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Introduction 
Urolithiasis (kidney stone disease) is a common 

and often devastating condition with varying causes and 
pathogenesis. Symptoms of kidney stones can range 
from completely inconspicuous to extremely painful 
with microscopic or overt haematuria, ureteral 
obstruction, and urinary tract infection. They are also 
associated with symptoms such as malaise, cloudy or 
foul-smelling urine, more frequent urination, burning 
with urination, chills, fever, nausea, and vomiting. It is a 
multifactorial disease that results from the combined 
influence of epidemiological, biochemical, and genetic 
risk factors. Urolithiasis mainly affects people of 
productive age, and men are more frequently affected 

by this disease than women. (1, 2) The complex process 
of kidney stone formation is the result of a series of 
physicochemical processes such as supersaturation, 
nucleation, growth, aggregation, and retention in the 
renal tubules. (3) Stone formation occurs due to 
disturbances in urine flow rate, uric acid excretion, and 
urine pH. Increased bone resorption, hypercalciuria, 
hypocitraturia, hypomagnesemia, and hyper- 
phosphaturia are risk factors for calcium oxalate kidney 
stones. (4, 1) The main risk factor for urolithiasis is the 
supersaturation of urine with mineral salts. The type of 
stones formed correlates with the degree of 
supersaturation of urine. Therefore, a reduction in 
supersaturation is useful in preventing the recurrence of 
stones. (5) 

Quercus leucotrichophora, commonly known as 
banj oak or ban tree, belongs to the Fagaceae family. (6) 
Several species of the Quercus genus have strong 
medicinal and therapeutic effects. In the Himalayan 
region, the ban tree is the main source of fuel and 
fodder. The leaves, seeds, and bark of QL are used in 
human and veterinary medicine to cure a variety of 
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diseases. In northern Pakistan, seeds and fruit powder 
are used to cure urinary tract infections. (7, 8) 

It has shown pharmacological effects such as 
diuretic activity (8), antiasthmatic (9), antimicrobial 
activity (10), and antiarthritic potential (11). In 
traditional Indian medicine, different parts of the 
plant are used to treat various human ailments, such 
as toothache and hemorrhoids in Jammu, Kashmir, 
and Ladakh (India); the leaves are used as astringents 
and to treat diarrhea, and the gum resin is used to 
treat stomach pain (12). Tribal people in 

Uttarakhand's Tehri Garhwal district makes a 
paste from the gum resin of the plant and uses it to 
treat gonorrhea, asthma, hemorrhage, diarrhea, and 
dysentery (13). The seeds of the plant are used to 
cure u r ina ry t r ac t d i seases (14) . Quercus 
leucotrichophora A. Camus has also been used to 
treat dysentery and diarrhea at home. (15) The seeds 
of Quercus leucotrichophora are highly revered for 
their nutritional value and medicinal properties. The 
seeds of the plant are used as an astringent, 
antioxidant, and diuretic in the treatment of urinary 
tract disorders. (8) 

The present study aims to substantiate the 
traditional use of Quercus leucotrichophora in renal 
diseases using various biochemical parameters. The 
study investigates the anti-urolithiasis activity of 
seed extracts of Quercus leucotrichophora using in 
vitro and in vivo models. 

Material and methods 
Drug and chemicals  

Ethylene glycol was purchased from Chem 
Think Lab, Ankleshwar, Gujarat, India. Cystone was 
purchased from Himalaya Health Care Pvt. Ltd. 
Various kits for biochemical determination of urine 
and serum were purchased from Lab Care 
Diagnostics Pvt Ltd, Gujarat, India. All other 
chemicals and reagents used were of analytical grade 
and were purchased from approved chemical 
suppliers. 

Plant material 
Seeds of Quercus leucotrichophora were 

obtained from Chail Chowk, Mandi, Himachal 
Pradesh, and authenticated from DR. B. R. Patel, 
associate professor of botany, Patidar Gin Science 
College, Bardoli, Dis Surat. 

Preparation of extract 
The dry seeds were ground in a mortar and 

pestle and sieved through sieve No. 14. Before 
extraction, the powdered seeds were kept in an 
airtight container. The dried powder of QL seeds (100 
g) was then extracted in a Soxhlet extractor at 
60-65oC for 5 hours with methanol (250 ml). The 
extract was filtered while still hot and concentrated in 
a rotating vacuum evaporator. The dried extract 
samples were stored in an airtight container in a 
refrigerator at low temperature until use. (8) 

Experimental animals 
Experiments were conducted in accordance with 

the Committee for the Purpose of Control and 
Supervision of Experimental Animals (CPCSEA). The 
experimental protocol of the study was approved by the 
Ethical Committee of the Institution for Animals 
(CPCSEA/SNLPCP/IAEC/04/02/140). The male albino 
rats of Wistar strain weighing 200-250 g were obtained 
from Jay Research Foundation, Vapi, Gujarat. The rats 
were maintained at a temperature of 25 ± 1°C and 
relative humidity of 50 ± 55%. The rats were fed with 
standard chow and water ad libitum. Animals were 
acclimatized in institutional animal shelters and 
exposed to a 12-day night cycle.  

