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ABSTRACT

Microalgae are well known photosynthetic autotrophs for environmental remediation and simultaneous
production of value-added compounds enriched biomass. Major source of hexavalent Cr is water
drainage from industries and consequently its use in plant irrigation or its direct use as drinking water, it
leads the troubles associated with biomagnification. Therefore, inadequate disposal of Cr in the
environment is related to several health issues and diseases. In this present work we have focused on
monocultures as well as microalgae community of photosynthetic organisms community consisting
Chlorella sp., Scenedesmus dimorphus and Oscillatoria sp., Lyngbya sp. was employed to see their potential
individually as well as in community towards Cr adsorption and biomass production.
However, with increasing the levels of Cr toxicity, the niche partitioning and growth rates were altered
from the natural community, it led to the early stationary phase of all the cells of S. dimorphus at the
highest concentration of Cr. In contrast, Chlorella and Lyngbya were found to have good tolerance to Cr
amongst all the organisms. The photosynthetic pigments, carbohydrate content, protein content were
influenced by the increasing Cr concentration. To combat this stress, proline was synthesized with
increasing Cr.
Keyword: Microalgae, Chlorella and Lyngbya, carbohydrate, photosynthetic.

INTRODUCTION
A variety of anthropogenic activities such as high rates of urbanization, the excess use of heavy metals based
products in routine life, and weathering of rocks has directly affected the soil fertility and generated a number of
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issues related to biomagnification at higher tropic levels in different ecosystems (Cardinale. 2011). Excess use of
nitrates and phosphates in agriculture systems are direct factors that cause eutrophication of freshwater systems and
prevailing harmful algal blooms which cause loss of original biodiversity (Stevenson. 2014).Microalgae are well
known photosynthetic autotrophs for environmental remediation and simultaneous production of value-added
compounds enriched biomass (Behera et al. 2015).These important features vary from one to another taxon in a
community and directly affect the structure and functions of residing members. Individually, these photosynthetic
microbes may have better or worse performance; however, in a community their functional attributes are highly
altered due to the presence or absence of other individuals, or biotic and abiotic perturbations in community
(Cardinale 2011).
Extreme heavy metals and nutrients in water systems are prime cause of water pollution at global level; in contrast,
restoring the water parameters is a chief objective of most of the environmental policy of growing research councils
(Chakraborty et al. 2011). In past scenario, a lot of researches have shown that ecosystem with larger number of
species usually have more efficient water remediation capability than an ecosystem with fewer species (Loreau.
2001). Therefore, microalgae biodiversity plays significant role in managing the water quality.
The inherent mechanism of heavy metal absorption and nutrient uptake by these microalgae in a polluted lake or
water system is unknown. Several efforts are underway to understand the role of these photosynthetic organisms in
heavy metal removal. Several specific biological mechanisms have been studied by which particular microalgae
uptake heavy metal. However, the researches focused towards the synthesis of metallothioneins peptides
orphytochelatins in microalgae absorption and adsorption processes (Perales-Vela et al. 2006, Chekroun and
Baghour. 2013). Chromium generates different types of reactive oxygen species which damages the DNA and
proteins (Jaishankar et al. 2014).
Chromium (Cr) in its hexavalent form is highly toxic, it naturally occurs in soil and rocks, however due to
biomagnification; its level has been increasing within plant and animal systems continuously and causing serious
ailments. Although, they have their own defense system, instead this several disorders have been reported in
humans and other animals (Tchounwou et al. 2012). Major source of hexavalent Cr is water drainage from industries
and consequently its use in plant irrigation or its direct use as drinking water, it leads the troubles associated with
biomagnification. Therefore, inadequate disposal of Cr in the environment is related to several health issues and
diseases.
The microalgae have the potential to purify the water and enhance the oxygen concentrations in environment.
Therefore, different groups are suggesting that their biodiversity conservation might be useful management tool in
reducing the concentration of heavy metals in different water reservoirs (Pereira et al. 2013,Cervantes et al. 2001).
Production of the novel bioactive compounds and lipid enriched biomass by these organisms, calls for their dual
purpose including, remediation of heavy metal (Dwivedi et al. 2010, Singhvi and Chhabra. 2013).
Chlorella and Scenedesmus are green algal strains of Chlorophyceae, being engaged in heavy metal adsorption and
water purification at several water tanks globally. Similarly, Oscillatoria and Lyngbya, the non-heterocystous species
of phylum Cyanophyta are well known for their nitrogen fixing potential, heavy metal adsorption as well as high
quality biomass yields.Collectively, these green algae and cyanobacteria could be engaged for dual benefits; in water
detoxification and biomass production.Chlorella has good potential towards different heavy metals adsorption,
especially Cr. Lot of efforts have been made to cleanse the water by adsorption of Cr through employing different
strains of Chlorella and Scenedesmus. In the same way, different cyanobacteria, including Oscillatoria and Lyngbya were
also used to detoxify the water and simultaneous production of valuable biomass. Sometimes, combinatorial
activities of these organisms either in fresh or in contaminated water may lead to enhanced rates of CO2 mitigation,
heavy metal adsorption and biomass production(Subashchandrabose et al. 2011).
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Considering the Cr induced issues in irrigation as well as in drinking water, and increasing demands for sustainable
biomass production,a study was proposed in which effects of Cr toxicity was enumerated at four different
concentrations to see the changes in structure and function of artificially synthesized microalgae community having
the members of Chlorophyceae (Chlorella and Scenedesmus) and Cyanophyceae (Oscillatoria and Lyngbya).
In this present work we have focused on monocultures as well as microalgae community of these photosynthetic
organisms was employed to see their potential individually as well as in community towards Cr adsorption and
biomass production. Another objective of this study was to see that how the presence of one organism affects the
functioning of others in community.

MATERIALS AND METHODS
Strains
The members of Chlorophyceae and Cyanophyceae; Chlorella sp., Scenedesmus dimorphus and Oscillatoria sp., Lyngbya
sp were selected for study. These cultures were available at Phycology laboratory, Centre of Biotechnology,
University of Allahabad, India. The auxenic cultures were maintained on BG11+ agar media (pH 7.8) supplemented
with 10 mM sodium thiosulphate.
Culture conditions:
Microalgae cultures were incubated at 27±1˚C and daylight fluorescent lamps was used for providing illumination
with an irradiance of 92.5 µmole photons m -2 S-1 under the 14:10 light-dark diurnal cycle. Furthermore, at start of
experiments and for various physico-chemical studies equal number of microalgae cells of members of both
Chlorophyceae, Cyanophyceae and their consortia (optimized through corresponding O.D. and cell counts) were
inoculated from the late log phase; in equal volume of fermentation broth (with or without chromium). While equal
volume (100 mL) was considered for analytical methods.
Experimental designs:
The experiment was performed in triplicates, a completely randomized design (CRD) was used to elucidate the
effects of hexavalent chromium on structure and function of microalgae community consisting Chlorella sp.,
Scenedesmus dimorphus and Oscillatoria sp., Lyngbya sp. Hexavalent chromium stock (2830 ppm) was prepared by
dissolving its 0.283 g in 100 mL distilled water. Consequently, the stock was used to make further dilutions of
0.5ppm, 1.0 ppm, 3.0ppm and 5.0 ppm. Before start of experiment, inoculums were grown up to late log phase. Equal
number of cells or filaments of green algae and cyanobacteria were mixed to get the microalgae consortia. Based on
our previous standardizations (O.D. versus. cell counts), we mixed the cells or filaments. In each different treatment,
equal number of monoculture or consortia was inoculated. Thus initially each flask has 1×107 cells mL-1 of
fermentation broth (BG11+ media supplemented with or without different doses of hexavalent chromium). The flasks
without chromium treatments were considered as experimental controls. To nullify the experimental error, optical
density of BG11+ supplemented with chromium was measured at O.D730 in BG11+media, same considerations were
made throughout the experiments.
Group 1: Experimental control
(BG11+ Media) + (microalgae cells)
Group 1: Experimental control
1.
2.

(BG11+ Media) + (Scenedesmus dimorphus) + (0.5 ppm CrVI)
(BG11+ Media) + (Chlorella sp.) + (0.5 ppm CrVI)
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3.
4.

(BG11+ Media) + (Oscillatoria sp.) + (0.5 ppm CrVI)
(BG11+ Media) + (Lyngbya sp.) + (0.5 ppm CrVI)

Group 3: Treatments (1.0 ppm chromium)
1.
2.
3.
4.

(BG11+ Media) + (Scenedesmus dimorphus) + (1.0 ppm CrVI)
(BG11+ Media) + (Chlorella sp.) + (1.0 ppm CrVI)
(BG11+ Media) + (Oscillatoria sp.) + (1.0 ppm CrVI)
(BG11+ Media) + (Lyngbya sp.) + (1.0 ppm CrVI)

Group 4: Treatments (3.0 ppm chromium)
1.
2.
3.
4.

(BG11+ Media) + (Scenedesmus dimorphus) + (3.0 ppm CrVI)
(BG11+ Media) + (Chlorella sp.) + (3.0 ppm CrVI)
(BG11+ Media) + (Oscillatoria sp.) + (3.0 ppm CrVI)
(BG11+ Media) + (Lyngbya sp.) + (3.0 ppm CrVI)

Group 4: Treatments (5.0 ppm chromium)
1.
2.
3.
4.

(BG11+ Media) + (Scenedesmus dimorphus) + (5.0 ppm CrVI)
(BG11+ Media) + (Chlorella sp.) + (5.0 ppm CrVI)
(BG11+ Media) + (Oscillatoria sp.) + (5.0 ppm CrVI)
(BG11+ Media) + (Lyngbya sp.) + (5.0 ppm CrVI)

Microscopy
Microalgae cultures were collected from late logarithmic phase, washed twice with phosphate buffer (pH, 7.8), rinsed
with sterile water and enriched in fresh sterile BG11+ media. 20 µL of each culture was placed on clean glass slide,
covered with slips and seen below 63X objective. The micrographs were recorded at 20 µm bar scale. The compound
light microscopy was performed using Olympus microscope.(Company name and model no). Different micrographs
were compared, and used to see the changes in community structure and niche partitioning of each monoculture in
artificial habitat.
Analytical methods
Chlorophyll (Mackinney G., 1941)
The 1 mL cyanobacterial cell suspension from initial stationary phase was harvested by centrifugation at 10000 rpm
for 10 minutes. Supernatant was discarded and transferred the pellet to a clean and dried test tube; added 1 mL of 95
% methanol and 1% CaCO3 to prevent the degradation of chlorophyll-a, covered the whole tube with aluminium
foil.Cells were placed in -20ºC for 2 hours, and provided 37°C water bath treatments (similarly repeated freeze-thaw
method used until pellet become colourless). Supernatant was used to measure the absorbance at 665 nm using 95%
methanol as blank. Concentration of chl-a was calculated via using the following formula.
Chl-a (µg mL-1) = (OD665× 13.9)
Chl-b (µg mL-1) = (OD663× 13.9)
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Carotenoid (Jensen, 1978)
A known volume (1 mL) of homogenized microalgal suspension was centrifuged (4000g, 10 min) and supernatant
was discarded, washed the pellet 2-3 times with distilled water to remove traces of adhering salts. Took the OD at 450
nm using 85% acetone as blank and calculated the total amount of carotenoids as follows.
Carotenoids (mg/mL) =
Where, ‘D’ is the absorbance at 450nm, ‘V’ is volume of the extract, and ‘f’ is the dilution factor
It is assumed that these pigments have an average extinction coefficient of 2500.
Phycobiliprotein was estimated according to Siegelman and Kygia, 19
And the concentration of phycocyanin was determined spectrophotometrically at 620nm using the 0.05m phosphate
buffer as blank.
Carbohydrate estimation (Loweus., 1951)
Total carbohydrate in community and monoalgal biomass was determined according to Loweus., 1952. Glucose was
used as standard curve.
Protein estimation
Protein content was estimated according to Lowry et al., 1951
Protein content was evaluated from the concentrationof BSA solution known from standard curve.
Proline estimation
Proline was estimated using the standard protocol of Bates
spectrophotometrically at 520 nm from organic phase.

