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ABSTRACT

Objective: The search for anti-calculi drugs from natural sources has been believed of greater importance. Hence, the present study explored the 
effectiveness of lycopene against experimentally induced nephrolithiasis.

Methods: The experimental study lasted for 28days. Adult male Wistar rats were divided into six groups. GroupI (Normal control) received drinking 
water. GroupII (Disease control) received 0.75% ethylene glycol and 1% ammonium chloride in drinking water to induce nephrolithiasis. GroupIII–V 
was treated with lycopene (50mg/kg, 100mg/kg, and 200mg/kg, p.o.) along with 0.75% ethylene glycol and 1% ammonium chloride. GroupVI 
treated standard (750mg/kg, p.o.) along with 0.75% ethylene glycol and 1% ammonium chloride.

Results: The study results showed significantly high levels of urinary and serum creatinine, urea, calcium, and uric acid levels and a decrease in 
magnesium levels in Group II (Disease control) compared with Group I (Normal control). Treatment with lycopene (50 mg/kg, 100 mg/kg, and 
200mg/kg) restored the elevated urinary and serum parameters in GroupIII–VI compared with GroupII. Ethylene glycol administrations lead to 
the production of oxidative stress and decrease superoxide dismutase, reduced glutathione, and catalase activity. Lycopene treatment restored the 
elevated oxidative stress parameters to normal. Histologically, lycopene has alleviated the damaged integrity of the renal structure.

Conclusion: Supplementation with lycopene (100mg/kg and 200mg/kg) reduces and prevents the toxicity caused by ethylene glycol administration 
and protects the renal cells from damage.
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INTRODUCTION

Nephrolithiasis is the most-wide spread, painful, and multifactorial 
disorder. Nephrolithiasis is represented with a recurring rate of 50% 
in 5–10 years [1]. Nephrolithiasis is mainly associated with various 
systemic comorbidities, primarily affecting calcium metabolism, lipid 
metabolism, and diabetes mellitus. Calcium-containing stones are most 
prevalent among the patients, mainly composed of calcium phosphate 
and calcium oxalate (CaOx) [2].

CaOx stone is prominent toxicity of ethylene glycol, producing 
hyperoxaluria and inducing acute kidney injury by accumulating 
intrarenal CaOx deposition. CaOx deposition triggers a series of 
inflammatory events in renal tubule cells, triggering structural and 
functional damage to the tubules. Triggering oxidative stress by 
ethylene glycol is considered the primary source for renal injury 
through lipid peroxidation and depleting antioxidant defence 
mechanisms, which further progressed to the inflammatory 
response [3].

Researchers’ main aim and objective are to develop drug therapy with 
lesser side effects that do not affect patients’ quality of life. Hence, 
they are moving toward using an alternative treatment to cure stones. 
Kidney stones have been treated with a variety of herbs, including Piper 
cubeba L., Terminalia arjuna Roxb., Bombex ceiba Linn., Borrhaavia 
diffusa L., Bryophyllum pinnatum., Daucus carota Linn., and Herniaria 
hirsute Linn. Apart from this, several nutraceuticals have been used to 
treat nephrolithiasis, including probiotic products, fish oil, and vitamin 
B6 supplements [4].

Lycopene is a natural pigment in tomatoes and belongs to the carotenoid 
family. Lycopene’s antioxidant activity protected cellular and tissue 

damage in various in vivo or in vitro experiments against harmful effects 
produced by biological reaction oxygen species (ROS) [5-9]. Further, 
interventional studies of lycopene against various animal models of 
renal diseases have been suggested the nephron protective potential of 
lycopene [10,11].

Concerning the nephroprotective potential of lycopene, we hypothesized 
that lycopene might be effective to treat nephrolithiasis conditions. 
There is no scientific evidence suggesting the anti-urolithiatic activity 
of lycopene in ethylene glycol and ammonium chloride-induced kidney 
stone in laboratory animals. Therefore, an attempt is made to establish 
the putative beneficial role of lycopene in experimentally induced 
nephrolithiasis in Wistar albino rats.