Evaluation of the in vitro antiurolithiatic activity 
The classical model for the study of oxalate 

crystallization was chosen for its simplicity and 
satisfactory reproducibility, depending on the method, 
crystallization without inhibitors and with them to 
evaluate the inhibitory capacity of the test material. The 
anti-urolithic activity of the plant extracts was evaluated 
in vitro by inhibition of calcium oxalate nucleation, 
aggregation, and growth in the presence of inhibitors 
(standard drug and extracts) and the absence of 
inhibitors. A UV/Vis spectrophotometer (Shimadzu 
UV-1700) was used to measure turbidity changes in 
each assay. Five different concentrations (100µg/ml, 
200µg/ml, 300 µg/ml, 400 µg/ml, and 500 µg/ml) of the 
plant extracts were tested in each assay. 

Nucleation assay 
Calcium chloride (4 mmol/L) and sodium oxalate 

(50 mmol/L) solutions were prepared in a buffer 
containing Tris 0.05 mol/L and NaCl 0.15 mol/L at pH 
6.5 and 37°C. Calcium chloride solution (950µl) was 
mixed with 100 µl of different extracts at different 
concentrations (100 µg/ml, 200 µg/ml, 300 µg/ml, 400 
µg/ml, and 500 µg/ml)). Crystallization was initiated by 
adding 950 µl sodium oxalate solution at 37°C. The 
nucleation rate was determined by comparing the 
induction time of crystals (the time of appearance of 
crystals that have reached a critical size and are thus 
optically detectable) in the presence of the plant extract 
and the control without extract. Absorbance (optical 
density) was measured at 620 nm after 10, 20, 30, 60, 
and 90 minutes. The development of the crystals was 
probably due to the associated reaction: (16)  

CaCl2 + Na2 C2O4 → CaC2O4 + 2NaCl 

 
Aggregation assay  

Calcium oxalate monohydrate crystals (COM) 
were prepared by mixing calcium chloride and sodium 
oxalate at 50 mmol/l. Both solutions were brought to 
60°C in a water shower for 1 hour and then cooled to 
37°C overnight. Crystals were obtained by 
centrifugation and then dissolved at 37°C. CaOx 
crystals were used at the final concentration of 0.8 mg/
ml supported with Tris 0.05 mol/l and NaCl 0.15 mol/l 
at pH 6.5. Assays were performed separately in the 
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absence and presence of the plant (100 µg/ml, 200 µg/
ml, 300 µg/ml, 400 µg/ml, and 500 µg/ml) after 
stopping the mixture. Cystone tablets were used as the 
standard drug solution. Percent aggregation inhibition 
was calculated by comparing turbidity in the presence 
of the extract to that of the control using the following 
formula: (17) 

 
Evaluation of the in vivo antiurolithiatic activity 

Screening of the antiurolithiatic potential of 
Methanolic Extract of Quercus leucotrichophora was 
performed on rats using an ethylene glycol (EG) and 
ammonium chloride (NH4Cl) induced model of 
urolithiasis. Forty-two male Wistar rats were divided 
into seven groups (n = 6). 
- Group I: Normal control group received regular 

drinking water ad libitum throughout the study.  
- Group II: The model control group received Ethylene 

glycol 0.75% (V/V) and Ammonium chloride 1% 
(W/V) for 7 days (p.o)  

- Group III: Standard control group received Cystone 
(750 mg/kg) from the 8th to the 21st day (p.o.)  

- Group IV: MEQL (250mg/kg) from 8th to 21st day 
(p.o.)  

- Group V: MEQL (375mg/kg) from 8th to 21st day 
(p.o.)  

- Group VI: MEQL (500mg/kg) from 8th to 21st day 
(p.o.) 

- Groups II-VII, received EG and AC in their drinking 
water ad libitium for 7 days, respectively, to induce 
urolithiasis and generate CaOx deposition into the 
kidneys. The body weight of all the animals was 
noted on the 0, 8th, and 22nd days of the experiment. 
All the animals were sacrificed at the end of the 
experiments. (18) 

Analysis of urine Samples 
All animals were housed in individual metabolic 

cages, and a 24-hour urine sample was collected on day 
21. A 24-hour urine sample was collected on day 21. A 
24-hour urine sample was collected on the 21st day. 
Body weight (19), water intake, volume, urine pH (20), 
and the number of CaOx crystals in the urine were 
determined.  

