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INTRODUCTION 

Renal lithiasis, also called nephrolithiasis or urolithiasis, 

is the clinical condition caused by the formation and 

movement of stones within the urinary tract. The 

etiology of this disorder is multifactorial and is strongly 

related to dietary lifestyle habits or practices. Urinary 

calculi or stones are the most common cause of acute 

urethral obstruction. 

 

The yearly incidence of nephrolithiasis is estimated to be 

about 0·41% in India, 0·5% in North America and 

Europe. In the USA, the prevalence (frequency in 

population) has risen from 3·2% to 5·2% in just over two 

decades from the mid-1970s to the mid-1990s. The 

lifetime risk is about 10-15% in the developed world, but 

can be as high as 20-25% in the Middle East. 

Nephrolithiasis is largely a recurrent disease with a 

relapse rate of 50% in 5-10 years and 75% in 20 years. 

 

Approximately 85% of stones are composed 

predominantly of calcium compounds. The most 

common cause of calcium stone production is excess 

calcium in the urine (hypercalciuria). Calcium stones are 

composed of calcium oxalate (CaOx) or calcium 

phosphate (CaP). Calcium oxalate stones are much more 

frequent than calcium phosphate stones. Nearly seven 

decades ago, it is described that plaque-like lesions were 

present in the renal papillae, which were invariably 

present in patients with calcium oxalate stones, although 

sometimes also present in individuals who did not form 

stones.
[1] 

 

The most important pathophysiological factor for 

calcium nephrolithiasis is hypercalciuria. A more 

pathophysiology-oriented classification partitions 

hypercalciuria by defects in one or a combination of 

three organs kidney (renal leak), bone (resorptive), and 

gut (absorptive). These three categories can co-exist as a 

primary disorder and can simultaneously affect more 

than one organ. Less common than primary gut 

hyperabsorption are primary resorptive and renal 

hypercalciuria. An example of a primary resorptive 

defect is primary hyperparathyroidism, although the 

secondary enhancement of calcitriol synthesis leads to 

amplified intestinal absorption, contributing to the 

hypercalciuria. Increased resorption from acid load will 

be discussed. High dietary salt is associated with a high 

rate of nephrolithiasis and salt restriction diminishes the 

risk of kidney stones.
[2] 

 

Citrus Sinensis belonging to the Rutaceae family, is the 

most widely grown and commercialized citrus specie. 

Citrus is widely grown in Nigeria and many other 

tropical and subtropical regions. In terms of volume in 
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ABSTRACT 

Urolithiasis is the most common disorder of the urinary tract. The worldwide incidence of urolithiasis is quite high 

and in spite of tremendous advances in the field of medicine, there is no truly satisfactory drug for treatment of 

renal calculi. The common use of Citrus Sinensis in treating kidney stone and other disorders in urinary tract 

deserves special attention from pharmacologist. Nevertheless, it is hard to find studies which explain the 

antiurolithiatic property of Citrus Sinensis. It has traditional claim for the diuretic and kidney disorder. It has not 

been scientifically well documented for use in urolithiasis. Hence the present study was undertaken to explore 

antiurolithiatic properties of Citrus Sinensis. In the present study antiurolithiatic activity of aqueous extract of 

Citrus Sinensis (AECS) leaves was tested against ethylene glycol induced urolithiasis in rats. AECS showed 

significant changes in different parameters such as urine volume, urine pH, electrolyte contents of urine, 

nitrogenous substances in urine, serum nitrogenous substances, kidney wt. etc. 

 

KEYWORDS: Urolithiasis, Citrus Sinensis, Renal Calculi, Diuretic, AECS. 
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production, citrus ranks after banana as the world second 

fruit crop with more than 108 million tons. Sweet orange 

(Citrus Sinensis L. Osbeck) commonly called orange is a 

member of this family and a major source of vitamins, 

especially vitamin C, sufficient amount of folacin, 

calcium, potassium, thiamine, niacin and magnesium. 

 

Pharmacology/Biological Studies 

1) As antioxidant 

A high quality orange is one that is mature with good 

color intensity uniformly distributed over the surface. 

