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Abstract

The cancer drug trial candidate Tipifarnib and its derivatives were subjected to a thorough QSAR analysis in the current study for the undertreated disease 
anti-Chagas. The study was effective in identifying the crucial structural elements that regulate the anti-Chagas profile of tipifarnib derivatives as a potential 
treatment. The genetic algorithm-multilinear regression (GA-MLR) method was used to create many models employing multiple splits in order to determine 
the greatest number and set of significant molecular descriptors. The created QSAR models have R2 > 0.85, Q2 > 0.82, and R2ext > 0.90, making them 
tri-parametric and statistically robust. The models are both internally and externally predictively strong. The models show a correlation between nitrogen’s 
interaction with lipophilic atoms and the anti-Chagas activity of tipifarnib analogues.

ABBREVIATIONS

QSAR = Quantitative Structure-Activity Relationship; GA-
MLR= Genetic Algorithm-Multilinear Regression; CYP51 = 
Cytochrome P450 51; ADMET = Absorption; Distribution; 
Metabolism; Excretion; and Toxicity; EC50 = Median Effective 
Concentration; pEC50 = negative logarithm of the EC50; OECD = 
Organisation for Economic Co-operation and Development; GA = 
Genetic Algorithm; CV = Cross-validation; LOO = Leave-one-out; 
LMO = Leave-many-out; AD = Applicability Domain; FSM = Full 
Set Model; RMSE = Root Mean Square Error  ; MAE = Maximal 
Absolute Error; MSA = Molecular Surface Area 

INTRODUCTION

Chagas disease commonly spread by contact with 
an infected triatomine bug also known as “Kissing bug,” 
“Benchuca,” “Vinchuca,” “Chinche,” or “Barbeiro,” is one of the 
most underdiagnosed parasitic diseases that can lead to life-
threatening cardiac and stomach conditions [1]. It is often 
communicated through contact with an infected triatomine bug. 
Each year, the disease affects about ten million individuals, with 
the majority of cases concentrated in tropical areas like Africa 
and Latin America [2]. The protozoan parasite Trypanosoma 
cruzi (T. cruzi), a kinetoplastid hemoflagellate, is the cause of 
Chagas disease. Because there is no effective treatment available 

during the chronic stage of the illness, those who have been 
infected typically become a permanent host to the parasite. 
Nitrofuran, nifurtimox, benznidazole, and nitroimidazole are 
only a few of the very toxic medications that are commonly used 
in chemotherapy. The situation has worsened with the advent of 
resistance against nifurtimox [1,3-7]. Therefore, search for a new 
therapeutic agent or modification of existing one to curb Chagas 
disease is essential [8,9]. 

T. cruzi was recently discovered to be successfully inhibited 
by tipifarnib, a well-known anti-cancer drug created by Johnson 
& Johnson Pharmaceuticals [1]. The inhibition of endogenous 
sterol biosynthesis and binding to recombinant T. cruzi CYP51 
provided further evidence that the target enzyme, CYP51, was 
implicated in the mechanism of bio-action in T. cruzi. T. cruzi 
amastigotes, which are the stage of the parasite’s life cycle that 
develop in mammalian host cells, use ergosterol as a crucial 
component in the creation of their membranes because they are 
unable to utilise cholesterol from the host cells. It is a desirable 
lead molecule due to a number of benefits including excellent oral 
bioavailability, acceptable pharmacokinetic characteristics, and 
good human tolerance. But because tipifarnib has a chiral centre, 
it can exist in two stable isomeric forms [1]. Therefore, choosing 
a therapeutic candidate would require a separate examination 
of the pharmacokinetic and toxicity characteristics of both 
molecules. Additionally, it binds to the human protein farnesyl 
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default settings [21], Weka’s genetic algorithm (GA) was used 
to conduct a heuristic search for selecting subjective features 
using default settings, except number of generations =10000 and 
number of features = 3. The data set was split into training (80%) 
and prediction (20%) sets at random for external validation 
before feature (descriptor) selection [18]. To obtain the most 
information possible, numerous splittings were used to generate 
multiple models. 

Validation of the model: Effective QSAR model creation 
requires model validation. Therefore, for the purpose of model 
validation, OECD rules and suggested threshold values for a 
number of statistical parameters were used. The following 
characteristics were often taken into account: Using the prediction 
set, data randomization, or Y-scrambling, cross-validation (CV) 
via leave-one-out (LOO) and leave-many-out (LMO) procedures, 
and (d) determining whether the following requirements are met 
[16-19]: R2

tr ≥ 0.6, Q2
loo

 ≥ 0.5, Q2
LMO ≥ 0.6, R2 > Q2, R2

ex
 ≥ 0.6, RMSEtr 

< RMSEcv, ΔK ≥ 0.05, CCC ≥ 0.80, Q2-Fn ≥ 0.60, r2
m ≥ 0.6, (1-r2/ro

2) < 
0.1, 0.9 ≤ k ≤ 1.1 or (1-r2/r’o

2) < 0.1, 0.9 ≤ k’ ≤ 1.1,| ro
2− r’o

2| < 0.3 
with RMSE and MAE close to zero. Any model not satisfying these 
criteria were subsequently rejected.

Applicability Domain (AD): AD assessment of a QSAR model 
is essential criterion for QSAR model development. In the present 
work, Williams plot have been plotted to assess the AD of the 
developed model. QSARINS-Chem 2.2.1 was used for getting the 
Williams plot using the default setting [11-14].

RESULTS AND DISCUSSION

Our team recently demonstrated that using multiple 
modelling to capture less-privileged chemical characteristics is a 
wise decision. Therefore, to ensure the capture of dominant and 
less prominent structural features that influence the bio-activity 
of PBIs, the same stated technique has been applied in the current 
study. As a result, various QSAR models were created utilising 
both the entire data set (referred to in the present study as the 
full set model, or FSM) and the divided data set (80% training and 
20% prediction sets). The data set was randomly divided before 
model building when employing a divided data set to prevent 
developer bias in choosing the training and prediction sets. One 
model’s prediction set for a chemical might or might not include it. 
QSARINS-Chem 2.2.1 was operating with the default parameters 
for OFS and SFS. The heuristic search for variables was restricted 
for simplicity to a collection of only three descriptors. There was 
no appreciable improvement in the statistical quality of the model 
after three variables. The following are the statistical parameters 
for the tri-parametric GA-MLR models:

Model-1 (FSM)

pEC50 = 20.013 (± 3.350) + 3.285 (± 1.131) * O_don_8Ac – 
0.563 (± 0.249) * N_lipo_5B − 0.009 (± 0.003) * QXXm

Ntr = 33, Q2
loo = 0.823, R2

tr
 = 0.865, R2

adj = 0.851, Kxx = 0.310, ΔK 
= 0.203, RMSEtr = 0.315, RMSEcv = 0.358, s = 0.336, F = 61.714, 
CCCtr = 0.927, CCCcv = 0.906, MAEtr = 0.264, MAEcv = 0.301, Q2

LMO 

= 0.820

transferase, which poses a hazardous problem for the use of 
tipifarnib as a T. cruzi inhibitor. To increase its potential as a 
drug candidate against T. cruzi, these problems must be resolved. 
Tipifarnib needs to be further optimized in order to remain a 
potent T. cruzi inhibitor with the appropriate ADMET profile. 
In order to continue the optimization, it would be appealing 
to create QSAR (Quantitative structure-activity relationship) 
models using the data that is now available for the detection of 
lead/drug similarity properties. For the purpose of identifying 
the pharmacophoric patterns and structural characteristics that 
control the bio-activity profile of congeneric series of compounds, 
QSAR is a well-known chemometric approach [10-14]. It is a 
ligand-based approach to drug design that heavily relies on 
mathematical, statistical, and algorithmic techniques combined 
with computer science. For example, risk assessment, toxicity 
prediction, and drug/lead optimisation have all been successful 
uses of QSAR [15-18]. 

In the current study, a thorough QSAR analysis was conducted 
to identify the structural characteristics that control tipifarnib 
and its analogues’ anti-Chagas action. 

Experimental methodology

Data set: The data set includes 33 Tipifarnib analogues 
with various substituents at various locations [1]. The electron-
donating/-withdrawing groups in the substituents cause a 
positive alteration in the molecules’ steric and electrostatic 
profiles (Table 1, Figure 1). The T. cruzi amastigote was used to 
test the Tipifarnib analogues. Prior to QSAR analysis, the EC50 
(nM) values were transformed to pEC50 (M) values [16,17]. 
Table 1 lists the structures, EC50 (nM), and pEC50 (M).

QSAR methodology

The standard methodology and guidelines recommended 
and put into practise by many researchers and the OECD 
(Organisation for Economic Co-operation and Development) 
have been followed in the current work for successful QSAR 
analysis [10-12, 18-20]. The structures were created using the 
free ChemSketch 10 software, and then the energy consumption 
was reduced using TINKER and MMFF94 (Cut-off: 0.01). Then, 
a large number of descriptors were calculated using PowerMV, 
CDK and PADEL, PyDescriptor (a custom PyMOL plugin), and 
e-Dragon. More than 29,000 different 1D- to 3D -descriptors are 
included in the descriptor pool. After removing the constant, 
almost constant, highly correlated (|R| > 0.80), and redundant 
variables using objective feature selection in QSARINS 2.2.4 using 

Figure 1 Tipifarnib analogues with a variety of substituents at different positions
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Table 1: Experimental EC50, and substituents on Tipifarnib analogues used in the present study

S.N. T. cruzi EC50 (nM) X ring 2 ring 1 Imidazole
1 4 NH2 3-chloro 4-chloro 1-methyl-1H-imidazole
2 0.6 OMe 3-chloro-2-methyl 4-chloro 1-methyl-1H-imidazole
3 3.1 OMe 3-chloro 4-chloro 1-methyl-1H-imidazole
4 0.7 OMe 2-methyl 4-chloro 1-methyl-1H-imidazole
5 0.8 OMe 2-trifluoromethyl 4-chloro 1-methyl-1H-imidazole
6 1.1 OMe 3-fluoro 4-chloro 1-methyl-1H-imidazole
7 1.2 OMe 3-methyl 4-chloro 1-methyl-1H-imidazole
8 12 OMe 3-trifluoromethyl 4-chloro 1-methyl-1H-imidazole
9 0.8 OMe 2-fluoro 4-chloro 1-methyl-1H-imidazole

10 0.8 OMe phenyl 4-chloro 1-methyl-1H-imidazole
11 0.82 OMe 4-chloro 4-chloro 1-methyl-1H-imidazole
12 0.5 OMe 4-fluoro 4-chloro 1-methyl-1H-imidazole
13 2 OMe 4-methyl 4-chloro 1-methyl-1H-imidazole
14 1.8 OMe 2,6-dimethyl 4-chloro 1-methyl-1H-imidazole
15 3.21 OMe 2,6-dichloro 4-chloro 1-methyl-1H-imidazole
16 0.31 OMe 2,6-difluoro 4-chloro 1-methyl-1H-imidazole
17 1.4 OMe 3,5-dimethyl 4-chloro 1-methyl-1H-imidazole
18 2.2 OMe 3-chloro naphthyl 1-methyl-1H-imidazole
19 17 OH 3-chloro 4-chloro 1-methyl-1H-imidazole
20 112 OH 3-chloro-2-methyl 4-chloro 1-methyl-1H-imidazole
21 27 OEt 3-chloro-2-methyl 4-chloro 1-methyl-1H-imidazole
22 69 OPr 3-chloro-2-methyl 4-chloro 1-methyl-1H-imidazole
23 5 NHMe 3-chloro-2-methyl 4-chloro 1-methyl-1H-imidazole
24 118 NH2 3-chloro 4-chloro 1-ethyl-1H-imidazole
25 100 NHMe 3-chloro 4-chloro 1-ethyl-1H-imidazole
26 3 OMe 3-chloro 4-chloro 1-ethyl-1H-imidazole
27 228 OH 3-chloro 4-chloro 1-ethyl-1H-imidazole
28 3 OMe 3-chloro 4-methyl 1-methyl-1H-imidazole
29 5 OMe 3-chloro 4-trifluoromethyl 1-methyl-1H-imidazole
30 10 OMe 3-chloro 4-ethyl 1-methyl-1H-imidazole
31 33 OMe 3-chloro 4-cumene 1-methyl-1H-imidazole
32 320 OMe 3-phenyl 4-chloro 1-methyl-1H-imidazole
33 83 OMe 3-benzene 4-chloro 1-methyl-1H-imidazole

The statistical symbols have their typical meanings, which 
are also provided in the accompanying data. Table 2 displays the 
pEC50 values as well as the descriptor values that were employed. 
Based on the statistical characteristics, it appears that the 
produced models have good internal fitting and meet the cutoff 
values for a number of statistical parameters that are crucial for 
determining internal resilience and external predictability. The 
models’ strong external prediction capacity is indicated by the 
high value of several external validation parameters, including 
CCCex, Q2-Fn, R2ext, etc., and the low values of RMSE, s, and MAE, 
etc. An adequate number of descriptors are present in the model, 
according to the close value of R2adj. And R2. Similar to how 
similar R2 and Q2 values indicate that the models do not exhibit 
over-fitting. The low value of RMSE and MAE (fitting, cross-
validation and external validation) specifies that the developed 
models have statistical acceptability.

DISCUSSION

In the developed models, the common descriptor is QXXm, 
which is a geometrical descriptor and corresponds to COMMA2 
value/weighted by atomic masses activity, has negative 
correlation with the activity. Therefore, its value must be kept 

Model-2 (Divided data set)

pEC50 = 20.993 (± 3.988) – 0.095 (± 0.044) * da_H_9B – 0.540 
(± 0.289) * N_lipo_5B − 0.010 (± 0.003) * QXXm

Ntr = 27, Nex = 6, Q2
loo = 0.831, R2

tr
 = 0.870, R2

adj = 0.853, Kxx 
= 0.303, ΔK = 0.202, RMSEtr = 0.306, RMSEcv = 0.348, RMSEex = 
0.394, s = 0.331, F = 51.151, Q2-F1 = 0.809, Q2-F2 = 0. 0.801, Q2-F3 = 
0.783, CCCtr = 0.930, CCCcv = 0.909, CCCex = 0.897, r2m av = 0.794, 
r2m de = 0.093, MAEtr = 0.249, MAEcv = 0.288, MAEex = 0.338, R2

ext 
= 0.918, Q2

LMO = 0.811

Model-3 (Divided data set)

pEC50 = 35.716 (± 9.621) – 0.319 (± 0.182) * accminus_MSA – 
0.690 (± 0.261) * N_lipo_5B − 0.010 (± 0.003) * QXXm

Ntr = 27, Nex = 6, Q2
loo = 0.837, R2

tr
 = 0.870, R2

adj = 0.853, Kxx 
= 0.470, ΔK = 0.077, RMSEtr = 0.291, RMSEcv = 0.325, RMSEex = 
0.451, s = 0.315, F = 51.403, Q2-F1 = 0.826, Q2-F2 = 0. 0.756, Q2-F3 = 
0.688, CCCtr = 0.931, CCCcv = 0.913, CCCex = 0.885, r2m av = 0.698, 
r2m de = 0.069, MAEtr = 0.243, MAEcv = 0.280, MAEex = 0.373, R2

ext 
= 0.786, Q2

LMO = 0.794
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as low as possible to enhance the activity. The second common 
descriptor N_lipo_5B (number of lipophilic atoms within five 
bonds from Nitrogen atoms) has negative coefficient in all the 
developed models. Hence, the value of this descriptors must be 
restricted for enhanced activity. da_H_9B corresponds to number 
of Hydrogen atoms within nine bonds from such a group which 
can act as H-bond donor as well as acceptor such as -OH, -NH2, etc. 
the negative coefficient for this descriptor in model 2 indicates 
that lowering the value of this descriptor would result in better 
activity profile. 

A molecular descriptor with negative coefficient in model 3 
is accminus_MSA (molecular surface area of negatively charged 
H-bond acceptor atoms). Therefore, the molecular surface area of 

negatively charged H-bond acceptor atoms must be constrained 
to increase the anti-Chagas activity. The molecular descriptors 
accminus_MSA, N_lipo_5B and da_H_9B have been depicted in 
Figure 2 using the most and least active molecules (molecule 
number 16 and 32), as the representatives only.

The only molecular descriptor with a positive coefficient in 
model 1 is O_don_8Ac, which stands for sum of partial charges on 
H-bond donor atoms which are present within 8Å from oxygen 
atoms. In case of compound number 2, 3 and 26 the oxygen 
atom of -OMe group (with lesser negative charge) is within a 
distance of 8Å from oxygen atom of quinolinone moiety. Whereas 
for compound number 20, 19 and 27, though, the oxygen atom 
of -OH group is within a distance of 8Å from oxygen atom of 
quinolinone moiety but possesses a higher negative charge. This 
could be one of the possible reasons for better activity of 2 (EC50 = 
0.6 nM) than 20 (EC50 = 112 nM), 3 (EC50 = 3.1 nM) than 19 (EC50 
= 17 nM), and 26 (EC50 = 3 nM) than 27 (EC50 = 228 nM). This 
points out another observation that -OMe is a better substituent 
at -X than -OH for increasing the activity. 

In Table 3, the status of the molecule, predicted and the 
residual values by developed models 1-3 have been tabulated. 

The fitting curve, residual plot, Y-scrambling and Williams 
plots are available in the supporting information.

CONCLUSIONS

In conclusion, the robust QSAR models with good predictive 
ability indicate that activity has good relation with -OCH3 group, 
lipophilic atoms within five bonds from Nitrogen atoms, presence 

S. N. pEC50 QXXm da_H_9B N_lipo_5B O_don_8Ac accminus_MSA

1. 8.398 311.237 13 16 0 43.06295

2. 9.222 326.92 13 15 0 41.51342

3. 8.509 320.129 11 15 0 41.54747

4. 9.155 257.504 14 15 0 41.98221

5. 9.097 297.908 11 15 0 41.87246

6. 8.959 278.501 11 15 0 42.02498

7. 8.921 271.578 14 15 0 41.87778

8. 7.921 360.145 11 15 0 41.92143

9. 9.097 257.09 11 15 0 41.81082

10. 9.097 248.193 12 15 0 41.99664

11. 9.086 286.032 11 15 0 41.99585

12. 9.301 286.032 11 15 0 41.99585

13. 8.699 280.88 14 15 0 41.81427

14. 8.745 267.324 16 15 0 42.11884

15. 8.493 299.339 10 15 0 42.05618

16. 9.509 268.724 10 15 0 42.17695

17. 8.854 292.784 16 15 0 42.09243

18. 8.658 313.751 11 15 0 41.84568

19. 7.77 314.262 21 15 -0.3736 44.85659

20. 6.951 321.68 23 15 -0.3736 44.99809

21. 7.569 344.106 13 16 0 41.52892

22. 7.161 373.782 13 16 0 41.96532

23. 8.301 312.637 14 16 0 40.64602

24. 6.928 349.198 13 17 0 42.45161

25. 7 362.533 12 17 0 40.60624

26. 8.523 347.097 11 16 0 41.05926

27. 6.642 356.071 23 16 -0.3736 44.61465

28. 8.523 319.429 11 16 0 41.21349

29. 8.301 342.56 11 16 0 41.09026

30. 8 319.508 11 16 0 41.30114

31. 7.481 328.818 11 16 0 41.29695

32. 6.495 481.969 13 16 0 40.76464

33. 7.081 439.806 13 16 0 41.2677

Table 2: Values of molecular descriptors and pEC50 for the data set

Figure 2 Representation of accminus_MSA, N_lipo_5B and da_H_9B using 
molecule number 16 (most active) and 32 (least active) as the representatives 
only (red filled circles for N_lipo_5B and red coloured hydrogen atoms for 
da_H_9B).
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of less negatively charged donor atom from oxygen atom of 
quinolinone ring and molecular surface area of negatively 
charged H-bond acceptor atoms. 
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9 Training 9.2123 0.1153 Training 9.3742 0.2772 Training 9.3101 0.2131

10 Training 9.2941 0.1971 Prediction 9.3653 0.2683 Training 9.3445 0.2475
11 Training 8.9463 -0.1397 Training 9.0946 0.0086 Training 8.9460 -0.1400
12 Training 8.9463 -0.3547 Training 9.0946 -0.2064 Training 8.9460 -0.3550
13 Training 8.9936 0.2946 Training 8.8599 0.1609 Prediction 9.0583 0.3593
14 Training 9.1183 0.3733 Training 8.8013 0.0563 Training 9.1039 0.3589
15 Training 8.8239 0.3309 Prediction 9.0608 0.5678 Training 8.7865 0.2935
16 Training 9.1054 -0.4036 Training 9.3566 -0.1524 Training 9.0706 -0.4384
17 Training 8.8842 0.0302 Training 8.5553 -0.2987 Training 8.8440 -0.0100
18 Training 8.6914 0.0334 Training 8.8268 0.1688 Training 8.7018 0.0438
19 Training 7.4593 -0.3107 Training 7.8738 0.1038 Training 7.7353 -0.0347
20 Training 7.3911 0.4401 Prediction 7.6125 0.6615 Prediction 7.6119 0.6609
21 Training 7.8499 0.2809 Training 7.8044 0.2354 Training 7.7931 0.2241
22 Training 7.5771 0.4161 Training 7.5177 0.3567 Training 7.3410 0.1800
23 Training 8.1392 -0.1618 Training 8.0137 -0.2873 Training 8.4066 0.1056
24 Training 7.2407 0.3127 Training 7.2158 0.2878 Training 6.7549 -0.1731
25 Training 7.1181 0.1181 Prediction 7.1817 0.1817 Training 7.2035 0.2035
26 Training 7.8224 -0.7006 Training 7.9652 -0.5578 Training 7.9115 -0.6115
27 Training 6.5125 -0.1295 Training 6.7408 0.0988 Prediction 6.6819 0.0399
28 Training 8.0768 -0.4462 Training 8.2325 -0.2905 Training 8.1539 -0.3691
29 Training 7.8641 -0.4369 Training 8.0090 -0.2920 Training 7.9494 -0.3516
30 Training 8.0761 0.0761 Prediction 8.2317 0.2317 Training 8.1250 0.1250
31 Training 7.9905 0.5095 Training 8.1418 0.6608 Training 8.0283 0.5473
32 Training 6.5825 0.0875 Training 6.4726 -0.0224 Training 6.5842 0.0892
33 Training 6.9701 -0.1109 Training 6.8799 -0.2011 Prediction 6.8680 -0.2130
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Abstract: Aurora kinase B (AKB) is a crucial signaling kinase with an important role in cell division. 

