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ABSTRACT
Background: Nephrolithiasis is a major prevalent health problem of 
the urinary system worldwide. Apigenin, a plant flavonoid, reported 
having nephroprotective and antihypertensive properties. Aim: To 
determine the protective effect of apigenin in experimental ethylene 
glycol (EG)‑induced urolithiasis in uninephrectomized hypertensive animals. 
Materials and Methods: EG was administration in uninephrectomized 
rats to induce urolithiasis. Then, the rats were administered with apigenin 
(5, 10, and 20 mg/kg, p.o.) for 28  days followed by the evaluation 
of behavioral, biochemical, and histological parameters. Results: 
Chronic administration of EG induces alterations in the serum and urine 
parameters (urine output, pH, urine density and dry weight, urea nitrogen, 
creatinine, uric acid, calcium, sodium, citrate, albumin, glycosaminoglycans, 
and lactate dehydrogenase), which was significantly inhibited by apigenin 
treatment. Apigenin treatment attenuated EG‑induced elevated cardiac 
and renal oxido‑nitrosative stress. RT‑PCR analysis revealed that apigenin 
inhibited EG‑induced modulations in neutrophil gelatinase‑associated 
lipocalin  (NGAL), bikunin, kidney injury molecule‑1  (KIM‑1), inducible 
nitric oxide synthase (iNOs), endothelial nitric oxide synthase (eNOs), and 
osteopontin (OPN) mRNA expressions in the kidney. Western blot analysis 
showed that elevated levels of renal bone morphogenetic protein (BMP)‑2/4 
proteins were decreased by apigenin treatment. It also significantly 
inhibited cardiac and renal histological aberrations. Conclusion: Apigenin 
treatment attenuated EG‑induced urolithiasis via the modulation of elevated 
oxidative stress and altered expressions of KIM‑1, NGAL, OPN, bikunin, 
eNOs, iNOs, BMP‑2, and BMP‑4 in uninephrectomized hypertensive rats.
Key words: Apigenin, bikunin, bone morphogenetic protein‑2, endothelial 
nitric oxide synthase, ethylene glycol‑induced urolithiasis, inducible nitric 
oxide synthase, kidney stone, osteopontin

SUMMARY
•  In the present investigation, the efficacy of apigenin was determined 

against ethylene glycol  (EG)‑induced urolithiasis in uninephrectomized 
animals. Apigenin treatment significantly attenuated EG‑induced alterations 
in hemodynamic and electrocardiographic parameters; urinary and 
serum  (blood urea nitrogen, creatinine, uric acid, calcium, sodium, lactate 
dehydrogenase, urinary citrate, albumin, and glycosaminoglycans levels) 
biochemistry; oxido‑nitrosative stress in the renal and cardiac tissue; 
altered mRNA expressions of renal neutrophil gelatinase‑associated 
lipocalin, osteopontin, kidney injury molecule‑1, bikunin, inducible nitric 
oxide synthase, and endothelial nitric oxide synthase; elevated protein 
expression of bone morphogenetic protein  (BMP)‑2 and BMP‑4, as well as 

cardio‑renal histological aberrations. Thus, apigenin can be considered as an 
essential therapeutic moiety for the management of urolithiasis in the renal 
hypertensive patient.

Abbreviations used: ANOVA: Analysis of variance; AP: Apigenin; 
BMPs: Bone morphogenetic proteins; BPM: Beats per minute; BUN: Blood 
urea nitrogen; C: Cystone; CaOx: Calcium oxalate; DBP: Diastolic blood 
pressure; EG: Ethylene glycol; eNOs: Endothelial nitric oxide synthase; 
GAGs: Glycosaminoglycans; GSH: Reduced glutathione; HR: Heart rate; 
iNOs: Inducible nitric oxide synthase; KIM‑1: Kidney injury molecule‑1; 
LDH: Lactate dehydrogenase; MABP: Mean arterial blood pressure; 
MDA: Malondialdehyde; NGAL: Neutrophil gelatinase‑associated lipocalin, 
NO: Nitric oxide; OPN: Osteopontin; RT‑PCR: Reverse transcription 
polymerase chain reaction; ROS: Reactive oxygen species; SBP: Systolic 
blood pressure; SOD: Superoxide dismutase; T: Telmisartan; TNF‑α: Tumor 
necrosis factor‑alpha; UC: Urolithiasis control.
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INTRODUCTION
Urolithiasis or kidney stone is the third most predominant disorder of the 
urogenital system, which needs serious medical attention.[1] Imbalance 
in the concentration of various macromolecules such as citrate, 
magnesium, calcium, phosphate, oxalate, and uric acid in the urine leads 
to the formation of kidney stones. Most of these urinary calculi are arise 
from either crystal of calcium oxalate  (CaOx) or calcium phosphate, 
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which leads to obstruction, hemorrhage, and infection in the urinary 
tract system.[2,3] Studies suggested that the crystallization of CaOx in the 
proximal tubule via intrinsic absorption of oxalate induces toxicity in 
the renal epithelial cells.[4] Thus, putative inhibition of CaOx or calcium 
phosphate crystallization has been well documented for the management 
of nephrolithiasis.
Epidemiological studies documented that genetic factors, altered 
lifestyles, as well as climate‑related changes contributed to a decrease 
in the onset age and an increase in the prevalence of urolithiasis.[5] If 
urolithiasis remains untreated, the recurrence rate occurs 10% during 
the 1st year, which increases to 33% for the next 5 years and reaches 50% 
by the end of 10 years.[6] Thus, various long‑term treatment strategies, 
including alkali‑citrate  (K‑citrate) and thiazide diuretics, have been 
attempted to prevent the recurrence of urolithiasis.[7] However, these 
treatment regimens are less efficacious and provide symptomatic relief 
in the fraction of patients. Furthermore, removal of urinary calculi by 
implementing surgical procedures, including lithotripsy and laser of 
high magnitude, has been used extensively.[7] Nerveless, a significant 
economic burden and a high recurrence of calculi make these procedures 
less convincing for the management of urinary calculi.
The relationship between oxidative stress and urolithiasis was previously 
described by an array of researchers.[1,3] An array of inflammatory cells, 
including eosinophils and other leukocytes, has an ability to generate 
reactive oxygen species  (ROS) including hydrogen peroxide  (H2O2), 
superoxide radical (O2), and hydroxyl radical (OH).[8] This elevated the 
production of ROS in the renal tissue, ultimately resulting in thwart of 
responsible mechanisms for the consequent phases of oxidative stress 
during hyperoxaluria and CaOx urolithiasis.[9,10] Thus, investigators 
have implicated a number of antioxidants with an ability to inhibit stress 
associated with elevated ROS in the renal tissue via either its scavenging 
potential or its antioxidant defense mechanism.[2,9,10] Currently, several 
antioxidant moieties from herbal origin bearing inhibitory potential 
against CaOx crystal formation have been utilized in the treatment of 
urolithiasis.[9,10] Various animal models perform a significant part in 
the evaluation of such alternate beneficial options for the management 
of nephrolithiasis. Ethylene glycol  (EG)‑induced urolithiasis is one 
such animal model that is well established, reproducible, and widely 
used that mimics key clinicopathological features of kidney stones.[9] 
However, recent clinical studies demonstrated a significant development 
of hypertension in some uninephrectomized subjects, along with 
compromised survival rates.[11] Thus, the administration of EG in 
uninephrectomized rats develops persistent CaOx crystalluria, along 
with hypertension within a couple of weeks and reflecting a characteristic 
of uninephrectomized subjects.[9]