Such oranges must be firm with a fairly smooth texture 

and shape that is characteristic of the variety, free from 

decay, defects and other blemishes. The biological 

activity and the healthy effects of citrus flavonoids as 

antioxidants have been reported. These group of 

pigments as found in plants and together with 

anthocyanin play a role in flower and fruit colouration. 

Also, they are present in dietary fruits and vegetables and 

exercise their antioxidant activity in several ways, 

including the activities of metal chelation. Studies 

indicate that flavonoids are excellent radical-scavengers 

of the hydroxyl radical due to their t ability to inhibit the 

hydroxyl radical and donate hydrogen atom.
[3]  

 

Oranges as excellent source of vitamin C, contain 

powerful natural antioxidant, folate, dietary fibre and 

other bioactive components, like carotenoids and 

flavonoids that prevent cancer and degenerative diseases. 

Consumption of foods rich in vitamin C improves body 

immunity against infectious agents and scavenging 

harmful, pro-inflammatory free radicals from the blood. 

Sweet orange contains a variety of phytochemicals like 

hesperetin and narigenin. Naringenin has a bioactive 

effect on human health as antioxidant, free radical 

scavenger, anti-inflammatory, and immune system 

modulator.
[4] 

 

2) Anti-Cancer & anti-Arteriosclerosis 

Citrus flavonoids can prevent cancer through selective 

cytotoxicity, antiproliferative actions and apoptosis. 

Flavonoids are antimutagenic, thus protects the DNA 

from damage by their ability to absorb ultraviolet light. 

They neutralize free radicals that promote mutations 

when they are generated near DNA. This has been shown 

in mice body irradiated with c-ray. Flavonoids can also 

protect the DNA by interacting directly with the tumoral 

agents, as in the induced chromosomal aberrations by 

bleomycin. The inhibitory effect of citrus flavonoids on 

tumoral development and cell proliferation by rat 

malignant cells, in cardiac and hepatic tissue of 

syngenetic rats have been reported. The ability to 

function as such by citrus flavonoids are based on cell 

mobility inhibition.
[5]

 Oranges are also rich in iron, 

chlorine, manganese, zinc, sodium, phosphorous, iodine, 

calcium, folic acid, potassium, pectin, beta-carotene and 

amino acids and fibre. A single orange is said to have 

about 170 phytonutrients and over 60 flavonoids with 

anti-tumor, anti-inflammatory, blood clot inhibiting and 

antioxidant properties. All these properties help to 

promote overall health.
[6]

 

 

3) Anti-inflammatory 

Citrus flavonoids contain compounds with anti-

inflammatory activity due to the presence of regulatory 

enzymes (protein kinase C, phosphodiesterase, 

phospholipase, lipoxygenase, and cyclooxygenase) that 

control the formation of the biological mediators, 

responsible for the activation of endothelial cells and 

specialized cells involved in inflammation. Flavonoid 

inhibition of the immune and inflammation responses 

can be associated with their inhibition of these enzymes. 

Indeed, citrus flavonoids are able to inhibit the kinases 

and phosphodiesterases essential for cellular signal 

transduction and activation. They also affect the 

activation of a number of cells involved in the immune 

response, including T and B lymphocytes.
[3]

  

 

Citrus flavonoids also prevent atherosclerosis, inhibiting 

the formation of atheroma reported that hesperidin 

obtained from citrus cultures may have a potential 

therapeutical use as a mild anti-inflammatory agent, 

being also useful as a precursor of new flavonoids 

endowed with this activity. Studies using mouse 

macrophage cells also show that hesperidin has an 

inhibitory effect on lipopolysaccharide-induced over 

expression of cyclooxygenase-2, inducible nitric oxide 

synthase, over-production of prostaglandin E2 and nitric 

oxide.
[7]

 

 

4) Anti-Obesity 

Sweet oranges contain low calories and no saturated fats 

or cholesterol, but is rich in dietary fibre, pectin which is 

very effective in persons with obesity. Pectin as bulk 

laxative protects the mucous membrane from exposure to 

toxic substances, as well as by binding to cancer causing 

chemicals in the colon. Pectin has also been shown to 

reduce blood cholesterol levels by decreasing its re-

absorption in the colon by binding to bile acids in the 

colon. Orange peels contain the alkaloid synephrine, 

which reduces the production of cholesterol in the liver. 

