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ABSTRACT 
 Withania somnifera an ayurvedic herb was utilized to assess the antilithic properties of calcium oxalate (CaOx) Nephrolithiasis in rats fed 

ethylene glycol (EG) in an experimental setting.  There were 5 groups of animals (n = 6). The control group was given normal saline, Lithiatic control 

was given ethylene glycol 1% (v/v) with ammonium chloride 1% (w/v) for 4 days (received stone inducing treatment till 28th day ), follow by 1% 

ethylene glycol alone in water, Standard group received antiurolithiatic drug (Cystone) (500 mg/Kg) from 15th day till 28th day, treatment group 

received Withania somnifera methanolic extract (200 mg/Kg) from 15th day till 28th day (Curative regimen) and received Withania somnifera 

methanolic extract (WS-200 mg/Kg) from 1st day till 28th day (prophylactic regimen) in wistar rats. Blood and kidney tissue were collected after the 

28th day of urine. Ca2-, Mg2+, K+ and PO4
- levels were estimated in urine, creatinine and urea level were estimated in serum whereas all oxidative stress 

was measured in kidney tissue. Additionally, Urinary microscopy and kidney histopathology were estimated. Lithiatic control group showed significant 

elevation (P<0.0001 vs. control) in serum creatinine, blood urea and antioxidants levels. Due to crystal deposits, the histopathology of Lithiatic group 

showed tubule dilatation with interstitial inflammatory infiltrate, whereas the therapy group showed less tubule dilatation with interstitial inflammatory 

infiltrate. It can be concluded that at 200 mg/kg the herbal drug possessed significant potential in the management of nephrolithiasis.  
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INTRODUCTION 

Throughout human history, nephrolithiasis has been a 

widespread issue. There is currently no perfect way to stop urinary 

stones from recurring. The prevalence of nephrolithiasis is estimated 

to be 12% in the popular population, with a recurrence rate of 70–81% 

for men and 47–60% for women. 80% of them are male, and they're 

all between the ages of 20 and 50 [1]. Nephrolithiasis is a clinical 

disorder distinguish by the formation of crystals aggregating in the 

urinary tract and resulting in kidney stones. It is caused by a 

multifaceted process in which solid non-metallic minerals in the 

kidney and renal tubules supersaturate, nucleate, develop, aggregate, 

and deposit [2]. Loss of renal function is also linked to some types of 

nephrolithiasis, particularly those linked to systemic illness. 

Nephrolithiasis has been treated with a variety of natural 

medications. Herbs are nature's gift for diseases like nephrolithiasis 

since they treat the condition with the greatest therapeutic efficacy and 

the least amount of hazardous side effects [3]. Here, we assessed the 

nephrolithiasis potential of Withania somnifera, a plant with anti-

inflammatory, wound-healing, antioxidant, and diuretic effects. Herb 

possesses in vivo antioxidant activity, which may support how 

traditional healers use the herb to cure numerous illnesses [4]. The 

presence of chemical constituents like triterpenoids, amyrin 

polyphenols, saponins, and flavonoids found in Withania somnifera 

responsible for its therapeutic efficacy. The precise clinical role and 

effectiveness of this plant on in-vivo nephrolithiasis have not been 

documented in the literature [5]. Ayurveda and Unani, two traditional 

Indian medical systems, have used the roots of Withania somnifera, 

also known as Indian Winter Cherry, for centuries. Withania roots 

include steroidal alkaloids and steroidal lactones [6]. Withaferin A and 

withanolides D, 2 main withanolides, account for the majority of the 

pharmacological activity of this plant. Because W. somnifera is readily 

available across the country and hence not expensive, the current study 

was designed to investigate its nephroprotective and nephrocurative 

characteristics [7]. 

This plant possesses potent aphrodisiac, rejuvenating, and 

life-extension properties, according to the traditional medical system 

ayurveda. Numerous conditions, such as nervous weariness, memory 

problems, insomnia, erectile dysfunction, skin problems, and  

 

coughing, are treated with it. Additionally, it possesses restorative and 

general animating qualities [8]. It enhances learning and memory 

abilities. Conventional uses of Ashwagandha include enhancing 

energy, youthful vigour, endurance, fortitude, and wellness as well as 

nourishing the body's duration elements and promoting the production 

of cells, vital fluids, muscle fat, blood, lymph, and semen [9]. 

Emaciation, sluggishness, recuperation, thirst, impotence, chronic 

exhaustion, weakness, dehydration, bone thinning, loose teeth, and 

early ageing are all prevented. It helps revive the body's reproductive 

organs, much as how nourishing a tree's roots revitalizes it [10]. 

