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Editors’ Message . . .
It gives me immense pleasure to serve as the Guest Editor of this special issue of
the International Journal of Science and Humanities (IJSH) for the UGC Sponsored
National seminar on Nanomedicine and Phytotherapy Current Scenario and
Future Prospects organized by the Post Graduate and Research Department of
Biochemistry, Islamiah College (Autonomous), Vaniyambadi on 11th and 12th March
2015. This special issue has been brought for the purpose of publication of the Seminar
Proceedings. The aim of this special issue is to collect recent research developments
in the field of Medicinal Biochemistry and to reach each and every basic science
professionals. There were more than 30 Research Papers received from the researchers
all over the country. The Subject experts reviewed all the papers and only 10 articles
were recommended for publication after peer review.
On behalf of the Organizing Committee, I sincerely thank the University Grants
Commission, New Delhi for providing financial assistance for the conduct of this
National Seminar. I deeply express my thanks to the Office Bearers of the Vaniyambadi
Muslim Educational Society, Vaniyambadi and the Secretary & Correspondent and
the Principal of Islamiah College (Autonomous), Vaniyambadi for constant support
to organize this two day National Level Seminar. I owe my heartfelt thanks
to Dr. S. Niranjali Devaraj, Professor and Head, Department of Biochemistry,
University of Madras, Guindy Campus, Chennai and Dr.
K. Prem Nazeer,
Dr. U. Rizwan and Dr. A. Noor Mohamed who have given me this opportunity
to publish the articles in the special issue of the International Journal of Science and
Humanities.
Finally, I dedicate this work to the Almighty, who has given me the strength and
power to carry out this work.

Associate Professor and Head
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Introduction
Adhatoda vasica (L.) Ness belongs to the family Acanthaceae. It is a shrub
measuring 1-2.5 m high with ascending branches and leaves measuring 7-19 cm long
and 4-7 cm wide with white, pink or purple flowers. Adhatoda zeylanica Medic, and
Justicia adhatoda L, are the names used synonymously. It is also known under the
common name Malabar nut tree and the Sanskrit name vasaka. The plant has been used
in the indigenous system of medicine in India for over 2000 years. It is a well-known
drug in Ayurvedic and Unani medicine (Atal, 1980; Manjunath, 1948).
The traditional use of A. vasica as herbal medicine has been very well documented.
Concerning the safety of A. Vasica, of all the 42 references retrieved from bibliographic
data, there are no records on any serious adverse effects or side effects of the drug. The
pharmacologically active chemical component in A. vasica includes several alkaloids,
steroids, alkanes and flavonoids in roots, stem and flowers. (Lahiri and Prahdan, 1964;
Huq et al., 1967; Willaman and Li 1970; Atal, 1980; Chowdhury and Bhattacharyya,
1987, Huq et al., 1967; Jain et al., 1980; Jain and Sharma, 1982).
Fenvalerate is one of the most widely used pyrethroid pesticide used in agriculture
to protect a wide variety of crops including cotton, soybeans, corn, vegetables, apples,
peaches, pears and nuts from insect pests. Fenvalerate is a halogenated and stable
compound. It is lipophilic in nature (Eisler, 1992; Madan et al. 2000).
According to World Health Organisation, Fenvalerate is a moderately toxic
pyrethroid (WHO/FAO, 1996). There have been reports about severe chronic conditions
caused by pyrethroids in mammalian species (Fengsheng et al., 1989). Fenvalerate is a
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stable pyrethroid with half-lives ranging from 2 weeks to 3 months in soil, 3 weeks in
water and 2-4 weeks in vegetation. (Miyamoto, 1976; Gray and Soderland, 1985).
Tripathi and priyanka, (2004) studied the toxic effects of fenvalerate on brain, liver
and skeletal muscle of clarias batrachus, a freshwater catfish of India. Tripathi (1992)
observed that Clarias batrachus, was sensitive to fenvalerate than to organophosphorous
pesticide (Tripathi & Priyanka, 2004; Tripathi, 1992). According to a study,
histopathological examination of the liver of Tilapia mossambica exposed to fenvalerate
revealed vacuolation of hepatocytes and necrosis (Radhaiah & Jayantha, 1992).
Reportedly, fenvalerate exposure resulted in significant alterations in plasma
proteins, hematological parameters, and body and organ weight of experimental animals
(Demerdash et al., 2004). The signs of pyrethroid poisoning in non target species are
almost similar to the signs of poisoning observed in insects.
Due to high availability of flavonoids, A. vasica may be used as a potential
therapeutic agent in toxicity associated with pyrethroid stress. Therefore, the present
investigation was undertaken to find out the ability of adhatoda vasica in ameliorating
fenvalerate induced toxicity in fresh water fish catlacatla.

Materials and Methods
Fresh water fish Catla catla (average weight: 6-7 grams) used in the present study
were collected from the local fish farm and acclimatized to the laboratory for about a
week in pools of 50 liters capacity. The acclimatized fish were exposed for 96 h to
sublethal concentrations of fenvalerate determined by static method.
A group of 24 fish were divided into four groups. First group served as control,
second was exposed to adhatoda vasica leaf extract (50 µg/L of water). The third group
was exposed to a sublethal dose (50 µg/L of water) of a synthetic pyrethroid insecticide
fenvalerate while fourth group of fishes were exposed to both adhatoda vasica and
fenvalerate both at similar concentration (50 µg/L of water).
The biochemical constituents and hematological parameters were estimated by
standard procedures in healthy fish (Control) and from the fishes exposed to sub-lethal
concentrations of fenvalerate and Adhatoda vasica leaf extract.
All the chemicals including reagents, substrates, standards, enzymes and coenzymes
in the present study were of pure analytical grade. They were purchased from Sisco
Research Laboratories, India; E. Merck, Germany and Sigma Aldrich & Co. A.Vasica
and fenvalerate were purchased from Sigma Aldrich & Co.
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Blood samples were collected in dry and clean glass test tubes with and without
anticoagulants. Blood samples were kept at 4◦ C and centrifuged at 1000 g for 30 min
and used for the biochemical investigation.
The liver tissues were excised, rinsed in ice cold saline. Known weight of the
tissues were homogenized in 0.1 M Tris-HCl buffer, pH 7.4 at 4◦ C, in a PotterElvehjem homogenizer with a Teflon pestle at 600 rpm for 3 min. The homogenate was
centrifuged at 3000 x g for 10 min at 4◦ C using refrigerated centrifuge. The supernatant
was collected as tissue homogenate, which was used to assay various parameters.

Biochemical Analysis
DNA was assayed according to the method of Burton (1956). RNA was estimated
by the orcinol reaction following the method of ceriotti (1955). The level of Blood
Glucose was estimated by the method of Sasaki et al., (1972). Albumin was assayed
following the method of Doumas et al., (1971) The AST and ALT activity was assayed
following the method of Bergmeyer and Bernt (1974a,b). Alkaline phosphatase was
assayed followed the method of Andersch and Szczypinski (1947). The activity of
CA2+ ATP ase was assayed according to the method of Hjerten and pan (1983).
Triglycerides in plasma and tissues were estimated by the method of Rice (1970). Na+ ,
K+ - ATPase was estimated by the method of Bonting (1970). Total cholesterol in the
whole plasma and in the tissues was estimated by the method of Parekh and Jung (1970).
Hematological Parameters
Hematological parameters were measured by using blood cell counter with micro
sampling technology and automatic hematology analyser capacity.

Statistical Analysis
• Data were analyzed and expressed as mean ± S.D for six observations in each
group with SPSS (Version 20) software. Hypothesis testing method included
one way analysis of variance (ANOVA) followed by post hoc testing performed
with least significant difference (LSD) test. The p value of less than 0.05 was
considered to indicate statistical significance. (Indicated as ∗p < 0.05)
• The results were compared with; a- control vs. other groups; b- Fenvalerate vs.
other groups.
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Results and Discussion

Parameters

Control

A. Vasica
(50 µg / L
of Water)

Fenvalerate
(50 µg / L
of Water)

Fenvalerate
A. Vasica
(50 µg / L
of Water)

Cholesterol
(mg/g)
Triglycerides
(mg/g)
DNA(mg/g)
RNA(mg/g)
Glycogen
(mg/g)
Protein
(mg/g)
Albumin
(mg/g)

19.42. ± 0.51

19.90 ± 0.51

16.80 ± 0.23 a*

19.83 ± 0.21b*

242.05 ± 12.45

240.90 ± 12.70

143 ± 8.0 a*

239 ± 11.0 b*

2.81 ± 0.11
8.30 ± 0.34
43.0 ± 1.3

2.78 ± 0.06
8.5 ± 0.23
47.8 ± 2.5

1.52 ± 0.15 a*
6.3 ± 0.60 a*
30.7 ± 1.9 a*

2.66 ± 0.11 b*
8.2 ± 0.37 b*
44.7 ± 1.1 b*

184 ± 11

189 ± 8

121 ± 7.5 a*

173 ± 8 b*

71 ± 4.2

69 ± 4.4

40 ± 2.0 a*

68 ± 6.0 b*

Table 1. Basic Biochemical Parameters
The Values are expressed as mean ± S.D for six observations (n=6). One way
analysis of variance (ANOVA) followed by LSD (−p < 0.05) The results were
compared with; a- control vs other groups, b- fenvalerate vs other groups.

Parameters

Control

ALP (IU)
11.30±0.10
AST (IU)
9.63±0.32
ALT (IU)
8.94±0.12
LDH (IU)
31.0±6.9
Na+ K+ -ATP ase 2.47±0.37
(nm)
Ca2+ ATPase
2.0±0.1
(nm)

A. Vasica
(50 µg / L
of Water)

Fenvalerate
(50 µg / L
of Water)

Fenvalerate
A. Vasica
(50 µg / L
of Water)

10.94±0.05
9.94±0.31
8.51±0.29
35.6±9.0
2.68±0.14

6.04±0.14 a*
6.61±0.65 a*
5.49±0.09 a*
23.2±1.9 a*
1.6±0.32 a*

8.59±0.16 b*
7.61±0.55 b*
7.32±0.12 b*
27.61±2.63 b*
2.41±0.37 b*

1.98±0.14

1.4±0.12 a*

2.0±0.12 b*

Table 2. Basic Biochemical Parameters
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The values are expressed as mean ± S.D for six observations (n=6). One way
analysis of variance (ANOVA) followed by LSD (−p < 0.05). The results were
compared with; a- control vs other groups, b- fenvalerate vs other groups.

Parameters

Control

A. Vasica
(50 µg / L
of Water)

Fenvalerate
(50 µg / L
of Water)

Fenvalerate
A. Vasica
(50 µg / L
of Water)

Hb (g/dl)

5.33± 0.18 5.45± 0.15

3.94± 0.17 a*

4.91± 0.13 b*

PCV (%)

16.61± 0.4

16.7± 0.3

11.2± 0.1 a*

14.3± 0.4 b*

RBC (×105 /µl)

4.16± 0.08 4.34± 0.06

2.36± 0.4 a*

3.51± 0.06 b*

WBC (×103 /µl)

30.6± 2.4

31.0± 2.9

20± 2.9 a*

27.0± 2.9 b*

MCV (fL)

133± 6

126± 4.5

97± 3 a*

120± 2 b*

MCH (pg)

48.1± 0.7

44.2± 0.9

29.7± 1.6 a*

37.8± 2.2 b*

Glucose(mg/dl)

80 ± 0.9

78± 0.9

150.3± 0.6 a*

120.9± 1 b*

Table 3. Hematological Parameters
The values are expressed as mean ± S.D for six observations (n=6). One way
analysis of variance (ANOVA) followed by LSD ∗p < 0.05. The results were compared
with; a- control vs other groups, b- fenvalerate vs other groups.
A. Vasica alone treated group exhibited no significant alterations in any of the
biochemical or hematological parameter thus indicating its non toxic nature.
Significant decrease in Glycogen, DNA, RNA, Protein, Albumin, Cholesterol and
Triglyceride along with decline in LDH, ALP, AST and ALT activity was observed in
liver tissue of fenvalerate exposed fishes. A. Vasica pretreatment is able to restore the
levels of biochemical parameters to normal.
In a previous study, a significant decrease in protein, glycogen and nucleic acid
content was noticed in brain, liver, kidney, muscle and gills of fishes administered with
sublethal and lethal concentrations of fenvalerate (Malla and Bashamohideen, 1988;
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Tripathi and Priyanka, 2004).
Impairment in liver function was evidenced by a significant reduction in protein
and albumin in fenvalerate treated group. A.Vasica co-treatment restored the levels of
protein, albumin to near normal thereby indicating prevention of liver dysfunction.
A change in nucleic acid metabolism was observed after fenvalerate treatment.
The decreased levels of DNA and RNA were reverted to near normal by A.Vasica
pretreatment.
Fenvalerate caused a decrease in liver glycogen and rise of blood glucose suggesting
increased energy demands during pyrethroid stress. Co-treatment with A.Vasica
prevented this reduction in liver glycogen and elevation in blood glucose levels thereby
indicating reduction of pyrethroid stress and energy requirement of cell by A. Vasica.
Enzymes are markers of tissue injury due to their specificity and catalytic activity.
The leakages of some intracellular hepatic enzymes indicate irreparable damage in
hepatocytes. ALT, AST and ALP serve as markers of hepatic injury (Ying-Jan Wang,
2001). In our study A.Vasica is able to restore the activity levels of these enzymes in
fenvalerate intoxicated fish.
Administration of fenvalerate was associated with decrease in the activities of AST,
ALT, and ALP in liver indicating tissue injury. A.Vasica seems to have prevented
tissue injury by the restoration of these transaminases, and phosphatase probably by
preventing cellular injury and restoring protein metabolism.
A decreased activity of LDH in liver was noticed in fenvalerate intoxicated rats. Pre
treatment with A. Vasica caused recovery of LDH thus indicating restoration of normal
carbohydrate metabolism.
ATPases carry out the active transport of nutrients across the cell membranes. They
hydrolyse ATP and generate energy to carry out the body functions. ATPases play a
vital role in the maintenance of intracellular concentrations of electrolytes. Na+ , K+ dependent ATPases which forms a major part of membrane bound ATPases catalyses the
outward flux of sodium ions and the inward flux of potassium ions across the membrane.
It establishes sodium gradient which helps in the transport of nutrients (Hackney and
Boyer, 1978).
ATPases are inhibited by high concentrations of pyrethroids and also fenvalerate
may alter the activity of membrane bound ATPases via membrane lipid peroxidation
(Schneider, 1975; Desaiah et al., 1975; Doherty et al., 1981; Clark and Matsumura,
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1987; Sahib, 1987). Therefore, recovery in the activity of membrane bound ATPase
due to pyrethroid may be ascribed to the protective action of A.Vasica on fenvalerate
induced membrane damage via lipid peroxidation.
Effect of fenvalerate exposure on blood parameters like RBC, WBC, Hb, Hct, MCV,
MCH, and blood glucose level are presented in Table 4. Decreased RBC, Hb, WBC,
Hct, and MCV were noted in fenvalerate alone exposed group, which is not the case
with A.vasica pretreated fish thus indicationg the protective action of A.vasica on blood
cells.

Conclusion
Almost all the basic biochemical parameters studied decreased significantly after
pyrethroid intoxication. Hematological alterations and variations in enzyme activities in
the catla catla (Hamilton) were studied after 96 h exposure to sub-lethal concentration
of fenvalerate and A. Vasica in the present study. There was no fatality observed in
either fenvalerate or A. Vasica exposed groups.
From this investigation, it may be inferred that A.Vasica prevented the decline in
nucleic acid, protein, glycogen, triglyceride and cholesterol content of liver tissues by
restoring their normal metabolism thus preventing fenvalerate induced cellular damage.
Restoration of hematological parameters by A.Vasica could be ascribed to the
protective action of A.Vasica on blood cells by preventing cellular damage.
The non toxic nature of A.vasica on experimental fish is clear from this study. The
exact mechanism of action of A. vasica needs to be further investigated at molecular
levels.

References
A NDERSCH M.A. AND S ZCZYPINSKI A.J., (1947), Use of p-nitrophenyl phosphate as
the substrate in determination of serum acid phosphatase. Am. J. Clin. Pathol.,
17, 571-574.
ATAL , C.K., (1980), Chemistry and pharmacology of Vasicine A New Oxytocic and
Abortifacient, Regional Research Laboratory, Jammu-Tawi.
ATAL , C.K., K APUR , B.M., (1982), Cultivation and Utilization of Medicinal Plants,
Regional Research Laboratory, council of Scientific and Industrial Research,
Jammu-Tawi, P-41.

562

Effect of A. Vasica on Fenvalerate Induced Biochemical . . .

B ERGMEYER , H.U. AND B ERNT, E., (1974 a), Glutamate oxaloacetate transminase:
UV-assay manual method. In : Bergmeyer, H.U. (ed.), Methods of Enzymatic
Analysis, 2, Verlag Chemie, Wienheim, Academic Press, New York, 727-751.
B ERGMEYER , H.U. AND B ERNT, E., (1974 b), Glutamate Pyruvate Transminase:
UV-assay manual method. In : Bergmeyer, H.U. (ed.), Methods of Enzymatic
Analysis, 2, Verlag Chemie, Wienheim, Academic Press, New York, 752-773.
B ONTING , S. L., (1970), Sodium-potassium Activated adenosine triphosphatase and
cation transport, Membranes and ion transport, 1, 257-363.
B URTON . K., (1956), A study of the conditions and mechanisms of the diphenylamine
reaction for the colorimetric estimation of deoxyribonucleic acid, Biochem. J, 2,
315.
C ERIOTTI , G., (1955), Determination of Nucleic Acids in Animal Tissues. J. biol.
Chem., 214, 59.
C HOWDHURY, B,K., B HATTACHARYYA , P., (1987), Adhavasinone: a new
quinazolone alkaloid from Adhatoda vasica Nees, Chemical Industry (London),
1, 35-36.
C LARK J. M AND M ATSUMURA F., (1987), The action of two classes of pyrethroids
on the inhibition of brain Na/Ca and Ca/Mg ATP hydrolyzing activities of the
American cockroach, Comp. Biochem. Physiol., 86, 135.
D ESAIAH D, C UTKOMP L. K, V EA E. V, KOCH R. B., (1975), The effect of three
pyrethroids on ATPases of insects and fish, Gen. Pharmacol., 6, 31.
D OHERTY J. D, S ALEM N, J R . L AUTER C. J, T RAMS E. G., (1981), Mn2+ and Ca2+
ATPases in lobster axon plasma membranes and their inhibition by pesticides,
Comp. Biochem. Physiol. C., 69, 185.
D OUMAS B. T, A RD WATSON W AND B IGGS H. G., (1971), Albumin standards and
the measurement of serum albumin with bromcresol green, Clinica chimica acta,
31(1), 87-96.
E ISLER R., (1992), Fenvalerate hazards to fish, wildlife and invertebrates, a synoptic
review. U.S. U.S. Fish and Wildlife Service. Biol. Rep. 24.
E L -D EMERDASH F. M, YOUSEF M.I, K EDWANY F.S. AND BAGHDADI H.H., (2004),
Role of α-tocopherol and β-carotene in ameliorating the fenvalerate-induced
changes in oxidative stress, hemato-biochemical parameters, and semen quality
of male rats, NO OURNAL NAME, 39(3), 443-459.

M. P. Ashar Waheed, H.S.Muthu Mohamed, A. Liyakath Ali and M. Rajasekar

563

F ENGSHENG H E , S HAOGUANG WANG , L IHUI L IU , S HUYANG C HEN , Z UOWEN
Z HANG , J INXIU S UN, (1989), Clinical manifestations and diagnosis of acute
pyrethroid poisoning, Archives of Toxicology, 63(1), 54-58.
G RAY A. J AND S ODERLUND D. M., (1985), Mammalian toxicology of pyrethroids.
Progress in pesticide biochemistry and toxicology, Insecticides, D. H. Hutson and
T. R. Roberts, editors. John Wiley, New York, 5, 193-248.
H ACKNEY, D. D. AND B OYER , P. D., (1978), Subunit interaction during catalysis.
Implications of concentration dependency of oxygen exchanges accompanying
oxidative phosphorylation for alternating site cooperativity, Journal of Biological
Chemistry, 253(9), 3164-3170.
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Abstract
Japanese Encephalitis (JE) is an infectious disease of the central nervous system
caused by Japanese Encephalitis Virus (JEV), is an arbovirus belonging to the
family Flaviviridae. It is maintained in a zoonotic cycle involving pigs, ardeid
birds and Culex species of mosquitoes. Humans are accidental/dead end hosts of
JEV infection because they cannot sustain high viral titers. Millions of people,
especially those in endemic areas of developing countries in Asia, with around
50,000 cases and 10,000 deaths per year in children below 15 years of age. The
JEV has shown a tendency to extend to other geographic regions. Case fatality
averages 30% and a high percentage of the survivors are left with permanent
neuropsychiatric sequelae. Currently, there is no cure for JEV, and treatment is
mainly supportive. Patients are not infectious, but should avoid further mosquito
bites. A number of antiviral agents have been investigated; however, none of
these have convincingly been shown to improve the outcome of JEV. Supportive
and symptomatic treatments are usually used, which emphasize the importance
of prevention in this specific neurological disorder. In the absence of antiviral
intervention, vaccination is the only strategy to develop long-term sustainable
protection against JEV infection. Over the past half-century, a mouse brain-derived
inactivated vaccine has been used internationally for active immunization. To date,
however, JEV is still a clinically important, emerging, and re-emerging human
pathogen of global significance. Vector control or vaccination can be used to
prevent the disease. Because the existing Japanese encephalitis vaccine poses some
undesirable problems, a new vaccine is needed. Here we review the literature on
the JEV transmission, pathogenesis, immunisation and treatment strategies to JEV
infection.
Keywords: Japanese Encephalitis, Diagnosis, Pathogenesis, Treatment, Vaccine.
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Introduction
Japanese encephalitis (JE), a mosquito-borne flavivirus infection, is one of the
leading causes of viral encephalitides of children in Asia where more than 3 billion
people are at risk. JE occurs primarily among children under the age of 15 within the
indigenous population, and the incidence also increases in the elderly, as protective
immunity decreases [1]. Travelers and visitors to areas in Asia within either epidemic
or endemic regions are also at risk [2]. The annual incidence of JE is estimated to be
in the range of 50,000-1,75,000 cases, depending on age group, geographical area, and
immunization status [3]. Approximately 20-30% of clinical JE cases are fatal, and ∼3050% of survivors experience serious neurologic, cognitive, or psychiatric complications
even years later [4]. The fight against JEV requires concerted effort of government,
private sectors and local community. This review provides on updates about the
novel strategies for the discovery of agents JEV include reverse genetic system-based
screening, macromolecular inhibitors like antibodies and interferon, nucleic acid-based
agents (for example antisense oligomers and siRNA) and vaccine development.

JEV transmission and prevention
JEV Transmission
JEV is an arthropod-borne virus (arbovirus) that is transmitted through an enzootic
cycle between mosquitoes, pigs and water birds. Humans get accidentally infected
when bitten by an infected mosquito and are a dead end host (Figure 1). Although
many vertebrate animals can be infected with JEV, domestic pigs are the major virusamplifying host for virus transmission to humans, not only because they develop
high titers and long-lasting viremia after natural infection but also because they live
on farms in close proximity to human habitats [5]. A variety of mosquito species
may act as vectors in the enzootic cycle, but culicine mosquitoes (primarily Culex
tritaeniorhynchus) are the principal vector for human infection [6]. Humans, horses,
and other non-avian vertebrates are considered incidental dead end hosts because they
do not produce a level of viremia sufficient to infect new mosquitoes [7].
There are two distinct epidemiological patterns of JE, which mainly reflect climate
conditions. In temperate countries (e.g., China, Japan, Nepal, and South Korea),
seasonal JE outbreaks occur as the temperature and rainfall increase in the summer
months, when JEV is detectable in mosquitoes, pigs, and birds. On the other hand, in
tropical and subtropical countries (e.g., Indonesia, Malaysia, Philippines, Sri Lanka, and
Vietnam), sporadic JE cases occur all year round, with a peak during the rainy season.
Besides its natural transmission, JEV is also considered to be transmissible through
blood transfusion and organ transplantation [8].
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Figure 1: JEV Transmission Cycle
JEV is amplified in an enzootic cycle that involves mosquito vectors (mainly Culex
species) and vertebrate hosts (primarily pigs and birds). Incidentally, JEV is also
transmitted to dead-end hosts, such as humans and horses (Source: Human Vaccines
and Immunotherapeutics 10:2, 263-279, 2014).

