney damage. Bioinformatics analysis used NCBI, ProtScale, UCSC, MBC, and OMIM databases. 

Bioinformatics analysis identified 23 miRNAs targeting UMOD, potentially influencing kidney disease 

progression. Additionally, 3D protein modeling confirmed UMOD's structural stability (GMQE = 0.83, 

92.79% stability via Ramachandran plot). Network analysis highlighted UMOD's interaction with 

kidney stone-related genes, while domain analysis revealed functional ZP and EGF domains involved 

in infection resistance. Tissue-specific expression was highest in kidneys and liver, supporting its renal 

protective role. The results of this study provide a promising perspective, indicating that the medicinal 

plants examined possess antioxidant and anti-inflammatory properties. These properties help alleviate 

symptoms, prevent the reformation of kidney stones, and assist in expelling existing stones. 
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INTRODUCTION 

Kidney stones are a prevalent urological disorder affecting 

approximately 12% of the global population. The primary cause of 

this condition is the accumulation of minerals, particularly calcium 

oxalate, on the papillary surfaces of the kidneys. The formation of 

kidney stones is a complex chemical and physical process that 

occurs due to the buildup of stone-forming compounds in the 

urinary tract. During this process, factors that typically inhibit 

stone formation are either rendered ineffective or have minimal 

impact, allowing stone production to dominate. In older 

individuals, increased cellular damage over time can lead to the 

retention of harmful mineral particles on the kidney's papillary 

surfaces. Generally, the accumulation of substances such as 

calcium, phosphorus, uric acid, and oxalate, combined with low 

urine volume, significantly contributes to stone formation. Uric 

acid, in particular, reduces the solubility of various substances and 

greatly influences the formation of calcium oxalate (CaOx) stones 

[1]. 

In general, the following factors have the greatest impact on 

kidney failure: Lifestyle and food consumption such as animal 

proteins and salt intake [2, 3]. Deficiency in the use of vegetables, 

substances such as fiber and citrate [4]. Urinary tract infections 

and urine pH and alkalinization of urine [5]. Genetic disorders, 

especially in autosomal genes [6]. Obesity and high blood pressure 

[7]. Climate change and water pollution [8]. Intestinal 

inflammation and infections and lack of intestinal oxalate-

degrading bacteria [9]. Lithogenic drugs such as Indinavir and 

sulfonamides [10]. 

The human body operates as a complex network of interconnected 

processes that occur daily in various parts. One such process is 

detoxification, which is vital for the proper functioning of the 

kidneys. Effective detoxification can enhance kidney function and 

reduce the formation of kidney stones. In this context, medicinal 

plants and their extracts serve as significant resources for 

mitigating harmful changes and supporting kidney health. These 

plants have a long-standing role in traditional medicine, offering 

remedies for kidney diseases and addressing damage caused by 

toxic substances. This study will explore the roles and properties 

of several key medicinal plants associated with kidney stones [11]. 

S. marianum (L.) Gaertn plant is native to the Mediterranean 

region but is currently cultivated all over the world. The milk 

thistle plant has effective compounds that, in addition to affecting 

the health of various organs, especially in the kidneys, gallbladder, 

and urinary tract, lead to detoxification. These compounds include 

silymarin, isosilybin, isoscelchristine, and taxifolin. This plant 

also strengthens the immune system due to its strong antioxidants 
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and anti-inflammatory properties and prevents the formation of 

kidney stones [12]. 

Z. officinale Roscoe is one of the most useful plants in traditional 

medicine is ginger. This plant has proven its anti-pathogenic 

effects in a wide range of diseases. In this section, we will focus 

on the medicinal properties of ginger in relation to kidney failure. 

Ginger helps prevent kidney stones through its antioxidant and 

anti-inflammatory compounds. First, it dissolves existing stones 

due to the presence of vitamin C and magnesium. Additionally, 

these compounds inhibit the binding of stone-forming substances, 

thereby reducing the likelihood of large stone formation. 