Besides being used as a popular tonic to boost vitality, refine 

longevity and popular wellness, and prevent disease in athletes. In an 

effort to validate its reputation as a diverse medicinal agent, 

Ashwagandha has been the focus of several pharmacological studies 

[11]. The objective of present investigation is examining the potency of 

Withania somnifera on the level of Serum analysis, Kidney 

homogenate analysis, kidney histopathology, SOD and GSH, LPO, 

protein estimation Urinary microscopy in ethylene glycol induce 

Nephrolithiasis model [12]. 

MATERIALS AND METHODS 

Plant material and preparation of extract 

The leaves of the Withania somnifera family Solanaceae 

were collected in plant nursery of Nagpur. Leaves of selected plant by 

help of soxhlet apparatus using appropriate solvent system. Extraction 

of crude drug by hydro-alcoholic solvent. Before this the plant 

material (leaves) so cleaned and dried in the shade after being cleaned 

with distilled water to get rid of any dust. The dried leaves were 

coarsely powdered and then exhaustively extraction with hydro-

alcoholic solvent Soxhlet apparatus for 72h approx. 

Animals 

Wistar rats, weighing of 150-200 gm were taken for the 

study. The animals were kept at 25°C and 45-55% relative humidity 

under 12 hrs. Light-dark cycles, a conventional pellet food, and 

unlimited access to water were provided for the animals. Animals have 

unrestricted access to food and water. 

Anti-urolithiasis study 

Animal were split up into five groups, each group with six 

animals: -

Table 1: Treatment schedule proposed for anti-urolithiasis activity of Withania somnifera. 

Group Treatment 

Control Receive standard diet and water 

Lithiasis 1% EG (v/v) with 1% AC (w/v) for 4 days (received stone inducing treatment till 28th day), followed by 1% EG 
alone in water. 

Standard Received antiurolithiatic drug, Cystone (500 mg/Kg) from 15th day till 28th day. 

Treatment 1 (Curative) Received Withania somnifera Methanolic extract (200 mg/Kg) from 15th day till 28th day (Curative regimen). 

Treatment 2 

(Prophylactic) 

Received Withania somnifera Methanolic extract (WS-200 mg/Kg) from 1st day till 28th day (prophylactic 
regimen). 

EG – Ethylene glycol; AC – Ammonium chloride 
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The effect of hydro-alcoholic extract of ‘Withania 

somnifera’ was measured against the ethylene glycol induced 

urolithiasis. Animals were splited into 5 groups and each group contain 

six animals and were housed for the duration of the experiment in 

metabolic cages. Renal calculi were induced in group Ⅱ and Ⅴ by 

ethylene glycol (1% v/v) and ammonium chloride (1% v/v) in drinking 

water for 28 days. The control group was given normal saline, Lithiatic 

control was given 1% ethylene glycol (v/v) with 1% ammonium 

chloride (w/v) for 4 days ( received stone inducing treatment till 28th 

day), follow by 1% ethylene glycol alone in water, Standard group 

received antiurolithiatic drug (Cystone) (500 mg/Kg) from 15th day 

till 28th day, treatment group received Withania somnifera methanolic 

extract (200 mg/Kg) from 15th day till 28th day (Curative regimen) 

and received Withania somnifera methanolic  extract (WS-200 mg/Kg) 

from 1st day till 28th day (prophylactic regimen) in wistar rats. After 

28th day urine, blood and kidney tissue were collected. Ca2+, Mg2+, K+ 

and PO4-2 levels were estimated in urine, creatinine and urea level 

were estimated in serum whereas all oxidative stress was measured in 

kidney tissue. Further, urinary microscopy and kidney histopathology 

were estimated.  

Assessment of Antiurolithiatic activity 

At the end of day all animals were housed in a separate 

metabolic cage and 24 h urine sample was acquired by preserving the 

rats in metabolic cages. During the urine collection period, animals had 

unrestricted rush to drinking water. Urine samples were tested for the 

phosphorus, calcium and magnesium. Urine Calcium procedure was 

based on calcium colorimetric assay kit determination of calcium in 

urine [13]. Urine Magnesium procedure was based on the calmagnite 

method in which magnesium combines with calmagnite in an alkaline 

medium to form a red colored complex [14]. The Gomorri's method, 

which forms a red-colored complex when magnesium and calmagnite 

interact in an alkaline medium, is used to detect phosphorus in urine 

[15]. 

Assessment of oxidative stress  

The kidney tissue (1 g) was homogenized in ice-cold 10% 

tri- chloroacetic acid (TCA) using a tissue homogenizer. 

