, Modern Approaches

& N &%

Chem ical and Blologlcal Sciences

Edited by

Dr. Hari Shankar Biswas

| Assistant Professor
Department of Chemistry
Surendranath College, Kolkata, India

Dr. Adity Sarbajna

Assistant Professor

Department of Zoology
Surendranath College, Kolkata, India

Dr. Sandeep Poddar

Senior Research Director &
Executive Editor (Publications)
Lincoln University College, Malaysia

Dr. Amiya Bhaumik
: President
Lincoln Umvers:ty College, Malaysia

Published by:

UNIVERSITY COLLEGE

w
DKU016 (B) EXCELLENT

IS0 9001:2015 Certified
.
.




Edited by

Dr. Hari Shankar Biswas
Assistant Professor
Department of Chemistry
Surendranath College, Kolkata, India

Dr. Adity Sarbajna
Assistant Professor
Department of Zoology
Surendranath College, Kolkata, India

Dr. Sandeep Poddar
Senior Research Director &
Executive Editor (Publications)
Lincoln University College, Malaysia

Dr. Amiya Bhaumik
President
Lincoln University College, Malaysia

Published by:

Modern Approaches in Chemical and Biological Sciences
doi:10.31674/book.2020.macbs

Y UNIVERSITY COLLEGE

.

LINCOLN

Lo

!GT‘IRH 20I1

sity Colleg:

DKU016 (B) EXCELLENT

ISO 9001:2015 Certified




Copyright©2020
Lincoln University College, Malaysia
Allrights reserved

No part of this book can be reproduced or transmitted by any means,
electronic or mechanical, including photocopying recording or by any
information storage and retrieval system without prior written
permission from the publisher.

Published by :

LINCOLN UNIVERSITY COLLEGE
Wisma Lincoln, No. 12, 14, 16 & 18
Jalan SS 6/12, Off Jalan Perbandaran
47301, Petaling Jaya

Selangor Darul Ehsan

Malaysia

Tel.: +603-7806 3478

Fax: +603-7806 3479

Toll Free: 1-300-880-111
E-mail: info@lincoln.edu.my
Web.: www.lincoln.edu.my

ISBN : 978-967-16798-7-6
elSBN 978-967-16798-9-0

doi:10.31674/book.2020.macbs

Printed By:

PERCETAKAN HORIZON WAVES
27 Jalan Velox 2, Taman Industry Velox,
4800 Rawang Selangor, Malaysia



About the Editors

Hari Shankar Biswas
Assistant Professor and Head Department of Chemistry,
Surendranath College, Kolkata, India

Rtn. Dr. Hari Shankar Biswas received has completed
his Ph.D in material Science from Saha Institute of
Nuclear Physics, University of Calcutta, India. Presently
he is Assistant Professor and Head of the Department of
Chemistry, Surendranath College, Kolkata. His
Research interest is in an interdisciplinary research involving the design and
synthesis of nanoscale functional materials, elucidation of the fundamental
magnetic, electronic, optical and other physical properties of these materials,
and the development of processes that lead to multifunctional objects for
specific applications. He is the authored many renowned books and published
more than 13 papers in International Journals.

Adity Sarbajna
Assistant Professor, Department of Zoology
Surendranath College, Kolkata, India

Dr. Adity Sarbajna completed Ph.D. from the University
of Calcutta on Aquaculture and Fisheries and has been
engaged in active research in this field since 2005. Her
work on fish growth, sex- reversal in fishes, stress, metal
toxicity, anti-oxidant activity, feeding realms, and
various aspects of fish culture has not only been
confined to the laboratory but has been adopted by several farmers as best
practice. She has received many awards in her academic career and has
completed several research projects funded by various departments under the
Government of West Bengal, India. She has authored quite several book
chapters and scientific articles in national and international journals.




Sandeep Poddar
Senior Research Director & Executive Editor (Publications)
Lincoln University College, Malaysia

Dr. Sandeep Poddar is the Senior Research Director and
Executive Editor (Publications), Member of Board of
Studies, Lincoln University College, Malaysia. He has
completed Ph.D in Zoology from Vivekananda Institute of
Medical Sciences on Cytotoxicity. After completing Ph.D
he pursued Post-Doctoral Research in different projects on Hemoglobinopathies
and Oral Cancer mutation. He served as lecturer of Biotechnology in Vidyasagar
Institute of Education Technology and Research under Burdwan University,
Guest Lecturer of M.Sc Environmental Science & M.Sc Zoology, Asutosh
College, under University of Calcutta. He has been working as Chief Executive
Editor and working as Reviewer of several International Journals. He has
published several research papers, organized international conferences, and
edited books in Malaysia. Dr. Sandeep is founder Assistant Secretary of Dr. Tarak
Nath Podder Memorial Foundation, Kolkata.

Amiya Bhaumik
President
Lincoln University College, Malaysia

Dr. Amiya Bhaumik is the Founder and Former Vice-
Chancellor of Lincoln University College. He is purely from
the field of education. Dr. Bhaumik is Executive Vice
President of the International Education Consulting Group,
St. Louis, USAsince 1999. Dr. Amiya Bhaumik was Research
Fellow of UNESCO, Paris. During this tenure, Dr. Bhaumik
has traveled extensively to Europe, Africa, Asia and Latin America. He has served as
Professor of Business Administration in University of Lucknow, India and in University of
Malaya and many other places.




Ehitorial #

The developmental process in the field of chemical and biological sciences is continuously
undergoing changes in search of further developments in efficiency, productivity, and
profitability. Information-guided design strategies and tools could unveil the creativity of a
wide range of scientists and engineers by combining expertise from implementation. This
book “Modern Approaches in Chemical and Biological Sciences” discusses ways to
promote the developing academic paradigm of the chemistry-biology continuum to
advance this discovery and developmental process. Through a series of chapters this
book tries to identify significant areas and opportunities in chemical biological sciences.

The different chapters of this book are contributed by different authors. The articles
discuss about ionic liquids as the appropriate replacement for the Volatile Organic
Compounds (VOCs) in the industrial and academic sectors as the solvents. The gradual
probe desolvation may be another cause for thermosolvatochromism.

Determining the structure of small molecule like environment sensitive fluorophoresare is
enormously important in bio-chemical and bio-physical research. In this chapters the
researcher tries to find out the synthesis and photo-physical studies of a new family of
fluorophores with keto-tetrahydrocarbazole (KTHC) framework. Photophysics of such
fluorophores have been thought-provoking up to now. Such studies will therefore help to
determine this new family of fluorophores as a potential biomarker.

Antibiotic resistance is a growing public health issue that may lead to epidemics of drug-
resistant bacterial species. So researchers tries to review the synthesis of ruthenium
complexes with 2,3,5,6-tetrakis-(2-pyridyl)pyrazine (tppz) ligand to make its application
easy. The biological application of ruthenium has augmented in the past few years,
particularly after the understanding of the important of this bioactive metal as anticancer,
antimicrobial, and antiviral agent.

Hypervalent iodine reagents have been used extensively in numerous oxidative
transformations in organic synthesis due to their low toxicity, commercial accessibility,
ease of handling and being environmentally friendly. The unique desulfurizing abilities of
hypervalent iodine reagents have put forward a significant green synthetic device to
synthesize a varied range of nitrogen containing bioactive heterocycles with a diverse
application in medicinal chemistry.

Organic-inorganic hybrid fluorescent materials are getting immense attention in the
scientific community and the industry due to their high performance and multifunctionality
for numerous applications. Significant use of this novel materials includes high specific
surface area, particularly well-controlled size, homogeneous distribution, and strong
attachment to the interfacial surfaces. Researcher have prepared novel fluorescent
organic-inorganic hybrid MCM-41 type materials, characterized for the detection of
nitroaromatic explosives.

C-reactive protein (CRP) is a substance produced by the liver in response to inflammation. It
is a highly conserved plasma homopentameric acute-phase inflammatory protein. Previously



it was only considered to be a biomarker for inflammation. But now the future prospect shows
the applicability of CRP molecule in diagnosis and monitoring of disease biology.

Rumen flukes causes pathogenic disease of domesticated ruminants, causing massive
economic loss in dairy industry and meat production. It is regarded as a neglected tropical
disease with maximum prevalence all over tropical and subtropical regions. A study on the
medicinal plant Justicia adhatoda reported noteworthy anthelmintic effect in traditional
procedure and was found to be anti-cestoidal activity against Paramphistomum sp. More
studies are required based on the viability assays of these pathogens.

Climate change includes changes in environmental conditions which will disturb the
distribution and biological performance of species. Worldwide patterns of marine
biodiversity are immensely driven by ocean temperature. Global warming and acidification
lessen the chances of survival of certain species of fish. Every developed and developing
countries should decrease CO, release to save marine biodiversity from altering the
environment of the sea water.

Sex determination, in contrast to numerous developmental procedures, is considered by a
lack of conservation throughout the vertebrates. The Nile tilapia, a gonochoristic teleost
fish with an XX/XY sex-determining system, offers an excellent prototype for studying
gonadal sex differentiation because genetic all-females and all-males are available.
Different expression outline of miRNA was observed during development of testis and
ovary which determine their role in the controlling the ovarian and testicular development
and function.

The adaptive immune system (AIS) is captivating to both scientists and laymen. The AIS is
specific yet immensely varied system that can combat innumerable pathogens and has a
‘memory’ that allows a quick response to pathogens encountered earlier. Many questions
still need to be addressed in the field of Immunology, Evolutionary biology. Genetics and
Molecular biology have presented deep understandings into the latest developments in this
field and speculated the selective pressures that led to the development and conservation
ofthe AlS.

This book elucidates new information, advances and outlook in research in chemical and
biological sciences. This array of chapters facilitates exchange of ideas and tries to answer
many current necessity and future perspective in different interdisciplinary research
problems. The editors are thankful to the Principal, Surendra Nath College, Kolkata, India,
Management of Lincoln University College, Malaysia for giving necessary support and
permission to publish this book. The editors are also thankful to all the authors for their
valuable contribution. We hope and expect that this book will provide an effective learning
experience and referenced resource for all researchers and readers in this field.

Dr. Hari Shankar Biswas
Dr. Adity Sarbajna

Dr. Sandeep Poddar

Dr. Amiya Bhaumik
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Abstract

lonic liquids despite some of their vital drawbacks have been established as the apt
replacement for the volatile organic compounds (VOCs) in the industrial and academic
sectors as the solvents. The main theme throughout this work is the manifestation and
exploration of the unusual solvatochromic probe behavior of different absorption probes
(under varied temperature) which, in turn, offers a substantial and prolific means of
exploring modification/alteration of the physicochemical properties within ionic liquid-
based ‘green hybrid’ solvent systems. As part of our ‘thermosolvatochromism’ studies of
multicomponent ionic liquid based systems, we have selected neat ionic liquids
[omim][BF,] & [bmim][PF], equimolar aqueous ionic liquids and neat water to
investigate the impact of temperature on the probe E.(33) response within these solvent
systems. Two other probes, N,N-diethyl-4-nitroaniline and 4-nitroaniline, demonstrated
the dipolarity/polarizability, HBD acidity, and HBA basicity altogether. In most cases
considerable changes in 2, of the probes were seen with variation in temperature
registering altered dipolarity/polarizability, HBD acidity and HBA basicity of the
cybotactic milieu.

Keywords: Thermosolvatochromism, lonic Liquids, Absorbance probes, Kamlet-Taft
parameters

Introduction

Cosolvent (preferably ‘green’) modified or binary mixed ionic liquids may alter the
physicochemical properties of ionic liquids in a favorable way. Pandey and coworkers
have been involved in investigations of IL-based multicomponent systems for the past
few years[1-14]. Aqueous ionic liquid systems form an important and crucial subclass of
such ‘hybrid green’ systems. Due to the possibility of strong intermolecular H-bonding
interactions between water and ionic liquid [15-18], addition of water may potentially
alter the physicochemical properties of ionic liquids in a significant and constructive way.
In this regard, though the investigation of structural features of the solution [19] as well
as measurement of bulk physicochemical properties [20] of aqueous ionic liquid
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systems are of certain importance, the understanding of the behavior of solutes
dissolved in aqueous ionic liquid may directly furnish crucial information on solute-
solvent interaction(s), in the process, providing key insights on solute solvation within
aqueous ionic liquid systems. This knowledge will help in further studies regarding the
novel applications of these ‘green’ hybrid systems in several fields of science.

It is well-established that temperature has a significant effect on the physicochemical
properties of solutions [21-25]. The solvatochromism of many probes is remarkably
modulated or altered by a change in temperature; this phenomenon has been termed
‘thermosolvatochromism’. Here we have discussed the thermosolvatochromism of
various absorbance probes within neat and aqueous ionic liquid mixtures in order to
explore the impact of temperature on physicochemical properties of these systems.

Experimental Section
Materials

The IL [bmim][PF,] (ultra pure, halide content <10 ppm, water content <10 ppm) was
purchased from Merck. Doubly-distilled deionized water was obtained from a Millipore,
Milli-Q Academic water purification system having =18 MQ.cm resistivity. 2,6-Diphenyl-
4-(2,4,6-triphenyl-N pyridino) phenolate and 2,6-dichloro-4-(2,4,6-triphenyl-N-
pyridino)phenolate were purchased from Aldrich Chemical Co. and Fluka, respectively.
4-Nitroaniline (NA) and N,N-diethyl-4-nitroaniline (DENA) of highest purity were
purchased from Spectrochem Co. Ltd. and Frinton laboratories, respectively. Ethanol
(99.9+%) used to prepare dye stock solutions was obtained from SD Fine-Chem Ltd.

Methods

All absorbance probe stock solutions were prepared in absolute ethanol and promptly
stored under refrigeration (4 + 1°C) in amber-tinted glass vials. Desired volumes of
ethanolic probe stock solutions were transferred to clean quartz cells, followed by
ethanol removal using a controlled flow of high-purity dry nitrogen gas. [bmim][BF,] +
water mixtures, prepared by mass using a Mettler Toledo AB104-S balance (precision =
10.0001g), were then added to each cuvette to achieve the sought probe concentration.
A Varian Cary 100 Bio double-beam spectrophotometer with variable bandwidth and
dual cell peltier accessory was used for the recording of temperature-controlled uv-vis
molecular absorbance spectra.

Results and Discussion

In our present work a derivative of the betaine dye 30, 2,6-dichloro-4-(2,4,6-
triphenylpyridinium-1-yl)phenolate (betaine dye 33) is used due to certain advantages
over betaine dye 30[26]. £, values for neat and aqueous [bmim][PF.] and [omim][BF ],
respectively, are obtained from the response of the betaine dye 33 following the
empirical relationship:
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Er(33) = 28591.5/Amax”> (nm)

Additional insightinto our systems has been provided using Kamlet-Taft solvatochromic
indicators of solvent dipolarity/polarizability (z*), HBD acidity (a), and hydrogen bond
accepting (HBA) basicity (8)[27-29] using the equations:

75 =8.649 —0.314 v, (2)

F=-0357v,, —1.176 z* +11.12 3)

[E,(30) —14.6(7* —0.230) =30.31] 4

a= (4)
16.5

The polarizability parameter, 6, equals 0.00 for all nonhalogenated aliphatic solvents,
0.50 for all polyhalogenated aliphatics, and 1.00 for all aromatic solvents. [27] E,(30)
were calculated from E,(33) by the relationship:

E.(30) =0.9953 (£0.0287 ) x £,(33) —8.1132 (£1.6546 )  (5)

[R=0.9926, standard error =0.8320, n =20]

E,(30) or E,(33) is also expressed in terms of normalized E; values, i.e.,
o _[E,(30) —-30.7]

: SOLVENT (6)

32.4
E; is easier to conceive as it is dimensionless and varies between 0 for TMS (extreme
non-polar) and 1 for water (extreme polar).

