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Abstract: Gibbs reagent 2,6-dichloroquinone -4-chloro-imide (DCQCI) has been utilised for the 

estimation of phenols and pyridoxine for a quite number of years. Para-phenylene diamine (p-PDA) 

having two (1,4)-diamino functions attached to a benzene nucleus is well known to undergo a variety of 

Oxidation or oxidative hydrolytic reactions in the presence of electron acceptors.The investigation 

mainly deals with the oxidation of p-phenylene diamine in aqueous AcOH - HCIO, mixtures by 2,6-

dichloroquinone-4-chloro-imide. The reaction is found to be first order in oxidising agent. The reaction 

is found to be second order in substrate. The reaction rate decreases with increasing the concentration 

of perchloric acid. 

The most probable mechanistic scheme envisaged is that precursor 
intermediate complex being 

formed between the oxidant species and a molecule of unprotonated substrate species which in a rate 

determining step condenses with another molecule of the substrate to give intermediate product which 

in fast step gives final product. 
wwweeww www. 

Introduction and Scope: Gibbs reagent 2,6-dichloroquinone -4-chloro-imide (DCQC) has been 

utilised for the estimation of phenols and pyridoxine for a quite number of years. The main reaction has 

been a coupling process leading to colour changes and thus colorimetry was extensively used for the 

assay of these compounds.Para-phenylene 
diamine (p-PDA) having two (1,4)-diamino functions 

attached to a benzene nucleus is well known to undergo a variety of oxidation or oxidative hydrolytic 

reactions in the presence of electron acceptors. The actual products of the reaction depend upon the 

reaction conditions employed: concentration, the nature of the oxidant, the acidity of the medium, the 

solvent system besides the relative ratios of the oxidant and substrate concentrations. The reactions of 

para-phenylene 
diamine are very complicated due to the availability of two donar nitrogen sites, and 

due to the subsequent reactions of the intermediate products not to mention of the additional 

complication of electrophilic attack at the nitrogen sites and at the nucleus. 

P-Phenylene 
Diamine: The investigation mainly deals with the oxidation of p-phenylene diamine in 

aqueous AcOH - HClO, mixtures by 
2,6-dichloroquinone-4-chloro-imide. 

a) Dependence on Oxidant: The reaction is found to be first order in oxidising agent. Plot of log(a-x) 

vs time is linear up to three half lives of the reaction indicating first order dependence on oxidising 

agent.The kinetic data is given in Table 1. 

Table 1 

[H' 
Temp = 35°C 

kx 10 min" 
10.7 
9.2 

= 0.1 M 

Ip-PDA] 
AcOH-H,0 

Variant 

= 12.5 X 10 M 

= 10%-90%(v/v) 
Variant x 10" M 

2.3 
DCOCI 

5.0 
10.0 10.1 
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S is lincar with slope two indicating second order dependence, The observaticn 

Plot of vs is linear and passes through origin also confirms the second order 
Dependence on Substrate: The reaction is found to be second order in substrate 

in hat the 
log k, vs log dependence on 

Substrate. Such second order dependence has been observed in the oxidation of p-phenylene d.. 

with I. The kinetic data is given Table 2. 

S diamine 

Table 2: 
H'] = o.1 M 

Temp=35C IDCQCI) 
AcOH-H,0 = 10%-90%(v/v) 

Variant 

5.0 X 10M 

Variants 10' M kx 10 min 

3.1 
0.25 

1.56 
|9.23 

47.74 

6.2 

12.5 
25.0 

p-phenylene diamine 

c)Dependence on Acid Concentration: The reaction rate decreases with increasing tha 

concentration of perchloric acid. The reaction is found to be inverse mixed order. Plot of log k. v 

[H' 

s 

Ppt 

log[H] is linear with a slope of 1.5. Plot of k, [H] vs gives an intercept and slope . The intercent 

corresponds to first order component and slope corresponds to second order component. This explains 

the observed mixed order kinetics. The combination of first order kinetics and second order kinetics 

giving inverse dependence on [H) gives resultant inverse 1.5 order on H. The kinetic data is given in 

Table:3. 
Table 3: 

p-PDA] = 12.5X 10 °M 

Temp=35 [DCQCI 
AcOH-H0 = 10%-90% (v/v)_ 

Variant 

5.0 X 10 M 

IVariant x 10' Mkx 10 min" 

5.0 
10.0 

20.0 

9.2 

HClO4 6.0 

1.0 40.0 

Effect of Varying Solvent Composition: The reactions have been carried out at varying solvent 

compositions to find the effect of change in dielectric constant. The reaction rate decreases with 

increase in concentration of acetic acid. This reaction essentially involves H,0Cl and the dipolar 

molecule of the amine. This requires an increase in rate with decrease in dielectric constant. But the 

observation is reverse. Thus specific solvent effects probably are causing this observation. Probably the 

following factors like solvation, acidic or basic nature of the solvent, effect of solvent on molecular 

dispersion, non random distribution of the component of mixed solvent are responsible. Plot of log k, 

1 
vsis linear (Fig.6). The kinetic data is given in Table-4. 

D 
Table 4: 

[H 
Temp =35"C 

0.1 M DCQCI) = 5.0 X 10 * M 

p-PDA=12.5 10 M 
|Variant |kix 10 min 

0.: 
% of Variant 

9.2 
6.1 
4.5 

10 
AcOH 

20 
40 
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and 55C to compute variouo Ons are carried out at three different temperatures 1,e y 
and 55 C to compute various activation parameters. Plot of log k, vss 

Effect of Temperature: The reactions are carried out at three diteren 
S'C, . 45'C 

is given in Table-5. 

Table 5: DCQCI = 5.0 X 10 M 

p-PDA =12.5 X 10 M 
Variant 
Temperature 

H'= o. MM 

AcOH-H,0 = 1o%-90% (v/v) 

kx 10 min Change in Variant "C 
35 9.2 

13.8 

29.0 

The derived Arrhenius parameters are given in Table 6. 

Table 6: 
Arrhenius Parameters at 308°K: 

Compound E 
KJ/mole 

-AS 
logio Pz AG 

KJ/mole. 
AH 

KJ/mole JK'/mole 
p-phenylene diamine 44.18 41.4 | 130.44 6.45 81.65 

The kinetic reatures and net activation parameters do not provide any clue whether or not tnis ieaue 

involves termolecular interactions. 

In as much the oxidant DCQCI is well known to function as a two electron oxidant. Tt is ed 

assume tnat tnis reaction does not go through step wise one electron transfer which would mean a 

this reaction snould go through radical path way. It appears that this mechanistic speculation invo 

radicals woUrd impose large energy barrier, since a large number of nuclei-rearrangement should o 

requirea tor radical formation and hence it is most unlikely that this reaction would proceed throug" 

radical path way. 

The possibility that the rapid electron transfer from one of the substrate species to the oxidant species 

followed by rate determining condensation of the redox intermediate thus produced with the second 

substrate species is also unlikely as this mechanistic supposition would involve too many ionic species 

an equilibrium step, and there should be much larger retardation with increase in H than what nas 

been obseved experimentally. 

Mechanism and Rate Law: The most probable mechanistic scheme envisaged is that precursor 

intermediate complex being formed between the oxidant species and a molecule of unprotonated 

substrate species which in a rate determining step condenses with another molecule of the substrate to 

give intermediate product which in fast step gives final product. 

The sequence of reactions may be represented as follows. 

tH 

N-H 

NH, HX NH,X 

t NH 

N-H 
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The most active species H,OCI produced in first hydrolytic step. The mechanistic path way inyeh 

the main oxidant species and substrate are given below. 

H 

6+- H 
O-H H2N NH2+H:OCI HN- NC0 

H 
H H 

Precyrso intermedigte complex 

HaN -NH2 +Rrecurosor complex HaN NN NHz + H20+H*C 
Initial Product 

H 

HaN- N- NHa HaN N=N NH: 

The relevant rate law is derived as follows. The sequence of reactions of hydrolysis of DCQCI are given 

below. 

2-6-dichloroquionone-4-chloro-imide 

+ H,O 
Khj2,6-dichloroquionone-imide 

+ HOCI 

HOC 
H HOCI 

SH* 

SH 
SH? 