Malondialdehyde (MDA) levels were analysed as an index of lipid 

peroxidation by monitoring the development of thiobarbituric acid-

reactive substances at 532 nm and expressed as MDA content, mmol 

MDA/mg of tissue protein [16]. A single unit of activity was defined as 

the quantity of enzyme that prevented 50% of the pyrogallol oxidation, 

and this method was used to quantify the activity of superoxide 

dismutase (SOD) at 420 nm for 5 minutes [17]. Similarly, at 412 nm, 

reduced glutathione (GSH) was measured with the 5, 5′-dithiobis (2-

nitrobenzoic acid) (DTNB) reagent and expressed as μg of GSH/mg of 

protein [18]. Tissue protein was calculated in each sample using the 

technique reported by Lowery et al [19]. 

Serum analysis 

After the animals were sacrificed, blood was drawn from the 

rats in each group, and the serum was separated using centrifugation at 

6000 rpm for 15 minutes. Phosphorus, calcium, urea, and creatinine 

levels were then measured [20]. 

Kidney homogenate analysis 

The animals will sacrifice by decapitating the cervical 

region, and opening the abdomen to extract the kidneys from each 

animal and perfuse using phosphate buffer saline (PBS). The isolate 

kidneys will clean off and left kidney will finely mince and 20% 

homogenate was prepared in Tris–HCl buffer (0.02 mol/L) of pH 7.4. 

Total kidney homogenate will use for analyzing tissue phosphorus, 

calcium and magnesium and oxidative stress markers [21]. 

Urinary microscopy 

5 clean glass slides were collected and labelled as group I, II, 

III, IV, V. Using a micro-pipette, a drop of collected urine samples was 

applied to the slides and the urine drop was allowed to spread 

uniformly throughout the slides. Slides were allowed for drying under 

ambient temperature in an area free of dust. Then observed through 

microscope under polarize light (100X) [22]. 

Histopathology studies 

Rats were anaesthetized; decapitated and right kidney was 

dissected out quickly and promptly washed with saline and preserved 

in 10% buffered formalin. Sections were cut 5 µm and stained using 

hematoxylin and eosin. Under a light microscope, the slides were 

examined to examine the kidney and CaOx deposits. The tubular area 

with histopathological alterations like cytoplasmic vacuolization, 

necrosis and stones was examined [23]. 

Statistical analysis 

The results were evaluated as mean ± SEM for nephrological 

source, oxidative stress parameter and one way analysis of variance 

(ANOVA) followed with Tukey’s test was used to determine 

significant differences. The statistical analysis was carried out using 

Graph Pad software. 

RESULTS 

The photochemical screening of leaves part of WS was 

analyzed for the confirmation of phytoconstituents present in 

methanolic and aqueous extract. It was noted that Methanolic extract 

contain alkaloids, tannins, steroids, amino acid and carbohydrates and 

It is reported that flavonoids component are associated with active 

biological principles of most medicinal plants having Nephrolithiasis 

properties. 

Oxidative stress parameter 

Withania somnifera effect on GSH, SOD and LPO in the 

animal to access the effect of Withania somnifera on oxidative stress 

after nephrolithiasis Levels of lipid peroxidation (LPO level) the 

nephrolithiasis potential of Lithiatic control was confirmed by 

decreased level of kidney functions marker enzymes. As Withania 
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somnifera methanolic extract possessed a high in vitro antioxidant 

potential level of enzymes involved in oxidative stress which was also 

estimated. In Lithia tic control group level of LPO was significantly 

increased as compared to control and treated group. This was a sign of 

decrease oxidative stress in the kidney. The activity of GSH and SOD 

in the kidney tissue was increased when compared with model group; 

while level of LPO in kidney tissue was reduced. Withaniasomnifera 

methanolic extract (200 mg/kg) induced.  

Table 3: Nephrolithiasis occurred in a dose dependent manner with greatest 
effect of WS 

Oxidative 

stress 

parameter 

Control Lithia tic 

control 

Standard 

Cystone 

Curative  Prophyl

actic 

LPO (µmol 

MDA) of 

protein 

2.63±0.

22 

7.65±0.8

8*** 

4.50±0.2

8* 

5.67±0.3

9*** 

5.39±0.

44** 

GSH 
(µmol/g) of 

protein 

19.24±
0.47 

6.78±0.8
1*** 

14.56±0.
99** 

9.51±0.7
6*** 

12.56±
0.76** 

SOD 
(IU/mg) of 

protein 

11.06±
0.36 

3.49±0.6
5*** 

8.07±0.5
7** 

5.23±0.6
0*** 

6.41±0.
66*** 

 

All values are expressed as Mean ± SEM. *** P<0.0001 as compared 

for control group and Lithia tic control group in all the three parameter, 

**<0.0001 for SOD, **P<0.01 for GSH and LPO in WS (200mg/kg) 

treatment group as compared to control. 

