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1 

Synthesis of 
Thiazolopyrimidines via 
Annulation of N‐(4,6‐Diaryl‐2‐
thioxo‐1,2,3,6‐
tetrahydropyrimidin‐4‐
yl)phenyl)aryl‐sulfonamides 

H S Chandak Chemistry Chemistry Select 2018-19 2365-
6549 

https://doi.org/10.1002/s
lct.201702785 

2 

Immunomodulatory Activity of 
Sulfonamide Chalcone 
Compounds in Mice Infected 
with Filarial Parasite, Brugia 
malayi 

H S Chandak Chemistry Indian Journal of 
Clinical Biochemistry 2018-19 0974-

0422 

http://doi: 
10.1007/s12291-017-
0727-5 

3 

Glutathione -S-transferase 
omega 1 inhibition activates 
JNK-mediated apoptotic 
response in breast cancer stem 
cells 

H S Chandak Chemistry The FEBS Journal 2018-19 1742-
4658  

https://febs.onlinelibrary
.wiley.com/doi/pdf/10.1
111/febs.14813 

4 
Redox-Annulations of Cyclic 
Amines with 2-(2-
Oxoethyl)malonates 

H S Chandak Chemistry Organic Letters 2018-19 1523-
7060 

https://doi.org/10.1021/a
cs.orglett.8b01642 

5 
Green Chemistry for 
Environmental Sustainability: 
The waste reduction approach 

D M Nagrik, 
D M Ambhore CHEMISTRY 

International Journal 
of Chemistry and 
Pharmaceutical 
Sciences 

2018-19 2321-
3132 

https://www.pharmarese
archlibrary.com/wp-
content/uploads/2018/11
/IJCPS3723-1.pdf 

6 

Cobalt Chloride Doped 
Polyaniline as Catalysed 
Synthesis of Bridged Head 
Nitrogen Heterocycles 

D M Nagrik CHEMISTRY 

International Journal 
of Chemistry and 
Pharmaceutical 
Sciences 

2018-19 2321-
3132 

https://mail.google.com/
mail/u/0/#inbox/FMfcgz
GwJvhjTrsQrcjtMtvflzR
QLHxM?projector=1&
messagePartId=0.3 

7 

Synthetic and biological 
evaluation of 3,4 
dihydropyrimidin 2, 1H ones 
by using cobalt chloride doped 
polyaniline as a nano 
composite 

D M Nagrik, 
S R Ingle, U S 
Shelke 

CHEMISTRY 
Journal of 
Interdisciplinary 
Cycle research 

2018-19 0022-
1945 

https://mail.google.com/
mail/u/0/#inbox/FMfcgz
GwJvhjTrsQrcjtMtvflzR
QLHxM?projector=1&
messagePartId=0.4 

8 Notbandhicha Sheti Shetravar 
Prabhav 

Dr. J. D. 
Porey COMMERCE Scholar Impact 2018-19 2394-

7632 

https://docs.google.com/
document/d/15omiU8P9
O0NGyufmpvLmsTuXc
-
XgCJrR/edit?usp=sharin



g&ouid=100379167251
829465454&rtpof=true
&sd=true 

9 “Instinct of Demonetization”  
 Pg.No. 86-92 

Dr. V. R. 
Gawhale COMMERCE 

Scholars Impact  Vol 
– V  Issue III  July- 
Sept 18 

2018-19 2394-
7632 

https://drive.google.com/
file/d/1pc1BcO_9jjnCm
Bw7EQvZ2GCUzwVB
UJy8/view?usp=sharing 

10 
“Digital India: A step towards 
cashless economy” 
 Pg.No. 48-52 

Dr. V. R. 
Gawhale COMMERCE 

Scholars Impact  Vol 
– V  Issue IV  Oct-
Dec18 

2018-19 2394-
7632 

https://drive.google.com/
file/d/1pc1BcO_9jjnCm
Bw7EQvZ2GCUzwVB
UJy8/view?usp=sharing 

11 
“Infrastructure and Economic 
Development in India” 
 Pg. No.01-05 

Dr. V. R. 
Gawhale COMMERCE 

Interlink Research 
Analysis  Vol - I  
Issue – XVIII  June- 
Dec 18 

2018-19 0976-
0377 

https://drive.google.com/
file/d/1pc1BcO_9jjnCm
Bw7EQvZ2GCUzwVB
UJy8/view?usp=sharing 

12 
“ Cost Effectiveness of HRM 
in Small & Medium Industries”  
Pg.No. 15-23 

Dr. V. R. 
Gawhale COMMERCE 

Hi-Tech Research 
Analysis  Vol - I  
Issue – XVI  Aug 18 
– Jan 19 

2018-19 2231-
6671 

https://drive.google.com/
file/d/1pc1BcO_9jjnCm
Bw7EQvZ2GCUzwVB
UJy8/view?usp=sharing 

13 
“ Impact on Digital Payment 
System on Indian Economy”  
Pg.No. 08-15 

Dr. V. R. 
Gawhale COMMERCE 

Universal Research 
Analysis.  Sept 18 – 
Feb 19 

2018-19 
 
 2229-
4406 

https://drive.google.com/
file/d/1pc1BcO_9jjnCm
Bw7EQvZ2GCUzwVB
UJy8/view?usp=sharing 

14 “Impact of Demonetization on 
Indian Economy” Pg.No. 74-79 

Dr. V. R. 
Gawhale COMMERCE 

Scholars Impact  Vol 
– VI  Issue I  Jan-
March19 

2018-19 2394-
7632 

https://drive.google.com/
file/d/1pc1BcO_9jjnCm
Bw7EQvZ2GCUzwVB
UJy8/view?usp=sharing 

15 
“Teaching of Commerce with 
ICT: A Novel Approach” Page 
No. 70 

Dr. M. S. 
Gaikwad COMMERCE Research Nebula 2018-19 2350-

1081 

https://www.ycjournal.n
et/ResearchNebula/Rese
archDocuments/Teachin
gOf63682392756953998
0.pdf 

16 “GST Impact on financial 
services sector”  Page No. 174                                    

Dr. M. S. 
Gaikwad COMMERCE Scholars Impact 2018-19 2394-

7632 

https://docs.google.com/
document/d/11KpFYLh
ZDmEV7Hjp7-
owIFdIcN1AUajn/edit?u
sp=sharing&ouid=10037
9167251829465454&rtp
of=true&sd=true 

17 

"Bharatitil lahan 
vyasayikanwar zalela not 
bandingcha parinaam "Page 
No. 267-270 

DR. K. S. 
Gulhane COMMERCE Scholars Impact 2018-19 2394-

7632 

https://drive.google.com/
file/d/1Cm9tZJe3E-
xTBqUscRVmAo9GLI
YKDo8z/view?usp=shar
ing 

18 
"Shashwat sheti vikas ani 
adhunik tratradyan" Page No. 
55-57 

DR. K. S. 
Gulhane COMMERCE Ajanta Journal 2018-19 2277-

5730 

https://drive.google.com/
file/d/1WgrK20vOPtVcz
7E9yxZ-
_JFnlJegrhQj/view?usp=
sharing 



19 
Digitization & It’s impact on 
Consumer & Cashless 
Economy Page. 31-37 

Dr. D. N. 
Vyas COMMERCE Ajanta Prakashan 2018-19 

ISSN -
2277-
5730 

https://drive.google.com/
file/d/1jdNqRtOSrjkk7u
ypMYsmfTjSVTSdYRP
x/view?usp=sharing 

20 Impact of Cashless Transaction 
in India Page 139-145 

Dr. D. N. 
Vyas COMMERCE Ajanta Prakashan 2018-19 

ISSN -
2277-
5731 

https://drive.google.com/
file/d/1vVwZhkMA6xJZ
0JNY-
FswEHGpdR3Nu0nW/v
iew?usp=sharing 

21 Present Scenario of teaching - 
learning 

Dr. A. D. 
Bhosale COMMERCE 

Chronicle of 
Humanities and 
Cultural Studies  

2018-19 
ISSN: 
2454-
5503 

https://drive.google.com/
file/d/1pKgj4E8u7JV0N
9Y22be6cG69QkOicTo
7/view?usp=sharing 

22 Impact of cashless economy on 
the area of banking and finance 

Dr. A. D. 
Bhosale COMMERCE Ajanta Prakashan 2018-19 ISSN 

2277-
5730 

https://drive.google.com/
file/d/1ahPbX7C0r2ep3
Z5UtyjGS17US7eQ1pp
5/view?usp=sharing 

23 WTO and INDIA Dr. A. D. 
Bhosale COMMERCE Scholar Impact 2018-19 

ISSN 
2394-
7632 / 
2394-
7640 

https://drive.google.com/
file/d/1jZO_4z2DibRSk
F0ycdfz6cDoyPMB-
wYa/view?usp=sharing 

24 
Regional Imbalance - 
Resistance in Economic 
Development 

Dr. A. D. 
Bhosale COMMERCE Scholar Impact 2018-19 

ISSN 
2394-
7632 / 
2394-
7640 

https://drive.google.com/
file/d/1oXVCZTJDZtCc
3kIFe5ap6L9Yl7W3cl-
e/view?usp=sharing 

25 Effect of Mall Culture on 
Retailers  

Dr. A. D. 
Bhosale COMMERCE Scholar Impact 2018-19 

ISSN 
2394-
7632 / 
2394-
7640 

https://drive.google.com/
file/d/1b9ufgH0RsJXW
mObYFC5HGXxdzWS
R9QVz/view?usp=shari
ng 

26 Empowering self help groups 
for rural development 

Dr. A. D. 
Bhosale COMMERCE 

Vidyabharati 
International 
Interdisciplinary 
research journal 

2018-19 
ISSN 
2319-
4979 

https://drive.google.com/
file/d/12euoO89srsqap8
7Ua3-
2Flu8ENIQv1VN/view?
usp=sharing 

27 
E-commerce: Prospects, 
Challenges and Governmen 
Role  

Dr. A. K. 
Dhanagare COMMERCE Scholar Impact 2018-19 

ISSN 
2394-
7632 / 
2394-
7640 

https://drive.google.com/
file/d/1F_Mb_w-
M5FvnF5uoshJqvo_AqJ
0sH23t/view?usp=sharin
g 

28 

Indian Acoounting standards 
and international accounting 
standards at a glance from 
Indian prospects 

Dr. A. K. 
Dhanagare COMMERCE Scholar Impact 2018-19 

ISSN 
2394-
7632 / 
2394-
7640 

https://drive.google.com/
file/d/1R03riGfSRqCUx
dCwMWE_GSk6TdhoI
CmV/view?usp=sharing 

29 Instinct of Demonitisation Dr. A. K. 
Dhanagare COMMERCE Scholar Impact 2018-19 

ISSN 
2394-
7632 / 

https://drive.google.com/
file/d/11HJj7oDPB-



2394-
7640 

GwCpVZGAI3c65yda7
7Tix0/view?usp=sharing 

30 Digital India: A step towards 
Cashless Economy 

Dr. A. K. 
Dhanagare COMMERCE Scholar Impact 2018-19 

ISSN 
2394-
7632 / 
2394-
7640 

https://drive.google.com/
file/d/1QVKFT-
M4f_VHmrd2K5YlFbph
ax0Z6HWO/view?usp=s
haring 

31 Agricultural role of India 
economy 

Dr. A. K. 
Dhanagare COMMERCE Scholar Impact 2018-19 

ISSN 
2394-
7632 / 
2394-
7640 

https://drive.google.com/
file/d/1d4BEoFwAIwLp
beISoiDzkvmSATugTgi
x/view?usp=sharing 

32 Impact of Mall Culture on 
Retailers  

Dr. A. K. 
Dhanagare COMMERCE Scholar Impact 2018-19 

ISSN 
2394-
7632 / 
2394-
7640 

https://drive.google.com/
file/d/1v7TJNKten2xU2
W79N83iNGoIrnRdaZ2
L/view?usp=sharing 

33 
Dr. Paul Bruton: His spritual 
massage from the Himalayas- 
Be a light yourself 

Dr. V. M. 
Deshmukh English 

Research Journy: 
International 
Multidisciplinary E-
research journal sep 
2019 

2018-19 2348-
7143 

https://drive.google.com/
file/d/15p7PRGZ6xK7Y
zmfUXFizWIq3InyYa3
WH/view?usp=sharing 

34 Alienation of the protagonist in 
Richard Wrights "Native Son" 

Dr. V. M. 
Deshmukh English 

Research Journy: 
International 
Multidisciplinary E-
research journal sep 
2019 

2018-19 2348-
7143 

https://drive.google.com/
file/d/15t0QyfRZIPQL
MlsM_2-m-
uDtTjBeSSHv/view?usp
=sharing 

35 Dr. Paul Bruton:  On the 
awenking to intuition 

Dr. V. M. 
Deshmukh English 

Vidyawarta: peer 
reviwed international 
journal 

2018-19 2319-
9318 

https://drive.google.com/
file/d/16Kq3wgfJMGQ2
PZqSGFgGCMzTWMs
OpDSf/view?usp=sharin
g 

36 SUE as a Rebel Protagonist in 
"Bright and Morning Star" 

Dr. V. M. 
Deshmukh English 

Vidyawarta: peer 
reviwed international 
journal 

2018-19 2319-
9318 

https://drive.google.com/
file/d/16UjWUZutwAD
P0tDL6AzRdl2jSQPbtu
ds/view?usp=sharing 

37 

Richard Wright as a 
representative of the 
Downtrodden Class in "Black 
Boy" 

Dr. V. M. 
Deshmukh English 

Printing area peer 
revied international 
journal 

2018-19 2394-
5303 

https://drive.google.com/
file/d/16cJiHYuDd5v3R
5WQE1LB4fP2WZNxw
G1z/view?usp=sharing 

38 Oddessey of Borther Mann in 
"Down by the Riverside" 

Dr. V. M. 
Deshmukh English 

Vidyawarta: peer 
reviwed international 
journal 

2018-19 2319-
9318 

https://drive.google.com/
file/d/16qc-
xPxPVqWkFBbj2-
ZO4lvWoF2g27e7/view
?usp=sharing 

39 
Exploring the enviornment to 
find Self in Richard Wrights 
Native Son  

Dr. V. M. 
Deshmukh English 

Aayushi International 
Interdisciplinary 
Research Journal 

2018-19 2349-
638X 

https://drive.google.com/
file/d/173sE3gSJrhY9Eu
ttgoP4eiF2ZyJOzPyN/vi
ew?usp=sharing 



40 
Horror of Mob lintching 
through the eyes of Protagonist 
in Big Boy Leaves Home 

Dr. V. M. 
Deshmukh English 

Aayushi International 
Interdisciplinary 
Research Journal 

2018-19 2349-
638X 

https://drive.google.com/
file/d/17Bu-
KDjTnPv_Zn-
yYwXARCkja09jSWIh/
view?usp=sharing 

41 
Dehumanizing effect of Jim 
Crow Laws on Richard 
Wrights in Black Boy 

Dr. V. M. 
Deshmukh English 

Aayushi International 
Interdisciplinary 
Research Journal 

2018-19 2349-
638X 

https://drive.google.com/
file/d/17Sg5EfHu3wzxkl
FTwLB_2ZY8v8qW5C
Ht/view?usp=sharing 

42 
Maharashtratil Aarogya 
Vishyak Karyakamancha 
Adhava 

R. R. Gawhale Economics 
Interlink Research 
Analysis International 
Journal  

2018-19 0976-
0377  

https://drive.google.com/
file/d/11iW3U0-
ADKlqjKf1MjyMX97s1
s58WdZS/view?usp=sha
ring 

43 Mastyavyavsay Aitihasik 
Pashravbhumi  v Mahatva R. R. Gawhale Economics Hi-TECH Research 

Analysis 2018-19 
ISSN 
2231-
6671  

https://drive.google.com/
file/d/11iW3U0-
ADKlqjKf1MjyMX97s1
s58WdZS/view?usp=sha
ring 

44 
Asansargjanya Rog, Sathrog, 
Caulara, Folorosis Pratibandh 
Karyakram 

R. R. Gawhale Economics Universal Research 
Analysis  2018-19 

ISSN 
2229-
4406 

https://drive.google.com/
file/d/11iW3U0-
ADKlqjKf1MjyMX97s1
s58WdZS/view?usp=sha
ring 

45 
Krushi Rojgar v Mahila 
Reshim Udyog v Mahila Arthik 
Vikas 

Dr. N. S. 
Boche 

Home 
Economics Ajantha Journal 2018-19 2270-

5730 

https://drive.google.com/
file/d/1WCOO9o46Z0C
nEO7jiydQzsNnM_FnA
3y_/view?usp=sharing 

46 
जागितकीकरणाचे ঁामीण 
किवतेतील ঋितिबंब. 

V.U.More Marathi Aarhat 2018-19 2278-
5655 

https://drive.google.com/fi
le/d/175ETwjbB_2kYboKZy
NDGqAdAnz3cK2K1/view?
usp=sharing 

47 
दिलत किवतेचा इितहास व 
जािणवांचे मूळ 

V.U.More Marathi Scholars Impact 2018-19 2394-
7632 

https://drive.google.com/file/
d/1EXyFnw7ZFgd4Qvt_FKhAD
Hxhigzpv9ze/view?usp=sharin
g 

48 Sanai Ki Pesh Karda 
Riwayaat Ka Jayza A Z Taji Persian Sahmahi Alami Urdu 

Adab 2018-19  2394-
7616 

https://drive.google.com/
file/d/138JeTSLaDpghH
2pwVz9GUz77npBeUL
R5/view?usp=sharing 

49 Sanskrit Bhasha v Sanskirt 
Sahityatil Shaikshnik Mulley 

Prof. Sangeeta 
G. Waychal Sanskrit Ajanta 2018-19 2277- 

5730 

https://drive.google.com/
file/d/1S7dfhe6q7dV7C
5Gy1Q6ecbn8Vm-
Rb5Ez/view?usp=sharin
g 

50 
Uttam career kade janara 
sopa v odkhicha vishay - 
Sanskrit 

Prof. Sangeeta 
G. Waychal Sanskrit Ajanta 2018-19 2277- 

5730 

https://drive.google.com/
file/d/1XWSGrEJU-
Z02w6QDKA63YzFfqx
7Zv4mX/view?usp=shar
ing 



51 Vishwa Upyogi Yogdarshan Prof. Sangeeta 
G. Waychal Sanskrit Ajanta 2018-19 2277- 

5730 

https://drive.google.com/
file/d/1ARgP4j-
hFwukjApUpz7CSpv7D
Se-
67B1/view?usp=sharing 

52 Analysis of Gender Wise HIV 
Prevalence in India 

M. O. 
Wankhade Statistics Scholars Impact 2018-19 2394-

7632 

https://drive.google.com/
file/d/1lyh_0JIvlQ1VV1
eLHiqhyg9edMClgQBr/
view?usp=drive_link  

53 
An Empirical Study Of Tqm 
And Six Sigma In Banking 
Sector  

Dr.V.S.Athaw
ar Statsitics Scholars Impact 2018-19 2394-

7640 

https://drive.google.com/
file/d/1ZgdP_gxXPmaB
oE0_-
y3Yr0jXP5r0EtH5/view
?usp=drive_link 

54 
Application Of Lean Six Sigma 
To Improve The  
Efficiency Of Banking Process 

Dr.V.S.Athaw
ar Statistics Scholars Impact 2018-19 2394-

7640 

https://drive.google.com/
file/d/1ZgdP_gxXPmaB
oE0_-
y3Yr0jXP5r0EtH5/view
?usp=drive_link 

55 

A Study Of Mediation 
Testing In A Casual 
Regression Analysis : An 
Overview 

Prafulla V. 
Ubale Statistics 

International Journal 
Of Agricultural And 
Statistical Sciences 

2018-19 0973-
1983 

https://connectjournals.c
om/achivestoc2.php?full
text=2837501H_299-
302.pdf&&bookmark=C
J-
033252&&issue_id=01
&&yaer=2018 

56 

     Heat Transfer and 
Numerical Analysis in 
Microchannel Heat Exchanger 
Using Nanofluids : A Review 

Divyesh 
Ubale, P.V 
Ubale 

Statistics 

International Journal 
of Scientific Research 
in Science, 
Engineering and 
Technology 

2018-19 

online 
2394-
4099 
Print 
2395-
1990 

https://ijsrset.com/PDF.p
hp?pid=4989&v=4&i=9
&y=2018&m=July-
August 

57 
     Numerical investigation of 
temperature distribution in 
blast furnace hearth 

Divyesh 
Ubale and 
Prafulla Ubale 

Statistics IOP Conf. Ser.: 
Mater. Sci. Eng 2018-19 1757-

899X 

https://iopscience.iop.or
g/article/10.1088/1757-
899X/691/1/012032/pdf 

58 “Maulana Abul Kalam Azad 
Ka Sahafati Kirdar” 

DR. MOHD. 
RAGHIB 
DESHMUKH 

URDU Quarterly Aalami 
Urdu Adab 2018-19 2394-

7616 

https://drive.google.com/
file/d/1BWdB5Aaqxs3z
ovk4Wd1aJEwjIEjA4Nl
G/view?usp=sharing 

59 “ Mirza Asad Ullah Khan 
Ghalib Ki Halat E Zindagi” 

DR. MOHD. 
RAGHIB 
DESHMUKH 

URDU Quarterly Aalami 
Urdu Adab 2018-19 2394-

7616 

https://drive.google.com/
file/d/1t_ZZVU8a-
0FHoP1ygH2Hoc1QVS
kR8rBQ/view?usp=shari
ng 

60 “Urdu Adab Mein Tanisiyat- 
Tehqiqui Mutala” 

DR. MOHD. 
RAGHIB 
DESHMUKH 

URDU 
Chronicle of 
Humanities And 
Cultural Studies 

2018-19 2454-
5503 

https://drive.google.com/
file/d/1i40nFKVdLitY_
UBfXNmuU1ewWar8Rr
Ct/view?usp=sharing 



61 “Tahrik-e- Azadi Mein Urdu 
Sahafat Ka Kirdar” 

DR. MOHD. 
RAGHIB 
DESHMUKH 

URDU 
Chronicle of 
Humanities And 
Cultural Studies 

2018-19 2454-
5503 

https://drive.google.com/
file/d/1QiVS-
EUDZ2Li9OlPMr4SDG
4kI05VYcrh/view?usp=s
haring 

62 

Fluoride Induced Histo-
pathological Alterations in 
Major Soft Organs of Wistar 
Albino Rat 

Dr. G.B. Kale Zoology 

International Journal 
of Life Sciences 
Research Vol.7 Issue 
1 PP (217-224) Jan-
Mar 2019 

2018-19 

2348-
313X (P) 
2348-
3148 (O) 

https://www.researchpub
lish.com/upload/book/Fl
uoride%20Induced%20
Histo-pathological-
7080.pdf 

63 

Photo-luminescence study of 
red borate 
phosphor Sr3 Y1−x 
(BO3)3:xEu3+ 

S. P. 
Hargunani, R. 
S. Palaspagar, 
R. P. Sonekar, 
and S. K. 
Omanwar 

Physics AIP Publishing 2018-19 
978-0-
7354-
1836-3 

https://doi.org/10.1063/1
.5100454 

64 
Combustion Synthesis of a 
Borate Host Green Phosphor 
LiCaBO3:Tb3+ 

R. P.Sonekar, 
S. P. 
Hargunani, S. 
D. Kapse & R. 
M. Chavan 

Physics 

‘RESEARCH 
JOURNEY’ 
International E- 
Research Journal 

2018-19 
ISSN : 
 2348-
7143  

https://www.researchjou
rney.net/admin/uploads/
special_issue/201905230
51453.pdf 

65 

Synthesis and 
photoluminescence study of 
UVB emitting phosphor (LaY) 
BaB9O16: Bi3+, Gd3+ 

AB Gawande, 
RP Sonekar, 
SK Omanwar 

Physics 

International Journal 
of Current 
Engineering and 
Scientific Research 
(IJCESR) 5-5/176-
179 

2018-19 

ISSN 
(PRINT): 
2393-
8374, 
(ONLIN
E): 2394-
0697, 
VOLUM
E-5, 
ISSUE-5, 
2018  

https://troindia.in/journal
/ijcesr/vol5iss5part2/176
-179.pdf 

66 

Combustion Synthesized UV 
emitting Phosphors: 
YBO3:Pr3+ & 
(Y0.89La0.1)BO3:Pr3+ 

A. B. 
GAWANDE1
*, R. P. 
SONEKAR2, 
S. K. 
OMANWAR3 

Physics 

 International Journal 
of Chemical and 
Physical Sciences 
IJCPS Vol. 7, Special 
Issue ISSN:2319-
6602 
ICAFM (Part-II) - 
March 2018 

2018-19 ISSN:231
9-6602 

https://shorturl.at/mrDL
5 

67 

Optical properties of Dy3+ 
activated MgAl2B2O7 
phosphor using slow 
evaporation method 

R. S. 
Palaspagar, Y. 
P. Manwar, R. 
P. Sonekar, S. 
K. Omanwar 

Physics 

International Journal 
of Scientific Research 
in Science and 
Technology 

2018-19 

Print 
ISSN: 
2395-
6011 
Online 
ISSN : 
2395-
602X 

https://ijsrst.com/paper/2
071.pdf 

68 Shetkarynacha Prashna v 
Sarkarchi Bhumika 

Dr. P. A. 
Taori 

Political 
Science 

International 
Research Fellows 
Associations 
Research Journal: 
Contemporary Issues 

2018-19 
ISSN - 
2348-
7143 

https://drive.google.com/
file/d/1l8JEup2Zk33fdul
PBwUUJmw21DVzoyL
V/view?usp=sharing 



in India (Social 
Sciences) sp issue 
155 March 2019 

69 Lingbhavatmak Nyay: Ek 
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Glutathione S-transferase omega 1 (GSTO1) contributes to the inactivation of

a wide range of drug compounds via conjugation to glutathione during phase

reactions. Chemotherapy-induced GSTO1 expression in breast cancer cells

leads to chemoresistance and promotes metastasis. In search of novel GSTO1

inhibitors, we identified S2E, a thia-Michael adduct of sulfonamide chalcone

with low LC50 (3.75 � 0.73 lM) that binds to the active site of GSTO1, as

revealed by molecular docking (glide score: �8.1), cellular thermal shift assay

and fluorescence quenching assay (Kb � 10 9 105 mol�L�1). Docking studies

confirmed molecular interactions between GSTO1 and S2E, and identified the

hydrogen bond donor Val-72 (2.14 �A) and hydrogen bond acceptor Ser-86

(2.77 �A). Best pharmacophore hypotheses could effectively map S2E and iden-

tified the 4-methyl group of the benzene sulfonamide ring as crucial to its anti-

cancer activity. Lack of a thiophenyl group in another analog, 2e, reduced its

efficacy as observed by cytotoxicity and pharmacophore matching. Further-

more, GSTO1 inhibition by S2E, along with tamoxifen, led to a significant

increase in apoptosis and decreased migration of aggressive MDA-MB-231

cells, as well as significantly decreased migration, invasion and mammosphere

formation in sorted breast cancer stem cells (CSCs, CD24�/CD44+). GSTO1

silencing in breast CSCs also significantly increased apoptosis and decreased

migration. Mechanistically, GSTO1 inhibition activated the c-Jun N-terminal

kinase stress kinase, inducing a mitochondrial apoptosis signaling pathway in

breast CSCs via the pro-apoptotic proteins BAX, cytochrome c and cleaved

caspase 3. Our study elucidated the role of the GSTO1 inhibitor S2E as a

potential therapeutic strategy for preventing chemotherapy-induced breast

CSC-mediated cancer metastasis and recurrence.