We have measured the £ values within neat [omim][PF,] in the temperature range
10-90 °C. On increasing temperature the lowest energy intramolecular charge-transfer
absorption band of the betaine dye 33 is bathochromically shifted and £, values
decrease with a slope of —0.0008/°C shown in Figure 1 which agrees well with earlier
studies (performed up to 70 °C) [30] except that we have measured £, up to 90 °C.
Gordon et. al. suggested that £, is a suitable indicator of HBD ability of the imidazolium
ring hydrogens to the phenoxide group on betaine dye 33 [28]. The negative
thermosolvatochromism registered (see Figure 1) by the probe response of E,(33)
undoubtedly suggests a repetitive alteration of the dipolarity/polarizability and/or HBD
ability of neat [bmim][PF,] with temperature and it has been observed that the change in
E; values show a good linear correlation with temperature (Table 1). It has been shown
by Gordon et. al. that this type of negative solvatochromism is the consequence of the
increased differential stabilization of the highly dipolar zwitterionic betaine ground state
(u,=15 D) comparative to the less dipolar excited state (u,=6 D) with decreased solution
temperature [28]. This type of bathochromic shift may be attributed to the cumulative
variation of the macroscopic properties like static dielectric constant, density, refractive
index, viscosity, molar conductivity, among others, as well as to the weakened H-bond
donating ability of the milieu [8,31]. Interestingly, the FWHM increases from 97 nm to 115
nmonincreasing temperature from 10-90°C.
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Figure 1: Variation in E; with temperature within the temperature range 10-90 °C in
neat [bmim][PF]. Solid line shows fit according to equation reported in Table 1.

As part of our thermosolvatochromism studies of multicomponent ionic liquid based
systems, we have selected neat ionic liquid [bmim][BF,], equimolar aqueous
[omim][BF,] and neat water to investigate the impact of temperature on the probe
response within these solvent systems. Earlier we had shown that simplistic solvation
model suggests possible preferential solvation of a water soluble betaine dye 33 by
[bmim][BF,] [7]. Here we have presented the behavior of these dyes within aqueous
[bmim][BF,] at different temperatures. Within neat [bmim][BF,] it is observed that on
increasing temperature from 10-60 °C, the lowest energy intramolecular charge-
transfer absorption band of the betaine dye 33 is bathochromically shifted and the
values of £, (obtained from E,(33) values) decrease significantly (Figure 2A) which
agrees well with earlier studies [32]. Itis interesting to note that temperature has more
dramatic effect on £, within [omim][BF,] as compared to that within [bmim][PF,]. For
equimolar aqueous [bmim][BF,] values decrease similarly in the lower temperature
regime on increasing temperature from 1070 °C (Figure 2A). In both the cases, i.e., for
neat [omim][BF,] and for equimolar aqueous [bmim][BF ], the E, values follow a non-
linear relationship. In neat water on increasing temperature from 10-90 °C the values
decrease with a slope —0.0010/°C (Figure 2A). The probe response of betaine dye 33
confirms the monotonic change in the dipolarity/polarizability and/or the HBD acidity
within the neat and aqueous ionic liquid systems with temperature; interestingly the
change in £, within neat [bmim][BF,] and for equimolar aqueous [bmim][BF,] do not
follow linear relationship with temperature (Table 1). The FWHM for neat [bmim][BF ]
increases significantly from 66 nm to 93 nm on increasing temperature from 10-60 °C,
and Xy,,er = 0.5 solution also shows considerable increase in FWHM from 47 nm to 61
nm on increasing temperature from 10-70 °C, whereas there is no substantial change in
FWHM for neat water with change in temperature. Notably, above 60 °C for neat
[omim][BF,] and above 70 °C for equimolar aqueous [bmim][BF,] the lowest energy
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intramolecular charge-transfer absorption band of the betaine dye 33 is blurred
rendering it difficult to perform thermosolvatochromic studies.

In order to further explore the possible reasons behind this behavior, we have obtained
empirical Kamlet-Taft solvatochromic indicators of solvent dipolarity/polarizability (z*),
HBD acidity (a), and HBA basicity (8) of neat and aqueous [bmim][BF,] systems in the
temperature range 10-90 °C. Itis observed from Figure 2 B, C, and D, respectively, that
the empirical Kamlet-Taft solvatochromic parameters z*, a, and § in neat [bmim][BF,]
decrease monotonically with increasing temperature, indicating a reduction in
dipolarity/polarizability, HBD acidity, and HBA basicity with temperature. The same
parameters within X,,..e-4 = 0.5 show similar monotonic reduction having different
slopes or curvatures. In case of neat water we observe somewhat different trends where
a (slope = —0.0047/°C) values decrease but z* and S remain unchanged with
temperature demonstrating a change in HBD acidity but no change in dipolarity/
polarizability and HBA basicity of water in the temperature range 10-90 °C. The probes
N,N-diethyl-4-nitroaniline and 4-nitroaniline do not show any shift which results in
temperature independence of z* and f. The goodness-of-fit in terms of R’ and o has
also been presentedin Table 1.

1.0 14

zzzzzzzzz

09|

;\%\Hﬁ .
=z

~ 08| &
w B
M 411

07|

0-6 1 L L L 1 L L L ug
10 05
C D
or PG ta g |
osf {os
3 Q
o7} {02

a2
0.6 1 1 1 1 Il 1 Il Il 0'1
0 2 40 60 80 1000 20 40 60 80 100
Temperature (°C) ‘

Figure 2: Variation in E ;' (panel A), empirical Kamlet-Taft parameters dipolarity/
polarizability (z*) (B), hydrogen-bond donating (HBD) acidity (a) (C) and hydrogen-bond
accepting (HBA) basicity (8) (D) with temperature within the temperature range 10-90°Ciin
neat and aqueous [bomim][BF,] (o: neat [omim][BF,], o: equimolar aqueous [bmim][BF ], A:
neat water). Solid lines and curves show fits according to equations reported in Table 1.
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This type of solvatochromism along with other modifications/alterations of
physicochemical properties within neat and aqueous ionic liquids can be explained in
terms of the changes in their static dielectric constant, viscosity, density, refractive index
and molar conductivity with change in temperature along with microscopic HBD acidity
and HBA basicity of the milieu. It has been shown earlier by Han et. al. that density of
neat ionic liquids decrease linearly with temperature [31]. Further, the density of neat
ionic liquids decreases with decrease in molecular weight of the anions. It has been
shown by them as well that on increase in temperature the viscosity gradually
decreases and molar conductivity increases showing a strong relationship between the
viscosity () and molar conductivity (4) which is further represented by the Stokes-
Einstein equation and the Nernst-Einstein equation:
kT Ne
D= and A=
canr kT

where D is the self-diffusion coefficient of the ionic species (D, and D_correspond to the
self-diffusion coefficients for cations and anions, respectively), k is the Boltzmann
constant, cis a constant determined by the boundary conditions, ris the Stokes radius of
the ion, N is the Avogadro’s number, and e represents the electric charge. Studies
revealed that the self-diffusion coefficients of cations and anions of neationic liquids are
approximately proportional to 7% , inferring ionic diffusions in neat ionic liquids to abide
byeq?7.

(D, +D_) 7

In aqueous solutions of ionic liquids, such as aqueous [bmim][BF,], the higher dielectric
constant of water plays a vital role. It has been seen that solvents with higher static
dielectric constant affect the viscosity of the solvent mixture due to the difference in the
ion-dipole interaction between the ions and solvents. Generally, water with higher static
dielectric constant shows a strong interaction with ionic liquids to lower their viscosities
on increasing temperature. It is also seen that increase in fluidity of the solvent mixture
results in the increase in the molar conductance which also increases to a significant
degree inferring a favorable ionic dissociation. It can be conceived that by forming a
strong hydrogen bond with ionic liquid anion water forms a three dimensional network
and tend to separate the anions and cations to break the aggregate structure of ionic
liquid thus promoting the dissociation of the ionic liquid [15-20]. As a result we observe
this type of thermosolvatochromism. In another approach El Seoud et. al. proposed that
the reason for this type of thermosolvatochromism may be the desolvation of the probes
with increasing temperature [32].

Conclusion

Thermosolvatochromism, as the name suggests, is distinctly seen from the probe
responses of solvatochromic absorbance probes betaine dye 33, 4-nitroaniline, and
N,N-diethyl-4-nitroaniline as a function of temperature within neat and aqueous
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‘hydrophaobic’ ionic liquid [bmim][PF ] and aqueous ‘hydrophilic’ ionic liquid [omim][BF,].
The energy of transition £, , empirical Kamlet-Taft parameters 7*, a, and 8, show
considerable change in most cases with variation in temperature registering altered
dipolarity/polarizability, HBD acidity and HBA basicity of the cybotactic milieu. The
reason behind the thermosolvatochromism is the cumulative variation in macroscopic
properties like static dielectric constant, density, viscosity, and refractive index with
change in system temperature. Gradual probe desolvation, i.e., decreased stabilization
of the ground state by neat and aqueous ionic liquid may be another cause for
thermosolvatochromism.

Table 1: The goodness-of-fit equations, R’, standard deviation, for the temperature
dependent £, and Kamlet-Taft solvatochromic parameters for neat and aqueous
[bmim][PF.] and [bmim][BF,].

Composition Equation R a
EY
Neat [bmim][PFs) E}'=0.6960 - 0.0008T 0.9980 0.0010
Neat [bmim][BFi] E{'=0.7743 - 0.0026T + 1.1821 = 10-°T2 0.9997 0.0007
Equimolar aqueous [bmim][BF] !-.‘ = 08694 - 0.0028T + 1.8940 = 10°T* 0.9968 0.0019
Neat water E'=0.9806 - 0.0010T 0.9998 0.0003
=*
Neat [bmim][BF;] a* = 1.0647 - 0.0009T 0.9999 0.0001
Equimolar aqueous [bmim][BF.] a¥=1.1192 - 0.0009T 0.9997 0.0001
Neat water At =1.3467 0.9999 0.0000
a
Neat [bmim][BFi] a = 0.8057 - 0.0042T + 2.3393 x 10~°T* 0.9995 0.0013
Equimolar aqueous [bmim][BF.] a=0.9442 - 0.0047T + 3.7226 = 10-°T? 0.9936 0.0038
Neat water a=0.9610-0.0020T 0.9998 0.0006
B
Neat [bmim][BF] £ = 03846 - 0.0002T 0.9999 0.0000
Equimolar aqueous [bmim][BF.] f=0.3483 - 0.0002T 0.9999 0.0007
Neat water f=0.1416 09998 0.0003
References

1. Fletcher, K. A., & Pandey, S. (2002). Effect of water on the solvatochromic probe
behavior within room-temperature ionic liquid 1-butyl-3-methylimidazolium
hexafluorophosphate. Applied spectroscopy, 56(2), 266-271. https:// doi.org/ 10.1366/
0003702021954539

2. Pandey, S.,Fletcher,K.A., Baker, S.N., & Baker, G.A. (2004). Correlation between
the fluorescent response of microfluidity probes and the water content and viscosity of
ionic liquid and water mixtures. Analyst, 129(7), 569-573. https://doi.org/
10.1039/B402145M

3. Fletcher, K. A., & Pandey, S. (2002). Solvatochromic probe behavior within binary
room-temperature ionic liquid 1-butyl-3-methyl imidazolium hexafluorophosphate plus

Modern Approaches in Chemical and Biological Sciences 7



Thermosolvatochromism

ethanol solutions. Applied spectroscopy, 56(11), 1498-1503.https://doi.org/
10.1366/00037020260377823

4. Fletcher, K. A., & Pandey, S. (2003). Solvatochromic probe behavior within ternary
room-temperature ionic liquid 1-butyl-3-methylimidazolium hexafluorophosphate+
ethanol+ water solutions. The Journal of Physical Chemistry B, 107(48), 13532-13539.
https://doi.org/10.1021/jp0276754

5. Fletcher, K. A., Baker, S. N., Baker, G. A., & Pandey, S. (2003). Probing solute and
solvent interactions within binary ionic liquid mixtures. New Journal of Chemistry,
27(12),1706-1712. https://doi.org/10.1039/B305965K

6. Ali, M., Sarkar, A., Pandey, M. D., & Pandey, S. (2006). Efficient precipitation of
dyes from dilute aqueous solutions of ionic liquids. Analytical sciences, 22(8), 1051-
1053. https://doi.org/10.2116/analsci.22.1051

7. Sarkar, A., & Pandey, S. (2006). Solvatochromic absorbance probe behavior and
preferential solvation in aqueous 1-butyl-3-methylimidazolium tetrafluoroborate.
Journal of Chemical & Engineering Data, 51(6), 2051-2055. https://doi.org/
10.1021/je0601560

8. Ali, M., Sarkar, A., Tarig, M., Ali, A., & Pandey, S. (2007). Dilute aqueous 1-butyl-3-
methylimidazolium hexafluorophosphate: properties and solvatochromic probe
behavior. Green Chemistry, 9(11), 1252-1258. https://doi.org/10.1039/b704843b.

9. Ali, M., Baker, G.A., & Pandey, S. (2008). Dye redissolution after precipitation with
a water-miscible ionic liquid. Chemistry letters, 37(3), 260-261. https://doi.org/
10.1246/cl.2008.260

10. Sarkar, A., Trivedi, S., & Pandey, S. (2008). Unusual solvatochromism within 1-
butyl-3-methylimidazolium hexafluorophosphate+ poly (ethylene glycol) mixtures. The
Journal of Physical Chemistry B, 112(30), 9042-9049. https://doi.org/ 10.1021/
jp802833f

11. Sarkar,A., Trivedi, S., Baker, G. A., & Pandey, S. (2008). Multiprobe spectroscopic
evidence for “hyperpolarity” within 1-butyl-3-methylimidazolium hexafluorophosphate
mixtures with tetraethylene glycol. The Journal of Physical Chemistry B, 112(47),
14927-14936. https://doi.org/10.1021/jp804591q

12. Trivedi, S., Sarkar, A., & Pandey, S. (2009). Solvatochromic absorbance probe
behavior within 1-butyl-3-methylimidazolium hexafluorophosphate+ propylene
carbonate: Preferential solvation or solvent-solvent interaction?. Chemical
Engineering Journal, 147(1), 36-42. https://doi.org/10.1016/j.cej.2008.11.014

13. Sarkar, A., Ali, M., Baker, G., Tetin, S., Ruan, Q. & Pandey, S. (2009). Multiprobe
Spectroscopic Investigation of Molecular-level Behavior within Aqueous 1-Butyl-3-

8 Modern Approaches in Chemical and Biological Sciences



Thermosolvatochromism

methylimidazolium Tetrafluoroborate, The Journal of Physical Chemistry B, 113 (10),
3088-3098. https://doi.org/10.1021/jp8098297

14. Sarkar, A., Ali, M., Baker, G. A,, Tetin, S. Y., Ruan, Q., & Pandey, S. (2009).
Multiprobe spectroscopic investigation of molecular-level behavior within aqueous 1-
butyl-3-methylimidazolium tetrafluoroborate. The Journal of Physical Chemistry B,
113(10), 3088-3098. https://doi.org/10.1021/jp901338xJ

15. Mele, A., Tran, C. D., & De Paoli Lacerda, S. H. (2003). The Structure of a
Room-Temperature lonic Liquid with and without Trace Amounts of Water: The Role of
C-H...0 and C-H...F Interactions in 1-n-Butyl-3-Methylimidazolium Tetrafluoroborate.
Angewandte Chemie, 115(36), 4500-4502. https:// 10.1002/anie.200351783

16. Saha, S., & Hamaguchi, H. O. (2006). Effect of water on the molecular structure
and arrangement of nitrile-functionalized ionic liquids. The Journal of Physical
Chemistry B, 110(6), 2777-2781. https://doi.org/10.1021/jp053817t

17. Cammarata, L., Kazarian, S. G., Salter, P. A., & Welton, T. (2001). Molecular states
of waterin room temperature ionic liquids. Physical Chemistry Chemical Physics, 3(23),
5192-5200. https://doi.org/10.1039/B106900D

18. Kdddermann, T., Wertz, C., Heintz, A., & Ludwig, R. (2006). The association of
water in ionic liquids: a reliable measure of polarity. Angewandte Chemie International
Edition, 45(22), 3697-3702. https://doi.org/10.1002/anie.200504471

19. Tokuda, H., Baek, S. & Watanabe, M. (2005). Room-Temperature lonic Liquid-
Organic Solvent Mixtures: Conductivity and lonic Association. Electrochemistry, 73(8),
620-622. https://doi.org/10.5796/electrochemistry.73.620

20. Bowers, J., Butts, C. P., Martin, P. J., Vergara-Gutierrez, M. C., & Heenan, R. K.
(2004). Aggregation behavior of aqueous solutions of ionic liquids. Langmuir, 20(6),
2191-2198. https://doi.org/10.1021/1a035940m

21. Reichardt, C. (1992). Solvatochromism, thermochromism, piezochromism,
halochromism, and chiro-solvatochromism of pyridinium N-phenoxide betaine dyes.
Chemical Society Reviews, 21(3), 147-153. https://doi.org/10.1039/CS9922100147