The antioxidant elements in oranges combat oxidative 

stress that oxidizes the LDL (low-density lipoprotein) in 

the blood.
[8]

 

 

5) Wholesome health 

Oranges also contain very good amount of vitamin A, 

and other flavonoid antioxidants such as alpha and beta 

carotenes, beta-cryptoxanthin, zeaxanthin and lutein, 

compounds that have antioxidant properties. Vitamin A 

is necessary for maintaining healthy mucus membranes, 

skin and essential for vision. It is also a very good source 

of B-complex vitamins such as thiamin, pyridoxine and 

folates. These vitamins are essential in the sense that 

body requires them from external sources to replenish. 

Orange fruit also contains a very good amount of 

minerals like potassium and calcium. Potassium in an 

important component of cell and body fluids helps 

control heart rate and blood pressure. Vitamin A also 



www.ejbps.com      │         Vol 8, Issue 11, 2021.      │       ISO 9001:2015 Certified Journal          │ 

Desai et al.                                                                      European Journal of Biomedical and Pharmaceutical Sciences 

  

 

329 

required for maintaining healthy mucus membranes and 

skin and is also essential for vision. Consumption of 

natural fruits rich in flavonoids helps body to protect 

from lung and oral cervical cancers. Orange fruit also 

contains a very good amount of minerals like potassium 

and calcium. Potassium is an important component of 

cell and body fluids and helps to control heart rate and 

blood pressure. The alkaline properties in the orange 

stimulate the digestive juices, thus, reliving constipation. 

 

Regular intake of orange juice reduces the chances in the 

formation calcium oxalate which causes kidney stones. 

Polyphenols present in oranges prevents viral infections. 

Oranges protect the skin from damage caused by free 

radicals, thereby helping you look young and keeps the 

skin fresh and glowing.
[8] 

 

MATERIAL AND METHODS 

Animals: Male Wistar rats (150-250 g) or female Swiss 

albino mice (20-25 gm) were used for study. 

Collection of Plant Material: The leaves of Citrus 

Sinensis were collected from Kolhapur region of 

Maharashtra. 

Preparation of Aqueous Extract of Annona Squamosa 

leaves: Leaves of Citrus Sinensis were shade dried and 

coarsely powdered by using grinder mixer. The 

powdered material was macerated in sufficient quantity 

of distilled water with small quantity of chloroform to 

prevent fungal growth and kept for 3 days. During 

maceration it was shaken twice daily. On third day it was 

filtered and dried at 60
 
°C on water bath.

[9] 
The extract 

was then preserved in the desiccator and then used for 

phytochemical and pharmacological studies.  

Acute Oral Toxicity Study: The oral toxicity study of 

ATG was carried out as per OECD guidelines No. 423 

(Annexure-2 d) for acute oral toxicity. 

 

Experimental Designs 

Evaluation of Aqueous extract of Citrus Sinensis 

(AECS) leaves on Ethylene glycol induced urolithiasis 

in rats. 

 Purpose and rationale 

Ethylene glycol (EG) disturbs oxalate metabolism by 

way of increase the substrate availability that increases 

the activity of oxalate synthesizing enzymes in the rats. 

EG ingestion has been widely used as an experimental 

model for the study of urolithiasis. However, when EG is 

used alone, kidney crystal deposition can be quite 

variable. To achieve uniform rate of kidney crystal 

deposition other drugs such as gentamicin,
[2]

 ammonium 

chloride (AC) or magnesium deficient diet have been 

used in conjunction with EG. Among these days, AC has 

been used most widely. AC ingestion induces urinary 

acidification. When AC is given in conjunction with EG, 

it was demonstrated deposition of calcium oxalate 

crystals in the kidney within a week. EG and AC was 

given in combination were given in drinking water in 

order to promote hyperoxaluria and calcium oxalate 

deposition in the kidneys.
[10] 

 

 Procedure 

The animals were randomly divided into six groups of 

six animals each. The animals from different groups 

were treated daily at specific time for ten days as given 

in Table 1. 