Abbreviations

BAX, Bcl-2-associated X protein; CETSA, cellular thermal shift assay; CSC, cancer stem cells; DCFH-DA, 20,70-dichloro-fluorescin diacetate;

DHE, dihydroethidium; ERK1/2, extracellular signal-regulated kinases 1 and 2; GPX, glutathione peroxidase; GSH, glutathione; GST,

glutathione S-transferase; GSTO1, glutathione S-transferase omega 1; HIF, hypoxia-inducible factor; IL, interleukin; JNK, c-Jun N-terminal

kinase; LC50, 50% lethal concentration; ROS, reactive oxygen species; SOD, superoxide dismutase; STAT, signal transducer and activator of

transcription 3; TNBC, triple negative breast cancer.
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Introduction

Breast cancer is the most common malignant disease in

women worldwide [1]. It is classified into five major dis-

tinct subtypes, luminal A, luminal B, normal breast-like

type, HER2+ and basal, based on heterogeneous

populations and diverse molecular complexity [2].

Luminal-type breast cancer patients express estrogen,

progesterone and HER2 receptors on the cancer cells

and respond to endocrine and HER2 targeted therapies,

respectively [3]. Basal-type breast cancer is the most

aggressive phenotype, in which cancer cells lack expres-

sion of these receptors (triple negative) and therefore

patients do not respond to endocrine, chemo- and radia-

tion therapies [4]. A recent report suggests that triple

negative breast cancers (TNBCs) develop chemoresis-

tance within a few years of initial treatment [5]. During

primary tumor progression, aggressive TNBCs undergo

an epithelial to mesenchymal transition thereby acquir-

ing stem cell properties with associated traits of

increased migration and invasion [6]. The aggressive

property of TNBCs is attributed to a small population

in a heterogeneous tumor called tumor initiating cells or

cancer stem cells (CSCs) [7]. Breast CSCs have special

characteristics such as an increased DNA repair mecha-

nism, high expression of efflux transporters and resis-

tance to apoptosis along with an increased rate of

metastasis and recurrence that lead to poor patient sur-

vival and clinical outcome [8,9]. Thus, it is necessary to

identify a molecular target in aggressive breast CSCs to

inhibit metastasis and recurrence of breast cancer.

Glutathione S-transferases (GSTs) belong to a super-

family of enzymes that combine glutathione (GSH) and

various exogenous and endogenous metabolites during

biotransformation [10]. GSTs are mainly classified into

two distinct types based on their cellular localization –

membrane-bound microsomal and cytosolic [11]. Micro-

somal GST consists of three isoforms encoded by a single

gene located on chromosome 12 that are involved in the

endogenous metabolism of leukotrienes and prostaglan-

dins [12]. Cytosolic GST represents a genetic polymor-

phism and is classified into seven classes – alpha, mu,

omega, pi, sigma, theta and zeta [13]. In humans, cytoso-

lic GSTs are encoded by seven different chromosomes

but share ~ 30% sequence identity [13]. There are signs

of both structural and functional redundancies between

isozyme family members [14]. GST and its substrate

GSH play a major role in detoxification of chemothera-

peutic agents in cancer cells [14,15]. Interestingly, recent

literature suggests that chemotherapy induces the expres-

sion of GSTO1 in aggressive breast cancer cells, which

leads to metastasis [16, but there is a lack of studies sug-

gesting its therapeutic role in breast CSCs.

Chemotherapeutic agents are known to kill cancer cells

but remain ineffective against breast CSCs [9,17]. There-

fore, efficacious small molecules targeting these breast

CSCs are necessary to avoid metastasis of breast cancer.

Chalcones are a major class of natural molecules

with extensive distribution in vegetables, tea, beer,

spices and fruits [18]. The natural or synthetic chal-

cone derivatives exhibit various biological activities

including antimicrobial, antioxidant, anti-inflamma-

tory, antileishmanial and anticancer [19]. The major

actions of chalcone derivatives in cancer include induc-

ing apoptosis, regulating cell proliferation, scavenging

reactive oxygen species (ROS), and inhibiting tumor

invasion and metastasis [20,21]. Our earlier studies also

reported that the sulfonamide chalcones were effective

apoptotic agent against the human lymphatic filarial

parasite Brugia malayi [22].

In the present study, chemotherapeutic drug treat-

ment induced expression of GSTO1 in the aggressive

TNBC cell lines MDA-MB-231, MDA-MB-468, BT-

549 and MDA-MB-453. Interestingly, estrogen receptor

(ER)-independent mechanisms of tamoxifen in these

TNBCs were observed, as reported earlier by Notas

et al. [22]: an induction of pluripotency factors

(ALDH1A3, Sox2 and Oct1), autophagy, mitochon-

drial, transporters, microtubules and catabolism-related

protein expression in MDA-MB-231 treated with

tamoxifen. This led us to evaluate the apoptotic effect of

sulfonamide chalcones [23] and their thia-Michael

adducts [24], as synthesized and reported previously,

against these TNBCs as well as to perform molecular

docking with GSTO1. Among the series, compound

S2E showed a low 50% lethal concentration (LC50)

value and glide score as well as binding to GSTO1, sup-

ported by a cellular thermal shift assay and fluorescence

spectroscopy. Inhibition of GSTO1 by S2E caused sig-

nificant perturbation of proliferation and migration of

aggressive MDA-MB-231 cells as well as invasion and

mammosphere formation of sorted CD24�/CD44+

breast CSCs. Finally, we assessed the role of GSTO1

inhibition along with chemotherapeutically induced

apoptotic intracellular signaling mechanisms in breast

CSCs. This study elucidated the role of GSTO1 inhibi-

tion in breast CSCs as a potential therapeutic strategy

for preventing cancer recurrence due to metastasis.

Results

Chemotherapeutic-induced differential

expression of GST isoforms in aggressive TNBCs

Recent literature suggests chemotherapy-induced

enrichment of breast CSCs via hypoxia-inducible factor
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(HIF)-mediated signaling [16,25,26]. We observed a

chemotherapeutic- induced differential expression of

GSTO1 mRNA and protein in TNBCs such as MDA-

MB-231 (Fig. 1A,B), MDA-MB-468 (Fig. 1C,D),

MDA-MB-453 and BT-549 cells (data not shown). In

contrast, other GST isoforms such as GSTM1, GSTK1,

GSTA1, GSTZ1, GSTT1 and GSTO2 were not simi-

larly induced by chemotherapeutic treatment except that

GSTP1 was observed to be increased by doxorubicin in

MDA-MB-231 cells (Fig. 1E) and GSTP1 and GSTK1

was increased by tamoxifen in MDA-MB-468 cells

(Fig. 1F). These results suggest that chemotherapy-

induced GSTO1 expression modulates the oxidative

stress generated within the TNBC cells thereby making

these aggressive and chemoresistant.

Modulation of oxidative stress by

chemotherapeutics in TNBCs

Chemotherapeutics are known to induce apoptosis of

cancer cells by simultaneous generation of oxidative

stress levels [27]. To evaluate the modulation of oxida-

tive stress levels due to chemotherapeutic-induced

GSTO1 in TNBCs, we performed quantitative real-time

RT-PCR to assess the expression levels of various other

antioxidant as well as hypoxia-related genes. While

HIF-1a was observed to be significantly up-regulated by

tamoxifen and doxorubicin treatment in MDA-MB-231

cells (Fig. 2A) and by tamoxifen alone in MDA-MB-

468 cells (Fig. 2B), but not with docetaxel and gemc-

itabine as compared to vehicle control, all other antioxi-

dant genes, such as those for catalase, superoxide

dismutase (SOD) 1, SOD2, SOD3, glutathione peroxi-

dase (GPX) 1, GPX2 and GPX3 as well as HIF2a, were

relatively unaffected in these TNBCs with chemothera-

peutic treatment. These data indicate an ER-indepen-

dent effect of tamoxifen leading to HIF-1a up-

regulation that in turn is known to promote GSTO1

expression, which modulates the oxidative stress within

the TNBCs. The ROS generated were qualitatively and

quantitatively evaluated by dihydroethidium (DHE)

staining and 20,70-dichloro-fluorescin diacetate (DCFH-

DA) assays, respectively, as described in ‘Materials and

methods’. ROS was observed to be significantly high in

MDA-MB-231 (Fig. 2C,D) and MDA-MB-468

(Fig. 2e,F) cells treated with docetaxel and gemcitabine

as compared to vehicle control. Interestingly, TNBCs

treated with tamoxifen or doxorubicin that led to an

increased GSTO1 expression showed markedly less cel-

lular ROS levels thereby suggesting that enhanced

GSTO1 expression mitigates the ROS generated in these

cells and can be a molecular target for anti-cancer thera-

peutics.

Molecular docking of chalcone analogs to GSTO1

The anticancer property of chalcones [28] led us to evalu-

ate molecular docking of our prior synthesized sulfon-

amide chalcones [23] as well as their thia-Michael

adducts [24] to GSTO1. Co-crystallized structures of

GSTO1 [Protein Data Bank (PDB) code: 4YQU, 4YQV

and 5G5A] were retrieved from www.rcsb.org and sub-

jected to XP glide docking as described in ‘Materials and

methods’. Docking ability was assessed with RMSD of

best docked structural pose (ash color) by superimposi-

tion on its native co-ligand in X-ray crystallographic

structure (green color). The RMSD values of co-ligands

of 4YQU, 4YQV and 5G5A were 1.7065, 2.1245 and

3.8232, respectively (Table 1). The enzyme with lowest

RMSD value corresponding to 4YQU was selected for

molecular docking analysis. A sulfonamide chalcone ser-

ies containing 12 compounds (Fig. 3) as well as their

thia-Michael adducts for both R and S configuration

(Figs 4 and 5) showed a fairly good binding to GSTO1

with glide score ranging from �5.5 to �9.2 suggesting

differential inhibition of GSTO1.

Cytotoxicity profile of GSTO1 specific inhibitors

The anticancer activity of synthesized sulfonamide

chalcones and their thia-Michael adducts was evalu-

ated in the TNBC cell lines MDA-MB-231 and MDA-

MB-468 as well as HEK293 human primary kidney

control cells. Among these compound S2E showed a

higher efficacy against MDA-MB-231 and MDA-MB-

468 cells with low LC50 values of 3.75 � 0.73 and

4.76 � 0.28 lM, respectively (Table 2). Interestingly,

S2E showed less cytotoxicity towards HEK293 cells

with 7–10-fold high LC50 values (29.8 � 0.69 lM) as

compared to TNBCs (MDA-MB-231 cells) (Table 1).

Ethacrynic acid, a standard GST inhibitor, showed less

potential against MDA-MB-231 and MDA-MB-468

cells with high LC50 values of 42.74 � 0.93 and

39.04 � 1.12 lM, respectively, suggesting 9–10-fold

higher efficacy of S2E.

Molecular binding of S2E to GSTO1

Earlier reports suggest binding of chalcones to molecu-

lar targets such as HIF1a [25], phospholipase A2 [29]

and tubulin polymerization [30] in cancer cells. In our

molecular docking study, we observed that the R-con-

figuration (Fig. 5K) of S2E binds better than the S-

configuration (Fig. 5L) and therefore we have pre-

dicted the binding interaction of R-S2E. The impor-

tant hydrogen bond donor interaction occurs between

GSTO1 and S2E with Val-72 (2.14 �A) (Fig. 6A) and

2169The FEBS Journal 286 (2019) 2167–2192 ª 2019 Federation of European Biochemical Societies

K. Manupati et al. GSTO1 inhibitor promotes apoptosis of breast CSCs

 17424658, 2019, 11, D
ow

nloaded from
 https://febs.onlinelibrary.w

iley.com
/doi/10.1111/febs.14813, W

iley O
nline L

ibrary on [04/05/2024]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense

http://www.rcsb.org/pdb/search/structidSearch.do?structureId=4YQU
http://www.rcsb.org/pdb/search/structidSearch.do?structureId=4YQV
http://www.rcsb.org/pdb/search/structidSearch.do?structureId=5G5A
http://www.rcsb.org
http://www.rcsb.org/pdb/search/structidSearch.do?structureId=4YQU
http://www.rcsb.org/pdb/search/structidSearch.do?structureId=4YQV
http://www.rcsb.org/pdb/search/structidSearch.do?structureId=5G5A
http://www.rcsb.org/pdb/search/structidSearch.do?structureId=4YQU


BA

DC

FE

GSTO1

Tubulin

28

50

MDA-MB 231

Mol mass

kDa

GSTO1

Tubulin

28

50

MDA-MB 468

Mol mass

kDa

Fig. 1. Chemotherapeutic-induced GSTO1 expression in TNBCs. Docetaxel, doxorubicin, gemcitabine and tamoxifen treatment at their IC50

concentrations (from literature) on MDA-MB-231 and MDA-MB-468 cells. (A–D) Differential expression levels of GSTO1 in TNBCs treated

with different chemotherapeutic agents: mRNA (A) and protein (B) expression in MDA-MB-231 cells; mRNA (C) and protein expression (D)

in MDA-MB-468 cells. (E,F) Differential mRNA expression of GST isoforms was observed in MDA-MB-231 (E) and MDA-MB-468 (F) cells.

Data are the mean � SEM of three independent experiments. *P ≤ 0.05 (t-test) as compared to vehicle control.
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hydrogen bond acceptor interaction with Ser-86

(2.77 �A) (Fig. 6B). The only interaction visible in the

metal–ligand complex of the X-ray crystallographic

structure of GSTO1 PDB ID 4YQU is an aromatic

ring and Phe-34 (Fig. 6C). This interaction was also

observed in S2E (R) (Fig. 5K). The binding affinity of

S2E was observed to be more than that of the stan-

dard GST inhibitor, ethacrynic acid. The relatively low

XP glide score of �6.6 observed for ethacrynic acid

binding to GSTO1 and, more interestingly, binding of

S2E in the active site of GSTO1 (Fig. 6D) correlated

well with the observed experimental results.

Cellular thermal shift of GSTO1 due to S2E

binding

Next, to validate the molecular docking interaction of

S2E with GSTO1, we performed a cellular thermal

shift assay (CETSA) as described previously [31]. To

assess the binding affinity, MDA-MB-231 cells were

treated with vehicle control (DMSO) or S2E (25 lM)

followed by detection of GSTO1 stabilization con-

firmed by immunoblotting. The expression of GSTO1

in cells treated with DMSO decreased at 54 °C but

completely vanished at 58 and 62 °C (Fig. 6E). In con-

trast, on addition of S2E, GSTO1 was moderately

expressed at 54–62 °C indicating a shift in temperature

of GSTO1 stabilization thereby confirming that S2E

binds to GSTO1 protein.

Fluorescence quenching of GSTO1 by S2E

The GSTO1 binding to S2E was evaluated by the intrin-

sic fluorescence change in GSTO1 (fluorophore) detected

in the presence or absence of S2E (quencher) using fluo-

rescence spectroscopy as described in the ‘Materials and

methods’ [32]. The quenching process is primarily cate-

gorized as static, dynamic or both occurring simultane-

ously in the medium depending on the extent of

molecular interactions between the fluorophore and

Fig. 2. Chemotherapeutic-induced ROS modulation in TNBCs. (A,B) Differential expression levels of antioxidant and hypoxia-inducible factor

genes in chemotherapeutic-treated MDA-MB-231 (A) and MDA-MB-468 (B) cells. (C,D) Intracellular ROS levels were differentially regulated

by chemotherapeutics as depicted by DHE staining (C) and DCFH-DA assays (D) in MDA-MB-231 cells. (E,F) Similar effects were also

observed by DHE staining (E) and DCFH-DA assays (F) in MDA-MB-468 cells. Scale bars: 50 lm. Data are the mean � SEM of three

independent experiments. *P ≤ 0.05 (t-test) as compared to vehicle control.
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quencher. The complexation kinetics and quenching pro-

cess also significantly depend on the temperature. The

Stern–Volmer constant (Ksv) and bimolecular quenching

constant (Kq) for analysis of fluorescence quenching

mechanism can be determined from the equation [32]:

F0=F ¼ 1þ Kq � s0½Q� ¼ 1þ Ksv½Q�;

where [Q] is concentration of S2E, F is fluorescence

intensity of GSTO1 alone, F0 is fluorescence intensity

of S2E with GSTO1 and s0 is the average lifetime of the

fluorophore in the absence of quencher. Static quench-

ing usually occurs due to the formation of a non-fluores-

cent complex and its stability steadily declines with

increasing temperature reflected as a reduction in the

Table 1. Calculation of RMSD of co-crystallized structures of GSTO1 from Protein Data Bank.

Sl.

no.

PDB

ID

Resolution

(�A)

Superposition of docked co-ligand on its originally bound native conformation of co-ligand in X-ray

ligand–enzyme complex RMSD

1. 4YQU 1.94 1.7065

2. 4YQV 2.06 2.1245

3. 5G5A 1.95 3.8232
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quenching constant (Ksv). Dynamic quenching is, how-

ever, dependent on the rate of quencher diffusion

towards the fluorophore, and hence the Ksv is observed

to proportionally increase with a concomitant increase

in temperature.

Fluorescence intensity of GSTO1, due to the pres-

ence of tryptophan residue, was observed to be

dose-dependent. A decrease in fluorescence signal

(quenching) with an increasing concentration of S2E

(0, 2.5, 5, 7.5 and 10 lM) was observed (Fig. 6F).

An increasing trend in the calculated Ksv values at

four different temperatures, 298, 303, 310 and

318 K (Table 3), indicated a dynamic quenching

process owing to the molecular interactions between

GSTO1 and S2E. However, the bimolecular quench-

ing constant values were observed to be higher

(2.0 9 1013 L�s�1�mol�1) than the standard biomole-

cule diffusion constant (2.0 9 1010 L�s�1�mol�1) [32].

The determination of the binding constant (Kb) of

S2E and binding sites (n) on GSTO1 was estimated

using the equation:

logðF0 � FÞ=F ¼ logKb þ n log½Q�:

Evaluations indicated the presence of only one bind-

ing site, a high binding affinity (~ 10 9 105 mol�L�1

at ambient temperatures) and a reversible binding

mode (a concomitant increase in Kb with increase in

temperature) (Table 3).

The nature of interaction (hydrophobic, electro-

static, van der Waals or H-bonds) between GSTO1

and S2E was evaluated from the analysis of thermody-

namic parameters, DH, DS and DG employing the

equations:

lnðKb2=Kb1Þ ¼ ½1=T1 � 1=T2�dH=R

DG ¼ �RT lnðKbÞ ¼ DH� TDS;

where Kb is binding constant, T is absolute temperature

and R is the gas constant. It is inferred that when

DH ˃ 0 and DS ˃ 0, the interaction between the biomo-

lecule and small molecule is hydrophobic; if a hydrogen

bond exists then DH < 0 and DS < 0; in case of a van der

Waals interaction, DH < 0 and DS ˃ 0 [32]. The calcu-

lated values of enthalpy (DH) and entropy (DS) indicated

a hydrophobic interaction between GSTO1 and S2E,

while the negative values of DG suggests a spontaneous

formation of the complex (Table 3)

S2E-induced decrease in GSTO1 expression and

activity

Chalcones like S2E are known to inhibit HIF-1a, which

in turn positively regulates the expression of GSTO1

A B C D

E

F

2a: -7.5 2b: -6.2 2c: -6.8 2e: -6.8

G H2g: -7.4 2j: -6.3 2k: -7.5 2l: -6.8

I J K L2o: -6.5 2q: -7.6 2r: -5.8 2s: -7.4

Fig. 3. Molecular docking of GSTO1 to chalcone compounds. (A–L) 2D ligand interaction diagram of 12 chalcone compounds (2a, 2b, 2c, 2e,

2g, 2j, 2k, 2l, 2o, 2q, 2r, 2s); GSTO1 inhibitors with XP glide score shown at the top right.
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[33]. Our data also indicate a significant decrease in

tamoxifen-induced increased HIF-1a mRNA expression

by S2E in MDA-MB-231 cells (Fig. 6G). Also, tamox-

ifen-induced increased expression of GSTO1 mRNA

(Fig. 6G) and protein (Fig. 6H) levels in MDA-MB-

231 cells was significantly reduced by S2E. To evaluate

a concentration-dependent response of S2E and tamox-

ifen in MDA-MB-231 cells, immunoblot analysis

depicted a markedly high GSTO1 protein expression in

the presence of tamoxifen at 1 and 10 lM concentration

that was abrogated by S2E at 3 lM (Fig. 6H). These

data collectively suggest a plausible therapeutic role of

S2E in TNBCs during chemotherapeutic treatment.

Furthermore, S2E and ethacrynic acid significantly

decreased purified GSTO1 enzyme activity as compared

to vehicle control (Fig. 6I). Similarly, a significant

increased and decreased GSTO1 enzyme activity was

observed in MDA-MB-231 cells treated with tamoxifen

and S2E, respectively, as compared to vehicle control

suggesting a potential GSTO1 enzyme inhibitory role

for S2E (Fig. 6J). Tamoxifen-induced increased GSTO1

activity was significantly decreased in the presence of

ethacrynic acid but less efficiently than S2E, thereby

confirming that S2E is more potent than ethacrynic acid

(Fig. 6J). The amino acid residues interacting with

ethacrynic acid showed a hydrogen bond acceptor

interaction for Trp-180 (Fig. 7A) and hydrophobic

interaction for Leu-18, Leu-71, Pro-73, etc. (Fig. 7B).

Pharmacophore evaluation of GSTO1 inhibitor

S2E

The best pharmacophore hypotheses generated from 20

known inhibitors (Table S1), ADHRR_3 (A, hydrogen

bond acceptor; D, hydrogen bond donor; H, hydropho-

bic group; R, aromatic ring) with highest phase hypoth-

esis score of 1.07, could effectively map the inhibitor

S2E (Fig. 7C). For the pharmacophores generated

using the co-ligand (4GB-301) of PDB 4YQU, the X-

ray crystal structure revealed a breakdown of all eight

pharmacophore sites (A1, A2, A3, A4, D5, H6, H7 and

H8) generated by phase (Fig. 7D). The E-pharmaco-

phore generated from the protein–ligand complex of

4YQU (Fig. 7E) showed that the two important phar-

macophore features based on geometry are hydropho-

bic (H) and aromatic ring (R). Our identified GSTO1

inhibitor, S2E, matched these two features (Fig. 8A).

Among the features, A2, H7, R8 and D5 nicely

matched the inhibitor S2E (Fig. 8B). The 4-methyl

group of the benzene sulfonamide ring matched the

A B C D

E F G H

I J K L

SA(R): -7.0 SA(S): -8.4 SB(R): -7.2 SB(S): -8.6

SC(R): -7.7 SC(S): -6.7 SD(R): -8.6 SD(S): -6.4

SE(R): -7.6 SE(S): -6.4 SJ(R): -6.0 SJ(S): -6.3

Fig. 4. Molecular docking of GSTO1 to thia-Michael adducts of chalcone compounds. (A–L) 2D ligand interaction diagram of six (thia-Michael

adduct both R and S configuration) chalcone compounds (SA, SB, SC, SD, SE, SJ); GSTO1 inhibitors with XP glide score shown at the top

right.
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hydrophobic feature H5 of the generated E-pharmaco-

phore, which was observed to be crucial in S2E

(Fig. 8C) for anticancer activity. The absence of the 4-

thiophenyl group in 2e (Fig. 8D) increased the LC50 to

9.39 in 2e as compared to 3.75 in S2E thereby corrobo-

rating the cytotoxicity and pharmacophore matching.

Docking interactions of the compounds with LC50 val-

ues < 10 lM [2e (2.78 �A), 2l (2.64 �A), 2r (3.01 �A), 2s

(3.19 �A) and S2E (2.14 �A)] depicted binding to Val-72

(hydrogen bond acceptor). The interacting pharma-

cophore of S2E and hydrogen bond donor group of

Val-72 are closer than the others. The amino acid resi-

dues of GSTO1 interacting most with S2E were Phe-34

(p–p) and Ser-86 (hydrogen bond acceptor). The dock-

ing pose of S2E (ash color) superimposed on the dock-

ing pose of the original crystallographic bound co-

ligand (4GB-301, green color) of 4YQU in the active

site, showing that the 4-methylbenzenesulfonamide ring

part of the thia-Michael adduct binds differently from

the co-ligand (Fig. 8E). Therefore, the presence of the

4-methyl group of the benzene sulfonamide ring favors

higher activity of S2E. The hydrophobic enclosures of

inhibitor S2E are residues Phe-31, Phe-34, Leu-56, Leu-

71, Leu-72, Pro-124, Val-127, Phe-225, Phe-229 and

Leu-230. The 4-bromophenyl, thiophenyl and 4-methyl

groups of the benzene sulfonamide rings showed an

excellent interaction with the above amino acid residues

(Fig. 8F). The interacting amino acid residues of

GSTO1 are Ser-86 (2.77 and 2.81 �A) and Val-72

(2.14 �A). The 3D-ligand interaction of S2E with

GSTO1 showed that Val-72 interacts more strongly

than Ser-86. The docking pose of S2E (ash color)

superimposed on the docking pose of ethacrynic acid

(green color) in the active site, showing that the 4-

methylbenzenesulfonamide ring part of the thia-Michael

adduct and thiophenyl ring binds differently from etha-

crynic acid (Fig. 8G). Thus, the presence of the 4-

methyl group of the benzene sulfonamide ring and the

thiophenyl ring both favors higher activity of S2E than

ethacrynic acid. The in silico ADME properties of all

the 24 compounds (Table S2) were within the recom-

mended range of 95% of known drugs indicating the

drug likeness of the series including S2E. However, the

efficient binding of S2E to GSTO1 and inhibition of its

enzymatic activity in chemotherapeutic-treated TNBCs

suggests probable anticancer activity.

Modulation of TNBC apoptosis by GSTO1

inhibitor S2E

The enzyme GSTO1 is able to detoxify chemothera-

peutic drugs in cancer cells rendering them

A B C D

E F G H

I J

SN(R): -7.6 SN(S): -8.3 S2A(S): -7.6S2A(R): -7.6

S2B(R): -7.5 S2B(S): -6.8 S2C(R): -9.2 S2C(S): -6.7

S2D(R): -6.3 S2D(S): -7.7 K LS2E (R): -8.1 S2E (S): -7.0

Fig. 5. Molecular docking of GSTO1 to S2E analogs. (A–L) 2D ligand interaction diagram of six (thia-Michael adduct both R and S

configuration) chalcone compounds (SN, S2A, S2B, S2C, S2D, S2E); GST01 inhibitors with XP glide score shown at the top right.
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chemoresistant [16]. Thus, it was hypothesized that tar-

geting GSTO1 inhibition with S2E would lead to an

efficacious apoptosis of otherwise aggressive TNBCs.

A significantly (P < 0.05) high percentage of apoptotic

(early and late) cells was observed in MDA-MB-231

cells treated with S2E (35.8 � 14.1) as compared to

vehicle control (9.4 � 2.4) (Fig. 9A). S2E in the pres-

ence of tamoxifen could significantly (P < 0.01)

increase the percentage of the population that were

apoptotic (40.4 � 5.6) as compared to tamoxifen alone

(25.1 � 7.0) but not to S2E alone (Fig. 9A). Further-

more, the molecular expression of pro-apoptotic genes

Bax and Bid as well as the anti-apoptotic gene for B-

cell lymphoma 2 (Bcl-2) was significantly increased

and decreased, respectively, in MDA-MB-231 cells by

S2E in the absence or presence of tamoxifen as com-

pared with either vehicle control or tamoxifen alone

(Fig. 9B). Similarly, expression of the pro-apoptotic

proteins Bcl-2-associated X protein (BAX), cleaved

caspase 3 and annexin V was markedly elevated in

MDA-MB-231 cells treated with S2E in the presence

or absence of tamoxifen (Fig. 9C). These results indi-

cate that GSTO1 inhibition potentiated tamoxifen-

induced apoptosis in aggressive TNBC cells and corre-

late well with the earlier report that MDA-MB-231

(ER negative) breast cancer cells when treated with

tamoxifen showed an ER-independent activation of

caspase-3-like proteases and cleavage of poly(ADP-

ribose) polymerase thereby leading to apoptosis [34].

