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ABSTRACT
Researches on ethnomedicines of varied hills of North India are in plenty. This study aims to compare the
ethnomedicines of various patches of Shivaliks along Haryana, Himachal Pradesh, Jammu and Kashmir, Punjab and
Uttarakhand. The distribution of ethnomedicines with respect to their location is attempted. The Shivalik patches in
India are rich and diverse in its medicinally important plants composition. In recent years the trend in ethnobotany
has shifted from mere documentation to a more practical one, which emphasizes on conservation and sustainable use
of plant resources. This comparative study can emphasize on the thrust areas that adds a wealth of knowledge to
green medicines.
Keywords: Ethnomedicines, Healing, Himalaya, Shivalik hills, Traditional knowledge.

investigated thoroughly and systematically, it will yield
results of great value to the ethnologists, archaeologists,
anthropologists, plant-geographers and pharmacologists etc.
The herbal medicine also suits to the social and cultural needs
of the people and influence the patient's physical, mental and
emotional states as well (Sharma and Kumar, 2013).

INTRODUCTION
India is the largest producer of medicinal herbs and is
appropriately called “The Botanical garden of the world”
(Minaxi et al., 2014). Harshberger in 1896 coined the term
Ethnobotany to indicate plants used by the aboriginals. It
included the study and evaluation of plant-human relations
in all phases and the effect of plant environment on human
society. Subsequently Schultes (1962) defined,
Ethnobotanyas “the study of the relationship which exists
between people of primitive societies and their plant
environment”. In many developing countries,
ethnomedicinal plants have not been well studied, exploited,
tested or documented. Most of the information is still in the
hands of traditional hakims whose knowledge is either lost or
passed to the next generation orally (Amiri et al., 2013).
Most of the diseases of modern society are life style disease
and the use of herbal medicines can overcome such problems
(Kumar and Choyal, 2012). Ethnobotany, in totality, is
virtually a new field of research, and if this field is

Himalayan forests are known for its rich biodiversity.
Shivalik hills are recognized as home to many medicinal
and economically important plants. These plants are being
used by local inhabitants for treatment of various ailments.
There is further scope to gather more information about the
various medicinal and economically important plants
found in this area. Medicinal plants have strong acceptance
in spiritual activities of north Indian inhabitant
communities, who worshiped the plants in the form of god,
goddesses, and minor deities (Silori and Badola, 2000).
Due to the unavailability of modern health facilities,
poverty, connectivity with urban centre, awareness, etc.
people in rural areas are still relying on traditional
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medicines for their health care. Many communities use
wild plant parts for the primary healthcare, due to
belief in its effectiveness, easily available, lack of
modern medicines. Apart from human use, many plant
species were also used in animal husbandry as the
primary source of healthcare (Kala, 2004).
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Study area: Uttarakhand is a hill state in the Indian
Himalayan region. This state is endowed with a rich
wealth of medicinal plants. It is traditionally known as
gold mine of medicinal plants (Gokhale and Negi,
2011). Due to its unique geographical location and
different climatic condition, it has rich biodiversity
and variety of plant species. The Uttarakhand
Himalayan people have a close relationship with
nature. They are fully dependent upon forest for food,
fruits, fodder, and medicinal plants for their healthcare
(Ram Prakash, 2014). The present situation of
traditional knowledge regarding to medicinal plants
everywhere is an issue of deep anxiety as the
traditional knowledge is gradually declining and
disappearing from the countryside.

MATERIALS AND METHODS
The present study aims to compare the ethnomedicines
of various patches of Shivaliks along Haryana,
Himachal Pradesh, Jammu and Kashmir, Punjab and
Uttarakhand (Fig. 1). This work is an attempt to review
the literature, plant collection and interview based
approach to explore the distribution of ethnomedicines
of the Shivalik patches along these five states of
Northern India.

Fig. 1 : The study area, patches of Shivaliks along Haryana, Himachal Pradesh, Jammu and Kashmir,
Punjab and Uttarakhand states in northern India.
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The Kashmir valley often referred to as a 'Terrestrial
Paradise' is well-known around the globe. One of the
main features contributing to the worldwide reputation
of Kashmir is the rich biodiversity that adorns its
captivating landscape. Being phyto-geographically
located at the intersection of holarctic and
paleotropical floristic realms and falling within the
North-Western Himalaya, the region is endowed with
teeming diversity of medicinal plants (Khuroo et al.,
2005). This area has enlisted 81 medicinal plants used
by the local people. These plants belonging to 15
families of spermatophytes.The representative
angiosperm families with highest number of plants
were Asteraceae, Ranunculaceae and Lamiaceae.
Among gymnosperms most plants belonged to family
Pinaceae.

3

medicinal plant species are found in both hills and
plains of Punjab (Minaxi et al., 2014). Most of the
medicinally important zone is present in the Pakistan
part of Punjab where a total of 102 species under 90
genera and 38 families are recorded (Zereen et al.,
2013). Equally important medicinal plants are
believed to exist in Indian part of Punjab as well, but
are yet to be thoroughly exploited.
Sampling/Field surveys: Field surveys were
conducted during July - August, 2015-2017 across the
study area. Specific details of locations (altitude,
latitude and longitude) were recorded using hand-held
Global Positioning System [GPS (Garmin make-12)].
Different habitats were selected and collected plants
were preserved for herbarium specimen. The
ethnomedicinal information was obtained either
through secondary data or interview of the experienced
and elderly tribal people/local medicine men, after
field study. Interviews were taken in nearby villages.
Twenty and 40 informants were randomly selected
from representative villages according to the size of
the village. Sometimes a particular plant was picked up
from herbarium and queries were made on the
medicinal use of the same. All the information were
scrutinized and verified against different informants.
After confirmation of ethnomedicinal uses against the
plants, including mode and preparation of medicine,
entries were made in the field book under respective
field number, to include ethnobotanical notes with the
plant specimen. The binomials are arranged
alphabetically as local name(s), family name(s), part
used and traditional uses and have been enumerated in
the tabular form (Table 1).

Himachal Pradesh state has many studies carried out
on the use of the economical and medicinal plants
(Ahluwalia et al., 1952; Chauhan et al., 1999; Uniyal &
Chauhan, 1971).A maximum of species belongs to
family Moraceae, Fabaceae and Combretaceae family.
The people of the local communities, particularly the
rural folk and old aged peoples have long been using
plants for their various ailments. With the recent
development undergoing in this region the people
specially the rural folks gained access to modern health
care facilities, but still the rural folk at large prefer to
stay with their traditional herbal medication due to the
easy availability, cost effectiveness and efficacy of the
traditional way of healing using medicinal plants (Rao,
1996).
In Haryana, the Morni hills are an off-shoot of the
Shiwaliks, situated about 45 km from Chandigarh.
These hills form two parallel ranges from south-east to
north-west located in Northeastern region of Haryana.
The altitude at the highest points is 1100-1500 meters
above sea level. These hills represent tertiary
formations of Siwalik range which is the outermost
range of the Himalaya (Singh, 2014). Jain et al. (2000)
reported that in the flora of Haryana, of the 168 species
of monocots, 81 and 45 species belong to the families
Poaceae and Cyperaceae, respectively. In the present
study on the flora of Morni Hills, of the 79 species of
the monocots, 47 and 14 belong to families Gramineae
and Cyperaceae, respectively.

RESULT AND DISCUSSION
The data collected are arranged in alphabetical order
and given as scientific name, local name, family name,
part used and uses. (Table 1). The present study was
conducted to evaluate ethnomedicines of various
patches of Shivaliks along Haryana, Himachal
Pradesh, Jammu and Kashmir, Punjab and
Uttarakhand. The Shivalik hills of north India have a
variety of rich flora having different medicinal and
economic uses which can be a boon for the present and
future generation if conserved properly. The dominant
families found are Fabaceae and Combretaceae.

Punjab is not fortunate in having a large forest cover.
But in the very few patches of Shivaliks a large array of
medicinal plants are found growing. Around 140

Proper documentation and compilation of indigenous
knowledge of a species helps in identifying the
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Table 1: List of some important Ethnomedicines of the Shivalik patches found along the five states of
Northern India.
Scientific Name

Local Name

Family

Part Used

Medicinal Uses

Abrus precatorius L.

Ratti

Fabaceae

Root

Diuretic

Achyranthes aspera L.

Chirchita

Amaranthaceae

Whole plant

Decoction of herb is used as
diuretic, seeds are used in
treating hydrophobia and
snake bite

Aegle marmelos (L.) Corr. Serr.

Bel

Rutaceae

Fruit

Unripe fruit is astringent,
digestive and used against
diarrhoea and dysentery.

Azadirachta indica A. Juss

Neem

Meliaceae

Whole plant

Fruits, seeds, bark have
antiseptic and antimicrobial
property

Barleria cristata L.

Raktajhinti

Acanthaceae

Root and leaves

Leaves and root used against
coughs and inflammations

Bauhinia variegata L.

Karal, kachnar

Fabaceae

Root and leaves

Prevents obesity

Bombax ceiba L.

Semal

Malvaceae

Bark, Root,
flowers and fruits

Tonic used as a styptic

Cassia fistula L.

Amaltas

Fabaceae

Root and Bark

Febrifuge and laxative

Cassia tora L.

Panwar

Fabaceae

Whole plant

Purgative and also used
against ringworms

Cynodon dactylon L.

Durva

Poaceae

Whole plant

Dysentery, haemorrhage and
scabies

Euphorbia hirta L.

Dudhi

Euphorbiaceae

Whole plant

cough, asthma and digestive
problems

Ficus benghalensis L.

Bargad

Moraceae

Fruits and leaves

Rheumatism and lumbago

Ficus glomerata Roxb.

Gular

Moraceae

Root

Diarrhoea and diabetes

Ocimum sanctum L.

Tulsi

Labiateae

Whole plant

Antibacterial and insecticidal
properties

Lantana camara L.

Bara phulno

Verbenaceae

Root and stem

Antidote for snakebite

Morus alba L.

Toot

Moraceae

Leaves and fruits

Sore throat and skin infections.

Mallotus philippensis (Lam.)

Kamal

Euphorbiaceae

Fruits

Anthelmintic

Melia azedarach L.

Drek

Meliaceae

Leaves and Bark

Insect repellant, anthelmintic
and diuretic

Murraya koenigi (L.) Spreng.

Ghandhela

Rutaceae

Bark, root and
leaves

Stimulant

Pinus roxburghii Sarg.

Chir

Pinaceae

Wood and leaves

Expectorant against chronic
bronchitis and gangerene of
lungs

Syzygium cumini (L.) Skeel.

Jamun

Myrtaceae

Seeds

Powdered and used against
diabetes

4
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Local Name

Family

Part Used

Medicinal Uses

Terminalia arjuna
(Roxb. ex DC.) Wight. & Arn.

Arjun

Combretaceae

Bark, fruits
and leaves

Febrifuge, antidysenteric and
juice of leaves used against
earache

Terminalia bellirica (Gaertn.) Roxb.

Bahera

Combretaceae

Fruits

Astringent, laxative used
against piles

Terminalia chebula (Gaertn.) Retz.

Harad

Combretaceae

Fruits

Laxative and cardio tonic

potential and conservation value of the species and the
document can be used as a tool to transfer the
knowledge from generation to generation. Therefore,
the documentation of indigenous uses is essential for
conservation prioritization of the species. Information
on economic value of the species is very fragmentary.
In present study, indigenous uses of 24 species were
recorded (Table 1). Three species Achyranthes
aspera, Aegle marmelous and Terrminalia arjuna were
recorded as multipurpose species, used as medicine,
edible, fodder, fuel and religious purposes. Among the
various parts, viz., leaves, stem, flowers, seeds, aerial
parts, roots, etc. of the plants used for curing diseases.
The whole plant of Achyranthes aspera, Azadirachta
indica, Cassia tora, Cynodon dectilon, Euphorbia
hirta and Ocimum sanctum are used as ethnomedicine.
Medicinal properties of these species are well
documented in Traditional Chinese Medicine, Tibetan
System of Medicine and Ayurvedic Medicine, one of
India's Traditional Systems of Medicine. These species
are known to cure various diseases like dysentery,
rheumatism, bronchitis, stomachache, gas, cough, skin
disease.

study was to see an overall distribution along Shivalik
patches of different states in India. Renaissance of
traditional knowledge and phytotherapy has become
imperative due to the diversity, accessibility,
affordability and biodegradability. Consequently,
ethnobotanical studies and traditional knowledge are
to be updated every now and then especially because
agrotechniques of high altitude medicinal and
aromatic plants may be developed in view of threats to
plants and their herbal potential may be fully worked
out. Present work is a compiled review comprising of
references for which papers cited may be referred to.
The following conclusion can be drawn about the
study:

Besides these species, Abrus precatorius, Barleria
cristata, Bauhinia variegata, Bobex ceiba, Cassia
fistula, Ficus glomerata, Lantana camara and
Murraya koenigi are other high value species whose
roots are extensively used as ethnomedicine. Aegle
marmelos, Azadirachta indica, Cynodon dactylon,
Ficus benghalensis and Ocimum sanctum are the
species which are used not only as ethnomedicine but
also highly regarded for religious purposes.

1.

The present study provides comprehensive
information on the scientific name, local name,
family and indigenous uses of 24 species of
different families of Shivalik patches of northern
India.

2.

The most dominant family was found to be
Fabaceae (4 species) followed by Combretaceae
(3 species) and Moraceae (3 species).

3.

Only few species are known for their economic
values and therefore, other species should also be
investigated for the economic importance.
Achyranthes aspera, Aegle marmelous and
Terrminalia arjuna were recorded as multipurpose
species, used as medicine, edible, fodder, fuel and
religious purposes. Considering high industrial
demand of raw material and status of these
species, they should be conserved and propagated
through conventional and biotechnological
approaches (in-situ and ex-situ).

4.

Phyto-chemical investigations for the
identification of active ingredients are urgently
required to identify the potential of the species.

5.

Existing reports indicate that the propagation and
cultivation techniques are available only for a few
species and therefore, these techniques need to be

CONCLUSION
The distribution of medicinal plants varies from state
to state with respect to climate, soil, altitude and other
factors. This review study strongly infers the richness
in pharmacological and therapeutic vegetation of the
areas under study, but are not completely explored both
extensively and intensively. The main focus of this

5
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developed particularly rare-endangered and
multipurpose species taking into priority.
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ABSTRACT
Cyanobacteria from extreme environments are important sources of novel biomolecules of industrial significance.
Such biomolecules that have gained considerable attention in the recent times is mycosporine like amino acids which
are involved in stress tolerance and photo-protection as sunscreen compounds. The present study deals with the
detection of mycosporine like amino acids in the cyanobacterial isolates Nostoc sp.and Phormidium sp. isolated from
the hypersaline environment of Rann of Kutch. Influence of temperature, pH, salinity and nitrate on the production of
mycosporine like amino acids was assessed in these cyanobacterial isolates. Mycosporine like amino acids production
could be augmented in the isolates cultured in modified BG-11 medium supplemented with nitrate having pH 9 at a
temperature of 45°C. The results show the biotechnological potential of the strains isolated from Rann of Kutch as a
source of mycosporine like amino acids.
Keywords: Cultural variables, Cyanobacteria, mycosporine like amino acids, optimization, Rann of Kutch, sunscreen
compounds.

cyanobacterial products from diverse cyanobacteria 4.
Hence, search for cyanobacteria is important in the
identification of potential organisms for industrial
exploitation.

INTRODUCTION
Cyanobacteria represent one of the largest and diverse
groups of photosynthetic organisms having a unique
distribution pattern. They have been found to colonize
successfully in several diverse types of ecosystems. They
have the ability to tolerate high temperature, UV
desiccation, water and saline stress123. The origin of
cyanobacteria dates back to the Pre-Cambrian times and
they successfully thrive in a wide range of environments.
Further advancement in the field of microbiology and
biotechnology has helped in the exploration of
cyanobacteria for industrially important and value added
products. The cyanobacteria are rich sources of
industrially important compounds and a variety of
1*

Cyanobacteria from extreme environments show the
presence of several important compounds involved in
conferring stress tolerance. The cyanobacteria from
extreme environments synthesize several compounds and
metabolites to cope with preventing complex situations 5.
Cyanobacteria under osmotic stress conditions have been
shown to synthesize unique amino acids known as
mycosporine like amino acids (MAA's)6. MAA's have also
been shown to be highly resistant against abiotic stressors
such as temperature, UV radiation, various solvents and pH
7
. The production of natural photo protective compounds
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induced under stress conditions are helpful for the
organisms that are exposed to strong insolation 8. It has
been observed that the level of MAA is influenced by
the conditions it is exposed to and the expression and
production of these compounds are influenced by the
under environment 9. However, nothing much is
known about these compounds from cyanobacteria
from extreme environments like Rann of Kutch facing
very strong insolation. Therefore in the present study
an attempt was made to assess the potential of
cyanobacterial strains isolated from Rann of Kutch as
possible source of mycosporine like amino acids and to
optimize conditions to enhance their production.

April 2018 (Special Issue)

filtered through microcentrifuge filters (pore size 0.2
μm) for partial purification and HPLC analysis.
HPLC analysis of mycosporine like aminoacids
Further analysis of partially purified aqueous solutions
was done using an HPLC system (Waters, USA)
equipped with a licrospher RP 18 column. The samples
(50μl) were injected into the HPLC column through a
Waters 717 plus auto-sampler. The wavelength for
MAAs detection was 310nm to 360nm and the mobile
phase was 0.02% acetic acid (v/v) in double distilled
water, run isocratically at a flow rate of 1.0 ml min-1.
Presence of MAAs was identified by comparing the
absorption spectra and retention time. The
quantification of MAAs was performed13.

MATERIALS AND METHODS
Isolation, identification and maintenance of
cyanobacteria
Soil samples were collected randomly from five
different sites from the Rann of Kutch region of
Western Gujarat, India and they have been subjected to
isolation for cyanobacterial strains following standard
enrichment culture techniques 10. The isolated and
identified cultures were maintained in BG-11 medium
(with or without combined nitrogen) in the culture
room having light intensity of 52-55µmol
photon/m2/S, 16/8 light and dark period and 28±2°C
temperature. The pH of the culture medium was
adjusted to 8.25. Strains were examined
microscopically and the morphological characters
were compared according to the taxonomic keys
provided by Desikachary for identification 11.

Optimization of mycosporine like amino acids
Cultures of Nostoc and Phormidium sp. were for
grown in BG-11 medium for 15 days in a culture room
under standard growth conditions. To evaluate the role
of various pH on the production of mycosporine like
amino acids, the pH was maintained at 5, 6, 7, 8 and 9,
respectively. BG- 11 medium was supplemented with
sodium chloride (1%, 2%, 3%, 4% and 5%) for the
evaluation of mycosporine like amino acids in relation
to salinity. To study the effect of different temperature
on mycosporine like amino acids production the
cultures of both Nostoc and Phormidium sp. were
incubated in a BOD incubator (Thermotech TH 7004,
India) for 15 days. The temperature range was varied
from 30°C, 35°C, 40°C and 45°C. To evaluate the role
of nitrogen source on the production of mycosporine
like amino acids in Nostoc sp. sodium nitrate (Nitrogen
@ 0.247 g/L) was provided additionally in the nitrogen
free BG-11 medium. Phormidium sp. being a non
nitrogen fixer nitrate was provided in the BG-11
medium.

Screening and quantification of mycosporine like
amino acids
The several isolated strains identified from Rann of
Kutch were screened for MAA production. Presence of
mycosporine like amino acids was done by comparing
the absorption spectra and retention times through
HPLC analysis. Quantification of MAAs was
performed spectrophotometrically 12. The cells were
harvested by centrifugation (9000xg for 5 min) and
MAAs were extracted in 2 ml of 100% HPLC grade
methanol overnight at 4°C. After extraction aliquots
were centrifuged at 5000x g for 5 min and the
supernatant was evaporated to dryness at 45°C in a
vacuum evaporator and the extracts were re-dissolved
in 500 μl double distilled water. A few drops of
chloroform were added to this solution and the water
phase was transferred carefully after centrifugation in
fresh eppendorf tubes to remove the contaminant
photosynthetic pigments. Finally, the samples were

Based on the results obtained regarding the individual
effect of pH, salinity, temperature and nitrate, BG-11
medium was modified to screen mycosporine like
amino acids production in both Nostoc sp. and
Phormidium sp. For this experiment the medium was
supplemented with sodium chloride (5%) and nitrate
(nitrogen @ 0.247 g/L). The pH of the medium was
maintained at 9.0 and the cultures were incubated at a
temperature of 45°C in BOD incubator for 15 days.
RESULTS AND DISCUSSION
Nostoc sp. and Phormidium sp. were isolated from the
soil samples of Rann of Kutch as per the standard
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microbiological tools and taxonomic keys 11. The
morphological characters such as the vegetative cells,
position and number of the heterocysts were employed
for the identification. These two strains were then
assessed for MAAs and both these strains were found
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positive for the MAAs. The HPLC analysis further
revealed the presence of mycosporine like amino acids
on the basis of retention time and absorption spectrum
in both the cyanobacterial strains (Fig. 1a-d).

Fig. 1 : The HPLC chromatograms of mycosporine like amino acids on the basis of retention(1a, 1c) time and
absorption spectrum (1b, 1d) in Nostoc sp (1a and 1b) and Phormidium sp(1c and 1d).
To enhance the production of important biochemicals,
factors such as temperature, pH, nitrogen level and
salinity are important. The expression and production
of many of these compounds have been found to be
influenced under environmental conditions 9. Hence
initially these parameters are needed to be
standardized under laboratory conditions for enhanced
production of metabolites. Nostoc and Phormidium sp.
were incubated and grown at different temperatures
(30°C, 35°C, 40°C and 45°C) and the results showed
that the level of MAA's was marginally influenced by
the temperature (Fig. 2a). Temperature influences the
MAA production and influence of temperature on
enhanced MAA production has been reported earlier 14
15
. An important factor that regulates growth is the
temperature and development and increase in

temperature might have resulted in changes in
biosynthetic pathway of the enzymes leading to
enhanced MAA production. Similarly we studied the
effect of pH on mycosporine like amino acids in both
strains and pH 9 supported the maximum production of
MAA's (Fig. 2b). The content of MAA's in Nostoc sp.
was 0.203 mg/g dry weight and in Phormidium sp. it
was 0.0894 mg/g dry weight, respectively. Increase in
mycosporine like amino acids content with increase in
pH was observed 15. Enhancement in the mycosporine
like amino acids in the fresh water cyanobacterium
Anabaena fertilissima in response to changes in pH
was observed16. The MAA content increased gradually
with increasing salt concentration and maximum
MAA's was observed at 5% salt concentration (Fig.
2c). The observed of MAA's content was 0.1796 mg/g

9
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Fig. 2 : (a) Influence of different temperature, (b) pH and (c) salinity on the mycosporine like aminoacids
(MAA) production in Nostoc sp and Phormidium sp
dry weight in Nostoc sp. as compared to 0.0834 mg/g
dry weight in Phormidium sp. Increasing NaCl levels
up to 5% had increased levels of mycosporine like
amino acids. Biosynthesis of MAAs in cyanobacteria
is controlled by factors such as salinity and
temperature 1 7 . In the present study ambient
physiological conditions such as pH, temperature,
salinity and level of nitrogen individually enhanced the
content of MAAs in the selected cyanobacterial
isolates.

(3%), and nitrogen source (0.247 g/L nitrogen in the
BG-11 media). Fig. 3 depicts the MAA production by
Nostoc sp. and Phormidium sp. in the modified
medium. The quantity of mycosporine like amino
acids produced by Nostoc sp. in the modified medium
was (0.218 mg/g dry weight) as compared to control
(0.152mg/g dry weight). However, in case of
Phormidium sp. the quantity of MAA produced by the
modified and optimized medium was (0.137 mg/g dry
weight) as compared to control (0.736 mg/g dry
weight). MAAs has been reported to play important
role in nitrogen storage and influence of nitrogen
sources on the enhanced production of MAAs have
also been observed in certain red algae 18. Selection
pressure due to harsh environmental conditions
prevailing at Rann of Kutch could be one of the reasons
for the presence of mycosporine like amino acids in
this cyanobacterium and cultural modification of
factors such as pH, temperature, salinity and nitrogen
source further resulted in their enhanced production.
Recently attempt was made to enhance the

Based on results obtained on the mycosporine like
amino acid production by pH, salinity, nitrate and
temperature we modified the BG-11 medium and
studied the production of mycosporine like amino
acids in Nostoc sp. and Phormidium sp. cultured in this
medium. The cultural parameters such as pH (9),
salinity (5%), nitrogen source (sodium nitrate) and
temperature (45°C) were taken in to consideration as it
supported maximum MAA production. A control was
employed having pH (8), temperature (30°C), salinity
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Fig. 3: Mycosporine like amino acid production by Nostoc sp and Phormidium sp in the modified BG-11
medium.

mycosporine like amino acid production in Anabaena
sp. isolated from hot springs of Rajgir in India through
photoheterotrophic growth19. Although these reports
suggest better growth and biomass accumulation due
to photoheterotrophic growth, the photoautotrophic
growth remains a cheaper and economically viable
option to mass multiply the organism in laboratory as
well as outdoor conditions for the production of
pharmaceutically important MAAs.

production of these compounds in cosmetics was
suggested25.
CONCLUSIONS
The present study has led to the identification of a
cyanobacterium Nostoc sp with potential for the
production of mycosprine like amino acids. It was also
observed that mycosporine like amino acid production
in cyanobacteria could be augmented by modifying the
growth and cultural conditions. Thus promising strains
could be further taken up for mass multiplication and
extraction of these pigments on a large scale for
commercial exploitation.

Apart from the ecological significance the
mycosporine like amino acids have therapeutic
importance. Effective blockage of thymine dimer
formation by UVR in vitro stimulation of growth
activity in human cells has been observed 20 21. Certain
MAAs have antioxidant properties and therefore may
play a role in protection by scavenging free radicals
produced 22.
They are actively excreted and
accumulated at the epidermis where they show sun
screening effect and are natural sunscreen
compounds23. The strains used in the present
experimentation were isolated from harsh
environmental conditions of high salinity and high
rates of insolation. The biosynthesis of these
compounds is up-regulated under various
environmental and cultural regimes. Accumulation of
myccosporine like amino acids could be therefore one
of the mechanisms adopted by organisms to protect the
cells. MAAs are secondary metabolites capable of
preventing the oxidative damage24. Importance of
designing protocols for the large scale and industrial
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ABSTRACT
This study evaluated the effect of ZnSO4 on hypothalamic-pituitary-gonadal (HPG) axis of fresh water teleost male
Anabas testudineus. The hypothalamus is projected ventrally as a round infundibulum which is connected with the
hypophysis (pituitary gland) in the brain by an indistinct pituitary stalk; this concept is called as hypothalamoneurohypophysial system or hypothalamic-pituitary-gonadal (HPG) axis.
For the study experiment were carried out by exposing the male Anabas testudineus to the test solutions containing
various concentrations of heavy metal ZnSO4 (zink sulphate) and 50% mortality was recorded at 96 hours exposure
period. The LC50 value calculated was 3 mg/l. On the basis of lethal dose test animals were exposed to the sub-lethal
dose for a long period of 30 days then histopathologically and quantitatively observed the effect of heavy metal on
neurohypophysial complex of fish. Results indicated that the neurohypophysial complex of fresh water fish Anabas
testudineus is sensitive to the heavy metal pollutant zink sulphate and affect the spawning of fish. Effect of Zink
sulphate on GSI was found statistically significant (P<0.05) after 30 days exposure between control and pollutant
group.
Keywords: Neurohypophysial complex, hypothalamic-pituitary-gonadal (HPG) axis, heavy metal Pollutant (HMP),
Infundibulum, Histopathological.

been increasing in the last decades, partially because of
increase in the use of such metals in a variety of agricultural and
industrial processes; this has stimulated studies to identify the
potential toxicity induced by such agents. In this regard, it has
been reported that heavy metal like zink, copper, and cadmium
can exert toxicity at specific experimental conditions, which
may also depend on the evaluated organism and the associated
environmentalfactors2,3.