 

Table 1: Treatment schedule in Ethylene glycol induced urolithiasis. 

 

All animals were kept in individual metabolic cages and 

urine samples of 24 h were collected on 10
th

 day. 

Animals had free access to drinking water and feed 

during the urine collection period. A drop of 

concentrated HCl acid was added to the urine before 

being stored at 4°C. After the experimental period, blood 

samples were collected from animals of each treatment 

group by retro orbital puncture under light ether 

anesthesia. Serum was separated by centrifugation at 

10000 rpm for 10 min. Serum and urine was analyzed for 

biochemical estimation. The rats were then sacrificed by 

cervical dislocation, the abdomen was opened & kidney 

was removed. Kidney was weighed & processed for 

histopathological examinations.
[10] 

RESULTS 

Phytochemical analysis of Aqueous Extract of Citrus 

Sinensis (AECS) leaves 

The preliminary phytochemical screening of the 

Aqueous Extract of Citrus Sinensis (AECS) revealed the 

presence of carbohydrates, saponins, tannins, 

anthraquinone glycosides and flavonoids.  

 

Acute oral toxicity study of AECS 

The acute oral toxicity study was performed as per 

OECD guideline 423. The administration of AECS at 

limit dose of 5000 mg/kg did not show any signs and 

symptoms of any toxicity in the animals. At this dose no 

mortality and morbidity were observed during the 14 

Group No. Treatment Dose 
Route of 

Administration 

I Normal Distilled water 5 ml/kg p.o. 

II Control Distilled water containing 0.75 % [v/v] EG and 2 % (w/v) AC. p.o. 

III Cystone 750 
Cystone 750 mg/kg p.o. 

Distilled water containing 0.75 % [v/v] EG and 2 % (w/v) AC. p.o. 

V AECS 
500mg/kg p.o. 

Distilled water containing 0.75 % [v/v] EG and 2 % (w/v) AC. p.o. 

VI AECS 
1000 mg/kg p.o. 

Distilled water containing 0.75 % [v/v] EG and 2 % (w/v) AC. p.o. 
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days of observational period. Hence doses 250 mg/kg, 

500 mg/kg and 1000 mg/kg of AECS were selected for 

the present study. 

 

 

 

Evaluation of Aqueous Extract of Citrus Sinensis (AECS) on Ethylene glycol induced urolithiasis in rats 

Table 2: Effect of AECS on Urine volume and Urine pH.  

Treatments Urine volume (ml) Urine pH 

Normal 12.16 ± 0.31 7.38 ± 0.11 

Control 4.01 ± 0.10 
##

 6.03 ± 0.26
##

 

Cystone 750 mg/kg 12.48 ± 0.19** 7.56 ± 0.18** 

AECS 500 mg/kg 4.23 ± 0.29 5.85 ± 0.26 

AECS 1000 mg/kg 6.03 ± 0.29** 6.83 ± 0.21* 

Values are expressed as mean ± SEM (n=6). *P<0.05,
 
**P<0.01 as compared with control (One-way ANOVA followed 

by Dunnet’s test). ## indicates significant induction when compared with normal group.  

 

Administration of 0.75% ethylene glycol (EG) with 2% 

ammonium chloride (AC) in drinking water to rats for 10 

days showed significant decrease in urine volume & 

urinary pH of control animals as compared to the normal 

group. Administration of AECS (1000 mg/kg) showed a 

significant increase in urine volume with P<0.01 & 

urinary pH with P<0.05 as compared to the control 

group. Similarly, Cystone (750 mg/kg) showed a 

significant increase in urine volume & urinary pH with 

P<0.01 as compared to the control group. 

 

 
Figure 1: Effect of AECS on Urine Volume. 