Therefore, inhibition of AKB is an attractive approach to the treatment of cancer. In the present 

work, extensive quantitative structure–activity relationships (QSAR) analysis has been performed 

using a set of 561 structurally diverse aurora kinase B inhibitors. The Organization for Economic 

Cooperation and Development (OECD) guidelines were used to develop a QSAR model that has 

high statistical performance (R2tr = 0.815, Q2LMO = 0.808, R2ex = 0.814, CCCex = 0.899). The seven-

variable-based newly developed QSAR model has an excellent balance of external predictive ability 

(Predictive QSAR) and mechanistic interpretation (Mechanistic QSAR). The QSAR analysis 

successfully identifies not only the visible pharmacophoric features but also the hidden features. 

The analysis indicates that the lipophilic and polar groups—especially the H-bond capable 

groups—must be present at a specific distance from each other. Moreover, the ring nitrogen and 

ring carbon atoms play important roles in determining the inhibitory activity for AKB. The analysis 

effectively captures reported as well as unreported pharmacophoric features. The results of the 

present analysis are also supported by the reported crystal structures of inhibitors bound to AKB. 

Keywords: aurora kinase B; QSAR; pharmacophore modeling 

 

1. Introduction 

The machinery for cell division, also known as mitosis, is completely regulated. Any 

irregularity or imperfect mitosis results in nondiploid DNA content, which ultimately 

causes cancer [1]. Researchers have therefore become interested in developing cancer 

chemotherapeutics that target centrosome maturation and separation, mitotic spindle 

assembly, chromosomal separation, and cytokinesis involving the participation of 

numerous important signaling kinases, including aurora, polo-like-kinase (Plk), and 

cyclin-dependent kinase (Cdk) [2,3]. The successful transition to mitosis depends on the 

aurora kinase family of serine/threonine kinases [4–7]. Since their discovery in 1995 and 

the initial detection of their expression in human cancer tissue in 1998 [2,5,7–9], these 

kinases have received a great deal of attention. This is due to their aberrant and excessive 

expression in a wide range of solid and liquid tumors, such as pancreatic, lung, liver, and 

breast tumors, as well as their oncogenic activity [2,4,5,7–11]. 

The aurora kinase family consists of three isoforms (A, B, and C), each of which 

differs in the length and amino acid composition of the N-terminal domain, but they share 

a common and conserved ATP binding site [2,12]. In order for the centrosome to mature, 
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and for spindle assembly, meiosis, and metaphase spindle orientation to occur, aurora-A 

is essential [2,12]. In order to achieve precise chromosomal segregation and cytokinesis, 

aurora kinase B (AKB) is required [2,12]. Massive polyploidization and failure to bio-

orientate chromosomes result from AKB inhibition [2,12]. Since aurora kinase C (AKC), 

which complements the activity of AKB, has received less attention to date, we decided to 

focus only on AKB in this investigation, due to a lack of data for AKC [12]. 

Aurora kinases have been suggested as prospective targets for anticancer treatments 

due to their crucial function in controlling the cell cycle. At this time, none of the ATP-

competitive inhibitors targeting AKB that are in clinical development (Figure 1) have been 

granted approval [4,5,13]. 

 

Figure 1. Structures of some known aurora inhibitors in different clinical trial stages. 

In these conditions, a quick and effective strategy to find AKB inhibitors is still a key goal 

for medicinal chemists. To fulfill this goal, there is a need to use modern methods such as 

computer-aided drug design (CADD) to reduce time, costs, trial-and-error procedures, and 

other required resources [14,15]. The vibrant and developing field of CADD is successful due 

to the result-oriented performance of molecular docking, QSAR, and its other branches [14–

16]. In QSAR, a mathematical model is created to connect chemical descriptors (structural 

features) to a desired bioactivity profile using a wide range of machine learning techniques 

[17,18]. In a more pragmatic sense, QSAR allows one to prioritize compounds with desirable 

attributes for a subsequent (and presumably successful) biological evaluation [17–19]. 

Traditional QSAR concentrates on producing statistically significant models [17–19]. 

Previously, different researchers have reported QSAR models for AKB using different 

techniques. For example, Neaz et al. [20] reported a 3D-QSAR model for a dataset of forty-

eight quinazoline derivatives possessing other heterocyclic rings. The developed model had a 

leave-one-out cross-validated correlation coefficient (Q2LOO) of 0.56. Another 3D-QSAR and 

molecular docking study of azaindole derivatives as AKB inhibitors was accomplished by Lan 

and co-workers [21]. The best developed QSAR model based on forty-one molecules had 

Q2LOO = 0.575. Likewise, Ashraf et al. [22] used a dataset of 57 acylureidoindolin derivatives 

to develop a 3D-QSAR model, which had Q2LOO = 0.641, and indicated that electrostatic and 

hydrophobic fields determine the activity of compounds. Thus, AKB has been the subject of 

QSAR research; however, the developed QSAR models find little usage due to a lack of 

generalizability, low predictive power, being based on small datasets comprising limited 

scaffolds, or a combination of these factors. Therefore, there is a need to develop a robust and 

balanced QSAR model based on a larger dataset, encompassing diverse structural scaffolds. 

Consequently, in the present work, a QSAR model has been developed that possesses high 

external predictive ability and extensive mechanistic interpretations supported by X-ray-

resolved structures. 

2. Results 
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As stated in Section 1, the focus was on developing a genetic algorithm–multilinear 

regression (GA–MLR) model with a combination of mechanistic interpretation and high 

predictive power. We have discovered several structural features in the current 

investigation. The recently constructed seven-parameter model and its statistical 

validation parameters are as follows. 

Model A: pIC50 = 4.611 (±0.224) + 0.559 (±0.105) × fringNplaN4B + 0.436 (±0.11) × 

fsp3Csp2N5B + 0.253 (±0.038) × N_H_2B + 0.164 (±0.035) × fsp2Osp2C5B + 0.1 (±0.015) × 

da_lipo_5B − 0.317 (±0.056) × fringNC6B − 0.262 (±0.048) × fOringC6B. 

Statistical parameters associated with model A: R2tr = 0.815, RMSEtr = 0.468, MAEtr = 

0.401, CCCtr = 0.898, s = 0.473, F = 277.836, R2cv (Q2LOO) = 0.808, RMSEcv = 0.477, MAEcv = 

0.408, CCCcv = 0.895, Q2LMO = 0.807, R2Yscr = 0.016, Q2Yscr = −0.02, RMSEex = 0.446, MAEex 

= 0.373, R2ex = 0.814, Q2-F1 = 0.811, Q2-F2 = 0.811, Q2-F3 = 0.833, CCCex = 0.900. 

Model A is statistically robust, as shown by the high values of various statistical 

parameters, such as the coefficient of determination (R2tr) and cross-validated coefficient 

of determination for leave-one-out (R2cv or Q2LOO), the external coefficient of 

determination (R2ex), Q2-Fn and the Concordance Correlation Coefficient (CCCex), etc., and 

the low values of lack-of-fit (LOF), root mean square error (RMSEtr), and mean absolute 

error (MAE). As a result, model A has high external predictive ability [23–30], is devoid 

of random correlations [31,32], and meets suggested threshold values for key parameters. 

The Supplementary Materials contain the formulae to determine these parameters. A 

Williams plot was used to evaluate the model’s applicability domain [33–36]. As a result, 

it complies with all the OECD-recommended standards and requirements for developing 

a valuable QSAR model. Different graphs associated with model A are depicted in Figure 

2. 
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Figure 2. Different graphs related to model A: (a) experimental vs. predicted pIC50 (the solid line 

represents the regression line); (b) experimental vs. residuals; (c) Williams plot for applicability 

domain (the vertical solid line represents h* = 0.053 and horizontal dashed lines represent the upper 

and lower boundaries for applicability domain); (d) Y-randomization plot. 

There are seven descriptors in model A, which have been calculated by PyDescriptor 

[37] and tabulated in Table 1. Of the seven descriptors, five descriptors, viz. 

fringNplaN4B, fsp3Csp2N5B, N_H_2B, fsp2Osp2C5B, and da_lipo_5B, have positive 

coefficients in model A, implying that increasing their value could lead to a better activity 

profile, whereas the reverse is true for the remaining two descriptors, fOringC6B and 

fringNC6B, which have negative coefficients in model A. Each molecular descriptor, 

which is a numeric representation of structural features [37–39], has correlations with 

different types of pharmacophoric features, which govern the inhibitory profile. 

However, it is to be noted that a single structural feature can neither explain nor fully 

determine the final biological activity (IC50) of a molecule. The biological activity IC50, 

etc., is an outcome of a combination of different structural features and some unknown 

factors. Some features enhance the desired pharmacological activity, whereas others are 

responsible for reversing it. It is believed that two or more pharmacophoric groups 

concomitantly decide the biological activity (pharmacophore synergism). 

Table 1. Different molecular descriptors present in model A and their descriptions. 

Molecular  

Descriptor 
Description 

fringNplaN4B 
Frequency of occurrence of planer nitrogen atoms exactly at 4 bonds from ring nitrogen 

atom 

fsp3Csp2N5B 
Frequency of occurrence of sp2-hybridized nitrogen atoms exactly at 5 bonds from sp3-

hybridized carbon atoms 

N_H_2B Total number of nitrogen atoms present within 2 bonds from hydrogen atoms 

fsp2Osp2C5B 
Frequency of occurrence of sp2-hybridized carbon atoms exactly at 5 bonds from sp2-

hybridized oxygen atoms 

da_lipo_5B 
Total number of lipophilic atoms present within 5 bonds from H-bond donor cum 

acceptor atoms 

fOringC6B Frequency of occurrence of ring carbon atoms exactly at 6 bonds from oxygen atoms 

fringNC6B Frequency of occurrence of carbon atoms exactly at 6 bonds from ring nitrogen atoms 

3. Discussion 

Of the seven descriptors in model A, five descriptors, viz. fringNplaN4B, 

fsp3Csp2N5B, N_H_2B, da_lipo_5B, and fringNC6B, indicate the importance of different 

types of nitrogen atoms in determining the inhibitory activity for aurora kinase B. The 
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same is true for carbon, which is present in four descriptors, viz. fsp3Csp2N5B, 

da_lipo_5B, fringNC6B, and fOringC6B. The relevance of oxygen is due to its presence in 

three descriptors, viz. fsp2Osp2C5B, da_lipo_5B, and fOringC6B. At the same time, it 

should be noted that the descriptors present in model A are highly interlinked; that is, 

increasing the value of one descriptor could significantly change the value of another 

descriptor. This leads to substantial changes in the biological profile of a molecule, 

pointing toward pharmacophore synergism, as molecular descriptors are mathematical 

representations of pharmacophores. For example, the values of descriptors fringNplaN4B 

and fringNC6B vary with the presence/absence of ring nitrogen atoms. Therefore, 

increasing the value of fringNplaN4B by escalating ring nitrogen atoms could also lead to 

a higher fringNC6B value. Therefore, in the present work, we have adopted an approach 

that involves the concomitant consideration of two or more molecular descriptors to 

explain the variance in the activity profile of matched molecular pairs (MMP). 

Accordingly, the molecular descriptors whose values have changed for MMP have been 

discussed concurrently with relevant examples in Section 3. 

da_lipo_5B: 

The descriptor da_lipo_5B is simultaneously associated with two important aspects 

of a molecule: lipophilic character and H-bonding-capable (donor and acceptor) atoms. It 

is to be noted that, in the present work, a carbon atom is non-lipophilic while calculating 

da_lipo_5B, if oxygen or nitrogen is attached to it. The average value of da_lipo_5B for the 

top one hundred active molecules (IC50 = 0.26 to 4.3 nM) is 15.29, and the value for the 

least active one hundred molecules (IC50 = 611 to 16,000 nM) is 8.51. This reveals that the 

higher the number of lipophilic atoms within five bonds of a H-bond-capable atom, the 

higher the activity. This gives an initial impression that lipophilicity (mostly represented 

by logP [40]) is the only governing factor. However, the calculated logP (clogP), which 

represents molecular lipophilicity, has a weak correlation of 0.077 with pIC50, whereas 

da_lipo_5B has a value of 0.533. Therefore, the conditional occurrence of lipophilic atoms 

in the vicinity of H-bonding-capable atoms is a better choice. A plausible reason could be 

the composition of the active site of AKB, which consists of the persistent presence of 

lipophilic residues such as Gly, Leu, Val, Phe, etc., between the acidic or basic residues 

such as Glu, Asp, Lys [22]. This is why an aurora kinase B inhibitor also requires the 

presence of H-bond-capable atoms, preferably with separation by five bonds and the 

concomitant occurrence of lipophilic atoms in their vicinity. This observation is confirmed 

by the reported X-ray-resolved structure of aurora kinase B (pdb: 4c2w [41]) (see Figure 

3). 

 

Figure 3. (a) A 2D depiction of active site of aurora kinase B (pdb: 4c2w). The dotted line represents 

the contour proximity of active site residues. Acidic and basic residues have been highlighted using 
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red- and blue-colored circles. (b) Comparison of molecule 402 with 314 with respect to da_lipo_5B 

(blue-colored bonds and numbering). 

The importance of da_lipo_5B highlights the significance of determining the 

numbers of donor cum acceptor atoms required to obtain better activity. The average 

value of donor cum acceptor atoms for the top one hundred active molecules (IC50 = 0.26 

to 4.3 nM) is 3.21, and the value for the least active one hundred molecules (IC50 = 611 to 

16,000 nM) is 2.24. A comparison of the following pairs of molecules as representative 

examples further highlights the importance of da_lipo_5B: 314 with 402 (see Figure 3), 355 

with 347, 206 with 207, 103 with 101, 103 with 99, 61 with 142, 57 with 58, etc. 

fringNplaN4B: 

fringNplaN4B stands for the frequency of occurrence of planer nitrogen atoms exactly at 

four bonds from a ring nitrogen atom. If the same planer nitrogen atom is also present at ≤ 4 

bonds from the same or any other ring nitrogen atom through any path, then it is excluded 

while calculating fringNplaN4B. The importance of fringNplaN4B is reflected by the fact that 

the most active 110 molecules with IC50 values ranging from 0.26 to 5.9 nM have one or more 

combinations of planer and ring nitrogen atoms. The reverse is true for less active molecules 

(IC50 = 16,000 to 611 nM), with some exceptions, such as molecule numbers 213, 73, 71, 66, 20, 

etc. Moreover, it was observed that replacing fringNplaN4B with its corresponding 

equivalents, fringNplaN3B and fringNplaN5B, for three and five bonds led to a reduction in 

the performance of model A (R2 = 0.770, for both). Moreover, fringNplaN3B and 

fringNplaN5B have a correlation of R = 0.084 and 0.028 with pIC50, respectively, whereas 

fringNplaN4B is a better choice as a descriptor, with R = 0.628. 

However, at first sight, it appears that, individually, ringN (number of ring nitrogen 

atoms) or nplanN (number of planer nitrogen atoms) could be an alternative to 

fringNplaN4B. However, both have a weak correlation of 0.207 and 0.374 with pIC50, 

respectively. Moreover, a loss in the statistical performance of model A on replacing 

fringNplaN4B with ringN (R2 = 0.772) or nplanN (R2 = 0.770) again confirmed the 

importance of fringNplaN4B. Therefore, a combination of ring and planer nitrogen atoms 

separated exactly by four bonds is an important structural feature to obtain a better pIC50 

for AKB. 

A literature survey reveals that for pyrrolopyrazole derivatives, a substituted 3-

aminopyrazole moiety is important due to its ability to interact with the hinge region of 

the ATP binding site [2]. The three nitrogen atoms of the N-C-N-N pattern present in 3-

aminopyrazole are responsible for binding with the receptor [2]. Unfortunately, it appears 

that the reported pattern is exclusive to pyrrolopyrazole derivatives bearing a substituted 

3-aminopyrazole moiety. Interestingly, the terminal nitrogen atoms of the N-C-N-N 

pattern are actually ring and planer nitrogen atoms, thereby suggesting the possible 

presence of fringNplaN4B. However, in many active molecules of the present dataset 

bearing a substituted 3-aminopyrazole moiety, the value of fringNplaN4B is zero; this is 

because the planer nitrogen of the N-C-N-N pattern is also present within ≤4 bonds of the 

other ring nitrogen atom. However, in several active molecules for AKB, fringNplaN4B is 

present due to other scaffolds (see Figure 4). In other words, instead of the N-C-N-N 

pattern or a substituted 3-aminopyrazole moiety, an emphasis on the simultaneous 

presence of planer and ring nitrogen atoms separated by four bonds in the molecule is a 

better strategy to enhance the inhibitory profile against AKB. Hence, the present work 

successfully identified a novel aspect of a reported pattern (N-C-N-N) and extended it for 

other scaffolds. 
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Figure 4. Representation of influence of fringNplaN4B on activity profile of AKB inhibitors. The 

numbers (blue/red) indicate the counting of number of bonds between ring and planer nitrogen. 

N_H_2B: 

The positive coefficient for N_H_2B indicates that the presence of hydrogen in the 

vicinity of nitrogen is beneficial to increase the inhibitory activity for aurora kinase B. In 

many molecules, N_H_2B exists due to the direct attachment of a hydrogen atom to a 

nitrogen atom (N-H) or due to hydrogen atoms bonded to carbon atoms adjacent to 

nitrogen (N-CHn fragment). N_H_2B favors two important structural features that could 

lead to a better inhibitory profile: (1) the presence of polar hydrogen atoms as N-H or N-

CHn fragments; (2) steric hindrance or bulkiness in the vicinity of nitrogen atoms, because 

hydrogen is the smallest among all the elements. The lesser the bulkiness around nitrogen 

atoms, the better the inhibitory profile. These two structural features in combination allow 

the polar interactions or H-bond formation between the ligand and the receptor. This 

observation, and the significance of N_H_2B as well as da_lipo_5B, is confirmed by the 

two forms of the ligand VX-680 (molecule number 14) in the pdb 4b8m [42]. 

The ligand VX-680 exists in two different forms, labeled as TA and TB in the present 

work, in the two chains of pdb 4b8m. From Figure 5 and Table 2, it is clear that the TA 

form consists of a higher number of hydrogen atoms than TB, especially in the vicinity of 

nitrogen atoms. This led to different values for N_H_2B for the two forms (see Figure 5). 

The form TA, having a higher N_H_2B value, has a higher number of interactions with 

the receptor, because the additional hydrogen atoms attached to the nitrogen atoms of the 

pyrazole (designated as N19 and N20) ring and aminopyrimidine (designated as N14) are 

responsible for H-bond interactions with Glu171, Phe172, and Ala173 (see Table 2). 