INTRODUCTION
Fishes exhibit huge aquatic diversity in shape, size, and
biology and in the habitats they occupy. They are the most
primitive vertebrate from which all other vertebrates
including man has evolved. They are important not only
becauseoftheireconomicvalue,butalsobecauseofsensitivity
to ecological changes. So, fish assemblages have widely been
used as biological indicators to estimate and evaluate the level
of environmental aquatic toxicity, degradation and health of
riversandstreams1.

Metals and organic contaminants affect the spawning
behavior and spawning duration of fish and reduce sperm
motility4. It was found that the toxic effects of metal mixtures
are the sum of the toxicities of each metal (additive effect),
corresponding to the bioavailable form of the metals5,6.These

Analysis of most of the natural water bodies revealed a critical
loss of biodiversity.The level of toxicity with heavy metals has

*Corresponding author: c_raksha@yahoo.com, saxenapooja021@gmail.com
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toxic substances may knock down immune system,
reproductive system and endocrine system in animal and
theseeffectscanbeatorgan,tissueandcelllevel7.

The presence or absence of NLT varies in different teleost
species.InAnabastestudineusNLTisabsent19.

15

MATERIALANDMETHODS
It was shown that accumulation of heavy metals results in
inhibition of the secretion of noradrenalin and stimulation
of the secretion of dopamine in the hypothalamus and the
brainisalsoknowntobeasiteofstresshormonesynthesis8.
These processes results in a disturbance of hormonal
equilibrium of the HPG axis, which can unfavorably
influence the efficiency of spawning in fish. It should be
noted that the HPG axis functions as a dynamic system
throughout each life-stages of an organism, early in
developmentthroughgonaddevelopmentandfinallyinto
adult life-stage9,10 . The primary tissues involved in this
hormonal cascade are the hypothalamus, pituitary gland,
and gonads. The hypothalamus located at the base of the
brain is sensitive to signals from sensory receptors and
releases hormones in response to environmental cues,
principal among these hormones are gonadotropic
releasing hormones (GnRH), which travel from the
hypothalamus to the pituitary gland. Certain cells of the
pituitary receive GnRH and release it into the
bloodstream. The pituitary is responsible for a wide
variety of functions including growth and reproduction.
The gonadotropic hormones travel to the gonads which
synthesize steroids responsible for final maturation of the
gametes11.

COLLECTIONOFSPECIMENS
Collections from February toAugust were mainly used to
fix the maturity of spawning period of test fish Anabas
testudineus (weight: 40 grams and above) Mature males
acquireglazyblackcolourduringbreedingseason.
EXPERIMENTS
For the control and effect of heavy metal toxicant on the
neurohypophysial complex and gonads, in the laboratory
experimentswereconductedinthreephases.
PHASEIEXPERIMENT
In the first phase of experiment 10 male test fish as control
were acclimatized in normal water fish tank in natural
condition for one month (May-June). Dry prawn powder
as fish food was provided and medium was changed daily.
After acclimatization dissect out the animal in laboratory
and following measurements were recorded during
experimentation.
ü
ü
ü
ü

The hypothalamus of teleost fishes comprises the
Gomori-positive nucleus preopticus (NPO) and the
Gomori-negative nucleus lateralis tuberis (NLT) 12. The
NPO, which is composed of the pars magnocellularis and
the pars parvocellularis, is situated on both sides of the
preoptic recess. The axons (Type A peptidergic fibres
containing 100-200 nm granules) originating from the
cells of the NPO form the preopticohypophysial tract
which penetrates the pituitary, ramifies and terminates in
the neurointermediate lobe13-15. These axonal fibres
originated from the NPO cells forms tractus
preopticohypophysis, which travels on the floor of
hypothalamus and terminates in the neurohypophysis of
the pituitary gland. The neurosecretory material is
transported from NPO to the pituitary gland through this
tract so tractus preopticohypophysis and
neurohypophysis are important components of
neurohypophysialcompex16,17.Thegonadotrophsarealso
directly innervated by these fibres originating in the NPO.
This implicates both, the NPO and the NLT in the
regulation of gonadotropic functions of the pituitary18.

Totallengthofeachfish.
Bodyweightofeachfish.
Gonadweightofeachfish.
The volume of gonad, measured by liquid
displacementmethod.

PHASEIIEXPERIMENT
In the second phase short term tests of acute toxicity were
performed over a period of 96 hours using heavy metal
toxicant zink sulphate. By exposing the test fish to test
solutions (10 per test solution) of different concentration
in the range of 1, 1.5, 2.0, 2.5 & 3 mg/l. Preliminary
experiments were conducted to choose the concentration
that resulted in the 50% mortality at 96 hours exposure
period. The LC50 value calculated was 3 mg/l. The dose in
which fishes were survived for a long period of a month in
thefishtankis2.5mg/l,istakenassub-lethaldose(hadapH
7.2±0.1,dissolvedoxygen8.0±0.3mg/L).
PHASEIIIEXPERIMENT
In the third phase of experiment 10 test fish were
acclimatized in separate fish tank, in the sub-lethal
concentration (2.5 mg/l) of heavy metals ZnSO4 for 30
days in spawning period. The solution of the toxicant was
changed daily and fishes were aerated and feed properly.
After 30 days sacrificed animals one by one and dissect out
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gonad weight. The size of the spermatocyte increases
with the temperature of the environment. Increase or
decrease in gonad weight and volume correspond with
the increase or decrease in water temperature (figure
9). In April, May and June the highest gonad weight
and gonad volume was observed and higher the GSI of
control group i.e. 0.036, 0.041 and 0.043 respectively.
Thus the GSI increases with the maturation of fish and
reaches to its maximum at the peak period of maturity
that is why the GSI has been considered as reliable
estimate for gonadal maturity and spawning of any
species. Its abrupt decrease indicates beginning of
spawning. Our study confirms the observations of
earlier workers26-31.

April 2018 (Special Issue)

gonad volume as compare to the control group in the
month of April, May and June, the GSI is 0.020, 0.019,
0.017 respectively (figure 10,11,12). Similar findings
were reported by earlier workers 32, 33.
Increase in GSI signified active spawning state in the
gonads of control group, but these values are
decreasing in toxicant (ZnSO4) treated group. When
compared the GSI of control group and toxicant group,
the GSI of pollutant group were found to have
decreased more than 50% (p<0.05) after 30 days of
exposure of ZnSO4. The Spawning phase between
Control group and toxicant group shows statistically
significant difference between them (0.037+0.002,
0.017+0.002, P<0.05)

The reduction of GSI of test fish subjected to HMTZnSO4 reflect the reduction of the gonad mass and
Figures (1-8) of Control and Heavy Metal Toxicant (HMT) treated fish in spawning period.

Fig. 1: VLS of brain with greater accumulation of
neurosecretory material of NPO cells.

Fig. 2: VLS of brain with tractuspreoptico
hypophysis.

Fig. 3: VLS of brain with neurohypophysis.

Fig. 4: VLS of HMT treated brain with depleted
neurosecretory material of NPO cells.
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the fish for brain & testis after recording the necessary
measurements(asrecordedinex.no.1).

periphery and contains one or two nucleoli, with
chromatin material. The neurosecretory cells are more
concentrated (granulation) and uniformly distributed
with the cytoplasm. The staining intensity is also deep
(figure 1). Tractus preoptico hypophysis and
neurohypophysis also shows similar conditions (figure
2, 3) in control fish. The histological change in the
NPO shows its involvement during reproductive cycle.
The NPO cells of zink sulphate treated fish are highly
affected. Most of the NPO cells are smaller in size with
depleted neurosecretory materials (figure 4). The
nucleus is also smaller in size and the nucleolus is
rarely visible. Some of the NPO cells are
hypertrophied and some are hypnotic condition.
Tractus preopticohypophysis and neurohypophysis
also shows further decrease in the quantity and
intensity of neurosecretory material (figure 5, 6) due to
which the spawning of fish is severely affected. Thus it
can be inferred that greater the effect of heavy metal
pollutants to the secretion of HPG axis neurohormones
(FSH & LH), greater the effect to the spawning period
& lesser the process of spermatogenesis22.

Histopathological analysis
FirstControlfishthenthefishexposedtosub-lethaldoseof
ZnSO4for30days,inthespawningperiodweresacrificed.
Their brains and gonads were dissected out and fixed in
aqueous bouin and hollande's modified, dehydrated in
graded ethanol series, cleared in xylene and embedded in
paraffin. Finally the paraffin blocks were prepared and
slices were cut at 5µ to 6µ (micrometer thick) by means of
rotary microtome (Leica RM 2145). Slides of these slices
were dehydrated and stained withAldehyde Fuchsin (AF)
and Chrome Alum Haematoxylin Phloxine (CAHP) for
brain sections, Mallories Triple Enrlich's Acid Alum
Haematoxylin stains were used for gonads. The sections
were examined and photographed using an Olympus BX
51microscope.
Statisticalanalysis
The GSI for both groups (Control & HMT- ZnSO4 treated
group)werecalculatedaccordingtotheformula:
Weightofgonad
GonoSomaticIndex=-------------------------x100
Weightoffish
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HISTOPATHOLOGICAL RESULT OF GONAD
Fully mature gonads of control fish shows advance
stages of spermatogenesis and mature sperms (figure
7). Pollutant treated fish indicates a sharp downward
trend in the activity of gonads. Testis in fish represents
the most dynamic organ having a high cell turnover
during the reproductive period which makes it
vulnerable to a wide variety of chemical toxicants due
to the exposure of the different toxicants the changes
may culminate in a partial or total arrest of
spermatogenesis.

Where,GW=Gonadweightoffishinmilligram
BW=Bodyweightoffishingram.
Means ± standard deviation (SD) were calculated for
both groups. Statistical analysis (Two Way ANOVA)
was done using the software Graph pad Prism 5, at a
5% significance level. The results of the experimental
group (HMT-ZnSO4 treated group) were compared
with the control group to quantify the effect of the
ZnSO4 on the test animals.

Testicular inflammation has been documented as one
of the common responses on the aquatic animals
exposed to environmental toxicants 23, 24.

RESULT AND DISCUSSION

Exposure dependent histological alterations in the
testis were seen. Progressively there was an increase in
the vacuolization, disorganization and distortion of
seminiferous tubules (figure 8). At the 30th day of
exposure condensation of spermatocytes besides
inflammation and inter-tubular vacuolation was very
much prominent 25.

HISTOPATHOLOGICAL RESULT OF
NEUROHYPOPHYSIAL COMPLEX
The activity of the NPO have correlated with the
annual gonadal cycle, the NPO is active during the
spawning periods and inactive in the sexually
quiescent period. Similarly, seasonal fluctuations in
the quantity of neurosecretory material in NPO have
been correlated with the gonadal activity 20, 21.

STATISTICAL RESULT
According to the results obtained from the seasonal
spawning phases of Anabas testudineus the graph has
been made with respect of water temperature and

In Anabas testudineus NPO of the control fish are
spherical in shape. The cytoplasm is granular and
deeply stained. The nucleus is situated near the
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Fig. 5: VLS of HMT treated brain with
tractuspreoptico hypophysis

Fig. 6: VLS of HMT treated brain with
neurohypophysis

Fig. 7: T.S. of testis showing advance stages of
spermatogenesis and spermatocytes.

Fig. 8: VT.S. of HMT treated testis showing
spermatocytes besides inflammation and intertubular vacuolation.

Figures (9-12) - Graphical representations

Fig. 9: Showing the increase in gonad weight
according to water temperature.

Fig. 10: showing the monthly comparison of gonad
weight between Control group and ZnSO4 treated
group.
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Fig. 9: Showing the increase in gonad weight
according to water temperature.

Fig. 10: showing the monthly comparison of gonad
weight between Control group and ZnSO4 treated
group.

CONCLUSION
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ABSTRACT
Traditional Aromatherapy has been utilized for ages. Essential oils have been used for nearly 6,000 years, with the
aim of improving a person's health or mood. The essential oils believed to have direct and profound effect on the
mind and emotions of individuals as the sense of smell has direct access to human brain. It also helps to boost
immune system and thus prevents common ailments. There is growing interest, supported by clinical evidence, in
aromatherapy for the control of agitation, aggression, and psychotic symptoms. A range of essential oils have been
found to have various degrees of antimicrobial activity and are believed to have antiviral, nematicidal, antifungal,
insecticidal, and antioxidant properties. Aromatherapy applications include massage, topical applications, and
inhalation. Many shampoos and hair products contain small amounts of essential oils. Aromatic oils such as tea tree,
lavender and peppermint oil are used in everything from toothpaste to laundry detergent. The most important feature
of the vast majority of aromatic herbs and extracts are showing antioxidant activity. Present article discusses the
mode of preparation and administration of essential oils. An attempt has also been to discuss the side effects and
complications associated with the use of essential oils. Based on this information; aromatic herbs, essential oils
derived from these and the active components of them should be examined for antiviral, antimicrobial and antioxidant
capacities.
Keywords: Aromatherapy, Aromatic plants, Essential oils, Antimicrobial and Antioxidant.
millennia to bring balance to the emotions, healing to the
body, and clarity and enhanced function to the mind. Later,
natural healers turn to aromatherapy for the many
antibacterial, anti-inflammatory and analgesic effects of
aromatic essential oils. Now-a-days, aromatherapy is
frequently used by a large population for managing pain,
improving sleep quality, reducing stress, overcoming
symptoms of depression, soothing sore joints and even
battling the effects of cancer.

INTRODUCTION
The use of aromatic essential oils or volatile plant oils for
physical and psychological well being is known as
Aromatherapy. Rene-Maurice Gattefosse, a French
cosmetic chemist first time coined the term 'Aromatherapy
in 1928. The word 'Aromatherapy' is derived from two
words i.e. aroma (fragrance) and therapy (a treatment). It is
sometimes used in combination with massage and other
therapeutic techniques as part of a holistic treatment
approach. Aromatherapy can also be defined as the art and
science of utilizing naturally extracting plant-essential oils
and their volatile constituents to improve physical and
emotional health and well being of the body and mind. The
smoke from fragrant herbs has been used by ancient
physicians, medicine people, healers, and shamans for

Origin and History of Aromatherapy
Forover5,000years,aromatherapy hasbeenatrustedpractice
amongculturesspanningtheglobe.Aromaticplantshavebeen
employed for their healing, preservative, and pleasurable
qualities throughout recorded history in both the East and
West. As early as 1500BC the ancient Egyptians used waters,

*Corresponding author: ssyadavindia@gmail.com
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oils, incense, resins, and ointments scented with
botanicals for their religious ceremonies. There is
evidence that the Chinese may have recognized the
benefitsofherbalandaromaticremediesmuchearlierthan
this. The oldest known herbal text, Shen Nung's Pen Ts'ao
(2700–3000BC) catalogues over 200 botanicals.
Ayurveda, a practice of traditional Indian medicine that
dates back more than 2,500 years, also used aromatic
herbsfortreatment.
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as early as the first century, and around 1000AD, the noted
Arab physician and naturalist Avicenna described the
distillation of rose oil from rose petals, and the medicinal
properties of essential oils in his writings. Now,
aromatherapy is regarded as the most popular
complimentary alternate medicinal practice of the 21st
century.
Commonlyusedaromaticplants
Aromatic plants are from a numerically large group of
economically important plants. Thousands of such plants
are being used worldwide for treating diverse health
complications. Aromatic plants primarily belong to the
Lauraceae, Umbelliferae, Myrtaceae and Labiatae
families. Many of them are also used for medicinal
purposes. Human being is dependent upon aromatic
plants both for the prevention and treatment of human
diseases. Such plants have remained integral part of their
primarily healthcare since time immemorial. Some
commonly used aromatic plants with their properties and
usesaregiveninTable1.

The Romans were well known for their use of fragrances.
Theybathedwithbotanicalsandintegratedthemintotheir
state and religious rituals. So did the Greeks, with a
growing awareness of the medicinal properties of herbs.
Greek physician and surgeon Pedanios Dioscorides,
whose famous herbal text De Materia Medica (60 AD)
was the standard textbook for Western medicine for 1,500
years, wrote extensively on the medicinal value of
aromatic plants. The Medica contained detailed
information on some 500 plants and 4,740 separate
medicinal uses for them, including an entire section on
aromatics. Written records of herbal distillation are found

Table 1: Commonly used aromatic plants with their properties and uses.
SN

Botanical name

Common name

Properties and Uses

1

Cananga odorata

Ylang ylang

A sedative essential oil sometimes used to treat
hypertension and tachycardia.

2

Chamaemelum nobilis Roman
chamomile

An anti-inflammatory and analgesic. Useful in
treating earache, skin conditions, menstrual pains,
and depression

3

Citrus aurantium

Bitter orange

Citrus oil extracted from bitter orange flower and
peel and used to treat sore throat, insomnia, and
stress and anxiety-related conditions.

4

Citrus sinensis

Sweet orange

An essential oil used to treat stomach complaints and
known for its reported ability to lift the mood while
relieving stress.

5

Eucalyptus globulus

Eucalyptus

The dried leaves and oil are used to make medicine.
People use Eucalyptus for many conditions including
asthma, bronchitis, plaque and gingivitis, head lice
and toe nail fungus.

6

Lavandula officinalis

Lavender

A popular aromatherapy oil that mixes well with most
essential oils, lavender has a wide range of medicinal
and cosmetic applications, including treatment of
insect bites, burns, respiratory infections, intestinal
discomfort, nausea, migraine, insomnia, depression,
and stress.

7

Melaleuca alternifolia Tea tree

Has bactericidal, virucidal, fungicidal, and anti
inflammatory properties that make it a good choice
for fighting infection. Recommended for treating sore
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throat and respiratory infections, vaginal and bladder
infections, wounds, and a variety of skin conditions.
8

Mentha piperita

Peppermint

Relaxes and soothes the stomach muscles and
gastrointestinal tract. Peppermint's actions as an
anti-inflammatory, antiseptic, and antimicrobial also
make it an effective skin treatment, and useful in
fighting cold and flu symptoms. In addition, research
in 2002 found that peppermint scent helped athletes
run faster and perform more push-ups than control
subjects with odourless strips under their noses.

9

Myrtus communis

Myrtle

Myrtle is a fungicide, disinfectant, and antibacterial. It
is often used in steam aromatherapy treatments to
alleviate the symptoms of whooping cough,
bronchitis, and other respiratory infections.

10

Rosmarinus officinalis Rosemary

Stimulating essential oil used to treat muscular and
rheumatic complaints, as well as low blood pressure,
gastrointestinal problems, and headaches. Recently.
Brain scans have shown that fragrance of rosemary
increases blood circulation in the brain.

11

Salvia sclarea

Clary sage

This natural astringent is not only used to treat oily
hair and skin, but is also said to be useful in
regulating the menstrual cycle, improving mood,
and controlling high blood pressure. Clary sage
should not be used by pregnant women.

12

Santalum album

Indian
Sandalwood

It has a stimulating effect on the pineal and |
pituitary glands.
signature in hopes of gaining our attention with their
strong, alluring fragrances. The process of
experiencing aromas out in nature affects us on very
subtle and energetic levels. Essential oils and extracts
from these plants are widely used in cosmetic, food and
pharmaceutical industries. Different parts of aromatic
plants producing essential oils are given in Table 2.

Parts of aromatic plants producing essential oils
Many aromatic plant seeds, fruits, leaves or roots
contain different active chemical component that are
called aromatic oils, volatile oils, essential oils, or
vegetable sap oil. Since the smell of aromatic plants is
all natural they are extremely valuable raw materials.
These oils carry with them their own aromatic

Table 2: Parts of aromatic plants producing essential oils
SN

Parts of the plant

Essential oils

1

Bark

Cinnamon

2

Entire plant

Geranium, lavender, Rosemary

3

Flowers

Jasmine, Neroli (Orange blossom), Rose

4

Fruit peel

Bergamot, Lemon, Lime, Sweet Orange, Tangerine, Mandarin

5

Leaves

Citronella, Lemongrass, Petitgrain, Palmarosa, Patchouli

6

Roots

Ginger, Vetiver
method of preparation of an essential oil varies by plant
type. Most are prepared by steam distillation, a process
in which the flowers, leaves, or other plant parts are

Methods of Preparation of essential oil
Essential plant oils are prepared for use in
aromatherapy in several different ways because the
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heated by steam from boiling water. The vapours that
result then pass through a condenser that separates the
scented water from the essential oil, which is siphoned
off into a separate container. Other methods of
extracting essential oils include expression, or
squeezing, which is limited to citrus oils; in which
flower petals are placed on a bed of purified fat that
soaks up the essential oils; and maceration, in which
the plant parts are crushed and covered with warm
vegetable oil that absorbs the essential oils. However,
recently some more intense distillation extraction
processes for essential oil production commonly used
today are CO2 extraction, solvent extraction, and the
more intense industrial steam distillation. As essential
oils of plants are volatile so essential oils should
always be stored in dark bottles out of direct light.

for five to ten minutes. Two to five drops of essential oil
are added to the steaming water, and the person leans
over the container and inhales the fragrant vapours for
five to ten minutes.
l Diffusion: This technique requires the use of a
special nebulizer to disperse microscopic droplets of
essential oil into the air, or a clay diffuser that allows
the oil to evaporate into the air when it is warmed by a
small votive candle or electric bulb. Diffusion is
recommended for treating emotional upsets.
l Compresses: These are made by soaking four or
five layers of cotton cloth in a solution of warm water
and essential oil, wringing out the cloth so that it is
moist but not dripping, and applying it to the affected
part of the body. The compress is then covered with a
layer of plastic wrap, followed by a pre-warmed towel,
and kept in place for one or two hours. Aromatherapy
compress es are used to treat wounds, sprains, bruises,
sore muscles, menstrual cramps, and respiratory
congestion.

Mode of application of essential oil
Unlike the herbal medicine, the essential oils are taken
orally but are inhaled or applied to skin of the body
through massage. Each essential oil has its own natural
fragrance and gentle healing action that makes aroma
therapy, one of the most pleasant and popular of all
complimentary therapies. There are several different
techniques for the use of essential oils in
aromatherapy:
l

25

l Aromatic salves: Salves are made by melting
together 1 1/4 cup of vegetable oil and 1 oz of beeswax
in a double boiler over medium heat, and adding the
desired combination of essential oils.
l Internal use: Some essential oils such as oil of
peppermint and cinnamon can be used to make teas or
mouthwashes, or mixed with a glass of honey and
water. The dose depends on the oil, but a physician,
naturopathist, or other practitioner should be
consulted.

Massage: This is the technique that most people
associate with aromatherapy. For use in massage,
essential oils are mixed with the vegetable carrier
oil. A ratio that is commonly recommended is
2.5–5% essential oil to 95–97.5% carrier oil.

l Full-body baths: In this technique, the essential
oil is added to a tubful of warm (but not hot) water as
the water is running. The dosage of essential oil is
usually 5–10 drops per bath.

Uses of aromatherapy
Aromatherapy is regarded as a safe natural therapy that
can used to benefit people irrespective of all ages and
state of health. It offers comfort and care not only to
babies and children but also to the elder people and
pregnant women. It offers diverse physical and
psychological benefits, depending on the essential oil
or oil combination and method of application used.
Aromatherapy is now offered in therapeutic practices,
including massage centers, yoga studios and spas, even
hospice settings and chiropractic offices. Activities
and uses of aromatic plants are summarized in Fig. 1.

l Hand or foot baths: These are often
recommended to treat arthritis or skin disorders of the
hands or feet as well as sore muscles. The hands or feet
are soaked for 10–15 minutes in a basin of warm water
to which 5–7 drops of essential oil have been added.
l Inhalations: This technique is used to treat sinus
problems or such nasal allergies as hay fever. Two cups
of water are brought to a boil and then allowed to cool
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Fig. 1: Activities and uses of aromatic plants (Source: Christaki et al., 2012)
regulates emotions. Relaxing and pleasant smells
stimulate emotional responses of pleasure and
relaxation. Scuteri et al. (2017) discussed the role of
aromatherapy and aromatic plants for the treatment of
behavioural and psychological symptoms of dementia
in patients with Alzheimer's disease. Aroma-acupoint
therapy and aromatherapy can effectively improve
depression as well as the physical indicators of
relaxation, blood pressure and pulse rate (Yang et al.,
2017).

Common medicinal uses of essential oils
Some common medicinal properties of essential oils
used in aromatherapy include: analgesic,
antimicrobial, antiseptic, anti-inflammatory,
astringent, sedative, antispasmodic, expectorant,
diuretic, and sedative. Essential oils are used to treat a
wide range of symptoms and conditions, including, but
not limited to, gastrointestinal discomfort, skin
conditions, menstrual pain and irregularities, stressrelated conditions, mood disorders, circulatory
problems, respiratory infections, and wounds. Some of
the major medicinal uses of aromatic plants are
discussed as under:-

Antimicrobial agents
Many essential oils have been screened for their
antimicrobial activity against many pathogens viz.
bacteria, fungi and viruses. Some of these essential
oils are well studied for their antimicrobial properties
and beyond doubt they have shown some very
promising results. They can be very good alternatives
for antibiotics if properly and thoroughly studied for
these effects of there (Fujita et al., 2015; Karbach et al.,
2015; Sienkiewicz et al., 2015). One such oil is Basil
essential oil; this oil showed a good antimicrobial
potential. It has bactericidal properties against many
pathogenic microbes (Wan et al., 1998). The
investigation of antibacterial effects was positive to
prove its potential for oral bacteria like Fusobacterium

Improves mental outlook
Aromatherapy is considered to be a useful
complementary treatment for the relief of depression,
anxiety, insomnia, panic disorder, stress-related
physical disorders. Aromatherapists maintain that
essential oils derived from plants help people to slow
down, relax from stress, and enjoy the sensory
experiences of massage, warm water, and pleasant
smells. Aromatherapy is thought to improve a person's
mental outlook and sense of well-being by affecting
the limbic system via the olfactory nerve, or the sense
of smell. The limbic system is the area of the brain that

26

International Journal on Biological Sciences 9 (1)

Neelam Yadav et al.,

nucleatum, Porphyromonas gingivalis, Streptococcus
mutans, Actinobacillus actinomycetemcomitans, and
Streptococcus sobrinus. Manuka oil was most potent
among the eucalyptus oil, rosmarinus oil, lavandula oil
and tea tree oil for antibacterial potential (Takarada et
al., 2004). Hammer et al. (2003) identified that most of
the components of tea tree oil had wide range of
fungicidal potential, especially against dermatophytes
and filamentous fungi. Many plants have been tested
positive for their antifungal activity (Prakash et al.,
2015; Samber et al., 2015; Mejia-Garibay et al., 2015).
Antidandruff and hair care:
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through and for the person to breath. It is the third
leading cause of hospitalization among children. There
is no cure for asthma at present, but there are many
treatment plans that can help people lead normal lives.
Although there are a variety of asthma medicines on
the market, some people prefer more natural treatment
options. Many people looking for a natural and more
cost-effective treatment option have turned to essential
oils. The therapeutic capabilities of essential oils are
nothing new and may be helpful for some people with
asthma. Peppermint, Lavender, Eucalyptus, Tea tree
oil and Roman chamomile etc. are commonly used
aromatic herbs for treating asthma and related
problems of respiratory system.