Prevention
Vector control and vaccines against JEV
There are no approved drugs for JE therapy and prevention by vaccination as
well as by mosquito control are the most effective measures. The exposure to the
vectors of JEV can be prevented with mosquito nets and repellents as well as longsleeved clothing. Thermal fogging with ultra low volume insecticides such as pyrethrum
or malathion has been recommended for the prevention of local transmission during
epidemics, particularly in peri-urban areas with marshes. However, the vastness of
breeding areas makes larvicidal measures currently impracticable. Effective measures
undertaken in some countries to prevent or inhibit larval development include novel
water management and irrigation practices such as periodic lowering of the water level,
intermittent irrigation, and constant flow systems. Thus, JE control through vector
control methods is limited by the sustainability and cost effectiveness of the program
[9]. Furthermore, vaccines against JEV have been available since the 1930s. Numerous
inactivated and live-attenuated vaccines have been produced and have been used in many
parts of the world since then. Three different vaccines are currently in uses are
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1. The inactivated vaccine derived from mouse brain.
2. The inactivated vaccine cultivated on primary hamster kidney cells and
3. The live attenuated vaccine based on the strain SA14-14-2 [10].

Immunisation
Inactivated Mouse Brain Derived Vaccine
Mouse-brain derived inactivated vaccines are based on the Nakayama and Beijing1 strains (seroconversion rate 80% to 90%). This is the only vaccine against JE approved
by the World Health Organization. The vaccine produced from the original Nakayama
strain is manufactured in Japan, and was licensed in 1954. It is available internationally
under the Biken label the first licensed JE vaccine was an inactivated mouse brain
derived vaccine based on the prototype JEV strain Nakayama, the first isolate recovered
from the brain of a JE patient in 1935 in Japan [11]. Several purification processes
have been modified to improve vaccine purity and/or immunogenicity, and the Beijing1 strain that elicits immune responses against broader strains has been used in place
of the Nakayama strain domestically since 1989. Case-control field trials revealed that
the mouse brain-derived inactivated vaccine exhibited 81-95% efficacy [12]. JE-VAX
had several drawbacks and limitations, including vaccine-induced adverse events, high
production costs, and the need for 2 or 3 primary doses plus boosters [13, 14].
Because of a potential problem in the use of mouse brains for a vaccine antigen
source, efforts to develop cell culture-derived vaccines have been made. In 2009, two
Vero cell-derived inactivated vaccines were licensed: IXIAROr, using the SA14-14-2
strain, for merely known as IC51, was launched by Intercell AG, Austria (now Valneva
SE, France). IC51 has been licensed under one of the three trade names (IXIARO,
JESPECT, and JEEV) in many countries, including the US, Europe, Canada, Australia,
Hong Kong, Switzerland, and India [15, 16]. JEBIKV, using the Beijing-1 strain, was
launched by BIKEN, Japan. IXIAROr is composed of a formalin-inactivated Vero
cell-grown SA14-14-2 strain, which has been used as a live attenuated vaccine with
aluminium hydroxide as an adjuvant [17]. IXIAROr was approved in Europe, USA,
Canada, Hong Kong, Singapore, and Israel, and was approved under the trade name of
JESPECTr in Australia and New Zealand for adult use. JEEVr (Biological E) as a
traveler’s vaccine and for routine vaccination in endemic countries. It is now available
as JEEVr in India and was prequalified for adult use by the WHO in July 2013, as the
first prequalified JEV vaccine worldwide. In the case of live attenuated vaccines CD.
JEVAXTM was approved in China, Cambodia, North Korea, India, Laos, Myanmar,
Nepal, South Korea, Sri Lanka and Thailand. CD. JEVAXTM was prequalified by the
WHO for pediatric use in Oct 2013. Figure 2 Shows the JE-vaccination program of
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Japan since 1976, this program had three step components. The recommendation to
administer the 3rd booster was terminated on July 29, 2005.

Figure 2: The JE Vaccination Program of Japan
The primary vaccination is administrated twice at 1-4 week intervals between the
ages of 6 and 90 months. The first booster vaccination is administered 1 year after the
primary vaccination (1st step). The 2nd booster is administered between the ages of 9
and 13 years (2nd step) and the 3rd booster is administered during the ages of 14-15
years (3rd step) (Source: Takeshita. N, etal, 2014).

Live - attenuated chimeric vaccine
Live attenuated vaccine appears to offer great prospects for future vaccine
development, since fewer viruses is needed to trigger a satisfactory immune response,
which makes the vaccine cheaper, and fewer doses are required, which makes it easy
to administer [18]. The Yellow fever virus (YFV-17D) vaccine was used to generate
a chimeric live-attenuated JEV vaccine, ChimeriVAXTM -JE or JE-CV (Sanofi Pasteur)
containing the SA14-14-2 strain-derived prM/E genes in place of the corresponding
YFV-17D genes. The YFV 17D vaccine was chosen as the ideal vector for production
of the chimeric virus because of its excellent record of safety and efficacy for the past
∼70 y. Unlike the original YFV-17D vaccine, JE-CV was prepared in Vero cells. In
clinical trials, ≥99% and 95% seroconversion rates were observed following single
immunization in adults and children, respectively [19]. Since2010, JE-CV has been
approved in Australia and Thailand under the IMOJEVr and THAIJEVr trade-names,
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respectively. Number of studies has shown that the ChimeriVax-JE vaccine is safe,
immunogenic, and protective in mouse and nonhuman primate models as well as in
small-scale human studies [20, 21, 22].
Experimental vaccines
The E protein of JEV has high potential for use as an immunogen capable of
eliciting protective immunity, since JEV neutralizing antibodies alone are sufficient to
confer protection against infection [23, 24]. Ongoing efforts to develop new JE vaccines
can be categorized into three different classes: (1) recombinant protein-based vaccines,
(2) poxvirus-based vaccines, and (3) plasmid DNA-based vaccines [25].

JEV Genotype and Diagnosis
JEV Genotype
JEV is an enveloped virus with a single-stranded, positive sense, 10-11 kb RNA
genome. The 50 untranslated region (UTR) is capped and variable in length. The 30
end is not polyadenylated and is polymorphic [26, 27, 28]. The virus has a lipoprotein
envelope surrounding a nucleocapsid and a core containing of a single stranded RNA
molecule (3800 kDa). The nucleotide sequence encodes 3 structural proteins (capsid
protein C, membrane protein M and envelope protein E) and 7 non-structural proteins,
the E protein has a major antigenic role [29, 30]. The E protein plays various important
roles in infection such as receptor binding, membrane fusion and cell entry. The E
protein is the principal neutralization antigen that induces JEV-neutralizing antibodies
in a virus infected host. It has been demonstrated that protection against JEV is mainly
antibody dependent and virus-neutralizing antibodies alone are sufficient to impart
protection [31, 32].
Four genotypes have been described based on the C, M and E proteins. Genotype
I (strain K9P05), was isolated in Northern Thailand, Cambodia and Korea. Genotype
II (strain FU) was described in Southern Thailand, Malaysia, Indonesia and Northern
Australia. Genotype III (strain JaOArS982) was identified in Japan, China, Taiwan and
the Philippines. Genotype IV (strain JKT6468) was found in Indonesia. Genotypes
I and III are associated with epidemic forms and genotypes II and IV are associated
with endemic forms. The viral non-structural proteins (NS1, NS2A, NS2B, NS3, NS4A
NS4B, and NS5) regulate viral transcription and replication and attenuate host antiviral
responses. Chen et al., 2014 [33] showed that the three designed primer sets (derived
from C-prM-E-NS1 region of the JEV genome) were specific for the JEV, JEV genotype
I and genotype III viruses and multiplex RT-PCR analysis was used to differentiate and
identify the genotype I and III using a single reaction.
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Figure 3: JEV Genome Organization
It has a single open reading frame (ORF) encoding 3 structural proteins and 7 nonstructural proteins. The structural proteins are capsid (C), precursor to membrane (prM)
which is cleaved to yield membrane (M) protein and envelope (E). The non-structural
proteins are NS1, NS2A, NS2B, NS3, NS4A, and NS5. The polyprotein produced from
the ORF is cleaved into the different structural and non-structural proteins by various
host and viral proteases.
Diagnosis of JEV
JE shares numerous clinical symptoms with other febrile illnesses like Dengue,
Tick-borne encephalitis or other viral as well as bacterial infections. Hence, laboratory
confirmation is essential for the accurate diagnosis of JE, which is not a simple process
due to the very low viremia [1]. Diagnosis of JE can be made by virus isolation in
cell/tissue culture, antigen detection, and antibody detection. Japanese encephalitis
virus can be isolated by intracerebral inoculation of clinical specimens in the suckling
mouse brain. JEV was cultured by using primary chick, duck embryo cells, and lines of
Vero, LLCMK2, C6/36, PK, and AP61 cells. The virus can be isolated from the blood
of patients in the preneuroinvasive and neuroinvasive phases of the illness, usually not
later than six or seven days after the onset of symptoms [9].
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Antigen Detection for Rapid Diagnosis
Numerous studies have proved the efficacy of antigen detection in cerebrospinal
fluid (CSF) using reverse passive hemagglutination, and staphylococcal coagglutination
tests using polyclonal or monoclonal antibodies in rapid diagnosis of JE [34].
Monoclonal antibody-immunogold-silver staining (M-IGSS) have been successfully
used in the detection of antigen in mononuclear cells of peripheral blood and CSF of
patients Immunohistochemistry has been used to identify viral antigens in the CNS.
Histopathology examination is also very helpful for clinical correlation and diagnosis
of JEV. The IgM antibody capture ELISA (MAC-ELISA) for CSF and serum samples
has been the most widely used diagnostic methods for JEV antibody detection [35]. The
recent methods for the early detection of JEV, such as the dipstick method and JEVCheX
are able to accurately diagnose the infection at an early enough stage, i.e. within 1-4
d of infection, for optimal disease management. The ELISA has been evaluated by
various workers to have a sensitivity of ¿ 85% with minimum cross-reactivity with
related dengue and West Nile viruses.

PCR diagnosis
Molecular methods using reverse-transcriptase (RT)-PCR-based techniques are
highly effective for diagnosing infection by RNA viruses. RT-PCR assay provide
sensitivity and specificity equivalent to that of conventional PCR combined with
Southern blot analysis, and since amplification and detection steps are performed in the
same closed vessel, the risk of releasing amplified nucleic acids into the environment
is negligible. In general, both PCR and amplified product detection are completed
within an hour or less, which is considerably faster than conventional PCR detection
methods. By reverse transcriptase PCR, the viral genome can be amplified directly
from tissue or blood. A novel nested reverse transcription-polymerase chain reaction
(RT-PCR) based kit is described for detecting JEV, in which all reagents are lyophilized
in reaction tubes and control RNA is included in each reaction to monitor false negative
results. In another study described and evaluated a reverse transcription loop-mediated
isothermal amplification (RT-LAMP) assay for detecting JEV. The sensitivity of the
JEV RT-LAMP assay was in concordance with that real-time RT-PCR, and it was more
sensitive than that of conventional RT-PCR. The JEV RTLAMP was highly specific; no
cross-reactivity was found with dengue-2 virus, rabies virus, norovirus, astrovirus, and
human enterovirus 71. The JEV RT-LAMP assay was simpler and less time-consuming
compared to the conventional RT-PCR and real-time RT-PCR. The results suggest that
the RT-LAMP assay can be applied as a practical molecular diagnostic tool for JEV
infection and surveillance [33].
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Pathogenesis and Treatment approaches
Pathogenesis and pathology of JEV
After penetrating the human organism by the mosquito bite, the virus reaches
the central nervous system (CNS) via leukocytes (probably T lymphocytes), where
JEV virions then bind to the endothelial surface of the CNS and are internalized by
endocytosis [36]. JE typically develops in patients after an incubation period of 5-15
days. It is possible that during this time, the virus resides and multiplies within host
leukocytes, which act as carriers to the CNS. T lymphocytes and IgM play a major role
in the recovery and clearance of the virus after infection. The mechanism of entry of
JEV across the blood brain barrier is not known. However, studies using Hamster model,
St. Louis encephalitis has been shown to enter the central nervous system through the
olfactory route [37]. Immunohistochemical staining of human post-mortem specimens
has shown diffuse infection of the brain suggesting a hematogenous mechanism [38]. In
an experimental model, replication of flaviviruses in the endothelium has been reported
and may be a means of crossing the blood brain barrier. In JEV, however, passive
transfer across the endothelial cells may be a likely mechanism [39, 40].
Several pathological findings in JE are documented. JE predominately affects the
thalamus, anterior horn cells of the spinal cord, cerebral cortex, and cerebellum [9].
During the acute stage of illness, congestion, edema, and herniation are found in the
brain. Microscopic lesions include meningeal inflammation, perivascular lymphocytic
cuffing, neuronal degeneration and neuronophagia, and microglial proliferation forming
glial nodules. These changes usually occur in gray matter and predominantly affect
diencephalic, mesencephalic, and brainstem structures. Immunohistochemical studies
of human fatal cases have shown a different topographic distribution of JEV in the brain
[38, 41]. JE virus antigen can be immunohistochemically detected in the cytoplasm
of the nerve cells in the cortex of the frontal and temporal lobes, and in the gray
matter of the thalamus and midbrain [42]. At necropsy, CNS findings in JE reflect
the inflammatory response to widespread neuronal infection with a virus [18, 38]. In
humans, a characteristic involvement of bilateral thalami can be seen by diffusionweighted imaging. Magnetic resonance imaging lesions can also be detected in basal
ganglia, midbrain, Pons, cerebellum, cerebral cortex, and subcortical white matter.
After recovery from acute encephalitic illness, these cases usually manifest clinically
with typical Parkinsonian features [43]. In addition to brain lesion, the involvement of
anterior horn cells can be found as previously mentioned [44, 45]. The distribution of
cell types does not vary between the first and the last day of hospitalization, is similar
in fatal and nonfatal cases, and is unaffected by administration of steroids [46].
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Anti-viral drug discovery
Natural products-derived compounds
Bioflavonoids
Bioflavonoids are phenolic compounds that are generally found in plants. Several
investigations have shown their beneficial effects on human health. Numerous studies
have shown that some flavonoids exhibited antiviral effects against a number of viruses
including dengue virus, hepatitis B virus, human cytomegalovirus, JEV and few others
[47,48,49,50]. Recent studies from Zhang et al., 2012 [51] showed that kaempferol
and daidzin, two types of flavonoids against Japanese encephalitis virus. This study
shows the effect on viral genome mRNA and protein expression. The selected NS2A
segment, a relatively conserved region in JEV ssRNA coding sequence, was measure
by real-time RT-PCR. The Kaempferol and Daidzin inhibitory effect on JEV mRNA
at 48 h suggested that they play critical roles in inhibition of viral genome replication.
Meanwhile, the effects of 25 M Kaempferol/Daidzin on viral E and NS1/NS1’ protein
detected by western blot showed that both the flavonoids inhibited protein expression,
when compared to the mock-infected group. They also studied the ability of Kaempferol
and Daidzin, on the suppression of JEV replication and E viral protein expression
in BHK21 cells. They suggest that Kaempferol is more promising than Daidzin for
its anti-JEV effects. In addition, further investigations of the binding properties of
structurally different flavonoids to RNA showed that Kaempferol possessed relatively
stronger binding affinity for RNA and formed non-covalent complexes more easily. It is
known that cellular function is often triggered by interactions of flavonoids (including
Kaempferol) with dsDNA or tRNA, because Kaempferol exhibits high potential as
antioxidant chemotherapy [52, 53]. The antiviral activities of these natural products are
attributed to the same mechanism of action. Thus, the difference in binding modes and
affinities of Kaempferol and Daidzin with frame shift site RNA (fsRNA) is important in
understanding the molecular mechanism of their activities.
The mechanism by which flavonoids and related isoflavones inhibit virus infectivity
has yet to be fully elucidated. Studies have indicated that flavonoids affect virus binding
to cell membranes, entry into the cell, replication, viral protein translation within the
host cell, and formation of certain glycoprotein complexes of the virus envelope [54].
Many flavonoids exert their antiviral effects through rings that bind to the viral proteins,
or interaction with viral RNA and efficiently blocking viral uncoating. This is the basis
of designing new and more efficient antiviral drugs, and their effectiveness depends on
the mode and affinity of the binding [55, 56].
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Morpholino Oligomers as therapeutic agent against JEV
Nucleic acid-based intervention against JE will face many challenges in its
development. As one example, in most cases JE victims typically do not suffer the
more serious symptoms of the disease until after primary viraemia, at which point
the chances of a viral nucleic acid-directed drug being effective would be much
reduced. The antiviral activity demonstrated by several types of technology that rely
on sequence specific targeting of viral RNA indicates that antisense-mediated strategies
have considerable utility as research reagents and as potential therapeutics against
flaviviruses [57]. A lot of avenues has been explored in the past and are also being
currently tried, so as to develop a safe and effective molecule that would be able to
prevent the virus from replicating within the host. Morpholino oligomers are single
stranded DNA analogues containing same nitrogenous bases as DNA but joined by
backbone consisting of morpholine rings and phosphorodiamidate linkages [58]. For
efficient delivery into cells these Morpholino are often conjugated with arginine rich
peptide [59].
Vivo- Morpholinos are also cost effective, non-immunogenic, and stable under
physiological conditions as compared to other types of Morpholinos. It has been
shown to effectively enter and function within cultured cells and they used different
type of Morpholino oligomer called Vivo-Morpholino against 3’ CSI and one of the
secondary structures present in 5’ UTR of the JEV genome [60]. Vivo Morpholino are
specialized type of non-peptide Morpholino oligomers, conjugated with a new transport
structure that provides effective delivery into a wide variety of tissues in living animals,
thereby raising the possibilities of their use as therapeutic agents. The transporter
comprises of a dendritic structure assembled around a triazine core which serves to
position eight guanidinium head groups in a conformation effective to penetrate cell
membranes. This study shows that these specifically designed Vivo-Morpholinos are
effective in countering the viral load in the body, thereby imparting significant protection
to the animals that were infected with a lethal dose of JEV. Generally, the i.p route of
administration of any drug is preferred in animal studies over any other routes. The
amounts of oligomers required and the route of administration in this study marks these
molecules as practicable therapeutic agents in JE, though further studies are warranted
before these can be recommended for clinical trials [61].

Structural-Activity Relationship (SAR)-assisted Drug Discovery
Development of drugs through trial-and-error is time consuming and may be costly.
With the advancement of science in drug discovery, scientists are focusing more on
structure-based rational drug design techniques that link NMR and crystallography,
computational advances in docking and virtual screening, and high throughput screening

576

Japanese Encephalitis: Pathological and Treatment Strategies

(HTS) with combinatorial chemistry to increase the speed and efficiency of drug
discovery. On another note, structure-based drug design may improve initial discovery,
but it has yet to significantly improve the effectiveness or reduce the cost of clinical
trials [62]. In rational drug design, the process is more streamlined and requires detail
knowledge of the target of the drug, as well as the drug itself. It usually involves the
study of the three dimensional structure of a drug target, followed by the search of a
selected ligand could be considered as a potential broad inhibitor against NS3 protein
of flavivirus family since the NS3 protein of WNV, DENV, JEV, MVEV and USUV
exhibit similar structural features.

Conclusion
Japanese encephalitis is a public health problem, not only for Asia but for the
entire world. Environmental and ecological factors are responsible for the spread of
JEV. In the absence of specific antiviral therapy, JE has to be managed by symptomatic
and supportive measures and preventive strategies. Measures like vector control,
environmental manipulation and change in agricultural practices are difficult to achieve.
The Control of JE in economically advanced countries suggests the important role of
socioeconomic parameters such as education and hygiene. In 2014, British/Swedish
pharma company AstraZeneca announced it was pulling out of all early-stage R&D
for malaria, tuberculosis (TB) and neglected tropical diseases - all diseases of the
developing world. Instead, the company stated they will focus efforts on drugs for
cancer, diabetes and high blood pressure, all diseases that affect rich countries, with
potentially plenty of people to pay the high prices on new drugs. Despite the extensive
research and public health concern, to date, there is no specific treatment available
for any JEV infections, though commercially available vaccines for JEV exist. In
many countries, patients with severe cases of JEV infections are treated only by
supportive care, which includes intravenous fluids, hospitalization, respiratory support,
and prevention of secondary infections. Due to the global threat of viral pandemics,
there is an urgent need for new preventive measures, more rapid diagnostic methods
and cheap, easily producible drugs.
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Abstract

The work was undertaken to carry out the preliminary phytochemical studies and
Nephroprotective activity of malvaceae family Hibiscus sabdariffa Linn. Acute
toxicological studies of the ethanolic extract of leaves of Hibiscus sabdariffa Linn
in experimental male Swiss albino rats of four groups were conducted as per OECD
guidelines. The parameters were screened such as blood and urine creatinine,
protein, calcium, magnesium, phosphate and oxalate and histopathological studies
of kidneys are also done. The results of the functional tests together with
histological observations suggest that ethylene glycol leads to a serious change
in histology of kidney, the increased formation of metabolic acidosis of rats
produces free oxalate liberation on liver causes the mitochondrial membrane
rupture. Cystone which is acting as a standard drug in experimental design and
isoleucine amino acid present in Hibiscus sabdariffa Linn prevent the serious
changes caused by ethylene glycol in swiss albino rats. All these observations
revealed that ethanolic extracts of Hibiscus sabdariffa Linn has curative effect on
ethylene glycol induced stone formation in kidneys.
Keywords: Hibiscus sabdariffa Linn, Lithiasis, Ethanolic extract, Cystone,
Ethylene glycol.

Introduction
Urinary calculi are the third prevalent disorder in the urinary system and may
cause obstruction, hydronephrosis, infection and hemorrhage in the urinary system1 .
Surgical operation, lithotripsy and local calculus disruption are widely used to remove
the calculi; however, these procedures are expensive and the recurrence is common2 .
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Various therapies including thiazide diuretics and alkali-citrate are being used in attempt
to prevent recurrence but scientific evidence for their efficacy is less convincing3 .
Calcium oxalate (CaOx) and Calcium phosphate represents up to 80% of urinary stones.
Kidney stone formation is a complex process involving several physicochemical
events including super saturation,nucleation, growth, aggregation and retention of salts
within the renal tubules4 . Several products from medical plants have been used in
treatment of urinary calculi for centuries5,6,7,8 .
Hibiscus sabdariffa possess the antioxidant nature which scavenges the free
radicals produced by ethylene glycol ingestion. It also having many properties like
antihypertensive and cardio protective effect, scavenging the free radicals9 , antioxidant
activity10 . The present study was carried out to investigate the preventive effects of
ethanolic extract of Hibiscus sabdariffa leaves on kidney lithiasis in a rat model.

Materials and Methoods
Preparation Plant Extract
Hibiscus sabdariffa leaves are collected and are kept for drying under shade dry
for three days, and then they are grinded with mortar and pestle to form a powder like
appearance. This powder is soaked in ethanol for a day and then run for ethanolic extract
in soxhlet apparatus for five hours, and then the plant extraction is taken and stored in a
bottle. The plant extract used for the treatment.
Phytochemical Screening
The ethanolic extracts of Hibiscus sabdariffa was subjected to different chemical
tests for the detection of different phytoconstituents using standard procedures11,12,13 .
Animals
Healthy adult male Swiss albino rats (weighing 160-250g) were used throughout
the experiment. Animals were maintained at 22 ± 2◦ C with 45-55% relative humidity,
12 hours light and dark cycle. They were housed in well-ventilated polyurethane cages
and have free access of tap water and laboratory pellet feed.