SH+H 
Complexi 

S+H:0C 
Products 

Complexi+S 
slow 

Rate 
k [C] S| 

kKCS] [S][H,OCI] 

k.KC. K, [SF [H] [HOC 

S+SH'+SH* 

S+K, [S] [H]+K,K,[S] [HT 
S+KH]+K, K, [S] [HT 

by neglecting Square terms 

S[1+K,H] 

ST 

kKC,K,[S,}IHOCI)[H°] 
.. Rate = 

[1+K,H*] 

RKCK,IS,}*[HOCIJH"] 

[1+2K,H+ K,H] 

kKCK,[S,1HOCI),[H"1 
[1+2K,H*+K,H* ][1+K,H*] 

Replacing [HOCI]T by DcQCI 

s * 
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Kh,kKC,K,[S, P'|DCQCI|N'1 'Rate = 

1+2K,H +K,H}{1K,'} 
If1< KpH neglecting the second term in the denominator we ge 

kKC TS,IDCQCI) 
1+2K,H +K,H'"} 

Rate= 

The rate law explains the observed first order in oxidant. second order in substra eulting in inverse Hinvolving both first order component of H' and second order component 
AIdant, second order in substrate, and a mixed order in 

1.5 
order in H'. 

tiometric Studies: The product studies under the 
Stoichiom 

worked up as follows. The ratio of substrate-

and the mixture was allowed to react over night. It has been found that two ox 

set of conditions were performed 
and 

ichloro benzoquinone interact causing oxidation to the products in a ratio 2:1 indicating that Dotn 

XIdant was maintained as 1:10. The reactants were miIxed 

the species interact finally giving. 

2 HaN- NH2 +2HOCI HaN- NHa+2H;0 

Similarly 
QH CI C1 CI 

NH2 + 2 Ha 

OH 

The experimental procedure is as followvs. 

The contents were treated with solid sodium bicarbonate until there was no evolution of carbonao 

gas. The resultant mixture was extracted with diethyl ether, the solvent was evaporated from tne c 

layer and a minimum quantity of dilute HCl was added (pH~3). 

The green colour solution was evaporated over a water bath to get a dirty green solid. This crude 

product was crystallized from absolute ethanol and filtered. The HCl from this salt was neutralized byY 
treatment with a saturated solution of NaHCO,, the green solid was filtered, washed well with water, 

recrystallised from absolute ethanol, vaccum-dried and desiccated. 
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A B S T R A C T

ZnO is a significant I I-V I n-type direct bandgap semiconductor material which has shown great
attention because of its applications in light-transmitting diodes and photograph detectors. In the
present investigation, Al2O3 doped ZnO nanoparticles were prepared by co-precipitation tech-
nique utilizing PVA as a host polymer. X-ray diffraction studies revealed the cubic structure of
nanoparticles. The determined normal crystallite size of Al2O3 doped PVA capped ZnO nano-
particles was around 12 nm. SEM image showed that the nanoparticles were distributed uni-
formly with small sized grains consisting of nano dots like tips due to the agglomeration of
particles. FTIR demonstrated the trademark vibrational modes of constituent components in the
host matrix. The optical studies of all samples displayed close band edge retention at 351 nm
(3.26 eV). From the DC studies the conductivity was found to be 3.24×10−3 S/cm. EPR studies
revealed the crystalline structure and coordination/neighbourhood site evenness of Al2O3 doped
ZnO in the host lattice. Photoluminescence studies of Al2O3 doped PVA capped ZnO nano-
particles demonstrated two groups at 416 and 619 nm. The main band was seen in violet and
other band in blue region. These studies revealed that the Al2O3 doped PVA capped ZnO nano-
particles materials can be used as LEDs, electroluminescence boards and plasma devices.

1. Introduction

Zinc oxide (ZnO) material possesses a large number of properties when compared to the IV group elements, because of wide
energy bandgap of 3.37 eV. It has stable wurtzite structure. When compared to the other materials, ZnO has emerged an attractive
material for its different kind of properties and flexible application like reflection coatings, anode materials, solar cells, optoelectronic
devices, antibacterial specialist and sensor applications [1,2]. Silicon based transistors are used in many devices. But their energy
bandgap is low. In order to fulfil the drawback, ZnO based materials are used as a thin film transistors (TFTs). Owing to its wide
energy bandgap and high electrical properties, it is used in optoelectronic and photovoltaic devices. ZnO exhibits high UV
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transmitting radiation and gets more stabilized at room temperature, even when compared to the phosphorus and GaN [3]. By using
ZnO nanopowders acoustic wave filters which are mostly used in audio and video frequency circuits have been developed [4]. A few
creators have announced high photoluminescence efficiencies in ZnO nanostructures [5]. Additionally ZnO is a domain well disposed
material, which is uniquely attractive for bio-applications.

Several techniques have been used to prepare the nanomaterials such as spin coating method, CVD technique, thermal decom-
position, co-precipitation method etc. Among these co-precipitation method is chosen to prepare the nanoparticles, due to the cost
effectiveness as well as the stability in environment conditions such as ambient temperatures, pressure variance etc [6]. Due to these
properties, the prepared nanoparticles showed the tremendous change in their size, shapes as well as optical properties. Moreover,
the properties can be additionally improved in nano-ZnO structures, nanoparticles, nanowires, which upgrade the exciton oscillator
quality and quantum efficiency [7]. In optoelectronic applications, the ZnO particles demonstrated a wide unmistakable photo-
luminescence in the blue-green locale i.e. 470–550 nm. The obvious outflow is ascribed to deformities, for example, oxygen opening
which are accepted to be situated close to the surface region [8]. The properties of ZnO can be customized for spintronic applications
however doping diverse progress metal particles such as Co, Al, Mn, V, Fe, etc. into the ZnO lattice. Much exertion has been paid to
the natural attractive trade collaborations of ZnO frameworks. So as to address the real instrument of attractive cooperation’s in these
frameworks, it is similarly critical to have an essential comprehension of various nanoscaled stage development and their outcomes
on optical properties [9]. Size consistency and substance dependability in nanosized particles are the primary issues that influence
attraction and are stayed to be a test in the field of weakened attractive semiconductors and optoelectronic applications [10].

In this present examination, Al2O3 doped PVA capped ZnO nanoparticles were prepared by co-precipitation method. The aim of
this work is to prepare the nanosized particles which show a great influence on optoelectronic applications. Until now, based on these
aluminium doped ZnO nanoparticles, no proper literature has been found on optoelectronic applications. Due to the insertion of
aluminium oxide in the zinc oxide a large number of oxygen vacancies are generated. As a result a wide energy bandgap is obtained.
It shows tremendous change on optical properties. The novelty of this present work is to prepare Al2O3 doped PVA capped ZnO
nanoparticles with cost effective co-precipitation method. The prepared nanomaterials can be used for extensively obtaining the
novel materials with different properties, because through this process nanosize grain particles have been deposited with high purity
than those reported by other methods. The prepared nanoparticles can give the output which can be utilized in many applications like
luminescence, optoelectronic and display devices.

2. Experimental

2.1. Preparation of Al2O3 doped PVA capped ZnO nanoparticles

Zinc Oxide (ZnO) and polyvinyl alcohol (PVA) with 98 % purity were obtained from Sigma Aldrich Ltd., India. Cleaned refined
water was utilized as a dissolvable. In the present exploratory technique, 50mL of two fold refined water was taken in a 100mL of
measuring flask. 2.6 g of PVA and 0.050 g of Zinc Oxide were included. The homogenous solution was left for 48 h at room tem-
perature to swell. Later the arrangement was warmed up to 80 °C by steady working as long as 6 h until precipitate was formed.
1.5mL of sodium hydrogen telluride (NaHTe) and 0.02mol % nickel oxide were added drop wise to the arrangement. Following
couple of minutes a straightforward arrangement was framed. The readied arrangement was thrown on level glass plate dishes and
permitted to vanish the dissolvable followed by putting in tourist oven. Al2O3 doped PVA capped ZnO nanoparticles were obtained.