Essential oils are used in shampoos, cleansers, bath
products, makeup, and lotions. But, the benefits of
peppermint oil may go beyond cosmetics. Though
research is limited, essential oil could hold promise as
a hair growth treatment. In a single blind and parallelgroup study, Satchell et al. (2002) was observed that
shampoos which contain five percent tea tree oil were
effective and at least 41% improvement was observed.
Anjum et al. (2014) explored antidandruff potential of
plant products. A study published in Toxicological
Research suggests that a peppermint oil solution
promotes hair growth. The peppermint oil used
performed better than minoxidil, which is a hair
growth product approved by United States Food and
Drug Administration (FDA).

Antioxidants
The most important feature of the vast majority of
aromatic herbs and extracts are showing antioxidant
activity. The essential oil from seeds of Nigella sativa
L. is a potent antioxidant in vitro, with effective
hydroxyl radical scavenging activity (Baratta et al.,
1998). The free radicals produced during
inflammation, can induce gene mutations and
posttranslational modifications of various proteins. If
not, remove may turn injurious radicals to the whole
system. This mechanism is generally countered by
antioxidant properties of compounds (Aazza et al.,
2014).

Sun Burn and skin care
Too much exposure to UV sunlight can overwhelm the
body's immune system, resulting in sunburn. Some
essential oils contain compounds that reduce the
symptoms of sunburn and promote healing. Many
active ingredients found in essential oils have more
than one positive regenerative or protective effect. As
most essential oils contain more than one active
ingredient, many have a long list of potentially
associated health benefits. Of the few studies
exploring the benefits of essential oils for sunburn
recovery, most have concluded that oils need to be
applied as soon as possible after sunburn to receive the
benefits. Some commonly used essential oil used for
skin burn are Mentha piperita, Lavandula officinalis,
Melaleuca alternifolia, Pelargonium graveolens,
Anthemis nobilis and Eucalyptus globulus etc.

Complications associated with the use of essential oils:
Several complications are also associated with use of
essential oil. Some common complications include
skin sensitization or irritation, especially to oils that
contain phenols and aldehydes; photosensitivity, or
sensitivity to the sun; eye and mucous membrane
irritation and in rare cases allergy may also be
associated with unscientific usages of such oils. If oils
are inhaled, they may also cause mild lung, throat, or
mouth irritation and if ingested may cause mild
gastrointestinal discomfort
Individuals more at risk for developing side effects, or
who should avoid essential oil use, include pregnant or
breast-feeding women; infants; people with immune or
inflammatory conditions, especially involving the skin
sensitivity; people with pigment or photosensitive
disorders and people with allergies to common
essential oil compounds.

Asthma
Asthma is a long-term lung disease. The airways in the
lungs become inflamed and swollen, causing the
airways to tighten. This makes it difficult for air to pass

Side effects
Side effects vary by the type of essential oil used.
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Citrus-based essential oils can cause heightened
sensitivity to sunlight. Essential oils may also cause
contact dermatitis, an allergic reaction characterized
by redness and irritation. Individuals should do a small
skin patch test with new essential oils before using
them extensively.

an essential oil should discontinue its use and
contact their healthcare professional for
further guidance.
h) A final precaution is to avoid taking essential
oils internally without a consultation with a
physician or naturopathist. Possible
exceptions may be peppermint oil and Aloe
vera.

Precautions
a) The adage "You get what you pay for" usually
applies when purchasing essential oils, as
bargain oils are often adulterated, diluted, or
synthetic. People who are interested in using
essential oils at home should be careful to
purchase them from reliable sources.
b) Another precaution is to avoid applying
essential oils directly to the skin as a form of
perfume. Some essential oils such as oil of
orange or oil of peppermint are irritating to
the skin if applied full-strength. When
essential oils are used in massage, they are
always diluted in carrier oil.

i)

Asthmatic individuals should not use steam
inhalation for aromatherapy, as it can
aggravate their condition.

j)

Essential oils are flammable, and should be
kept away from heat sources.
CONCLUSION

Essential oils contain active agents that can have
potent physical effects. While some basic
aromatherapy home treatments can be selfadministered, medical aromatherapy should always be
performed under the guidance of an aromatherapist,
herbalist, massage therapist, nurse, or physician.
Essential oils are natural materials widely used in
many fields all over the world and have become an
integral part of everyday life. There is increasing
demand for essential oils, which has resulted in cases
of adulteration. Authentication is thus a matter of
critical importance for both consumers and chemical
companies (Do et al., 2015). Reilly et al. (2001)
recommended the need of more and rigorous
researches for assessing the effectiveness of
aromatherapy larger samples of patients and longer
duration. Basic research effort is also necessary to
understand the pharmacological mechanisms
underlying aromatherapy. There is also an urgent need
to carry out pharmacovigilance for ensuring a correct
and safe application of aromatherapy.

c) Individuals should never apply undiluted
essential oils to the skin unless directed to do
so by a trained healthcare professional and/or
aromatherapist. Most studies also support the
recommendation that essential oils should not
be applied to areas where the skin is very thin
or near heavily hormone-regulated organs,
like the genitals, eyelids, mouth, and breasts.
d) Citrus-based essential oils, including bitter
and sweet orange, lime, lemon, grapefruit,
and tangerine, are phototoxic, and exposure
to direct sunlight should be avoided for at
least four hours after their application.
e) Children should only receive aromatherapy
treatment under the guidance of a trained
aromatherapist or healthcare professional.
Some essential oils may not be appropriate
for treating children, or may require
additional dilution before use on children.
f)
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ABSTRACT
Spiders are at the top of the lower food web in any ecosystem. Precise information on spatial patterns of species
richness and endemic species distribution is important for effective species conservation. In this study, we quantify
and compare the effects of environmental variation and spatial proximity on ground‐dwelling spider assemblages
sampled from October 2017 to February 2018 in different microhabitat types (open grassland, logs, trees) that recur
across structurally heterogeneous grassy woodlands. There were 50 species belongs to 19 family identified in and
around the Vijayanagara Sri Krishnadevaraya University Ballari. Among them 12 species belongs to Salticidae family
followed by Araneidae (12 species), Pholcidae (5 species), Linyphiidae (three), Theridiidae (two), Tetragnathidae
(two), Oxyopidae (two). The Gnaphosidae, Thomisidae, Platoridae, Sparassidae, Dinopidae, Selenopidae,
Aagelenidae, Corinnida, Eutichuridae, Sclerosomatidae and Lycosidae comprise one species each. Since the spiders
are diversified predators, the variation among the species is highly influenced by plant community structure,
heterogeneous and distinct microhabitat in the study area. However the other possible reasons are discussed.
Keywords: Biodiversity, Spiders, Habitat heterogeneity, Species composition.

one of the most fascinating and diverse invertebrate
animals in the world. A total of 44,540 species of spiders
belonging to 3,924 genera of 112 families have been
described all over the world (Platnick, 2014). A total of
2,299 species of spiders under 67 families have been
reported from South Asia (Siliwal et al., 2005), of which,
from India 1,442 species in 59 families were reported
(Siliwal and Molur 2007).Spider assemblages vary wildly
between sites in different biomes. However, spiders and
their role as one of the main predator taxa in all terrestrial
ecosystems are ubiquitous. They are good indicators of the
fluctuating weather condition and changes in their
diversity aid to evaluate the condition of habitats (Cardoso
et al., 2011; Robertson et al., 2011). Different communities
may present similar guilds in similar proportions forms the
basis for the apparent convergence of distant assemblages

INTRODUCTION
Biodiversity forms the foundation of the vast array of
ecosystem services that critically contribute to human
wellbeing. Documenting spatial patterns in biodiversity is
difficult because taxonomic, functional, trophic, genetic,
and other dimensions of biodiversity have been relatively
poorly quantified. In ecology higher trophic levels have
been repeatedly found to be especially sensitive to
environmental change and the spiders ought to be a good
indicator to reflect ecological change. Spiders are common
generalist predators in ecosystems, having an important
role in the biological control of pest species (Schmidt and
Tscharntke, 2005). Spiders have been suggested to be an
ideal group for predicting extinction debt in other taxa due
to habitat destruction (Cardoso et al., 2010). Spiders are
*Corresponding author: drsreenivasa13@gmail.com
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(Cody and Mooney 1978). In the recent past, several
researchers investigated the importance of spiders for
human welfare. Their different approaches to capture
prey, not only indicate their diversity, but can also
reflect diversity at other trophic levels (Żmudzki and
Laskowski, 2012). The wide variety of body sizes and
ecological strategies between spider families renders
differences in their capacity to disperse passively
(Bishop and Riechert, 1990; Suter, 1999). Araujo and
Pearson (2005) and Steinitz et al. (2006) studied these
vagile species can reach any available habitat under
favourable environmental conditions. Whitmore et al.
(2002) and Jiménez-Valverde & Lobo (2007)
explained the spider habitat heterogeneity which
influences species composition and abundance
(Pearce et al., 2004). The influence of climate factors
such as temperature, humidity and precipitation on
diversity of spiders was studied by Bonte et al. (2002)
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and Paredes Mungía, (2012). However, a very little
documentation has been done on spider diversity of in
northern part of Karnataka. Hence, the present study
was under taken to study the diversity and composition
of spiders along the Upper Tungabhadra irrigation
channel near VSK UniversityBallari which is covered
with bushy and acacia plants species.
MATERIALS AND METHODS
The study has been conducted from October 2017 to
February 2018 at different study sites along the upper
Tungabhadra irrigation channel located at
Vijayanagara Sri Krishnadevaraya University,
Jnanasagara campus Bellary district – Karnataka. It is
located at 15.1510°N, 76.8771°E with an elevation of
100 m. The temperature in the area varied from 32°34°c. The sites were selected based on the following
criteria: accessibility, diversity of vegetation, soil
characteristics and degree of human activities.

Fig.1: Study Area – Star indicates collection sites at VSK University Ballari
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Collection of spiders were carried out during morning,
evening and night hours by manual hand picking in
different places located in VSK University campus
along the Tungabhadra channel (Fig.1). Some
specimens were identified on spot and few were stored
(preserved) for further identification according to
Biswas (1984 b), Gajbe (2008), Tikader (1982),
Tikader and Biswas (1984) and Zabka (1989).
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documented. The species were predominantly belongs
to the viz., Salticidae (12 families) followed by
Araneidae (12 species), Pholcidae (5 species),
Theridiidae (two), Linyphiidae (three), Tetragnathidae
(two), Oxyopidae (two). The Gnaphosidae,
Thomisidae, Platoridae, Sparassidae, Dinopidae,
Selenopidae, Aagelenidae, Corinnida, Eutichuridae,
Lycosidae, Galeodidae and Sclerosomatidae comprise
one each.

RESULTS AND DISCUSSION
The present study revealed that a total of 50 species
were keenly observed, identified, photographed and

Table 1: Shows the species diversity.
Family

Genus

Species

Araneidae

Argiope

A keyserlingi
Argiope sp.
Argiope sp.
Argiope sp.
A. anasuja
C.cicatrosa

Crytophora

Cryptophora sps

Salticidae

Araneus

A.diadematus

Nephila

N.clavipes

Backbourkia

B.brouni

Cyclosa

C. hexaturberculata

Larinioides

L.cornutus

Menemerus

M.bivittatus
M.semilimbatus
Menemerus sp.
P.petersi

Plexippus

P.paykulli
Phidippus
P. audax
P.otiossus
Henpizia

H. palmarrum

Aelurillinae

Aelurillinae sp.

Telamonia

T. dimidiate

Platycryptus

P.undatus
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Hyllus

H.semicupreus

Pholcus

P. phalangioides
Pholcus sp.

Linyphiidae

Artema

A. atlanta

Physocyclus

P. globosus

Crossopriza

C.lyoni

Linyphia

L. triangularis

Linyphidae

Linyphidae sp.
Linyphidae sp.

Theridiidae
Tetragnathidae

Latrodectus

L. mactans

Steatoda

S. nobilis

Leucauge

Leucauge.sps
L.venusta

Oxyopes

O.birmanicus

Peucetia

P. viridians

Gnaphosidae

Drassodes

D.luridus

Thomisidae

Misumessus

M.oblongus

Platoridae

Plator

P.indicus

Sparassidae

Heteropoda

H.venatoria

Dinopidae

Dinopis

D.goalparaensis

Selenopidae

Gracilis

Gracilis sp.

Aagelenidae

Tegenaria

T.chhanguensis

Corinnidae

Falconina

F.gracilis

Eutichuridae

Cheiracanthium

C.mideli

Lycosidae

Hogna

Hogna.sp.

Galiodidae

Galiodidae

G. olivier

Sclerosomatidae

Leiobunum

Leiobunum sp.

Oxiyopidae

Fig. 2: Number of Species and Percentage composition of families
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Spiders are more sensitive to the habitat changes such
as habitat complexity, litter depth and microclimate
characteristics and their composition is highly depends
on the local vegetation and biotic and abiotic factors
(Pinkus et al., 2006). In the present study Araneidae,
Salticidae and Pholcidae represents 11,12 and 5
species respectively compared to other families. This
might be due to the selective foraging preference of the
species. The study area represents more of bushy
vegetation which supports for web making and
predominant food organisms. More over the typical
soil type and water source from Tungabadra irrigation
channel offers diversifies micro-invertebrate fauna
including small insects and which are food for spiders.
This is true that the abundance of spider species is
dependence on the availability of prey and vegetation.
The present results indicated that Thomisidae,
Platoridae, Sparassidae, Dienopidae, Aagelenidae,
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Selenopidae, Corinnidae, Tetragnathidae, Galiodidae
and Sclerosomatidae represented by a single species.
This might be due to the low preference of food
organisms as well as habituation of the spiders
(Greenstone 1984; Halaj et al., 1998). This is also
might be due impact of Complex mechanisms are
suggested to explain the effect of habitat fragmentation
on spider abundance (Gibb and Hochuli 2002; Cardoso
et al., 2010), including changes in prey availability,
which can lead to local extinction in small fragments
(Miyashita et al., 1998; Shochat et al., 2004). Further
the changes in environmental gradients brought about
by human activities influence species VSK University
has been constructed by removing lot of vegetation
made the available space as bare land with logs and
trimmed bushes lead the habitat fragmentation (Uetz,
1976).
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ABSTRACT
Annexin II (Ann-II) belongs to a large family of calcium binding protein Annexins that associate with cell membrane
phospholipids and are involved in various cellular processes including endocytosis, exocytosis and membranecytoskeletal organization. Ann-II may be important components in the cell division process and in the control of
embryo cleavage 8-16-cell block. Total RNA was extracted from immature oocytes (n=100), mature oocytes (n=100)
and different stages of embryos such as 2 cell (n=50), 4 cell (n=25), 8 cell (n=12), 16 cell (n=6), morula (n=5) and
blastocyst (n=3). The total RNA isolated from the oocytes and embryos were reverse transcribed and subjected to
real-time polymerase chain reaction using Ann-II-specific oligonucleotides and SYBR green as the DNA dye. Ann-II
was detected in all stages of early embryo development. Transcripts for Ann-II were present in both immature and
mature oocytes and after fertilization in all stages of early embryo development in relatively lower abundance. Ann-II
mRNA expression was highest in immature oocyte while lowest in blastocyst stage embryos. There was a significant
difference (P<0.05) in mRNA expression level of Ann-II in immature oocyte and 2cell, 4 cell, 8 cell, 16 cell, morula
and blastocyst stage embryos. There was also significant difference (P<0.05) in mRNA expression level of Ann-II in
mature oocytes and 8 cell, 16 cell, morula and blastocyst stage embryos. It can be concluded that Ann-II plays a
significant role during cleavage in early development of embryos in sheep.
Keywords: Sheep, Oocytes, Embryo, Annexin II, Gene Expression

development during this stage. Probably, certain cell
division-related genes are involved in this 8-16-cell block.
Modifications in calcium concentrations occur throughout
all stages of the cell cycle and calcium-dependent proteins
may be important components in the division process and
in the control of embryo cleavage block. A large number of
calcium-dependent proteins plays important role during
the cell cycle. AnnII, a Ca2+ binding protein considered to
be important during DNA replication in the cell cycle.
AnnII a member of annexins belongs to a class of Ca2+
binding proteins present in evolutionarily distant species
ranging from simple protists to humans (Gerke and Moss,
2002). Annexins are characterized by an “Annexin” core,
which binds to negatively charged phospholipids of the

INTRODUCTION
Success of reproduction and fertility in farm animals
depends on quality and viability of gametes and
developmental potential of developed embryos. In vitro
production of embryos has been one of the most widely
used biotechnological technique for the multiplication of
genetic material but there are still some limitations due to
the low success rate of development to the blastocyst stage.
It may be due to the poor oocyte, may result from the gene
expression alterations induced by in vitro culture
environment and 8-16 cell block. In sheep, the embryonic
genome is activated during the 8-16 cell stage, and a large
number of both in vivo and in vitro embryos stop their
*Corresponding author: sukanta781@gmail.com
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inner cell membrane in a Ca2+ dependent manner. The
bulk of the annexins open reading frame encodes the
annexins core, which is comprised of four Ann repeat
domains approximately 70 amino acid residues each
(Anxa6 contains six annexin domains). In addition,
each family member has a short, unique N-terminal
domain thought to form complexes with cytosolic
proteins. Annexins have a broad range of functions, but
are thought to effectively link calcium signaling and
membrane dynamics. The onset of embryogenesis
depends on oscillations in intracellular calcium ion
concentration (Swann and Ozil, 1994; Kline, 1996).
The expression of AnnII mRNA studied in in vitro
produced embryos of bovines (Costa et al 2007, EIHalawany et al 2004), endometrial epithelium in mice
(Wang et al 2015) and fish embryo (Ivanenkov et al
1994). However, there is no information available on
the Ann-II mRNA expression during early embryo
development are available in sheep. The aim of the
present study was to investigate the expression of
Ann-II mRNA transcript during the pre-implantation
embryo development.
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homogenous cytoplasm; and grade 3: oocytes without
cumulus cells and with irregular (shrunken)
cytoplasm. Only oocytes having more than 5 layers of
cumulus cells and granular homogenous ooplasm
(grade 1) were chosen for the present study.
In vitro maturation of oocytes
The COCs are washed once with aspiration media and
three times in the maturation medium in which they
would be cultured. The oocyte culture medium
consisted of TCM-199 TCM-199 (25 mM HEPES,
with Earle's salt and L-glutamine, Sigma USA),
supplemented with 10% FBS, FSH (10 μg/mL) and
gentamicin (50 µg/mL). Five to ten COCs in a group
were transferred into 50 µl droplets of oocyte culture
media in 35mm petridish covered with mineral oil
(Sigma, USA) and then incubated at 38.5ºC, 5% CO2
and 95% humidity for 24 h. The cumulus cell
expansion was determined after 22- 24 h of IVM and
oocytes with expanded cumulus cell mass to at least
two diameters away from the zona pellucida were
considered as cumulus expanded. The maturation of
oocytes was further evaluated by identifying the first
polar body in the perivitelline space.

MATERIAL AND METHOD
Collection of the Oocytes
Ovaries from mature and nonpregnant sheep were
collected from the local abattoir and transported to the
laboratory in normal saline (0.9% NaCl),
supplemented with 50 µg/mL gentamycin at 37°C
within 1-2 h of slaughtering. All the experimental
procedures were conducted as per the guidelines of
Institute Animal Ethics Committee. On arrival at the
laboratory, the ovaries were washed with 70% ethanol
to avoid contamination. The extra ovarian tissues were
trimmed off and the ovaries were rinsed three times in
pre-warmed fresh normal saline (0.9% NaCl) and
cumulus oocytes complexes (COCs) were aspirated
from surface follicles (2–6 mm diam.) of ovaries using
an 20-G hypodermic needle attached to a syringe
containing 0.5-1 mL of aspiration media consisting of
TCM-199, Dulbecco's phosphate buffered saline
(PBS), 0.3% bovine serum albumin, heparin (10
μg/mL) and gentamicin (10 μg/mL). The oocytes were
graded according to the cumulus cells investments and
homogeneity of ooplasm. Grade 1: Oocytes with
complete compact dense cumulus oophorus having > 5
layers of cumulus cells and with transparent
homogenous cytoplasm; grade 2: Oocytes with
complete compact dense cumulus oophorus with < 4
layers of cumulus cells and with transparent

Sperm capacitation and in vitro fertilization
Spermatozoa were capacitated using Brackett and
Oliphant (BO) medium (Brackett and Oliphant, 1975),
supplemented with 10 μg/mL heparin plus 2.2 mg/mL
caffeine as capacitating agents. Fresh ejaculates
obtained from rams were washed with 14 mL BO
solution B (Brackett and Oliphant, 1975) and
centrifuged at 2500 rpm for 6 min. The same washing
step was repeated 2 times with BO solution B. After
washing the supernatant was removed and the pellet
was dissolved in 800 µL BO solution C (Brackett and
Oliphant, 1975). Before transfer to fertilization drops
(BO solution C), the oocytes were washed three times
in BO solution C medium. After the matured oocytes
had been washed, they were kept in 50 μL drop of BO
solution C. A 5 μL aliquot of sperm suspension,
containing 1-2 x 106 sperm/mL was added into the
fertilization drop (10-15 oocytes per 50 μL fertilization
drop). Fertilization was carried out by co-incubation of
sperm and oocytes at 38.5ºC in CO2 incubator (5%) for
2-4 h.
In vitro embryo culture
Oocytes were then transferred to embryo culture
medium (same media as used in maturation medium
except FSH) and incubated for 18-20 h. After 18 h,
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oocytes were washed in washing media [TCM199 with
10% FBS + gentamicin (50 μg/mL)] in order to remove
the attached sperms. The embryos were then cultured
in the embryo culture medium for further development
in CO2 incubator at 38.5°C, 5% CO2 and 95%
humidity. After 42-48 h post insemination, the
cleavage was checked and then further cultured for 6-7
days.

(n=3) using Trizol and RNeasy Mini Kit (Qiagen,
USA). In Trizol method after the aqueous phase
separation, it is transfered to the RNA easy column
according to the manufacturer's instructions. The
quality and integrity of the purified RNA was checked
through agarose gel electrophoresis and quantity was
measured using Qubit® 2.0 Fluorometer as per
manufacturer's protocol. The purified RNA was
preserved at -80°C until use. The first strand cDNA
was synthesized from purified RNA using
Superscript® VILO® cDNA synthesis kit (Invitrogen,
USA). From each embryonic stage 100 ng total RNA
was reverse transcribed using 4 μL of VILO® reaction
mixture and 2 μL of Superscript® enzyme mixture to
make a final volume of 20 μL with nuclease free water
in a sterile PCR tube on ice. This reaction mixture was
incubated at 25°C for min, later at 42°C for 60 min,
after which the reaction was terminated (85°C for 5
min) and stored at -20°C until use.

Collection of oocytes and embryos
Immature and mature oocytes (n=100) were denuded
with 0.1% hyaluronidase and stored in 100μl Trizol LS
(AMBION, life technologies, USA). All stages of
embryo development were examined carefully for
quality and were collected at the appropriate stages of
development as 2 cell embryo (n=50), 4 cell embryo
(n=25), 8 cell embryo (n=13), 16 cell embryo (n=6),
morula (n=5) and blastocyst (n=3) in 100μl Trizol LS
(AMBION, life technologies, USA) and stored at 80°C.

Primers Design
Primers were designed using the Primer3 program
(Rozen and Skaletsky, 2000) with an annealing
temperature of 60°C and amplification size between 96
bp - 250 bp (Table 1).

Total RNA extraction and cDNA preparation
Total RNA was extracted from the immature and
mature oocytes (n=100) and different stages of the
embryo includes 2 cell (n=50), 4 cell (n=25), 8 cell
(n=13), 16 cell (n=6), morula (n=5) and blastocyst

Table 1: Gene specific primers used for expression of Annexin II mRNA transcript
Gene

Primer (5’-3’)

Annexin II (742F)

GTCAAAGGAGACCTGGAAAATG

Annexin II (947R)

TACAGGGACTTGCCGTACTTTT

β-actin Forward (838F)

AATTCCATCATGGAAGTGACG

β-actin Reverse (987R)

GATCTTGATCTTCATCGTGCTG

Accession No.

Amplicon size

XM_004009934

206 bp

U39357.1

150 bp

a melt curve analysis and amplicon size (by 1%
agarose gel electrophoresis). Non template controls
(NTC) which consisted of all components of qRT-PCR
mix except cDNA were used for all primers. The
relative quantification of gene expression changes
were recorded after normalizing for β-actin gene
expression computed by using the 2⁻∆∆CT method (Livak
and Schmittgen 2001).

Real time polymerase chain reaction
Quantitative expression analysis were performed
using the STEP ONE PLUS real time PCR system
(Applied Bio systems, USA), Fast SYBR Green
master mix (Applied Bio systems, USA) and gene
specific primers (Table 1) in triplicates for per sample
of each gene. Primer efficiencies were checked by 10
fold serial dilution of cDNA (Svec et al., 2015) and
ranged between 98 and 103%. β-actin was used as
endogenous control. Thermal cycling was carried out
as per manufacturer's protocol (95°C, 20 Sec; followed
by 40 cycles of 95°C, 3 Sec; and 60°C, 30 Sec) and a
melt curve of 95°C (15 Sec), 60°C (1 min) and 95°C
(15 Sec). The specificity of reaction was determined by

Statistical analysis
The differences (P<0.05) in relative AnnII mRNA
expression levels were studied using the one-way
analysis of variance (ANOVA) of Graph Pad Prism 5
(Graph Pad Software Inc.,San Diego, CA, USA)
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followed by the Tukey's test for comparisons of more
than two groups. Differences between mean values
were considered significant when the probability
values were < 0.05.
RESULT AND DISCUSSION
Total RNA was isolated from batches of immature
oocytes, in-vitro matured oocytes and different stage
of embryos (2 cell, 4 cell, 8 cell, 16 cell, morula and
blastocyst. The purified RNA was primed with oligodT and reverse transcribed for preparing the cDNA.
Real time PCR assays were performed on cDNAs for
determining the expression profiling of Ann-II mRNA.
The assays were repeated at six times with different
embryo batches. Transcripts for Ann-II were present in
both immature and mature oocytes and after
fertilization up to blastocyst stage (Figure 2). Ann-II
mRNA was expressed in relatively lower level in 8
cell, 16 cell, morula and blastocyst stages of early
embryo development. Ann-II mRNA expression was
highest in immature oocyte while lowest in blastocyst
stage embryos. There was a significant difference
(P<0.05) in mRNA expression level of Ann-II in
immature oocyte and 2 cell, 4 cell, 8 cell, 16 cell,
morula and blastocyst stage embryos. There was also
significant difference (P<0.05) in Ann-II mRNA
expression in mature oocytes and 8 cell, 16 cell morula
and blastocyst.