Flavonoids are the naturally‑occurring polyphenols, which are the 
secondary metabolites produced by plants, and they have been well 
documented for its wide range of pharmacological properties. Apigenin 
(4’,5,7‑trihydroxyflavone) is one of such flavonoids which is abundant 
in vegetables (parsley, celery, and onions), fruits  (oranges, grapes, 
and apples), and plant‑based beverages  (chamomile tea, beer, and red 
wine).[12] Apigenin has been well documented for its antihyperglycemic, 
anti‑inflammatory, antiapoptotic, anti‑allergic, antihypertensive, 
antidepressant, antianxiety, antiarthritic, antiviral, and antioxidant 
potential.[13] The pharmacokinetic study of apigenin suggested its 
well distribution in the kidney and liver tissue after a single oral 
administration.[14] Apigenin was shown to suppress p53 accumulation 
via the modulation of ATM signaling in renal cell carcinoma.[15] The 
researcher explained that apigenin improves the transcription level 
of renal angiotensin‑converting enzyme‑2 mRNA and thus lowers 
blood pressure in spontaneously hypertensive rats.[16] Clinical studies 
with apigenin supplementation suggest its beneficial potential against 

osteoarthritis as well as neuronal disorders, including amnesia, anxiety, 
depression, and Alzheimer’s disease.[13] However, its potential against 
urolithiasis has not been carried out yet. Thus, the current investigation 
was undertaken to determine the potential of apigenin in experimental 
EG‑induced urolithiasis in uninephrectomized hypertensive rats.

MATERIALS AND METHODS
Animals
Adult male rats (Sprague–Dawley, 180–220 g) were kept under standard 
housing conditions  (24°C  ±  1°C  [temperature], 45%–55%  [relative 
humidity], 12:12 h  [dark/light cycle], and standard pellet chow food 
and filtered water [ad libitum]) throughout the experimental protocol. 
Institutional Animal Ethics Committee of Poona College of Pharmacy 
approved all the experiment‑related protocol.

Ethylene glycol-induced urolithiasis
Uninephrectomy was induced in anesthetized rats after removal of 
the left kidney as described previously.[9] Then, randomly divided 
rats (n  =  8 in each group) were treated with vehicle  (10 mg/kg, p.o., 
distilled water) or cystone  (0.5 mg/kg) or telmisartan  (0.01 mg/kg) or 
apigenin (5, 10, and 20 mg/kg, Sigma Chemical Co., USA) for the next 
28 days. Urolithiasis was induced in these rats  (except normal) by the 
administration of EG‑induced  (0.75% in drinking water). Metabolic 
cages (Tecniplast, Italy) were utilized to determine the daily intake of 
water and food as well as output of urine.
The systolic blood pressure  (SBP), diastolic blood pressure  (DBP), 
heart rate (HR), mean arterial blood pressure (MABP), left ventricular 
end‑diastolic pressure, and ventricular contractility assessment (dp/dt) 
were measured using an acquisition data system (AD Instruments Pvt. 
Ltd. with software LabChart 7.3; AD Instrument Pvt. Ltd).[17]  Serum and 
urine samples were assayed for uric acid, blood urea nitrogen  (BUN), 
sodium, creatinine, lactate dehydrogenase  (LDH), citrate, albumin, 
calcium, and glycosaminoglycans (GAGs) using commercially available 
reagent kits  (Accurex Biomedical Pvt. Ltd., Mumbai, India).  The level 
of endogenous antioxidant enzymes  (reduced glutathione  [GSH], 
superoxide dismutase  [SOD], and malondialdehyde  [MDA]) and 
nitric oxide  (NO) in the kidney and heart was estimated.[18] However, 
the renal mRNA expressions of neutrophil gelatinase‑associated 
lipocalin  (NGAL), bikunin, kidney injury molecule‑1  (KIM‑1), 
endothelial nitric oxide synthase  (eNOs), osteopontin  (OPN), and 
inducible nitric oxide synthase (iNOs) were analyzed using quantitative 
Reverse transcription polymerase chain reaction (qRT‑PCR) following 
the manufacturer’s instructions [Supplementary Table 1].[18] Western blot 
assay for bone morphogenetic protein (BMP)‑2 and BMP‑4 was analyzed 
using sodium dodecyl sulfate‑polyacrylamide gel electrophoresis 
according to the previously reported method.[18] The histopathological 
studies of the kidney and heart was carried out using hematoxylin and 
eosin stain and evaluated at  ×40 magnification. GraphPad Prism 5.0 
software  (GraphPad, San Diego, CA, USA) was used to perform data 
analysis. Data are expressed as mean ± standard error mean (SEM) and 
analyzed using one‑way analysis of variance followed by Tukey’s multiple 
range post hoc analysis for parametric tests. A P < 0.05 was considered to 
be statistically significant.