22. Silva,P.L.,Bastos, E. L., & El Seoud, O. A. (2007). Solvation in binary mixtures of
water and polar aprotic solvents: theoretical calculations of the concentrations of
solvent- water hydrogen-bonded species and application to thermosolvatochromism of
polarity probes. The Journal of Physical Chemistry B, 111(22), 6173-6180. DOI:
10.1021/jp068596I

23. Tada, E. B., Silva, P. L., & El Seoud, O. A. (2003). Thermo-solvatochromism of
zwitterionic probes in aqueous alcohols: effects of the properties of the probe and the
alcohol. Physical Chemistry Chemical Physics, 5(24), 5378-5385. https://doi.org/
10.1039/B308550C

Modern Approaches in Chemical and Biological Sciences 9



Thermosolvatochromism

24. Martins, C. T., Lima, M. S., Bastos, E. L., & El Seoud, O. A. (2008).
Thermo-Solvatochromism of Merocyanine Polarity Probes—-What Are the
Consequences of Increasing Probe Lipophilicity through Annelation?. European
Journal of Organic Chemistry, 2008(7), 1165-1180.https://doi.org/10.1002/
€joc.200700805

25. Martins, C. T, Lima, M. S., & El Seoud, O. A. (2006). Thermosolvatochromism of
merocyanine polarity indicators in pure and aqueous solvents: relevance of solvent
lipophilicity. The Journal of Organic Chemistry, 71(24), 9068-9079. https://doi.org/
10.1021/j0061533¢

26. Kessler, M. A., & Wolfbeis, O. S. (1989). ET (33), a solvatochromic polarity and
micellar probe for neutral aqueous solutions. Chemistry and physics of lipids, 50(1), 51-
56. https://doi.org/10.1016/0009-3084(89)90025-X

27. Kamlet, M. J., Abboud, J. L., & Taft, R. W. (1977). The solvatochromic comparison
method. 6. The. T scale of solvent polarities. Journal of the American Chemical
Society, 99(18),6027-6038. https://doi.org/10.1021/ja00460a031

28. Muldoon, M. J., Gordon, C. M., & Dunkin, I. R. (2001). Investigations of
solvent-solute interactions in room temperature ionic liquids using solvatochromic
dyes. Journal of the Chemical Society, Perkin Transactions 2, (4), 433-435.
https://doi.org/10.1039/B101449H

29. Kamlet, M. J., Abboud, J. L. M., Abraham, M. H., & Taft, R. W. (1983). Linear
solvation energy relationships. 23. A comprehensive collection of the solvatochromic
parameters, T, a, and B, and some methods for simplifying the generalized
solvatochromic equation. The Journal of Organic Chemistry, 48(17), 2877-2887 .https://
doi.org/10.1021/j000165a018

30. Baker, S. N., Baker, G. A, & Bright, F. V. (2002). Temperature-dependent
microscopic solvent properties of ‘dry’and ‘wet'1-butyl-3-methylimidazolium
hexafluorophosphate: correlation with ET (30) and Kamlet-Taft polarity scales. Green
Chemistry, 4(2), 165-169. https://doi.org/10.1039/B111285F

31. Li, W, Zhang, Z., Han, B., Hu, S., Xie, Y., & Yang, G. (2007). Effect of water and
organic solvents on the ionic dissociation of ionic liquids. The Journal of Physical
Chemistry B, 111(23), 6452-6456. https://doi.org/10.1021/jp071051m

32. Martins, C. T, Sato, B. M., & Seoud, O. A. E. (2008). First study on the thermo-
solvatochromism in aqueous 1-(1-butyl)-3-methylimidazolium tetrafluoroborate: a
comparison between the solvation by an ionic liquid and by aqueous alcohols. The
Journal of Physical Chemistry B, 112(28), 8330-8339. https://doi.org/10.
1021/jp8017474

10 Modern Approaches in Chemical and Biological Sciences



doi:10.31674/book.2020.macbs

Role of tDMRT1, Sox9a, Cyp19a1 and FoxI2 in the
sex-determining system of Oreochromis niloticus:
An Overview

Adity Sarbajna
Assistant Professor, Department of Zoology, Surendranath College, Kolkata, India
Corresponding Author’s E-mail: aditymukhopadhyay@gmail.com

Abstract

The Nile tilapia, a gonochoristic teleost fish with XX/XY sex-determining system,
provides an excellent model for studying gonadal sex differentiation. The Nile tilapia
gonads rise as a pair to form the genital ridge composed of primordial germ cells and
surrounded by connective tissues. The gonads grow to differentiate into male and
female structures with the proliferation of the primordial germ cells. Quantitative real
time RT-PCR is used to determine the precise timing of gonadal expression of genes
thought to be associated with gonadal sex differentiation in vertebrates. It is evident
from various studies that the sex-specific expression of fox|2 and cyp19al in XX gonads
and dmrt1 in XY gonads during early gonadal differentiation (5-6 dah) is critical for
undifferentiated gonads to differentiate in either the ovary or testis in Nile tilapia.
Characterization of gonadal trancriptomes from Nile tilapia reveals differentially
expressed genes. Both estrogen and androgen receptors are found to be expressed in
XX gonads, but only estrogen receptors are expressed in XY gonads at 5 dah. This
forms the basis of exogenous steroid treatment induced XX-XY sex reversal in this fish.
Recent studies have identified the role of miRNA-mediated post transcriptional
regulation in differentiation of ovary and testis in Nile Tilapia. Different expression
pattern of miRNA is observed during development of testis and ovary which ascertain
their role in the regulation of the ovarian and testicular development and function.

Keywords: Nile tilapia, Sex Differentiation, tDMRT1, Sox9a, Cyp19a1, FoxI2

Introduction

Sex determination, unlike many developmental processes, is characterized by a lack
of conservation throughout the vertebrates. Although two sex-determining genes,
SRY/Sry [1] and dmy [2, 3] have been identified in mammals and a teleost fish, the
medaka Oryzias latipes, respectively, their gene structures are entirely different.
Furthermore, dmy was found to be present only in two of more than 20 closely related
species of medaka. Thus, the mechanisms by which sex is determined are extremely
diverse in vertebrates. In contrast, factors operating during gonadal sex

Modern Approaches in Chemical and Biological Sciences 1



Sex-determining system of Oreochromis niloticus

differentiation appear to be relatively conserved. For example, Sox9 has been
implicated in testicular differentiation in mammals as one of the immediate gene
products after SRY [4]. It has also been implicated in testicular development in birds
[5, 6]. Dmrt1 and amh reportedly are involved in testicular differentiation in several
vertebrate species [7-10]. Another good example of a conserved mechanism
involved in sex differentiation is the important role of estrogens in ovarian
differentiation in non-mammalian vertebrates including fish [11, 12], amphibians [13,
14], reptiles [15], and birds [9]. In contrast, there has been a controversy regarding the
role of androgen or steroid receptors in the regulation of gonadal sex differentiation.
However, the roles of these genes and factors in early gonadal sex differentiation do
not appear to always be the same among different vertebrate groups. For example, in
eutherian mammals, estrogens do not play an important role in early ovarian
differentiation. It has also been reported that sox9 showed relatively strong
expression at equivalent levels in both male and female gonads during the early sex
differentiation of fish [16]. Thus, it is still too early to make any conclusions regarding
the conserved and divergent mechanisms of sex determination and gonadal sex
differentiationin vertebrates.

Gonadal Sex Differentiation

The Nile tilapia (Oreochromis niloticus) is a gonochoristic teleost with a stable XX/XY
sex-determination system. In this fish, all-female (XX) or all-male (XY) broods have
been obtained by artificial fertilization of normal eggs (XX) and sex-reversed male
sperm (XX), or normal eggs (XX) and super male sperm (YY), respectively. The
morphological sexual dimorphism during gonadal differentiation consisted of changes
in germ cell number and histogenesis (Figs. 1, 2). Primordial germ cells (PGCs)
migrated into the gonadal anlagen 3 days after hatching (dah), 7 days after fertilization
[17,18]. Thereafter, the germ cell numbers did not significantly change in either sex from
5 to 8 dah. After 8 dah, however, the XX female germ cells continued to proliferate,
whereas the germ cell numbers did not change from 9 to 14 dah in XY male gonads (Fig.
1). As described in a previous report [17], the number of germ cells in XY male gonads
increased again after 14 dah, but spermatogenesis was not observed until 70 dah. The
formation of the ovarian cavity or the intratesticular efferent duct occurred between 20
and 25 dah in the XX and XY gonads, respectively. Figure 2 shows the gonadal
differentiation in tilapia. In XY gonads, the medullary cell mass derived from the
germinal epithelium, neighboured the germ-cell-surrounding cells and developed into a
cord-like structure as the intra-testicular efferent duct. Although no medullary cell mass
developed in the XX gonads, an ovarian cavity was formed by the extension of both tips
ofthe gonads [19].
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Around 25 dah, when the formation of the intra-testicular efferent duct anlagen was
observed, tDMRT1 expression was found in the Sertoli cells, medullary cell mass and
epithelial cells of the anlagen of the efferent duct (Fig. 2)[18]. From the localization of
tDMRT1-positive cells, it appears that some portion of the tDMRT1-positive medullary cell
mass neighbouring the Sertoli cells differentiates into the precursor cell mass of the
efferent duct, and onward into the anlagen of the intra-testicular efferent duct. In mature
fish, the specific expression of tDMRT1was localized only in the Sertoli and epithelial cells
of the intra-testicular efferent duct in the mature testes and was undetectable in the ovaries.

Sox9a

Although Sox9a is expressed in the germ-cell-surrounding cells, Sox9a expression
shows no difference between the sexes until 25 dah. The first signs of the sexual
dimorphic expression of Sox9a are observed at 25 dah, when sex differences in
histological architecture begins to be seen, such as the incipient formation of the intra-
testicular efferent duct and the ovarian cavity in the males and the females, respectively
[17]. The localization of Sox9a showed sex differences at this stage. In the XY gonad,
signals for Sox9a are seen in the germ-cell-surrounding cells and the medullary cell
mass. In the XX gonad, signals are seen in the germ-cell-surrounding cells and
interstitial cells in the tip of the gonad. After 25 dah, Sox9a expression is seen
specifically in the germ-cell-surrounding cells of the male gonads. In contrast to
tDMRT1, however, Sox9a was not expressed in the epithelial cells of the efferentductin
the testis. Thus tDMRT1 is expressed in XY gonads specifically before the appearance
of any morphological sex differences, and that Sox9a is expressed in XY gonads
specifically after the appearance of sex differences in histological architecture, such as
the formation of intra-testicular efferent duct or ovarian cavity. In mature gonads, Sox9a
is expressed in males but not females [20].
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Cyp19a1

Even though the tilapia gonad remains morphologically undifferentiated until 25 d after
hatching (dah), the female-specific expression of Cyp19a1, encoding aromatase that
catalyzes the conversion of androgen to estrogen, starts from around 5 dah, before the
onset of morphological differentiation of the ovary. Cyp19a1 was found to encode the fish
ovariantype aromatase, involvedin the production of estrogens in the fish gonad [21].

FoxI2

There have been several studies implicating the forkhead (FH) transcription factor,
FoxI2, in ovarian development, granulosa cell differentiation, and thus the proper
maintenance of ovarian function [22, 23]. Itis the earliest known sex dimorphic marker,
expressed in the somatic cells during early development and later in granulosa cells
surrounding the oocytes [21]. A number of studies have provided information on varying
ranges of phenotypes, where FoxI2 was either mutated or knocked out, demonstrating
its role in ovarian differentiation. Furthermore, the preliminary data on the quantitative
expression of FoxI2 also corroborated its positive correlation with the expression
patterns of aromatase from as early as 5 dah [24] in the Nile tilapia.
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Conclusion

The genetic mechanisms triggering sex determination appear to be diverse in non-
mammalian vertebrates. The undifferentiated gonads of teleosts differentiate into testes
or ovaries in a similar way to other vertebrates. Sex differentiation progresses under
genetic control together with the effects of various environmental factors. Considerable
changes in the abundance of transcripts occur in the gonads of the Nile tilapia during the
course of sex determination and differentiation. Increases in the expression of foxI2 and
cyp19a1in XX gonads from 5 dah suggest an important role for Fox|2 and Cyp19a1 in
ovarian differentiation. Dmrt1 exhibited a male specific expression in XY gonads from 6
dah onward, suggesting animportantrole for Dmrt1 in testicular differentiation. Thus, the
differential expression of genes occurring in XX and XY gonads during the period 5-6
dah is critical for undifferentiated gonads to differentiate into either the ovary or testis in
the Nile tilapia. Whether any genes (sex-determining gene?) are expressed in either
gonad prior to this period is an important questions yet to be answered.
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Abstract

The primary aim of this research venture is the synthesis and photophysical
characterizations of different fluorophores based on 1-keto-1,2,3,4-tetrahydrocarbazole
skeleton. Several such molecules have been designed that can act as fluorosensors of
immediate micro-environments. The emissive properties of such fluorophores are
considerably solvent sensitive, although their absorption spectra are relatively less
sensitive to the nature of the solvents. Various analyses suggest that the hydrogen bond
donating ability of the solvents is chiefly responsible for controlling the fluorescence
spectral shifts of such derivatives. Sensitivity towards homogeneous solvents of varied
nature, effect of binary mixtures, competence towards sensing the micro-heterogeneous
environments of different micelles, reverse micelles and -cyclodextrin add significance
to this family of fluorophores. Significant interactions with albumin proteins and photo
induced electron transfer from aliphatic or aromatic amines indicate the probable
impending use of such molecules as potential drugs. Suitable synthetic exploration
generates new derivatives having a-hydroxy acetic acid moiety keeping the
chromophoric unit intact. Acid functionality thus generated can be tagged with bio-
molecules leading to the development of probable synthetic bio-markers.

Keywords: Keto-tetrahydrocarbazole; Fluorophore; Fluorosensor; Serum albumin;
Micelles; Cyclodextrins; Fluorescence quenching; Fischer Indole Cyclization; Japp-
Klingemann

Introduction

Designing and characterizations of small molecule environment sensitive fluorophores
are extremely significant in the viewpoint of bio-chemical and bio-physical studies [1].
They are extremely precious owing to their capability to probe micro-environments
which can decipher bulk information in the study of molecular biology, drug discovery,
material science, tissue diagnostics, environmental indicators, enzyme substrates and
cellular staining agents [2]. Although numerous fluorophores [3] are known in the form of
coumarins, fluoresceins, cyanines, oxazines, pyrenes, quinines, bodipy dyes etc., the
quest for newer ones is still on as they are extremely essential to visualize a biochemical
process.

This research venture involves synthesis and photo-physical studies of a new family of
fluorophores having keto-tetrahydrocarbazole (KTHC) framework. The origin of this
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research work dates back to approximately ten years. There has been a surprising
observation of Chakraborty et al (at Calcutta School of Tropical Medicine) while
synthesising several methoxy and methylenedioxy derivatives of keto-
tetrahydrocarbazole in the viewpoint that, they emit fluorescence [4]. This observation
has been the backbone of this research work and demanded exhaustive photophysical
and photobiological studies of methoxy and methylenedioxy derivatives of keto-
tetrahydrocarbazole [MDKTHC].