METHODS

Plant material
The gratis of lycopene was procured from Medheal Pharmaceuticals, 
Ahmedabad, India. Cystone was procured from Himalaya 
pharmaceuticals limited. Diagnostic kit for various biochemical 
analyses was procured from Coral Clinical System, Goa.

Pharmacological screening of anti-lithiatic activity
Animals selection
Male Wistar albino rats were procured from Zydus Research Centre, 
Ahmedabad, India. Animals were placed in polypropylene rat cages as 
three animals per cage per sex. The animals were adjusted to standard 
laboratory conditions (temperature: 25±2°C) and habituated on a 
12h light: 12h dark cycle, and laboratory rat pellet and pure drinking 
water were supplied. The experimental protocol was approved by the 
Institutional Animal Ethics committee (Protocol No: RPCP/IAEC/2018-
2019/R30).
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Ethylene glycol induced nephrolithiasis model
Male Wistar albino rats weighing 200–250  g were selected. Animals 
were segregated into six groups, each having six animals. Group  I 
(Normal control) served as a normal rat diet and drinking water ad 
libitum. The induction of renal calculi was carried out by supplementing 
ethylene glycol (0.75%) and ammonium chloride (1%) through water 
in Group  II–Group  VI for 28  days. Group  II (Disease control) served 
as ethylene glycol (0.75%) and ammonium chloride (1%) for 28 days. 
Group  III (50  mg/kg) received lycopene (50  mg/kg; p.o) for 28  days. 
Group IV (100 mg/kg) received lycopene (100 mg/kg; p.o) for 28 days. 
Group V (200 mg/kg) received lycopene (200 mg/kg; p.o) for 28 days. 
Group VI (Standard) received cystone (50 mg/kg; p.o) for 28 days. All 
the drugs were administered once daily through the oral route.

Assessment of anti-lithiatic activity
Collection and analysis of urine
At the end of 28 days, 24 h urine was collected and stored at 4°C. Urine 
was examined for creatinine, urea, and magnesium content.

Serum analysis
End of an experiment, retro-orbital blood was collected from each 
animal, and serum was separated for the estimation of creatinine, 
magnesium, urea, uric acid, and calcium content.

Kidney homogenate analysis
Animals were sacrificed using a high dose of anesthesia and kidneys 
were isolated. Out of two kidneys, one kidney was separated and washed 
in phosphate buffer (pH  7.4) and homogenized in phosphate buffer 
(pH  7.4). The supernatant was collected and was used to determine 
malondialdehyde (MDA), reduced glutathione (GSH), superoxide 
dismutase (SOD), and catalase activity [12-15].

Histopathological study
The isolated kidney was fixed in neutral buffered formalin (10%) and 
thereafter embedded in paraffin. The section was taken and stained 
by hematoxylin and eosin dye, and the prepared slides were observed 
under a microscope (×40) [16,17].

Statistical analysis
Differences in the mean of different experimental groups were evaluated 
by statistical analysis tool, one-way analysis of variance followed by 
Dunnett’s test. The values were expressed as mean±SEM for n=6 rats of 
each group. p<0.05 was considered statistically significant.

RESULTS

Effects of lycopene on urine output and various urinary parameters 
in ethylene glycol-induced nephrolithiasis
On the 28th day, the urine output of all six animals was collected. The 
urine output of the disease group was significantly decreased (p<0.05) 
as compared with the normal control group (Fig.  1a). The treatment 
with lycopene (100 mg/kg, 200 mg/kg) showed a significant increase 
in urine output, but there was no significant increase in urine output at 
50 mg/kg dose compared with the disease group. The creatinine and 
urea levels in urine were remarkably increased (p<0.05) compared 
to the normal group. However, treatment with lycopene (50  mg/kg, 
100 mg/kg, and 200 mg/kg) significantly (p<0.05) lowered the elevated 
levels of creatinine and urea (Fig. 1b and c). The excretion of magnesium 
was significantly (p<0.05) reduced compared to the normal group. 
The administration of lycopene (100  mg/kg, 200  mg/kg) produced a 
significant elevation in urinary magnesium levels as compared to the 
disease group (p<0.05) but, lycopene administration at the dose of 
50 mg/kg, showed no elevation in magnesium excretion (Fig. 1d).

