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Form B (per rule 8(a)* for Submission of Research Protocol (s) 

Application for Permission for Animal Experiments 

Application to be submitted to the CPCSEA, New Delhi after approval of Institutional Animal Ethics 

Committee (IAEC) 

Section –I 

1. Name and address of establishment     Department of Pharmacology, MGM Medical college,N-6,         

Cidco Aurangabad, Maharashtra. 

2. Registration number and date of 

registration. 

Registration Number CPCSEA Reg. No. 

1777/PO/Re/S/14/CPCSEA 

Date of registration    28-08-17 

3. Name, address and registration nu

mber of breeder from which animal

s acquired (or to be acquired) 

for experiments mentioned in parts

 B & C 

Name 1. National institute of 

Biosciences 

Address 1. Pune, Maharashtra. 

Registration No. Registration No. 

1091/GO/Bt/S/07/CPCSEA 

4. Place where the animals are present

ly kept (or proposed to be kept). 

Animal house, Department of pharmacology, MGM medical 

college Aurangabad. 

5. Place where the experiment is to be 

performed (Please provide CPCSEA

 Reg. Number) 

Animal house, Department of pharmacology, MGM medical 

college Aurangabad.(CPCSEA Reg. No. 

1777/PO/Re/S/14/CPCSEA)Date:-28-08-17 

6. Date and Duration of experiment. Date Feb 2022 to April 22 

Duration 6 weeks 

7. Type of research involved (Basic 

Research / Educational/ Regulatory

/ Contract Research) 

Basic research 

 

Signatures 

Name of Investigator  Dr. Deepali Jaybhaye 

Designation of Investigator  Associate professor 

Signature  

 

 

Date 27/12/2021 

Place MGM Medical College & Hospital, Aurangabad. 
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Section -II 

Protocol form for research proposals to be submitted to the Institutional Animal Ethics Committee/ 

CPCSEA, for new experiments or extensions of ongoing experiments using animals. 

1 Project / Dissertation / Thesis Title:  The study of  renoprotective effect of Citrus limon 

juice and Emblica officinalis extract on renal toxicity 

induced by carbon tetrachloride in wister rats. 

 

2 Principal Investigator / Research Guide / Advisor  

Name Dr. Deepali Jaybhaye 

Designation Associate professor Department of pharmacology, MGM 

Medical college Aurangabad 

Dept / Div/ Lab Department of pharmacology, MGM Medical College 

Aurangabad 

Telephone No. 0240 – 6601100 Ext: 1502 , 1501. 

E-mail Id deepalijaybhaye@rediffmail.com 

Experience in Lab animal  

Experimentation (Years/Months) 

12 years 

3 List of all individuals authorized to conduct procedures under this proposal.  

Investigator 1 

a) Name Dr. Deepak Bhosle 

b) Designation Professor and HOD 

c) Dept / Div/ Lab Department of pharmacology, MGM Medical College, 

Aurangabad 

d) Telephone No. 0240 – 6601100 Ext : 1502 , 1501. 

e) E-mail Id drdeepakbhosle@gmail.com 

f) Experience in Lab animal  

Experimentation (Years/Months) 

17 Years 

4 Funding Source / Proposed 

Funding Source with complete 

address  

MGM Institute of Health Sciences, Navi Mumbai. 

 

(Please attach the proof) Yes 

5 Duration of the animal experiment.  

a) Date of initiation (Proposed) Jan 22 

b) Date of completion (Proposed) Jan 2023 

6 Describe details of study plan to 

justify the use of animals 

(Enclose Annexure) 

We will use Wistar rats for this study. Citrus limon and Emblica 

officinalis has strong antioxidant property. But study of 

renoprotective activity is not available. So we want to 

explore this property of above plant. 

7 Animals required 

 a. Species  Rats of either sex. 

Strain Wistar (Rat),  



Proposal Number: 002/Pharmac/IAEC/2021 

 

b. Age 8- 20 weeks. 

Weight 150-250 gms, 

c. Gender Both 

d. Number to be used  Rat-36 

 Available Procure 

Rat 08 28 
 

(Year-wise breakups and total 

figures needed to be given in 

tabular form) 

Year Number of Animals 

Feb – 2022 to 

Feb-2023 

 Rat-36 

 

e. Number of days each animal 

will be housed. 

Procurement to life time 

8 Rationale for animal usage 

a) Why is animal usage necessary 

for these studies? 

As animal study is not available. So we have to do it as primary 

study to see the renoprotective effect. (lemon and Amla having 

strong antioxidant property and in renal failure the causative agent 

is oxidative stress but still not a single study is available as 

renoprotective drug. To explore the renoprotective property we 

want to do this study.) 

b) Whether similar study has been 

conducted on in vitro models?  

Not Applicable 

If yes, describe the leading points 

to justify the requirement of 

animal experiment. 

Not Applicable 

c) Why are the particular species 

selected? 

As it is best demonstrated in rats. 

d) Why is the estimated number of 

animals essential? 

For the statistical significant result. 

 

e) Are similar experiments 

conducted in the past in your 

establishment? 

No 

f) If yes, justify why new 

experiment is required? 

- 

g) Have similar experiments been 

conducted by any other 

organization in same or other in 

vivo models?  

 - 

If yes, enclose the reference. - 

9 Describe the procedures in detail: 

a) Describe all invasive procedures 

that animals will be subjected to 

in the course of the experiments 

Handling of animals and giving standard and test dose of drugs by 

oral route. (detail Performa attached) 

Describe all potentially stressful 

non-invasive procedures that 

animals will be subjected to in 

- 
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the course of the experiments 

b) Furnish details of injections 

schedule Substances 

Doses CCl4-  intraperitoneal injection of 1.5 ml/kg of 

20% CCl4 dissolved in olive oil,  Acetylcystine 

950 mg/kg,  Citrus limon 6 ml/kg/oral route for 6 

wks,  Emblica officinalis 700mg/kg/oral route for 

six wks. 

Sites IP and oral 

Volumes - 

c) Blood withdrawal Details: Volumes 1 ml 

Sites retro-orbital plexus 

d) Radiation Dosage Not Applicable 

Schedules Not Applicable 

e) Nature of compound/Broad 

Classification of drug/NCE: 

CCl4 , Acetylcystine, Citrus limon 

, Emblica officinalis 

10 Does the protocol prohibit use of 

anesthetic or analgesic for the 

conduct of painful procedures?  

NO 

If yes, justify. Not Applicable 

11 Will survival surgery be done?  No 

If yes, the following to be described. 

a) List and describe all surgical 

procedures (including methods 

of asepsis) 

----- 

b) Personnel involved in surgical 

procedure 

Name 1 ----- 

Qualification ---- 

Experience in 

such surgeries 

---- 

Name 2 ---- 

Qualification ---- 

Experience in 

such surgeries 

---- 

Name 3 ---- 

Qualification ---- 

Experience in 

such surgeries 

---- 

 c) Describe post-operative care ------ 

 d) Will major survival surgery is to 

be performed more than once on 

a single animal? 

NO 

If Yes, Justify: ------ 

12 Describe post-experimentation procedures. 

a) Scope for Reuse No 



Proposal Number: 002/Pharmac/IAEC/2021 

 

 

 

 

  

b) Rehabilitation  

(if reuse is ti 

- 

-  

  

c) Describe method of 

Euthanasia (If 

required in the 

protocol) 

After giving CO2 (70 %) animal will be scarified and kidney will be remove for 
histopathology. (detail of experiment synopsis is attached ) 

d) Method of carcass 

disposal after 

euthanasia. 

Common biomedical waste facility affiliated to AMC. 

14 Will extra-institutional transport is envisaged?  YES  

If yes,  

Describe animal 

transportation 

methods  

Through AC vehicle along with adequate food & water. 

15 Use of hazardous agents: (use of recombinant DNA-based agents or potential human pathogens requires 

documented approval of the Institutional Biosafety Committee (IBC). For each category, the agents and 

the biosafety level required, appropriate therapeutic measures and the mode of disposal of contaminated 

food, animal wastes and carcasses must be identified). 

 Does your project involved use of any of the below mentioned agent? 

 (a) Radionucleotides (AERB) NO 

 (b) Microorganisms / Biological infectious Agents (IBSC)  NO 

 (c) Recombinant DNA (RCGM) NO 

 (d) Any other Hazardous Chemical / Drugs NO 

 Have you ticked “Yes” in either of above four hazardous agents? 

If so, copy of the approval certificates of the respective agencies: 

 Certificate attached  Not applicable 
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Signatures 

Name of Investigator Dr. Deepali Jaybhaye 

Signature  

 

 

Date 27/12/2021 
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CERTIFICATE 

This is to certify that,  

 

Project proposal no 002/Pharmac/IAEC/2021 

Entitled --- 

submitted by Dr./ Mr. / Ms Dr. Deepak Bhosle and Dr. Deepali 

Jaybhaye 

 

has been approved/recommended by the IAEC MGM Medical College & Hospital 

Aurangabad in its meeting held on 08-01-2022 (date) and Rat-36,  have been 

sanctioned under this. 

 

Authorized by 

 

Name 

 

Signature 

 

Date 

 

Chairman:  

 

Dr. Deepali Jaybhaye  

 

 

 

 

Member Secretary:  

 

Dr. Sangita Phatale  

 

 

 

 

Main Nominee of 

CPCSEA:  

 

Dr. Shrikant Satale   
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Annexure: Study Plan / Outline of Reasearch 

Title The study of renoprotective effect of Citrus limon juice and Emblica 

officinalis  extract on renal toxicity induced by carbon tetrachloride in 

wistar rats. 

 

Animal species / strain Wistar rats 

How do this animal 

relates to human in terms 

of test item nature 

Wistar rats ideal model for human kidney study. 

Study design 

( In all the six groups 

renal injury will be 

induce by CCl4 IP 

injection of 1.5 ml/kg 

of 20% CCl4 

dissolved in olive oil 

and then give 

standard drug 

Acetylcystine and test 

drugs i.e Citrus limon 

and Emblica 

officinalis while 

group I will serve as 

control group only 

distilled water will be 

given in this) 

   Group            Test item         Dose No of animals 

Group I CCl4 1 ml Distilled 

water /Oral 

route 

6 

Group II Acetylcystine 950 mg/kg/ 

oral  
6 

Group III Citrus limon 

 

6 ml/kg/oral  6 

Group IV Emblica officinalis 700mg/kg/oral  6 

Group V Citrus limon + Emblica 

officinalis 

6 ml/kg + 700 

mg /kg/oral  
6 

Group VI Citrus limon + Emblica 

officinalis  + Acetylcystine 

6 ml/kg + 700 

mg /kg + 950 

mg /kg/ oral  

6 

Rationale for dose 

selection 

Drug dose is selected as per the previous literature. 

Duration, dosing 

schedule, route, other 

details 

Duration of study – 6 weeks 

Drugs and doses- CCl4 IP injection of 1.5 ml/kg of 20% CCl4 dissolved in 

olive oil and Acetylcystine 950 mg/kg/ oral , Citrus limon 6 ml/kg/oral 

route, Emblica officinalis 700 mg/kg/oral route for 6 wks 

 

Parameters to be 

investigated 

BUN and Serum Creatinine levels along with activities of antioxidant 

enzymes including superoxide dismutase (SOD), glutathione peroxidase 

(GPX), and catalase (CAT) in a homogenized renal tissue will be 

determined using ELISA kits, on the kit guidelines. This parameters will be 

taken after inducing the renal injury by CCl4. And after giving standard and 

test drugs.  

Kidney histopathology will be done at the end of study.  

Result interpretation 

criteria  

Renoprotective effect of drugs. 

How will you correlate/ 

translate these results to 

human 

Improvement in markers of oxidative stress and BUN and serum Creatinine level. 
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What is the use of your 

obtained results? How it 

will be taken forward? 

How it will be used for 

humans 

As Citrus limon i.e lemon and Emblica officinalis i.e Amla is easily 

available in India having no adverse effects in higher doses. If we got 

positive result the drug will be available for the treatment of kidney failure 

in less cost.  
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Emblica officinalis, commonly known as amla in Ayurveda, is unarguably the most important medicinal plant for prevention and
treatment of various ailments. The present study investigated the anti-inflammatory activity of hydroalcoholic extract of Emblica
officinalis (HAEEO). Acute inflammation in rats was induced by the subplantar injection of carrageenan, histamine, serotonin, and
prostaglandin E

2
and chronic inflammation was induced by the cotton pellet granuloma. Intraperitoneal (i.p.) administration of

HAEEO at all the tested doses (300, 500, and 700mg/kg) significantly (𝑃 < 0.001) inhibited rat paw edema against all phlogistic
agents and also reduced granuloma formation. However, at the dose of 700mg/kg, HAEEO exhibitedmaximum anti-inflammatory
activity in all experimental models, and the effects were comparable to that of the standard anti-inflammatory drugs. Additionally,
in paw tissue the antioxidant activity of HAEEO was also measured and it was found that HAEEO significantly (𝑃 < 0.001)
increased glutathione, superoxide dismutase, and catalase activity and subsequently reduced lipid peroxidation evidenced by
reduced malondialdehyde. Taken all together, the results indicated that HAEEO possessed potent anti-inflammatory activity and
it may hold therapeutic promise in the management of acute and chronic inflammatory conditions.

1. Introduction

Inflammation plays a major role in rheumatoid arthritis
and osteoarthritis [1]. In clinics, the nonsteroidal anti-
inflammatory drugs (NSAIDs) are commonly prescribed for
pain relief in arthritic conditions. However, their continual
use is associated with serious adverse effects like gastric
mucosal damage, occult blood loss and elevation of serum
hepatic transaminases, salt and water retention, and also
exacerbation of asthma [2]. In order to circumvent these
adverse effects associated with conventional NSAIDs, novel
selective COX-2 inhibitors are in progress. However, the
development of serious adverse reactions, like cardiovascular
events with rofecoxib and Stevens-Johnson syndrome with
valdecoxib, has compelled their withdrawal from use [3].