RESULTS
Relative organ weight, water intake, and urinary 
parameters
There was a significant decrease (P < 0.05) in water intake, urine output, 
urinary pH, and body weight, whereas urine density, urine dry weight, 
and relative weights of the heart and kidney were increased significantly 
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Table 1: Effect of apigenin on EG-induced alterations in body weight, water intake, urine output, urine density, Dry weight of urine, urine pH and relative organ 
weight in uninephrectomized rats

Treatment Body weight 
(g)

Water 
intake (ml)

Urine 
output (ml)

Urine density 
(g/ml)

Dry weight of 
urine (mg)

Urine pH Heart/body 
weight

Kidney/body 
weight

N 243.50±3.58 10.33±0.56 48.00±3.01 0.69±0.03 7.37±0.33 7.12±0.51 0.0029±0.0002 0.495±0.012

UC 198.00±4.01# 5.00±0.63# 34.50±3.66# 0.99±0.04# 21.86±0.42# 4.03±0.31# 0.0059±0.0002# 0.756±0.016#

T (10) 235.90±4.12*$ 9.67±0.71*$ 46.00±3.29*$ 0.76±0.02*$ 9.55±0.59*$ 6.17±0.29*$ 0.0033±0.0002*$ 0.589±0.018*$

C (500) 241.80±2.99*$ 8.83±0.48*$ 47.17±2.65*$ 0.77±0.02*$ 9.78±0.39*$ 6.52±0.56*$ 0.0044±0.0002*$ 0.527±0.015*$

AP (5) 210.40±3.88 6.83±0.65 37.83±2.39 0.94±0.03 19.92±0.62 4.28±0.43 0.0058±0.0002 0.702±0.023

AP (10) 217.90±3.92*$ 7.33±0.71*$ 40.67±3.11*$ 0.80±0.03*$ 14.47±0.63*$ 5.60±0.47*$ 0.0043±0.0002*$ 0.621±0.011*$

AP (20) 229.20±3.17*$ 8.33±0.42*$ 49.50±1.81*$ 0.79±0.02*$ 12.40±0.43*$ 6.43±0.53*$ 0.0033±0.0001*$ 0.557±0.014*$

Results are represented as mean±SEM (n=6) and analyzed by One‑way ANOVA followed by Tukey’s multiple range test. *P<0.05 as compared to UC group, #P<0.05 
as compared to normal animals and $P<0.05 as compared to one another group. 

Table 2: Effects of apigenin on EG-induced alterations in hemodynamic and electrocardiographic abnormalities in uninephrectomized rats

Treatment Systolic BP 
(mmHg)

Diastolic BP 
(mmHg)

MABP 
(mmHg)

Heart rate 
(BPM)

QRS interval 
(ms)

QTc interval ST height

N 104.40±2.28 71.03±2.42 79.33±2.30 359.60±5.64 12.68±0.50 113.20±2.42 1.99±0.30

UC 139.50±4.64# 84.99±2.76# 98.87±1.83# 414.30±6.92# 17.59±0.50# 135.70±2.76# 6.11±0.23#

T (0.01) 106.40±4.18*$ 74.99±2.89*$ 81.34±2.57*$ 357.50±6.29*$ 14.77±0.51*$ 115.70±1.76*$ 3.12±0.19*$

Cys (0.5) 118.30±4.32*$ 79.50±3.61*$ 92.53±2.18*$ 399.00±5.88*$ 15.48±0.56*$ 135.70±2.32*$ 3.84±0.25*$

AP (5) 131.10±3.25 81.92±2.11 86.59±1.17 410.30±6.57 16.73±0.51 134.70±2.41 6.28±0.27

AP (10) 122.30±4.49*$ 75.84±1.60*$ 89.01±2.75*$ 384.10±5.99*$ 14.98±0.48*$ 120.10±2.71*$ 5.05±0.24*$

AP (20) 114.50±3.22*$ 79.31±2.17*$ 82.65±1.35*$ 376.40±6.02*$ 14.86±0.53*$ 120.10±2.71*$ 4.71±0.42*$

Results are represented as mean±SEM (n=6) and analyzed by One‑way ANOVA followed by Tukey’s multiple range test. *P<0.05 as compared to UC group, #P<0.05 
as compared to normal animals and $p<0.05 as compared to one another group. N: Normal; UC: Urolithiasis Control; T: Telmisartan; C: Cystone; AP: Apigenin; 
BPM: Beats Per minute; BP: Blood Pressure.