et al. (1973). Proline was quantified

Antioxidant activity measurements:
MDA
MDA was estimated by the method of Heath and Packer, 1968. The absorbance of the supernatant was recorded at
532 nm and corrected by subtracting the absorbance at 600 nm, 0.5% TBA in 20% TCA was used as the blank MDA
contents was determined using the coefficient of 15 mM cm -1.
SOD
SOD was estimated by the method of Dhindsa et al., 1981.
The enzyme assay for SOD activity was assayed by monitoring the inhibition of photochemical reduction of nitro
blue tetrazolium chloride (NBT), using a reaction mixture consisting of 1 M Na2CO3, 200 mM methionine,
2.25mMNBT, 3mMEDTA, 60 μM Riboflavin and 0.1M phosphate buffer (pH 7.8). Absorbance was read at 560 nm.
Statistics
Various experimental data were analyzed by either one way or two way ANOVA as where needed by using the
Graph Pad Prism 5.0 or Sigma Plot 12.0 statistical tools. The significant differences in various treatments were
considered on the basis of Fisher ratios (F value) and probability (p≤0.05) at 95% confidence levels.
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RESULTS AND DISCUSSIONS
The microalgae community growth and biomass production.In order to find out the tolerance levels of these
cyanobacteria, green algae and their community against hexavalent Cr, their growth environment was treated with
four concentrations of Cr in different experimental flasks up to 16 days. Continuous monitoring of growth showed
varying growth behavior in natural and Cr treated communities.
The microscopic observations clarified the severe changes in the structure of various Cr treated communities and
monocultures.In the natural community, niche partition of habitat plays important role in acclimatization of different
microalgae.The filamentous organisms usually confined to sub-surface portion, Lyngbya was floating on surface
while Oscillatoria was trapped below the filaments of Lyngbya. In contrast, unicells of Chlorella and coenobia of S.
dimorphus clumped near the bottom. However, with increasing the levels of Cr toxicity, the niche partitioning and
growth rates were altered from the natural community, it led to the early stationary phase of all the cells of S.
dimorphus at the highest concentration of Cr. In contrast, Chlorella and Lyngbya were found to have good tolerance to
Cr amongst all the organisms. Continuous growth monitoring from zeroth to 16th day showed interesting changes in
the doubling patterns of these microbes. Their growth rates were significantly affected at the different doses of Cr.
The growth behavior of these four organisms at 0.5 ppm Cr was not affected significantly (p ≥0.05)(Fig.1).
Furthermore, with increasing the doses of Cr from 1 ppm to 5 ppm showed decline in the growth of Oscillatoria sp., S.
dimorphus. And Lyngbya sp. showed good response upto 5.0 ppm. On other hand, growth of consortia was affected
after Cr dose of 1ppm and higher.
The biomass yields after 20 days of various microalgae individually and in consortia showed approximately 6gms/
Litre dried biomass yield and control and 0.5 ppm Cr treated followed by Chlorella sp. The other individual
microalgae comparatively showed lower biomass yield of 3gm/Litre or less.
Fig 2 shows the structure of these photosynthetic organisms was altered with increasing the doses of Cr. However, at
the lowest dose of 0.5 ppm, slight swelled cells were seen under compound microscope. It might be reason behind
their enhanced metabolic attributes and enhanced yields of biochemicals like carotenoids, carbohydrates and others.
Furthermore, increasing the doses of Cr above 0.5 ppm, affected the morphology and biomass production of these
organisms significantly. The LD 50 of Cr for the individual microalgae and consortia was determined for further
analytical and biochemical assays. Except for Lyngbya sp. which showed a LD50 of 3 ppm Cr all other individual and
consortia showed an LD 50 between 0.5 ppm to 1 ppm Cr.
Changes in photosynthetic pigments in monocultures and consortia
The chla content of the control and Cr treated microalgae and the consortia on the 12 th day showed a very typical
pattern. The consortia, Scenedesmus dimorphus and Chlorella all showed high level of inhibition of chl a in Cr treated
samples in comparison to the control. With increasing concentrations of Cr, chl-a content decreased simultaneously
(Fig.3a). Lyngbya spp. and Oscillatoria spp. showed less inhibition of chla in Cr treated cells as compared to control.
Fig.3b shows that Chlorella spp and Scenedesmus dimorphus control showed higher carotenoid content compared to
Cr treated cells. Both Lyngbya and the consortia showed no difference between the Cr treated and control. The
content of phycocyanin in the Cr treated consortia was higher than untreated control (Fig 3c). Chlorella spp.,
Oscillatoria spp., Scenedesmus dimorphus showed no effect.With increase in concentrations of Cr from 1.0 to 5.0 ppm,
carbohydrate yield was reduced in some micro algae (Fig 4). However at 0.5 ppm Cr no significant changes were
observed. Thus, Cr affected not only the biomass productivity but also its carbohydrate yield in presence of Cr.
Maximum carbohydrate content of 703 µg was observed in control community while in communities treated with
0.5, 1.0, 3.0 and 5.0 ppm carbohydrate content was 692, 200, 118 and 76 µg respectively.These results suggested that
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increasing doses of Cr negatively affected the carbon fixation rates and overall carbohydrate productivity. Two way
ANOVA and Bonferroni posttests rejected the Null hypothesis about the consistency of carbohydrate production in
control and treatments. Treated consortia had decreased carbohydrate contents (p≤0.001).
On other hand, total carbohydrate content in monocultures of Chlorella, Lyngbya, S. dimorphusand Oscillatoria were
587, 442, 377 and 252 µg mL-1whilst with treatment of 1.0 ppm Cr content was decreased in all the organisms. The
carbohydrate yields of monocultures clearly showed that Chlorella biomass is more enriched with carbohydrates than
other strains. Therefore, carbon storage was highest in Chlorella whilst least in Oscillatoria. Two way ANOVA and
Bonferroni posttests showed the statistically different carbohydrate contents in different monocultures (p-value ≤0.01,
F=35.39). The protein content (Fig 5a) indicates that Chlorella (1 ppm) showed no effect of (Cr+6) stress. As compared to
control at Hexavalent chromium treated cells showed lesser protein concentration. The decrease in protein content
may also be due to increased level of ROS (leitao et al. 2003) or increased protease activity. It is related growth and
decreased carbon and nitrogen assimilation under stress (Babu et al. 2001)
The proline content (Fig. 5b) increased under Hexavalent chromium stress conditions in comparison to control. It was
maximum in presence of 5ppm chromium in Lyngbya then started decreasing gradually. The actual reason behind the
accumulation of proline (presumably by way of synthesis from glutamic acid) is yet to be known,in plants or plant
parts exposed to stress,it could probably be due to a decrease in the study of electron transport system
(Venekemp,1989).
In present study percent inhibition of SOD was more or less the same in control and treated micro algae (Fig. 6a).
MDA content increased with increasing 5ppm in Chlorella only.(Fig. 6b) suggesting formation of free radicals. The
generation of the hydrocarbon gas , ethane, the production of malonaldehyde and changes in electrolytic
conductivity has frequently been used as sensitive marker for heavy metal action in plants. (Kunert et al .1985,Peleg
et al.2001). Compounds such as paraquat (also known as methyl viologen) induce light dependent oxidative damage
in plants (Dodge,1971). The PSI Mediated reduction of the paraquat di cation results in the formation of a monocation radical which then reacts with molecular oxygen to produce O2 with the subsequent production of other toxic
species, such as H2O2 and OH (Elstner et al. 1988). These compounds cause several toxicological problems and results
in peroxidation of membrane lipids and general cellular oxidation and an increase in Proline.
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Fig.1 Growth curves of various microalgae under the effects of chromium(a) Chlorella (b)
Oscillatoria (c) S. dimorphus (d) Lyngbya (e) Consortia of Chlorella, Oscillatoria, S. dimorphus and
Lyngbya.
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Fig.2 Micrographs of various microalgae showing the effects of 5.0 ppm chromium on their
morphology (a) Chlorella (b) Chlorella 5.0 ppm Cr (c) S. dimorphus (d) ) S. dimorphus treated with 5.0
ppm Cr (e) Oscillatoria (f ) Oscillatoria treated with 5.0 ppm Cr (g) Lyngbya (h) Lyngbya treated with
5.0 ppm Cr (i) Consortia (J) Consortia treated with 5.0 ppm Cr
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Fig.3 Pigment analysis of various microalgae under the effects of chromium(a) Chlorophylla (b) Carotenoid (c) Phycocyanin
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Fig. 4 Carbohydrate yields at the day of harvesting by different microalgae monocultures,
their consortia with two different doses; 0.5 ppm and 1.0 ppm of chromium.
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Fig. 5Protein and Proline yields at various microalgae
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Fig. 6a, 6b showing the percent inhibition of SOD and the MDA activity in g/ml.
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ABSTRACT

Having established some properties of sequences generated by summing the digits of squared positive
integers (Okagbue et al, 2015), we go a step further to explore the properties and characteristics of
sequences generated by summing the digits of cubed positive integers. The results are different from
summing the digits of squared positive integers. Two distinct sequences were obtained: one generated by
summing the digits of cubed positive integers and the other sequence as the complement of the first but
the domain remains the positive integers. The properties of these two sequences are discussed. The
properties include their decompositions, subsequences, algebraic, additive, multiplicative, divisibility,
uniqueness and ratios.
Keywords: Sequence, cube, digits, subsequence, positive integers.

INTRODUCTION
Mathematically, a cube of a number is its third power or when the number is raised to power of positive 3. It can also
be defined as when a number is multiplied by its square. The positive perfect cube formed a sequence which can be
found in A000578 –OEIS. 1,8,27,64,125,216,343,512,729,1000,…
(A)
Hardy and Wright (1980) book on number theory contained some details on cube integers or numbers. Sum of digits
of some sequence of integers have appeared in scientific literature such as Cilleruelo et al, (2013) and Allouche and
Shallit (2000). Some cubes are also squares; examples are 64, 729, 4096…….
(B)
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Some relationships between sums of consecutive cubed integers and squared integers were given by Pletser (2015).
See Madachy (1979) for relationship between sum of digits of numbers and Narcissistic numbers. Broughan (2003)
showed that every integer has a smallest multiple which is a sum of two cubes. Luca (2006) looked at various
arithmetic properties of positive integers with fixed digit sum.
RESEARCH MOTIVATION AND OBJECTIVES
The research is to give another direction to the earlier research by Lietzmann (1948). In his book, he discovered that a
cube number is the third power of its digit sum and a number is the sum of the third power of its digits. Both
Lietzmann and Hardy (1993) researched on the sums of the cubes of digits while this research is the sum of the digits
of cube of positive integers. This research is to show that the sum of the digits of cube positive integers generate
sequence. The sequence and its properties are subject of interest in this research. Okagbue et al (2015) have written on
the properties of sequences generated by summing the digits of square positive integers.

METHODOLOGY
The first 16,000 positive integers or natural numbers were cubed and their respective individual digits were summed
to obtain a sequence with varying frequencies. The sequence is:
1,8,9,10,17,18,19,26,27,28,35,36,37,44,45,46,53,54,55,62,63,64,71,72,…
(C)
However, when a positive number is cubed and the digits summed, the following numbers cannot be obtained which
also formed a sequence. The sequence is:
2,3,4,5,6,7,11,12,13,14,15,16,20,21,22,23,24,25,29,30,31,32,33,34,…
(D)

RESULTS AND DISCUSSION
PROPERTIES OF SEQUENCES (C) AND (D) 1.Decomposition of sequence C
Apart from the first term of sequence C, the other terms appear in the form
8
9
10
17
18
19
26
27
28
35
36
37 and so on.
All the three columns formed some unique sequences.
8,17,26,35,44,53,62,71,80,89,98,…
(E)
9,18,27,36,45,54,63,72,81,90,99
(F)
10,19,28,37,46,55,64,73,82,91,100,…
(G)
All the three sequences have 9 as their common difference; Sequence F is the multiples of 9.
Decomposition of sequence D
The terms of sequence D appears in the form;
2
3
4
5
6
11
12
13
14
15
20
21
22
23
24
29
30
31
32
33
The six columns formed unique sequences.

7
16
25
34 and so on.
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(H)
(I)
(J)
(K)
(L)
(M)
All the six sequences have 9 as their common difference; Sequence I and L are multiples of 3.
Algebraic properties of sequences (C) and (D)

(a).
(b).
Subsequences of sequence (C)
Each of the elements of sequence C also form a unique sequence. For an illustration, the first 100 positive integers can
be grouped based on the numbers in sequence C. This is represented in in figure 1. It is also like a histogram. The
values are clustered in the center. .
Additive properties of sequence C
Addition oftwo numbers ofsequence C will not necessarily yield a number inthe sequence.This is illustrated in table 1
Additive properties of sequence D
Addition of two numbers of sequence D will not necessarily yield a number in the sequence. This is illustrated in
table 2.
Addition of elements of both sequences C and D
Addition of one element of sequence C and another element of sequence D will most likely yield an element of
sequence D as illustrated in table 3.
Absolute value of the differences of any two elements of sequence C
Finding the difference of any two elements of sequence C and then obtain the corresponding absolute value will not
necessarily yield an element of sequence C. This is illustrated in table 4.
Absolute value of the differences of any two elements of sequence D
Finding the difference of any two elements of sequence D and then obtain the corresponding absolute value will not
necessarily yield an element of sequence D. This is illustrated in table 5.
Absolute value of the difference of elements of both sequences C and D
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Find the difference of any one element of sequence C and another from sequence D and then obtain the
corresponding absolute value will not necessarily yield an irregular pattern of numbers as illustrated in table 6. This
is evidence that the sequences have no element common to them.
Multiplicative properties of sequence C
Multiplication of two numbers of sequence C yields a number in the sequence. This is illustrated in table 7.
Multiplicative properties of sequence D
Multiplication of two numbers of sequence D will not necessarily yield a number in the sequence. This is illustrated
in table 8.
Multiplication of elements of both sequences C and D
Multiply of one element of sequence C and another element of sequence D will most likely yield an element of
sequence D as illustrated in table 9.Elements of sequence C can be obtained only when the multiples of 9 in the
sequence are multiply with the any element of sequence D.
Divisibility properties
1. All multiples of 9 are contained in sequence C.
2. Squares of the multiples of 3 are also contained in sequence C. The sequence is:
1,9,36,81,144,225,324,441,576,…
(N)
3. All two consecutive elements of sequence C are coprime.
4. No clear multiples of numbers can be obtained from sequence D.
The observed uniqueness of sequences C and D
Any form of general additions to or subtractions from all the elements of both sequences yield different sequences.
The line graph of sequences C and D
A line graph was used to graphically display the behavior of both sequences. The first 25 terms of both sequences
were used and can be seen in figure 2. Both sequences increase steadily in a step-like way as the number of terms
increases. The behaviors are similar but sequences C have higher values than sequence D
The ratio of sequence C
A new sequence can be obtained from the ratio of the two consecutive terms of sequence

C.

(O)

The behavior of the sequence can be seen in figure 3. The sequence obtained from the ratio of sequence C converges
to almost one.The closed form solution of the ratio can be written as:

To see a clearer view of the graph, 8 which is first term of the sequence is removed and the corresponding line graph
can be seen in figure 4.The first term is an extreme value. It can be seen that it is a decreasing as the number of terms
increases. The ratio converges to 1.

10193

Indian Journal Of Natural Sciences
Vol.6 / Issue 32 / October 2015

www.tnsroindia.org. © IJONS
International Bimonthly

ISSN: 0976 – 0997

Okagbue et al.
The ratio of sequence D
A new sequence can be obtained from the ratio of the two consecutive terms of sequence C
(P)
The behavior of the sequence can be seen in figure 5 The sequence obtained from the ratio of sequence D converges
to almost one. The closed form solution of the ratio can be written as:

The subsequences obtained from the various factors or multiples of sequences C and D
Some subsequences are obtained by the various factors or multiples of both sequences such as 2n, 3n, 4n... For all
cases in this section, the first sequence is for C and the second is for sequence D.
Multiples of two
A subsequence is obtained for both sequences. That is the 2nd, 4th, 6th….terms of both sequences
(Q1)
(Q2)
Multiples of three
A subsequence is obtained for both sequences. That is the 3rd, 6th, 9th, ….terms of both sequences
(Q3)
(Q4)
Multiples of four
A subsequence is obtained for both sequences. That is the 4th, 8th, 12th,…terms of both sequences
(Q5)
(Q6)
Multiples of five
A subsequence is obtained for both sequences. That is the 5th, 10th, 15th,..terms of both sequences
(Q7)
(Q8)
Prime multiples
A subsequence is obtained for both sequences. That is the 2nd, 3rd, 5th,..terms of both sequences.
(Q9)
(Q10)
The sequence C / D
A new sequence can be obtained from the ratio of sequence C to sequence D.

10194

Indian Journal Of Natural Sciences
Vol.6 / Issue 32 / October 2015

www.tnsroindia.org. © IJONS
International Bimonthly

ISSN: 0976 – 0997

Okagbue et al.
(R)
The sequence converges to 2 and the line graph is shown in figure 6. The closed form solution of the sequence C/D
can be written as::

The sequence D / C
A new sequence can be obtained from the ratio of sequence D to sequence C.
(S)
The sequence converges to 0.5 and the line graph is shown in figure 6. The closed form solution of the sequence D/C
can be written as:

The sequence Q1/Q2A
sequence can be generated from the ratio of sequence Q1 to Q2, since both are subsequences formed from the
multiples of two of the sequences C and D respectively.
(T)
The sequence converges to 2 and the line graph is shown in figure 8. The closed form solution of the sequence Q1/Q2
can be written as:

These results are similar to the results of the sequence C/D, an indication that subsequences exhibit similar
characteristics with their parent sequences.
The sequence Q2/Q1
A sequence can be generated from the ratio of sequence Q2 to Q1, since both are subsequences formed from the
multiples of two of the sequences D and C respectively.
(U)
The sequence converges to 0.5 and the line graph is shown in figure 8.
The closed form solution of the sequence Q2/Q1 can be written as:

These results are similar to the results of the sequence C/D, an indication that subsequences exhibit similar
characteristics with their parent sequences but with slight variability as seen from this research.

CONCLUSION
The various observed properties of sequences generated by summing the digits of cube positive integers have been
considered. More research is needed to discover more properties of the sequences. Also the subsequences exhibit
similar characteristics with their parent sequences.
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1

1 10 100

8

2 5 8 11 20 50 80

9

3 6 30 60

10

4 7 40 70

17

14 17 23 47 68 74

18

9 12 15 18 21 24 45 48 51 63 81 90

19

13 16 22 25 28 34 37 52 58 64 67 85

26

26 29 32 35 38 41 44 56 59 62 65 71 77 86 98

27

27 33 36 39 42 54 57 69 72 75 78 84 87 93

28

19 31 43 46 49 55 61 73 79 82 88 91 94 97

35

53 83 89 95

36

66 96 99

37

76

44

92

45
Figure 1 The subsequences of C for the first 100 positive integers.
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Table 1 Addition of numbers of sequence C
1
8
9
10
1
2
9
10
11
8
9
16
17
18
9
10
17
18
19
10
11
18
19
20
17
18
25
26
27
18
19
26
27
28
19
20
27
28
29
.
.
.
.
.
Table 2. Addition of numbers of sequence D.
2
3
4
5
2
4
5
6
7
3
5
6
7
8
4
6
7
8
9
5
7
8
9
10
6
8
9
10
11
7
9
10
11
12
11
13
14
15
16
.
.
.
.
.