Urine was acidified with a drop of concentrated 
HCl and stored at –20 ºC for the determination of 
calcium, oxalate, magnesium, phosphate, and uric acid 
using commercially available kits. Oxalate and citrate 
were determined by the method described previously. 
(21, 22) 

Collection and Analysis of Serum  
After the experimental period, blood was 

collected from the retroorbital region under mild ether 
anesthesia, and the animals were sacrificed under high-
dose anesthetics. The serum was separated by 
centrifugation at 10,000 g for 10 minutes and analyzed 
for calcium, creatinine, urea, urea, and blood urea 
nitrogen (BUN) using commercially available 
diagnostic kits, while oxalate was measured. (23) 

Kidney Histopathology and homogenate analysis 
The abdomen was cut open and opened, and both 

kidneys were removed from each animal. The detached 
kidneys were freed from nonessential tissue, calibrated, 
and washed with super-cold saline. The left kidney was 
fixed with 10% v/v neutral formalin and, after removal, 
sectioned on a flat surface and sent to the Histology 
Administration (Khandwala Pathology Lab, Surat) for 
hematoxylin and eosin staining. 

The same histological specimens were examined 
microscopically for the presence of glomerular 
congestion, tubular impressions, peritubular congestion, 
epithelial adhesions, vascular congestion, interstitial 
edema, and inflammatory cells. 

The right kidney was finely minced, and a 20% 
homogenate was prepared in Tris-HCl buffer (pH 7.4). 
The absolute kidney homogenate was used for the assay 
of tissue calcium and oxalate, lipid peroxidase (LOP), 
reduced glutathione (GSH), and SOD (24, 25, 26). 
  
Statistical analysis 

Results were expressed as mean ± standard error 
of the mean (SEM). P < 0.05 was considered 
statistically significant. The data obtained were 
analysed by one-way analysis ANOVA followed by 
Dunnett's test for multiple comparisons using Graph 
Pad Prism version 8.0. (27).  

Results 
Results of the qualitative analysis of the extract 

revealed the presence of tannins, saponins, phenols, 
flavonoids, Terpenoids, Steroids, and Amino acids. 

In vitro studies 
Table 1: Inhibitory effects of MEQL on nucleation 

and aggregation of calcium oxalate 

Concentration 
(µg/ml)

Percentage 
Inhibition of 
Nucleation

Percentage 
Inhibition of 
Aggregation

MEQL

100 31.67 49.34

200 46.35 55.95

300 54.43 60.41

400 68.28 67.25

500 73.62 75.96

Cystone

100 52.70 58.12

200 58.18 65.25

300 64.70 72.95

400 68.43 76.37

500 75.90 77.96
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In Vivo studies 
Table 2: Effects of MEQL on Body weight and water intake 

The values are expressed as mean ± SEM (n=6); Statistical analysis by ANOVA, followed by Dunnett’s 
Multiple Comparison tests. ***p<0.001, ** p<0.01, *p<0.05 # Day 8 compared with Day 0 * Day 22 compared with 
Day 8.  
  
Table 3: Effects of MEQL on Urine volume, Urine pH, and No. of urine CaOx crystal 

The values are expressed as mean ± SEM (n=6); Statistical analysis by ANOVA, followed by Dunnett’s 
Multiple Comparison tests. ***p<0.001, ** p<0.01, *p<0.05 # Day 8 compared with Day 0 * Day 22 compared with 
Day 8.   

Administration of ethylene glycol and ammonium chloride (EG 0.75% v/v with AC 1% w/v in drinking water) 
significantly decreased the body weight of model control rats. These changes were significantly (p < 0.001) prevented 
in CYSTONE (750 mg/kg) and MEQL (250 mg/kg, 375 mg/kg, and 500 mg/kg) treated groups compared to model 
control rats. A significant (p < 0.001) decrease in 24-hour urine volume (ml) was observed in the model control rats, 
while MEQL showed a significant (p < 0.001) improvement in urine output compared to the model control animals. In 
addition, a significant (p < 0.001) decrease in urine pH was observed in the model control group, which was a 
significant (p < 0.001) increase in the MEQL (250 mg/kg, 375 mg/kg, and 500 mg/kg) and Cystone (750 mg/kg) 
treated group. 

A significantly higher number (P < 0.001) of crystals was found in the urine of rats in the model control group 
than in the urine of the MEQL- and Cystone-treated groups, which had fewer and smaller crystals. 