 

 
Figure 2: Effect of AECS on Urine pH. 
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Table 3: Effect of AECS on Electrolyte Contents of Urine. 

Treatments Calcium (mg/dl) Phosphorus (mg/dl) 

Normal 1.86 ± 0.07 3.58 ± 0.15 

Control 3.19 ± 0.11
 ##

 7.35 ± 0.36
##

 

Cystone 750 mg/kg 2.17 ± 0.15** 4.23 ± 0.20** 

AECS 500 mg/kg 3.12 ± 0.11 7.06 ± 0.51 

AECS 1000 mg/kg 2.60 ± 0.26* 5.86 ± 0.38* 

Values are expressed as mean ± SEM (n=6). *P<0.05,
 
**P<0.01 as compared with control (One-way ANOVA followed 

by Dunnet’s test). ## indicates significant induction when compared with normal group.  

 

Administration of 0.75% ethylene glycol with 2% 

ammonium chloride in drinking water to rats for 10 days 

showed significant increase in calcium & phosphorus 

content of urine in control animals as compared to the 

normal group. Administration of Cystone (750 mg/kg) & 

AECS (1000 mg/kg) showed significant decrease in 

calcium & phosphorus content of urine with P<0.01& 

P<0.05 respectively. Whereas, AECS (500 mg/kg) was 

not significant in these regards. 

 

 
Figure 3: Effect of AECS on Calcium and Phosphorus Content of Urine. 

 

Table 4: Effect of AECS on Nitrogenous Substances in Urine.  

Treatments Urea (mg/dl) Creatinine (mg/dl) 

Normal 16.27 ± 0.28 0.85 ± 0.04 

Control 50.42 ± 1.27
 ##

 0.21 ± 0.01
##

 

Cystone 750 mg/kg 19.55 ± 1.08** 0.79 ± 0.04** 

AECS 500 mg/kg 48.18 ± 1.15 0.32 ± 0.04 

AECS 1000 mg/kg 30.78± 1.71** 0.35 ± 0.03* 

Values are expressed as mean ± SEM (n=6). *P<0.05,
 
**P<0.01 as compared with control (One-way ANOVA followed 

by Dunnet’s test). ## indicates significant induction when compared with normal group.  

 

Administration of 0.75% ethylene glycol with 2% 

ammonium chloride in drinking water to rats for 10 days 

showed significant increase in urinary levels of urea & 

significant decrease in creatinine of control animals as 

compared to the normal group. Administration of AECS 

(1000 mg/kg) showed significant decrease in the urinary 

level of urea with P<0.01 & significant increase in 

creatinine content with P<0.05 of urine as compared to 

control group. Similarly, Cystone (750 mg/kg) showed 

significant decrease in urinary levels of urea with P<0.01 

& increase in creatinine content with P<0.01 of urine as 

compared to control group. Whereas, AECS (500 mg/kg) 

was not significant in these regards. 
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Figure 4: Effect of AECS on Urea. 

 

 
Figure 5: Effect of AECS on Creatinine. 

 

Table 5: Effect of AECS on Serum Nitrogenous Substances. 

Treatments Uric Acid (mg/dl) 
Creatinine 

(mg/dl) 
Urea (mg/dl) BUN (mg/dl) 

Normal 0.78 ± 0.03 0.54 ± 0.03 26.68 ± 1.81 12.76 ± 0.09 

Control 1.79 ± 0.12
 ##

 1.40± 0.08
 ##

 52.04 ± 1.08
##

 23.90 ± 0.80
 ##

 

Cystone 750 mg/kg 1.22 ± 0.04** 0.65 ± 0.04** 36.18 ± 1.76** 14.96 ± 0.50** 

AECS 500 mg/kg 1.75 ± 0.12 1.32 ± 0.11 47.71 ± 3.11 22.30 ± 0.93 

AECS 1000 mg/kg 1.38 ± 0.12* 1.06 ± 0.07* 43.33 ± 1.73* 20.75 ± 0.86* 

Values are expressed as mean ± SEM (n=6). *P<0.05,
 
**P<0.01 as compared with control (One-way ANOVA followed 

by Dunnet’s test). ## indicates significant induction when compared with normal group.  