Experimental Design
Animals were divided into five different groups containing six animals each.
Ethylene glycol (0.75% v/v) in drinking water was fed to all groups except control
for induction of renal calculi till the 28th day. Cystone was used as standard drug (750
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mg/kg body weight). During the study animals were allowed free access to food.
• Group - I: Control
• Group - II: Ethylene glycol (0.75%) in drinking water
• Group - III: Ethylene glycol (0.75%) in drinking water + Cystone (750 mg/kg)
• Group - IV: Ethylene glycol (0.75%) in drinking water + ethanolicextract of
Hibiscus sabdariffa Linn (50 mg/kg) - Curative study
Analysis of urine
Urine samples were collected from each rat one day before sacrifice, using a
metabolic cage. A 3-hour fresh urine sample was first collected in the morning
without any preservatives for crystalluria analysis. After the 3-hours, fresh urine sample
collection, a 24- hour urine sample was also collected at room temperature with thymol
as preservative. The urine was filtered with Whatman 6= 1 filter and stored at -20◦ C
until further analysis.
Collection of blood
At the end of 28th day, after treatment animals from every batch is taken and the
rats were sacrificed, the blood is collected and the serum is separated, Biochemical
parameters were done.
Biochemical study
The experiment of nephrolithiatic activity in the biological studies was done for
the significant changes in blood and urine creatinine, urine total protein, calcium,
magnesium, oxalate and phosphate.
Histopathological Studies
The isolated kidneys were weighed and transferred to 10% neutralized formalin
(pH 7.4). Pathological changes were observed in the sections of kidney fixed in paraffin
that were stained with hematoxylin and eosin
Statistical Analysis
The Statistical analysis were carried out using one way analysis variance (ANOVA)
followed by Student t test, p values < 0.05 and < 0.07 were considered as significant.
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Results and Discussion
Result of preliminary phytochemical analysis conducted on 50% ethanolic extract
of Hibiscus sabdariffa showed presence of carbohydrates, proteins, aminoacids,
steroids, flavonoids in Table 1.
S.No
1

Test
Alkaloids

2

Carbohydrates

3

Proteins &
Amino acids
Glycoside
Steroids and
Sterols
Flavonoids

4
5
6
7
8

Tannins and
Phenol Compounds
Saponin Test

Methods
Ethanolic Extract
Dragendroff’s Test
Mayer’s Test
−
Wagner’s Test
Hager’s Test
Molisch’s Test
Benedict’s Test
+
Fehling’s Test
Xanthoproteic Test
+
Ninhydrin Test
Modified Borntrager’s Test
+
Salkowski’s Test
+
LibermannBurchard’s Test
Alkaline Reagent Test
+
Lead acetate Test
Gelatin Test
+
Ferric Chloride Test
Froth Test
−
Foam Test

Table. 1 Phytochemical screening of leaf extract of Hibiscus sabdariffa
Different chemicals used to induce lithiasis in experimental animals include ethylene
glycol (EG), glycolic acid and ammonium oxalate14 . Kidney, being the principal target
for EG toxicity and its administration to the experimental animals for more than 4
weeks, resulted in substantial excretion of oxalate and deposition of microcrystals in
kidneys15 . Therefore, in this study EG was preferred to induce lithiasis.
Table-2 represents the level of urine creatinine, total protein, calcium, blood
creatinine in different group of rats in 28th day. The group-II animals were treated with
ethylene glycol which induces kidney stones shows elevated level of the parameters
when compared with Hibiscus sabdariffa Linn control. The two hydroxyl group of
ethylene glycol oxidized to form aldehyde and acid, which binds with calcium to form
calcium oxalate kidney stone. The creatinine, total protein and calcium levels get
elevated on 28th day. On treatment with CYSTONE and Hibiscus sabdariffa Linn in
group-III, IV rats, it shows almost reduced level of this biochemical marker at the end
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of the treatment. It shows the highly significant value of < 0.05 at treatment. Creatinine
is one of the waste products excreted by the kidney.
The protein level comes to the almost normal on comparing with group-I control.
On treating with Cystone and Hibiscus sabdariffa Linn, in group-III, IV rats the level
of significance was < 0.01 in 28th day. On ethylene glycol induction produces oxalic
acid which leads to the acidosis with ultimate reduction of pH16 . Due to the acidosis
condition 0.5% of removable calcium on the extra cellular fluid causes the calcium
oxalate stones in the kidney this may elevate the level of Ca2+ in the serum on group-II
rats.
On treatment with Hibiscus sabdariffa Linn on group- IV rats the water insoluble
calcium oxalate is converted to soluble calcium acetate, oxalate and all these excreted
along with urine and reduces the calcium level in the urine. After treatment of group-IV
with Hibiscus sabdariffa Linn decreases the level of Ca2+ in urine almost near to the
normal with the significance of < 0.05 in 28th day.
Parameter

Control
(Normal)

Ethylene
glycol
(renal stone)

Ethylene
glycol
+ cystone
(Treatment)

Ethylene
glycol
+ Hibiscus
sabdariffa Linn

Level of
significance

Urine
creatinine
(mg/dl)
Blood
creatinine
(mg/dl)
Urine Total
protein
(g/dl)
Urine
Calcium
(mg/dl)

258.58 ± 0.79

310.62 ± 0.42

278.21 ± 1.14

257.62 ± 0.35

p < 0.05

0.0778 ± 0.153

2.350 ± 0.207

0.888 ± 0.064

0.936 ± 0.091

p < 0.05

6.548 ± 0.358

8.766 ± 0.235

6.818 ± 0.449

7.356 ± 0.304

p < 0.07

12.521 ± 0.36

14.425 ± 0.311

11.906 ± 0.593

13.240 ± 0.277

p < 0.01

Table. 2 Effect of Hibiscus sabdariffa leaves extract on control and experimental animals
(Urine & Blood creatinine, Protein & Calcium)

The values are expressed as mean ± SD for six rats in each group. p < 0.05, p <
0.07 values are considered statistically significant.
Table-3 represents the level of magnesium, oxalate and phosphate in different group
of rats in 28th day. The group-II animals were treated with ethylene glycol which
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induces kidney stones shows elevated level of the parameters when compared with
Hibiscus sabdariffa Linn control.
Magnesium is considered as a potent inhibitor of calcium oxalate crystallization
in-vitro, and binds to oxalate to form a soluble complex, consequently reducing the
concentration available for calcium oxalate precipitation17,18 . Our study also revealed a
similar observation. Thus, ethylene glycol administration induces stone formation by
raising urinary calcium, oxalate and phosphate, and by lowering magnesium as noted in
Group-III and Group IV.
It comes to the almost normal on comparing with group-I control, on treating
with Hibiscus sabdariffa Linn, the levels of all the parameters in group-IV rats were
significantly less than 0.05 reduced in 28th day.

Parameter

Control
(Normal)

Ethylene
glycol
(renal stone)

Ethylene
glycol
+ cystone
(Treatment)

Ethylene
glycol
+ Hibiscus
sabdariffa Linn

Level of
significance

Magnesium

2.605±0.210

5.260±0.256

2.951±0.040

2.816±0.096

p < 0.05

Oxalate

2.875±0.070

4.536±0.031

3.080±0.078

2.763±0.070

p < 0.05

Phosphate

8.281±0.217

10.451±0.401

8.730±0.325

8.976±0.284

p < 0.01

Table. 3 Effect of Hibiscus sabdariffa leaves extract on control and experimental animals
(Magnesium, Oxalate & Phosphate)

Histopathological Analysis
The Figures 1,2,3,4 Histopathological features of the kidneys of control, induced and
Hibiscus sabdariffa Linn treated rats. The results of the functional tests together with
histological observations suggest that ethylene glycol leads to a serious change in
histology of kidney, the increased formation of metabolic acidosis of rats produces free
oxalate liberation on liver causes the mitochondrial membrane rupture caused similar
effect produces free oxalate. Hence the blood PH tends to decrease, the acidic condition
of blood eroded the removable calcium on bones surface.
The urine concentration of both the calcium and oxalate cause stone formation
on kidneys. Hibiscus sabdariffa Linn an amino acid derived drug has a tendency
to scavenge the water insoluble calcium oxalate into water soluble, hence the water
soluble; oxalate is excreted along with urine. The isoleucine amino acid present in
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Hibiscus sabdariffa Linn has a tendency to excrete the calcium oxalate in urine. After
the treatment it shows the architecture is equal to the normal kidney.

Figure 1: Normal Control

Figure 2: Ethylene Glycol Induced Renal Stone
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Figure 3: Ethylene Glycol Induced Renal Stone & Treated with Cystone

Figure 4: Ethylene Glycol Induced Renal Stone & treated with Hibiscus sabdariffa Linn
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Conclusion
The present findings affirm the assertions made regarding the effectiveness of the
Ethanolicextract of this plant against urinary pathologies in the Indian folk medicine,
that is, as an antiurolithiatic drug. The mechanism underlying this effect is still
unknown, but is apparently related to its diuretic properties and lowering of urinary
concentrations of stone-forming constituents, which may be attributed to the presence
of triterpenoids and flavonoids.
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Abstract

A comparative pilot study of various parameters of leather industry effluent control
soil and effluent affected soil (test sample) has been carried out, it was found that
physico-chemical changes like pH was higher nearly neutral (7.0 to 7.2 ± 3) in
effluent affected (test) soil than the control soil pH (6.0 to 6.2 ± 6.3) and electrical
conductivity was more in the test sample (1.1 ± 1.2) than the control (0.7 ± 0.8).
Increased in the levels of water holding capacity, organic, carbon, levels in the test
soil as compared to control which proves that fertility of the soil in the test sample.
In the test samples the population of (microbes) bacteria and fungi were found to
be high and the Enzymes levels viz., (invertase, cellulase, pectinase and xylanase)
were higher in the test samples than the control soil, as these are the indicators of
microbial activity. Our results and findings indicate the leather industry effluents
(soil) may increase the fertility of treated soil for the possible growth of plants,
crops and trees.
Keywords: Leather Tannery Effluents, Physico-chemical, Biological and Enzyme
Activities.

Introduction
The important natural resource is the soil. It produces food for teeming million
sand supplies raw materials for a large number of industries on which the world
economy is sustained. Industries generate large volume of solid / liquid effluents
and release them into environment. A perusal of the literature on the discharge of
effluents on the soil (Monanmani et al., 1990; Kannan and Oblisami, 1990a; Narasimha
et al., 1999) strongly indicates that, they cause marked changes in physicochemical,
biological and enzymatic properties. As a result of this chemical boom, many hazardous
compounds are being added on a regular basis in our biosphere. Mineralization of
carbon, nitrogen, sulfur and phosphorous (Paul and Clark et al., 1996). Any disturbance

594

Influence of Effluents On Physico-Chemical, Microbiological . . .

in soil ecosystem can disturb the microbial activity and affect the availability of
nutrients. Our study is aimed at monitoring health status of soil under the influence
of effluents of leather industry by examining to further compare activities of enzymes
of wide importance in recycling of nutrients in soil with / without effluents.

Materials and Methoods
Collection of Soil Sample
Soil samples were collected from surrounding areas of (1/4 km) of in and around
Leather Tannery, Vaniyambadi, Vellore district of Tamil Nadu, India. Soil samples
without effluent discharges served as control was collected from adjacent site (1 km
away) from Tannery. Soil sample both with and without effluents used for physicochemical, biological and enzyme activities. These two soil samples were air dried and
mixed thoroughly to increase homogeneity and shifted to < 2 mm sieves.
Physico-chemical parameters
The physico-chemical (Ilknur et al., 2003) and biological properties of test and
control soils were determined (Table 1) by following standard procedures. The soil
particles like sand, silt, clay contents were analyzed with the use of different sieves
by the method of Alexander (1961). Whereas water holding capacity, organic carbon,
total nitrogen, soluble phosphorous of soil sample were determined by the method of
Johnson and Ulrich (1960); Walkeyblack (1996); Microkjeldhal (1971) and Kurrevich
and Shcherbakova (1972), respectively. Electrical conductivity and pH were determined
by Elico conductivity meter and pH meter respectively.
Characteristics
Soil Colour
Odour
Nature
pH
Electrical Conductivity
(Mmhos/cm)
60% Water Holding Capacity
(ml/g of soil)
Phosphorus (mg/kg)
Potassium (mg/kg)
Nitrogen (mg/kg)

A
Control Soil
Black Soil
Normal
High Weight
7.00 - 7.2 ± 3
0.7 - 0.8

B
Test Soil
Light Brown Soil
Unpleasant
Low Weight
6.00-6.2 ± 3
1.1 ± 1.2

2.50

1.00

300
250
350

500
300
380

Table. 1 Physico-Chemical Characteristics of Control and Test Soils

A. Nafeez Ahmed, A. Jafar, M. Syed Muzammil and A. Liyakath Ali

595

Biological parameters
Bacterial and fungal populations (Olutiola et al., 2000) of both soil samples were
enumerated by serial dilution technique. 1 gram of each soil sample was serially
diluted and 0.1 ml was spread with a sterile spreader on Nutrient Agar medium and
Potato Dextrose Agar Medium (Table 2a, 2b and 2c), (Mckonkey Agar for specific
identification) for the isolation of bacteria and fungi respectively. Nutrient agar plates
were incubated at 37◦ C for 24 hours, whereas Potato Dextrose Agar plates were
incubated at room temperature for a week.After incubation period colonies formed on
the surface of the medium were counted by colony counter (Narasimha et al., 2011).

Micro Flora

A
Control

B
Test

Bacteria

110 × 105

70 × 105c

Fungi
150 × 105 100 × 105
c - Colony Forming Units per gram of soil
Table. 2a Biological Characteristics of Control and
Test Soil Samples (Cfu/g)

Name of the Test
Amylase Production
Gelatin Hydrolysis
Catalase Hydrolysis
Nitrate Reduction Test
Indole Test
Methyl-Red Test
V-P Test
Simmon’s Citrate Utilization Test
Carbohydrate Fermentation Test
Urease Test
Starch Hydrolysis Test
Casein Hydrolysis
H-L Test
Lipase Activity

Isolate 1
+
+
+
+
−
−
+
+
−
+
+
+
+
+

Isolate 2
+
+
+
+
+
−
+
+
−
−
+
+
+
+

Table. 2b Biochemical Characteristics of Microbes
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Colony Morphology
Cell Morphology
Gram’s Stain
KOH Test
Spore Stain
Sporulation
Motility Test

Isolate 1
White Round Non-Slime
Cocci, Bacillus
Positive
Negative
Positive
Positive
Positive

Isolate 2
White Round with Slime
Rod
Negative
Negative
Negative
Negative
Negative

Table. 2c Morphological Characteristics of Bacteria
Enzyme Assays
Weigh approximately 5 grams of soil samples of control and test were of Tannery
Industry effluents were transferred to sterile test tubes. Soil samples were maintained at
60% water holding capacity at room temperatures (28◦ C - 32◦ C). Triplicate soil samples
of each test water treated and control were withdrawn at periodic intervals to determine
the soil enzyme activities as detailed earlier by Tu (1982). The method employed for
the assay of protease and urease were essentially developed by Spier and Ross (1975)
and Zantua and Bremner (2005) respectively.
Estimation of Protease (Table 3), the soil samples were transferred to 250 ml of
Erlenmeyer flask and 1ml of toluene was added. After 15 min, 6 ml of 0.2M acetate
phosphate buffer (pH 5.5) containing 2% casein (protease) was added to soil samples
and flasks were plugged with cotton and held for 24 hours at 30◦ C for protease enzyme
activity. After incubation soil samples were passed through Whatman filter paper then
tyrosine content in the filtrate were determined by the method of Lowry method (1951).

Incubation
Days
0
7
14
21
28
∗

Protease Enzyme Activity
Control Soil
Test Soil
With
Without
With
Without
Substrate
Substrate
Substrate
Substrate
3.12±0.66 2.76±0.36 0.24±0.02 0.04±0.17
3.22±0.59 2.14±0.26 0.37±0.08 0.16±0.10
3.40±0.38 2.78±0.65 0.56±0.42 0.25±0.13
4.12±0.37 4.24±0.38 0.89±0.81 0.33±0.25
2.14±0.17 0.14±0.06 0.63±0.11 0.45±0.32

Milligram Tyrosine g−1 24 hours−1 , Average means of triplicates values

Table. 3

∗

Protease Enzyme Activity in soil after 24 hours of incubation
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∗
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Urease Enzyme Activity
Control Soil
Test Soil
With
Without
With
Without
Substrate
Substrate
Substrate
Substrate
4.67±0.45 4.56±0.40 4.10±0.21 2.11±0.67
4.86±0.67 4.86±0.31 4.43±0.37 2.98±0.56
5.07±0.24 4.78±0.11 4.41±0.45 2.96±0.31
5.61±0.67 5.20±0.02 4.40±0.19 4.09±0.63
2.43±0.33 1.86±0.32 1.15±0.19 0.09±0.02

−1
Milligram NH+
30 minutes−1 , Average means of triplicates values.
4 -Ng

Table. 4

∗

Urease Enzyme Activity in soil after 24 hours of incubation

Incubation
Days
0
7
14
21
28
∗

Table. 5

∗

Urease Enzyme Activity
Control Soil
Test Soil
With
Without
With
Without
Substrate
Substrate
Substrate
Substrate
0.53±0.09 0.61±0.11 0.80±0.11 0.31±0.02
0.66±0.10 0.52±0.08 0.11±0.12 0.42±0.02
0.76±0.08 0.65±0.10 0.68±0.08 0.53±0.13
0.84±0.07 0.76±0.08 0.76±0.08 0.67±0.13
0.36±0.13 0.32±0.08 0.31±0.12 0.27±0.11
Milligram of Glucose g−1 30 minutes−1
Cellulase Enzyme Activity in Control and Test soil
after 30 minutes of incubation.

Estimation of Urease enzyme activity (Table 4), the method comprises release of
ammonia up on incubation of soil with 4 ml of Sodium phosphate buffer (pH 7.0), 1 ml
of 1 M urea solution incubated for 30 min and 10 ml of 2 M KCl was added and kept
at 40◦ C for 15 min and centrifuged, then add 0.5 ml of Nessler’s reagent followed by
3.5 ml of distilled water were added and color was read at 495 nm, in an Elico-digital
spectrophotometer.
Cellulase Activity
Weigh approximately 5 grams of each control and test soil samples with 60% water
holding capacity in separate boiling test tubes (25 × 200mm) at 28 ± 4◦ C, (Pancholy
S.K et al., 1973). Triplicate samples control and test soil were withdrawn after 0, 7,
14, 21 and 28 days of incubation, placed in 50 ml Erlenmeyer flasks and 0.5 ml of
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toluene was added (Graph 3a,b). Contents in the flasks were mixed thoroughly, after
15 min, 10 ml of acetate buffer of 0.5M (pH 5.9) was added and followed by 10 ml
of 1% carboxyl methyl cellulose (CMC). After 30 minutes of incubation, add 50 ml of
distilled water the suspension was filtered by Whatman No.1 filter paper and the volume
of the filtrate was made upto 100 ml with distilled water. The resultant filtrate was used
for the determination of reducing sugar by colorimetrically. Finally, cellulase activity
was expressed in terms of milligrams of Glucose equivalents per grams of soil per 30
minutes (mg GE g−1 30m−1 ).
Invertase Assay
Weigh exactly 5 grams of soil incubated with sucrose solution (50 mM) as a
substrate on water bath with intermittent shaking at 55◦ C for 3 hours, Invertase Enzyme
assay was determined by the method of using Schinner and Von Mersi (1990). Reducing
sugars were measured at 520 nm in spectrophotometer. One unit of invertase (IU) was
defined as the amount of enzyme which liberates 1 µmole of glucose/min/ml under the
assay condition.
Pectinase Assay
Weigh exactly 1 gram of pectin (substrate) in 0.1 M acetate buffer (pH 4.5) was
incubated at 40◦ C for 20 minutes. Suspend the substrate (2ml) added to 5 grams of
soil in Erlenmeyer flask and the mixture was incubated at 40◦ C for 10 minutes. 1
ml of DNS reagent was added to the above mixture and it is boiled for 5 minutes at
90◦ C, the reaction was stopped by addition of 1 ml of Rochelle’s salt. The mixture
was diluted by adding 2 ml of double distilled water. The absorbance was measure
spectrophotometrically at 520 nm. One unit of pectinase activity was defined as the
amount of enzyme which liberated 1 µ mole glucose per minute.
Xylanase Assay
Weigh exactly 5 grams of soil sample and placed in Erlenmeyer flask and 6
ml of 2 M acetate buffer (pH 5.5) containing 1% birch wood xylan was added and
incubated for 24 hours, and the suspension was intensively mechanically shaken in
orbital shaker. Blank was incubated without substrate (xylan). After incubation period,
immediately filtered and liberated end product, reducing sugars were measured at 520
nm in spectrophotometer, using the DNS method xylanase activity was expressed as
the number of moles of reducing sugars produced per minute of hydrolysis per ml of
enzyme used.
Our study shows that the effect of leather tannery effluents on soil leads to increase
in soil pH of the test soil than the control soil. Further this indicates the acid nature of
the contaminants disposed in the test soil. Increased in the pH by effluents was reported
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in contaminated soil (Table 1). Increase in the water holding capacity and electrical
conductivity observed in the test soil than the control soil. Therefore it is also reflecting
the biological (Fig 2a,2b,2c), chemical activities of the effluents in the soil. Similar
results have been obtained in the long term discharge of effluents (Anikwe M.A et al.,
2002). The higher organic carbon matter indicates the alkaline substances in the soil.
Soil microbes survival there biomass plays a crucial role in ecosystem processes, such
as enzymes are strongly connected with it and enzymes are sensitive indicators of soil
quality, carbon cycling etc., The higher population and survival of microbes and fungal
populations in the test soil may be due to the presence of high organic matter present in
the soil. Bacterial count was higher than the fungal count. The microbes may depend
on the soil properties such as pH, organic matter content, chemical properties (Rantala
P.R et al., 1999), and basil soil respiration rate and enzyme activities.The enzymes
produced from the microbes like urease, invertase, pectinase, xylanase and cellulase,
were found present in the soil (Table 3,4 & 5). Urea is an organic chemical complex used
mainly as nitrogenous fertilizer in agriculture.Conversion of this Nitrogen to inorganic
nitrogen ammonia and carbon dioxide takes place due to activity of urease enzyme,
secreted by certain microorganisms and is responsible for supply of nitrogenous demand
to growing crops. Assay of urease activity in soil samples involves quantification of
ammonia released on hydrolysis of urea. Urease activity also increased up to 21 days of
incubation and later declined.The enzyme proteases play an important role catalyzing
the hydrolysis and solubilizing the substrates containing N2 . The activity of protease,
as evidenced by the accumulation of tyrosine from casein was considerably in the soil
polluted with effluents at all incubations over control. Furthermore both the soil samples
showed increased activity up to 21 days of interval and activity was declined further
incubation.
Our results showed that the presence of enzymes, microbes, organic matters present
in the test soil are higher than the control soil and these soil can be used effectively as
soil manures which are influenced by the nutrients of leather tannery effluents and can
be used as good source of manure in near future.The results were in conformity with the
studies of (Sparling, et al., 2001), (Narasimha, et al., 2011), (Poonkothai and Parvatam
2005) had increased electrical conductivity in soil contaminated by the effluents of dairy,
paper industry, automobile, black liquor for straw pulping industries, respectively.

Conclusion
Our study suggests that the leather tannery effluents can be used for enhancement
of fertility of soil for the plants, crops and trees. These effluents can change the soil
fertility microbial, Enzymes, physico-chemical properties of their own which may help
in the improvement of soil fertility. Studies should be carried out for long term basis
to prove the industry based effluents are not harmful but also has the beneficial positive
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effects on soil. In near future these effluents can be made use as bio-control or biofertilizers for the improvement of crops as bio-manures for the crop improvement and
even in the stress resistance or tolerance due to the water scarcity.
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Abstract

This study presents clinical findings after inhalation of mosquito coil smoke (MCS)
exposure, which resulted in rapid pulmonary lung migration and parenchymal
alveolar disease, noted on clinically relevant diagnostic methods. Further, the study
investigated the efficacy of Phoenix dactylifera in the preventative medication
of the lungs in male Wistar rats. Adult male Wistar rats were divided into
four different groups. Group I served as control; group II rats were exposed
with mosquito coil smoke 6 hrs a day, for 21 days, group III rats exposed to
mosquito coil smoke for a period of 21 days and simultaneously administered of
Phoenix dactylifera (200 mg / kg BW for 21 days) orally. Group IV Phoenix
dactylifera alone treated. Our results showed that MCS exposure significantly
(P < 0.05) increased in the levels of TBARS is the marker of lipid peroxidation,
and significantly (P < 0.05) decreased in the levels of antioxidants enzymes such
as superoxide dismutase, catalase, glutathione peroxidase, glutathione reductase,
glutathione-S-transferase, non-enzymic antioxidants GSH, vitamin C, and vitamin
E. MCS exposure induced pulmonary damage also evidenced by histopathological
studies of lungs. Administration of Phoenix dactylifera significantly reduced the
TBARS levels and significantly improves the antioxidant status. Results indicate
that MCS exposure exerts significant harmful effects on biochemical, and alveolar
pulmonary disorders and that administration of Phoenix dactylifera reduced the
detrimental effects of MCS exposure.
Keywords: Mosquito coil smoke, oxidative stress, free radicals, antioxidants,
Phoenix dactylifera , pulmonary disorders and lungs.

610

Ameliorating effects of Phoenix dactylifera on sub-chronic exposure . . .