Groups
Body weight water intake (mL)

Day 0 Day 8 Day 22 Day 0 Day 8 Day 22
Group-I 

Normal Control
250.5  
± 1.33

253  
± 0.85

251.6  
± 1.60

25.51 
± 0.77

22.25  
± 1.10

24.5  
± 0.42

Group-II 
Model Control 
(EG+NH4Cl)

252.3  
± 1.05

203.8  
± 1.19###

208.5  
± 1.70***

23.83 
± 0.94

14.41  
± 1.01###

13.16  
± 0.94***

Group-III 
Standard 

(Cystone 750mg)
253.1  
± 0.60

212.6 
± 1.83###

243.5  
± 0.76***

23.8 
± 0.84

17.0  
± 0.75###

24.16  
± 1.07***

Group -IV 
MEQL 250 mg

251.6 
± 1.05

205.5  
± 1.33###

217.6  
± 0.88***

23.91  
± 0.66

17.16  
± 0.54###

18.16  
± 0.60***

Group-V 
MEQL 375 mg

254.5  
± 1.47

204.3  
± 1.68###

230  
± 0.57***

23.5  
± 0.76

17.5  
± 0.5###

19  
± 0.36***

Group-VI 
MEQL 500 mg

251.5  
± 0.76

206.1  
± 2.35###

240.3  
± 1.40***

22.41  
± 0.69

19.11  
± 0.63###

20.58  
± 0.66***

Groups
Urine volume Urine pH No. of urine Caox crystal

Day 0 Day 8 Day 22 Day 8 Day 22 Day 8 Day 22

Group-I 
Normal Control

4.96  
± 0.01

4.97  
± 0.07

4.93  
± 0.01

6.73  
± 0.01

6.49  
± 0.11

1.79  
± 0.01

1.51 
± 0.00

Group-II 
Model Control 
(EG+NH4Cl)

4.86  
± 0.07

3.91 
± 0.11###

3.80  
± 0.16***

5.38  
± 0.08###

5.51  
± 0.06***

10.13 
± 0.01###

8  
± 0.36***

Group-III 
Standard 

(Cystone 750mg)

4.76  
± 0.16

3.45  
± 0.21###

5.22  
± 0.16***

5.45  
± 0.01###

7.09 
± 0.09***

10.22  
± 0.00###

4.91  
± 0.27***

Group –IV 
MEQL 250 mg

4.36  
± 0.25

3.44  
± 0.35###

4.11  
± 0.05***

5.60  
± 0.03###

6.35 
± 0.10*

10.21  
± 0.00###

6.91  
± 0.27*

Group-V 
MEQL 375 mg

4.24  
± 0.24

3.64  
± 0.21###

4.27  
± 0.09***

5.36  
± 0.01###

6.95 
± 0.14**

10.26  
± 0.01###

6.50  
± 0.22**

Group-VI 
MEQL 500 mg

4.71  
± 0.19

3.90  
± 0.10###

5.04  
± 0.03***

5.43  
± 0.05###

7.21 
± 0.08***

10.19  
± 0.00###

5.75  
± 0.31***
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Table 4: Effect of MEQL on Urine Parameters 

The values are expressed as mean ± SEM (n=6); Statistical analysis by ANOVA, followed by Dunnett’s 
Multiple Comparison tests. ***p<0.001, ** p<0.01, *p<0.05 Compared with the Model control group. ### p<0.001 
when compared to the normal control group. 

In the present study, treatment with kidney stones in male Wistar rats resulted in hyperoxaluria. Oxalate, 
calcium, sodium, phosphate, and uric acid excretion were increased in the model control group. However, 
supplementation with MEQL (250 mg/kg, 375 mg/kg, and 500 mg/kg) significantly and dose-dependently prevented 
these changes in urinary oxalate, calcium, sodium phosphate, and uric acid excretion in the groups IV, V, and VI. 

Urinary excretion of magnesium and creatinine was significantly decreased in the model control group 
compared with the normal control group (P < 0.001). Supplementation with MEQL essentially prevented these 
changes and returned them to near-normal values. 

Serum Analysis 
Table 5: Effect of MEQL on Serum Parameters 

The values are expressed as mean ± SEM (n=6); Statistical analysis by ANOVA, followed by Dunnett’s 
Multiple Comparison tests. ***p<0.001, ** p<0.01, *p<0.05 Compared with the Model control group. ### p<0.001 
when compared to the normal control group. 

Renal stone induction caused impairment of the renal function of the untreated rats as was evident from the 
markers of glomerular and tubular damage: elevated serum creatinine, urea, uric acid, and BUN, which were dose-
dependently prevented in the animals receiving a simultaneous treatment with MEQL at the dose of 250 mg/kg, 375 
mg/kg, and 500 mg/kg. 