 

Administration of 0.75% ethylene glycol with 2% 

ammonium chloride in drinking water to rats for 10 days 

showed significant increase in the levels of serum uric 

acid, creatinine, urea & BUN in control animals as 

compared to the normal group. Cystone (750 mg/kg) 

showed significant decrease in the levels of serum uric 

acid, creatinine, urea & BUN with P<0.01 as compared 

to control group. Administration of AECS (1000 mg/kg) 

showed significant decrease in the levels of serum uric 

acid, creatinine, urea & BUN with P<0.05 as compared 

to control group. Whereas, AECS (500 mg/kg) was not 

significant in these regards. 
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Figure 6: Effect of AECS on Serum Uric Acid and Creatinine. 

 

 
Figure 7: Effect of AECS on Serum Urea and BUN. 

 

Table 6: Effect of AECS on Kidney Weight. 

Treatments Kidney weight (gm/100 gm) 

Normal 0.61 ± 0.04 

Control 0.91 ± 0.07
 ##

 

Cystone 750 mg/kg 0.66 ± 0.04* 

AECS 500 mg/kg 0.79 ± 0.04 

AECS 1000 mg/kg 0.69 ± 0.07* 

Values are expressed as mean ± SEM (n=6). *P<0.05,
 
**P<0.01 as compared with control (One-way ANOVA followed 

by Dunnet’s test). ## indicates significant induction when compared with normal group.  

 

Administration of 0.75% ethylene glycol with 2% 

ammonium chloride in drinking water to rats for 10 days 

showed significant increase kidney weight of control 

animals as compared to the normal group. Cystone (750 

mg/kg) & AECS (1000 mg/kg) showed a significant 

decrease in kidney weight with P<0.05 as compared to 

the control group. Whereas, AECS (500 mg/kg) was not 

significant in these regards. 
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Figure 8: Effect of AECS on Kidney Weight. 

 

DISCUSSION 

Urinary chemistry is one of the important factors in 

determining the type of crystals formed and the nature of 

macromolecules included on the surface of the crystals. 

Hence, the study of the urinary chemistry with respect to 

the stone forming minerals will provide a good 

indication of the risk of stone formation.
[11]

 In the present 

study, Cystone was used as reference antiurolithiatic 

agent. Cystone is a herbal formulation was reported for 

its antiurolithiatic effect against glycolic acid & oxamide 

induced urolithiasis.
[12]

 The main constituents of Cystone 

are Didymocarpus pedicellata flower (290 mg/g), 

Saxifraga ligulata stem (220 mg/g), Rubia cordifolia 

stem (72 mg/g), Cyperus scariosus roots (72 mg/g), 

Achyranthes aspera plant (72 mg/g), Onosma 

bracteatum plant (72 mg/g) and Vernonea cinerea plant 

(72 mg/g).
[13] 

 

Diuresis reduced the risk of stone formation by reducing 

the saturation products of calcium stone. Crystal 

agglomeration has long been recognized as the most 

important process leading to crystal retention, also 

suggested by reduced ability of urine from patients with 

recurrent stones to inhibit crystal aggregation than non-

stone formers. Urinary obstruction in urolithiatic rat was 

due to formation of crystal. As per previous studies, it 

was suggested that diuretic action of phycocyanin,
[14] 

Aerva lanata,
[11] 

Randia echinocarpa,
[15] 

Bergenia 

ligulata rhizomes,
[16] 

Herniaria hirsute & Agropyron 

repens were useful in the suppression of supersaturation 

of calcium and oxalate and thus eventually control or 

prevents the stone formation. 

 

In the present study, AECS (1000 mg/kg) significantly 

increases urinary outflow due to its diuretic action in 

ethylene glycol with ammonium chloride treated rats as 

well as in preventive group of gentamicin treated rats. 

This might be useful to decrease the supersaturation of 

urine with kidney stone promoters and thereby inhibit 

crystal growth aggregation. 