It is worthwhile to mention that keto-tetrahydrocarbazoles are important synthetic
precursors to obtain biologically active carbazole derivatives. Several members of keto-
tetrahydrocarbazole family show promising synthetic importance as intermediates for the
synthesis of naturally occurring, biologically active [5] carbazole alkaloids and
carbazoloquinones (Figure 1). Prominent biological activities of carbazole alkaloids have
always been an inspiration for us to study the growth and development of keto-
tetrahydrocarbazole family as the members have the potentiality to act as bio-active units.
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Figure 1: Members of 1-keto-1,2,3,4-tetrahydrocarbazole family as important synthetic
intermediates for the efficient synthesis of corresponding bio-active carbazole derivatives.
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Instrumentations and Methods

Jasco V-650 spectrophotometer and Horiba Jobin-Yvon Fluoromax-3 have been used for
absorbance and fluorescence measurements respectively. In all measurements, the
sample concentration has been maintained in the range of ~10° M in order to avoid
aggregation and reabsorption effects. Experiments have been carried out at an ambient
temperature of 25°C, unless otherwise specified. Only freshly prepared air-equilibrated
solutions have been used for spectroscopic measurements. Fluorescence lifetimes have
been measured using a time-correlated single-photon-counting (TCSPC)
spectrophotometer (Horiba Jobin-Yvon Single Photon Counting Controller Fluorohub).
The sample has been excited at 340 nm using an LED to trigger the fluorescence of
MDKTHC, and the signals have been collected at a magic angle of 54.7°. The lifetime is
obtained using deconvolution technique which is based on a convolut|on integral. We have
used IBH DAS 6.2 data analysis software in which reduced ¥’ and weighted residuals
serve as parameters for goodness of fit. Nanosecond flash photolysis set-up (Applied
Photophysics) containing Nd:YAG (Lab series, Model Lab 150, Spectra Physics) laser has
been used for the measurement of transient absorption spectra. The sample has been
excited at 355 nm (FWHM = 8 ns) using Nd-YAG laser (Lab series, Model Lab 150, Spectra
Physics). Transient species in solution have been monitored through absorption of light
from a pulsed xenon lamp (150 W) at right angle to the laser beam. All the data have been
analysed fitted and plotted by the software Origin® 8.0 Pro. All experiments have been
carried out using quartz cuvettes of 1cm’ cross-sections purchased from Hellma Analytics.

Synthesis of various fluorophores based on 1-keto-1,2,3,4-tetrahydrocarbazole
skeleton

Out of many sophisticated methods [5, 6], here we have followed Japp-Klingemann [7, 8]
reaction to obtain desired hydrazones and then Fischer Indole Cyclization [9] to achieve

the said skeleton (Figure 2).
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R,. Ry= OCHy; Ry, Ry, Ry =H 5,7-dimethoxy-2,3,4,9-tetrahydro-1 H-carbazol-1-one KTHC-57
Ry= OCHj; R,, Ry, Ry, Rs= H 7-methoxy-2,3,4,9-tetrahydro-1 H-carbazol-1-one MTCO-7
R,=OCHy; R, Ry, Ry, Ry=H 8-methoxy-2,3,4,9-tetrahydro-1 H-carbazol-1-one MTCO-8
Ry, Ri= OCHj; Ry, Ry, Rs= H 5,8-dimethoxy-2,3,4,9-tetrahydro-1 H-carbazol-1-one KTHC-58
Ry, Ry= OCHj; Ry, Ry, Rs =H 6,7-dimethoxy-2,3,4,9-tetrahydro-1 H-carbazol-1-one KTHC-67
R,, Ry= OCHjy; R, R, = H; Ry = CH; 6,7-dimethoxy-3-methyl-2,3,4,9-tetrahydro-1 H-carbazol-1-one DMMTCO
R;.R,, R;=OCH;; Ry, Rs=H 5,6,7-trimethoxy-2,3,4,9-tetrahydro-1 H-carbazol-1-one TTCO
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Figure 2: Various fluorophores based on methoxy derivatives of 1-keto-1,2,3,4-
tetrahydrocarbazole.

20 Modern Approaches in Chemical and Biological Sciences



Introducing a New Family of Fluorophores: Keto-tetrahydrocarbazole

Inspired by these studies, we have made a foray into the synthesis of some new
fluorophores having a-hydroxy acetic acid moiety (marked blue) in place of methoxy group
at G, position of keto-tetrahydrocarbazole skeleton as the acid moiety has the potentiality to
be tagged with bio-molecules through functional group interconversion. To check the
feasibility of this hypothesis, we have tagged an amino acid derivative, ethyl 4-
aminobenzoate (benzocaine) (marked red) with these fluorophores (Figure 3). These
compounds are represented in Figure 3. Detailed photophysical studies of the
fluorophores having acid functionality and their tagged derivatives have been performed in
homogeneous and microheterogeneous media [10,11].

O
3C/
Rq
2-((1-0x0-2,3,4,9-tetrahydro-1 H-carbaz ol-6-yl)oxy)acetic acid R\= Ry=H
2-((7,8-dimethyl-1-oxo0-2,3,4,9-tetrahy dro- 1 H-carbaz ol-6-yl)oxy)acetic acid R =CH3, R,=CHj;
2-((7-methyl-1-ox0-2,3,4,9-tetrahydro-1H-carbaz ol-6-yl)oxy)acetic acid R=CH;, R,=H
2-((8-methyl-1-ox0-2,3,4,9-tetrahydro-1H-carbaz ol-6-yl)oxy)acetic acid R\=H, R,=CHj;
2-((7-methoxy-1-0x0-2,3,4,9-tetrahy dro- 1 H-carbaz ol-6-yl)oxy ) acetic acid R\=OCH;, R,=H
EtOOC

R; N
Rz
ethyl 4-(2-((7,8-dimethyl-1-ox0-2,3,4,9-tetrahydro-1H-carbaz ol-6-yl)oxy)acetamido) benz oate
Ry,R,=CH;
Figure 3: Synthetic expansions of MDKTHC through functional group interconversions.

Spectroscopic investigations of MDKTHC in homogeneous solvents

In this research venture, rigorous photophysical studies of methoxy derivatives of keto-
tetrahydrocarbazoles (MDKTHC) have been performed in solvents of varied nature in
order to predict the fundamental solvation dynamics to estimate the enhancement of
electric dipole moment of molecules in the excited states, hydrogen-bond interactions,
assessing the micro-environmental features of biochemical systems and many others
[10,11,14-20]. Throughout our spectroscopic investigations, lots of solvents have been
used, e.g. benzene (Bz), toluene (Tol), 1,4-dioxane (DOX), ethyl acetate (EtAc),
tetrahydrofuran (THF), acetonitrile (ACN), dimethylformamide (DMF), dimethyl sulfoxide
(DMSO), water (HOH), methanol (MeOH), ethanol (EtOH), n-butanol (BuOH), n-hexanol
(HxOH), n-octanol (OcOH), n-decanol (DcOH), n-dodecanol (DdOH), etc. The MDKTHC
have absorption spectra (Figure 4) in similar region and have almost similar absorbance
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~320-345 nm; however, absorption spectra are hardly solvent dependent. High molar
absorption coefficients (> 10%) indicate 7 to 7* transition in all the solvents. MDKTHC emit
fluorescence (Figure 4) with large stokes shifts with respect to corresponding absorption
spectrum. With increasing E,(30) value of the solvent, greater will be the emission
maximum shifted towards the red end of the spectrum indicating that the excited state is
much more sensitive towards the nature of the surrounding solvent molecules. Quantum
yields and lifetimes of MDKTHC generally increase in the aprotic solvents as the E,(30)
value of the solvent increases. However, no such trend, depending on a particular solvent
parameter, is observed in the case of protic solvents. When it comes to long chain alcohols,
fluorescence decay profiles are better fitted in a bi-exponential decay equation as
MDKTHC are differentially solvated to polar head groups and the hydrophobic tail regions
of such alcohols (Table 1).

nce Intensity / a.u.
z
E

0 B EE ] « E] 400 ED ED
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Wavelength (om) Wavelength (nm) o Wavelength / nm

Figure 4: Absorption and emission spectra of a representative of MDKTHC (10-6 M) (a,c)
aprotic solvents (b,d) protic solvents respectively.

Table |: Wavelengths of absorption maximum (Assen) and  emission maximum (Agaa), quantum yield (¢, ),

fluorescence lifetime (1), radiative decay constant (k;) and non-radiative decay constant (ky) of a representative of
MDKTHC in different solvents.

7

Solvents | Jabs | M R tw/ | 7 [ ke x [k x [ Solvents | absium | M/ a@) [ T@) | ke % [ ku X
fm | I ! ! ns | X 107 7| 1075 . LR R T 107 /| 1075
@) | @) o i S ns el I
ns

BZ 320 | 391 | 004 |1 035 | 035 | 107 | 1142 | 27428 | MeOH | 326 466 | 008 | 1 086 | 086 | 109 | 930 | 10697

DOX 317 | 391 | 005 |1 043 | 043 | 143 | 1162 | 22093 | BuOH | 329 448 [ 007 |1 065 | 065 | 107 | 1076 | 14307

EtAc 317 (393 [ 007 |1 0.64 | 064 | 106 | 1093 | 14531 | DcOH | 329 434009 | 032 | 034 | 078 | 102 | 1153 | 11666
068) | (099

ACN 317 | 415 | 026 | 1 115 | LI5 | 100 | 2260 | 6434 | HxOH | 329 442 [ 008 | 021 | 022 | 077 | 099 | 1038 | 11948
079 | (092)

DMF 317 | 407 | 004 |1 107 | 107 | 099 | 1308 | 8037 | DdOH | 327 32 [ 009 | 048 | 036 | 084 | 101 | 1071 | 10833
052) | (129

DMSO | 320 | 414 | 032 | 1 258 | 258 | 099 | 1240 | 2635 | OcOH | 329 438 [ 007 | 028 | 034 | 106 | 117 | 660 | 87.73
01) | (132

THF 320 | 410 | 005 |1 079 | 079 | 122 | 632 | 12025 | HOH 329 489 [ o003 |1 183 | 183 | 099 | 700 | 47.54

Now monitoring the bathochromic shift in the emission spectrum of MDKTHC with the
increase in solvent polarity, we have paid interest to measure the enhancement of dipole
moment in excited state using Lippert-Mataga method [12]. Now to measure individual
contributions of different modes of solute-solvent interactions, Kamlet-Taft Solvatochromic
Comparison Method (KTSCM) has been used [13]. The values obtained for a
representative of MDKTHC using benzene as the reference solvent are given in relations
below. v =25380-17527" —3200c -83843 v =25641-5857" 31350 - 8463

The negative sign of the coefficients indicates the bathochromic shift of the emission
maximum of MDKTHC with increase in solvent polarity, ability of H-bond donor acidity
and ability of H-bond acceptor basicity of the solvent respectively. The relative
magnitudes indicate that HBD acidity of the solvent plays a major role in governing the
photophysics of these compounds.
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Spectroscopic investigations of microheterogeneity in various binary mixtures
probed by MDKTHC

Water-acetonitrile and Water-ethanol mixture

Figure 5 represents the fluorescence of 10 uM of a representative of MDKTHC in water-
acetonitrile and water-ethanol mixtures with gradual increase in mole fraction of water from
0to 1.0. In pure acetonitrile, X7, of this derivative is found around 408 nm, however with
the slightest increase of water in the mixture of water-acetonitrile, we observe a drop in
fluorescence intensity with substantial red-shift upto a mole fraction of 0.3. With further
increase in water, the fluorescence intensity is enhanced with a significant red-shift
reaching a maximum around 0.7 and then followed by a decrease till the mole fraction
becomes 1.0. Thus this particular fluorophore can sense even the slight variation of
composition of these binary mixtures [16].
20.
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Figure 5: Fluorescence intensity of a representative of MDKTHC (10 uM) with increasing mole
fraction of water from 0 to 1 in (a) acetonitrile-water and (b) ethanol-water binary mixtures. (c)
Time-resolved decay profiles of a representative of MDKTHC (10 puM) with increasing mole
fraction of water from 0.3 to 1.0 in acetonitrile-water binary mixture. The inset of the figure
shows the decay profiles forincrease in mole fraction from 00 0.3.

DMSO-water binary mixture
Emission profile of a representative of MDKTHC shows appreciable change as the
percentage of water increases. As the percentage of water increases (0% to 100%), a
systematic bathochromic shift (~47 nm) is observed from 415 nm to 462 nm (Figure 6).

i

- i

Figure 6: (a) Emission profile and (b) Corresponding fluorescence decay profiles of a
representative of MDKTHC (10° M) in DMSO-water binary mixture.

It is obvious from Figure 6 (b) that on addition of ~5% water, lifetime obtained from the
analysis of corresponding decay profile decreases abruptly from 2.58 ns to 1.47 ns. As
the water proportion increases up to 63%, increment in lifetime is observed (1.90 ns for
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30%, 2.20 ns for 50% and 2.21 ns for 63% water proportions respectively). Lifetime of a
representative of MDKTHC again falls systematically with increase in water
concentration (2.19ns for 72%, 2.14 ns for 80%, 2.12 ns for 88%, 2.0 ns for 94%, 1.89 ns
for 97% and 1.82 ns for 100% water proportions respectively). Rapid rearrangement of
water's hydrogen bonding network is responsible for this sort of fluctuation in lifetime and
mostimportantly MDKTHC can sense it[18].

Modifications observed in the photophysical responses of MDKTHC in presence
of micelles, reverse micelles and -cyclodextrin environments

On addition of surfactants like sodium dodecyl sulphate (SDS), cetyl trimethylammonium
bromide (CTAB) and Triton X-100 (TX-100), the nature of absorption spectra of
MDKTHC remain practically unchanged except a small increase in absorbance while
significant enhancement in emission intensity (fluorescence lifetime also increases) is
observed coupled with a hypsochromic shift (Figure 7). Prominent change in the
fluorescence emission spectra is observed when the surfactant concentrationis around
CMC. MDKTHC reside in the micelle-water interfacial region and do not penetrate deep
into the less polar micellarcore [15,18,19].

Tima /ns.

Figure 7: Fluorescence emission spectra (a,c,e) of a representative of MDKTHC(10-6 M) in
aqueous SDS, CTAB and TX-100 solutions respectively. Corresponding Fluorescence decay
profiles are also shown (b,d,f).

Constrained photophysics of MDKTHC within B-CD nanocavity

Barring a small increase in absorbance values, an increasing concentration of §-CD is
found to introduce no significant changes on the absorption profile of MDKTHC.
Whereas, emission profiles show more dramatic modifications with increasing 8-CD
concentration in terms of a marked intensity enhancement coupled with a prominent
blue shift of the emission maxima indicating formation of inclusion complex between the
host 3-CD and the guest MDKTHC (Figure 8). Confinementimposed by the formation of
inclusion complex is significantly imparting rigidity to the entire molecular framework of
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MDKTHC and in so doing, arresting the vibrational and rotational degrees of freedom
that in turn results in diminution of non-radiative decay of the fluorophores producing
consequent enhancement of fluorescence intensity [15,18,19].
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Figure 8: (a) Fluorescence emission spectra [absorption spectra shown as inset] and (b)
fluorescence decay profiles of a representative of MDKTHC (10° M) in aqueous B-Cyclodextrin
solutions. (c) Corresponding Molecular docking representation in 3-Cyclodextrin environment.

MDKTHC in AOT/H,0/n-heptane reverse micelles

Among many different surfactants, sodium dioctylsulfosuccinate (AOT) is the most widely
studied one as it readily forms spherical monodispersed nanopool in a range of non-polar
solvents without any co-surfactant, and is capable of solubilizing a large amount of water
inside. Varying the amount of water, one can vary the size of the water pool (w, =
[H,0/[AQT]). In n-heptane, MDKTHC exhibits very weak fluorescence. In RMs w, = 1in
0.1M AOT/H,O/n-heptane microemulsion we observe an intense fluorescence around
407 nm. Figure 9 shows the variation of fluorescence emission of a representative of
MDKTHC with increase in the size of the RMs from 1 to 35, the inset of the figure reflects
the absorption spectra of a representative of MDKTHC for some selected w,.
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Figure 9: (a) Fluorescence emission spectra of a representative of MDKTHC (10 uM) in
0.1M AOT/H,0/n-heptane RMs with variation of w,. The inset shows the absorption spectra
in selective w,. (b) Time-resolved fluorescence decays of a representative of MDKTHC (10
MM)in different w,,.

Figure 10 (a) shows the time-resolved profiles of a representative of MDKTHC in w, = 6 at
different selective emission wavelength displaying a distinct wavelength dependence.

Modern Approaches in Chemical and Biological Sciences 25



Introducing a New Family of Fluorophores: Keto-tetrahydrocarbazole

The evolution of the emission spectra with time is an indication of two distinct excited state
phenomena, solvation dynamics or evolution of a new species. To differentiate between
the two dynamic processes, we perform area normalization technique as suggested by
Koti et al. TRANES is a unique method for determination of the number of emitting species
in singlet excited state [21]. Figure10b shows the TRANES of a representative of
MDKTHC in w, = 6, showing a distinct iso-emissive point at 22220 cm”. The iso-emissive
point in the area normalized spectra is an indication of emission from two distinct species
of arepresentative of MDKTHC inside the confined RMs. This suggests that, the growth at
the red end of the time-resolved spectra is the generation of h-bonded MDKTHC with a
longer lifetime [16].
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Figure 10: (a) Fluorescence emission decays of a representative of MDKTHC in 0.1M
AOT/H20/n-heptane RMs w, = 6 at 390, 420, 440, 460, 480, 500, 520 and 540 nm respectively.
(b) Time resolved area normalized emission spectra (TRANES) of a representative of
MDKTHC (10 pM) in in 0.1M AOT/H,O/n-heptane RMs w;, = 6 between time 0.1 and 1 ns. The
arrow indicates an increase in time interval of 0.1 ns.