2.2. Characterization

XRD pattern was recorded on PANalytical X’Pert Pro X-beam powder diffractometer utilizing CuKα (1.54060 Å) radiation. Size
and morphology of nanoparticles were observed by using Hitachi S-3400 N Scanning electron microscope. FTIR spectrum of the
sample was recorded on a Bruker-Alpha FTIR spectrophotometer. The optical transmission spectrum was measured on Hitachi Make
UV-VIS spectrometer-3900 in the wavelength range 200−800 nm. DC conductivity measurement was done by using standard four-
probe technique. EPR spectrum of the sample was performed on JEOL JES-FA200 EPR spectrometer. I–V and surface resistance of the
prepared nanoparticles were measured using Keithley 2400 Source-Meter. Photoluminescence spectra was recorded on Horiba Jobin-
Yvon Fluorolog-3 spectrofluorimeter with Xe continuous (450W) and pulsed (35W) lamps as excitation sources. The CIE chroma-
ticity was calculated by using Horiba Jobin-Yvon flouorolog-3 spectrofluorimeter.

3. Results and discussion

3.1. XRD analysis

XRD is utilized to decide the level of crystalline nature of Al2O3 doped PVA capped ZnO utilizing Debye-Scherrer's condition. As
the particle size increases the intensity of XRD peaks decreases. As a result the FWHM of broadening peaks increases. The low
intensity XRD peaks indicate that the films consist of coarsely fine grains (nanocrystalline) and/or are amorphous in nature. The
diffraction peaks are observed close to 2θ = 21.2°, 38.2°, 42.1° and 53.6° are attributed to (1 1 0), (2 1 1), (3 2 0), and (4 1 0) planes,
which are shown in Fig. 1. The obtained peaks are compared to the JCPDS card no. 80-0075. The films are highly oriented along (1 1
0) and (2 0 1) planes. The significant improvement in crystallinity is due to sintering of nanocrystals into effectively larger crystals
after the annealed process [11]. The crystalline size data is acquired from FWHM and the normal crystalline size can be determined
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by Debye-Scherrer equation.

D = (K λ/β Cos θ) (1)

where
D is the mean crystallite size,
K=0.9 is Scherrer's constant,
λ is the wavelength of the occurrence pillar,
θ is the diffraction edge,
β is the full width half greatest power of the diffraction top.
From the XRD pattern, the determined estimation of normal crystallite size was 12 nm.

3.2. SEM analysis

Surface morphology and grain size of Al2O3 doped PVA capped ZnO nanoparticles were shown in Fig. 2. The prepared nano-
particles were annealed to remove the impurities because the nanoparticles are distributed uniformly with small sized grains con-
sisting of nano dots like tips. This may be due to the agglomeration of particles [12]. At some regions the fusion of agglomerated walls
is also observed. The SEM image has been taken at 200 nm resolution. The higher surface harshness is formed due to the capping of
PVA polymer and dispersion is plotted at the inset of Fig. 2. The rest of agglomeration of particles are the combination of ZnO doped
Al particles which is plotted in the inset of Fig. 2. Figure speaks to the run of the mill SEM micrograph of ZnO-Al nanopowder
installed in PVA framework. It has been seen that ZnO-Al nanoparticles like structures lie inside the PVA grid. This micrograph
showed that this small concentration of PVA doping in ZnO lattice causes growth of sized grains in some regions which result in
porous surface [13]. The bigger ionic radii of aluminium ions distort crystal structure due to ionic radii mismatch which increases
grains/particles growth activity of ZnO and formation of bigger particles.

Fig. 1. XRD pattern of Al2O3 doped PVA capped ZnO nanoparticles.

Fig. 2. SEM image of Al2O3 doped PVA capped ZnO nanoparticles.
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3.3. FT-IR studies

The characterization peaks of surface useful gatherings of Al2O3 doped PVA capped ZnO nanoparticles in the wavenumber range
500−5000 cm−1 at room temperature were shown in Fig. 3. The characteristic groups in the FTIR range were formed because of
stretching vibrations of Al-O, C]O and CeH, gatherings. The absorption peaks formed at 870 cm−1 were expected to C]O extending
vibration. The peaks formed at 1700 cm−1 were allocated to CeH extending vibration. Moreover, the characteristic peaks of Al-O
gatherings were shown at 4800 cm−1 viewed as the related aluminium bond among the particles [14]. Hence once again it was
confirmed that aluminium oxide decomposes followed by the dissolution of Al+ ions within ZnO host lattice by occupying most
probably Al2+ sites.

3.4. Optical properties

The UV-VIS absorbance spectra in the locale 200–800 nm for Al2O3 doped PVA capped ZnO nanoparticles were appeared in Fig. 4.
It is obvious from the figure that the assimilation spectrum of the particles is diminished with expanding wavelength. From the figure
it is observed that the ingestion expanded with expanding doping convergence of ZnO in PVA matrix [15], as per Beer-lamberts law;
the assimilation is corresponding to the quantity of engrossing atoms [16]. Arrangement of new peaks for the sample in the wake of
doping and furthermore widening of those peaks with expanding ZnO demonstrate a significant collaboration among PVA and ZnO
[17]. This figure shows that the transmittance power increments with the expanding of the wavelength and as the convergence of
doped material nano ZnO builds, the transmittance diminishes. The explanation behind this nature is that the increments of grouping
of ZnO lead to expanding the limited state of thickness which lessens the transmittance values. The transmission range increments
and it is roughly steady at lower absorbance value. It is seen that the composite nanoparticles after doping of aluminium nano-
particles have new peaks were shown in the short wavelengths.

Diffuse reflectance spectrum of prepared nanopowders is shown in Fig. 5. The spectra of all samples display close band edge
retention at 351 nm (3.26 eV). Fig. 4 shows the UV–noticeable room temperature optical ingestion spectra of the PVA-ZnO-Al2O3

composites. The common place close to band edge ingestion of mass ZnO (3.26 eV) is plainly observed for the sample. It may be seen
that the ingestion peaks of the composite containing the bigger size is not standard fit as a fiddle likely because of the arrangement of
totals. On account of the particles having size of 200 nm the state of the assimilation peaks are smaller.

Fig. 3. FTIR spectrum of Al2O3 doped PVA capped ZnO nanoparticles.

Fig. 4. Optical absorption spectrum of Al2O3 doped PVA capped ZnO nanoparticles.
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3.5. DC electrical conductivity studies

The DC electrical conductivity of Al2O3 doped PVA capped ZnO nanoparticles were shown in Fig. 6. DC electrical conductivity
estimations have been done in the temperature range 200–373 K. The electrical resistivity is calculated by the following equation

= ⎛
⎝

⎞
⎠

ρ πt V
Iln2 (2)

where ρ is the resistivity (Ω-cm), t is the sample thickness (cm), V is the applied voltage and I is the source current (A).
The above plot shows an expansion in conductivity with respect to temperature. This might be because of the hopping mechanism

between planning sides, nearby structure unwinding and segmental movement of the polymer. This plot seem to be Arrhenius
conduct, with two areas (I & II) with initiation vitality gives above and beneath the dissolving locale 2.9–3.2 K of the polymer. In
locale I, the conductivity increments gradually while in area II, it increments at higher rate. The last might be because of the
adjustment in stage from a semi- crystalline to an indistinct state at the dissolving point. Further the shapeless area dynamically
increments in district II because of which polymer chain gains quicker inward modes for which bond pivot produce segmental
movement. This favours bouncing of particles with in the middle of the chains and thus the conductivity turns out to be high [18].
Comparable reports have likewise been accounted for electrolytes dependent on PVA.

The temperature reliance of the DC resistivity can be shown by the outstanding Arrhenius condition. Micheletti and Mark
evaluated the intergranular boundary stature (φb) from the accompanying condition:

= −μ μ exp( φ /KT)0 b (3)

where each one of the terms have their typical implications. The estimation of (φb) acquired from plot Fig. 6, log (ρ) versus 1/T is
0.61 eV. Charge bearer versatility μ is resolved from the relation given by

μ =σ/ne, (3) (4)

Where n is electron thickness and σ is the conductivity. It infers the semiconducting idea of the example since conductivity increments
with increment in working temperature because of increasing of transport of ions. From the plot the calculated conductivity was
found to be at 3.24× 10−3 S/cm. The expansion conductivity with increment of temperature demonstrates total undefined stage and
is like similar in daintily doped PVA film. It was recommended that a variable range jumping conduction model can be applied for

Fig. 5. Reflectance vs wavelength of Al2O3 doped PVA capped ZnO nanoparticles.

Fig. 6. DC conductivity of Al2O3 doped PVA capped ZnO nanoparticles.
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such situation where the conductivity is estimated.