Kidney homogenate analysis 
Kidney stone induction caused a significant increase (p < 0.001) in lipid peroxidation of renal tissues of the 

model control group, which was prevented in a dose-dependent manner in animals receiving 250, 375, and 500 mg/kg 

Groups Calcium 
(mg/24 h)

Phosphorus 
(mg/24 h)

Creatinine 
(mg/24 h)

Sodium 
(mEq/dl)

Oxalates 
(mg/24 h)

Uric acid 
(mg/24 h)

Magnesium 
(mg/24 h)

Group-I 
Normal 
Control

4.03  
± 0.12

4.91  
± 0.41

0.74  
± 0.01

81.87  
± 1.79

4.41  
± 0.27

2.43  
± 0.21

3.25  
± 0.07

Group-II 
Model 

Control 
(EG+NH4Cl)

6.32   
± 0.37###

7.58    
±  0.37###

0.59  
± 0.00###

168.8  
± 1.24###

10.5 
± 0.76###

4.76  
± 0.24###

1.21 
± 0.00###

Group-III 
Standard 
(Cystone 
750mg)

4.62 
± 0.25**

5.08  
± 0.34***

0.71  
± 0.01***

101.8  
± 1.74***

6.58 
± 0.32***

2.50  
± 0.42***

2.51 
± 0.11***

Group-IV 
MEQL 250 

mg
5.19  

± 0.12*
5.75  

± 0.30**
0.67  

± 0.02**
77.83  

± 1.90***
7.83 

± 0.47***
3.33  

± 0.21**
2.00 

± 0.01***

Group-V 
MEQL375 

mg

5.05  
± 0.30**

5.58  
± 0.37**

0.71 
± 0.00***

130.0  
± 2.17***

6.83 
± 0.30***

3.0 
± 0.25***

2.15 
±0.07***

Group-VI 
MEQL500 

mg

4.72  
± 0.17***

5.25  
± 0.26***

0.75 
± 0.00***

141.5  
±1.23***

5.08 
± 0.22***

2.66 
± 0.21***

2.63 
± 0.04***

Groups Calcium 
(mg/dl)

Phosphorus 
(mg/dl)

Creatinine 
(mg/dl)

Urea 
(mg/dl)

Oxalate (mg/
dl)

Uric acid (mg/
dl) BUN (mg/dl)

Group-I 
Normal 
Control

8.81  
± 0.54

3.83  
± 0.32

0.71  
± 0.01

42.6  
± 0.76

0.760  
± 0.00

2.55  
± 0.01

43.3  
± 0.80

Group-II 
Model 

Control 
(EG+NH4Cl)

12.36  
± 0.79###

6.17  
± 0.29###

1.34  
± 0.05###

54.5  
± 0.90###

2.08  
± 0.08###

6.44  
± 0.01###

73.3  
± 0.88###

Group-III 
Standard 
(Cystone 
750mg)

9.25  
± 0.19***

4.63  
± 0.2***

0.74  
± 0.01***

43.5  
± 1.23 ***

0.62  
± 0.00***

3.29  
± 0.09***

44.0  
± 0.36***

Group-IV 
MEQL 250mg

10.26  
± 0.06**

5.16  
± 0.16 *

1.05  
± 0.14*

50.2  
± 1.21*

0.96  
± 0.01***

4.77  
± 0.02***

55.8  
± 0.53***

Group-V 
MEQL 375mg

9.94  
± 0.08**

5.12  
± 0.17*

0.89  
± 0.01***

47.2  
± 0.77***

0.82  
± 0.00***

4.01  
± 0.04***

54.0  
± 0.57***

Group-VI 
MEQL 500mg

9.32  
± 0.21***

4.72  
± 0.13***

0.73  
± 0.04***

45.5  
± 0.98***

0.78  
± 0.00***

3.36  
± 0.04***

45.8  
± 0.40***
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MEQL. On the contrary, antioxidant enzymes GSH and SOD decreased significantly (p < 0.001) in the model control 
group compared to the untreated rats. However, they increased significantly (p < 0.001) after MEQL treatment. 

The deposition of calcium and oxalates in kidney tissue was increased in the model control group. However, 
250, 375, and 500 mg/kg doses of methanolic extract significantly (p < 0.001) reduced the increase of calcium and 
oxalates in kidney tissues, while 500 mg/kg of methanolic extract significantly (p < 0.001) reduced the increase of 
calcium and oxalates in kidneys. 

Table 6: Effect of MEQL on Kidney parameters in ethylene glycol and ammonium chloride-induced urolithiasis 

The values are expressed as mean ± SEM (n=6); Statistical analysis by ANOVA, followed by Dunnett’s 
Multiple Comparison tests. ***p<0.001, ** p<0.01, *p<0.05 Compared with the Model control group. ### p<0.001 
when compared to the normal control group. 