 

The 24hr urinary pH decreases as the ammonium 

chloride concentration increases. Ammonium chloride 

ingestion induces urinary acidification and a 

corresponding decrease in urinary citrate excretion. This 

in turn responsible for increased deposition of calcium 

oxalate crystal in the kidney.
[17] 

Decrease in urine pH 

was also observed after high protein and high glucidic 

dietary condition. Lithogenic treatment of ethylene 

glycol with ammonium chloride significantly reduces the 

urinary pH of untreated rats and hence provoke calcium 

crystal deposition. Treatment with AECS (1000 mg/kg) 

prevents calcium crystal deposition by increasing urinary 

pH significantly in ethylene glycol with ammonium 

chloride model.  

 

The most important pathophysiological factor for 

calcium nephrolithiasis is hypercalciuria. A more 

pathophysiology oriented classification partitions 

hypercalciuria by defects in one or a combination of 

three organs kidney (renal leak), bone (resorptive), and 

gut (absorptive). These three categories can co-exist as a 

primary disorder & can simultaneously affect more than 

one organ. Calcium increases the ionic activity & 

saturation of crystallizing calcium salts (Oxalate and 

phosphate) & binds stone inhibitors, such as citrate & 

glycosamonoglycans. Urinary supersaturation and related 

stone forming constituents are presumed to be the prime 

factors in the cascade of urolithiasis.
[18] 

Animals induced 

with sodium oxalate showed marked elevation of urinary 

risk factors such as calcium. Evidence in previous studies 

indicated that in response to 10 days or more period of 

Ethylene glycol administration to young male rats forms 

renal calculi composed mainly of calcium oxalate.
[11] 
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Ethylene glycol is converted into endogenous oxalic acid 

by the liver & ammonium chloride is an agent that 

decreases urinary pH & supposed to upset the enzyme 

sorting mechanisms in the tubular cells in the kidney.
[17] 

There by induces hyperoxaluria. 

 

Membrane damage in hyperoxaluria mainly results in 

renal calcium leakage and increases the level of calcium. 

It is accepted that hypercalciuria is one of the risk factors 

in the pathogenesis of renal stone. An increased urinary 

calcium concentration is a factor favoring nucleation and 

precipitation of calcium oxalate or apatite (calcium 

phosphate) from urine and subsequent crystal growth.
[19] 

This fact, combined with the increased urinary calcium, 

leads to their super saturation in urine & finally stone 

formation. One mechanism currently proposed as an 

important to prevent the formation of urinary stone is the 

presence of substance in urine that prevents calcium salt 

crystallization.
[20]  

 

In agreement to these studies, hypercalciuria was 

observed in ethylene glycol with ammonium chloride 

induced urolithiatic rats. It might be possible to treat 

patients who are forming calcium stones by feeding a 

drug designed to increase the ability of urine to inhibit 

the growth and aggregation of crystals. Treatment with 

AECS (1000 mg/kg) showed significant reduction in 

calcium excretion in ethylene induced urolithiatic rats. 

By inhibiting calcium excretion, the drug decreases the 

supersaturation of the urine with respect to calcium 

oxalate or calcium phosphate & thereby decreasing the 

risk of stone formation. Increased urinary phosphorus 

level was observed in calculi induced rats. Increased 

urinary phosphorus excretion along with oxalate stress 

seems to provide an environment appropriate for stone 

formation by forming calcium phosphate crystals, which 

epitaxially induces calcium oxalate deposition.
[19]

 

Treatment with AECS (1000 mg/kg) restored phosphorus 

levels significantly in ethylene glycol induced 

urolithiatic model, thus reduced the risk of stone 

formation.  

