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ABSTRACT 

Kidney stones are prevalent and painful urological conditions with limited effective 

treatment options. This study aimed to investigate the therapeutic potential of 

Ganoderma lucidum for in vitro and in vivo models for the management of kidney 

stones. 

Method- In-vitro experiments using standardized assays were used to assess the 

antioxidant, anti-nucleation, and anti-aggregation properties of the mushroom extracts 

against common calcium-based stones. Also, an in vivo study was carried out using a 

rat model of calcium oxalate urolithiasis, induced by 0.75% v/v ethylene glycol, 

animals were divided into 5 groups (n=6), group 1 normal control, group 2 disease 

control, group 3 treated with Standard drug, group 4 and 5 with mushroom extracts of 

250mg/kg and 500mg/kg, for 4 weeks. The biochemical parameters were measured 
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via blood and 24-hour urine volume. The Calcium Oxalate depositions were evaluated 

by hematoxylin and eosin staining.  

Result- The in vitro findings revealed that the mushroom extracts exhibited significant 

inhibition of calcium oxalate by nucleation at 48.1±1.42 % and by aggregation at 61 

± 0.46 %. Moreover, in the in vivo study, the administration of these mushroom 

extracts led to a reduction in stones formed in the rat kidneys. Histopathological 

examination of kidney tissue from the treated group demonstrated positive results, 

indicating a reduction in tissue damage and inflammation compared to the disease 

control group. These effects were accompanied by a decrease in serum creatinine, total 

protein, urea, uric acid and calcium levels and an increase in serum magnesium levels, 

indicative of improved renal functions. These findings open avenues for further 

research into the development of natural remedies for kidney stone prevention and 

treatment. 

 

 

Introduction  

Deposition of minerals and salts promotes hard substance formation in the kidney, known as kidney 

stone. The most common type of kidney stone is calcium oxalate, which forms when there is less amount 

of liquid intake and high levels of calcium and oxalate in the urine. Other types of kidney stones include 

uric acid, struvite, and cystine stones. 1The pathophysiological mechanisms for calcium kidney stone 

formation are complex and diverse and include low urine volume, hypercalciuria, hyperuricosuria, and 

hyperoxaluria.2,3. Calcium oxalate stones are the most common type of kidney stone, accounting 

for about 70% of all kidney stones. They form when there are high levels of calcium and oxalate 

in the urine and too little liquid4 5 . Calcium oxalate stones are caused by too much oxalate in 

the urine, which can form crystals that grow and form kidney stones 4. The risk of developing 

calcium oxalate stones in a kidney is highest at a pH value of five 6. Calcium oxalate 

monohydrate (COM) is thermodynamically more stable with aggregatory and adhesive 

tendencies. Hence, COM tends to form large crystal aggregates and adheres strongly to renal 

epithelial tissue, injuring the same. Therefore, of the two polymorphs, COM significantly 

promotes crystal retention and eventual stone formation.7  

The treatment of calcium oxalate stones depends on the type, symptoms and severity of 

hyperoxaluria and how well the patient responds to treatment 8. To reduce the amount of 

calcium oxalate crystal formation in the kidneys, the medical practitioner may recommend one 
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or more of the following treatments: medication to reduce the oxalate, increasing fluid intake, 

increasing dietary intake of calcium, and restricting the intake of salt, animal protein, and 

oxalate-rich food 9. If large kidney stones are causing pain or blocking urine flow, they may 

need to be removed or broken up so they can pass in the urine 8. To relieve mild pain, doctors 

may recommend pain relievers. In addition, doctors may give medication to help pass the 

kidney stone, such as an alpha-blocker, which relaxes the muscles in the ureter, helping the 

patient pass the kidney stone more quickly and with less pain. Several biomarkers have been 

studied for kidney stones.  

Materials and methods 

Mushroom collection  

Ganoderma lucidum was procured from Shilpa farm Turpan village, Hyderabad, and was 

identified and authenticated from NIScPR Delhi. A voucher specimen of G.lucidum 

authentication number NIScPR/RHMD/Consult/2023/4516-17 Was also deposited in the 

herbarium of NIScPR Delhi. 