Additionally, the clinical uses of the remaining drugs in this
class have been prescribed with caution and have conse-
quently decreased [4].

In milieu of these observations patients as well as health
care providers prefer to use alternative therapeutic agents
as they are considered to be safe and effective in alleviat-
ing inflammation associated with arthritis. Several Indian
medicinal plants were reported as an important source of
new chemical moieties with potential therapeutic effects [5].
The studies on plants with substantiated folkloric use as anti-
inflammatory agents are viewed as a productive and logical
research strategy in the search for new anti-inflammatory
drugs

Emblica officinalis Gaertn. (Euphorbiaceae) commonly
known as amla grow in the tropical areas of South-East
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Asia. The fruit of the plant is one of the most important
medicinal ingredients used in Ayurveda, Siddha, Unani,
Arabic, Tibetan, and various other folk systems for the
management of myriad chronic ailments [6]. Experimental
studies have shown potent antioxidant, analgesic, antipyretic,
adaptogenic, immunomodulatory, and antiulcerogenic activ-
ities of the fruit of Emblica officinalis [6–8].

The fruits are reported to contain thermostable vitaminC,
minerals, amino acids, tannins, flavonoids, and other impor-
tant phytochemicals which are believed to possess diverse
pharmacological and biological effects [9]. Earlier studies
have shown that the leaf extract possesses anti-inflammatory
activities in the carrageenan and dextran-induced rat hind
paw edema [10]. However, studies on the fruit extract which
is the most used part of amla have never been performed.
Therefore, the present study was carried out to evaluate the
anti-inflammatory activity of the hydroalcoholic extract of
the fruit of Emblica officinalis (HAEEO) in both acute and
chronic models of inflammation in rats. Further, in order to
understand the possible underlying mechanism, the effect of
extract on the oxidative stress produced by carrageenan was
also studied in the rat paw.

2. Methodology

2.1. Plant Extract. The standardized lyophilized hydroalco-
holic extract of the fruit of Emblica officinalis (HAEEO)
was procured from Sanat Products Limited, India (A WHO-
GMP and ISO 9001 Accredited Herbal Extract Manufacturer
Company). The voucher specimen of lyophilized extract
of the fruits of Emblica officinalis (number EO 0114) was
deposited at Department of Pharmacology, All India Institute
of Medical Sciences, New Delhi, India. The phytochemical
analysis was done by using HPLC (Waters, Milford Mas-
sachusetts, USA). The extract obtained was of the highest
purity with 28.26% w/w of hydrolysable tannins emblicanin
A and emblicanin B on dried weight basis.

2.2. Drugs and Chemicals. Carrageenan, histamine, 5-
hydroxytryptamine (serotonin), chlorpheniramine, cypro-
heptadine, prostaglandin E

2
(PGE
2
), and bovine serum

albumin were purchased from Sigma Chemicals, St. Louis,
MO, USA. Indomethacin was procured from Cipla, India.
All other chemicals and reagents were of analytical grade.

2.3. Experimental Animals. All experimental procedures
described were reviewed and approved by the Institutional
Animal Ethics Committee and care of animals was taken
as per guidelines of CPCSEA, Ministry of Environment and
Forest, Government of India. Wistar albino rats of either sex
weighing 180–200 gwere used for the study.The animals were
procured from the central animal facility inAll India Institute
of Medical Sciences, New Delhi. The rats were group-housed
in polypropylene cages with no more than four animals
per cage. They were maintained under standard laboratory
conditionswith natural dark-light cycle andwere allowed free
access to standard pellet diet (Golden Feeds, India) and tap
water ad libitum. All the experiments were carried out using

five groups, each containing 6 animals (Groups I–V) except
carrageenan-induced paw edema where Groups I–VI were
used.

2.4. Determination of Anti-Inflammatory Activity of
HAEEO on Acute Inflammation

2.4.1. Carrageenan-Induced Hind Paw Edema in Rats. Acute
inflammation was produced by injecting 0.1mL of car-
rageenan (1% in saline) locally into the plantar aponeurosis of
the right hind paw of the rats [11, 12]. Group I served as nor-
mal control, where no inflammation was induced.This group
was used for evaluation of biochemical parameters. Groups
II and III received vehicle (saline 1mL/kg, i.p.) and standard
drug indomethacin (10mg/kg, p.o.), respectively, and served
as vehicle and positive controls. HAEEO (300, 500, and
700mg/kg, i.p.) was administered to Groups IV, V, and VI,
respectively.TheHAEEO or vehicle was administered 30min
prior to injection of carrageenan and indomethacin was
orally administered 1 h prior to the injection of carrageenan.
The pedal volume up to the ankle joint was measured using
a digital plethysmometer (Ugo Basile, 7140 Comerio, Varese,
Italy) at 0 h (just before carrageenan injection) and then at 3 h.
The different timing was chosen because of the different route
of drug administration. The % inhibition of edema volume
between treated and control groups was calculated as follows:
% Inhibition = 𝑉

𝑐
−𝑉
𝑡
×100/𝑉

𝑐
, where𝑉

𝑐
and𝑉

𝑡
represent the

mean increase in paw volume in control and treated groups,
respectively.

2.4.2. Autacoids-Induced Hind Paw Edema in Rats. This
experiment was conducted according to the method
described by Singh and Pandey [13]. The autacoids serotonin
(1mg/mL), histamine (1mg/mL), and prostaglandin E

2
(1 𝜇g/

mL) were employed as phlogistic agents. The effect of
HAEEO (300, 500, and 700mg/kg, i.p.) and vehicle was
tested individually against each autacoid. The anti-inflam-
matory effect of HAEEO was compared with that of stand-
ard drugs against each autacoid: phenylbutazone (PBZ,
100mg/kg, p.o.) against prostaglandin E

2
, chlorpheniramine

(CPM, 3mg/kg, p.o.) against histamine, and cyproheptadine
(CPH, 3mg/kg, p.o.) against serotonin. Right hind paw
edema was induced by the subplantar injection of 0.1mL of
different phlogistic agents in the respective groups. HAEEO
was administered i.p. 30min prior to inflammatory insult
and standard reference drugs were administered p.o. 1 h prior
to the inflammatory insult. The pedal volume was measured
just before (0 h) and then at 3 h after the phlogistic challenge.

2.5. Determination of Anti-Inflammatory Activity of
HAEEO on Chronic Inflammation

2.5.1. Cotton Pellet-Induced Granuloma in Rats. The cotton
pellet-induced granuloma in rats was studied according to
the method of D’Arcy et al. [14]. The animals were divided
into five groups with six animals in each group.The rats were
anaesthetized and sterile cotton pellets weighing 10 ± 1mg
were implanted subcutaneously into both sides of the groin
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Figure 1: Effect of HAEEO on carrageenan- and autacoids-induced hind paw edema in rats. Each value represents the mean ± S.E.M. (𝑛 =
6). a𝑃 < 0.001 and b

𝑃 < 0.01 compared to control. Positive control carrageenan (indomethacin 10mg/kg), histamine (chlorpheniramine
3mg/kg), serotonin (cyproheptadine 3mg/kg), and PGE

2
(phenylbutazone 100mg/kg). HAEEO: hydroalcoholic extract of Emblica officinalis.

region of each rat. Group I served as control and received the
vehicle. HAEEO in the doses of 300, 500, and 700mg/kg, i.p.
was administered to animals in groups II, III, and IV for seven
consecutive days from the day of cotton pellet implantation.
GroupV received indomethacin (10mg/kg, p.o.) for the same
period. On day 8, the animals were anaesthetized and the
pellets together with the attached granuloma tissue were
carefully removed and freed from extraneous tissues.Thewet
pellets were weighed and then dried in an oven at 60∘C for
24 h to a constant weight; after that the dried pellets were
weighed again. Increment in the dry weight of the pellets was
taken as a measure of granuloma formation.

2.6. Determination of Levels of Oxidative Stress Parameters.
The biochemical markers of oxidative stress were determined
in the carrageenan-induced rat paw edema model. Animals
were euthanized 3 h after measurement of paw volume and
the inflamed paw tissue was removed and processed for
the estimation of oxidative stress. Paw tissue samples were
thawed and homogenized with 10 times (w/v) ice-cold 0.1M
phosphate buffer (pH7.4). Aliquots of homogenates frompaw
tissue were used to determine the malondialdehyde (MDA)
[15] and glutathione [16]. The remaining homogenates were
centrifuged at 7000 rpm for 30min at 4∘C temperature
and the supernatant was used for estimation of superoxide
dismutase (SOD) [17], catalase [18], and protein [19].

2.7. Statistical Analysis. Data were expressed as mean ±
S.E.M. Statistical differences between the treatment and
the respective control groups were evaluated by one-way
ANOVA followed by Tukey-Kramer post hoc test. 𝑃 < 0.05
was considered to be statistically significant.

3. Results

3.1. Carrageenan-Induced Hind Paw Edema in Rats. The
mean increase in paw edema volume was 1.0 ± 0.02mL
in the vehicle-treated control rats. All the three doses of
HAEEO (300, 500, and 700mg/kg, i.p.) produced a dose-
dependent significant (𝑃 < 0.001) reduction in themean paw
edema volume (Figure 1). The percentage inhibition in paw
edema volume as compared to the vehicle treated group was
48.9, 60.2, and 70.0% for HAEEO, respectively. The standard
drug, indomethacin (10mg/kg, p.o.), exhibited maximum
anti-inflammatory activity with 84.27% inhibition.

3.2. Effect of HAEEO on Changes in Tissue Levels of
MDA, GSH, SOD, and Catalase. Carrageenan injection into
the subplantar tissue of the rat paw decreased the tissue
GSH, catalase, and SOD levels (Table 1). Both HAEEO and
indomethacin produced a significant increase in the endoge-
nous antioxidants in a dose dependent manner to maintain
oxidative homeostasis. Carrageenan injection produced sig-
nificant lipid peroxidation, as evidenced by amarked increase
in the levels of MDA. Both HAEEO and indomethacin
produced a significant decrease in the levels ofMDA.HAEEO
at 700mg/kg dose most effectively stabilized the oxidative
stress parameters.

3.3. Autacoid-Induced Hind Paw Edema in Rats. A dose-
dependent effect of HAEEO on hind paw edema was
observed. The 700mg/kg dose of HAEEO was the most
effective (Figure 1). It significantly (𝑃 < 0.001) inhibited
hind paw edema induced by histamine (68.47%), serotonin
(79.26%), and PGE

2
(64.00%). Phenylbutazone (100mg/kg,

p.o.), chlorpheniramine (3mg/kg, p.o.), and cyproheptadine
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Table 1: Effect of HAEEO on oxidative stress parameters in carrageenan-induced paw edema in rats.

Treatment GSH (𝜇g g−1 tissue) MDA (nmol g−1 tissue) SOD (Umg−1 protein) Catalase (Umg−1 protein)
Normal control 32.91 ± 2.13 27.14 ± 2.96 40.54 ± 2.23 57.19 ± 2.48
Carrageenan control (vehicle treated) 13.33 ± 1.39a 88.45 ± 4.79a 15.19 ± 1.21a 14.48 ± 0.75a

Indomethacin (10mg kg−1) 26.66 ± 1.66b 28.54 ± 6.85b 31.96 ± 1.08b 49.30 ± 1.86b

HAEEO (300mg kg−1) 19.16 ± 1.53 63.18 ± 4.51d 21.18 ± 1.80 27.44 ± 1.66b

HAEEO (500mg kg−1) 22.29 ± 2.80d 49.14 ± 5.83b 24.87 ± 0.98d 36.1 ± 0.83b

HAEEO (700mg kg−1) 26.25 ± 2.18c 35.10 ± 2.78b 29 ± 1.66b 41.82 ± 1.41b

Values given are mean ± S.E.M. (𝑛 = 6). aP < 0.001 compared to normal control and bP < 0.001, cP < 0.01, and dP < 0.05 compared to carrageenan control.
HAEEO: hydroalcoholic extract of Emblica officinalis; GSH: glutathione; MDA: malondialdehyde; SOD: superoxide dismutase.

Table 2: Effect of HAEEO on cotton pellet-induced granuloma in rats.

Group Weight of cotton pellet granuloma (mg) Protection percentage
Control (vehicle treated) 53.81 ± 1.94 —
Positive control (indomethacin 10mg kg−1) 18.96 ± 2.18a 64.76
HAEEO (300mg kg−1) 35.23 ± 1.48a 34.52
HAEEO (500mg kg−1) 30.30 ± 0.94a 43.69
HAEEO (700mg kg−1) 25.63 ± 1.29a 52.36
Each value represents the mean ± S.E.M. (𝑛 = 6). aP < 0.001 compared to control. HAEEO: hydroalcoholic extract of Emblica officinalis.

(3mg/kg, p.o.) also significantly (𝑃 < 0.001) inhibited hind
paw edema induced by PGE

2
(92.00%), histamine (82.06%),

and serotonin (89.56%), respectively (Figure 1).

3.4. Cotton Pellet-Induced Granuloma. The study of HAEEO
onproliferative phase of inflammation indicated thatHAEEO
(300, 500, and 700mg/kg, i.p.) significantly (𝑃 < 0.001) and
dose-dependently reduced the granuloma formation
(Table 2). Indomethacin (10mg/kg, p.o.) exhibited significant
(𝑃 < 0.001) and maximum inhibition on granuloma
formation.

4. Discussion and Conclusion

In the present study, it was observed that Emblica officinalis
possessed potent anti-inflammatory activity both in acute
and chronic ratmodels of inflammation. Inflammation is part
of the host defense system and is triggered by a variety of
noxious stimuli. It involves a complex interplay between cell-
cell, cell-mediator, and tissue interactions [20]. Carrageenan-
induced rat paw edema model is a well-established model
for evaluating anti-inflammatory drugs [21]. The edema and
inflammation induced by carrageenan are a biphasic event.
In the initial 1 h after carrageenan administration, the edema
and inflammation are mediated by histamine and serotonin.
Later, the increased vascular permeability is maintained by
the release of kinins up to about 2.30 h.Thereafter from 2.30 h
to 6 h, inflammation ismediated by prostaglandins and is also
associated with migration of leucocytes into the inflamed site
[22].