 

Urea nitrogen is derived from hepatic deamination of 

amino acids, causing liberation of ammonia, which 

combines with available carbon dioxide. Urea is 

eliminated primarily by the kidney through glomerular 

filtration and undergoes reabsorption in the proximal 

tubule. Stone in urinary system causes obstruction to the 

out flow of urine. Due to this, the waste products, 

particularly nitrogenous substances such as urea, BUN & 

creatinine get accumulated in blood. Presence of calculi 

in urinary system causes marked renal damage which 

consisted with the elevated serum level of creatinine, 

urea and BUN. Lithogenic treatment causes impairment 

of renal function of untreated rats as evident from the 

markers of glomerular and tubular damage such as 

increased serum urea, BUN & serum creatinine with 

reduced creatinine clearance.
[16,19] 

 

It has been proposed that the calcium crystal deposition 

damages the cellular membrane. Crystal induced tubular 

damage result in tubular damage to the kidney which 

results in decreased creatinine excretion with concurrent 

increase in urine urea and BUN. This was evidented in 

lithogenic rats.
[21]

 Impairment of renal function after 

lithogenic treatment were prevented when treated with 

Bergenia ligulata,
[16]

 Moringa oleifera,
[19]

 Jasminum 

Auriculatum
[22]

 which was evident from the prevention 

of increase in serum creatinine, urea and BUN. On 

contrarily, prevention of urinary excretion of creatinine 

and urinary urea and BUN is regarded as the prevention 

of urinary impairment with the treatment of betulin & 

lupeol
[21]

 & Herniaria hirsute & Agropyron repens.
[23]

 In 

agreement to these results, rats treated with ethylene 

glycol with ammonium chloride showed marked renal 

damage as evident from increase in serum creatinine, 

serum urea, BUN, urinary urea and BUN and decrease in 

urinary creatinine. However, treatment with AECS (1000 

mg/kg) showed significant change in above parameters.  

 

Elevated serum level of uric acid was associated with 

marked renal damage. In the literature survey, it was 

observed that treatment with Aerva lanata, Vediuppu 

chunnam,
[11]

 Bergenia ligulata,
[16]

 betulin & lupeol
[21]

 

restored the uric acid level to normal thus reducing the 

risk of stone formation. In the current study, higher 

concentration of serum uric acid was observed in 

ethylene glycol with AC urolithiatic rat models. 

Treatment with AECS (1000 mg/kg) restored the uric 

acid level to normal level in ethylene glycol with AC 

urolithiatic rat models, thus reducing the risk of stone 

formation.  

 

Significant increase in kidney weight in urolithiatic rat is 

associated with calculogenesis which is considered as a 

result of urinary super saturation with respect to stone 

forming constituents. In agreement to this, significant 

increase in kidney weight of lithogenic rats was reported 

in many studies. Treatment with Cystone
[13]

 Bergenia 

ligulata
[16]

 & Wulingsan
[24]

 decreases urinary 

supersaturation & hence normalizes kidney weight. 

Significant increase in kidney weight of ethylene glycol 

with ammonium chloride treated rats was associated with 

calculogenesis due to urinary supersaturation. Treatment 

with AECS (1000 mg/kg) showed significant changes in 

kidney weight & this effect may be due to the prevention 

of calculogenesis. 

 

CONCLUSION 

The result of present study revealed that AECS (1000 

mg/kg) has antiurolithiatic property which prevented the 

growth of urinary stone in ethylene glycol induced 

urolithiasis models. The antiurolithiatic action of AECS 

may involve one or more of the following mechanisms: 

 Increased diuresis. 

 Excretion of urinary salt constituting stone. 

 Disintegration of mucoproteins by saponins.  

 Complexation of tannins with calcium. 
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 Extract may adhere to the stone and prevent its 

growth by inhibiting the aggregation of other ions in 

urine. 

 Tannins or other phytoconstituents of extract may 

form soluble complex with calcium ions in urine. 

 Potential to reduce oxidative damage to renal 

membranes and free radical mediated resultant 

deleterious damage to nephron cell. 

 

Antiurolithiatic effect of AECS may be due to presence 

of tannins, flavonoids & saponins which may act 

individually or in combination. However, further studies 

are necessary to isolate & characterize the 

phytoconstituents responsible for antiurolithiatic action 

& to explore the exact underlying mechanism of action 

as well as clinical utility of Citrus Sinensis leaves. 
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