Processing and extraction  

G. lucidum fruiting bodies were cut into small pieces, dried in shade for some time, and 

coarsely powdered. The Soxhlet method was used for the extraction of powdered G. lucidum 

with 70% v/v ethanol. G. lucidum fruiting bodied extract thus obtained was dried in a rotatory 

evaporator under reduced temperature and pressure, and then the final residue was evaporated 

by using a water bath to obtain the concentrated extract.14 15 

Preliminary Mycochemical screening 

Preliminary mycochemical evaluation of G.lucidum was carried out for qualitative estimation 

of mycoconstituents.16 

Physiochemical parameters 

Physiochemical parameters were measured to determine the physical properties of the 

mushroom. 17 18 
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Anti-oxidant assay 

DPPH 

The free radical scavenging activity of the extract was measured by the 1,1-diphenyl -2-picryl 

hydrazyl (DPPH)method. Five concentrations (10,20,30,40 and 50 microgram/ml) of extract 

and ascorbic acid were prepared in ethanol in different volumetric flasks. The volume of all 

samples was made up to 3 ml using ethanol. Methanolic DPPH (0.1mM) was prepared and 1 

ml of this solution was added to each volumetric flask, shaken vigorously, and allowed to stand 

for 30 min at room temperature. A control was prepared as described above without a test or 

standard. Absorbance was measured at 517 nm. All tests were performed in triplicates. Low 

absorbance of the reaction mixture indicates higher free radical scavenging activity. Radical 

scavenging was expressed in terms of percentage inhibition and was calculated by using the 

formula19 

%RSA = (Abs of Control)- (Abs of the sample) / (Abs of control) x100 

NO2 

Sodium nitroprusside (5 µl) in standard phosphate buffer solution was incubated with different 

concentrations of the test extracts dissolved in standard phosphate buffer (0.025M. pH 7.4) and 

the tubes were incubated at 25°C for 5 hr. After 5 hr 0.5 ml of incubated solution was removed 

and diluted with 0.5 ml Griess reagent (prepared by mixing an equal volume of 1% 

sulphanilamide in 2% phosphoric acid and 0.1% naphthyl ethylene diamine dihydrochloride in 

water). The absorbance of the chromophore formed was read at 546 nm. distilled water was 

used for control. Readings were taken in triplicates and compared with ascorbic acid (standard 

antioxidant). Nitric oxide radical scavenging is calculated by the Formula mentioned above for 

DPPH 20 21. 

Nucleation assay  

The impact of calcium oxalate (CaOx) crystal formation was evaluated using a nucleation test. 

Calcium chloride (CaCl2) (5 mmol/l) and sodium oxalate (Na2C2O4) solution (7.5 mmol/l) were 

prepared In Tris-HCl (0.05 mol/l) and NaCl (0.15 mol/l) buffer (pH 6.5). different dilutions of 

G.lucidum  were prepared (100-1000μg/ml) in distilled water. One millilitre of each G.lucidum 

concentration was mixed with 3 ml CaCl2 solution followed by the addition of 3 ml Na2C2O4 

solution. The final mixture was incubated at 37℃ for 30 minutes. At a wavelength of 620 nm, 

the optical density of the mixture was measured. The percent inhibition of nucleation was then 
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determined using the formula given below for G. lucidum and compared with the standard drug 

Cystone. 22 

% Inhibition = (1- ODtest/ODcontrol) × 100 

 

 Aggregation Assay  

An aggregation assay was used to assess the impact of G. lucidum on CaOx crystal aggregation. 

Solutions of CaCl2 and Na2C2O4 (50 mmol/l each) were mixed well, heated to 60 C in a water 

bath for one hour, and then incubated overnight which helps to form Seed of CaOx crystals. 

After drying, CaOx crystal solution (0.8 mg/ml) was prepared in a 0.05 mol/l Tris-HCl and 

0.15 mol/l NaCl buffer (pH 6.5). One milli litter of aliquots (100–1000 μg/ml) of G.lucidum  

was added to 3 ml CaOx solution, vortexed, and incubated at 37 °C for 30 min. After that, the 

final combinations' OD was read at 620nm, and % inhibition of aggregation was then calculated 

as the same formula as the nucleation assay.22 

 

CaOx crystal characterization by FT-IR 

FT-IR analysis was used for the confirmation of the calcium oxalate crystal formation in 

aggregation assay 23 

Animals Study 

 Thirty male Wistar rats were taken from the departmental animal house, and were housed at a 

temperature of 22 °C ± 3 °C with relative humidity 30-70 % and 12-hr light and 12-hr dark cycle. The 

animals were allowed to acclimate laboratory condition for one week prior to experimentation. They 

were fed with pellets diet and provided aqua water ad libitum 24. The protocols and procedures were 

approved by the IAEC of KUDOPS with protocol number KUDOPS/207. 