Introduction
Mosquito-borne diseases, such as malaria, filariasis and a plethora of viruses
dramatically affect public health and represent a major burden in terms of economy
and development worldwide [WHO, 2011]. Burning mosquito coils indoors generates
smoke that can control mosquitoes effectively. This practice is currently used in
numerous households in Asia, Africa, and South America [WHO, 2005]. However,
the smoke may contain pollutants of health concern. People in residences are often
protected from nuisance and disease-bearing mosquitoes by insecticides or smoke
generated from burning mosquito coils. The major ingredients of the mosquito coils
are pyrethrins and plant-based materials [Lukwa and Chandiwana, 1998], such as wood
powder, coconut shell powder, and joss powder, as well as binders, dyes, oxidants,
and other additives to allow for controlled smoldering possible during their use of
approximately 8 hours [Chen et al., 2008; Krieger et al., 2003]. The combustion of
the remaining materials generates large amounts of sub-micrometer particles. These
sub-micrometer particles may reach the lower respiratory tract and be coated with a
wide range of organic compounds such as polycyclic aromatic hydrocarbons. Moreover,
burning one mosquito coil releases the same amount of particulate matter equal as
burning 75-137 cigarettes. Also, the emission of formaldehyde from burning one
coil can be as high as that released from burning 51 cigarettes [Liu et al., 2003].
Furthermore, long-term exposure to mosquito coil smoke (MCS) might induce asthma
and persistent wheeze in children [Fagbule and Ekanem, 1994]. An increased incidence
of lung cancer has been observed in occupational exposure to cigarette smoke, pesticide,
insecticides smoke, and mosquito coil smokes. Moreover, 90% of the lung cancer
occurs in developed countries related to smoking, occupational factors and lifestyle
[Van Tongeren et al., 2012]. Study of mosquito coil smoke and lung cancer in
Taiwan between 2002 and 2004 showed that lung cancer risk among smokers with
the highest exposure to mosquito coil smoke was 14 times higher than nonsmokers
without this exposure [Chen et al., 2008]. Prolonged use of MR has also been reported
to cause convulsions exhibiting CNS toxicity in exposed infants beside other harmful
manifestation such as corneal damage, shortness of breath, asthma and damage to liver
[Briassoulis et al., 2001]. It has been shown that new born babies, pregnant and lactating
mothers are more prone to toxic insults when exposed to pyrethroids as they stay for
longer duration inside the houses and exposed to MR in which pyrethroid such as
allethrin is the active ingredient [Sharma, 2001]. Despite the fact that mosquito coil
smoke may have many potential adverse health effects, large populations in developing
countries still use mosquito coils in their daily lives. The present preliminary study is,
therefore aimed to evaluate systematically the effect of chronic exposure of pyrethroidbased mosquito repellents (allethrin and prallethrin) on human plasma profile and
histological analysis of pulmonary regions of lungs, which reflects the physiological
status of the exposed individuals.
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Fruits and vegetables have been implicated in preventing or reducing the risk of
coronary heart diseases [Blomhoff, 2005], cancer [Donaldson, 2004] and other chronic
liver and pulmonary diseases [Cooper, 2004]. For these reasons, recommendations to
increase the dietary intakes of fruits and vegetables have been suggested by many world
authorities [WHO, 2003]. Date palm Phoenix dactyliferais an important plantation
crop for many countries and are still considered by many people in this part of the
world as a staple food [Erskine et al., 2006]. It could be used for generations to come
due to its remarkable nutritional, health and economic and environmental benefits [AlShahib and Marshall, 2003]. Date fruits are listed in folk remedies for treatment of
various infectious diseases, atherosclerosis, diabetes, hypertension and cancer [Tahraoui
et al., 2007]. Numerous studies showed Date fruits have beneficial properties such as
antiviral, antifungal, antioxidant, anti-hyperlipidimic and hepatoprotective activity [AlFarsi and Lee, 2008]. These are attributed to the rich contents of antioxidant in datefruit
such as the coumaric acid and ferulic acid. Moreover, it contains flavonoids, sterols,
procyanidins, carotenoids, anthocyanins, vitamins and minerals [Vayalil, 2012]. Hence,
this study was interested to evaluate the toxic effects of MCS smoke probably through
the generation of free radicals, oxidative stress and the possible preventive effects of
Phoenix dactylifera by its antioxidant and free radicals scavenging activity.

Materials and Methods
Chemicals
Mosquito coils were purchased from various retail outlets located within
Vaniyambadi, Vellore District. The brand commercially purchased for the experiment
contained pyrethroids (d- trans - allethrin) 0.2 % w/w and inert ingredient 99.8% w/w.
The mosquito coil used measured 12 cm diameter, 85 cm length and 14.0 g weight. All
other chemicals and reagents used in this study were of analytical grade.
Phoenix dactylifera palm dates extract preparation
Fresh dates were collected from the local market. Fruit flesh was extracted two
times with distilled water (1/10 w/v) by grinding with a mortar and pestle. It was
centrifuged at 4 ◦ C for 20 min at 4000 g and the supernatant was collected. We selected
an aqueous extract because most of the antioxidant components in dates are extracted in
water (Vayalil, 2002; Al-Farsi and Lee, 2008). During the experience, the aqueous date
fruit extract of was daily prepared and administrated to rats.
Animal Model
Male albino rats of Wistar strain (140 ± 10 g) procured from Tamilnadu University
for Veterinary and Animal Sciences, Chennai, India were used for the study. Animals
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were fed with commercially available standard rat pelleted feed (M/s Pranav Agro
Industries Ltd., India) under the trade name Amrut rat / mice feed and water was
provided ad libitum. The rats were housed under conditions of controlled temperature
(25± 2◦ C) and acclimatized to 12-h light, 12-h dark cycle. Animal experiments were
conducted according to the guidelines of institutional animal ethical committee.
Experimental Design
Rats were divided into four groups, each consisting of six animals.
Group I - served as the vehicle treated normal saline control.
Group II - rats were exposed with mosquito coil smoke 6 hrs a day, for 21 days.
Group III - rats exposed to mosquito coil smoke for a period of 21 days and
simultaneously administered of Phoenix dactylifera (200 mg/kg BW for 21 days)
orally
Group IV - animals received Phoenix dactylifera (200 mg/kg BW orally)
dissolved in water for 21 days.
After the experimental period, the animals were fasted overnight, anaesthetized
with sodium pentothal and blood collected from jugular vein for serum isolation and
sacrificed by cervical decapitation. The lung tissue was excised immediately and a
portion of the tissue was homogenized in 0.1 M Tris buffer, pH 7.4 and used for various
biochemical assays.
Histological examination
A portion of the lung tissue was fixed in 10% neutral buffered formalin and embedded
in paraffin wax for histological evaluation. Sections with thickness 5 µm were stained
with hamatoxylin and eosin (H&E), examined under high power light microscope.
Biochemical Assays
Protein was estimated by the method of Lowry et al. [Lowry et al., 1951]. LPO
was assayed by the method of Ohkawa et al. [Ohkawa et al., 1979] in which the
TBARS released served as the index of LPO. Superoxide dismutase (SOD) was assayed
according to the method of Marklund and Marklund [Marklund and Marklund, 1974].
Catalase (CAT) activity was assayed by the method of Sinha [Sinha, 1974], glutathione
peroxidase (GPx) was determined by the method of Rotruck et al. [Rotruck et al.,
1973]. Glutathione reductase (GR) was assayed by the method of Beutler [Beutler,
1968]. Glutathione-S transferase (GST) was assayed by the method of Habig et al.,
[Habig et al., 1974]. Reduced glutathione (GSH) was assayed by the method of Moron
et al. [Moron et al., 1979], vitamin E was estimated by the method of Desai [Desai
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et al., 1984], vitamin C was measured by the method of Omaye et al., [Omaye et al.,
1973].
Statistical method
All the results were expressed as mean ± SD for six rats in each group. All the
grouped data were statistically evaluated with SPSS / 12.0 software. Hypothesis testing
method included one-way analysis of variance (ANOVA), followed by least significant
difference (LSD) test; P < 0.05 was considered to indicate statistical significance.

Results
Effect of Phoenix dactylifera on MCS exposure - induced Lipidperoxidation
The changes in the levels of TBARS in the control and experimental group of rats
were depicted in Fig.1. It was observed that MCS exposed rats exhibited significant
(p < 0.05) increased levels of TBARS when compared with control (group I) rats.
Supplementation with Phoenix dactylifera significantly decreased the levels of TBARS
(p < 0.05), when compared with MCS exposure -induced rats. In Phoenix dactylifera
alone treated showed no significant change in TBARS levels when compared to control
rats.

Figure 1: Effect of MCS exposure and Phoenix dactylifera on the Levels of lipid
peroxides, in control and experimental group of rats
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Results are expressed as mean ± SD for 6 different sets of experiments. Values
are considered significantly different at p < 0.05 with post-hoc LSD test. Statistically
significant variations are compared as follows: MCS exposure Vs Normal control*,
MCS exposure Vs MCS exposure + Phoenix dactylifera treated and Phoenix dactylifera
Vs Normal control. *indicates p < 0.05 and NS indicates Non-significant.
Effect of Phoenix dactylifera on MCS exposure-induced antioxidant enzymes
The activities of enzymic antioxidants (SOD, CAT, GPx GR and GST) in the
control and experimental groups of rats are summarized in Table 1. The activities of
theses enzymic antioxidants were reduced in MCS exposure-induced rats as compared
to the control animals. Phoenix dactylifera treatment showed a significant increase in
SOD, CAT, GPx, GST, and GR (p < 0.05) activities in serum when compared to MCS
exposure induced rats. In Phoenix dactylifera alone treated rats there were no significant
alterations of antioxidant enzyme activities when compared to control rats.

Experimental
Groups
Control
MCS exposure
MCS exposure
+ Phoenix
dactylifera
Phoenix
dactylifera
alone

SOD
(units/mg
protein)

CAT
µ mol/min/
mg protein)

GSH - Px
(nmol/min
min/mg

GR nmol of
NADPH
oxidized/
/mg protein
protein

6.65 ± 0.28
3.46 ± 0.19*
5.38 ± 0.31#

162.08± 10.83
96.64± 8.49*
144± 11.16#

3.48 ± 0.15
1.74 ± 0.08*
2.80 ± 0.12#

2.86 ± 0.11
1.28 ± 0.07*
2.42 ± 0.12#

0.78± 0.02
0.36± 0.01*
0.63± 0.012#

6.70 ± 0.30NS

166± 11.01NS

3.65 ± 0.14NS

2.89 ± 0.11NS

0.80± 0.02NS

GST
units /min

Table. 1 Ėffect of Phoenix dactylifera on MCS exposure induced antioxidant enzymes in
control and experimental group rats

Results are expressed as mean ± SD for 6 different sets of experiments. Values
are considered significantly different at p < 0.05 with post-hoc LSD test. Statistically
significant variations are compared as follows: MCS exposure Vs Normal control*,
MCS exposure Vs MCS exposure + Phoenix dactylifera treated and Phoenix dactylifera
Vs Normal control. * indicates p < 0.05 and NS indicates Non- significant.
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Effect of Phoenix dactylifera on MCS exposure - induced Non- enzymic
antioxidants
Table 2 shows the levels of non-enzymic antioxidants GSH, vitamin C, and vitamin
E in control and experimental group of animals. MCS exposed rats shown markedly
(P < 0.05) reduced levels of GSH, vitamin C, and vitamin E. In group III Phoenix
dactylifera treated animals shown significantly (P < 0.05) restored levels of Nonenzymic antioxidants to near normal animals.

Experimental Groups
Control
MCS exposure
MCS exposure
+ Phoenix dactylifera
Phoenix dactylifera alone

Glutathione
µ moles / mg
protein
2.54± 0.15
0.98± 0.15*
2.07± 0.13#

Vitamin C
µ mg
protein
1.65± 0.09
0.756 ± 0.05*
1.44 ± 0.10#

Vitamin E
µ mg
protein
2.32± 0.08
1.26± 0.07*
1.89± 0.08#

2.58 ± 0.17NS

1.61± 0.10NS

2.22 ± 0.08NS

Table. 2 Effect of MCS exposure and Phoenix dactylifera on the activity of non
enzymic antioxidant in control and experimental group of rats
Results are expressed as mean ± SD for 6 different sets of experiments. Values
are considered significantly different at p < 0.05 with post-hoc LSD test. Statistically
significant variations are compared as follows: MCS exposure Vs Normal control*,
MCS exposure Vs MCS exposure + Phoenix dactylifera treated # and Phoenix
dactylifera Vs Normal control. *# indicates p < 0.05 and NS indicates Non-significant.
Effect of Phoenix dactylifera on MCS exposed histopathological alterations of
lungs
Histopathological alterations of rat lungs of control and experimental groups of
rats were depicted in Fig. 2. The lungs of control rats (Fig. 2A) and Phoenix dactylifera
alone (Fig. 2D) treated rats showed a normal architecture. MCS exposure -induced
(Fig. 2B) rat shown different histologic patterns may be seen from hyperchromatic and
irregular nuclei in the cells of alveolar wall, alveolar hemorrhage, edema, inflammation,
remarkable recruitment of neutrophils and leukocytes into the alveolar spaces. MCS
exposure induced with Phoenix dactylifera administration (Fig. 2C) showed near
normal architecture of lungs.
Effect of MCS exposure and Phoenix dactylifera on histopathological alterations
in rat lungs of control and experimental group of rats were depicted in Fig. 2. The
lungs (Hematoxylin and Eosin staining) of control rats (Fig. 2A) Phoenix dactylifera
alone (Fig. 2D) treated rats showed a normal architecture of lungs. MCS exposure
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induced (Fig. 2 B) rat lungs shown many different histologic patterns may be seen
from hyperchromatic, irregular nuclei in the cells of alveolar wall, alveolar hemorrhage,
edema, inflammation, remarkable recruitment of neutrophils and leukocytes into the
alveolar spaces. MCS exposure induced with Phoenix dactylifera administration
(Fig. 2C) showed near normal architecture of lungs.

Figure 2: Effect of MCS exposure and Phoenix dactylifera on histopathological analysis
of lungs of control and experimental group of animals

Discussion
Pyrethroid-based mosquito repellents are in excessive use as common household
mosquito repellent, due to their high effectiveness and easy biodegradability. However,
their metabolism has been reported to lead to generation of free radicals [Kale et al.,
1999], which may adversely affect the consumers [Krieger et al., 2003] especially
when exposed during developmental period. Palm date fruits have been used for
nutritional and medicinal purposes. They are used in folk medicine for treatment of liver
diseases, anemia, stroke, building up body weight, tooth ache and highly recommended
to be consumed by pregnant women before and after delivery. Hence, this study was
undertaken to determine whether a dietary Date palm fruit extract (P. dactylifera L.)
could attenuate some of the toxic effects of MCS exposure in Wistar rats.
The level of lipid peroxidation is an important biomarker of oxidative stress.
The MCS exposed rats shown significant increase in the degree of lipid peroxidation
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this provides a direct evidence of oxidative stress, the production of reactive oxygen
species (ROS) in rat [Prasanthi et al., 2005], and thiobarbituric acid reactive substances
(TBARS) levels [El-Demerdash, 2007]. It can be correlated with the report of Kale et al.
[1999] where it has been suggested that pyrethroid metabolism may generate reactive
oxygen species (ROS), which in turn can lead to enhanced lipid peroxidation. Phoenix
dactylifera treatment showed significantly reduced in the levels of lipid peroxidation it
may due to antioxidant activity as they inhibited lipid peroxidation and free radicals
scavenging ability of Phoenix dactylifera. Thus, former studies showed that Phoenix
dactylifera contained flavonoids, such as luteolin, quercetin, and apigenin [Bilgari et
al., 2009], and p-coumaric, ferulic, and sinapic acids, and cinnamic acid derivatives
[Abdelhak et al., 2005]. These compounds have been shown to be strong antioxidants
and free radicals scavenging activity.
Our results revealed that MCS exposure caused a statistically decrease in
Antioxidants and Non Enzymic Antioxidant enzymes. SOD catalyses the dismutation
of superoxide anion (O2 ·−) to H2 O2 and O2 . Because H2 O2 is still harmful to cells,
CAT catalyses the decomposition of H2 O2 to water. GST is a detoxifying enzyme that
catalyzes the conjugation of a variety of electrophilic substrates to the thiol group of
GSH, producing less toxic forms [Hayes and Pulford, 1995]. Thus, the coordinate
actions of various cellular antioxidants in mammalian cells are critical for effectively
detoxifying free radicals in the cascade [Kono, 1982]. However, reduction in the activity
of SOD will result in an increased level of O2 · −, while a decrease in the activity
of CAT will lead to accumulation of H2 O2 in the cell, which leads to peroxidation of
membrane lipids via Fenton-type reaction. TBARS, the final metabolites of peroxidized
polyunsaturated fatty acids, are considered as a late biomarker of oxidative stress
[Cheeseman, 1993] and are a good indicator of the degree of lipid peroxidation
[Antunes-Madeira et al., 1994]. The possible explanation for this effect could be that
the increase in the formation of lipid peroxidation in MCS exposed intoxicated animals
acted as a signal to maintain lower levels of antioxidant enzymes (SOD, CAT, and
GST) in order to enhance the triggering of the detoxification process for the pyrethroid.
However treatment with Phoenix dactylifera alters the enzymes levels near to normal
range this may be due to its antioxidant and free radicals scavenging activity. The studies
by Hong et al. [2006] and by Bilgari et al. [2008] showed that palm date fruits at their
different stages of maturity contain thirteen flavonoid glycosides of luteolin, quercetin,
and apigenin. The in vitro study by Vayalil (2002) reported that the aqueous extract of
palm date fruits has antioxidative and antimutagenic properties.
Vitamins C and E are the main lipid soluble antioxidant vitamins, which play
an important role in maintaining the integrity of the cells by preventing membrane
peroxidation [Parra et al., 2003]. Decrease in the levels of GSH, vitamins C and E
during MCS exposed administration leads to increased susceptibility of the tissues to
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free radical damage [Al-Khader et al., 1996]. Consistent with the above concepts,
decreased GSH level in MCS exposed rats might be due to increased utilization of GSH
for scavenging free radicals along with detoxification of MCS exposed oxidative stress.
Phoenix dactylifera administration increased the level of GSH, Vitamin C and Vitamin
E towards normal values probably by modulating the oxidative stress.
The lung is at high risk for oxidative stress as it interfaces with various airborne
oxidants including air pollutants and high concentrations of oxygen (O2 ) when used as
combined therapy. Reactive oxygen species have been implicated in the pathogenesisof
many acute and chronic pulmonary disorders including adult respiratory distress
syndrome (ARDS), bronchopulmonary dysplasia, emphysema, idiopathic pulmonary
fibrosis, and cancer [Paz-Elizur et al., 2005]. ARDS is a severe form of acute
lung injury (ALI) and is a major lung disease affecting millions worldwide. In
this present study, MCS exposure -induced (Fig.2B) rat shown different histologic
patterns may be seen from hyperchromatic and irregular nuclei in the cells of
alveolar wall, alveolar hemorrhage, edema, inflammation, remarkable recruitment
of neutrophils and leukocytes into the alveolar spaces. MCS exposure cause large
amounts of sub micrometer particles and gaseous pollutants such as polycyclicaromatic
hydrocarbons, fine particles, and formaldehyde, the separticles may reach and coat
the lower respiratory tract and cause damage in lungs. However Phoenix dactylifera
administration rats shown to decrease the alveolar damage, this may due to its
antioxidant and free radicals scavenging activity. Histopathological observations were
in correlation with biochemical parameters carried out in our study

Conclusions
Prolonged exposure of mosquito coil smoke leads to significantly increase
the levels of TBARS, and significantly decreased the enzymic and non-enzymic
antioxidants enzyme activities. However, treatment with P. dactylifera after MCS
exposure prevented abnormalities in enzyme levels when compared to MCS-exposed
group. These findings suggest a potential role of P. dactylifera may have a potential
to be used as a protective agent against variety of conditions such as cellular damage
biochemical and histological alterations of lungs in a consequences of oxidative stress.
Further cellular and molecular studies should be focused to find effects of P. dactylifera.
The consumption of date palms is also highly recommended.
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Abstract

The objective of this present study was to investigate the effects of pyrethroid
deltamethrin induced severe oxidative stress and changes in the biochemical,
haematological, hepato-pathological parameters in male Wistar rats and its
possible attenuation by flavonoid naringin.
Rats were assigned to four
experimental groups. Group I-served as control rats; group II received deltamethrin
12.8 mg / kg BW orally for 21 days; group III received both deltamethrin and
naringin (100 mg/kg BW orally). Group IV received naringin (100 mg/kg BW).
Our results showed that deltamethrin significantly (P < 0.05) increased in the
levels of hepatic marker enzymes aspartate transaminase, alanine transaminase,
alkaline phosphatase, lactate dehydrogenase, along with increased elevation
of TBARS the marker of lipid peroxidation, and significantly (P < 0.05)
decreased in the levels of enzymic antioxidants. Deltamethrin-induced hepatic
damage also evidenced by histopathological studies of liver. Administration of
flavonoid naringin significantly reduced the TBARS level and hepatic marker
enzymes, and significantly improves the antioxidant status. The results of the
haematological parameters of deltamethrin administered rats shown significant
(P < 0.05) decreased in the erythrocyte count, hemoglobin, haematocrit,
packed cell volume, mean corpuscular hemoglobin, mean corpuscular hemoglobin
concentration, On the other hand a noticeable increase in white blood cells
count and mean corpuscular volume, polymorph neutrophils. Supplementation
of flavonoid naringin significantly improved the levels of erythrocyte count,
Hb, PCV, MCH, MCHC etc., and significantly regulates the leukocytes and
their functional indices. Results indicate that deltamethrin exerts significant
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harmful effects on biochemical, haematological, hepato-pathological parameters
and that administration of flavonoid naringin reduced the detrimental effects of
deltamethrin.
Keywords: Pesticide poisoning, pyrethroids, deltamethrin, oxidative stress, free
radicals, flavonoid, naringin, antioxidants, haematological parameters, liver.

Introduction
Pyrethroids are synthetic insecticides [1]. They are increasingly applied in
agricultural and household settings for the prevention and control of mosquitoes and
fleas, treatment of ectoparasites [2]. The usage of pyrethroids has been increased
considerably worldwide over the past few decades. This extensive usage of pyrethroids
results occupational / accidental exposure to population cause environmental and
public health impact. Pesticide poisoning is frequent in India and carries a high
mortality and morbidity [3]. Exposures to pyrethroids have been documented in
several potentially sensitive subpopulations, including pregnant women, infants and
children [4,5]. Pyrethroids reported to cause various adverse effects in epidemiological
and experimental studies, including neurotoxicity [6], allergy and immunosuppression
[7], cardiovascular [8], reproductive side effects [9] endocrine related diseases [10],
hepatotoxicity and nephrotoxicity [11]. Deltamethrin (DLM) is a type II α -cyano
group synthetic pyrethroid insecticide relatively potent and widely used insecticide.
DLM has been used on areas such as golf courses, ornamental gardens, lawns, outdoor
perimeter treatments, indoors as spot and crack and crevice treatments, and pet collars.
Also used in crops including cotton, corn, cereals, soybeans, and vegetables for pests
such as mites, ants, weevils and beetles. The illegal, unregistered product known as
Chinese Chalk, Miraculous Chalk can contain deltamethrin as the active ingredient.
Hence the human exposure to DLM is widespread. Pesticide contaminated food and
water is the chief sources to the general population and deltamethrin is readily absorbed
by the oral route [12]. DLM is reported to be the most toxic, as it is neither fully
metabolized nor quickly detoxified, and therefore creates serious problem with respect
to residue accumulation, especially in fatty tissues of liver [13]. During DLM exposure
reactive oxygen species (ROS) are generated and result in oxidative stress, free radicals
in intoxicated animals affects normal liver function by influence on antioxidant defense
system, altering biochemical parameters, induction of hepatic marker enzymes [14].
Haematological parameters could be an important tool in the assessment of deleterious
effect of drugs, as well as medicinal plants [15]. Recent reports were shown pyrethroid
exposure leads to haematotoxicity by significant alterations haematological parameters
including erythrocyte (RBCs) and leukocyte (WBCs) counts, hemoglobin concentration
(Hb), haematocrit (Hct) and blood indices (MCV and MCH) [16]. Naringin (4,5,7 -
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trihydroxyflavonone 7-rhamnoglucoside) is the predominant flavonoid found in grape
fruit and related citrus species [17]. Among the naturally occurring flavonoids, naringin
has been empirically proven to have no side effects, as human have been ingesting
grapes and citrus fruits for a long time [18]. Like most flavonoids, naringin have a broad
spectrum of pharmacological and therapeutic properties including metal chelating,
antioxidant, free radical scavenging, antiradical, antimicrobial properties [19] and antilipidperoxidation; anti-inflammatory, anti-apoptotic, anti-atherogenic, anti-ulcer, antihyperlipidemic [20] activities. Therefore the purpose of the study was to evaluate the
adverse effects of deltamethrin on biochemical, haematological and hepato pathological
parameters of male rats and to investigate the role of flavonoid naringin in alleviating
the harmful effects of deltamethrin.