17

18

19

26

…

18
25
26
27
34
35
36
.

19
26
27
28
35
36
37
.

20
27
28
29
36
37
38
.

27
34
35
36
43
44
45
.

…
…
…
…
…
…
…
…

6

7

11

12

…

8
9
10
11
12
13
17
.

9
10
11
12
13
14
18
.

13
14
15
16
17
18
22
.

14
15
16
17
18
19
23
.

…
…
…
…
…
…
…
…

Table 3. Addition of numbers of both sequence C and D.
2
3
4
5
6
1
3
4
5
6
7
8
10
11
12
13
14
9
11
12
13
14
15
10
12
13
14
15
16
17
19
20
21
22
23
18
20
21
22
23
24
19
21
22
23
24
25
.
.
.
.
.
.

7
8
15
16
17
24
25
26
.

11
12
19
20
21
28
29
30
.

Table 4. Absolute value of the differences of any two elements of sequence C
1
8
9
10
17
18
19
1
0
7
8
9
16
17
18
8
7
0
1
2
9
10
11
9
8
1
0
1
8
9
10
10
9
2
1
0
7
8
9
17
16
9
8
7
0
1
2
18
17
10
9
8
1
0
1
19
18
11
10
9
2
1
0
.
.
.
.
.
.
.
.

12
13
20
21
22
29
30
31
.

…
…
…
…
…
…
…
…
…

26

…

25
18
17
16
9
8
7
.

…
…
…
…
…
…
…
…
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Table 5Absolute value of the differences of any two elements of sequence D
2
3
4
5
6
7
11
2
0
1
2
3
4
5
9
3
1
0
1
2
3
4
8
4
2
1
0
1
2
3
7
5
3
2
1
0
1
2
6
6
4
3
2
1
0
1
5
7
5
4
3
2
1
0
4
11
9
8
7
6
5
4
0
.
.
.
.
.
.
.
.
Table 6 Absolute value of the difference of elements of both sequences C and D
2
3
4
5
6
7
11
1
1
2
3
4
5
6
10
8
6
5
4
3
2
1
3
9
7
6
5
4
3
2
2
10
8
7
6
5
4
3
1
17
15
14
13
12
11
10
6
18
16
15
14
13
12
11
7
19
17
16
15
14
13
12
8
.
.
.
.
.
.
.
.
Table 7 Multiplication of any 2 numbers of sequence C
1
8
9
10
17
1
1
8
9
10
17
8
8
64
72
80
136
9
9
72
81
90
153
10
10
80
90
100
170
17
17
136
153
170
289
18
18
144
162
180
306
.
.
.
.
.
.
Table 8 Multiplication of any 2 numbers of sequence D
2
3
4
5
6
2
4
6
8
10
12
3
6
9
12
15
18
4
8
12
16
20
24
5
10
15
20
25
30
6
12
18
24
30
36
7
14
21
28
35
42
11
22
33
44
55
66
.
.
.
.
.
.

12
10
9
8
7
6
5
1
.

…
…
…
…
…
…
…
…
…

12

…

11
4
3
2
5
6
7
.

…
…
…
…
…
…
…
…

…
…
…
…
…
…
…
…

7

11

12

…

14
21
28
35
42
49
77
.

22
33
44
55
66
77
121
.

24
36
48
60
72
84
132
.

…
…
…
…
…
…
…
…
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Table 9 Multiplication of elements of both sequences C and D
2
3
4
5
6
1
2
3
4
5
6
8
16
24
32
40
48
9
18
27
36
45
54
10
20
30
40
50
60
17
34
51
68
85
85
18
36
54
72
90
90
.
.
.
.
.
.

7

11

12

…

7
56
63
70
119
126
.

11
88
99
110
187
198
.

12
96
108
120
204
216
.

…
…
…
…
…
…
…

80
60
40

Sequence C
Sequence D

20
0
1 3 5 7 9 11 13 15 17 19 21 23

Figure 2 The line graph of sequences C and D.
x axis = the number of terms y axis = the values of the terms in both sequences
10
8
6
Ratio of
sequence C

4
2
0
1 4 7 10 13 16 19 22 25 28 31 34

Figure 3 The ratio of sequence C
x axis = terms of the sequence y axis = ratio of 2 consecutive numbers of sequence C
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2
1.5
1
0.5
0
1

3

5

7

9 11 13 15 17 19 21 23 25 27 29 31

Figure 4 The ratio of sequence C with the first term removed
x axis = terms of the sequence y axis = ratio of 2 consecutive numbers of sequence C
1.8
1.6
1.4
1.2
1
0.8
0.6
0.4
0.2
0

Ratio of
sequence D

1 4 7 10 1316 19 22 25 28 31

Figure 5The ratio of sequence D
x axis = terms of the sequence y axis = ratio of 2 consecutive numbers of sequence D
3
2.5
2
1.5

sequence C/D

1

sequence D/C

0.5
0
1 3 5 7 9 11 13 15 17 19 21 23 25 27 29 31

Figure 6 The sequences C/D and D/C
x axis = terms of both sequences y axis = sequences C/D and D/C.
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0.8
0.6
0.4
0.2
0
1

3

5

7

9

11 13 15 17 19 21 23 25 27 29 31

Figure 7 The sequence D/ C with the first term removed
x axis = terms of the sequence y axis = sequence D.C with first term removed.

Figure 8 The sequences Q1/Q2 and Q2/Q1
x axis = terms of both sequences y axis = sequences Q1/Q2 and Q2/Q1.
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ABSTRACT

Adult female rats were fed with high calorie diet (HCD) along with normal diet (ND) for 8 weeks.
Significant increases in anthropometric and biochemical parameters in HCD group over controls
confirmed induction of obesity and were allowed to mate with normal males. The HCD rats continued to
receive HCD during pregnancy and lactation periods. A significant decrease in litter size and weight, a
significant increase in weight/pup and mortality rate and no significant difference in gestation index,
fertility index and parturition index were found in HCD rats compared to controls. The obese F1 females
showed increase in number of estrous cycles/2months and a decrease in length of estrous cycle. These F1
rats were mated in different combinations viz., ND♂ x ND♀, ND♂ x HCD♀, HCD♂ x ND♀, HCD♂ x
HCD♀. The females in ND♂ x HCD♀ and HCD♂ x HCD♀ groups showed significant increases in
anthropometric measurements during pregnancy where as females in other two groups did not show
these changes. The fertility index, gestation index and parturition index did not significantly differ among
all groups. However, in ND♂ x HCD♀ and HCD♂ x HCD♀ groups litter size and litter weight were
decreased whereas body weight/ pup and mortality rates were increased compared to ND♂ x ND♀, the
HCD♂ x ND♀ also showed decrease in litter size and weight and an increase in mortality rate compared
to ND♂ x ND♀. The results indicate that F1 born to obese females and fed with HCD show low
reproductive performance and increased pup mortality.
Key words: body weight; offspring; fertility index; litter size; litter weight; mortality rate.
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INTRODUCTION
Maternal obesity has well-recognized short-term complications for both mother and child (Garbaciak et al.,
1985) and it is commonly associated with fetal overgrowth rather than growth restriction (Catalano et al.,
2012). Children of obese parents have an increased risk of becoming obese compared to children of parents
of normal weight (Lyra et al., 2003). In obese women, pregnancy rate and live birth rate is consistently
decreased especially due to an increased miscarriage rate (Wang et al., 2002; Lintsen et al., 2005; Maheshwari
et al., 2007). Pregnancy complications viz. hypertensive disorders, gestational diabetes, prolonged duration of
labour, increased need of operative delivery, macrosomia increased blood loss occur due to obesity
(Garbaciak et al., 1985; Edwards et al., 1996; Weiss et al., 2004). Ovulatory and anovulatory subfertile women
are overweight or obese (Koning et al., 2010).
In animal models, offspring of mothers consuming a high-fat diet (HFD) throughout pregnancy and lactation,
showed increased blood glucose level (Ainge et al, 2011). Offspring of rats on a high-fat diet had increased
pancreatic β-cell mass, replication and neogenesis leading to hyperglycemia and type 2 diabetes in the adult
life (Gniuli et al., 2008). Studies in rodents show that exposure to maternal obesity or over nutrition during
both pregnancy and lactation is associated with the development of obesity in the offspring (Guo and Jen
1995, Levin & Govek 1998, Bayol et al. 2007, 2008, Samuelsson et al. 2008, Shankar et al. 2008, Liang et al.
2009, Nivoit et al. 2009, Tamashiro et al. 2009, Yan et al. 2010). Offspring are more prone to develop obesity
due to increasing maternal obesity and maternal weight gain in rats in addition to increased risk of
pregnancy-related complications in mother rats (Li et al., 2011).
A maternal cafeteria or high-fat diet induces obesity and insulin and leptin resistance in rats (Bayol et al.,
2005; Taylor and Poston, 2007; Morris and Chen, 2009), hypertension in mice (Elahi et al., 2009; Liang et
al., 2009) and in rats (Khan et al., 2004; Samuelsson et al., 2010) and fatty pancreas disease in mice (Oben et
al., 2010). Consuming a high fat diet reduces a rat’s capacity to conceive and ability to maintain her litter
during the perinatal period (Shaw et al., 1997). Histological evaluation of ovaries showed similar morphology
and number of antral follicles in both cafeteria and standard chow fed groups of rats (Sagae et al., 2012).
Obese rats experienced greater difficulty than controls in delivering their pups and more number of their
pups died in the first few days of life (Rasmussen, 1998). Continued feeding on high fat diet, for longer
duration reduced pups weight and increased mortality rate with early age of puberty in rats (Suker et al.,
2013).
Diet-induced (60% of fat in diet) obese male C57BL/6J mice showed a significant reduction in fertility after
natural mating (Ghanayem et al., 2010). High fat diet induced paternal obesity in mice induced oxidative
stress, sperm DNA damage and reduction in fertilizing ability (Bakos et al., 2010). Likewise paternal obesity
caused intergenerational transmission of a decline in fertility, particularly in males, through both F1 parental
lines to F2 generations (Fullston et al., 2012).
In the present day human societies, prevalence of overweight and obese conditions in adults and children
are increasing. Studies conducted in animal models thus far do not mimic this situation, because
reproductive effect of induced obesity in adults (Akamine et al., 2010; Balasubramanian et al., 2012) or
paternal or maternal obesity (Fullston et al., 2012; Suker et al., 2013) effect on offspring have been studied. In
the present study, a model of childhood obesity extending to prepubertal and pubertal period in offspring
born to obese mothers has been mimicked in rats to study effect on reproductive performance. Since gonads
develop, differentiate and mature during these periods, studying reproductive performance of rats having
obese condition in these periods gains importance.
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MATERIALS AND METHODS
Experimental Design
Three months old adult healthy female rats were randomly divided into two groups viz. normal diet (ND) and high
calorie diet (HCD). Rats in ND group were fed with normal diet and served as controls whereas those in second
group were fed with high calorie diet (HCD) (10g/rat/day) in addition to normal diet for 8 weeks to induce obesity.
The rats were provided with ad libitum of water. Anthropometric parameters viz., body weight (BW), body mass
index (BMI), thoracic circumference (TC) and abdominal circumference (AC) were recorded at weekly intervals. The
serum concentrations of glucose, cholesterol and triglyceride were determined after completion of 4th and 8th week of
the experimental period.
The female rats (F0 generation) of both the groups were allowed to mate with normal healthy male rats. Vaginal
smear was observed every day morning at 10. A. M. and presence of spermatozoa in the smear confirmed
conception. The day on which spermatozoa were present in the smear was considered as day zero of pregnancy.
Different fertility parameters viz. fertility index, parturition index, gestation index, litter size, litter weight,
weight/pup and pups mortality were recorded. Normal diet (ND) and high calorie diet (HCD) were fed to respective
groups of females during gestation and lactation periods. The offspring (F1) of controls were fed with ND and those
of HCD mothers with HCD after weanling period up to post natal day (PND) 100. Anthropometric parameters as
mentioned above were recorded on PND 0, 30, 60 and100. The male and female offspring (F1) after attaining the age
of PND 100 were allowed to mate in different combinations, viz., ND♂ x ND♀, ND♂ x HCD♀, HCD♂ x ND♀,
HCD♂ x HCD♀. The conception was confirmed as described above and after gestation period fertility indices were
recorded. The experimental protocols were approved by the institutional animal ethics committee and animal care
and treatments were as per guide lines of the committee.
Fertility parameters
The percentage of number of females conceived, litter size, and litter weight of each rat were recorded. Other
parameters were determined according to the procedure of Adilaxmamma et al. (1994) and Narayana et al. (2005) as
follows:
(i)
fertility index of male = number of fertile males/number of males used in the test x100,
(ii) fertility index of female = number of pregnant rats/number of females mated x100,
(iii) parturition index=number of females delivered/ number of pregnant rats x100,
(iv) gestation index= number of pups born alive/ total number of pups born x100.
The mortality of pups was expressed as percentage of dead pups at parturition.
Anthropometric measurements
Body weight (BW), body mass index (BMI), thoracic circumference (TC) and abdominal circumference (AC) were
measured according to the procedure of Novelli et al (2007).
Estrous cyclicity
The vaginal smear of each F1 female rat was observed under light microscope every day (10 AM) as per the
description of Cooper et al. (1993) to record the stage of estrous cycle and mean number of estrous cycles per 2
months period was computed based on this data.
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Statistical analyses
The mean value of each parameter was computed using data on at least 5 rats in each group and the mean values of
control and HCD groups were compared using Student's t-test wherein there were only two groups, whereas one
way ANOVA followed by Duncan’s multiple range test was used, if groups were more than 2 and judged significant
if P< 0.005.

RESULTS
HCD induced alterations in adult female (F0) rats
On day zero, BW, BMI, TC and AC of ND and HCD females did not significantly differ. However a consistent and
significant increase in all these anthropometric parameters was observed from 1 st week through 8th week in HCD
females compared to ND (Table 1). In addition the serum concentrations of glucose, cholesterol and triglycerides
were significantly higher in HCD females than ND females on 4th and 8th week (Table 2).
The fertility index, parturition index and gestation index of ND and HCD rats did not significantly differ. However a
significant decrease in litter size and litter weight and a significant increase in body weight/ pup and mortality of
pups were found in HCD rats compared to ND rats (Table 3).
HCD induced alterations in offspring (F1) of obese female rats
Male as well as female offspring of females (F0) fed with HCD, showed a significantly higher BW, BMI, TC and AC at
birth, i.e. on PND zero. There was a consistent and significant increase in these anthropometric parameters at all time
points studied i.e. PND zero, 30, 60, and 100, both in HCD male and female offspring (F1) compared to those of ND
(Table 4).
A significant increase in number of estrous cycles/ 2 month period and a significant decrease in length of estrous
cycle were observed in F1 HCD rats compared to ND rats (Table 5). Further , BW, BMI, TC and AC showed a
consistent pattern throughout gestation (day zero, through 3rd week) i.e a significant increase in all anthropometric
parameters of ND♂ x HCD♀ and HCD♂ x HCD♀ groups over ND♂ x ND♀ and HCD♂ x ND♀ (Fig. 1) .
Irrespective of groups all F1 females conceived (Table 6). There was no significant difference in fertility index and
parturition index compared to ND rats. However there was a significant decrease in gestation index, litter size, litter
weight and a significant increase in body weight/ pup and mortality of pups in ND♂ x HCD♀, HCD♂ x ND♀ and
HCD♂ x HCD♀ groups compared to ND♂ x ND♀ group (Table 6).