Carrageenan-induced paw edemamodel in rats is known
to be sensitive to cyclooxygenase (COX) inhibitors and has
been used to investigate the effect of nonsteroidal anti-
inflammatory agents [23]. The result of the present study

indicated that HAEEO afforded protection against the
carrageenan-induced acute inflammation in dose dependent
manner. HAEEO at a dose of 700mg/kg exhibited significant
anti-inflammatory activity with 70.0% inhibition of paw
edema and was comparable to the indomethacin group. In
autacoid-induced models of inflammations (against sero-
tonin, histamine, and PGE

2
), HAEEO produced significant

inhibitory activity. The present study exhibited HAEEO’s
anti-inflammatory action by means of inhibiting the syn-
thesis, release, or action of inflammatory mediators like
histamine, serotonin, and prostaglandins that are involved
in inflammation. In earlier study on the anti-inflammatory
activity of leaf extracts of Emblica officinalis in carrageenan-
and dextran-induced rat paw edema models, it was reported
that the extracts did not inhibit the synthesis of the lipid
mediators LTB

4
, TXB

2
, or PAF [24]. Therefore, it is quite

possible that a composite effectmay have been responsible for
the observed protection against autacoids-induced inflam-
mation.

The role of excess generation of nitric oxide (NO) in
inflammatory response is well studied. Inflammation or tis-
sue damage leads to induction of iNOS (inducible nitric oxide
synthase); consequently large amounts of NO are generated
at the site of inflammation [25]. NO reacts with superoxide
anion to form peroxynitrite, an oxidizing molecule capable
of eliciting lipid peroxidation. In lipid peroxidation there
is oxidative deterioration of polyunsaturated lipids to form
radical intermediates that causes cellular damage [26]. MDA
is a major end product of this reaction and an index of lipid
peroxidation that is measurable by estimating as thiobar-
bituric acid reactive substance (TBARS) [27]. The present
study showed that both HAEEO (500 and 700mg/kg) and
indomethacin (10mg/kg) decreased the levels of MDA.

The infiltrating inflammatory cells also generate reactive
oxygen species (ROS) and free radicals. The most common
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ROS include the superoxide anion, hydroxyl radical, singlet
oxygen, and hydrogen peroxide. The enzyme superoxide dis-
mutase catalyzes the dismutation of superoxide into oxygen
and hydrogen peroxide. The activity of SOD reduces during
severe inflammation as well as in the presence of oxidative
stress [28]. The large quantities of hydrogen peroxide gen-
erated are then taken care of by catalase and glutathione
peroxidase (GPx) to water. Excessive production of lipid
hydroperoxide may also lead to reduced activity of GPx in
inflammatory conditions [29]. Besides the enzymatic antioxi-
dants, the level of glutathione, a nonenzymatic reducing agent
that traps free radicals and prevents oxidative damage, is also
diminished in inflammatory conditions [30]. Both HAEEO
(700mg/kg) and indomethacin (10mg/kg) maintained the
oxidative homeostasis, and the levels of reduced glutathione
and activities of catalase and SOD were comparable to the
control animals.

Experimental studies have shown the potent antioxidant
property of the fruit of Emblica officinalis [31]. Various
phytochemical constituents of the plant such as emblicanins
A and B, gallic acid, and ellagic acids have been iden-
tified as powerful free radical scavengers [9]. Moreover,
other phytochemicals with NO scavenging properties like
Geraniin, Corilagin, and Furosin have been reported in the
Emblica officinalis fruit extract [32]. Recently, it has also
been reported that the superoxide scavenging properties of
Emblica officinalis extract approximate those of L-ascorbic
acid, a well-established antioxidant [33].

In order to assess the efficacy of HAEEO against chronic
inflammation, the cotton pellet granuloma model in rats
was employed. HAEEO at all doses tested significantly
(𝑃 < 0.001) reduced the granuloma formation. The max-
imum effect was observed at the dose of 700mg/kg with
52.36% inhibition in granuloma formation as compared to
the control group. Although the exact mechanism of anti-
inflammatory activity of HAEEO on proliferative phase of
inflammation in this model is not known, it may be hypoth-
esized that both the antioxidant and the immunomodulatory
properties of the plant may have been responsible for the
protective action of the extract. Emblica officinalis extract has
been reported to inhibit NF-𝜅B activation, a key transcription
factor involved in chronic inflammatory response and ageing
[34]. The inhibition of NF-𝜅B leads to reduction in the iNOS
and COX-2 enzyme levels.

The main adverse effect of nonsteroidal anti-inflamma-
tory drugs is their ability to produce gastric lesions [35].
Furthermore, Sairam et al. [36] demonstrated the ulcer
protective potential of Emblica officinalis in different acute
gastric ulcer models in rats induced by aspirin, ethanol, cold
restraint stress, and pyloric ligation and healing effect in
chronic gastric ulcers induced by acetic acid in rats. The
antiulcerogenic activity of Emblica officinalis is definitely
complementary to the good anti-inflammatory and antiox-
idant activity observed in the present study. Further, it has
been shown that Emblica officinaliswas well tolerated inmice
even at the dose of 2.5 g/kg [37].

In conclusion, the present study clearly demonstrated
thatHAEEOpossessed potent anti-inflammatory activity and
also scientifically validated the traditional use of this plant

for treating inflammatory disorders in the folk medicine.
The advantages of HAEEO, namely, better and safer anti-
inflammatory profile with potent antiulcerogenic activity,
deserve further studies to establish the therapeutic value
and elucidate the mechanism of action in the treatment of
different inflammatory diseases.
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ABSTRACT Citric acid is a weak organic acid found in the greatest amounts in citrus fruits. This study examined the effect

of citric acid on endotoxin-induced oxidative stress of the brain and liver. Mice were challenged with a single intraperitoneal

dose of lipopolysaccharide (LPS; 200 lg/kg). Citric acid was given orally at 1, 2, or 4 g/kg at time of endotoxin injection and

mice were euthanized 4 h later. LPS induced oxidative stress in the brain and liver tissue, resulting in marked increase in lipid

peroxidation (malondialdehyde [MDA]) and nitrite, while significantly decreasing reduced glutathione, glutathione peroxidase

(GPx), and paraoxonase 1 (PON1) activity. Tumor necrosis factor-alpha (TNF-a) showed a pronounced increase in brain

tissue after endotoxin injection. The administration of citric acid (1–2 g/kg) attenuated LPS-induced elevations in brain MDA,

nitrite, TNF-a, GPx, and PON1 activity. In the liver, nitrite was decreased by 1 g/kg citric acid. GPx activity was increased,

while PON1 activity was decreased by citric acid. The LPS-induced liver injury, DNA fragmentation, serum transaminase

elevations, caspase-3, and inducible nitric oxide synthase expression were attenuated by 1–2 g/kg citric acid. DNA frag-

mentation, however, increased after 4 g/kg citric acid. Thus in this model of systemic inflammation, citric acid (1–2 g/kg)

decreased brain lipid peroxidation and inflammation, liver damage, and DNA fragmentation.

KEY WORDS: � antioxidant activity � citric acid � cytokines � dietary supplementation � peripheral infection

� systemic inflammation

INTRODUCTION

Oxidative stress is the term used to indicate the im-
balance between reactive oxygen species and antioxi-

dant defense mechanisms. Under physiological conditions,
reactive oxygen species play integral roles in intracellular
signaling, physiological immunological responses, and gene
expression. Reactive oxygen metabolites can be generated in
excess from many sources. The most important source is the
leakage of electrons from the mitochondrial electron trans-
port chain to generate superoxide radical (O2

� - ). Other
sources are xanthine oxidase, NADPH oxidases, activated
phagocytes, and nitric oxide synthases (NOSs). When ex-
cessively produced, however, these species could result in
potential cellular and tissue damage. Being highly unstable
molecules with unpaired electrons, reactive oxygen metab-
olites, such as superoxide radical and hydroxyl radical, react
with the cellular membrane polyunsaturated fatty acids to
form lipid peroxides, oxidize and cross-link proteins in-
cluding enzymes, or oxidize DNA, with the potential to

produce a harmful or even lethal event.1–3 Cellular defenses
against free radicals and reactive oxygen species include
enzymes, such as catalase, glutathione peroxidase (GPx),
and superoxide dismutase, as well as nonenzymatic antiox-
idant mechanisms, for example, glutathione (GSH), ascorbic
acid, carotenoids, and vitamin E.2,4 Oxidative stress occurs
when redox homeostasis is tipped toward an overbalance of
free radicals, due to either their overproduction or defi-
ciencies in antioxidant defense.5 Oxidative stress has been
implicated in the pathogenesis of numerous diseases, such as
diabetes mellitus, cardiovascular disease, and neurodegen-
erative and psychiatric disorders.6,7 The brain is considered
particularly vulnerable to oxidative damage because of its
high oxygen utilization and hence generation of free radical
byproducts, the high content of polyunsaturated lipids, the
biomacromolecules most susceptible to oxidation, its modest
antioxidant defenses, and the presence of redox-catalytic
metals, such as iron and copper.7,8

Citric acid (2-hydroxy-1,2,3-propane-tricarboxylic acid)
is a weak organic acid found in the greatest amounts in citrus
fruits, such as lemon, grapefruit, tangerine, and orange.
Lemon and lime juices are rich sources.9 It is used as a
natural preservative and also to add an acidic (sour) taste to
foods and soft drinks.10 Being a component of the tricar-
boxylic acid or Krebs cycle, citric acid is found in all animal
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tissues as an intermediary substance in oxidative metabo-
lism. Studies indicated that citrate decreases lipid perox-
idation and downregulates inflammation by reducing
polymorphonuclear cell degranulation and attenuating the
release of myeloperoxidase, elastase, interleukin (IL)-1b,
and platelet factor 4.11–13 In vitro, citrate improved endo-
thelial function by reducing the inflammatory markers and
decreasing neutrophil diapedesis in hyperglycemia.14

Moreover, citric acid has been shown to reduce hepatocel-
lular injury evoked in rats by carbon tetrachloride.15 Citric
acid might thus prove of value in decreasing oxidative
stress.

Thus, in view of the antioxidant and anti-inflammatory
effects for citrate reported just now and since citrate anti-
coagulation has been employed in the critically ill patients,
it looked pertinent to study the effect of citric acid adminis-
tration on oxidative stress and tissue injury in a model of
systemic inflammatory illness caused by intraperitoneal (i.p.)
lipopolysaccharide (LPS) administration in mice. LPS is a
constituent of the cell walls of gram-negative bacteria. When
given systemically, LPS potently stimulates the immune cells
in the periphery (through plasma membrane proteins, e.g., the
toll like receptor 4 [TLR4] and CD14) to release pro-
inflammatory cytokines, such as necrosis factor-alpha (TNF-
a), IL-1b, and IL-6 in the periphery and brain. This results in
the development of systemic and neuroinflammation.16–19

LPS-induced endotoxemia is a well-established model for
infection with gram-negative bacteria and is widely used to
study endotoxin effects on peripheral tissue/organs and the
influence of systemic inflammation on the brain.

MATERIALS AND METHODS

Animals

Swiss male albino mice that weigh 22–25 g (age 5–6
weeks) were used. Mice were obtained from animal house
colony of the National Research Centre. Standard laboratory
food and water were provided ad libitum. Animal proce-
dures were performed in accordance with the Ethics Com-
mittee of the National Research Centre and followed the
recommendations of the National Institutes of Health Guide
for Care and Use of Laboratory Animals (Publication No.
85-23, revised 1985).

Drugs and chemicals

A purified, lyophilized Escherichia coli endotoxin (Ser-
otype 055:B5; Sigma) was used; it was dissolved in sterile
physiological saline, aliquoted, and frozen at - 20�C. The
same stock solutions were used for all experiments. Citric
acid and all other chemicals were of analytical grade and
were obtained from Sigma. The dose of LPS (200 lg/kg)
and the time for tissue sampling were based on previous
studies.20

Study design

Mice were randomly divided into five equal groups (six
mice each). Mice were treated with either 0.2mL of: sterile

physiological saline (group 1) or citric acid at doses of 1, 2,
and 4 g/kg, orally (groups 2–4). Treatments were given just
prior to endotoxin administration (LPS: 200 lg/kg, injected
intraperitoneally, 0.1 mL). The fifth group received just
the vehicle, no LPS (negative control). Mice were eutha-
nized after 4 h of LPS or vehicle injection by decapita-
tion under ether anesthesia, where the brain and liver of
each mouse were then removed, washed with ice-cold
phosphate-buffered saline (PBS; pH 7.4), weighed, and
stored at - 80�C until the biochemical analyses. The tis-
sues were homogenized with 0.1 M PBS at pH 7.4, to give a
final concentration of 0.1g/mL for the biochemical assays.
Reduced GSH, malondialdehyde (MDA), nitric oxide (ni-
trite), GPx, and paraoxonase 1 (PON1) activity was deter-
mined in brain and liver tissues. TNF-a was measured in
brain tissue. Alanine aminotransferase (ALT), aspartate
aminotransferase (AST), and DNA fragmentation were
measured in liver tissue.

Determination of lipid peroxidation, reduced GSH,
and nitrite levels

Lipid peroxidation was assayed by measuring the level
of MDA in brain tissue using the method of Ruiz-Larrea
et al.21 Reduced GSH was determined in tissue by Ellman’s
method.22 Nitric oxide measured as nitrite was determined
by using Griess reagent, according to the method of
Moshage et al.23

Determination of GPx activity

GPx activity in supernatants was determined spectro-
photometrically at 340 nm by the analysis of NADPH oxi-
dation using glutathione peroxidase kit (Biodiagnostics).24

One unit of GPx activity is defined as the amount of protein
that oxidized 1 mM NADPH per minute. The activity of
GPx is expressed as mU/mL.