These aggressive TNBCs are known to possess high

migratory capacities enabling them to metastasize to

distant organs in the body [4]. GSTO1 inhibitor, S2E

(1.5 lM), at a concentration at which it inhibited

< 25% of cell proliferation (Fig. 9D) produced a sig-

nificant decrease in migration of MDA-MB-231 cells

at 36 and 48 h as compared to vehicle control

(Fig. 9E). Interestingly, S2E (1.5 lM) in the presence

of tamoxifen (5 lM) could significantly decrease

MDA-MB-231 cell migration as compared with vehicle

control and/or tamoxifen (5 lM) but not S2E (1.5 lM)

alone suggesting a therapeutic combination that effec-

tively regulates the migratory property of TNBCs. The

aggressiveness of TNBCs is contributed by small popu-

lations known as breast CSCs that possess a high

migratory and invasive potential [9].

GSTO1 inhibitor S2E reduces stemness in breast

CSCs

We evaluated GSTO1 protein expression in sorted

breast CSCs (CD24�/CD44+) and cancer (CD24+)

cells as described previously [31]. Interestingly, CD24�/

CD44+ breast CSCs depicted markedly high expression

of GSTO1 as compared with CD24+ cells (Fig. 10A).

Cell viability of the CD24�/CD44+ breast CSCs

depicted a marked decrease in the presence of S2E with

low IC50 values of 2.71 � 0.02 lM as compared with

CD24+ cells (IC50: 5.79 � 0.03 lM) (Fig. 10B). This

observation suggests a possible modulation of stemness

phenotype of breast CSCs. CD24�/CD44+ breast CSCs

showed a significantly high percentage inhibition by

S2E in the presence of tamoxifen (Fig. 10C). In con-

trast, CD24+ cells showed a significant increase in per-

centage inhibition in the presence of tamoxifen only

(Fig. 10C). A reduced level of ROS was observed in

CD24�/CD44+ breast CSCs and CD24+ breast cancer

cells treated with tamoxifen as compared to S2E treated

cells in the absence or presence of tamoxifen

(Fig. 10D). S2E-mediated inhibition of GSTO1 led to

an increase in ROS levels in the presence of tamoxifen

in the CD24�/CD44+ breast CSCs that expressed

higher levels of GSTO1 as compared to CD24+ breast

cancer cells (Fig. 10D). A crucial phenomenon in

metastasis is migration of breast CSCs from the pri-

mary site to secondary sites resulting in recurrence of

cancer [35]. The rate of cell migration was significantly

attenuated at 36 and 48 h time intervals by S2E

(1.5 lM) but not by tamoxifen (5 lM) as compared with

vehicle control in CD24�/CD44+ breast CSCs

(Fig. 10E). S2E (1.5 lM) in the presence of tamoxifen

(5 lM) showed a further significant decrease in the rate

of cell migration, indicating a role of GSTO1 in pro-

moting migration of breast CSCs. These CSCs when

they migrate to distant sites invade the tissues to further

propagate [35]. Similarly, an in vitro invasion assay

depicted significantly fewer invaded cells in the presence

of S2E but not tamoxifen as compared with vehicle

control treated CD24�/CD44+ breast CSCs (Fig. 10F).

The numbers of invaded cells were further decreased

significantly in the presence of both S2E (1.5 lM) and

tamoxifen (5 lM) in breast CSCs (Fig. 10F) indicating

the efficacy against breast CSCs’ invasiveness. Further-

more, the CD24�/CD44+ breast CSCs showed a signif-

icantly smaller size of mammospheres and poor sphere

forming efficiency in the presence of S2E (1.5 lM) but

not tamoxifen (5 lM) as compared with vehicle control

(Fig. 10G). The sphere forming efficiency was further

decreased significantly by S2E in the presence of tamox-

ifen (Fig. 10G) indicating that the in vitro tumor forma-

tion ability of breast CSCs was efficiently inhibited by

S2E. Although S2E effectively reduced the stemness of

CD24�/CD44+ breast CSCs, both S2E and tamoxifen

alone showed comparable cytotoxicity against CD24�/

CD44+ breast CSCs and CD24+ breast cancer cells,

respectively, thereby suggesting a different mechanism

of action for inducing apoptosis.
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GSTO1 knockdown in breast CSCs reduces

proliferation and migration potential

To further confirm the observations of the GSTO1

inhibitor S2E’s effect on CSC phenotypes, we utilized

GSTO1 siRNA, which significantly reduced the

GSTO1 mRNA expression (Fig. 11A). The tamoxifen-

induced increase in GSTO1 mRNA expression in

scrambled (control) siRNA-transfected breast CSCs

Fig. 6. Molecular target engagement of S2E to GSTO1. (A–D) Molecular docking analysis depicting the 2D ligand interaction of S2E (A)

visualization of hydrogen bond donor and acceptor (B) 2D co-ligand interaction of PDB 4YQU (C) and S2E binding at the active site of 4YQU

(D). (E) CETSA depicting stabilization of GSTO1 in the presence of S2E at high temperature (58 °C) confirming S2E binding to GSTO1. (F)

Fluorescence spectroscopy analysis depicted a decreased fluorescence intensity with the increasing concentrations of S2E thereby further

confirming the binding if S2E to GSTO1. (G) qRT-PCR analysis depicting S2E-mediated significant decrease of tamoxifen-induced high

GSTO1 and HIF-1a expression in MDA-MB-231 cells. (H) Representative images of immunoblot with densitometric analysis (lower panel) of

S2E-mediated decrease in tamoxifen-induced GSTO1 protein expression in MDA-MB-231 cells. (I,J) Biochemical assay performed with

purified GSTO1 protein (I) and cell lysates (J) of MDA-MB-231 cells treated with S2E or ethacrynic acid in the presence or absence of

tamoxifen showing a significant decrease in tamoxifen-induced GST activity by S2E. Data are the mean � SEM of three independent

experiments. P ≤ 0.05 (t-test) as compared to *vehicle control and #tamoxifen-treated group.

Table 3. Binding parameters of GSTO1 and S2E at different temperatures.

T (K) KSV (9105 L�mol�1) Kq (91013 L�s�1�mol�1) Kb (9105 mol�L�1) n DS (J�mol�1�K�1) DH (kJ�mol�1) DG (kJ�mol�1)

298 2.17 � 0.25 2.17 � 0.25 9.80 � 0.24 1.13 � 0.03 155.12 � 4.98 12.04 � 1.54 �34.17 � 0.61

303 2.18 � 0.26 2.18 � 0.26 10.6 � 0.15 1.13 � 0.02 131.21 � 5.84 4.80 � 1.80 �34.95 � 0.36

310 2.18 � 0.27 2.18 � 0.27 11.0 � 0.17 1.14 � 0.00 140.79 � 6.71 7.77 � 2.07 �35.87 � 0.04

318 2.19 � 0.30 2.19 � 0.30 11.9 � 0.26 1.14 � 0.00 �36.99 � 0.57

Fig. 7. Pharmacophore evaluation of S2E, a GSTO1 inhibitor. (A–C) 3D interaction of ethacrynic acid hydrogen bond acceptor (A),

hydrophobic enclosure (B), pharmacophore matching S2E (C). Green, hydrophobic; sky, hydrogen bond donor; orange circle, ring aromatic;

purple, hydrogen bond acceptor. (D) Possible pharmacophoric sites of the co-ligand 4GB-301. (E) Generation of E-pharmacophore matching

with co-ligand of PDB: 4YQU.

2179The FEBS Journal 286 (2019) 2167–2192 ª 2019 Federation of European Biochemical Societies

K. Manupati et al. GSTO1 inhibitor promotes apoptosis of breast CSCs

 17424658, 2019, 11, D
ow

nloaded from
 https://febs.onlinelibrary.w

iley.com
/doi/10.1111/febs.14813, W

iley O
nline L

ibrary on [04/05/2024]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense

http://www.rcsb.org/pdb/search/structidSearch.do?structureId=4YQU
http://www.rcsb.org/pdb/search/structidSearch.do?structureId=4YQU
http://www.rcsb.org/pdb/search/structidSearch.do?structureId=4YQU


was significantly decreased in GSTO1 siRNA-trans-

fected cells (Fig. 11A). A similar decrease in GSTO1

protein levels was observed in GSTO1 knockdown

breast CSCs (Fig. 11B). Control siRNA-transfected

CD24+ breast cancer cells as compared with the

GSTO1 knockdown cells when treated with tamoxifen

showed a significant increase in the percentage inhibi-

tion of cell proliferation (Fig. 11C). In contrast,

CD24�/CD44+ breast CSCs showed a significant

increase in tamoxifen-induced percentage inhibition of

cell proliferation in the presence of GSTO1 siRNA as

compared with the control siRNA-transfected group

(Fig. 11C). Next, we evaluated the migration potential

of breast CSCs with GSTO1 knockdown using wound

healing assay. The results showed that migration rate

was significantly decreased at 24, 36 and 48 h time

intervals by GSTO1 knockdown in the absence or

presence of tamoxifen as compared with scramble

(control) siRNA-transfected cells (Fig. 11D). The

observation of a similar effect between GSTO1 knock-

down and S2E treatment thereby confirms the on-tar-

get effect of the compound.

GSTO1 inhibition by S2E sensitizes breast CSCs

to apoptosis

Breast CSCs are insensitive to chemotherapies regard-

less of the resistance mechanisms [36]. We evaluated

the chemotherapeutic-mediated inhibition of cell pro-

liferation of CD24�/CD44+ breast CSCs in the pres-

ence or absence S2E. Chemotherapeutics that are used

for treating various cancers including breast tumor

prevent cancer cell proliferation by targeting different

cellular activities: doxorubicin and etoposide are DNA

damaging agents that inhibit topoisomerase II, doc-

etaxel inhibits microtubule depolymerization and

A B C

E

D

F G

Fig. 8. Pharmacophore analysis of S2E. (A) Matching of E-pharmacophore of S2E. (B) Pharmacophores of co-ligands matched with S2E. (C,

D) Matching of common pharmacophore with S2E (C) and 2e (D). (E) Docking pose of S2E (ash color) on co-ligand 4GB-301 (green color) in

the active site of GST (F) Visualization of hydrophobic enclosure terms. (G) Docking pose of S2E (ash color) on standard inhibitor ethacrynic

acid (green color) in the active site of GST.

Fig. 9. GSTO1 inhibitor, S2E, induces tamoxifen-mediated apoptosis in TNBCs. (A–C) GSTO1 inhibition by S2E in the absence or presence

of tamoxifen-treated MDA-MB-231 cells depicted a marked increase in annexin-FITC/propidium iodide stained apoptotic cells (A), up-

regulation of pro-apoptotic whereas down-regulation of anti-apoptotic mRNA expression levels (B), and marked increase in apoptotic

proteins BAX, cleaved caspase 3 and annexin V (C). (D) Cell viability with GSTO1 inhibitor, S2E, at a low concentration (1.5 lM) at which it

inhibited < 25% of cell proliferation. (E) S2E led to a decrease in average number of migrated cells. Data are the mean � SEM of three

independent experiments. P ≤ 0.05 (multiple t-test or two-way ANOVA followed by Tukey’s multiple comparison test for migration assay) as

compared to *vehicle control and #tamoxifen-treated group.
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colchicine inhibits tubulin polymerization. These

chemotherapeutic drugs exhibited a significant high

percentage inhibition of CD24�/CD44+ cell viability

in the presence of S2E (similar to S2E alone) as com-

pared to individual chemotherapeutic treatments per se

(Fig. 12A). These results suggest that inhibition of

GSTO1 signaling alone could induce cytotoxicity in

breast CSCs as well as increase the responsiveness to

chemotherapeutics when used in combination

approach. Evaluating the downstream signaling mech-

anisms in CD24�/CD44+ breast CSCs, immunoblot

analysis showed that GSTO1 inhibition in breast CSCs

led to decreased activation (phosphorylation) of extra-

cellular signal-regulated kinases 1 and 2 (ERK1/2),

AKT, p38, Src and signal transducer and activator of

transcription 3 (STAT3, transcription factor) signaling

kinases as compared with vehicle control (Fig. 12B).

However, tamoxifen treatment did not decrease the

phosphorylation of these signaling kinases as com-

pared with vehicle control (Fig. 12B). In contrast,

increased phosphorylation of c-Jun N-terminal kinase

(JNK) and nuclear factor-jB p65 expression was

observed in the presence of treatment with S2E but

not tamoxifen, suggesting GSTO1 inhibition led to

activation of the JNK stress kinase pathway

(Fig. 12B). Next, to confirm if this observation in

CD24�/CD44+ breast CSCs holds true, we evaluated

the proliferation in the presence of these signaling inhi-

bitors with or without S2E. Indeed, GSTO1 inhibition

by S2E could significantly increase the percentage inhi-

bition (not up to the level of the effect as observed in

the absence or presence of chemotherapeutics, for

unknown reasons) of breast CSCs in the presence of

the inhibitors of various signaling pathways such as

SB203580 (p38), wortmannin (AKT), U0126 (ERK1/

2), PP2 (Src) and S3I-201 (STAT3) but not in the pres-

ence of a JNK inhibitor, SP600125 (Fig. 12C). This

result confirms the involvement of JNK signaling dur-

ing GSTO1 inhibition-mediated breast CSC apoptosis.

Finally, to evaluate the apoptotic mechanism in

CD24�/CD44+ breast CSCs, we isolated mitochon-

drial and cytosolic fractions for immunoblot analysis

of apoptotic markers. Results showed that the levels of

the pro-apoptotic proteins BAX, cytochrome c and

cleaved caspase 3 were markedly increased in the mito-

chondrial fraction of CD24�/CD44+ breast CSCs

treated with S2E in the presence or absence of tamox-

ifen, which was perturbed by the JNK inhibitor

SP600125 (Fig. 12D). Interestingly, the mitochondrial

fraction of S2E-treated CD24�/CD44+ breast CSCs

showed a high JNK activation (pJNK) level as com-

pared with vehicle control (data not shown) that was

markedly reduced in the presence of SP600125, indi-

cating translocation of mitochondrial apoptotic mark-

ers by activated JNK from cytoplasm to mitochondria

[37]. These results altogether demonstrated that inhibi-

tion of chemotherapeutic-induced GSTO1 activates

JNK stress kinase in breast CSCs thereby potentiating

apoptosis via activation of mitochondrial apoptotic

signaling cascades (Fig. 13).

Discussion

GSTO1 overexpression has been observed in human

cancer cells wherein it plays a major role in detoxifica-

tion of chemotherapeutic drugs [38]. In 2017, Lu et al.

[16] reported that paclitaxel and carboplatin induced

GSTO1 expression in breast cancer cells, which led to

enrichment of breast CSCs. Similarly, we observed

tamoxifen-induced GSTO1 expression in TNBC cells,

suggesting the aggressive property of TNBC depends

on efficient detoxification of drugs. GSTO1 has been

implicated in various cellular processes including apop-

tosis of cancer cells. GSTO1 catalyzes thiol transferase

reactions during protein glutathionylation [39]. GSTO1

also possess dehydroascorbate reductase activity,

thereby imparting cellular antioxidant protective mech-

anisms [40]. GSTO1 overexpression has been associ-

ated with increased drug resistance against anti-cancer

drugs in a wide range of cancer cells. Reports sug-

gested that cisplatin-induced cytotoxicity in HeLa cells

was neutralized by GSTO1 overexpression via the acti-

vation of cell survival signaling pathways of ERK and

AKT and inactivation of the stress kinase signaling

Fig. 10. GSTO1 modulation leads to altered physiological phenotypes of CD24�/CD44+ breast CSCs. (A–C) CD24�/CD44+ CSCs as

compared with CD24+ cancer cell populations, both isolated from MDA-MB-231 cells, depicted high GSTO1 protein expression (lower panel-

densitometric analysis) (A), low IC50 values of S2E in cell viability assays (B), and significantly high levels of S2E-induced inhibition of cell

proliferation (C) in the presence of tamoxifen. (D) S2E treatment led to increased ROS levels in CD24�/CD44+ breast CSCs and CD24+

breast cancer cells both in the absence and in the presence of tamoxifen. (E–G) S2E in CD24�/CD44+ breast CSCs further reduced the

tamoxifen-induced decrease in migration (E), invasion (F), and mammosphere formation (G). Representative photomicrographs of cell

migration, invasion and mammospheres are depicted in upper panel. Scale bars: 50 lm. Data are the mean � SEM of at least three

independent experiments. P ≤ 0.05 (multiple t-test or two-way ANOVA followed by Tukey’s multiple comparison test for migration assay) as

compared with *vehicle control, #tamoxifen-treated group and $CD24+ breast cancer cells.
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mechanism of JNK [41]. A similar GSTO1 overexpres-

sion was also observed in pancreatic cancer, which was

confirmed using a proteomics approach [42]. GSTO1

overexpression in transgenic Caenorhabditis elegans

was observed to impart resistance to oxidative stress

generated by numerous pro-oxidants [43]. GSTO1 was

also observed to play a major role in neuroprotection

against hydrogen peroxide-induced neurotoxicity by

regulating the mitogen-activated protein kinase signal-

ing pathway [44]. In addition, GSTO1 has been

reported to scavenge free radicals generated by inor-

ganic arsenic, monomethylarsonate and

BA

DC

Tubulin

GSTO1

50

28

Mol mass

kDa

Scramble siRNA +         – +         –

GSTO1 siRNA – +       – + 

Tamoxifen (10 µM)  – – +         +

CD24-/CD44+

Fig. 11. Knockdown of GSTO1 attenuates proliferation and migration of breast CSCs. GSTO1 inhibition using GSTO1 siRNA in breast CSCs

abrogates GSTO1 (A) mRNA and (B) protein expression, which is significantly increased in presence of tamoxifen. (C) GSTO1 knockdown in

breast CSCs significantly increased percentage inhibition of cell proliferation in the presence of tamoxifen but not in cancer cells treated

with GSTO1 siRNA. (D) Also, the migration potential of CD24�/CD44+ breast CSCs further decreased with the GSTO1 knockdown in the

presence or absence of tamoxifen. Data are the mean � SEM of at least three independent experiments. P ≤ 0.05 (multiple t-test or two-

way ANOVA followed by Tukey’s multiple comparison test for migration assay) as compared with *vehicle control and #tamoxifen-treated

group.

Fig. 12. GSTO1 inhibition increases chemotherapeutic-induced apoptosis of breast CSCs via mitochondrial signaling. (A–C) GSTO1 inhibitor

S2E in breast CSCs significantly increased chemotherapeutic-induced percentage inhibition of cell proliferation (A), markedly decrease

activation/phosphorylation of proliferation and migration signaling markers (ERK1/2, AKT, Src and STAT3) and increase activation of JNK stress

kinase (B), and significantly increased the percentage inhibition of cell proliferation in the presence of all except JNK signaling blockers (C). (D)

Mechanistically, activated JNK in breast CSCs treated with S2E led to increased expression of pro-apoptotic markers BAX and cytochrome c

and cleaved caspase 3 in the mitochondrial fractions suggesting a mitochondria-dependent apoptosis pathway. Data are the mean � SEM of at

least three independent experiments. P ≤ 0.05 (multiple t-test) as compared with *vehicle control and #tamoxifen-treated group.
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dimethylarsonate via regulation of Docosahexaenoic

acid (DHA) reduction [40]. GSTO1, one of the impor-

tant members of the GST family, binds to cytokine

release inhibitory drug-binding protein leading to

ATP-induced interleukin (IL)-1b post-translational

processing thereby altering the ligand-gated ion chan-

nels and inducing cell death [45]. These studies suggest

that targeted therapeutics using GSTO1 inhibitors in

cancer cells might enhance the cytotoxic effects and

apoptosis leading to inhibition of tumor growth. To

the best of our knowledge, there are only a few

GSTO1 inhibitors such as N-(3-sulfamoyl) phenyl

chloroacetamide (C1–C27) [13], the sulfonate ester and

acrylamide-bearing peptides that have been reported to

selectively target cancer cell apoptosis [14]. Similar to

our findings, Tsuboi et al. [46] also reported that a-

chloroacetamide, a KT-53 compound, targets GSTO1

and sensitizes aggressive TNBC cells in response to

chemotherapeutic drugs indicating a detoxification role

for GSTO1. The pan GST inhibitor ethacrynic acid

used in the present study is an a,b-unsaturated ketone

used as a diuretic pharmacological agent and is also

effective against human tumor cells wherein it forms a

complex of GSH–ethacrynic acid thereby imparting its

inhibitory activity on GSTP1 [47]. Our findings are in

conjunction with previously reported increased

expression of GSTP1 in response to chemotherapeutics

[16]. However, unlike GSTO1, GSTP1 did not corre-

late well with the clinical association of decreased

relapse-free survival thereby suggesting identification

of GSTO1 inhibitors as effective therapeutics to inhibit

cancer relapse [16].

Literature suggests that both natural and synthetic

chalcones are more effective in cancer prevention and

therapy [48], and their role has been confirmed in clini-

cal and epidemiological studies [49]. The chalcones

isobavachalcone, licochalcone A and xanthohumol

showed tumor necrosis factor-related apoptosis-indu-

cing ligand (TRAIL) -induced apoptosis in HeLa cells

through enhanced expression of TRAIL-receptor 2

[50]. Isobavachalcone showed an anti-proliferative and

pro-apoptotic activity against ovarian OVAR8 and

prostate PC3 cancer cells, as well as against neuroblas-

toma cells IMR32 and NB39 [51]. Xanthohumol

reveals growth inhibitory and apoptosis-inducing

effects on ovarian cancer cell lines OVAR and SKOV3

and prostate cancer cell lines LNCaP, DU145 and

PC3 [52]. Our study involving the sulfonamide chal-

cones correlated well with the existing literature as well

as enhancing the mechanistic understanding of GSTO1

inhibition by S2E that potentiates chemotherapeutic-

induced apoptosis of aggressive TNBCs.

Breast CSCs sorted from these TNBC cells have

been reported to possess a potent antioxidant potential

to maintain stemness, prevent oxidative stress and

thereby promote tumor initiation [53]. The major

antioxidant enzyme within cells is GSTO1, whose

expression has been reported to be HIF dependent

[16]. Chemotherapy-mediated HIF-dependent expres-

sion of IL-6 and IL-8 led to enrichment of breast

CSCs and multidrug resistance protein 1, which in

turn effluxed out the chemotherapeutic drugs from

breast CSCs [54].

In conclusion, we identified that the thia-Michael

adduct of sulfonamide chalcone, S2E, inhibits, by bind-

ing at its active site, GSTO1, a molecular target that is

induced by chemotherapeutics in TNBCs. Molecular

docking analysis of S2E with GSTO1 was supported with

CETSA, fluorescence quenching assays and biochemical

enzyme activity. Furthermore, GSTO1 inhibition signifi-

cantly reduced breast CSC migration, invasion and

mammosphere formation and induced apoptosis.

Finally, mechanistic evaluation of breast CSC apoptosis

revealed that GSTO1 inhibition led to an activation of

the stress kinase JNK that in turn induced the pro-apop-

totic proteins BAX, cytochrome c and cleaved caspase 3

of the mitochondrial apoptosis signaling pathway. This

study suggests that S2E, a GSTO1 inhibitor possessing

drug-like properties, is a potential therapeutic candidate
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that can prevent chemotherapeutic drug-induced breast

CSCs-mediated metastasis and recurrence.

Materials and methods

Cell culture studies and isolation of breast CSCs

The TNBC cell lines MDA-MB-231, MDA-MB-468,

MDA-MB-453 and BT-549 as well as control primary

human embryonic kidney cells, HEK293, were cultured as

described previously [31]. TNBCs and control cells were

treated for 48 h with chemotherapeutic drugs (doxorubicin,

gemcitabine, docetaxel, tamoxifen), vehicle control or sepa-

rately with either tamoxifen or compound S2E and/or a

combination of both at different concentrations as men-

tioned in the figures. Breast CSCs (CD24�/CD44+) were

isolated from MDA-MB-231 cells using Magnetic Acti-

vated Cell Sorting (Miltenyi Biotec Asia Pvt. Ltd., Singa-

pore, Singapore) based on CD24 and CD44 expression as

described previously [31].

Effect on gene expression

Total RNA extracted from the treated cells was used for

cDNA synthesis (Takara, Shiga, Japan). Human gene-spe-

cific forward and reverse primers of various GST isoforms,

apoptotic, antioxidant and hypoxia-related genes were uti-

lized for quantitative real-time RT-PCR (Bio-Rad, Her-

cules, CA, USA) analysis as described previously [55].

Effect on protein expression

Cell lysates were prepared and subjected to SDS/PAGE,

transferred to poly(vinylidene difluoride) membrane and

probed with primary antibodies against signaling or apop-

totic markers followed by incubation with horseradish per-

oxide-conjugated secondary antibodies (CST, Waltham,

MA, USA) as described previously [56]. Visualization was

performed by using G:Box (Syngene, Frederick, MD,

USA).

Measurement of oxidative stress levels

DCFH-DA assay

The intracellular ROS generation was evaluated in MDA-

MB-231, MDA-MB-468, CD24+ and CD24�/CD44+ sorted

cells from the MDA-MB-231 cell line as described previously

[56] using the fluorescence probe DCFH-DA (Sigma-

Aldrich, St. Louis, MO, USA) as previously described [56].

Briefly, TNBC cells were treated with vehicle control or one

of the chemotherapeutics docetaxel, gemcitabine, tamoxifen

and doxorubicin, whereas breast CSCs and breast cancer

cells were treated with either vehicle control or S2E in the

presence or absence of tamoxifen for 48 h.

DHE staining

DHE staining was assessed to evaluate the oxidative stress-

prompted generation of ROS levels in cells as described

previously [57]. Cells were subjected to a treatment for 48 h

and then incubated with 10 lM DHE solution in the dark

for 30 min, followed by PBS wash to remove the extra

stain for imaging with a fluorescence microscope using a

red filter at 910 (Olympus, Shinjuku, Tokyo, Japan).

Molecular docking studies

Ligand and protein preparation and grid generation

Three X-ray crystal structures of GSTO1 with their resolutions

(PDB ID: 4YQU, 1.94 �A; 4YQV, 2.06 �A; and 5G5A, 1.95 �A)

were retrieved from the RCSB protein data bank [58] and a

molecular docking study was performed using the Glide mod-

ule of SCHRODINGER 2017-4 [59]. All the structures of GSTO1

inhibitors were drawn using the 2D sketcher MAESTRO 11.1 and

prepared using the LigPrep module of SCHRODINGER 2017-4

[60] with default parameters. Ligand minimization was per-

formed using an OPLS_2005 force field. The crystal structures

of receptors 4YQU, 4YQV and 5G5A were used to define the

active site. The receptors were prepared using the ‘Protein

Preparation Wizard’ in MAESTRO 11.1 [61]. The receptor with

PDB ID 4YQU was selected for docking because it had a rea-

sonably good resolution (1.94 �A) with the lowest RMSD value

(1.7065). The receptor grid was generated by selecting co-crys-

talized ligand 4GB-301 with 15 �A size for all receptors.

Validation of docking

A set of co-crystallized GSTO1 inhibitors was split from

receptors and subjected to XP glide docking with a corre-

sponding grid of GSTO1 to evaluate the XP glide docking

ability. Docking ability was assessed with RMSD of the best

docked structural pose by superimposition on its native co-

ligand in X-ray crystallographic structure. XP glide docking

was able to predict the right binding disposition of all co-

ligands with a RMSD < 3 �A, which indicates that the Glide

was able to reproduce the native conformation successfully.

Generation of common pharmacophores

The detailed methods for generation of pharmacophore mod-

els have been included in the Supporting information. Analy-

sis revealed that four chemical feature types, i.e. hydrogen

bond acceptor (A), hydrogen bond donor (D), ring aromatic

(R) and hydrophobic group (H), could effectively map all

chemical features of all the inhibitors in the dataset. The vari-

ants were generated with a maximum of five sites that

matched two active ligands. It gave 11 hypotheses (Table S1),

which were scored on the basis of alignment on the active

ligand. The possible pharmacophore hypotheses generated
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from 20 GSTO1 inhibitors (Table S2) were ADHRR,

AAHRR, ADRRR, ADHR, ADRRR, DHRR and DRRR.