Kidney histopathology 
The microscopy of the histological section of the kidney revealed the presence of calcium oxalate crystals 

mostly in renal tubules in the cortex region. The Normal control rats did not show any calcium oxalate crystals in the 
kidney section. However, repeated administration of cystone 750 mg/kg and MEQL at dosages of 250, 375, and 500 
mg/kg for 14 days substantially reduced the amount of calcium oxalate deposits and other anomalies in the renal 
tubules in a dose-dependent manner. 

Figure 1: Histopathological analysis of kidney section  

Discussion 
Urolithiasis is a urinary stone disease in which 

calcifications occur in the kidney, bladder, or urethra. 
The formation of kidney stones has been confirmed by 
the imbalance of promoter and inhibitor in the kidney 
and urinary tract, which leads to the graduation phase of 
crystal nucleation, aggregation, and finally fluid 
retention. It occurs in both men and women, but the risk 
is generally higher in men (28, 29, 30) 

The EG-induced urolithiasis model has generally 
been used as an experimental model and may be 
moderately inconsistent. However, AC-induced rats lead 
to metabolic acidosis. Therefore, in this study, a high 

rate of CaOx deposition in the kidney was used with a 
combination of 0.75% ethylene glycol (EG; V/V) and 
1% ammonium chloride (AC; W/V). (31) 

Administration of EG and ammonium chloride 
resulted in crystalluria, hyperoxaluria, and low urine 
output, which could be the result of renal dysfunction. It 
is known that EG causes necrosis of proximal tubule 
cells due to the formation of several metabolites 
(glycolaldehyde, glyoxylate, glycolate, and oxalate) and 
the accumulation of large calcium oxalate monohydrate 
crystals (COM) in the lumen of the renal tubules. The 
impairment of renal function was evident from the 
significant increase in serum urea and creatinine levels 

Groups Calcium 
(mg/gm) Oxalate (mg/gm) GSH SOD LOP

Group-I 
Normal Control

3.22  
± 0.04

1.53  
± 0.02

62.72  
± 0.00

8.17  
± 0.00

9.51  
± 0.42

Group-II 
Model Control  
(EG+NH4Cl)

5.30  
± 0.10# # #

5.42  
± 0.08# # #

43.77  
± 0.02###

4.23  
± 0.02###

18.24  
± 0.59###

Group-III 
Standard 

(Cystone 750mg)
3.66  

± 0.11***
3.51  

± 0.18***
63.84  

± 0.01***
7.79  

± 0.01***
9.14  

± 0.33***

Group-IV 
MEQL 250 mg

4.91  
± 0.02**

4.88  
± 0.02*

53.17  
± 0.77***

4.82  
± 0.22*

12.32  
± 0.11***

Group-V 
MEQL 375 mg

4.15  
± 0.03***

4.63  
± 0.15***

59.40  
± 0.51***

5.19  
± 0.18***

9.48  
± 0.14***

Group-VI 
MEQL500 mg

3.70  
± 0.06***

4.17  
± 0.17***

68.94  
± 0.17***

7.19  
± 0.08***

9.24  
± 0.04***

[A] Normal Control 
group

[B] Model Control 
group [C] Standard Control [D] MEQL 250 mg/

kg treated group
[E] MEQL 375 mg/kg 

treated group
[F] MEQL 500 mg/kg 

treated group
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and the decrease in creatinine clearance in the positive 
control group. It also increased urinary calcium and 
phosphate excretion. 

Male rats were selected to induce urolithiasis 
because the urinary system of male rats is similar to that 
of humans and previous studies have shown that stone 
deposition was significantly lower in female rats. (24) 

The seeds of Quercus leucotrichophora are 
highly venerated for their nutritional values and 
medicinal properties. The seeds of the plant are used as 
an astringent, Antioxidant, and diuretic in the treatment 
of urinary disorders. (7) 

In the present study, we evaluated the anti-
urolithic activity of Quercus leucotrichophora using a 
m e t h a n o l i c e x t r a c t o f s e e d s o f Q u e rc u s 
leucotrichophora A. Camus (MEQL) both in vitro and 
in vivo and compared it with the activity of a standard 
treatment (Cystone). 

Kidney stone formation is a complex process 
involving a series of biological events most likely 
triggered by genetic susceptibility along with nutritional 
factors and lifestyle changes. Nucleation is the most 
critical step in the process of stone formation, which 
begins with the combination of stone salts in solution 
into loose clusters that can increase in size with the 
addition of new components. (32) 

Aggregation of crystals is the process by which 
numerous crystals come together in solution and 
combine to form large crystal agglomerates. 
Aggregation is a critical factor in crystal retention 
because large crystal agglomerates clog the renal 
tubules, promoting stone formation. 