Meanwhile, these interactions are absent for TB, even though the respective atoms N19 

and N14 of TB are more proximate to receptor atoms. The TB form has only one prominent 

interaction with the receptor due to the nitrogen (designated as N20) of the pyrazole ring 

in the form of a H-bond with Ala173. 
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Figure 5. Pictorial representation of N_H_2B using VX-680 (pdb 4b8m) as an example. 

Table 2. Distances of different atoms of TA and TB forms of VX-680 (molecule number 14) from the 

receptor atoms (pdb 4b8m). 

TA Form TB Form 

Residue 
Residue  

Atom 

Ligand  

Atom 
Distance Residue 

Residue  

Atom 

Ligand  

Atom 
Distance 

GLU171 O N19 2.97 GLU171 O N19 2.74 

PHE172 CA N20 3.47 PHE172 CA N20 3.52 

ALA173 N N20 2.84 ALA173 N N20 2.74 

ALA173 O N14 2.93 ALA173 O N14 2.91 

HOH2005 O N13 3.32 HOH2005 O N30 2.80 

The following comparisons of molecules further highlight the importance of N_H_2B 

(see Figure 6): 108 with 75 and 101, 486 with 487 and 484, and 148 with 144, to list a few. 

A simple analysis of these examples indicates that the presence of a pyrazole ring leads to 

a better IC50 for a molecule (see Figure 6). However, it has a negative correlation (R = 

−0.177) with pIC50. A plausible reason appears from the present work suggesting that H-

bond-capable polar groups are more suitable near the periphery of a molecule, rather than 

a pyrazole ring, to achieve good interactions with the receptor. 

 

Figure 6. Representative examples to understand N_H_2B. 
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fsp3Csp2N5B: 

The descriptor fsp3Csp2N5B is associated with two features, viz. sp2-hybridized 

nitrogen and sp3-hybridized carbon atoms. As it has a positive coefficient in model 1, 

increasing the numbers of such atoms favors the augmentation of pIC50. At the same time, 

increasing fsp3Csp2N5B could influence the values of da_lipo_5B and N_H_2B, as these 

descriptors are associated with carbon and nitrogen too. Therefore, it indicates that 

pharmacophore synergism determines the final inhibitory ability of a molecule for AKB. 

This is clearly reflected when molecule 435 is compared with molecule 438. 

The pdb 4c2v contains two different tautomeric forms of ligand YJA in two different 

chains, A and B. The influence of fsp3Csp2N5B along with N_H_2B is observed for the 

two tautomeric forms of co-crystallized ligand ‘YJA’ in the pdb 4c2v [41]. The two 

tautomeric forms show that YJA-T1 and YJA-T2 (see Figure 7) of ligand YJA have different 

values for fsp3Csp2N5B and N_H_2B (see Table 3). The online tautomer generator from 

Chemaxon (https://disco.chemaxon.com/calculators/demo/plugins/tautomers/, accessed 

on 28 October 2022) indicates that the ligand YJA can exist in seven different tautomeric 

forms. However, only two tautomeric forms, YJA-T1 and YJA-T2, predominate, with 

approximately 16 and 84 percent, respectively. The rest of the tautomeric forms have less 

than a 0.1% probability of existence. 

 

Figure 7. Tautomeric forms of ligand YJA (pdb 4c2v). The red colored numbers have been used for 

indication of nitrogen atoms involved in tautomerism. 
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Table 3. A comparison of two tautomeric forms, YJA-T1 and YJA-T2. 

Tautomer with 

Descriptor Value 

H-Bonds 

Formed with 

Distance (Å) with Angle 

(Donor–Hydrogen–Acceptor) 

(Cut-Off: 5 Å) 

List of Receptor Heavy Atoms within 

5 Å of N3 atom of Ligand 

(Residue–Atom–Distance in Å) 

List of Receptor Heavy Atoms within 5 Å of N1 Atom of Ligand 

(Residue–Atom–Distance in Å) 

YJA-T1 

fsp3Csp2N5B = 0 

N_H_2B = 6 

fsp2Osp2C5B = 3 

LYS122 at 1.668 with 159.8°, 

GLN145 at 2.251 with 142.4, 

ALA173 at 1.952 with 163.9° 

VAL107-CB-4.672, 

VAL107-CG1-4.351, 

VAL107-CG2-4.419, 

LU177-OE2-4.842, 

LEU223-CG-4.608, 

LEU223-CD1-3.627, 

LEU223-CD2-4.406 

LEU99-CD1-4.259, ALA120-CB-4.501, 

GLU171-C-4.888, GLU171-O-4.058, 

PHE172-N-4.808, PHE172-CA-3.818, 

PHE172-C-3.832, PHE172-CB-4.641, 

PHE172-CG-4.403, PHE172-CD1-3.550, 

PHE172-CE1-4.156, ALA173-N-2.936, 

ALA173-CA-3.743, ALA173-C-4.208, 

ALA173-O-3.930, ALA173-CB-3.623, 

LEU223-CD1-4.121 

YJA-T2 

fsp3Csp2N5B = 1 

N_H_2B = 7 

fsp2Osp2C5B = 3 

LYS122 at 2.361 with 157.8°, 

GLN145 at 2.323 with 115.7°, 

ALA173 at 1.946 with 174.4°, 

HOH2108 2.222 with 106.7° 

PHE104-CG-4.358, 

PHE104-CD2-3.203, 

PHE104-CE2-3.058, 

PHE104-CZ-4.124, 

VAL107-CB-4.591, 

VAL107-CG1-4.413, 

VAL107-CG2-4.142, 

LEU223-CD1-4.047, 

LEU223-CD2-4.948 

LEU99-CD2-3.977, ALA120-CB-4.707, 

GLU171-C-4.734, GLU171-O-3.872, 

PHE172-N-4.690, PHE172-CA-3.669, 

PHE172-C-3.814, PHE172-CB-4.567, 

PHE172-CG-4.418, PHE172-CD1-3.618, 

PHE172-CE1-4.265, ALA173-N-2.953, 

ALA173-CA-3.799, ALA173-C-4.271, 

ALA173-O-3.915, ALA173-CB-3.635, 

LEU223-CD1-4.165 

A comparison of the interactions of YJA-T1 and YJA-T2 with the receptor and the 

solvent indicates that the two forms have established H-bonds with the similar amino acid 

residues of the receptor but with different distances (see Figure 8). The YJA-T2 has an 

additional H-bond with the solvent (HOH2108). Moreover, it has a higher number of 

interactions with the receptor and the solvent (H2O) within 5 Å compared to YJA-T1. Thus, 

the increased value of fsp3Csp2N5B and N_H_2B for these two tautomeric forms 

correlates with a higher number of receptor atoms in the vicinity, which ultimately leads 

to an augmented number of interactions. Additional details related to the interactions of 

YJA-T1 and YJA-T2 with the receptor are available in Table S1 in the Supplementary 

Materials. 
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Figure 8. Depiction of prominent interactions of YJA-T1 and T2 with the receptor (pdb: 4c2v). 

fsp2Osp2C5B: 

The molecular descriptor fsp2Osp2C5B underlines the influence of a specific 

combination of sp2-hybridized carbon with sp2-hybridized oxygen in determining the 

inhibitory profile for AKB. The positive coefficient for fsp2Osp2C5B indicates that increasing 

such a combination of oxygen and carbon could lead to a better inhibitory profile. In the 

present dataset, there are 426 molecules with the presence of at least one such combination of 

oxygen and carbon. Likewise, the 200 most active molecules with IC50 values in the range of 

0.26 to 24 nM, except molecule numbers 36 and 469, also possess fsp2Osp2C5B >1. A 

comparison of molecule number 167 with 168 further strengthens this observation (see Figure 

9). 

 

Figure 9. Representation of fsp2Osp2C5B using molecule numbers 167 and 168 as representative 

examples. The black circle represents the sp2-hybridized carbon at five bonds from sp2-hybridized 

oxygen. 

A closer analysis revealed that the sp2-hybridized carbon with sp2-hybridized 

oxygen, required for the existence of fsp2Osp2C5B are, in general, aromatic carbon atoms 

and oxygen of the carbonyl group, especially the amide group, respectively. This further 

highlights the importance of aromatic rings—and in turn lipophilic atoms—as aromatic 

carbons are mostly lipophilic in nature. The need for an amide group in conjugation point 

outs the necessity of a polar group to enhance the interactions with the receptor. The two 

tautomeric forms of YJA-T1 and T2 possess such a combination and it results in enhanced 

interactions with the receptor (see Figure 8). Obviously, a sp2-hybridized carbon atom 

will be at a respective distance of three and five bonds from the nitrogen and oxygen 

atoms of the same amide group; therefore, we also checked the importance of 

famdNsp2C3B (frequency of occurrence of sp2-hybridized carbon atoms exactly at three 

bonds from amide nitrogen atoms). It was observed that fsp2Osp2C5B and famdNsp2C3B 
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have a correlation of 0.64 and 0.58, respectively, with pIC50. Therefore, fsp2Osp2C5B is a 

better choice to be considered for future optimizations and activity predictions. 

fOringC6B: 

The descriptor fOringC6B is associated with the simultaneous and conditional 

occurrence of polar (oxygen) and lipophilic characters (ring carbons) with an exact 

separation by six bonds. If a ring carbon is also present within five or less bonds of any 

other oxygen atom, then it is omitted while calculating fOringC6B. The molecular 

descriptor fOringC6B has a negative coefficient in model 1, which means that a higher 

number of such carbon atoms could reduce the inhibitory profile of a molecule for AKB. 

This is confirmed when the following pairs of molecules are compared: 526 with 511, 526 

with 521, 204 with 205, 229 with 231, 477 with 485, and 256 with 257. The descriptor has 

been depicted in Figure 10. The red dots indicate the ring carbons, which contribute to 

fOringC6B at exactly six bonds from the oxygen atom. The six bonds separating such 

carbon and oxygen atoms have been labeled with numbers. 

 

Figure 10. Representative examples for fOringC6B. The numbers (red) indicate the counting of 

number of bonds between ring carbon and oxygen atom. 

It appears that reducing the number of ring carbon atoms is a feasible solution to achieve 

a lower value of fOringC6B, but this will affect negatively other descriptors, viz. da_lipo_5B, 

fsp2Osp2C5B. Instead, a solution is to reduce the number of oxygen atoms or alternatively 

increase their presence within five or less bonds of ring carbon atoms. The second solution is 

observed in the case of molecule number 229. The additional -OCH3 led to a decreased value 

of fOringC6B, because, while calculating fOringC6B, if a ring carbon atom was simultaneously 

present within six bonds of two or more oxygen atoms, it was excluded. 

fringNC6B: 

The molecular descriptor fringNC6B provides crucial information about the upper 

limit for separation required between the lipophilic (carbon atoms) and polar (nitrogen 

atoms) moieties to achieve a better activity profile. While calculating fringNC6B, if a 

carbon atom is also present within five bonds of any other ring nitrogen, then it is omitted. 

If a carbon atom is present exactly at a distance of six bonds from a ring nitrogen atom, 

then it contributes negatively; therefore, such a combination should be avoided. Reducing 

the bond gap between carbon and ring nitrogen is a feasible and justified solution, as other 

descriptors, viz. da_lipo_5B and fsp3Csp2N5B, also indicate the same. As stated earlier, a 

plausible reason for this could be the active site of AKB (see Figure 11). The influence of 
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fringNC6B on activity is confirmed when following pairs of molecules are compared: 5 

with 500, 5 with 506, 374 with 406, 507 with 514, to list a few. 

 

Figure 11. Depiction of fringNC6B using molecule numbers 5, 500, and 506 as representative 

examples. The carbon present at six bonds from ring nitrogen has been depicted using black dots. 

The numbers (black) indicate the counting of number of bonds between ring nitrogen and carbon. 

As stated earlier, the descriptors present in model A are entangled. Therefore, 

changing one descriptor could result in changes in other descriptors. For example, the 

descriptors fringNplaN4B and fringNC6B indicate the importance of ring nitrogen atoms. 

The fringNplaN4B has a positive correlation with pIC50 but fringNC6B has the opposite 

relation. Therefore, increasing the value of fringNplaN4B by escalating the ring nitrogen 

atoms could also lead to a higher fringNC6B value. Hence, a balance of the appropriate 

number and types of nitrogen, carbon, and oxygen could lead to significant inhibitory 

activity for aurora kinase B. 

4. Materials and Methods 

In this work, we adhered to the OECD’s and other researchers’ suggested standards 

and recommendations [17–19,32,43,44] for a successful QSAR analysis. The various 

procedures for creating a model included meticulous dataset selection, data curation, 3D 

structure production for all molecules, computation and trimming of molecular 

descriptors, model creation and extensive validation, and mechanistic interpretation 

[45,46]. To eliminate bias and ensure proper model validation, these stages were carried 

out one at a time. 

4.1. Selection of Dataset 

The success and efficacy of a QSAR analysis in the drug discovery pipeline are 

significantly influenced by the size, composition, and structural diversity of the selected 

dataset used for the analysis [17–19,32,43,44]. As a result, a sizable dataset of 3398 reported 

AKB ligands was downloaded from BindingDB 

(https://www.bindingdb.org/bind/index.jsp, accessed on 14 January 2022). The dataset 

was then reduced to 561 molecules only after duplicates (average value for duplicates), 

salts, metal derivatives, rule-of-five violators, molecules with undefinable Ki values, etc., 

were eliminated during data curation [47]. The condensed dataset still included a variety 

of molecules, such as stereoisomers, positional and chain isomers, various heterocyclic 

and aromatic scaffolds, etc. Thus, it covered a broad chemical space. The experimental 

IC50 ranged from 0.26 to 16,000 nM. The experimental IC50 values were converted to 

pIC50 for a better QSAR analysis (−log10IC50). Figure 12 and Table 4 comprise some 

molecules that are very active and those that are least active, to help the readers to 

understand the structural variation present in the dataset. 
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Figure 12. Representative examples from the selected dataset (five most active and five least active 

molecules). 

Table 4. SMILES notation, IC50 (nM), and pIC50 (M) of five most and least active molecules of the 

selected dataset. 

Mol ID SMILES IC50 (nM) pIC50 (M) 

339 O=C(Nc1cc(CNc2ncnc3c(C(=O)N)cccc23)ccc1)c1cnc(NC)cc1 0.26 9.585 

326 O=C(Nc1cc(C(Nc2ncnc3c(C(=O)N)cccc23)C)ccc1)c1[nH]nc(C(C)C)c1 0.27 9.569 

350 O=C(Nc1cc(CNc2ncnc3c(C(=O)N)cccc23)ccc1)c1[nH]nc2c1CCCC2 0.3 9.523 

316 O=C(Nc1cc(C(Nc2ncnc3c(C(=O)N)cccc23)C)ccc1)c1cnc(C)cc1 0.32 9.495 

383 O=C(Nc1cc(CNc2ncnc3c(C(=O)N)cccc23)ccc1)c1[nH]nc(C(C)C)c1 0.33 9.481 

191 O=C1OCc2c(C)c(O)c(O)c(O)c12 8690 5.061 

506 O=C(c1nc(Nc2n[nH]c(C)c2)c2c(n1)cccc2)c1ccccc1 11,500 4.939 

202 O=C(C)c1scc(-c2cnc3[nH]c(-c4ccc(OC)cc4)nc3c2)c1 12,100 4.917 

427 O=C(O)c1cnc(Nc2nccc(/C=C\3/C(=O)N(C)/C(=N/c4ccc(CC)cc4)/S/3)c2)cc1 12,505.05 4.903 

194 O(C)c1c(Nc2ncc3c([nH]c(-c4c(C)onc4C)c3)c2)cccc1 16,000 4.796 
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4.2. Calculation of Molecular Descriptors and Objective Feature Selection (OFS) 

The next step involved applying the proper methodology to convert SMILES 

notations into 3D-optimized structures. OpenBabel 3.1 [48] was used to translate SMILES 

to SDF for this. Then, utilizing PM3 as a force field for structure optimization and partial 

charge assignment, SDF was converted to MOL2 using MOPAC [49] 2016. After this, 

PyDescriptor [37] and PaDEL [50], which together offered more than 40,000 molecular 

descriptors for each molecule, were used for molecular descriptor calculation. Although 

using a large number of molecular descriptors increases the likelihood that a QSAR 

analysis will be effective, with a balance of predictive and mechanistic interpretation 

abilities, it also raises the risk of overfitting due to noisy redundancy in the descriptors or 

chance correlations. As a result, OFS was carried out using QSARINS 2.2.4 [51], which 

eliminated molecular descriptors that were nearly constant (for 90% of molecules) and 

highly inter-correlated (|R| > 0.90). After extensive OFS, only 1150 descriptors were 

finally included in the reduced set of molecular descriptors, but they nevertheless covered 

a wide descriptor space because they included fingerprints, charged-based, 1D to 3D, and 

a good number of atom-pair descriptors. The likelihood of a mechanistic interpretation of 

the model increased because a significant portion of the descriptors could be readily 

interpreted in terms of structural traits. 

4.3. Splitting the Dataset into Training and External Sets and Subjective Feature Selection (SFS) 

SFS is one of the most important steps in the QSAR model-building process that 

involves choosing the right feature selection technique with an adequate number and set 

of molecular descriptors. Before developing the QSAR model, the dataset was randomly 

divided into a training set (80%, or 449 molecules) and a prediction set (20%, or 112 

molecules), to allow for proper training and validation of the model. In order to eliminate 

bias, reduce information leakage [32], confirm the model’s external predictive ability to 

predict for molecules other than the training set, and to improve the composition of the 

training and prediction sets, the dataset was randomly divided at a ratio of 80:20. The 

selection of molecular descriptors was done using the training set only. The prediction set, 

also known as the test set or external set, was used exclusively for judging the external 

predictive ability of the model. 

To prevent over- and underfitting, the QSAR model must have an ideal number of 

molecular descriptors (variables). Consequently, the ideal number of descriptors for the 

model was identified using a straightforward graphical (or breaking point) method 

[45,46,52]. The value of Q2LOO typically increases considerably when a new variable 

(molecular descriptor) is added in stages to an MLR model until the desired elevation is 

reached. After this, the value of Q2LOO increases slightly or negligibly. As a result, the 

number of molecular descriptors that match the elevation point is ideal for creating a 

QSAR model. A graph of this is shown in Figure 13. The last elevation point in Figure 13 

corresponds to seven molecular descriptors. Therefore, the genetic algorithm (GA) in 

combination with multi-regression (GA–MLR) method, using QSARINS 2.2.4, was used 

for the exhaustive search to identify seven molecular descriptors to develop the QSAR 

model. For GA–MLR, Q2LOO was used as the fitness parameter. 
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Figure 13. Plot of number of descriptors against leave-one-out coefficient of determination (Q2LOO) 

to identify the optimum number of descriptors. 

4.4. Building Regression Model and Its Validation 

Different combinations of various molecular descriptors were eventually found 

during the search for seven molecular descriptors for the QSAR model using GA–MLR. 

However, due to the statistical performance and the satisfaction of adhering to strict 

parameters and criteria, which have been recommended [17–19,23,27,32,33,44–46,52–57] 

by a significant number of researchers, only one combination of molecular descriptors was 

chosen. The following threshold values and conditions were used to select the model: 

R2tr ≥ 0.6, Q2LOO ≥ 0.5, Q2LMO ≥ 0.6, R2 > Q2LOO, R2ex ≥ 0.6, RMSEtr < RMSEcv, ΔK 

≥ 0.05, CCC ≥ 0.80, Q2-Fn ≥ 0.60, r2m ≥ 0.5, (1-r2/ro2) < 0.1, 0.9 ≤ k ≤ 1.1 or (1-r2/r′o2) < 0.1, 

0.9 ≤ k′ ≤ 1.1, | ro2− r′o2| < 0.3, RMSEex, MAEex, R2ex, Q2F1, Q2F2, Q2F3, and low R2Yscr, 

RMSE and MAE. 

The model’s application domain must be identified for additional validation. In order 

to assess the application domain of the QSAR model, we employed a Williams plot 

(standardized residuals vs. hat values). 