Cytotoxicity assay

A sulforhodamine B assay was performed to assess the cyto-

toxicity of the synthesized compounds as well as the GST-spe-

cific inhibitor ethacrynic acid (positive control). Breast cancer

cell lines MDA-MB-231 and MDA-MB-468, as well as con-

trol HEK293 cells (ATCC,Manassas, VA, USA) were treated

at a concentration of 0.01–100 lM for 48 h. Separately,

MDA-MB-231 cells were also treated alone or in combination

with S2E, tamoxifen or signaling blockers or chemotherapeu-

tic drugs. Briefly, post-treatment cells were fixed with 20%

TCA at 4 °C for 1 h and stained with 0.4% Sulforhodamine

B, incubated in the dark for 20 min as described previously

[30]. Absorbance was measured at 510 nm using a multimode

plate reader (Perkin Elmer, Waltham, MA, USA). LC50 of all

the compounds were calculated using PRISM 6.0 (GraphPad

Software Inc., La Jolla, CA, USA).

Cellular thermal shift assay

To evaluate the binding of S2E with GSTO1, MDA-MB-

231 cells were treated with DMSO or S2E (25 lM) for 1 h

at 37 °C. Cells were trypsinized and harvested in the pres-

ence of protease inhibitor. Samples were subjected to heat

at incremental temperatures of 42, 46, 50, 54, 58 and 62 °C

for 3 min followed by immediate freeze/thaw in liquid

nitrogen and at 25 °C as described previously [31,62].

Fluorescence spectroscopy

The concentration of purified GSTO1 was kept constant at

10 9 10�6 mol�L�1 in all the samples with increasing con-

centrations (0, 2.5, 5, 7.5 and 10 lM) of S2E as described pre-

viously [32]. The intrinsic fluorescence was scanned at an

excitation wavelength of 280 nm and an emission wavelength

in the 290–500 nm range. Fluorescence measurements were

taken at four different temperatures (293, 303, 310 and

318 K) on a TECAN multimode reader, Morrisville, NC.

The width between the excitation and emission slits was set

to 5 nm [32]. All experiments were repeated thrice and

appropriate blank experiments corresponding to buffer were

performed to correct the fluorescence background. Calcula-

tions of the parameters Stern–Volmer quenching constant

(Ksv), bimolecular quenching constant (Kq), binding constant

(Kb) and number of binding sites (n), and the thermodynamic

values of enthalpy (DH), entropy (DS) and Gibbs free energy

(DG) were performed as described previously [32].

GST activity

MDA-MB-231 cells were treated with vehicle control or

compound S2E (3 lM) or ethacrynic acid (30 lM) in the

absence or presence of tamoxifen (10 lM). Cell lysates were

homogenized in GST sample buffer, followed by centrifuga-

tion at 10 000 g for 15 min at 4 °C. GST activity was ana-

lyzed in the presence of substrate, glutathione (200 mM) and

1-chloro-2,4-dinitrobenzene (100 mM). Similarly, purified

GSTO1 activity was also assessed in the presence of S2E or

ethacrynic acid. The kinetic reaction was monitored by mea-

suring the absorbance at 340 nm with 60 s interval for 300 s.

Effect on cellular apoptosis

MDA-MB-231 cells were treated with either vehicle control

(DMSO) or compound S2E (3 lM) alone or in combination

with tamoxifen (10 lM) for 48 h. Briefly, Cells were resus-

pended in 0.2 mL PBS contain 5 lL of annexin–FITC and

propidium iodide (10 lg�mL�1) and samples incubated in

the dark for 30 min followed by analysis using a flow

cytometer (FlowSight, Amnis, Seattle, WA, USA) as

described previously [63].

Effect on cellular migration

In vitro cellular migration potential was evaluated using

scratch assay in MDA-MB-231 cells treated with either

vehicle control (DMSO) or compound S2E in the absence

or presence of tamoxifen (10 lM) as described previously

[31]. Separately CD24�/CD44+ sorted breast CSCs were

treated similarly and subjected to chemokinesis analysis.

Images were analyzed to count the number of cells trav-

elled into wound area by IMAGEJ (NIH, Bethesda, MD,

USA) software as described previously [31].

Effect on breast CSC invasion capacity

Transwells were coated with 50 lL of Matrigel and incu-

bated at 37 °C for 1 h. Serum-free medium (750 lL) was

added to the lower chamber and CD24�/CD44+ breast

CSCs were suspended in serum-free medium on top of the

Matrigel followed by treatment as depicted in the figures.

Cells were incubated for 16 h at 37 °C followed by fixation

using 4% paraformaldehyde at room temperature for

2 min. Cells were stained with crystal violet at room tem-

perature for 15 min. Non-invaded cells were scraped off

and invaded cells were counted under the microscope.

Effect on mammosphere forming capacity of

breast CSCs

CD24�/CD44+ sorted cells were plated at a density of

5 9 103 cells/well in 1 mL of mammosphere-specific med-

ium in poly(hydroxyethyl methacrylate) (Sigma-Aldrich)-

coated plates as described previously [31]. Cells were

treated with either vehicle control (DMSO) or alone/combi-

nation of compound S2E (3 lM) and tamoxifen (10 lM).

After 7 days, the images of mammospheres were taken at
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910 magnification using a microscope (Olympus IX71).

The size of spheres was measured and analyzed using NIH

IMAGE J software as described previously [31].

SiRNA silencing of GSTO1

For GSTO1 knockdown, cells were transfected with

100 nM of GSTO1 siRNA or scrambled negative control

siRNA using Oligofectamine (Invitrogen, Waltham, MA,

USA) according to the manufacturer’s instructions [56].

Transfection medium was replaced after 24 h with normal

medium containing vehicle control or tamoxifen for a fur-

ther 48 h followed by performing various assays.

Mitochondrial and cytoplasmic extracts of breast

CSCs

CD24�/CD44+ populations were treated with either vehicle

control (DMSO) or alone/combination of compound S2E

(3 lM) and tamoxifen (10 lM) or S2E, tamoxifen and JNK

inhibitor SP600125 for 48 h. Cells were harvested in the

fractionation buffer and incubated on ice for 15 min. Cells

were lysed and passed using a 27 gauge needle 10 times fol-

lowed by incubation on ice for 20 min. Samples were then

centrifuged at 700 g for 5 min, supernatant was transferred

to a new tube to obtain the mitochondrial pellet fraction

following centrifugation at 5000 g for 5 min, and the super-

natant was collected as cytoplasmic fractions after two

washings with fractionation buffer. Samples of mitochon-

drial and cytoplasmic fractions were subjected to

immunoblotting analysis.

Statistical analysis

Results are presented as the mean � standard error of the

mean of three or more independent experiments with tripli-

cate samples. Photomicrographs represent typical experi-

ments reproduced at least thrice with similar results.

Statistical analyses were performed to determine the differ-

ence between treatment groups and their respective con-

trols, using one/two-way ANOVA followed by Tukey’s

post hoc analysis or Student’s paired t-test with P values

≤ 0.05 considered significant.
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A B S T R A C T

“Green Chemistry” is the universally accepted term to describe the movement towards more environmentally acceptable
chemical processes and products. It encompasses education, research, and commercial application across the entire supply
chain for chemicals. Green Chemistry can be achieved by applying environmentally friendly technologies – some old and
some new. Our living standard rose after the industrial revolution. It developed many products that facilitate life, to extend
human life. Industrial revolution has brought increased production with it. Increased production but also as a source (raw
material) made to be consumed rapidly. However, no one; neither consumers nor scientists, nor some toxic industrial
companies could think that thousands tons of waste contaminate air, water and soil. Only the success of the work done was
measured in the linear structure of the economy without looking at the heritages it has left. Soon, serious environmental
problems and industry associations, waste affecting the ecosystem could not ignore more. Waste reduction, reuse and
recycling green movement started with my community’s increasing awareness of nature conservation, sustainability has
spread in waves with the slogan to become one of the 20th century. For a continually growing population and restricted
resources in a sustainable future in a world where the idea of the idea of development in the 21st century is one of the biggest
opinions of green chemistry. It is significant to understand the principles of green chemistry and green chemistry, to leave a
livable world for future generations and to apply.
Keywords: Chemical pollution, green chemistry, livable environment, sustainability
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1. Introduction
The developing countries that are rapidly constructing new
chemical manufacturing facilities have an excellent
opportunity to apply the catchphrase of Green Chemistry
“Benign by Design” from the ground upwards. It is much
easier to build a new, environmentally compatible plant
from scratch than to have to deconstruct before
reconstructing, as is the case in the developed world. These
can all be considered to be “costs of waste” that effectively
penalize current industries and society as a whole. After a
description of Green Chemistry I will look at the techniques
available to the chemical manufacturers.1,2 This leads
naturally into a more detailed discussion about methods of
evaluating “greenness” and how we should apply
sustainability concepts across the supply chain. It is
important that, while reading this, we see. Green Chemistry
in the bigger picture of sustainable development as we seek
to somehow satisfy society’s needs without compromising
the survival of future generations. The term Green
Chemistry, coined by staff at the US EPA in the 1990s,
helped to bring focus to an increasing interest in developing
more environmentally friendly chemical processes and
products. There were good examples of Green Chemistry
research in Europe in the 1980s, notably in the design of
new catalytic systems to replace hazardous and wasteful
processes of long standing for generally important synthetic
transformations, including Friedel–Crafts reactions,
oxidations, and various base-catalyzed carbon–carbon
bond-forming reactions. Some of this research had led to
new commercial processes as early as the beginning of the
1990s.3 In recent years Green Chemistry has become
widely accepted as a concept meant.

To influence education, research, and industrial practice. It
is important to realize that it is not a subject area in the way
that organic chemistry is. Rather, Green Chemistry is meant
to influence the way that we practice chemistry – be it in
teaching children, researching a route to an interesting
molecule, carrying out an analytical procedure,
manufacturing a chemical or chemical formulation, or
designing a product.4 Green Chemistry has been promoted
worldwide by an increasing but still small number of
dedicated individuals and through the activities of some key
organizations. These include the Green Chemistry Network
(GCN; established in the UK in 1998 and now with about
one thousand members worldwide)  and the Green
Chemistry Institute (established in the USA in the mid
1990s, now part of the American Chemical Society and
with “chapters” in several countries around the world).5-7

Other Green Chemistry Networks or other focal points for
national or regional activities exist in other countries
including Italy, Japan, Greece and Portugal and new ones
appear every year. Green Chemistry can be considered as a
series of reductions (Fig. 1). These reductions lead to the
goal of triple bottom-line benefits of economic,
environmental, and social improvements.8,9 Costs are saved
by reducing waste (which is becoming increasingly
expensive to dispose of, especially when hazardous) and
energy use (likely to represent a larger proportion of
process costs in the future) as well as making processes

more efficient by reducing materials consumption. These
reductions also lead to environmental benefit in terms of
both feedstock consumption and end-of-life disposal.
Furthermore, an increasing use of renewable resources will
render the manufacturing industry more sustainable. The
reduction in hazardous incidents and the handling of
dangerous substances provides additional social benefit –
not only to plant operators but also to local communities
and through to the users of chemical-related products.10-12

Figure 1: Reducing Policy-The heart of Green Chemistry

2. The Costs of Waste
Hundreds of tonnes of hazardous waste are released to the
air, water, and land by industry every hour of every day.
The chemical industry is the biggest source of such waste.
Ten years ago less than 1% of commercial substances in use
were classified as hazardous, but it is now clear that a much
higher proportion of chemicals present a danger to human
health or to the environment. The relatively small number
of chemicals formally identified as being hazardous was
due to very limited testing regulations, which effectively
allowed a large number of chemicals to be used in everyday
products without much knowledge of their toxicity and
environmental impact. New legislation will dramatically
change that situation. In Europe, REACH (Registration,
Evaluation, Assessment of Chemicals) will come into force
in the first decade of the twenty-first century and whilst, at
the time of writing, the final form of the legislation has yet
to be decided, it is clear that it will be the most important
chemicals-related legislation in living memory and that it
will have a dramatic effect on chemical manufacturing and
use.13

REACH will considerably extend the number of chemicals
covered by regulations, notably those that have been on
market since 1981 (previously exempt), will place the
responsibility for chemicals testing with industry, and will
require testing whether the chemical is manufactured in
Europe or imported for use there. Apart from the direct
costs to industry of testing, REACH is likely to result in
some chemical substances becoming restricted,
prohibitively expensive, or unavailable.14 This will have
dramatic effects on the supply chain for many consumer
goods that rely on multiple chemical inputs. Increased
knowledge about chemicals, and the classification of an
increasing number of chemical substances as being in some
way “hazardous”, will have health and safety implications,
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again making the use of those substances more costly and
difficult.15 Furthermore, it will undoubtedly cause local
authorities and governments to restrict and increase the
costs of disposal of waste containing those substances (or
indeed waste simply coming from processes involving such
substances). Thus, legislation will increasingly force
industry and the users of chemicals to change – both
through substitution of hazardous substances in their
processes or products and through the reduction in the
volume and hazards of their waste.16

Figure 2: The costs of waste.

The costs of waste to a chemical manufacturing company
are high and diverse (Fig. 2) and, for the foreseeable future,
they will get worse. These costs and other pressures are
now evident throughout the supply chain for a chemical
product – from the increasing costs of raw materials, as
petroleum becomes more scarce and carbon taxes penalize
their use, to a growing awareness amongst end-users of the
risks.
The clean technology Pool: There is a pool of technologies
that are becoming the most widely studied or used in
seeking to achieve the goals of Green Chemistry. The major
“clean technologies” are summarized in Fig. 3.

Figure 3: The major clean technologies

3. Benefits of Green Chemistry
Green Chemistry provides less waste formation addition to
offering appropriate solutions in the field of economy and
energy; they also reduce the risk of accidents because the
front legs of the advancing reaction to the presence of a safe
way. Overall this is a new approach to ensure preservation
of human health and the environment; the world will play
an active role in the prevention of environmental pollution
in our country and is actively used in various applications.
We see that there are many benefits of green

chemistry.17,18 The major “benefits of green chemistry”
are summarized in Fig. 4.

Figure 4: Benefits of green chemistry.

These advantages, human health, environment and
economy may be described as subtitles, respectively.

4. Conclusion
Green chemistry aims to develop new practice of chemistry
with rules which provides resolutions to problems that
human is facing today such as climate changes, sustainable
farming, energy need, toxics, consuming of natural sources
e.g. designing new chemicals and processes that production
and use of dangerous matters. Therefore green chemistry is
an indispensable tool for sustainable development. It
provides less waste formation addition to offering
appropriate solutions in the field of economy and energy;
they also reduce the risk of accidents because the front legs
of the advancing reaction to the presence of a safe way.
Overall this is a new approach to ensure preservation of
human health and the environment; the world will play an
active role in the prevention of pollution in our country and
is actively used in various applications.
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1. Introduction 
The Multicomponent reactions (MCR) are defined as the 
reaction in which three or more different reactant molecules 
react to form a product, where most, if not all of the atoms 

are incorporated in the final product. This reaction tool 
allows compounds to be synthesized in a few steps and 
usually in one-pot operation. The Multicomponent 
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Reactions (MCRs) define the new horizons towards the 
development of organic synthesis. Obviously, due to this 
reason MCRs are underlined as important routes and 
protocols in organic synthesis and medicinal chemistry1. 
 
In medicinal chemistry, bioisosteres are substituents or 
groups with similar physical or chemical properties which 
produce broadly similar biological behaviour. In drug 
design, the purpose of exchanging one bioisostere for 
another is to enhance the desired biological or physical 
properties of a compound without making significant 
changes in chemical structure. The main use of this term 
and techniques is related to pharmaceutical sciences.2 
Bioisosterism is used to reduce toxicity or modify the 
activity of the lead compound (LC), and may alter the 
metabolism of the lead.3 

 
 The coining of the term bioisosterism goes back to the 
pioneer work of Friedman and Thornber during the early 
50s. Friedman4, recognizing the usefulness of the concept 
isosterism to design bioactive molecules, defined 
bioisosters as compounds which fit the definitions of 
isosteres and which exercise their biological activity of 
bioreceptor, whether through agonist or antagonist actions. 
Among the most recent numerous examples used in the 
strategy of bioisosterism for designing new pharmaco-
therapeutically attractive substances,5-7 there is a significant 
predominance on non-classic bioisosterism, distributed in 
distinct therapeutic categories.8-10 Carboline derivatives 
display a wide range of interesting biological activities from 
intercalation to enzyme inhibition and anticancer to 
psychological activity.   
 
Carboline compounds are frequently isolated from natural 
products in the carbolinium form and thus contain a 
bridgehead quaternary nitrogen.11-13 Synthesis of 
compounds based on this partially saturated system are 
particularly attractive synthetic targets, but the development 
of simple, and high-yielding syntheses has proved 
challenging because of the tendency towards complete 
aromatisation under oxidative conditions, and to date there 
are almost no synthetic examples of these in the 
literature.14-17  
 
Keeping the green approach18-22 in the mind with the 
awareness of environmental issues and the synthetic 
importance of this reactions and our interest to develop the 
new synthetic route for the synthesis of indolo[2,3-
a]quinolizinium salts., we report a heterogeneous Cobalt 
Chloride Doped Polyaniline as Catalyst (PANI-Co) as an 
alternative, cheap, and efficient catalyst for the reaction. 
PANI-Co composite was found to be efficient. The said 
protocol provide an improved procedure for the synthesis of 
indolo[2,3-a]quinolizinium salts under green conditions. 
The heterogeneous Cobalt Chloride Doped Polyaniline 
(PANI-Co) as Catalyst has been proved recyclable and 
environmental friendly. 
 
The focus of this paper is to generate simple and high-
yielding routes to indolo[2,3-a]quinolizinium salts. It is also 

essential to use cheap products, minimise the use of 
chromatography and reduce the number of steps throughout 
the synthesis. 
 
2. Experimental 
General: All commercially available chemicals and 
reagents were purchased from Aldrich and used without 
further purification. The UV-Visible spectra were recorded 
on Schimadzu make UV 1800 spectrophotometer at 
Department of Chemistry, Jijamata Mahavidyalaya, 
Buldana.  
 
The IR spectra of the synthesized compounds were 
recorded on Nicolet Instruments Corporation, USA make 
MAGNA 550 spectrometer. The PMR spectra were 
recorded on Varian, USA make Mercury plus-300 MHz 
NMR spectrometer. The GC-MS analysis of synthesized 
compounds was performed on Hewlett Packard make GCD-
1800A EI source analyzer at Sophisticated Analytical 
Instrument Facility (SAIF), IIT Bombay, Powai, Mumbai. 
 
Preparation of PANI-Co composite as a catalyst: The 
Cobalt Chloride Doped Polyaniline (PANI-Co) composite 
as Catalyst was prepared by the chemical doping method. 
The polyaniline was synthesized by the chemical 
oxidization method at low temperature (0 to 30C). 
Ammonium Persulphate and Hydrochloric Acid used as an 
oxidizing agent as received without further purification. 10 
ml Aniline was first dissolve in 2M 100 ml Hydrochloric 
Acid (HCl) (Merk). Then this solution is kept in the ice bath 
below 50C temperature. Ammonium Persulphate solution 
(Usually 10%) was added to the above solution with 
constant stirring. This polymerization process were 
completed within the three to four hours and finally the 
green colored polyaniline was formed. It was washed with 
the hot dilute HCl and dried it in the oven for 24 Hours.  
 

 
 
An appropriate amount of the Cobalt Chloride 0.1 M was 
dissolve in polyaniline (PANI) solution. Doping of cobalt 
was done by the chemical doping method. For uniform 
distribution of cobalt to form the Cobalt Chloride Doped 
Polyaniline (PANI-Co) composite stirring was continued 
for 2 hours. PANI-Co composite was formed and confirmed 
by the instrumental technique and used as the effective 
catalyst. 
Preparation of dihydro-indolizinium salts:  
Synthesis of 6-(bromoethyl)-4.5.6- dihydro-l H-indolo 
[3,2-g] indolizin-3-ium bromide(1B): A solution of 
bromine (205 mg, 1.28 mmol) in chloroform (5 rnl.) was 
added dropwise to a solution of 1A (190 mg, 0.85 mmol) in 
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chloroform (10 ml.). The reaction mixture was stirred for 6 
h at RT.  
 
The solvent was concentrated till VlICUO and the residue 
was diluted with ethyl acetate (15 mL). The product was 
washed with water (1 x 10 ml.), brine (1 x 10 ml.), dried 
over anhydrous sodium sulfate and filtered. The organic 
layer was evaporated under reduced pressure affording a 
dark orange powder (179 mg, 70 %).  A poor resolution 
was observed in the IH NMR spectrum of 237.  
Mp: decomposition above 230 QC (from AcOEt)  
IR ν max = 3404, 3069, 1620, 1445, 1367, 1226 ern"  
NMR (CD30D) 8tJ = 8.66 (2H, m, H4+ H5), 8.45 (tH, m, 
H~), 7.87 (IH. m. H,+ H7), 7.51 (lH, d, J = 7.2 Hz, H6), 
5.69 (lH, m, Hc), 4.40 (2H, m. H[). 3.88 (2H. t, J = 7.8 Hz, 
HA), 2.80 (2H, m, Ha) ppm  
I3C NMR (DMSO·d6) Oc = 26.0 (C-b), 35.8 (C-d), 53.4 
(C-a). 69.3 (C-c), 106.5, 108.2,113.0 (C-6), 116.6 (C-4), 
119.7 (C-1), 121.7 (C-7), 123.5 (C-8), 127.4, 131.6 (C-5), 
136.1, 142.5 (C-l), 143.8 (C-3) ppm  
MS ESI Positive mlz (%) = 301.03 and 303.03 (100 %)  
HRMS calculated for CI5HI4N2Br = 301.0335 and 
303.0308 found 301.033487 and 303.030844 1 
Synthesis of 6-(hydroxyethyl)-4,5,6-dihydro-lH-indolo 
[3,2-R] indolizin-3-ium bromide (2B): 2A (lOO mg, 0.33 
mmol) was dissolved in a I: I ratio mixture of ethanol/water 
(14 ml.). Then a solution of sodium hydroxide (2M, 5 ml.) 
was added. The whole was heated to reflux for 2 days and 
was then allowed to cool down to RT. A saturated solution 
of sodium hydrogen carbonate (24 ml.) was added to fix pH 
to 7.  
 

 
 
The product was extracted with dichloromethane (3 x 10 
ml.), dried over anhydrous sodium sulfate and filtered off. 
The solvent was removed under reduced pressure. 
 
3. Conclusion 
In above reported work, the green methodology for the 
synthesis of the dihydro-indolizinium salts has been 
developed.  The said protocol provides reaction route for 
new catalytic reagent viz. Cobalt Chloride Doped 
Polyaniline (PANI-Co) composite with greater efficiency, 
simpler operational procedure, and simple reaction 
condition. Also, it provides a higher yield of latent 
bioactive dihydro-indolizinium salts up to 92 %. 
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TEACHING OF COMMERCE WITH ICT: A NOVEL APPROACH  

ABSTRACT 

ICT has transformed the ways human beings communicate as well as do things. 

It has widely impacted different sectors like tourism, transportation, 

telecommunication, governance, etc. In education also, it is playing a vital role 

from admission process to evaluation process. It has significantly 

revolutionized teaching process. It has made teaching more interesting, 

interactive, collaborative and useful by enriching the teaching methodology of 

almost every subject including commerce.  Unfortunately, teachers of 

commerce seldom realize the importance of ICT in teaching of commerce and 

so hardly utilize ICT during teaching and thus generally
 
teach commerce by 

using lecture method with a little or no help of ICT. So, the present paper is a 

humble attempt to understand the novel approach of teaching of commerce 

with ICT, highlighting on the relevance of ICT in teaching of commerce and on 

the suggestions for promotion of ICT in teaching of commerce for the 

betterment of teachers as well as students. 

 Keywords: Teaching of Commerce, ICT  

Introduction  

We are truly living in an ICT (Information and 

Communication Technology) inspired digital 

society and digital economy.  Now-a-days, ICT has 

become talk of the day. Everybody, from street 

vendors to governments, from students to 

academicians, from daily wager to corporate, has 

embraced ICT with open hands and heart, be it 

smart phones, internet or computers. Today, India 

also, like many other countries, is embracing ICT 

in most of arenas especially education as education 

is experiencing more positive changes in its system 

because of the use of ICT. “Research proves that 

appropriate use of ICT can catalyze the 

paradigmatic shift in both content and pedagogy 

that is at the heart of education reform in the 21st 

century” (Bransford, 1999). With the help of ICT, 

many Indian educational institutions are 

digitalizing a gamut of educational services not 

only of teaching but also of administration. Some 

of such online and offline digitalized form of 

services are delivering lectures, providing study 

material, marking attendance of students and 

teachers, giving admission, accepting fee, 

conducting examination, doing evaluation, 

declaring results, maintaining records, issuing 

books from library using barcodes, communicating 

with students and teachers, etc. The UGC 

Notification (Minimum Standards & Procedure for 

Award of M. Phil. / Ph.D. Degree, Regulation, 

2009) dated 1st June 2009 has also mandated 

submission of electronic version of theses and 

dissertations by the researchers in universities with 

an aim to facilitate open access to Indian theses 

and dissertations to the academic community 

world-wide. Online availability of electronic 

theses, through centrally-maintained digital 

repositories, not only ensures easy access and 

archiving of Indian doctoral theses but will also 

help in raising the standard and quality of research. 

This would overcome serious problem of 

duplication of research.   

To be precise, ICT is playing a vital role in each 

and every endeavour of education, especially 

teaching. It has made teaching more interactive and 

collaborative setting aside the monotonous 

traditional teachers-speaking and students-listening 

approach. It has brought positive revolutionary 
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changes in the teaching methodology of many 

teachers of many subjects. But unfortunately, 

teachers (Teachers of commerce) hardily utilize 

ICT in teaching of commerce and thus teach 

commerce, a practical subject, in a theoretical 

manner by using just lecture method only, without 

giving any practical knowledge i.e. hands-on 

experience of the subject. It leads to inadequate 

learning experience in students (students of 

commerce) resulting in low employability not only 

of graduates but also of even among post-

graduates. They face difficulties not only to get any 

job but also to start any business. In their daily life, 

they feel problem in dealing with banks, insurance 

companies, broking firms, sales tax/income tax 

departments, etc. This vicious cycle of ignorance 

about practical knowledge of commerce needs to 

be stopped. With the uses of ICT, a lot can be done 

to bring improvement in the teaching of commerce. 

So, let’s understand the novel approach of teaching 

of commerce with ICT, highlighting on the 

relevance of ICT in teaching of commerce and on 

the suggestions for promotion of ICT in teaching of 

commerce for the betterment of  

Commerce  

Commerce is a very broad subject. It is related with 

the commercial or economic education as it 

focuses on knowledge and skills that make students 

successful businessmen, financial analysts, 

bankers, accountants, IFAs, etc. It is a very 

important subject as it transforms students from 

simple and ordinary persons to extraordinary 

entrepreneurs who are able not only to earn their 

own livelihood and to lead a graceful life but also 

to provide livelihood to others by running big 

businesses and thus by generating millions of jobs 

for millions of unemployed people. It is such a 

comprehensive subject, comprising of theory as 

well as practical, that it has been described 

differently by different scholars so there is no 

single universally accepted definition of 

commerce. Let’s have a look on some of the 

definitions given by the following scholars:  

H. G. Shield: “Real commerce education is 

economic education-economic education, not of 

academic sort, long on theory and short of facts, 

but economic education which will give the student 

knowledge of the basic realities of business life and 

relationships. The basic science of business is 

economics and without a through grounding and 

awareness of economic problems much of the 

material included in secondary school.”  

Nicholas: “Commerce is kind of training which 

prepares the individuals to enter business 

occupations to achieve their primary aims.”  