3.6. EPR studies

EPR spectrum of Al2O3 doped PVA capped ZnO nanoparticles were measured on JEOL JES-FA200 having 100 kHz field regulation
at room temperature was shown in Fig. 7. The reverberation sign was determined at g= 2.89 for 100 K temperature. The variation in
the magnetic field was observed due to the insertion of Al+ ions in the ZnO crystal lattice. The insertion of Al+ ions in a host polymer
induced the magnetic behaviour in the ZnO nanoparticles and also exhibit ferromagnetic nature at room temperature [19]. The Al2O3

doping may change the perfect ZnO structure to make it possible for forming defects and holes which could be regarded as additional
charge carriers. It was clear that Al+ (d6) particles have octahedral coordination and orbital singlet 3A2g has the most reduced vitality
level, which split in to 3 F ground state as an outcome of crystal field. Turn Hamiltonian is utilized to speak to the EPR range of Al+

particle for an isotropic g factor. An isotropic line is acquired which relates to the |0–1’ |± 1’ attractive dipole changes. The turn -
Hamiltonian can be represented as,

H=gβBS+SAI+ SDS (5)

where g is the isotropic factor,
β is the Bohr magnetron,
B is the external magnetic field,
S is the vector operator of the electron spin momentum,
A is the hyperfine interaction parameter,
I is the vector operator of nuclear spin momentum,
and D is the zero field splitting parameter.
From the above relations the accompanying parameters can be determined. The isotropic factor 'g' esteem is 2.89. The Δ worth is

9532 cm−1 in the wavelength of λ =353 cm−1. The communication with the electric field segment of the proper recurrence of
electromagnetic radiation can start a change between the two states and results in the assimilation of photons. The fundamental rule
in the EPR method is the ingestion of concoction substance in the vitality levels, which may reach out over a wide wavelength run in
an outer attractive field. By EPR and UV-noticeable investigations the ionic parameter, α2 can be assessed by,

g= 2.0023 – (α28λ/Δ) (6)

The ionic parameter lies in the middle of 0.2 and 1.5 which means the readied nanoparticles contain ionic and covalent holding.
The acquired ionic parameter estimation of α2 is 0.84. This unequivocally recommends that there exists a covalent holding between
doped Al+ particles and its ligands presence in the host lattice [20].

3.7. I–V characteristics

I–V characteristics of the prepared nanoparticles were shown in Fig. 8. The basic principle includes in I–V qualities is the charge
move of electrons upgrade through the doped sample. Consequently the ionic conduction happens in the sample. Al+ doped particles
get quickly circulated over the stick gaps in the sample. At the point when the temperature of the sample should be brought up in the
conduction phenomenon, at that point the charge transport is conceivable through the nanoparticles in the host material [21]. From
the obtained plot, it clearly shows that the prepared nanoparticles possess the semi-conduction behaviour. Fig. 8 plainly demonstrates
the voltage required for current and is obtained above the+ ve side indicates the bright light. It is obvious that the voltage necessary
for current is obtained below the+ ve side indicates the dark light [22]. It is also obviously clear that the Al2O3 doped PVA capped
ZnO nanoparticles, is a perfect material which is utilized for semiconducting applications. The dull current in the turnaround in-
clination is exceptionally close to zero and it could be considered a perfect case for diode qualities.

Fig. 7. EPR spectrum of Al2O3 doped PVA capped ZnO nanoparticles.
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3.8. Photoluminescence studies

The photoluminescence spectrum of Al2O3 doped PVA capped ZnO was shown in Fig. 9. Blue emission states are attributed to
surface defects. These are hidden in the crystalline surface, whereas the bond formation and their respective boundaries are ad-
ditionally perceived. Band twisting will bring about formation of a consumption district at the grain limits and it will influence the
ionization condition of the deformities inside the exhaustion locale. Since the annealed sample comprises of fine particles with an
enormous surface territory and bunches of grain limits, the green outflow likely to begin from contributor acceptor changes, where
benefactor and additionally acceptor imperfections are situated at surfaces or grain limits [23,24]. From the figure, it is seen that,
annealed sample has showed two excitation peaks at 416 and 619 nm. Everything happens because of excitation wavelength of
353 nm at room temperature. The acquired groups demonstrate the shading organized in the unmistakable district and furthermore
the locale demonstrates that the main band is seen in violet area and the subsequent band in blue locale [25]. In this way the readied
nanoparticles are valuable in the showcase gadget applications.

CIE color chromaticity is framed by the interesting combination of three coordinates which are green, blue and red with proper
proportions. The light emission radiated by Xe source has monochromatic wavelength which is incident on the sample. The yield of
the sample blower recognizes the approaching radiation. The subsequent radiation is sifted by an outflow monochromator which
results in to a sign of a photomultiplier identifier [26]. CIE 1931 chromaticity directions are observed to be at x= 0.2053 and
y=0.1453. The related CIE outline is appeared in Fig. 10. The CIE chromaticity, organized locale for the readied nanoparticles is
found in blue region.

4. Conclusions

Al2O3 doped PVA dopped ZnO nanoparticles were obtained by co-precipitation method. From the XRD pattern, the diffraction
peaks observed close to 2θ = 21.2°, 38.2°, 42.1°, and 53.6° were attributed to the (1 1 0), (2 1 1), (3 2 0), and (4 1 0) planes. The

Fig. 8. Current- voltage characteristics of Al2O3 doped PVA capped ZnO nanoparticles.

Fig. 9. Photoluminescence spectrum of Al2O3 doped PVA capped ZnO nanoparticles.
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normal crystallite size was 12 nm. SEM image showed that the nanoparticles are distributed uniformly with small sized grains
consisting of nano dots like tips due to the agglomeration of particles. The characteristic groups in the FTIR range were formed due to
stretching vibrations of Al-O, C]O and CeH, gatherings. The absorption peaks formed at 870 cm−1 were expected to C]O extending
vibration. The optical spectrum of all examples displays close band edge retention at 351 nm (3.26 eV). From the DC plot the
calculated conductivity was found to be at 3.24×10-3 S/cm. The expansion in conductivity with increment of temperature de-
monstrates total undefined stage and is like similar in daintily doped PVA film. The voltage required for current was obtained above
the+ ve side indicated as bright light and the voltage below the+ ve side indicated as dark light. Photoluminescence studies
revealed that the annealed sample have showed two excitation peaks at 416 and 619 nm. CIE chromaticity of the readied nano-
particles was found in blue region. These studies revealed that the prepared nanoparticles can be utilized in many applications like
luminescence, optoelectronic and display devices.
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Glasses of particular composition (65-x) P2O5-23CaO-12Na2O: x CuO (0.5 ≤ x ≤ 2.0) mol% was synthesized. Further, the 
samples were characterized by X-Ray Diffraction (XRD), Scanning Electron Microscopy (SEM), Differential Thermal 
Analyses (DTA), Fourier Transform Infrared, optical Absorption and luminescence spectroscopy techniques.The XRD 
patterns recorded at room temperature have confirmed the non-crystalline nature to all glass samples which was also 
supported by SEM pictures. Shifting of glass transition temperature (Tg) towards lower temperature with the CuO addition is 
observed from the DTA scans.This observation is an indication of more disorder of glass network. Basic phosphate bands 
and possible cross linkages with CuO addition have been observed in FTIR spectra of all samples. Optical absorption 
spectra exhibted two bands in the regions about 335 and 795 nm. Luminescence spectra has exhibited two emission peaks 
corresponding to the transition of 3D1→1S0 single Cu+ centers and Cu+-Cu+ pairs respectively. From all the results, the 
sample with high content of CuO found to exhibit more degree of disorder. The reasons for more disorder have been 
discussed in detail by means of spectroscopic properties. 
 

(Received April 21, 2018; accepted August 20, 2019) 

 

Keywords:Phosphate glasses, XRD, DTA, Optical absorption, Copper ions 

 

 
 

1. Introduction 
 

Phosphate based glasses have been extensively 

investigated because of their superior properties [1-3]. 

High refractive index and low dispersion properties enable 

phosphate glasses to act as suitable hosts for different 

lasing ions than that of conventional borate and silicate 

glasses [4]. It also has been demonstrated that metal 

containing phosphate glasses can be considered as 

promising materials for a variety of photonic applications 

[4-6]. In addition, phosphate glasses may be considered as 

bioactive materials since they exhibit high dissolution with 

controlled rate in aqueous solutions [7]. Introducing 

transition metals into phosphate glass network would 

result in improving chemical durability and stability 

against devitrification and moisture [4-6]. Basically, 

phosphate network consisting of phosphate tetrahedra with 

different numbers of bridging oxygens, including cross-

linked networks (Q3), polymer-like chains (Q2+Q1) or 

small pyro(Q1) and orthophosphate groups (Q0) [7]. 