Effect of lycopene on various biochemical parameters
A significant (p<0.05) elevation in levels of creatinine, calcium, urea, 
uric acid, and a decrease in magnesium levels was observed in the 
disease group as compared with a control group. However, treatment 

with lycopene (50  mg/kg, 100  mg/kg, and 200  mg/kg), the elevated 
level of creatinine, calcium, urea, and uric acid was remarkably (p<0.05) 
lowered as compared with the disease group (Fig. 2a-d). While in the 
case of magnesium, after treatment with lycopene (50 and 100 mg/kg; 
p.o.), the magnesium level was restored to normal (Fig. 2e).

Effect of lycopene on oxidative markers
Ethylene glycol-induced nephrolithiasis rats exhibited higher MDA levels 
in tissue than normal control rats. Treatment with lycopene (50 mg/kg, 
100 mg/kg, and 200 mg/kg) significantly (p<0.05) decreased MDA level 
compared with disease group (Fig. 3a). Ethylene glycol administration 
significantly (p<0.05) decreased the levels of GSH, SOD, and catalase 
levels as compared with a normal group. However, treatment with 
lycopene (50 mg/kg, 100 mg/kg, and 200 mg/kg) significantly (p<005) 
elevated the levels when compared with the disease group (Fig. 3b-d).

Histopathological studies
The histopathological evaluation reported normal architecture of 
kidney tissue in the normal group (Fig.  4a). There is no damage to 
the renal tubular cells. Histopathological analysis revealed deposition 
of CaOx crystals in the disease group (Fig.  4b) and it also represents 
severe damage to the normal structure of kidney tissue. In the disease 
control group (Fig. 4b), the entire structure of the kidney is damaged, 
leading to hypercellularity of glomerulus, matrix expansion, infiltration 
of inflammatory cells, and cellular necrosis. However, simultaneous 
treatment with lycopene (50 mg/kg) (Fig. 4c) showed mild restoration 
of tubular cells to their normal structure. Higher doses of lycopene 
(100  mg/kg and 200  mg/kg) (Fig.  4d and e) lowered the damage to 
tubules and cellular derangement by inhibiting the inflammatory 
responses, reducing oxidative renal injury, and maintaining the 
normal functioning of the cells in comparison with the disease control 
group. Furthermore, the standard cystone group (Fig. 4f) lowered the 
inflammation of tubular cells and cellular derangement compared to 
the disease control group.

DISCUSSION

The limitation of modern surgical techniques and drugs used to 
treat nephrolithiasis pertaining to the quality of life and associated 

Fig. 1: Effect of lycopene on urinary renal function indices in ethylene 
glycol-induced nephrolithiasis. (a) Urine output, (b) urinary 

creatinine, (c) urinary urea, and (d) urinary magnesium. Each bar 
represents mean±SEM (n=6). NC: Normal Control,  

DC: Disease Control (EG+NH4CL), L50: EG+NH4CL along with 
lycopene (50 mg/kg), L100: EG+NH4CL along with lycopene 

(100 mg/kg), L200: EG+NH4CL along with lycopene (200 mg/kg), 
STD: EG+NH4CL along with cystone (750 mg/kg). #p<0.05 compared 

to normal group; *p<0.05 when compared with disease group

a b

c d
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complications warrants the search for alternative evidence-based 
treatment options. Various experimental evidence suggested the natural 
products’ usefulness in different animal models of nephrolithiasis [17]. 
Hence, the present study was designed to assess the probable beneficial 
action of lycopene against experimentally induced nephrolithiasis.