Spectroscopic investigation of the interaction of MDKTHC with aromatic and
aliphatic amines

On gradual addition of DMA or TEA, there is no observable change in the absorption
spectra of MDKTHC. This excludes the possibility of any ground state complex
formation. However the fluorescence intensity of MDKTHC is found to quench on
gradual increase in concentration of DMA or TEA. The extent of steady-state
fluorescence quenching is calculated using the Stern-Volmer (SV) relationship. For
example, fluorescence quenching experiments of MDKTHC with DMA in (a) ACN, (b)
DMSO and (c) EtOH have been performed and the results are listed in the Table 2. The
order of Ksv can be explained primarily based on viscosity of the solvent, as the
quenching process is a diffusion-controlled phenomenon. More is the viscosity of the
solventlessis the encounter between MDKTHC and DMA[14,19].

Table 2: Stern-Volmer constants for the quenching of a representative of
MDKTHC with DMAin three solvents

Solvent ACN DMSO EtOH
K/ [M] 17.066 9.156 12.119
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Besides fluorescence quenching study in homogeneous medium, we have also
performed similar experiments with TEA in micro-heterogeneous medium [18].

Interactions of MDKTHC with serum albumins

Gradual addition of the proteins results in a slight increase in the absorbance with no
significant change in wavelength. Room temperature emission spectrum of MDKTHC in
PBS gets remarkably modified showing a radical increase in the emission yield with an
associated blue shift indicating that in the protein media a lowering in the polarity of the
microenvironment around the probe is observed (Figure11).

i

Figure 11: Fluorescence emission spectra (a,b) and corresponding fluorescence decay
profiles (c, d) of a representative of MDKTHC (10° M) in presence of different concentrations
of (a) BSAand (b) HSA.

We have used circular dichroism (CD) spectroscopy to study the conformational aspects
of proteins upon binding with MDKTHC-based dyes and fluorescence anisotropy study to
assess the degree of restrictions imparted by the micro-environments of serum albumins.

In order to locate the probable position of the probe, in the serum albumin environments,
we have paid interest in the FRET study with the present systems. Again, to speculate the
triplet excited state interaction between MDKTHC and albumin proteins (BSA & HSA)
laser flash-photolysis experiments have been carried out. Molecular docking experiments
have also been performed to support the conclusions obtained from steady state
experiments [19].

Astepping stone towards the development of new fluorescent markers

We have synthesized several fluorophores having carboxylic acid functionality using the
following methodology [Figure 12] and have performed their detailed photophysical
responses in various homogeneous and micro-heterogeneous environments [10,11].
Excited state spectral possessions (quantum yield, lifetime and wavelength of
fluorescence maximum, A,,) of keto-tetrahydrocarbazoles having acid functionality are
markedly sensitive to polarity and the H-bonding nature of its immediate local
environment. Protic solvents have been found to play an influential role in the excited state
photophysics of these fluorophores. To prove the special sensitivity of the molecules for
hydrogen bonding, we have carried out thorough investigations namely solvent variation,
Kamlet-Taft solvatochromic comparison method, calculation of dipole moment, free
energy of solvation, reorganization energy etc. Such special affinity for hydrogen bonding
makes the molecules suitable sensors of theirimmediate microenvironment.
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Motivated by these studies, we have synthesized several benzocaine tagged derivatives
of such fluorophores and have performed their photophysical responses in several
homogeneous and micro-heterogeneous environments as well. Distinct differences in the
spectral responses of these tagged derivatives with respect to original fluorophores having
acid functionality clearly indicates the worth of such experimentation and consequently
this concept leads to the development of new synthetic bio-marker [11].
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Figure 12: Synthesis of Keto-tetrahydrocarbazole based fluorophores having a-hydroxy acetic
acid moiety and their benzocaine tagged derivatives.

Conclusion

Primary objective of this research venture has been to explore photophysical studies of
some newly synthesized fluorophores based on 1-keto-1,2,3,4-tetrahydrocarbazole
framework in solution phase and also to study their interactions with other small
molecules and biological macromolecules. Such studies have the potential to endeavour
better understanding on the properties of those molecules and may also divulge newer
applications. Photophysics of such fluorophores have been interesting so far. Our journey
is going on to establish this new family of fluorophores a potential bio-marker.
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Abstract

The chapter reviews the synthesis of ruthenium complexes with 2,3,5,6-tetrakis-(2-
pyridyl)pyrazine (tppz) ligand. It summarizes the applications and importance of tppz
and its suitability in binding with the ruthenium centre. The synthetic methods are
discussed since it presents the initial hurdle for any application based experiments. Itis
found that the ruthenium-tppz complexes can be synthesized under simple reaction
conditions and thus they generate a scope of varied industrial, chemical and biological
applications.

Keywords: Ruthenium, 2,3,5, 6-tetrakis-(2-pyridyl)pyrazine, Synthesis

Introduction

The review summarizes the synthesis of ruthenium-2,3,5,6-tetrakis-(2-pyridyl)pyrazine
(tppz) complexes. The importance of the synthetic methods lies in the fact that simple
synthesis is of utmost necessity for widespread applications of a particular complex. In
this chapter ruthenium-tppz complexes published during the period 2000-2020 has
been referred. Acomprehensive list of reaction conditions has been presented as far as
possible.

Properties of 2,3,5,6-tetrakis-(2-pyridyl)pyrazine (tppz)

There has been a sustained interest over the
coordination chemistry of transition metal complexes Z "N
with nitrogen-containing ligands. Transition metal ‘&
complexes with nitrogen-containing ligands find |
application in a variety of biological and industrial
processes. [1-3] Among these ligands, pyridine- |
derived polydentate ligands are of major importance =N
and one of the interesting ligands of this kind 2,3,5,6- Figure 1: 2,3,5,6-tetrakis-
tetrakis-(2-pyridyl)pyrazine (Figure 1). This ligand is (2-pyridyl)pyrazine (tppz)

a potential N,N,N-donor which binds to the metal center forming a stable five-membered
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chelate ring. [2, 4-12] Synthesis of tppz complexes is very important because of their
useful photophysical and magnetic properties [13], preparation of carbon-supported
catalysts [14], synthesis of supramolecular compounds [9,15], coordination polymers
[16], molecular sensors [17], molecular wires [18], and finally in biochemical studies
such as the investigation of DNA- and BSA-binding [4]. The synthesis of 2,3,5,6-tetrakis-
(2-pyridyl)pyrazine was first reported in 1959. [19] It possesses a variety of coordination
modes (Figure 2): bidentate, (1, Il) [20,21] terdentate, (Ill) [22] bis-bidentate, (IV, V)
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Figure 2: Probable Binding Modes of 2,3,5,6-tetrakis-(2-pyridyl)pyrazine (tppz) [11]

[21,23] tris-bidentate (VI) [21] and bis-terdentate. (VII) [24,25]. So, the use of tppz as
bridging ligand has attracted considerable research interest in recent years. The
bridging ligand mediates intermetallic electronic communication occurring through -
orbitals either by electron-transfer or hole-transfer mechanisms [26,27]. Thus, it is a
‘non-innocent’ ligand, sensitive to oxidation and reduction. It is intriguing to note that
although tppz is non-planar in bridging coordination mode, it allows considerable
electronic communication. The present review presents the reaction procedures of
2,3,5,6-tetrakis-(2-pyridyl)pyrazine (tppz) alongwith its binding modes with reference to
ruthenium complexes.

Properties and Suitability of Rutheniumin Complexing with tppz
Ruthenium chemistry is interesting largely due to their fascinating redox, [28] catalytic
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[29,30] photophysical [31] and biological properties [32,33]. Ruthenium belongs to
platinum group of metals with electronic configuration [Krj4d'5s'. The interesting feature of
this element is its variable oxidation state ranging from -2 in [Ru(CO),J"; to +8 in [RuQ,].
This property of the metal is exploited in complexing it with bridging tppz which allows
electron transfer between metal centers through its m-conjugation. It is worth mentioning
that in spite of the steric bulk of the ligand, it allows facile formation of dinuclear complexes.
This may be due to the fact that the ligand is non-planar in its bridging bonding mode.

Synthesis of Ruthenium-2,3,5,6-tetrakis-(2-pyridyl)pyrazine (tppz) complexes [2,5-
10,12]

A study of the recent works revealed that Ruthenium(lll) chloride hydrate is the most
common source of ruthenium to synthesize tppz bridged ruthenium complexes. In
addition ruthenium-tppz complexes, once synthesized, are further used as starting
materials in obtaining mixed ligand complexes having tppz as one of the binding ligand.
(Table 1, Serial Number 3,7,8) Although, tppz acts as a bridging ligand, mononuclear
complexes of ruthenium tppz has also been synthesized under certain reaction conditions.
(Table 1, Serial Number 1,6,7). The most common binding mode of the ligand is found to
be u-N,N,N. (Figure 2, VII).The solvents and starting materials commonly used are given
in Table 1. In some cases, the reactions are carried out in inert atmosphere such as argon
or dinitrogen atmosphere (Table 1, Serial Number 3,8). All reactions mentioned in Table 1
were carried out either at room temperature or at refluxing conditions.

Table 1: Solvents and starting materials commonly used

Serial Ruthenium Starting Reaction Solvent Binding Mode of
Number Material tppz
1 RuCl3.3H20 Absolute Ethanol N,N,N-binding
mode, mononuclear
2 [Ru'l(dms0)4Cl2] Dimethylsulfoxide N,N,N-binding
mode, dinuclear
3 [ClRu"(u-tppz)Ru™Cl3] | Absolute Ethanol N,N,N-binding
mode, dinuclear
4 cis-[Ru"(bpy)(dmso)2Cl2] | N,N-dimethylformamide | N,N,N-binding
mode, dinuclear
5 cis- [Rul(tpy)(dmso)2Cl2] | N,N-dimethylformamide | N,N,N-binding
mode, dinuclear
6 [Ru"Cl2(n%-CsHe)]2 Dry Acetonitrile N,N,N-binding
mode, mononuclear
7 [Ru"(tppz)Cls] Acetonitrile N,N,N-binding
mode, mononuclear
8 [(tppz)2Ru](PFs)2 Acetonitrile N,N,N-binding
mode, dinuclear
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Conclusion

To conclude, 2,3,5,6-tetrakis-(2-pyridyl)pyrazine (tppz) is a ligand that has been
explored considerably in preparing ruthenium complexes. The reaction conditions are
simple and easy to handle. Thus, synthesis being easy it allows a varied range of
applications. Another wide field of research is preparation of ruthenium complexes with
substituted tppz ligands which is being investigated by the researchers at present.
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Abstract

During the last two decades, organo hypervalent iodine reagents have attracted a huge
attention of the synthetic organic chemist community. The unique reactivity of these mild
oxidizing reagents is demonstrated in their selective nature in several organic
transformations, which are very difficult or sometimes impossible to achieve using other
common reagents. On the other hand, the heterocyclic compound containing nitrogen
as heteroatom is one of the most privileged structural motifs that is found in a plethora of
bioactive molecules, natural products and pharmaceuticals. So, the development of the
synthetic methodology for construction of N-heterocyclic compounds is a great challenge
for synthetic organic chemists. Hypervalent iodine chemistry has played an important
role to replace transition metal for construction of a large number of bioactive natural
products. Thiophilic character of the hypervalent iodine reagents have been used for the
synthesis of various five, six or seven membered biologically relevant heterocycles. So, it
is an interesting and useful chemistry that is flourishing rapidly. In the present report, a
few very significant progresses where the desulfurization ability of hypervalent iodine
reagents have been used to synthesized nitrogen containing bioactive heterocyclic
compounds will be covered.

Keywords: Hypervalent lodine, Desulfurization, N-Heterocycles, Bioactive Heterocycles

Introduction
1.1 Ecofriendly Nature of Hypervalent lodine Reagents

In the recent years, organo hypervalent iodine reagents (such as diacetoxy
iodobenzene or DIB, hydroxytosyloxy iodobenzene or HTIB, iodosylbenzene, 2-
iodoxybenzoic acid or IBX, Dess-Martin Reagent or DMP etc (Figure-1) have attracted
agreatdeal of attention as metal-free mild oxidizing agents[1,2].

~- HO.  _OTs O _OH AcO_ OAc
W \il/ ! (I« CI:( OAc
diacetate lodasyl Benzene 2- Iudo:',henzc’c Acid Dess- m m r riodane
(PIDA or DIB } [HT‘IB]

Figure 1: Common Hypervalent lodine Reagents
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Hypervalent iodine reagents have numerous advantages such as- (a) they have non-
metallic character with low toxicity issues, (b) easy and safe to handle in common
organic laboratory setup, (c) most of the hypervalent iodine reagents are commercially
available [3]. These environmentally benign reagents allow organic transformations
under very mild reaction conditions. Many well-known stoichiometric reactions are now,
carried out using hypervalentiodine replacing toxic heavy metal reagents such as lead-,
mercury-, thallium- based reagents [4].

1.2 Reactivity of Hypervalent lodine Reagents

lodine atom is a member of halogen family at the 5" period, Group VIIA of the periodic
table. Ithas alarge size and itis highly polarizable element. So, it can extend its valency
more than eight to form hypervalent compounds [5].

/\ Apical position L
L

‘ o Ph—I @ L-I-L is a 3¢c-4e bond
z_’ Ph—:l\: ,_’ L = Ligand e.g -OAc, Cl @@
L

0

Figure 2: Bonding and reactivity of hypervalent iodine

The stability and reactivity of hypervalent iodine compounds mainly depend on the
character of hypervalent bonds which is actually a three-center-four-electron (3c-4e)
bond in the apical position (Figure 2) [6]. The hypervalent bonds in the apical position
has longer bond length than usual so, they are easily cleaved, and the cleavage causes
trivalent iodine with ten electrons to be reduced to monovalent iodine with stable eight
electron structure. Because of this, it exhibits very good oxidizing property and itis used
as ametal-free oxidizer in organic synthesis [7].

The soft lodine center of hypervalent iodine reagent has an inherent propensity to
interact with soft center (such as alkene functional group, sulfur atom) of any organic
compounds. Due to this distinctive reactivity pattern of hypervalent iodine reagents, the
synthetic organic chemists have been increasingly interested to explore them for the
generation of various important synthetic intermediate/biologically active molecules
such as N-acylureas [8], guanidine [9], carbodiimide [10], cyanamide [11], 1,3-
benzothiazepine [12] etc. So, thiophilic character of the hypervalent iodine reagents is
an interesting property that has been manipulated wisely to use in versatile organic
synthesis.

1.3 Importance of Nitrogen Containing Bioactive Heterocycles

Most of the chemical compounds which are having active biological effects are
heterocyclic compounds. Among the various heterocyclic compounds, nitrogen
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containing heterocyclic compounds are an important class of heterocyclic compounds
that have a significant contribution towards medicinal chemistry [13, 14, 15].

2. Hypervalent lodine Reagents in Nitrogen Containing Heterocyclic
Compounds Synthesis

Sureshbabu et al demonstrated the synthesis of 2-amino-1,3,4-oxadiazoles starting
from corresponding acylhydrazides by cyclodesulfurization of intermediate
acylthiosemicarbazides using the hypervalent ioding(V) reagent o-iodoxybenzoic or
IBX in one-pot strategy (Scheme-1) [16]. The 2-amino-1,3,4-oxadiazole moiety has a
broad range of biological activities such as antimicrobial agents, anti-inflammatory
agents, anticancer agents, muscle relaxants etc[17].

S (1) R,NCS, DCM, 1t

N-N
-NH , Et;N, DCM, \
R1)LN 2 (2) IBX, Et;N, DCM, 1t A /Q )\N'HQ
H One-pot 1 0
acylhydrazides 2-amino-1,3 4-oxadiazoles

\ 3 H H IBX cyclodesulfurization
) N N & 51 4
R,-NCS H1)LN, e,
H g

(in-situ generated thiosemicarbazide) |
Scheme-1: Synthesis of 2-amino-1,3,4-oxadiazole in one-pot

(isothiocyanate)

Prof. Akamanchi group reported the synthesis of two very important group of nitrogen
containing bioactive heterocyclic compound namely 2,5-diamino-1,3,4-thiadiazoles
and 3-(substituted amino)-1,2,4-triazoles through hypervalent iodine mediated
oxidative desulfurization protocol (Scheme-2) [18]. The 1,3,4-thiadiazoles scaffold
shows versatile biological properties such as antimicrobial, antituberculosis, anti-
inflammatory and antifungal properties [19]. 5-Amino tetrazoles are regarded as useful
synthetic intermediate in pharmaceutical and natural product [20].