Furthermore, the active antioxidants in ginger increase urine 

volume, which enhances the excretion of waste. Research also 

indicates that the phenolic and flavonoid compounds in ginger 

provide protection against kidney damage [13]. 

Alhagi Tourn. ex Gagnebin  plant contains antioxidant compounds 

and substances that act in many diseases, especially kidney and 

liver failure, and improve the symptoms of the disease. 

Compounds such as magnesium, potassium, tannins, phenols, 

flavone glycosides, and flavonoids are considered anti-

inflammatory compounds of this plant. In general, this plant 

cleanses the kidneys and bladder, increases urine volume, affects 

the cells of the urinary tract and tubes, and facilitates the excretion 

of kidney stones. Also, the antioxidant compounds of this plant 

dissolve calcium molecules by binding to them and preventing the 

formation of calcium stones [14]. 

Urtica L. is an annual herbaceous plant that contains many anti-

inflammatory compounds. This plant, rich in mineral compounds 

and vitamins, is effective in treating various diseases, including 

stomach, lung, and urinary tract infections, and alleviating their 

symptoms. Additionally, it is renowned for its exceptional 

antioxidant properties, which help expel small stones from the 

kidneys and urinary tract, earning it the nickname "kidney stone-

busting plant." Its active ingredients include carbohydrates, 

sodium, potassium, tannin, iron, manganese, magnesium, 

phosphorus, and iodine. Furthermore, it contains vitamins A and 

E, crucial for preventing kidney stone formation. Recent studies 

indicate that oxalate exposure can damage kidney epithelial cells, 

while Urtica helps reduce the formation of calcium oxalate 

crystals and promotes the excretion of toxins, particularly uric 

acid, the primary cause of kidney stones. Overall, this plant is 

highly regarded for relieving prostate and urinary tract disorders 

[15]. 

B. napus L. plant is a rich source of antioxidants. The roots of this 

plant contain phenols and flavonoids. Rapeseed root is also a 

solubilizer of urinary salts. These roots are also antiscorbutic and 

emollient, which cause the dissolution of kidney stones [16]. 

In recent years, the recognition and understanding of molecular 

and genetic processes have provided extensive insight into the 

mechanisms of the disease. Also, genomic associations and 

structural studies of these genes are very important. One of the 

important genes associated with renal failure is the glycoprotein 

UMOD. This protein is synthesized in the kidney and is the most 

abundant protein in urine. This gene is located on chromosome 16 

and has 11 exons and 640 amino acids (Table 1). UMOD acts as a 

receptor for the binding and endocytosis of cytokines and TNF 

factor and facilitates the migration of neutrophils from the renal 

epithelium. 

This study enhances our understanding of kidney stone research 

by merging bioinformatics with experimental validation to 

investigate the molecular mechanisms behind kidney stone 

formation and the therapeutic potential of medicinal plants. While 

earlier research has identified various lifestyle, genetic, and 

environmental factors contributing to kidney stones, this study 

stands out by integrating genomic analysis of critical genes like 

UMOD, which is essential for renal function and inflammation, 

with the assessment of bioactive compounds from plants such as 

S. marianum, Z. officinale, and Urtica. These plants are known for 

their antioxidant, anti-inflammatory, and stone-dissolving 

properties, providing new insights into their mechanisms of action, 

particularly in inhibiting calcium oxalate crystallization and 

enhancing detoxification pathways. By combining computational 

genomics with experimental validation of plant-based therapies, 

this research not only identifies new molecular targets but also 

offers evidence-based validation for traditional remedies, 

presenting a more holistic approach to preventing and treating 

kidney stones than previous studies that focused on isolated 

aspects of the disease. 