Table 3: Effect of apigenin on EG-induced alterations in serum and urine biochemical parameters in uninephrectomized rats

Treatment Urea 
nitrogen 
(mg/dL)

Uric Acid 
(mg/dL)

Creatinine 
(mg/dL)

Sodium 
(mg/g)

Calcium 
(mg/g)

LDH (mg/dL) Citrate 
(mg/g)

Albumin 
(g/dL)

GAGs 
(mg/g of 

creatinine)

N Serum 2.83±0.61 0.84±0.14 0.20±0.03 143.76±2.80 16.19±1.00 1319±56.26 3.35±0.31 2.40±0.24 9.76±0.44

Urine 11.22±2.12 1.53±0.12 9.15±1.30 389.47±6.46 20.68±0.46 ‑‑‑ ‑‑‑ ‑‑‑ ‑‑‑

UC Serum 19.65±0.46# 4.33±0.11# 0.62±0.03# 171.43±3.48# 31.75±0.65# 2208±46.41# 1.77±0.33# 0.61±0.20# 2.73±0.69#

Urine 57.95±1.88# 4.06±0.11# 44.06±1.36# 308.67±7.40# 34.14±0.86# ‑‑‑ ‑‑‑ ‑‑‑ ‑‑‑

T (10) Serum 5.06±0.48*$ 1.59±0.13*$ 0.28±0.03*$ 147.84±2.92*$ 20.03±0.89*$ 1486±48.16*$ 3.26±0.16*$ 1.95±0.17*$ 9.39±0.50*$

Urine 20.86±1.52*$ 2.27±0.09*$ 16.12±1.22*$ 375.76±5.61*$ 22.95±0.58*$ ‑‑‑ ‑‑‑ ‑‑‑ ‑‑‑

C (500) Serum 4.30±0.68*$ 1.54±0.17*$ 0.26±0.02*$ 142.61±3.31*$ 20.91±1.03*$ 1363±52.15*$ 2.99±0.34*$ 2.15±0.18*$ 8.12±0.51*$

Urine 21.28±2.70*$ 2.12±0.09*$ 14.80±1.15*$ 373.65±7.21*$ 23.44±0.76*$ ‑‑‑ ‑‑‑ ‑‑‑ ‑‑‑

AP (5) Serum 16.54±0.58 3.82±0.12 0.55±0.03 167.55±3.27 28.54±0.53 2186±23.66 1.89±0.35 0.99±0.15 3.79±0.45

Urine 51.45±2.03 3.77±0.09 42.32±1.47 315.39±8.01 32.58±0.85 ‑‑‑ ‑‑‑ ‑‑‑ ‑‑‑

AP (10) Serum 12.39±0.60*$ 3.35±0.12*$ 0.41±0.03*$ 163.01±2.26*$ 26.36±0.51*$ 1760±58.80*$ 2.69±0.28*$ 1.71±0.19*$ 5.55±0.43*$

Urine 34.3±2.20*$ 3.24±0.10*$ 33.78±1.06*$ 335.25±8.57*$ 28.14±1.25*$ ‑‑‑ ‑‑‑ ‑‑‑ ‑‑‑

AP (20) Serum 7.77±0.68*$ 1.88±0.15*$ 0.31±0.02*$ 151.40±3.81*$ 22.93±0.88*$ 1510±54.43*$ 2.64±0.13*$ 2.23±0.19*$ 8.09±0.59*$

Urine 25.79±1.75*$ 2.73±0.11*$ 22.01±1.31*$ 371.66±7.91*$ 27.48±0.73*$ ‑‑‑ ‑‑‑ ‑‑‑ ‑‑‑
Results are represented as mean±SEM (n=6) and analyzed by One‑way ANOVA followed by Tukey’s multiple range test. *P<0.05 as compared to UC group, #P<0.05 as 
compared to normal animals and $P<0.05 as compared to one another group. BUN: Blood Urea Nitrogen; LDH: Lactate dehydrogenase, GAGs: Glycosaminoglycans. 

(P  <  0.05) in urolithiasis control  (UC) rats compared to normal rats. 
Telmisartan and cystone treatment markedly  (P  <  0.05) attenuated 
EG‑induced modulation in water intake, relative organ and body weight, 
and urinary parameters as compared to UC rats. As compared to UC rats, 

apigenin (10 and 20 mg/kg) treatment markedly increased  (P  <  0.05) 
water intake, urine output, urinary pH, and body weight, whereas 
density and dry weight of urine, weight of heart, and kidney weight were 
markedly decreased (P < 0.05) [Table 1].
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Hemodynamic and electrocardiographic 
abnormalities in uninephrectomized rats
A marked increase (P < 0.05) in SBP, DBP, MABP, HR, intervals (QRS 
and QTc), and ST height in UC rats was observed when compared 
with normal rats. Telmisartan and cystone treatment markedly 
inhibited (P  <  0.05) EG‑induced elevated SBP, DBP, MABP, HR, 
intervals (QRS and QTc), and ST height when compared with UC 
rats. As compared to UC rats, apigenin  (10 and 20 mg/kg) treatment 
showed significant decrease (P  <  0.05) in SBP, DBP, MABP, HR, 
intervals  (QRS and QTc), and ST height. However, when compared 
with cystone, treatment with telmisartan and apigenin  (20 mg/kg) 
more markedly (P < 0.05) attenuated the EG‑induced modulations in 
hemodynamic and electrocardiographic abnormalities [Table 2].

Serum and urinary biochemical parameters
The levels of BUN, creatinine, uric acid, calcium, sodium, and LDH 
were increased markedly (P < 0.05) in UC rats when compared with 
normal rats, whereas the levels of citrate, albumin, and GAGs in serum 
were decreased significantly (P < 0.05) in UC rats when compared with 
normal rats. Telmisartan and cystone treatment markedly (P < 0.05) 

attenuated EG‑induced alterations in the levels of BUN, creatinine, 
uric acid, calcium, sodium, LDH, citrate, albumin, and GAGs in the 
serum when compared with UC rats. Apigenin  (10 and 20 mg/kg) 
markedly  (P  <  0.05) decreased BUN, creatinine, uric acid, calcium, 
sodium, and LDH whereas markedly  (P  <  0.05) increased citrate, 
albumin, and GAGs levels in the serum when compared with UC 
rats [Table 3].
On the other hand, the levels of urinary urea nitrogen, creatinine, uric 
acid, and calcium increased significantly  (P  <  0.05) whereas urinary 
sodium level significantly decreased (P < 0.05) in UC rats as compared 
to normal rats. Telmisartan, cystone, and apigenin  (10 and 20 mg/kg) 
treatment markedly  (P  <  0.05) attenuated EG‑induced alterations in 
urinary urea nitrogen, creatinine, uric acid, sodium, and calcium when 
compared with UC rats [Table 3].