Materials and Methods
Chemicals
Deltamethrin commercial formulation [Decis, deltamethrin 97.3% EC denotes
97.3% of technical grade deltamethrin (W/W) in emulsifiable concentrate] was procured
from Bayer crop science limited, Mumbai, India. Naringin were purchased from Sigma
Aldrich Co. (St. Louis, MO, USA). All other chemicals and reagents used in this study
were of analytical grade.
Animal Model
Adult male albino Wistar rats weighing 200g-240g were obtained from Institute
of Veterinary Preventive Medicine, Ranipet. Animals were quarantined and allowed
to acclimate for a week prior to experimentation. Water and feed were supplied ad
libitum. Six animals were housed per cage and maintained on 12/12 hr/day and night
cycle in a temperature and humidity controlled room. The animals were fed with
commercial pellet diet (Hindustan lever Ltd., Bangalore, India). The experiments
were conducted according to ethical norms approved by the Ministry of Social Justices
and Empowerment, Government of India and Institutional Animal Ethics Committee
Guidelines (Approval no. IAEC/APCAS/01/2013/01).
Experimental Design
Experimental animals were divided into four groups of six rats each as follows.
• Group I -control rats
• Group II - rats induced with deltamethrin dissolved in corn oil 12.8mg/kg BW
orally (1/10 LD50) for three week (21 days).
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• Group III - rats administered with deltamethrin 12.8mg/kg BW orally and
simultaneously administered100mg/kg BW of naringin dissolved in water orally
for 21 days.
• Group IV - naringin alone.

After the experimental period, the animals were fasted overnight, anaesthetized
with sodium pentothal and blood collected from jugular vein for serum isolation and
sacrificed by cervical decapitation. The liver tissue was excised immediately and a
portion of the tissue was homogenized in 0.1M Tris buffer, pH 7.4 and used for various
biochemical assays.
Histological Examination
A portion of the liver tissue was fixed in 10% neutral buffered formalin and
embedded in paraffin wax for histological evaluation. Sections with thickness 5µm
were stained with hamatoxylin and eosin (H&E), examined under high power light
microscope.
Biochemical Assays
The activities of serum enzymic antioxidants such as superoxide dismutase (SOD)
[21], catalase (CAT) [22], glutathione peroxidase (GPx) [23], glutathione reductase
(GR) [24], glutathione-S- transferase (GST) [25] were assayed. Lipid peroxidation
level was determined by measuring thiobarbituric acid reactive substances (TBARS)
according to the method of [26]. The serum hepatic markers like aspartate transaminase
[27], alanine transaminase [28], alkaline phosphatase [29] and lactate dehydrogenase
[30] was measured respectively.
Haematological Evaluation
The blood samples were collected in to tubes containing EDTA and were
immediately used for determination of haematological parameters. Total red blood cell
(RBC) and white blood cell (WBC) counts were estimated according to the method of
[31]. The percentage of packed cell volume (PCV) was determined according to the
haematocrit method [32] while the blood hemoglobin (Hb) concentration in all samples
was estimated according to the cyanomethaemoglobin method using Drabkin’s reagent
[32]. Mean corpuscular volume (MCV), mean corpuscular hemoglobin (MCH) and
mean corpuscular hemoglobin concentration (MCHC), platelet (Plt) were calculated as
outlined in [31]. Differential white blood cell counts were estimated using the method
of [33].
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Statistical Method
All the results were expressed as mean ± SD for six rats in each group. All the
grouped data were statistically evaluated with SPSS/12.0 software. Hypothesis testing
method included one-way analysis of variance (ANOVA), followed by least significant
difference (LSD) test; P < 0.05 was considered to indicate statistical significance.

Results
Effect of naringin on DLM - induced Lipidperoxidation

Figure 1: Effect of Naringin on DLM- induced lipid peroxidation in control and
experimental group rats
Results were expressed as mean ± SD, for six animals in each group. Statistical
significant variations are compared as follows:
a
DLM- induced vs Control;
b

DLM- induced + naringin treated vs DLM- induced;

a,b

indicates p < 0.05 and NS indicates Non-significant.
The changes in the levels of TBARS in the control and experimental group of
rats were depicted in Fig.1. It was observed that DLM-induced rats exhibited significant
(p < 0.05) increased levels of TBARS when compared with control (group I) rats.
Naringin treatment to DLM-induced rats shown a significant decrease in TBARS (p <
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0.05) when compared with DLM -induced rats indicating its protective effect against
oxidative stress induced by DLM. In naringin alone treated showed no significant
change in TBARS levels when compared to control rats.
Effect of naringin on DLM - induced Antioxidant Enzymes
The activities of enzymic antioxidants (SOD, CAT, GPx GR and GST) in the
control and experimental groups of rats are summarized in Table 1. The activities of
theses enzymic antioxidants were reduced in DLM-induced rats as compared to the
control animals. Naringin treatment showed a significant increase in SOD, CAT, GPx,
GST, and GR (p < 0.05) activities in serum when compared to DLM induced rats. In
naringin alone treated rats there were no significant alterations of antioxidant enzyme
activities when compared to control rats.
Particulars

Control

DLM induced

DLM induced +
Naringin Treated

Naringin Alone

SOD

3.65± 0.25

1.68± 0.13a

3.26± 0.15b

3.62± 0.24 NS

CAT

54.57± 4.06

36.83± 3.17 a

42.86± 3.54 b

51.34± 2.65 NS

GPx

1.75± 0.14

0.85± 0.11 a

1.36± 0.08 b

1.73± 0.07 NS

GST

0.55± 0.07

0.28± 0.03 a

0.46± 0.05 b

0.53± 0.04 NS

GR

0.25± 0.04

0.12± 0.017 a

0.20± 0.025 b

0.24± 0.042 NS

Table. 1 Effect of naringin on DLM - induced antioxidants enzyme activities in
the serum of control and experimental group of rats
SOD: superoxide dismutase; CAT: catalase; GPx: glutathione peroxidase; GR:
glutathione reductase; GST: Glutathione-S-transferases; Enzyme activities are
expressed as SOD: units/min/mg protein (One unit is equal to the amount of enzyme that
inhibits pyrogallol auto-oxidation by 50%). CAT: moles of H2 O2 hydrolyzed/min/mg
protein. GPx: µ moles of NADPH oxidized/min/mg protein. GST: nmol of CDNB
conjugated/min/mg protein. GR: moles of NADPHoxidized/min/mg protein. Results
are expressed as mean ± SD for 6 different sets of experiments. Values are considered
significantly different at P < 0.05 with post-hoc LSD test. Statistically significant
variations are compared as follows:
a
DLM-induced vs. control.
b
DLM-induced + naringin treated vs. DLM-induced.
a,b
indicates p < 0.05 and NS indicates Non-significant.
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Effect of naringin on DLM - induced liver marker Enzymes
Table 2 shows the activities of serum hepatic marker enzymes (AST, ALT, ALP, and
LDH) of control and experimental groups of rats. The activities of the serum hepatic
markers AST, ALT, ALP and LDH were found to be significantly (p < 0.05) increased
in the DLM induced rats when compared with control (Group I). Naringin treatment
resulted in a significant (p < 0.05) decrease in the above enzyme activities in Group
III animals when compared to Group II animals. However, no significant changes were
observed between control and drug control groups.

Experimental
Groups

AST

ALT

ALP

LDH

114.86± 8.06

36.57± 2.22

28.48 ± 3.54

81.45± 2.64

DLM - induced

268.46± 12.40a

94.45± 4.24a

66.53± 5.54a

146.45± 6.73a

DLM - induced +
naringin treated

146.64± 8.61b

48.86± 5.88b

37.43± 2.49b

95.64± 3.63b

116.45 ± 6.65NS

37.54± 3.49NS

30.13± 3.27NS

82.68± 4.16NS

Control

Naringin alone
treated

Table. 2 Effect of naringin on DLM - induced hepatic marker enzymes in serum of control
and experimental group of rats

AST: Aspartate aminotransferase; ALT: alanine aminotransferase; ALP: Alkaline
phosphatase; LDH: Lactate dehydrogenase. Activity is expressed as IU/L. Results are
expressed as mean ± SD for 6 different sets of experiments. Values are considered
significantly different at P < 0.05 with post-hoc LSD test. Statistically significant
variations are compared as follows:
a
DLM-induced vs. control.
b
DLM-induced + naringin treated vs. DLM-induced.
a,b
indicates P < 0.05 and NS indicates non-significant.

Effect of naringin on DLM -induced haematological parameters
Haematological parameters of control and experimental group of rats are shown
in Table 3. In this present investigation marked variations in the haematological
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Parameters

Normal
Value

Control

DLM
induced

DLM induced
+ Naringin
treated

Naringin
alone

RBC (×106 /mm3 )

7-10

8.68± 0.22

5.24 ± 0.16a

7. 78± 0.15b

8.74± 0.13NS

Hb (g/dl)

11-18

16.4± 1.4

8.6± 1.2a

14.3± 1.7b

17.8± 1.32 NS

Hematocrit (%)

34-48

44.7± 3.34

28.6± 1.77a

38.4± 3.22b

46.5± 1.88 NS

WBC (×103 /mm3 )

7-14

10.8± 1.2

18.4± 1.28a

12.6± 1.03b

10.54± 1.33NS

PCV (%)

36-48

36.8± 1.6

24.8± 1.4a

32.6± 1.8b

36.2± 1.4 NS

MCV (mm3 /RBC)

50-65

64.4± 3.78

88.8± 4.36a

66.6± 5.12b

62.8± 3.86NS

MCH(pg/RBC)

19-23

22.3± 2.34

16.8± 1.97a

20.35± 1.64b

22.14± 2.87 NS

MCHC(g/dl)

32-38

34.6 ± 1.63

28.2± 2.38a

32.6± 2.21b

38.4± 2.65 NS

500-1300

876.8± 19.8

348.4± 15.24a

786.3± 12.7b

868.8± 18.2 NS

Neutrophils (%)

9-34

26.8± 2.03

38.2± 3.63a

28.5± 2.75b

26.4± 1.85 NS

Eosinophil’s (%)

0-6

1.7± 0.08

2.4± 0.16a

1.8± 0.12b

1.7± 0.24 NS

Monocytes (%)

0-5

1.4± 0.25

4.86± 0.66a

2.6± 0.32b

1.3± 0.18 NS

Platelets(×103 mm3 )

Table. 3 Effect of naringin on DLM - induced hematological parameters in control
and experimental group of rats

RBC: red blood cell; WBC: white blood cell; Hb: hemoglobin; PCV: packed cell
volume; MCV: Mean Corpuscular volume; MCH: mean corpuscular hemoglobin;
MCHC: mean corpuscular hemoglobin concentration;Results are expressed as mean ±
SD for 6 different sets of experiments. Values are considered significantly different at
p < 0.05 with post-hoc LSD test.
Statistically significant variations are comparedas follows:
a
DLM-induced vs. control.
b
DLM-induced + naringin treated vs. DLM-induced.
a,b
indicates P < 0.05 and NS indicates non-significant.
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parameters were observed in DLM- induced rats. The total number of RBC,
hemoglobin, haematocrit percentage, MCH, MCHC were significantly decrease (p <
0.05) in DLM induced rats when compared to other groups, whereas trivial increase
in amount of white blood cells (WBC) and mean corpuscular volume (MCV),
polymorphoneutrophils were observed in DLM-induced rats groups compared to
control. Supplementation of naringin to DLM administered rats reversed these effects
and attained the haematological parameter changes to normal levels. Administration
of naringin alone does not cause any significant alteration on the haematological
parameters.
Effect of naringin on DLM- induced histopathological changes
Histopathological alterations of rat liver of control and experimental groups of
rats were depicted in Fig.2. The liver of control rats (Fig.2A) and naringin alone
(Fig.2D) treated rats showed a normal architecture of liver. DLM -induced (Fig.2B)
rat liver architecture as indicated by focal necrosis, vacuolization, sinusoidal dilation,
inflammatory cell infiltration and giant cell formation. DLM induction with naringin
administration (Fig.2C) showed near normal hepatocytes with mild portal inflammation.

Figure 2: Effect of naringin on DLM- induced histopathological analysis of liver tissue
of control and experimental group of animals
The effect of naringin on DLM- induced histopathological alterations in rat
liver of control and experimental group of rats were depicted in Fig.2. The liver
(Hematoxylin and Eosin staining) of control rats (Fig.2A) and naringin alone (Fig.2D)
treated rats showed a normal architecture of liver. DLM- induced (Fig.2B) rat liver
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architecture shown crowded hepatocytes, focal necrosis, abnormal parenchymaand
vascular congestion, vacuolization, inflammatory cell infiltration and giant cell
formation. DLM induction with naringin administration (Fig. 2C) showed near normal
hepatocytes with mild portal inflammation.

Discussion
Deltamethrin (DLM) is one of the ecological toxins it is ability to disrupt
biochemistry, haematology and liver. The present study designed to investigate
the significant toxicological effects of DLM on biochemical, haematological, hepato
pathophysiological activities in male Wistar rats. Severe oxidative stress is the main
pathophysiological mechanism of DLM-induced toxicity. In severe oxidative stress,
cells require exogenous supply of antioxidants. Naturally flavonoids help to relieve
the oxidative stress of the cells by its antioxidant activity. Naringin is one of the
flavonoid; it has antioxidant, antiradical, anti-lipid peroxidation, and anti-inflammatory
activities. Hence, present study was undertaken to evaluate the ability of naringin, a
citrus flavonoid to reduce the DLM-induced oxidative stress.
Lipid peroxidation and its product malondialdhyde, TBARS have been extensively
used as a biomarker for pesticide induced oxidative stress [34] which results from the
over production of oxy radicals damage to membrane components of cells. In this
present study DLM induction shown a marked increase in the MDA attributed oxidative
stress and free radicals formation in liver tissues leading to tissue damage/injury [35].
Flavonoids are widely recognized as naturally occurring antioxidants that inhibit lipid
peroxidation in biological membranes. Naringin is one of the flavonoid have been
proven to have anti-lipidperoxidation activity [20], in our study supplementation with
naringin significantly decreased the levels of TBARS which may be resulting from
the scavenging of free radicals and its antioxidant activity. It clearly shows that the
ability of naringin to directly interact with reactive oxygen species that may initiate
lipid peroxidation and its potentiality in reducing DLM - induced hepatotoxicity.
Antioxidant system plays a pivotal role in cellular defense against reactive free
radicals and other oxidant species. In normal conditions, the ROS generated are
neutralized by the endogenous antioxidants and always there is equilibrium between
the ROS and antioxidants. In this present study, we observed decrease in the activities
of antioxidants enzymes (SOD, CAT, GPx, GR, and GST) in DLM- induced rats may be
due to induction of lipid peroxidation, production of ROS, and direct action of pesticides
on the synthesis of the enzyme [36]. Supplementation with naringin significantly
increased the activities of antioxidant enzymes in the serum of DLM-induced rats.
Naringin has been demonstrated to play an important role in regulating anti oxidative
capacity by increasing antioxidant enzyme activities and by up-regulating the gene
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expression of SOD, CAT and GPx [37].
The increase in the activities of liver markers enzymes in serum is indicative for
liver damage and thus causes alteration in liver function [38]. In the present study
DLM- induced rats shown increase in the activities of AST, ALT, ALP and LDH may
be due to liver dysfunction or hepato cellular damage. DLM induction causes alteration
in the membrane permeability of liver leading to leakage of the enzyme to the blood
stream. These observations matched with earlier finding of pyrethroids fenvalerate
reported in El-Demerdash et al. [39]. Supplementation of naringin attenuates DLMinduced hepatotoxicity by decrease the levels of AST, ALT, ALP and LDH in serum,
thus naringin offering hepatic defense against DLM toxicity in rats. The above effects
clearly evidenced naringin stabilize the cell membrane in hepatic damage induced by
DLM shown their hepatoprotective efficacy of naringin. Hepato protective activity of
naringin also previously reported in [40].
Haematological parameter investigation is effective way of assessing the health
prominence of animals as it plays a vital role in physiological, nutritional and
pathological status of organisms [41]. Haematological indices of DLM- induced rats
shown a significant decrease in the levels of RBCs, Hb, Ht, MCH, MCHC and Platelets,
whereas trivial increase in levels of WBC, MCV and neutrophils. In fact, Hb and Ht
are directly correlated with RBC count. The reduction in RBCs, Hb, Ht and PCV is
due to the direct toxic effect of DLM on bone marrow, inhibition of erythropoiesis,
hemosynthesis, hemolysis or shrinkage of mature RBC, anemia in hemopoietic organs
of DLM - induced rats. The increasing of neutrophil number may be due the engagement
of these cells in the phagocytic process. These similar findings previously described in
the studies of pyrethroid pesticide cypermethrin on haematological indices [42,43]. The
significant decrease in platelet count suggested a possible effect on blood coagulation
and haemostasis blood system damage, thrombocytopenia previously described by
Abbes et al. [44]. In this study, we observed a trivial increase in the WBC, MCV
in rats exposed to DLM. The observed increase in WBC may be due to activation
defense mechanism and immune system of animals, increased leucocyte recruitment,
stress condition and also increased MCV manifestation by swollen erythrocytes,
macrocytic and hypochromic anemia, hemolysis, haemorrhages, macrocytosis [45].
The haematological indices (MCH, MCHC) have a particular importance in anaemia
diagnosis in most animals. The anemia may also be related to interference with Hb
synthesis and shortening of RBC lifespan. Our earlier studies reported that chronic
DLM exposure causes increased erythrocyte fragility due to increased lipidperoxidation,
free radicals, hemolysis of the erythrocyte membranes [46]. However, literature
has shown that oral ingestion of medicinal compounds or drugs can modulates the
abnormalities of haematological parameters. Based on the fact that flavonoids rich plant
substances that can promote health and alleviate illness. Among the naturally occurring
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flavonoids, naringin has been empirically proven to have no side effects, as humans
have been ingesting grapes and citrus fruits for a long time [18]. However, naringin
administration, the level of RBCs, Hb, Ht, MCH, MCHC and its related indices were
appreciably improved. This gives an indication that flavonoids naringin can stimulate
the formation and secretion of erythropoietin, which stimulates stem cells in the bone
marrow to produce red blood cells [47]. The stimulation of this hormone enhances
rapid synthesis of RBC which is supported by the improved level of MCH and MCHC
[48]. Flavonoids naringin attributed to their ability to lower lipid peroxidation, free
radicals formation [49] that causes haemolysis of erythrocytes. The results obtained in
the present study clearly show that, the naringin effectively improving some parameters
of blood homeostasis of rat. These indicate that naringin minimized the toxic effect and
cope up the DLM- induced stress.
Histopathological examination of rat liver in control and experimental group of
rats were depicted in Fig.2. The liver of control rats (Fig.2A) and naringin (Fig.2D)
alone treated rats showed a normal architecture of liver that revealed normal liver
parenchymal cells with granulated cytoplasm, small uniform nuclei and central vein
surrounded by cords of hepatocytes. Histopathological studies of DLM- induced
rat liver were shown (Fig. 2B) severe hemorrhages, hepatic focal necrosis with
concomitant leukocyte infiltration, crowded hepatocytes, abnormal parenchyma and
vascular congestion, vacuolization, sinusoidal dilation, inflammatory cell infiltration
and giant cell formation. From these observations, it is possible to conclude that DLM
administration results in the pronounced oxidative stress and tissue damage leading
to tissue injury. DLM induction with naringin administration (Fig.2C) showed near
normal hepatocytes with mild portal inflammation. It is hypothesized that naringin
protects the tissue injury by scavenging the oxidative radicals, which is evidenced by
the normalization liver.

Conclusions
In view of these findings, it is possible to conclude that prolonged exposure to
deltamethrin results severe oxidative stress. The evidence presented here indicates
that DLM induces oxidative stress, free radical formation and the lipid peroxidation
is the mechanism of DLM induced pathophysiological effects.
In our study
evidenced naringin supplementation reduces oxidative stress by virtue of its antioxidant
properties thus improving the haematological parameters and eventually alleviates the
histopathological changes as well as the biochemical perturbations. The flavonoid
naringin supply is a putative protector against such effects, and should prevent farmers,
agriculture workers and pesticide users from intoxication of pesticide poisoning. The
consumption of foods rich in flavonoids naringin is also highly recommended.
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Abstract
The prevalence of lung cancer is largely due to the absence of efficient early
diagnostic methods and absence of potent treatment options after metastatic
spread. Lung carcinogenesis is a result of deregulations in genetic as well as
epigenetic regulatory pathways, which disturb the cellular homeostasis and thereby
facilitate the initiation and progression of metastatic lung diseases. Some of
these genetic and epigenetic alterations function as the driving changes during
lung carcinogenesis, while the others either support the cells in undergoing
transformation or are themselves a result of cellular transformation. In this review,
we will discuss the major genetic and epigenetic modifications associated with
lung carcinogenesis. We will also discuss the major techniques, which are being
utilized to study the epigenetic changes involved in lung carcinogenesis.
Keywords:
Lung cancer; Epigenetic reprogramming; DNA methylation;
Chromatin remodelling; Chemotherapy.

Introduction
Lung cancer is the most fatal type of cancer in the world due to the lack of
potential early diagnostic techniques as well as unavailability of efficient and stable
therapeutic approaches. Approximately 1.4 million people including both men and
women, die of lung cancer every year (Jemal A, et al. 2010; Jemal A, et al. 2011).
According to the World Health Organization and the International Association for the
Study of Lung Cancer (IASLC), lung cancers are divided into two main subtypes
based on their microscopic appearances: Small cell lung cancer (SCLC) and Non-small
cell lung cancer (NSCLC). SCLC, which is strongly correlated to tobacco smoking
is characterized by the presence of abnormally small cells and is generally present
in the central parts of the lungs. NSCLC is further classified into three subtypes:
adenocarcinoma (AC), squamous cell carcinoma (SCC) and large cell carcinoma (LCC).
AC originates in the alveolar cells and therefore such tumors secrete mucin. SCC
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initiates in the squamous cells of the bronchial lining and is related to tobacco smoking.
LCC consists of large undifferentiated cells and show worst prognosis among all
(Khuder SA,2001). In addition to SCLC and NSCLC, other types of lung cancers
include carcinoid tumors, which originate from neuroendocrine cells (Alsina M, et
al. 2011; Hajdu SI, et al. 2008). Malignant pleural mesothelioma (MPM) is a rare
lung malignancy arising due to chronic exposure to asbestos (Swarts DR, et al. 2011;
Goto Y, et al. 2009). Fibrosarcomas and leiomyosarcomas are tumors arising from
mesenchymal and smooth muscle cells of the lungs, respectively (Hasanoglu HC, et al.
2011; Attanoos RL, et al. 1996; Fitoz S, et al. 2000; Arnold LM, et al. 2010).