DISCUSSION
Gonads differentiate during fetal life and develop to produce gametes during pre-pubertal and pubertal life in postnatal period. Studies thus far carried out have reported effects of paternal or maternal obesity on different aspects of
reproduction and fertility of offspring (Fullston et al., 2012; Balasubramanian et al., 2013; Suker et al., 2013). The
present study aimed at finding out effects of exposure to high calorie diet in utero as well as during post-natal period
up to attainment of sexual maturity, on reproductive performance of offspring born to obese female and normal male
parents. This model of childhood obesity was developed because in humans obesogenic nutritional environment
contributes to risk of developing obesity and early life nutritional adversity is associated with metabolic disorders (Li
et al., 2011).
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In the present study the adult female rats fed with HCD developed obesity, which reduced their reproductive
outcome. Likewise offspring, male as well as female born to these obese females, and exposed to HCD from fetal life
through attainment of sexual maturity also developed obesity. Our study clearly demonstrates that, the severity of
over nutrition effect on reproductive performance of obese offspring born to obese mothers was more compared to
normal adult females developing obesity due to over nutrition as shown by 50% decrease in litter size and litter
weight and 2 fold increase in pup mortality in offspring (F1) compared to obese mothers (F0).
The anthropometric parameters viz. BW, BMI, TC and AC and blood constituents viz. glucose, triglycerides and
cholesterol are considered as markers of obesity (Novelli et. al., 2007). In agreement in the present study female rats
fed with HCD for 8 weeks showed a consistent and significant increase in anthropometric parameters, measured over
weekly intervals and concentrations of blood glucose, triglyceride and cholesterol level over controls thoroughly
indicating development of obese condition. These females despite mating with normal diet fed males showed altered
reproductive performance as shown by a decrease in litter size and weight and increase in mortality of pups
compared to controls. Interestingly conception rate (fertility index) and parturition indices were 100%, and there was
slight but not significant drop in gestation index in obese females, though other fertility parameters were adversely
affected. These facts indicate adverse interference of HCD diet on post- conception growth and survival of fetus.
Similarly, reduced fertility in overweight women (Bolumar et al., 2000; Rich-Edwards et al., 2002; Pasquali et al., 2006;
Gesink Law et al., 2007) and anovulation and reduction in fertilization due to high fat diet feeding in mice (Gouveia et
al., 2004) have been reported. Likewise HFD consumption reduced rats capacity to conceive and ability to maintain
her litter during post natal period (Shaw et al., 1997) and obese rats experienced greater difficulty than controls in
delivering pups and more pups died in the first few days of life (Rasmussen, 1998). Reduction in pup weight and
increase in their mortality were observed due to high fat diet consumption in mothers (Suker et al., 2013). Further
HFD caused irregular estrous cycles (Balasubramanian et al., 2012; Lie et al., 2013) and anovulation and decrease in
blood LH levels (Balasubramanian et al., 2012) in rats. Anovulation is suggested to be due to high fat diet induced
suppression of hypothalamo-gonadal- axis (Balasubramanian et al., 2012), as it was accompanied by reduction in LH
levels. Hence hormonal imbalance appears to be the cause of obesity induced alterations in female rats.
Maternal obesity is known to induce obese condition in their offspring. For instance, exposure to maternal obesity
during pregnancy and lactation periods resulted in development of obesity in offspring (Guo and Jen 1995, Levin &
Govek 1998, Bayol et al. 2007, 2008, Samuelsson et al. 2008, Shankar et al. 2008, Liang et al. 2009, Nivoit et al. 2009,
Tamashiro et al. 2009, Yan et al. 2010; Li et al., 2011).
Obese parents also affect reproductive parameters of offspring. However, in the study of Suker et al HFD caused
reduction in pups weight and increase in mortality rate. Further, maternal HFD during pregnancy and lactation
resulted in increase in offspring body weight and percentage of fat mass, whereas HFD during pregnancy alone
increased offspring adiposity but not body weight in rats, indicating that weight gain in F1 offspring of obese rats
was due to increased ingestion of milk that was high in calorie content (Desai et al., 2014) . In the present study HCD
feeding not only resulted in obesity in adult females but also in their male as well female offspring as shown by
higher body weight/pup at the time of birth and significantly higher BW, BMI, TC and AC compared to controls on
day zero. The pups were exposed to HCD until weaning period, as mother rats were fed with HCD, which resulted
in maintaining obese condition until the offspring were fed with HCD. Since feeding with HCD or HFD increases the
blood levels of glucose and lipids, exposure to these conditions in utero during pregnancy, might cause tendency for
developing obesity.
The study of Desai et al (2014) reveals that HFD during pregnancy causes high adiposity in offspring. The continued
exposure to high levels of nutrients during lactation might reinforce the tendency for obesity resulting in obese
condition in offspring. This view is supported by the report that in rats HFD fed mothers produce milk with higher
fat content than controls and also their offspring consume more milk (Purcell et al., 2011). Hence, obesity in offspring
of obese mothers is due to exposure to calorie rich nutrient content of blood during gestation and through milk
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during pre-weaning period. In the present study, the pups were fed with HCD after weaning to maintain obesity
during pre-pubertal and pubertal periods, to understand effects of obesity on reproductive performance.
Maternal obesity is known to impact on reproductive performance of their offspring. HFD for long periods in rats
resulted in early onset of puberty in their offspring (Suker et al., 2013). HFD during pregnancy and lactation caused
alterations in structure and functions of the ovary of female offspring as shown by reduced AMH signaling and more
number of atretic follicles due to reduced FSH signaling in adults of F1 generation (Tsoulis, 2014). Likewise pre-natal
exposure to maternal HFD resulted in reduction in primordial, antral and graffian follicles number coupled with
elevated expression of genes involved in apoptosis and follicular growth and development in the offspring ovary in
C57Bl/6J mice. Interestingly paternal obesity also affects reproductive performance of F1 females as well as males.
Fullston et al (2012) have demonstrated that paternal obesity causes intergenerational transmission of decline in
fertility, particularly in males through both F1 and F2 generations in mice. The detrimental effects of male obesity on
sperm are thought transmit to next generations through non- classical genetic mechanisms (e.g. epigenetic) (Fullston
et al., 2012). In view of these studies, present study investigated estrous cyclicity, mating, gestation, parturition
performance of F1 offspring born to obese females as these reproductive outcome were not considered in earlier
studies. The present study also differed from earlier studies in protocol, i.e. the obese pups born to obese mothers
continued to receive HCD after weaning period, and also reproductive outcomes after mating alter between both
obese F1 parents, and one F1 obese parent and one normal, have been studied. It is remarkable to note that impacts of
obesity on some reproductive outcomes in F0 were also observed in F1, thereby indicating consistency in the results
of our study. Fertility index was 100% in both generations, irrespective of whether a single parent was obese or both
parents were obese, thereby indicating that the conception rate of female, was not affected by obesity though postconceptional alterations were possible. Further gestation and parturition indices did not show significant variation in
obese rats of either in F0 and F1 rats. However effects of obesity on other parameters were more severe in F1 obese
rats than F0. There was a significant decrease in litter size, litter weight and increase in mortality rate in F0 as well as
F1 obese rats compared to controls. However there was >50% reduction in litter size and weight and > 2 fold increase
in pup mortality rate in F2 obese rats compared to F0 obese rats. These more intense reproductive impacts may be
due to exposure of high nutrient content from pre-natal life through attainment of adulthood in F1 rats compared to
exposure of HCD only during adult life for a short period of 8 weeks in F0. Thus our study reveals that duration of
exposure to obesogenic factor determines severity of impact on reproductive outcome. Further our study also reveals
another interesting fact that mating of HCD♂ of F1 with control female also decreased litter size, litter weight and
increased pup mortality, without affecting body weight of F2 pups, thereby indicating involvement inheritance,
classical or epigenetic in transmitting obesity across generations. Offspring (F1) born to obese females and fed with
HCD during pre-pubertal and pubertal period showed low reproductive performance and increased pup mortality.
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Table-1: Effect of high calorie diet on anthropometric parameters of adult female (F0) rats

Duration
Day zero

Groups

Mean ± SE
Body
Weight(gm)

Body
Mass
Index(BMI)
(gm/cm2)
0.55 ± 0.01
0.55 ± 0.0
0.55 ± 0.0
0.59 ± 0.0*
0.57 ± 0.0
0.61 ± 0.0*
0.58 ± 0.0
0.64 ± 0.0*
0.58 ± 0.01
0.67 ± 0.01*
0.59 ± 0.0
0.71 ± 0.01*
0.6 ± 0.01
0.74 ± 0.0*
0.61 ± 0.0
0.78 ± 0.0*
0.62 ± 0.01
0.82 ± 0.0*

Thoracic
Circumference
(TC) (cm)
11.06 ± 0.05
11.02 ± 0.03
11.2 ± 0.03
11.4 ± 0.07*
11.2 ± 0.02
11.6 ± 0.08*
11.34 ± 0.08
11.94 ± 0.09*
11.5 ± 0.05
12.2 ± 0.11*
11.68 ± 0.02
12.5 ± 0.11*
11.96 ± 0.02
12.7 ± 0.06*
11.9 ± 0.15
13.02 ± 0.04*
12.2 ± 0.06
13.1 ± 0.03*

Abdominal
Circumference
(AC)(cm)
13.04 ± 0.05
13.06 ± 0.05
13.06 ± 0.04
13.24 ± 0.02*
13.1 ± 0.03
13.4 ± 0.05*
13.16 ± 0.05
13.68 ± 0.06*
13.2 ± 0.03
13.86 ± 0.05*
13.3 ± 0.04
13.92 ± 0.23*
13.34 ± 0.04
14.28 ± 0.06*
13.36 ± 0.04
14.46 ± 0.05*
13.48 ± 0.03
14.68 ± 0.05*

ND
155.4 ± 2.48
HCD
155.8 ± 1.98
1st week
ND
156 ± 1.70
163 ± 2.04*
HCD
2nd week
ND
157.1 ± 1.87
173.6 ± 1.56*
HCD
rd
3 week
ND
158.8 ± 1.77
182.6 ± 1.46*
HCD
th
4 week
ND
161 ± 1.92
190.8 ± 1.31*
HCD
5th week
ND
163.2 ± 1.74
196.8 ± 0.86*
HCD
6th week
ND
164.6 ± 1.77
201.6 ± 1.28*
HCD
7th week
ND
168 ± 1.51
207 ± 0.94 *
HCD
th
8 week
ND
170.6 ± 1.43
212 ± 1.04 *
HCD
ND, normal diet, HCD , high calorie diet.
Mean values of ND and HCD groups were compared using student’s t test and judged significant (*) if

P< 0.05
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Table-2: Effect of high calorie diet on blood biochemical constituents in adult female (F0) rats
Mean serum concentration (mg/100 ml) ± SE
Duration
Groups
Glucose
Cholesterol
Triglyceride
1 month
ND
69.12 ± 2.26
63.28 ± 2.05
62.14 ± 2.26
101.1 ± 1.37*
100.2 ± 3.08*
99.9 ± 5.69*
HFD
2 month
ND
72.04 ± 1.93
67.66 ± 1.73
65.68 ± 1.73
110.7 ± 0.8*
110.4 ± 2.96*
107.3 ± 4.34*
HFD
Note: ND, normal diet, HCD, high calorie diet.
Mean values of ND and HCD groups were compared using student’s t test and judged significant (*) if P< 0.05.

Table-3: Effects of high calorie diet on reproductive performance of female (F0) rats
Parameter
Groups
ND
HCD
Fertility index (%)
100
100
Parturition index (%)
100
84.21
93. ± 1.04*
Gestation Index
100
6.38 ± 0.78*
Litter Size/rat
8.88 ± 0.61
35.79 ± 3.03*
Litter weight (gm)/rat
43.74 ± 2.74
5.18 ± 0.07*
Body weight/ pup (gm)
5.0 ±0.05
Mortality of pups (%)
0
10
Note: ND, normal diet, HCD, high calorie diet; NS, Not significant.
Mean values of ND and HCD groups were compared using student’s t test and judged significant (*) if P< 0.05.

Table-4:Effect of high calorie diet on anthropometric parameters of offspring (F1) born to obese
mothers.
Age in
Mean ± SE
post natal
Groups
Body Weight
Body Mass
Thoracic
Abdominal
days
2
(gm)
Index(gm/cm ) Circumference Circumference
(cm)
(cm)
Male rats
PND zero
ND
5.06 ± 0.04
0.21 ± 0.0
3.9 ± 0.08
3.98 ± 0.07
5.56 ± 0.13*
0.24 ± 0.0*
4.6 ± 0.17*
4.76 ± 0.16*
HCD
PND 30
ND
46.8 ± 2.10
0.31 ± 0.0
7.04 ± 0.53
8.12 ± 0.33
68.2 ± 7.13*
0.45 ± 0.04*
8.9 ± 0.52*
9.9 ± 0.54*
HCD
PND 60
ND
138 ± 5.77
0.43 ± 0.02
9.9 ± 0.1
11 ± 0.15
154.6 ± 3.5*
0.50 ± 0.0*
11.12 ± 0.09*
12.18 ± 0.09*
HCD
PND 100
ND
189 ± 2.68
0.48± 0.0
11.4 ± 0.16
12.26 ± 0.19
239.2 ± 5.58*
0.61 ± 0.02*
12.9 ± 0.18*
14.26 ± 0.22*
HCD
Female rats
PND zero
ND
4.9 ± 0.07
0.19 ± 0.0
3.4 ± 0.07
3.54 ± 0.05
5.14 ± 0.05*
3.76 ± 0.11*
3.84 ± 0.12*
HCD
0.21 ± 0.01
PND 30
ND
40.2 ± 3.15
0.33± 0.01
7.16 ± 0.09
7.4 ± 0.17
52.3 ± 4.0*
0.40 ± 0.02*
8.0 ± 0.17*
8.34 ± 0.20*
HCD
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PND 60
PND 100

ND
HCD
ND
HCD

141.7 ± 1.78
155.6 ± 2.92*
163.2 ± 2.9
196.6 ± 2.82*

0.44 ± 0.02
0.50± 0.0*
0.63 ± 0.01
0.82 ± 0.0*

10 ± 0.0
11.12 ± 0.09*
13.26 ± 0.07
15.13 ± 0.05*

11.0 ± 0.15
12.18 ± 0.09*
14.25 ± 0.02
17.15 ± 0.04*

ND, normal diet, HCD , high calorie diet. Mean values of ND and HCD groups were compared using student’s t test
and judged significant (*) if P< 0.05.

Table-5: Effects of high calorie diet on estrous cyclicity of F1 rats
Groups
Estrous cycle
Mean number of estrous cycles/ 2
month ± SE
Mean length of estrous
cycle ± SE

ND
19.3 ± 1.05

HCD
22.3 ± 0.9*

4.9 ± 0.14

4.4 ± 0.17*

Note: ND, normal diet, HCD, high calorie diet;
All values are mean ± SE; Mean values of ND and HCD groups were compared using student’s t test and judged
significant (*) if P< 0.05.

A.

B.
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C.
D.
Fig.1: A-D: Anthropometric parameters of F1 female rats during gestation period. ND, normal diet,
HCD, high calorie diet.