Cardiac and renal oxido-nitrosative stress
The SOD and GSH levels were markedly decreased (P < 0.05) in the 
kidney and heart tissue of UC rats when compared with normal rats. 
However, telmisartan and cystone treatment markedly  (P  <  0.05) 
inhibited EG‑induced decreased in the kidney and heart SOD 

Figure 1: Effect of apigenin on EG-induced cardiac and renal oxido-nitrosative stress (SOD (a), GSH (b), MDA (c) and NO (d)) in uninephrectomized rats. 
Results are represented as mean ± SEM (n = 6) and analyzed by one-way ANOVA followed by Tukey’s multiple range test. *P < 0.05 as compared to UC group, 
#P < 0.05 as compared to normal animals, and $P < 0.05 as compared to one another group. N: Normal; UC: Urolithiasis control; T: Telmisartan; C: Cystone; AP: 
Apigenin; SOD: Superoxide dismutase; GSH: Reduced glutathione; MDA: Lipid peroxidation; NO: Nitric oxide; EG: Ethylene glycol; SEM: Standard error of the 
mean; ANOVA: Analysis of variance

dc

ba

Table 4: Effect of apigenin on EG-induced alterations in renal KIM-1, NGAL, bikunin, iNOs, eNOs and OPN mRNA expressions in uninephrectomized rats

Treatment KIM-1 / β Actin 
Ratio

NGAL / β Actin 
Ratio

Bikunin / β 
Actin Ratio

iNOs / β Actin 
Ratio

eNOs / β Actin 
Ratio

OPN / β Actin 
Ratio

N 0.76±0.03 0.23±0.03 0.46±0.09 0.32±0.09 0.84±0.05 1.09±0.09

UC 1.63±0.09# 0.79±0.03# 1.56±0.07# 1.89±0.08# 0.47±0.14# 0.22±0.09#

T (10) 0.90±0.08*$ 0.76±0.04 0.66±0.05*$ 1.72±0.06 0.44±0.08 0.81±0.06*$

C (500) 1.57±0.19 0.67±0.02 0.73±0.09*$ 1.70±0.06 0.46±0.09 0.91±0.08*$

AP (5) 1.55±0.16 0.71±0.05 1.44±0.07 1.73±0.10 0.45±0.08 0.38±0.07

AP (10) 1.31±0.03*$ 0.58±0.03*$ 1.20±0.07*$ 1.14±0.09*$ 0.62±0.13*$ 0.51±0.05*$

AP (20) 0.95±0.07*$ 0.49±0.02*$ 0.95±0.10*$ 0.96±0.09*$ 0.73±0.09*$ 0.60±0.06*$

Results are represented as mean±SEM (n=6) and analyzed by One‑way ANOVA followed by Tukey’s multiple range test. *P<0.05 as compared to UC group, #P<0.05 
as compared to normal animals and $P<0.05 as compared to one another group. KIM‑1: Kidney Injury Molecule‑1; NGAL: Neutrophil gelatinase‑associated lipocalin; 
iNOs: inducible nitric oxide synthase; eNOs: endothelial nitric oxide synthase; OPN: Osteopontin.
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and GSH levels when compared with UC rats. Apigenin  (10 and 
20 mg/kg) treatment also markedly increased  (P  <  0.05) SOD and 
GSH levels in the kidney and heart tissue as compared to UC rats. 
However, the administration of telmisartan and cystone showed more 
marked  (P  <  0.05) inhibition in EG‑induced decreased in the GSH 
and SOD levels in cardiac and renal tissues as compared to apigenin 
treatment [Figure 1].
Administration of EG resulted in marked (P < 0.05) increase in MDA and 
NO levels in cardiac and renal tissues in UC rats when compared with 
normal rats. Treatment with telmisartan and cystone markedly (P < 0.05) 
decreased the levels of MDA and NO in heart and kidney tissues when 
compared with UC rats. Apigenin  (10 and 20 mg/kg) administration 
also markedly decreased  (P  <  0.05) EG‑induced increased the levels 
of MDA and NO levels in heart and kidney tissues as compared to UC 
rats [Figure 1].

Renal kidney injury molecule-1, neutrophil 
gelatinase-associated lipocalin, bikunin, inducible 
nitric oxide synthase, endothelial nitric oxide 
synthase, and osteopontin mRNA expressions
There was marked upregulation  (P  <  0.05) in the mRNA expressions 
of KIM‑1, NGAL, bikunin, and iNOs in the renal tissue whereas 
marked downregulation (P < 0.05) in the mRNA expressions of eNOs 
and OPN in the renal tissue of UC rats when compared with normal 
rats. Administration of telmisartan and cystone significantly (P < 0.05) 
inhibited EG‑induced modulation in bikunin and OPN mRNA 
expressions when compared with UC rats. Telmisartan and cystone 
treatment did not produce marked downregulation in EG‑induced 
alterations in NGAL, iNOs, and eNOs expressions compared with 
UC rats. However, apigenin  (10 and 20 mg/kg) treatment markedly 