H H g ’ DCM/0 °C H 8 H

2.5-Diamino-1,3 4-thiadiazoles

bis thiourea
S N_N
R1\NJI\N,R2 IBX, EtgN, NaN4 R“N’QN,N
H H DCM/RT H

Ro
1 ,3-disubtituted thiourea 5. Aminotetrazoles

Scheme-2: Synthesis of 1,3,4-thiadiazole and aminotetrazole

Another important bioactive material is 1,2,4-thiadiazoles. This is scaffold is the main
building block towards the synthesis of various anti-microbial agents [21], fungicides
[22], herbicides [23], and antibiotics [24]. Hypervalent iodine reagents have been used
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as excellent metal-free mild oxidative desulfurizing agent to synthesize 1,2,4-
thiadiazoles. Chen et al demonstrated an environmentally benign method to achieve
1,2 4-thiadiazoles scaffold in excellent yield through oxidative dimerization of thioamide
mediated by diacetoxyiodo benzene (DIB) on polymer support (Scheme-3) [25].

S
NHz polymer s ted DIB N
ymer supporte;
2 @J\ - Foy +3

- N.
DCM, rt S

95% yield
Scheme-3: Synthesis of 1,2,4-thiadiazoles

Prof. B. K Patel's group has been working extensively on the exploration of thiophilic
nature of hypervalentiodine reagents. In a series of publication, they have demonstrated
that in a suitable reaction condition, hypervalent iodine reagent can be used as an
excellent desulfurizing agent to achieve various quite essential synthetic intermediates
such as isothiocynate, cyanamide [11]. They have demonstrated the synthesis of four
types of heterocycles- 2-aminobenzimidazole, aminobenzoxazole, benzoxazine and 1-
imidazolidinecarbothioamide (Figure 3) by hypervalent iodine(lll) reagent,
(diacetoxyiodo)benzene (DIB) mediated desulfurizaton strategy [26].

H Ph.
R R N_. _N N 8
N / N o ﬁ/ R | JJ\
.Ph
@ JNH @E —NH @/o HN’L‘N N
N 0 Vo H
2-Aminobenzimidazole Aminobenzoxazole Benzoxazine 1-Imidazolidinecarbothioamides

Figure 3: Various heterocycles synthesized by Patel's Group using DIB

2-(N-substituted)-aminobenzimidazoles are a class of biologically active molecules
which have found extensive application in medicinal chemistry. These structural motifs
have been used as anticancer [27], antihistamine [28], and antiviral agents [29].

Aone-pot procedure for the synthesis of 2-aminobenzimidazole has been developed by
treating o-phenylenediamine with the in situ generated isothiocyanates in presence of
DIB and triethylamine (Scheme 4).

R
NH, PhI(OAc), Et;N N
+ R-N=C=S » S—NH + Phi+ S
NH, CH4CN, RT N

[sothiocyante

o-phenylenediamine 2-aminobenzimidazole
Scheme-4: Synthesis of 2-aminobenzimidazole

The most probable mechanism of this transformation has been depicted in Scheme 5. At
first, monothiourea is formed by reacting isothiocyanate with o-phenylenediamine.
Then, the soft sulfur atom of the thiourea attacks the soft iodine atom of Phl(OAc)2
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removing one of its acetate ligands to furnish the intermediate B (Scheme 5). The
intermediate (B) produces a carbodiimide intermediate (C) with expulsion of
iodobenzene and metallic sulfur. The carbodiimide intermediate immediately undergoes
intramolecular cyclization to yield the desired product, as shown in Scheme 5. The
authors were able to isolate and identify elemental sulfur and phenyl iodide which
support their proposed mechanism.

EtaN/_\

H H

-\. 1
N{—\ ND N (OAC ACDELL s N“ECN“R
+ N C=8 — + Ph AT - oY

NH, NH? NHp 12

2

(A) - Phi (B) OAc
- AcOH l
N= C
O —
NH (C)
2-aminobe n/mmi 1zole Intermediate L"lrhl!dlll'l'lldt_

Scheme-5: Mechanism of formation of 2-aminobenzimidazole

The 2-aminobenzoxazole moiety has great potential as drug candidates, and its use is
under investigation in the treatment of a wide variety of disorders, such as HIV,
neurogeneration, and inflammatory diseases [30]. The strategy adopted for the
synthesis of 2-aminobenzimidazole was also applied for the synthesis of
aminobenzoxazoles (Scheme 6). The isothiocyanate was reacted with 0-amino phenol
to yield the monothiourea which on treatment with hypervalent iodine reagent DIB
produced the desired aminobenzoxazoles. The proposed mechanism is expected to be
similar to the one proposedin Scheme 5.

R
NHe PhI(OAG),, EtsN N
+ R-N=C=S - \%NH © B o B
OH Isothiocyante CHsCN, RT 0
gaminophens] aminobenzoxazole

Scheme-6: Synthesis of aminobenzoxazole

The six membered nitrogen and oxygen containing heterocycle oxazine structural motif is
great of interest in modern organic chemistry because it can be used as therapeutic agent
[31]. The benzoxazine can be prepared from the precursor (2-aminophenyl) methanol and
isothiocyanate in presence of DIB (Scheme-7).

H
NH N_ _N.
Phi(OAC), EtsN S “Ph
OH CH4CN, RT

(2-aminophenyl)methanol  Isothiocyante benzoxazine

Scheme-7: Synthesis of benzoxazine
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The five membered nitrogen containing heterocycle 1-Imidazolidinecarbothioamides
are useful as insecticides, particularly for the control of Epilachna varivestis [32]. When
isothiocyanate (2 equiv.) was treated with ethylenediamine (1 equiv.), it produced
bis(thiourea), which, on reaction with DIB, gave an excellent yield of
imidazolidinecarbothioamide (Scheme 8).

- Ph‘lN <
2 PhI(OAG), EtsN
( + 2Ph-N=C=§ ——— 227 HNJ\NJ\N,ph ol e s
NH; Isothiocyante CHaCN, RT H
eiiylansridnng 1-imidazolidinecar- bothioamide |

Scheme-8: Synthesis of 1-imidazolidinecarbothioamide

The plausible mechanism for the formation of imidazolidinecarbothioamide is shown in
Scheme9.

EtaN/—\‘H s
S, (N-Ph ( -AcOEt;NH §—NH HN
Ph-NCS + / —_— NH HN—& pAc —» Ph-NH \‘_/%N
HN  NHp Ph—NH Ph—I ) Ph
S P S
Isothiocyanate ethylenediamine Bisthiourea \\/ OAc A OCI"F‘h
C
s§\—N NH o< '3)
Ph—NH Y -AcOH
N.

Ph
Scheme-9: Mechanism of formation of 1-imidazolidinecarbothioamide

Inan interesting observation, itis reported, when the flexible ethylenediamine moiety was
replaced by a rigid aromatic system such as o-phenylenediamine, the course of the
reaction was completely changed to give benzimidazole and isothiocyanate instead of
imidazolidinecarbothioamide. The driving force for this reaction is the gain in the aromatic
character of the product benzimidazole due to loss of isothiocyanate (Scheme 10), which
was not observed with aliphatic analogue ethylenediamine bis(thioureas) (Scheme 9).

N_N
- R
T, R PhI(OAC), EtsN N
i A\
S — >—NH  + R-NCS
NH CH5CN, RT N
H
S l‘l\|H 2-aminobenzimidazole Isothiocyante

Bis lhiourcanofo-phcny]mcdimninc
Scheme-10: Reactivity of (bis)thiourea of o-phenylenediamine towards DIB

Conclusion

In conclusion, the desulfurizing abilities of hypervalent iodine reagents have emerged as
an important green synthetic tool to synthesize a wide range of nitrogen containing
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bioactive heterocycles with a diverse application in medicinal chemistry. Design of
suitable sulfur containing starting material and then subjected to hypervalent iodine
mediated desulfurization strategy would lead to many more important synthetic
intermediates, heterocycles. This particular reactivity of hypervalent iodine reagents is
going to flourish near future.
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Abstract

Organic-inorganic hybrid fluorescent materials have been prepared, characterized and
their behaviour against nitroaromatic explosives were tested. MCM-41 silica was used
as inorganic scaffold and pyrene, dansyl and fluorescein fluorophores have been
anchored via co-condensation method. Among total six sensing materials three were
hydrophilic and three were hydrophobic in nature. The fluorescent behaviour of the six
sensory materials were tested in the presence of various explosives (PETN, RDX, TNB,
TNT, DNT, Tetryl and PA). Only nitroaromatics were able to quench emission data. PA
and Tetryl explosives showed best quenching phenomena upon interacting with the
fluorophores. The observed quenching was supposed to n—n stacking interactions
between the electron donor fluorophores and the electron withdrawing nitroaromatic
explosives. Detection limits using pyrene derivative for Tetryl and PA were 8.5 and 1.4
ppm respectively, whereas for dansyl derivative were 14.4 and 1.2 ppm.

Keywords: Sensing materials, Fluorophores, Nitroaromatics, Explosives

Introduction

In modern times the detection of explosives is crucial for preventing terrorist activities,
homeland security, environmental cleaning, etc. [1]. In this field the development of quick
and reliable methods to detect these chemicals is a particularly interesting issue. Among
different chemical explosives, nitroaromatics are perhaps the most commonly used [2].
Current methods to detect nitrated explosives are based on enzymatic assays [3], gas
and liquid Chromatography [4], mass spectrometry [5], ion-mobility spectroscopy [6],
electrochemical procedures [7], optodes [8], etc. While each method provides
advantages, none is ideal. Principal deficiencies are a lack of portability or a
susceptibility to false positive results due to environmental contaminants, or false
negative results as consequence of interfering compounds. As an alternative to these
instrumental procedures optical probes have been extensively researched for signaling
applications due to their potential for high sensitivity, selectivity, portability, and cost-
effectiveness [9]. Another important technique viz. optical detection system focused on
either colorimetric or fluorescence methods [10]. For these reasons, it is important to
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develop optical probes for detection of nitrated explosives based in fluorescence
methods has attracted plenty of attention in recent years [11]. As general trend, the
designed probes take advantage of the electron-deficient character of nitrated
explosives that renders them to form charge-transfer complexes with electron-rich
molecules. The stacked ensembles usually results in a quenching of the fluorophore
through electron and energy transfer processes [12]. Applying this concept, molecular
fluorescent probes for the detection of nitrated explosives have been explored in the last
years [13]. In spite of this, one of the most important drawbacks of the use of molecular
fluorophores for the sensing of nitrated explosives is the lack of selectivity. In order to
overcome this lack of selectivity, researchers have incorporated molecular fluorophores
into inorganic supports [14]. Here the synthesis, characterization, sensing behavior and
fluorescence response of the six chemosensors toward nitrated explosives are
reported.

Experimental Section

Methods: Powder XRD and N, adsorption/desorption studies were employed to
characterize the synthesized materials. Fluorescence spectroscopy was used for
kinetic and quenching study of the materials after interaction with different explosives.
Powder X-ray diffraction measurements were taken in a Bruker D8 Advance
diffractometer using Cu Ka radiation. ASAP2010 automated sorption analyser was
used for N, adsorption/desorption isotherms. Fluorescence spectroscopy was carried
outwith a JASCO FP-8500 spectrofluorometer.

Chemicals: Tetraethylorthosilicate (TEOS) and (3-isocyanatopropyl)triethoxysilane as
silica sources, 1-pyrenemethylamine hydrochloride, dansyl chloride, fluorescein
isothiocyanate chemicals as fluorophore moieties, cetyltrimethylammonium bromide
(CTAB) as structure directing agent and all other chemicals Sodium hydroxide,
triethanolamine (TEAH3), triethylamine, sodium sulphate, ammonium nitrate,
1,1,1,3,3,3-hexamethyldisilazane (HMDS), 2,4-dinitrotoluene (DNT), nitrobenzene
(NB) and picric acid (PA), 2,4,6-trinitrophenylmethylnitramine (Tetryl), 2,4,6-
trinitrotoluene (TNT), hexahydro-1,3,5-trinitro-1,3,5-triazine (RDX), pentaerythritol
tetranitrate (PETN) were purchased from Sigma-Aldrich and other reputed companies
were used as received. Highly explosives chemicals were handled with immense care
and used in small quantities.

Results and Discussion

Synthesis of the hybrid sensing materials: At first different fluorophores (pyrene, dansyl
an fluorescein) were derivatized with trialkoxysilane moieties in order to anchor them on
the MCM-41 inorganic support (Scheme 1). For this purpose, 1-pyrenemethylamine (1)
was reacted with (3-isocyanatopropyltriethoxysilane (2) yielding the ethoxysilane
derivative P. Similarly, D and F derivatives were synthesized. In particular, the reaction
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of (3-aminopropyl)triethoxysilane (3) with dansyl chloride (4) yielded product D,
whereas F was obtained through the reaction of 3 with fluoresceinisothiocyanate (5).
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Scheme 1: Schematic diagram for the preparation of silica derivatives P, D and F.

The functionalised hybrid MCM-41 materials were prepared using a mixture of TEOS
and the corresponding derivatized fluorophore (P, D and F) in a 99:1 TEOS-derivatized
fluorophore ratio. The structure directing agent (CTAB) was removed using repeated
extraction procedure with ammonium nitrate and finally hydrophilic solids SP, SD and
SF were obtained. Again, these template-free hydrophilic solids were reacted with
1,1,1,3,3,3-hexamethyldisila zane to get the hydrophobic materials SPh, SDh and SFh.

Materials characterization

The powder X-ray diffraction patterns (PXRD) of as-synthesized solids MD, SD and
SDh are shown in Figure 1. These materilas clearly showed four small-angle defractions
that are characteristic of the ordered hexagonal array and indexed as (100), (110),
(200), and (210) Bragg's peaks. A slight shift of the (100) reflection and a broadening of
the (110) and (200) peaks in the diffraction pattern of the extracted and hydrophobized
sample are clearly seen and are related with a larger reduction in contrast. But the clear
presence of (100) reflexion peak in all PXRD patterns confirmed that the
functionalisation with the fluorophore and the subsequent hydrophobation did not
significantly change the mesoporous MCM-41 scaffold.

Figure 1: Low-angle PXRD patterns of as-synthesized
(MD), extracted (SD) and hydrophobic (SDh)
fluorophores.

Intensity (a1,

The N, adsorption/desorption isotherms of the extracted
(SP) and hydrophobic material (SPh) are shown in Figure
2. The isotherms can be classified as typical type IV which
are characteristic of mesoporous supports . _ o

sD |
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Figure 2: N, adsorption/desorption
isotherms of SPand SPh. 400 sp

Again from the figure it is clear that a sharp
increase in N, uptake was seen at P/P,
region of 0.28 to 0.4 which indirectly
confirms the presence of uniform
mesopores in the fluorophores. Pore size
distributions of these samples, was 1001
calculated by employing the Barret-Joyner- 501
Halenda (BJH) method. The probable pore- P T A e
diameters were in agreement with those Relative pressure (P/P,)

found from the XRD patterns.
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Fluorescence studies: The emission response of the six sensory materials were
tested in acetonitrile in the absence and in the presence of Tetryl explosive.
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Figure 3: Fluorescence spectra of the solids SPh, SDh and SFh alone (blank) and with

Tetryl.