Determination of paraoxonase activity

Arylesterase activity of paraoxonase was measured
spectrophotometrically in supernatants using phenyl ace-
tate as a substrate.25,26 In this assay, arylesterase/para-
oxonase catalyzes the cleavage of phenyl acetate resulting
in phenol formation. The rate of formation of phenol is
measured by monitoring the increase in absorbance at
270 nm at 25�C. The working reagent consisted of 20 mM
Tris/HCl buffer (pH 8.0) containing 1 mM calcium chlo-
ride and 4 mM phenyl acetate as the substrate. Samples
diluted 1:3 in buffer are added and the change in absor-
bance is recorded following a 20 s lag time. Absorbance at
270 nm was taken every 15 s for 120 s using a UV-Vis
Recording Spectrophotometer (Shimadzu Corporation).
One unit of arylesterase activity is equal to 1 lM of phenol
formed per minute. The activity is expressed in kU/L,
based on the extinction coefficient of phenol of 1310 M/cm
at 270 nm, pH 8.0, and 25�C. Blank samples containing
water are used to correct for the spontaneous hydrolysis of
phenyl acetate.
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Determination of TNF-a, DNA fragmentation,
and liver enzymes

Tissue TNF-a was determined in brain tissue according to
Chen et al.27 by enzyme-linked immunosorbent assay using
TNF-a kits (Biosource International) and microtiter plate
reader (Fisher Biotech). Quantitation of DNA fragmentation
in liver tissue was done according to the method described
by Gercel-Taylor.28 ALT and AST activities in liver were
measured using commercially available kits (BioMér-
ieux).29,30

Histological assessment of liver injury

The liver from each mouse was rapidly removed and
fixed in freshly prepared 10% neutral buffered formalin,
processed routinely, and embedded in paraffin. Sections of
5-lm thick were cut and stained by hematoxylin and eosin
(H&E) for histopathological examination. All sections were
investigated by the light microscope.

Immunohistochemistry for caspase-3 and inducible nitric
oxide synthase

Paraffin-embedded liver sections were deparaffinized,
and hydrated. Immunohistochemistry was performed with
a mouse monoclonal caspase-3 and inducible nitric oxide
synthase (iNOS) for detection of the caspase cleavage and
iNOS activity. The paraffin sections were heated in a
microwave oven (25 min at 720 W) for antigen retrieval
and incubated with either anti-caspase or iNOS antibodies
(1:50 dilution) overnight at 4�C. After washing with PBS,
followed by incubation with biotinylated goat-anti-rabbit-
immunoglobulin G secondary antibodies (1:200 dilution;
Dako Corp.) and streptavidin/alkaline phosphatase com-
plex (1:200 dilution; Dako) for 30 min at room tempera-
ture, the binding sites of antibody were visualized with
DAB (Sigma). After washing with PBS, the samples were
counterstained with H&E for 2–3 min, and dehydrated by
transferring them through increasing ethanol solutions
(30%, 50%, 70%, 80%, 95%, and 100% ethanol). Fol-
lowing dehydration, the slices were soaked twice in xylen
at room temperature for 5 min, mounted, examined, and
evaluated by high-power light microscope.31

Statistical analysis

Data are expressed as mean – standard error. Data were
analyzed by one-way analysis of variance, followed by
Duncan’s multiple-range test for post hoc comparison of
group means. Effects with a probability of P < .05 were
considered to be significant.

RESULTS

Effect of citric acid on LPS-induced oxidative stress

Lipid peroxidation. The administration of LPS resulted
in a significant increase in the level of MDA in brain and
liver tissues by 140.3% (23.1 – 1.0 vs. 55.5 – 2.7 nmol/g

tissue) and 62.9% (66.8 – 3.8 vs. 41.0 – 2.2 nmol/g tissue),
respectively, compared with the saline control group (Fig.
1A, B).

Brain MDA was significantly decreased by 40.4% and 58%
after treatment with 1 and 2 g/kg citric acid, respectively,
compared with the LPS control group (33.1 – 1.9 and
23.3 – 1.4 vs. 55.5 – 2.7 nmol/g tissue). The higher dose of
citric acid (4 g/kg) resulted in 33.3% inhibition of brain MDA
(Fig. 1A).

In contrast, no significant effect on liver MDA has been
observed after treatment with citric acid (1–4 g/kg; Fig. 1B).

Reduced GSH. Following LPS challenge, the level
of GSH decreased in brain and liver tissues by 72.1%
(1.21 – 0.07 vs. 4.1 – 0.28 lmol/g tissue) and 46.9%
(4.16 – 0.29 vs. 7.83 – 0.36 lmol/g tissue), respectively.

FIG. 1. (A) Brain and (B) liver tissue concentrations of malon-
dialdehyde (MDA: nmol/g tissue) in mice given lipopolysaccharide
(LPS) or LPS + citric acid (1–4 g/kg, p.o.). *P < .05 versus saline
control. +P < .05 versus LPS control group. #P < .05 versus LPS + 2 g/kg
of citric acid. p.o., per os.
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Treatment with citric acid (1–4 g/kg) had no significant ef-
fect on brain or liver GSH (Fig. 2A, B).

Nitrite. Marked and significant increase in brain nitrite
was observed after treatment with LPS compared with the
vehicle-treated group (93.0 – 4.6 vs. 31.0 – 1.8 lmol/g tis-
sue; Fig. 3A). Similarly, the level of liver nitrite was sig-
nificantly increased by 86.3% after LPS administration
compared with vehicle-treated group (123.7 – 8.6 vs.
66.4 – 4.1 lmol/g tissue; Fig. 3B).

In LPS-treated mice, the level of nitrite in brain tissue
was markedly inhibited by 74.6% and 82.8% by citric
acid at 1–2 g/kg (23.6 – 1.2 and 16.0 – 0.63 vs. 93.0 – 4.6
lmol/g tissue). Nitric oxide decreased by 48.1% after
citric acid at 4 g/kg, compared with the LPS-only group
(Fig. 3A).

In the liver, nitrite decreased significantly by 17% by
citric acid given at 1 g/kg compared with the LPS control

group. The higher doses of citric acid, however, failed to
significantly alter nitrite in liver tissue (Fig. 3B).

GPx activity. GPx activity showed a significant de-
crease in brain (by 81.6%) and liver tissues (by 47.3%) after
LPS challenge compared with the vehicle-treated group.
Brain GPx activity increased by 82.6% after treatment
with 1 g/kg citric acid (P < .05) compared with the LPS con-
trol group (0.80 – 0.052 vs. 1.015 – 0.061 U/g tissue). No
significant effect was observed in brain GPx activity after
treatment with citric acid at 2 or 4 g/kg (Fig. 4A). On the
other hand, liver GPx activity significantly increased by
29.7%, 79.6%, and 56.5% after treatment with 1, 2, and 4 g/
kg of citric acid, respectively (Fig. 4B).

Paraoxonase activity. Paraoxonase activity significantly
decreased in brain and liver tissues by 54.2% (11.3 – 0.7 vs.

FIG. 2. (A) Brain and (B) liver tissue concentrations of reduced
glutathione (GSH: lmol/g tissue) in mice given LPS or LPS + citric
acid (1–4 g/kg, p.o.). *P < .05 versus saline control.

FIG. 3. (A) Brain and (B) liver tissue concentrations of nitrite
(lmol/g tissue) in mice after treatment with LPS or LPS + citric acid
(1–4 g/kg, p.o.). *P < .05 versus saline control. + P < .05 versus LPS
control group. #P < .05 versus LPS + 2 g/kg of citric acid.
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24.7 – 1.8 kU/L) and 49.8% (34.2 – 2.1 vs. 68.1 – 4.2 kU/L),
respectively, after LPS challenge (Fig. 5A, B). Brain PON1
activity increased by 44.9% following treatment with citric
acid at 1 g/kg. Higher doses, however, failed to significantly
alter PON1 activity (Fig. 5A). On the other hand, liver PON1
activity significantly decreased by 19.7% and 36.6% after
treatment with citric acid at 2 and 4 g/kg, respectively,
compared with the LPS control group (Fig. 5B).

TNF-a in brain tissue. A pronounced increase in TNF-
a in mice brain was observed following i.p. injection of
LPS (324.9% increase: 182.7 – 6.2 vs. saline control value
of 43.0 – 2.7 pg/g tissue). TNF-a showed a significant de-
crease by 48.4% and 28.8% after treatment with citric acid
at 1 and 2 g/kg (93.3 – 3.8 and 130.0 – 4.3 vs. LPS control
value of 182.7 – 6.2 pg/g tissue). The administration of
citric acid at 4 g/kg failed to decrease the level of TNF-a
(Fig. 6).

DNA fragmentation in the liver. DNA fragmentation
in the liver was significantly and markedly increased by
633.5% after LPS injection compared with the vehicle-
treated mice. It showed a 49.4% and 82.6% decrease after
treatment with citric acid at 1 and 2 g/kg, respectively,
compared with the LPS control value. However, a 92.5%
increment in DNA fragmentation was observed after the
highest dose of citric acid (4 g/kg; Fig. 7).

Liver transaminases. In LPS-treated mice liver, ALT
and AST significantly increased by 145.4% and 204.8%
compared with the saline-treated group. ALT significantly
decreased by 22.5% after treatment with 1 g/kg of citric
acid. The higher doses of citric acid, however, failed to

FIG. 4. Glutathione peroxidase (GPx)
activity in (A) brain and (B) liver
of mice after LPS or LPS + citric acid
(1–4 g/kg, p.o.). *P < .05 versus saline
control. + P < .05 versus LPS control
group. #P < .05 versus LPS + 1 g/kg of
citric acid.

FIG. 5. Paraoxonase 1 (PON1) ac-
tivity in mice (A) brain and (B) liver
after treatment with LPS or LPS +
citric acid (1–4 g/kg, p.o.). *P < .05
versus saline control. + P < .05 versus
LPS control group. #P < .05 versus
LPS + 1 g/kg of citric acid.

FIG. 6. Brain tissue tumor necrosis factor-alpha (TNF-a; pg/g tis-
sue) in mice given LPS or LPS + citric acid (1–4 g/kg, p.o.). *P < .05
versus the saline control. + P < .05 versus LPS control group. #P < .05
versus the LPS + 1 g/kg of citric acid.
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significantly alter ALT in the liver of LPS-treated mice.
Meanwhile, AST significantly decreased by 26.5% and
30.4% after treatment with 1 and 2 g/kg citric acid, respec-
tively. The highest dose of citric acid, however, had
no significant effect on liver AST in LPS-treated mice
(Fig. 8A, B).

Histological results

The control livers showed normal hepatic architecture
with distinct hepatic cells, sinusoidal spaces, and a central
vein (Fig. 9A).

Histological examination of the liver from LPS-treated
mice revealed mononuclear cell infiltrations, bile duct
proliferation in the periportal areas, and minimal en-
largement in the periportal areas. In the LPS group we
also observed dilatation and congestion of the central
vein and blood sinusoids that showed numerous Kupffer
cells. Hepatocytes exhibited necrotic changes in the form
of small pyknotic nuclei with condensed or marginated

chromatin, lack of nucleoli, and strongly acidophilic cy-
toplasm (Fig. 9B, C).

On the other hand, histological examination of liver
sections from mice treated with LPS + citric acid at 1 g/kg
showed nearly normal hepatic architecture. The hepatic
lobules appeared with prominent central vein with less si-
nusoidal dilatation and decreased number of Kupffer cells
compared with the LPS-only-treated group (Fig. 9D).

The improvement in histological appearance was more
pronounced after treatment with citric acid at 2 g/kg, evi-
denced in normal appearance of liver lobules with strains of
hepatocytes compared with section of LPS groups (Fig. 9E).

In contrast, sections from mice treated with LPS and
4 g/kg of citric acid showed mild improvement with dilated
portal areas. The hepatocytes exhibited some degree of
histological regeneration with less sinusoidal dilatation and
with decreased number of Kupffer cells and less necrotic
cells (Fig. 9F).

Caspase-3 and iNOS immunoreactivity

Activated caspase-3 labeling was specific in delineating
morphologically apoptotic cells. Caspase-3 and iNOS ex-
pression was localized in the cytoplasm of hepatocytes.
There was negligible caspase-3 (Fig. 10A-i) and iNOS (Fig.
10A-ii) immunopositivity in the livers of vehicle-treated
mice. After treatment with LPS strong expression of cas-
pase-3 (Fig. 10B-i) and iNOS (Fig. 10B-ii) was observed
compared with the vehicle control group. In these sections,
caspase-3 and iNOS immunoreactivity was observed mainly
around central vein.

Caspase-3 and iNOS immunopositivity decreased in the
livers of LPS-intoxicated mice treated with 1 g/kg of citric
acid (Fig. 10C) and 2 g/kg of citric acid (Fig. 10D), re-
spectively. In contrast, citric acid in the high dose of 4 g/kg
was not effective in reducing caspase-3 (Fig. 10E-i) and
iNOS expression (Fig. 10E-ii).

DISCUSSION

In the present model of mild systemic inflammation
caused by a subseptic dose of LPS endotoxin and associated
with increased oxidative stress in brain and liver tissues,

FIG. 7. DNA fragmentation (%) in mice liver after LPS or LPS +
citric acid (1–4 g/kg, p.o.). *P < .05 versus saline control. + P < .05
versus LPS control group. #P < .05 versus LPS + 1 g/kg of citric acid.