5. Conclusions 

In relation to different features influencing the inhibitory activity for AKB, the 

present analysis successfully highlighted the significance of different types of atoms, 

groups, patterns, and tautomerism. Additionally, it emphasized the significance of 

specific patterns of atoms of different hybridization and their inter-relations in 

determining the final activity. The conditional presence of lipophilic (carbon) atoms or 

groups with respect to nitrogen atoms was also successfully recognized by model A as 

being beneficial for obtaining higher inhibitory for AKB. The present work, for the first 

time, pointed out the role played by tautomerism for AKB inhibitors. Model A performed 

statistically well, which was indicative of its strong external prediction power. As the 

current work successfully recognized both previously described and novel 

pharmacophoric properties associated with AKB inhibition, the results are of immense 

use throughout the drug discovery pipeline for the development of lead/drug candidates 

against AKB. 

Supplementary Materials: The following supporting information can be downloaded at: 

https://www.mdpi.com/article/10.3390/ijms232314527/s1. 
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A R T I C L E  I N F O   

Keywords: 
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f(R,T) theory 
Holographic dark energy 

A B S T R A C T   

In this paper, we have studied the spatially homogeneous and anisotropic Bianchi type-III cosmological model in 
the presence of pressureless matter and Holographic dark energy within the framework of f(R, T) gravity. We 
have constructed a cosmological model with an appropriate choice of function f(T). Field equations are solved 
using the relation between the metric potentials A = Cn and using a simple power-law form of a metric potential 
C = tn. The main objective behind this paper is to explore some physically significant discussions on the 
evolution of the universe. It is observed that the Hubble parameter H, scalar expansion θ and shear scalar σ 
diverge at the initial epoch while they approach zero for a large value of time and the anisotropic parameter Am is 
constant. The negative value of the deceleration parameter indicates the present acceleration of the universe.   

1. Introduction 

Most recent findings from high redshift supernovae type-Ia (Perl
mutter et al., 1997; Perlmutter et al., 1998; Riess et al., 1998; Bennett 
et al., 2003), cosmic microwave background (CMB) radiation (D.N. 
Spergel et al., 2003; Spergel et al., 2007) and large scale structure 
(Tegmark et al., 2004) show that the current universe is not only 
expanding but also accelerating. In view of this it is now believed that 
the energy constitution of the universe has 5% ordinary matter, 27% 
dark matter and 68% dark energy. In recent years, several modified 
theories of gravity have been proposed to understand presence of dark 
energy, dark matter and the mechanism behind late-time acceleration of 
the universe. 

Harko et al. (Harko et al., 2011) have developed a new modified 
theory of gravity known as f(R, T) gravity. This modified theory has 
attracted many researchers because this theory is supposed to provide 
natural gravitational alternative to dark energy. Adhav (Adhav, 2012), 
Sharif and Zubair (Sharif and Zubair, 2012) and Mahanta (Mahanta, 
2014) have investigated Bianchi type-I cosmological model in f(R, T)
gravity. Naidu et al. (Naidu et al., 2013), Ahmed and Pradhan (Ahmed 
and Pradhan, 2014), Pawar et al. (Pawar et al., 2019) have studied the 
Bianchi type-V cosmological model in the framework of f(R, T) gravity. 

Shaikh and Bhoyar (Shaikh and Bhoyar, 2015) studied plane symmetric 
universe in f(R, T) gravity. As a result of above studies, this theory 
seems to be more convenient to explain the accelerating phase of the 
universe. 

Recently, Holographic dark energy (HDE) models are inspiring many 
astrophysicists. The observational data can be satisfactorily explained 
by the holographic dark energy model. Some properties and behaviors of 
the Holographic dark energy cosmological model have been investi
gated by Samanta (Samanta, 2013), Vijaya Santhi et al. (Santhi et al., 
2018), Granda and Oliveros (Granda and Oliveros, 2008), Adhav et al. 
(Adhav et al., 2014), Shaikh and Wankhede (Shaikh and Wankhade, 
2021). The majority of these HDE models use a hybrid fluid made up of 
HDE and Matter; the outcomes of this research have encouraged us to 
investigate this hybrid fluid. 

FLRW model is widely regarded as a good approximation of the 
present and early stages of the universe which is based on of the 
assumption that the universe is homogeneous and isotropic in all 
epochs. However, the recent observations from various experiments like 
CMB temperature and polarization anisotropy fundamentals (Hu, 2003), 
Cosmic Background Explorers (COBE) (Smoot et al., 1992), Wilkinson 
Microwave Anisotropy Probe (Bennet et al., 2003; D.N. Spergel et al., 
2003) and Planck collaboration (Ade et al., 2016) provides evidence that 
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universe might have been anisotropic in the initial phase that ap
proaches to an isotropic phase later on. This prediction motivates us to 
study anisotropic universe using Bianchi model instead of FLRW model. 
M. Thorsruda, Ben D. Normannb and T. Pereirac (Thorsrud et al., 2020) 
investigated that to understand whether or not cosmological principles 
are supported by observational data, it is necessary to consider Bianchi 
models. 

Katore and Hatkar (Katore and Hatkar, 2016) state that among the 
various models proposed to describe the anisotropies of the universe, the 
Bianchi type-III is the simplest anisotropic model that describes the 
essential features of the universe. Hence, it stimulates our interest to 
investigate anisotropic Bianchi type-III cosmological model. Numerous 
academics have investigated various aspects of Bianchi type-III cosmo
logical model. Sahoo et al. (Sahoo et al., 2016), Mete et al. (Mete et al., 
2018) and Elkar et al. (Elkar et al., 2020) have studied Bianchi-III 
cosmological models in different theories of gravitation. 

Motivated by the above discussion, we have investigated a spatially 
homogeneous and anisotropic Bianchi type-III universe filled with 
modified Holographic dark energy in f(R, T) theory of gravity. The main 
goal of this research is to explore this Bianchi type-III HDE model in f(R,
T) modified gravity in view of several issues concerning the late time 
cosmic acceleration and cosmic anisotropy. The outline of the paper is as 
follows: In Section 2, metric and field equations are described. In Sec
tion 3, we have obtained solutions of field equations. In Section 4, some 
physical aspects of model are given. Conclusions are summarized in last 
Section 5. 

2. Metric and field equation 

We consider the spatially homogeneous and anisotropic Bianchi 
type-III space-time 

ds2 = dt2 − A2dx2 − B2e− 2mxdy2 − C2dz2, (1)  

where A, B, C are functions of cosmic time t only and m is a constant. 
The field equations of f(R, T) gravity are derived from variational 

principle. The action of f(R, T) gravity is given by 

S =
1
2k

∫

f (R, T)
̅̅̅̅̅̅̅
− g

√
d4x +

∫

Lm
̅̅̅̅̅̅̅
− g

√
d4x, (2)  

which can be varied with respect to the metric tensor gμν to obtain the 
gravitational field equation for f(R, T) gravity as 

fR(R,T)Rμν −
1
2

f (R, T)gμν + fR(R,T)
(
gμν∇

μ∇μ − ∇ν∇ν
)

= kTμν − fT(R,T) Tμν − fT(R,T)θμν, (3)  

where θμν = gαβ∂Tαβ
∂gμν 

and Tμν is combined energy momentum tensor for 

pressureless matter T′
μν and Holographic dark energy Tμν. 

Here fR =
∂f(R, T)

∂R , fT =
∂f(R, T)

∂T , ∇μ is covariant derivative. k = 8πG
c4 , 

where G and c are the Newtonian Gravitational constant and speed of 
light in vacuum respectively. 

The energy-momentum tensor for pressureless matter T′
μν and Ho

lographic dark energy Tμν (Shaikh and Bhoyar, 2015; Sarkar and 
Mahanta, 2013) are respectively given by 

T′
μν = ρmuμuν and Tμν = (ρ∧ + p∧) uμuν + gμνp∧ and (μ, ν= 1, 2, 3, 4),

(4)  

where ρm is energy density of matter, ρ∧ is the energy density of the 
Holographic dark energy. uμ = (0, 0, 0, 1) is the four-velocity vector in 
co-moving coordinates which satisfies the condition uμuμ = 1 and 
uμ∇νuμ = 0. Now parameterizing (4), we have 

Tμ
ν = diag

(
− 1, ωx , ωy , ωz

)
ρ∧, (5)  

here we have used the EoS parameter ω given by 

ω∧ρ∧ = p∧ (6)  

ωx , ωy , ωz are the directional EoS parameters along x, y, z axes 
respectively (Pawar et al., 2019). For simplicity we use ω∧ = 1. 

Three different cosmological models of f(R, T) gravity are given by 
Harko et al. (Harko et al., 2011) viz. i)f(R, T) = R+ 2 f(T), ii) f(R, T) =
f1(R) + f2(T) and iii) f(R, T) = f1(R)+ f2(R)f3(T). In the present work, 
we have considered the functional as f(R, T) = R+ 2f(T), where f( T) is 
an arbitrary function of the trace of the energy-momentum tensor. The 
corresponding field equations become, 

Rμν −
1
2

Rgμν = kTμν + 2fT Tμν + [f (T)+ 2p∧fT ]gμν, (7)  

where fT denotes the partial derivative of f with respect to T. 
With particular choice of the function (Harko et al. 2011) f(T) = λT, 

where λ is constant and using (4), field Eq. (7) for metric (1) leads to 
following system of equations: 

B
..

B
+

C
..

C
+

ḂĊ
BC

= λ(8p∧ + ρm) + p∧, (8)  

A
..

A
+

C
..

C
+

ȦĊ
AC

= λ(8p∧ + ρm) + p∧ (9)  

A
..

A
+

B
..

B
+

ȦḂ
AB

−
m2

A2 = λ(8p∧ + ρm) + p∧ (10)  

ȦḂ
AB

+
ḂĊ
BC

+
ȦĊ
AC

−
m2

A2 = λ(6p∧ + 3ρm + 2ρ∧) + ρm + p∧ (11)  

Ȧ
A
−

Ḃ
B
= 0, (12)  

here an overhead dot indicates differentiation with respect to cosmic 
time t. 

We shall now define the physical parameters which will be useful in 
solving the field equations and in the physical discussion of the solution. 
The average scale factor of the Bianchi type-III space-time is 

a(t) = (ABC)
1
3. (13) 

The spatial volume of the metric is 

V = a3(t) = ABC. (14) 

Directional Hubble parameter are 

H1 =
Ȧ
A
, H2 =

Ḃ
B
, H3 =

Ċ
C
. (15) 

The mean Hubble parameter 

H =
ȧ
a
=

1
3

V̇
V

=
1
3

(
Ȧ
A
+

Ḃ
B
+

Ċ
C

)

(16) 

The scalar expansion 

θ =

(
Ȧ
A
+

Ḃ
B
+

Ċ
C

)

(17) 

The shear scalar 

σ2 =
1
2

σijσij =
1
3

[(
Ȧ
A

)2

+

(
Ḃ
B

)2

+

(
Ċ
C

)2

−
ȦḂ
AB

−
ḂĊ
BC

−
ȦĊ
AC

]

(18) 

The mean anisotropy parameter is defined as 

Am =
1
3
∑3

i=1

(
Hi − H

H

)2

(19) 
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In terms of the metric potentials, the Ricci scalar R for the Bianchi 
type-III is expressed as 

R = 2

(
A
..

A
+

B
..

B
+

C
..

C
+

ȦḂ
AB

+
ḂĊ
BC

+
ȦĊ
AC

−
m2

A2

)

. (20) 

Deceleration parameter q is known to be a measure of cosmic ac
celeration, it is given by 

q =
− V

..

V

V̇2 (21)  

3. Solution of field equations 

Solving (12) givesA = kB, without loss of generality we consider k =
1 which gives 

A = B. (22) 

Using (22) in (8) to (12), we get 

A
..

A
+

C
..

C
+

ȦĊ
AC

= λ(8p∧ + ρm) + p∧, (23)  

2 A
..

A
+

(
Ȧ
A

)2

−
m2

A2 = λ(8p∧ + ρm) + p∧, (24)  

(
Ȧ
A

)2

+ 2
ȦĊ
AC

−
m2

A2 = λ(6p∧ + 3ρm + 2ρ∧) + ρm + p∧. (25) 

Subtracting (23) from (24), we get 

A
..

A
−

C
..

C
+

(
Ȧ
A

)2

−
ȦĊ
AC

−
m2

A2 = 0. (26) 

Above equation contains two unknowns A and C, thus one additional 
condition require to solved it. For this the relation between the metric 
potentials is assumed to be A = Cn, which corresponds to the fact that 
the shear scalar σ is proportional to the scalar expansion θ. In the view of 
obtaining a physically realistic model, we considered the power law 
relation (Kumari et al., 2013)C = tn, where n is a positive constant i.e. 

n > 0. (27) 

The positive nature of n is in accordance with the observational 
findings which predict an expanding universe. 

Multiplying (26) by A2C, we get 

d
dt

(
− A2Ċ+ACȦ

)
= m2C. (28) 

Integrating above equation, we get 

− A2Ċ + ACȦ = m2
(∫

Cdt+ k1

)

(29)  

where k1 is constant of integration. 
Above equation can be written as 

d
dt
(
A2) −

2Ċ
C

A2 = F(t), (30)  

where 

F(t) =
2m2

C

(∫

Cdt+ k1

)

. (31) 

Now, (30) gives 

A2 = C2
(∫

F(t)
C2 dt+ k2

)

(32)  

k2 is constant of integration. 
Using (27) in (31) and (32), we get 

A2 =
m2t2

1 − n2 +
2k1m2t1− n

1 − 3n
+ k2t2n, where n ∕= 1 (33) 

The deceleration parameter (21) can now be obtained as 

q = −

[
m2 t2+n

1− n2 + 2k1m2 t
1− 3n + k2t3n

][
(n+1)(n+2)m2 tn

1− n2 + 3n(3n − 1)k2t3n− 2
]

[
(n+1)m2 t1+n

1− n2 + 2k1m2

1− 3n + 3nk2t3n− 1
]2 . (34) 

We want model explaining an accelerated expansion of universe, for 
which a suitable choice of k1, k2 and n gives the negative constant 
deceleration parameter. The current SNe Ia and CMBR observations also 
favours accelerating models(q< 0). In view of this, we consider k1 =

k2 = 0.Thus from (33), we get 

A2 =
m2t2

1 − n2,where n ∕= 1 (35) 

From (34), we obtained 

q = −
n + 1
n + 2

. (36) 

It is obvious from (35) that, a physically acceptable scale factor can 
be obtained for 0 < n < 1. In this range of the n, the deceleration 
parameter assumes a constant negative value as we desired an acceler
ating universe. 

The metric (1) now becomes 

ds2 = dt2 −
m2t2

1 − n2

(
dx2 − e− 2mxdy2) − t2ndz,where n ∕= 1 moreover 0 < n

< 1
(37)  

4. Physical parameters of model 

The directional Hubble parameters are 

H1 = H2 =
1
t
, H3 =

n
t

(38)   

The mean Hubble parameter H is given by 

H =
n + 2

3t
(39)   

The volume V is obtained as 

V =
m2

1 − n2tn+2 (40) 

The anisotropy parameter Am obtained as 

Am = 2
(

1 − n
2 + n

)2

(41) 

The scalar expansion θ is given by 

θ =
n + 2

t
(42) 

The shear scalar σ for the model obtained as 

σ =
1 − n
̅̅̅
3

√
t

(43) 

From (39), (42) and (43) we observed that the physical parameters 
H, θ and σ are diverge at the initial epoch while they approach zero for 
large value of time. From (41) we have observed that the anisotropic 
parameter Am = constant. 
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Now (6), (24), (25) and (27) gives 

ρm =
2n

(2λ + 1)t2 (44)  

p∧ =
1

(8λ + 1)

[
(2λ + 1)n2 − 2nλ

t2(2λ + 1)

]

= ρ∧ (45) 

From Figs. 1 and 2, we observed that the energy density and pressure 
of Holographic dark energy and the energy density of matter diverge at 
the initial epoch and tend to 0 for large values of cosmic time t. Fig. 3 
shows that the Hubble parameter H diverges at the initial epoch while it 
approaches zero for large value of time. 

5. Conclusion 

In this paper, we have studied Holographic dark energy cosmological 
model in f(R, T) theory of gravity by using spatially homogeneous and 
anisotropic Bianchi type-III space-time. From (37), we conclude that the 

obtained accelerated model of the Bianchi type-III universe has a sin
gularity at n = 1 and model corresponds to 0 < n < 1. From (40), we 
conclude that the spatial volume V for the model is zero at t = 0 and it 
increases with increase in cosmic time, which shows that the universe 
starts expanding with zero volume and expands with cosmic time t. All 
cosmological physical parameters such as Hubble parameter H, scalar 
expansion θ, shear scalar σ, anisotropy parameter Am are derived. From 
(39), (42) and (43), we conclude that the physical parameters H, θ and σ 
diverge at the initial epoch while they approach zero for large value of 
time. From (36) and (39), we observe negative value of the deceleration 
parameter and positive value of Hubble parameter throughout the 
evolution, which shows that the universe is under accelerated expan
sion. Hence we can infer that universe expands in the influence of dark 
energy. 

From (41), we have observed that the anisotropic parameter Am =

constant and from (42) and (43), we have the isotropy condition σ
θ =

constant, it shows that the model is anisotropic throughout the evolution 
of universe. From figures (1) and (2), we conclude that the energy 

Fig. 1. Variation of Holographic dark energy pressure against cosmic time with varying constant λ = 1, 2, 3 and n = 0.95.  

Fig. 2. Variation of matter energy density against cosmic time with varying constant λ = 1, 2, 3 and n = 0.95.  
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density and pressure of Holographic dark energy and the energy density 
of matter diverge at the initial epoch and tend to 0 for large values of 
cosmic time t. 
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1. Name of Organizing Committee :       Career Counseling and Guidance Cell 

2. Name of Activity   :       TRAINING & PLACMENT  

3. No. Of Participation                 : Students 176    Teacher 05. 

4. Date of Activity   :     22nd October, 2022 

Details of the Program (in Brief): 

Unix Computer Centre in collaboration with R.D.I.K. And K.D. College, Badnera 

under the MOU made an advertisement for all the vacant seats in Unix Computer unit. 

The Advertisement was published on 27 Sapt.2022 and all the interested students 

were asked their resume, and as the interview for the same was scheduled on 22 oct. 2022 to 

prepare the registered students a training session was conducted in the college. In that 

training students were trained and guided for interview they were taught the pattern of 

interview and how to face it. A positive attitude was developed among them. They were 

made were about the things which are taken in consideration in interview. The final interview 

panel consist of Dr. Shobha Rokade, Dr. V.G. Mete, Shri V.M. Dongre, Prof B.N. Dayavate, 

Dr. A. R. Patil and Principal the college Dr. R.D. Deshmukh 

Outcome of the Programme:  

 It helped students to face the interviews positively 

 It encouraged students to earn and learn and to be self- employment 

 It boosted the confidence level of students 

 Training helped to aware the student about professional ethics. 

Name & contact No. Of Expert:Shri. Vishal Dngare Contact No.9271220572 
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Name of Organising Committee :       Career Counseling and Guidance Cell 

Name of Activity   :           Workshop on Personality Development  

No. Of Participation                           : Students 141 Teachers 08 

Date of Activity   :   7th June, 2022 

 

Details of the Program (in Brief): 

Dr. Pravin Khandve, Vice Principal Prof. Ram Meghe College of Engineering and 

Management, Badnera,emphasized on Importance of psychometric test, need of improving 

employability, developing communication in three language, English communication, 

enhancement of Information technology competency, Aptitude level, Interview Skills, 

Resume Writing, Computer Typing, etc 

Outcome of the Programme:  

 Workshop provided guidance on various skills required for the 

development of personality 

Name & contact No. Of Expert:     Dr. Pravin Khandve, Vice Principal PRMCEAM, 

                                                             BADNERA Contact No.9822641081 

      

 

 

(Name & Signature of Concern teacher) 

 

69

69



 

 

 

Workshop on Personality Development Date- 7th June, 2022 
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                    Sharing of ground and coaching 

 

     The students of the R.D.I.K. &K. D. college were trained by the Director of 

Physical Education and Sports, Narayan Rana College. He played the role of a 

coach and trained the team in various competitions. 

Director OF Physical Education Dr. Atul Patil gave athletic training. One of them 

won a gold medal in Inter Collegiate Athletic Meet and was selected in the 

SGBAU University team. The athlete participated in the All-India Athletics 

Championships. She won a three color coat in University competition. 
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Competition Organization and Training 

The students of the R.D.I.K. &K. D. college were trained by the Coach 

of Shri Shivaji College of Physical Education College. Director OF 

Physical Education Dr. Atul  Patil gave athletic training and support to 

organize various competitions like cross country, athletic meet also 

Coach of Shri  Shivaji College of Physical Education College support 

for organizing various competitions. 
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1. Name of Organising Department :   Department of Physical Education  

2. Name of Activity                         :  Run for Leprosy 

3. No. Of Participation                  :  252 Students (Which include 34 students of  

the college) 

4. Date of Activity                         : 12/02/2023 

5. Route of Run                                  :  Start-IMA Hall -Girls High Schools Square  

                                                                                    Shivaji Education Society District Stadium  

                                                                                    Ervin Square Finish IMA Hall. 