 

Table 1Gene sequence results of UMOD 

Name UMOD 

ORGANISM Homo sapiens (Human) 
Accession number nucleotide NM_003361.4 

Accession number protein NP_003352.2 

Gene ID 7369 
Chromosome 16 

Cytogenetic location 16p12.3 

Chromosome location bp 20333051-20356301 
nucleotide length 2315 bp 

protein length 640 aa 

Molecular weight (Da) 69760.86 
Isoelectric point 5.05 

Total Exon 11 

 

MATERIALS AND METHODS 

Preparation of Plant Materials 

This study was conducted in a completely randomized design with 

three replications. In this study, seeds of specified varieties were 

first obtained from the Agricultural Jihad Organization and the 

Directorate General of Strategic and Oily Products. For 

cultivation, seeds were initially surface-sterilized by immersion in 

70% ethanol for 60 seconds, followed by multiple rinses with 

sterile distilled water under aseptic conditions. Subsequently, the 

seeds were treated with a 3% sodium hypochlorite solution for one 

minute and again subjected to repeated washes with autoclaved 

distilled water to ensure complete decontamination. Following 

sterilization, the disinfected seeds were placed in a sterile mason 

jar and moistened with autoclaved water to facilitate germination. 

Upon sprouting, the germinated seedlings were transplanted into a 

light-textured growth substrate to promote further development. 

The seedlings were then transferred to individual pots containing 

sterilized soil and maintained in the controlled environment of 

Research Institute of Zabol greenhouse. Growth conditions were 

standardized at 25°C with a photoperiod of 16 hours light and 8 

hours darkness. Regular irrigation was administered throughout 

the growth phases until the plants attained the 4-5 leaf 

developmental stage. In this study, leaf samples of the medicinal 

plants Z. officinale, S.marianum, Alhagi, Urtica, and B.napus were 

used. After that, 100 µl of each plant extract was used as a 

treatment. In this study, the soaking method was used to extract 

plant extracts. First, the leaves of these plants were completely 

powdered, and then 50 microliters of ethanol were added to them 

as a solvent. The resulting mixture was placed in special glass 

containers and stored for three days. During this time, the mixture 

was placed on a shaker. Finally, the plant extracts were separated 

from the solvent by filtration and a water bath and used for the 

treatment steps. 
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Examination of UMOD Gene Expression 

In this study, the UMOD gene was focused on as one of the most 

important genes associated with kidney stone excretion to 

investigate the genes associated with kidney failure. Real-time 

PCR was used to examine the expression level of the UMOD gene. 

First, total RNA was extracted from cells treated with leaf extracts 

of S. marianum, Z. officinale, Alhagi, Urtica, and B. napus. Then, 

an untreated RNA sample was extracted as a control using the 

DNAzist RNA extraction kit according to the instructions. The 

concentration of extracted RNAs was measured using the 

NanoDrop device, and then cDNA was extracted using the 

Fermentas kit. Finally, a real-time PCR reaction was performed 

using the Taligene kit, and the expression results were evaluated 

using LineGeneK software. Finally, these data were analyzed by 

SAS software, and the expression profile of the desired gene was 

obtained. 

Bioinformatics Analysis 

Initially, the nucleotide sequences of all target genes were 

retrieved from the NCBI genomic repository. Subsequently, 

computational analyses of structural modifications and proteomic 

variations associated with the UMOD gene were performed 

utilizing bioinformatics platforms. The physicochemical 

properties of the UMOD protein, including molecular mass and 

isoelectric point, were evaluated using ProtScale and Expasy 

computational tools (Table 1). Furthermore, the tertiary 

conformation and thermodynamic stability of the protein were 

assessed through structural data obtained from the Protein Data 

Bank (PDB) and the MBC structural database. Statistical 

interpretation of experimental data was conducted via SAS 

analytical software, while phylogenetic reconstruction was 

executed using MEGA5. Finally, following a BLAST alignment 

of the UMOD protein, homologous sequences in model sequence 

with sequence identity exceeding 50% were identified, after which 

the co-expression network of the target protein was visualized 

using TBtools. 