Semiconducting copper ion, one of the interesting 

transition metal ions in various glasses.  Usually, copper 

exists in two stable states viz., Cu+ which does not produce 

colouring and Cu2+ ions create colour centres [8]. Lot of 

attention has been given to the investigations on copper 

ions in different glass systems to provide structure-

physical properties relation. It is found that copper ions 

have strong impact on spectral and electric features of 

various glass systems. The addition of CuO and Na2O to 

phosphate glass network would modify the phosphate 

network resulting in change of physical properties as these 

properties depending on metal oxide dopant concentration 

and coordination environments. A large number of studies 

on copper ions in different glass systems are available; still 

there is a scope to investigate the structural changes 

resulting from addition of CuO in phosphate glasses. 

Hence, a considerable interest is attached on structure-

properties relation of copper doped phosphate glasses. In 

this scenario, to explore the structural modifications in 

phosphate glass network with CuO, a particular glass 

system P2O5-CaO-Na2O: CuO has been chosen and 

investigated. 

 

 

2. Experimental  
 

The nominal glass composition of the present study is 

selected as (65-x) P2O5-23CaO-12Na2O: x CuO (0.5 ≤ x ≤ 

2.0) and the samples are labelled with the following:  

PC5: 64.5 P2O5-23CaO-12Na2O: 0.5 CuO 

PC10: 64.0 P2O5-23CaO-12Na2O: 1.0 CuO 

PC15: 63.5 P2O5-23CaO-12Na2O: 1.5 CuO 

PC20: 63.0 P2O5-23CaO-12Na2O: 2.0 CuO 

P2O5, a strong glass former was introduced in the glass 

composition in a form of NH4H2PO4 while CaO and Na2O 

were added in their natural form of anhydrous carbonates. 

The hygroscopic nature of P2O5 is controlled by adding 

suitable metal oxides. It is also expected that de-
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polymerization of the phosphate network for the formation 

of P-OH bonds. CuO chemical powder was directly taken 

as per mol%. The chemical composition of the studied 

glass is chosen such that contents of Na2O and CaO 

remain constant while the contents of P2O5 and CuO vary 

from 64.5 to 63 mol% and 0.5 to 2.0 mol% respectively. 

The present glasses were prepared using the melt 

quenching method. For preparing the glasses, powders of 

constituents corresponding to mol% were weighed using 

an electronic balance and the contents thoroughly mixed 

homogeneously in an agate pestle-mortar. The mixture 

was then poured into an aluminium crucible and placed in 

Termolab 1800 - Shimaden FP21 Controlled high 

temperaturefurnace set at the 1000 oC for approximately 

one hour. Halfway during the melting period, the mixture 

would be stirred to allow for proper mixing of compounds.  

After one hour completed, the mixture was then poured 

into graphite moulds and placed in an annealing furnace 

set at the 300 oC for approximately six hours. The glass 

samples were grounded and optical polished to the 

dimensions of 1.2 cm x 1.2 cm x 0.2 cm. The amorphous 

nature of the prepared glass samples was confirmed by the 

X-ray diffractometer (XRD, Rigaku D/Max ULTIMA III) 

and HITACHI S-3400N Scanning Electron Microscope. 

The glass transition temperature and temperatures of 

crystallization were determined by using the Netzsch 

Simultaneous DSC/TG Thermal Analyser STA409C. The 

densities of the samples were calculated using the 

Archimedes principle. Infrared absorption spectra were 

noted on a JASCO-FT/IR–5300 spectrophotometer up to a 

resolution of 0.1 cm−1 in the spectral range 400–4000cm−1 

using potassium bromide pellets (300 mg) containing 

pulverized sample (1.5 mg). These pellets were pressed in 

a vacuum die at 680MPa.Optical absorption spectra of 

the glasses were recorded at room temperature in the 

wavelength range 250-1000 nm with a resolution of 0.1nm 

using UV-3092 spectrophotometer. The 

photoluminescence spectra of glass samples were carried 

out using F-2500 FL Spectrophotometer, Hitachi. 

 

 

3. Results and discussion 
 

At first, calculation of physical parameters was done 

as they provide very important information about 

structural changes in the glasses with rise in CuO content. 

The density values of all samples were measured by 

Archimedes principle. Addition of CuO in place of P2O5 

results little increase in density that might be due to 

slightly larger molecular weight and density of copper 

oxide than calcium oxide, sodium oxide. Degree of 

structural packaging, change in coordination& position of 

phosphate ions were assumed as few reasons for density 

changes. It is also observed that the values of average 

molecular weight found to decrease with the content of 

copper oxide while ion concentration found to increase. It 

could be due to replacing by CuO with P2O5 of high 

molecular weight [9]. 

Using the measured density and average molecular 

weight M of glasses, other essential physical parameters 

viz., copper ion concentration Ni, mean copper ion 

separation ri and polaron radius rp have been evaluated and 

presented in Table 1. Another interesting observation is 

that the decreasing trend of interionic distanceri and 

polaron radius rpwith CuO content which supports the 

loosely packed glass network resulting more structural 

degree of disorder. 

Fig. 1 presents the X-ray diffraction patterns of P2O5-

CaO-Na2O: CuO glasses recoreded at room temperature. 

These patterns did not show any sharp peaks except wide 

ranging halo that confirms non-crystalline nature to the 

samples. The broad halo observed was the characterisitc 

peak of glass samples. This result also supports the 

abscence of  signs of crystalization tendency that might be 

occured sometimes during quenching process. 

 

 
Table 1. Physical parametersof P2O5-CaO-Na2O: CuO glasses 

 

Sample Avg. 

Mol. Wt. 

(g/mol) 

Density 

(g/cm3) 

Conc. of ‘Cu’ 

ions 

Ni (1021/cm3) 

Interionic distance 

of  ‘Cu’  ions 

ri (A°) 

Polaron 

radius 

rp (A°) 

PC5 203.8 2.616 3.85 6.38 2.57 

PC10 202.7 2.635 7.80 5.04 2.03 

PC15 201.8 2.658 11.84 4.38 1.77 

PC20 200.5 2.679 15.98 3.97 1.59 

 

Another interesting study is recording of scanning 

electron microscopic pictures which reveal the 

morphological details of glass samples. Fig. 2 displays the 

SEM images of PC10 and PC20 recorded at room 

temperature with magnification of 20 m. These pictures 

clearly indicating the absence of micro-crystals those 

usually might occurred due to quenching process. Thus it 

confirms non-crystalline nature and also supports the XRD 

patterns. 
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Fig. 1. XRD patterns of P2O5-CaO-Na2O: CuO glasses. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

Fig. 2. Scanning Electron Microscopic pictures of P2O5-CaO-Na2O: CuO glasses. 

 

 

 

 

Fig. 3. DTA traces of P5O5-CaO-Na2O: CuO glasses 
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Fig. 4. FT-IR absorption spectra of P2O5- CaO- Na2O: 

CuO glasses.
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Differential thermal analysis (DTA) traces of P2O5-

CaO-Na2O: CuO glasses are presented in Fig. 3. The 

traces indicating broad range endothermic and exothermic 

peaks that confirms homogeneity of glass samples. It is 

observed that the addition of copper oxide resulted 

decrease in glass transition and melting temperatures. 

DTA trace of PC20 glass exhibits glass transition at about 

375oC which was small among other samples. From the 

traces, it was very clear that the glass transition Tg and 

melting temperature shift towards lower temperature 

region with copper oxide addition. Divalent copper ions 

act as modifiers and make the phosphate glass network 

weak by inducing many non-bridging oxygens leading to 

more structural network disorder. This could be the reason 

for above thermal changes [9]. 

The prepared glass samples are mixtures of glass 

network former (P2O5), intermediate oxides and modifiers 

(CaO& Na2O). Phosphorous pentaoxide is one of the 

strong glass network formers and possesses PO4 

tetrahedron network structure. With bridging oxygens, PO4 

tetrahedrons forming chains through covalent bonding. 

Modifier calcium oxide enters the phosphate glass network 

by breaking P–O–P bonds that causing bonding defects 

leading to network disorder. Na2O is considered to be 

incipient glass network formers which can form glass with 

the help of modifier oxides like CaO [10, 11]. 