Figure 1: Amplification of Ann II gene from cDNA
of embryos.
profiling of Ann-II mRNA in sheep embryos. In the
present study, Ann-II transcript expression was
detected throughout pre implantaion development
with a relatively highest abundance in immature
oocyte and lower in 8 cell, 16 cell, morula and
blastocyst. Costa et al (2007) studied in cattles and
found that Ann-II was detected in all stages of early
embryo development, except for the 16-cell stage. Our
studies on expression of Ann-II mRNAs in sheep
embryos were consistent with the report of Halawany
et al (2004) wherein they studied in bovines and found
that Ann-II was expressed throughout pre implantaion
development with a relatively lower abundance in the 8
cell and morula stages. The presences of calcium
dependent signaling pathways found during oocyte
maturation supports the role of Ann-II gene in the
mouse (Su and Epigg 2002), rat (Batta and
knudsen1980), ovines (Mattioli ae al. 1998) and pig
(Su et al.1999). It has already reported that a high level
of ion transport during blastocoel formation in pre
implantation embryos (Zhao et al 1997) could be
regulated by annexins because they modulate ion
channel activity in rat (Chan et al 1994). In conclusion,

This study was designed to delineate the expression
pattern of Ann-II gene in sheep embryos to understand
the importance of developmentally important genes in
embryo development. Because understanding about
gene expression patterns during early embryo
development would give an accurate evaluation and
prediction system of embryo (Canepa et al., 2014).
Developmentally important genes have to be
expressed in a stage specific manner to assure normal
embryo development. To understand the molecular
basis of preimplantation development, it is necessary
to have a better understanding of stage specific gene
expression because each stage of embryo is
characterized specific activation of a specific subset of
genes (Ko et al., 2000). Annexins belongs to a family
of proteins that binds acidic phospholipids in the
presence of Ca2+ ion and play important role in many
functions like membrane trafficking functions
includes exocytosis, endocytosis and cell to cell
adhesion (waisman 1995). To the best of our
knowledge this is the first report on expression
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Figure 2: (a) Ann II mRNA relative expression levels in different embryonic developmental stages. (b)
Agarose gel electrophoresis of real time PCR amplified products. The values are means ± SEM. The
experiment was repeated 6 times.

Ann-II mRNAs were continuously expressed from
oocyte maturation to up to the blastocyst stage. The
expression of Ann-II mRNAs transcript in all stages of
embryo further supports the role of Ann-II in early
embryo development in sheep.

Canepa, M. J., Ortega, N. M., Monteleone, M. C.,
Mucci, N., Kaiser, G. G., Brocco, M., and Mutto, A.
2014. Expression profile of genes as indicators of
developmental competence and quality of in vitro
fertilization and somatic cell nuclear transfer bovine
embryos. PLoS One, 9, e108139.
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ABSTRACT
An increase in quarrying, open-cast mining, urbanization and lack of clean technology advocate dust deposition onto
vegetation. So a study was conducted at Ariyalur, which is known as cement city of India to know the impact of dust
pollution on local vegetation and its diversity, in the study conducted all the local popular agricultural crops have
been affected by dust pollution and showed stunned growth compared to control, reduction in leaf area, dry and fresh
weight, which together contributed to the reduction in the yield.
Keywords: Cement dust pollution, agricultural crops, biotic community, Environment.

has become a major threat to the survival of plants in the
industrial areas. Air pollutants emitted from various
industries in particularly damage plant leaves, impairs
plant growth, and limit primary productivity according to
the sensitiveness of the plants to pollutants (Ulrich, 1984).
Thus, pollution stress can alter plant growth and quality
and the effects are often extensive (Sagar et al., 1982).
Generally, the industries are categorized as high polluting
industries, less polluting industries and non-polluting
industries by the Ministry of Environment and Forest,
Government of India, on the basis of their potentials in
polluting the environment (David and Fernandes, 1988).
Rapid urbanization and industrialization in recent years has
escalated the demand for cement not only in India but
worldwide.

INTRODUCTION
Earth is cradle for all living organisms it.Air, land and
water are the most basic amenities for living organisms.
Once, these amenities were pure, virgin, undisturbed,
uncontaminated and basically most hospitable for living
organisms. But nowadays, the environment has become
undesirable and contaminated by environmental pollution
and therefore harmful for the health of fauna and flora.
Pollution is an undesirable change in the physical,
chemical and biological characteristics of water, air or land
that will be or may be, harmful to human and other life,
industrial processes, living condition and cultural assets
(Odum, 1975). Human population explosion, rapid
industrialization, increased deforestation, unplanned
urbanization, scientific and technological advancement
etc. are main causes for all kinds of pollution.

The first Indian cement factory was established in 1914 at
Porbundar in Gujarat. At present, there are 155 major
cement industries (160 million tonnes per annum) and 300
mini cement plants (9 million tonnes per annum) in Ind ia.

We threaten nature by our activities; the consequences in
turn threatens us. Among all types of pollution air pollution
*Corresponding author: narendrakuppan@gmail.com
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There are nearly 20 major cement industries located in
Tamil Nadu. The main industries such as Alagappa
cements (Pudupalayam), Ariyalur Cement Works
(Kallankurichi), Chettinad cements (Keelapazhur),
Dalmia cements (Thamaraikulam), Dharani cements
(Veenakaikatti), Grasim cements (Reddiarpalayam),
Ramco cements (Govindapuram) and Sankar cements
(Thalavai) are located in and around ariyalur. They
produce enormous amount of dust and pollute the
surrounding environment. Among them, Ariyalur
Cement Works, Ariyalur was established in 1979. It
produces as much as 1500 MT/day employing dry
process method. During production, it releases a stalk
emission of 1,60,000 MT/hr. The emitted dust is
carried out to surrounding areas and deposited over the
vegetation and soil.

April 2018 (Special Issue)

MATERIAL AND METHODS
A survey was made to record the list of various plants
found in and around the cement factory area, Ariyalur,
Tamil Nadu. All plant species were collected from
cement dust polluted area and were identified with the
help of Flora of Presidency of Madras (Gamble, 2005),
in addition to that, they were categorized into herbs,
shrubs and trees and they are presented in the Table.2
and Plate I and II.
Survey of Agricultural crops
In the area surveyed, it has been reported that the
agricultural crops such as chillies (Capsicum
frutescens), groundnut (Arachis hypogaea),
greengram (Vigna radiata), rice (Oryza sativa) and
sorghum (Sorghum bicolor) are extensively cultivated
so a study was conduted to know the impact of cement
dust on this agricultural crops cultivated in villages
located around cement factory area.

The accompanying growth of cement industries in
India has consequently magnified the pollution
problem. Cement industries are regarded to be highlypollution prone, especially with regard to particulate
emission. They also play a vital role in the imbalance of
the environment and produces air pollution hazard.
The main objective of this research is to study the plant
diversity in and around cement industries and assess
the impact of the dust given out by a cement factory on
the physico chemical characteristics of the important
agricultural crops

Five plant samples of each crop were collected from
the cement dust polluted area (3 km distance for the
emission source towards wind direction) at the time of
harvest. Similar crop plants collected from the nonpolluted area (10 km distance away from the emission
source) treated as control. The morphological growth
parameters such as plant height (cm/plant), total leaf
area (cm-2/plant), dry weight (g/plant) and yield
(kg/hectare) of crop plants taken from both control and
polluted sites were recorded and presented in Table 3.

STUDY AREA
Ariyalur is one of the district head-quarters of Tamil
Nadu. The area lies at 11º latitude and 79º longitude
extending about 7.26 Sq. Km. The soil is black clay
loamy with calcareous deposits. Due to the presence of
enormous amount of calcium carbonate in the soil, the
area suits for the installation and working of large
number of cement industries. The list and location of
major cement industries in Ariyalur district of Tamil
Nadu is presented in Table. 1. Ariyalur cement works, a
unit of TANCEM and one of the oldest cement
industries in Ariyalur, established in the year of 1979.
The factory produces nearly 1500MT/day to meet the
demand of the society and it has employed dry process
method. During its production, a considerable amount
of dust is produced from various processes of the
industry. Finally, it releases a stack emission of
1,65,000 m3/hr to the atmosphere. The dust particles
are carried over to surrounding areas and deposited
into the soil and affects the vegetation.

Plant height was recorded by using cm scale; the total
leaf area was calculated by measuring the length and
width of the leaf as described by Yoshida et al. (1972).
Leaf area (cm2) = K length breadth
Where
K = Kemp's constant (for dicot leaves 0.66)
Fresh weight and Dry weight
The plant samples taken for morphometric studies
were used for determination of fresh weight and dry
weight of plant material. They were dried in a hot air
oven at 80C for 24 hrs and their dry weight was
determined by using an electrical single pan balance.
Yield
The yield was obtained by weighing the harvested
consumable parts like fruit in Chilly (Capsicum
frutescens) fresh weight, seeds in Groundnut (Arachis
hypogaea) and Greengram (Vigna radiata) dry weight,
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grains in Rice (Oryza sativa) and Sorghum (Sorghum
bicolor) dry weight and expressed in terms of
kg/hectare.

RESULT
The survey conducted for the plant bio-diversity in the
study area prominently reviled 41 different plant
species belonging to 26 families Table 2.

All the morphological growth parameters such as plant
height (cm/plant), total leaf area (cm-2/plant), dry
weight (g/plant) and yield (kg/hectare) of crop plants
taken from both control and polluted sites are recorded
and presented in Table 3.

Table 1: List of cement industries located in Ariyalur District of Tamil Nadu.
S. No.

Name of the cement
industry

Location

Annual production
(lakh tonnes)

1.

Dalmia cement

Thamarai Kulam

5.25

2.

India cement

Dalavoi

9.13

3.

Ramco Cement

Govindapuram

5.25

4.

Chettinad Cement

Keelapalur

4.00

5.

Tamil Nadu cement

Kallan Kuruchi

5.00

6.

Grasim Industries

Reddipalayam

4.00

7.

Alagappa cement

Pudupalayam

Not available

8.

Vijay cement

Melmathur

,,

9.

Sankar cement

Dalavoi

,,

10.

Dharani cement

Veenakai Katti

,,

Table 2: Biodiversity of vegetation around the cement factory area.
S. No

Botanical Name

Family Name

Common Name /
Tamil name

1.

Acacia nilotica

Mimosaceae

Karuvelam

Tree

2.

Acalypha indica

Euphorbiaceae

Kupaimaeni

Herb

3.

Achyranthes aspera

Amaranthaceae

Nayurvi

Herb

4.

Aerva lanata

Amranthaceae

Pollai poo

Herb

5.

Annona squamasa

Annonaceae

Custard apple

Tree

6.

Azadirachta indica

Meliaceae

Neem

Tree

7.

Bambusa species

Poaceae

Bamboo

Tree

8.

Boerhaavia mdiffusa

Nyctaginaceae

Mookaratai

Herb

9.

Borassus flabellifer

Arecaceae

Panai maram

Tree

10.

Bougainvillea spectabilis

Nyctaginaceae

Kagithpoo

Shrub

11.

Calotropis gigantea

Asclepiadaceae

Erukku

Shrub

12.

Calotropis procera

Asclepiadaceae

Eruku

Shrub
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13.

Carica papaya

Caricaceae

Papaya

Tree

14.

Cassia siamea

Fabaceae

-

Tree

15.

Casurina species

Casuarinaceae

Casurina

Tree

16.

Catharanthus pusillus

Apocunaceae

-

Shrub

17.

Citrus limen

Rutaceae

Lemon

Herb

18.

Coccinia indica

Curcurbitaceae

Kovai

Climber

19.

Cocos nucifera

Arecaceae

Coconut

Tree

20.

Corchorus species

Malvaceae

Fiber crop

Herb

21.

Croton sparciflorus

Euphorbiaceae

Croton

Herb

22.

Datura metel

Solanaceae

Metel

Shrub

23.

Eucalyptus species

Myrtaceae

Eucalyptus

Tree

24.

Euphorbia tirucalli

Euphorbiaceae

-

Shrub

25.

Ficus benghalensis

Moraceae

Banyan

Tree

26.

Hibiscus rosasinensis

Malvaceae

Hibiscus

Shrub

27.

Jatropha glandulifera

Euphorbiaceae

Kattamanaku

Shrub

28.

Lantana camera

Verbenaceae

-

Shrub

29.

Mangifera indica

Anacardiaceae

Mango

Tree

30.

Morinda tinctoria

Rubiaceae

Indian Mulberry

Tree

31.

Nerium odorum

Apocynaceae

-

Tree

32.

Phyllanthus emblica

Phyllanthaceae

Amla

Tree

33.

Polyalthia longifoila

Annonaceae

Ashoka

Tree

34.

Pongamia species

Fabaceae

Punnai

Tree

35.

Pouteria sapota

Sapotaceae

Sapota

Tree

36.

Prosopis cineraria

Fabaceae

-

Tree

37.

Prunus amygdalus

Rosaceae

Almond

Tree

38.

Psidium guayava

Myrtaceae

Guava

Tree

39.

Ricinus communis

Euphorbiaceae

Castor oil plant

Shrub

40.

Tamarindus indica

Fabaceae

Tamarind

Tree

41.

Tectona grandis

Lamiaceae

Teak

Tree
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Table.3 Growth and yield response of some economically important Agricultural crops grown in cement dust
polluted sites and control sites.
Sl.
No.

Name of
the plant

Plant height
(cm/plant)

Plant height
(cm/plant)

Plant height
(cm/plant)

Plant height
(cm/plant)

Control

Polluted

Control

Polluted

Control

Polluted

Control

Polluted

1

Chilly
(Capsicum
frutescens)

68.67
±3.431

63.1
±3.155

462.56
±23.128

390.3
±9.515

4.5
±0.225

3.2
±0.160

850.53
±42.526

724.32
±36.216

2

Groundnut
(Arachis
hypogaea)

36.89
±1.844

31.21
±1.560

231.98
±11.599

187.45
±9.372

9.14
±0.457

7.65
±0.382

840.51
±42.025

746.34
±37.317

3

Greengram
(Vigna radiata)

48.43
±2.421

42.95
±2.147

301.23
±15.061

265.01
±13.250

9.43
±0.471

6.92
±0.346

345.12
±17.256

216.32
±10.816

4

Rice
(Oryza sativa)

81.53
±4.076

73.12
±3.656

670.12
±33.506

580.27
±29.013

3.19
±0.159

2.8
±0.140

2515.43
±125.771

1946.12
±97.306

5

Sorghum
(Sorghum
bicolor)

137.29
±6.864

119.67
±5.983

823.45
±41.172

693.28
±34.664

4.78
±0.239

3.01
±0.150

1210.43
±60.521

987.45
±49.372

±Standard deviation

PLATE-I: Cement Dust on some trees

Azadirachta iindicaindica
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Mangifera indica

Tectona grandis

Prunus amygdalus

Cocos nucifera

Borassus flabellifer

Musa paradisiaca

Cucurbita maxima

Lycopersicum esculentum
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adverse effect on local vegetation (Lerman and Darley,
1975). Topic (1999) indicated that the cement industry
was the main cause of destruction of vegetation cover
and environmental degradation in various countries.
The cement dust spread over large area affect
vegetation and natural resources (Singh and
Srivastava, 2002). The changes in growth of Olive
trees grown under cement dust polluted area were
reported. A reduction in number of plant species during
monsoon near cement factory area due to crust
formation on leaf surface in the presence of moisture in
rainy season was reported (Pathbanaban et al., 1979).

DISCUSSION
The Earth's biological diversity is being lost at a rate
that impoverishes our quality of life and threatens our
future. We threaten nature by our activities; the
consequences inturn threatens us An increase in
quarrying, open-cast mining and road traffic suggest
that dust deposition onto vegetation may be increasing.
In this the cement industries play a major role causing
imbalance of the environment and produces air
pollution hazards. In recent years, air pollution due to
emission of cement dust is assuming a mammoth
proportion due to installation of more and more cement
plants to meet the ever-growing needs of the society.
They pollute the environment in the form of dust to the
surrounding area of cement factories (Uma et al., 1994
and Ayanbamiji and Ogundipe, 2010). Due to high
energy consumption and dust emission potential,
cement industry falls under red category (high
polluting industries) by Ministry of Environment and
Forest, Goverment of India.

Shafig and Iqbal (1987) and Abdullah and Iqbal (1991)
recorded less number of floras around cement factory
area when compared to other industries. Cement dust
caused removal of a number of raindeer Lichens
(Cladonia rangifera) in a zone around factory
(Kortesharju et al., 1990). Grantz et al. (2003) reported
that the direct physical effects of mineral dusts on
vegetation became apparent only at relatively high
surface loads (>7 g m−2). The impact of cement dust
accumulation on vegetation and seed banks in Egypt
were reported by Adamson et al. (1994). Cement dust
contains heavy metal which are hazardous to the biotic
environment and causes impact on ecosystem, man
and animal health (Kumar et al., 2008; Cipurkovic et
al., 2011). Fakhry and Migahid (2011) reported the
decrease in vegetation diversity in response to cement
dust pollution. Cement dust can spread over a wide
area and accumulated on lichen, plants, animals and
soils in and around cement factory (Schuhmacher et
al., 2009 and Al-Saleh et al., 2011).

The presence of air pollutants affects the distribution
of plant diversity which is highly dependent on the
presence of pollutants in the ambient air (Dwivedi and
Tripathi, 2007).The amount of cement dust deposited
on leaves are found to vary from species to species. The
differences in the amount of foliar dust deposition may
be due to texture of leaves as well as their angularity
with the stem. The leaves that are pubescent, fleshy,
larger in size offer greater chance for dust deposition,
whereas the leaves with shining and smooth surface,
small in size offer lesser chance for the deposition.
The rough and hairy leaves collect particulates upto
seven times efficiently than the smooth leaves (Little,
1977). Air pollution plays important functional role in
many types of vegetation. It is clear that the cement
dust pollution is an operative ecological factor causing
deterioration in the quality of environment (Shah et al.,
1989).

Cement dust coming from the cement factories creates
serious pollution problem and cause enormous damage
to biotic and abiotic components. The crust is formed
over the surfaces of soil and leaves because of the
settling dust. It consists of calcium silicates which are
typical of the clinkers (Burned lime stone) from which
cement is made. In the presence of free moisture,
calcium silicate (CaOSio2) and calcium aluminate
(CaOAl2O2) undergoes slow hydration, form a
colloidal gel, which crystallize and solidify to form an
impervious hard crust over the surface of plant and
soil. Cement dust has been reported to be harmful to
plants, the dust forms thick crust, which interfere with
light absorption that leads to stunted growth and
growth of fewer leaves in plants (Borka, 1986). The
summative effect places a very important role. In the
study area all the plants showed stunted growth,

The impact of environmental pollution due to cement
dust on natural vegetation is well documented by
earlier workers (Agarwal et al., 1987; Gupta and
Mishra, 1994 and Hegazy, 1996). The distribution of
species around a cement works was studied and
alterations in the composition and frequency of plant
ecotypes were reported by Sree Rangaswamy et al.
(1973). The chemical nature of pollutants and the
amount of dust produced by cement factories has an
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reduction in the total leaf area and fresh, dry weight all
this contributing to the significant reduction in the
yield. In a habitat all the habits of the living organism
contribute to its establishment increased pollution
leading to alteration of natural chemical symphony of
the environment leading to various physical changes
like change in temperature, and many more attributes
affecting the metabolic pathways leading to
destruction of the organisms along with its habitat. The
Earth's biological diversity is being lost at a rate that
impoverishes our quality of life and threatens our
future.
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Little, P., 1977. Deposition of 2.75, 5.0 and 8.5µm
particles on plant and soil surface. Environ. Pollut., 13:
293- 305.
Shah, F.H., I. Ilahi, and A. Rashid, 1989. Effect of
cement dust on the chlorophyll contents, stomatal
clogging and biomass of some selected plants. Pak. J.
Sci. Ind.Res., 32: 542-545.
Agarwal, S.B., M. Agarwal and P.K. Nandi, 1987.
Impact of cement kiln emissions on vegetation: An
ecological assessment. Indian J. Environ. Hlth., 30:
340-347.
Gupta, A.K and R.M. Mishra, 1994. Effect of lime
kiln's air pollution on some plant species. Poll. Res.,
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CONCLUSION
Cement dust pollution places a key factor in altering
the ecosystem and it as greater negative implication on
the local vegetation which can't be ignored and in long
term it would drastically affect the ecosystem linkages
by altering nature of soil, absorption of light,
photosynthesis which would be a serious peril to biotic
community.
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pollution on the vegetation and seed bank species
diversity in the eastern desert of Egypt. Environ. Cons.,
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ABSTRACT
Shrikhand samples collected form tribal region ie. Dharni and Urban area i.e Amravati were studied for proteolytic
activities. The samples stored at T1-at room temperature were analyzed daily till it get spoiled viz, for period of 5
days, while samples at T2-at refrigeration temperature were analyzed at an interval of 7 days, till 35 days when it got
spoiled. The changes in protein content of Shrikhand were not influenced significantly by the interaction between
source and storage interval. As a result, significantly highest protein content was noticed in Dharni OSM and
laboratory Shrikhand as compared to rest of samples over 5 days storage irrespective of storage temperature. The
protein content showed a gradual decrease with the progress of storage period.
Keywords: Proteolytic activity, Shrikhand, Storage, Refrigeration.

Dharni is the taluqua place surrounding which many tribal
villagers are residing. There is problem of malnutrition in
most of the tribal areas in our country. In view of this, the
present study was carried out to study the proteolytic
activities in curd specially in tribal area of Melgha region
Dist. Amravati, Maharashtra state in comparison to sample
collected from urban area i.e. Amravati city. Now a day at
Milk Schemes, different qualitative test are also carried out
for quality control tests. Moreover, in order to create
awareness in dairy business personnel, the present study
was undertaken to study the effect of source and storage on
protein content of Shrikhand.

INTRODUCTION
Milk that has been left to sour (raw milk alone or
pasteurized milk with added lactic acid bacteria) will also
naturally produce curds. Curd commonly known as “Dahi”
is popular throughout the state and need was felt to know
the quality of Curd in terms of protein content. Shrikhand is
a popular indigenous cultured milk product made from
Chakka. It is an analogue at western 'Quarg' which has
therapeutic value like other fermented milk products.
Shrikhand is a semisoft and sweet, protein and fat rich
indigenous fermented milk product. The name Shrikhand
is probably derived from the Saskrit word 'Shrikarini'
meaing a curd preparation with additions of sugar,
flavouring material and dry fruits. It is most popular in
Maharashtra, Gujrat, M.P., Karnataka and some parts of
Rajasthan. The popularity of this product having a status of
summer especially for its refreshing taste, cooling effect
and lowest cost. Though Shrikhand is a protein rich
product it's protein content is depend on temperature and
source. Melhgat region of Amravati is tribal area and

MATERIALS AND METHODS
The present study was carried out at Dr. Panjabrao
Deshmukh Krishi Vidyapeeth, Akola. The cities selected
were Dharni - R1 (tribal area of Melghat region) and
Amravati-R2 (urban area) from Vidarbha region of the
Maharashtra state where fairly large quantity of Shrikhand is
prepared everyday and marketed in and around the city. The
samples collected from the market and prepared in the

*Corresponding author: drspverma_kadc@rediffmail.com
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laboratory were stored at room temperature (30+20OC)
and at refrigeration temperature (5 + 10OC). The samples
stored at room temperature were analyzed at an interval
of seven days till thirty five days when it got spoiled.
Thus the following treatments were formed in the study.

Thus there ten treatment combinations (5 sources x 2
temperature) on which the storage study was carried
out in five replications.
The protein was determined by the method described
in A.O.A.C. (1965). Proteolysis in Shrikhand was
determined in terms of NaOH required for titration as
per Davis (1965).

A) Type of sample source
R1S1 Dharni organized sector Manufacture
(OSM)
R1S2 Dharni vendor
R2S1 Amravati organized sector
Manufacture (OSM)
R2S2 Amravati vendor
LS3
Laboratory

The data collected from the study was analysed under
complete factorial randomized block design (CFRBD)
with three factors i.e. type of city, sources of
collections and storage temperature as per procedure
describe by Amble (1975).
RESULT AND DISCUSSION

B) Storage temperature
T1 Room temperature (30+20OC RH 50 to
70%)
T2 Refrigeration temperature (5+10OC RH
85%)

The mean sum of squares is presented in Table 1 and
1.1 showed that there was significant variation in
proteolytic activities in vendor Shrikhand OSM
Shrikhand and laboratory Shrikhand.

Table 1 : Mean sum of squares for changes in protein and proteolysis during storage at 30 + 20C and 5+10C for
5 days.
Source

Df

Proteins

Proteolysis

Region/ Source (CS)

4

7.011*

40.107*

Storage temperature (T)

1

15.622*

1172.54*

Storage days (D)

4

7.389*

257.412*

RS x T

4

0.201*

1.810 NS

RS x D

16

0.079 NS

0.455 NS

TxD

4

1.910*

150.310*

RS x T x D

16

0.034 NS

0.322 NS

Error

200

0.087

1.812

Total

249

-

-

Table 1.1: Mean sum of squares for changes in protein and proteolysis during storage at 5 + 10C for 35 days
Source

Df

Proteins

Proteolysis

Region/ Source (RS)

4

6.922*

16.861*

Storage days (D)

4

13.146*

76.024*

RS x D

16

0.038 NS

0.176 NS

Error

100

0.142

1.317

Total

124

-

-

*Significant at 5%103
NS – Non significant
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In the present study, changes in protein content of
Shrikhand were not influenced significantly by the
interaction between the source and storage interval. As
a result, significantly highest protein content was
noticed in Dharni OSM and laboratory Shrikhand as
compared to rest of samples. Over 5 days storage
irrespective of storage temperature. The protein
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content showed a gradual decrease with the progress of
storage period. It was reduced from 6.52 to 5.33, 5.79
to 4.71, 6.39 to 5.37, 5.68 to 4.94 and 6.37 to 5.57% in
Dharni OSM, Dharni vendor, Amravati OSM,
Amravati vendor and laboratory Shrikhand
respectively on 5th day. (Table 2).

Table 2 : Effect of source and storage interval on Protein content of Shrikhand (%) at both temperature (T1
and T2)
Storage interval (days)

Source of Shrikhand

Days pooled
means

R 1S 1

R1S1

R 1S 1

R1S1

R 1S 1

1

6.52

5.79

6.39

5.68

6.37

6.15

2

6.26

5.51

6.15

5.53

6.18

5.93

3

5.94

5.17

5.88

5.32

6.00

5.66

4

5.69

4.89

5.63

5.13

5.82

5.43

5

5.33

4.71

5.37

4.94

5.57

5.18

Pooled
means (s)

5.95

5.21

5.88

5.32

5.99

However, the results for Table 2.1 indicate that the
storage temperature and interaction between storage
temperature and source had significant effect on the
protein content of the Shrikhand. In general,
irrespective of source and storage interval, the protein
content observed at 5+10C (6.68%) at the end of 5 days
storage was found significantly higher than that of
6.13% noticed in Shrikhand storage at 30+20C. The

interaction revealed that the rate of decrease in protein
content was significantly more when stored at 30+20C.
However the rate of decrease irrespective of source
was more at 30+20C storage temperature than at 5+10C
temperature. The decrease was from initial value of
6.90 to 5.38 and 6.43 at 30+20Cand 5+10C temperature
respectively on 5th day storage.