It is evident from the Figure 3 that a significant quenching of the emission data was
observed after interaction of the hydrophobized solids with Tetryl. More in particular,
acetonitrile suspensions of SPh, showed, upon excitation at 341 nm, the typical
structured pyrene monomer emission band in the 370-420 nm interval together with
broad unstructured band at 474 nm that was ascribed to the excimer pyrene emission.
Addition of Tetryl induced a 3.5-fold quenching of both monomer and excimer emission
of SPh. Again, acetonitrile suspensions of SDh show the distinctive broad emission
band of the dansyl fluorophore centered at 516 nm upon excitation at 347 nm and
induced a 6-fold emission quenching upon interaction with Tetryl. Finally, suspensions of
SFh showed the narrow emission band of fluorescein at 525 nm upon excitation at 493
nm however here addition of Tetryl showed a relatively low 1.4-fold quenching of the
fluorescein emission band. Aditionally, the limit of detection study showed that the
detection limits using SPh for Tetryl and PAwere 8.5 and 1.4 ppm whereas for SDh were
14.4 and 1.2 ppmrespectively.
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Conclusion

Novel fluorescent organic-inorganic hybrid MCM-41 type materials have been prepared,
characterized and used for the detection of nitroaromatic explosives. As grafted
fluorophores pyrene, dansyl and fluorescein were used. Of the six materials, three were
hydrophilic (SP, SD and SF) and the other three were hydrophobic (SPh, SDh and SFh).
Addition of nitroaromatic explosives induced several degrees of quenching being the most
remarkable those obtained with the hydrophobic SPh and SDh materials. The quenching
observed was clearly related with the electron acceptor character of the nitroaromatic
explosives, being the most important emission change obtained upon addition of PA and
Tetryl. These emission quenching were ascribed to -1 stacking interaction between the
electron rich fluorophores and electron deficient nitroaromatic explosives. SPh and SDh
materials presented good results toward PA and Tetryl with limits of detection of 1.4 and
8.5 ppm (for SPh) and of 1.2 and 14.4 ppm (for SDh) respectively.
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Abstract

All organisms are connected in a complex web of relationships. Although many of these
are benign, not all are, and everything alive devotes significant resources to identifying
and neutralizing threats from other species. From bacteria through to primates, the
presence of some kind of effective immune system has gone hand in hand with
evolutionary success. The pressure that natural selection exerts is inexhaustible and
unending. Emerging infectious diseases have as much potential to shape future human
history as the epidemics and pandemics of the past. Managing this threat depends on
understanding how to maximize the potential of our sophisticated immune system in the
service of human health. The adaptive immune system (AIS) in mammals, which is
centred on lymphocytes bearing antigen receptars that are generated by somatic
recombination, arose approximately 500 million years ago in jawed fish. This intricate
defence system consists of many molecules, mechanisms and tissues that are not
present in jawless vertebrates. Two macro evolutionary events are believed to have
contributed to the genesis of the AIS: the emergence of the recombination-activating gene
(RAG) transposon, and two rounds of whole-genome duplication. It has recently been
discovered that a non-RAG-based AlS with similarities to the jawed vertebrate AIS —
including two lymphoid cell lineages — arose in jawless fish by convergent evolution. The
latest research works and findings along with the sophisticated and meticulous research
methodology in the field of Immunology, Evolutionary biology, Genetics and Molecular
biology have offered deep insights into the latest advances in this field and speculate on
the selective pressures that led to the emergence and maintenance of the AlS.

Keywords: Adaptive immune system, lymphocytes, Seceptors, Somatic recombination,
Macroevolution, Recombination activating gene, Vertebrates.

Introduction

Life began on our planet more than 3.5 billion years ago, and evolving single-cell
organisms, eubacteria, archaebacteria, and eukaryotes, have flourished ever since.
Around 600 million years ago, multicellular organisms (metazoans) began to form in
conjunction with a dramatic increase in atmospheric oxygen levels. This development
was followed by a remarkable diversification of metazoan species in such a relatively
short time period that it has been termed the “Evolutionary Big Bang”. Each metazoan
lineage that we recognize today, including the vertebrate lineage to which we belong,
appeared more than 500 million years ago.
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Vertebrates with jaws (gnathostomes) possess a remarkably adaptive immune system
that can recognize and initiate a protective response against potentially lethal
pathogens, including bacteria, viruses, fungi, and parasites. Our adaptive immune
system also remembers previous pathogen encounters and can either repel a second
invasion or quickly eliminate the recurrent invader by mobilizing a faster and more
efficient immune response. For a long time, the origin of adaptive immunity was
shrouded in mystery, but the fog is surely rising and a clear picture is beginning to
emerge. The evolution of adaptive immunity appears to have been made possible by
the invasion of a putative immunoglobulin-like gene by a transposable element, almost
certainly a retroposon. This conferred on the ancestral gene the ability to undergo gene
rearrangement, and thus generate diversity [1].

There are, however, still many unanswered questions, and probably many others that
have not yet been thought of. The first key question is - What was the nature of the piece
of DNA that was invaded? It must have resembled a member of the immunoglobulin
gene superfamily, and may have already been functioning as some type of antigen
receptor, for it to operate appropriately in its changed form; this narrows the field
considerably. The second key question is - What was the nature of the cell in which this
receptor was expressed? The retroposon itself must have integrated into the host DNA
within a germ cell, in order for the two genes RAG-1 and RAG-2 to be inherited together
with their targets, called recognition signal sequences, or RSS for short. As RAG-1 and
RAG-2 are inherited as a tightly linked pair of genes, while there are at least seven
locations to which the ends of the retroposon dispersed (these are the T-cell receptor a,
B, y, and & chain loci plus the immunoglobulin H, k, and A loci), there must be powerful
positive selection for these to persist, and that suggests that there was a significant
advantage to the organism in expressing a somatically rearranging receptor. Lastly -
What then was the function of this receptor and the function of the cell type in which it
was expressed, that could then make good use of this new diversity in recognition? It
must have been something like a lymphocyte, but was it more like a macrophage, a
polymorphonuclear leukocyte, an NK cell, or some other cell unlike a lymphocyte that
no longer exists in vertebrates? And finally, how did the signalling machinery develop to
support this new device, a receptor gene that could rearrange its gene segments? The
answers to these questions will, with a firm prediction, fill thousands of papers in the
years to come [1].

Why do we need an adaptive immune system?

Every living organism must maintain some defensive barrier with the outside, and
essential to this barrier is the ability to combat pathogens. Even bacteria have defense
mechanisms such as antiviral enzymes that allow them to evade bacteriophages.
Multicellular organisms have specialized cells for defense, and examples of this can be
seen even in the most ancient organisms such as dictyostelium. Importantly, the
defense mechanisms employed must be flexible to keep pace with the ever-changing
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strategies that pathogens use to evade the immune system. So at least in principle,
would it not seem ideal to have a system that makes boundless amounts of receptors
with specificity and memory towards any antigen that it might encounter? If so, why are
there so many organisms that lack it?

Initial speculations stated that vertebrate organisms live longer, are bigger and have
more complex lifestyles than invertebrates, and so there is a greater need for the AlS.
However, there are plenty of invertebrate species, such as squids and octopuses, that
are larger and have longer lifespans than many vertebrates yet lack an AIS. So this
school of thought has been heavily criticized and rebuked. Likewise many scientists
and immunobiologists working in this particular field have come up with many such
theories. Recently, Margaret McFall-Ngai suggested that the AIS has allowed
vertebrates to have more complex interactions with their commensal bacteria, whereas
David Usharauli proposed that the AIS arose to reduces the collateral damage to the
tissue during chronic infection. According to Dr. Jonathan Rast, “one can think of warm
blooded animals, size, life span etc., but nothing completely correlates with the
appearance of the adaptive immune system” [2].

In addition, the presence of the AIS has its costs. Besides the maintenance of many
different genes required for diversity, it also runs the risk of creating autoimmunity in the
individual. In a Darwinian sense, specific traits are selected based on a cost-benefit
ratio. So at least initially there must have been an advantage to maintain a complex
system like the AIS, but the advantage, Rast explains, could be “a double edge sword,
something that locks itself.” Along the same lines, Stephen M. Hedrick proposed in
2004 that there is no optimal solution to the problem of parasitism because pathogens
will eventually find a way to evade the system. He points out that “evolution does not
have foresight” and the AIS, once created, became an “appendage that generates its
own necessity” [2].

Adaptive Inmunity appears abruptly in the cartilaginous fish

It has been known for at least 50 years that all jawed fish can mount an adaptive immune
response. On the other hand, hagfish and lampreys, which are jawless vertebrates, lack
all signs of an adaptive immune system: they do not have organized lymphoid tissue, they
lack primary immune responses, and most importantly, they do not exhibitimmunological
memory. By contrast, even cartilaginous fish, the earliest jawed fish to survive to the
present day, have organized lymphoid tissue, albeit primitive, T-cell receptors and
immunoglobulins, and the ability to mount adaptive immune responses. What makes the
two phylogenetically related groups so different? And why are they so different? That is
the mystery of the evolution of adaptive immunity, and what a mystery it is!

It was only in 1998 that the answers to these questions began to become apparent. In
jawed fish and all ‘higher’ vertebrates, adaptive immunity is possible because of what
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many of the immunobiologists like to think of as the “Immunological Big Bang,” which
occurred in some ancestor of the jawed fish. A transposable element invaded a stretch
of DNA, presumably a gene that was similar to an immunoglobulin gene or a T-cell
receptor gene, and rapidly segregated the transposon sequences encoding the
recombinase enzymes used for the invasion from the recognition sequences for these
enzymes (Fig 1).

elements encode enzymes- The cleave host DNA and insert During the evolution of the Ig and TCR loci,
transposases—io allow them to move and the episome. To do this the episome itsell is rearrangement of the integrated episome has
integrate sequences recognized by the cleaved a1 3 sile between the infegration separated the integration sites from the
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Figure 1: The integration of a transposable element into a cell-surface receptor gene
was the event that ultimately gave rise to the immunoglobulin and T-cell receptor genes
and their somatic recombination

These remnants of the original transposon became the recombination signal
sequences ofimmunoglobulin and T-cell receptor genes. Invasion by a retrotransposon
had been speculated on for years as an explanation of the presence of the RAG genes,
which encode recombination enzymes essential for the rearrangement of
immunoglobulin and T-cell receptor genes. Like other retroposons, RAG genes lack
introns. The action of RAG proteins at the recognition signal sequences was well known
for many years. But it was only in 1998, after many extensive research works by
scientists came to a startling conclusion that they had their hands on the key discovery
to explain the origin ofimmunoglobulin and T-cell receptor rearrangement [3].

Animals generate antigen receptor diversity in many different ways:

Most animals that we are familiar with generate a large part of their antigen receptor
diversity as humans do, by putting together gene segments in different combinations.
The rule that governs the gene rearrangement and combination is called the 12/23 rule
of gene segment joining, and the requirement for RAG proteins. The requirement for
RAG proteins is essentially absolute. Some animals use gene rearrangement to always
join together the same V and J gene segment initially, and then go on to diversify this
recombined V region in various ways. In chickens and rabbits, the recombined V region
is diversified by gene conversion in the bursa of Fabricius (in chickens) or another
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intestinal lymphoid organ (in rabbits) (Fig 2).
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Figure 2:The organization ofimmunoglobulin genes is different in different species, but
allare capable of generating a diverse repertoire of receptors

Other animals generate their diverse repertoire mainly by somatic hypermutation of a
fairly invariant recombined V region, as does the sheep in its ileal Peyer's patch. Some
primitive fish have multiple copies of discrete V,-J,-C, and V,-D,-J,-C,, cassettes, and
ac*'rate rearrangement in different copies, while carcharine sharks have multiple
‘rearranged’ V, regions in the germline genome and apparently generate diversity by
activating transcription of different copies. All these animals have survived in a hostile
environment because they have the other benefit of adaptive immunity, namely,
immunological memory. This is the single greatest advantage conferred on animals that
have rearranging gene segments [4].

Summary:

Gene rearrangement has been known since the early 1970s, and the ‘Immunological
Big Bang’ has been known for about a few years. These two events well explain the
development of adaptive immunity. Gene rearrangement is the result of a chance
insertion of a retroposon into an unknown cell that must have been either a sperm or an
ovum, as it is inserted in the germline. Somehow, still not explained adequately, this
retroposon had the good luck to invade a member of the immunoglobulin gene family,
and to carry its invasive ends that allow retroposons to move from cell to cell into the right
place in the target primordial immunoglobulin gene [4]. At the same time, the RAG
genes were preserved, presumably from the same retroposon, but were carried by a
different chromosome. These two events, which allowed adaptive immunity to occur,
also made immunological memory possible, but they did not make it necessary.
Therefore, our present endeavour for understanding the evolution of adaptive immune
system leaves us with the questions of - how immunological memory evolve?, What
were the evolutionary forces acting on the immune system that not only guaranteed the
survival of the species that were lucky enough to inherit this trait, but expanded them to
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the multitudes that occupy the Earth's surface? and what contribution did the possession
of immunological memory make to the ability of vertebrates to occupy most of the
ecological niches currently present (although we should not forget that insects and many
otherinvertebrates cohabit with us)?
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Abstract

Rumen flukes cause serious disease in ruminants including cattle, goats, sheep, and
water buffaloes. Mature worms cause rumenitis, irregular rumination and loss of body
condition. The disease causes a lower nutrition conversion, decrease in milk production
resulting in considerable economic loss. This study was performed to investigate the in
vitro anthelmintic efficacy of solvent extracts of leaves of Justicia adhatoda L on
trematode Paramphistomum cervi collected from local abattoirs in Kolkata, West Bengal.
Mature fresh leaves of Justicia adhatoda were shade-dried, powdered and extracted
using absolute ethanol. Adult rumen flukes recovered from the rumen of naturally infected
goats were exposed to ethanolic extracts of plants at four different dose levels (10, 25, 50
and 100 mg/ml) in PBS supplemented with 1% DMSO, antibiotics cocktail and 10% goat
blood serum. Tegument and ovary were affected most. The observed anthelmintic effects
of the plant extracts were recorded in terms of loss of motility. Dose of 50mg/ml and100
mg/ml showed drastic changes in tegument and degeneration in ovary. Release of eggs,
apparent quiescent state and MTT assay indicate that flukes were under stress due to
drug exposure as compared to drug free control. The present study does not indicate total
death of organism for which other viability assays need to be addressed.

Keywords: Paramphistomiasis, Justicia adhatoda, Albendazole, Praziquintal, MTT assay

Introduction

Rumen flukes, also known as paramphistomes, are parasites infecting ruminants
including cattle, goats, sheep, and water buffaloes. Paramphistomum spp. are
Platyhelminth (flat-worm) parasite (Phylum- Platyhelminthes; Class- Trematoda;
subclass — Digenea; family-Paramphistomidae ) responsible for Paramphistomiasisi.e.
gastrointestinal parasitic disease in domesticated animals, which causes heavy
economicloss [1] to the livestock industry. Economicloss caused by Paramphistomiasis
may be greater than those caused by many other parasites [2,3]. Distribution of
Paramphistomumsp is worldwide but the prevalence s high throughouttropical and sub-
tropical regions. Adult flukes are located in the rumen of ruminants and immature flukes
in the smallintestine mainly in the duodenum[4,5]. The immature worms migratingin the
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smallintestine cause more severe damage (including death) than the adult worms [6].

In the present study Justicia adhatoda which have reportedly significant anthelmintic effect
in traditional usage, were screened in vitro for its anti-cestoidal activity against
Paramphistomum sp.

Materials and Methods

Preparation of leaf extracts : The leaves of medicinal plant, Justicia adhatoda, were
collected from locality, washed properly, shade dried and powdered and extracted with
ethanol (100%) for 21 days at room temperature in dark condition. The final crude extract
was recovered by evaporation and the extracts were resuspended in 1% DMSO for in vitro
evaluation against adult flukes.

Preparation of antibiotics cocktail: Antibiotics cocktail were prepared using 100 u/mi
streptomycin, Penicillin and Gentamycin (80mg/2ml). Albendazole Tablets I.P.(400mg,
Aurio Pharma Pvt. Ltd, India) and Praziquantel 600mg (PZQ) (Healthy life Pharma Ltd,
India) were purchased.

Collection of parasites and in vitro treatment: Live parasites were collected from goat
in 0.9% phosp hate-buffered saline, pH 7.4 from freshly slaughtered goats. The worms (6
to 10) were kept in each of the well in 96 well microtiter plates and exposed to 5, 10, 25, 50,
100, 200 mg/ml concentrations of crude ethanolic leaf extracts of Justicia adhatoda
containing PBS cocktail (PBS+10% fresh goat serum + antibiotics mixture) and were
incubated at 37°C for 48hr in CO, incubator. Time of no metabolic activity was recorded
when no movement of any sort were observed in any body parts of the fluke.). Another set
of worms with only PBS cocktail and 1% dimethylsulfoxide (DMSO) used as solvent for
extract, was taken as control. Each set was repeated twice.