Table-6: Effects of high calorie diet on F1 offspring born to obese (F0) rats
ND♂ x ND♀
ND ♂ x HCD ♀
HCD♂ x ND ♀

HCD♂ x HCD♀

Fertility index of male
(%)
Fertility index of
female (%)
Parturition index
(%)
Gestation index

100

100

100

100

100

100

100

100

100

100

100

100

100 a

81.0 ± 9.27 a

91.0 ± 5.56 a

80.32 ± 8.3 a

Litter size/rat

9.8± 0.66

4.4 ±0.5b

4.6 ± 1.36 b

4.2± 0.37 b

Litter weight (gm)/rat

46.3 ± 2.5 a

20.5±3.8b

21.8 ± 6.3 b

24.04±2.64 b

Body weight / pup
(gm)
Mortality Rate of pups
(%)

4.9 ± 0.18 a

5.36±0.15 b

4.85 ± 0.08 a

5.5 ± 0.08 b

0

18.7

13.04

19.04

a

Note: ND, normal diet, HCD, high calorie diet.
All values are mean ± SE. Mean values in each column were compared by one way ANOVA followed by Duncan’s
multiple range test. Values with same superscript letters are not significantly different, whereas those with different
superscript letters are significantly (P<0.05) different.
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ABSTRACT

T.indica is fungal pathogen that infects the spike of wheat during development stages. The development
of monosporidial culture of T.indica on PDA media. The monosporial culture allows growing on different
concentration of dbcAMP. The mycelial biomass decreased at 21 days of growth in dbcAMP treated
culture at 5.0 mM. Pathogenic variations among 3 different isolates were studied by inoculating cAMP
treated and without treated monoteliosporic cultures on host genotypes comprising of susceptible and
resistant wheat, at physiological growth stage Z-49. After maturity, the inoculated ear heads were
categorized into five grades of infection on the basis of area of endosperm converted into sooty mass of
fungal teliospores and coefficient of infection [CI] was calculated based on the formula. Based on disease
responses of pathogenic groups were identified, without cAMP treated KB9 isolate was highly virulent;
KB3 isolate moderately and PJK least virulent, while the Ms Cultures when inoculated individually did
not produce infection. Matting between, Ms Cultures of KB9 and PJK produced infection while in
presence of dbcAMP, combination, Ms Cultures of KB9 and PJK did not produced infection. It is
concluded that, T.indica, the basidiomycete bunt pathogen of wheat, exhibit dimorphism in which mating
between haploid budding cells establishes a pathogenic filamentous cell type, and cAMP A signaling
cascade controlling mating and virulence in T.indica.
Key words: c-AMP, Tilletia indica, wheat, Pathogenesis.
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INTRODUCTION
Wheat is one of the important staple crops of India. Wheat occupies more than 25 million hectares area in India with
a production of about 70 million tones. Although there is quantum jump in the productivity of wheat yet it’s
adversely affected by several fungal diseases like brown, yellow and black rusts, leaf blight, loose smut and bunt.
Karnal bunt (KB) caused by Tilletia indica Mitra syn. Neovossia indica (Mitra) Mundukar is an economically important
disease of wheat in the northwestern regions of India and other parts of the world. It is a floret-infecting disease that
partially infects seed of wheat and hence also called partial bunt [1]. Many aspects concerning disease development
are yet to be answered. The proper understanding of KB disease at cellular and molecular level would help to devise
strategies for successful management of disease. Researchers interested in the study of bunt fungi recognized that KB
can be made excellent model system because of the yeast like habit of bunt fungi in pure culture, and availability of
both haploid (n) and diploid (2n) cells, it occurs in three morphologically distinct forms in the life cycle [2,3]. Mating
is an essential step in the life cycle of most homobasidiomycetes. No special cells are required for mating; fusion
between vegetative mycelial/sporidial cells is sufficient to trigger a well-characterized developmental sequence that
converts monokaryon into dikaryon. However, evidence for mating interaction to establish the infectious cell type
during morphological differentiation of KB is not clearly demonstrated [3]. The molecular signals required for
establishing and maintaining the infectious dikaryons would have to be identified by investigating the role of c-AMP
in fungal pathogenesis.
The pathogenic mechanism to cause KB disease can be traced out by understanding of cAMP-adenylate cyclase
system in fungus, T. indica. The conversion of vegetative mycelial to sporidial phase in this pathogen may also be
centered near this molecular signalling system. Distinct morphological and biochemical changes are invariably
associated with morphological differentiation and/or transition of haploid mycelial to sporidial to diploid teliospore
phase. During development, T. indica appears a phenotypic mixture of genetically identical (haploid) cells but
morphologically differentiated cells like haploid mycelial and allantoid/filiform sporidial form or genetically
different but mixture of haploid and diploid fungal populations. The process of sporidiation during developmental
cycle of fungus accompanied the change in morphology and in turn to appearance and/or disappearance of
developmentally related markers on fungal population. Number of these markers is small compared to common
structural proteins of different fungal populations. Characterization of these changes in relation to growth and
morphological differentiation has become difficult without suitable probe. Therefore, KB has become the bunt fungus
of choice for studies the influence of dbc- AMP on induction of growth habit, morphological changes, sporidia
formation, and to test the Pathogenic variability of T.indica.

MATERIALS AND METHODS
Collection of Fungus Stains
In present study two strain KB9 and PJ of T.indica and its monoteliosporic cultures were used. These cultures were
collected from the Department of Molecular Biology and Genetic Engineering, GB Pant University of Agriculture and
Technology Pantnagar (Table 1).
Collection of Wheat Genotype
In present study two genotypes (WH-542, HD-29) of bread wheat [Triticum aestivum] were used. The seeds of these
genotypes- one highly susceptible and another resistance to Karnal bunt based on pathogenecity testing under field
conditions were collected from the CRC, Pantnagar and from Department of Molecular Biology and Genetic
Engineering, GB Pant University of Agriculture and Technology Pantnagar( Table 1).
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Morphological Studies
T.indica grown in media containing dbcAMP and fungus growth was observed at 14 days and 21 day of inoculation
using aniline blue. The fungal mycelia were teased to separate interwoven mycelial network with help of needle on
side itself. After teasing, staining was done using mounted on lactophenol. To determine the effect of dbc-AMP on
morphogenetic development, the stained mycelia or other structures from at least three different regions were
examined by light microscopy and scored as morphologically differentiated if they possessed sporidia or
chlomydospores
Inoculum Preparation and inoculation of host differentials
Monosporidial lines of the fungus were grown in shake culture in 250-ml flasks containing 50ml of potato extract
solution to which mycelia and secondary sporidia were added from the PDA slants. Secondary sporidia developed in
profuse numbers following 7 days of continuous shaking at 20 o C. These were pelleted by centrifugation and the
pellets were resuspended in 100 ml of dilute potato extract. Immediately thereafter, portions of the various sporidial
suspensions were paired and used as inoculums. In all tests suspensions of unpaired monosporidial lines served as
controls.
The seeds of resistance and susceptible genotypes were sown in field with a mixture of loamy soil and farm yard
manure (3:1, v/v) supplemented with NPK fertilizer under polyhouse conditions. Sporidial suspension containing
allantoids secondary sporidia @ 104/ml was prepared and five tillers of each differential host were inoculated during
evening hours using hypodermic syringe [4]. High humidity was maintained by spraying the inoculated plants with
water. Uninoculated checks for each genotype were also maintained. The experiment was conducted in a completely
randomized design (CRD) with three replicate. After maturity, Disease Scoring was done on the basis of the
percentages of infected kernels. Average percent-infected grains were calculated after harvesting. As most bunted
grains, partially infected, numerical values, depending upon the extent of damage to the grains, were given for
calculating coefficient of infection. Number of grains showing incipient infection, blackening extended up to half of
the grain, three forth of grain and infected grains were multiplied with the numerical values 0.25, 0.5, 0.75, and 1.0
respectively and then divided by 100 to obtain percent coefficient of infection.
Percentage coefficient of infection = (∑XY / Total no of infected seed) ×100
Dibutyryl cyclic-AMP treated fungal growth in liquid culture
The fungal mycelia in equal proportion will be inoculated in 50 ml PDB allowed to grow for 2 days. At the end of 48
h, concentration of 1× 25 mM dbc-AMP in was added in different wells and allowed to grow in BOD incubator at 22 ±
1°C. The fungal mycelia will grow either in the presence or absence of dbc-AMP[5].
Determination of Growth Kinetic and Microscopic Examination
All cultures treated and Without Treat with dbcAMP, were culture on Solid as well as liquid media. Radial diameters
of mycelia were measured at 3 days intervals. To study the fungal morphology, mycelia were picked from the culture
at desired 7 days and 21 days interval and placed on glass slides. A drop of cotton blue was added over the fungal
mycelial and teased to get an even and thin mycelia spread over a slide. Then a drop of Lactophenol was added to fix
the slide. The temporal mounted slides were examined through microscope.
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Pathogenic variability of T.indica and Disease Scoring
Pathogenic variations among 2 different isolates was studied by inoculating monoteliosporic cultures on 2
differential host genotypes comprising of susceptible and resistant wheat lines (Table 1), at physiological growth
stage Z-49 [6]. The genotypes were sown in 10 cm diameter pots filled with a mixture of loamy soil and farm yard
manure (3:1, v/v) supplemented with NPK fertilizer under poly-house conditions. After germination, only five
healthy seedlings were retained per pot. Sporidial suspension containing allantoids secondary sporidia @ 104/ml was
prepared and five tillers of each host were inoculated during evening hours using hypodermic syringe [4]. High
humidity was maintained by spraying the inoculated plants with water. Uninoculated checks for each genotype were
also maintained. After maturity, Disease Scoring was done on the basis on the basis of the percentages of infected
kernels. Average percent-infected grains were calculated after harvesting by using the following formula.
Estimation of total protein by Lowry method
Total protein isolated from dbc AMP treated and non- treated T.indica. Protein concentration was measured by the
method developed by [7] and modified by [8]. Take the optical density (measure the absorbance) at 660 nm.The
amount of protein was estimated from a standard curve prepared by using BSA as a source protein.
Protein Profiling by SDS-PAGE
Protein Profiling of total protein isolated from dbc AMP treated and non- treated T.indica was done according to
protocol of [23], by using 12.5% discontinuous polyacrylamide gel.

RESULTS AND DISCUSSION
In vitro culture of fungus is provides a useful system for generating good deal of information about molecular and
cellular mechanisms underlying the transition of vegetative to sporidial phase. Analysis of sporidiation and
biomolecules involved in their production offers the opportunity to explore mechanisms of intra cellular and extra
cellular signalling, biochemical basis of recognition, fusion and development of sexual pathway and role of adenylate
cyclase/c-AMP cascade [9]. This cascade is involved in sensing nutrient levels in Mutations in this pathway have
pleiotropic effects on differentiation including cell division, mating and sporulation.
Morphological Studies
Two different strain of T.indicaKB9 and PJ and its monoteliosporic culture grown under BOD at 21oC. Dikaryotic
and monoteliosporic culture of KB9 and PJ stain of T.indica were treated with 5 mM concentration of dbcAMP, and
grown in PDB under 120 rpm upto 14 day at 21oC. After 14 day exposure of fungal cells to dbc-AMP, mycelia
collected and stained with lactophenol cotton blue, and under goes microscopic examination. Light microscopic
observation of stained fungal cultures revealed morphogenetic alteration in the fungal population as indicated in
Table 3. A significance variation was obserbed in both number, form of sporidium and morphology of mycelia in
both Dikaryotic and monoteliosporic culture of KB9 and PJ. Light microscopic examination of lactophenol cotton
blue stained fungal cultures revealed that following 14 days exposure of fungal cells to dbc-AMP, the fungal
population appeared to undergo morphogenetic changes which showed condensation of mycelia and subsequently
induced in the form of filiform sporidia (Figure1) cheek and count by Haemocytometer. Fungal cultures grown in
the absence of dbc-AMP supported the mycelination in the form of network of fungal hyphae (Figure 1 a & b). The
extent of sporidiation continuously increased following subsequent days of incubation in the presence of dbc-AMP.
Although, morphological differentiation from mycelial to sporidial phase occurred spontaneously in vitro cultures,
but the process was enhanced by addition of dbc-AMP (Table 3). The chemical agent like dbAMP could therefore,
prove extremely useful in inducing sporidia formation and subsequent development as well as altering the
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virulence of pathogen. Studies on mating in lower eukaryotes, including yeast and filamentous fungi, have revealed
role of c-AMP in various aspects of fungal biology, including both growth and cell cyclic progression [10, 11]. In
addition, in the phytopathogens, Magnaporthe grisea and Colletotrichum trifolii, c-AMP has been demonstrated to play
an important role during appressorial differentiation [12,13]. [14] suggested that cAMP pathway is involved in early
stages of saprophytic germination, in contrast to the pathogenic germination. However, whether c-AMP plays any
such role in the regulation of morphological differentiation of T. indica during pathogenesis and host-parasite
interaction or not, is yet to be investigated.
Pathogenic variability and Disease Scoring
To check the revelation about dbcAMP signaling in virulence, in present study two isolates and it Ms cultures of
T.indica were inoculated with and without treatment of dbcAMP on a two differential hosts one resistant (HD 29)
and susceptible genotype (WH542) at physiological growth stage Z-49 [6] Figure 2. Infection calculated on the basis
of coefficient of infection and percentages of infection. dbcAMP treated KB 9 produced C.I. ranging between 0.025on
genotype HD29 and 0.065 on WH542. While without dbcAMP treated KB9 showed C.I. 0.07 on HD 29 and 0.225 on
WH542. Isolate PJ (collected from Punjab and Jammu and Kashmir) treated with dbcAMP was least virulence
showed immune reaction by this isolate on resistant genotype. This isolate induced moderately susceptible reaction
on genotypes WH 542, highly susceptible genotypes, on which all KB9 isolates produced Susceptible ‘S’ response.
Ms Cultures when inoculated individually produce infection after more suitable condition, while dbcAMP MS
culture did not produce infection. In combination, Ms Cultures of KB9 and PJK produced infection. While dbcAMP
treated KB9 PJ did not produce infection. The self paired Ms Cultures caused no infection but cross combination
resulted in successful infection in both resistant and susceptible genotype against Kernal Bunt. (Table 4).Our results
on pathogenic variability and previous results on the host pathogen interaction have indicated that there is no welldefined race concept in this pathogen based on the reaction on a set of hosts, as it exists in the wheat rusts [15] and
rice variety against blast [16]. T.indica exhibits high level of genetic variability among the isolates [17] exhibiting
varying degree of virulence like Magnaporth oryzae exhibit distinctive pattern of genetic diversity [18].
Influence of dbAMP on Protein extractability from T.indica
The amount of protein extracted in Tris buffer saline (pH 6.8) and then precipitates in 70% acetone from dbcAMP
treated and non-treated culture of T.indica. Measure the total protein from T.indica by Lowry (1951) method using
BSA as control. Total protein was increase in dbcAMP treated KB9 and PJ isolate than in the non-treated culture
(Table 5). In its monoteliosporic (ms) culture was showed decrease total protein when compared with the dbcAMP
non-treated culture. Increase in the amount of proteins in dikaryotics strains (KB9 and PJ isolate) of T.indica indicates
the induction of expression of proteins by dbcAMP treatment. This reveals both either synergistic or antagonistic
expression of proteins Figure 3. [24] suggested that the role of c-AMP in signaling the nutritional status of the cell.
Cellular cAMP levels activate the PKA catalytic subunits for induction of spore formation [19].Cellular cAMP levels,
influence by Gα/Ras (G-proteins, Ras2p and Gpa2p) pathway via regulation adnylyl cyclase in S. cerevisiae. Both
genes [Ras2p and Gpa2p] Mutants defective exhibits a very slow growth phenotype (forming less mycelination) on
rich medium [20, 21].Externally supply of c-AMP suppressed the effect by gene encoding c-AMP phosphodiesterase
[20, 21, 22].
Influence of dbcAMP on protein profiles from T.indica
We tested the effect of external dbc-AMP on the differential expression of proteins. Total protein profiling carried out
by SDS-PAGE 12.5% polyacrylamide gel. During gel electrophoresis loaded 50 ug of protein for comparative studies.
Banding patterns of protein suggests marked changes that have been associated with the transition from vegetative
mycelial phase to the sporidial phase. Such variations may be due to differential expressions of proteins at two stages
of development or due to transition from vegetative mycelial to sporidial phase. There are certain bands, which are
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present only in dbcAMP treated culture of the fungus. It has been supported by morphological examination at
experimental phase of the growth of either mycelial or sporidial rich fungal population. The fungus is in vegetative
phase; hence, these bands are vegetative phase-specific. The bands that are present in both treated and nontreated
dbcAMP may be those of the structural proteins, which are required for the growth cycle of T. indica. Hence, they are
continuously expressed (figure 4). Some bands were present in all the stages of growth cycle of the fungus but the
intensity of the bands greatly varied. This variation may be due to some kind of transcriptional and post-translational
changes, which may affect the mobility of the band slightly from their original position. There are certain bands,
which are associated with only a specific stage.These represents unique kind of protein whose presence marks
specifically the actual stage of the culture, since they are expressed only in dbcAMP treated fungus. The
characterization of this stage dbcAMP treated specific protein will enable to provide a useful marker for the study of
morphological differentiation of T. indica Table 6.
Fungi employ dbc-AMP significantly in a variety of processes including the control of differentiation, sexual
development and virulence in addition to the monitoring of nutritional status and stress. Furthermore, the c-AMP
pathway influences transcription and cell cycle progression. Recent forays in to filamentous fungi including
pathogens of plants and animals have provided revelations about c-AMP signalling in morphological development
and virulence. Information accumulated on the role of c-AMP on morphogenesis and stress in these fungi indicates
that similar components will be induced and play important role in phytopathogenic fungi like T. indica.
It is clear that general topic of nutritional status and signalling in phytopathogenic fungi requires considerable
attention. Hence, these useful paradigms can also be applied in KB (T. indica) for understanding the transition,
formation of specialized cell types and also in understanding the biology of pathogen. It provides an obvious entry
point to learn more about aspects of cell-to-cell signalling, differentiation (e.g. mating structures, sporidia formation)
and regulation of gene expression and alteration in surface properties in fungi. The mycelial biomass decreased
with increasing concentrations of dbc-AMP. It was observed that dbc-AMP showed inhibitory growth response to T.
indica and induced sporidia formation. Not only fungal mycelia grow at a slower pace in the presence of dbc-AMP
but also the mycelial biomass was reduced by nearly 25%. It was dbcAMP Treated culture reduces virulence factor
compare to the no treated culture. dbcAMP reduces mating between two different monosporidial culture of dbcAMP
and hence reduce the pathogenecity between T.indica .Total protein concentration increases after treatment with
dbcAMP. Some extra protein bands appear after treatment with dbcAMP. It is concluded that, T.indica, the
basidiomycete bunt pathogen of wheat, exhibit dimorphism in which mating between haploid budding cells
establishes a pathogenic filamentous cell type, and cAMP A signaling cascade controlling mating and virulence in
T.indica.
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Table 1. Collection of Fungal Starins
Serial
No.