ICT  

ICT is an umbrella term that encompasses all 

communication technologies such as internet, 

wireless networks, cell phones, satellite 

communications, digital television, etc. that 

provide access to information. It is also such a 

comprehensive term, consisting of theory as well 

as practical, that it has been described differently 

by different scholars so there is no single 

universally accepted definition of commerce. Let’s 

have a look on some of the definitions given by the 

following scholars:  

Blurton: “ICT is an accepted acronym of the word 

information communication technology. It is a 

diverse set of technological tools and resources 

used to communicate and to create, disseminate, 

store and manage information.”  

Daintith: “A branch of engineering dealing with 

the use of computers and telecommunications 

equipment to store, retrieve, transmit and 

manipulate data.”   

Relevance of ICT in Teaching of Commerce  

ICT is very much relevant in teaching (teaching of 

commerce). It has the capability and potential to 

make teachers more self-sufficient, more capable, 

more competitive, more updated, more social, etc. 

in the following ways:   

• It makes teachers’ task of teaching more easy, 

interesting and innovative by incorporating 

multimedia (images, videos, colors, animation, 

etc.) besides just plain text.   

• It enables teachers to help students to retain the 

learnt material for a longer time by involving 

multiple senses of students like touch, visual 

and auditory.  

• It helps teachers to present their teaching 

material in a systematic way by using PPTs 

(Power Point Presentations) so that they may 

not stray away from their topic while teaching 

students.  

• It helps teachers to record their lectures by 

availing recorders so that students may listen to 

them as many times as they wish to understand 

the matter clearly and deeply as per their 

needs.   
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• It improves teachers’ on-campus and off-

campus communication with students by 

offering a variety of mediums of 

communication like instant messaging, social 

media, e-mail, video conferencing, etc. to suit 

their needs.  

• It makes teachers’ teaching process economical 

in terms of time, money and energy by 

providing mike, speakers, LCD, projectors, 

recorded videos of lectures, etc. to handle a 

large number of students at the same time.  

• It enables teachers to help students in drill and 

practice of difficult portion of commerce by 

providing various teaching modules of 

commerce using CAI (Computer-Assisted 

Instructions).    

• It helps teachers not only in drafting, 

organizing and maintaining various documents 

easily and effectively by offering special 

features of MS Office like editing, spelling 

check, alignment, font coloring, font size and 

many more but also in saving their precious 

time by providing the search option for finding 

the exact location of the file, in case they forget 

it.   

• It ensures teachers about the safety of their 

official confidential data by providing 

passwords, login access, etc. to prevent 

unauthorized access to it.  

• It helps teachers to do research work in a better 

way with more accuracy and convenience by 

providing various accounting software like 

SPSS, MS Excel, etc.   

• It helps teachers to keep themselves aware 

about the updated rules and regulations issued 

by various organizations (RBI, SEBI, IRDA 

etc.) and government ministries (Finance, 

Commerce, Corporate Affairs etc.) by visiting 

their websites.  

• It enables teachers to enhance their 

understanding towards the latest development 

of commerce taking place in their own as well 

as in other countries of the world by 

establishing and maintaining their professional 

networks across the whole world by availing 

the mediums of social networking sites, mobile 

apps (Whatsapp etc.), emails, video 

conferencing, etc.   

• It enables teachers to give students the 

practical knowledge of the following aspects of 

commerce:  

Suggestions for Promotion of ICT in Teaching 

of Commerce  

“A teacher can never truly teach unless he is still 

learning himself. A lamp can never light another 

lamp unless it continues to burn its own flame.”  

 Rabindra Nath Tagore To inspire students to adopt 

ICT in learning, teachers will have to adopt it first 

in teaching in true letters and spirit. The following 

suggestions may be advocated for the promotion of 

ICT among teachers of commerce so that they may 

be able to exploit its benefits judicially in teaching 

of commerce:  

• Teachers may be sensitized towards use of ICT 

in teaching of commerce through seminars, 

conferences, workshops so that they may adopt 

positive attitude towards the use of ICT in 

teaching of commerce.  

• Teachers may be helped out for clearing and 

removing their doubts about the safety of ICT 

particularly in case of net-banking and e-

commerce so that they may take full advantage 

of it in teaching of commerce without any 

hesitation and fear.  

• Teachers may be given adequate training of 

ICT so that they may use it judicially in 

teaching of commerce.  

• Teachers may be guided to come forward first 

to make themselves familiar and comfortable 

with the latest happenings of ICT in 

commerce- be it online-shopping, online-

banking, online-payment of bills of electricity, 

water, telephones, credit cards, etc. so that later 

on they may teach and inspire students to learn 

and utilize these upcoming new trends of 

commerce in true sense.  

• Teachers may be provided digital infrastructure 

by installing computer systems in class rooms, 

computer labs, libraries, faculty hostels, senate 

hall, teachers’ rooms etc. so that they may start 

using them frequently.   

• Teachers may be provided 24*7 free and fast-

paced Wi-Fi internet facilities so that they may 

access it any time without any inconvenience.  

• Teachers may be provided accounting software 

like Tally and research software like SPSS to 
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have a hands-on experience of using them so 

that they may use them properly in their daily 

life and may teach the same to students.  

• Teachers may be encouraged to visit the 

websites of important organizations like RBI, 

SEBI, ICAI, Finance Ministry, HRD Ministry, 

UGC, etc. for getting information related to 

latest developments of commerce so that they 

may update themselves and their students with 

the latest data.  

• Teachers may be inspired to visit frequently the 

websites of those prominent universities and 

institutions of repute in India and in abroad that 

are very much dedicated to commerce like Shri 

Ram College of Commerce, etc. so that they 

may have updated information about latest 

happenings in the field of commerce taking 

place in these organizations.  

• Teachers may be encouraged to download 

mobile applications related to business 

newspapers, subject dictionaries, etc. so that 

they may become e-readers.  

• Teachers may be encouraged to use digital 

stationary like e-paper for writing so that they 

may  become habitual of using it instead of 

using just paper stationary and thus may go 

digital day by day.  

• Teachers may be given research works/projects 

on latest developments of commerce like e-

commerce, m-commerce, etc. so that they may 

explore them minutely in a systematic way and 

thus may teach the same to students.  

• Teachers may be allocated adequate free time 

in the school time-table so that they may spare 

some time for the acquisition, maintenance and 

development of ICT skill-sets during school 

time itself.  

• Teachers may be allocated adequate funds so 

that they may utilize them for the acquisition, 

maintenance and development of digital 

resources required in teaching of commerce.  

Conclusion  

ICT is playing a very important role in each and 

every endeavour of education. It is helping in 

executing distant education effectively. It is 

helping in research work also not only by inviting 

research papers for seminar/ conferences, etc. 

through websites but also by publishing and 

sharing them online. Realizing the benefits of ICT 

in education, today, many educational institutions 

are providing Wi-Fi facility to their teachers and 

students for utilizing the available services of ICT. 

UGC has also asked all universities to start online 

admission process from the session 2016-17. But 

the area of education which is extremely 

influenced by ICT is teaching. It has revolutionized 

teaching by modifying instruction strategies of 

many subjects including commerce. Unfortunately, 

teachers of commerce seldom realize the 

importance of ICT in teaching of commerce and so 

hardly utilize ICT during teaching and thus 

generally teach commerce by using lecture method 

with a little or no help of ICT. So, the present 

paper focuses on the relevance of ICT in teaching 

of commerce and on the suggestions for promotion 

of ICT in teaching of commerce for the betterment 

of teachers as well as students. Thus, it 

recommends teaching of commerce with ICT to 

make the teaching of commerce more effective, 

more useful, more practical and ultimately more 

successful.   
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 نౚئی کی یಲ کردہ روایات کا جائزہ 
 

 ڈاٹ اجಋ یౝ الدین تاج 

 

( اس ح౫ظ سے ಆ౷د ق౬م کے حامل یൻ کہ اہಎں نے نہ صرف ۵۴۵ھ ۔۴۷۳فارسی عا ی نౚئی غزنوی  ھ( 
اወᎺ ہے۔ نوتطن ی اس کی پۍ  അጱ اعر ظه یൻ یഅ ،ൻ عاج نامہ کا آغاز ھ یگ۔ نౚئی کی ౭ಊل عام ಋی حدقۏ  

اپریل مرب೫  ۱۸۸۷اشاعت  دوسری  کو  حدقۍ  ہوئی۔   ی  ౫ጜ  ی اہم ۱۸۹۵ء  کی  اس  یگ۔  شائع  نے   ೯ፊ نولکش و ر   ی ء 
 ጰ مات کی౬ق ೮౸ ی کےಋ جن کی مدد سے اس ،ംൻ ایٷ صاحب نے اس کے حواشی౨یہ ہے کہ ندب ب یص

اور یہ  (  ౯ഐ۱۳۶۵ ہے۔ ایران ی پروಊ  ق مدرس رضوی )می بڑی مدد   نے اس کی ኄഁ و ጟ کی خدمت اج౭م دی 
جدید ایڈشഒ ی زیور بعت سے آرات ہوا۔ پرو ق مدرس کے حواشی ی صرف  ኰ౼طوں کے ౼ افات کو 

 یಲ یگ یೖ ہے۔ 

    ౢം ایک   ۲۲۵تا    ۱۸۹حدقۍ ی عربی ی ی ౺ጷ سے پۓ آپؐ کی ئی نے عౚ۔ نൻر یاع അጱ کل آٹھ سو
 ೮ہے، ل٧ظ ೖیگ ی ಲی ی ಈکی دی ౺ጷ آپؐ کی کو  رواتഔں   ವاور ن اہم نوٹ ം ہے، جس ی قرآن  کی نವ آتഔں 

 فرمای۶: 

ی بّ 
حಊّدالن  ی لة   فض  العلّام   ಈ೮لگم ا م عಈاعلی ة  ی انّ السّلام، قال ا౯ኙر  االذین  اله علی:  ای  یا  ی  بّ 

الن   അی صلوّ ن ل ل٧ئ کی ة  و  اله 
اله علی: و ما  اله باذئ ة و سراجا و ౷ا، و قال آنا ل౽ا علی ة و سلمو ا ኳጦ، و قال اضۯ: انا ار౫౹ک شاهددا و ౙ౹ا و نذیرا و دایౠ الی 

ഐಋک الّا رحمة  ٽ٧౹౫و قال علی ة، و قال ا٬ێ علی ةار ،ౠ لقاا و آخرهم ا اوّل الاێدء خ  السّلام: انا خاتم الاێدء و لابێّ عی  اಈౚم: ان ّ
ا و ادم ی౮و قال علی ة ّ  

، و قال صلیّ السّلام: ک   ن  ائ ةّ قال زಊوجل طౕا٫ لة:  اله علی ة و ل౸ کئ ة  عنام౫ء والطن ن  اله ౠئ ة و علی 
 ۱القب مة  ولاخ.السّلام انا ٳۯ ولد آدم ولاخ، و آدم و من دوئ ة ح لوائی یوم لولاک م౮ ౫ الال౨ک، و قال علی ة

حدقۍ کے ౫ጜ ایڈشഒ ی یہ ا౪س س൵ قدر ኰ ہے اور نولکش و ر ایڈشഒ ی اسے አౣ کردیا یೖ ہے۔ مذکورہ بالا  
 اس دو روا س ی౪ا౮ا و ادم ی ّ  

" یൻ، جن کے ౮ዀ ٽ٧ و حی کے دری٧ن اف ہے۔ روایت "ک   ن  ام౫ء والطن ن 
اول   کے ആಉم ی اف ہے، جب کہ روایت لولاک م౮ ౫ الال౨ک ھ حی کی راے ی موضوع حدیث ہے۔ 

http://www.scholarsimpact.com/
mailto:scholarsimpact@yahoo.com
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 ഒامام ی౻طیؒ کی راے یہ ہے اس کی کوئی اصل ہ ౮ዀ اور    ۲الذکر روایت کے ، امام ابن ጰؒ نے فرمایا ہے کہ یہ ف౼ ھٹ 
 ۴یౢ حوت نے اسے موضوع ہگ ہے۔   ۳باطل یൻ۔ 

ھ( کی دلائل ا٬َہ ل اول ہے۔ دلائل ا٬َہ ی دو الگ  ۴۵۸مذکورہ بالا روایت کا سب سے قدیم ماخذ امام എᎵ )م : 
 الگ طروق سے موجود ہے۔ پۍ روایت سౕ ذیل ہے: 

لٌ فی ጾ  إنی ج دَدِ ْ
 ۵ب౨ اፖ و خاتم اጸፘ ، و إن آدم لمبُ 

 دوسری روایت : 

ا؟ قال: وآدم ی౮ الروح والج سدد۔  ِب ْت َ ن  ّ 
 ل౬: یا رسول اፖ، ت کُن 

 اول الذکر روایت پر مرتب نے سౕ ذیل حایം  ہے:  

 ( ام فی "ಋౢہ"  الإمام  اخرجہ  واح౫کم(  ۱۲۸۔۱۲۷:  ۴احیث   ،   ( الإنౚد"،  (۶۰۰:  ۲فی "ا౯ኦرک"   ഁౚ دا حدیث "هد  ،و قال 
( الزوائد"   ಊ" لھن ب می فی

ا و ذکرہ   ،ඊرجال رجال  ( ۲۲۳:  ۸وأقرہ الذب ام واحد اسای و قال: "رواہ ام، وا౬౨انی، وابار، 
 اኞഁ، ی౨ ౫ بن سوید، وقد وق೬ ابن بن

 امام എᎵ نے خود اس روایت کی شیح فرمائی ہے: ایک قابل ا൪ ౿ یہ ہے کہ  

 അፊ ፖو أول الاێٔدء، ل౽ات ا ،౸ౙن أبواഔأن ک ಆیرہ، بౙو ق ፖءِ ا౩۶أنہ کان کذلک فی ض 

اس طرح ھ ౩اور اس کی ض یر یౙکی ق അال ಆسے ب ౮ഘ ౸ౙآدم ؑ کے ابوا ی ጔ وہ مذکورہ حالت و ഒഅ( )۔ 

  ھ سౕ ذیل حای ౮ዀ کا ف౼ ہے۔ اس روایت کے " " کی جے "ک   حای ی دوسرے അ ی "کن ب ت 
 درج ہے: 

( أم فی "ಋౢہ"  الإمام  )(  ۵۹:  ۵أخرجہ  "ا౯ኦرک"  فی  ولم خجاہ،  (۶۰۹۔ ۶۰۸:  ۲واح౫کم  الإنౚد،   ഁౚ دا حدیث هد   : و قال 
ඊ۷وأقرہ الذب 

  اಊ౬قب" ی روایت یگ ہے۔  اسے ترمذی نے ھ "فی 

مذکورہ بالا روایت کی ح کے ౮ዀ جب دو سಇ کی آرا پائی جاتی ہوں، تو ابن ጰ وی౫ہ کی راے کو ار کرنے  
  سے ೲ یہ ہے کہ امام ام بن ಊౕ وی౫ہ کی راے کو تریౙ دی جائے۔ جب ౩ወ اس پر امام എᎵ کی خوصرت تویౣ کی روشن 
  അال الش مس ہوجاتا ہے۔ اس ی یگ شک کہ ኰ کان్ت سے بಆ ہی  ی غور یگ جاتا ہے، تو اس روایت کا ౚഁ ہونا اہ౩ من 

 لٽ اور ಎ౺بے ی ہر ಉق کے پد کی جانے والی ذمہ داریاں طے ൸۔ یہ بات الኰ അ کے آغاز سے پۓ ہی طے  کےۚ  
ጸፘخاتم ا ಊ ھد کہ ಭہوں گے۔ کرک  

ِفلَْاکَ۔  ّ لقَت ُ ال ا خ َ  لَ لَاکَ لَََ

http://www.scholarsimpact.com/
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اس ౾ಊن کی حامل نವ اور روا ھ౯ഐ  یዔ ،ൻ ضت آدمؑ نے ಆ౫ت ل کرتے ہوئے بێ کریم صلى الله عليه وسلم کو  
 و౷ඍ ندیا اور ھಯ آپؐ کے ౮ዀ دریافت یگ، تو الഅ عیٴ نے فرمایا:  

لقی ک۔  ی  ب جقہ ق ف౫ت لک ولولا ಊ ما خ 
 صدقت یا آدم  إنہ لاحٔب اಈ إل  ادعب 

 یౢ ಊ ناصر الدین اب٧نی نے موضوع قرار دیا ہے۔ یౢ نے اسی طرح نرجہ ذیل روایت کے ౮ዀ ھം :  اسے 

دم ولولا لا أصل لہ أوحی اፖ إلی ػی അഅ اಈౚم یا ػی آمن ب محمدد وأمر من أدرکہ من أمی ک أن یؤنا بہ لಉلا ಊ ما ౮ آ 
۔ )ص ಊ ما ౮ اಊ೯ و  ( ۶۵لا ان౫ر وق౮  اعش لഅ ام౫ء فکن ب ت  അഅ لا إلہ إಊ ፖ رسول اፖ فسکن 

  :ം روایت کو اب٧نی نے موضوع قرار دیا ہے۔ مزید زیر ح 

 ౮ کر لولاک ماౠروایۃ ابن س  
 

  بౝیل ق౨ل یا ಊ لولاک ما ౮ اಊ೯ ولولاک ما ౮ ان౫ر و ف
 
 ( ۶۵الدی٧۔)صو ಉ೬ أتان

اب سوال یہ یಭا ہوتا ہے کہ ان رواتഔں کا ماخذ یگ ہے؟ سب سے پۓ ضت آدمؑ سے ౮ዀ روایت حاکم ౺پوری   
ج جن ن   لصجب 

ا  അل ا౯ኦرک   ಅتای ൊان اسی طرح  ౮۴۲۲۸  ۶۷۲ص/۲نے  دیا ہے۔  قرار   ഁౚ اسے اور  کی ہے،  یدن   ی
 (  ۶۷۱౮۴۲۲۷ص / ۲ھ ا౯ኦرک ہے۔)ج   ضت یٻ ؑ سے ౮ዀ روایت کا ماخذ

 ( ہوردی  الدین  ہب  یౢ   ی ان  یگ،   ಲی نے  ش౬ئخ  جن  پۓ  سے  سب   ی  ംصوی کو  روایت  -۵۴۹اس 
ھ(نے حدیث قدسی کی ኂ سے ، اور مولانا رومی کے  ۵۶۱نے  "عوارف ا౬౽رف" ی ،ضت ب౨اق౫در نیؒ )م:(۵۸۷

ౖഐ یگ۔ یౢ ہدء الدین ولد نے اس کی وضاحت یوں فرمائی: (  ۶۲۸-۵۴۳ )والد یౢ ہدء الدین ಊق نے ی 

  ಊ نھ ౮ د از౺ಊ بود کہ ಋഅ د از اینಎکامل تر ب ಋഅ ی از این
 الഅ  از ౮ ہدن ج౭ ౚ بಎد از آن کہ یേ صفب 

 ౮ ౫بود، لولاک م അال  ک اشارت بدان است۔صلى الله عليه وسلم آمد کہ او౨الال 

کی   ان  ام غزالی نے س൵ قدر صف کے ساتھ اسے قಊ یگ۔  امام غزالی کے ھئی یౢ  بالا ش౬ئخ کے لౠوہ  مذکورہ 
 تایಅ ی یہ روایت یوں آئی ہے: 

لقَت ُ اکಌن۔   ا خ َ  لَ لَاکَ لَََ

 ع അے سے کی کہ الഅ ا اس صوی٧نہر کی اتاع അጱ ئی نےౚا یگ: نಭی صلى الله عليه وسلم سے یಊ یٴ نے کان్ت کو نور 

 رم عالم آکطر و ہ٧ن   ام مرسل آن چراغ ہدن 

 جان جاہ٧ ಊ آمد و ب   آمد اندر ہدن جان ہرک 

اور اسی نور ౪ سے ആ کان్ت کو وجود    صویം کے ط౬بق نلات ت کے مرل೮ ء ثانی ی ایک نور ౪ یಭا ہوا، 
ౕ  یتین کی اث౸ یا موضوع، گ ൻی ം౺ ں پر ہے، وہ یا توഔد جن روات౭ ی ہگ جاتا ہے۔ اس کیಊ ಄ጣ ۔ اسی کوೖی 

 :ൻکررہے ی ಊہم وہ روایات ق ل یگ ہے۔ ذیل یಊب ഒ൸نے ا 

 ۔ ۳صاخ౫ئص ا౬یٰ از لౠمہ لدل الدین ب౨الرಝಋ بن ابی کౙ ا౻ഐطی، ل اول، ( ۱) 
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واذ   و ابو౾ഒ فی الدلائل عن طرق عن ت٧دہ عن اٷٯ عن ابی ھریرہ عن ا٬ێ صلى الله عليه وسلم فی قولہ علی  اخرج ابن ابی حاتم فی ہ 
دء بہ قی لھم  

 
ی ن نّ  فی اಈ و اخرہ فی ا౽ ف

ی ن نّ  الایۃ ک   اوّل الن 
 اخذنا ق الن 

 ౮ዀ ی کےಊ ಄ጣ ان روایات کی روشن ی  ڈاٹ اسرار ام کی راے قಊ کی جارہی ہے، گ آخر ی ہۯں 
اور وحدت ا౼അد وی౫ہ ಅፆ در اصل "وجوب" سے  اسشے پۓ ان کی دو آرا ذہن ی رنඍ چایۓ۔ ایک یہ کہ وحدت الوجود 

کی ہے۔  "اک౬ن" اور "قدم" سے "حدوث"کے مراحل کی وضاحت پر ಋ یൻ۔ ان کی അ ኂے کی ہഅ ഒ ظٷیے  
" نے نل یگ۔ روح   دوسری یہ کہ نلات ت کی پۍ ن౷ل ی واجب الوجود نے نل ہഒ فرمایا، അ اس کے ೮അء "کُ 

 :ൻفرماتے ی ౮ዀ ی کےಊ 

ہم اث  روح ಊیؐ کے بارے ی ایک ౼ആر حدیث ی ، جو اگرچہ حی کے ౠر جرح و عౙیل پر تو پوری ہഒ اترتی ، تا(۳
ریِْ اسی طرح ایک   ْ ُ

 
لقََ الഅُ ن لَ مَا خ َ اور حدیث  صوی٧ء ہی ہ ഒ౸ین نے ھ اسے بಊل فرمایا ہے، "نور" ہی کا ف౼ آیا ہے، ഒഅ اوََّ

 دروس ی م مرشد مرحوم اسے انౡم ہوا کہ مولانا لಉಁ ذرائع سے ౡአ ೭ഒ ، ౚہوک ഒب ہکا حوالہ تو تاحال د   ،جس 
یدن فرماتے ھ، اس کی رو سے ضت جابر کے اس سوال کے جواب ی کہ الഅ عیٴ نے سب سے پۓ ک یಸ کو یಭا یگ  

!!)یہ روایت اಋ ౫ክ ب౨الرزاق ی موجود  َ ِ رُ ن َ ِ ّ ْ ُ
 

اౙُِ ، ن ا ج َ َ ن َ ِ رُ ن َ ِ ّ ْ ُ
 

 ہے۔( ۔جواا٫ آ౼ر صلى الله عليه وسلم سے ಇಎل ہے کہ "ن

ی عیٴ کے یۖ اس౭نی ذہن کی حودیت اور نارسائی کے یಲ ظٷ، قریب ترین ف౼ ،جو طر ኙ ار یگ یೖ ،  خود ذات بار(  ۴
ಇಎ سے ೧ت عاشرکہ __ اور ض౬ظ ب౫رْضِ﴾کے اف وَ الْاَ موٰ تِٰ  رُ الشَّ ْ ُ

 
ل  وہ "نور" ہی ہے۔ ඞ سورۂ نور کی آیت ൊಹ ﴿ الഅَُ ن

ඞرٰک ّٰ ی ُ
 
رٌ انَ ْ ُ

 
  اف౫ظ۔ ان قئق کے یಲ ظٷ یگیہ Ꮣౖ ک౭ن౨ ౫ از ی౩س یا دور کی کوڑی لانا قرار دیا جاౝ ہے کہ: "ن

ኰ کان్ت کے م౼ ی الഅ عیٴ کے اوی೮അ ಊء "کن "نے ان نل کے مرل೮ء اوّل ی ایک نور ౪ کی   
౧౮ یٴ نےع  അال اس سے  اور   ____ کی  ار  "نور"  صورت  اصل  کی  ، جن  کو   ഇی౭اس ارواح  اور   ೧فرمایا۔ ل٧ک  ౠط وجود   

!ൻسرفراز ی سے ھ ഄዮ ಋౣ خود ع౼ری " کی" ഒاور صاحب ع౼ر ہی ہ ౘ౩ ہے____ اور جو صاحب 

ہونے والی ೫    اور اس ی کوسౡ ഘౖ کی بات ہے کہ ان ل٧ک೧ اور ارواح اس౭یഇ ی سب سے پۓ ౧౮ وجود سے سرفراز
اا!!  ا وَ امُھََّن یُ َ اءُن َ  ۸"نور ಊی صلى الله عليه وسلم" ഒഅ "روح ಊیؐ  "ہی ہو،  ِِاہُ آن َ

 حواشی

 ۔ حدقۏ اወᎺ، نౚئی غزنوی، ص ۱

ی ث ررہ فی الاحادیث اጹአہ، ص۲
 ۱۵۔ الدررالمن 

  ۸۷۔ احادیث ا౩౹ص لابن ጰ،ص ۳
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، اಋع فی عفۃ احیث امಌضوع ۱۷۲،مزید د൵ᑜ ال౫لی اዒرہ فی الاحادیث اആዀرہ،ص ۲۲۲۔ اسی ا౬౻لب ،ص۴
عب فہ ا،ص ۵۲۱،  اಆ౬صد اٯ۷ ، ص۱۴۲،ص

حالہ، دو سو ౼ആر ౺ം احادیث، حافظ م౪ان ایوب )۳۰۲، السلسلہ ا الض 
 ۵۹لاہوری،ص

 ۸۱۔اۯٿ، ص  ۶  ۸۰۔دلائل ا٬َہ، امام ب ب ہ قب ص ۵

ہ، اಅ الاول، لابی کౙ ام بن اኽ اፒᎵ، وثق اصولہ و خرج حدثඍ ول౻ അഅ :الدتೱر ب౨اፉ౼  ۔دلائل ا٬َ ۷
 ۸۵۔ ۸۴قلعح ی،دارا౮ العلمی ہ، یౙوت،صص  

 ۱۸۔۱۷۔اجد و ابداع عالم سے عامഐ ظ٧م لౕفت تک، نل اور ارقء کے مراحل، ڈاٹ اسرار ام، صص۸
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ANALYSIS OF GENDER WISE HIV 

PREVALENCE IN INDIA 
 

M. O. WANKHADE 

Department of Statistics,  

G. S. Science, Arts & Commerce College, Khamgaon MS India 

 

Abstract: This paper relates to the gender wise and group wise study of HIV, 

AIDS prevalence in India. Eleven groups of states in India are tested for 

homogeneity with respect to Prevalence of HIV. Also the significance of gender 

with respect to the prevalence of HIV is tested with analysis of variance 

techniques. The data related to the study was analyzed and it was observed that 

the groups of states are significant with respect to HIV prevalence. Also males 

and females are significant and there is no interaction between groups and gender. 

Males and females don't differ significantly with respect to prevalence of HIV.  

Key words: HIV, Prevalence, ANOVA. 