 

 
Table 2. Summary of data on optical absorption spectra of P2O5-CaO-Na2O: CuOglasses 

 

Sample Cut-off wavelength 

(nm) 

2B1g → 2B2g(nm) Optical band gap Eo (eV) 

PC5 325 752 2.88 

PC10 329 757 2.82 

PC15 336 759 2.76 

PC20 339 764 2.70 

 

 

 

 

 

 

 

 

 

 

To investigate the structural changes in P2O5-CaO-

Na2O: CuO glasses,FTIR absorbance spectra is recorded 

and shown in Fig. 4. The positions of spectral bands for 

samples PC5 and PC10 almost ensemble the same due to 

low concentration of CuO. Hence, the Fig.4 has shown 

only three IR traces corresponding to samples PC10, PC15 

and PC20. Various characteristic absorption bands 

corresponding to P-O-P stretching, 𝐏𝐎𝟒
𝟑−group, P-O-P 

asymmetric bending and pyrophosphate groups (P2O7
4−) in 

the wavenumber regions 1265-1286, 1057-1085 and 887-

893 cm-1 have been observed in the spectra of all samples 

[2, 12-15]. Another interesting observation is that the 

small band located in the region 1600-1640 cm-1 could be 

due to the deformation mode of water molecule. Stretching 

mode vibrations of hydroxyl groups were also observed in 

the region 3140 to 3740 cm-1. One more interesting 

vibrational band located in the region 440–610 cm-1 was 

identified and assigned to Na+ and Ca2+ modifier cations 

[16]. With rise in the content of CuO, 𝐏𝐎𝟐
− vibrational 

bands observed to grow and bending mode of 𝐏𝐎𝟒
𝟑− 

tetrahedron groups found to decrease. Reduction in 

wavenumber of vibrational bands corresponding to O–P–O 

vibrations and 𝐏𝐎𝟒
𝟑− tetrahedral groups clearly supports 

the more structural degree of disorder around phosphate 

groups. From these observations, the glass sample with 

high amount of CuO found to exhibit high degree of 

disorder due to more loosely cross-linked phosphate glass 

network with cations and it also supports DTA results. 
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Fig. 5.  Optical absorption spectra of P2O5-CaO-Na2O: CuO 

glasses.



534                   Satyanarayana Talam, Rambabu Busi, Nagarjuna Gunnam, P. Syam Prasad, Venkateswara Rao Penugonda 

 

 
 

Room temperature UV-visible absorption spectra of 

CuO doped P2O5-CaO-Na2O glasses is presented as Fig.5. 

One strong absorption band and another small kink located 

at about 335 and 375nm assigned to 3d10 → 3d9 4s1 

transitions observed in the spectrum of every glass sample 

[17, 18]. The CuO content rise in sample has shown that 

intensity and half-width of these bands found to decrease 

which caused by the larger existence of monovalent 

copper ions. One more broad absorption band centered at 

794nm assigned to the transition 2B1g →2B2g of divalent 

copper ions in octahedral coordination. [17, 19, 20]. 

Increase in CuO content has resulted in changing of 

absorption edge from higher wavenumber to lower 

wavenumber side. Interesting observation is that increase 

of intensity and half-width of broad absorption band with 

CuO rise at the expense of primary two bands. It is 

strongly felt that there exists conversion of Cu+ ions to 

Cu2+ ions into octahedral environment. There was decrease 

in optical band gap with rise of CuO content.  

Divalent octahedrally coordinated copper ions act as 

modifiers leading to growth of non-bridging oxygens 

(NBOs) that resulting prominent rise in donor centres by 

localized electrons. This rise moves the absorption edge to 

higher wavelength side by causing decrease in optical 

band gap (Table 2). 
Fig. 6 shows the luminescence spectra of P2O5-CaO-

Na2O: CuO glasses excited with their corresponding 

absorption edges recorded in the wavelength region 300 to 

900 nm at room temperature.  

The spectra exhibited two emission peaks; one broad 

band at about 484 nm and another sharp peak at 595 nm. 

Both the bands are assigned to 3D1→1S0 single Cu+ centres 

and Cu+-Cu+ pairs transitions respectively [20]. Interesting 

detail is that the intensity and half width of these emission 

peaks found to diminish with CuO. This could be due to 

the fact that the conversion of Cu+ ions into octahedrally 

coordinated Cu2+ ions. From the fluorescence results, it is 

clear that the sample PC5 exhibit high emission intensity 

due to the presence of more Cu+ ions [8]. With increase in 

the content of CuO, there is a change in the glass structure 

and was observed by FTIR , which also supports the 

conversion of Cu+ to Cu2+. 

 

4. Conclusion 

 
Glasses of particular composition P2O5-CaO-Na2O: 

CuO were synthesized by melt quenching. Later, 

characterization of samples by XRD, SEM, DTA, optical 

absorption, FTIR and photoluminescence spectra. Absence 

of sharp peaks in XRD confirming amorphous nature, but 

characteristic glassy broad halo was observed. SEM 

pictures indicating signs of absence of micro-crystals 

which also supports XRD results. DTA traces have clearly 

indicated that glass transition and melting temperatures 

move close to lower temperature with CuO reveals 

decrease in rigidity of glass network that supports FTIR 

result. Infrared spectra have shown various distinctive 

phosphate vibrational bands and possible cross linkages. 

The sample PC20 found to exhibit more structural degree 

of disorder. Optical absorption spectra indicated the 

characteristic copper absorption transitions and decrease in 

band gap due to the larger concentrations of donor centres. 

Luminescence spectra has exhibited two emission peaks; 

one broad band at about 484 nm and another sharp peak at 

595 nm corresponding to the transition of 3D1→1S0 single 

Cu+ centres and Cu+-Cu+ pairs respectively. 
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 Abstract: We have synthesized a library of new 1,2,3-triazole incorporated 1,3,4-thiadiazole-
isothiazolo[4,3-b]pyridine derivatives 12a-j and have screened these products for their anticancer ac-
tivities against four human cancer cell lines such as MCF-7 (breast cancer), A549 (lung cancer), DU-
145 (prostate cancer), and MDA MB-231 (breast cancer) using MTT assay with etoposide as a positive 
control. Among them, compound 12e has shown excellent activities against MCF-7, A549, DU-145, 
and MDA-MB-231 with IC50 values of 0.53±0.055 µM, 0.18±0.077 µM, 0.10±0.082 µM, and 
0.92±0.041 µM, respectively.  
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1. INTRODUCTION 

 Cancer is the second leading cause of death in both de-
veloping as well as undeveloped countries [1]. It is a very 
dangerous disease with rapid growth and uncontrolled spread 
of abnormal cells. Cancer can be due to several factors such 
as environment, diet, tobacco, radiations, etc. [2, 3]. Cancer 
cell lines can be destroyed by three different ways such as 
surgery, radiation therapy and chemotherapy. Among them, 
chemotherapy is a potent treatment for the inhibition of can-
cer cells. Most of the nitrogen-containing heterocyclic moie-
ties act as cytotoxic agents in cancer chemotherapy [4-25]. 
 1,3,4-thiadiazole constitutes a significant class of five-
membered heterocyclic compounds and are extensively used 
in medicinal chemistry, organic synthesis, and material 
chemistry [26, 27]. The structure of –N=C=S in 1,3,4-
thiadiazole derivatives can work as the active centre, chelate 
certain metal ions in vivo, and show good tissue permeability 
[28]. Recently, several 1,3,4-thiadiazole derivatives have 
been reported with different types of biological properties 
such as anticancer [29], antileishmanial [30], antihistamine 
[31], antibacterial [32], antioxidant [33], antiviral [34], anti-
psychotic [35], anti-inflammatory [36], antihypertensive 
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[37], analgesic [38], antimicrobial [39], antihepatitis B [40] 
and antidiabetic activities [41]. Some of the drugs such as 
azetepa (1, Fig. 1), has 1,3,4-thiadiazole unit as a part of the 
structure and showed antineoplastic activity [42].   
 On the other hand, 1,2,3-triazoles are among the most 
privileged N-heterocyclic pharmacophores and are also able 
to form hydrogen bonds with suitable targets [43, 44]. There is 
a common method for the synthesis of triazoles via copper-
catalyzed azide-alkyne cycloaddition, a “click-chemistry” 
reaction firstly introduced by Sharpless [45, 46]. The 1,2,3-
triazole containing compounds have been reported to demon-
strate a broad spectrum of biological activities including an-
ticancer [47], antineoplastic [48], antitubercular [49], anti-
bacterial [50], antiHIV [51], antifungal [52], antimalarial 
[53], antidiabetic [54], anti-inflammatory [55], glycosidase 
inhibitors [56], and antiplatelet properties [57]. The carboxy-
amidotriazole (CAI, 2) is an anticancer agent containing 
1,2,3-triazole ring as a part of the structure [58-60] (Fig. 1).  
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NN
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Fig. (1). Structures of azepeta (1) and CAI (20). 
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 Based on the above-mentioned reports on noteworthy bio-
logical significances of 1,3,4-thiadiazole and 1,2,3-triazole 
derivatives, it appeared that these frameworks could be the 
key moieties responsible for a wide range of biological prop-
erties. Indeed, we were particularly interested in knowing the 
anticancer properties of combined moieties (i.e. 1,3,4-
thiadiazole and 1,2,3-triazole) in a single molecular entity. 
Accordingly, we have designed and synthesized a series  
of new acetamides 12a-j including 1,2,3-triazole, 1,3,4-
thiadiazole, and isothiazolo[4,3-b]pyridine rings. Furthermore, 
all the synthesized compounds (12) have been screened for 
their anticancer activity against human cancer cell lines. 