Isolates/
Monosporidial
strains
KB9
KB9ms1
KB9ms2
KB9ms3
PJ
PJmsa
PJmsb
PJmsc

1
2
3
4
5
6
7
8

Collected From

Pantnagar
Pantnagar
Pantnagar
Pantnagar
Punjab and JK
Punjab and JK
Punjab and JK
Punjab and JK

Table 2: Various group and variety of wheat genotype used
Genotypes
HD 29

Group
Aestivum

Susceptible /Resistant
Resistant

WH542

Aestivum

Susceptible

Table 3: Morphological variation of fungal isolates and monosporidial strains under microscopic
observation.
S.
No.

Isolates/
Monospor
idial
strains

Sporidial
count
(Number×10 6)
Without cAMP

Sporidial
count
(Number×106)
With cAMP

1.

KB9

37.0

672.0

2.

KB9ms1

5.4

18.6

3.

KB9ms2

3.3

37.5

Morphological Characteristics

14 days after
inoculation
Without cAMP
thick mycelium
few
allantoidsporidiu
m
Thin mycelium
few
allantoidsporidiu
m
production
thick mycelium

14 days after
inoculation
With cAMP
Thin mycelium few
allantoidsporidium

Thin and thick
mycelium, all
filiformsporidium.

Thin and thick
mycelium few
allantoidsporidium
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4.

KB9ms3

2.3

259.0

thick mycelium

5.

PJ

87.0

1630.0

6.

PJmsa

3.7

918.0

7.

PJmsb

130.0

1908.0

8.

PJmsc

17.5

217.9

Thin and thick
mycelium,
Chlamydospores
formation
thick mycelium
allantoidsporidiu
m production
Thin and thick
mycelium few
allantoidsporidiu
m
production
thick mycelium
allantoid
formation

9.

PNKB1

328.0

2258.6

10. PNKB2

341.

1432.0

11. PNKB

289.0

1344.0

thick mycelium no
sporidium
formation
Thin mycelium
Mycelium
thickening,
Chlamydospores
formation
and few
allantoidsporidiu
m formation

production
Thin mycelium and
chlamydospore
formation, moderate
allantoid production
Mycelium thinning
and moderate
allantoidsporidium
production
Thin mycelium heavy
allantoidsporidium
production
Thin mycelium,
Chlamydospores
formation and few
allantoidsporidium
formation
Mycelium less and
few
allantoidsporidium
formation
Thin mycelium
moderate allantoid
formation
Mycelium clustering
and few allantoid
Mycelial clustering
moderate allantoid
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Table 4: Coefficient of Infection and Disease response of T.indica isolates on differential host
genotype
Host

Fungal Strain
Control KB9
(with out
treatment
of cAMP)
Total No of
Seeds per
plot

Resistant
Genotype

Weight of 10
seeds
No. of Seeds
with
susceptible
reaction
Percentage
Infection

164

127

10gram

7.77

0

0

KB9
(with
treatment
of cAMP)

KB9ms1
(with out
treatment
of cAMP)

KB9ms1
(with
treatment
of
cAMP)

PJ
(with out
treatment
of cAMP)

PJ (with
treatment
of
cAMP)

PJmsa
(with out
treatment
of cAMP)

PJmsa
(with
treatment
of cAMP)

KB9ms
X PJmsa
(with out
treatment
of cAMP)

KB9ms
X PJmsa
(with
treatment
of cAMP)

133

156

10

7.67

9.99

3

0

12

0

10

8

0

15.96

0

105

150

142

166

100

159

6.43

4.56

6.78

6.12

7.88

6

37

12

3

21

0

4.9

21

0

152

134

146

120

149

133

151

9.21

7.98

9.89

6.69

8.76

9.23

16

2

14

0

18

5

16

12

14

2

37

100

143

140

160

7

4.5

5.2

5.23

0

45

13

24

Coefficient
infection
Susceptible Total No of
Genotype Seeds per
plot
Weight of 10
seeds
No. of Seeds
with
susceptible
reaction
Percentage
Infection
Coefficient
infection

177

12

45

18.59

33.6

9.6

38.85

18

17.04

0

Table 5: Influence of cAMP on Protein extractability from T.indica
S.No Treatment
Weight of
Protein
Volume of
mycelium or Concentration Extract
spore
Ug/ul
(ml)

1. KB9 (with out
treatment of cAMP)
2. KB9 (with treatment
of cAMP)
3. KB9ms1(with out

Protein
/gram of
mycelium

2

1.5

2

1.5

2

4.2

2

4.2

2

3.3

2

3.3

Percent
increase and
decrease in the
protein
extractability

+64%
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4.
5.
6.
7.
8.

treatment of cAMP)
KB9ms1(with
treatment of cAMP)
PJ (without
treatment of cAMP)
PJ (with treatment of
cAMP)
PJmsa (with out
treatment of cAMP)
PJmsa (with
treatment of cAMP)

2

3.0

2

3.0

2

0.5

2

0.5

2

1.2

2

1.2

2

3.9

2

3.9

2

2.55

2

2.55

-9.09%

+58%

-34%

Table 6. Treatments and bands
S.no.

1.
2.
3.
4.

Treatments

KB9
KB9ms
PJ
PJmsa

In Presence of dbcAMP
Number of bands
Similar Dissimilar
Total
Band
Band
Number
of band
3
3
15
3
1
7
3
4
10
3
3
12

Figure: 1a
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Figure: 1b

Figure 2
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Figure: 3
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ABSTRACT

A study on the shelf life assessment of rohu (Labeo rohita) in ice and ambient temperature was carried out.
The storage life of the fish was 18 days in ice and 12 hrs at ambient temperature. TVB-N and Peroxide
Values continuously increased with the increase of storage period. TVB-N value did not support those of
sensory evaluation and microbial analysis at ambient temperature. Where as peroxide value increased
from 2.82±0.28 meq O2 /kg of fat to 10.42±0.32 meq O2 /kg of fat. Organoleptic acceptability was 18 days in
ice and about 12 hours at room temperature. Results of bacterial load showed that the samples were in
acceptable condition, not exceeding 106 cfu/g for 18 days in ice and 12 hrs at ambient temperature. The
initial bacterial load for ice stored samples was predominated by mesophiles. However, as storage period
progressed total psychrophilic count, Pseudomonas sps, H2S producing bacteria and Aeromonas sps
increased in number showing that these microbes were the spoilage organisms in Ice. At ambient
temperature, major spoilage organisms were Aeromonas hydrophila, E.coli, Shigella sps and Bacillus sps.
Torrymeter and sensory assessment readings were also taken for both ice and ambient stored fishes
where the values decreased with increase in storage period.

Key words: shelf life assessment, Labeo rohita, Pseudomonas sps, Peroxide Values.
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INTRODUCTION
Very few studies have been conducted on the quality and shelf life of fresh water fish in storage condition in contrast
to the lots of information that is available for marine species. Chandrashekar et al. (2004) established the relationship
between the changes in muscle biochemical composition of Labeo rohita in relation to season. Adoga et al. (2010)
carried out a study on storage life of tilapia in ice and ambient temperature. Azam et al. (2005) studied about the
quality changes in pangus (Pangassius hypothalamus) in relation to size and season during storage in ice and their
results showed that size, season and holding temperature seemed to have influence on the storage life of the fish.
Major carps are the most important species that supports fresh water fisheries in India, which ranks second in global
fresh water fish production. Among the Indian Major Carps, Labeo rohita (rohu) is most preferred cultured fish
(contributing more than 80%), since the species fetches higher price compared to the other cultured fish. The quality
of fish decreases after death due to chemical reactions which produce changes in protein and lipid fractions (Ozogul
et al., 2006). The initial loss of freshness is caused by endogenous autolytic enzymes in muscle and subsequent
spoilage is due to microbial activities, especially due to the rapid proliferation of specific spoilage organisms (Huss,
1995). Chilling of fish in ice or in the refrigerator slows down the destructive processes of enzymes and bacteria,
because of which the shelf life of fish can therefore be extended by many days. The present study was carried out to
investigate the shelf life of a fresh water rohu (Labeo rohita) fish, and also the spoilage mechanism of the fish in ice and
ambient temperature.

MATERIALS AND METHODS
Fish sampling and storage
Labeo rohita (Rohu) fish harvested in the early morning from near by farmers ponds located at Muthukur were
brought to the Fish Processing laboratory and used for ice storage and ambient temperature study. Immediately after
sorting the samples according to sizes, they were washed with ice cold potable water and divided in to two lots. The
first lot was stored in an insulated ice box (fish: ice ratio 1:1) with drainage holes, the ice being replenished twice a
day. The second lot was kept in a plastic tray at ambient temperature (29-300C). Samples were obtained from the ice
box and ambient condition at 2 days and 3 hrs intervals respectively and used for organoleptic, biochemical and
microbiological assessment.
Determination of pH
5g sample was ground with distilled water using pestle and mortar for 30 seconds and pH value of homogenate was
recorded using a digital pH meter (Oakton, Eutech Instruments, Malaysia). Three readings were made for each
sample and the mean value was recorded.
Determination of Total Volatile Base Nitrogen (TVB-N)
TVB-N was determined according to the Conway method (1962) and expressed as mg/100 g of meat.
Determination of Peroxide Value
Measurement of peroxide value was carried out by using Jacobs (1958) method and expressed as meq O2 /kg of fat.
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Microbial Analysis
Enumeration of different microbes in this study was carried out by following APHA (1992) methods.
Organoleptic Quality assessment
Organoleptic methods were used to assess the degree of freshness based on organoleptic characteristics. Raw
samples were washed using potable water and presented whole to the taste panel. Samples were examined
physically for general appearance of skin, consistency of flesh, odour, colour of the gills, colour and form of eyes and
slime formation. Cooked attributes such as flavor, odour, taste, texture and raw attributes were evaluated by eight
panelists and changes in quality of chilled and cooked fish were assessed at 2 days & 3 hrs intervals respectively. The
scores are given as excellent (10), Like extremely (9), Like very much (8), Like moderately (7), Like slightly (6),
Neither like nor dislike (5), Dislike slightly (4), Dislike moderately (3), dislike very much (2) and dislike extremely (1).
A score of ‘5’ (neither like nor dislike) was taken as acceptable limit.

RESULTS AND DISCUSSION
Changes in pH
pH of rohu increased from an initial value of 6.51±0.00 to 6.77±0.01 on 8th day and later showed a decreasing trend up
to 20th day (Table 1). The present results are in line with earlier findings of those of Ryder et al. (1993), Simeonidou et
al. (1998), Rodriguez et al. (1999), Manzano et al. (2000) and Tejada et al. (2007). Where as at ambient study the value
decreased initially and then increased during subsequent periods (Table 2). The initial decrease may be because of
glycogen degradation in to lactic acid, then increased as a result of accumulation of volatile compounds. The
relativesly low pH values encountered till 9 hours of storage reflects the good nutritional state of fish. These results
are in similar with observations made by Ababouch et al. (1996) and Sevim kose (2004).
Changes in TVB-N and Peroxide Value
TVB-N contents of Labeo rohita showed slow increase during the storage period under both ice and ambient storages,
furnished in Table 3 and 4. TVB-N value for ice stored samples increased from 4.84±0.06 to 32.75±0.08 mg/100g of
sample at the end of 18 day and the value increased to 39.46±0.16 mg/100g of sample at the end of 20 day. The value
of 30-35mg TVB-N/100g is recommended for fresh fish acceptability (Huss (1998), Connell (1995)). These results are
corroborate those of sensory and microbial assessment in which Labeo rohita, were in acceptable condition for 18 days
in ice. Acceptability was about 12 hrs at ambient temperature, the value increased from 4.84±0.06 to 26.89±0.07
mg/100g of sample at the end of 12 hours. The results of present study were similar to those of other earlier studies
conducted by Joseph et al. (1988) in rohu. Low values of TVB-N have been related to the composition of the feed for
cultured fish, which may modify the role of TMAO in osmotic regulation (Kyrana et al., 1997). TVB-N might be
considered as a good indicator of freshness in Ice and not at ambient temperature in the present study.
Results of Peroxide Values are presented in Figure 1 and 2. Peroxide value in Labeo rohita in ice was 2.82±0.28 meq O2
/kg of fat at 0 day and at the end of 18 days the value increased to 10.42±0.21 meq O2 /kg of fat on 18 day. Results
suggests that the fish are in good condition throughout the storage period based on values of 10-20 meq O2 /kg of fat
as recommended by Connell (1995). At ambient storage results similarly indicated acceptability through out 12 hrs
storage period. In the present study it was observed that changes in peroxide value of the sample were initially very
low indicating a low level of oxidation in this fish. PV might not be considered as a good indicator of freshness in this
study as values were with in the range of acceptability throughout the storage period. This may be attributed to the
low levels of oil in this fish
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Changes in Organoleptic Quality
The results of organoleptic changes and torry meter readings were furnished in Table 5 and 6 in ice and ambient
storage study respectively. The quality of fish in organoleptic method was graded using the score from 1-10. The
score points more than 5 were considered acceptable and less than 5 were considered as bad or disliked. The range
of torry scale varied from 1-16 and the scores more than 8 are considered as good and less than 8 as bad quality. On
the basis of the scores, the samples were found in acceptable conditions for 18 days in ice storage and 12 hrs at
ambient temperature.
Changes in Bacterial load
The results of changes in bacterial load were shown in Figure 3 and 4 at ice and ambient temperatures respectively.
The initial total viable count in ice-stored samples was 8.10x102cfu/g which increased to 8.08x105cfu/g on 18 day. At
this day the fish were in acceptable condition according to International Commission for Microbiological Safety of
Foods (ICMSF, 1988) i.e., not exceeds 106cfu/g. But on the 20th day of ice storage the bacterial load increased to 6.87x
107. Results of samples stored at ambient temperature showed that the sample retained most of their freshness only
for 12 hrs. The initial total bacterial load was 8.10x102cfu/g and by the 12th hour the value is 6.28x105cfu/g, by the end
of 15th hour the value increased to 7.29x107cfu/g.