FIG. 8. (A) Alanine aminotransfer-
ase (ALT) and (B) aspartate amino-
transferase (AST) activities in mice
liver after LPS or LPS + citric acid (1–
4 g/kg, p.o.). *P < .05 versus saline
control. + P < .05 versus LPS control
group. #P < .05 versus LPS + 1 g/kg of
citric acid.
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citric acid exerted important pharmacological effects. A
significant and marked decrease in lipid peroxidation
(measured as MDA) was observed in brain tissue after
treatment with citric acid, thereby suggesting decreased free
radical attack on polyunsaturated fatty acids. In contrast, no
significant effect on liver MDA has been observed after
treatment citric acid. In both the brain and liver, however,
citric acid displayed marked inhibitory effect on nitric ox-
ide. Under physiological conditions, this free radical gas
synthesized from the amino acid l-arginine by the enzyme
NOS is important in neurotransmission, maintaining vas-
cular tone, immune regulation, synaptic plasticity, and many
other functions.32,33 Increased levels of nitric oxide gener-
ated by glial cells, including astrocytes and microglia, due to
action of inducible NOS, however, contributes to neuronal
cell death in inflammatory, infectious, ischemic, and neu-
rodegenerative diseases.34 This is due to the ability of nitric
oxide to react with other free radicals, especially with the
oxygen radical superoxide (O2

- ), to form peroxynitrite
(ONOO - ), decomposing to form the powerful and cytotoxic
oxidants hydroxyl radical and nitrogen dioxide.35,36

In face of increased free radicals and reactive oxygen
species, cells are equipped with a number of antioxidant
mechanisms, such as catalases, GPxs, glutathione transferase,
superoxide dismutase, and GSH.3 The administration of LPS
was associated with an increase in lipid peroxidation and a
drop in GSH level and GPx activity in brain and liver tissues,
which indicates increased generation of free radicals. In LPS-
treated mice, brain and liver GSH were not altered by citric
acid. Meanwhile, treatment with citric acid at 1 g/kg was as-
sociated with increased GPx activities in brain and liver tis-
sues, possibly due to an antioxidant effect of citric acid. In the
current study, decreased brain and liver PON1 activity was
observed after the administration of LPS. PON1 enzyme that
plays an important role in the metabolism of many xenobiotic
compounds has recently drawn attention, for a possible role in
protecting cellular membranes against lipid peroxidation.25,26

In brain tissue, PON1 activity was improved by citric acid
given at 1 g/kg. PON1 activity in liver tissue, however, de-
creased following higher doses of citric acid, possibly re-
flecting consumption or inactivation of the enzyme by
increased free radicals with high concentration of citric acid.

FIG. 9. Hematoxylin and eosin (H&E)–
stained liver sections from mice treated with
(A) saline (control). (B) LPS: inflammatory
leukocytic cell infiltration around portal area
(long arrow), necrosis (arrow head), dilated
and congested blood sinusoids, and marinated
nuclear chromatin (star). (C) LPS: focal ne-
crotic area (arrow head), activated Kupffer
cells, dilated and congested blood sinusoids,
and pyknotic nuclei (star). (D) LPS + citric
acid 1 g/kg: congestion of central vein (long
arrow), dilated blood sinusoids, and few ne-
crotic cells (arrowhead). (E) LPS + citric acid
2 g/kg: normal central vein (long arrow),
minimally dilated blood sinusoids, and few
Kupffer cells. (F) LPS + 4 g/kg of citric acid:
congestion of central vein (long arrow), signs
of degeneration of hepatocytes, dilated con-
gested blood sinusoids, and few Kupffer cells
(H&E · 400). Color images available online
at www.liebertpub.com/jmf
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FIG. 10. The effect of LPS and citric
acid treatment on hepatic caspase-3 (i) and
inducible nitric oxide synthase (iNOS) (ii)
immunostaining: (A) control liver; (B)
LPS; (C) LPS + citric acid 1 g/kg; (D)
LPS + citric acid 2 g/kg; (E) citric acid
4 g/kg (caspase-3 and iNOS immunohisto-
chemistry, hematoxylin counterstain · 400).
Color images available online at www
.liebertpub.com/jmf
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One potent proinflammatory cytokine is TNF-a, which is
produced in the brain by glial cells in response to various
stimuli and induces astrocytes and microglial cells to se-
crete several inflammatory mediators, such as chemokines,
lipid mediators, nitric oxide, and other free radicals. TNF-a
has been demonstrated to play an important role in central
nervous system neuroinflammation-mediated cell death in
various neurodegenerative conditions.37,38 In the present
study, the cytokine was markedly increased in brain
tissue after LPS administration. Here we demonstrate
that citric acid treatment was associated with marked in-
hibitory effect on TNF-a production within brain tissue
after LPS challenge. This ability of citric acid to decrease
pathological TNF-a production in the brain might be of
value in relevance to neurodegenerative diseases. TNF-a
expression appears to be upregulated in several neurode-
generative disorders, such as Alzheimer’s disease, Par-
kinson’s disease, and amyotrophic lateral sclerosis, and
pharmacological manipulation of TNF-a within the brain
has been proposed as one potential target in the treatment
of these conditions and may represent a valuable target for
intervention.39–41

The present data indicate that citric acid can act directly
on brain cells to inhibit their production of TNF-a and ni-
trite. LPS acts on TLR4 receptors on macrophages, dendritic
cells, and other immune cells to release proinflammatory
cytokines, such as TNF-a and IL-1b, which might gain di-
rect access to the brain via the blood–brain barrier or signal
to the brain via the vagus nerve, the so-called gut–brain
immune communication.42,43 Thus it is also possible that the
effects of citric acid on brain are accounted for by modu-
lating the release of inflammatory mediators from leuco-
cytes in the periphery.

Differences in results for the same markers in liver and
brain tissues were observed. Thus, in contrast to the effects
of citric acid in decreasing lipid peroxidation in the brain, no
significant effect on liver MDA was observed. Moreover,
PON1 activity in liver tissue decreased following citric acid
at high doses. This might be due to the particular metabolic
pathway interrelationships within each so different organ.
Nevertheless, DNA fragmentation, serum transaminase el-
evations, caspase-3 and iNOS expression, and histological
damage were all attenuated by 1–2 g/kg of citric acid. These
data clearly indicated a protective effect for citric acid ad-
ministration within this dose range on hepatic damage
during endotoxemia. Citric acid intake, therefore, is likely to
have a beneficial effect on the liver under toxic and in-
flammatory conditions. Citric acid might prevent liver injury
through (1) reducing polymorphonuclear cell degranulation
and attenuating the release of myeloperoxidase, elastase, IL-
1b, and platelet factor; (2) stimulation of glycolysis and the
tricarboxylic acid cycle; (3) increased production of bicar-
bonate with improvement of tissue acidosis in inflammatory
conditions and therefore maintains tissue and cellular in-
tegrity; and (4) stimulation of vagal sensory afferents in-
volved in signaling hepatic protection.11–13,15,44,45

It should be noted, however, that some of the beneficial
effects observed for citric acid in brain and liver tissues were

only in the dose range of 1–2 g/kg. This protective effect is
lost when the dose is increased to 4 g/kg; for example, GPX
and PON1 activities were increased only with 1 g/kg and
TNF was decreased only by 1–2 g/kg of citric acid; the doses
that were most effective in inhibiting brain nitrite. The
protective effects on the liver were also lost with the higher
dose of 4 g/kg, which also increased liver DNA fragmen-
tation. Since citric acid is found in all animal tissues as an
intermediate in the Krebs cycle, no limit has been set on the
acceptable daily intake for humans for either the acid or
salt.46 It is possible, however, that at higher concentrations,
citric acid acts as a pro-oxidant. Several antioxidants show
pro-oxidant effects at higher doses/concentrations, for ex-
ample, carotenoids,47 vitamin E, and vitamin C.48,49 Natural
compounds also display double-edged effects on inflam-
matory reactions, depending potentially on their concen-
trations: physiologic doses leading to beneficial effects
whereas high doses may result in harmful effects.50

In summary, the present data suggest an antioxidant and
anti-inflammatory effect for orally given citric acid at 1–2 g/
kg in brain tissue. Citric acid also demonstrated a beneficial
hepatic protective effect at this dose range. Given that both
increased brain oxidative stress and chronic inflammation
have been linked to the development of neurodegenerative
diseases, citric acid might thus prove of clinical benefit in
such conditions. The present study suggests that citric acid
might find utility in treatment of toxic and inflammatory
conditions of the brain and liver tissues. This can take the
form of supplementation as nutraceutical citric acid.
Meanwhile, citric acid is naturally concentrated in citrus
fruits with lemon juice and lime juice being rich sources of
citric acid and intake of these has been suggested as an
effective means of treating oxalate stones.1,51,52 These
studies have addressed the utility of dietary intervention
with fruits and fruit juices with high citrate content (orange
juice and lemonade) as an alternative to potassium citrate in
increasing urinary pH and citrate, but the combination of
citrate supplementation and fruit juices was not evaluated.
This latter approach might prove a useful one combining the
advantages of both classes of food additives. The presence
of flavonoids and vitamin C in citrus fruits and juices makes
the latter option an attractive one.

AUTHOR DISCLOSURE STATEMENT

The authors declare that there are no conflicts of interest.

REFERENCES

1. Halliwell B: Reactive oxygen species and the central nervous

system. J Neurochem 1992;59:1609–1623.

2. Halliwell B: Biochemistry of oxidative stress. Biochem Soc

Trans 2007;35:1147–1150.

3. Wickens AP: Ageing and the free radical theory. Respir Physiol

2001;128:379–391.

4. Gutteridge JMC: Lipid peroxidation and antioxidants as bio-

markers of tissue damage. Clin Chem 1995;41:1819–1828.

5. Sies H: Oxidative stress: oxidants and antioxidants. Exp Physiol

1997;82:291–295.

596 ABDEL-SALAM ET AL.



6. Halliwell N: Role of free radicals in the neurodegenerative dis-

eases: therapeutic implications for antioxidant treatment. Drugs

Aging 2001;18:685–716.

7. Valko M, Leibfritz D, Moncol J, et al.: Free radicals and anti-

oxidants in normal physiological functions and human disease.

Int J Biochem Cell Biol 2007;39:44–84.

8. Sayre LM, Perry G, Smith MA: Oxidative stress and neurotox-

icity. Chem Res Toxicol 2008;21:172–188.

9. Penniston KL, Nakada SY, Holmes RP, et al.: Quantitative as-

sessment of citric acid in lemon juice, lime juice, and commer-

cially-available fruit juice products. J Endourol 2008;22:567–570.

10. Grigor JMV, Johnson WS, Salminen S: Food additives for spe-

cial dietary purposes. In: Food Additives, 2nd edition. (Branen

AL, Davidson PM, Salminen S, Thorngate JH 3rd, eds.) Marcel

Dekker, Inc., Basel, New York, 2002, pp. 341.

11. Gabutti L, Ferrari N, Mombelli G, et al.: The favorable effect

of regional citrate anticoagulation on interleukin-1beta release

is dissociated from both coagulation and complement activation.

J Nephrol 2004;17:819–825.

12. Gritters M, Grooteman MP, Schoorl M, et al.: Citrate antic-

oagulation abolishes degranulation of polymorphonuclear cells

and platelets and reduces oxidative stress during haemodialysis.

Nephrol Dial Transplant 2006;21:153–159.

13. Tiranathanagul K, Jearnsujitwimol O, Susantitaphong P, et al.:

Regional citrate anticoagulation reduces polymorphonuclear cell

degranulation in critically ill patients treated with continuous

venovenous hemofiltration. Ther Apher Dial 2011;15:556–564.

14. Bryland A, Wieslander A, Carlsson O, et al.: Citrate treatment

reduces endothelial death and inflammation under hypergly-

caemic conditions. Diab Vasc Dis Res 2012;9:42–51.

15. Abdel Salam OME, Sleem AA, Shaffie NM: Hepatoprotective

effects of citric acid and aspartame on carbon tetrachloride-

induced hepatic damage in rats. EXCLI J 2009;8:41–49.

16. Raetz CR, Whitfield C: Lipopolysaccharide endotoxin. Annu Rev

Biochem 2002;71:635–700.

17. Qin L, Wu X, Block ML, et al.: Systemic LPS causes chronic

neuroinflammation and progressive neurodegeneration. Glia

2007;55:453–462.

18. Buttini M, Mir A, Appel K, et al.: Lipopolysaccharide induces

expression of tumour necrosis factor alpha in rat brain: Inhibition

by methylprednisolone and by rolipram. Br J Pharmacol 1997;

122:1483–1489.

19. Turrin NP, Gayle D, Ilyin SE, et al.: Pro-inflammatory and anti-

inflammatory cytokine mRNA induction in the periphery and

brain following intraperitoneal administration of bacterial lipo-

polysaccharide. Brain Res Bull 2001;54:443–453.

20. Fiorucci S, Mencarelli A, Meneguzzi A, et al.: NCX-4016 (NO-

Aspirin) inhibits lipopolysaccharide-induced tissue factor expres-

sion in vivo. Role of nitric oxide. Circulation 2002;106:3120–3125.

21. Ruiz-Larrea MB, Leal AM, Liza M, et al.: Antioxidant effects of

estradiol and 2-hydroxyestradiol on iron-induced lipid perox-

idation of rat liver microsomes. Steroids 1994;59:383–388.

22. Ellman GL: Tissue sulfhydryl groups. Arch Biochem 1959;82:

70–77.

23. Moshage H, Kok B, Huizenga JR: Nitrite and nitrate determi-

nation in plasma: a critical evaluation. Clin Chem 1995;41:892–

896.

24. Paglia DE, Valentine WN: Studies on the quantitative and

qualitative characterization of erythrocyte glutathione peroxi-

dase. J Lab Clin Med 1967;70:158–169.

25. Higashino K, Takahashi Y, Yamamura Y: Release of phenyl

acetate esterase from liver microsomes by carbon tetrachloride.

Clin Chim Acta 1972;41:313–320.

26. Watson AD, Berliner JA, Hama SY, et al.: Protective effect of

high density lipoprotein associated paraoxonase. Inhibition of the

biological activity of minimally oxidized low density lipoprotein.

J Clin Invest 1995;96:2882–2891.

27. Chen W, Jin W, Cook M, et al.: Oral delivery of group a

streptococcal cell walls augments circulating TGF-beta and

suppresses streptococcal cell wall arthritis. J Immunol 1998;161:

6297–6304.