The effects of ethylene glycol and ammonium chloride were consistent 
with the previous findings reported elsewhere [12,16,18,19]. The 
addition of ethylene glycol and ammonium chloride in drinking water 
produced nephrolithiasis more significantly in male Wistar rats as 
testosterone intensifies oxalate production by the liver and promotes 
CaOx supersaturations and electrolytes abnormalities [17,20]. Ethylene 
glycol is known to absorb from the intestine and undergo significant 
metabolism by the liver to produce excessive oxalate, glycolaldehyde, 
and glycolate. Hyperoxaluric conditions precipitate oxalate in the urine 
in the form of a poorly soluble form of CaOx, which is likely to produce 
heterogeneous nucleation and produced obstruction to renal tubules 
by damaging the epithelial cells. Moreover, acidic urine produced by 
supplementation of ammonium chloride accelerates the deposition of 
CaOx and thereby nephrolithiasis [21].

Nephrolithiasis induced by ethylene glycol and ammonium chloride 
produced marked renal damage as manifested by the increase in 
creatinine, urea, and uric acid in blood and urine. The existence of 
CaOx stones in the kidney is thought to be the cause of renal damage, 
which obstructs urine flow and thereby reduces glomerular filtration 
rate (GFR), leading to the accumulation of nitrogenous waste in 
blood and urine. Supplementation of lycopene in nephrolithiasis 
rats showed significant improvement in the renal function markers 
in urinary and serum. The reduction in inflammation and damage of 
renal tissues may contribute to the recovery in GFR on therapy with 
lycopene. Subsequently, the increased levels are restored to normal 
levels [17,22].

Fig. 2: Effect of lycopene on serum renal function indices in 
ethylene glycol-induced nephrolithiasis. (a) Creatinine, (b) calcium, 

(c) urea, (d) uric acid, and (e) magnesium. Each bar represents 
mean±SEM (n=6). NC: Normal Control, DC: Disease Control 

(EG+NH4CL), L50: EG+NH4CL along with lycopene (50 mg/kg), 
L100: EG+NH4CL along with lycopene (100 mg/kg), L200: 

EG+NH4CL along with lycopene (200 mg/kg), STD: EG+NH4CL 
along with cystone (750 mg/kg). #p<0.05 compared to normal 

group; *p<0.05 when compared with disease group

a b

c d

e

Fig. 3: Effect of lycopene on oxidative markers in ethylene glycol-
induced nephrolithiasis. (a) Malondialdehyde, (b) reduced 

glutathione, (c) superoxide dismutase, and (d) catalase. Each bar 
represents mean ± SEM (n=6). NC: Normal Control, DC: Disease 

Control (EG+NH4CL), L50: EG+NH4CL along with lycopene 
(50 mg/kg), L100: EG +NH4CL along with lycopene (100mg/kg), 

L200: EG+NH4CL along with lycopene (200 mg/kg), STD: EG+NH4CL 
along with cystone (750 mg/kg). #p<0.05 compared to normal 

group; *p<0.05 when compared with disease group

a b

c d

Fig. 4: Microscopic images of kidney sections (a) normal control 
showing the normal structure of tubular cells and glomerulus 

functions. (b) Disease control showing cells derangement, 
glomerulus hypercellularity, leukocyte infiltration, and matrix 

expansion. (c) Treatment with lycopene (50 mg/kg) showed 
less protection against toxicity. (d) Treatment with lycopene 
(100 mg/kg) showed changes in the inflammatory responses 

and tubular damages. (e) Treatment with lycopene (200 mg/kg) 
lowered the cellular necrosis. (f) Standard cystone (750 mg/kg) 

lowers the cellular damage

a

c

e f

d

b
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Earlier reports suggested the occurrence of metabolic acidosis due to 
the metabolism of ethylene glycol into metabolic acids, which produced 
acid-base imbalance by the reduction in the levels of HCO3