Figure 2: Effect of apigenin on EG-induced alterations in renal BMP-2 (a) and BMP-4 (b) protein expression in uninephrectomized rats. Results are represented 
as mean ± SEM (n = 4) and analyzed by one-way ANOVA followed by Tukey’s multiple range test. *P < 0.05 as compared to UC group, #P < 0.05 as compared to 
normal animals, and $P < 0.05 as compared to one another group. BMP: Bone morphogenetic protein; EG: Ethylene glycol; SEM: Standard error of the mean; 
UC: Urolithiasis control; ANOVA: Analysis of variance

ba

Figure 3: Effect of apigenin on EG-induced alterations in heart histology in uninephrectomized rats. Photomicrograph of sections of heart of normal (a), 
UC (b), telmisartan (10 mg/kg) treated rats (c), cystone (500 mg/kg) treated rats (d), apigenin (10 mg/kg) treated rats (e), and apigenin (20 mg/kg) treated 
rats (f ) (H and E, ×40). The quantitative analysis of the effect of apigenin on EG-induced alterations in heart histology in uninephrectomized rats (g). Data are 
expressed as mean ± SEM (n = 3) and analyzed by one-way ANOVA followed by Tukey’s multiple range test. *P < 0.05 as compared to UC group, #P < 0.05 as 
compared to normal animals, and $P < 0.05 as compared to one another group. EG: Ethylene glycol; ANOVA: Analysis of variance; EG: Ethylene glycol; SEM: 
Standard error of the mean; UC: Urolithiasis control
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downregulated (P < 0.05) mRNA expressions of KIM‑1, NGAL, bikunin, 
and iNOs in the renal tissues whereas markedly upregulated (P < 0.05) 
the renal eNOs and OPN mRNA expressions as compared to UC rats 
[Table 4].

Renal bone morphogenetic protein-2 and bone 
morphogenetic protein-4 expressions
The renal BMP‑2 and BMP‑4 protein levels were increased significantly 
(P  <  0.05) in UC rats when compared with normal rats. However, 
apigenin (10 and 20 mg/kg) treatment markedly decreased (P < 0.05) 
renal BMP‑2 and BMP‑4 protein levels as compared to UC rats. 
Telmisartan and cystone treatment did not produce marked 
downregulation in EG‑induced increased protein levels of renal BMP‑2 
and BMP‑4 as compared to UC rats [Figure 2].

Heart histology
Ingestion of EG induces marked  (P  <  0.05) inflammatory infiltration 
and necrosis in UC rats when compared with normal rats [Figure 3b]. 
However, Figure  3a represents a normal architecture of cardiac 
tissue without any necrosis, inflammatory release, and eosinophilia. 
Administration of telmisartan and cystone markedly (P < 0.05) inhibited 
EG‑induced inflammatory infiltration, eosinophilia release, and 
necrosis when compared to UC rats  [Figure  3c and d]. As compared 
to UC rats, apigenin  (10 and 20 mg/kg) administration also markedly 
decreased (P  <  0.05) inflammatory infiltration, eosinophilia release, 
and necrosis [Figure 3e and f]. However, when compared with cystone 
treatment, telmisartan and apigenin (20 mg/kg) administration showed 
more marked  (P  <  0.05) attenuated EG‑induced cardiac aberrations 
[Figure 3g].

Kidney histology
Figure  4a depicts the normal structure of renal tissue, minimal 
inflammatory release, necrosis, and congestion. However, the 
administration of EG resulted in a marked increase  (P  <  0.05) in 
inflammatory release, necrosis, congestion, and crystal deposit score 

in UC rats [Figure 4b] when compared with normal rats. Telmisartan 
and cystone administration markedly (P < 0.05) attenuated EG‑induced 
inflammatory infiltration, necrosis, congestion, and crystal deposit score 
when compared with UC rats [Figure 4c and d]. As compared to UC rats, 
apigenin (10 and 20 mg/kg) administration markedly reduced (P < 0.05) 
inflammatory infiltration, necrosis, congestion, and crystal deposit 
score  [Figure  4e and f]. However, when compared with cystone and 
telmisartan treatment, apigenin less significantly  (P  <  0.05) decreased 
the EG‑induced crystal deposit score [Figure 4g and h].

DISCUSSION
Nephrolithiasis is a major prevalent health problem of the urinary system 
worldwide. Studies reported that acute ureteral obstruction occurrence 
in 12% of the world population, whereas it is estimated to affect less in 
females  (7%) than males  (11%).[1,3] Urolithiasis mainly characterized 
by severe unilateral colicky flank pain that may be accompanied by 
nausea, vomiting, and hematuria. Moreover, its complications may 
lead to severe infection and renal failure, which large impact on the 
quality of life of the affected person. As most of the urinary stone is 
composed of calcium oxalate (76%), treatment regimen oriented toward 
the inhibition of CaOx crystallization. In addition to this, advances in 
modern technology  (including percutaneous nephrolithotomy and 
extracorporeal shock wave lithotripsy) have been profoundly implicated 
as an alternative in the management of renal calculi.[7] However, long 
operating times staged procedures, as well as associated complications, 
including renal vascular trauma, may result in this procedure as a 
secondary method of choice for the treatment of urinary stones.[7] Thus, 
the management of urinary calculi using herbal moieties has been 
widely utilized as a preferred treatment over others. Flavonoids have 
been well studied for the prevention and treatment of CaOx‑induced 
kidney stones, and thus, in the current study, we have determined the 
potential of apigenin, a plant flavonoid against urolithiasis induced by 
EG in uninephrectomized animals. Findings of the current investigation 
suggest that apigenin administration markedly decreased EG‑induced 
altered serum and urine biochemistry, elevated oxidative stress, and 