28. Gercel-Taylor C: Diphenylamine assay of DNA fragmentation

for chemosensitivity testing. Methods Mol Med 2005;111:79–82.

29. Crowley LV: The Reitman-Frankel colorimetric transaminase

procedure in suspected myocardial infarction. Clin Chem

1967;13:482–487.

30. Belfield A, Goldberg DM: Revised assay for serum phenyl

phosphatase activity using 4-amino-antipyrine. Enzyme 1971;12:

561–573.

31. Gown AM, Willingham MC: Improved detection of apoptotic

cells in archival paraffin sections: immunohistochemistry using

antibodies to cleaved caspase 3. J Histochem Cytochem 2002;50:

449–454.

32. Dawson TM, Snyder SH: Gases as biological messengers: Nitric

oxide and carbon monoxide in the brain. J Neurosci 1994;14:

5147–5159.

33. Förstermann U, Sessa WC: Nitric oxide synthases: Regulation

and function. Eur Heart J 2012;33:829–837.

34. Bal-Price A, Brown GC: Inflammatory neurodegeneration me-

diated by nitric oxide from activated glia-inhibiting neuronal

respiration, causing glutamate release and excitotoxicity. J Neurosci

2001;21:6480–6491.

35. Beckman JS: The double-edged role of nitric oxide in brain function

and superoxide-mediated injury. J Dev Physiol 1991;15:53–59.

36. Moncada S, Bolanos JP: Nitric oxide, cell bioenergetics and

neurodegeneration. J Neurochem 2006;97:1676–1689.

37. Feueurstein G, Liu T, Barone F: Cytokines, inflammation and

brain injury: role of TNF alpha. Cerebrovasc Brain Metab Rev

1994;6:341–360.

38. Tansey MG, Wyss-Coray T: Cytokines in CNS inflammation and

disease. In: Central Nervous System Diseases and Inflammation.

(Lane TE, Carson M, Bergmann C, Wyss-Coray T, eds.) Springer,

New York, 2008, pp. 59–106.

39. Tweedie D, Sambamurti K, Greig NH: TNF-alpha inhibition as a

treatment strategy for neurodegenerative disorders: new drug

candidates and targets. Curr Alzheimer Res 2007;4:378–385.

40. McCoy MK, Tansey MG: TNF signaling inhibition in the CNS:

implications for normal brain function and neurodegenerative

disease. J Neuroinflamm 2008;5:45.

41. Frankola KA, Greig NH, Luo W, et al.: Targeting TNF-a to

elucidate and ameliorate neuroinflammation in neurodegenerative

diseases. CNS Neurol Disord Drug Targets 2011;10:391–403.

42. Goehler LE, Gaykema RP, Hansen MK, et al.: Vagal immune-to-

brain communication: a visceral chemosensory pathway. Auton

Neurosci 2000;85:49–59.

43. Romanovsky AA: Signaling the brain in the early sickness syn-

drome: are sensory nerves involved? Front Biosci 2004;9:494–504.

44. Bjarnason I, Smethurst P, Macpherson A, et al.: Glucose and

citrate reduce the permeability changes caused by indomethacin

in humans. Gastroenterology 1992;102:1546–1550.

CITRIC ACID AND OXIDATIVE STRESS 597



45. Caudarella R, Vescini F, Buffa A, et al.: Citrate and mineral metabolism:

kidney stones and bone disease. Front Biosci 2003;8:s1084–s1106.

46. German JB: Antioxidants. In: Food Additives, 2nd edition.

(Branen AL, Davidson PM, Salminen S, Thorngate JH 3rd, eds.)

Marcel Dekker, Inc., Basel, New York, 2002, pp. 538.

47. Palozza P: Evidence for pro-oxidant effects of carotenoids in vitro

and in vivo implications in health and disease. In: Carotenoids in

Health and Disease. (Mayne ST, Sies H, Krinsky NI, eds.) CRC

Press, Marcel Dekker AG, New York, 2004, pp. 127–149.

48. Bowry VW, Stocker R: Tocopherol-mediated peroxidation. The

prooxidant effect of vitamin E on the radical-initiated oxidation

of human low-density lipoprotein. J Am Chem Soc 1993;115:

6029–6044.

49. Podmore ID, Griffiths HR, Herbert KE, et al.: Vitamin C exhibits

pro-oxidant properties. Nature 1998;392:559.

50. Bouayed J, Bohn T: Exogenous antioxidants—double-edged

swords in cellular redox state. Health beneficial effects at phys-

iologic doses versus deleterious effects at high doses. Oxid Med

Cell Longev 2010;3:228–237.

51. Kang DE, Sur RL, Haleblian GE, et al.: Long-term lemonade

based dietary manipulation in patients with hypocitraturic ne-

phrolithiasis. J Urol 2007;177:1358–1362.

52. Haleblian GE, Leitao VA, Pierre SA, et al.: Assessment of citrate

concentrations in citrus fruit-based juices and beverages: im-

plications for management of hypocitraturic nephrolithiasis. J

Endourol 2008;22:1359–1366.

598 ABDEL-SALAM ET AL.



BioMed CentralBMC Urology

ss
Open AcceResearch article
Lemon juice has protective activity in a rat urolithiasis model
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Abstract
Background: The use of herbal medicines (medicinal plants or phytotherapy) has recently gained
popularity in Europe and the United States. Nevertheless the exact mechanism of the preventive
effects of these products is still far to be clearly established, being its knowledge necessary to
successfully apply these therapies to avoid stone formation.

Methods: The effect of oral lemon juice administration on calcium oxalate urolithiasis was studied
in male Wistar rats. Rats were rendered nephrolithic by providing drinking water containing 0.75%
ethylene glycol [v/v] (EG) and 2% ammonium chloride [w/v] (AC) for 10 days. In addition to EG/
AC treatment, three groups of rats were also gavage-administered solutions containing 100%, 75%
or 50% lemon juice [v/v] (6 µl solution/g body weight). Positive control rats were treated with EG/
AC but not lemon juice. Negative control rats were provided with normal drinking water, and were
administered normal water by gavage. Each group contained 6 rats. After 10 days, serum samples
were collected for analysis, the left kidney was removed and assessed for calcium levels using flame
spectroscopy, and the right kidney was sectioned for histopathological analysis using light
microscopy.

Results: Analysis showed that the rats treated with EG/AC alone had higher amounts of calcium
in the kidneys compared to negative control rats. This EG/AC-induced increase in kidney calcium
levels was inhibited by the administration of lemon juice. Histology showed that rats treated with
EG/AC alone had large deposits of calcium oxalate crystals in all parts of the kidney, and that such
deposits were not present in rats also treated with either 100% or 75% lemon juice.

Conclusion: These data suggest that lemon juice has a protective activity against urolithiasis.
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Background
Kidney stone formation or urolithiasis is a complex proc-
ess that is a consequence of an imbalance between pro-
moters and inhibitors in the kidneys [1]. The recurrence of
urolithiasis represents a serious problem as patients who
have formed one stone are more likely to form another.
Not all standard pharmaceutical drugs used to prevent
urolithiasis are effective in all patients, and many have
adverse effects that compromise their long-term use [2].

Renal calculi can be broadly classified in two large groups:
tissue attached and unattached [3]. Attached calculi are
mainly integrated by calcium oxalate monohydrate
(COM) renal calculi, with a detectable attachment site to
the renal papilla and basically consisting of a core located
near to the attachment site (concave zone) and radially
striated concentrically laminated peripheral layers. Unat-
tached calculi, with no detectable site of attachment to
papilla, are developed in renal cavities of low or reduced
urodynamic efficacy and can exhibit diverse composition
and structures. Several reports have been published since
Randall's first description of papillary calcifications and
their possible active role in the genesis of COM papillary
calculi [4-6]. At present, it seems clear that renal epithelial
cell injuries play a decisive role in such a type of renal cal-
culi development [7,8], and in fact the lithogenic effect
caused by ethylene glycol (EG) must be mainly attributed
to the oxidative damage caused by the high level of
oxalate generated by EC. Thus, although EC rat model can
be questioned as a general model to study renal stone for-
mation, it must be considered as an interesting model to
evaluate renal papillary stone development, at least for
those stones which genesis is linked to oxidative cell dam-
age. Thus, the first studies on experimental EC renal lithi-
asis appeared in the 60' decade [9,10] but the importance
of the oxidative damage caused by hyperoxaluria was not
clearly proposed until the end of the century [11]. From
this last period it appeared several prophylaxis proposals
on EC induced nephrolithiasis using herbal extracts and
antioxidants [12-19]. In all these papers the effects of
these compounds did not seem to be mediated by diuretic
or other urinary biochemical changes and positive effects
on calcium oxalate lithiasis are most likely due to antiox-
idative effects.

To further investigate the potential of lemon juice as a
therapy for lithiasis, the present study examined the effect
of lemon juice on experimentally EG-induced calcium
oxalate (CaOx) nephrolithiasis in rats.

Methods
Animals
Thirty male Wistar rats weighing approximately 280 g
were acclimated for 3 days in cages before experiments
commenced. Experiments were conducted in accordance

with internationally accepted standard guidelines for the
use of animals. Rats had ad libitum access to standard
chow and tap water, and were kept under a controlled 12
h light/dark cycle at 22 ± 2°C.

Ethylene glycol-induced urolithiasis
The thirty rats were divided into five groups comprising
six animals per group. Each group underwent a different
treatment protocol for 10 days. Group 1: negative control,
ad libitum access to regular food and drinking water, and
administered 6 µl distilled water per 1 g of body weight by
gavage (intra-gastric administration). Groups 2, 3, 4 and
5: ad libitum access to regular food, and ad libitum access to
drinking water containing 0.75% [v/v] ethylene glycol
(EG) and 2% [w/v] ammonium chloride (AC) in order to
promote hyperoxaluria and CaOx deposition in the kid-
neys. Groups 2, 3 and 4 were also administered 6 µl
lemon juice solution/g body weight by gavage at the fol-
lowing concentrations: Group 2, 100% lemon juice;
Group 3, 75% [v/v] and Group 4, 50%. Group 5 rats were
administered 6 µl distilled water/g body weight by gavage
(positive control). All rats were weighed daily.

Assessment of antiurolithic activity
Kidney and serum analysis
After the 10-day experimental period, rats were anaesthe-
tized and blood was collected from the retro-orbital
region, centrifuged at 10,000 × g for 10 min [20], and the
serum collected and analyzed for calcium, phosphorus,
urea and creatinine using an automated system (Cobas
Integra 400 plus). The rats were then sacrificed by cervical
dislocation, the abdomen opened and both kidneys
removed. The left kidney was dried in an oven at 100°C
for 24 h, after which the kidney was weighed and then
minced in a beaker containing 7 ml 0.5 N nitric acid. The
mixture was then heated until the liquid became transpar-
ent. After calibration using a standard calcium solution,
the calcium content of the mixture was determined using
flame spectroscopy. The amount of calcium is expressed
as µg/g dry kidney. The right kidney was fixed in bouin
liquid [21,22], soaked in paraffin, cut at 3–4 µm intervals,
and the slices stained using hematoxylin and eosin [21].
Tissue slices were photographed using optical microscopy
under polarized light (Olympus BX41).

Statistical analysis
Results are presented as mean ± standard error (S.E.). A
one-way ANOVA was used to determine the significance
of differences among groups. Student's t-test was used to
assess differences between means. Conventional Win-
dows software was used for statistical computations. A P
value < 0.05 was considered to indicate a significant dif-
ference.
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Results
Serum analysis
Serum analysis showed that urea and creatinine levels
were higher in Groups 2, 3, 4 and 5 compared to Group 1
(Fig. 1). These data indicate marked renal damage in the
EG/AC-treated rats. The data also showed that urea, creat-
inine, calcium and phosphorus levels were lower in rats
treated with lemon juice (Groups 2, 3 and 4) compared to
rats treated with EG/AC alone (Group 5, positive control).

Body weight
EG/AC-treated rats (Groups 2, 3, 4 and 5) weighed less
than the negative control rats (Group 1) at the completion
of the experiment (Fig. 2).

Calcium levels in the kidneys
The left kidneys were assessed for calcium levels. EG/AC
treatment alone (Group 5) resulted in increased kidney
calcium levels compared to the negative control rats,
while the administration of 100% lemon juice reduced
this calcium accumulation (Group 2) (Fig. 3).

Histological examination
Examination of kidney paraffin sections showed that
Group 5 rats (EG/AC alone, positive control) had the
greatest amount of CaOx deposition, and this was present
in all parts of all three major areas of the kidney. Intratu-
bular and interstitial crystals were observed on the cortex
(Figs. 4d and 4e). There was greater calcification on sur-
face of the renal parenchyma (Fig. 5) and the papillary tip
(Fig. 6) in Group 5 rats compared to the Groups 2, 3 and
4 rats (EG/AC and lemon juice). Longitudinal sections
showed the papillary tips were encrusted with CaOx crys-
tals (Figs. 6d and 6e). Analysis of portions of these crystal-
line deposits removed from the papillary tip showed they
were composed of CaOx monohydrate and CaOx dihy-
drate. No papillary encrustations were seen in tissue from
the negative control rats (Group 1) (Fig. 6a) or rats treated
with EG/AC and 100% lemon juice (Group 2) (Fig. 6b).
Major calcium deposits were observed on the surface of
the papillary tips in 33% of the positive control rats
(Group 5) and 17% of the rats treated with EG/AC and
75% lemon juice (Group 3). All positive control rats
(Group 5) had major calcium deposits on the surface of
the cortex and medulla, while no such deposits were

Serum biochemical dataFigure 1
Serum biochemical data. Values represent mean ± SD for six animals in each group. a Values are significantly different from the 
negative control group: *p < 0.05, **p < 0.01, ***p < 0.001. b Values are significantly different from the positive control group: 
* p < 0.05, **p < 0.01, ***p < 0.001.
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observed in the negative control rats (Group 1) (Tables 1
and 2). These morphological findings were consistent
with the left kidney calcium level data.