RESULTS 

Changes in the Expression Level of the UMOD Gene 

under the Influence of Medicinal Plant Extracts 

As mentioned in the introduction to this study, the UMOD gene 

plays a crucial role in the elimination of kidney stones. Generally, 

genetic changes are associated with increased stone production in 

the kidneys. For instance, the HNF1B and SLC7A9 genes 

contribute to heightened stone formation as a result of biochemical 

and genetic alterations. In contrast, the UMOD gene provides 

physiological protection to the kidneys and helps prevent 

microbial infections. Research indicates that a decrease in the 

expression level of the UMOD gene is linked to reduced kidney 

function and increased kidney damage. Therefore, understanding 

the changes in the expression levels of the UMOD gene and its 

protein effects is vital for diagnosing kidney failure. Therefore, in 

this study, we investigated the effects of the medicinal plants S. 

marianum, Z. officinale, Alhagi, Urtica, and B. napus root on 

changes in UMOD gene expression by Real-time PCR. As can be 

seen in Figure 1, the effect of plant extracts used as treatments in 

this study was significant in all replicates compared to the control 

condition and showed a significant difference at the five percent 

level. On the other hand, as can be seen, the effect of S. marianum 

treatment was greater than that of other treatments and showed a 

significant difference from other treatments studied. Overall, these 

findings indicated an increase in the expression of the UMOD gene 

because of treatment with medicinal plant extracts in this study. 

 

 
Fig. 1 Changes in UMOD gene expression levels in response to treatment 

with extracts of medicinal plants S. marianum, Z. officinale, Alhagi, 

Urtica, and B. napus root. * Significant at 1 percent level probability. 

 

MicroRNAs Associated with the UMOD Gene 

MicroRNAs are a type of non-coding RNA that plays a critical role 

in regulating signals related to gene and protein expression. These 

small molecules show abnormal expression changes in many 

diseases, such as cancer and infectious diseases, which can affect 

cell function. On the other hand, microRNAs have the potential to 

be used as biomarkers for the diagnosis and prognosis of kidney 

infectious diseases. For this reason, their detailed study of 

infectious diseases related to the urinary tract and kidneys is of 

particular importance [17-19]. In this study, microRNAs 

associated with kidney infections were extracted from the miRDB 

database. Studies conducted in this database showed that 23 

miRNAs are directly involved in kidney infections and affect the 

expression level of the UMOD gene. The identification of these 

microRNAs will play a significant role in future research, 

providing valuable insights into cellular biological processes. 

Table 2 shows the list of miRNAs associated with the UMOD 

gene.  

 

Changes in UMOD protein concentration in infectious 

diseases and pediatrics 

In this study, a series of infectious diseases and diseases related to 

children were evaluated. The results of the study, depicted in 

Figure 2, showed that the concentration of UMOD protein was 

lower in infectious diseases compared to diseases related to 

children. These findings indicate that the level of this protein is 

observed more in children than in middle-aged people. In addition, 

by examining and comparing diseases specific to children, it was 

found that the level of UMOD protein was higher in renal tumors 

of children than in other diseases studied. 

Three-dimensional Structure and Energy Level Analysis 

of the UMOD Protein 

The UMOD protein 3D structure was predicted by the GMQE 

criterion. In this model, the predicted structure is in the range of 

zero to one, so the closer this value is to one, the more accurate the 

prediction of the 3D structure of the protein in question. 

Considering that in the estimation of the 3D structure of the 

UMOD protein, the GMQE index is equal to 0.83, this model 

provides a relatively strong estimate of the 3D structure. Figure 3 

shows the 3D structure of the UMOD protein.
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Table 2 microRNA associated with UMOD gene. 

Gene miRNAs miRNA Sequence  length 

 
 

 

UMOD 

hsa-miR-6760-5p 
hsa-miR-3064-3p 

hsa-miR-548c-3p 

hsa-miR-196b-3p 
hsa-miR-6838-5p 

hsa-miR-627-3p 

hsa-miR-497-5p 
hsa-miR-15b-5p 

hsa-miR-195-5p 

hsa-miR-16-5p 
hsa-miR-15a-5p 

hsa-miR-424-5p 
hsa-miR-6878-5p 

hsa-miR-4428 

hsa-miR-8055 
hsa-miR-761 

hsa-miR-214-3p 

hsa-miR-3619-5p 
hsa-miR-103a-3p 

hsa-miR-107 

hsa-miR-4477b 
hsa-miR-4478 

hsa-miR-4310 

5'- CAGGGAGAAGGUGGAAGUGCAGA- 3' 
5' - UUGCCACACUGCAACACCUUACA- 3' 