Figure 4: Effect of apigenin on EG-induced alterations in kidney histology in uninephrectomized rats. Photomicrograph of sections of kidney of normal (a), 
UC (b), telmisartan (10 mg/kg) treated rats (c), cystone (500 mg/kg) treated rats (d), apigenin (10 mg/kg) treated rats (e), and apigenin (20 mg/kg) treated 
rats (f ) (H and E, ×100). The quantitative analysis of the effect of apigenin on EG-induced alterations in kidney histology in uninephrectomized rats (g) and 
crystal deposition score (h). Data are expressed as mean ± SEM (n = 3) and analyzed by one-way ANOVA followed by Tukey’s multiple range test. *P < 0.05 as 
compared to UC group, #P < 0.05 as compared to normal animals, and $P < 0.05 as compared to one another group. EG: Ethylene glycol; ANOVA: Analysis of 
variance; EG: Ethylene glycol; SEM: Standard error of the mean; UC: Urolithiasis control
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altered expressions of KIM‑1, NGAL, OPN, bikunin, eNOs, iNOs, 
BMP‑2, and BMP‑4 expressions to exert its nephroprotective potential.
Studies have well documented that repeated exposure of EG in the 
experimental rats over a period resulted in the induction of adverse 
effects qualitatively and quantitatively.[19] These adverse events have 
been determined using various parameters including body weight, 
relative organ weights, water intake, urine analysis, and pathological 
analysis of organs such as kidney and heart, which provide an insight 
into the toxicity induced by chronic administration of EG. In addition, 
analysis of urine chemistry is a good indicator of stone formation and 
provides insights into minerals associated with calculi formation.[9,10] 
Furthermore, urolithiasis also results in distal renal tubular acidosis, 
which in turn causes alkaline urinary pH. However, the administration 
of apigenin exerts its nephroprotective and cardioprotective effect against 
EG‑induced toxicity reflected by a significant attenuation of altered 
relative organ and body weights, decreased water intake, urine output, 
urine pH, and histological alterations in the heart and kidney tissues.
It has been well established that administration of EG, a high 
concentrated precursors of oxalate in experimental animal, results in 
intratubular CaOx crystallization along with tubular damage, which 
in turn causes nephrolithiasis.[9] Therefore, nephrotoxicity induced by 
oral administration of EG is a widely used and ideal model to induce 
crystal formation in the experimental animals.[9] During the formation 
of CaOx crystals, the initialization of nucleation is a vital first step, which 
then grows and results in aggregates formation. Furthermore, elevated 
levels of calcium in the serum and urine are also important evidence 
for the deposition of crystalline material.[3] In the present investigation, 
administration of EG induces aggregation of CaOx which results in the 
genesis of stones, which is also evident by elevated levels of calcium 
in serum and urine. However, treatment with apigenin significantly 
inhibited an essential factor of nucleation, which results in amelioration of 
CaOx crystal formation. This notion was further supported by decreased 
calcium levels in serum as well as urine. In addition, histological analysis 
of the kidney from apigenin‑administered rats showed significantly 
reduced in crystal deposits as compared to polymorphic irregular 
crystal deposits in UC rats. Furthermore, toxicity induced by CaOx 
crystal growth results in the release of various inflammatory mediators, 
which develops an inflammatory reaction which supported by elevated 
relative weights of the kidneys. This increased relative kidney weight 
was significantly attenuated by apigenin treatment may be via due of its 
anti‑inflammatory property.
The researcher suggested that hypocitraturia is a major metabolic 
abnormality in urolithiasis patients.[20] Citrate exhibits inhibitory 
action against the urinary stone and especially against the CaOx crystal 
formation.[21] It interacts with calcium and forms its complex, thus 
reduces the levels of CaOx, and thus prevents the formation of CaOx 
agglomerates.[5] Furthermore, GAGs exhibit the inhibitory potential 
against CaOx nucleation, growth, and aggregation as well as the 
prevention of crystals adherence to the renal surface.[22] However, uric 
acid interferes with the inhibitory potential of GAGs; thus, it reduces 
the solubility of CaOx suggests its pivotal role in stone formation.[23] 
Thus, clinically also, patients with urolithiasis exhibit elevated levels 
of uric acid and reduced levels of GAGs.[3] Moreover, the formation 
of CaOx crystals in the urinary system leads to obstruction in urinary 
outflow and decreases the glomerular filtration rate. The altered urinary 
filtration is associated with the accumulation of creatinine, BUN, urea, 
and uric acid in the blood which is generally known as nitrogenous 
waste products.[23] The results of the current investigation also depicted 
that the administration of EG altered the levels of calcium, GAGs, 
urea nitrogen, uric acid, creatinine, citrate, and LDH in the urine and 
blood. However, treatment with apigenin exerts its nephroprotective 

via inhibition of EG‑induced alterations in the urinary and serum 
biochemistry.
It has been suggested the oxidative stress plays a pivotal role in the 
pathogenesis of clinical as well as experimental urolithiasis.[2] Induction 
of nephrotoxicity due to the administration of various chemical 
agents such as aminoglycosides, mercury, lead, and EG that results 
in an increased level of ROS leads to elevated oxidative stress.[19] 
Exaggerated renal oxidative stress causes an imbalance in the cellular 
antioxidative responses reflected by a reduction of total intracellular 
GSH levels.[24] GSH, an intracellular antioxidant molecule, has the ability 
to quench electrophilic chemical species, thus protecting the cells from 
oxidative injury.[25] Depletion in the level of GSH causes a decrease in 
the development of T‑cells, which results in elevated inflammatory 
responses.[26] Furthermore, SOD serves as a first‑line antioxidant 
defense system by reducing the damaging effect of superoxide radicals 
through its conversion to H2O2.