Discussion
Urinary lithiasis is generally the result of an imbalance
between inhibitors and promoters in the kidneys. Human
kidney stones are usually composed of CaOx [1], and sev-
eral studies have examined the effect of the citrus juices on
calcium salt crystallization [23-27]. However, the conclu-
sions from those studies were not consistent.

Many in vivo models have been developed to investigate
the mechanisms involved in the formation of urinary
stones, and to ascertain the effect of various therapeutic
agents on the development and progression of the disease
[28-33]. Rats are the most frequently used animals in
models of CaOx deposition in the kidneys, a process that
mimics the etiology of kidney stone formation in humans
[28]. Rat models of CaOx urolithiasis induced by either
EG alone or in combination with other drugs such as AC,
are often used to study the pathogenesis of kidney crystal
deposition [30]. Using the accelerated model [32], in the
present study rats were treated with 0.75% EG and 2% AC
for 10 days. All positive control rats (Group 5) developed
CaOx depositions during that time.

The present study examined the effect of various lemon
juice concentrations on the deposition of CaOx crystals
within the rat kidney. Previous studies concluded that
medicinal plants had little effect on the urinary chemistry
of urolithiasis [34,35]. The current study analyzed body
weight, kidney calcium level, serum concentrations of cal-
cium, phosphorus, urea and creatinine, and the histopa-
thology of the kidney. We found that Group 1 rats
(negative controls) remained active and gained weight,
while Group 2, 3, 4 and 5 rats lost weight over the 10 days
of treatment. Microscopic examination using polarized
light of kidney sections derived from nephrolithiasic rats
showed intratubular and interstitial crystal deposits, con-
sistent with the findings of others [36]. These crystals were
intensely birefringent, polycrystalline, and arranged in a
rosette characteristic of CaOx crystals. The presence of
such deposits is evidence of adhesion and retention of
particles within the renal tubules. These crystal deposits
were observed in the kidneys of all Group 5 rats. Moreo-
ver, 33% of these rats showed major calcifications on the
papillary tip. In contrast, no rats treated with lemon juice
showed such papillary crystalline deposits. Rats treated
with 100% or 75% lemon juice had far less kidney calcifi-
cation and lower renal tissue calcium levels than the pos-
itive control rats (Group 5) (Table 1 and 2). No papillary
encrustations were seen in 100%, 83% and 50% of rats
treated with 100%, 75% and 50% lemon juice, respec-
tively. Furthermore calcic parenchymatous deposits were
not observed in 83% of rats treated with 100% and 75%
lemon juice. These results clearly demonstrate the ability
of the lemon juice to prevent the development of papil-
lary and renal parenchymatous calcifications on the kid-
ney, consequently preventing the development of
papillary and parenchymatous calculi. All rats treated with
50% lemon juice showed fewer calcium deposits on the
kidney surface than positive control rats (Group 5). While
treatment with 100% and 75% lemon juice appeared to
be more beneficial that treatment with 50% juice, this dif-
ference was not found to be statistically significant.

Amount of calcium in the left kidneyFigure 3
Amount of calcium in the left kidney. Values represent mean 
± SD (µg/g) for six animals in each group. a Values are signifi-
cantly different from the negative control group: *p < 0.05, 
**p < 0.01, ***p < 0.001. b Values are significantly different 
from the positive control group: * p < 0.05, **p < 0.01, ***p 
< 0.001.
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Crystalline formations in the rat kidney cortexFigure 4
Crystalline formations in the rat kidney cortex. Sections were viewed using a BX41 optical microscope and polarized light. a: 
Tissue from negative control rats, b: Tissue from rats treated with ethylene glycol (EG), ammonium chloride (AC) and 100% 
lemon juice, c: Tissue from rats treated with EG, AC and 75% lemon juice, d: Tissue from rats treated with EG, AC and 50% 
lemon juice, e: Tissue from rats treated with EG and AC only (positive control). Crystalline formations in the renal cortex are 
indicated by arrows. Magnification ×100.
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Crystalline formation in the renal parenchymaFigure 5
Crystalline formation in the renal parenchyma. Sections were viewed using a BX41 optical microscope and polarized light. a: 
Tissue from negative control rats, b: Tissue from rats treated with ethylene glycol (EG), ammonium chloride (AC) and 100% 
lemon juice, c: Tissue from rats treated with EG, AC and 75% lemon juice, d: Tissue from rats treated with EG, AC and 50% 
lemon juice, e: Tissue from rats treated with EG and AC only (positive control). Crystalline formations in the renal parenchyma 
are indicated by arrows. Magnification ×100.
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Crystalline formations in the renal papillaFigure 6
Crystalline formations in the renal papilla. Sections were viewed using a BX41 optical microscope and polarized light. a: Tissue 
from negative control rats, b: Tissue from rats treated with ethylene glycol (EG), ammonium chloride (AC) and 100% lemon 
juice, c: Tissue from rats treated with EG, AC and 75% lemon juice, d: Tissue from rats treated with EG, AC and 50% lemon 
juice, e: Tissue from rats treated with EG and AC only (positive control). Crystalline formations in the renal papilla are indi-
cated by arrows. Magnification ×100.
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The association of crystals with renal tubular cells is con-
sidered a potential factor in the process of renal stone for-
mation. Indeed, calculations considering the rate of
crystal growth even at its maximum speed and tubular
fluid flow suggest that a single crystal would not become
large enough to be retained and occlude the lumen during
its normal transit through the nephron [28]. Furthermore,
it is established that crystals, especially calcium oxalate
monohydrate crystals, can be retained by attachment to
the surface of renal epithelial cells and be internalized
[28].

Lemon juice has a high antioxidant capacity due to the
presence of citrate, vitamin C, vitamin E and flavonoids
such as eriocitrin, hesperetin [37,38] and limonoids [39].
Vitamin E may prevent calcium oxalate crystal deposition
in the kidney by preventing hyperoxaluria-induced perox-
idative damage to the renal tubular membrane surface
(lipid peroxidation) [40,41], which in turn can prevent
calcium oxalate crystal attachment and subsequent devel-
opment of kidney stones [41,42].

In urolithiasis, the glomerular filtration rate (GFR)
decreases due to stones in the urinary system obstructing
urine outflow. This leads to the accumulation of waste
products in the blood, particularly nitrogenous sub-
stances such as urea, creatinine and uric acid. In addition,
increased lipid peroxidation and decreased levels of anti-
oxidant potential have been reported in the kidneys of rats
supplemented with a calculi-producing diet [20]. In this
context, oxalate has been reported to induce lipid peroxi-
dation and to cause renal tissue damage by reacting with

polyunsaturated fatty acids in cell membranes [20]. In the
present study, the positive control calculi-induced rats
(Group 5) were found to have marked renal damage, con-
sistent with the elevated serum levels of creatinine and
urea. The administration of lemon juice inhibited these
changes that would otherwise promote new stone forma-
tion in the urinary system. In rats treated with lemon
juice, we attribute the lower serum creatinine and urea lev-
els to an enhanced GFR and the anti-lipid peroxidative
property of lemon juice [20]. As commended, the litho-
genic effects of EG must be mainly attributed to the oxida-
tive damage caused by the high level of oxalate generated
by this substance. For this reason, the presented studies
were focused to evaluate the effects on renal papillary tis-
sue through histological studies and the protective effects
caused by the consumption of lemon juice. Previous stud-
ies evaluated the effects of citrate on renal lithiasis
induced by EG [43,44]. Nevertheless, to attain an increase
in citrate excretion it is necessary to induce metabolic aci-
dosis in rats and to achieve this condition it is necessary to
increase the doses of EG to 2%. In such case, urinary pH
of EG treated rats was clearly inferior to urinary pH of con-
trol group, the treatment with high doses of potassium cit-
rate significantly increased the urinary pH and, as a
consequence, the urinary citrate excretion notably rose.
Nevertheless, EG doses of 0.75% practically did not
change the urinary pH value when compared with control
group [36,44] and consequently the administration of cit-
rate did not cause important changes in urinary citrate
excretion [45].

Table 2: Cortex and medullar tissue data (see text for description of various groups)

Crystal deposits Group 1 n = 6 Group 2 n = 6 Group 3 n = 6 Group 4 n = 6 Group 5 n = 6

None 6 5 5 - -
Crystals: + - 1 1 2 -
Crystals ++ - - - 4 -
Crystals +++ - - - - 6

Table 1: Number and type of calcifications observed

Groups Percentage of rats with 
major calcifications on 
the papillary tip (> 90% 

of the papillary tip 
calcified)

Percentage of rats 
with some area of the 
papillary tip calcified

Percentage of rats 
with some calcified 

points on the 
papillary tip

Percentage of rats 
without 

calcifications on 
papillary tip

1. Negative controls - - - 100
2. EG, AC and 100% lemon juice - - - 100
3. EG, AC and 75% lemon juice 17 - - 83
4. EG, AC and 50% lemon juice - - 50 50
5. EG and AC (positive 
controls)

33 33 17 17
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Conclusion
The present study found that the administration of lemon
juice effectively prevented the development of urolithiasis
in rats. These findings support the use of lemon juice as an
alternative medicine to prevent urolithiasis. Further
research is necessary to clarify the mechanism underlying
this preventative effect of lemon juice.

Competing interests
The author(s) declare that they have no competing inter-
ests.

Authors' contributions
MT participated in this study by gavage of rats, measure-
ment of body weight and analysis of kidney calcium lev-
els. AL performed the statistical analysis. KE participated
in the animal experiments. FL participated in laboratory
management. IZ examined the histological samples. YE
participated in analytical determinations. AO performed
image processing. FG participated in the evaluation and
discussion of the obtained results. AC participated in
coordination. All authors read and approved the final
manuscript.

Acknowledgements
We thank Abderrazak Regragui for the expert animal handling required in 
this study.

References
1. Daudon M, Jungers P: Epidémiologie de la lithiase urinaire.  Euro-

biologiste 2001, 253:5-15.
2. Atmani F, Slimani Y, Mimouni M, Hacht B: Prophylaxis of calcium

oxalate stones by Herniaria hirsuta on experimentally
induced nephrolithiasis in rats.  BJU Int 2003, 92:137-140.

3. Grases F, Costa-Bauzá A, Ramis M, Montesinos V, Conte A: Simple
classification of renal calculi closely related to their micro-
morphology and etiology.  Clin Chim Acta 2002, 322:29-36.

4. Low RK, Stoller ML, Schreiber CK: Metabolic and urinary risk
factors associated with Randall's papillary plaques.  J Endourol
2000, 14:507-510.

5. Kuo RL, Lingeman JE, Evan AP, Paterson RF, Parks JH, Bledsoe SB,
Munch LC, Coe FL: Urine calcium and volume predict cover-
age of renal papilla by Randall's plaque.  Kidney Int 2003,
64:2150-2154.

6. Kim SC, Coe FL, Tinmouth WW, Kuo RL, Paterson RF, Parks JH,
Munch LC, Evan AP, Lingeman JE: Stone formation is propor-
tional to papillary surface coverage by Randall's plaque.  J Urol
2005, 173:117-119.

7. de Water R, Noordermeer C, Houstmuller AB, Nigg AL, Stijnen T,
Schroder FH, Kok DJ: Role of macrophages in nephrolithiasis in
rats: an analysis of the renal interstitium.  Am J Kidney Dis 2000,
36:615-625.

8. Muthukumar A, Selvam R: Renal injury mediated calcium
oxalate nephrolithiasis: role of lipid peroxidation.  Ren Fail
1997, 19:401-408.

9. Vaille C, Debray C, Martin E, Souchard M, Roze C: On experimen-
tal ethylene glycol renal lithiasis in young rats before wean-
ing.  Ann Pharm Fr 1963, 21:201-206.

10. Debray C, Vaille C, Fiehrer A, Martin E, Souchard M, Roze C: Exper-
imental disease due to paired stresses. Humoral and visceral
disturbances induced by tween 80 in rats with experimental
oxalate nephritis caused by ethylene grycol.  J Physiol (Paris)
1964, 56:707-726.

11. Thamilselvan S, Hackett RL, Khan SR: Lipid peroxidation in ethyl-
ene glycol induced hyperoxaluria and calcium oxalate neph-
rolithiasis.  J Urol 1997, 157:1059-1063.

12. Atmani F, Slimani Y, Mimouni M, Hacht B: Prophylaxis of calcium
oxalate stones by Herniaria hirsuta on experimentally
induced nephrolithiasis in rats.  BJU Int 2003, 92:137-140.

13. Itoh Y, Yasui T, Okada A, Tozawa K, Hayashi Y, Kohri K: Preventive
effects of green tea on renal stone formation and the role of
oxidative stress in nephrolithiasis.  J Urol 2005, 173:271-275.

14. Thamilselvan S, Menon M: Vitamin E therapy prevents hyper-
oxaluria-induced calcium oxalate crystal deposition in the
kidney by improving renal tissue antioxidant status.  BJU Int
2005, 96:117-126.

15. Farooq SM, Ebrahim AS, Asokan D, Sakthivel R, Savitha S, Rajesh NG,
Varalakshmi P: Credentials of Spirulina diet on stability and
flux related properties on the biomineralization process dur-
ing oxalate mediated renal calcification in rats.  Clin Nutr 2005,
24:932-942.

16. Huang HS, Chen J, Chen CF, Ma MC: Vitamin E attenuates crystal
formation in rat kidneys: roles of renal tubular cell death and
crystallization inhibitors.  Kidney Int 2006, 70:699-710.

17. Veena CK, Josephine A, Preetha SP, Varalakshmi P, Sundarapandiyan
R: Renal peroxidative changes mediated by oxalate: the pro-
tective role of fucoidan.  Life Sci 2006, 79:1789-1795.

18. Laroubi A, Touhami M, Farouk L, Zrara I, Aboufatima R, Benharref A,
Chait A: Prophylaxis effect of Trigonella foenum graecum L.
seeds on renal stone formation in rats.  Phytother Res 2007 in
press.