Details of Activity: 

Leprosy, also known as Hansen's disease (HD), is a long-term infection by the 

bacteria Myco bacterium leprae or Mycobacterium lepromatosis. Infection can lead to damage of 

the nerves, respiratory tract, skin, and eyes. India is running leprosy eradication programs, the 

National Leprosy Eradication Program (NLEP)for so many years. Despite this, 120,000 to 

130,000 new cases of leprosy are reported every year in India. This is 58.8% of the global total 

of new cases. This run was organised with the aim to create awareness against the stigma 

attached to the disease, by making the general community aware that it is a disease spread by a 

type of bacteria and it can be easily cured. All over the world, people have incorrect and harmful 

beliefs about leprosy. These beliefs are based on myths and they lead to discrimination against 

people affected by leprosy. They cause people to hide their symptoms and delay treatment. 

Superstition like this disease is curse, the result of sin, or punishment from God. You shouldn’t 

touch to leprosy patient because it’s highly contagious. Leprosy is incurable Etc. to Eradicate 

such superstitions from the minds of people and to reduce the rate and eradicate this disease such 

programs are undertaken by the health mission run by State Government. R.D.I.K. college, 

Badnera in collaboration with department of health service (Leprosy) Amravati organized "Run 

for Leprosy" of 5 km. on 12th February 2023. Along with 34 students of our college, Men and 

women of all age groups from the district run participated in. Dr Dilip Pandharpate Revenue 

Commissioner, Amravati, Dr Manish Rathi President IMA, Amravati. and Dr. R.D. Deshmukh 

Principal R.D.I.K. college, Badnera, Amravati were present as the chief guests of the program. 

Total 252 people participated in this event.53 man and 139 women participated in this run. After 

the run all the participants were given information about leprosy and about the habits one should 
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inculcate in their day-to-day life to prevent this disease and the measures one should take to cure 

this disease. The Caps with health mission logo on it were distributed among the people. 

 

Outcome of program. 

• It helped to spread awareness about Leprosy. 

• It helped in destroying the fear and superstition about the disease from the minds of people. 

• It spread information about the availability of the treatment of disease. 
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1. Name of Organizing Department :  Chemistry 

2. Name of Activity   :    “Hands on training on Chemi-informatics lab” 

3. No. of Participants   :  Teachers – 04 

4. Date of Activity   : 5th October, 2021 

Details of Activity: 

  Department of Chemistry organized “Hands on training on Chemi informatics” dated 05/10/2021. 

Dr. Vijay Masand explained how to 1) establish a computational chemistry lab by installing several free and 

open-source software. 2)  Use of free and open-source software among faculty members and students of 

undergraduate and post graduate degree courses. 3) Handle various free chemistry software by giving live 

demonstration. 

Outcome of the Programme:  

 A computational chemistry lab is developed by installing several free and open software’s. 

 The new computational chemistry lab will help the college to start new courses like 

cheminformatics, pharmacoinformatic etc. 

 Use of free and open-source software among faculty members and students of undergraduate 

and post graduate degree courses will be a long-term solution to costly licensed software’s. 

 Student got aware about the application of several software in chemistry. 

Name   of Expert: 1) Dr. Vijay Masand (9403312628) 

                                    Associate Professor  

                                    Department of Chemistry Vidyabharti                                                 

                                    Mahavidyalaya Amravati 
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Demonstration of Chemi -informatics lab 

Date:05/10/2021 
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1. Name of Organising Department :  Mathematics 

  2. Name of Activity                        :   Mathematical charts and Models Competition 

 

3. Place of Activity                             :   PGTD (Mathematics), SGBAU, Amravati 

4. No. of Participant                            :           Students: 84, Teachers: 26 

5. Date of Activity   :           21/12/2021  

Details of Activity (In Brief): 

        As per MOU, on December 21, 2021, the Department of Mathematics, organizedone-

day University Level "Mathematical Charts and Models Competition" in collaboration with 

Sant Gadge Baba Amravati University, Amravati, Adarsha Mahavidyalaya, Dhamangaon 

Rly.and Shri.Dr.R.G.Rathod Arts,Science College, Murtizapur.The examiners Dr. 

M.V.Dawande, Dr. P.P. Khade, and Dr. Ashwina Rangari were all prominently present at this 

event. About 110 P.G. students, along with faculty members from affiliated colleges, took 

part in this event.    

Outcome of the Programme: 

 

 To motivate the students to participate in the inter-collegiate level competitions. 

 To build different mathematical skills and concepts.  

 To help the students to learn best when presented with a concept they can visualize. 

 Students will be to use language creatively and imaginatively in text transaction and 

performance of activities. 

 All students participated in all the events enthusiastically and it was a great learning 

experience for all of them. 

 Student received E-certificate of participation. 

 

Name & Contact No. of Expert (if any):  

Dr. M.V.Dawande, Professor, Bhartiya Mahavidyalaya, Amravati, Contact No.9421743937 

Dr. P.P. Khade, Associate Professor, Vidyabharati Mahavidyalaya, Amravati,  

Contact No.9421829832 

Dr. Ashwina Rangari, Assistant Professor, Adarsha Mahavidyalaya, and Dhamangaon Rly. 

Contact No.9403116400 
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1. Name of Organising Department :  Mathematics 

2. Name of Activity                            :   Workshop on NET/SET Guidance in  

Mathematical Sciences  

 

3. Place of Activity                         :    Dr.K.G.Deshmukh Hall, SGBAU, Amravati 

4. No. of Participant                          :   Students: 165, Teachers: 25 

Resource persons: 06 

5. Date                :   22nd December,2021  

Details of Activity (In Brief): 

        As per MOU, on the occasion of ‘National Mathematics Day’ one day workshop on 

NET/SET guidance in mathematical sciences under the best practices in university was 

organized on 22nd Dec., 2021 in collaboration with department of mathematics, Sant Gadge 

Baba Amravati University, Amravati, Adarsha Mahavidyalaya, Dhamangaon Rly.and Shri. 

Dr .R.G.Rathod Arts and Science College, Murtizapur. About 196 members including 

Faculty members and Research Scholars, PG students from various colleges participated in 

the workshop. Key Note address was given by Dr. G.S.Khadekar , Dean Science and 

Technology, RTM ,Nagpur University, Nagpur. In this workshop, the resource persons 

guided the students byg iving various examples and tricks. This programe was carried out in 

three sessions.  

Outcome of the Programme:  

 This workshop will help the students to make them ready to face the challenging 

questions, thereby crack the examination.   

 Participants got motivated to clear the CSIR-UGC NET / SET Exams. 

 Studentswill be motivated to organize such type of useful workshops in future. 

 

Name & Contact No. of Expert (if any):  

Dr. G.S. Khadekar , Dean Science and Technology, RTM ,Nagpur University, Nagpur 

Contact No. 9011323123 

Dr. Sahare, Assistant Professor,Institute of Science,Nagpur, Contact No.8055156130 

Dr. G.L.Gulhane, Professor,SGBAU, Amravati, Contact No.9527360926 

Dr.S.P.Kandalkar,GVISH,Amravati, Contact No.9423426316 

Dr.V.B.Raut,Principal Mungsaji Maharaj Mahavidyalaya, Darwha, Contact No.9284767627  
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1. Name of Organising Department        :  Department of Marathi 

2. Name of Activity                                :  State level Poet Festival 

3. Date of Activity                                  :  23/07/2021 

Details of Activity: 

Marathi Literature Society, Department of Marathi, Bar. R.D.I.K. & K.D. college, 

Badnera was arranged Online poetry festival on the theme “PawusDhara” (Rain Water) on 

23/07/2023 at 2:30p.m. 

 Dr. R. D. Deshmukh, Principal Bar. R.D.I. K. & K.D. College, Badnera was the 

chairperson of the festival and Dr.SangeetaArbune (Mumbai) was the chairperson of the 

poetry presentation. 

 Raining in Rainy season have important in human lives and for nature. Rain in 

Literature and poetry has been a vivid symbol to express complex emotion. It symbolizes 

renewal and cleansing sorrow and joy. It also expresses the emotion of Romanticism. The 

rain symbolizes regeneration and growth, the full spectrum of life and the heartaches and 

laughter that nourish us and make us who we are. 

 Dr.UrmilaChakurkar, Dr.ChhayaVidhale, VrushaliVivek, Sau. VaishaliDande, 

ChitraKshirsagar, RasikaDeshmukh, Dr.MandaNandurkar were presented their poems on rain 

and interpreted the importance of rain in their lives. 

 Dr.ShobhaRokade H.O.D., Marathi Department talk on the theme ‘Pawus’ and 

introduced the participated renowned poets. Dr.SangeetaAbuneaddress the poets. The whole 

programme was conducted by MandaNandurkar. 
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1. Name of Organising Committee :  Career Counselling & Guidance Cell 

2. Name of Activity   :  Workshop on Personality Development 

3. No. of Participants   :  Students – 156 Teachers-05 

4. Date and Time-                              : 25/04/2022 to 28/04/2022  

 

Details of Activity (In Brief): 

Resource Person Date Topic Points Covered 

 

 

 

Shri. Sangram Bagade 

25.04.2022 Goal Setting How to set Goal in life, Importance 

and need of goal setting, how to 

achieve goal, 

how goal helps to be successful in life. 

 

 

26.04.2022 Public Speaking 

and Presentation 

Skill  

How to speak in public and importance 

of presentation skill in day-to-day life. 

How to represent a topic beautifully, 

how to effectively 

communicate,information & ideas.  

How to structure it, material to include 

& importance of public speaking, 

itsimportant elements and ability to 

engage with an audience. 

 27.04.2022 E-mail Etiquette 

and Telephone 

Etiquette 

How to write e mail, structure and 

formation of e mail, types of e mail, set 

of rules and principle for proper 

conduct of communication involving 

language, tone, format, etc effectively 

and professionally, manner of using 

telephone communication including 

way of representation, greeting 

thereceiver, tone of voice, choice of 

words, listening skill etc. 

 28.04.2022 Body language 

and Personal 

Interview 

Interview techniques, how to boost 

confidence while facing interview, 

importance of body language during 

interviews for good impression,facial 

expression etc. Interviews techniques, 

developing positive attitude and 

increase confidence level. 
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Outcome of the Programme:  

1. It developed skills to embrace change, handle setbacks and thrive in dynamic work 

environment. 

2. Build self confidence, overcome self-doubt    

3. Improvement in communication skills. 

4. Improved ability to make decision and solve problems better. 

 

 

Name & Contact No. of Expert (if any): -  Mr. Sangram Bagade (7309999184) 

B.Tech, Savitribai Fule Pune University 

Impulse corporate training & consultancy services 
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Workshop on Personality Development, Date: 25/04/2022 to 28/04/2022 
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1. Name of Organising Department :  Mathematics 

 2. Name of Activity                        :   Online University Level EssayCompetition 
3. Nature of Activity   :   Co-curricular Activity  

4. No. of Participant                            :           Students: 199, Teachers: 15 

5. Date of Activity                              :   Feb. 5-15, 2021 

Details of Activity (In Brief): 

          As per MOU, The Department of Mathematics organized an online university-level essay 

competition for UG and PG students in collaboration with the Department of Mathematics and 

IQAC, SGB Amravati University, Amravati, Adarsha Science, J.B. Arts & Birla Commerce 

Mahavidyalaya, Dhamangaon (Rly), and Shri. Dr. R.G. Rathod Arts & Science College, 

Murtizapur, from February 5–15, 2021. 199 students participated in this event. All winners 

have been felicitated online by sending certificates and prizes. 

        The competition is divided into junior and senior divisions. For the essay competition, 161 

junior division participants and 38 senior division participants from different Sant Gadge Baba 

Amravati University, Amravati affiliated colleges participated. Out of the 29 essays in junior 

division, 27 essays in senior division were selected for the final round. 

        In this event, Dr. P.P. Khade, Dr. A.P. Wasnik, and Mr.Mahesh Netneskar were subject 

experts for the evaluation of the essay for the final round of the essay competition. Also, Mr. 

Dhore, Ms. G.R. Jaju, Ms. R.M. Thakare,Mr. A.B. Khokale, and Ms. V.M. Wankhade worked 

as subject experts for the evaluation of essays under the guidance of Dr. S.D. Katore, Dr. V.G. 

Mete, Dr. S.N. Bayaskar, and Dr. A.S. Nimkar. Also, Dr. V.N. Mahalle, Dr. A.N. Rangari, and 

Mr. A.O. Dhore worked hard for the success of the essay competition. 

Outcome of the Programme: 

 

 students will be able to communicate mathematical ideas, reasoning and findings. 

 student will be able to use appropriate mathematical language (notation, symbols, 

terminology) in both oral and written explanations  

 use different forms of mathematical representation (formulae, diagrams, tables, charts, 

graphs and models)  

 Students can "think outside the box" or from diverse perspectives by participating in  

competition. 

 Student received certificate of participation. 

 

Name & Contact No. of Expert (if any):  

Dr. P.P. Khade, Associate Professor, Vidyabharati Mahavidyalaya,Amravati, 

Contact No. 9421829832 

Dr. A.P. Wasnik, Associate Professor,Bharatiya Mahavidyalaya,Amravati, 

Contact No. 9860011484 

Mr.Mahesh Netneskar , Assistant Professor, Bapumiya Science College, Pimpalgaon Kale  

Dist. Buldana, Contact No. 9604335210 
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1. Name of Organising Department :  Mathematics 

2. Name of Activity                       :   Workshop on NET/SET Guidance in  

                                                                         Mathematical Sciences  

 

3. Place of Activity                         :    AV Theatre, SGBAU,Amravati 

4. No. of Participant                          :   Students: 180, Teachers: 2Resource persons: 13 

 

5. Date  of Activity                         :   22nd December,2020  

Details of Activity (In Brief): 

       As per MOU, on the occasion of ‘National Mathematics Day’ one day workshop on 

NET/SET guidance in mathematical sciences was organized on 22nd Dec., 2020 in collaboration 

with department of mathematics, Sant Gadge Baba Amravati University, Amravati, Adarsha 

Mahavidyalaya, Dhamangaon Rly.and Shri. Dr. R.G.RathodArtsandScienceCollege,Murtizapur. 

About 180 members including Faculty members and Research Scholars, PG students from various 

colleges participated in the workshop. KeyNoteaddresswasgivenbyDr. G.S.Khadekar , 

DeanScienceandTechnology, RTM ,NagpurUniversity,Nagpur.Inthisworkshop, the resource 

persons guidedthestudentsbygivingvariousexamplesandtricks. This programe was carried out in 

three sessions.  

                

               Outcome of the Programme:  

 This workshop will help the students to make them ready to face the challenging questions, 

thereby crack the examination.   

 Participants got motivated to clear the CSIR-UGC NET / SET Exams. 

 Studentsare motivated to organize such type of useful workshops in future. 

 

Name & Contact No. of Expert (if any):  

Dr. J.N.Choudhari, Professor, M.J.Mahavidyalaya, K.B.C.N.M.U.,Jalgaon,  

Contact No. 9404490800 

Dr. S.R.Choudhari , Director , School of Mathematical Sciences, K.B.C.N.M.U., Jalgaon,  

Contact No. 9420129704 

Dr. Kunal Ingale,Associate Professor, M.J.College, Jalgaon, Contact No. 9960779422 

Dr. U.S.Thool, Professor, Department of Mathematics, Institute of Science, Nagpur  

Contact No. 9422835707 
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1. Name of Organising Department :  Mathematics 

  2. Name of Activity                           :   University Level Quiz Competition on 

   Mathematics  

3. Place of Activity                            :   Online 

4. No. of Participant                            :          Students: 282  , Teachers: 12 

5. Date  of Activity                          :   22nd Feb.,2021  

Details of Activity (In Brief): 

          To improve the reasoning and logical thinking as well as the confidence of our 

students, we analyze how well one understands a subject and correlate the theoretical 

knowledge with its practical application in real life. To encourage the students, as per MOU, 

university-level quiz competition on mathematics was organized on February 22, 2021, by 

the Department of Mathematics in collaboration with the Department of Mathematics and 

IQAC, SGB Amravati University, Amravati, Adarsha Science, J.B. Arts, Birla Commerce 

Mahavidyalaya, Dhamangaon (Rly.), and Shri. Dr. R.G. Rathod Arts and Science College, 

Murtizapur. 

         This quiz competition was organized for UG and PG students of the Department of 

Mathematics of all affiliated colleges and postgraduate departments of Mathematics at Sant 

Gadge Baba Amravati University, Amravati. 282 students from various affiliated colleges 

participated in the quiz competition. 

All winner participants have felicitated by giving an e-certificate and giving cash prizes of 

Rs. 1500, Rs. 1100, and Rs. 700 for the first, second, and third winners, respectively. 

 

Outcome of the Programme: 

 

 Quizzes are intended to encourage fun learning methods while also enhancing general 

knowledge.  

 Students can "think outside the box" or from diverse perspectives by participating in 

quiz competition. 

 quizzes build student's general knowledge and also boost their confidence.   

 To motivate the students to participate in the inter-collegiate level competitions. 

 Student received E-certificate of participation. 
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Bianchi Type-VIII Universe with Scalar and Electromagnetic Field in  

Theory of Gravity with Deceleration Parameter 

 

K.R.Mule
1
,V.G.Mete

2
 , V.S.Bawane

3
 

1Department of Mathematics, S.D.M.B.Science& Arts College,Shegaon, Dist.Buldana. 

  2Department of Mathematics, R.D.I.K. & K.D. College, Badnera-Amravati ,India. 

3Department of Mathematics, Mahatma FuleMahavidyalaya, Warud.Dist. Amravati. 

 

Abstract: 

This paper deals with the study of scalar and electromagnetic field in Bianchi type-VIII space time by considering 

the case of .We consider the  modified theory of gravity, where the Lagrangian is given by an arbitrary function of the 

Ricci scalar   and of the trace of the stress-energy .Some physicalparameters are also analyzed. 

Keyword:Bianchi Type-VIII, electromagnetic field,  theory of gravity, isotropy , constant vector potential. 

 

1. Introduction 

In recent years, modified gravity theories have gained serious attention for their capabilities in 

describing the observed accelerated expansion of the present day universe. The important modified theories of 

gravity which are drawing attention during the last decade,are [Carollet .al (2004)]and theory of gravity[Harko 

et .al (2011)]. 

In the modified theory of gravity, now a days there has a lot of interest of cosmologists in the view of 

the direct evidence of late time accelerated the expansion of the universe which comes from high redshift 

supernova experiment[Riesset.al,(2004)].One is negative pressure known as dark energy (DE) which induces a 

late-time accelerating cosmic expansion. The other one is the modified gravity, which originates from the idea 

that the general relativity is inadequate in the cosmic scale and therefore needs to be modified. 

           In order to explain the nature of the DE and accelerated expansion, a variety of theoretical models have 

been proposed in the literature. In our opinion, one of theinteresting and prospective version of modified gravity 

theories is the  gravity proposed by Harkoet. al.,(2010,2011). In   theory of gravity, cosmic acceleration may 

result not only due to geometrical contribution to the total cosmic energy density but it also depends on matter 

contents.The interesting feature of this theory is that it may explain the current acceleration without involving 

dark energy. Many authors have investigated different problems within the scope of  theory. The exact solutions 

of  field equations for locally rotationally symmetric Bianchi type-I cosmological model discussed by 

Adhav,(2012),Samanta, (2013) has studied the universe filled with dark energy from a wet dark fluid in  theory 

of gravity.Bijan Saha,(2015) explored the interacting scalar and electromagnetic fields in Bianchi type-I 

universe. Solanke and Karade, (2016) have studied plane symmetric universe filled with a combination of a 

perfect fluid and scalar field with electromagnetic fields in . 

       The Magnetic field plays a vital role in the description of energy distribution in the universe as it 

contains highly ionized matter. Strong magnetic fields can be created due to adiabatic compression in a cluster 

of galaxies. The presence of magnetic fields in galactic and intergalactic spaces is evident from recent 

observations by Grasso and Rubinstein (2001). The large scale magnetic field can be detected by observing 

their effects on the cosmic microwave background (CMB) radiation. These fields would enhance anisotropies in 

the CMBsince the expansion rate will be different depending on the direction of field lines by Madson(1989).  