The animals were divided into five groups, each containing 6 animals. In the previous study, the 

ethanolic extract was safe up to 5000 mg/kg26. so, we have taken 250 and 500 mg/kg dose. Group 1 is 

considered as a normal control group provided normal saline 0.9%. Group 2 is Lithiatic Control given 

0.75% ethylene glycol, Group 3 Standard 750 mg/kg (Cystone) orally and 0.75% v/v ethylene glycol, 

Group 4 Ganoderma lucidum low dose {GLL) 250mg/kg, Group 5 Ganoderma lucidum high dose 

(GLH) 500 mg/kg orally. 1% w/v ammonium chloride in drinking water for the first three days was 

given to group II, III IV and V to  induce stable stone27. 
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Biochemical Parameter  

To measure the levels of Calcium, Magnesium, Uric acid, Urea, Creatinine, Potassium, 

Sodium, Total Protein, SGPT, SGOT, BUN, the rat urine was collected on day 27th by placing 

each rat in metabolic cage for 24 hr and blood was collected on 28th day of the experiment. The 

animals were brought into general anaesthesia by intramuscular injection of a ketamine–

xylazine solution (0.2 mL/kg). Blood samples were collected from the eye by retro orbital vein. 

Blood was immediately transferred in tubes and centrifuged at 5,000 rpm for 15 min at room 

temperature. Subsequently, the serum was collected and stored at −20 °C to be further analysed. 

The parameters were evaluated by following the manufacturer’s guidelines 28 20. 

Histopathology 

Higher dose of anaesthesia (ketamine and Xylazine) is given to animals to sacrifice them, then 

both kidneys were extracted out by using surgical tools and excess of blood was removed by 

blotting with filter paper and transferred to container containing 10% formalin and placed them 

for 24 hours to fix the tissue. 29 

Histopathology analysis 

These tissues were sectioned horizontally and vertically and fixed kidney tissues were 

sectioned (5-micron thickness), embedded in paraffin and stained with Haematoxylin and 

Eosin (H&E). Light microscopic examination of multiple tissue sections from each were 

performed. Changes in the experimental histopathologic parameters for kidney tissues were 

analysed. 30 

Statistical analysis 

Quantitative results of all the experiments performed in triplicates were expressed as mean ± 

standard error of the mean (S.E.M). A mean difference was considered significant when p<0.05 

Statistical computations were performed on GraphPad Prism 10 software using one-way 

analysis of variance (ANOVA) followed by Dunnett's multiple comparisons test.  
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Results 

Preliminary phytochemical screening  

The percent yield of G.lucidum was 23.3%. Qualitative phytoconstituents determination in 

G.lucidum showed the presence of the following chemical compounds by positive sign and the 

absence is marked by negative sign. 

S. no. Phytochemical screening Chemical test performed Result 

1 Carbohydrates Molisch’s test 

Fehling’s test 

Benedict’s test 

+ 

+ 

+ 

2 Flavanoids Shinoda Test 

Sulphuric acid test  

+ 

- 

3 Steroids Salkowski’s test 

Libermann –burchard test  

+ 

+ 

4 Glycosides Keller killani test + 

5 Phenolic Compound Lead acetate solution  

Potassium dichromate 

+ 

- 

6 Amino acid Ninhydrin test + 

7 Saponins Foam Test  + 

8 Acids Litmus test  - 

9 Organic Acid Calcium chloride test  + 
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Physiochemical parameters 

Antioxidant assay 

DPPH 

The DPPH scavenging activity of Ethanolic extract of Ganoderma lucidum extract increased 

with increasing concentration. DPPH scavenging potential of extract at various concentrations 

was measured. The extract showed a radical scavenging ability at 100 μg/ml of 65 ± 0.40 %. 

whereas ascorbic acid showed 79 ± 0.18 % at 1000 μg/ml highest and IC50 values are 57.36 

and 72.59 for test and standard respectively. 

NO2 

The NO2 antioxidant activity of Ethanolic extract of Ganoderma lucidum extract increased with 

increasing concentration. NO2 scavenging potential of extract at various concentrations (100-

1000 μg/ml) was measured. The extract shows a radical scavenging ability at 1000 μg/ml of 

63.19 ± 0.%. whereas ascorbic acid showed 73 ± 0. % at 1000 μg/ml highest and IC50 values 

are 63 and 57.39 for test and standard respectively. 