Table 2.1 : Effect on Protein content of Shrikhand (%).
Combined effect of source
and storage temperature
Source

Combined effect of storage
temperature and storage interval

T1

T2

Days

T1

T2

R1S1

6.36

7.08

1

6.90

6.90

R1S2

5.69

6.13

2

6.49

6.76

R2S1

6.27

6.99

3

6.11

6.72

R2S2

5.83

6.26

4

5.77

6.55

LS3

6.49

6.94

5

5.38

6.43

Temp. pooled
means

6.128

6.68

With regards to effect of continued storage of
Shrikhand samples at 5+10OC for 35 days. It was

observed that the loss of protein was maximum in
vendors Shrikhand of both the region. The protein
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values were reduced from 6.52 to 3.94, 5.79 to 2.94,
6.39 to 4.04, 5.68 to 3.11 and 6.37 to 4.20% on 35th day
of storage in Dharni OSM, Dharni vendors, Amravati

OSM, Amravati vendors and laboratory Shrikhand
respectively (Table 2.2).

Table 2.2 : Effect of source and storage interval on Protein content of Shrikhand (%) at 5 + 10C.
Storage interval
(days)

Days pooled
means

Source of Shrikhand
R 1S 1

R1S1

R1S1

R1S1

R1S1

Fresh

6.52

5.79

6.39

5.68

6.37

6.15

5th day

6.00

5.11

5.96

5.34

6.02

5.68

7

5.79

4.91

5.78

5.11

5.82

5.48

14

5.37

4.37

5.36

4.59

5.47

5.03

21

4.92

3.92

4.93

4.08

5.08

4.58

28

4.50

3.52

4.48

3.64

4.71

4.17

35

3.94

2.94

4.04

3.11

4.20

3.64

Pooled means (s)

4.91

3.93

4.91

4.10

5.05

Therefore it can be said that there was more protein
degradation in vendor Shrikhand during storage which
would result in earlier spoilage. However it was
noticed that Shrikhand prepared in laboratory had

higher initial formal value (19.55) as compared to
market Shrikhand samples being 18.11, 17.69,18.29
and 17.15 in Dharni OSM, Dharni vendor, Amravati
OSM, Amravati vendor respectively (Table 3).

Table 3 : Effect of source and storage interval on Proteolysis (formal value) content of Shrikhand [expressed
in terms of ml of 0.1 N NaOH required / 5gm of sample] at both temperature (T1 and T2)
Storage interval
(days)

Days pooled
means

Source of Shrikhand
R 1S 1

R1S1

R1S1

R1S1

R1S1

1

15.30

14.28

15.37

14.07

16.87

15.18

2

16.90

16.21

16.94

15.94

18.33

16.86

3

18.35

17.76

18.57

17.32

19.51

18.30

4

19.63

19.42

19.90

18.70

20.98

19.73

5

20.36

20.76

20.65

19.74

22.07

20.72

Pooled means (s)

18.11

17.69

18.29

17.15

19.55

The result further indicated that formal value of
Shrikhand during storage irrespective of source and
storage temperature reached to 20.72 on 5th day from
initial value of 15.18. The formal value increased
significantly with the progressive storage period.
Sharma and Zariwala (1980) reported that proteolytic
count in Shrikhand increased on storage and were
found to be very high in spoiled samples. While,
Upadhyay et. al (1985) and Karthikeyan et. al. (2001)

also observed that irrespective of storage temperature
the formed value of Shrikhand increased with
increased in storage period.
The overall increase in the formal value of Shrikhand
stored at 5+10C was lower as compared to Shrikhand
stored at 30+20C. The pooled values being 18.86 and
14.79 at T1 and T2 temperatures respectively (Table
3.1).
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Table 3.1 : Combined effect of source and storage temperature on Proteolysis (Formal value) content of
Shrikhand.
Source

T1

T2

R1S1

18.58

14.98

R1S2

18.61

14.10

R2S1

19.01

14.90

R2S2

17.96

13.68

Ls3

20.16

16.28

Temp. pooled means

18.86

14.79

The fresh Shrikhand exhibited 14.83 formal (Table 3.2
and 3.3) value which increased to 15.93 on 5th day and
then to observed that the over all formal value was
significantly higher in laboratory Shrikhand (19.21),

while the lowest was noticed in Amravati Vender
(R2S2) samples (16.76) moreover the formal values
observed in R1S1, R1 S2, R2 S1 did not differ significantly
during 35 days storage at 5+10C.

Table 3.2 : Combined effect of storage temperature and storage interval on Proteolysis (Formal value)
content of Shrikhand.
Days

T1

T2

1

14.83

14.83

2

17.21

15.07

3

19.85

15.40

4

22.31

15.76

5

24.67

15.93

Table 3.3 : Effect of source and storage interval on Proteolysis (Formal value) of Shrikhand at 5 + 10C
Storage interval
(days)

Days pooled
means

Source of Shrikhand
C 1S 1

C1S1

C1S1

C1S1

Ls3

Fresh

15.30

14.28

15.37

14.07

16.87

15.18

5th day

16.70

15.82

16.40

15.16

17.84

16.38

7

16.88

16.14

16.55

15.29

17.93

16.56

14

17.98

17.38

17.63

16.42

18.95

17.67

21

19.05

18.63

18.73

17.52

19.93

18.77

28

20.10

19.62

19.60

18.88

21.04

19.85

35

21.00

21.13

20.90

20.00

21.88

20.98

Pooled means (s)

18.14

17.57

17.88

16.76

19.21

17.91

Thus form the above study it was concluded that
proteolytic activity is faster in vendor, Shrikhand

followed by OSM Shrikhand and lastly in laboratory
Shrikhand.
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ABSTRACT
Cadmium(Cd) compounds are serious pollutants of aquatic environment because of their environmental persistence
and ability to be accumulated by aquatic organisms. In the present study, the acute toxicity of cadmium chloride and
their toxicological effects on morphology of widely consumed Indian snakehead fish H. fossilis was observed for 60
days. In this study percentage mortality was recorded in freshwater fish via treatment with various concentrations of
cadmium compounds. Freshwater fish H. fossilis was exposed to various concentration of CdCl2 (25mg/l, 50mg/l and
75mg/l).
Keywords: Cadmium, toxicity,morphology, Heteropnuestes fossilis.

changes in fish behavior are considered as one of the
sensitive biomarker to evaluate the exposure to the toxicant
(Reddy et. al; 2011). It had been observed that the fish
behavior alters due to the toxicants the heavy metals
pesticides, etc. (Ghanbohadur, et. al; 2015 and Deshmukh,
2016). Erratic swimming, escaping from toxic water
mucus secretion, convulsions and food intake etc. can be
considered as some common parameters to measure the
changes in fish behavior.

INTRODUCTION
Cadmium, which is the most venomous and non-essential
heavy metal has wide distribution in the earth's Cadmium,
crust and aquatic environments. In the list of heavy metals
such as lead, mercury and cadmium are considered to cause
public health hazards. Burning of fossil fuels or
incineration of municipal waste materials are known to be
largest sources of cadmium release to the general
environment (such as coal or oil). Cadmium may also enter
into the atmosphere from zinc, lead or copper smelter. It
can enter water through disposal of wastes from
households or industries. Fertilizers often contain some
cadmium, Reproduction rate of aquatic organisms may
also be effected due to Exposure to heavy metals and can
lead to a gradual extinction of their generations in polluted
waters. For example, cadmium and mercury damage the
kidney and cause signs of chronic toxicity, including
impaired kidney function, poor reproductive capacity,
hypertension, tumors and hepatic dysfunction. Any

MATERIALS AND METHODS
Experiments were carried out according to guidelines of
APHA et al. (1998) and replicated thrice. The LC50 values
of various intervals were calculated according to Trimmed
Spearman Karber's Method (Hamilton et al., 1977) on PC.
Behavioural characteristics were also recorded with
respect to activity, movement, mucous secretion, skin
colouration and opercular beats. The data obtained for

*Corresponding author: madhulika.anil@gmail.com
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opercular beats were statistically analyzed for student
t-test and ANOVA using MINITAB software on PC.

low concentration than the cadmium sulphate and
cadmium nitrate. The schooling is the characteristic of
this fish was found weakened in the cadmium chloride
during study. At higher chemical concentration75
mg/l, scale depletion start, skin lesion observed from
dorsal to lateral side of the body of fish and these were
deepens, copious mucous, clumping of gills increases
with the increasing of concentration of toxicant. The
skin lesions around the head region, base of caudal fins
and pectoral fins were prominent in the 90 % of the fish
in higher concentrations. The fishes lost their natural
coloration and become almost pale yellow in color.

RESAULT
During this study, we documented the specific site of
cadmium compounds action. Among morphological
changes, discoloration of skin, chemical deposition on
skin and aquarium, lesions were recorded and effects
were concentration dependent (Table-1). Among
cadmium compounds, cadmium chloride caused
maximum morphological changes in comparatively

Table 1: Morphological changes of freshwater fish Heteropneustes fossilis of Cadmium.
Chloride exposure.
Sl. No.

Morphological changes

1.

Discoloration of skin

-

++++

2.

Lesions on skin

-

++++

3.

Shedding of scale

-

++++

4.

Mucus secretion

-

++++

5.

Sedimentation of chemical on body

-

++++

6.

Muscular bleeding

-

++++

7.

Clumping of gills

-

++++

8.

All fins damage

-

++++

Control

CdCl2

C-Control, E-Exposed (Nil); + (Less); ++ (Moderate); +++ (Prominent)

natural environment mostly trapped or sticked with
mucus coating fish body, made up of by glycoprotein
barrier ( Coombs, T.L.,etal.,1972, Lock, R. A. C. and
Van Overbeeke A. P.,1981 ). The skin ulceration,
colour fading and haemorrhages in present studies
were observed after cadmium exposure.

DISCUSSION
Cadmium compounds poses toxic effects on the freash
water fish Heteropnuestus fossilis. The fish mortality
may have resulted by absorption, bio-accumulation of
cadmium compounds or greater activity of chemical in
body of fish. Increased opercular movement and
decreased locomotary activities as observed in present
studies are probably associated to compensate for loss
of efficiency in the oxygen uptake by decreasing the
physiological oxygen demand and increasing the
amount of oxygen passing over the bronchial tissue per
unit time. Similar finding were also recorded by many
workers ( Panigrahi, A. K. and Mishra, B.N.,1978 and
Menezes, M. R. and Qasim, S. Z., 1984.). Excessive
mucus secretion on gill region and general body
surface in present study is a general response of
protection against toxicant. Basically the toxicant in
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ABSTRACT
The purpose of this review article was to determine the toxicological impacts of Chromium in fresh water fish.
Chromium a part from being an important metal presents a substantial threat to aquatic life. In aquatic ecosystem,
chromium heavy metals are considered as the most important pollutants, since they are present throughout the
ecosystem and are detectable in critical amounts. Chromium metals are characterized by being accumulated in
tissues, and lead to the poisoning of fish. Chromium heavy metal degraded the ecosystem due to their toxic impact on
biota and bioaccumulation in certain organisms. Occurrence of chromium varies in fishes, depending upon their age,
development as well as other physiological variables. It also produced cytotoxicity and detrimental impact on
behavior of fish such as operculum opening and restlessness, uneven swimming and suspended feeding. Various
research studies indicated adverse health effects of chromium on fish at morphological and histopathological
level.The review article presents the finding of the work carried out by the researchers and this paper will be helpful
for researchers which studies the chromium toxicity on fresh water fish.
Keywords: Fish, cytotoxicity, histopathological, ecosysteml.

and anthropogenic sources in the Cr (III) or Cr (VI) form.
The health hazards associated with exposure to Cr are
dependent on its oxidation state, ranging from the low
toxicity of the metal form to the high toxicity of the
hexavalent form. Trivalent Cr plays an important role in
glucose metabolism by serving as a cofactor for insulin
action (Goyer RA1991 and vincent S 1995).

INTRODUCTION
Pollution by heavy metals has become a serious
environmental and public health hazard because the
concentrations released into the environment from
industrial processes often exceed permissible levels. Due
to their bioaccumulative and non-biodegradable
properties, heavy metals constitute a core group of aquatic
pollutants (Vutukuru SS 2007). Their high toxicity can
produce cumulative deleterious effects in a wide variety of
fish and other aquatic organisms.

SOURCES OF CHROMIUM (CR)
Chromium enter the aquatic ecosystem through effluents
discharged from leather tanneries, textiles, electroplating,
metal finishing, mining, dyeing and printing industries,
ceramic, photographic and pharmaceutical industries etc.
(Farag AM et al.2006 and Arunkumar RI et al 2000). Poor
treatment of these effluents can lead to the presence of Cr
(VI) in the surrounding water bodies, where it is commonly
found at potentially harmful levels to fish (Abbas HH et al
2007 and Li ZH et al 2011). In surface waters, depending on
physicochemical characteristics, the most stable forms of

Chromium, one of the most common ubiquitous pollutants
in the environment, does not occur naturally in the pure
metallic form. The element is present in divalent [Cr (II)],
trivalent [Cr (III)], and hexavalent [Cr (VI)] oxidation
states, with Cr (VI) and Cr (III) being the most stable
forms. Chromium enters into various environmental
matrices (air, water, and soil) from a wide variety of natural
*Corresponding author: greenindia2@gmail.com
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chromium are the oxidation states trivalent Cr (III) or
(Cr3+) and the hexavalent Cr (VI) or (Cr6+).
Hexavalent chromium is a toxic industrial pollutant
and classified carcinogen possessing mutagenic and
teratogenic properties.

exposure significant decline in the protein and
carbohydrate content of gills was observed. Reduced
locomotor activity has been reported in chronic
chromium-exposed Gambusia affinis [Virk S et al
2003].

Fish assimilate Cr by ingestion or by the gill uptake
tract and accumulation in fish tissues, mainly liver,
occurs at higher concentrations than those found in the
environment (Li ZH et al 2011and Lushchak OV et al
2009). The overall toxic impact on organs like gill,
kidney and liver may seriously affect the metabolic,
physiologic activities and could impair the growth and
behavior of fish. Toxic effects of Cr in fish include:
hematological, histological and morphological
alterations, inhibition/reduction of growth, production
of reactive oxygen species (ROS) and impaired
immune function (Ahmed MK et al 2013 and Reid SD
2011).

The fresh water ecosystem occupies an extremely
small area in comparison to marine ecosystem. Fresh
water resources now a day's degraded at a very large
scale, due to water pollution [Ahmed MS et al 2011].
The impact of heavy metals on water ecosystem has
turned out to be a global concern [Yousafzai AM et al
2008]. Fishes have actually been utilized as test
organisms for acute toxicity bioassays due to several
benefits. According to U.S. Environmental Protection
Agency, they are conveniently maintained under
research laboratory conditions, and are sensitive to a
variety of pollutants as well as readily available
throughout the year from both commercial as well as
natural resources [EPA Methods 2002].

Acute poisoning by chromium compounds causes
excess mucous secretion, damage in the gill
respiratory epithelium and the fish may die with
symptoms of suffocation (Vera-Candioti et al 2011).

CHROMIUM TOXICITY ON FISH
The aquatic toxicology of Cr depends on both biotic
and abiotic factors. The biotic factors include the type
of species, age and developmental stage. The
temperature, concentration of Cr, oxidation state of Cr,
pH, alkalinity, salinity, and hardness of water
constitute the abiotic factors. Moreover, lethal and
sub-lethal concentrations of the metal and its
speciation also determine the sensitivity of the
individual organism.

Benoit DA 1976 reported that the kidney is a target
organ for chromium accumulation, which implies that
it is also the “critical” organ for toxic symptoms. On
chronic exposures, hexavalent chromium severely
affected the renal tubules causing hypertrophy of
epithelial cells, reduction of tubular lumen,
contraction of glomeruli and epithelial and glomerular
necrosis [Palaniappan PLRM et al 2009]. Necrosis and
fibrosis of tubular lumen was reported in chronic
chromium-exposed chinook salmon [Witeska M et al
2014].Chromium compounds also cause renal failure
leading to the loss of osmoregulatory ability and
respiration in fish [ Mishra AK, Mohanty B 2009].Sub
lethal effects of chromium in fish were directly related
to the inhibition of various metabolic processes [Nath
K, Kumar N 1987]. The hexavalent chromium induced
depletion in the profiles of liver glycogen, total protein
and total lipid has been reported [Saxena D et al 2007].
Arillo A, et al 1988 studied the effect of chromium on
the African catfish (Clarias gariepinus). The exposure
took place right after fertilization and lasted for 5 days.
Concentrations used varied from 11 to 114 mg/L
(K2Cr2O7). They found that the main deformity
reported was abnormal body axis. Nguyen LTH et al
2002 assessed the effects of acute toxicity of chromium
on fingerlings of the C. mrigala. After 45 days of

ACUTE EFFECTS
Knowledge of the acute toxicity of a xenobiotic helps
in predicting and preventing acute damage to aquatic
life in receiving waters. In addition, this information is
useful to regulate toxic waste discharges (Vutukuru SS
2003). Moreover, acute toxicity studies can rapidly and
inexpensively provide environmentally relevant and
useful data. Short-term studies on the acute effects of
Cr revealed that the metal exerts its toxicity at various
functional levels across fish species. Further,
individual variations exist across species in terms of
susceptibility. For instance, recent studies designed to
test the sensitivity of five fish—rainbow trout, threespined stickleback, roach, perch, and dace—exposed
to acute concentrations of Cr(VI) revealed that
rainbow trout is 1.16 to 2.52 times more sensitive than
the other test species to the metal (Svecevicius 2006).
Earlier data also indicate that both lethal and sublethal
concentrations of the metal determine the sensitivity of
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individual organisms across species. A review of the
acute toxicity of Cr to fish reveals that the differences
in the 96h-LC50 values between fish species can be
attributed to the complicated metal-induced changes in
the physiology and survival of aquatic organisms
under metallic stress. Such changes differ from metal
to metal, from species to species and from one
experimental condition to another. The exact causes of
death due to heavy metal poisoning are multiple and
depend on time-concentration combinations.
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HISTOLOGICAL BIOMARKERS
Hexavalent chromium, one of the core toxicants in the
aquatic ecosystem, has been shown to induce
alterations in the morphology of gills and liv er in fish
in a dose- and time-dependent manner. For example, in
rainbow trout exposed to Cr (10 mg L−1), the epithelial
cells were not much affected initially but an increase in
exposure times for 28 days had a great impact on the
epithelial cells, resulting in hyperplasia (thickness of
the stratified epithelial layer of the primary lamellae),
and epithelial lifting in secondary lamellae. Liver cells
showed reduced nucleus to cytoplasm ratio (Roberts
AP et al 2004). In another study on the Indian major
carp (L. rohita) exposed to 96 h LC50 concentration of
hexavalent chromium (39.40 mg L−1), the fish
demonstrated degeneration of secondary gill lamellae,
hyperplasia of lamellar cells, and atrophy of central
axis at the end of the exposure. The data suggest that Cr
is highly toxic to fish cutting across species (Sesha
Srinivas V et al 1998).

EFFECT OF CHROMIUM ON FISH BEHAVIOR
When fish is initially encountered to chromium it
undergoes various behavioral modifications like
suspending feeding behavior, uneven swimming and
accelerated operculum. It may triggered structural
changes such as hypertrophy and paraplegia at gill
epithelium and weakens the body immune ecosystem
[Svecevicius G, 2007 and Aurnkumar RI, 2000].
Nisha et al. determined the impact of chromium
trivalent and hexavalent toxicity on the behavior of
Danio rerio (zebra fish). Erratic motion, mucus
discharge, opening mouth for gasping, color and shade
alterations, irregular swimming was usually pointed
out. Ali et al. investigated the behavioral changes in
gold fish (Carassius auratus) and noted that all the
fingerlings come to the corner of the aquarium and
there was also appetite decrease due to chemical
effects. In another study after exposure to hexavalent
chromium modification in behavioral patterns of
Channa punctatus was studied. The exposed fish
showed irregular swimming and became sluggish. The
changes in gills were illustrated by epithelial
hyperplasia, oedema, epithelial lifting and necrosis
[Mishra AK, 2008].

CONCLUSION
Chromium is ubiquitous nature in the environment and
found in trivalent and hexavalent form but hexavalent
more toxic than trivalent. Research indicates that Cr
exposure can induce a variety of adverse effects in fish
at physiological, histological, bio-chemical,
enzymatic, and genotoxicological. Certain fish
species, however, appear to show more sensitivity to
Cr toxicity than others. Hence, Cr-induced
toxicological impact in fish is influenced by such
factors as species, age, environmental conditions,
exposure time, and exposure concentration. The exact
causes of fish death are multiple and depend mainly on
time concentration combinations.
Water pollution is substantial threat to the aquatic
environment. This review indicates a direct correlation
between the survival and concentration of Cr-VI to fish
population. Cr (VI) is more toxic to fresh water fish
species. Cr toxicity was greatly affected by slight
change in pH. There is a need for monitoring the
industrial effluents for Cr+6 concentration level.

BIOMARKERS OF CHROMIUM TOXICITY
Biomarker responses, although transient, are effective
indicators when detected at the correct moment
(Vutukuru SS 2007). Certain biomarkers are
mechanistically linked to the toxic modes of action and
thus are classified as 'biomarkers of effect' at the level
of individual organism (Sherry JP 2003). Hexavalent
chromium is a highly toxic metal that induces
alterations at biochemical, histological, genetic, and
immunologic levels as a function of time. Therefore,
these changes in fish upon exposure to a pollutant may
elicit a response that can be used as an early warning
signal of pollutive stressors and can be often used to
identify the type of stressor(s).
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ABSTRACT
Parthenium hysterophorous L. is one of the most aggressive invasive weeds. threatening natural ecosystem and agro
ecosystem in world. Parthenium is one of the worst weeds for agriculture. The environment and human health is
almost throughout the country. Parthenium is extremely prolific and causes several economic loss, health problems
and habitat destruction. This weed is considered to be a cause of allergic, respiratory problems, contact dermatitis,
mutagenecity in human and livestock. The plant causes acute allergic eczematous dermatitis in humans which under
continued exposure become chronic. The skin of neck, face and arms become hard like the skin of a crocodile from
dermatitis passing over the populations of this herb. Some person are allergic to its pollens resulting in fever and
asthma.
Keywords: Fish, cytotoxicity, histopathological, ecosysteml.

are constantly occurring along the roads leading out of
Queensland, as far south as Narrandera on the Newell
Highway. In the Northern Territory, parthenium weed
occurs along a stretch of the Roper River.

INTRODUCTION
History of Distribution of Parthenium
Parthenium hysterophorus L., a member of Asteracease, is
native of tropical America. Parthenium weed (Parthenium
hysterophorus L.) is one of the most aggressive invasive
weeds, threatening natural ecosystems and agro
ecosystems in over 30 countries worldwide (Steve Adkins
2014).Parthenium hysterophorus L, is also known by
seceral region specific common names such as
altamisa,carrot grass,santa maria, bitter weed,star weed
,white top, wild feverfew, gajar ghas ,the “scourge of
India” and congress grass.
Parthenium hysterophorus L. enlisted in Global Invasive
species .It is a highly prolific and pernicious weed(K.R
Aneja et.al 1991).

Parthenium hysterophorus L. An American weed, has
spread to many parts of India covering approximately five
million hectares. Naturalized in wastelands and open forest
in Bhilwara, Chittorgarh, Jhunjhunu, Pali and Jaipur
districts in Rajasthan. Parthenium is one of the worst weeds
for agriculture, the environment and human health almost
throughout the country, infesting more than 5 million
hectare area.
Introduction of Parthenium to India
Parthenium hysterophorus L. Commonly known as
congress or carrot grass innative of Central an South
America and West Indies.

In Australia, Parthenium hysterophorus occurs in
Queensland, New South Wales and the Northern Territory.
In Queensland, an area of about 1,70 ,000 sq.km. between
Injune and Greenvale, receiving between 500 and 1000mm
rain annually. In new South Wales, roadside infestations

Parthenium hysterophorus is supposed to have entered in
India in the early 1950's along with imported food grains.
(Wheat, under agreement PL 480). It was observed in
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Poona, In India in 1955 since then it has spread to
several parts of India in alarming proportion like
Maharashtra, Karnataka, Madhya Pradesh, Andhra
Pradesh, Tamil Nadu, Delhi and Rajasthan is moving
fast and far in the plains and hills through vehicular
traffic, wind water and urban waste. Partheuium is
found more polluted in waste lands ,rocks crevices,
along irrigation canals ,roadsides ,railway tracks, and
developing residential colonies around the towns
(K.R.Aneja et.al. 1991 and S.Patel 2011 ).
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metabolites such as alkaloids, flavenoids, oils and
phenolics (A. Javid and S. Shafique 2010 ).
The chemical analysis of Parthenium reveals that
its leaves and flowers contains :
(i) Parthenin
(ii) Chloronolipin
These allergy causing micro molecules are known as
allergens which are water soluble so that they enter into
the skin cells by means of small pores. This reaction
sensitizes the skin cells and causes itching and burning
sensations.

Parthenium weed is found in both natural and agro
ecosystems. It show many adverse effects on
agriculture, biodiversity, and health of animals and
human beings. In man, Parthenium plant or its pollens
cause health problems of asthma, hay fever ,dramatis,
diarrhea and allergic on skin, eyes, nose, and mouth
(S.Patel 2011) .The weed is allergic and unpalatable to
grazers but it consumed by cattle results in losses due
to serious concerns of health hazards and tainting of
milk and meat (G.D.Tudor et.al 1982 ).

The structure of 15 carbon containing Pseudo
guanolide is formed by condensation of a five member
ring and seven member ring which contains a hydroxyl
group (-OH), a keto group (>C=O) and a α-methylene
γ-lectone groups.
These allergy causing micro molecules are known as
allergens. The allergens are water soluble so that they
enter into the cells by means of small pores of skin and
in the cell they form bonds with protein and vitamin
molecules. Generally allergens are electrophillic in
nature and therefore they react with neucleophillic
amino or thiol group of protein. This reaction sensitize
the skin cells and causes itching and burning
sensations.

Biology of Parthenium
A short lived ephemeral annual herbiceousplant,
profusely branched, usually 50 to 150 cm. high, leaves
pinnetely or bipinnetely lobed, Heads white in
corymbose cymes, germinating after rain at any
season, flowering in 6 to 8 weeks, and senessing with
drought or frost. Reproduces by small seeds lasting up
to 20 years in soil, induced dormancy on burial.

Health Hazards in Humans & Animals
Parthenium is an extremely prolific and causes severe
economic loss, health problems and habitat
destruction. This weed is considered to be a cause of
allergic respiratory problems, contact dermatitis,
mutagen city in human and livestock (S. Petal 2011).

Parthenium hysterophorus is an alloteraploid or an
allotetraploid with diploid like chromosome
behaviour.
The seeds Parthenium hysterophorus germinated
within a week with the onset of monsoon and flowering
started after a month and continued upto 78 days.

Parthenium weed has many ill effects, human beings,
other plant parts, in all stage of its life cycle, causes
dermatitis in man. Pollens cause air borne contact
dermatitis and when inhaled cause allergic rhinitis (P.
Sriramaro et. al. 1991 ).The harmful effects are
induced by secondary metabolites, particularly
parthenin toxin, present in different parts of plant
(G.H.N. Towers (1981).

The plant height varied from 70cm to 130cm and leaf
length 7 to 15cm. It produced 184-6 heads per plant and
5 seeds per head. The highest weed growth rate (NGR)
was during 25 to 50 days plant stage (5.25g m-2 day-1)
and 50 to 75 days plant stage (5.09g m-2 day-1) which
enabled it to smother other associated weeds.

The plant causes acute allergic eczematous dermatitis
in humans, which under continued exposure become
chronic. Highly sensitised individuals are forced to
avoid contact with the plant entirely. Up to 10% of
people living in parthenium weed areas in India suffer
from allergic rhinitis and sinusitis (hayfever).