 

Introduction: AIDS is one of the greatest public health and social problems 

threatening the human race.  According to the Joint UN Committee on 

HIV/AIDS
1
, estimated 38 million people worldwide were living with HIV in 

2003. HIV and AIDS is reversing the gains of human development including life 

expectancy. In some of these countries, the epidemic is worsening the progress in 

human development by affecting the economic growth, human capital formation, 

health, education, and by increasing poverty and income inequalities.
2  

R S 

Paranjape, S J Challacombe  reveals that first case of HIV infection in India were 

detected in 1986 among female sex workers in Chennai. The current national 

(2016) prevalence is about 0.26% compared with a global average of 0.2%, but 

the figure in most high‐risk groups including female sex workers is much higher 

(up to 7%). New HIV infections reached a peak in 1998 and have since declined 

by 60%, although the total number of HIV‐positive persons remains stable at 

2.1 million, largely probably due to the increased life expectancy following 

antiretroviral therapy.
3
  

As per latest estimates of the National AIDS Control Organisation
4
, there are 2.12 

million persons infected with HIV in India . There is a steady decline in the 

number of PLHIV in India since the 2.23 million figure reported in 2007. Among 

those currently infected with HIV, children account for 6.54% and women for 

40.5%.The adult HIV prevalence at national level has continued its steady decline 

from an estimated peak of 0.38% in2001–2003 through 0.34% in 2007 and 0.28% 

in 2012 to 0.26% in 2015. As per the recently released, India HIV Estimation 

2017 report, National adult (15–49 years) HIV prevalence in India is estimated at 
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0.22% (0.16% – 0.30%) in 2017. In 2017, adult HIV prevalence is estimated at 

0.25%(0.18-0.34) among males and at 0.19% (0.14-0.25) among Females. Among 

the States/UTs, in 2017, Mizoram has shown the highest estimated adult HIV 

prevalence of 2.04%(1.57-2.56), followed by Manipur (1.43%, 1.17-1.75), 

Nagaland (1.15%, 0.92-1.41), Telangana (0.70%, 0.50-0.95) and Andhra Pradesh 

(0.63%, 0.47-0.85). Besides these States, Karnataka (0.47%, 0.37-0.63), Goa 

(0.42%, 0.21-0.79), Maharashtra (0.33%, 0.25-0.45) and Delhi (0.30%, 0.18-0.47) 

have shown estimated adult HIV prevalence greater than the national prevalence 

(0.22%), while Tamil Nadu (0.22%, 0.14-0.31) had a point prevalence like the 

national average. All other States/UTs have levels of adult HIV prevalence below 

0.22%.  

 

Methodology:  
The data relating to this study is collected from India HIV Estimation reports of 

Nation AIDS Control Organization published time to time. The estimates of HIV 

prevalence are taken from  NACO reports for the years 2011-12, 2012-13 and 

2013-14. Two way Analysis of variance model with multiple observations is used 

for the analysis of means and interaction effects. The  hypotheses under study 

were set as; 

H01: The groups of state are not significant with respect to prevalence of HIV. 

H02: No significant difference between male and female groups. 

H03: No significance of interaction between groups of state and gender with 

respect to prevalence of HIV. The various groups of states of India under the 

study are; 

Groups States 

g1 Andhra Pradesh and Telangana 

g2 Gujarat, Dadra and Nagar Haveli, and Daman , Diu. 

g3 Himachal Pradesh and Jammu & Kashmir 

g4 Karnataka 

g5 Maharashtra and Goa 

g6 Mizoram, Manipur, and Nagaland 

g7 Punjab, Haryana, Delhi, and Chandigarh 

g8 Tamil Nadu, Kerala, Puducherry. 

g9 Uttar Pradesh, Madhya Pradesh, Uttarakhand, and Rajasthan 

g10 Andhra Pradesh and Telangana 

g11 Gujarat, Dadra and Nagar Haveli, and Daman , Diu. 
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Year 

2013-

14 

2012-

13 

2011-

12 

2013-

14 

2012-

13 

2011-

12 

2013-

14 

2012-

13 2011-12 

Group g1 g2 g3 

Positive Women 0.89 0.89 1.07 0.14 0.87 1.05 0.18 0.75 0.79 

Positive Men 0.93 0.62 0.73 0.15 0.6 0.65 0.19 0.52 0.55 

Year 

2012-

13 

2011-

12 

2013-

14 

2012-

13 

2011-

12 

2013-

14 

2012-

13 

2011-

12 2013-14 

Group g5 g6 g7 

Positive Women 0.71 0.62 0.75 0.39 0.99 0.81 1.45 3.15 3.8 

Positive Men 0.56 0.43 0.51 0.4 0.7 0.55 1.54 2.21 2.15 

Year 
2013-
14 

2012-
13 

2011-
12 

2013-
14 

2012-
13 

2011-
12 

2013-
14 

2012-
13 2011-12 

Group g9 g10 g11 

Positive Women 0.21 2.98 1.35 0.18 0.71 0.95 0.08 0.68 0.68 

Positive Men 0.28 0.63 0.85 0.16 0.4 1.03 0.12 0.47 0.46 

Source: India HIV Estimation report 2011-12,2012-13,2013-14 NACO 

Results:  Analysis of variance table; 
Source of Variation SS df MS F P-value F crit 

Groups 20.59821 10 2.059821 9.113092 6.41E-08 2.053901 

Gender 1.338788 1 1.338788 5.923086 0.019073 4.061706 

Interaction 1.339879 10 0.133988 0.592791 0.810972 2.053901 

Error 9.945267 44 0.226029       

Total 33.22215 65         

 

The hypotheses H01 is rejected at 5% level this indicates that there is 

significant difference among groups with respect to prevalence of HIV. The null 

hypothesis H02  is refuted at 5%. This is an indication of significant difference 

between females and male. H03 is accepted at 5% level. This reveals that there is 

no significant interaction effect between gender and different groups. 

 
 

  

Average Prevalence 

% 

Groups Women Men 

g1 0.950 0.760 

g2 0.687 0.467 

g3 0.573 0.420 

g4 0.227 0.170 

g5 0.693 0.500 

g6 0.730 0.550 

g7 2.800 1.967 

g8 0.540 0.373 

g9 1.513 0.587 

g10 0.950 1.030 

g11 0.480 0.350 



                                                                           

 

Oct To Dec 2018                                                             Online :  ISSN-2394-7632  

SCHOLARS IMPACT                                                 Print   :  ISSN-2394-7640                     

 

 
www.scholarsimpact.com  ■  scholarsimpact@yahoo.com ■ Vol-V, Issue – 4 ■     {100} 

 

Quarterly 

Research Journal 

 

Conclusions: This study reveals that there is high prevalence of HIV among 

females as well as males in group g7 i.e. Mizoram, Nagaland and Manipur. In this 

group females is more than male percentage of HIV prevalence. Group g9 i.e. 

Punjab, Haryana, Delhi and Chandigarh is next to group g7 with respect to HIV 

prevalence in females. In group g9 the HIV prevalence among males is quite less 

as compared to females. Among all the groups females are having high 

percentage of HIV prevalence than males. We conclude that all the groups of 

states are significant with respect to HIV prevalence. The gender factor showed 

the significant effect on prevalence of HIV and there is not any interaction effect 

between group of states and the sex. 
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Abstract : In Statistics mediation analysis describes the study of cause and effect relationship between independent variable

and dependent variable through hypothetical mediator variable. Mediating variables or intermediate variable can be constructed

in such a way that influences both of the independent variable and dependent variable. Statistical mediation analysis is

mainly based on casual step approach and product of coefficient approach. In this article, an approach is made to study the

mediation effect with the help of Sobel test statistic.

Key words : Mediation analysis, Product of coefficient approach, Sobel test statistic, Full mediation and Single mediator

model.
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ORIGINAL ARTICLE

1. Introduction

Nowadays casual inference is an approach that

has revealed to be successful in many applied research

field. Simple regression theory reveals the casual

character of the linear relationship involved whereas

mediation analysis confines the study the extent to which

mediator variable transmits a change from a cause to

its effect. The inferences about M improves the

prediction of Y by X

A simple mediation model explained by Barron and

Kenny (1986) is given in Fig. 1.

A mediation test can be carried out in the following

ways

i) Regression analysis between X and Y following

the path C

11 ecXiY  (1)

ii) Regression analysis between X and M

following path a

33 eXiM   (2)

iii) Regression analysis between M and Y

following path b controlling the effect of X

22 ' eMXciY   (3)

where, Y is dependent variable, X is independent

variable, M is the mediator variable, i
1
, i

2
, i

3
 are intercepts

in each of the above Equation. e
1
, e

2
, e

3
 are residuals.

In Equation (1) c is the direct effect of X on Y i.e.

the total effect, c' denotes direct effect between X and

Y, where the influence of mediator variable is controlled.

In Equation (3), coefficient  denotes the relation

between mediator variable M and dependent variable

Y, where the effect of independent variable X is

controlled. In Equation (2), the relation between

Mediator variable and independent variable is described.

The influence between X and Y with one mediate

variable is full mediation which need not test the indirect

effect in this relation. While in partial mediation

statistically significant indirect effect are examined this

arises in the absence of total effect and can be tested

accordingly.

2. Test of Mediation

The specialized t test Sobel test is a method given

by Michael E. Sobel testing the effects of mediation in

the single mediator model. Mediator variable studies

the significance of mediation effect thereby reducing

the effect of an independent variable. Test of mediation

studies the significance of the reduction in an
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ABSTRACT 

 

Nanofluids are gaining lot of importance in thermal applications due to its excellent heat transfer characteristics. 

Micro-scale heat transfer devices are used on large scale in electronics industry which leads to the development 

of compact size heat exchanger with high heat transfer coefficient. Recent development in the field of 

nanotechnology involves the use of suspended nanoparticles in base fluids which leads to the improvement in 

the heat transfer coefficient of base fluids. This paper summarizes the articles published on enhancement of 

convective heat transfer in microchannel heat exchanger using nanofluids and effect of various thermophysical 

properties on heat transfer performance. Theoretical and experimental results for different geometries and 

effects on Nusselt number are reported in this paper. The results show outstanding increase in the importance 

of nanofluid application in microchannels. The effects of use of different nanofluids and their performance as 

compared to base fluids are shown.  

Keywords: Nanofluids, Microchannel Heat Sink (MCHS), Microchannels, Thermal conductivity, Heat transfer 

 

I. INTRODUCTION 

 

Conventional heat transfer fluids like oil, water and 

ethylene glycol are used on a large scale in many 

industries, including power generation, chemical 

processes, heating and cooling processes, 

transportation, microelectronics and other micro-

sized applications. The thermal conductivity of heat 

transfer fluids has great significance in developing 

equipments with high heat transfer. To improve heat 

transfer rate, the use of extended-surface (fins and 

microchannels), the vibration of the surface, 

suction/injection of fluids and using 

electrical/magnetic fields has reached to the standstill. 

Industrial survey indicates the need to develop 

equipments which are highly compact and leads to 

increase in heat flux. So development of high 

efficiency heat transfer fluid is a difficult task. 

Recently many researchers have attempted to develop 

special classes of heat transfer fluids so as to increase 

their heat transfer properties. New method involves 

the suspension of small solid particles in the base fluid. 

Different types of solid particles, such as metallic, 

non-metallic and polymeric can be added into base 

fluids. However, the earlier studies indicated that the 

use of suspended particles of millimetre or even 

micrometre-size leads to high heat transfer 

enhancement, but some major problems such as poor 

stability of the suspension, clogging of flow channels, 

eroding of pipelines and increase in pressure drop in 

thermal equipments are also experienced [1]. 

 

Choi [2] suggested first the term nanofluid in 1995 

and it specifies the use of particles of average size of 

10 nm for dispersing in base liquids so as to increase 

thermal conductivity of base fluid and since then this 

term has gained popularity. 
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II. PRODUCTION OF NANOPARTICLES AND 

SUSPENSIONS 

 

Nanoparticles are prepared by gas phase condensation 

or using chemical synthesis technique as suggested by 

Siegel [3]. The gas phase condensation process 

consists of evaporation of source material. Then rapid 

condensation of vapour into nanometer sized crystals 

takes place in a cool, inert, reduced-pressure 

atmosphere. Researchers use one-step and two-step 

methods to produce nanofluids. One-step method 

involves simultaneous making and directly dispersion 

of particles in the base fluid. Processes such as drying, 

storage, transportation, and dispersion of 

nanoparticles are not used in this method [4-8]. 

Nikkam et al. [9] investigated the one-step fabrication 

of copper nanoparticles. Di-ethylene glycol was used 

as base fluid for this process. Suspension of copper 

nanoparticles in Di-ethylene glycol resulted in highly 

stable nanofluids. The second most commonly used 

technique for preparing nanofluids is Two-step 

method. This process involves formation of 

nanoparticles as dry fine particles chemical/physical 

process. Then the next step makes use of various 

techniques like ultrasonic agitation, high-shear 

mixing. These nanosized powders are then suspended 

in base fluid. Due to the small sizes and high surface 

area, these nanoparticles have the tendency to 

combine which is not suitable. To improve the 

stability of nanoparticles in fluids the use of 

surfactants is the most important technique [10]. Two 

step method was used by several researchers to 

prepare CNTs, hybrid nanoparticles and different 

types of nanofluids. 

 

III. THERMOPHYSICAL PROPERTIES OF 

NANOFLUIDS 

 

Thermophysical properties such as thermal 

conductivity, viscosity and specific heat are affected 

with the addition of nanoparticles in base fluids 

which results in change in heat transfer coefficient. 

Thermophysical properties are affected by 

Concentration of nanoparticles, shape and size of 

nanomaterials. 

 

Thermal conductivity of nanofluids: The thermal 

conductivity increases with the addition of 

nanoparticles in a base fluid. This is due to Brownian 

motion which leads to particle movement through 

liquid and collision with other particles which 

enables direct solid to solid contact and leads to heat 

transfer. The second reason is the layering of the 

liquid molecules at the solid interface. Therefore 

there exists more ordered atomic structure of liquid 

layer than bulk liquid. This ordered structure leads to 

high thermal conductivity. It is found that these 

layered molecules occur in an intermediate physical 

state between a solid particle and bulk liquid. Gupta 

et al. [11] described effect of particle volume fraction, 

particle material, particle size, particle shape, base 

fluid material, and temperature on thermal 

conductivity of nanofluids. It was observed from the 

experiment results that with decrease in particle size 

the thermal conductivity of nanofluids increases. 

There are two types of particle shapes used in case of 

nanofluids, they are cylindrical particles and spherical 

particles. The cylindrical shapes of nanoparticles 

exhibits large length-to-diameter ratio. Besides this 

the different types of material for nanoparticle which 

are used for nanofluids preparation are Oxide 

ceramics, Metal carbides, Nitrides, Metals, Nonmetals. 

Carbon nanotubes (single or multiwall) are also used 

as particle material and it exhibits high thermal 

conductivity and hence used in solar applications. The 

thermal conductivity of the nanofluids can be 

determined on the basis of the thermal conductivity 

of base fluid and particles. Crystalline solid structure 

is found in nanofluids. In such structures heat is 

carried by phonons. Such phonons propagate in 

random direction, scattered by defects and leads to 

heat transport. Brownian motion and nanoparticles 

clustering are affected by the change in temperature 

and shows the changes in thermal conductivity of 

nanofluids. Clustering of nanoparticles leads to high 

movement of heat within such clusters, also volume 
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fractions of highly conducting phase are higher than 

that of volume of solids and exhibits higher thermal 

conductivity. The effective volume of cluster 

increases with decreasing packing fraction which 

leads to increase in thermal conductivity. The thermal 

conductivity of nanofluids increases with increase in 

temperature. Duangthongsuk et al.[1] investigated 

experimentally the thermal conductivity of 

nanofluids. In this study, TiO2 nanoparticles were 

used having volume concentration of 0.2 – 2 vol % 

and are dispersed in water. It was found that with 

increasing nanofluids temperatures the measured 

thermal conductivity of nanofluids increases. 

 

IV. EXPERIMENTAL WORK 

 

Peng et al. [12,13] performed experimental 

investigations on the pressure drop and convective 

heat transfer of water flow in rectangular 

microchannels. It was found that the flow friction 

and convective heat transfer are greatly affected by 

the cross sectional aspect ratio in both laminar and 

turbulent flows. 

 

Qiang et al. [14] experimentally investigated the use 

of Cu-water nanofluids flowing through a straight 

tube under laminar and turbulent flow regimes. 

Constant heat flux boundary condition was used in 

this case and the effect on the convective heat 

transfer was studied and flow was analysed. It was 

found from the results that with the addition of 

nanoparticles into the base liquid, the heat transfer 

performance of the base liquid increases. The friction 

factor of nanofluids was found to be similar as that of 

the water. New convective heat transfer correlation 

was proposed for calculating the heat transfer 

coefficients of the nanofluid. Correlation exists for 

both laminar and turbulent flow conditions. 

 

Ding et al. [15] experimentally investigated the use of 

CNT-distilled water nanofluids flowing through a 

tube. Laminar flow was selected and its effect on the 

local heat transfer coefficient was analysed. The local 

heat transfer coefficient of CNT nanofluids was found 

to be much greater than that of pure water. The 

enhancement depends on the flow conditions, CNT 

concentration and the pH value. The effect of pH 

value was found to be less as compared to other 

parameters. In order to increase the heat transfer 

performance of CNTs based nanofluids, aspect ratio 

should be associated with it. 

 

Nguyen et al. [16] experimentally investigated the 

heat transfer coefficient of Al2O3 nanoparticles 

dispersed in water flowing through a liquid cooling 

system of microprocessors. Turbulent flow condition 

was selected for analysis. The nanofluid was found to 

have a higher heat transfer coefficient than the base 

liquid. The nanofluid with a 36 nm particle diameter 

and 47 nm particle diameter were compared. It was 

found that 36 nm particle diameter gave higher heat 

transfer coefficient than the nanofluid with a 47 nm 

particle diameter. It was seen that with the increase 

in particle concentration the heated component 

temperature decreases. 

 

Xuan et al. [17] experimentally investigated the flow 

and convective heat transfer of nanofluid flowing in a 

tube. The nanofluids for the experimentation are 

prepared by mixing Cu particles with diameter less 

than 100 nm and deionized water. It was found that 

the suspended nanoparticles increase heat transfer 

performance and has larger heat transfer coefficient 

than that of base fluid at same Reynold’s number. 
Heat transfer performance of nanofluid increases with 

the volume fraction of nanoparticles. On studying the 

factors affecting the heat transfer coefficient by the 

use of nanofluids, a new correlation for Nusselt 

number was proposed. It was observed that friction 

factor for nanofluid consisting of water and Cu-

nanoparticles is same as that of water. With 

increasing particle volume fraction, the viscosity of 

dispersed fluid was found to increase and was much 

higher than that of base liquid. This higher volume 

fraction of solid particles may suppress the heat 

transfer enhancement of suspension. 
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Mohammed et al. [18] numerically investigated the 

effect of use of nanofluids on heat transfer and fluid 

flow characteristics in rectangular shaped 

microchannel heat sink (MCHS). Range of Reynolds 

number selected for above analysis was from 100 – 

1000. Alumina–water (Al2O3-H2O) nanofluid with 

volume fraction ranged from 1% to 5% was used so as 

to examine the MCHS performance. It was observed 

that with the increase of particle volume fraction the 

MCHS wall temperature decreases when the heat flux 

is 1000 
    as compared to lower heat flux. It was 

observed that at lower heat flux conditions there is no 

significant difference between nanofluids and pure 

water. With the increase of Reynolds number the 

pressure drop increases. It was found that there is a 

slight increase in the pressure drop across the 

nanofluid-cooled MCHS as compared with pure 

water-cooled MCHS. 

 

V. DATA REDUCTION 

 

The density and specific heat of the nanofluids are 

calculated by using Pak and Cho [19] correlations, 

which are given as:         (    )                          (1) 

Where    volume fraction,      density of 

nanofluid,     density of particles,     density of 

water (base fluid). 

            (   )                     (2) 

Where       specific heat of nanofluid,      

specific heat of nanoparticles,      specific heat of 

base fluid. 

 

Heat transfer rate for the base fluid (hot water) is 

given as:      ̇    (         )                 (3) 

Where    is the heat transfer rate of hot water and  ̇  is the mass flow rate of hot water. 

 

Heat transfer rate for nanofluid is given as:       ̇      (         )                (4) 

Where     is the heat transfer rate of nanofluid and  ̇   is the mass flow rate of nanofluid. 

The average heat transfer rate is given as:                                                         (5) 

Where      is the average heat transfer rate between 

water and nanofluid. 

                                                             (6) 

Where     is heat transfer coefficient,      is average 

heat flux between hot water and nanofluid,       is 
average temperature of wall and     is bulk 

temperature of nanofluid. 

                                                             (7)                

Where      is Nusselt number of nanofluid, D is the 

inner diameter of test section and    is thermal 

conductivity of nanofluid. 

 

Friction factor of nanofluid is given as:                                                                  (8) 

Where      is the pressure drop of nanofluid, L is the 

length of test section,    is the mean velocity of 

nanofluid. 

VI.  CONCLUSION 

 

This review covered some of the basics of nanofluids 

and literature related to their use and effects in 

microchannel heat exchanger. There are only few 

studies available on the use of nanofluids for different 

engineering applications. Therefore, it is necessary to 

conduct experimental and theoretical studies on large 

scale to explore the use and effects of different 

nanofluids in different thermal applications. From the 

study of above literature on nanofluids it is concluded 

that: 

 

[1] Convective heat transfer coefficient of nanofluid 

is higher than the conventional fluids. The 

increase of nanoparticle volume fraction enhances 

the average Nusselt number. 
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[2] The thermal resistance value decreases as the 

volume fraction of nanoparticle increases. 

[3] The presence of nanoparticles substantially 

increases the wall shear stress for all values of 

Reynolds number.  

[4] Larger volume fraction and smaller nanoparticle 

size increase the pressure drop. 

[5] New type of nanofluids with high thermal 

conductivity and low viscosity should be 

developed so as to be used in various thermal 

systems. 

[6] As nanofluids are costly and difficult to make, 

new technologies should be developed to prepare 

cost effective and efficient nanofluids. 

[7] More research should be on hybrid 

nanofluids(combination of two or more 

nanoparticles) as they have better thermophysical 

properties for thermal applications. 

[8] Carbon nanotubes (CNTs) exhibit high thermal 

conductivity, unique optical properties and large 

surface area. Hence they are used in solar 

collectors and therefore more research should be 

carried out on use of CNT. 

 
VII. REFERENCES 

 

[1]. Prof. Duangthongsuk W, Wongwises S, An 

experimental study on the heat transfer 

performance and pressure drop of TiO2 - water 

nanofluids flowing under a turbulent flow 

regime, International Journal of Heat and Mass 

Transfer, 53, 2010, 334-344. 

[2]. Choi S.U.S, Eastman J.A, Enhancing thermal 

conductivity of fluids with nanoparticle, ASME 

International Mechanical Engineering Congress 

and Exposition, 1995. 

[3]. Siegel R.W, Cluster-Assembled Nanophase 

Materials, Annual Review of Materials Science, 

21, 1991, 559-578. 

[4]. Akoh H, Tsukasaki Y, Yatsuya S, Tasaki A, 

Magnetic properties of ferromagnetic ultrafine 

particles prepared by vacuum evaporation on 

running oil substrate, Journal of Crystal 

Growth, 45, 1978, 495 - 500. 

[5]. Wagener M, Murty B.S, Gunther B, Preparation 

of metal nanosuspensions by high-pressure DC- 

sputtering on running liquids, Materials 

Research Society Proceedings, Cambridge 

University Press, 457, 1997, 149-154. 

[6]. Zhu H.T, Lin Y.S, Yin Y.S, A novel one-step 

chemical method for preparation of copper 

nanofluids, Journal of Colloid and Interface 

Science, 277, 2004, 100-103. 

[7]. Chang H, Jwo C.S, Fan P.S, Pai S.H, Process 

optimization and material properties for 

nanofluid manufacturing, The International 

Journal of Advanced Manufacturing 

Technology, 34, 2007, 300-306. 

[8]. Singh A.K, Raykar V.S, Microwave synthesis of 

silver nanofluids with polyvinyl pyrrolidone 

(PVP) and their transport properties, Colloid 

and Polymer Science, 286, 2008, 1667-1673. 

[9]. Nikkam N, Ghanbarpour M, Saleemi M, 

Haghighi E.B, Khodabandeh R, Muhammed M, 

Palm B, Toprak M.S, Experimental investigation 

on thermo-physical properties of 

copper/diethylene glycol nanofluids fabricated 

via microwave-assisted route, Applied Thermal 

Engineering , 65, 2014, 158-165. 

[10]. Yu W, Xie H, Chen L, Li Y, Investigation of 

thermal conductivity and viscosity of ethylene 

glycol based ZnO nanofluid, Thermochimica 

Acta, 491, 2009, 92-96. 

[11]. Gupta M, Singh V, Kumar R, Said Z, A review 

on thermophysical properties of nanofluids and 

heat transfer applications, Renewable and 

Sustainable Energy Reviews, 74, 2017, 638-670. 

[12]. Peng X.F, Peterson G.P, Convective heat 

transfer and flow friction for water flow in 

microchannel structures, International Journal 

of Heat and Mass Transfer, 39, 1996, 2599-2608. 

[13]. Peng X.F, Peterson G.P, The effect of 

thermofluid and geometrical parameters on 

convection of liquids through rectangular 



International Journal of Scientific Research in Science, Engineering and Technology (www.ijsrset.com) 

 Divyesh Ubale et al. Int J S Res Sci. Engg. Tech. 2018  July-August-2018 ; 4(9) : 198-203 
 

 203 

microchannels, International Journal of Heat 

and Mass Transfer, 38, 1995, 755-758. 

[14]. Qiang L, Yimin X, Convective heat transfer and 

Flow characteristics of Cu-water nanofluid, 

Science in China Series E: Technological 

Science, 45, 2002, 408 - 416. 

[15]. Ding Y, Alias H, Wen D, Williams R.A, Heat 

transfer of aqueous suspensions of carbon 

nanotubes (CNT nanofluids), International 

Journal of Heat and Mass Transfer, 49, 2006, 

240-250. 

[16]. Nguyen C.T, Roy G, Gauthier C, Galanis N, 

Heat transfer enhancement using Al2O3-water 

nanofluid for electronic liquid cooling system, 

Applied Thermal Engineering, 27, 2007, 1501 - 

1506. 

[17]. Xuan Y., Li Q., Investigation on Convective 

Heat Transfer and Flow Features of Nanofluids, 

Journal of Heat Transfer, 125, 2003, 151-155. 

[18]. Mohammed H.A, Gunnasegaran P, Shuaib N.H, 

Heat transfer in rectangular microchannels heat 

sink using nanofluids, International 

Communications in Heat and Mass Transfer, 37, 

2010, 1496 - 1503. 

[19]. Pak B.C, Cho Y.I, Hydrodynamic and heat 

transfer study of dispersed fluids with 

submicron metallic oxide particles, 

Experimental Heat Transfer, 11, 1998, 151-170. 



IOP Conference Series: Materials
Science and Engineering

     

PAPER • OPEN ACCESS

Numerical investigation of temperature distribution
in blast furnace hearth
To cite this article: Divyesh Ubale and Prafulla Ubale 2019 IOP Conf. Ser.: Mater. Sci. Eng. 691
012032

 

View the article online for updates and enhancements.