In the nucleation test of the different extracts of 
Quercus leucotrichophora, the highest percentage of 
nucleation inhibition of MEQL was obtained at a 
concentration of 500µg/ml (73.62%). It was found that 
the methanolic extracts (100µg/ml to 500µg/ml) had a 
significant percentage inhibition of nucleation 
compared to the standard Cystone (100µg/ml to 500µg/
ml). 

In the aggregation assay, the highest percentage 
of aggregation inhibition of MEQL was obtained at a 
concentration of 500µg/ml (75.96%). It was found that 
the methanolic extracts (100µg/ml to 500µg/ml) had a 
significant percentage inhibition of aggregation 
compared to the standard Cystone (100µg/ml to 500µg/
ml). (33) 

Methanolic extract (100µg/ml to 500µg/ml) of 
Quercus leucotrichophora A. Camus showed a dose-
dependent inhibition on CaOx nucleation and 
aggregation. 

Changes in body weight and food and water 
intake serve as initial and helpful indicators of a disease 
state. A gradual increase in aversion to food intake was 
observed in all EG-treated groups. It is reported that 
after 7 days of administration of EG 0.75% with AC 
1%, the animals became ill, appeared lethargic, drank 
less water, stopped eating, and lost body weight. [34] 

In the present study, it was found that the body 
weight of the animals decreased on day 8 in all groups 
compared with the body weight on day 1. After 
treatment with the test extract MEQL at the doses of 

250 mg/kg, 375 mg/kg, and 500 mg/kg on day 22, the 
body weight increased compared to day 8. The MEQL 
at a dose of 500 mg/kg showed greater significance on 
body weight. 

It is reported that after a 7-day course of EG, 
0.75% with AC 1%, animals became ill, appeared 
lethargic, drank less water, and their urine volume and 
water intake decreased. After 7 days of treatment with 
plant extracts from the 8th to the 22nd, the animals' urine 
volume and water consumption reversed. Treatment 
with MEQL (250 mg/kg, 375 mg/kg, 500 mg/kg) 
increased urine volume and water intake. The test 
substance MEQL 500 mg/kg showed a more 
pronounced effect. (17) 

After treatment with MEQL, which increased 
urine volume, it eventually decreased the saturation of 
oxalate and calcium ions, preventing the formation of 
crystals of calcium oxalate in the kidney. Thus, the 
diuretic effect of MEQL played a role in flushing out 
the excess ions and helped in the mechanical excretion 
of the stone. (35, 7) 

The PH value of urine is important in kidney 
stone formation because acidic urine promotes crystal 
retention by adhesion, leading to stone formation in the 
distal region of the kidney. When urine pH is low, the 
solubility of calcium oxalate stones in urine decreases, 
which promotes stone formation. The increase in pH 
may be responsible for the dissolution of the complexes 
of calcium and oxalate, which contributes to their 
significant anti-urolithiasis activity. In EG and AC-
induced rats, urine pH was significantly decreased 
compared to the normal control group, and a significant 
increase was observed after treatment with MEQL (250 
mg/kg, 375 mg/kg, 500 mg/kg). The test drug MEQL 
500 mg/kg showed a more significant pH of about 
(7.21± 0.08, p < 0.001). (18) 

After induction of crystalluria, the number of 
calcium oxalate crystals increased significantly in all 
groups, when compared with Normal control on the 8th 
day, but on the 22nd day after treatment with the test 
drug (250 mg/kg, 375 mg/kg, 500 mg/kg) it decreased 
significantly when compared with on 8th day and with 
model control on 8th and 22nd day. The dose of 500mg/
kg of MEQL was found more significant in CaOx 
crystal about (5.75 ± 0.31, p < 0.001). (36) 

The increased urinary calcium promotes the 
nucleation, and precipitation, of calcium oxalate from 
urine and subsequent crystal growth. An increase in 
urinary phosphate excretion was observed in Model 
control (Lithiatic) when compared to the normal. 
Elevated urinary phosphate excretion along with 
oxalate-induced stress appears to provide a suitable 
environment for stone formation. (37) 

In the present study, EG and AC-treated group 
significantly increased the excretion of Calcium, 
phosphate, sodium, and Oxalates in urine and decreased 
creatinine in urine. The increased urinary calcium 
promotes the nucleation, and precipitation, of calcium 
oxalate from urine and subsequent crystal growth. 
Elevated urinary phosphate excretion along with 
oxalate-induced stress appears to provide a suitable 
environment for stone formation.  Treatment with 
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MEQL (250 mg/kg, 375 mg/kg, and 500 mg/kg) 
showed a significant reduction in urinary calcium, 
phosphorus, sodium, Oxalates, and creatinine level was 
significantly increased. MEQL with a dose of 500 mg/
kg showed a more significant balance in calcium, 
phosphorus, sodium, Oxalates, and creatinine. (32) 

In the present investigation, uric acid excretion 
was increased in urolithic rats. Uric acid interferes with 
calcium oxalate solubility and reduces the inhibitory 
activity of glycosaminoglycans. Treatment with MEQL 
(250 mg/kg, 375 mg/kg, and 500 mg/kg) lowered the 
excretion of uric acid and reduced the risk of stone 
formation. 