Melvin, (1975)in his cosmological solution for dust and electromagnetic field, has suggested that the presence 

of magnetic field is not unrealistic as it appears to be because, during the evolution of the universe, matter was 

in highly ionized state, smoothly coupled with the field subsequently form neutral matter due to universe 

expansion.Tikekar and Patel (1992) have obtained some Binchi-III type cosmologicalsolution of massive string 

in presence of a magnetic field.Sharma et.al (2014) have investigated Bianchi Type-IIstring cosmological 

model in presence of a magnetic field in the context of theory of gravity.Sarita Rani et.al (2014) have 

investigated Bianchi Type-III magnetized string cosmological model for perfect fluid distribution in  gravity. 

Mete and Mule (2017) have investigatedBianchi-VI0 magnetized cosmological model in  gravity. 
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2. The Metric and Field Equations 

We consider the Bianchi type- VIII universe specified in the form 

xdydzBdzBdyxBxAdxAdtds sinh2]sinhcosh[ 222222222222  ,(2.1) 

where A and B are functions of time t . 

The field equation of ),( TRf , theory (Harko et.al, 2011) are deduced by varying the action 

  xdgLxdgTRfS m

44,   ,                          (2.2)  

where  TRf , is an arbitrary function of Ricci scalar R ,T is a the trace of the stress energy matter and mL is 

the matter of Lagrangian  

ij

m
ijmij

g

L
gLT




 2

        

(2.3)
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Here ,we obtain  
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Considering 0S  from equation (2.3) upon integration we obtain 

     ijijijR ggTRfRTRf  ,
2

1
, □      ijijTijRji TTRfTTRf   ,, ,(2.6) 

Taking trace of equation                                                             (2.6), we get 
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We consider the case  TRf ,  given by 

  TRTRf , .                                                                  

In this case, we have  
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Hence equation (2.6), leads to   
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   ijijijijij TTgTRfR  
2

1
.                                                  (2.9a)

 
From equations (2.8) and (2.7), we get 

TTR   .                                                                              (2.9b) 

Using equations (2.9a) and (2.9b), we obtain the field equation as 
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Let us now calculate Tensor ij .Varying the equation (2.3) with respect to metric tensor 
ijg and using the 

definition (2.5), we obtain 
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3. Matter Field Lagrangian:

 The electromagnetic field tensor is  given by 

i
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Where iA is ectromagnetic four potential. 
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(3.2) 

where )(I   

The matter tensor in (2.3) canconvenientlyexpressed in mixed tensor form as 
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Similarly equation (2.11), can be written as  
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,)(   
    

(3.4) 

The equations(3.3) and (3.4), after contraction yield 
n

nIT ,

,)(  
       

(3.5) 

n

nI ,

,

2  
                   

(3.6) 

4.Electromagnetic field tensor: 

We assume electromagnetic vector potential in the form 

 )(),(),(),()( 4321 tvtvtvtvxuAi                   
(4.1) 

From equations (3.1) and (4.1), yields 
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From equations (4.2) and (4.3), we write  
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,  j

i

                                       
(4.6)   

From equation (3.3), we deduced the nonzero components of the energy momentum tensor of material fields.  
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From equation (3.3), we can deduced the tensor 
j

i  as 
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Following Bijan Saha(2015) variation of Lagrangian mL with respect to electromagnetic field gives 
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hxcu sec1 ,            (4.9d) 

where 1c is constant of integration.    

Consider the components of Ricci tensor ,1

2R ,1

3R 2

3R  in the filed equation (2.10), we can deduce 
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From equations(4.10a,b,c), we can write 
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where h  is some function of t  

From equations(4.12) and (4.11), we get  
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Integrating equations (4.12),we get 
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(4.14) 

Where 2c 3c 4c  are constant of integration 

Consider the expression and using equation (4.13), yields 
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For simplicity we convert 
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5.Solution of Field Equations: 

The field equation (3.1) for the metric equations (4.16) with help of equations and (4.8), can be written as     
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With the help of (4.12), we can write equation (4.9) as 
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Equating the equations (5.4a) and (5.4b), we get   
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which on integration yield   
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For existing solution the constant of integration is absorbed in A  and B . 

With the aid of equation (5.6) the equations (5.1) reducing to   
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Ussing equations (5.7a)and(5.7a), we get  
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Integrating equation (5.8), we get  
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If we confine the function )(I  as linear function 0  or 87 cIc   then  

(4.26) has  the solution 

  3
2

689 3exp ctcch  then                (5.13)  

With the aid of (5.13) the equations (4.14), convert in to  

  3
2

6510111 33exp ctcccv 
      

(5.14a)
 

  3
2

6510122 33exp ctcccv 
      

(5.14b)
 

  3
2

6510133 33exp ctcccv 
      

(5.14b)
 

From equation (4.13), we obtain  

  14
3

2

6615 3 cctcc  ,
      

(5.15)
 

where
ic are constant of integration                                                           

6. Cosmological solution for variable declaration parameter 

We  consider the deceleration parameter to be a variable  

2a

aa
q




 .                                                                            (6.1)  

where a is average scale factor given by  

ABa 2 .                                                                                    (6.2)                                                                                                                                    

From equations (6.2) and (5.9), we have  

3
2

65 )33( ctca  .                                                       (6.3)                                                                                                                                    

Using  equations (6.3) and (6.1), we get  

9
1

65

5

)33(
2

7
ctc

c
g  .                                                                             ( 6.4) 

7. The Physical and Kinematical Properties of the Model: 

The physical quantities of observational interest in cosmology are 

The spatial volume is obtained as 

xctcV cosh)33( 65  .                                                                           (7.1) 
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The mean Hubble parameter is given by 

)33( 65

5

ctc

c
H


 .                                                                                (7.2) 

The expansion scalar is obtained as 











B

B

A

A
H


23  

)33(

3
3

65

5

ctc

c
H


 ,                                                                       (7.3) 

The shear scalar gives 





3

1

2
22

62

1

i

iH


 ,           

02  .                                                                                                (7.4) 

The  mean anisotropic parameter mA as 











 


3

1

2

3

1

i

i
m

H

HH
A .             

.0mA
                                                                                               

(7.5) 

The deceleration parameter is given by  

2

7
q

                         
(7.6)

 
The cosmic Jerk parameter is given by, 

H

q
qqJ


 22  

 28 .                                                                                     (7.8) 

The state finder ),( sr parametersis given by  

)33(

1

27

224

65

5
ctc

cr


 ,
)33(

1

243

224

65

5
ctc

cs




                          

(7.9)

 

 

Conclusion 

 In this paper, we have considered the particular case of  theory of gravity   in Bianchi type- metric.It is 

observed that the convergent, non-singular isotropic solution is evolved along with the component of vector 

potential.Investigated model shows that the universe expands algebraically in  theory of gravity. The metric 

function (scalar factor) in non-static space time admit constant value at early time of the universe  and after that 

metric function starts increasing with increasing in cosmic time, and finally diverges to   as  . This show that 

universe expands and approaches to infinite volume. The variable deceleration parameter increases with cosmic 

time. The spatial volume increases with time and tends to infinity for infinitely large time. The average Hubble 

parameter and the scalar expansion tend to zero as t becomes infinitely large and they all become infinitely 

large as t goes to zero. It is also observed that the model does not remain anisotropic throughout the evolution 

of the universe so that it exhibits a transition from decelerated phase to accelerated phase at late times which is 

in agreement with the late time acceleration of the universe in modern cosmology. It is well known that if q >0 

the universe decelerates in the standard way and accelerates when q <0. Here the models decelerate in the 

standard way.Cosmologists believe that deceleration to acceleration transition of the universe occurs for models 

with positive value of jerk parameter. The jerk parameter and state finder parametersremains positive. 
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In the present paper, we investigate Homogenious 
Bianchi Type-III bulk viscous fluid cosmological model 
with variable gravitational and cosmological constant 

‘  ’ in the framework of Seaz Ballester scalar tensor 
theory of gravitation. In order to find exact solutions of 
the Einstein’s field equations, we assume i) the expansion 

scalar ‘ ’ is proportional to shear scalar ‘ ’, which 

leads to 
nBC = , where B  and C  are functions of time 

only ii) the coefficient of bulk viscosity is a power 
function of  the energy density  and iii) the cosmic fluid 
obeys the barotropic equation of state. The nature of the 
model is discussed in the presence of variable 
gravitational and cosmological constant. Some  physical 
and kinematical aspects of the model are also discussed. 
 
Keywords: Bianchi Type III Cosmology, Bulk viscosity, 

Variable  andG . . 

 
 

INTRODUCTION 
 
Einstein’s  general theory of relativity has been successful 

in describing gravitational phenomena. It has also served 

as a basis for models of the universe. However since 

Einstein first published his theory of gravitation, there 

have been many criticisms of general relativity because 

of the lack of certain desirable features in the theory. For 

example Einstein himself pointed out that general 

relativity does not account satisfactorily for inertial 

properties of matter, i.e. Mach’s principle is not 

substantiated by general relativity. So in recent years 

there has been lot of interest in several alternative 

theories of gravitation. 
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The most important among them are scalar tensor theories of gravitation formulated by Brans and Dicke(1961), 

Nordtvedt  (1970) and Saez and Ballester (1985). All version of the scalar tensor theories are based on the 

introduction of a scalar field   into the formulation of general relativity, this scalar field together with the metric 

tensor field then forms a scalar tensor field representing the gravitational field. 

In Saez-Ballester theory the metric is coupled with a dimensionless scalar field in a simple manner. This coupling 

gives a satisfactory description of weak fields and suggest a possible way to solve missing matter problem in 

non-flat FRW cosmologies. 

The Saez Ballester (1985) field equations are 

 ,8
2

1 ,

,,, ij

k

kijji

n

ij TgG  −=







−−                                                                     (1)  

 02 ,

,

1

, =+ − k

k

ni

i

n n                                                                                                     (2) 

Where  ijijij RgRG
2

1
−=  is the Einstein tensor , ijT is the stress energy tensor of the matter,  

and n  are constant , comma (,) and semicolon (;) denotes partial and co-variant differentiation respectively. 

Also energy conservation equation               

        0, =
ij

jT                                                                                                                               (3) 

Is the consequence of field equations (1) and (2).     

A detailed discussion of Saez-Ballester cosmological models is contained in the work of Saez (1985), Sing and 

Agrawal (1991) , Shri Ram and Tiwari (1998), Reddy and Venkateswara Rao (2001). Recentaly Adhav et al. (2007) 

have studied Axially symmetric non-static domain walls in scalar-tensor theories formulated by Brans and Dick 

(1961) and Saez-Ballester (1985). 

Bulk viscosity is supposed to play a very important role in the early evolution of the universe. There are many 

circumstances during the evolution of the universe in which bulk viscosity could arise.The bulk viscosity 

coeffiecient determines the magnitude of the viscous stress relative to the expansion. Ribeiro and Sanyal (1987) 

studied Bianchi type VI model containing the viscous fluid in the presence of an axial magnetic field. Also 

several aspects of viscous fluid cosmological model in early universe have been extensively investigated by many 

authors Raj Bali and Dave S. (2001), Adhav et al. (2009), M.K.Verma and Shri Ram (2011), Kandalkar et al (2012). 

The cosmological constant   and the gravitational constant G are two parameters present in the Einstein’s Field 

equations. The Newtonian constant G plays the role of coupling constant between geometry and matter in 

Einstein’s field equations.There have been numerous  modification of general relativityin which G varies with 

time in order to achive possible unification of gravitation and elementary partical physics or to incorporate 

Mach’s principle in general relativity. The   term have been interpreted in terms of Higg’s scalar field Wagoner 

(1970). Linde (1974) proposed that the   term is a function of temperature and related it to the process of broken 

system. The cosmological constant problem related to the existence of  have been discussed in the literature.A 

number of authors e.g. Kalligas et al. (1992), Arbab (1997), Abdussattar and Vishwakarma (1997),proposed 

linking of variations of G  and  within the framework of general relativity. Verma et al.(2011) investigate 

bianchi type-VI bulk viscous fluid models with variable gravitationa and cosmological constant. Recently. Deo et 

al.(2015) discussed bianchi type-III cosmological model electromagnetic field with cosmic string in general theory 

of relativity. 

In this paper, we investigated Bianchi Type III bulk viscous fluid cosmological model with variable andG  in 

Seaz Ballester theory of gravitation. The paper is organized as follows. We present the metric and Einstein’s field 

equation for viscous fluid with time dependent G  and We deals with solution of the field equations and we 

obtain solution of the field equation under the assumption that 1) the expansion scalar ‘ ’ is proportional to 

shear scalar ‘  2) the coefficient of bulk viscosity is a power function of  the energy density  and 3) the cosmic 

168

168

http://www.irjse.in/


 
Elkar et al., 2020           191 

 

 
Int. Res. J. of Science & Engineering, Special Issue A7, February, 2020  

 

fluid obeys the barotropic equation of state. The nature of the model is discussed in the presence of variable 

gravitational and cosmological constant.The physical and kinematical properties of the model have also been 

discuss  

2.The metric and field equation 

We consider the spatially homogeneous and anisotropic Bianchi type-III metric in the form  

       
222222222 )()()( dztCdyetBdxtAdtds ax +++−= −

                                                          (4) 

Where     a  is nonzero constant  and CBA ,, are functions of the proper time t                                           

The energy momentum-tensor  for  a bulk viscous fluid  distribution is given by                    

    j

i

j

i

j

i gpvvpT ++= )(                                                                                                      (5) 

where  

     
j

ivpp ;−=                                                                                                                         (6) 

Here pp,,   and    are the energy densityof matter, thermodynamic pressure, effective pressure and bulk 

viscosity coefficient respectively and iv   is the flow vector satisfying the relations 

     1−=ji

ij vvg                                                                        

we choose the co ordinates to be commoving, so that 

      1,0 4321 ==== vvvv                                                                                                     (7) 

The semicolon stands for the covariant differentiation. 

The field equations (1), (2) and (3) for the metric (4) with the help of (5) and (7) can be written as  

  +−=+++ pG
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          044 =
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a                                                                                                                (12) 

and            
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444 =
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


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A
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                                                                         (13) 

where suffix 4 at the symbols CBA ,, and  denotes ordinary differentiation  with  respective to  t . An 

additional equation for timr changes of G  and   is obtained by the divergence of Einstein tensor, 

 i.e.  
j

j

i

j

i RgR
;2

1








−    which leads to ( ) 08

;
=−

j

j

i

j

i gGT  which gives  

      ( ) 











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


++++++

C

C

B

B

A

A
pGG 444

444 88                                                         (14) 

 The conservation of energy equation (14), after using equation (6), split into two equation 
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      ( ) 0444
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and  
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The average scale factor R  for the metric (4) is defined by  

        
axABCeR −=3

                                                                                                                   (17) 

The volume scale factor V is given by 

      
axABCeRV −== 3

                                                                                                           (18)  

The generalized mean Hubble parameter H  is given by 
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HHHH ++=                                                                                                     (19) 
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 The expansion scalar   and shear scalar    are   given by  
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 The important observational quantity in cosmology is the deceleration parameter q  which is defined as  

      
2

4

44

R

RR
q −=                                                                                                                         (22) 

 The sign of q indicates whether is model inflates or not. The positive sign corresponds to the standard 

decelerating model whereas the negative sign indicates inflation. 

3. Solution of the field equations: 

Equation (8) – (13) are six independent equations in seven unknowns  ,,,,, pCBA and  .for the complete 

determinacy of the system, we need extra conditions. We consider the equation (12), yielding             

      kBA =                                                                                                                                (23) 

As we wish to consider space-time with Bianchi type-III, we have  BA =   by taking  1=k   without loss of 

generality equation (23) yields, 

      BA =                                                                                                                                (24) 

Using equation (24) the field equations (8)-(13) becomes 
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and 
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Solving equations (25) and (26), yield 
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Firstly we assume that the expansion is proportional to the shear which is physical condition. This condition 

leads to  

          
nBC =                                                                                                                            (30) 

where n  is real number.                       

equation (29) together with (30) leads to  
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be rewritten as  
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where                                   

 )(4 BfB =                                                                                                                         (33) 

From (32) we obtain 
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where
1k  is the constant of integration. After a suitable transformation of co ordinates, the metric (4) reduces to 

the form 
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where TB =  

furthermore, to obtain the expression for Saez-Ballester scalar field , we rewrite  

the equation (28) as 
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 after simplifying, we obtain 
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We now substitute the value of B , we obtained 
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Integrating, we obtain 
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where   0  is integrating constant. 

It is clear that, given )(t , we can find the physical and kinematical parameters associated with metric (35).  The 

effect of bulk viscosity is to produce a change in the cosmic fluid and therefore exhibits essential change on 

character of the solution. In most of the investigations, the bulk viscosity is assumed to be a simple power 

function of the energy density(1995, 1972) 

    
 0)( =t                                                                                                                        (40) 

where 0  and  (>1) are constant. For small density  may even be equal to unity [35]. The case 1=  

corresponds to a radiative fluid (1972) Near a big-bang, v
2

10    is more appropriate assumption to obtain 

realistic models (1976). 

For the specification of , we assume that the fluid obeys an equation of state of the form 

     =p                                                                                                                               (41)  

where )10(   is constant. 

 From equation (15) and (41), we obtain 
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Where a dash denotes differentiation with respect to T .  

Integrating of equation (42), yields  

on using (37) in (34), we obtain 
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Where c    is integrating constant. Diff. equation (42) we obtain 
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Also using equation (39), from equation (27), we find 
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Which on differentiation leads to 

           








 +
+

−

+
+

−

+
=++

+++ )1013(

2

1

)118(2

1

2

)32(32

4
2

0

)65(4

)1(

)54(4

)1(

)43(
88

nnn T

kn

Tn

kan

Tn

an
GG     

                                      
3

2

)45(

2 )2(2)132(4

T

nn

T

nn
n

+
−

++
−

+
                                                           (46) 

Now using (15), (40) and (44) in equation (46), we get  
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Equation (43) and (47) in (45), we get 
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From equation (40) and (43), we obtain  
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5. Some physical and Kinematical Properties.  

In this section we discuss some physical and kinematical properties of the velocity vector
iv of  

the metric (29), the spatial volume ),(V the scalar expansion ),( the shear scalar )(   and  

deceleration parameter )(q of the fluid are given by 

        
axenTgV −=−= 3

                                                                                                          (50) 
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The Hubble parameter is given by  
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The spatial volume of the model given by (49) shows 

the anisotropic expansion of the universe with time. 

For the model expansion scalar  , and shear scalar 

 tends to zero as →T . The position value of 

deceleration parameter indicates the model 

decelerates in the standard way. 

 
CONCLUSION 
 

In this paper, we investigated Bianchi Type III bulk 

viscous fluid cosmological model with variable 

andG  in Seaz Ballester theory of gravitation. To 

get a determinate solution of the field equations, we 

have assumed the relation between metric potential 

and shear viscosity is proportional to the scale 

expansion. We observe that the spatial volume is zero 

at 0=T . At this epoch the energy density  , 

expansion   , shear scalar   and the bulk viscosity 

coefficient  are all infinite. Therefore the model (35) 

starts ivolving with a big-bang at 0=T . For large 

T energy density becomes zero, the rate of expansion 

in the model shows down tending to zero as →T . 

The cosmological constant term   is infinite at the 

beginning of the model and decreases at late time. The 

gravitational constant G is zero initially tends to 
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infinity as →T These are supported by recent 

result from the observations of the typen La 

Supernova explosion (SN la). 
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ABSTRACT 

In this paper we have investigated the axially symmetric cosmological model in T),f(R  theory of 

gravitation with the functional form TRTRf 2),(   in presence of electromagnetism. We get the 

isotropy at any cosmic time t, by converting the vector potential in the constant form. 
_____________________________________________________________________________________ 

Key words:  Axially symmetric universe, Electromagnetic Field, ),( TRf  
theory of gravity. 