2. RESULTS AND DISCUSSION 

2.1. Chemistry 

 The synthetic route for the preparation of a series of new 
2-(4-aryl-1H-1,2,3-triazol-1-yl)-N-[6-[[5-(3,4,5-trimethoxy-
phenyl)-1,3,4-thiadiazol-2-yl]amino]isothia zolo[4,3-b]pyri-
din-3-yl]acetamides 12a-j is shown in Scheme (1). Com-
pounds 3-7, 9, 11 are known, while 8, 10, and 12 have not 
been previously reported in the literature. The starting com-
pound 3 [61] was submitted to reduction with iron in acetic 
acid (AcOH) at room temperature (rt) over 3 h time period  
to afford the amino derivative 4 [61, 62]. This amino deriva-
tive 4 was refluxed with Lawesson’s reagent [2,4-bis(4-
methoxyphenyl)-1,3,2,4-dithiadiphosphetane 2,4-disulfide] 
in ethanol (EtOH) for 24 h to afford pure carbothio amide 5 

[62]. This thioamide derivative 5 underwent cyclization by 
reaction with 30% H2O2 in methanol (MeOH) at rt over 12 h 
time period then afforded pure 6-bromoisothiazolo[4,3-
b]pyridin-3-amine (6) [62]. Product 6 was refluxed with 5-
(3,4,5-trimethoxy phenyl)-1,3,4-thiadiazol-2-amine (7) [63] 
in the presence of triethyl amine (Et3N) in 1-butanol for 4 h 
time period then afforded isothiazolo pyridinamine deriva-
tive 8. It underwent coupling with 2-azidoacetic acid (9)  
in the presence of EDCI [N3-(ethylcarbonimidoyl)-N1,N1-
dimethyl-1,3-propanediamine hydrochloride (1:1)], and 
HOBt (1-hydroxy-1H-benzotriazole)  in anhydrous CH2Cl2 
(DCM) at rt over 7 h time period then afforded pure azido 
derivative 10. Finally, product 10 underwent clik-chemistry 
reaction with differently substituted ethynylbenzenes 11a-j 
in the presence of CuI in anhydrous tetrahydrofuran (THF) 
for 16 h to give target compounds 12a-j. 

2.2. Biological Evaluation: In vitro Cytotoxicity 

 All these derivatives 12a-j were examined for their anti-
cancer activity against four human cancer cell lines [MCF-7 
(breast cancer), A549 (lung cancer), DU-145 (prostate can-
cer) and MDA-MB-231 (breast cancer)] by the use of MTT 
[2-(4,5-dimethyl-2-thiazolyl)-3,5-diphenyl-2H-tetrazolium 
bromide (1:1)] assay and etoposide as positive reference 
drug. The obtained results are incorporated in Table 1 and 
most of the synthesized derivatives 12 exhibited better anti-
cancer activity than the positive control. Derivatives 12 
showed IC50 (half maximal inhibitory concentration) values 

 
Scheme (1). Synthesis of 2-(4-aryl-1H-1,2,3-triazol-1-yl)-N-[6-[[5-(3,4,5-trimethoxyphenyl)-1,3,4-thiadiazol-2-yl]amino]isothiazolo[4,3-
b]pyridin-3-yl]acetamides 12a-j. 
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in the range of 0.10±0.082 to 14.7±6.21 µM, and positive 
control in the range of 1.91±0.84 to 3.08±0.135 µM. Among 
all the synthesized 12, four derivatives 12b,c,e,g exhibited 
more potent activity. Structure-activity relationship results 
indicated that compound 12b with 3,4,5-trimethoxy electron-
donating substitution on phenyl ring showed better anti-
cancer activity on four cell lines (MCF-7 0.67±0.093 µM, 
A549 0.22±0.034 µM, DU-145 0.11±0.071 µM and MDA-
MB-231 1.09±0.83 µM) than the positive control, while 
compound 12c, having 3,5-dimethoxy substitution, exhibited 
lower activity (MCF-7 1.87±0.56 µM, A549 1.23±0.47 µM, 
DU-145 2.03±1.20 µM and MDA-MB-231 1.94±0.39 µM) 
than 12b. Compound 12d with 4-methoxy substitution 
demonstrated much less activity (MCF-7 2.98±1.77 µM, 
A549 2.12±1.32 µM, DU-145 4.76±2.60 µM and MDA-MB-
231 3.16±1.94 µM) than that of compounds 12b,c. From the 
above results, we deduced that the decrease of electron-
donating methoxy substituents should decrease the activity. 
Replacement of 4-methoxy with 4-chloro substituent yielded 
compound 12e which showed the most promising activity 
(MCF-7 0.53±0.055 µM, A549 0.18±0.077 µM, DU-145 
0.10±0.082 µM and MDA-MB-231 0.92±0.041 µM) com-
pared to all the other compounds 12, whereas compound 
12g, having 4-nitro substitution, displayed lesser activity 
(MCF-7 1.32±0.12 µM, A549 1.49±0.48 µM, DU-145 
2.10±1.56 µM and MDA-MB-231 2.77±1.70 µM) in com-
parison with 12e. The other compounds 12f,h, showing elec-
tron-withdrawing substitution, exhibited moderate activity 
(MCF-7 = 2.44±2.03µM, A549 = 7.43±2.30µM, DU-145 = 
3.08±1.88µM) and (MCF-7 = 5.14±3.45 µM, MDA-MB-231 
= 2.56±3.20 µM) respectively in comparison with both com-
pounds 12e,12g. The compounds 12i,j, with 2,4,6-trimethyl 
and 3,5-dimethyl substitution, showed very poor activity. 

3. EXPERIMENTAL SECTION 

 All chemicals and reagents were obtained from Aldrich 
(Sigma–Aldrich, St. Louis, MO, USA), Lancaster (Alfa Ae-

sar, Johnson Matthey Company, Ward Hill, MA, USA), and 
were used without further purification. Reactions were moni-
tored by TLC, performed on silica gel 60 F254 glass plates, 
and visualization on TLC was achieved by UV light or io-
dine indicator. 1H spectra were recorded on Brucker advance 
– 1 300 MHz and Brucker advance HD 400 MHz NMR 
spectrometer and 13C NMR spectra were recorded on Bruck-
er advance HD 400 MHz NMR spectrometer. Chemical 
shifts (δ) were reported in ppm downfield from internal TMS 
standard. ESI spectra were recorded on Micromass Quattro 
LC spectrometer using ESI+ software with capillary voltage 
3.98 kV and MS (FAB) and MS (ESI) mode positive ion trap 
detector. Melting points were determined with an electro-
thermal melting point apparatus, and are uncorrected. 