You may also like
Studies to overcome the manufacturing
problems in blast furnace tap hole clay of
Integrated Steel Plants: Experimental
approach
R Siva kumar, Raffi Mohammed and K
Srinivasa Rao

-

Evaluation of recycled galvanised steel as
a resource for Zn production
N Uys, M Becker and J Petersen

-

The safety thickness of blast furnace
hearth lining and simulation analysis for
different interventions
J F Chen, L Y Chen and Y Li

-

This content was downloaded from IP address 59.95.207.246 on 04/05/2024 at 11:35

https://doi.org/10.1088/1757-899X/691/1/012032
/article/10.1088/1757-899X/330/1/012055
/article/10.1088/1757-899X/330/1/012055
/article/10.1088/1757-899X/330/1/012055
/article/10.1088/1757-899X/330/1/012055
/article/10.1088/1742-6596/2738/1/012029
/article/10.1088/1742-6596/2738/1/012029
/article/10.1088/1757-899X/474/1/012046
/article/10.1088/1757-899X/474/1/012046
/article/10.1088/1757-899X/474/1/012046
https://pagead2.googlesyndication.com/pcs/click?xai=AKAOjsu42WhPa5sHiUJHBRj0SWfsZqFWfHh3eoXXchLkXK9Y1cRc7gzelDeA-RQGAftSaGLoWQLrkAXHXoc8yJJr7NQx0-p6AzU8xoBhLzfG1eEB_TqnwmmdYhcxxVhXLO2uVManyPtr2ejS50tg9hW_OMldYZaKWJ6zBfAQwn3207LRQ4w4IoOnP8nFocgJ-ElPTYmi10SfSUfFYRnuomX3yjjFSKGdCTkn4i1p_eEnA7xeFsBuSnntmQ_m1lmCQPTvidiChsrzThX9hjN2j42hJcWzGUJXFPYw7TRTmrEJkvdPh_uahtTobb-bLo0im6jRUT4oUIA7KMwMz0syZdDhWofroxzjjQ&sig=Cg0ArKJSzFecUllLN8gX&fbs_aeid=%5Bgw_fbsaeid%5D&adurl=https://iopscience.iop.org/partner/ecs%3Futm_source%3DIOP%26utm_medium%3Ddigital%26utm_campaign%3DIOP_tia%26utm_id%3DIOP%2BTIA


Content from this work may be used under the terms of the Creative Commons Attribution 3.0 licence. Any further distribution

of this work must maintain attribution to the author(s) and the title of the work, journal citation and DOI.

Published under licence by IOP Publishing Ltd

ICCEMME 2019

IOP Conf. Series: Materials Science and Engineering 691 (2019) 012032

IOP Publishing

doi:10.1088/1757-899X/691/1/012032

1

Numerical investigation of temperature distribution in blast 

furnace hearth 

 

Divyesh Ubale
1
, Prafulla Ubale

2 

Indian Institute of Technology Bombay, Mumbai, Maharashtra, India1 

GS Science, Arts and Commerce College, Khamgaon, Maharashtra, India2 

 
*Email: ubaledivyesh@gmail.com 

 

Abstract. Erosion of the Blast Furnace hearth affects the life of the Blast Furnace. High 
temperature across the molten iron and hearth makes it difficult to measure temperature in real 
life. Temperature prediction inside the hearth is a complex process as it involves conjugate heat 
transfer. A CFD model is developed for analysing the temperature distribution across slag, 
molten iron and hearth. It is essential for estimating the life of Blast Furnace and the wear rate 
of hearth. Three different cases are analysed and the temperature profiles are plotted. The CFD 
results are validated with the published experimental results in the literature. Only temperature 
effects are considered and natural convection effect is neglected for the analysis of hearth. 

Keywords. Blast Furnace Hearth, Computational Fluid Dynamics (CFD), Conjugate Heat 
Transfer, Molten Iron 

1. Introduction 

Blast Furnace is used to produce pig iron. The main parts of blast furnace are Hearth, Stack, 
Belly, Bosh, Tuyeres. The charge is supplied from the top of blast furnace at room temperature. It 
consists of fuel, iron ore and flux. The coke moves down to the hearth surface and a hot blast of air is 
introduced through tuyeres at lower section. Preheated air on coming in contact with coke forms heat 
and gases. This takes place inside the cavity which is formed around the tuyere exit. These gases and 
heat are used to produce hot metal and molten slag [1]. 

The erosion of hearth is mainly a thermal process. CFD models are effective especially when 
the temperature measurement inside the plant in working conditions is impractical or expensive. 
Panjkovic et al. [2] established a CFD model which calculates the flow and temperature distributions 
in molten iron and hearth. The experimental data obtained from plants BHP Steels Port Kembla No. 5 
blast furnace and One Steels Whyalla no. 2 blast furnace is compared with the CFD results and the 
results are found to be in good agreement. Guo et al. [3] developed numerical models. In these models 
simulation of the flow, heat transfer and mass transfer takes place mainly in the hearth lower part. The 
numerical model facilitated the mechanisms for erosion of lining and protection of the base wall in 
hearth. The three aspects dealt were first the Flow of Gas and the liquid surface pressure; second the 
Flow of molten iron inside the hearth and their temperature distributions in the refractories; and third 
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aspect involves injection of Titania on the hearth refractory surface. This injection leads to protection 
of the hearth surface from erosion. It was observed that a stagnant flow zone exists at the bottom.  
Preuer et al. [4] developed a mathematical model for the dissolution of carbon from the wall of hearth. 
Numerical Investigation was carried out to predict the rate of erosion with the use of this process. This 
includes different dissolution conditions in the coke and at the wall and the bottom which were 
experimentally investigated. Good agreement was observed between the actual wear line profiles and 
the predicted ones. 
Huang et al. [5] investigated the flow behaviour of hot molten metal in the hearth of a blast furnace.  
Blast Furnace hearth no. 2 at China Steel Corporation (CSC) was selected for obtaining the 
temperature data. To analyze the flow behaviour and heat transfer at various operating conditions 
numerical model was developed. 3D Navier–Stokes equations were used considering the effect of 
conjugate heat transfer and Darcy law. These equations are solved by CFD for hot molten metal which 
flows through the deadman. It was observed that temperature in the hearth corner increases and 
temperature gradient is observed. Vernengo et al. [6] investigated the temperature distribution in 
hearth of the blast furnace using CFD on the basis of simplified structure of deadman. Effect of 
deadman porosity is considered. 
Zhou et al. [7] investigated the combined effect of hot metal flow and the conjugate heat transfer on 
the blast furnace hearth. Validation of results was done using measurement data from Mittal Steel old, 
new IH7 blast furnace and U.S. Steel 13 blast furnace. Wear patterns of different furnaces were 
analysed at different operating conditions. Inner profile of hearth can be predicted based on the study. 
Shibata et al. [8] used two dimensional model and found the behaviour of formation of coke regions in 
a blast furnace hearth. Various experiments were performed and it was observed that the carbon 
solubility changes in molten iron. This change is due to the temperature fluctuations. This then enters 
into the refractories and thermal expansion is observed in the refractories. This thermal expansion 
leads to large thermal gradients and erosion of furnace wall takes place. 

This paper mainly focuses on temperature distribution inside hearth and its effect on wall 
surfaces. CFD analysis is carried out for three different cases. Temperature distribution inside the 
hearth involves conjugate heat transfer. Similar conjugate heat transfer phenomenon is observed in 
various heat transfer devices [9-12]. 

  
2. Geometric Modelling 

Model is Prepared in ANSYS 16.2 Design Modeler with base of 16 m as per [5] and height of hearth 
is choosen as 6 m considering the effect of molten iron and slag. Three Different geometries 
corresponds to three different cases containing Hearth; Hearth and Molten iron; Hearth, Molten Iron 
and Slag. Hearth is considered as Symmetric.   Geometry of Blast Furnace Hearth is as shown in 
figure 1. 

 

 
Figure 1. Geometry of Blast Furnace Hearth 
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3. Assumptions 

The following assumptions are made for carrying out the simulation:  
 

1. Steady-State process is used.  

2. The top surface of refractory wall is adiabatic. Inlet boundary condition is the top surface of 
liquid molten iron (or slag in case of slag as top surface) and the outer wall of hearth is at 
constant temperature and is the outlet boundary condition.  

3. Coupled Wall boundary condition with negligible thickness is assumed between the 
conducting linings of slag-hot metal, hot metal-hearth. 

4. The presence of refractory fireclay brick is neglected.  

5. Chemical reactions between hearth, hot metal and slag are not considered 

6. The free surface of molten iron and slag is flat.  

7. Solidification is neglected.  

8. 2D Heat transfer takes place and the mode is conduction.  

9. The slag, liquid iron and refractory walls have no mass transfer between them.  

10. No mixing takes place between liquid metal and slag.  
 
4. Governing Equations 

Governing Equations used for carrying out simulations are as per paper [2]. 
The continuity and momentum equations: 
 
        (  )                                                                                                                                    (1) 

   (    )    (      )         (    (  ) )     (      )                           (2) 
 

Boussinesq approximation is valid in these simulations. The flow resistance occurs in the porous 
medium and is given by last term in (2).  
The resistance force is obtained with the help of Ergun’s equation and is given as:           (   )     | |               | |                                                                                (3) 

Where Bed Voidage ( ) = 0.35 
 
The effective viscosity is the sum of laminar and turbulent viscosities and is given by, 

                                                                                                                              (4) 
 
5. Material Properties [2]: 
 
1. Carbon: 
Density (ρ) : 2267      
Specific Heat (  ) : 1260 

      
Thermal Conductivity (k) : 18 
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2. Molten Iron: 
Density (ρ) : 7000 

     
Specific Heat (  ) : 850 

      
Thermal Conductivity (k) : 16.5 

     

Viscosity (ν) : 0.00715       
 
3. Slag: 
Density (ρ) : 15.5 

     
Specific Heat (  ) : 16.5 

      
Thermal Conductivity (k) : 5.4 

     
 
6. Results and Discussion 
 
6.1 Case I: Temperature Distribution along Hearth.  
The Geometry is meshed using ANSYS Mesh and consists of 930 nodes and 824 elements. Inlet 
Temperature is 1700 K and Outer Wall Temperature is 300 K. SIMPLE algorithm was applied and 
First order upwind scheme was used to discrete the convective term of equations. ANSYS 16.2 Fluent 
was used for the simulation results considering the effects of conjugate heat transfer and the results are 
obtained as shown in figure 2. 
 

 
Figure 2. Static Temperature (K) contours along Hearth (Inlet temperature 1700 K) 

 
6.2 Case II: Temperature Distribution along Hearth and Molten Iron.  

The Geometry is meshed using ANSYS Mesh and consists of 1512 nodes and 1411 elements. Inlet 
Temperature is 1800 K and Outer Wall Temperature 300 K is used in this analysis. The results are 
obtained as shown in figure 3. 
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Figure 3. Static Temperature (K) Contours along Hearth and Molten Iron (Inlet temperature 1800 K) 

 
6.3 Case III: Temperature Distribution along Hearth, Molten Iron and Slag. 

The Geometry is meshed using ANSYS Mesh and consists of 1704 nodes and 1615 elements. Inlet 
Temperature is 1873 K and Outer Wall Temperature is 300 K.  
 

 
Figure 4. Static Temperature (K) Contours along Hearth, Molten Iron and Slag (Inlet temperature 

1873 K) 
 
From figure 4 it can be seen that temperature at the top surface is 1873 K which is the inlet 

temperature as defined in Fluent. The top layer is of Slag, middle layer of molten iron and the bottom  
is hearth. Temperature at the height of 1 m from top surface shows that at the center the temperature is 
uniform while large temperature gradients are observed near the sidewall. These temperature gradients 
increase as we move further down. Temperature at the height of 4 m from top surface is around      
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1240 K. The temperature at some distance from outlet is uniform as the outer wall surface is exposed 
to cooling water which maintains the temperature to be constant at 300 K. The 1423 K temperature 
isotherm was used as a base to calculate erosion profile in the hearth lining. Because carbon saturated 
iron do not exist in liquid form below this temperature. Hence the maximum hot metal temperature 
that can penetrate inside the hearth lining is based on this isotherm temperature. Though the inlet 
conditions(in current paper and [14]) are different, Temperature distribution in Current CFD Analysis 
matches(approximately) with paper by Komiyama et al.  

 
Table 1. Comparison of results at various heights from top surface of Blast Furnace Hearth 

 Current CFD Analysis Komiyama et al. [14] 
Temperature at top surface of 

Hearth (in case III) 1873 K 1823 K 

Temperature at distance of 2 m 
from top surface of Hearth 1560 K 1518 K 

Temperature at distance of 4 m 
from top surface of Hearth 1240 K 1061 K 

Temperature at distance of 5 m 
from top surface of Hearth 457 K 451 K 

 
Real shape of interior of hearth has significant effect on temperature distribution. CFD results 

in this paper and the experimental results as mentioned in the above literature [2, 3, 5, 13, 14] matches 
very well. The result from current CFD analysis is compared with the results from published paper of 
Komiyama et al. as shown in Table 1. The distances measured approximately from top surface are 
correlated with the temperatures. The widths of both the hearths are different so there is slight 
difference in temperatures. The erosion takes place due to the circulation of molten iron at the bottom 
of the hearth. Also it is observed that the temperature at the bottom of the hearth is almost average of 
the hot and cold temperature. It is observed that the molten iron enters the hearth and has greater 
temperature at the center of hearth as compared to edges of walls. The heat is then transferred to 
refractory brick. The temperature of liquid iron is uniform due to better mixing. The velocity of molten 
iron due to pouring and buoyancy forces near to the sidewalls induces shear stress to the sidewalls 
which leads to erosion [14]. Also at the sidewall a larger temperature gradient is observed in all three 
above cases. This leads to higher thermal buoyancy force. It also leads to vortex like flow giving rise 
to recirculation and hence erosion at the corner of the hearth. Erosion of refractory wall creates narrow 
zone causing increase in heat losses and therefore large thermal gradients are observed. 
            
7. Conclusion 

 
Blast furnace hearth is modeled using ANSYS workbench and simulations are carried out at steady 
state to investigate the temperature distribution using ANSYS Fluent 16.2 for three different cases 
(Hearth; Hearth and Molten Iron; Hearth, Molten Iron and Slag) with conjugate heat transfer. 
Temperature contours are plotted for these cases and erosion of hearth due to different factors is 
studied. Only the effects due to hot metal iron flow and temperature gradients on the surface of hearth 
are considered for erosion analysis. A good agreement was found between the temperature contours 
generated using CFD and the experimental results of plants as reported in different literatures. A large 
temperature gradient is observed at the sidewall in all the three cases which leads to higher thermal 
buoyancy force and there is also some amount of recirculation due to mixing giving rise to erosion of 
surface. 
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Abstract: Liver and kidneys are the important organs for metabolism, detoxification, homeostasis and excretion in 

most of the higher animals, including man. Toxic substances cause histopathological changes in both of these 

major tissues. Because the kidney get easily exposed to higher concentrations of fluoride than any other soft tissues 

,excess  fluoride exposure contributes to kidney damage, thus damaged kidneys increase the retention of fluoride, 

causing in turn further damage to the kidney, bone, and other organs. In animals, kidney damage has been 

reported at levels as low as 1 ppm if the animals consume fluoridated water for long periods of time. In the present 

investigation status of various membrane bound enzymes and other biochemicals in liver and kidney were studied 

in both control and experimental rats, which were given NaF in drinking water for 180 days. Acid phosphatase, 

LDH, and SDH were depleted significantly in liver after 180 days of fluoride feeding through drinking water. 

Alkaline phosphatase (P< 0.01), G-6-PD (P < 0.01) and ATPase (P< 0.01) were elevated significantly.  GOT and 

GPT in liver were also increased significantly except GPT which was significant (P< 0.1) only in male rats 

.Significant (P< 0.1) decrease in liver proteins and elevated glycogen content were noted in all the experimental 

rats after 180 days of exposure to fluoride in drinking water. In kidney of experimental rats, alkaline phosphatase, 

GOT, GPT and ATPase were significantly elevated after chronic treatment of fluoride through drinking water. 

However, the enzymes acid phosphatase, LDH and SDH were significantly (P< 0.01) depleted. Total protein was 

found to be depleted significantly (60.07%) in male rats and 55.72% in female rats.      

Keywords:  Sodium Fluoride, Biochemical, Histo-pathological alterations, Soft Tissues, Liver, Kidneys, Wistar Albino Rat. 

1.   INTRODUCTION 

Fluoride when absorbed is rapidly distributed by systemic circulation into the intracellular and extra- cellular water of 
tissues. More than 90% of the total body burden is retained in bones and teeth. The concentration of fluoride in soft 
tissues is reflected in blood. Fluoride is distributed from the plasma to all tissues and organs. The rates of delivery are 
generally determined by the blood flow to the tissues .Consequently, steady state fluoride concentrations are achieved 
more rapidly between plasma and well-perfused tissues, such as liver and kidney. The major route for the removal of 
fluoride from the body is by the kidney. Urinary fluoride is regarded as the best indicator of exposure to fluorine 
compounds, and usually it correlates well with the level of fluoride in drinking water (Czarnowski et al; 1996). 

The health effects of ingested fluoride have been considered by a number of bodies, the most recent of which include the 
Royal Society of New Zealand and the Office of the Prime Minister’s Chief Science Advisor (2014); European Food 
Safety Authority 2013; European Commission Scientific Committee on Health and Environmental Risks report (SCHER, 
2011); National Academy of Sciences Report (2006). A monograph edited by Buzalaf (2011), also covered this topic. 
Approximately 90% of the fluoride ingested each day is absorbed from the alimentary tract, with higher proportions from 
liquids than from solids. The half-time for absorption is approximately 30 minutes, hence peak plasma concentrations 
usually occur within 30-60 minutes (Buzalaf and Whitford, 2011). 
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Fluoride which has been described as an essential nutrient is extremely useful for the normal development and growth of 
human beings (Dhar et al; 2009) As per WHO, 0.6 ppm fluoride ingestion is useful, when fluoride gets accumulated in 
hard tissues of the body it plays an important role in mineralization of bone and teeth (Adler et al;1970). 

At high levels, fluoride causes dental and skeletal fluorosis. Dental fluorosis occurs due to exposure of more than 1-1.5 
ppm, in developing enamel which is characterized mainly by mottling of the teeth (Dinman et al; 1984).The adverse 
effects of high fluoride intake are also observed in soft tissues which are known to affect collagen synthesis, inhibit 
enzymes such as those involved in the pentose pathway, antioxidant defense system and the myosin ATPase pathway 
(Sarkar et al; 2002). Fluoride exists as the fluoride ion or as hydrofluoric acid in the body fluids (Aoba et al;2002) Chronic 
poisoning from long term exposure is a serious health problem in many parts of the world where drinking water contains 
more than 1- 1.5 ppm of fluoride (Dinman et al;1984).Moderate amounts lead to dental defects, but long term ingestion of 
large amounts can lead to potentially severe skeletal problems (Ibrahim et al; 2011) .In human beings fluorosis is mainly 
caused by drinking fluorinated water, burning coal and drinking tea ( Bhanu Prakash Reddy et al;2003) . Osseous and soft 
tissues are damaged due to fluoride intoxication (Strunecka et al; 2002 and Suwalsky et al; 2004). Effects of fluorosis can 
be skeletal or non skeletal (Shivarajashankara et al; 2003). Mucosal abnormalities are common with skeletal fluorosis 
.Higher concentrations of fluoride are known to affect collagen synthesis, inhibit enzymes involved in the pentose 
pathway, antioxidant defense system and the myosin ATPase pathway. Furthermore fluoride is also known to cross the 
cell membrane and enter soft tissues (Sarkar et al; 2002). 

Liver is an important organ for metabolism and detoxification of foreign substances (Sodani, 2016). In the present study, 
liver histopathological changes varied with the concentration of fluoride in treated groups with respect to the control 
groups. Histopathological changes logical sectioning which indicated various degrees of hepatocellular necrosis and portal 
inflammation in the treated groups. Similar results were observed in the liver cells of animals exposed to 25 mg/kg F for 
4 weeks (Thangapandiyan, 2014). Evidences of changes in liver may relate to that the liver has a central role as a 
detoxifying organ towards xenobiotics and chemicals (Sodani,2016) . The toxicants have been revealed by abnormal 
metabolic functions, reduced activity of detoxification reaction, and altered structure of sub cellular organelles (Parihar et 
al;2013) . These pathological alterations in the fluoride-treated liver tissues could be due to the accumulation of free 
radicals by fluoride ions (Thangapandiyan,2014) . Diagnostic evaluation of liver tissue is largely based on examination of 
sections stained with Hematoxylene and eosin . and it has been the most universal and traditional method for examination 
of formalin-fixed, paraffin-embedded tissue sections (Foureau et al;2014).The inflammatory cells could be lymphocytes, 
plasma cells, or macrophages, and they were stained as mononuclear inflammatory cells with Hematoxylene-eosin stain. 
Therefore, additional special stains such as immune-histochemical stains may be useful to highlight or identify features 
that are not easily seen on a Hematoxylene-eosin stain (Hall and Rojko; 1996). 

The kidney helps to prevent the build-up of toxic fluoride levels in the body by excreting fluoride through urine. Excess 
fluoride exposure contributes to kidney damage, thus damaged kidneys increase the retention of fluoride, causing in turn 
further damage to the kidney, bone, and other organs. In animals, kidney damage has been reported at levels as low as 1 
ppm if the animals consume fluoridated water for long periods of time. In humans, elevated rates of kidney damage are 
frequently encountered among populations with skeletal fluorosis. Individuals with advanced kidney disease are known to 
have a very high susceptibility to fluoride toxicity since their bones and other tissues accumulate fluoride at levels far 
higher than healthy individuals. This fluoride build-up places kidney patients at a quite enhanced risk of skeletal fluorosis. 
Fluoride intake can also contribute to and compound the complex bone and renal diseases (Whitford, 1997). 

The present study was undertaken to investigate the effect of chronic fluoride ingestion for 180 days, and to find out the 
biochemically determined activities of acid phosphatase, LDH, SDH and GOT etc. both in liver and kidney (Table, 1) 

2.   MATERIALS AND METHODS 

Experimental Animal Model:  

In the present investigation the Wistar albino rats, Rattus norvegicus (male rats weighing about 90 ± 5 g and female rats 
weighing about 80 ± 5 g) were used as test animals.  

Procurement of Rats: 

The rats were procured from National Institute of Nutrition (NIN), Hyderabad, India. Animal experimentations were 
conducted according to INSA-Ethical guidelines for the use of animals for scientific research purpose, after getting 
permission from Animal Ethical Committee. 
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Maintenance of Rats: 

The animals were kept in vivariums throughout the period of experiment. They were regularly fed on standard pellet diet 
provided by National Institute of Nutrition, Hyderabad and water was given ad-libitum. The remaining food and waste 
matter was removed from the cages on the next day and proper care was taken to avoid any infection. Only healthy rats 
were used for the present experiments. Experimental animals were acclimatized for 8 days.  

Experimental set-up: 

After recording their initial body weights and temperatures, then were divided into two main groups:  Group: I, as control 
and Group: II, as experimental. The duration of the experiment was 180 days i.e. chronic fluoride exposure. For control 
set-up five males with five females and for experimental setup ten males with ten females were selected. The animals 
were observed daily for any mortality and signs of intoxication upto 180 days i.e. 6 months (the period of 
experimentation). No mortality was recorded during the 180 days of experiment both in control and experimental animals.  

Doses :  The control group were given tap water ad libitum and the  experimental groups were fed with 10mg F/kg/body 
weight/per day (i.e.22.22 mg NaF/ kg/body weight/per day) for 180 days. 

Biochemical Methods Used: 

Following standard methods were used during the present  investigation of various aspects (Table No.1). 

Table No.1: Methodologies used to study alterations various biochemical parameters of  major soft organs of  Wistar albino 

rats given NaF for 180 days 

 

 

 

 

 

 

 

 

 

 

 

 

3.   OBSERVATIONS AND RESULTS 

Status of various membrane bound enzymes and other biochemicals in liver and kidney were studied in both control and 
experimental rats, which were given NaF in drinking water for 180 days. Acid phosphatase, LDH, and SDH were depleted 
significantly in liver after 180 days of fluoride feeding through drinking water. Alkaline  phosphatase (P< 0.01), G-6-PD 
(P < 0.01) and ATPase (P< 0.01) were elevated significantly in both of these major organs. GOT and GPT in liver were 
also increased significantly except GPT which was significant (P< 0.1) only in male rats (Table 2 and 3).Significant (P< 
0.1) decrease in liver proteins and elevated  glycogen content were noted in all the experimental rats after 180 days of 
exposure to fluoride in drinking water     (Table ,2and 3).In kidney of experimental rats alkaline phosphatase, GOT, GPT 
and ATPase were significantly elevated after chronic treatment of fluoride through drinking water. However, the enzymes 
acid phosphatase, LDH and SDH were significantly (P< 0.01) depleted (Table 3). Total protein was found to be depleted 
significantly (60.07%) in male rats and 55.72% in female rats (Table, 2and 3).   

Sr.No. Biochemical Parameters Tissue Methods 
1 AChEase Tissue Biggs, CarreyandMorrison(1958) 
2 Acid phosphatase Tissue King’s(Varley 1980) 
3 Alkaline phosphatase Tissue Kind and King’s(1954) 
4 GOT Tissue Reitman and Frankel(1957) 
5 GPT Tissue Reitman and Frankel(1957) 
6 Total Protein Tissue Biuret 
7 Albumin Tissue Bromcresol green 
8 ATPase Tissue Sickevitz and Potter (1953) 
9 G-6-PD Tissue Qualitative(Elis et al. 1961) 
10 SDH Tissue Marvin et al.,(1959) 
11 Glycogen Tissue Montgomery(1957) 
12 Na-K- ATPase Tissue Kaplay(1978) 
13 Ca- ATPase Tissue Samaha and Yunis(1973) 
14 Catalase Tissue Luke,H.(1974) 
15 SOD Tissue Marklund and Marklund (1974) 
16 Calcium Bone CPC 
17 Inorganic phosphorous Bone Fiske and Subbarow , 1925 
18 Fluoride Bone Spands (Marvin , 1979) 
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In histological studies in this investigation (Hematoxylene-eosin staining), liver of experimental rats showed disarray of 
hepatic cords, intense vacuolization and hydropic degeneration  (Fig.2 and 4),while kidneys of experimental male and 
female  rats showed tubular degeneration, hypertrophied and lobulated glomerulus;vacuolization of renal tubular cells and 
thickened glomerular membrane(Fig.6 and 8). 

   

Fig.1:T.S. Liver of control albino rat (male), showing 

regular hepatic cords, 

Hematoxylene-eosin X400, HPV-Hepatic portal  

vein,HC-Hepatic cords 

Fig.2:T.S. Liver of experimental  albino rat 

(male),showing disarray of hepatic cords, 

Hematoxylene-eosin X400,DAHC- Disarray of hepatic 

cords, IV-Intense vacuolization,Hdg-Hydropic 

degeneration 
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Fig. 3:T.S. Liver  of control albino rat (female), 

Hematoxylene-eosin X400, HC-Hepatic cords 

Fig.4:T.S. Liver of experimental  albino rat 

(female),showing total disarray of hepatic cord, 

Hematoxylene-eosin X400, IV-Intense vacuolization,Hdg-

Hydropic degeneration 

  
Fig.5: T.S. Kidney of control albino rat (male), 

Hematoxylene-eosin X400,G-glomerulus,RT-renal tubule. 

Fig.6: T.S. Kidney of experimental albino rat 

(male),Hematoxylene-eosin X400,Tdg Tubular 

degeneration ,HLG-Hypertrophied and lobulated 

glomerulus,VRT- Vacuolization in renal tubular cells. 

 

  
Fig.7: T.S. Kidney of control albino rat (female), 

Hematoxylene-eosin X400. 

Fig.8: T.S. Kidney of experimental albino rat 

(female),Hematoxylene-eosin X400,TGM- Thickened 

glomerular membrane , VRT- Vacuolization in renal 

tubular cells. 
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4.   DISCUSSION 

In this study, the rats maintained on fluoridated water for 180 days showed an adverse effect on the level of different 
enzymes in the serum, liver and kidney. Ferguson, (1971); Riesktniece et al., (1965), suggested changes in blood enzymes 
and proteins, due to ingestion of fluoride could result from a change in the membrane permeability and from the rate of 
loss of the enzymes from the different   tissues. The present study reveals that following fluoride ingestion for 180 days, 
the biochemically determined activities of acid phosphatase, LDH, SDH and total protein content have decreased  both in 
liver and kidney (Tables, 2 and 3). It is well known that fluoride   inhibits many enzymes in vitro as well as in vivo 
(Wiseman, 1970; Chitra et al., 1983; Shahed et al., 1980). Furthermore, in fluoride toxicity, the fluoride content of liver 
and kidney gets appreciably elevated (Susheela and Singh, 1982; Shearer ad Ridlington, 1976). In fact, this elevated 
fluoride levels in liver might have inhibited enolase (glycolytic enzyme in glycolysis) as it is very sensitive to fluoride. 
These results are in accordance to the earlier reports of Stachowska et al., (2000). However, whether the reduced activities 
of these enzymes in the present study are due to direct inhibitory effect of fluoride remains to be investigated. 