In-Vitro Urolithiasis activity 

Nucleation Assay 

Addition of Na2C2O4 solution to the mixture consisting of CaCl2, promote the formation of 

numerous CaOx crystals. Presence of G.lucidum (1000 µg/ml) in the reaction mixture produced 

a % reduction in nucleation of 48.1±1.42% which was significantly higher (P<0.01) than that 

produced by Cystone (39.67±0.98%). 

 

 

S.NO Physiochemical parameter  Powder (%w/w) 

1 Loss on drying 20% 

2 Total ash 11% 

3 Acid insoluble ash 5.25% 

4 Water soluble ash 4.2% 
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Aggregation assay 

G.lucidum produced a significant reduction in aggregation of performed CaOx crystals. Percent 

reduction in aggregation produced by G.lucidum was found to be 61 ± 0.46 When compared 

with Cystone 76± 0.09 at 1000 μg/ml. 

Characterization of CaOx crystals by FT-IR 

FT-IR analysis of CaOx crystals produced ten bands. Spectrum showed an asymmetric C-O 

vibration at 1613.6 cm-1; a symmetric C-O vibration at 1317.23 cm-1; an O-H stretch at 3428.52 

cm-1; one C-C stretch at 884.45 cm-1 was observed and one O-H bend at 661.14 cm-1. These 

values are also been reported in previous studies which indicates CaOx monohydrate form. 23 

 

          Figure: 1- FT-IR spectra of seed CaOx Crystals. 
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Urine Biochemical parameters 
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Serum Biochemical parameters 
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Serum Biochemical parameters 

**P <0.01, ***P<0.001, values are mean ± SEM, n=6, when compared with the disease control 

using one-way variance analysis (ANOVA) followed by Dunnett's multiple comparisons test. 

 

Serum Parameter  Group 1  Group 2  Group 3  Group 4  Group 5  

Creatinine    0.83 ± 0.01 2.25 ± 0.08 1.04 ± 

0.06*** 

  1.76 ± 

0.19*** 

1.077 ± 

0.10*** 

Total protein                             

5.43 ± 0.19 

                                 

9.67 ± 0.19 

5.09 ± 

0.08*** 

7.87 ± 

0.10*** 

5.469 ± 

0.16*** 

BUN 18.05 ± 0.18 28.92 ± 0.45 15.58 ± 

0.16*** 

21.78 ± 

0.20*** 

17.75 ± 

0.08*** 

Uric acid  6.40 ± 0.15 8.25 ± 0.06    5.10 ± 

0.02*** 

  5.90 ± 

0.09*** 

4.95 ± 

0.07*** 

Serum calcium 3.78 ± 0.46 8.08 ± 0.20 4.48 ± 

0.20*** 

6.41 ± 

0.27*** 

4.56 ± 

0.20*** 

SGPT 11.75 ± 2.34 35.93 ± 1.80       15.78 ± 

0.52*** 

  29.07 ± 

1.04** 

                                 

19.73 ± 

0.48*** 

SGOT 167.9 ± 2.64 204.3 ± 1.88 185.9 ± 

2.14**** 

  254.2 ± 

2.51*** 

                                 

195.1 ± 2.89* 

 

Urine Biochemical parameters 

**P <0.01, ***P<0.001, values are mean ± SEM, n=6, when compared with the disease control 

using one-way variance analysis (ANOVA) followed by Dunnett's multiple comparisons test. 

 

 

Urine Parameter  

Group 1  Group 2  Group 3  Group 4  Group 5  

Urine calcium 3.07 ± 0.07 9.53 ± 0.25 4.40 ± 

0.13*** 

6.18 ± 

0.09*** 

4.17 ± 

0.07*** 
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Urine Na 43.20 ± 1.24 78.80 ± 2.03 51.40 ± 

1.40*** 

64.20 ± 

1.31*** 

61.60 ± 

1.91*** 

Urine K 29.40 ± 1.72 55.00 ± 1.37 33.00 ± 

1.09*** 

43.60 ± 

1.03*** 

37.00 ± 

0.89*** 

Urine Mg 1.05 ± 0.01 0.31 ± 0.01 0.98 ± 

0.04*** 

0.47 ± 0.02* 0.58 ± 

0.02*** 

Urine pH 8.46 ± 0.07 6.63 ± 0.06 9.10 ± 

0.08*** 

8.00± 

0.08*** 

8.50 ± 

0.17*** 

 

Histopathology –In histopathology study no pathologic changes was observed in the kidneys 

of the normal group (figure 15) 

In lithiatic Group the CaOx crystals damaged the tubular walls; in this group, the kidneys 

represented a granular view, and in some cases, the medulla was destroyed. The polyuria and 

very dark blackish-brown colour urine samples was obtained in this group (figure 16).  