5' - CAAAAAUCUCAAUUACUUUUGC- 3' 

5' - UCGACAGCACGACACUGCCUUC- 3' 
5' - AAGCAGCAGUGGCAAGACUCCU- 3' 

5' - UCUUUUCUUUGAGACUCACU- 3' 

5' - CAGCAGCACACUGUGGUUUGU- 3' 
5' - UAGCAGCACAUCAUGGUUUACA- 3' 

5' - UAGCAGCACAGAAAUAUUGGC- 3' 

5' - UAGCAGCACGUAAAUAUUGGCG- 3' 
5' - UAGCAGCACAUAAUGGUUUGUG- 3' 

5' - CAGCAGCAAUUCAUGUUUUGAA- 3' 
5' - AGGGAGAAAGCUAGAAGCUGAAG- 3' 

5' - CAAGGAGACGGGAACAUGGAGC- 3' 

5' - CUUUGAGCACAUGAGCAGACGGA- 3' 
5' - GCAGCAGGGUGAAACUGACACA- 3' 

5' - ACAGCAGGCACAGACAGGCAGU- 3' 

5' - UCAGCAGGCAGGCUGGUGCAGC- 3' 
5' - AGCAGCAUUGUACAGGGCUAUGA- 3' 

5' - AGCAGCAUUGUACAGGGCUAUCA- 3' 

5' - AUUAAGGACAUUUGUGAUUGAU- 3' 
5' - GAGGCUGAGCUGAGGAG- 3' 

5' - GCAGCAUUCAUGUCCC- 3' 

23 
23 

22 

22 
22 

20 

21 
22 

21 

22 
22 

22 
23 

22 

23 
22 

23 

22 
22 

23 

22 
17 

16 

 

The UMOD protein stability was determined by examining the 

Ramachandran plot. Thus, to determine the energy level and 

stability, the two angles φ and ψ in the protein were used. 

According to the above diagram, it was found that the stability of 

UMOD protein is equal to 92.79%. This estimate also showed that 

the UMOD protein is in a stable state. Figure 4 shows the 

Ramachandran diagram of the UMOD protein. 

 

 
Fig. 2 Changes in UMOD protein concentration in infectious diseases and 

pediatrics  

 

UMOD Gene Network Analysis 

The UMOD gene network analysis showed that this gene is 

associated with an important network of transcription factors and 

proteins. A number of these proteins, as previously mentioned, lead 

to the stimulation of kidney stones. However, the UMOD gene 

helps to reduce kidney infection by stimulating signals activating 

transcription factors and preventing its effects on kidney stones. 

Figure 5 shows the network of genes associated with the UMOD 

gene. In the observed structure, the PKHD1 gene, as one of the 

UMOD-related genes, encodes fibrocystin and plays a key role in 

cell division and mitotic spindle assembly. Additionally, the ALB 

gene, which encodes serum albumin, is one of the primary proteins 

in blood plasma and plays a crucial role in regulating blood osmotic 

pressure. This gene acts as the main transporter of calcium and 

magnesium in plasma and performs about 45% of the exchanges of 

these elements. In addition, the AQP2 gene, which is closely 

related to the UMOD gene, plays an important role in regulating 

renal water homeostasis. 

 

 
Fig. 3 3D structure of UMOD protein.  

 

Analysis of Domains Associated with the UMOD Protein 

As can be seen in Figure 6, this protein contains a ZP domain and 

several EGF domains. First, it should be said that the ZP domain is 

involved in the polymerization process and causes the production 

of long strands. This domain consists of a core and the N-terminal 

and C-terminal parts that are connected by a strong bond. The 

UMOD protein also contains several EGF domains, which are 

involved in pathogen uptake and lead to the suppression of 

infection.  