Genetics of Lung Cancer
Cancer cells tend to accumulate multiple genetic alterations and mutations
during the process of carcinogenesis. Major genetic changes associated with
lung carcinogenesis include chromosomal aberrations, overexpression of oncogenes,
mutations in the tumor suppressor genes and DNA repair genes, microsatellite
instability, telomerase activity and retrotransposition (Herbst RS, et al. 2008, Shukla
S, et al. 2013).
Genomic Aberrations
Genomic instability is defined as the inability of cells to maintain consistent
chromosomal structure and number through successive generations. Similar to other
cancer subtypes, lung tumors also display aneuploidy and several other chromosomal
aberrations (Kohno T, et al. 2002). Most common chromosomal aberrations involved
are structural changes in chromosome 1, deletions in shorter arms of chromosomes 3
and 17 and the longer arms of chromosomes 5, 9, 13 and 18. These deletions result in
the loss of important tumor suppressor genes, thereby facilitating lung tumorigenesis.
3p deletions have been correlated with the loss of tumor suppressors FHIT, ROBO1,
RASSF1 and DLEC1 in lung cancer. Similarly, deletions in 18q lead to loss of DCC,
SMAD4/DPC4 and SMAD2tumor suppressor genes (Romeo MS, et al. 2003;Iniesta P,
et al. 2004; Massion PP and Carbene DP, 2003, Slebos Rj, et al. 2005; Takei K, et al.
1998, Testa JR, et al. 1997).
Oncogene Overexpression
Lung tumorigenesis also involves the overexpression of different oncogenes
which bring about the transforming changes in the cell behaviour. Overexpression
of oncogenes such asK-RAS, EGFR, AKT1, c-MET, PIK3CA, PTEN, c-MYC,
MYCN, MUCL1, ALK,HER2/ERBB2, MAP2K1, MET, NKX-2 and B-RAF have
shown frequently occurrence during lung carcinogenesis. Rearrangement of ALK
gene resulting in the production of EML4-ALK fusion protein also facilitates lung
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carcinogenesis (Reily GJ, et al. 2009; Blanco R, et al. 2009; Kwak EL, et al. 2010,
Shigematsu H, et al. 2005; Pao W et al. 2011; Weir BA, et al. 2007).
Loss of Tumor Suppressor Genes and DNA Repair genes
Tumor suppressor genes function by inhibiting cellular proliferation and by
facilitating senescence as well as onset of programmed cell death. Deletions of p53 and
Rb are most frequent driver mutations in lung tumorigenesis. Other important tumor
suppressor genes most frequently altered during the process of lung tumorigenesis
include LKB1/STK11, p16IN K4a , DAPK, GSTP1, MMP7, FGFR1(Sanchez-Cespedes
M, 2007; Esteller M, et al. 1999; Toyokawa G, et al. 2011; Dutt A, et al. 2011, Shukla
S, et al. 2015, Sinha S, et al. 2015).
DNA repair mechanisms rely on the presence of various repair machineries and loss
of the enzymes involved in these mechanisms is another genetic defect involved in lung
carcinogenesis (Lahtz C, et al. 2011).Loss of expression of MGMT, a gene involved
in direct repair, has been shown to have to a frequency of 65% in lung cancer patients
(Wu JY, et al. 2008).MLH1 and MSH2, genes involved in mismatch excision repair
are also reported to be mutated in a majority of lung patients (Lo YL, et al. 2010).
Epigenetic inactivation of non-homologous end joining pathway repair enzyme XRCC5
and chromosomal stability control genes BRCA1and BRCA2 is also a frequent event
in case of NSCLC. Homologous recombination proteins and PARP are other examples
of DNA repair proteins, which are altered during the lung cancer initiation as well as
progression (Yin M, et al. 2011; Ossovskaya V, et al. 2010).
Microsatellite Instability
Microsatellites are regions in DNA with consist of multiple tandem repeats of
specific sequences. Microsatellite instability occurs when a defective DNA mismatch
repair system (MMR) induces accumulative repeat length alterations of tandem repeats
in the microsatellite region. Exposure to chromium, a well known lung carcinogen,
induces frequent microsatellite instability in the lung cancer patients. This instability
results in higher frequency of replicative errors, known as replication error (RER)
phenotype. Approximately 78.9 % of chromium-exposed lung cancer patients have
presence of RER phenotype. The microsatellite instability is one of the contributing
factors in imparting genomic instability to the lung cancer cell genome (Merlo A, et al.
1994, Fong KM, et al. 1995; Oda S, et al. 2005, Woenckhaus M, et al. 2003).
Telomerase activity
Shortened telomeres signal the onset of replicative senescence in the normal cells.
Telomerase is a RNA-dependent DNA polymerase enzyme which functions by adding
hexameric sequence TTAGGG at the telomeric ends to compensate for the loss of DNA
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sequences during each replication cycle. Cancer cells exhibit higher telomerase activity
to bypass replicative senescence. Similarly, reports have also shown elevated expression
of telomerase in the lung cancer cells. Aberrant expression of catalytic subunit of
hTERT has been known to be involved in the process of lung carcinogenesis (Ma H,
et al. 2011;Lee JC, et al. 1998; Hara H, et al. 2001; Mousavi SA, et al. 2009).
Retrotransposition
Most of the human genome consists of heterochromatin comprising almost 45%
of transposons and 25% simple sequence repeats (microsatellites) and segmental
duplications etc.The genetic changes during lung carcinogenesis also involve
retrotransposition of the active elements such as long interspersed elements (LINE1)
and Alu-1. These retrotranspositional changes lead to insertions and duplications in the
genome resulting in the genomic instability (Daskalos A, et al. 2009, Bannert and Kurth
R, 2004; Slotkin RK and Martienssen R, 2007; Sciamana I, et al. 2005).

Epigenetics of Lung Cancer
The cells of an organism containing similar genetic profiles exhibit variations
in the patterns of gene expression among themselves, thereby leading to functional
differentiation (spatial expression). Moreover, the same cell tends to express different
sets of genes at different time-points in its life (temporal expression. Epigenetics is
defined as the study of heritable changes in the gene expression without any alteration
in the underlying DNA sequence. Epigenetic mechanisms constitute a regulatory
layer which functions to coordinate crucial biological processes and imbalances in this
dynamics are known to be associated to different types of cancers including lung cancer
(Shukla S, et al. 2013). Gene regulation involves chromatin remodelling leading to the
closed or open chromatin conformations, which is assisted through changes in promoter
methylation and histone modifications. MicroRNAs (miRNAs) also function in the
epigenetic silencing of multiple genes at post-transcriptional level and based on their
target genes, these miRNA can function as tumor suppressors or oncogenes (Shukla S
and Meeran SM, 2014, Momparler RL, 2003).
Promoter Methylation
In mammals, 70-80% of total CpG dinucleotides are methylated and methylation
is prevalent in the regions with low CpG density. In contrast, the CpG-rich regions
called ’CpG islands’ which are often concentrated in gene promoters, are generally
unmethylated. Promoter methylation is defined as the covalent addition of a methyl
group to the cytosine nucleotide in the CpG dinucleotide sequence of eukaryotic
promoter.Promoter methylation plays central role in the regulation of gene activity
and in the maintenance of nuclear architecture. DNA methylation is catalyzed

S. Shukla, M. Fathima and Syed Musthapa Meeran

645

through a group of cellular enzymes known as DNA methyltransferases (DNMTs),
which are classified into two groups: DNMT1 is the maintenance methyltransferase
which functions in maintaining the established patterns of gene methylation. De
novo methyltransferases, DNMT3a and DNMT3b set up new patterns of DNA
methylation (Momparler RL, et al. 2003; Okano M, et al. 1999). Overexpression
of DNA methyltransferases is a frequent occurrence in case of lung cancer. DNMT1
overexpression is an early marker of lung carcinogenesis. Approximately, 53% and
58% of human NSCLC tumors showed DNMT1 and DNMT3a mRNA overexpression
(Kim H, et al. 2006).
Aberrant promoter methylation affects cancer development in two primary ways:
First, by the hypermethylation of promoter regions of tumor suppressor genes which
results in their suppression and second, by the promoter hypomethylation of repetitive
sequence elements leading to their activation and genomic instability (Fig. 1). Promoter
hypermethylation is the major cause of silencing of major tumor suppressor genes
e.g. p53, Rb, p16, p15, p14, MGMT, DAPK and GSTP1. Genome-wide screening
techniques have identified LOX, MSX1, BNC1, CTSZ, ALDH1A3, CCNA1, NRCAM
and SOX15 as lung cancer-specific tumor suppressor genes, which are downregulated
by promoter methylation (Shukla S, et al. 2013). A cohort study involving 96 NSCLC
tumors has demonstrated that the promoter hypermethylation of six candidate genes
CALCA, CDH1, DAPK1, IRX1, TIMP3 and PAX6 might function as a prognostic
marker of NSCLC (Esteller M et al. 2001; Shames DS, et al. 2006; Ji M et al. 2011,
Teramen H, et al. 2011).
Chromatin Remodelling and Histone Modifications
Chromatin is the highly organized DNA-protein complex which consists of DNA
bound around basic histone proteins. The transcriptionally active open conformation of
chromatin is known as euchromatin and the condensed inactive form as heterochromatin
(Kornberg RD, 1974). The process of movement of nucleosomes on DNA, assisted
by multiple ATP-dependent multi-enzymatic complexes, is known as chromatin
remodelling and these enzyme complexes are known as ATP-dependent chromatin
remodelling complexes. There are four known families of chromatin remodelling
complexes identified as Switch/Sucrose nonfermentable (SWI/SNF), imitation SWI
(ISWI), chromodomain helicase DNA-binding (CHD)/NuRD/Mi-2 and INO80 families
(Munoz P, et al. 2012). BRG1 was found to be mutated at a frequency of 35% thereby
making this gene fifth among the most frequently mutated genes in NSCLC cell lines,
while only 5% of the SCLC cell lines showed mutations in this gene. Mutations in
the BRG1 gene have been shown to result in truncated proteins in both the lung cancer
cell lines and human lung tumors (Medina PP, et al. 2008). The amino-terminal tails
of histone proteins function as the sites of multiple post-translational modifications
and these modifications decide the patterns of chromatin remodelling. There are
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several types of histone post-translational modifications, for example, lysine acetylation,
lysine methylation, arginine methylation, serine or threonine phosphorylation, lysine
ubiquitination, lysine sumoylation, ADP ribosylation of glutamic acid, deimination, and
proline isomerization.
Lysine acetylation is the best studied chromatin modification, which is catalyzed
by histone acetyltransferases (HATs). These enzymes can be classified into three main
families, which are p300, CREBBP and PCAF. A study reported overexpression of the
histone acetyltransferases hMOF in approximately 60% of lung cancer cell lines, 50%
of freshly frozen lung tumors and 37.6% of paraffin embedded lung tumors (Song JS,
et al. 2011). Hyperacetylation-mediated upregulation of Inhibin βA (INHβA), a ligand
in the transforming growth factor family, has been evidenced in 70% of lung tumors in
stage I / III primary lung adenocarcinoma specimens. Therefore, INHβA can be utilized
as a novel epigenetic target gene for lung adenocarcinoma treatments (Seder CW, et al.
2009).
For efficient regulation of gene expression, the transcriptional silencing of genes
is also a prerequisite. The level of acetylation remains in dynamic equilibrium with
the level of deacetylation through the action of another group of enzymes, known
as histone deacetylases (HDACs). There are total of 11 known HDACs which are
classified into four major classes known as zinc-dependent class I, II and class IV and
NAD+ -dependent class III HDACs also known as sirtuins. Class I HDACs include
HDACs 1, 2, 3 and 8, class II HDACs are divided into two subclasses: class IIA
consists of HDACs 4, 5, 7 and 9; class IIB includes HDACs6 and10. Class III HDACs
include sirtuins 1-7 and class IV is a single-membered subclass having HDAC11.
Altered expression and mutations in genes encoding HATs and HDACs have been
linked to tumor development, since these changes lead to the abnormal expression
of key regulatory genes for cellular proliferation, cell-cycle regulation and apoptosis.
Downregulation of class II HDACs, HDAC5 and HDAC10 has been correlated with
poor prognosis in the lung cancer patients (Osada H, et al. 2004). Another important
example of role of acetylation in gene regulation is exemplified by the tumor suppressor
p53 acetylation and deacetylation which affects the expression of HIC1 in patients of
NSCLC (Tseng RC, et al. 2009, Puca R, et al. 2010). Other examples of genes altered
through deregulated lysine acetylation in lung cancer include PDGH, VILIP1, PGIS,
POLD4 etc. (Tong M, et al. 2006; Denlinger CE, et al. 2005; Fu J, et al. 2008; Cathcart
MC, et al. 2011; Huang QM, et al. 2010).
The lysine residues in the amino-terminal tail of histones can also be methylated
with mono-, di-, or tri-methyl groups. The effects of histone methylation vary
depending on the site as well as the degree of methylation. This process of lysine
methylation is assisted by lysine methyltransferases (SUV39H1 and SUV39 H2).
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Histone methylations in histone H3 at lysine 4 (H3K4), lysine 36 (H3K36), lysine 79
(H3K79) and in histone H4 at lysine 20 (H4K20) are marks of euchromatin representing
active gene transcription, while methylation in histone H3 at lysine 9 (H3K9), and in
histone H3 at lysine 27 (H3K27) are reported to be higher in heterochromatin, the
repressed state of chromatin (Kouzarides T, et al. 2002; Young MD, et al. 2011) (Fig.2).
Chemical carcinogens arsenic and chromate have been shown to alter the patterns of
global histone methylation (Zhou X, et al. 2008; Sun H, et al. 2009).
The arginine residues in the histone tails are methylated by Protein arginine Nmethyl transferases (PRMTs) and histones H2A, H2B and H4 are reported to be
methylated by these enzymes. Arginine methylation in mostly correlated with increased
gene transcription(Bedford MT, 2007). Altered expression of PRMTs leads to altered
gene expression profiles in NSCLC (O’Byrne KJ, et al. 2011; Yoshimatsu M et
al. 2011). The enzyme, peptidylarginine deiminase 4 (PADI4/PAD4) antagonizes
methylation of arginine leading to repressed transcription (Cuthbert GL, et al. 2004;
Denis H, et al. 2009; Baka Z, et al. 2011).
The Aurora kinase family (Aurora A, B and C) is involved in the regulation of
cell division by phosphorylation of histone H3 at serine or threonine residues. The
histone phosphorylation has been linked with gene activation and inhibition of aurora
kinases reduced lung tumor proliferation (Fullgrabe J, et al. 2010; Ulisse S, et al.
2010). The ubiquitination and sumoylation of histones, which are mediated by E3
ubiquitin ligases, Ring1B and 2A-HUB as well as E1 activating (SAE1/SAE2) and E2
conjugating (UBC9) enzymes, respectively are correlated with transcriptional silencing
and heterochromatin spread (Weake VM and Workman JL, 2008; Marteijn JA, et al.
2009; Ma MK, et al. 2011; Iiguez-Lluh JA, et al. 2006; Nathan D, et al. 2003; Shiio
Y, et al. 2003). ADP-ribosylation of histones is carried out by Poly (ADP-ribose)
polymerase - 1 (PARP1), and inhibition of PARP1 led to induction of apoptosis and
tumor regression in H460 xenografts (Boulikas T, 1989; Albert JM, et al. 2007).

Techniques being utilized in studying Cancer Epigenetics
A lot of work is being done in the field of epigenetics for the determination of
differential chromatin modifications among non-cancerous and cancerous cells. These
kinds of analytical techniques are utilized either for the study of a particular genomic
region or for genome-wide chromatin modification analyses. Some of the techniques
are discussed here in brief.
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Role of differential DNA methylations in lung carcinogenesis. (A) Tumor suppressor
gene(TSG) promoters are in general hypomethylated and actively transcribed. During
lung carcinogenesis, promoter specific hypermethylation of TSGs leads to their
transcriptional silencing by hindering the binding of transcriptional complex (TC) to
the promoter site. (B) In contrast,the promoter demethylation of the repetitive sequence
elements (REs), which are generally hypermethylated, facilitates lung carcinogenesis.
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Functional implications of differential histone modifications in lung cancer. Lysine (K)
acetylation and methylations at the K4, K36 and K79 in histone H3 and at K20 in histone
H4 are active chromatin marks, which are generally associated with the transcriptional
activation. In contrast,lysine (K) deacetylation, methylations at the K9 and K27 in
histone H3and demethylation at K20 in histone H4are inactive chromatin marks, which
are generally associated with the transcriptional repression.

Promoter methylation analysis techniques based on bisulfite conversion
Bisulfite Sequencing
This technique is based on the base substitution caused by bisulfite modification.
Bisulfite conversion changes the unmethylated cytosines into uracils. Therefore,
these unmethylated cytosines can be distinguished from methylated cytosines.Bisulfitetreated PCR amplification products are analyzed either by direct sequencing or by
restriction analysis followed by sequencing. It is the most suitable technique for regional
genomic DNA methylation analysis, and it can be used to determine the methylation
status of individual CpG sequences within the genomic region being studied (Li Y and
Tollefsbol TO, 2011; Choi JH, et al. 2010).
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Methylation Specific PCR (MSP) and Quantitative Methylation Specific PCR
(qMSP)
Methylation specific PCR is a technique which is based on bisulfite sequencing
and uses two pairs of primers, one pair specific for methylated DNA and the other
for unmethylated DNA. One or more CpG sites are included in each primer set
to distinguish between methylated and unmethylated DNA. The DNA samples are
first treated with bisulfite and after purification; two PCR reactions are performed
with the two different primer pairs. Methylated cytosines are amplified as cytosines,
while uracils (bisulfite-modified cytosines) are amplified as thymines. These base
substitutions can then be determined either by direct sequencing of the amplified
products, or products may be first cloned then sequenced, or these amplification
products can be put through high resolution melting (HRM). In qMSP, quantification
of the methylated DNA can be done nearly accurately. Methylation Enrichment
Pyrosequencing (MEP) technique combines the use of MSP and Pyrosequencing
Methylation assay (PMA) to provide high degree of sensitivity and specificity (Carless
M, 2009).
Combined Bisulfite Restriction Analysis (COBRA)
This is a methylation analysis technique based on bisulfite modification but the
difference lies in the use of primers. In this method, a single set of primers is used
for both the methylated and the unmethylated DNA, followed by restriction analysis
by methylation sensitive restriction enzymes. This method has an advantage over MSP
or qMSP in terms of having both qualitative as well as quantitative approach. The
technique was used for rapid and accurate quantitative assessment of DNA methylation
in the A549 lung cancer cell line (Brena RM, et al. 2006). This technique in
combination of other techniques was used to study the promoter methylation status
of tumor suppressor CCAAT/enhancer binding protein alpha (C/EBPα) in an array of
human lung cancer cell lines and in human lung tumors (Tada Y, et al. 2006).
Quantitative Methylation Analysis of Minute DNA Amounts after whole
Bisulfitome Amplification (qMAMBA)
This technique involves genome-wide amplification of bisulfite-treated DNA
subjected to subsequent pyrosequencing (Vaissire T, et al. 2009a). This technique
is extension of the Methylation Enrichment Pyrosequencing (MEP) technique,
advantageous as it can also be applied to very low amounts of DNA. The technique has
been used for the identification of aberrant methylation patterns in lung cancer (Vaissire
T, et al. 2009b).
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Quantitative analyses without Bisulfite Modification
These techniques rely on quantitative determination of methylated and
unmethylated gene regions after enrichment of methylated DNA by any of the
enrichment methods such as Methylated CpG Island Recovery assay (MIRA) and
Methylated DNA Immunoprecipitation (MeDIP).
Methylated CpG Island Recovery Assay (MIRA)
This method is based on the selective enrichment of methylated DNA fragments
by a matrix containing the methylated-CpG binding protein MBD2b in the presence
of its binding partner, MBD3L1. MBD3L1 strongly enhances the binding of MBD2b
to methylated DNA. This method has a selective advantage over other techniques
as no methylation sensitive restriction enzymes are necessary. This technique was
used to detect cell-type dependent differences in DNA methylation patterns on a
microarray platform and helped to identify the frequent methylation of homeodomain
containing genes in lung cancer cells (Rauch T, et al. 2006). The concept of Reduced
Representation Bisulfite Sequencing was used in combination with MIRA to compare
the genome-wide methylation patterns with gene expression and histone methylation
profiles in a recent study (Choi JH, et al. 2010). In another study, the researchers
combined the MBD binding principle and microarray and thus developed a technique
named MBD-Microarray to reveal the methylation patterns of gene associated and
conserved intergenic sequences (Yegnasubramanian S, et al. 2011).
End-Specific PCR (ESPCR)
It is a newly described technique for the detection of methylation levels of human
repetitive sequence elements such as Alu1 and LINE elements. This technique utilizes
restriction digestion with methylation sensitive restriction enzymes and 50 -tailed,
30 -blocked oligonucleotides called facilitator oligonucleotides (Foligos). Specific ends
are required for the amplification of the target DNA; hence the technique is named as
End Specific PCR (Rand KN, et al. 2010).
Methylated DNA Immunoprecipitation (MeDIP) and Methyl-CpG Binding
Domain Based capture (MBDCap)
Both these techniques are capture techniques in which MBDCap is more efficient
due to higher affinity and more fractionation steps. An antibody recognizing 5-methyl
cytosine is used in MeDIP, which binds single stranded DNA. This method has been
used to study the global methylation patterns of breast cancer cell lines by a group of
researchers (Weng YI, et al. 2009). This method coupled was reported to be 90-fold
efficient in the methylome profiling of lung cancer and with array-based comparative
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genomic hybridization (CGH), it was utilized to provide data showing concurrent
regions of genetic and epigenetic alterations (Reviewed inWilson IM, et al. 2006).
MBD2 protein contains a DNA binding domain, which captures double stranded
DNA and this is the foundation of MBDCap technique. A series of salt fractionation
steps used in this method also help in assessing the desired methylation density. A
comparison of these techniques has been done which revealed that the overall degree of
enrichment is higher for MBDCap-based procedures, for CpG-dense methylated DNA
(Robinson MD, et al. 2010).
Quantitative analysis of DNA Methylation using Real Time PCR and Restriction
Analysis (qAMP)
The principle of this technique lies in use of methylation-dependent and
methylation-sensitive restriction enzymes and then Real Time PCR amplification of
the digested products using primers sandwiching the cleavage sites. This technique
is a substantially faster and more economic alternative to bisulfite sequencing as it
can generate data in a single day (Oakes CC, et al. 2009). This is a site and region
specific methylation detection technique that can be used in identification of methylation
patterns in the genomes of lung cancer cells.
Analysis of histone modifications through chromatin Immunoprecipitation (ChIP)
ChIP is a very efficient method for theidentification of DNA-protein interactions.
ChIP assay gives a clear picture of the proteins bound to chromatin at a particular
moment and the modification status of chromatin. There are many analytical methods
developed by combining this technique with other techniques.
ChIP-real time PCR (ChIP-RTPCR)
In this method, ChIP-purified DNA is utilized for downstream analysis through real
time PCR. Combination of chromatin Immunoprecipitation (ChIP) with real-time PCR
has been used to optimally quantify histone acetylated or methylated products at lower
concentration in a real-time manner (Young MD, et al. 2011).
ChIP-on-chip (ChIP-chip)
This technique is a combination of ChIP and microarray of genomic DNA
fragments. This method includes immunoprecipitated DNA elution and purification,
after reversal of cross links and end repairing to generate blunt ends. Ligation of a
suitable linker is performed afterwards and a fluorescent dye is incorporated during
Ligation mediated Polymerase Chain Reaction (LM-PCR). Labeling of the input DNA
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sample which is not enriched by Immunoprecipitation is also done with another
fluorescent dye. Both the samples are then mixed and hybridized on the microarray
chip containing imprinted oligonucleotides. The results obtained are then subjected to
statistical analysis. Significantly higher signal intensity of ChIP DNA leads to a positive
signal. The method was used for studying the genomic localization of histone variant
macroH2A1 in IMR-90 human primary lung fibroblasts and MCF-7 breast cancer
cells (Gamble MJ, et al. 2009). ChIP-chip based method has been recently utilized
to determine the histone modification patterns of genetic harmonious units (GHUs),
which are defined as gene groups similar in expression, transcription factors and histone
modification (Natsume-Kitatani Y, et al. 2011).
ChIP-Paired End Tag (ChIP-PET)
This technique utilizes short sequence tags of immunoprecipitated DNA fragments
which are cloned into a plasmid library and then directly sequenced. As this technique
requires sequencing of only the short representative sequences, accuracy is increased.
ChIP coupled with Ultrahigh-throughput Sequencing (ChIP-Seq)
This technique in principle involves Chromatin Immunoprecipitation (ChIP)
coupled with direct ultrahigh throughput DNA sequencing. This technique helps to
determine the binding sites for a variety of DNA-binding proteins as well as other
binding motifs present on DNA. Using this method, a group of researchers, determined
the distribution of Histone 3 trimethylated at lysine 27 (H3K27me3) as well as
they identified three distinct H3K27me3 enrichment profiles strongly correlated with
transcriptional activity successfully (Young MD, et al. 2011). Chip-Seq technique was
extended to the clinical samples for the epigenetic profiling of paraffin-embedded tissues
(up to several years old) in a recent study (Fanelli M, et al. 2010).

Conclusion and Future Perspectives
The studies of genetic changes involved in lung carcinogenesis have helped
researchers in both the prediction of lung cancer risk and drug designing. Still,
the epigenetic changes need more in-depth studies for epigenetic targeting of the
diseases. Although enormous literature is available in regard to the patterns of
promoter methylation and histone acetylation during lung carcinogenesis,the roles of
altered histone modifications and deregulated chromatin remodelling complexes yet
remain to be elucidated. Potential future applications of epigenetics in lung cancer
depend on the genome-wide epigenetic profiling of the lung tumors and utilizing the
epigenetic changes as susceptibility and prognostic markers of lung cancer. There is
an immense need of identifications of early lung cancer biomarkers of both genetic
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and epigenetic nature, to allow early diagnosis of this deadly disease. Therefore,
the important challenges to overcome in this context include characterization of
gene-environment interactions during lung carcinogenesis, establishment of genetic
and epigenetic biomarkers and development of potential diagnostic and therapeutic
approaches.
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Abstract
Cypermethrin (CYP) is a synthetic type II pyrethroid insecticide and is widely used
in agricultural and other domestic applications with mammalian toxicity. Green
tea catechins including epigallocatechin-3-gallate (EGCG) could exert beneficial
health effects and wide biological activities. In this work, we have studied the
nephro protective effect of a green tea compound, (-) epigallocatachin gallate
(EGCG) on CYP induced nephrotoxicity. CYP induced nephrotoxicity was
evidenced by increased in the activities of lipid peroxidation, renal markers like
urea, uric acid, creatinine, BUN, serum marker enzymes like AST, ALT, ACP, ALP,
LDH and decreased in the activities of enzymic and non-enzymic antioxidants.
CYP induced renal damage was also evidenced by histopathological alterations
of cortex and glomerular region of kidney. Supplementation of EGCG improved
renal function by significantly decreased the levels of lipid peroxidation, and
significantly increased in the antioxidant enzyme levels and restored the levels
of renal and serum marker enzymes. These results indicate that EGCG has a
protective action against CYP induced nephrotoxicity.
Keywords: Pyrethroids, Cypermethrin, Oxidative stress, nephrotoxicity, Green
tea, EGCG, antioxidants.