CONCLUSION
The results of the above studies showed that Labeo rohita was found in edible condition for 18 days in ice storage and
12 hrs at ambient temperatures. Storage of fishes at very low temperature is effective method of preservation
technique to reduce rate of spoilage. From this study the consumers are advised to buy or consume the ice stored fish
than the fishes stored at room temperature.
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Table 1 Changes in pH value in rohu fish during Ice Storage
Storage period
(In Days)
0
2
4
6
8
10
12
14
16
18
20

pH*
6.51±0.00ab
6.59±0.02c
6.63±0.02cd
6.70±0.02f
6.77±0.01f
6.70±0.01e
6.68±0.01de
6.64±0.01cde
6.53±0.02b
6.47±0.03a
6.32±0.02cde

*Each value is represented as arithmetic mean ± SD of n=3
abcdef

Means followed by the same superscript with in a column are not significantly different (p>0.01)
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Table 2 Changes in pH value in rohu fish during ambient study
Storage period
(In Hours)
0
3
6
9
12
15

pH*
6.17±0.00 f
6.05±0.01 e
5.86±0.01 c
5.87±0.02 b
5.98±0.01 d
6.03±0.00 a

Each value is represented as arithmetic mean ± SD of n=3
abcdef Means followed by the same superscript with in a column are not

significantly different (p>0.01)

Table 3 Changes in TVB-N values in rohu fish during Ice Storage
Storage period (In
Days)
0
2
4
6
8
10
12
14
16
18
20

TVB-N (mg/100g of sample)
4.84±0.06a
5.81±0.36b
7.99±0.09c
11.80±0.06d
13.42±0.41e
17.64±0.74f
21.23±0.22g
26.40±0.28g
29.32±0.56h
32.75±0.08i
39.46±0.16hi

*Each value is represented as arithmetic mean ± SD of n=3
abcdefghi Means followed by the same superscript with in a column are not significantly different (p>0.01)

Table 4 Changes in TVB-N values in rohu fish during ambient study
Storage period
TVB-N
(In Hours)
(mg/100g of sample)
0
4.84±0.06a
3
6.60±0.11b
6
12.2±0.48c
9
19.42±0.56 d
12
26.89±0.07 e
15
29.46±0.24 f
Each value is represented as arithmetic mean ± SD of n=3
abcdef Means followed by the same superscript with in a column are not significantly different (p>0.01)
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Table 5 Changes in Organoleptic and Torry meter readings of rohu fish during ice storage
Storage period (In
Days)
0
2
4
6
8
10
12
14
16
18
20

Organoleptic scores (1-10)

Torry meter readings (1-16)

9.82±0.12j
9.22±0.02i
8.45±0.10h
8.02±0.12g
7.41±0.12f
6.57±0.13e
6.53±0.23d
6.05±0.17c
5.89±0.12b
4.99±0.05a
3.82±0.07a

15.10±0.08i
13.96±0.12h
13.13±0.20f
11.86±0.04e
11.00±0.08d
10.26±0.04b
9.93±0.12b
9.60±0.21c
9.12±0.16b
8.10±0.21a
7.01±0.12d

* Each value is represented as arithmetic mean ± SD of n=8 for organoleptic scores and n=3 for torry meter readings
abcdefghij Means followed by the same superscript with in a column are not significantly different (p>0.01)

Table 6 Changes in Organoleptic and Torry meter readings of rohu fish during ambient study
Storage period (In Hours)
0
3
6
9
12
15

Organoleptic scores (1-10)
9.82±0.12f
8.36±0.08e
7.44±0.42d
6.52±0.36c
4.99±0.33b
3.78±0.56a

Torry meter readings (1-16)
15.10±0.08f
13.36±0.12e
11.26±0.38d
9.56±0.12c
8.13±0.12b
7.13±0.16a

*Each value is represented as arithmetic mean ± SD of n=8 for organoleptic scores and n=3 for torry meter readings
abcdef Means followed by the same superscript with in a column are not
significantly different (p>0.01)

meq of O2/kg of fat

PV Value
15
10
5

PV Value

0
0 2 4 6 8 10 12 14 16 18 20
Storage Period in Days

Figure 1. Changes in PV values of rohu fish during Ice storage
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Figure 2. Changes in PV values of rohu fish during ambient study

Figure 3. Changes in Total Viable Count of rohu fish during Ice storage
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Figure 4. Changes in Total Viable Count of rohu fish during ambient study
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ABSTRACT

Methanolic extract of Asteracantha longifolia seed powder was tested on cadmium induced toxicity in
Wistar albino rats. Rats were administered with cadmium chloride (Cdcl2) @ 200 ppm, orally daily for 60
days simultaneously with plant extracts @ 500 ppm showed significant improvement in levels of
haemoglobin, Total serum protein, Aspertate amino transferase (AST), Alanine amino transferase (ALT).
Thus, findings may be concluded that administration of plant extract reduced the severity of cadmium
toxicity in rats.
Keywords: Methanolic extract, Asteracantha longifolia, cadmium chloride, Toxicity.

INTRODUCTION
Cadmium, a heavy metal toxic to both human and animals, the major sources of cadmium to the environment is
mainly from battery industry, nickel-cadmium manufacturing industries (Adams RG., 1992). International and
government agencies have made efforts to control and lower the cadmium exposure to the general public in recent
years. Nevertheless, Cadmium has a long biological half-life approximately 20-40 years in humans and can
accumulates in the body over a considerable period of time, particularly in the kidneys and liver (WHO., 2000). Liver
is the principal target organ for the accumulation of cadmium and mercury(S. Yannai and K. M. Sachs., 1993). Several
previous studies showed thatcadmium and mercury causes hepatotoxicity (D. F. Hwang and L. C. Wang., 2001 and I.
Bando et al., 2005). Asteracantha longifolia (L.) Nees, Acanthaceae is an important source of many ayurvedic
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drugs(Nadkarni, K.M., 1978) and can be used in various blood related disorders (Kirtikar K.R and Basu B.D.,
1987).Shailajan et al. (2005) reported the whole plant slurry of A. longifolia is hepatoprotective against Carbon
tetrachloride (CCl4) induced liver dysfunction in rats and also revealed the slurry, aqueous extract and ethanolic
extract of whole plant powder showed hepatoprotective effect against galactosamine induced
hepatotoxicity(Shailajan S et al., 2007).The aqueous extract of whole plant and root of A.longifolia showed
hepatoprotective and antioxidative properties against CCl4 and paracetamol induced hepatotoxicity [Hewawasam RP
et al., 2003 and Usha K et al., 2007].Methanolic extracts of the seeds show hepatoprotective activity against
paracetamol and thioacetamide intoxification in rats [Singh A, Handa SS., 1999].Shanmugasundaram &
Venkataraman (2006) studied the aqueous extract of the plant roots for hepatoprotective activity against
CCl4 induced liver toxicity in rats and in-vitro antioxidant activity using Ferric thiocyanate (FTC) and Thiobarbituric
acid (TBA) methods.The present investigation is carried out to assess the effect of simultaneous administration of
cadmium chloride and methanolic extract of Asteracantha longifolia seeds on hepatoprotective activity in male Wistar
rats.

MATERIALS AND METHODS
Animals
Healthy male Wistar albino rats weighing 150±30g procured from Raj Biotech India Ltd, Wing, Satara (Maharashtra).
Animals were housed in polypropylene cages and provided with standard rodent pellet feed and water ad libitum.
Male wistar rats maintained under identical feeding and managemental practices in the laboratory. They were
housed at ambient temperature (21±10C), relative humidity (55±5%) in a well ventilated room with a 12:12 h (Light:
Dark) cycle. An acclimatization period of seven days was allowed before the start of experiment. All the experiments
were carried out according to the guidelines recommended by the Committee for the Purpose of Control and
Supervision of Experiments on Animals (CPCSEA), Government of India.
Chemicals
Cadmium chloride (CdCl2) purchased from Qualigens, Mumbai, India. All other chemicals used were of analytical
grade and purchased locally.
Collection of plant materials and Preparation of extract
Fresh plant part (seeds) were collected from the marshy areas of Gangakheda, Jintur, Manwath, Palam and Pathri
areas of Parbhani District, Maharashtra, India. The botanical identity and authentication of plant done by
Department of Botany, Marathwada Agricultural University, Parbhani, Maharashtra. A voucher specimen has been
deposited at the herbarium unit of Department of Veterinary Pharmacology and Toxicology, College of Veterinary
and Animal Sciences, Parbhani, Maharashtra Animal Fisheries Sciences University (MAFSU), Nagpur, Maharashtra.
The seeds of the Asteracantha longifolia were shade-dried at room temperature and coarsely powdered using electrical
pulverizer. The powder was extracted with methanol (95%) using soxhlet apparatus continuously for 72 hrs. The
extract was dried under reduced pressure and temperature (550C) using rotary flash evaporator. The percentage yield
of extract was 7% w/w. It was stored at 40C in airtight bottle for further use.
Phytochemical Analysis
The methanolic extracts of Asteracantha longifolia seeds were tested for the presence of various phytoconstituents by
using standard chemical reagents(Harborne J B., 1991).
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Acute toxicity study of plant extracts
Acute toxicity study of the methanolic extract of plant was carried out using acute toxic class method as per
Organization of Economic Co-operation and Development (OECD) – 420 guidelines. (OECD, 2001).
Experimental Design
The experiment was approved by Institutional Animal Ethical Committee (IAEC)(04/Pharmacology/2007/MAFSUCOVAS/PBN/PG) dated 05/02/2007.Thirty male wistar rats were randomly divided in to three groups each consisting
of ten rats. The experiment was conducted for a period of Sixty days.




Group-I: Normal control (Tween 80), by using Intra Gastric Catheter Tube (IGC), po for 60days.
Group - II:Cadmium Chloride solution in drinking water @ 200 ppm for 60days (daily)by IGC, po.
Group -III:Methanolic extract of Asteracantha longifolia seeds @ 500 ppm (daily) by IGC, po simultaneously
the rats were given Cadmium Chloride in drinking water at a doseof 200 ppm for 60 days.

Measurement of Body weight gain and Food intake
Body weight gain and Food intake were monitored during the entire experimental period.
Blood Samples
The blood samples were collected from the retro-orbital plexus from the rats in a clean, dry and sterilized test tubes
with heparin as anticoagulant and analyzed for Haemoglobin (Hb) and the serum samples were collected for
estimation of Total serum protein (TSP), Aspertate aminotransferase (AST) and Alanine amino transferase (ALT)
using Ambika diagnostic reagent kits on Autoanalyser slim (SEAC).
Statistical Analysis
The data generated by using Equal Completely Randomized Block Design (Panse, U.G and P.V. Sukhatme., 1967).
The treatment means compared by critical differences by statistical method and analysis of variance.

RESULTS AND DISCUSSION
Phytochemical evaluation
The phytochemical analysis of methanolic extracts of Asteracantha longifolia revealed the presence of alkaloids,
flavanoids, glycosides, phytosterols, saponins, tannins, phenolic compounds, anthtquinone, carbohydrates, proteins
and amino acids, gums and mucilages and oils and fats (Table 01).
Acute toxicity study
There were no observable signs of toxicity upon oral administration of the extract at high doses in all the animals
(Table 02). No significant changes were observed in wellness parameters used for the evaluation of toxicity. Skin, fur,
eyes, mucous membrane, behavioural pattern, salivation and sleep of the treated and control animals were found to
be normal. There were no deaths resulted from the administration of test samples in all the animals used in this study
up to the highest dose of 5000 mg/kg of body weight. This suggests that the extract, at the dose given caused no
adverse effect on feed intake or metabolism. Therefore, the approximate LD50 should be above 5 g/kg.
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Effects of methanolic extract of A.Longifolia and CdCl2 treatments on Total serum protein(TSP), Aspertate amino
transferase (AST) and Alanine amino transferase (ALT)
The effects of methanolic extracts of seeds of Asteracantha longifolia on biochemical parameters were depicted in table
3. The mean total serum protein were significantly reduced (P<0.05) in cadmium chloride treated rats (Group-II) as
compared to control (group-I). Similar observation of inhibition of protein synthesis by cadmium had been reported
both in-vivo and in isolated profused hepatocytes [Hidalga H A., 1976: Din S W et al., 1985: Wakchaure S C., 2004: and
Ayse C et al., 2004]. However, concurrent administration with methanolic extract of A.longifolia seeds might be
responsible for plant ability to accelerate repair mechanism after Cdcl2 induced damage. Aspertate amino transferase
concentration has been increased by 29.99% in Cdcl2 treated rats, while 17.93% rise observed in Cdcl2 with methanolic
extracts of Asteracantha longifolia seed treated group as compared to control. The mean Alanine amino transferase
level has been raised to 72.28% in Cdcl2 treated group, while 24.44% rise observed in Cdcl2 with methanolic extract of
Asteracantha longifolia seed treated rats (Group-III) as compared to control group (Group-I).Increased activity of
enzyme like Alanine amino transferase (ALT) in blood is one of the common biochemical markers of liver damage
(Ayse C et al., 2004).Cadmium chloride significantly (P<0.05) elevated the concentration of liver function marker
enzymes like AST, ALT and ALP levels indicating the liver damage(Devy and Khan.A.B., 2006). The administration
of aqueous extract of A.longifolia against galactosamine induced liver dysfunction in rats showed normalization of
tissue parameters and plasma concentration of various enzymes indicating hepatoprotective action against
galactosamine induced hepatotoxicity (Shailajan S et al., 2007).Similar observations of A.longifolia as hepatoprotectant
by several workers [Thakur C B et al., 1991: Shanmugasundaram P and S. Venkataraman., 2006). The administration
of methanolic extract of A.longifolia seed in cadmium induced toxicity showed reduction in the activity of these
enzymes supporting hepatic cell regeneration.
Effects of methanolic extract of A.Longifolia and CdCl2 treatments on mean Haemoglobin levels (Hb)
Tabe.4 summarizes the mean haemoglobin levels, there was significant fall (P<0.01) in mean value of haemoglobin in
Cdcl2 treated rats compared to control rats. However, the mean value in Cdcl2 with methanolic extract of Asteracantha
longifolia seeds were at par with control [Kirtikar KR et al., 1987 andPawar RS et al., 2006].