 

Expression Analysis of the UMOD Gene in Different 

Organs of the Body 

The expression analysis of the UMOD gene across various organs 

revealed that this gene is primarily expressed in the kidney and 
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urinary tract tissues, as well as in the liver and gallbladder, with 

minimal expression in most other organs (Fig. 7). Additionally, the 

analysis showed that gene expression levels are relatively similar 

in both men and women. Notably, UMOD expression is higher in 

kidney tissues compared to the liver and gallbladder.  

 

 
Fig. 4 Ramachandran diagrams of UMOD protein. 

 

This selective expression in the liver and kidneys suggests a 

significant connection between these two organs, potentially 

serving to mitigate damage from kidney stones. 

 

 

 
Fig. 5 UMOD gene network.  

 

 
Fig. 6 Domains related to UMOD gene.

 
Fig. 7 Changes in UMOD gene expression in different body organs. 

 

DISCUSSION 

Kidney diseases and failures are among the silent diseases that, if 

not treated, may lead to long-term disability or even death. Many 

of these diseases, such as kidney and urinary tract infections, 

polycystic kidney disease, and kidney stones, have a hereditary and 

genetic background. Therefore, it is very vital to examine the genes 

related to this process [20]. We should note that many genes 

increase the risk of kidney diseases. These genes are often 

associated with blood pressure and kidney and bladder failure. On 

the other hand, plants such as S. marianum, Z. officinale, and Urtica 

have anti-inflammatory properties and can reduce the damage 

caused by these negative effects of genes through active 

antioxidants and help improve infection and prevent kidney stone 

formation. In addition, these plants make it easier to expel kidney 

stones by creating lubricants and increasing urine volume. 

Research has demonstrated that the ethanol extract of Urtica is 

effective in both preventing and treating kidney stones, along with 

its underlying mechanisms. Additionally, the study found that 

Urtica extract significantly enhances the expression of the UMOD 

gene, which plays a crucial role in regulating kidney infections and 

the formation of kidney stones [21]. In 2019, Das et al. 

demonstrated that silymarin, a natural antioxidant derived from the 

milk thistle plant, is effective in treating kidney, liver, and biliary 

tract diseases. This study further supports the finding that milk 

thistle enhances the expression of the UMOD gene in the liver, 

kidneys, and bile ducts. Additionally, Das et al. found that milk 

thistle reduces tumor activity in the kidneys and slows calcium 
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metabolism. These effects contribute to a decrease in stone 

formation and promote the excretion of kidney stones by increasing 

urine volume [22]. Also, Sharma in 2017 showed that ginger 

contains antioxidant compounds and enzymatic and probiotic 

activities that prevent the production of kidney stones [23]. 

The results of this study indicate that milk thistle is the most 

effective plant for eliminating kidney stones among those 

examined. However, all the plants studied demonstrated a positive 

effect in this regard. Additionally, the bioinformatics analysis 

revealed that the UMOD gene is linked to other genes that 

contribute to the formation of kidney stones. This suggests that the 

UMOD gene may mitigate the harmful effects of these genes by 

interacting with those that promote kidney stone development. 

Consequently, the UMOD gene can be viewed as an agent that 

disrupts the mechanisms responsible for kidney stone formation. 

Furthermore, numerous studies have confirmed the direct role of 

the UMOD gene in combating kidney stones, aligning perfectly 

with the findings of this study [24]. 

CONCLUSION 

In general, the results of this study showed that medicinal plants 

and their active compounds act as antioxidants and destroy free 

radicals. Also, these plants can inhibit lipid peroxidation and 

protect the kidneys against gene damage through the production of 

secondary metabolites. On the other hand, plants such as S. 

marianum, Z. officinale, and Urtica can stimulate the 

transcriptional activity of genes that reduce kidney infections and 

thereby stop the mechanisms of kidney stone formation. 

Additionally, it is essential to identify other signals and 

microRNAs involved in kidney stone formation. Given the genetic 

basis of this condition, future research aims to leverage 

nanotechnology and molecular methods to gain a clearer 

understanding of the underlying mechanisms. This knowledge may 

lead to the design of specific antigens that can disrupt these 

processes and ultimately prevent kidney stone formation. 
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