Biochemistry of Parthenium
The beneficial and harmful effects shown by
Parthenium hysterophorus are due to its chemical
constituents. All parts of its plant including hairs,
trichomes, and pollens contain several secondary
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The skin of neck, face and arms become hard like the
skin of a crocodile from dermatitis passing over the
populations of this herb. Some person are allergic to its
pollens resulting in fever and asthma.
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The inhibitors also affect adversely the activity of freeliving and symbiotic nitrogen fixes and nitrifiers in soil
as a borne out by culture studies and soil analyses.
Control of the Weed
Different methods 3 of weed control may be classified
as follows:

Parthenium hysterophorus has been reported earlier to
cause contact dermatitis mostly to male human beings.
Incorporation of 10% parthenium in the diet was lethal
for male rats within four weeks, but it was not in
respect of the females even after 9th week. Diet with
30% parthenium was lethal for male rats within one
week. All the animals fed on diet containing
parthenium showed reduced growth rate and female
rats failed to conceive.

I.

Effect on the Growth of Plants
In agriculture ecosystems , Parthenium weed competes
directly with crop plants for space, nutrients, water,
sunlight. One of its prominent indirect effects is
exhibited through allelochemicals, phenolics, and
sesquiterpene, lactones (mainly parthenin0.These
chemical present in roots, stems, leaves, fruits, and
pollens of Parthenium weeds(Roy and Shaik 2013 ).

Mechanical Methods
A.

Preventing the spread of weeds.

B.

Destruction of weeds

C.

Destruction of underground parts of
weeds.

D.

Destruction of weed seeds in the soil.

II.

Cropping and Cultural Practices

III.

Chemical Methods
A. Selective herbicides

IV.

Ground studded with fruits, receptables and leaves of
parthenium support no undergrowth. Aqueous leach
ate of the cypsela inhibits the growth of wheat
seedlings. All parts of Parthenium weed including the
trachoma's and pollen contain growth inhibitors. These
are released to the substratum via root exudation,
volatilization or rain wash from serial parts and via
leaching or decomposition of dry parts in soil. These
toxins inhibit growth in indigo era, bean cowpea,
tomato, ragi and wheat.

B.

Non-selective herbicides

C.

Soil Sterility

Biological Methods
I.

Mechanical Methods

A.

Preventing the spread of weeds
1. Use of clean seed.
2. Prevention of seed production
by weeds in nearby waste areas.

B.

Destruction of Top Growth
1. Hand pulling
2. Hand hoeing
3. Tillage
4. Blind Tillage

Parthenium Pollen inhibits pollen germination and
fruit-set in Crotalaris perllida, Desmodium
heterocorpon. Brinjal, chillies and tomato and reduce
leaf chlorophyll content in beans. Mixing parthenium
leaf material to soil reduce emergence and plant dry
weight in bean and cowpea, tillering in ragi, branching
in tomato and yield in all these test species.

5. Ploughing
6. Moving
7. Burning
Many control methods ranging from preventing,
physical methods by manual uprooting, burning &
allelopathic management through competitive plants
like cassia tora, cassia uniflora, cassia serices have
been recommended for management of P.
hysterophorus L.

parthenium, a sequiterpene lectone and several
phenolicscaffeic acid, vanillic acid, ferulic acid,
chlorogenic acid, phydroxybenzoic acid, ferulic acid,
anisic acid are among the inhibitors identified. The
inhibitors also causes reduction in nucleic acids,
proteins, reducing sugars, total and nitrate nitrogen and
phosphates.

No single option is suitable to control this invasive
weed. Successful control of this weed can only be
achieved by an integrated weed management
approaches.
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greater adaptability to diverse ecological niches, high
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ABSTRACT
Zinc is an essential heavy metal having cumulative polluting effect to aquatic organism. In the present investigation
an attempt has been made to study the morphological, behavioural and haematological alterations after 96-h exposure
of Zinc Sulphate on freshwater catfish, Clarias batrachus (Linn.)in acute toxicity. The observations regarding
lethality and behavioural changes were taken after 24,48,72 and 96 hours. During the study period, the colour of the
experimental fish become progressively darker with increasing concentrations and mortality was directly proportional
to the concentrations of the test solution unlike those in the control. The 96-h median lethal concentration (96h LC50)
was 37.22 mg/L ZnSO4. Behavioural alteration include hyperactivity, loss of equilibrium, rapid swimming, disturbed
opercular movements, increased surface activity and loss of equilibrium where as this mucus deposition all over the
body and gills, damaged fin, colour fading and haemorrhage were found as major morphological alterations. The
haematological parameters like RBC counts, WBC counts, Haemoglobin %, haematocrit and MCH were significantly
decreased where as ESR, MCHC and MCV were significantly increased at higher concentrations. The results indicate
that zinc is toxic at higher concentration producing dose-responsive increases in mortality and abnormalities in
behaviour. The fish species is therefore recommended as good bioindicator for the risk assessment of aquatic
environment due to Zinc.
Keywords: Zinc, acute toxicity, LC50 , Behavioral responses, morphological changes, haematological changes, Clarias
batrachus.

from geological rock weathering or from human activities
such as industrial and domestic wastes water discharges.
Fishes are in direct contact with the environment and are
relatively sensitive to any change in their surroundings. By
estimating the alternations in haematological and
biochemical parameters of fish exposed to short periods of
sublethal stressors may provide a sensitive method for
predicting the effects of acute and chronic exposure of
toxicant on survival, reproduction and growth.

INTRODUCTION
Contamination of water by heavy metals is hazardous to
aquatic life as they are in direct contact with the
contaminated medium. The introduction of many
relatively toxic heavy metal cations in small amounts into
an aquatic environment causes various changes in the
internal dynamic of aquatic organism, even at sublethal
levels. Non degradable heavy metals have tendency for
bioaccumulation. Heavy metal Zinc belongs to a class of
microelements which are essential for proper functioning
of the body. The sources of Zinc in natural waters may be

The effects of heavy metals have been reviewed by various
researchers in the field of fish biology .The range of their
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stressful effects is quite broad and encompasses
behavioural modification, alterations in feeding
strategies, swimming activity, schooling, predatorprey avoidance, reproduction, learning, abnormal
osmoregulation, respiratory stress as well as tissue
damage (Atef M. Al-Attar,2005).
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Toxicant stock solution was prepared by dissolving
Zinc Sulphate(43.97g) equivalent to 1g of Zinc in
1000ml distilled water at concentration of 1000mg/L.
The finial concentration was recalculated according to
the amount of heavy metal ion. Acute toxicity tests
were conducted to determine the 96h LC50. Initial
range finding experiments were performed by using a
screening procedure with five different concentrations
of 10-50 mg/L. Five sets of ten adult healthy fishes
each were subjected to serial dilutions of the stock
solution of ZnSO4 ( from 30-50 mg/L) in triplicates.
Three sets of control group( each containing ten fishes)
which contains no toxicants were set up. The test was
performed by the bioassay method in which the
exposure medium was exchanged every 24-h to
maintain toxicant strength and level of dissolved
oxygen as well as minimizing the ammonia excretion
levels during this experiment. Mortality of fishes were
monitored at regular intervals throughout the test and
dead fishes were immediately removed which did not
responded even to strong tactile stimuli. Fish mortality
data obtained with respect to time was statistically
analyzed for determination of LC50 values and 95%
lower and upper confidence limits by using the
Trimmed Spearman Karber method (Hamilton et
al.,1977). During the experiment morphological and
behavioural alternations were also critically observed.
After 96h expiration of experiment, blood was
collected from the remaining fish to assess the effect of
acute exposure to zinc sulphate on haematological
parameters. During the experimental period, no death
was recorded in the control set up.

Clarias batrachus is widely distributed fish in Asia. In
these areas, it is extremely popular on account of its
tasty flesh, its unparalleled hardness, its rapid growth
and high fish market price. It inhibits tropical swamps ,
lakes and rivers .These are generally strong fishes and
possess accessory respiratory organ for air breathing
that enable them to tolerate adverse aquatic conditions
where other cultivated fish species cannot survive.
Haematology of fish is often determined as an index of
their general health status. When the values of
haematological parameters are obtained under
abnormal condition it should be possible to monitor the
change in the physical and chemical properties of
water. Thus haematological alterations could be used
as a warning system to indicate the presence of acute
and chronic toxicity of a toxicant in natural water.
Therefore, the objective of present study was to
investigate the impact on the morphological,
behavioural and haematological parameters of fresh
water catfish, Clarias batrachus exposed to acute
concentrations of Zinc sulphate for 96 hours.
MATERIALS AND METHODS
Healthy specimens of Indian fresh water catfish,
Clarias batrachus were collected from local fish farm
at Balrampur, U.P. and were transported in containers
to the laboratory .In the laboratory, the fishes were
carefully examined for any injury and then kept in 1%
solution of KMnO4 for few hours to get rid off dermal
infection, finally they were kept in large plastic jar
containing 50L of clean tap water and acclimatized for
15 days to the laboratory conditions, during which time
they were fed on boiled egg yolk and commercial fish
food . The fish specimen of both sexes weighing 50 –
55 gram and measuring 16-21 cm selected for
experiments. The fishes were inspected for disease
conditions and general fitness. Water was changed
every other days. Feeding was stopped 48 hours prior
to the toxicity test, to minimize the contamination from
metabolic wastes. The physio-chemical characteristics
of water was determined according to standard
methods of APHA et al. (2005), which were as follows:
Temperature 25.4±10C, pH7.2±0.1, CaCO3 hardness
97±1 ppm and dissolved oxygen 6.5±0.2 ppm.

Blood samples were collected from both the control
and experimental fish that survived the 96-h toxicant
exposure period. The blood samples were taken by
p u n c t u r i n g t h e c a u d a l v e i n u s i n g E D TA
(ethylenediaminetetraacete) as anticoagulant. 2ml of
blood was decanted in heparinzed bottles for
determination of haematological parameters. Total
RBC and WBC counts were counted under light
microscope according to improved Neubauer
haemocytometer. Differential leucocyte counts were
made from Leishman/Giemasa stained blood smears.
Erythrocyte sedimentation rate was determined with
microhaematocrit tubes filled with blood and allowed
to stand for 60 min. The derived haematological
indices of mean corpuscular volume (MCV), mean
corpuscular haemoglobin (MCH) and mean
corpuscular haemoglobin concentration (MCHC)
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were calculated using standard formulae. The mean
values of the various haematological parameters for
the control and experimental fish were analysed for
statistical significance using the student's t-test. The
calculations of statistical significance by the student's
t- test at 0.01 and 0.05 levels were made using
Microsoft Excel 2003.
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was recorded in it. An inverse relationship between
LC50 values and exposure duration was found
throughout the experiment. Present findings indicate
that the mortality of test fish was dose and time
dependent reflecting the regular mode of action which
may be due to bioaccumulation of zinc causing toxicity
that lead to fish death. Within the aquatic environment,
at high concentrations, zinc exerts adverse effects by
accruing structural damage, which affects the growth,
development and survival of fish (Turala and
Soivio,1982).The LC50 of zinc sulphate for 96-h was
37.22mg/L as obtained in this study is on the high side,
however known that the toxicity of heavy metals
including zinc to fish is sometimes reduced in hard
water (Jones,1983). This is of great advantage because
levels of Zn that may probably enter the environment
in the form of pollutant may not be so high to this level.
Thus, fish population may not be affected
significantly. However, increased mortality may result
due to bioaccumulation resulting from continuous
release of zinc containing wastes in the water way.

RESULTS AND DISCUSSION
Static bioassay tests, being an important tool to assess
the toxic potential of various toxicants and sensitivity
of various organisms at different trophic level in
ecosystem has been widely used for evaluation of
toxicity ( APHA et al.,2005). LC50 values and their
95% confidence limits revealed by static bioassay tests
are summarized in table1. LC50 values of zinc sulphate
for 24, 48, 72 and 96 hours were found to be 40.32,
38.94, 37.56 and 37.22 mg/L respectively according to
Trimmed Spearman Karber method (Hamilton et
al.,1977). Fishes in the control aquarium were
observed to be healthy and normal and no mortality

Table 1: LC50 Values with 95% confidence limits for Clarias batrachus exposed to Zinc Sulphate.
Exposure Period

LC50 Values of
Zinc Sulphate (mg/L)

95% confidence limits mg/L
Lower Limit

Upper Limit

24

40.32

38.56

4198

48

38.94

36.52

39.94

72

37.56

35.68

38.78

96

37.22

34.69

38.86

The Exposure of fish to different concentrations of zinc
showed changes in behavioral responses of test fish
(Table2). The opercular activity (number of beat / min)
of fish increases with increasing the concentrations of
toxicant and duration of exposure. Similar observation
in fish has been reported by Pandey et al., (2005) in
Channa punctatus after exposure to mercuric chloride
and malathion. Increased opercular beat (aquatic
breathing) may be due to the physiological adaption of
fish in hypoxic conditions In fishes, during hypoxic
conditions, breathing rate (opercular activity)
increases in order to compensate the decreased PO2
level of blood. Similar observations have been
reported by Singh et al., (2011). The presence of any
toxic material in the medium induces the surfacing
activity of aquatic animals due to enhanced oxygen

demand for respiration (Haniffa and Augustian, 1989).
In Clarias batrachus, surface activity increased with
increase in concentration within 24 hours but
decreases thereafter. Increase in surfacing and gulping
of surface waters appears as an attempt to avoid
breathing in the poisoned water. As a defense
mechanism to neutralize the toxic effect of zinc,
copious amount of mucus is secreted by the fish
gradually covers the whole body, gill and buccal
cavity. Chocking of gills by mucus may also be one of
the reasons for frequent surfacing of fishes. Among
other factors the PO2, PCO2 and swimming space are
also responsible to elicit surfacing in fish (Singh et al.,
2011). The restlessness and hyperactivity in fish may
occur due to the inactivation of acetylcholinesterase,
leading to accumulation of acetylcholine at synaptic
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junctions (Fulton and Key, 2001). In the last phase of
poisoning fish looses their balance and hang
horizontally, finally they fell on the bottom, leading to

death. Thus whole behavioural activity is affected due
to the enzymatic system and loss of organ of balance in
fishes.

Table 2: Changes in Behavioural Parameters in Clarias batrachus exposed to Zinc Sulphate up to 96hours.
Exposure
Period (Hours)

Opercular
Beats/min

Surfacing

Loss of
Balance

Swimming

Mucus
secretions

24

++

+++

-

+++

+

48

++ +

++

+

+++

++

72

+++

++

++

++

+++

96

++++

+

+++

+

+++

+ = Less,++ = Slightly higher, +++ = More higher, ++++ = Prominent, - =no change

The morphological changes in fish, Clarias batrachus
exposed to different concentrations of zinc sulphate for
96hours are shown in Table 3. The zinc sulphate treated
fishes shows the excessive secretion of the mucus. The
blood clotting was observed on the gill and body

surface of fish. Many other changes occurs in the body
of fishes due to exposure of zinc sulphate as gill colour
changes from dark red to dull red and skin become
erupted.

Table 3: Effect of zinc sulphate on the morphology of Clarias batrachus exposed for 96 hours.
Parameter
(Colour)

Concentration of Zinc Sulphate (mg/L)
Control

30mg/L

35mg/L

40mg/L

45mg/L

50mg/L

Gill

Dark Red

Red

Red

Dull Red

Blood Clotted

Blood Clotted

Skin

Normal grey

Grey

Dark grey

Dull Black

Fin

Grey

Light Slimy
grey

Moderate slimy
grey

High Slimy
grey

The alteration in haematological parameters of fish,
Clarias batrachus exposed to different concentrations
of zinc sulphate for 96hours were shown in Table 4.The
total RBC counts, WBC counts, Haemoglobin content,
Haematocrit (PCV) and MHC were found to be
significantly reduced and ESR, MCHC and MCV to be
significantly increased particularly at higher
concentrations (i.e. 45mg/L and 50 mg/L). However,
between 30 to 40mg/L, the reduction in these
parameters were not statistically significant. Similar
significant decrease in haemoglobin of C. gariepinus
to sublethal concentration of zinc has been reported by
Annune (1994). The reduction in RBC counts and
haemoglobin % was found to cause macrocytic anemia
as noticed in fishes by Srivastava et.al. (2007). The
values of MCHC and MCV were found to increase
during macrocytic anemia (Bomford et al.,1975).The

Few Black
More
& white
Black & white
patches appears patches appear
Grey and
wounded

Grey and
wounded

fall in RBC counts seemed to be the major factor for the
reduction of haematocrit (PCV) and MCH. Chaturvedi
and Agrawal (1993) reported that in fishes reduction of
PCV was due to lower RBC counts and this resulted in
significantly higher ESR value. Subramaniam et al.,
(1988) observed a decrease in rate of oxygen
consumption of fishes due to fall in RBC count and
Haemoglobin content. The reduction in the
haemoglobin and haematocrit values in the fish could
also be attributed to the lysing of erythrocytes
(Samprath et al,1993). Thus significant reduction in
these parameters is an indication of severe anemia.
Haematological indices such as haemoglobin,
haematocrit and RBC count have been reported to
indicate secondary responses of an organism to
irritants (Rogers et al., 2003). The significant
reduction in the MCH may be due to the reduction in
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cellular blood iron, resulting in reduced oxygen
carrying capacity of blood and eventually s timulating
erythropoiesis (Hodson et al, 1978). The MCHC and
MCV content were higher in zinc exposed fish when
compared with the control. The MCV was statistically
significant (P<0.05) especially at higher concentration
of zinc sulphate (50mg/L). Similarly, significantly
positive correlation were observed between
Haematocrit/ RBC, MCH/ Haematocrit and
MCH/RBC.
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Srivastva,1980). Decreased number of WBC may also
be releated to an increased level of corticosteroid
hormones, whose secretion ig a non-specific response
to any environmental stressor (Ellis,1981).The
reduction in leucocytes of the experimental fish that
was observed agrees with the report that the release of
epinephrine during stress causes the concentration of
spleen and a decrease of leucocyte count , which shows
the weakening of the immune system.
In the differential leucocytes count, a sharp significant
increase was observed in the percentage of lymphocytes.
This is an agreement with the findings of Samprath et al.
(1993) when they exposed the Nile tilapia, O. niloticus to
a toxic environment. This they attributed to stimulation
of the immune mechanism of the fish to eliminate the
effects of the pollutants. The significant decrease in
eosinophils and neutrophils are in agreement with the
findings of Sharma and Gupta (1984) when Clarias
batrachus were exposed to carbon tetrachloride. This
was attributed to tissue damage.

In Clarias batrachus the reduction in total WBC count
below the normal level (leucopenia) is in line with
those recorded in fishes exposed to toxicant (
Srivastava and Mishra,1979). This could cause loss of
efficiency in the defense mechanism against infection
in the species studied. Reduction in WBC counts have
been reported by Torres et al., (1984) in dog fish after
96 hours acute toxicity. The decreased number of WBC
(leucopaenia) may be the result of bioconcentration of
test metel in the kidney and liver (Agrawal and

Table 4: Changes in haematological Parameters of Clarias batrachus after 96 hours exposure at various
concentrations of Zinc Sulphate.
Parameters

Concentration of Zinc Sulphate (mg/L)
Control

30mg/L

35mg/L

40mg/L

45mg/L

50mg/L

RBC
(106mm3)

1.65
±0.11

1.5
±0.12

1.43
±0.32

1.32
±0.18

1.28
±0.81

1.2
±0.32*

WBC
(103mm3)

7.82
±0.82

7.42
±0.18

7.11
±0.34

6.58
±0.14

6.12
±0.19*

5.98
±0.32*

Haemoglobin
(gd/L)

14.32
±0.72

12.13
±0.41

10.12
±0.18

9.7
±0.07*

8.32
±0. 0.18*

8.12
±0.32**

Haematocrit
(%)

37.4
±0.92

28.2
±0.51

23.5
±0.42

20.4
±0.18

17.8
±0.42*

14.5
±0.18**

ESR
(mm/h)

20.83
±1.20

21.12
±1.32

22.72
±1.18

23.14
±1.20

25.12
±0.18*

26.92
±0.18*

MCHC
(%)

35.45
±5.12

38.98
±2.15

39.14
±1.48

41.97
±1.38

42.28
±2.18*

44.28
±3.15**

MCH
(pg)

96.28
±11.13

90.14
±8.12

85.72
±7.18

79.18
±8.12

72.18.
±3.14*

68.63
±4.03**

MCV
( Ug)

230.13
±26.11

235.18
±15.11

239.21
±17.18

245.92
±12.11

250.31
±12.14

255.48
±13.18*

Lymphocytes
(%)

28.42
±0.32

29.41
±0.33

32.56
±0.58

36.62
±0.05

40.15
±0.26

45.72*
±0.17

Basophils
(%)

13.12
±0.51

12.95
±0.55

12.94
±0.29

12.34
±0.12

11.14
±0.45

10.18
±0.18

Neutrophils
(%)

14.98
±0.31

13.24
±0.34

12.7
±0.07

12.24
±0.09

11.14
±0.19

10.15*
±0.11

Eosinophils
(%)

15.55
±0.18

15.27
±0.35

14.78
±0.12

14.24
±0.34

13.85
±0.26

10.42*
±0.13

Thrombocytes
(%)

28.21
±0.42

27.06
±0.08

25.45
±0.36

24.41
±0.35

23.54
±0.18

22.53
±0.17

The values are expressed as the mean ±S.E. (n=5) *=significant at 0.05, **= significant at 0.01 level.
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Exposure of Clarias batrachus to acute toxicity due
to Zinc revealed significant changes in the
haematological parameters. Majority of these
parameters significantly reduced with increasing
concentrations of Zinc Sulphate. This reduction is
capable of altering the metabolic function of the fish.
This indicates that Zinc, in all its bioavailable form,
when introduced in excess into aquatic system is
capable of affecting aquatic life negatively. Thus from
the present study it may be concluded that air breathing
catfish, Clarias batrachus is sensitive to zinc toxicity
and can be used as indicators of zinc related stress in
the fish on exposure to elevated zinc levels in the water
as it is evident from behavioural responses as well as
morphological and haematological changes.
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ABSTRACT
The indiscriminate use of Agricultural inputs, such as fertilizer and synthetic pesticides, can cause high levels of toxic
residues in food, biological imbalance, environmental contamination, intoxication of humans and animals, and other
direct and indirect effects. The use of plant extracts as alternative insecticides is a way to minimize the problems
caused by synthetic insecticides. Tagetes erecta have antioxidant, larvicidal, fungicidal, antimicrobial, nematicidal and
insecticidal properties. Sitophillus oryzae "rice weevil" is a serious pest not only of paddy and rice but almost of all
of cereals and their products. The oil was extracted from fresh marigold flowers by steam distillation method. Oil was
used in 1000, 2000, 3000, 4000 and 5000 ml-1 concentrations. Three fractions namely hexane fraction (Fraction-I),
hexane dichloromethane fraction (Fraction-II) and dichloromethane fraction (Fraction-III) were used to assess the
bioefficacy. Mortality was found 50.0 and 59.0 per cent at 4000 and 5000 ml-1 after 4 days of exposer period. It was
found 80.0 and 90.5 per cent at 4000 and 5000 ml-1 after 6 days of exposer, respectively. Complete corrected per
cent mortality was found after 7, 8, 15, 30 and 35 days of exposer at 5000, 4000, 3000, 2000 and 1000 g ml-1
concentration, respectively. The non polar hexane fraction (I) was more toxic than fraction of dichloromethane
hexane (II) and dichloromethane (III) against S. oryzae adults.
Keywords: Marigold oil, Sitophillus ozyzae, Mortality, Persistance.

INTRODUCTION

The life span of the weevil is 4-5 months. A female may lay
as many as 300-550 eggs in 4-5 months. In Indian
conditions, 5-7 generations of this weevil is generally
completed in a year. Tagetes oil is a new biochemical
pesticide. It is using for the control of mites, whiteflies,
aphids, thrips, mealy bugs, scales and psylla on a variety of
food crop. The major constituents of the identified
components of tagetes oil are terpenes, which are found in a
variety of essential oils. Tagetes oil, as Tagetes patula L., T.
erecta L. or T. minuta is approved by the U.S. Food and
Drug Administration (FDA) for use of food as a natural
flavoring substance and natural adjacent (in oil form only)
under 21 CFR 172.510.

Sitophillus oryzae "rice weevil" is a serious pest not only of
paddy and rice but almost of all cereals and their products.
In fact, it is the common pest that one encounters in all
kinds of store grains. Sitophilus oryzae is supposed to be a
native of India and common in warm countries. The adult
weevil is reddish-brown in colour, measuring 3 to 4 mm in
length and has four light yellowish spots on olytra. Female
are larger than males. Head is projected forward in to a
shoot like rostrum. A pair of shoot mandibular jaws is
present at the extremity of the rostrum. Feeble sexual
diamorphism exists. The rostrum of male is shorter and
broader as compared to female. Both adults and larvae feed
upon the grains. The damage caused by them may extent
upto 50% of the total grains stored in a particular godown.

Grains with the greatest market demand are corn, wheat,

*Corresponding author: greenindia2@gmail.com
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rice and sorghum (Pandya-Lorch et al., 2001; Alvarez,
2006; Eyherabide, 2006). Insect pests are of great
concern to grain farmers, because they jeoprdize grain
production (Fernandez, 1998). Consequently, farmers
employ synthetic chemical insecticides to eliminate
pests, often without adequately considering the
manifold negative potential consequences. These
includes ecological disasters, poor crop quality and
negative effect on health and fauna and humans
(Ramon, 2007). This set of problems has give rise to
the use of plants on a potential source of the safest
pesticides for the environment and for human health.
(Ottaway, 2001; Mansaray, 2000).
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6 litres of distilled water was added to it. The flask was
placed on burner and fitted with reflux condenser
attached to Dean and Stark apparatus. The contents
were refluxed for about six hrs.
An oil layer was formed above the water layer, which
was removed from the apparatus by opening the stop
cock periodically. The oil layer containing little water
was collected separately in a conical flask, the same
procedure was reported again and again. The marigold
oil layer containing water was transferred in to 250 ml
separating funnel. The oil was partitioned thrice using
100, 50 and 50 ml of diethyl ether. The diethyl ether
layer (upper layer) comparing oil was passed through
anhydrous sodium sulphate to remove traces water and
was distilled on water bath get to the oil then,
transferred into a graduated stoppered tube using
diethyl ether. The solvent was evaporated using
vacuum to obtain pure oil. The standard oil of 1,00,000
g ml-1 of pure oil was prepared in diethyl ether. Further
the isolation and identification was carried out by the
procedure described by Ray et al. (2000).

The object of the present study was to bioassay the
effect of organic extracts of Tagetes erecta oil on
Sitophillus orzyae.