Serum parameter 

Serum function assessment was conducted by measuring 

serum phosphorus, calcium, urea and creatinine in Lithiatic control 

urea, calcium, phosphorus level was significantly high as compared to 

vehicle group. When animals were administrated with WS Methanolic 

extract at the dose 200 mg/kg respectively. It was observed that the 

level of all marker enzymes was significantly decreased (p<0.01) as 

compared to that of vehicle group.  WS Methanolic extract 

significantly decreased the creatinine, urea, calcium, phosphorus level 

in the treated groups. 

Figure 1: Graphs depicting SOD levels 

 

Figure 2: Graphs depicting LPO levels 

Table 3: Effect of WS (200mg/kg) on Nephrolithiasis of serum analysis 

Serum parameter (mg/dl) Control Lithiatic control Standard cystone  Curative Prophylactic 

Calcium 8.75±0.37 15.40±0.88*** 11.53±0.33* 12.47±0.82** 11.76±0.67* 

Phosphorus 8.13±0.23 15.41±0.65*** 11.11±0.54** 13.13±0.48*** 12.09±0.62*** 

Urea 13.58±0.34 26.68±1.25*** 17.08±0.71* 18.32±0.92** 17.58±0.75** 

Creatinine 0.43±0.04 1.65±0.12*** 0.92±0.08** 1.03±0.10*** 0.99±0.09*** 

The value are expressed as Mean ± SEM. ***P<0.0001 compared 

between control and Lithiatic control group. **P<0.01 for 200 mg/kg 

treatment group as compare to control. 

Urine concentration of urine phosphorus, calcium, 

magnesium in Lithiatic control calcium, phosphorus level was 

significantly high as compared to vehicle group. When animals were 

administrated with Withania somnifera Methanolic extract at the dose 

200 mg/kg respectively. It was seen that the level of all marker 

enzymes was remarkably decreased (p<0.01) as compared to that of 

vehicle group.  WS Methanolic extract significantly decreased the 

calcium, phosphorus level and increased magnesium level in the 

treated groups. 

Figure 3: Graphs depicting creatinine levels of serum 
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Figure 4: Graphs depicting urea levels of serum 

 

Figure 4: Graphs depicting phosphorus levels of serum 

 

Figure 6: Graphs depicting Calcium levels of serum 

 

Figure 7: Graphs depicting Calcium levels of Urine 

 

Figure 8: Graphs depicting phosphorus levels of Urine 

 

Figure 9: Graphs depicting Magnesium levels of Urine 

 

Table 4: Effect of WS (200mg/kg) on Nephrolithiasis of urine analysis 

 Urine parameter (mg/dl) Control Lithiatic control Standard cystone  Curative Prophylactic 

Calcium 8.28±015 13.63±0.66*** 10.98±0.33** 12.53±0.67*** 11.48±0.38*** 

Phosphorus 5.89±0.16 11.67±0.53*** 8.28±0.54** 9.61±0.39*** 8.78±0.55*** 

Magnesium 4.46±0.09 0.97±0.18*** 2.48±0.25*** 1.75±0.23*** 1.98±0.33** 

 

The values are expressed as Mean ± SEM. ***P<0.0001 compared between control and Lithiatic control group. **P<0.01 for 200 mg/kg treatment 

group as compare to control 
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Histo-pathophysiology 

In the urinary microscopy study, the changes of urine 

microscopy of rat urine section 

Control (Group I) animal urine showed the absence of crystals.  

Lithiatic control (group II) ethylene glycol + ammonium chloride, 

urine showed more crystals.  

Standard cystone (group III) showed fewer crystals.  

Curative (Group IV) better prevention of stone formation.  

Prophylactic (Group V) showed better dissolution in performed 

crystals formation. 

The defensive effect of the Withania somnifera methanolic extract was 

further confirmed by urine microscopy examination of the control 

extract- treated groups. The Nephrolithiasis of WS (200mg/kg) group 

1 there were no calcium oxalate crystals seen in rats on vehicle group, 

but number of calcium crystal showed on the lithiatic control group 2. 

Administration with standard group (group 3) and WS Methanolic 

extract decreased the crystals observed in the urinary microscopic 

examination.  