-. Metabolic 
acidosis produces hypercalcemia due to increased calcium absorption 
from the gut and the release of calcium from bones. The nucleation and 
precipitation of CaOx in hypercalcemia stimulate crystal development 
in the urinary system. Because of poor calcium absorption from the 
injured renal tubular epithelium, increased levels of oxalate in urine 
caused by ethylene glycol administration stimulate the production 
of CaOx crystals. Increased calcium deposition in renal tissues may 
be due to the activation of second messengers due to inflammatory 
mediators such as nitric oxide. In our study, treatment with lycopene 
effectively reduced the elevated serum calcium levels in nephrolithiasis 
animals, suggesting increased excretion of calcium in urine or improved 
calcium absorption by osteoblast may be attributed to the alleviation of 
damaged renal tubules [23,24].

Magnesium is one of the CaOx crystallization inhibitors. Many reports 
have suggested that the reduced magnesium levels in serum and 
urine contribute significantly to the pathogenesis of nephrolithiasis 
in experimental animals and patients with renal stones. Furthermore, 
the studies revealed that potassium magnesium citrate consumption 
prevented the occurrence of stone in patients and CaOx accumulation 
in the kidneys of Vitamin B6 deficient animals by forming a complex 
with oxalate, lowering supersaturation of CaOx and thus preventing the 
process of crystal growth and nucleation of CaOx. In this study, lycopene 
therapy restored magnesium excretion to near-normal levels, reducing 
the development of CaOx crystals [21].

Administration of ethylene glycol and ammonium chloride promotes 
oxidative stress to the renal tissues. Oxidative damage to the renal 
tissues leads to the production of superoxide, hydroxyl free radicals, 
oxidative stress-induced cell membrane rupture, apoptosis, and various 
inflammatory responses. ROS-induced oxidative stress produces MDA, 
one of the important oxidative markers. In the present study, the 
ethylene glycol control group showed increased MDA level indicates 
oxidative stress. Treatments with lycopene showed a decrease in the 
levels of MDA, while SOD, GSH, and catalase work as protectants against 
oxidative stress. They are present in the cell and protect the cells from 
oxidative damage. SOD and catalase are the enzymes that convert 
the superoxide radical and hydrogen peroxide into water, thereby 
protecting the cells from damage. In the study, in ethylene glycol 
control groups, there was a decrease in SOD, GSH, and catalase activity 
levels. SOD, GSH, and catalase levels increased after the treatment with 
lycopene and, subsequently, prevented the cells from oxidative stress 
renal injury [12,25].

The microscopic examination of the disease group tissue section 
showed cellular derangement, hyper-cellularity of the glomerulus, 
leukocyte infiltration, and cell necrosis. Treatment with a higher dose 
of lycopene (100  mg/kg, 200  mg/kg) notably improves tubular cells’ 
deformation, inhibits the inflammatory responses, and protects the 
cells from oxidative injury [17].

Lycopene is effective in many animalnephrotoxicity models and 
clinical studies of renal complications. The participating mechanisms 
of nephroprotection are attributed to its anti-oxidant property, free 
radical scavenging action, chelating, and anti-apoptotic properties 
which may be involved in the attenuation of inflammatory response 
produced by ethylene glycol administration [5,9,11,26].

CONCLUSION

The results obtained from the present study conclude that lycopene 
is beneficial in ethylene glycol-induced renal toxicity and effectively 
prevents the progression of the disease. Lycopene administration 
(100  mg/kg, 200  mg/kg) showed a protective effect against ethylene 
glycol-induced nephrolithiasis by restoring creatinine, urea, 
magnesium, calcium, and uric acid levels in urine and serum. Further, 
treatment with lycopene also reduced the ethylene glycol-induced 

renal toxicity by preserving histoarchitecture of the renal system. The 
underlying biochemical mechanism of this potential effect of lycopene 
is mediated through antioxidant, diuretic, and nephroprotective 
properties. However, further investigation is required to clarify the 
exact mechanism of this action.
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