Introduction
CYP is a synthetic pyrethroid insecticide, belongs to type II class pyrethroids and
is widely used in agricultural and other domestic applications with low mammalian
toxicity but high insecticidal activity [1]. The general toxicological effect of CYP on
mammals is to produce symptoms including lack of coordination, muscle tremor tonicclonic convulsions and salivation. There are serious concerns on the potential risks
of exposure to pyrethroid insecticides with increasing production and application [2].
Human exposure to CYP is reported to occur mainly occupationally during application
or through pyrethroids residues such as those detected in cow’s milk, bread, fruits and
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vegetables [3]. In mammals, CYP can accumulate in body fat, skin, liver, kidneys,
adrenal glands, ovaries, lung, blood, and heart. Several studies have shown that
CYP damages the brain, liver, kidney, and erythrocytes by causing oxidative stress
[4]. CYP can also elicit a range of neurotoxic, immunotoxic, genotoxic effects
and reproductive toxicity in various experimental systems. CYP is hypothesized to
increase the incidences of Parkinson’s disease (PD) in exposed individuals via an elusive
mechanism, as it acts on the nervous system in a non-selective manner. Also, CYP
caused changes in biochemical and haematological changes [5]. ROS and other free
radicals are produced as by-products of normal cellular metabolism.
Kidney plays an essential role in health, disease and overall development and
growth. The main function of kidney is to maintain total body fluid volume, its
composition and acid base balance. A number of environmental variables including
certain xenobiotics (e.g. pesticides) influence these functions [6]. In fact, oxygen free
radicals are reportedly involved in toxicity of numerous chemicals including pesticides
and in pathogenesis of many diseases. Our body is always exposed to toxic organic
compounds from both intentional and unintentional sources. Nephrotoxicity is the third
most common problem of the renal system with an estimated lifetime risk of 2-5% in
Asia, 8-15% in Europe and America and around 20% in the Middle East.
In physiological conditions, there exists a balance between the level of
ROS produced during normal cellular metabolism and the level of endogenous
antioxidants (for example, glutathione, catalase, glutathione peroxidase, superoxide
dismutase), which serve to protect tissues from oxidative damage. Disruption
of this balance, either through an increased production of ROS or decreased
levels of antioxidants leads to the state referred to as oxidative stress and also
to a variety of pathological changes [7]. For these stress conditions external
source of antioxidants can be supplemented. Green tea is one of the major
phyto therapeutic agent and its constituent catechins, namely (-) epicatechin (EC),
(-) epicatechin-3-gallate (ECG), (-) epigallocatechin (EGC), (-) epigallocatechin-3gallate (EGCG), are best known for their antioxidant properties [8]. Potent antioxidative
actions of green tea are associated with catechin ECG and (-) epigallocatechin-gallate
(EGCG) because their chemical structures have galloyl moieties, which is absent in
other catechins. Moreover, only EGCG has two triphenolic groups in its chemical
structure and therefore, these specific structural characteristics must affect antioxidative
potency [9]. EGCG has received special attention for its anti-cancer, anti-oxidant, antiviral, anti-neurodegenerative, anti-apoptotic, vasorelaxant and hypoglycemic activities
[10, 11]. EGCG has been studied for its anti-oxidative, anti-inflammatory, antitumorigenic and anti-senescent properties [12]. In vitro studies have reported EGCG
as both a pro-oxidant and antioxidant because of its unique ability to auto-oxidize and
to act as a hydrogen donor [13]. Moreover, it Includes anti-cancer, anti-fibrotic, cardio
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protective, anti-oxidative, vascular protective, anti-hypertensive, anti-inflammatory,
anti-proliferative, anti-thrombogenic, and lipid lowering effects [14, 15, 16]. Hence
the present study was designed to evaluate the nephron protective role of EGCG on
CYP induced nephrotoxicity in male wistar rats.

Materials and Methods
Chemicals
(−) Epigallocatechin-gallate (EGCG) was purchased from Sigma Chemical Company,
cypermethrin is a synthetic pyrethroid insecticide was procured from Bayer crop science
limited, Mumbai, India. All other chemicals and reagents used in this study were of
analytical grade.
Animal Model
Male albino rats of Wistar strain (140 ± 10 g) procured from Tamilnadu University
for Veterinary and Animal Sciences, Chennai, India were used for the study. Animals
were fed with commercially available standard rat pelleted feed (M/s Pranav Agro
Industries Ltd., India) under the trade name Amrut rat/mice feed and water was provided
ad libitum. The rats were housed under conditions of controlled temperature (25 ± 2◦ C)
and acclimatized to 12-h light: 12-h dark cycle. Animal experiments were conducted
according to the guidelines of institutional animal ethical committee.
Experimental Design
Toxicity of cypermethrin was evaluated by literature study and the LD50 to wistar
rats was found to be 25 mg/kg BW. 1/10 of LD50 value was selected as sub lethal dose.
[17] Rats were divided into four groups, each consisting of six animals.
Group I - served as the vehicle treated normal saline control.
Group II - cypermethrin administered orally at a dose of 25 mg/kg BW (1/10
LD50) dissolved in water for 15 days.
Group III - animals were administered cypermethrin at a dose of 25 mg/kg
BW immediately followed by administration of EGCG (100 mg/kg BW orally)
dissolved in water for 15 days [18].
Group IV - animals received EGCG (100 mg/kg BW orally) dissolved in water
for 15 days.

668

Attenuation of Cypermethrin Induced Nephrotoxicity . . .

Collection of samples for biochemical analysis
After the experimental period, the animals were anaesthetized by intraperitoneal
injection of phenobarbital sodium (30 mg/kg body weight) and were sacrificed. Blood
was collected in sterile tubes [19].
Serum separation
The blood samples collected in plain centrifuge tubes were kept in inclined position
to allow complete clotting of blood and then centrifuged at 2500 rpm for 10 min. The
resultant clear supernatant was pipetted out and preserved in small vials in the freezer
for the purpose of biochemical investigations.
Histopathological study
Haematoxylin and Eosin staining: (Bancroft and Stevens 1982). A portion of
kidney tissue was fixed in 10 % formalin. The washed tissue was dehydrated in
ascending grades of isopropanol and cleared in xylene. The tissue was then embedded in
molten paraffin wax. Sections were cut at 5-µm thickness and stained with haematoxylin
and eosin.
Preparation of Tissue homogenate
Kidney tissues were excised immediately, washed in ice-cold saline and 10%
homogenates were prepared in 0.1 M Tris-HCl, (pH 7.4) and used for biochemical
studies. A small part of tissues were fixed in 10% neutral buffered formalin for
histological evaluation and remaining tissues were fast frozen in liquid nitrogen
immediately after sacrifice and stored at −70◦ C.
Biochemical Assays
The collected serum was used to estimate urea by the method of [20]. Uric
acid was measured by the method of [21]. Creatinine was measured by the method
of [22]. Blood urea nitrogen was measured by the method of [20]. Alkaline
phosphatase (ALP) and acid phosphatase (ACP) were measured by the method of
[23]. Aspartate aminotransferase (AST) and alanine aminotransferase (ALT) were
measured by the method of [24]. Lactate dehydrogenase (LDH) was measured by
the method of [25]. The kidney tissue homogenate was used to measure antioxidant
enzymes such as superoxide dismutase (SOD; [26]), catalase (CAT; [27]), glutathione
peroxidase (GPx; [28]), glutathione reductase (GR; [29]), reduced glutathione (GSH;
[30]), vitamin C [31], vitamin E [32]. Lipid peroxidation level was determined by
measuring thio barbituric acid reactive substances (TBARS) according to the method of
[33]. SDS-PAGE was performed by the method of [34]. Native PAGE electrophoresis
of Superoxide dismutase (SOD) and Catalase (CAT) were done by the method [35]
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respectively.
Statistical Analysis
All the grouped data were statistically evaluated with SPSS/10.0 software.
Hypothesis testing method included one-way analysis of variance (ANOVA), followed
by least significant difference (LSD) test; P < 0.05 was considered to indicate statistical
significance. All the results were expressed as mean ± SD for six rats in each group.

Results and Discussion
CYP is highly toxic insecticide and is widely used in agriculture. Synthetic
pyrethroids are used preferentially in place of organophosphates and organochlorines. In
recent years of scientific investigations, attention has been drawn to the health promoting
activity of green tea and its active components. EGCG is the one of the major component
that is responsible for the biological effects of green tea. Hence, the present study was
designed to nephro protective effect of EGCG against CYP -induced oxidative damage
in male wistar rats.
Analysis of lipid peroxidation status
The levels of lipid peroxidation [LPO] in experimental groups are presented in
Figure.1. The levels of LPO were significantly increased (p < 0.05) in the kidney of
CYP administered group as compared with control rats, whereas it was significantly
(p < 0.05) reduced in EGCG treated groups. However, no significant difference was
observed between control and EGCG alone treated groups.
Thiobarbituric acid reactive substances (TBARS) is an index of LPO, the increase in
TBARS is an indication due to increased levels of oxygen free radicals. CYP exposure
has been shown to cause decrease in membrane fluidity, thereby increasing LPO [36].
CYP caused significant oxidative stress in renal tissue of rats as was evident by the
elevation of the level of TBARS [37]. However administration of EGCG ameliorates the
level of LPO in renal tissue. Previous studies also reports EGCG shown to protect renal
carcinoma cells through its anti-oxidative potential [38]. EGCG can act as scavengers
of free radicals caused by ROS and prevent radical damage induced by CYP. The high
efficiency of EGCG in scavenging free radicals generated in different materials due to its
two triphenolic groups in its chemical structure and therefore, these specific structural
characteristics must affect antioxidative potency [9].
Assessment of tissue defence system
Enzymic antioxidants
Table. 1 represents the enzymic antioxidant status (SOD, CAT, GR, GPx, and
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GST) in the kidney of control and experimental group of rats. A significant decrease
(p < 0.05) in the activities of antioxidants was observed in CYP induced rats. These
adverse changes in the antioxidant enzyme profile were reversed to near normal values
in EGCG treated groups. There is no significant changes in antioxidant profile were
observed in control and EGCG alone treated animals.
Non-enzymic antioxidants
Table. 2 represents the non-enzymic antioxidant status (GSH, Vitamin-C, VitaminE) in the control and experimental group animals. A significant decrease (p < 0.05)
in the activities of these nonenzymic antioxidants was observed in the rats administered
with CYP. EGCG administered to CYP administered animals significantly upturned the
activities of these antioxidants towards normal values.
Oxidative stress is partly caused by environmental factors such as pesticide, air
pollution, tobacco smoke, chemical pollution and ionizing radiation [39, 40]. Constant
oxidative stress may produce an imbalance between endogenous and exogenous reactive
oxygen species (ROS) levels, which can subsequently reduce antioxidant defenses or
cause oxidative damage in organisms [15]. Organisms possess biological systems
to protect themselves against oxidative effects by its complex antioxidant system
that includes nonenzymatic antioxidants such as α-tocopherol, ascorbic acid, and αcarotenoids and enzymatic antioxidants such as SOD, CAT and GPX. The present study
shows that the oxidative stress could play a major role in pesticide toxicity as evidenced
by inhibition of antioxidant defense mechanism in kidney. However, numerous studies
have shown that toxins exposure enhances intracellular ROS and RNS production,
suggesting that biochemical and physiological disturbances may result from oxidative
stress [41]. The decrease in enzymic antioxidant activity in CYP administered rats
is probably due to increased utilization of antioxidant enzymes for scavenging free
radicals in to molecular oxygen and H2 O production. SOD is an antioxidant enzyme
involved in the scavenging of superoxide radicals. The H2 O2 formed as the result
of SOD activity is quenched by CAT and GPx. In previous study also reported that
pyrethroids alter the activity of antioxidant enzymes in various experimental animals
[42, 39]. Supplementation of EGCG markedly increased the activities of enzymic
antioxidants. EGCG has been demonstrated to play an important role in regulating
anti-oxidative capacity by increasing SOD and CAT activities and by up-regulating
the gene expression of SOD, CAT and GPx [15]. A combination of these actions
might have contributed to EGCG ability to reduce CYP induced oxidative damage in
rat kidney. Nature produces an array of antioxidants to prevent free radical formation
or to limit their damaging effects in the cell. GSH, Vitamins E and C, selenium,
carotene, etc are the naturally occurring antioxidants of biological systems [43]. The
non-enzymic antioxidants GSH, vitamins C and E serve as primary antioxidants that
can directly scavenge singlet oxygen, superoxide and hydroxyl radicals. Vitamin C
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also can scavenge peroxynitrite, an awful nitrating and oxidizing molecule, which itself
induce LPO, nitration of amino acids and also apoptosis. Dietary supplementation of
vitamin E has been shown to serve as a successful therapeutic strategy for the prevention
or treatment of numerous diseases [44]. The decline in the levels of vitamins C and E in
CYP administered rats might be related to increase utilization of these antioxidants to
counteract the high lipid peroxidation and oxidative stress. However, EGCG treatment
increases the level of these antioxidants, which might be due to scavenging free radicals
and alleviating oxidative stress which correlate with the previous report [16].
Effect on serum renal markers
The kidney functions include removal of nitrogenous metabolic waste products
such as urea, creatinine, uric acid and blood urea nitrogen, as well as regulation
of ions in plasma [45]. Elevations of serum electrolytes, urea and creatinine are
reliable parameters and inexpensive method for investigating nephrotoxicity induced
renal dysfunction in animals and man [46, 47]. During nephrotoxicity, elevated levels of
renal markers were pronounced. Table.3. shows the effect of CYP and EGCG on renal
markers. There was a significant increase in the levels of urea, uric acid, creatinine and
blood urea nitrogen in the CYP administered group of rats. Concomitant administration
of EGCG significantly reduces the alterations.
The present investigation revealed that administration of CYP resulted in
nephrotoxicity as evidenced by the marked elevation of BUN, serum urea, uric acid
and creatinine concentrations, which is also reported in the previous studies [48,
49]. Elevated blood urea is correlated either with an increased protein catabolism
in the body or from a more efficient conversion of ammonia to urea as a result of
increased synthesis of enzyme involved in urea production [50]. These observations
correlated well with earlier observations, which demonstrated significant changes in
this renal hemodynamics, glomerular and tubular structures, including inflammation
and functional parameters in experimental animals following CYP administration. It
has been reported that several antioxidants from plant resources protect renal damage
against toxicity [51,52]. Co-treatment of EGCG together with CYP suppressed the
increased Urea, Uric acid, creatinine and BUN levels caused by CYP treatment alone.
The protective effect of EGCG might be attributed to its ability to sustain the membrane
integrity and in preventing the glomerular and tubular damage. In previous study also
reported EGCG prevent the glomerular damage result from oxidative stress [53].
Assement of Pathophysiological Marker Enzymes
Activities of ALP, ACP, AST and ALT in normal and experimental groups of rats
were determined Table.4. Increases in the level of these enzymes were observed in the
serum of CYP administered group of rats when compared with control rats. Activities of
these pathophysiological marker enzymes were restored to near-normal value by EGCG
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treatment. There is no significant difference was observed between control and EGCG
alone treated groups.
Enzyme activity levels of AST, ALT, ACP and ALP represented the functional status
of the brain, heart, liver, kidney and testis. Serum content of these enzyme activities
reflected the overall status of the animal when subjected to exogenous modulates such
as toxins, infection or injury. A change in enzyme activity in general is related to the
intensity of cellular damage. The increased in serum enzyme activity suggests that
CYP caused cellular damage and that damage occurred probably through a free radical
mechanism [54]. Treatment with EGCG resulted in downfall of serum marker enzymes
which was increased in CYP induced group signifying its protective efficacy. This effect
elicited by EGCG might be due to its potent antioxidant property, as antioxidants have
been reported previously for their ability to alleviate oxidative damage [55, 14].
Assay of cytotoxic marker enzymes
Marker enzymes have been used as principle biomarkers of pathophysiological
and toxic stress. Figure.2. represents the levels of Lactate dehydrogenase (LDH) in
the control and experimental group of animals. A significant (p < 0.05) decrease in
LDH activities were observed in CYP administered group when compared with normal
control animals. These changes were reversed to near normal values in EGCG treated
animals. However, no significant difference was observed between control and EGCG
alone treated groups.
LDH is involved in energy production, with any destructive process of the tissue,
the enzyme leaks into extracellular fluids and then into body fluids. Hence depleted
levels of these enzymes in the damaged tissue have become a definitive diagnostic
and prognostic criterion for various diseases and disorders [56]. In the present study
a decrease in the activity of LDH was observed after CYP intoxication in the renal
homogenates suggesting significant cellular damages thereby defecting its underlying
cellular metabolism. The results of the study were similar with previous documented
report that chemical intoxication is associated with depletion of marker enzymes.
However EGCG treatment restored the levels of LDH back to normal. The previous
studies on Green tea polyphenols states that aqueous solution of Green tea polyphenols
was found to inhibit lipid peroxidation in vitro [57].
SDS PAGE
The SDS PAGE pattern of the renal tissue of control and experimental groups
is show in Figure 3. Administration of CYP resulted in prominent change in protein
pattern when compared to control group (lane 2). Treatment with EGCG (lane 3) prevent
the protein fragmentation compared to CYP induced group, EGCG alone (lane 4) shows
similar protein profile when compared to control group.
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Native PAGE
The native PAGE electrophoresis staining of SOD and CAT is presented in
Figure 4. A marked decrease in the activity staining of SOD and CAT was observed
in CYP administered group rats (lane 2), when compared with control rats. Treatment
with EGCG significantly prevented these alterations and restored near normal (lane 3),
when compared with CYP induced rats. EGCG alone treated group shows the normal
expression of SOD and CAT staining (lane 5).
It is well known that endogenous antioxidant enzymes are responsible for preventing
and neutralizing the free radical-induced oxidative damage. The antioxidant enzymes,
such as CAT, SOD, GPx, GR and GST, constitute a major supportive team of defence
against free radicals. In the renal tissue of CYP treated rats, there was a significant
increase in TBARS generation, indicating ROS generation and oxidative stress. The
increased levels of superoxide and lipid peroxidation, following CYP leads to decrease
activity of antioxidant activity of SOD and CAT in serum. CYP induced decrease
level of SOD and CAT providing more evidence for the involvement of oxidative
damage in CYP induced nephrotoxicity. In the present study, coadministration of
EGCG significantly prevented the increase in the TBARS level in CYP treated animals
and provides antioxidant and free radicals scavenging property restore the levels of
SOD and CAT. This might indicate the usefulness of EGCG, as an excellent source
of antioxidants, in modulating CYP induced nephrotoxicity. The protective effect of
antioxidant-rich EGCG diseases involving oxidative damage has been reported.
Histological studies
Histological examination of the kidney cortex of control rat revealed normal
structure of renal corpusles, convoluted tubules (proximal and distal) and collecting
ducts. The renal corpuscle consists of a tuft of capillaries, the glomerulus, surrounded
by a double walled epithelial capsule, Bowman’s capsule. The proximal convoluted
tubule is lined by simple cuboidal or columnar epithelium. Its cells have an acidophilic
cytoplasm. The distal convoluted tubule is lined by simple cuboidal epithelium
(Fig.A). Examination of kidneys of rats administered with CYP showed significant
alterations in renal hemodynamics, severe histopathological changes exhibited such
as a narrowed Bowman’s space, tubular degeneration, tubular cell desquamation, and
tubular dilatation of proximal tubules. The cortex showed dilated and congested
blood vessels. The intertubular spaces were infiltrated by inflammatory leucocytic
cells, most of the renal tubules rendered so highly damage that they have almost
lost their characteristic appearance, the walls of Bowman’s capsule were eroded and
the glomeruli were fragmented and atrophied (Fig. B). Animals treated with EGCG
revealed an improvement in the histological appearance of the cortex significantly
reduced glomerular and tubular alterations induced in the renal tubules. Although the
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cells conditions are better than the CYP treated group (Fig.C) No histopathological
alterations with normal architecture of the kidneys were observed in EGCG treated alone
animals (Fig.D).

Figure 1: Effect of CYP and EGCG on the level of lipid peroxides in renal tissues of
control and experimental group rats
Results are expressed as mean ± SD for 6 different sets of experiments. Values are
considered significantly different at P < 0.05 with post-hoc LSD test.
Statistically significant variations are compared as follows
a

b

CYP-induced vs control

CYP- induced + EGCG treated vs CYP-induced.

a,b

indicates P < 0.05 and NS indicates non-significant.
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Figure 2: Effect of CYP and EGCG on the level of LDH in the serum of control and
experimental rats
Results are expressed as mean SD for 6 different sets of experiments. Values are
considered significantly different at P < 0.05 with post-hoc LSD test.
Statistically significant variations are compared as follows:
a

b

CYP-induced vs control.

CYP- induced + EGCG treated vsCYP-induced.

a,b

indicates P < 0.05 and NS indicates non-significant.

Unit LDH: µ mol of pyruvate liberated/min/mg protein
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Figure 3: Effect of CYP and EGCG on the SDS PAGE pattern of the renal tissue of
control and experimental groups
Protein fragmentation analysis by SDS PAGE electrophoresis in rat renal tissue
homogenate. Lane 1: control, Lane 2: CYP -induced Lane 3: CYP + EGCG, Lane
4: EGCG alone.

Figure 4: Effect of CYP and EGCG on the Native gel electrophoresis (SOD & CAT)
pattern of the renal tissue of control and experimental groups
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Figure 5: Effects of CYP and EGCG on Histopathological analysis of rat kidney stained
with Haematoxylin and Eosin viewed at original magnification (10x)
Particulars

Control

CYP induced

CYP induced +
EGCG Treated

EGCG alone

SOD

5.76 ± 0.76

2.76 ± 0.26

4.43 ± 0.35

5.56 ± 0.66

CAT

146.76 ± 12.87

112.87 ± 8.76

132.76 ± 10.65

145.76 ± 11.87

GPx

2.65 ± 0.45

1.42 ± 0.32

2.26 ± 0.67

2.57± 0.43

GST

0.09 ± 0.007

0.05 ± 0.004

0.076 ± 0.005

0.087 ± 0.006

GR

1.78 ± 0.07

0.87 ± 0.04

1.67 ± 0.04

1.76 ± 0.05

Table. 1 Effect of CYP and EGCG on the activities of SOD, CAT, GPx, GST and GR
in the serum of control and experimental rats
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Units. SOD - 50% inhibition of epinephrine auto oxidation / min/ mg protein; CAT- µ
mole H2 O2 consumed/min/mg protein; GPx - µgm of GSH consumed /min/mg protein;
GST - moles of 1 - chloro - 2- 4 - dinitrobenzene formed/min/mg protein and GR - µgm
GSSH utilized/min/mg protein.
Results are expressed as mean ± SD for 6 different sets of experiments. Values are
considered significantly different at P < 0.05 with post-hoc LSD test.
Statistically significant variations are compared as follows:
CYP-induced vs control.
CYP- induced + EGCG treated vs CYP-induced.
EGCG alone vs control.

Particulars

Control

CYP induced

CYP induced +
EGCG Treated

EGCG alone

GSH

3.87± 0.25

1.56 ± 0.13

2.98 ± 0.21

3.83 ± 0.28

VIT-C

1.98 ± 0.08

0.76 ± 0.06

1.65 ± 0.06

1.96 ± 0.07

VIT-E

1.28 ± 0.054

0.56 ± 0.062

1.17 ± 0.043

1.30 ± 0.034

Table. 2 Effect of CYP and EGCG on the activities of GSH, VIT-C & VIT-E
in the serum of control and experimental rats

Results are expressed as mean ± SD for 6 different sets of experiments. Values are
considered significantly different at P < 0.05 with post-hoc LSD test.
Statistically significant variations are compared as follows:
CYP-induced vs control.
CYP- induced + EGCG treated vs CYP-induced.
EGCG alone vs control.
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Control

CYP induced

CYP induced +
EGCG Treated

EGCG alone

26.76± 4.756

84.65± 6.97

42.97 ± 4.34

28.87 ± 4.55

Uric acid

5.76 ± 0.87

12.87 ± 1.76

7.867 ± 1.12

5.78 ± 0.98

Creatinine

1.98 ± 0.06

4.654 ± 0.24

3.02± 0.08

1.94 ± 0.07

15.76 ± 2.547

32.675 ± 4.65

22.75 ± 3.21

16.12 ± 2.12

Urea

BUN

Table. 3 Effect of CYP and EGCG on the activities of urea, uric acid & creatininein
the serum of control and experimental rats
Results are expressed as mean ± SD for 6 different sets of experiments. Values are
considered significantly different at P < 0.05 with post-hoc LSD test.
Statistically significant variations are compared as follows
CYP-induced vs control.
CYP- induced + EGCG treated vsCYP-induced.
EGCG alone vs control.