[27] The depleted activity of SOD and 
GSH has also been documented in the subject with renal failure.[2] 
Thus, SOD and GSH have paramount importance in nephropathy as 
its depleted levels are associated with disrupted intestinal barrier 
integrity along with intestinal epithelial cells injury. Moreover, oxidation 
of polyunsaturated fatty acids leads to the overproduction of MDA, 
which contributes to renal damage.[28] In the present study, urolithiasis 
control rats showed a decline in the SOD and GSH levels along with 
increased inactivity of MDA in renal and heart tissue, whereas treatment 
with apigenin augmented GSH and SOD levels and thus advocated its 
inhibitory potential against oxidative stress. The findings of the current 
investigation corroborated with the findings of the previous researchers 
where apigenin administration increased the renal SOD and GSH levels 
to ameliorate nephrotoxicity.[15]

Recent advances in molecular pharmacological techniques have reported 
KIM‑1 and NGAL as the essential hallmarks of acute kidney injury.[29] 
NGAL, a lipocalin superfamily member, has been documented to elevate 
during inflammation, hypertension, and renal tubular damage.[9,10] 
During various clinical settings such as contrast‑induced nephropathy, 
kidney transplantation, septic shock, and critical care in the intensive 
care unit, the role of NGAL has been well defined.[9,10] Thus, the researcher 
has documented the 0.815  (95% confidence interval: 0.732–0.892) 
as a sensitivity of NGAL toward the prediction of acute kidney 
injury.[9,10] Furthermore, KIM‑1 plays an essential role in phagocytosis and 
expression explicitly in the proximal tubule.[29] It has been documented 
that intrarenal inflammatory influx causes upregulation in the KIM‑1 
and NGAL expressions in the renal tissue, and in the current study also, 
EG administration resulted in elevated renal expressions of NGAL and 
KIM‑1. However, treatment with apigenin significantly attenuated these 
elevated renal NGAL and KIM‑1 expressions, which might be via its 
anti‑inflammatory potential.
OPN is a secreted integrin‑binding protein that plays a diverse role in 
various biological functions, including nephrotoxicity.[30] Numerous 
studies have reported that oxalate initiates and maintains pathogenesis 
of renal stone formation, and OPN inhibits the formation of calcium 
oxalate monohydrate; thus, OPN considers as an essential hallmark 
during urolithiasis.[30,31] The researcher showed that the administration of 
EG in OPN‑knockout mice resulted in the formation of renal calculi.[30] 
Therefore, high expression of OPN plays a beneficial role in the prevention 
of urinary stone formation. In addition, bikunin, which is a member of 
the light chain of inter‑alpha‑trypsin inhibitor family, also considers a 
vital marker for monitoring kidney function. Clinically, the expression 
of bikunin significantly increased in patients with renal impairment 
due to proteinuria.[22] During the various conditions such as renal tissue 
injury due to kidney disease or surgery or infection, the concentrations 
of bikunin elevated in the plasma and urine. Thus, bikunin considered 
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rapid markers during kidney injuries.[22,32] In the present study, treatment 
with apigenin significantly inhibited EG‑induced downregulated OPN 
and upregulated bikunin expression. Previous investigators showed that 
apigenin exerts its potential via upregulating osteoblast differentiation 
genes, including OPN,[33,34] and the outcomes of the current study are in 
accordance with the result of previous investigators.[33,34]

BMPs, a transforming growth factor‑β cytokine superfamily members, 
play an essential role during the embryonic development of kidney 
and nephron.[31,34] The researcher has well established the molecular 
linkage of BMP‑2 with vascular calcification and oxidative stress during 
kidney diseases.[31] The BMP receptor‑IA (BMPR‑IA) and BMPR‑IB are 
the domain on type I and type II serine‑threonine kinase receptors to 
which BMPs bind results in the formation of specific complexes. This 
complex initiates and regulates Smad1/5 phosphorylation and combine 
with Smad4, which further translocates to the nucleus, where it brings 
out molecular perturbation that results in vascular calcification. BMP‑4 
also plays a vital role during embryonic development by modulating cell 
proliferation, differentiation, and apoptosis.[31,35] Furthermore, patients 
with chronic kidney disease exhibits the elevated levels of BMP‑4.[35] In 
the current study also, EG administration caused a marked upregulation 
in the BMP‑2 and BMP‑4 expressions, whereas administration of 
apigenin attenuated these elevated expressions of BMPs. The previous 
research also showed that apigenin treatment exerts its protective efficacy 
against oxidative stress‑induced damage via modulating the expression 
of BMPs (BMP‑2 and BMP‑4), and the outcomes of the current study are 
according to the results of this researcher.[34]

Currently, moieties from herbal origin play an important role in the 
treatment of urolithiasis and cystone is one such polyherbal medicine 
from Ayurveda origin, which was approved by the Drug Regulatory 
Authority of India. Its potential against the management of various 
urinary tract complications has been well studied. Thus, in the current 
study, we have also implicated this as a positive control to compare the 
efficacy of apigenin. Findings of the current investigation suggest that 
the cystone showed prominent efficacy during nephrotoxicity however, it 
has less efficiency during cardioprotection. However, the administration 
of apigenin showed significant protection against both EG‑induced 
nephrotoxicity and cardiotoxicity. Thus, it can be considered as an 
important moiety for the management of complications associated with 
unilateral nephrectomy patients along with hypertension.

CONCLUSION
Findings of the current study suggest that apigenin attenuated 
EG‑induced nephrolithiasis in uninephrectomized hypertensive rats. 
This nephroprotective potential of apigenin may be orchestrated via the 
modulation of altered serum and urine biochemistry, elevated oxidative 
stress, and altered expressions of KIM‑1, NGAL, OPN, bikunin, eNOs, 
iNOs, BMP‑2, and BMP‑4 in the renal tissue.
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