Figure 10: Slides of urine microscopy 

 

Control (Group-Ⅰ)                              Lithiatic control (Group-Ⅱ) 

 

Standard cystone (Group-Ⅲ)                                Curative (Group-Ⅳ) 

 
Prophylactic (Group-Ⅴ)    
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Effect of Withania somnifera on histopathology examination 

Control (Group I): animal Normal renal tubules with no 

dilution and inflammation, Lithiatic control (group II): ethylene glycol 

+ ammonium chloride, tubules dilation with interstitial inflammatory 

infiltrate due to crystal deposits. When compared to the negative 

control, standard cystone (group III) less tubules dilated with 

interstitial inflammatory infiltrate. Curative (Group IV): Some changes 

as seen with standard group. Prophylactic (Group V): same changes as 

showed with normal group. The defensive effect of the Methanolic 

extract of Withania somnifera was further confirmed by 

histopathology examination of the control (figure) extract- treated 

groups.  

Figure 11: Histopathology section of kidney 

 
Control (Group-I)                                            Lithiatic control (Group-II) 

 
Standard cystone (Group-III)                                        Curative (Group-IV) 

 
Prophylactic (Group-V) 

Nephrolithiasis of WS (200 mg/kg) histopathology analysis 

DISCUSSION 
The kidney is primarily responsible for the excretion of 

metabolic waste products as well as the regulation of the volume of 

extracellular fluid, the composition of electrolytes, and the acid-base 

balance. 

Nephrolithiasis is calcium oxalate lithiasis. Reactive oxygen 

species-induced lipid peroxidation damages renal epithelial cells, 

which in turn stimulates the formation of calcium oxalate lithiasis by 

supplying cellular debris for crystal nucleation, aggregation, and 

increased attachment of crystals to other tubular cells. High oxalate 

levels and calcium oxalate crystals in kidney can produce damage in 

the epithelial cells. Free radicals are created by renal epithelial cells. 

Male rats were selected for this study because the urinary 

system of male rats similar that of humans, we are not selected female  

 

rats because of previous study shown the amount of stone deposition 

in female rats were significantly less. In rat model, Nephrolithiasis 

induced by ethylene glycol.  

Hydrogen peroxide, superoxide and hydroxyl radicals 

induce oxidative tissue damage known as lipid peroxidation. This 

damage results in structural changes to the membrane, the release of 

cell and organelle content, and the loss of vital fatty acids due to the 

production of cytosolic aldehyde and peroxide products. SOD is highly 

expressed in renal tissue damage and cell injuries. Withania somnifera 

had good antioxidant properties, it decreases the all level of oxidative 

stress and decrease concentration of urinary salt that prevented super 

saturation of the crystallizing salts. 

Urine and waste materials collected in the blood. Serum 
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neither blood cells, nor a clotting factor. Were study observed calcium, 

creatinine, phosphorus and urea increased level of lithiatic control 

group, when treated with Withania somnifera calcium, creatinine, urea 

and potassium decreased level of Nephrolithiasis. 

Nephrolithiasis glomerular filtration rate decreased due to 

the obstruction to the outflow of urine by stones and also include 

damage to the parenchyma. In urine analysis phosphorus, magnesium 

and calcium level are increased in Lithiatic control group comparison 

of control group, other treated group of Withania somnifera decreased 

level of phosphorus, calcium and magnesium. 

Urinary microscopic showed no calcium oxalate crystals in 

rats on vehicle group, but many calcium crystals showed on the 

negative control group. Administration with standard group and 

Withania somnifera methanolic extract treated group decreased the 

crystals observed in the urinary microscopic examination. 

In the kidneys of the vehicle group, histopathology 

investigation revealed no abnormalities or calcium oxalate deposits. 

Regular renal tubules devoid of inflammation and dilution. 

Comparisons group 2 calcium deposits were observed inside the 

glomeruli and tubules, ethylene glycol + ammonium chloride, tubules 

dilation with interstitial inflammatory infiltrate due to crystal deposits. 

Administration with standard group and Withania somnifera 

methanolic extract treated group decreased the inflammation observed 

in the histopathology examination; less tubules dilation with interstitial 

inflammatory infiltrate compared lithiatic control. 

From the histopathological study it absolutely was evident 

that shrinkage of minima interstitial inflammation. The Withania 

somnifera (200 mg/kg) treated group few renal tubules that revealed 

vacuolar degeneration with no CaOx crystal deposits. 

CONCLUSION   

The selected Nephrolithiasis agent Withania somnifera (200 

mg/kg) is used as favored remedies in kidney and protected against 

Nephrolithiasis. Nevertheless, WS (200 mg/kg) could be a safe and 

well- tolerated with minimal side effects that suggests that it is 

administered for a long period of time. Although, Withania somnifera 

(200 mg/kg) has shown promising resulting to Nephrolithiasis model, 

further studies are required to unravel its specific mechanism of action 

and therapeutic approach. 
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