Three fractions namely hexane fraction (Fraction-I),
hexane dichloromethane fraction (Fraction-II) and
dichloromethane fraction (Fraction-III) were collected
after performing the column chromatography. These
fraction were distilled on water bath. The standards of
20,000 gm-1 of three oil fractions were prepared in
diethyl either. The adults of Sitophillus oryzae were
collected from the rice and release in glass jar (9.5 x 7.5
cm) containg 50g of rice admixed with 5% yiest
powder. Before culturing, the rice was kept at 60 + 10c
in oven for one hrs to eliminate contamination of other
organisms. 50 pair of adult insects were released in to
the jar for feeding and ovipositor. The culture jar were
placed in incubator maintained at 30 + 10c and 70 + 1%
RH. After 7 days of oviposition period, the adult were
removed and the eggs were allowed to develop to the
pupal stage. From these jars, the adults of known age
(1-2 weeks) i.e. F1 generation were obtained for
experimental purposes. The bio efficacy of the oil and
its three fractions against S. oryzae was carried out
using F1 progeny. The culture jar were placed in
incubator maintained at 30+10 and 70 + 1% RH. 20 gm
of rice was taken in a bottle and spiked with different
concentration of the oil and its fractions using prepared
standards, replications thrice. Only rice and diethyl
ether were used in control treatment. The bottles were

(Larva of Sitophillus orzyae)

(Adult of Sitophillus orzyae)
MATERIALS AND METHODS
The oil was extracted from the fresh flowers of
marigold by steam distillation method using Dean and
Stark apparatus and a reflux condenser, 500 g of fresh
flowers were taken in ten litres round bottom flask and
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put on electric shaker for 5 min. to enable through
mixing of the oil and wheat grains. Twenty adults of
same age were released in to each bottle and mouth of
bottle was covered with muslin. The observation of
mortality of S. oryzae was taken after every 24 hrs fill
complete or constant mortality was obtained. The %
mortality was calculated using probit analysis and
(Abots 1925).
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3000, 2000 and 1000 gm-1 concentrations,
respectively. It revealed that complete mortality was
found at all the concentrations with marigold oil
although the time required at lower concentration was
more (Mansaray, 2000 and Sankarimeena et al., 2009).
Data of the Table-1 also exhibited that mortality
increased with in increase in concentration of oil
applied and with increase in time of application.
Similar results were found by U.S. EPA (2010) and
Silva et al. (2003).
The non Polar hexane fraction (I) was more toxic than
fraction of dichloromethane – hexane (1:1) (II) and
dichloromethane (III) against S. oryzae adults. The
mortality rate of adult insects was highest in non polar
fraction I which revealed complete mortality in 4, 3
and 2 days at 2000, 3000 and 4000 g ml-1, respectively
as compared to other fractions (II and III) which
exhibited non significant mortality. Similar results
were found by Behal (1998) and Ray (2000), more
over, the percent mortality in case of II and III fractions
became constant after about 25 days of exposer period
showing that these two fractions were not exerting any
further toxic action on the insects (Tomova et al. 2005).
Egg laying started in both fractions showing their
ineffectiveness in preventing oviposition and egg
laying. Toxicity shown by fraction II at all
concentrations might be due to some non-Polar
compounds present in this fraction. Low toxicity
shown by fraction III may also be due to its
contamination by the non polar fraction. Rao et al.
(2000) and Ray et al. (2009) conducted experiments on
seven aromatic oil including Tagetes oil treated leaves
were able to pupate and no further adult emergence
was notice. Sharma et al. (2007) also found similar
results for insecticidal properties of T. erecta where
comparison of the bioefficacy of the essential oil and
its non polar hexane fraction was more effective as
insecticide than the complete flower oil. Ray et al.
(2010); Sahani and Saxena (2009) and Tripathi and
Tripathi (2004) volatile products tested of medicinal
plants were found to be inhibitory to diseases.

RESULTS AND DISCUSSION
The data of the persistence toxicity and mortality
percentage of Sitophillus oryzae have been presented
in Table-1. The flower oil of T. erecta was orange
coloured liquid with odour of peculiar to marigold
flowers. The specific gravity of the oil at 250c was 0.88
and reflective index value was 1.42 at 200c. The oil is
insoluble in water and soluble in diethyl either. The
perusal of data showed 3.0, 5.0, 10.0, 11.0 and 12.0
percent mortality at concentration of 1000, 2000,
3000, 4000 and 5000
mg-1 concentrations,
respectively, after 24 hrs of exposer period. After four
days of exposer mortality was found 50.0 and 59.0 per
cent at 4000 and 5000 ml-1, respectively. Similar
trend was observed in the work of Michaelraj et al.
(2008) with essential oil of lemon grass germanium
and Pipper mint against Sitophillus oryzae and
Rhyzopertha dominica where % mortality was
increase in number of days of treatment and
concentrations. After 5 days corrected percent
mortality was 20.0, 22.0, 65.0 and 70.0 per cent at the
conc. of 1000, 2000, 3000, 4000 and 5000 ml-1,
respectively. Mortality was found 80.0 and 90.5 per
cent in 4000 and 5000 m-1, respectively after 6 days of
exposer. After seven days of exposer, mortality was
found 98.0 percent in 4000 gml-1 and 100.0 percent in
5000
ml-1 concentrations. This results is in
accordance with work of Sharma et al. (2007) and
David et al. (2012) who studied that the toxic and
developmental intibitory activities of essential oils
against Lipaphis erysimi and Spodoptera frugiperda.
Complete corrected per cent mortality was observed
after 7, 8, 15, 30 and 35 days of exposer at 5000, 4000,
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Table 1: Corrected percent mortality of Sitophillus oryzae adult by marigold flower oil Tagetus crecta.
Days of after
treatment

Corrected mortality (%)
1000
g ml-1

2000
g ml-1

3000
g ml-1

4000
g ml-1

5000
g ml-1

1

3.00

5.0

10.0

11.0

12.0

2

8.00

9.0

10.0

18.0

20.0

3

10.50

11.7

13.5

22.0

28.3

4

21.00

19.0

20.0

50.0

59.0

5

20.00

22.0

25.0

65.0

70.0

6

30.00

35.0

39.0

80.0

90.5

7

31.00

36.0

50.0

98.0

100.0

8

32.00

39.0

68.0

100.0

-

10

33.00

48.0

79.0

-

-

15

38.3

60.7

100.0

-

-

20

53.3

80.0

-

-

-

25

60.6

86.3

-

-

-

30

91.7

100.0

-

-

-

35

100.0

-

-

-

-

Table 2 : Comparison of corrected percent mortality of non polar and polar fractions of Tagetus erecta against
Sitophillus oryzae.
Days
of after
treatment

Corrected mortality (%)
Fraction I (g ml-1)

Fraction II (g ml-1)

2000

3000

4000

2000

3000

1

70.6

72.80

82.3

0

3.9

2

80.6

90.5

100.0

15.8

3

90.0

100.0

4

100.0

Fraction III (g ml-1)
2000

3000

4000

0

0

0

0

8.6

0

0

0

0

18.9

10.9

5.8

0

2.2

2.0

20.9

11.0

6.0

0

3.3

2.5

5

21.0

11.0

6.9

3.3

3.3

3.3

10

22.0

12.0

7.0

3.8

4.8

4.8

15

25.0

14.9

8.8

5.0

8.9

5.9

20

34.0

19.5

18.5

5.5

10.2

8.3

25

40.0

20.9

18.5

5.8

11.5

10.6

30

45.0

40.0

20.5

10.9

12.6

15.8
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nerifolia against Spodoptera litura. Ann. Pl. Protection
Sci., 17 : 469-470.
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ABSTRACT
Investigations have been carried out on blood analysis of the carotid labyrinth of catfish Clarias gariepinus is an airbreathing exotic catfish inhabiting swampy, muddy water, so as to throw light on its functions. A comparison was
made between the physiological characteristics of the incoming blood of the carotid labyrinth and those of the
outgoing blood. The blood analysis included viscosity of blood, blood pressure, blood plasma, blood pH, RBCs
count, concentration of glucose, chloride, haemoglobin, protein and plasma enzyme in the blood. The findings are
discussed in relation to the function of the fish carotid labyrinth.
Keywords: Plasma, Catfish, Swampy. Carotid labyrinth blood pressure, air-breathing.

blood for the organisation of the microvascular
architecture the reader of the carotid labyrinth of this fish is
referred (Srivastava et, al, 1988; Prakash 1993; Prakash
and Srivastava, 1998).

INTRODUCTION
Carotid labyrinth of fishes has attracted the attention of
several ichthyologists (1-5) however, there is a little
agreement as to the basic structure and function of this
organ. While few consider it a modified pseudobranch(12) others are opposed to such a morphological
homology(3-4). A number of speculations have been made
as to the functions of the carotid labyrinth in catfishes
which are very varied in nature,(2-6) namely plasma
skimming, protein, change in blood pressure, change of
oxygen, change of carbon dioxide concentration in the
circulating blood. Carotid labyrinth indeed is a subject of
microcirculation(7) involving not only the biochemistry of
the circulating blood viz : pH, hemoglobin, Protein and
protein enzymes etc. but biomechanics of fluid dynamics
as well as blood viscosity, blood pressure etc.

Examination of the microvascular architecture of the
carotid labyrinth in air-breathing catfish Clarias
gariepinus with particular reference to the nature of the
"capillary like" vessels and their possible role in
vasomotion and any other function. Estimation of viscosity
of blood incoming to and outgoing from the carotid
labyrinth of Clarias gariepinus, with a view to ascertaining
the role of the microcirculation in vasomotion. It is hoped
that the finding will not only help set at rest the controversy
the real nature and homology of this little under stood
piscine carotid labyrinth but also prove rewarding as to our
understanding of the evolution of this structure in tetrapods
including the carotid body of mammals.

To, ascertain the real nature of the carotid labyrinth of
catfishes, the present paper reports the findings of
investigations of few physiological characteristics of the
blood circulating through the carotid labyrinth in the
catfish Clarias gariepinus by comparing the values
obtained in the incoming blood with those of the outgoing

MATERIAL AND METHODS
In the present investigations, work has been done on airbreathing catfish collected from the rivers or procured from
local markets at Allahabad. This fish inhabit the fresh water

*Corresponding author: sriprakasht80@gmail.com

84

International Journal on Biological Sciences 9 (1)

85

Shri Prakash

of the rivers of the plains as well as the ponds and lakes.
This fish was collected alive.

investigation. The findings of the present
investigations permit consideration of the role of two
factors of the blood in microcirculation through the
carotid labyrinth, the viscosity and the haematocrit
value. Viscosity generally accepted that flow of blood
in microcirculation is subject to laminar flow and shear
rate in a manner different. The proportion of RBC is
found to be very little the small diameter arterioles; it
may be presumed that the carotid labyrinth in catfish is
involved in playing a role in blood rheology by way of
lowering the relative blood viscosity. The present
findings show that in Clarias gariepinus the relative
viscosity of the outgoing blood is lower than that of the
i n c o m i n g b l o o d b y a d i ff e r e n t o f 1 . 8 5 .
Munshi and Hughes (1987) have suggested that the
catfish carotid labyrinth may be improving the
haematocrit value of the blood by way of plasma
skimming. Plasma skimming is a phenomenon in
blood rheology which is responsible for RBC count
goes up while plasma protein level goes down.

In the laboratory Clarias gariepinus was stored in
plastic pool and glass aquaria as the fish well adapted
to the laboratory conditions. These were fed on
chopped goat flesh and liver.
The physiological techniquesused are given below for
the estimation of various parameters of incoming
blood was drawn from the lateral dorsal aorta
supplying blood to the carotid labyrinth (Sample I) and
outgoing blood drawn from the artery draining it for
supply blood to the eye and brain (Sample-2). Both the
samples (1 & 2) were centrifuged (1000 rpm for 15
minutes) and viscosity of blood plasma was
determined with the help of Ostwald's viscometer (1
ml capacity). Digital blood analyser (Lab system 7
filters) was used for the detection of chlorides,
enzymes, bicarbonates, Urea, glucose and protein.
For RBC count a haemocytometer was used in the
routine way. Air-breathing catfish Clarias gariepinus
weighing about 200 g was anesthetized with
phenobarbitone or MS222. The carotid labyrinth was
exposed and cannulated at the lateral dorsal aorta
which was connected to a statham pressure transducer
(P23 db) and to Grass P-7 polygraph for recording
blood pressure.

The results are presented in table-1. In the present
investigation certain observations have been made to
throw light on the probable function of the carotid
labyrinth of air-breathing catfish Clarias gariepinus.
The parameters estimated in the incoming blood and
outgoing blood, when compared to show certain
significant changes reflecting on the function of the
carotid labyrinth. It is obvious that as the blood enters
and leaves the carotid labyrinth, the latter undergoes a
certain degree of physiological change specially in
hematological values in the former. The major changes
shown include decrease in blood pressure, blood
viscosity, plasma protein alkaline phosphate, glucose,
and enzyme level and increase in RBC density and
chlorides, Hb concentrations.

RESULTS
The haemodynamics and blood rheology, the peculiar
network of channels on the catfish carotid labyrinth.
On the catfish carotid labyrinth offers some interesting
interpretations of function as revealed by the present

Table – I
Sl. No.

1.

Blood analysis

Blood pressure

2.

Viscosity

3.

Hb

4.

Glucose

5.

Protein

6.

Chloride

Value in
Incoming blood

Value in
outgoing blood

Changes

In values

6.00 mmHg

5.60 mmHg

-

Decrease

6.1

5.25

-

Decrease

8 mg

8 mg

No change

-

70 mg/dl

69.00 mg/dl

-

Decrease

5 g/dl

4 g/dl

-

Decrease

50 milli equivalent litre

58 milli equivalent litre

increase

-

7.

Urea

20.312 mg/dl

18.3 mg/dl

-

Decrease

8.

Alkaline phosphate

10.5 k A units

6 k A units

-

Decrease

9.

RBC count

75,500 cmm

95625 cmm

increase

Decrease
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the carotid labyrinth is involved in a kind of plasma
skimming for improving haematocrit value of blood
and relation with blood pressure.

DISCUSSION
The findings of the present investigation permit
consideration of the role of two factors of the blood in
microcirculation through carotid labyrinth, the
viscosity and the haematocrit value. The viscosity of
the outgoing blood is lower than that of the incoming
blood generally accepted that decreased viscosity of
blood will allow better tissue perfusion and increase
cardiac output (lowered load on heart) Puniyani et, al,
1989). It seems likely that decrease in relative blood
viscosity as the blood flows out of the carotid labyrinth
plexus of vessels will permit better tissue perfusion of
eyes and Brain with regard to improve O2 supply and
removal of metabolites. The carotid labyrinth of
catfish is show designed as to achieve this role by way
of lowering the relative blood viscosity in conjunction
with lowering of blood pressure (Puniyani et al. 1989;
Sharan et. al, 1989).
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ABSTRACT
150 day old broiler chicks were randomly selected from lot and divided into 5 groups, comprising 4 treatment groups
of biostimulator i.e. Goat testicle, Broiler Liver, Broiler testicle and chick-embryo with one control group. At the age
of 8 weeks 3 broilers randomly picked up from each group and sacrificed. The data on live weight, liver, weight,
heart, gizzard, spleen weight were recorded and compiled. The widest ratio observed during summer (49:53) and
narrowest in winter (41:49) due to higher body weight (1715g to 1875g) and higher liver weight (41g-45g) due to
biostimulator treatments. The weights of these organs during summer were comparatively lower than other seasons in
control as compared to biostimulator groups. Chick embryo biostimulator had higher weights than all other groups in
all seasons.
Keywords: Biostimulator, Liver, Spleen, Gizzard etc.

'C' group: Received basic media (normal saline with
alcohol)

INTRODUCTION
In order to know the relationship between live body weight
and liver weight and the influence of biostimulator on
weight of liver, heart, gizzard (Giblets) and spleen at 8
weeks of age of broilers, these parameters were studied in
the present investigation. Data were compiled only out of
interest for collecting information on the weight of these
organs. (Ram Niwas and D P Singh , 2014).

'GT' group: Received goat testicle, biostimulator.
'BL' group: Received Broiler-liver biostimulator.
'BT' group: Received Broiler-testicle biostimulator.
'CE' group: Received chick-embryo biostimulator.
RESULTS AND DISCUSSIONS

MATERIALS AND METHODS

To know the relationship between live weight and liver
weight, the data were analysed and are presented in Table 1,
2 and 3. A possible correlation of one (+1) between the live
body weight and liver weight showed that there was close
relation between these two. It indicates that as the live body
weight increased liver weight also increased
proportionately (table 1). The ratio of live body weight to
liver weight was not significantly affected due to
biostimulators.

Three initial trails season wise were undertaken on 150
broilers divided into 5 groups for a period of 8 weeks. Four
different biostimulators were supplemented in drinking
water at weekly intervals at the rate of 0.2% with one
compare group of control. At the marketable age of 8
weeks the three birds from each group were sacrificed and
the data were compiled for further study. Treatment groups
were as follows:

*Corresponding author: drspverma_kadc@rediffmail.com

87

88

S.P. Verma

April 2018 (Special Issue)

Table 1: Live body weight, liver weight and live body weight to liver weight ratios of experimental broilers
during three seasons at 8 weeks of age.
Season

Parameters

Rainy

Live body
weight (g)
Liver weight (g)
Ratio
Live body
weight (g)
Liver weight (g)

Winter

Treatments (C)

Treatments
(GT)

Treatments
(BL)

Treatments
(BT)

Treatments
(CE)

1390

1530

1515

1430

1717

28.5
49:01:00

33
46:01:00

36.5
42:01:00

34.5
41:01:00

41
41:01:00

1480

1748

1816

1732

1875

38.5

40

44

42

45

Ratio

Summer

38:01:00

43:01:00

41:01:00

41:01:00

41:01:00

Live body
weight (g)

1170

1235

1375

1210

1430

Liver body
weight (g)

22.5

24

25.5

24.5

27

52:01:00

51:01:00

53:01:00

49:01:00

53:01:00

Ratio

It revealed that higher the mean, wider was the ratio
and lower was the liver weight. Amongst season,
winter was superior than other two seasons showing
higher liver weight. As there was no significant
difference in ratio due to influence of biostimulators. It
indicated that liver size was not affected adversely so
as to alter these ratios. However liver weights were
higher in biostimulator groups than the control.
(Polezeaev 1960 and Volkov 1962). The average
weights of heart, liver, gizzard and spleen of
experimental broilers at 8 weeks of age were recorded

and the data on this parameter tabulated and presented
in table 3. The weights were recorded to know whether
there is any indication to show the influence of
biostimulators on the weights of these organs. It is
surprising to note that in each treatment heart weight
was markedly lower during summer than in other two
seasons, whereas it was higher in winter in all the
groups. Therefore, there may be a heat stress which
might have resulted in lower weighs of heat during
summer. Similar trend was noticed in respect of liver,
gizzard, giblets and spleen weights.

Table 2: Treatment wise and season wise means of live body weight to liver weight ratio of experimental
broilers at 8 weeks of age.
Seasons

Treatments (C)
(GT)

Treatments
(BL)

Treatments
(BT)

Treatments
(CE)

Treatments

Rainy

48.8a

46.4b

41.5c

41.2c

41.8c

Winter

38.4a

43.7b

41.3c

41.2c

41.7c

Summer

52.0ad

51.5a

53.9b

49.4ac

53.0b

It revealed that higher the mean, wider was the ratio
and lower was the liver weight. Amongst season,
winter was superior than other two seasons showing
higher liver weight. As there was no significant
difference in ratio due to influence of biostimulators. It
indicated that liver size was not affected adversely so
as to alter these ratios. However liver weights were
higher in biostimulator groups than the control.
(Polezeaev 1960 and Volkov 1962). The average
weights of heart, liver, gizzard and spleen of
experimental broilers at 8 weeks of age were recorded

and the data on this parameter tabulated and presented
in table 3. The weights were recorded to know whether
there is any indication to show the influence of
biostimulators on the weights of these organs. It is
surprising to note that in each treatment heart weight
was markedly lower during summer than in other two
seasons, whereas it was higher in winter in all the
groups. Therefore, there may be a heat stress which
might have resulted in lower weighs of heat during
summer. Similar trend was noticed in respect of liver,
gizzard, giblets and spleen weights.
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Table 3: Average weights of heart, liver, gizzard and spleen at 8 weeks of age of broilers (g).
Treatments

Season

Liver

Heart

Gizzard

Giblet

Spleen

Control

Rainy
Winter
Summer

28.5
30.5
22

7.75
10
3

30.2
37
13.5

38.7
42.7
26

2.5
2.2
1

GT

Rainy
Winter
Summer

33
40
24

8
12
3

32
38.5
17

45
55.2
28

3
3.2
1

BL

Rainy
Winter
Summer

36.5
44
25.5

8.3
12.5
3.5

31
39
16.5

47.3
59
30

2.5
3
1

BT

Rainy
Winter
Summer

34.5
42
24.5

7
11
3

29.5
40.5
16

44
35.5
28.5

2.5
2.5
1

CE

Rainy
Winter
Summer

39
45
27

8.5
12.7
4

32.5
41.5
18.5

50.7
60.2
32.5

3.2
3
1.5

CONCLUSIONS

REFERENCES

The live body weight to liver weight ratio during
winter season was narrow showing liver weight to be
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ABSTRACT
The wheat growing areas of Indian Subcontinent are frequently under the reel of inconsistent high temperatures
coinciding with grain developing period. This is termed as terminal heat stress which adversely affects the wheat
production. Yield under stress, however, is preferred by breeders for screening tolerant genotypes as it has the
advantage of combining the effects of many factors without needing to know the physiological basis of each factor
(Ozkan,1998). The present study was planned using the population of 103RILs derived from the cross between two
bread wheat parents (HUW-510 and WH-730) to phenotype the parents and RILs for grain filling duration, yield and
yield attributes under normal and late sown condition and to identify SSR markers linked to QTLs for yield and its
components, and the terminal heat tolerance. A total of 103 F10 RILs of bread wheat derived from HUW-510X WH730 were evaluated for yield, yield components and tolerance to terminal heat stress in normal and late sown field
experiments during the Rabi season of 2010-11 and 2011-12 using an alpha design in two replicates. The traits
evaluated were : days to heading, days to anthesis, grain development rate, grain filling duration, number of tillers
/1/2m row-length, number of kernel per spike, number of spikelet per spike, spike length, days to physiological
maturity, thousand grain weight and yield/1/2 m row. HSI of the traits was used to assess tolerance to heat stress.
Highly significant genotypic differences were observed for all traits. Gene dispersion between the parents caused
transgressive segregants for all the traits. Selective genotyping QTL method was used to screen 300 SSRs in a
subpopulation of 37 RILs. 21 linkage groups were formed using 99 polymorphic markers. SMA detected 171 QTLs
at 5%, 38 at 1% and 8 at 0.1% level .CIM detected 37 QTLs (31 for yield and related traits and 6 for HSI). Some
QTLs were present in coupling and repulsion phase, explaining genetic basis of positive and negative association
respectively between traits. Favourable QTLs for a number of traits and for heat tolerance (HSI) were present in WH730 parent useful to counteract the terminal heat stress. Some QTLs were detected controlling more than one trait.
This may be due to linked QTLs or pleiotropic effect of a single QTL. Favourable allele from WH-730 QTLs for HSI
TGW and HSI DPM in the intervalbarc137-gwm140 on 1B may be used to counteract the terminal heat stress
Keywords: Yield components, wheat, heat stress, QTL mapping, SMA, SSR, RIL, CIM.

to 3.19 metric tons per ha and 705.38 million metric tonnes,
respectively (FAS, 2013). But due to high temperature, the
yield of wheat has been affected adversely. It is estimated
that by the year 2020, demand for wheat will rise 40% over
current levels (Rosegrant et al., 2001), a demand unlikely
to be met unless wheat productivity is increased (Lantican

INTRODUCTION
Wheat (Triticum aestivum L.) constitutes about 30% of the
world's cereal basket, cultivated in220.86 million ha
globally and nourishing with 20% of the calories
worldwide. The yield per ha and the production, amounts

*Corresponding author: drshewanebishnoi13@gmail.com
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et al., 2002). During the growth cycle of crops, the
optimal mean temperature might vary between 15 and
180 C (Chowdhury and Wardlaw, 1978), with 200 C
being the best temperature for grain filling (Jenner
1991b; Dupont and Altenbach, 2003). However, in
some parts of the Asian Subcontinent late planting is
very common due to the extensive rice-wheat cropping
system. 'Wheat production in India is a gamble in
temperature', which remains valid even today.
Continual heat stress is a problem in 7 Mha, while
terminal heat stress can be a problem in 40%of the
irrigated wheat growing areas of the world (Fischer
and Byerlee, 1991).
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for several traits linked to heat stress in bread wheat
have been earlier detected on all the twenty one
chromosomes; maximum on 3B (33) followed by 2D
(30), 5A (29), 7D (19), 7A (18), 1B (17), 2B (16), 4A
(15), 5B (15), 2A (14), 6A (13), 1A (12), 4B (12), 4D
(12), 7B (12) 6B (9), 1D (7), 3A (4), 5D (4), 6D (4) and
3D (2). Considering the above facts, the present study
was planned using the population of 103RILs derived
from the cross between two bread wheat parents
(HUW-510 and WH-730) to identify SSR markers
linked to QTL for yield and its components, and
terminal heat stress tolerance , which can then be
utilized in marker-assisted selection and breeding after
validation.