CONCLUSION
It is concluded from the present study that simultaneous oral administration of methanolic extract of Asteracantha
longifolia seeds in Cdcl2 treated rats showed significant improvement indicating its traditional use for the treatment of
hepatic disorder.
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Table 1. Phytochemical screening of Asteracantha longifolia methanolic seed extract
Sl No.

Methanolic extract
(A.longifolia seed)
+
+
+
+
+
+
++
+
+
+
+

Name of phytochemical

1
2
3
4
5
6
7
8
9
10
11
12
13

Alkaloids
Flavonoids
Glycosides
Phytosterols
Saponins
Tannins
Phenolic compounds
Terpenoids
Anthraquinone
Carbohydrates
Proteins and amino acids
Gum and mucilages
Oils and fats
+ Present

- Absent

Table 2. Observations for Acute oral toxicity study test at the dose of 5000 mg/kg bodyweight of
methanolic extract of Asteracantha longifolia seeds
Observations

30 mins
C
S
N
N
N
N
N
N

4 hrs
C
N
N
N

S
N
N
N

24 hrs
C
S
N
N
N
N
N
N

48 hrs
C
S
N
N
N
N
N
N

1 wks
C
S
N
N
N
N
N
N

2 wks
C
S
N
N
N
N
N

N
Nil
N
Nil
Nil

N
Nil
N
Nil
Nil

N
Nil
N
Nil
Nil

N
Nil
N
Nil
Nil

N
Nil
N
Nil
Nil

N
Nil
N
Nil
Nil

N
Nil
N
Nil
Nil

N
Nil
N
Nil
Nil

N
Nil
N
Nil
Nil

N
Nil
N
Nil
Nil

N
Nil
N
Nil
Nil

N
Nil
N
Nil
Nil

Tremors

Nil

Nil

Nil

Nil

Nil

Nil

Nil

Nil

Nil

Nil

Nil

Nil

Diarrhoea

Nil

Nil

Nil

Nil

Nil

Nil

Nil

Nil

Nil

Nil

Nil

Nil

Motality

Nil

Nil

Nil

Nil

Nil

Nil

Nil

Nil

Nil

Nil

Nil

Nil

Skin and fur
Eyes
Mucous
Membrane
Salivation
Lethargy
Sleep
Coma
Convulsions

C – Control,

S - Methanolic seed extract, N – Normal
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Table- 3: Effect of Cdcl2 alone and Cdcl2 with methanolic extract of Asteracantha longifolia seeds
onmean Total Serum protein (TSP), Aspertate amino transferase (AST),Alanine aminotransferase
(ALT) in male rats

Group
No.

Treatment

Control
(Normal
feed)
Cdcl2
alone
Cdcl2 with
A.longifoli
a seed
powder

I
II

III

TSP(g/dl)
Mean±SE
PrePostTreatment
Treatment

6.68±0.12
(6.13-7.23)

6.80±0.11
(6.34-7.34)

6.79±0.11
(6.33-7.32)

6.06 *±0.07
(5.84-6.64)

6.97±0.06
(6.71-7.34)

6.55*±0.07
(6.14-6.86)

AST (IU/L)
(Mean±SE)
PrePostTreatment
Treatment

95.14±1.11
(90.8102.4)
86.67±1.87
(79.5-99.4)
89.11±1.46
(82.4100.5)

ALT (IU/L)
(Mean±SE)
PrePostTreatment
Treatment

99.13± 3.03
(80.3-115.8)

67.91±0.82
(63.5-71.4)

65.47±0.76
(62.5-69.8)

141.61 *±2.71
(120.8-150.7)

69.49 ±0.92
(64.5-74.2)

235.81*±6.29
(200.7-280.6)

129.92 *±4.38
(110.5-160.5)

70.33 ±0.67
(67.8-75.2)

86.84*±0.61
(84.5-90.4)

*

P <0.05 Control vs Cdcl2 treated group, *P < 0.05 Cdlcl2 treated group vs Plant; Number of rats =10 in each group.

Table-4: Effect of Cdcl2 alone and Cdcl2 with methanolic extract of Asteracantha longifolia seedson
mean Haemoglobin (Hb) in male rats:

Group
No.
I

Treatment

Control (Normal feed)
II
Cdcl2 alone
III
Cdcl2 with A.longifolia seed powder

Haemoglobin (g/100ml)
Mean±SE
Pre- Treatment Post-Treatment
14.63±0.07
14.9±0.07
(14.35-15.08)
(14.32-15.03)
15.58±0.07
11.20 *±0.06
(15.21-15.94)
(10.88-11.45)
14.10±0.07
12.10 *±0.05
(12.98-15.01)
(11.84-12.34)

P < 0.05 Control vs Cdcl2 treated group, *P < 0.05 Cdlcl2 treated group vs Plant; Number of rats =10 in each
group.
*
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ABSTRACT

Maximum power point (MPP) tracking (MPPT) techniques are widely used in photovoltaic (PV) systems
to make PV array generate maximum power which relies on solar irradiation. In this paper a novel MPPT
algorithm based on variable step-size incremental resistance is introduced. Compared with other existing
methods, the proposed method not only improves MPPT response speed, accuracy and dynamical
performance but also can obtain wider operating range. Simulation results which are carried out by
MATLAB confirm its feasibility.
Keywords: incremental resistance, MPPT, variable step-size, photovoltaic systems.

INTRODUCTION
The alarming rise in the demand and consumption of energy/power throughout the world has led to a global decline
in natural fossil fuel resources [1-3]. At the same time, there has been a significant increase in global warming.
Natural fossil fuels or the non-renewable energy resources such as coal, oil and natural gas have limited reserves
which will be depleted. Subsequently, this has led to research and development in order to replace certain nonrenewable energy resources with renewable ones [4-6]. Photovoltaic generation is becoming increasingly important
as a renewable resource since it does not cause in fuel costs, pollution, maintenance, and emitting noise compared
with other alternatives used in power applications Recently, PV array systems have been used in several electric
power applications [7-11]. These systems have made a successful transition from small standalone sites to large grid
connected systems. The utility interconnection brings a new dimension to the renewable power economy by pooling
the temporal excess or the shortfall in the renewable power with the connecting grid that generates base-load power
using conventional fuel [1]. Several factors have led to the evolution of intensive use of photovoltaic systems. The
most significant factors are the worldwide increase in energy demand and the fact that the fossil energy sources are
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finite and that they are expensive. Another important issue is the impact of the energies technologies on the
environment and the fact that photovoltaic has become a mature technology. The increase in number of PV systems
installed worldwide has introduced the need of supervision and control algorithms [2–4] as well as design and
simulation tools for researchers and engineers involved in these kinds of applications. Between the different
approaches for PV system design and simulation existing nowadays [5,6], most popular tools are specific commercial
software helping in design of PV systems like PV⁄sol [7] and PVsyst [8]. These tools give a good approach of the PV
system design and behavior in different conditions of work, but when a more detailed simulation is needed to a deep
understand of the different components involved in the whole system these tools are not powerful enough. More
powerful approaches have been developed using different commercial software for technical and engineering
applications as Pspice [9–11] or Matlab [12–16].
Besides advantage of PVs, conversion energy efficiency is very low in solar systems especially under low irradiation
and variable weather conditions. Every changing in these factors especially in irradiation can be affected on
produced power depending on PV panel ambient condition. Also, the solar cell V-I characteristic is nonlinear and
changes with irradiation and temperature. In general, there is a unique point on the V-I or V-P curve, called the
Maximum Power Point (MPP), at which the entire PV system (array, inverter, etc…) operates with maximum
efficiency and produces its maximum output power. The location of the MPP is not known, but can be located, either
through calculation models or by search algorithms. Maximum Power Point Tracking (MPPT) techniques are used to
maintain the PV array’s operating point at the MPP. In recent years a lot of techniques for MPPT are proposed and
implemented in PV systems. The approaches vary in complexity, sensors required, convergence speed, cost, range of
effectiveness, implementation hardware, popularity, and in other respects. Among all different papers, much focus
has been on hill climbing [17-18], and perturb and observe (P&O) [17-] methods. Hill climbing involves a
perturbation in the duty ratio of the power converter, and P&O a perturbation in the operatingvoltage of the PV
array. Although, these methods are not precise but they are used a lot in industry. On the other hand, other methods
like fuzzy logic and neural networkhave improved accuracy and fast response but they increase complexity of
system. Methods based on fuzzy logic and neural network depend on designing of basis law table and network
training respectively [19-21]. Because of the fast and precision response, appropriate reliability and ability to work in
variable weather condition, incremental conductance approach is used in PV systems as a best method for MPPT[1920]. Common MPPT systems have been constituted of two separated control loop. The first loop and second one
include MPPT algorithm and P or PI controller respectively. MPPT control loop produce an error signal which is zero
at maximum power point. Second loop is used to reduce error signal to zero [21-22]. Because of simplicity in
implementation, simple designing and costless maintains, PI controller is used a lot in PV systems[23-24].
In this paper a method based on variable step-size incremental resistance is studied. According proposed method,
algorithm output is considered as reference current which must be produced on the output side of PV. This reference
current at maximum power point has value equal with output current of solar array.Effects of fixed and variable
step-size on dynamic and steady state oscillations are considered. Also, Results of both methods are compared and
analyzed. Analysis of simulations show that proposed method can improve steady state and dynamic response of
system.
Proposed MPPT Algorithm
Characteristic and Model of Solar Array
General PV panel comprises a number of PV cells connected in either series or parallel. PV cells can convert light
photon energy into electricity [1-5]. Equivalent circuit of a PV cell is shown in Fig.1. In this figure

and

stand

for series and parallel equivalent resistance respectively.
The P–V characteristic of the solar panels is modeled by the following:
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(1)
Where

is the PV array output current,

solar irradiation,

is the PV output voltage,

is the cell photocurrent that is proportional to

is the cell reverse saturation current that mainly depends on temperature,

represents the number of PV cells connected in series, and

is a constant,

represents the number of such strings connected in

parallel. In (1), the cell photocurrent is calculated from following equations:
(2)
(3)

Where
coefficient;

cell short-circuit current at reference temperature and radiation;

short-circuit current temperature

cell reference temperature;S solar irradiation in mill watts per square centimeter;

cell reference

temperature;
reverse saturation at
;
band-gap energy of the semiconductor used in the cell.For simulations
and the experimental setup also, the KC85Tmodule was chosen. The electrical parameters are tabulated in table(1).
Fig.2. and Fig.3.show effect of varying weather conditions on MPP location at I–V and P–V curves respectively. By
attention to this figure, it can be concluded that PV cell has nonlinear performance. Also MPP position is influenced
by weather condition.
MPP Algorithm based on Variable Step Sized Incremental Resistance
The proposed variable step-size INR method is also based on the fact that the slope of the PV array power curve is
zero at the MPP, positive at the left of the MPP, and negative at the right, as given by:

(4)

Since we have:
(5)
Eq(5) can be written as:

(6)

According to above equations, MPP can be tracked by comparing instantaneous resistance and incremental
resistance. In this paper, an improved variable step-size algorithm is proposed for the INR MPPT method.The basic
idea for implementing this algorithm is based on following equation:
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(7)
Where, n is an index number. The product curve has two extreme values/points (

and

) corresponding to two

current values ( and ) at the two sides of MPP as shown in Fig.4. The INR MPPT is in the decremented step-size
mode when the PV array output current is between
aforementioned idea can be formulated by:

and . Otherwise, it is in the incremented step-size mode. The

(8)

Where,

is the increment of the threshold function. The step-size modes are thus switched by above expression

which will determine the response speed and the two extreme points of the threshold function are closing to the peak
power point as the index n becomes larger, as shown in Fig.5. Thus, the larger the index n is, the faster the system
response is, and vice versa.From Fig.5. And Fig.6. Show that this method can adapt itself with different weather
condition. In Fig.8. Flowchart of the variable step-size INR MPPT algorithm has been shown. Obtaining MPP, array
performance is kept here unless a voltage deviation caused by a change in weather condition is sensed.
are supposed to be the PV array output voltage, current, and the proposed threshold function at
time k. In addition,
respectively.

And

and

are the output current reference and its change (step size) at time k,

is decremented and incremented step size respectively.

Selecting Power Electronic Converter
The major part of MPPT is power converter which completes switching activities. Among all the topologies available,
both Cuk and buck–boost converters provide the opportunity to have either higher or lower output voltage
compared with the input voltage. Although the buck–boost configuration is cheaper than the Cuk one, some
disadvantages, such as discontinuous input current, high peak currents in power components, and poor transient
response, make it less efficient. On the other hand, the Cuk converter has low switching losses and the highest
efficiency among nonisolated dc–dc converters.
It can also provide a better output-current characteristic due to the inductor on the output stage. Thus, the Cuk
configuration is a proper converter to be employed in designing the MPPT [8]. Fig.9. and Fig.10. Show CUK
converter and its performance modes as interface between solar array and load. The first mode of operation is when
the switch is closed (ON), and it is conducting as a short circuit. In this mode, the capacitor releases energy to the
output. The equations for the switch conduction mode are as follows:
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(9)

On the second operating mode when the switch is open (OFF), the diode is forward-biased and conducting energy to
the output. Capacitor C1 is charging from the input. The equations for this mode of operation are as follows:

(10)

SIMULATION RESULTS
The diagram of the system under study in MATLAB is shown in Fig. 11, which includes the PV module electrical
circuit based on kc200gt model, the DC-DC Cuk converter, and the MPPT algorithm. Parameters of this model are
tabulated in Table.2.For performance evaluating of proposed method, fixed step size with low and high value and
also variable step size are considered. Sampling time is 0.01s and irradiation will be changed from the first value
to

at

. According to Fig.2. it is obvious that maximum output power in irradiation 900

and 1000 is 177.6w and 200w respectively. First, algorithm is considered as fixed step size with values 0.01A and
0.0005A. Than variable step size will be considered with low (0.005A) and high (0.0005A) step and n is regulated on 3.
Simulation results are shown in Fig.12.
As observed in Fig.12. High step size can reduce settling time but can increase oscillations of steady state. On the
other hand low step size can reduce oscillations of steady state but increase time of final response.These results are
shown in table (3). By comparing results, it can be realized that using ofvariable step size can reduce oscillation and
settling time.

CONCLUSION
In this paper a novel and improved MPPT method based on variable step size incremental resistance considered. This
method was simulated in MATLAB software. Results of simulation show that proposed method can improve
dynamical performance of system. Because of wide performance range, this method can implement for a lot of
applications.
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Fig. 1.Ideal PV Cell
Table 1Electrical Parameters of KC85T Nodule
Parameters
Maximum power(
Voltage at MPP(

)

Value
200w
26.3v

Current at MPP(

)

7.61A

)

Open circuit voltage(
Short circuit current(
Serried Cells

)
))

32.9v
8.21A
54

Fig. 2. I-V curve for different ambient temperature
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Fig. 3.P-V curve for different ambient temperature

Fig. 4. Normalized power, slope of power versus current, and the product of power and its slope

Fig. 5. Threshold function curve for different n
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Fig. 6. Threshold function curve for different temperature

Fig. 7. Threshold function curve for different irradiation

Fig. 8Flowchart of the variable step-size INR MPPT algorithm
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Fig. 9. Circuit of CUK Converter

Fig. 10. Cuk converter with (a) switch ON and (b) switch OFF

Fig. 11.System under Study
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Table 2:Parameters of System
Parameters
Values
70mH
100mF
80mH
Switch
IGBT
100
Resistance of load
10
Switching Frequency 250Hz

Table 3Tracking Performance Comparison
0.005
0.01
variable

0.08
0.01
0.03

1.8
5.4
1.8

199.5
199.5
199.5

Fig. 12.Output Power Curve for Variable and Fixed Step Size
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