MTT assay: Ineach microtiter well 0.5 mg MTT/ ml was mixed with 0.1ml PBS and kept at
37°C for 48hr in CO, incubator at dark. Blue formazan crystals were formed and then
dissolved in DMSO at room temperature for 1 hour and in a double beam
spectrophotometer OD was recorded at 595 nm for all control and treatment sets.

Post treatment Microscopic study: Parasites were taken from treatment groups of
different concentrations of drugs and were stretched and kept in AFA (acetic acid,
formaldehyde and acetone) for overnight and stained with carmine for microscopic study.

Results and Discussion

The plant extracts were screened for anticestodal activity against Paramphistomum cervi.
Dose dependent efficacy was observed on exposure to various concentrations of leaf
extract of Justicia adhatoda. Although significant mortality was not observed in lowest
concentrations (5 or 10mg/ml), still a considerable significant paralysis occurred as
opposed to respective controls. The extracts of Justicia adhatoda showed 100% loss of
motility of parasite at 100mg/ml (Figure 3).The Trematodes release their eggs at the
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beginning of stress and it was seen from 25mg/ml concentrations (Figure 1A,1B).

The ethanolic extracts of Justicia adhatoda showed anticestoidal effects in a dose
dependent manner. The observed anticestoidal effects of Justicia adhatoda recorded in
terms of loss of motility in comparison to the suitable controls indicate that these can be
considered as potential drug candidates, though this should be further confirmed by
studying corresponding actual loss of viability of the parasite. These results indicate that
certain active compounds present in the extract the actual therapeutic impact depending
on their solubility and/or permeability properties. In albendazole treated specimens, minor
damage was observed in the acetabulum compared to plant extract treated flukes (Figure
1C). The shape of the mouth also was changed and denaturized tegument was observed
in the albendazole-treated specimen (Figure 2 A). Progressive erosion of basal lamina was
consequent of exposure to the test materials as observed in the present study. In the
albendazole + praziquantel treated parasites, most of the damages induced were in the
tegument, but degeneration was on a much lesser scale than the plant extract treated
ones (Figure 2B).

Figure1: In flukes treated with 25mg/ml plant extract eggs were released marked as
arrows after 15 minutes (A) and 2 hours (B). The acetabulum is degenerated at 4 hour
post treatment (C) with 200mg/ml.

Figure 2: In flukes treated with 200mg/ml Albendazole (2A) and Albendazole
+Praziquantel (2B) the oral sucker is degenerated at 4 hour post treatment.
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Figure 3: The percentage of metabolic activity of flukes was noted after 4 hour incubation with
plant extract, Albendazole (ABZ) and Albendazole+Praziquantel (ABZ+PQZ) in different doses
(5,10,25,50,100 and 200 mg/ml) separately with a significant change in 50mg/ml onwards plant
extract and the drugs with no such effects.

Conclusion

After collection from the host the flukes exhibit active movements in the PBS. But the
apparent body movements were very low with time as parasites were exposed to the
drugs. These results indicate that flukes try to cope up with the stressful environment by
minimizing its metabolic activities as far as possible adopting an apparent immotile state
though it remains viable. The flukes almost started releasing eggs from the uterus soon
after exposure to drugs and after one hour of exposure there is sharp indication of
movement of eggs from uterus to the genital atrium indicating the exit route of eggs
through genital aperture. The present study does not indicate total death of organism for
which other viability assays need to be addressed.
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Abstract

The climate change is threatening the survival of marine biodiversity like mussels,
starfish, corals etc owing to change of chemistry of seawater. Atmospheric CO, emitted
by anthropogenic activities dissolves in sea water and forms carbonic acid causing
ocean to acidify called Ocean Acidification. More oceans acidify, less CO, it can absorb.
As a result, green house effect increases. Many marine organisms like starfish, corals,
mussels, certain species of planktons suffers more from ocean acidification. Coral reefs
have already been destroyed or damaged. If ocean acidification increases, calcification
for calcifying organisms like corals, mussels and starfish become difficult. Global
warming and acidification lowers survival rate of some fish species. All developed and
developing countries should reduce CO, emission to save marine biodiversity from the
changing chemistry of sea water.

Keywords: Marine Biodiversity, Anthropogenic activities, Ocean Acidification, Green
house effect, Coral reef, Calcification.

Introduction

Alarmingrise of carbon dioxide in the atmosphere causing change of chemistry of ocean
and marine ecosystem which affect marine biodiversity negatively. In these review paper
how CO, from air has been fatally damaging ocean chemistry will be discussed. The
ocean, gigantic carbon sink, currently dissolves one third of CO, emission. Marine
biodiversity includes coastal and marine plant and animal species, their genetic variety,
the habitats and ecosystems they form part of, and the ecological processes that support
all of these.

The marine environmenthas a very high biodiversity because 32 out of the 33 described
animal phyla are representedin there. Examples of exclusively marine phylainclude the
echinoderms (starfish and their relatives), ctenophores (comb jellies), hemichordates
(acornworms) and the echiurans (trumpetworms) [2].(Fig.1)

Why is Marine Biodiversity Important?

Every ecosystem performs certain functions that are critically important for organisms.
One of the most important functions of marine ecosystems is the production of plant
biomass from sunlight and nutrients (primary productivity), which represents the basic
food source for all life in the ocean, and ultimately also for humans. Around half of the
worldwide primary productivity is achieved by microscopically small plants, the
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phytoplankton, which grows and divide in the ocean. Another function performed by
ecosystems is the creation of habitats, or structures, in coastal ecosystems. For
example, microalgae, sea grass and corals form large undersea forests, meadows or
reefs that provide habitats for many other species such as mollusks, crustaceans and
fish. Kelp forests and sea grass meadows in the Baltic Sea are vital habitats for the fry
and juvenile fish that grow up here before swimming into the open ocean as adults.
Gastropods and small crustaceans likewise feed on microalgae growing on the kelp or
seagrass. They thereby ensure that the structure-forming plants are not smothered, and
are allowed to grow — that is their contribution to the ecosystem. The mollusks and
crustaceans that feed on microalgae are the basic food source for larger predatory
crustaceansand fish[1].

Figure 1: Different Marine Biodiversity [6]

Therapid disappearance of species:

Biological diversity in the oceans has decreased dramatically since industrialization
began in the 19" century. The primary causes for the losses include the destruction of
habitats by trawler fishing, pollution and eutrophication of the seas, as well as the steady
progress of climate change. Biological diversity is probably declining more rapidly than
ever before in the history of the Earth. But at the same time, only a small fraction of the
species in the deep sea and polar oceans have so far been identified, making the loss of
speciesin the oceans much more difficult to record and evaluate than on land [4].
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Causes of Disappearance of Marine Biodiversity:

Ocean acidification is called the evil twin of global warming increases the effect of

climate change.

Ocean acidification reduces CO, absorption ability of ocean. As a result its function
asa carbon sink that helps attenuate climate change will decrease.

Industrialization in the mid of 19" century resulted release of 440 billion
tones(approx.) of CO, into the atmosphere from burning fossils fuels like natural
gas, crude oiland coal.

26% increase in ocean acidity from preindustrial levels till today.

Rate of Ocean acidification has increased 10 times since the last time i.e. 55 million
yearsago.

40% increase of atmospheric CO, since industrial revolution.

Role of Plants and Ocean to Reduce Atmospheric CO,:

Green plants do photosynthesis and use CO, and water to produce glucose and O,.
Oceanactsas CO,sink to dissolve CO,.

If ocean, the natural store of CO,, would not exit earth would heat up much more and
even fasterthantoday.

So forest, green plants, ocean reduce atmospheric CO, and slow down climate
change particularly global warming [ 5].

Impacts Of Climate Change On Marine Life:

Atmospheric CO, dissolves in water and forms H,CO, causing ocean to acidify
rendering death of the variety of marine organism.

Cumulative effect of increasing ocean acidification has negative impact on food
chainand marine ecosystem.

Corals, mussels, certain species of plankton that make their shells and skeleton from
CaCQ, sufferfrom ocean acidification.

Echinodermslike starfish are negatively affected.

Carbonicacid in the sea water reduces PH of water, sea water becomes more acidic;
to neutralize itself H,CO, breaks down into HCO, and H" ions; some of these H'
ions combine with the carbonate already present in the water to form bicarbonate.
Calcifying organisms like starfish, corals, mussels use carbonate to build their shells
and skeletons but calcification becomes difficult owing to formation of bicarbonate
fromcarbonate[3].

Impacts of Ocean Acidificationand Warming:
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Reduce survival rate of some fish species
Affectfish stock
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*  Reduce yields of fisheries.

«  Affecteconomic activities like small scale coastal fisheries.
«  Aquaculture suchas shrimpfarmingis affected.

«  Tourism is affected.

Discussion

Itis predicted that the projected increase of ocean acidity by the year 2100 compared to
pre-industrial levels is 170%, if high CO, emission continues Ocean absorbs 24 million
tones of CO, everyday. CO, causes ocean acidification which reduces CO, absorption
capacity of ocean. Scientists started studying the impacts of ocean acidification since
last 10 years but they discovered some adverse impacts which has already discussed. If
CO, is drastically reduced, half of world tropical coral reef could be saved. We should
understand that we depend on ocean its services in many ways. So climate change
affects everyone and it will be our benefit if we reduce CO, emission and restrict global
warming less than 2°C. All countries should drastically reduce CO,emissions by middle
of century. The current world climate reports indicates that net —zero emissions are pre-
conditions for restricting global warming below 2° C. Reducing CO, emission alone is not
enough, we have to remove some of CO, from atmosphere. This is technically feasible,
butchallengeis to develop andimplementin larger scale.
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Abstract

C-reactive protein (CRP) previously considered solely as a biomarker for inflammation, is
now referred as a prominent partaker in many diseases. CRP is a plasma protein of
hepatic origin, belonging to the highly conserved pentraxin family. Though as a key
component of the innate immunity system, it also acts as an adjunct of innate and
adaptive immune system. As a consequence to tissue injury or infection, the
concentration of CRP may rapidly rise to levels more than 100-1000 folds above normal
values. Serving clinically for several years as a non-specific inflammatory marker, CRP,
with the advent of high-sensitivity assays, has now emerged a distinct status of a disease
marker in cardiovascular diseases. CRP is a routine part of global cardiovascular risk
assessment. The present surge of reportin a large number of diseases and inflammatory
conditions has highly illuminated the role of CRP as a therapeutic and prognostic reagent.
The future prospect of this work lies in the applicability of CRP as a molecule in diagnosis
and monitoring of disease biology.

Keywords: C-reactive protein, Inflammation, Acute phase response, Diagnosis

Introduction

The C-reactive protein (CRP) is a homopentameric acute phase plasma protein belonging
to highly conserved phylogenetically ancient family of Pentraxin and forms a major
component of any inflammatory reaction, thus reviewed as an non-specific yet useful
inflammatory biomarker. CRP is a key component of the innate immune system. CRP was
initially discovered in 1930 by Tillet and Francis while investigating the sera of patients
suffering from the acute stage of Pneumococcus infection and was named for its reaction
with the capsular (C)-polysaccharide of Pneumococcus. CRPs are characterized by their
calcium-dependent ligand-binding affinity for the phosphocholine (PC) moiety [1]. The
wide distribution of PC in polysaccharides of pathogens/microbes and in cellular
membranes enables CRP to recognize a range of pathogenic targets as well as
membranes of damaged and necrotic host cells. CRP binds to PC present on the surface
of microorganisms and triggers the classical complement cascade of innate immunity by
activating C1q molecule [2] CRP has many homologs in some invertebrates and
vertebrates [3] and is structurally related other acute phase proteins like serum amyloid A
[4]. It bears structural resemblance with IgG molecule and can bind with Fc receptors

68 Modern Approaches in Chemical and Biological Sciences



C-reactive Protein: Diagnostic Marker of Inflammation?

present in differentimmune cells to activate cell-mediated cascades leading to the release
of pro-inflammatory cytokines. CRP is secreted from the liver hepatocyte cells under the
stimulation of inflammatory cytokines IL-6 [5]. Other cytokines like IL-1 and TNF-a played
stimulatory role in CRP secretion. In humans, the CRP level is low (0.1-0.5 mg/L) under
normal conditions, but the concentration of CRP may rapidly increase to levels more than
1000 folds above nomal values as a consequence to tissue injury or infection. Increase
CRP level is considered to be an important risk factor for inflammatory disease,
atherosclerosis, myocardial infarction, peripheral vascular disease, and ischemic stroke
[6-9].

Inflammation

Inflammation is the body's immediate response to damage/stress/injury to its cells and
tissues by pathogens, noxious physical or chemical stimuli. Inflammation involves
stimulation of various immune system cells and release of pro-/anti-inflammatory
mediators to trigger or enhance the inflammatory response. Cytokines are the important
inflammatory mediators and play a significant role in the development of inflammatory
response. Inflammation is divided into two basic types- acute and chronic inflammation.
Acute inflammation is the immediate short-term and early response to injury that usually
resultsin healing. Leukocyte cells infiltrate the damaged region, repairing the tissue after
the stimulus is removed. It has three major components: (i) vasodilation (alteration in
vascular mobility that leads to a local increase in blood flow), (ii) fluid and plasma protein
exudation (structural changes in the microvasculature that permit protein to leave the
circulation) and (iii) emigration of phagocytes by the increased capillary permeability and
accumulation in the focus of injury. These components account for three of the five
classic local signs of acute inflammation: heat (calor), redness (rubor), swelling (tumor)
and two additional cardinal features are pain (dolor) and loss of function (functio laesa).
The processes/pathways by which acute inflammation is initiated and develops are well
characterized. In contrast, chronic inflammation is a dysregulated, prolonged, mal-
adaptive involving active inflammation, tissue destruction and finally tissue repair.
Persistent inflammation in chronic condition is associated with many human diseases
and conditions like allergy, atherosclerosis, arthritis, cancer, and some autoimmune
diseases. The associated molecular and cellular pathways of chronic inflammation are
complexanditis sometimes difficult to ascertain the cause of a chronic disease [10].

CRPand inflammation

CRP concentrations are known to increase dramatically in response to infection, injury,
and inflammation. CRP is deposited at sites of tissue damage and inflammation in both
experimental conditions and naturally [11]. CRP is the principal downstream mediator of
the acute-phase response after an inflammatory event and it clears the pathogen by
complement activation or phagocytosis. CRP can discriminate self versus non-self
molecules as a pattern recognition receptor which other activators like 1gG cannot
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achieve because it can only recognize distinct antigenic epitopes [12]. CRP binds to
damaged cell membranes during inflammatory responses [13], associated with terminal
complement complexes in atheroscleroticlesions [14], localizes to infarcted heart tissue
[15] or to the nuclei of synovium cells of rheumatoid arthritis patients [16]. Thus CRP is
predominantlyfound in the fluid phase rather than deposited in tissues at sites of injury or
inflammation[17].

CRP as markerin diseases

CRP appearsin the serum during bacterial infection; ischemicinjury to tissue [7,18], as in
myocardial infarction or pulmonary embolism; malignant neoplasms, particularly when
associated with tissue necrosis; physical or traumatic injury, such as bone fracture,
surgery, or burns; and many inflammatory clinical conditions, as, for example, rheumatic
fever, rheumatoid arthritis, vasculitis, chronic active hepatitis, or ulcerative colitis.

Plasma /serum CRP concentration showed marked increase in various conditions like
bacterial infection, abscess, Chrohn's disease, connective tissue disorders (except
Systemic Lupus Erythromatosus, SLE), neoplasia (except leukemia), trauma and
necrosis whereas it showed slight elevation in viral infection, steroids and oestrogen
therapy, Ulcerative colitis and SLE. Higher level of CRP in treated Visceral
Leishmaniasis (VL) patients predicts higher future incidence of post kala-azar dermal
leishmaniasis (PKDL) [19-21]. Currently, CRP levels 1 mg/L, 1 - 3 mg/L, and 3 mg/L are
used to denote low-, intermediate-, and high-risk groups towards heart diseases. CRP
measurement in the high normal range predicts an increased long-term risk of angina,
myocardialinfarctionand death.

Discussion

Knowledge of the structure and function of CRP — including its three dimensional
structure alone and complexed with ligands [22] — coupled with experience in
developing an inhibitor of the related protein SAP [23-24] establishes an excellent
platform for drug design.

Conclusion

The future scope of this review remains in employing strategies towards application of
this wonder molecule as disease marker thus contributing to clinical applications.
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