Particulars

Control

CYP induced

CYP induced +
EGCG Treated

EGCG alone

ALP

4.65 ± 0.76

9.86 ± 1.47

6.21 ± 0.87

4.86 ± 0.65

ACP

2.56 ± 0.36

7.89 ± 0.67

4.02 ± 0.45

2.60± 0.48

AST

187.7± 10.86

312.78± 14.98

236.76± 12.98

196.867± 11.98

ALT

54.86± 3.83

98.87± 5.38

68.9± 4.85

56.75± 3.09

Table. 4 Effect of CYP and EGCG on the activities of ALP, ACP, AST & ALT
in the serum of control and experimental rats
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Results are expressed as mean ± SD for 6 different sets of experiments. Values are
considered significantly different at P < 0.05 with post-hoc LSD test.
Statistically significant variations are compared as follows:
CYP-induced vs control.
CYP- induced + EGCG treated vsCYP-induced.
EGCG alone vs control.

Conclusion
In view of these findings, it is possible to conclude that CYP administration
results in pronounced oxidative stress and kidney damage. EGCG treatment would
protect nephrotoxicity against CYP induced toxicity through decreasing ROS, hydroxyl
radicals, lipid peroxidation, preventing protein degradation. Because EGCG are
instrumental for the bioactive properties of green tea extract, above results may be
important mechanisms underlying the protective effects of green tea extract observed
in CYP nephrotoxicity. Thereby, we provide the mechanistic basis of EGCG clinical
application to protect patients from CYP induced nephrotoxicity.
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Introduction
Nano-biotechnologies have been applied to molecular diagnostics and several
technologies are in development. Nanotechnologies allow diagnosis at the singlecell level (molecular level) in that some can be incorporated in current molecular
diagnostic methods. Nanoparticles such as gold nanoparticles and quantum dots (QD)
are the most broadly used but various other nanotechnological devices for manipulation
at the nanoscale as well as nanobiosensors are also auspiciousfor potential clinical
applications (1,2).
Nanotechnology prolongs the limits of current molecular diagnostics and enables
point-of care diagnostics, integration of diagnostics with therapeutics, and development
of personalized medicine (1). Although the potential diagnostic applications are
unlimited, the most important current applications are foreseen in the areas of biomarker
discovery, cancer diagnosis, and detection of infectious microorganisms (3). Safety
studies are needed for in vivo use. Because of its close interrelationships with other
technologies, nano-biotechnology in clinical diagnosis will play an important role in
the development of nanomedicine in the future (1).
Nanoscale probes are suitable for detailed analysis of receptors, pores, and other
components of living cells that are on a nanoscale. Thus nanotechnology can be used
to improve PCR as well as provide non-PCR methods for rapid diagnostics (3, 4).
Currently there are so many latest nanobiotechnological tools are available according
to the usage. In this review we summarize nanobiotechnological tools for clinical
application and diagnostics (2). Interrelationships of nanotechnology and molecular
diagnostics and their role in nanomedicine as well as personalized medicine are shown
schematically in Fig. 1.
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Fig. 1 This scheme shows the interrelationship of various technologies that contribute
to clinical nanodiagnostics.These technologies also contribute to development of
nanomedicine under the concept of personalized medicine. Adapted from Kewal K.
Jain Clinical Chemistry 53:11 2002-2009 (2007).

Nanotechnology-Based Biochips and Microarrays
In this process, the investigators can reliably create nanotubes with diameters as
small as 10 nm, although devices used for biomolecule isolation contain nanotubes with
diameters of 50 nm. Trapping DNA molecules requires a device consisting of a silicon
nanotube connecting 2 parallel microfluidic channels (5).
Electrodes provide a source of current used to drive DNA into the nanotubes. Each
time a single DNA molecule moves into the nanotube, the electrical current suddenly
changes.This technology is expected to have broad applications in systems biology,
personalized medicine, pathogen detection, drug development, and clinical research (6).
Protein microarrays can be generated by printing complementary DNAs onto glass
slides and then translating target proteins with mammalian reticulocyte lysate (6, 7).

Nanotechnology-Based Cytogenetics
Cytogenetics has been used mainly to describe the chromosome structure and
identify abnormalities related to disease.The localization of specific gene probes by
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fluorescent in situ hybridization (FISH) combined with conventional fluorescence
microscopy has reached its limit. Molecular cytogenetics in now enhanced by use of
nanobiotechnology, e.g., atomic force microscopy and quantum dot (QD) FISH (8).
This method is also focused on the combination of biochemical and
nanomanipulation techniques, which enable both nanodissection and nanoextraction of
chromosomal DNA. This technique also gives excellent histological results for FISH
combined with immunohistochemistry (9).

Application of Nanoparticles for Tracking Stem Cells
A super paramagnetic iron oxide (SPIO) nanoparticle is emerging as an ideal
probe for noninvasive cell tracking. However, the use of 200-nm per fluorocarbon
nanoparticles to label endothelial progenitor cells taken from human umbilical cord
blood enables in vivo progenitor cell detection by MRI (10).
These methods could soon enable researchers and physicians to use unique
signatures from the ingested nanoparticle beacons to directly track cells used in medical
treatments. Such tracking ability could prove useful for monitoring tumors and
diagnosing as well as treating cardiovascular problem.

Nanoscale Single-Cell or Molecule Identification
Nanotechnology has facilitated the development of methods for detection of single cells
or a few molecules (11). Nanolaser scanning confocal spectroscopy, with the capability
of single-cell resolution, can be used to identify previously unknown properties of
certain cancer cells that distinguish them from closely related non-pathogenic cells (2).
As the molecules pass through the channel, the current flow is reduced in proportion
to the size of each individual chain, allowing its mass to be easily derived. This singlemolecule analysis technique could prove useful for the real-time characterization of
biomarkers (12, 13).
Application of Nanoparticles for Discovery of Biomarkers
Currently available molecular diagnostic technologies have been used to detect
biomarkers of various diseases. Nanotechnology has refined the detection of
biomarkers.
• Some biomarkers also form the basis of innovative molecular diagnostic tests.
The physicochemical characteristics and high surface areas of nanoparticles make
them ideal candidates for developing biomarker-harvesting platforms.
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• Biomarker harvesting is an under utilized application of nanoparticle technology
and is likely to undergo substantial growth. Functional polymer coated
nanoparticles can be used for quick detection of biomarkers and DNA separation
(14).

Nanoparticles for Molecular Diagnostics
Small pieces of DNA can be attached to gold particles no larger than 13 nm in
diameter. The gold nanoparticles assemble onto a sensor surface only in the presence of
a complementary target. If a patterned sensor surface of multiple DNA strands is used,
the technique can detect millions of different DNA sequences simultaneously.
• The current nonoptimized detection limit of this method is 20 fmol/L. Gold
nanoparticles are particularly good labels for sensors because a variety of
analytical techniques can be used to detect them. Quantum Dots (QDs) are
inorganic fluorophores that offer significant advantages over conventionally used
fluorescent markers. They have high sensitivity, broad excitation spectra, stable
fluorescence with simple excitation, and no need for lasers. Their red/infrared
colors enable whole blood assays (15).
• QDs have a wide range of applications for molecular diagnostics and genotyping.
QDs also enable multiplexed diagnostics and integration of diagnostics with
therapeutics.
The most important potential applications of QDs are for cancer diagnosis.
Luminescent and stable QD bioconjugates enable visualization of cancer cells in living
animals (18). QDs can be combined with fluorescence microscopy to follow cells at
high resolution in living animals.
Super paramagnetic nanoparticles measuring 2-3 nm have been used in conjunction
with MRI to reveal small and otherwise undetectable lymph-node metastases. A
dextran-coated iron oxide nanoparticle enhances MRI visualization of intracranial
tumors for more than 24 h (16, 17).

Safety Issues of Nanoparticles for Diagnostics
• Potential toxic effects are a concern with in vivo use of nanoparticles but not with
in vitro diagnostics, which forms the major portion of laboratory diagnostics.
• There are environmental concerns about the release of nanoparticles during
manufacturing of nanoparticles and the environmental effects. These are being
studied along with naturally present nanoparticles in the atmosphere.
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• QDs made with fluorescent labels of calcium selenide or zinc sulfide to increase
stability may release potentially toxic cadmium and zinc ions into cells.
• It is conceivable that particular sizes of some materials may have a bearing
on toxic effects. A number of studies have been done, but at this stage, no
conclusions can be drawn about the safety of nanoparticles (19)

Chips for Molecular Diagnostics
A myriad of studies is available for applications of micro- and nanotechnologies
in chips for medical molecular diagnostics.
They are DNA microarrays
(gene chips), protein microarrays (protein chips), lab-on-a-chip devices, and cell
chips.Basically, these devices or systems are constructed using techniques inspired
from micro/nanoscale fabrication methods that are used for processing, manipulation,
delivery, analysis or construction of biological and chemical entities (7).
• DNA microarrays have become the most successful example of the merger
between microelectronics technologies, molecular biology, and chemistry.
• The techniques used to define the patterns on semiconductor surfaces are utilised
to construct arrays of oligonucleotides strands (sequences of nucleic acids
generally fewer than 100 bases) or single-stranded cDNA or RNA molecules.
• Once single strands of known sequences (capture probes) are placed at specific
known sites on a chip surface, hybridisation with molecules ofunknown sequence
(target probes) can reveal the sequence and identify biomarker genes in cancer and
other diseases. This approach can be used not only to screen a whole genome, but
also to distinguish between gene expressions, for example different types of breast
canceror to predict treatment response and cancer prognosis on the basis of gene
expression profiles (6,8).

Protein Microarrays
Protein microarrays or protein chips are also proving to be useful for molecular
diagnostics. Protein analytes can be recognised by antibodies, enzymes, or aptamers
immobilised on the chip using inkjet printing methods similar to those applied for
DNA microarray fabrication. Proteomics is providing a better understanding of
pathophysiological mechanisms of human diseases. Profiling proteins on biochips
will be of use for example in distinguishing the proteins of normal cells from earlystage cancer cells and malignant metastatic cancer cells. In comparison with DNA
microarrays, protein microarrays offer the possibility of developing a rapid global
analysis of the entire proteome (set of all expressed proteins for a given organism),
leading to protein-based diagnostics and therapeutics (8).
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Lab-on-a-chip
Lab-on-a-chip is another term used for micro-total analysis systems (µTAS). These
devices are fabricated in glass or plastic chips and integrate different functions and
functionalities. They are used to process and detect cells, proteins, DNA, and small
molecules. Thus, besides genomics and proteomics, clinical diagnostics applications
also include monitoring of regular metabolic parameters such as glucose, lactate,
creatinine, bilirubin, urea, cholesterol and iron. Caliper Life Sciences (Hopkinton,
Massachusetts, USA) has developed LabChip 3000, a capillary electrophoresis chip,
that can simultaneously assay the activity of 500 different kinases, enzymes known to
play a role in many human diseases, including cancer. This chip,which can analyse 12
chemicals every minute approximately is useful for finding drug candidates that bind
to specific kinase while avoiding all others. Fig.2 illustrate lab on chip applied in the
detection of biomarker.

Fig. 2 shows illustration about Lab on chip on biomarker detection

Clinical Applications of Nanodiagnostics
Nanoparticles can be designed for dual-mode imaging of cancer. The best
characteristics of QDs and magnetic iron oxide nanoparticles can be combined to create
a single nanoparticle probe that can yield clinically useful images of both tumors and
the molecules involved in cancer (20). Gold nanoparticles conjugated to anti-epidermal
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growth factor receptor monoclonal antibodies specifically and homogeneously bind to
the surface of cancer cells with 600% greater affinity than to noncancerous cells. The
rapid and sensitive detection of pathogenic bacteria at the point of care is extremely
important. This method can be used for genetic analysis of anthrax pathogenicity
by simultaneous detection of multiple relevant sequences.The method provides rapid
diagnostics (60 s) for detection and characterization of viruses generating reproducible
spectra without viral manipulation. This method is also inexpensive and easily
reproducible Nanoparticle contrast agents are in development to enhance MRI (18).
A new MRI contrast agent using manganese oxide nanoparticles to visualize the
anatomic structures of mouse brain produces images that are as clear as those obtained
by histological examination. Antibodies can be attached to the manganese oxide
nanoparticles, which recognize and specifically bind to receptors on the surface of breast
cancer cells in mouse brains with breast cancer metastases. The tumors were clearly
highlighted by the antibody-coupled contrast agent. The same principle should allow
other disease-related changes or physiological systems to be visualized by using the
appropriate antibodies (21).

Future Prospects and clinical Impacts
Within the next decade, measurement devices based on nanotechnology, which
can make thousands of measurements very rapidly and very inexpensively, will become
available (22). Future trends in diagnostics will continue in miniaturization of biochip
technology to the nanoscale range. The most common clinical diagnostic application
will be blood protein analysis. Blood in systemic circulation reflects the state of health
or disease of most organs. Therefore, detection of blood molecular fingerprints will
provide a sensitive assessment of health and disease (1,24).
Early detection would increase the chances of cure. Such a device would
have advantages over detection of biomarkers in specimens of body fluids, because
such examinations can be performed only periodically and would be less accurate
than analyses conducted continuously in vivo. Nanobiotechnology will facilitate
the development of non-PCR diagnostic technologies. As a non-PCR method for
preimplantation genetic diagnosis, microarrays are used in comparative genomic
hybridization, where they can replace the metaphase spread to which the mixture of
test and comparative DNA is hybridized.nanotechnologies promise to extend the limits
of current molecular diagnostics and enable point -of- care diagnosis, integration of
diagnostics with therapeutics, and development of personalized medicine (23).
The most important clinical applications of currently available nanotechnology are
in the areas of biomarker discovery, cancer diagnosis, and detection of infectious
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microorganisms. Nanomedicine promises to play an important role in the future
development of diagnostic and therapeutic methods.

Conclusion
Nanotechnologies will spread the limits of current molecular diagnostics and
enable point-ofcare diagnostics, integration of diagnostics with therapeutics, and
development of personalized medicine. Although the potential diagnostic applications
are unlimited, the most important current applications are foreseen in the areas of
biomarker discovery, cancer diagnosis, and detection of infectious microorganisms.
Safety studies are needed for in vivo use. Because of its close interrelationships with
other technologies, nanobiotechnologyin clinical diagnosis will play an important role
in the development of nanomedicine in the future.
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Abstract
Rheumatoid Arthritis (RA) therapy discontinuation in a proportion of patients,
as well as lack of response to therapy owing to systemic toxicity, Despite major
advances in the treatment of biologic therapies led by the success, still a unsolved
issue in RA which are associated with a considerable health-economic burden.
Unchecked RA results into progressive structural joint damage, loss of function
and long-term disability. Therefore, new strategies are required to actively target
and deliver therapeutic agents to disease sites in order to promote in situ activity
and decrease systemic toxicity. This Review aims to summarize key developments
in the past 5 years in polymer conjugation, nano particulate drug delivery and
antibody or peptide-based targeting-strategies that might constitute the platform
for the next generation of RA therapeutics.

Introduction
Polymer-drug conjugates can improve the pharmacokinetics of therapeutic agents,
conferring desirable properties such as increased solubility and tissue penetration at
sites of active disease.Nanotechnology is an exciting modality in which drugs are
encapsulated to protect them from degradation or early activation in the circulation,
as well as to reduce systemic toxicity. Together with the targeting capacity of antibodies
and site-specific peptides, these approaches will facilitate selective accumulation of
therapeutic agents in the inflamed synovium, potentially improving drug efficacy at
disease sites without affecting healthy tissues.
Trojan horse’ approaches for drug delivery. Liposomes, are able to harbour
therapeutic payloads such as biologic agents, siRNA1−3 or small-molecule drugs,
limiting systemic activation and degradation as well as adverse effects. Nanoparticles
can be generated with polymers such as HA, PLA and PLGA32, which have
encapsulated therapeutic payloads successfully for tissue drug delivery.4−5 The
surface of liposomes and nanoparticles can be functionalized to confer specific
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targeting or therapeutic properties5−6 . The presence of RGD in a methotrexate-loaded
PLGA-Au nanoparticle provided active targeting of αV β3-expressing endothelial
cells7 . Functionalization of a nanoparticle surface with folic acid drives selective
internalization of a methotrexate-conjugated dendrimer.
Surface functionalization can also introduce a second therapeutic activity, such as
in the conjugation of tocilizumab with an HA-Au nanoparticle combining anti-IL-6R
activity to VEGF binding8 .

Abbreviations: HA, hyaluronic acid; MTX, methotrexate; PEG, polyethylene
glycol; PLA, polylactic acid; PLGA, poly(lactic-co-glycolic) acid; RGD, Arg-Gly-Asp
peptide; siRNA, small interfering RNA.
Guided missile’ approaches for drug delivery. Antibodies, antibody derivatives and
targeting peptides can be used to guide drugs to tissues9 . Several formats have been
developed, including bispecific antibodies fusing a targeting domain (for example L19
or scFv A7) to an anti-TNF drug10 . Therapeutic antibodies can also be fused to target
peptides and achieve active tissue delivery, as demonstrated in the fusion of the anti-C5
antibody derivative to the synovium-targeting peptide11−12 . A novel class of therapeutic
agents named immune cytokines, characterized by targeting antibody derivatives (such
as Dekavil and Tetravil) or targeting peptides fused13−14 to cytokines (such as IL-10
or IL-4, to increase cytokine delivery in the tissue of interest and reduce the risk of
systemic activation15 . Abbreviations: EDA, extra domain A of fibronectin; EDB, extra
domain B of fibronectin; scFv, single-chain variable fragment.

S. Aruna

697

Nanoparticles can be generated with polymers such as HA, PLA and PLGA32,
which have encapsulated therapeutic payloads successfully for tissue drug delivery
15−17
.
Liposomes are able to harbour therapeutic payloads such as biologic agents
siRNA18−23 .

TREG’s Anti-Rheumatoids
Data obtained over the last years, however, have shed new light on the role of T
cells in regulation of the inflammatory response. This line of research started almost
15 years ago with the discovery of so-called regulatory T cells (Treg). This exciting
discovery raised expectations for novel ways of treating arthritis by targeting these
Treg24 .
Direct approaches to enhance Treg function
There are several methods available to directly target Treg for the treatment of
autoimmune disease. These include expansion and induction of Treg in vitro followed
by reinfusion into the patient, or in vivo by immune modulatory compounds. Methods of
enhancing Treg function in arthritis patients. Treg can be enhanced in arthritis patients
via different methods: (A) isolation and ex vivo expansion of natural Treg or (B) in
vitro induction of Treg from non-Treg (n-Tr), followed by reinfusion into the patient;
(C) in vivo induction and expansion of Treg by anti-CD3 antibodies (aCD3), HADC
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inhibitors (HADCi) and neuropetides, such as VIP; (D) mucosal tolerization with selfantigen, preferably HSP; (E) indirect improvement of Treg function by enhancing
the responsiveness of effector cells to suppression and blocking pro-inflammatory
cytokines. In order to overcome the systemic effects of DMRD drugs, they can be
directly targeted through intravenous route, to the synovial capsule of the affected joint
especially when the disease manifests only in limited number of joints. However,the
purpose of their intra-articular administration defeated by the rapid clearance of drugs
from the synovial cavity into the blood stream.
Antigen-specific induction of Treg by mucosal tolerization with self-antigen
Mucosal tolerization with self-antigen could work in human disease as well, as
long as an immunogenic antigen is used that is presented at the same location as the
self-antigens driving the immune response25−27 .
HSPs HSPs are a set of evolutionarily conserved chaperones that are up-regulated
under conditions of cellular stressfor instance during infection and inflammation28 .
As a result, they are abundantly present at the site of inflammation in RA and JIA29
and because of their unique features HSPs are very immunogenic 23 . Therefore, these
antigens are good candidates for mucosal tolerization in autoimmune disease, since they
trigger T-cell responses and are highly present at the inflammatory site. Moreover,
studies with cells from JIA patients suggest that HSPs might have a natural role in
controlling inflammation via the induction of regulatory responses 30 .
Several HSP family members have been shown to be protective upon mucosal
administration in experimental arthritis, even in already established disease, probably
via the induction of Treg. Moreover, nasal administration of a mycobacterial HSP
peptide inhibited adjuvant arthritis, but also arthritis induced by an unrelated, nonmicrobial stimulus31 . Thus, HSPs suppress experimental arthritis irrespective of the
initial trigger and are effective in already established disease. This makes them suitable
for therapeutic application in human arthritis. Studies with OM-89, an extract of
Escherichia coli used for the treatment of RA, provide the first evidence that HSP could
be effective in the treatment of human arthritis32 .
Significance of Use of Liposomes in the Delivery of Anti Rheumatoid
In RA, liposomes have proven to be the most suitable delivery systems for retaining
the drug in the synovial cavity by virtue of their chemical composition and size. The
clearance of intrasynovially administered liposomes drugs can be overcome through
multilamellar vesicles (MLVs) by virtue of their size. This facilitates the uptake of drug
by the target synovial cells and reduces the exposure to nontarget sites, eliminates the
undesirable side effects in rheumatoid arthritis.
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GAGomers: GAGomers are lipidated glycosaminoglycan (Gag) particles invented
by Prof Rimona Margalit and Prof Dan Peer.
GAGomers are used to encapsulate a wide variety of cargo including nucleic
acids and insoluble small molecules. The anionic, non-sulfated and large Gag used,
Hyaluronic Acid (HA) distributed widely throughout connective, epithelial, and neural
tissues. HA primary receptor CD44 is a cell surface glycoprotein involved in cell-cell
interactions, cell adhesion, and migration and is expressed in many cells. CD44 has
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many isoforms with different affinities to HAdue to alternative splicing. High affinity
forms of activated CD44 splice variants (CD44v) are highly expressed in cancer cells
and in inflammation. Having this HA as a shell, the GAGomers are naturally targeted
to cells expressing these specific activated receptors and HA confers a stealth coating to
these particles 34−35 .
GAGs are natural sulfated glycol polymers that have various sulfation patterns on the
co-polymer of particular disaccharide units. GAGs are also involved in the interaction
with Hsp-FL, the Type II complex was obviously in the presence of heparin, heparan
sulfate and dermatan sulfate36 . However, the complex formation was not detected
with chondroitin, chondroitin sulfate A and C, keratan sulfate, keratin polysulfate, and
hyaluronic acid37−40 .
Hsp70a sialic acid-binding protein SBP binds to the major di-sialylated gangliosides
that are enriched in the lipid plasma membrane41 Hsp70 also has an activity to bind both
neutral and acidic lipids on the solid surface42−43 .
Recently liposome-based binding assay demonstrated that the Hsp70-acidic lipid
interaction These results suggest that Hsp70 directly interacts with the acidic glycan
moiety of glycolipids44−45 .

Extracellular acidic glycans are also linked to glycosaminoglycans (GAGs) and
sialylated glycoproteins. Therefore, the acidic glycan units of GAG and glycoproteins
may also be involved in the interaction with Hsp70, which enables the retention of
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membrane-free Hsp70 outside cells. Hsp70 binds to macrophages and enhances the
macrophage-mediated antigen uptake and the presentation of the antigens by MHC
class-II molecule46−47 . Therefore, it is suggested that Hsp70 may utilize heparan sulfate
as a scaffold on the cell surface of macrophages for efficient endocytosis of theantigen
into the antigen presentation pathway48−50 .
Challenge
The use of DMRD drugs to treat Rheumatoid arthritis is greatly has non-specific
cytotoxic effects these on healthy tissues, as well dose limiting toxicities and often very
severe side effects. Many of the most potent cytotoxic drugs have limited solubility and
are therefore difficult to administer intravenously.
GA Gomers
Since GAG has no solubility barrier.In terms of efficacy and safety and to extend
the life, Studies needed to showfoxp3 coatedGAG nanoparticles in nasal or oral
administration in targeted delivery of Rheumatoid arthritis Patients.
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