In standard drug treated group Morphology of tissue was intact and slight inflammation was 

observed and crystals were least in standard group. (figure 17) 

In test drug treated group (250 mg/kg) the crystal accumulation was more marked than all 

groups, the widening of tubular lumen was seen, haematuria was observed, the kidneys  

appeared abnormal and the crystal accumulation was less than the group of disease control 

(figure18). In test group 500 mg/kg treated group, tubules containing stones were considerably 

lower than other groups. the integrity of the tissue was more preserved than other groups (figure 

19). 
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Figure 15                                                      Figure 16 

 

 

 

 

 

 

 

Figure17                                                       Figure 18 

 

Figure 19 

Discussion  
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The present study was done to evaluate the kidney stone-removing properties of Ganoderma 

lucidum. The results obtained from this research provides valuable insights into the potential 

therapeutic application of the mushroom extract.  

This study demonstrate that the administration of high dose of (500 mg/kg) ethanolic extract 

of G.lucidum extract resulted in a significant reduction in the size of kidney stone in the 

experimental group. This reduction was observed both in terms of stone size and number of 

stones and level of serum calcium level, urinary calcium, potassium and sodium levels. Serum 

and urinary levels of these elements are decreased in treatment (250mg/kg, 500mg/kg) and 

standard group when compared with lithiatic control (group II). urinary sodium and calcium 

levels were previously reported as stone promoters. these finding suggested that G.lucidum 

may possess the properties that facilitate the dissolution of the expulsion of kidney stones.  

 

G.lucidum  might have a positive effect on kidney stone dissolution due the presence of various 

phytoconstituents like triterpenoids, polysaccharides, polyphenols. These phytoconstituents 

are previously reported to reduce kidney stones, reduce oxidative stress and increases urine pH 

along with lowering SGPT, SGOT levels. Same effect was shown by the G.lucidum  extract.  

Magnesium complexes with oxalate and reduces the supersaturation of calcium oxalate by 

reducing the saturation of calcium oxalate and as a consequence reduces the growth and 

nucleation rate of calcium oxalate crystals. Both the doses of 250 and 500 mg/kg/day of extract 

for 28 days treatment significantly increased the urinary magnesium level and decreased free 

calcium level in serum when as compared to the lithiatic control group and thus reduced the 

risk of stone formation. 

In urolithiasis, the glomerular filtration rate (GFR) decreases due to the obstruction to the 

outflow of urine by stones in the urinary system. Due to this, the waste product particularly 

nitrogenous substances such as creatinine, urea, BUN and uric acid accumulated in the blood. 

The serum creatinine, urea, BUN and uric acid were increased in urolithiatic control (group II). 

The ethanolic extract of Ganoderma lucidum of 250 and 500 mg/kg day treatment lowered the 

elevated serum levels of creatine, urea, BUN and uric acid62.  

Higher level of protein promotes kidney stone formation. Total serum protein level is decreased 

in Ethanolic Extract of G.lucidum of 250 and 500 mg/kg and standard group when compared 

with lithiatic control(group II). 
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The potential kidney stone-removing properties of G.lucidum present an exciting prospect for 

the development of alternative, natural treatments for kidney stone sufferers. This could reduce 

the need for invasive procedures such as lithotripsy or surgery and may offer cost-effective and 

less invasive solutions 

Further research is needed to understand the mechanism by which G.lucidum exerts its effect 

and compare its efficacy with other established treatments. 

Conclusion  

Our study suggested that G.lucidum extract may hold promise as a natural remedy and 

prophylactic use for kidney stone management. While the results are encouraging, possible 

mechanism of anticrystallization activity of G.lucidum could be its ability to complex with free 

calcium and oxalate ions, thus preventing the formation of CaOx complex, and acting through 

various steps it helps to prevent kidney stones. G.lucidum could potentially offer a valuable 

addition to the array of treatment options available to individuals suffering from kidney stones. 
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