INTRODUCTION 

The modified theory ),( TRf
 

theory of 

gravitation is proposed by Harko T. et al [7,8] 

where  R  is the curvature scalar and T  is the 
trace of energy momentum tensor. Basically, two 
kinds of alternative reasons of accelerated 
expansion of the universe have been proposed for 
this unexpected observational phenomenon. One is 
Dark energy (DE) which has negative pressure and 
which induces a late-time accelerating cosmic 
expansion. The other is the modified gravity, 
which originate from the idea that the general 
relativity is incorrect in the cosmic scale and 
therefore need to be modified. In order to explain 
the nature of the DE and accelerated expansion, a 
variety of theoretical models have been proposed 
in literature. There are several modified gravity 
theories like )(Rf gravity formulated by Nojiri 

and Odintsov [5,6]. The idea of introducing 
additional terms of the Ricci scalar to the Einstein-
Hilbert action did not begin years ago with the 

)(Rf theory of gravity paper by Carroll [4]. He 

explained the presence of a late time cosmic 
acceleration of the universe in )R(f  theory of 

gravity.  In ),( TRf  theory of gravity, cosmic 

acceleration may result not only due to 
geometrical contribution to the total cosmic energy 
density but it is also depends on matter contents. 
Many authors have investigated different problem 
within the scope of ),( TRf  theory. Bijan Saha 

[9] has studied the interacting scalar and 
electromagnetic fields in Bianchi type I universe. 
Our interest is to explore the role of scalar and 
electromagnetic field played in the amended 

),( TRf  of gravity in other Bianchi types or other 

metric universe. In this paper we consider 
auxiliary symmetric metric universe. 

GRAVITATIONAL FIELD EQUATIONS OF 
F (R, T) GRAVITY 

The action of theory of gravitation is as follows   

  44, dxgLxdgTRfS m   ,        (2.1) 

where mL are Lagrangian and other symbols have 

their usual meaning in Riemannian geometry. 
Energy Momentum Tensor is given by

 
ijmij

m
ij gL

g

L
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
 2 ,                             (2.2) 

Varying the action (2.1) with respect to metric 

tensor 
ijg  yields 
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Here we define 
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m
iij
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,           (2.4) 

Considering 0s  from equation (2.3) upon 

integration we obtain 

           ijijTTRTfijxTTRRfjij
i

ijgijgTRfijRTRRf  ,,,
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1
, , (2.5) 

Taking trace of equation (2.5) we get
 

])[,(
3

1

3

1
),(

3

1
),(

3

2
),(  TTRRfxTRTRRfTRfTRRfj

i ,   (2.6)
 

We assume that the function  TRf ,  given by 

Harko [2011] 

   TfRTRf 2,   
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We choose the particular case   TTf   that 

particular case the function 
    TRtfRTRf 22,   

In this case we follows the notation 

   
1

,
, 






R

TRf
TRfR  and

 
 

2
,

, 





T

TRf
TRfT
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,             (2.7)

 
From equation (2.6) we write 

xTTR  22 ,                              (2.8) 
Inserting equation (2.8) in equation (2.7) we obtain 
the field equation as 
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Varying the equation (2.2) with respect to metric 

tensor 
ijg we get, 
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Inserting the above value in (2.11), we obtain 
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Using the equations (2.2),(2.4) and (2.12) we 
obtain 
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MATTER FIELD LAGRANGIAN: THE 
ELECTROMAGNETIC FIELD TENSOR IS 

GIVEN BY 
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From (2.2), we have 
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j gFFFFT

16

1

4

1
 ,            (3.2) 

From equation (2.13) we get 

,ijij T
                                                       

(3.3)

 

From the equations (3.2) and (3.3) after 

contraction field we obtain. 
0 TTg ij

ij ,                                    (3.4) 

 

THE METRIC AND FIELD EQUATIONS

 We consider the axially symmetric in the form  
22222222 ))(( dzBdxfdxAdtds   ,         (4.1) 

where A  and B are functions of time t  and f  is 

a function of coordinate  x  only. 

Electromagnetic Maxwell field tensor ijF  is given 

by  

i

j

j

i
ij

x

A

x

A
F









 ,                                            (4.2) 

To achieve the capability with non-static space 
time (4.1), we assume electromagnetic vector 
potential in the form 

 )()(),()()( 4321 tvtvtvtvxVi  ,         (4.3)
    

 

From equations (4.2) and (4.3) yields 

114 vF 
 

        224 vF          334 vF  ,           

(4.4) 
We deduce easily 
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,                 (4.5)

 

Noting (4.3) we deduce the nonzero components 
of the energy momentum tensor of material fields 
as follows 
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From equations (3.2) and (4.6a,b,c,d) we can 
deduced the components of energy tensor as 
follows

 

0i
iT ,                                                             (4.7)
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Following [Saha Bian] variation of Lagrangian mL

with respect to electromagnetic field gives
   0
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(4.8b)
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1kfff    , where 1k is constant of 

integration                                                       (4.8d) 

Since for the space time (4.1) we get 01
2 R ,

01
3 R , 02

3 R
 
 

and from (2.9) we have 
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3 0 vvT  ,                                                 (4.9) 

From equation (4.9) we can rewrite it as 
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1 , where g is some unknown 

function                                                           (4.11) 
Integrating (4.11) we get 
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43 kgv  ,           (4.12) 

Inserting (4.11) in (4.10) we get 
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From equations (4.8 a.b.c.d),(4.11) and (4.12) we 
get 
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From equations(4.14 a b) we get 

B

B

A

A 
 ,                                                         (4.15) 

Integrating BkA 5 , where 5k is integration 

constant.                                   (4.16) 
The field equation (3.2) for the metric (4.1) with 
help of equations (4.11) to (4.16) can be written as
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From equations (4.15) and (4.17c) we get. 
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,                                            (4.18) 

Upon integration which reduced to 
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where  06 k  and 7k  are constants of integration. 

From equations (4.16) and (4.18) we obtain 
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1
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where  08 k  and 9k  are constants of integration. 

From equations (4.20) and (4.18) we obtain 
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From equations (4.18),(4.20) and (4.21) we obtain 
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From equations (4.15) we get 
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This implies that 86 Kk 
 
and 97 kK 

, 

Let 186 dKk 
 
and 297 dkK 

, 

 3

1

213 dtdBA  ,                (4.25)

         
Using equations (4.15) and (4.16) reduces to 

0f  

Integrating we get 

1110)( kkxf                                          (4.26) 

Again From equation (4.8d) we get 
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                                    (4.27)  

From equation (4.16) we get 
 

0
g

g
 , 

Upon Integrating cg  ,where c  constant of 

Integration                                                  (4.28) 
From (4.15) and (4.28) we have 

101 kcv 
   112 kcv 

       113 kcv 
    4v

 
is a undetermined                                          (4.29) 

where k ’s
 
is a constant. 

Adjusting the constants in (4.29) and the vector 
potential assume that the following form

 4,,, vkkkvi   

From equation (4.25) and line element (4.1) 
reduces to 

  ]2)2(
2

1110
2[(3

2

)213(22 dzdkxkdxdtddtds  
.
         (4.30) 

 

 

CONCLUSION 

In this paper, we have investigated axially 
symmetric cosmological model with 
electromagnetic field in particular case of 

),( TRf  theory of gravitation TRTRf ),( . 

The model which is obtained in (4.30) gives 
solution of the axially symmetric universe with 
algebraic volumetric expansion of universe.  We 
get isotropy at any cosmic time t. The metric  
functions admits constants value at early time of 
the universe (t tends to zero) and after that the 
metric function start increasing with increasing  in 
cosmic time and finally diverge to infinity as time 
tend to infinity .This shows that the universe 
expand and approaches to infinite volume. It is 
also interesting to note that the investigated model 
is from singularity and observed that )(xf  and 

)( x  are reciprocal of each other. 
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ABSTRACT 

 Kaluza-Klein type cosmological model with time dependent cosmological term- in the framework of 
Saez and Ballester (1986) theory of gravitation has been studied. In order to find the exact solution of the 
field equations, we have used the equation of state and the fact that scalar expansion is proportional to the 
shear scalar. The cosmological constant term is found to decreasing function of cosmic time. Some physical 
and kinematical properties of the model are also discussed. 
 
KEYWORDS: Cosmological constant term;scalar- tensor theory;Kaluza-Klein cosmological space-time. 
  
1. INTRODUCTION 

Einstein’s general theory of relativity has successfully described gravitational phenomena. It has also 
served as a basis for models of the universe. However since Einstein first publishedhis  theory of gravitation, 
there have been many criticismsof general relativity because of the lack of certain desirable features in the 
theory. For example Einstein himself pointed out that the general relativity does not account satisfactorily 
for inertial properties of matter,i.e.Mach’s principle is not substantiated by general relativity.Since last few 
decades, there is a growing interest in alternative theories of gravitation, especially scalar-tensor theories of 
gravity, which are very useful tools in understanding the early stages of evolution of the universe.The most 
important among them are scalar-tensor theories of gravitation formulated by Brans and Dicke [1], 
Nordtvedt[2] and Saez and Ballester [3]. All version of the scalar tensor theories are base d on the 

introduction of a scalar field   into the formulation of general relativity, this scalar field along with the 

metric tensor field forms a scalar- tensor field representing the gravitational field. 
The Saez-Ballester theory [3]have developed a new scalar - tensor theory of gravitation in which 

metric is coupled with a dimensionless scalar field in a simple manner .This coupling   gives a satisfactory 
description of weak fields. In spite of the dimensionless character of the scalar field, an antigravity regime 
appears in the theory. Also, this theory suggests a possible way to solve missing matter problem in non-flat 
FRW cosmologies. 

Some of the authors, Sing and Agrawal [4], Shri Ram and Tiwari [5], Reddy and VenkateswaraRao [6] , 
Reddy et.al.[7] have studied several aspects of the Saez-Ballester 
scalar-tensor theory. Adhav et al.[8] investigatedaxially symmetric non-
static domain walls in scalar-tensor theories formulated by Brans and 
Dick (1961) and Saez-Ballester.RecentlyEinstein-Rosen, Axially 
symmetry and Plane symmetry cosmological models in Saez-Ballester 
theory of gravitation have been investigated by Mete et.al [9, 10,11]. 

The Kaluza-Klein theory was introduced to unify Maxwell’s 
theory of electromagnetism and Einstein’s gravity theory by adding the 
fifth dimension. Kaluza-Klein theory has been regarded as a candidate 
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of the fundamental theory due to its potential theory function to unite the fundamental interactions. Kaluza-
Klein cosmological model has been studied with different matters [12-16]. In Kaluza-Klein theory, the 
inflation was considered [17] and the Schwarzschild solution for three space and n dimensions were formed 
[18]. String cloud and domain walls with quark matter in n -dimensional Kaluza-Klein cosmological model 
have also been studied by Adhav et.al [19]. 

Higher dimensional cosmology is important because it has physical relevance to the early stages of 
evolution of the universe before it has undergone compactification transitions. Hence several 
authors(Witten[20],Chodos and Detweller[21] Appelquist et al.[22],Marchiano[23])were attracted to the 
study of higher dimensional cosmology. Also in the context of Kaluza-Klein and super string theories higher 
dimensions have recently acquired much significance. Several investigations have been made in higher 
dimensional cosmology in the frame work of different scalar- tensor theories. In particular, Reddy et al. [24] 
have investigated a five dimensional Kaluza-Klein cosmological model in the presence of perfect fluid in 

),( TRf gravity. 

The effect of cosmological constant has been extensively studied in the literature within the 
framework of general relativity and its alternative theories. Singh and Singh[25] investigated a cosmological 

model in Brans-Dicke theory by considering cosmological constant as a function of scalar field . Pimentel 

[26]obtained exact cosmological solutions in Brans-Dicke theory with uniform cosmological constant.A class 
of flat FRW cosmological models with cosmological constant in Brans- Dicke theory have also been obtained 

by Azar and Riazi [27]. The age of the universe from a view point of the nucleosynthesis with  term in 
Brans-Dicke theory was investigated byEtoch et al.[28]. Azad and Islam [29]extended the idea of Singh and 
Singh [25]to study cosmological constant in Bianchi type-I modified Brans-Dicke cosmology.Recently Qiang et 
al. [30] discussed cosmic acceleration in five dimensional Bran-Dicke theory using interacting Higgs and 
Brans-Dicke fields.  

This motivatesus toinvestigate Kaluza-Klein type cosmological model with time dependent 

cosmological term-   in the framework of Saez and Ballester (1986) theory of gravitation. 
 

2. THE METRIC AND FIELD EQUATION 

The Einstein’s field equations (in gravitational units, 18 c ) in the scalar tensor theory proposed 

by ( Saez and  Ballester,1986) with time dependent   -term may be written as 
 

ijij

k

kijji

n

ijij gtTgRgR )(
2

1

2

1 ,

,,, 







  ,    (1) 

 

where ijT is the energy momentum tensor of matter and   is the scalar field satisfying the equation 

02 ,

,

1

;   k

k

ni

i

n n  .  (2) 

Here n  is arbitrary constant,   is the dimensionless coupling constant. Comma and semi-colon 
respectively denote partial and covariant derivativewith respective to t .  

The energy momentum tensor ijT of cosmic fluid can be define as 

ijjiij pguupT  )( ,      (3) 

where p,  are the energy density and  pressure respectively and )1,0,0,0,0(iu   is the flow 

vector satisfying the relation 

1ji

ij uug .     (4)  

Here weconsider Kaluza-Klein type space time described by the line element 

  22222222 )()( dwtBdzdydxtAdtds  ,  (5) 
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where the metric potentials A and B are functions of the proper time tonly. 
The field equations (1) and (2) for the metric (5) with the help of (3) and (4) can be written as  
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where suffix 4 at the symbols ,, BA and  denotes ordinary differentiation  with respective to t. 

The geometrical quantities;spatial volume V and average scale factor )(ta for Kaluza-Klein space time are 

define by 
 

BAtaV 34 )(      (10) 

 

The mean Hubble parameter H isgiven by  
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Thescalar expansion  and shear scalar 2  given by 
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(14) 

 

The average anisotropic parameter mA  is define as  
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A ,                             (15)  

 

where 4,3,2,1, iH i  represents the directional Hubble parameters in zyx ,, and w  directions 

respectively and 0mA  corresponds to isotropic expansion. 

 
3. SOLUTION OF THE FIELD EQUATIONS 

The set of field equation (6) – (9) are the system of fourindependent equations with six unknowns
,,,, pBA and . To find determinate solution, extra condition should be needed. Here we use the scalar 

expansion   is proportional to scalar expansion .2  So that we have (Collins et al. [31] ) 
 

mBA   , (16) 
 

where m   is a arbitrary constant. 
From equations (6) and (7), we get  
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solving this differential equation, we obtain the expression for metric coefficients as  
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And 
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where 01 k  and 
2k  are constants of integration. 

From equation (9) ,we have 
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using equations (18) and (19), equation (20) yields 
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where 0  and 0  are constants of integration. 

Therefore the investigated Kaluza-Klein space time (5) can be written as 
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4. SOME PHYSICAL DISCUSSION  
We assume the relation between pressure and density of matter i.e. the linear equation of state 

given by  
 

 p  (23) 

 
using this relation one can obtain the following expressions for energy density , pressure and cosmological 

constant term -  as  
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From the relations (24) - (26), we can obtain three types of physical relevant models 
 
 When 0 , we obtain empty model ,the energy density, pressure and cosmological term  are given 

by  
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 When 
3

1
 ,we obtain radiating dominated  model, the energy density, pressure and cosmological term 

 are given by  
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And 
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 When 1 ,we obtain Zeldovich fluid or stiff fluid model ,the energy density, pressure and cosmological 

term   are given by  
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And 
 

 0     (34) 
 
The physical and kinematical quantities for the model (22) have the following expressions 
 

The mean Hubble parameter   
 214
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ktk
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(35) 

 
Spatial volume   21)13( ktkmV      (36) 

 

Scalar expansion  
21

1
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Shear scalar 
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Deceleration parameter 1
1











Hdt

d
q 3       (39)           

          
and the anisotropic parameter is  
 

12

1
mA                                (40) 

 

From equation (26) ,we observe that the cosmological term- decreases as t  increases i.e. it varies 
inversely as square of time therefore our solution is consistent with observation of the present day values of 

the cosmological constant term-which are very small. The positive value of deceleration parameter 

indicates that the universe is decelerated. The spatial volume V of the model increases as cosmic time 

increases which shows the spatial expansion of the universe. The Hubble parameter H , scalar expansion 
and shear scalar  are decreases at .t  
 
5. CONCLUSION  

In this paper, we have studied Kaluza-Klein type cosmological model with time dependent 
cosmological term-   in the framework of Saez and Ballester (1986) theory of gravitation Here, we have 
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discussed three cases corresponding the values of  1,
3

1
,0 . When

3

1
,0 , the cosmological term 

-  is decreasing function of time t  and when 1 ,the cosmological term -  becomes zero. Also in this 

investigated model, we observed that 
2

2




constant i.e. the model does not approach isotropy at any time. 

The energy density and pressure are also decreases as time .t  
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                    I. INTRODUCTION 

In recent years there has been a lot of interest in several 

alternative theories of gravitation; out of which the most 

important among them is scalar-tensor theory of gravitation 

formulated by Brans-Dicke [1]. This theory of gravity is one 

of the most competent theory due to its vast cosmological 

implications [2].In this theory, the scalar field has the 

dimensions of universe of the gravitational constant and its 

role is confined to its effect on gravitational field equations. 

This theory of gravity is mediated by a scalar field   in 

addition to the usual metric tensor field ijg  present in 

Einstein’s theory. Among the various modifications of 

general relativity, the B-D theory of gravity is well known 

example of a scalar tensor theory in which the gravitational 

interaction involves a scalar field and the metric tensor.   

In recent years, the study of Bianchi type models in the 

context of B-D theory has attracted many authors Pawar 

et.al [3], Sharif et.al [4], Kandalkar et.al [5], Raut et.al [6], 

Katore et.al [7]. A detailed discussion of B-D cosmology is 

given by Singh et al.[8]. Lorenz-Petzold [9] studied exact 

Bianchi type–III solutions in the presence of 

electromagnetic field. Bianchi type-I space–time in scalar-

tensor theory have been investigated by Kumar et al.[10]. 

Adhav et al.[11] studied LRS Bianchi type-II cosmological 

model with anisotropic dark energy, Katore et al.[12,13] 

explored Bianchi type-V and plane symmetric space-time 

filled with dark energy models in B-D theory. Bianchi type -

III dark energy model in scalar tensor theory of gravitation 

explained by Naidu et al.[14]. Adhav et al. [15] explored 

Bianchi type-III cosmological model with negative constant 

deceleration parameter in B-D theory of gravity in presence 

of perfect fluid. Shamir et al. [16] have studied anisotropic 

dark energy Bianchi type-III cosmological models in B-D 

theory of gravity.   

The Brans-Dicke field equations are given by 
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where is a dimensionless coupling constant. The function 

  is known as B-D scalar field. Karade and Solanke [17] 

investigated Bianchi type-III universe field with the perfect 

fluid and scalar field coupled with electromagnetic fields in

),( TRf theory of gravity. Recently Bhoyar et al.[18] 

discussed the Bianchi type-III and Kantowski Sachs 

cosmological model containing magnetic field with variable 

cosmological constant.    

This motivates us to investigate Bianchi type-III charged 

fluid universe in B-D Theory of gravitation. 

The paper is organized as follows: 

213

213

http://www.isroset.org/


Int. J. Sci. Res. in Physics and Applied Sciences                                                          Vol.6(5), Oct 2018, E-ISSN: 2348-3423 

  © 2018, IJSRPAS All Rights Reserved                                                                                                                                     58 

Section II, deals with the derivation and solutions of the 

field equations. A brief summary is given is section III. 

II.THE METRIC AND FIELD EQUATIONS 

Here, we consider a spatially homogeneous Bianchi Type-III 

space time in the form  

,222222222 dzcdyeBdxAdtds mx  

       
(1) where

BA, and C are functions of t and m is constant. 

For the charged fluid, the field equations of B-D theory 

assume that 
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where 

jG

 
is Einstein tensor, 


jE  is energy momentum 

tensor for electromagnetic field, 
jT

 
is energy momentum 

tensor for perfect fluid with conservation equation. 

  k
kk

k g
g

,
,
;

1
 


  

and other symbols and notations have their conventional 

meanings. 

Electromagnetic field
 

The energy momentum tensor for electromagnetic field is 

given by 

,
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1 ab
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(3) 

Here the electromagnetic field tensor jiF has the expression 
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where iV is a four potential vector. 

To achieve the compatibility with space time (1), we 

assume
 
electromagnetic vector potential as

   
 

)](),(),(),()([ 4321 tvtvtvtvxVi  ,                         (5) 

Noting (4) and (5) we can deduce easily the following 
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From equations (4), (5) and (6), we can deduce
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Using (3) we can deduce the components of energy 

momentum tensors
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The stress energy tensor of a perfect fluid with density  ,  

pressure p  and four velocity iu is given by  

  ,
j

ij
ii

j puupT  
                                    

(9) 

where 1ji
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For co-moving coordinate system, we have  
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Conservation Law is 
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This equation with different combination of i and j , gives 

following equations 
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From the vanishing components of Einstein tensor, using 

equations (2) and (4), we deduce 
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where D  is an unknown function of t  

Integrating this with respect to t  , we get 

DkvDkvDkv 332211 ,, 
               

(13) 

where 2,1 kk  and 3k are constants
 

Inserting (12) in (11), we get 
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With the aid of equation (12), we can write the equation 

(10) as, 
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From equations (15a), (15b)and (15c) ,we have 
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Integrating with respect to t , we get 
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(17) 

where 5,4 kk  and 6k are constants. 