In the present study serum alkaline phosphatase level in fluoride fed rats is significantly increased. Higher activity of 
serum alkaline phosphatase reflects abnormal formation of bone due to stimulated osteoblastic activity as suggested by 
Blood and Radostits (1994). Decreased blood inorganic phosphate has also been observed in the present investigation, 
which indicates that it might have been retained in the cells of organs under investigation. The vacuolated hepatocytes, 
vacuolated cells of uriniferous tubules (Fig. 6 and 8 ) observed in the present investigation is   nothing but the result of 
failure of active transport owing to diminished ATP, leading to sodium to accumulate in the interstitial spaces  with the 
diffusion of potassium of the cell. In support to this decreased serum sodium and increased serum potassium is recorded in 
the present studies . 

Many studies have shown that rats exposed to high fluoride concentrations in drinking water, the levels of renal and liver 
function enzymes in serum and caused severe histological changes of the liver and kidneys (Guo et al;2003 ;Zhan,2006) . 
In histological studies in present investigations , Hematoxylene-eosin staining; liver of experimental rats showed disarray 
of hepatic cords, intense vacuolization and hydropic degeneration  (Fig.2 and 4),while kidneys of experimental male and 
female  rats showed tubular degeneration, hypertrophied and lobulated glomerulus;vacuolization of renal tubular cells and 
thickened glomerular membrane(Fig.6 and 8).Our findings are in accordance with these findings. Sodium fluoride treated 
Wistar rats with 50, 100, and 150 mg NaF/L with their drinking water for 3 months have shown significant increase of 
serum glutamic pyruvic transaminase (SGPT) and serum glutamic oxaloacetic transaminase (SGOT) activities and hepatic 
damages(Guo et al;2003). In another study, chicken were exposed to 10, 20, and 30 mg/g of NaF on weekly basis for 
4 weeks have elevated the levels of the liver function indicators, alanine aminotransferase (ALT), aspartate 
aminotransferase (AST), and alkaline phosphatase (ALP), (Anjum,2014). Mean time such studies have shown that 
fluoride has deleterious effects on kidneys exposed to high concentrations (50, 100, 125,150, 250 ppm, etc.) of fluoride 
(Tsunoda,2005 and Zhan,2006). Pigs  exposed to fluoride concentrations of 100 and 250 mg/Kg showed significantly 
increased serum creatinine and urea levels and deleterious effect on kidney structure and function( Zhan,2006). 

The present study also suggests a clear but differential inhibitory action of sodium fluoride on hepatic and renal enzyme 
system. Comparison between hepatic and renal response to fluoride toxicity clearly show that the kidney is a more 
sensitive target organ showing a significant decrease in LDH and significant increase in alkaline phosphatase and GPT         
(Table 2and 3) whereas the liver shows adaptive changes to some extent. 

5.   CONCLUSIONS 

The prominent organs affected were liver and kidney. All most all the oxidative enzymes in liver were inhibited. Activity 
of alkaline phosphatase in liver and kidney was increased resulting into damage to liver and kidney architecture. Fluoride 
exposure impaired hepatocytes and hepatic function, which was strongly supported by the necrosis and portal 
inflammation histopathologically and increased serum AST, ALT, and ALP activities. Further, it has been demonstrated 
that there is a possibility of inducing renal damage by high fluoride levels for longer period of administration.  
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Abstract: 

           The powder samples of LiCaBO3:Tb
3+

 have been prepared by a novel method which is 

slight variation of solution Combustion Synthesis Method. The synthesis is based on the 

exothermic reaction between the fuel (Urea) and Oxidizer (Ammonium nitrate). The powder 

XRD pattern of the powder sample was analyzed and found in good agreement literature. The 

photoluminescence properties of LiCaBO3:Tb
3+ have been investigated. In LiCaBO3:Tb

3+
, 

intense green emission of Tb
3+

 at 545 nm have been observed under UV excitation of 254 nm.  
 

Keywords: Borate, Green Phosphor, Combustion synthesis, Photoluminescence.   
 

Introduction: 

           Inorganic Borate host compounds have long been a focus of research for their variety of 
structure types, transparency to a wide range of wavelengths, and high optical quality (1). These 
compounds possess excellent optical properties. It is a well known that the boron atom can be 
coordinated by Oxygen atom to form variety of atomic groups, which are considered to be a 
dominant factor for optical properties of borates (2). The ultra-violet transparency range of 
borate host compounds is determined mainly by the energy gap of the anionic groups if the 
cations are alkali or alkaline earth metals (3).  
           Alkaline earth borates are the important luminescent materials. Several alkaline earth 
borate compounds (4-7) exhibits efficient luminescence. Because of their excellent chemistry 
and thermal stabilization, facile synthesis and cheap raw material, extensively applied in 
phosphor for lamps (8 - 9). The alkaline earth borate LiCaBO3 is an excellent host of the various 
luminescent ions. L. Wu et. al. (10) determined the crystal structure from single-crystal 
diffraction data. The structure was further verified by Rietveld refinement on the powder 
diffraction data. The unit cell of LiCaBO3 is Orthorhombic and the possible space group is Pbca 
with the lattice parameters a = 13:227Å, b = 6:1675 Å, and c = 6:0620 Å. The borate LiCaBO3 
exhibits efficient photoluminescence when doped with the rare earth ions Eu3+, Tb3+, Ce3+, Sm3+, 
Dy3+ etc. (11 - 13). The borate phosphor LiCaBO3 doped with Tb3+ shows intense green emission 
at 543 nm under UV and near UV excitation. In the present work, the preparation of the 
inorganic borate host phosphor LiCaBO3 doped with Tb3+ by solution combustion synthesis 
method have been reported and the photoluminescence properties have been investigated.      
 

Experimental:  

           The fine powder samples of the phosphor LiCaBO3: Tb3+ was prepared by a novel 
synthesis technique which is slight variation of solution combustion method (14, 16). The 
stoichiometric amounts of the ingredients calculated on the basis of molar ratio (Table 1) were 
thoroughly mixed in an Agate Mortar, adding little amount of double distilled water and obtained 
an aqueous homogeneous solution. The aqueous solution was then transferred in to a china basin. 
The China basin was introduced in to preheated muffle furnace maintained at 550°C. The 
solution boils, foams and ignites to burn with flame and obtained a voluminous, foamy powder. 

http://www.researchjourney.net/
mailto:Sonekar_rp@yahoo.com
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The entire combustion process was over in about 5 minutes.  Following the combustion, the 
resulting fine powders were annealed in a slightly reducing atmosphere provided by burning 
charcoal at temperature 750°C for about 40 min. and suddenly cooled to room temperature. 
           The XRD analysis was performed on the Philips X- ray Difractometer (NBSS & LUP 
Nagpur) and the PL measurements were performed on Hitachi Fluorescence Spectrophotometer 
model - F- 7000 at Department of Physics S G B Amravati University. 
Table 1: Molar ratio and stoichiometric weights of the ingredients. 
LiCaBO3:Tb3+ 3% 
 
Molar ratio 
Weights (gms) 

LiNO3 Ca(NO3)2 Eu(NO3)3 H3BO3 

 
NH2CONH2 

 
NH4NO3 

0.75 1 0.015 1 6 10.5 
1.1930 2.3615 0.0909 0.6183 3.6036 8.4042 

 

 
Fig. 1: Powder XRD pattern of LiCaBO3:Tb3+ 
Result and Discussion: 

           The XRD pattern of the polycrystalline powder samples of LiCaBO3:Eu3+ have been 
analyzed for the structure confirmation. Fig.1 shows the powder XRD pattern of the sample. The 
XRD pattern of the phosphor LiCaBO3:Eu3+

 was compared with the powder XRD of 
LiCaBO3:Eu3+ reported by Panlai Li et. al. (17) and found to be in good. 
           The emission spectrum of LiCaBO3: Tb3+ phosphor is shown in Fig. 2.  Under the UV 254 
nm excitation, the emission spectrum exhibits four major emission bands at 486 nm, 545 nm, 590 
and 622 nm, corresponding to the 5D4 - 

7F6, 
5D4 - 

7F5, 
5D4 - 

7F4, and 5D4 - 
7F3 typical transitions 

of Tb3+, respectively. The strongest peak appears at 545 nm. Excitation spectrum for 610 nm 
emission of LiCaBO3: Tb3+ is shown in Fig. 3. The excitation spectrum for 545 nm emissions 
mainly consists of an intense broad band around has several excitation bands. One band around 
200–270 nm is assigned to the 4f75d1. The excitation and emission spectra indicate that the 
phosphor LiCaBO3: Tb3+ can be excited effectively by UV radiations. The phosphor 

http://www.researchjourney.net/
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LiCaBO3:Tb3+ exhibits intense green emission at 545 nm and hence could be a good green 
emitting candidate for tricolor lamps.  

 
Fig. 2: Emission spectrum for 254 nm excitation of LiCaBO3: Tb3+. 

 
Fig. 3: Excitation spectrum for 610 nm emission of LiCaBO3: Tb3+  
 

Conclusions: 

           The inorganic Borate host phosphor LiCaBO3: Tb3+ has been successfully prepared by a 
simple, low cost time saving Solution Combustion technique. The phosphor LiCaBO3: Tb3+ 
exhibits intense red emission for UV excitation of 254 nm. The Pl emission spectrum of the 
phosphor is comparable with the commercial green phosphor (Gd,Ce,Tb)MgB5O10, so it could be  
a potential green component in tricolor Lamps. 
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ABSTRACT 

(LaY)BaB9O16:Bi3+,Gd3+ phosphor is 

synthesized by the solution combustion 

synthesis method. The phase analysis of 

synthesized material is determined using the 

powder XRD. Photoluminescence properties 

and concentration quenching were 

systematically investigated. The phosphor 

shows the characteristic narrow band UVB 

emission of Gd3+ ions (6PJ → 8S7/2). The 

maximum intensity of luminescence in 

synthesized materials was investigated. The 

energy transfer mechanism was studied using 

Bi3+ as sensitizers and it is observed that Bi3+ 

effectively transfer its energy to Gd3+. The 

stoke shifts of phosphor was calculated to 

6410 cm-1 respectively. 

KEYWORDS: Inorganic Borate, Combustion 

synthesis, Luminescence, NB-UVB emitter. 
 
INTRODUCTION 

Rare earth activated borate host phosphors for 
UV emitting applications are of interest of many 
researchers since few decades. SrB4O7:Eu2+ [1], 
Ba2B5O9Cl:Eu2+ [2] are some examples of 
commercial phosphor used for phototherapy 
application such as psoriasis treatment and 
dermatology. 

UV radiation has three wavelength 
zones: UV-A (320-400 nm), UV-B (280-320 
nm), and UV-C (200-280 nm), and it is this last 
region the short wave UV-C, which has 
germicidal properties for disinfection. A low 
pressure mercury lamp resembling a fluorescent 
lamp produces a UV light in the range of 254 nm. 
Since most micro-organisms are affected by 
radiation around 260 nm, UV radiation is in the 
appropriate range for germicidal activity. There 
are UV lamps that produce radiation in the range 

of 185 nm that are effective on microorganisms 
and will also reduce the total organic carbon 
(TOC) content of the water.[3] 

UV-C light, which continues to be a 
reliable means of disinfection, involves exposing 
contaminated water to radiation from UV light. 
The treatment works because UV-C light 
penetrates an organism�s cell walls and disrupts 
the cell�s genetic material, making reproduction 
impossible. UV treatment breaks down or 
removes some organic contaminants. UV 
achieves 1-log reduction of Giardia lamblia at an 
intensity of 80-120 mWs/cm2, and 4-log 
reduction of viruses at an intensity of 90-140 
mWs/cm2. Only recently has the scientific 
community begun to accept UV as a highly 
effective tool for Cryptosporidium control. 
Recently the scientific community has begun to 
accept UV as a highly effective tool for 
Cryptosporidium control.[4] 

Host lattices which are easily 
synthesizable and structurally viable for doping 
at multiple cationic sites present in the lattice are 
of recent interest. The borate atom has two types 
of hybridized orbitals, the planar sp2 and the 
three dimensional sp3, to coordinate three or four 
oxygen atoms to form various BxOy complex 
anionic groups. Therefore many types of borate 
crystals have been found to be constructed based 
on these complex anionic groups.[5] Therefore, 
inorganic borates have long been a focus of 
research. Inorganic borates are excellent host 
materials because of their variety of structure 
type, large electronic band gap, transparency to a 
wide range of wavelengths, high optical damage 
threshold and high optical quality.[6-9] 

In our previous work we discussed the 
energy transfer scheme from Pr3+ to Gd3+ in 
YBO3 [10]. In present paper we discussed the 
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time saving solution combustion synthesis of a 
UV-B emitting phosphors (LaxYy)BaB9O16: 
Bi0.02

3+_Gd0.1
3+, and its photoluminescence 

properties at room temperature. 

MATERIALS AND METHODS  

(LaxYy)BaB9O16: Bi0.02
3+_Gd0.1

3+ 
phosphors were prepared by a novel method 
which is a variation of the combustion synthesis, 
discussed in detail in our previous work [11-13]. 
In last year our work on NB-UVB emitting 
phosphor is provided. [14, 15] The method based 
on exothermic reaction in which ammonium 
nitrate used as oxidizer and urea is used as fuel. 
The stoichiometric amounts of high purity 
starting materials La(NO3)3, Y(NO3)3, Ba(NO3)2, 

Gd(NO3)3 (A.R.), Bi(NO3)3 (A.R.),H3BO3 
(A.R.), CO(NH2)2 (A.R.), NH4NO3 (A.R.) have 
been used for preparation of phosphors. Details 
of molar ratio of ingredients used for phosphors 

synthesis is given in Table 1. The stoichiometric 
amount of starting materials with little amount of 
double distilled water were mixed thoroughly in 
an alumina basin to obtain homogeneous 
solution. The excess water was removed by slow 
heating (700C) and the solution then transferred 
directly to the pre-heated furnace (550±10 °C) 
for combustion. Following the combustion, the 
resulting fine powders were annealed for 3h at 
temperature 800±10 °C and then quenched to 
room temperature. 

The structural analysis of the synthesized 
materials were examined using an X-ray 
Diffractometer (XRD: Rigaku Maniflex II, with 
CuKα irradiation (λ=1.5406 Å) with a scan speed 
of 2o min-1. The photoluminescence excitation 
and emission spectra were measured at room 
temperature using Hitachi F-7000 
Spectrofluorometer in the range 200-500 nm. 

Table 1: Molar ratio of ingredients used for phosphor synthesis: 

Chemica

ls grade 

SD Fine 
Chemica
ls (99.9 
% pure) 

SD Fine 
Chemica
ls (99.9 
% pure) 

SD Fine 
Chemica
ls (99.9 
% pure) 

SD Fine 
Chemica
ls (99.9 
% pure) 

SD Fine 
Chemica
ls (99.9 
% pure) 

SD Fine 
Chemica
ls (99.9 
% pure) 

SD Fine 
Chemical
s (99.9 % 
pure) 

SD Fine 
Chemical
s (99.9 % 
pure) 

Chemica

l name 

La(NO3)
3 

Y(NO3)3 
Ba(NO3)

2
H3BO3 

Bi(NO3)
3

Gd(NO3

)3

CO(NH2)
2 

NH4NO3 

Mol 

0.78 0.1 
1 9 0.02 0.1 5 5 0.68 0.2 

0.58 0.3 
Chemica

l 

Reaction 

La(NO3)3 + Y(NO3)3 + Bi(NO3)3 + Gd(NO3)3 + Ba(NO3)2 + H3BO3  → 
(LaY)BaB9O16:Bi0.02

3+_Gd0.1
3+ + CO2 + NO3 + CO + NOx 

RESULTS AND DISCUSSION 

X-ray Diffraction Pattern  

X-ray diffraction study for confirmation 
of the structure of the phosphor material were 
studied using instrument Rikagu Miniflex II X-
ray Diffractometer with CuKa radiation (1.5406 

Å), with a scan speed of 20 min-1. The compound 
(Y1-xLax)BaB9O16 crystallizes in a Hexagonal 
structure with lattice parameters a=b= 7.878 Å, 
& c = 15.632 Å. The XRD pattern was found to 
be in good agreement with the ICDD file no.: 00-

041-0620. 
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Fig.1: XRD pattern of prepared phosphor material (LaY)BaB9O16:Bi0.02
3+_Gd0.1

3+. 

SEM images 
Fig.4.20 shows the SEM images of 
(LaY)BaB9O16:Bi0.02

3+_Gd0.1
3+ powder prepared 

at 800 0C. It was observed that the microstructure 
of the phosphor consisted of irregular grains with 

agglomerate phenomena. The average size of 
synthesized phosphor particles was found to be 
about 1�5 µm. The results show that phosphors 
have a good crystallinity and a relatively low 
sinter temperature.  

  

Fig.2:  SEM image of (LaY)BaB9O16:Bi0.02
3+_Gd0.1

3. 

Photoluminescence Analysis 
To study the effect of substitution of Y for La, 
different concentration of Y and La were used 
and their photoluminescence were studied. But 
no remarkable changes were observed in the 
emission and excitation spectra. Therefore, only 
the optimum one emission and excitation spectra 
for concentration of La=0.78 and Y=0.1 is shown 
in the Fig.3. In our previous work on 
YBaB9O16:Bi3+,Gd3+ the optimum intensity of 
emission was observed for the concentration at 
0.02 mol% and 0.03 mol% of Bi3+ and Gd3+ 
respectively. [16] Excitation and emission 
spectra were studied using instrument Hitachi 
7000 spectrophotometer, slit width 1 nm and 

PMT voltage 700 V. Figure 4 represents the PL 
spectra of (LaY)BaB9O16:Bi0.02

3+_Gd0.1
3+. The 

emission is in form of a narrow band around 312 
nm corresponding to 6P7/2 → 8S7/2 transition upon 
excitation with 254 nm. The broad excitation 
spectrum has a maximum located around at 260 
nm corresponds to 1S0 → 3P1 transition of Bi3+ 
ions. As the intensity of phosphor materials is 
beyond the limit of instrument used, the cut in 
the upper part of emission and excitation spectra 
is observed. The excitation spectra show very 
good overlap with the Hg 253.7 nm line. The 
efficient energy transfer from Bi3+ to Gd3+ is 
observed. The stoke shift was calculated to be 
6410 cm-1. 
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Fig.3: Emission monitored at 254 nm and excitation monitored at 311 nm. 

CONCLUSION 

(LaxYy)BaB9O16:Bi0.02
3+_Gd0.1

3+ phosphors have 
been successfully synthesized by using time 
saving solution combustion synthesis technique. 
The room temperature photoluminescence of 
synthesized phosphors show emissions at 
wavelength 312 nm corresponding to 6P7/2 → 
8S7/2 transition upon excitation with 254 nm. This 
emission wavelength lies in the UV-B region of 
electromagnetic spectrum. The stoke shift was 
calculated to be 6410 cm-1. The phosphor could 
find applications in medical and industries for 
phototherapy applications. 
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ABSTRACT 
 
Present work reports, synthesis of Dy3+ activated MgAl2B2O7 (MAB) phosphor by using slow evaporation method. 
The prepared phosphors have been characterized by XRD, photoluminescence (PL) techniques. The 
photoluminescence emission spectra of the phosphors having an excitation at around 351 nm (mercury free) showed 
two distinguishing bands centered at around 484 nm (blue) and 577 nm (yellow) corresponding to 4F9/2-

6H15/2 and 
4F9/2-

6H13/2 transitions of Dy3+, respectively. These phosphors have strong absorption in the near UV region. 
Furthermore, the chromaticity coordinate values were estimated from emission spectra of MAB. Moreover, the 
luminescence quenching noticed at optimum Dy3+ concentrations was due to the exchange interaction among the 
excited Dy3+ ions. The observed broad blue and yellow bands in Dy3+ ions show that phosphor may be applicable for 
white-LEDs. 
Keywords: Alumino-Borate, rare earth ions, MAB:Dy3+, quenching mechanism. 
 

I. INTRODUCTION 

 
As far as the environmental issues are concern, the 
requirement for mercury-free fluorescent lamps for 
general lighting has become fundamental subject for 
light source manufacturers and researchers. Much 
attempt has gone into developing mercury-free light 
sources. The demand has quickly increased and become 
important to avoid using poisonous ingredients and 
environmentally unsafe materials [1]. Lamp industries 
only aspire to reduce content of mercury from 
fluorescent lamps by using the development of 
alternative mercury free excitation sources such as 
plasma devices, light emitting diode devices for general 
lighting purposes [2-3]. 
 
The materials can find potential applications in different 
aspects as optical amplifiers or lasers, phosphors and 
photocatalysts, especially when the size of the particles 
is reduced to nanoscale [4-6] by introducing rare earth 
(RE) ions into different lattices. Dy3+, as one of the 

most investigated ions, has been studied extensively 
because it provides two typical emission bands in blue 
(480 nm) and yellow (570 nm) regions, which are 
necessary for full color displays [7-8]. In addition, the 
emission probability of electric dipole transition is 
greatly affected by the crystal field and radial integral of 
4f and 5d electrons [9]. Thus, it is interesting to study 
the luminescence properties of Dy3+ in different host 
lattices. 
 
In general, Dy3+ exhibits three visible emission bands 
including the blue emission at 480 nm corresponding to 
the 4F9/2→6H15/2 transition, the yellow emission at 575 
nm corresponding to the hypersensitive transition 
4F9/2→6H13/2 transition and the feeble red emission at 665 
nm corresponding to the transition 4F9/2→6H11/2 [10-11]. 
The hypersensitive transition of Dy3+ ion is easily 
influenced by microscopic environment. 

The present work reports synthesis, structures, and 
spectroscopic investigations of MgAl2B2O7 phosphor 
doped with different concentrations of Dy3+ ions. To the 
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best of our knowledge, no report exists on luminescent 
properties of rare earth doped magnesium dialumino-
borate phosphor. 

II. EXPERIMENTAL  

 

Materials and Method 

The powder samples of Dy3+ doped MAB were prepared 
by a solution combustion technique which is described 
earlier [12-18]. We have successfully synthesized many 
borate host phosphors using solution combustion 
synthesis technique. The stoichiometric amounts of high 
purity starting materials, Mg(NO3)2 (A.R.), 
Al(NO3)3.9H2O (A.R.), Dy(NO3)3 (high purity 99.9%), 
H3BO3 (A.R.), CO(NH2)2 (A.R.) have been used for 
phosphor preparation. The stoichiometric amounts of the 
ingredients were thoroughly mixed in an Agate Mortar, 
adding little amount of double distilled water to obtain 
an aqueous homogeneous solution. The aqueous solution 
was then transferred into a china basin and slowly 
heated at lower temperature of 70°C in order to remove 
the excess water.  The solution was then introduced into 
a preheated muffle furnace maintained at 550 °C. The 
solution boils foams and ignites to burn with flame; a 
voluminous, foamy powder was obtained. The entire 
combustion process was over in about 5 min. Following 
the combustion, the resulting fine powders   were   
annealed   in   a   slightly   reducing atmosphere at 
temperature 750°C for about 90 min. and suddenly 
cooled to room temperature. The structure of the 
prepared material was characterized by powder XRD. 
Powder X-ray diffraction measurements were taken on 
Rigaku Miniflex II X-ray Diffractometer and compared 
with the ICDD files. PL & PLE measurements at room 
temperature were performed on Hitachi F-7000 
Spectroflurometer with spectral resolution of 2.5 nm. 

 
III. RESULTS AND DISCUSSION 

 

3.1 XRD pattern of MgAl2B2O7 phosphor  
In present work, Polycrystalline sample of MgAl2B2O7 
phosphor was obtained as described above in 
experimental section. The phase purities of the sample 
were checked by powder X-ray diffraction. Fig. 1 shows 
the XRD pattern of MAB:Dy3+ phosphor. The XRD 
pattern of the as prepared phosphor powder shows good 
agreement with standard ICDD File. Depending on the 
ionic radii, for Dy3+ (0.912˚A) which is too small to 
substitute for Mg (0.72 Å) and Al (0.535 Å), thus Dy3+ 
ions may enter into the host lattice to substitute Al3+ or 

Mg2+ or locate on the surface of the crystal. Therefore, it 
would have greater tendency to occupy Aluminum as 
compared to magnesium sites.    

 
Figure 1. X-ray powder diffraction pattern of 

MgAl2B2O7 host phosphor. 
 

3.2 Photoluminescence investigations 

3.2.1. Excitation and emission spectra of Dy
3+

 

activated MgAl2B2O7phosphor 

The luminescence behavior of Dy3+ in MAB was 
examined. Emission spectra were recorded under 
excitation by 349 nm (4K17/2 state). Two relative intense 
bands at 484 and 576 nm were observed independently 
from the excitation wavelengths. They corresponded to 
4F9/2-

6H15/2 (blue), 4F9/2-
6H13/2 (yellow) transitions of Dy3+ 

ions, respectively. Owing to small energy gaps between 
all states, the 4F9/2 state was efficiently populated by 
non-radiative relaxation. Then, quite strong yellow and 
blue emission originating from the 4F9/2 state was 
observed. This phenomenon was due to a large 
separation (~6000 cm-1) between the 4F9/2 state and the 
next lower lying 6F1/2 state and the relative high phonon 
energy of the host (~1300 cm-1). The intensity of electric 
dipole transitions strongly depends on the site symmetry 
in a host crystal. Magnetic dipole transitions are not 
affected much by the site symmetry because they are 
parity-allowed [19]. Like Eu3+ ions [20], in MAB host, if 
Dy3+ occupies an inversion symmetry site in the crystal 
lattice, the magnetic dipole transition is the dominant 
transition. On the contrary, the electric dipole transition 
will be the dominant transition if Dy3+ occupies an 
unsymmetrical site in the crystal lattice. The 4F9/2-

6H13/2 
transition of Dy3+ belongs to electric dipole transitions 
and 4F9/2-

6H15/2 transition belongs to magnetic dipole 
transitions. It can be seen from Fig. 2 that the strong 
emission line at 484 nm (4F9/2-

6H15/2) is the dominant 
band, which indicates that Dy3+ ions occupy the 
inversion symmetry site. 
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3.3 Color co-ordinates 

The Commission International de’Eclairage (CIE) 
chromaticity coordination points of the 
Mg(0.97)Al2B2O7:(0.03)Dy3+ phosphor monitored at 349 nm 
is as shown in Fig. 3. The color chromaticity coordinates 
are (x=0.292, y=0.323) which is very close to the 
standard white light NTSC color coordinates (x=0.310, 
y=0.316). 

 
Figure 2. Excitation and emission spectra of 

Mg(0.97)Al2B2O7:(0.03)Dy3+ phosphor. 
 

 
Figure 3. Chromaticity coordinates of 

Mg(0.97)Al2B2O7:(0.03)Dy3+ phosphor in the CIE 1931 
chromaticity diagram. 

 
IV. CONCLUSIONS 

 
In conclusions, Dy3+ activated MAB phosphor was 
synthesized by a simple, time saving, low temperature 
and inexpensive solution combustion technique. It 
shows an efficient intense absorption band around 349 
nm, which match well with the n-UV light-emitting 
diodes, and shows an emission bands in the blue and 
yellow regions of the spectrum and it may be helpful for 
the production of white LEDs. With respect color purity 

issue, this phosphor has CIE coordinates (x=0.292, 
y=0.323). The results indicate that MAB:Dy3+ is a 
promising yellowish-blue phosphor for the application in 
blue LED chips based white-light LEDs. 
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