Molecular markers associated with quantitative trait
loci (QTL) for heat adaptive traits could greatly
enhance progress in breeding for heat tolerance. Heat
tolerance is a polygenic trait and not controlled by a
single 'thermo-tolerant' gene in cereals. Traits such as
earliness, leaf rolling, plant height, early groundcover,
stay green and grain filling are shown to be associated
with resistance to heat stress (Blum and Neguyen,
1997; Fokar et al., 1998; Reynolds et al., 2001).
Preliminary investigations have revealed the genetic
nature of heat tolerance and suggest that there is
possibility of developing improved cultivars showing
tolerance to unpredictable changes in temperature
(Wardlaw et al., 1994). It has been concluded by
several authors that heat tolerance is a complex trait
and needs more detailed investigations to understand
its basis in wheat (Sun and Xu, 1998). QTL analysis
based on molecular markers is a powerful tool for
genetic analysis of complex traits (Shah et al., 1999).
Among molecular markers, SSR (microsatellites) are
interspersed ubiquitously in genome (DNA) of
hexaploid wheat (Roder et al.,1998) and are valuable
for QTL analysis (Roy et al., 1999; Li et al., 2007).
Over 80% of the wheat genome consists of repetitive
DNA, and more than 85% of the genes occur in small
chromosomal regions that have high rates of
recombination (Gill et al., 1996a; Sandhu et al.,2001).
QTL analysis may help to identify suitable markers for
implementation of marker assisted selection (MAS)
for genetic improvement of complex traits. QTL
analysis of a complex trait is performed using linkage
map of molecular markers in a suitable mapping
population. The fixed segregating populations such as
RILs (recombinant inbred lines), NILs (near isogenic
lines) and doubled haploids (DH) are important for
QTL analysis, among the mapping populations. QTLs

MATERIALS AND METHODS
A RIL population of 103 (F 10 ) plants of bread wheat
was developed from individual F 2 plant of HUW-510
X WH-730 cross through single seed descent method
at Directorate of Wheat Research, Karnal. The parent
HUW-510 is a heat sensitive genotype and the parent
WH-730 is heat tolerant, developed at HAU, Hisar and
registered at NBPGR (ICAR) New Delhi. The
experiments were conducted under four contrasting
environments created by adopting normal and late
sowings in each of the Rabi season and of year 2010-11
and 2011-12:normal sown experiment of Rabi season
2010-11 (NS-11); late sown experiment of Rabi
season2010-11 (LS-11); normal sown experiment of
Rabi season 2011-12 (NS-12) and late sown
experiment of Rabi season 2011-12 (LS-12). The
normal and late sowings were done during second
week of November and second week of December
respectively. The RIL population along with the parent
was plotted in an α -design at the wheat research area of
Department of Genetics and Plant Breeding, CCS
Haryana Agricultural University, Hisar.
Phenotyping
The genotypes were phenotyped in all four
environments for the following characters namely,
Days to 50% heading (DH), Days to anthesis (DA),
Days to grain filling duration (GFD), Effective rate of
Grain Development (GDR) (mg/kernel/day), Number
of effective tillers (Tiller No /1/2 m), Spike Length
(SL) (cm), Number of spikelets per spike (Spklt/Spk),
Number of kernels per spike (Knl/Spk),Days to
physiological maturity (DPM), Thousand grain weight
(TGW) (g) ,Yield (Yld) (g/1/2 m).
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Molecular markers associated with quantitative trait
loci (QTL) for heat adaptive traits could greatly
enhance progress in breeding for heat tolerance. Heat
tolerance is a polygenic trait and not controlled by a
single 'thermo-tolerant' gene in cereals. Traits such as
earliness, leaf rolling, plant height, early groundcover,
stay green and grain filling are shown to be associated
with resistance to heat stress (Blum and Neguyen,
1997; Fokar et al., 1998; Reynolds et al., 2001).
Preliminary investigations have revealed the genetic
nature of heat tolerance and suggest that there is
possibility of developing improved cultivars showing
tolerance to unpredictable changes in temperature
(Wardlaw et al., 1994). It has been concluded by
several authors that heat tolerance is a complex trait
and needs more detailed investigations to understand
its basis in wheat (Sun and Xu, 1998). QTL analysis
based on molecular markers is a powerful tool for
genetic analysis of complex traits (Shah et al., 1999).
Among molecular markers, SSR(microsatellites) are
interspersed ubiquitously in genome (DNA) of
hexaploid wheat (Roder et al.,1998) and are valuable
for QTL analysis (Roy et al., 1999; Li et al., 2007).
Over 80% of the wheat genome consists of repetitive
DNA, and more than 85% of the genes occur in small
chromosomal regions that have high rates of
recombination (Gill et al., 1996a; Sandhu et al.,2001).
QTL analysis may help to identify suitable markers for
implementation of marker assisted selection (MAS)
for genetic improvement of complex traits. QTL
analysis of a complex trait is performed using linkage
map of molecular markers in a suitable mapping
population. The fixed segregating populations such as
RILs (recombinant inbred lines), NILs (near isogenic
lines) and doubled haploids (DH) are important for
QTL analysis, among the mapping populations. QTLs
for several traits linked to heat stress in bread wheat
have been earlier detected on all the twenty one
chromosomes; maximum on 3B (33) followed by 2D
(30), 5A (29), 7D (19), 7A (18), 1B (17), 2B (16), 4A
(15), 5B (15), 2A (14), 6A (13), 1A (12), 4B (12), 4D
(12), 7B (12) 6B (9), 1D (7), 3A (4), 5D (4), 6D (4) and
3D (2). Considering the above facts, the present study
was planned using the population of 103RILs derived
from the cross between two bread wheat parents
(HUW-510 and WH-730) to identify SSR markers
linked to QTL for yield and its components, and
terminal heat stress tolerance , which can then be
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utilized in marker-assisted selection and breeding after
validation.
MATERIALS AND METHODS
A RIL population of 103 (F 10 ) plants of bread wheat
was developed from individual F 2 plant of HUW-510
X WH-730 cross through single seed descent method
at Directorate of Wheat Research, Karnal. The parent
HUW-510 is a heat sensitive genotype and the parent
WH-730 is heat tolerant, developed at HAU, Hisar and
registered at NBPGR (ICAR) New Delhi. The
experiments were conducted under four contrasting
environments created by adopting normal and late
sowings in each of the Rabi season and of year 2010-11
and 2011-12:normal sown experiment of Rabi season
2010-11 (NS-11); late sown experiment of Rabi
season2010-11 (LS-11); normal sown experiment of
Rabi season 2011-12 (NS-12) and late sown
experiment of Rabi season 2011-12 (LS-12). The
normal and late sowings were done during second
week of November and second week of December
respectively. The RIL population along with the parent
was plotted in an α -design at the wheat research area of
Department of Genetics and Plant Breeding, CCS
Haryana Agricultural University, Hisar.
Phenotyping
The genotypes were phenotyped in all four
environments for the following characters namely,
Days to 50% heading (DH), Days to anthesis (DA),
Days to grain filling duration (GFD), Effective rate of
Grain Development (GDR) (mg/kernel/day), Number
of effective tillers (Tiller No /1/2 m), Spike Length
(SL) (cm), Number of spikelets per spike (Spklt/Spk),
Number of kernels per spike (Knl/Spk), Days to
physiological maturity (DPM), Thousand grain weight
(TGW) (g) ,Yield (Yld) (g/1/2 m).
Statistical Analysis
The following model given by Prasad et al. (2007) was
used for the analysis of alpha (α)
design: Model Y igh =  + i + ig + j +E igh
where
Y igh (i = 1, 2, 3, …….r; g = 1, 2, 3, …….s; h = 1, 2, 3,
…….k) are observations for r replicates each with s
incomplete blocks containing k plots.
µ is a parameter for overall mean ,  I ,  ig and  j are
parameters for replicates, incomplete blocks and
genotypes, respectively.
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E igh is the residual error in the model
Analysis of Variance (ANOVA)

93

gel using submerged horizontal electrophoresis unit
from Thermo USA and the products were visualized by
staining with ethidium bromide (2.0 µl of 10 mg/ml).
The amplified products were scored across the lanes.
The alleles were scored with A and B codes for
presence of specific band in sensitive and tolerant
parent, respectively as: A = Homozygous sensitive
(HUW-510)B = Homozygous tolerant (WH-730)AB =
Heterozygous.

The analysis was performed using PROC GLM of
SAS. All possible pair wise treatment comparisons
were performed using LSMEANS statement of PROC
GLM.
Heat susceptibility index
Heat tolerance was measured as a Heat susceptibility
index (HSI) for each individual ith

Genetic mapping
A genetic linkage map was constructed using
genotypic data obtained with the set of 112
polymorphic SSR markers observed after screening a
total of 300 SSRs, in each of individual lines of the 37
RILs population. The population was genotyped with
112 polymorphic SSRs. Parent 1 genotype and parent 2
genotype were represented by 'A' and 'B 'notations,
respectively. Raw data were compiled in the
Mapmaker/EXP format. Linkage analysis was
conducted using Mapmaker/EXP compatible for MSDOS version 3(Whitehead Institute, Cambridge, MA).
The 'ri self' setting for RILs was used. To assign the
markers to the chromosomes, 'default linkage criteria'
was set with a LOD grouping of 3 and a maximum
recombination distance of 30 cM (Kosambi units)
between the markers. Markers were anchored to these
linkage groups .Within the linkage group, commands
'compare', 'order' and 'ripple' were used.

RIL and the parent following Fischer and Maurer
(1978):
HSI = [(1-Y h /Y)/ (1-X h/ X)]
Where Y h = phenotypic means for particular ith RIL or
parent under late sown condition
Y = phenotypic means for particular ith RI L or parent
under normal sown condition
X h = phenotypic grand means for all genotypes under
late sown condition
X= phenotypic grand means for all genotypes under
normal sown condition
D = (1-X h/ X) is the stress index for a particular
character

QTL analysis
QTL analysis was performed in Windows QTLCartographer version 2.5 (Basten et al.,2005) using
single marker regression (SIM) and composite marker
regression (CIM) analysis.

Genotypes were categorized as tolerant and
susceptible according to Khanna-Chopra and
Viswanathan (1999). Genotypes having HSI = 0.500
were considered to be highly tolerant, HSI >0.500 to =
1.000 moderately tolerant and those having HSI >
1.000 were susceptible. HSI was calculated for all the
eleven traits mentioned above.

Single marker analysis
Single marker analysis using QTL Cartographer v 2.5
was used for fitting the data on the SSR markers as
independent variable and the phenotypic data (all of
each grain filling components of 37 RILs averaged
over replication from four individual experiments) as
dependant linear regression model which is y= b o + b 1
x +e.

Genotyping
Genomic DNA was isolated from approximately 5g of
young, healthy and fresh leaves from parents and their
103 RILs using the protocol of Doyle and Doyle
(1988), a CTAB modified method of Saghai-Maroof et
al. (1984). A set of two hundred eighty-nine SSR
primers were screened for polymorphism in the
population. A total of 288 microsatellite markers
distributed on all the 21 wheat chromosomes were used
for genotypic studies. PCR amplified DNA fragments
for SSR markers were resolved in 2.5% (w/v) agarose

Composite interval mapping
The estimated genetic map of SSRs markers was used
as a framework for the positioning of QTL using
composite interval mapping (Basten et al., 2005) by
associating the trait values of the variables (grain
filling parameters, W, R and GFD). The percentage
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variation and additive effect of each of phenotypic
traits caused by the presence of QTLs were also
estimated using QTL Cartographer v 2.5. A LOD
threshold for each of the grain filling trait in each
experiment (NS-11, LS-11, NS-12 and LS-12) was
obtained with 1000 permutations to evaluate the
presence of QTLs in each linkage group. Centimorgan
units were calculated using Kosambi mapping
function (Kosambi, 1944). Window of size 10 cM with
a walk speed of 2cM was used. QTL linked to
framework were detected using forward regression
option of composite interval mapping (CIM). The
highest peaks above the threshold LOD indicated the
presence of QTL at the given locus. The 1 LOD
confidence interval (CI) was also determined for a
detected QTL.
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from HUW-510 xWH-730 RIL population. One
hundred and seventy (56%) primers produced
amplified products out of which 37.3% produced
scorable polymorphic bands between parents and subpopulation of RILs.Genetic map was constructed
using 99 SSR markers which represented
33%polymorphism between two parental lines for the
SSR set used.
QTL Detection
The genetic map based on genotyping of 37 RILs and
two parents (HUW-510 and WH-730) using a total of
99 SSR markers which represented 33%
polymorphism in the RIL population were used for
single marker analysis (SMA) to detect the putative
QTL by identifying markers co-segregating with
phenotypic traits. A total of 217putative QTLs were
detected by SMA across all traits and all four
experiments normal and late sown experiments of
2010-11 and 2011-12: NS-11, LS-11, NS-12 and LS12 with significant level ranging from 5% to 0.1%
level. Three markers on A genome (barc1005 and gwm
95 both on 2A; wmc527 on 3A);one marker on
B(gwm140 on1B), two markers on D(wmc473 on 4D,
gwm 428 on 7D) were associated with grain
development rate(GDR) at 1% level. Five markers
namely, wmc 215 on 3A, gwm544, wmc398, gwm219
and wmc232 (on 3B, 6B, 6B and 7B respectively) were
highly significantly associated with grain filling
duration (GFD).Only one marker barc344 on 3B was
associated at the level of 0.1% (p<0.001%) with GFD.
For kernel per spike, markers namely, gwm304 on 2A
and, barc1005 on 7A and 3 markers on 2B(barc147,
wmc383 and wmc445) were highly significant
(p<0.01%).For thousand grain weight , three markers
namely gwm71, wmc215 and wmc827(on 3D,5D and
7D respectively) were significant at 1% level and other
three markers gwm95, barc18 and wmc41(on 2A, 6B
and 2D respectively ) were significant at 0.0001 level.
Five markers, namely wmc445 on 3A ,wmc445 on 6A,
cfd 287 on 6D ,and wmc398 and wmc219 both on 6B
were highly significantly(p<0.01%) associated with
grain yield(g) per ½ m row length.

PHENOTYPIC RESULTS
Highly significant genotypic differences existed for all
the traits across the four experiments. Both genotypic
and phenotypic coefficient of variances were high for
yield, TGW and tiller number and low for spike length,
knl/spk, and GDR while remaining yield components
had intermediate level of variability. Broad sense
heritability was high for TGW, yield, GDR and GFD
and intermediate for remaining traits. Genetic advance
was high for yield, GDR and GFD and low for DPM,
DH and DA. The remaining kernel traits exhibited
intermediate level of genetic advance across all the
four experiments. Genotypic correlation coefficients
were high in magnitude than phenotypic correlations.
The correlation coefficients of TKW were positive and
highly significant with most of the yield components,
in each of the four experiments. Association of TGW
and yield were highly significant with across in four
experiments. Similarly association of yield with GDR,
Tiller number and GFD were positive and highly
significant with most of yield components
.Interestingly the correlation coefficients were stable
over all four experiments. The linkage disequilibrium
appears to be most probable cause for genetic
association in the RIL population derived from F 2. A
large number of transgressive segregants were
observed for all the yield components. This implied
that genes with positive and negative effect were
dispersed between the parents.

A framework map was constructed based on 99
polymorphic markers resulting into 21 linkage groups.
The markers were distributed on 21 linkage groups.
Markers coverage ranged from 3 (on 3D, 4B, 6D) to 7
on 1B with an average interval distance of 18.4, 18.5
and 19.1cM/marker on A, B and D genome,

GENOTYPING RESULTS
Screening of SSR primers for polymorphism
To perform selective genotyping QTL method, a total
of 300 SSRs were screened for polymorphism in a subset of 37 lines representing both tails of distribution
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respectively. A total of 31 QTLs with major effect were
detected for yield and its components using composite
interval mapping (CIM) across four experiments
namely, NS-11, LS-11 (Rabi season 2010-11) and NS12, LS-12 (Rabi season 2011-12). In addition six QTLs
were detected for heat susceptibility indices:
HSITGW, HSIKPS, HSIDPM and HSIDH. Hence a
total of 37 QTLs with major effects were detected for
yield and its components and the HSI for yield
components. For days to heading a solitary QTL was
identified by CIM: QDh.hau-2A explaining 38% of
variance. For days to anthesis three QTLs were
detected: QDa.hau-2D.1, QDa.hau-2D.2 and
QDa.hau-7A explaining a variance of 31%, 44% and
20 % respectively. For GDR, three QTLs were
detected: QGdr.hau-2A, QGdr.hau-7D.1 and
QGdr.hau-7D.2 explaining phenotypic contribution of
40%, 40% and 41% respectively. The number of QTLs
detected for grain filling duration were five:
QGfd.hau-6B,QGfd.hau-3B.1, QGfd.hau-3B.2,
QGfd.hau-2A, QGfd.hau-3A each explaining 31%,
29%, 32%, 22% and 40% of variance respectively.
Four QTLs were detected for knl/spk: QKps.hau-3A.1,
QKps.hau-3B.2, QKps.hau-2A, QKps.hau-6B each
explaining 48%, 48%,28% and 29% of variance
respectively .For spklt/spk, a total of four QTLs were
detected across the environments: QSps.hau- 7A,
QSps.hau-2A, QSps.hau-7A and QSps.hau-4A each
explaining a phenotypic variance of 39%, 26%, 39%
and 31 % respectively. Two QTLs were identified for
tiller number per ½ m row length: QTno.hau-3D and
QTno.hau-1A, explaining variance of 24%and 31%,
each. For spike length a single QTL was detected:
QSl.hau-4A explaining a variance of 41%. For DPM,
two QTLs were detected: QDpm.hau-2A and
QDpm.hau-7A , explaining variance of 28% and 36%
.A total of four QTLs with major effects were detected
for TGW across four experiments: QTgw.hau-2D,
QTgw.hau-6B, QTgw.hau-2A and QTgw.hau2Aexplaining variance of 43%,25%, 20% and 28%
respectively. Three QTLs with major effects were
detected for yield: QYld.hau-1B, QYld.hau-3A and
QYld.hau-6A each explaining a variance of 34%, 31%
and 49% respectively.(Table 1)
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variance and one QTL for HSIDH, QDh.hau-2B
explaining for 27% of the phenotypic variation. Some
QTLs were found to be co-located. In the experiment
LS-11, the QTLs for tiller number and days to anthesis
were co-located in the interval, between wmc336
andXgwm164, QTLs for kernel per spike and spikelet
per spike were co-located in the interval between
wmc382 and Xgwm304 , implying that there may be a
single QTL with pleiotropic effect or two tightly linked
QTLs. Similarly in NS-12 three QTLs,one each for
TGW, DH and GFD were co- located in between
Xgwm95-Gwm275. In LS-11 the QTLs for kernel per
spike and spikelet per spike were co-located in the
interval, wmc382- Xgwm304. The QTL s for knl/spk
and yield were co- located in the interval wmc398gwm219 and the QTLs for days to anthesis and
thousand grain weight were co-located in the interval
Xgwm95-gwm275 which expressed in LS-12. The
QTLs for HSITGW and HSIDPM were co-located in
the interval barc137-gwm140. The QTLs QDpm.hau2A and QGdr.hau-2A were co-located in the interval
barc1005-wmc382 in NS-11 and NS-12. The QTLs,
QTno.hau-1A and HSIQKps.hau-1A were co-located
in the interval wmc336-gwm164 in LS-11 and 201112. The QTLs QGfd.hau-6B and QYld.hau6B were colocated in the interval wmc398-gwm219 in NS-11 and
LS-12. The QTLs, QTgw.hau-2A, QGfd.hau-2A,
QDh.hau-2A in NS-12, QTgw.hau-2A and QDta.hau2A in LS-12 were co-located in the interval gwm95gwm275. The two QTLs for HSI, QTgw.hau-1B and
QDpm.hau-1B.2 in the Rabi season 2011-12 and
QYld.hau-1B in NS-11 were co-located in the interval
barc137-gwm140.
A number of useful QTLs such as higher grain
development rate (GDR), and reducing the grain filling
duration to counteract the terminal heat stress were
identified and maybe exploited for genetic
improvement of the wheat. Favourable QTLs for a
number of traits and for heat tolerance (HSI) were
present in WH-730 parent useful to counteract the
terminal heat stress .The QTLs for KPS and GFD on
3A (QKps.hau-3A.1); from the donor parent WH-730,
and the QTL for TGW on 2A from HUW-510 are
promising QTLs for genetic improvement of these
traits through MAS. The study revealed that the
selective genotyping QTL method may be effective
strategy for reducing the costs associated with
conducting QTL analysis in large population. The
QTLs for HSITGW, HSIKPS and HSIDPM were
identified. The heat tolerance at these loci were

For HSI a total of six QTLs were detected: two for
HSITGW, QTgw.hau-1B (in 2011-12) and QTgw.hau6B (in 2010-11) explaining variance of 34% and 46%,
r e s p e c t i v e l y. Tw o Q T L s f o r H S I D P M ,
QDpm.hau.1B.1 and QDpm.hau.1B.2 explained a
variance of40% each thus; one QTL for HSIKPS,
QKps.hau.1A explaining 24% of the phenotypic
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contributed by WH-730 parent. WH-730 may be used
as donor parent for breeding of heat tolerant cultivars
of wheat by combining MAS at these loci with
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conventional improvement method. The co-localised
QTLs explained genetic basis of positive and negative
correlations between traits.
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Plate 1 (a): Cosmic DAN profile of the
RIL population and the parents and SSR
amplification profile of the RIL
population and the parents using the
SSR primer (b) gwm95 (c) gwm437

S.P. Verma

Plate 2: SSR amplification of the RIL
population and the parents using the SSR
primer (a) wmc93 (b) wmc 24 (c) wmc438
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Plate 3: SSR amplification profile of
the RIL population and the parents
using the SSR primer (a) barc147
(b) gwm493 (c) gwm566
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Fig 1.: Linkage maps of 21 chromosomes of wheat. The population used was a set of RILs derived from HUW510xWH-726. The marker names are based on the right of the chromosome, and map distances in crmtimorgams
(cM) are listed on the left.
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Fig. 2: A genetic map derived from the RIL population from the cross HUW-510 X WH-730 showing the
location of QTLs
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per annum. The corresponding increase in
government/local body schools was merely 1.4% per
annum. As a result, the share of enrolment of private
unaided schools in primary classes increased from
5.1% in 1986 and 8.6% in 1993. The pyramid of
coverage of private education is narrow at the bottom
and wide at the apex. Due to the lack of serious policy
imperatives, the elementary education system shows
the signs of a dual system - one set of schools meant
for the poor and those who are unable to pay for
quality education, the other catering to the
requirements for quality education involving high
user costs. The former is especially government
supported and the latter is in the form of private
initiatives. Despite the positive impact of private
schools, the government policy for their
regulation/control is not clearly spelt out.
Historically, successive phases of regulation and
deregulation of private sector were attempted with
mixed outcomes. Recently conducted achievements
studies reinforce the perpetuation of differential
access to quality schooling and persistence of gender
and social gaps in the levels of achievement.

EXECUTIVE SUMMARY
1.

The Indian education system is facing serious
challenges especially at the elementary education
level. These include universal access to an
infrastructure of comparable quality, improving
retention, efficiency and effectiveness of the schools.
While in the recent years, there has been a
considerable emphasis on decentralised
management and involvement of community in
micro planning; the outcome is quite mixed one. This
is partly due to the inadequate planning and lack of
managerial and professional competencies at various
levels. At the national level, broad perspective on
various sub-sectors is developed. The management,
professional and financial support is provided to the
state governments and the districts for
implementation of various reform programs in the
form of centrally sponsored schemes. Among other
things, their successful implementation is contingent
upon the availability of timely, comprehensive and
up-to-date educational statistics on reality.

2.

Weak monitoring and evaluation systems are also the
consequence of lop sided approach to planning and
management of education. The norm based
educational planning thus faces an uncertain future.

Accepted: 15.04.2018

4.

3. Past few years have also witnessed a significant
expansion of the alternative modes of education
including the proliferation of unrecognised schools
even at the primary stage. Between 1986 and 1993,
the enrolment in private aided schools (primary
classes) increased at a compound growth rate of 9.5%

*Corresponding author: kklawania23@gmail.com
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Focus on equity and social justice is important for
developing country like India, where nearly 40% of
its population still continues to live below the poverty
line. The proportion of poor living in some
educationally backward states is even higher than the
national average. The real challenge to the success of
educational reforms lies in these areas. The vicious
circle of underdevelopment comprises of lack of
access to basic services like health, nutrition,
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education and employment. Where and how to
break this vicious cycle is an issue for the
development planners. A new path for the
development trajectory has to be chartered.
5.

6.

7.

The recent evidence from NSSO and other
studies demonstrates that a large proportion of
children are attending private unrecognised
primary schools. This proportion is highest in
Haryana (18.7%) and is followed by Punjab
(15.5%), Uttar Pradesh (10%) and Bihar (9.2%).
The all India average share of children enrolled
in unrecognised schools at primary stage was
4.8% as compared to 2.6% for upper primary
classes. The rural urban differentials were
striking in almost all the states. At the national
level, some decline in Class I enrolment was
observed in the last 3-5 years. This could be due
to the shift of children from formal to non-formal
or to other modes of education including
unrecognised schools. It is paradoxical that the
states with high proportion of children attending
unrecognised schools are from both the
economically advanced regions of Punjab and
Haryana as well as from the economically poor
regions of Uttar Pradesh and Bihar. Some states
like Maharashtra have exercised strict controls
on the functioning of unrecognised institutions.
Persons in 5-24 years age group belonging to
relatively poor families have high proportion of
non-attendance and low participation as
compared to those belonging to the top 20%
fractile group. The children belonging to highincome families stay longer in the educational
system whereas the children from low income
brackets dropout early. Therefore, the chances
are that few children belonging to poor families
would be enrolled and those enrolled are likely to
exit early as compared to the children belonging
to the upper strata of the society.
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help of BRC and CRC coordinators during early
2016. Data for the recognised schools in the same
blocks was obtained from DISE. There were
1242 recognised schools in the sample study
area. The unrecognised schools are smaller in
size but have a lower PTR and perhaps a lower
per unit institutional cost as compared to the
government schools. This is possible due to the
recruitment of large number of teachers at very
low wages. Many teachers were even unqualified
and untrained. In terms of the availability of
infrastructure facilities, the unrecognised
schools are better as far as student classroom
ratio, availability of drinking water and toilet
facilities is concerned. The private schools were
found to be ill equipped as far as the availability
of library book, reference book, charts teachinglearning materials were concerned. There is no
system of periodic teacher training for the
teachers working in these schools.
8.

Although primary education is free in all
government and local body schools, not many
parents opt to send their children to the schools.
The NSS data showed that only 54.1% of
children attending primary classes received free
education in Uttar Pradesh. The proportion of
children receiving free education was lowest in
the urban areas (13.6%). Unrecognised schools
charge fee ranging from Rs. 100 per month to Rs.
150 per month. A few schools charged exorbitant
fee, ranging from Rs. 1500-2500 per month. The
other household costs were also substantial even
for the poor people.

9.

A shift away from the government schools is
discernible as the intake at Grade I has shown
declining trends in the recent years. This can
happen only due to two reasons. First, due to
decline in the birth rate and secondly as a
consequence of the structural shift in enrolment
share of various modes of education. The latter is
likely to be the major factor contributing to the
decline of Grade I enrolment in the recent years.
Considerable duplication/overlapping in
enrolment among the government, NFE and the
private unrecognised schools was also identified.
It was not possible to estimate the proportion of
overlapping enrolment from the school records.
A household survey would be required to

For the purpose of the present study, a special
survey of the unrecognised primary schools was
conducted in four districts of Uttar Pradesh to
investigate their enrolment profile, teacher
characteristics and availability of infrastructure
and other facilities. The survey covered 878
unrecognised schools in 13 blocks of the selected
districts. The fieldwork was conducted with the
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estimate the fictitious/duplicate and overlapping
enrolment.
10. It is estimated that in the study area, the number
of unrecognised schools is doubling every five
years. If the trend continues, the number of
unrecognised schools would be roughly 1.5-2.5
times the number of government/local body
primary schools. The rapid increase in the
demand for private education is the result of a
number of factors. While quality can be defined
in different ways, at the primary stage it is related
to achievement in the public examination. The
most important among these are the demand for
quality education, dissatisfaction with the
performance of government schools and the
ability of the parents to pay for the cost of quality
education, especially when the average
household income tends to rise. Some teachers
mentioned that many parents do not want to tell
others that their children study in government
schools.
11.

The household expenditure on primary
education based on the NSS survey was also
analysed. A negative association was observed
between the poverty ratio and the average per
student expenditure at primary stage. Wide
variations in per student expenditure were
observed between rural and urban areas. The
study did not collect any data on the levels of
achievements and learning outcomes of the
learners in unrecognised schools. However, with
few exceptions, the achievement studies
conducted under DPEP show that the
achievement levels of learners from private
schools are generally higher than those from the
government schools. In terms of attendance and
school functioning, both the teachers and the
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students regularly attend the unrecognised
schools. The attendance rates in unrecognised
schools were much higher as compared to the
government schools.
12. The study has many implications for the policy
towards the role of private sectors in the
development of elementary education. So far, the
government has controlled the entry/exist points
for this sector and other options remain
unexplored particularly with a view to develop
partnership and not to promote the perpetuation
of a dual system. This calls for a perceptible
change in the attitude and policy towards private
education. While it is recognised that
commercialisation of education should be
discouraged, but at the same time, these
institutions should be able to generate some
surplus which can be further invested to provide
support to the deserving learners. It is also
important that the role of private sector should be
seen as a supplementary to that of the
government and not as a substitute. There are
many options for the involvement of private
sector, especially if the focus shift to
performance and output related indicators.
Quality assurance is an important dimension of
primary education and is significant not only for
the private but also for the government schools.
The dividing line should not be drawn on the
basis of school management but related to the
school performance, efficiency and
effectiveness. The recent initiative in the form of
SSA of the central government must be based on
the above considerations, otherwise institutional
reforms will not be able to achieve much. If the
real school choice is to be provided to be
parents/learners, it must be a choice that can be
exercised effectively.
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