19. Hadjzadeh MA, Khoei A, Hadjzadeh Z, Parizady M: Ethanolic
extract of nigella sativa L seeds on ethylene glycol-induced
kidney calculi in rats.  Urol J 2007, 4:86-90.

20. Karadi RV, Gadge NB, Alagawadi KR, Savadi RV: Effect of Moringa
oleifera Lam. root-wood on ethylene glycol induced urolith-
iasis in rats.  J Ethnopharmacol 2006, 105:306-311.

21. Cuzzolin L, Conforti A, Adami A, Lussignoli S, Menestrina F, Del Sol-
dato P, Benoni G: Anti-inflammatory potency and gastrointes-
tinal toxicity of a new compound Nitronaproxen.  Pharmacol
Res 1995, 31:61-65.

22. Nolte T, Harleman JH, Jahn W: Histopathology of chemically
induced testicular atrophy in rats.  Exp Toxicol Pathol 1995,
47:267-286.

23. Wabner CL, Pak CY: Effect of orange juice consumption on uri-
nary stone risk factors.  J Urol 1993, 149:1405-1408.

24. Campoy MP, Arrabal MM, Blasco HC, Silva MC, Reina RC, Espinosa
OFJ, Garcia PM: Zumo de naranja en la prevencion de la lithia-
sis oxalocalcica.  Actas Urol Esp 1994, 18:738-743.

25. Liebman M, Chai W, Harvey E, Boenisch L: Effect of supplemental
ascorbate and orange juice on urinary oxalate.  Nutr Res 1997,
17:415-425.

26. Honow R, Laube N, Schneider A, Kessler T, Hesse A: Influence of
grapefruit-, orange- and apple-juice consumption on urinary
variables and risk of crystallization.  Br J Nutr 2003, 90:295-300.

27. Curhan GC, Curhan SG: Diet and urinary stone disease.  Curr
Opin Urol 1997, 7:277-279.

28. Atmani F, Slimani Y, Mimouni M, Aziz M, Hacht B, Ziyyat A: Effect of
aqueous extract from Herniaria hirsuta L. on experimentally
nephrolithiasic rats.  J Ethnopharmacol 2004, 95:87-93.

29. Boevé ER, Ketelaars GAM, Vermeij M, Cao LC, Schroder FH, De Bru-
ijn WC: An ultrastructural study of experimentally induced
microliths in rat proximal and distal tubules.  J Urol 1993,
149:893-899.

30. Fan J, Glass MA, Chandhoke PS: Impact of ammonium chloride
administration on a rat ethylene glycol urolithiasis model.
Scanning Microsc 1999, 13:299-306.

31. Khan SR: Pathogenesis of oxalate urolithiasis: Lessons from
experimental studies with rats.  Am J Kidney Dis 1991,
17:398-401.

32. Khan SR, Glenton P: Deposition of calcium phosphate and cal-
cium oxalate crystals in the kidneys.  J Urol 1995, 153:811-817.

33. Lee YH, Huang WC, Chiang H, Chen MT, Huang JK, Chang LS:
Determinant role of testosterone in the pathogenesis of uro-
lithiasis in rats.  J Urol 1992, 147:1134-1138.

34. Grases F, March JG, Ramis M, Costa-Bauzá A: The influence of Zea
mays on urinary risk factors for kidney stones in rats.  Phyto-
therapy Res 1993, 7:146-149.

35. Grases F, Melero G, Costa-Bauzá A, Prieto R, March JG: Urolithiasis
and phytotherapy.  Int Urol Nephrol 1994, 26:507-511.
Page 9 of 10
(page number not for citation purposes)

http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12823398
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12823398
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12823398
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12104078
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12104078
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12104078
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10954308
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10954308
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=14633137
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=14633137
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15592050
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15592050
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10977795
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10977795
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9154657
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9154657
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=13995753
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=13995753
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=13995753
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=14268522
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=14268522
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=14268522
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9072543
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9072543
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9072543
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12823398
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12823398
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12823398
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15592095
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15592095
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15592095
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15963133
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15963133
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15963133
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16084629
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16084629
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16084629
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16807540
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16807540
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16807540
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16820173
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16820173
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17582593
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17582593
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17701927
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17701927
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17701927
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16386862
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16386862
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16386862
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=7784307
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=7784307
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8855122
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8855122
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8501777
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8501777
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=7942234
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=7942234
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12908889
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12908889
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12908889
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15374612
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15374612
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15374612
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8455270
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8455270
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=2008907
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=2008907
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=7861545
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=7861545
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=1552610
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=1552610
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=1552610
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=7860196
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=7860196


BMC Urology 2007, 7:18 http://www.biomedcentral.com/1471-2490/7/18
Publish with BioMed Central   and  every 
scientist can read your work free of charge

"BioMed Central will be the most significant development for 
disseminating the results of biomedical research in our lifetime."

Sir Paul Nurse, Cancer Research UK

Your research papers will be:

available free of charge to the entire biomedical community

peer reviewed and published immediately upon acceptance

cited in PubMed and archived on PubMed Central 

yours — you keep the copyright

Submit your manuscript here:
http://www.biomedcentral.com/info/publishing_adv.asp

BioMedcentral

36. Grases F, Gonzalez R, Torres JJ, Llobera A: Effects of phytic acid
on renal stone formation in rats.  Scand J Urol Nephrol 1998,
32:261-265.

37. Miyake Y, Yamamoto K, Tsujihara N, Osawa T: Protective effects
of lemon flavonoids on oxidative stress in diabetic rats.  Lipids
1998, 33:689-695.

38. Minato K, Miyake Y, Fukumoto S, Yamamoto K, Kato Y, Shimomura
Y, Osawa T: Lemon flavonoid, eriocitrin, suppresses exercise-
induced oxidative damage in rat liver.  Life Sci 2003,
72:1609-1616.

39. Yu J, Wang L, Walzem RL, Miller EG, Pike LM, Patil BS: Antioxidant
activity of citrus limonoids, flavonoids, and coumarins.  J Agric
Food Chem 2005, 53:2009-2014.

40. Huang HS, Chen CF, Chien CT, Chen J: Possible biphasic changes
of free radicals in ethylene glycol-induced nephrolithiasis in
rats.  BJU Int 2000, 85:1143-1149.

41. Thamilselvan S, Menon M: Vitamin E therapy prevents hyper-
oxaluria-induced calcium oxalate crystal deposition in the
kidney by improving renal tissue antioxidant status.  BJU Int
2005, 96:117-126.

42. Santhosh Kumar M, Selvam R: Supplementation of vitamin E and
Selenium prevents hyperoxaluria in experimental urolithic
rats.  J Nutr Biochem 2003, 14:306-313.

43. He Y, Chen X, Yu Z, Wu D, Lv Y, Shi S, Zhu H: Sodium dicarbox-
ylate cotransporter-1 expression in renal tissues and its role
in rat experimental nephrolithiasis.  J Nephrol 2004, 17:34-42.

44. Green ML, Hatch M, Freel RW: Ethylene glycol induces hyper-
oxaluria without metabolic acidosis in rats.  Am J Physiol Renal
Physiol 2005, 289:F536-F543.

45. Grases F, Conte A, March JG, Garcia-Ferragut L: Evolution of lith-
ogenic urinary parameters with a low dose potassium citrate
treatment.  Int Urol Nephrol 1998, 30:1-8.

Pre-publication history
The pre-publication history for this paper can be accessed
here:

http://www.biomedcentral.com/1471-2490/7/18/prepub
Page 10 of 10
(page number not for citation purposes)

http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9764452
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9764452
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9688172
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9688172
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12551749
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12551749
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15769128
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15769128
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10848711
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10848711
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10848711
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15963133
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15963133
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15963133
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12873711
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12873711
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12873711
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15151257
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15151257
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15151257
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15855660
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15855660
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9569103
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9569103
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9569103
http://www.biomedcentral.com/1471-2490/7/18/prepub
http://www.biomedcentral.com/
http://www.biomedcentral.com/info/publishing_adv.asp
http://www.biomedcentral.com/


To study the renoprotective effect of Citrus limon juice and Emblica officinalis  extract 

on renal toxicity induced by carbon tetrachloride in wistar rats. 

Introduction- 

Reactive oxygen species (ROS) are various forms of activated oxygen. A disproportionately 

large amount of ROS and the absence of their scavenging systems in cells lead to oxidative 

stress and increase the risk of several human diseases, including hepatic injury, 

carcinogenesis, and inflammation [1]. The liver plays a central role in the maintenance of 

systemic lipid homeostasis and is especially susceptible to ROS-induced damage. Carbon 

tetrachloride (CCl4) is widely used to develop experimental animal models of liver failure 

(caused by free radical production) that mimic human hepatic toxicity. Although the main 

target organ of CCl4 is the liver, toxic effects of CCl4 are also observed in other organs, 

including the kidneys, testis, and brain [2–5], and the nephrotoxic effect of CCl4 is also 

associate with free radical production [2]. 

To prevent the damage caused by ROS, living organisms have developed an antioxidant 

system, which includes nonenzymatic antioxidants and enzymes, such as catalase, superoxide 

dismutase, and peroxidase [6]. In addition to these natural antioxidants, other synthetic or 

natural ROS scavengers may reduce the incidence of free radical-mediated diseases. The use 

of antioxidants in the prevention and cure of various diseases is intensifying, and there is 

considerable interest in the study of antioxidant activities of molecules, such as Citrus limon 

and Emblica officinalis [6–8]. Antioxidants appear to act against disease processes by 

increasing the levels of endogenous antioxidant enzymes and decreasing lipid peroxidation 

[9, 10] 

Citrus lemon (Citrus limon Burm.F) is a source of vitamin C, flavonoids and carotenoids 

[11]. Eriocitrin and hesperidin are the main flavonoids in lemon. The antioxidant activity of 

eriocitrin is more potent than other citrus flavonoids [12] , so we use the lemon as a rich 

source of  antioxidant in present study. 

Emblica officinalis Gaertn. (Euphorbiaceae) commonly known as amla. Experimental studies 

have shown potent antioxidant, analgesic, antipyretic, adaptogenic, immunomodulatory, and 

antiulcerogenic activities of the fruit of Emblica officinalis [13,14] As Amala has antioxidant 

property we included it in our study to see the nephroprotective activity. 

Aim and objective- 

Aim- 

To study the renoprotective effect of Citrus limon juice and Emblica officinalis  extract on 

renal toxicity induced by carbon tetrachloride in wistar rats. 

Objectives- 

1) To evaluate the renoprotective activity of Citrus limon in comparison with standard drug 

and in control group in wistar rats. 



2) To evaluate the renoprotective activity of Emblica officinalis  in comparison with standard 

drug and in control group in wistar rats. 

3) To evaluate the mixture of Citrus limon and Emblica officinalis with standard drug. 

Materials and Methods- 

Citrus limon- 

The fresh Citrus limon will properly identified and purchase. The Citrus limon will be 

authenticated from the botanist in Aurangabad. Juice will be collected and will be stored in 

jar. 

Emblica officinalis  - 

Emblica officinalis  will be purchase from market and will be authenticated from the botanist 

in Aurangabad. 

Preparation of extract  Emblica officinalis 

The Emblica officinalis will be dried and powdered by using mixer . Emblica officinalis  

powdered (5.0 g) will be extracted with mixture of distilled water 25 mL and 75 ml of ethanol 

i.e  hydroalcoholic extract will be prepared by using percolater. The extract will be dried in 

fan air and stored in cool and dry place. 

Chemicals- 

Acetylcistein (granules) 

Carbon tetrachloride- 

Animals – 

Albino wistar rats of either sex of weight (150-250 gm) will be use for the study. Animal will 

housed in ventilated animal rooms having free supply of standard laboratory diet ad libitum 

and allowed free access to drinking water. The animals will also kept in 12:12 hour light/dark 

cycle. The experimental rats will be handled in strict compliance. 

Experimental induction of CCl4 nephrotoxicity 

CCl4-induced acute renal injury will be initiated by intraperitoneal injection of 1.5 ml/kg of 

20% CCl4 dissolved in olive oil as described by Lu et al. (2002).[15] CCl4 will injected  

intraperitoneally in wistar rats to produce nephrotoxicity. Blood will be collect by retro-

orbital plexus and sent for estimation of BUN and Serum Creatinine levels and Oxidative 

Stress Parameters -  activities of antioxidant enzymes including superoxide dismutase (SOD), 

glutathione peroxidase (GPX), and catalase (CAT) in a homogenized renal tissue will be 

determined using ELISA kits, on the kit guidelines. The above test will be done before giving 

standard and test drug and after giving standard and test drugs. 

.The animals will  then randomly divided into six experimental groups as shown in below. 



Groups Drugs Drug dose 

Group I CCl4 1 ml Distill 

water /Oral 

route 

Group II Acetylcystine 950 mg/kg 

Group III  Citrus limon 

 

6 ml/kg/oral 

route for six 

wks. 

Group IV Emblica officinalis 700mg/kg/oral 

route for six 

wks 

Group V Citrus limon + Emblica officinalis 6 ml/kg + 700 

mg /kg/oral 

route for six 

wks. 

Group VI Citrus limon + Emblica officinalis  

+ Acetylcystine 

6 ml/kg + 700 

mg /kg + 950 

mg /kg/ oral 

route for six 

wks. 

Only single dose of CCl4 will given in animals for induction of renal injury. 

The dose of Citrus limon, Emblica officinalis , and acetyl cystine is selected as per it were 

use in previous literature. [16-18] 

Histological Evaluation of kidney.-  The animals will be sacrificed by giving CO2 and kidney 

will be removed for  histological assessment, kidney tissue samples will be will be fixed in 

10% formalin solution for one week. After embedding in paraffin, the tissues will cut into 3-4 

μm sections. The sections will be mounted on the glass slides, stain with hematoxylin-eosin 

(H&E) reagent, and finally survey by a pathologist in a blinded way. 

Statistical Analysis- 

Results will be done by ANOVA test using SPSS. 
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