Normal urine contains many calculi inhibitors 
and magnesium is one such inhibitor. Low levels of 
magnesium are observed in stone-forming rats. The 
magnesium level returns to a normal level after the drug 
treatment. Magnesium forms a complex with oxalate 
and reduces the supersaturation of calcium oxalate and 
as a consequence reduces the growth and nucleation 
rate of calcium oxalate crystals. Magnesium inhibits 
oxalate absorption and excretion and thus prevents its 
supersaturation. Treatment with MEQL (250 mg/kg, 
375 mg/kg, and 500 mg/kg) showed a significant 
increase in urinary magnesium levels. MEQL with a 
dose of 500 mg/kg showed a more significant level of 
magnesium. (38) 

  
The result showed that the Methanolic extract of 

Quercus leucotrichophora reduced supersaturation, 
which reduced the risk of stone formation.  

Induction of EG and AC results in increased 
serum calcium, phosphorus, and oxalate levels. 
Treatment with MEQL restored serum calcium, 
phosphorus levels, and oxalates thus reducing the risk 
of stone formation. 

In urolithiasis, the glomerular filtration rate 
(GFR) decreases due to the obstruction of the outflow 
of urine by stones in the urinary system. Due to this, 
waste products, particularly nitrogenous substances 
such as urea, BUN, creatinine, and uric acid accumulate 
in the blood. In the present study, administration of EG 
and AC showed a significant elevation in serum 
creatinine, BUN, and urea was observed in the model 
control group compared with a normal control group, 
which indicates glomerular and tubular damage. 
Treatment with MEQL (250 mg/kg, 375 mg/kg, and 500 
mg/kg) prevented the elevation of creatinine, BUN, and 
urea serum levels. Which test drug MEQL 500 mg/kg 
showed a more significant effect in the elevation of 
creatinine, BUN, and urea in serum levels.  (17) 

The present study also showed that there were 
increased calcium and oxalate levels in kidney 
homogenate by ethylene glycol and ammonium chloride 
treatment in model control group. Treatment with 
MEQL (250 mg/kg, 375 mg/kg, and 500 mg/kg) 
lowered the calcium and oxalate levels as compared to 
the model control group.  The MEQL with a dose of 
500 mg/kg showed a more significant decrease in 
calcium and oxalate levels in kidney homogenate. 

The development of tissue injury is probably 
dependent on the balance between the generation of 

reactive oxygen species (ROS) and the antioxidant 
defence mechanism of the tissue. Reduced tissue 
antioxidant enzymes may be followed by increasing 
free radical generation in the early and late stages of 
nephrolithiasis, putting the renal tissue under oxidative 
stress. The oxidative stress will increase due to cell 
structural injury and inflammation. Oxidative damage is 
reflected by increased levels of markers of oxidative 
injury by higher LOP and decreased antioxidant enzyme 
activity such SOD and GSH. Treatment with MEQL 
(250 mg/kg, 375 mg/kg, and 500 mg/kg) significantly 
increased SOD and GSH activity and decreased LOP 
levels. (39) 

Microscopic examination of the kidney sections 
of ethylene glycol and ammonium chloride-induced 
urolithiatic rats showed polymorphic irregular crystal 
deposits inside the tubules causing dilation of the 
proximal tubules and interstitial inflammation that may 
be attributed to oxalate. Treatment with the MEQL 
decreased the number and size of calcium oxalate 
deposits in different parts of the renal tubules and also 
prevented damage to the tubules and calyxes. (24) 

Conclusion 
Antiurolithiatic activity of MEQL seeds is 

mediated, possibly due to the prevention of urinary 
supersaturation, inhibition of mineralization of stone-
forming constituents, and normalization of the cellular 
function by neutralizing the effect of ROS, which could 
have caused oxidative stress in renal tubules. The study 
suggests that flavonoids, steroids, terpenoids, and 
phenolic compounds of MEQL are therapeutically 
effective for the treatment of calcium oxalate stones, 
exhibiting effects through a combination of a diuretic 
and antioxidant action, which could be responsible for 
its antilithiatic activity. Further studies are necessary to 
determine the mechanism of action of MEQL in the 
treatment of urolithiasis. 
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