We attempt to express the component of i
jT  in terms of  
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(18c)
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Now, considering the non-vanishing component of Einstein 

tensor, from equation (2), we derive 

 

,
2

1

8

2

4
4



































C

C

B

B

pT
BC

CB

C

C

B

B























          (19a)  

 

 

,

2

18
2

4
4































C

C

A

A

pT
AC

CA

C

C

A

A






















   

(19b) 

 

 

,
2

1

8

2

4
42

2

































B

B

A

A

pT
AB

BA

B

B

A

A

A

m























    (19c)

  

 

.,

2

18
2

2

2































C

C

B

B

A

A

AC

CA

BC

CB

AB

BA

A

m


















          (19d)

 

 

,0
B

B

A

A 

         

(19e) 

Integrating (19e) with respect to t , we get 
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where 7k is constant. 

From equations (19a) and (19b), we get  
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From equations (19b) and (19c), we get  
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Using equations (19c) and (19a), we obtain 
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Upon integration of (20a) and (20e), yields 
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We can express the values of A  and B  in the following 

form  
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Equation (17) implies C  is scalar multiple of A  
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Using equations (15) and (22), we get, 
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Integrating above equation, we get
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4v is undetermined.

 The metric in (1), with the help of (22) can be redefined in 

the form 
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where 16,1412
' kkkK  and 15,1311

'' kkkK 
 

are constants. 

III. CONCLUSION 

In this present paper, we have presented Bianchi Type-III 

space time with electromagnetic field tensor and relativistic 

charged perfect fluid in the context of Brans-Dicke theory of 

gravity. We have derived and solved the gravitational field 

equations corresponding to B-D theory. It is observed that 

the convergent, non-singular, isotropic solutions can be 

obtained along with the components of vector potential. It is 

also interesting to note that the investigated models are 

free from singularity. 
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Abstract 

Magnetized plane symmetric Bianchi type-I cosmological model with 

wet dark fluid is investigated in a scalar tensor theory of gravitation 

proposed by Saez-Ballester [7]. To solve the field equations, a special 

law of variation of Hubble’s parameter proposed by Berman [20]           

has been used. The exact solutions of the field equations are obtained. 

Some important geometrical and physical features regarding this 

model have also been studied. 
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1. Introduction 

Einstein’s general theory of relativity [1] has provided a modern theory 

of gravitation and it has become very successful in describing gravitational 

phenomenon and also served as a basis for model of the universe. Einstein 

himself pointed out that general relativity does not account satisfactorily for 

inertial properties of matter, i.e., Mach’s principle is not substantiated by 

general relativity. So, in recent years, several theories of gravitation have 

been proposed as alternatives for Einstein’s theory. The most important 

among them are scalar-tensor theories of gravitation formulated by Jordan 

[2], Brans and Dicke [3], Nordtvedt [4], Ross [5] and Schmidt et al. [6].           

Saez and Ballester [7] have developed a scalar-tensor theory in which the 

metric is coupled with dimensionless scalar field in a simple manner. This 

coupling gives a satisfactory description of the weak field. In spite of the 

dimensionless character of the scalar field, an antigravity regime appears. 

This theory suggests a positive way to solve the missing matter problem in 

non-flat FRW cosmologies. 

In addition, the magnetic field has an important role at the cosmological 

scale and is present in galactic and intergalactic space. It plays a vital role           

in description of energy distribution in the universe as it contains highly 

ionized matter. Strong magnetic fields can be created due to adiabatic 

compression in cluster of galaxies. The large scale magnetic field can be 

specified by observing their effects on the CMB radiation. These fields 

would enhance anisotropies in the CMB, since the expansion rate will be 

different depending on the direction of field lines (Melvin [8]). 

2. The Wet Dark Fluid (WDF) as a Model for Dark Energy 

This model was in the spirit of generalization of Chaplygin gas, where a 

physically motivated equation of state was offered with properties relevant 

for the dark energy problem. Here, motivation stems from an empirical 

equation of state proposed by Tait [9] and Hayward and Brit [10] to treat 

water and aqueous solution. 
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The equation of state for WDF: 

  WDFWDFp  (2.1) 

is very simple and is motivated by the fact that it is a good approximation for 

many fluids including water, in which the internal attraction of the molecules 

makes negative pressures possible. 

To find the WDF energy density, we use the energy conservation 

equation  

  .03  WDFWDFWDF pH  (2.2) 

From the equation of state (2.1) and using 
V
V

H


3  in the above 

equation, we get 

  ,
11 VV
C

WDF 



   (2.3) 

where C is a constant of integration and V is the volume expansion. WDF 

naturally includes two components: a piece that behaves as a cosmological 

constant as well as pieces those red shifts as a standard fluid with an 

equation of state .WDFWDFp   

If we take ,0C  then we can show that this fluid will never violate the 

strong energy condition 

,0 WDFWDFp  

      .011
1

 


V

C
p WDFWDFWDF  (2.4) 

Bianchi type-I universe with WDF has been studied by Singh and 

Chaubey [11]. Adhav et al. [12, 13] have investigated wet dark fluid 

cosmological model. Jain et al. [14] studied axially symmetric cosmological 

model with dark fluid in biometric theory of relativity. Recently, Nimkar 

[15] has studied axially symmetric non-static wet dark fluid in Brans-       

Dicke theory of gravitation, Kandalkar and Samdurkar [16] have constructed 
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Bianchi type-I cosmological model in scalar tensor theory of gravitation with 

viscous fluid distribution, anisotropic bulk string cosmological model in 

scalar tensor theory of gravitation has been investigated by Reddy et al. [17] 

and Mete et al. [18, 19] have studied Bianchi type-V and IX magnetized 

cosmological models in various aspects. 

Inspired by the above works, in this paper, we obtain a plane symmetric 

cosmological model in the presence of electromagnetic field with WDF. 

3. The Metric and Field Equations 

Here, we consider the plane symmetric metric in the form 

  ,2222222 dzBdydxAdtds   (3.1) 

where A and B are functions of time t only. 

Saez-Ballester field equations for combined scalar-tensor field are 

,
2
1 ,

,,,
j
i

j
i

k
kijji

n
ij ETgG 





   (3.2) 

where ijijij RgRG
2
1  is Einstein tensor, R is the scalar curvature,  is 

the dimensionless constant and n is a constant. 

The scalar field satisfies the equation 

.02 ,
,

1,
,   k

k
ni

i
n n  (3.3) 

In equation (3.2), j
iE  is the electromagnetic field given by 

.
4
1

4
1





 


 lm

lm
j
i

jl
il

j
i FFgFFE  (3.4) 

We assume that the magnetic field is in xy-plane; therefore, the current         

is flowing along the z-axis. Thus, 12F  is the only non-vanishing component 

of the electromagnetic field tensor .ijF  In a co-moving co-ordinate system, 
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we have 

 1,0,0,0iv  and .,
1

0,0,0 




 c

c
xi  

The first set of Maxwell’s equations is 

0,,,  jkiijkkij FFF  and   .0,  kgF ik  (3.5) 

This leads to 

,12
axkeF   (3.6) 

where k is a constant so that magnetic field depends upon space co-ordinate 

x only. 

From equations (3.4), (3.5) and (3.6), it follows that .012 F  

The non-vanishing components of j
iE  corresponding to the line element 

are given by 

.
8

,
8

3
32

2
2
2

4
42

2
1
1 E

A

H
EE

A

H
E 





  (3.7) 

Also, we have energy conservation equation 

.0; ij
jT  (3.8) 

The energy-momentum tensor is given by 

  ,ijWDFjiWDFWDFij gpuupT   (3.9) 

where WDFWDF p,  are density and pressure of WDF, respectively. 

Here, the four velocity vectors iu  and ix  satisfy the standard relations 

1 j
i

j
i xxuu  and .0j

ixu  

In the moving co-ordinate system, from equations (3.8) and (3.9), we get 

., 0
0

3
3

2
2

1
1 WDFWDF TpTTT   (3.10) 
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The field equation (3.2) for the metric (3.1) with the help of equations 

(3.7) to (3.10) can be written as 

,
82 2

22

A

H
p

AB
BA

B
B

A
A

WDF

n





 (3.11) 
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 (3.12) 
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


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B
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A
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 (3.14) 

where dot over the field variables denotes differentiation with respect to t. 

Spatial volume and the scale factor for the metric (3.1) are defined by 

.23 BARV   (3.15) 

4. Solutions and the Model 

From equations (3.10) and (3.12), we get 

.02 2 





   n

A
A

AB
BA

 (4.1) 

The set of equations (3.11)-(3.14) is nonlinear, hence, we assume the linear 

relationship between the metric potentials A and B, that is, 

,nBA   (4.2) 

where 0n  is a constant. 

We solve the above set of equations with the help of special law of 

variation of Hubble’s parameter proposed by Berman [20] yielding constant 

declaration parameter model of the universe defined by 
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,
2R

RR
q 


  (4.3) 

this admits the solution 

  ,1
1
qbatR   (4.4) 

where 0a  and b are constants of integration. 

This implies that the condition for accelerated expansion of the universe 

is .01  q  

Now, from equations (3.15), (4.3) and (4.4), we get 

    .1
1

3
1

qbatAB   (4.5) 

From equations (4.2) and (4.5), we obtain 

  ,1
1

1 qbatcA   (4.6) 

where   ,3
1

1 nc   

  ,1
1

2
qbatcB   (4.7) 

where   .3
2

2


 nc  

Using equations (4.6) and (4.7), the line element (3.1) can be written as 

      .21
2

2
2

221
2

2
1

22 dzbaxcdydxbaxcdtds qq    (4.8) 

Using the suitable transformation of the coordinates, equation (4.7) is 

reduced to 

  ,21
2

2
2

221
2

2
12

2
2 dZTcdYdXTc

a

dT
ds qq    (4.9) 

where   .,,, zZyYxXbatT   
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5. The Geometrical and Physical Significance of the Model 

Using the Saez-Ballester scalar tensor theory of gravitation, some 

physical and kinematical properties of the model (4.9) are obtained as 

follows. 

The physical quantities of observational interest in cosmology are the 

expansion scalar  ,  shear scalar    and the mean anisotropic parameter 

 mA  defined as 

,23 


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
 

B
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A
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 (5.1) 
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Further, we find the volume, mean Hubble parameter, expansion scalar 

, shear scalar  and mean anisotropic parameter mA  as 

,1
3
qTV   (5.4) 

  ,
1

1
Tq

H


  (5.5) 

  ,
1

3
3

Tq
H


  (5.6) 

,02   (5.7) 

.0mA  (5.8) 

From equations (3.15) and (4.2), we obtain a scalar function for Saez-

Ballester scalar tensor theory of gravitation as 
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,23 KA
n

   (5.9) 

where K is a constant of integration, which, on integrating equation (5.9) and 

inserting the value of ,3A  give 
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where ,2
3
1 KKc   and 3K  are constants of integration. 

The pressure density WDFp  and energy density WDF  of the model 

(4.9) are, respectively, given by 
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6. Conclusion 

In this paper, we have investigated a plane symmetric cosmological 

model with wet dark fluid and electromagnetic field in Saez-Ballester scalar 

tensor theory of gravitation. We have used a special law of variation of the 

Hubble parameter proposed by Berman [20]. The model which is presented 

in this paper could give an appropriate description of the evolution of the 
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universe. It is observed from the result (5.4) that the model is expanding      

with time, since .01  q  At initial moment, when time ,0T  the proper 

volume will be zero, whereas when T tends to zero, the expansion scalar , 

Hubble’s parameter H and shear scalar  tend to infinity and for large value 

of T, we observe that the expansion scalar , Hubble’s parameter H and 

shear scalar  become zero. Hence, the model approaches isotropically              

for the large value of T. Thus, the present model may be a useful tool for 

describing the early stages of the evolution of the physical universe. 
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1. Name of Organising Department :  Mathematics 

  2. Name of Activity                           :   Mathematical charts and Models Competition 

3. Place of Activity                            :   A.V.Theatre, SGBAU,Amravati 

4. No. of Participant                            :           Students: 114, Teachers: 16 

5. Date  of Activity                              :           21st December,2018  

Details of Activity (In Brief): 

                       University Level "Mathematical Charts and Models Competition" was organized on 

December 21, 2018, in collaboration between the Department of Mathematics ,Sant Gadge Baba 

Amravati University, Amravati, and Adarsha Mahavidyalaya, Dhamangaon Rly, as per the MOU. 

The competition was attended by prominent examiners. A total of 114 postgraduate students, 

along with faculty members from affiliated colleges, participated in this event. 

 

 Outcome of the Programme : 

 

 To motivate the students to participate in the inter-collegiate level competitions. 

 To build different mathematical skills and concepts.  

 To help the students to learn best when presented with a concept they can visualize. 

 Now they can use language creatively and imaginatively in text transaction and 

performance of activities. 

 All students participated in all the events enthusiastically and it was a great learning 

experience for all of them. 

 Student received certificate of participation. 

 

Name & Contact No. of Expert (if any):  

Dr. A.S. Gudadhe,Associate professor & Head, GVISH, Amravati,Contact No. 9422917233 

Dr. S.P. Kandalkar, Associate professor, GVISH, Amravati, Contact No. 9423426316 

Dr. M.S. Desale, Assistant professor, SGBAU, Amravati, Contact No. 9421743937 
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1. Name of Organising Department :  Mathematics 

2. Name of Activity                        :   Workshop on NET/SET Guidance in 

Mathematical Sciences  

 

3. Place of Activity                             :    AV Theatre, SGBAU,Amravati 

4. No. of Participant                        :   Students: 168, Teachers: 2Resource persons: 13 

5. Date of Activity                         :    22nd Dec., 2018 

Details of Activity (In Brief): 

            On the occasion of ‘National Mathematics Day’ one day workshop on NET/SET 

guidance in mathematical sciences under MOU, was organized on 22nd Dec., 2018 in 

collaboration with department of mathematics, Sant Gadge Baba Amravati University, 

Amravati, Adarsha Mahavidyalaya, Dhamangaon Rly. About 169 members including Faculty 

members and Research Scholars, PG students from various colleges participated in the 

workshop. Resource persons were invited from various reputed institutions. This programe 

was carried out in four sessions.  

                

               Outcome of the Programme:  

 This workshop will help the students to make them ready to face the challenging 

questions, thereby crack the examination.   

 Participants got motivated to clear the CSIR-UGC NET / SET Exams. 

 Studentsgot inspired to organize such type of useful workshops in future. 

  

Name & Contact No. of Expert (if any):  

Dr.S.R.Choudhary ,Director,  

School of Mathematical Sciences, KBC, North Maharashtra University, Jalgaon. 

Contact No. 9420129704 

Dr.J.N.Chaudhary , Professor , M.J.College, Jalgaon ,   Contact No.9404490800 

H.G.Parlikar, Assistant Professor,  Brijlal Biyani College, Amravati, Contact No.9561125053 

N.A.Niwalkar,Research Scholar, Contact No.8668931691 

Dr.M.D.Netnaskar ,Assistant Professor,Bapumiya Science College, Pimpalgaon Kale, 

Dist.Buldana,  Contact No.9604335210 

Dr.R.V.Mapari, Assistant Professor, GVISH,Amravati, Contact No.9604335210 

S.B.Thool,Assistant Professor, GVISH, Amravati, Contact No.7276947010 

S.V.Gore,Assistant Professor,Indira Gandhi Arts Science College, Ralegaon  

Dist. Yavatmal, Contact No. 9673211011 

 

 

(Name & Signature of Concern Teacher) 
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Dr.Sangita Yawale, Principal,Sidnehum Commerce College, Mumbai, 

on the occation of Inaugural function 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

Dr.Ajay Deshmukh, Registrar, SGB,Amravati, 

delivering his presidential speech 
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Resource person: Dr.J.N.Choudhary, Jalgaon, delivering his Lecture 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Resource person: Harshal Parlikar, Amravati, delivering his Lecture 
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1. Name of Organizing Department : Department of Commerce & Management. 

2. Name of Activity : Workshop on Tally 

3. No. of Participants   : Students 124 Teachers 04 Other 03 

4. Date of Activity   : 18th January, 2019 

Details of Activity    : 

One day workshop organized by Dept. of Commerce & Management in collaboration with 

UNIX Computers Institute, on dated 18.01.2019 on the topic“Workshop on Tally”. 124 students 

of Commerce department were present for this workshop. The Resource person of this workshop 

Prof. Vishal Dongare Director UNIX Computer Institute, guided the students on awareness about 

Tally software. Prof Vishal Dongare in the first session described basic Concept of Tally. He 

provided knowledge of Voucher Entry, Inventory, Sales, Purchase, how to select a company, 

Create Company, how to apply Security Control, how to change Tally Vault, Split company Data, 

how to take back up and restore etc. In the second session Prof. Ambika Kulkarni gives hands on 

training on Tally to the students and threw light on Career opportunities after completing Tally 

Courses such as “Tally Operator”, “GST & Accounting Consultant”, Income Tax Practitioner” 

and for students how to launch startups and become an entrepreneur.  

Outcome of the Program  : 

 Students’ basic knowledge got enhanced of Accounting, Inventory Management, and

Taxation. Students also became aware about Industry need, about Tally software.

 They came to know about basic concept of Tally and Tally Software.

 Students will learn to create company, enter accounting voucher entries including advance

voucher entries, do reconcile bank statement, do accrual adjustments, and also print financial

statements, etc.

 Students now can get better job opportunities with the knowledge of Tally.

5. Name & Contact No. of Expert :  Prof.VishalDongare (9271220572) 
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Report I 

“Awareness among Tally for students” Workshop 
Organized by – Commerce & Economics Students Association, 

R.D.I.K.&.K.D. College,Badnera-Amravati 

Workshop-Report  Date : 18 /01/2019 

 

 

                     The total number of students in Commerce Department 

was 332 in the session 2018-19. Every year some important activities 

are conducted for the students through the students Association. An 

important initiative among them is the formation of Commerce and 

Economics students Association. Some students were elected as 

astudents Association Executives. 
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                     A workshop was organized through this Commerce and 

Economics students Association and Unix Computer Institute, on  

dated18/01/2019 and a workshop was conducted by Mr. Vishal 

Dongre, Director, Unix Computer, on the topic of Awareness and job 

opportunities  in Tally for students .  

                       124 students of Commerce department were present for 

this workshop. Awareness among Tally for students workshop was 

organized in the Bar. R. D. I. K.  college on 18/01/2019 under 

Commerce and Economics students Association.  

                      The chief Speaker of this program was Mr. Vishal 

Dongre  director Unix Computer was present. The chief guest of the 

program was Head of Department of Economics of the college.Prof. 

V.B. Gadikar was present. This programmed Dr. Pravin Deshmukh, 

Head of Department of Commerce attend as program chairmen. 124  

Commerce students participated in this workshop.  

 

Most of the students in Commerce department trend to go for 

Accounts field. Keeping this point of view in mind, the workshop was 

organized by the commerce department of the college in order to 

remove the fear from the minds of the students in the rural areas about 

this Tally software and to guide the students. The scope of this 

workshop was kept at the organization level. So that other students in 

the rural areas of the institution can also benefit from it. 

 

This workshop was organized in two Seminars : 
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Morning : 8.00 am to 09.00 am.:- Inauguration 

First session: 

9.00  A.M.to 10.00 A.M. :- “Basic Concept Of Tally” 

Speaker - Prof. Mrs. Pooja Pokle/ Prof. Mr. Dongare mountains 

Second session: 

10. 00 to 11. 00

Speaker - Prof. Ambika Kulkarni 

12. 00 to 1. 00 hrs :- Tea and conclusion
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124 students participated in this discussion session. Vishal Dongre 

and Ms. Pooja Pokle Ms. Ambika Kulkarni and Shri. Guided by 

Sachin Thawre. The present students responded well. Dr. Head of 

Commerce Department for all these activities. Praveen Deshmukh 

Prof. B. S. Gosavi Prof. Vaibhav Bhagat, Mohan Bhakere's valuable 

guidance and support are always beneficial to the students. 
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