3.1. 3-Amino-5-bromo-2-pyridinecarbonitrile (4) [61,62] 

 5-Bromo-3-nitro-2-pyridinecarbonitrile (3) [61, 62] (13 
g, 57.017 mmol) in one portion was added to a stirred solu-
tion of iron powder (6.4 g, 114.603 mmol) in AcOH (50 mL) 
at rt. The resulting reaction mixture was allowed to stir over 
3 h time period. After completion of the reaction, ethyl ace-
tate (65 mL) was added and the reaction mixture was filtered 
through a paper filter. The filtered cake was washed thor-
oughly with ethyl acetate (30 mL) and the filtrate was evapo-
rated under reduced pressure. The crude product was purified 
by flash silica gel column chromatography with DCM to 
afford pure compound 4 (7.4 g, 37.370 mmol, 66% yield). 1H 
NMR (300 MHz, DMSO-d6): δ 6.57 (bs, 2H), 7.27-7.36 (m, 
1H), 7.66-7.70 (m, 1H); MS (FAB): 197 [M]+. 

3.2. 3-Amino-5-bromo-2-pyridinecarbothioamide (5) 

 Lawesson’s reagent (28.6 g, 70.710 mmol) was added to 
a solution of 3-amino-5-bromo pyridine-2-carbonitrile (4) (7 
g, 35.350 mmol) in absolute EtOH (50 mL) [62]. This reac-
tion mixture was allowed to stir at reflux temperature over 
24 h time period. After completion of the reaction confirmed 

Table 1. In vitro cytotoxicity of synthesized compounds 12a-j with IC50 in µM. 

Compound MCF-7a A549 DU-145 MDA-MB-231 

12a 3.76±1.85 2.18±1.09 4.77±2.44 NDb 

12b 0.67±0.093 0.22±0.034 0.11±0.071 1.09±0.83 

12c 1.87±0.56 1.23±0.47 2.03±1.20 1.94±0.39 

12d 2.98±1.77 2.12±1.32 4.76±2.60 3.16±1.94 

12e 0.53±0.055 0.18±0.077 0.10±0.082 0.92±0.041 

12f 2.44±2.03 7.43±2.30 3.08±1.88 ND 

12g 1.32±0.12 1.49±0.48 2.10±1.56 2.77±1.70 

12h 5.14±3.45 ND ND 2.56±3.20 

12i 8.12±4.56 10.2±4.10 6.29±3.86 2.64±1.99 

12j ND 12.4±4.65 14.7±6.21 3.72±2.66 

Etoposide 2.11 ± 0.024 3.08 ± 0.135 1.97 ± 0.45 1.91 ± 0.84 
aMCF-7: human breast cancer cell lines; A549: human lung cancer cell lines; DU-145: human prostate cancer cell lines; MDA-MB-231: human breast cancer cell lines. 
bND = Not determined. 
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by TLC, the solvent was evaporated under reduced pressure. 
The residue was redissolved in water (100 mL) and extracted 
three times with DCM (3 X 20 = 60 mL). The combined 
organic layers were evaporated under reduced pressure. The 
crude product was purified by flash silica gel column chro-
matography with heptane/acetone 6:4 to afford pure com-
pound 5 (7 g, 30.159 mmol, 85% yield). 1H NMR (300 MHz, 
DMSO-d6) δ 6.96 (bs, 2H), 7.28 (d, 1H, J = 1.95 Hz), 7.89 
(d, 1H, J = 1.95 Hz), 9.39 (bs, 2H); 13C NMR (100 MHz, 
DMSO-d6) δ 129.3, 139.6, 141.7, 144.6, 147.3, 179.6; MS 
(FAB): 233 [M+2H]+. 

3.3. 6-Bromoisothiazolo[4,3-b]pyridin-3-amine (6) 

 30% aqueous H2O2 solution (2 mL, 19.6 mmol) was add-
ed dropwise to a solution of 3-amino-5-bromopyridine-2-
carbothioamide (5) (6 g, 25.851 mmol) in MeOH (30 mL) at 
0°C. The reaction mixture was stirred at rt overnight. After 
consumption of the starting material, the reaction mass was 
cooled to 0 °C. The precipitate was filtered off and washed 
with cold MeOH (4 mL) to afford pure compound 6 (3.1 g, 
13.473 mmol, 52% yield). 1H NMR (300 MHz, DMSO-d6): 
δ 8.04 (d, 1H, J = 2.0 Hz), 8.08 (bs, 2H), 8.30 (d, 1H, J = 2.0 
Hz); 13C NMR (100 MHz, DMSO-d6): δ 109.6, 120.8, 
138.9, 146.1, 155.8, 159.0; MS (FAB): 231[M+2H]+. 

3.4. N6-[5-(3,4,5-Trimethoxyphenyl)-1,3,4-thiadiazol-2-
yl)isothiazolo[4,3-b]pyridine-3,6-diamine (8) 

 The compound 6-bromoisothiazolo[4,3-b]pyridin-3-amine 
(6) (10 g, 43.461 mmol) was heated with 5-(3,4,5-trimeth-
oxyphenyl)-1,3,4-thiadiazol-2-amine (7) [63] (11.6 g, 43.397 
mmol) in anhydrous 1-butanol (50 mL). To this, Et3N (12.1 
mL, 86.753 mmol) was added dropwise to the reaction mix-
ture under stirring conditions and refluxed for 4 h. After 
completion of the reaction, water (70 mL) was added and the 
crude product was extracted using ethyl acetate (3 X 10 = 30 
mL). The compound was purified by silica gel column 
chromatography using ethyl acetate/hexane 4:6 to afford 8 
(12.6 g, 30.254 mmol, 70% yield). Mp;163-164 oC. 1H NMR 
(300 MHz, DMSO-d6): δ 3.87 (s, 6H), 3.90 (s, 3H), 7.34 (s, 
2H), 7.91 (d, 1H, J = 2.1 Hz), 8.07 (bs, 2H), 8.23 (s, 1H), 
8.27 (d, 1H, J = 2.1 Hz); 13C NMR (100 MHz, DMSO-d6): δ 
56.8, 60.3, 106.7, 115.3, 121.6, 134.7, 144.7, 149.3, 149.9, 
150.1, 151.1, 154.7, 156.7, 163.2; MS (ESI): 417 [M+H]+. 
Anal. Calcd for C17H16N6O3S2: C, 49.03; H, 3.87; N, 20.18; 
found: C, 49.18; H, 4.01; N, 20.07%.   

3.5. 2-Azido-N-[6-[[5-(3,4,5-trimethoxyphenyl)-1,3,4-
thiadiazol-2-yl]amino]isothiazolo[4,3-b]pyridin-3-yl) 
acetamide (10)  

 Compound 8 (12 g, 28.813 mmol), EDCI (10.5 g, 54.773 
mmol), HOBt (38 mg, 0.281 mmol) were dissolved in 50 mL 
anhydrous DCM and stirred at 0 oC for 1 h. 2-Azidoacetic 
acid (9) (2.2 mL, 29.388 mmol) was then added into the mix-
ture and stirred at rt for 7 h (Reaction time of 7 h is reported 
in Scheme 1). After completion of the reaction, the mixture 
was washed with saturated sodium bicarbonate solution. The 
organic layer was evaporated under reduced pressure to af-
ford the pure compound 10 (11.6 g, 23.222 mmol, 81% 
yield). Mp;181-183 oC 1H NMR (300 MHz, DMSO-d6): δ 
3.87 (s, 6H), 3.91 (s, 3H), 4.68 (s, 2H), 7.34 (s, 2H), 7.90 (d, 

1H, J = 2.2 Hz), 8.28 (d, 1H, J = 2.2 Hz), 10.54 (s, 1H), 
12.85 (bs, 1H); 13C NMR (100 MHz DMSO-d6): δ 47.8, 
56.7, 60.1, 105.9, 115.3, 133.8, 144.3, 147.6, 148.7, 150.1, 
152.3, 156.7, 157.8, 163.1, 168.2; MS (ESI): 500 [M+H]+. 
Anal. Calcd for C19H17N9O4S2: C, 45.68; H, 3.43; N, 25.24; 
found: C, 45.54; H, 3.58; N, 25.05%. 

3.6. N-[6-[[5-(3,4,5-Trimethoxyphenyl)-1,3,4-thiadiazol-2-
yl]amino]isothiazolo[4,3-b]pyridin-3-yl]-2-(4-phenyl-1H-
1,2,3-triazol-1-yl)acetamide (12a)  

 The azide 10 (300 mg, 0.601 mmol) and 1-
ethynylbenzene (11a) (0.067 mL, 0.601 mmol) were dis-
solved in 15 mL of anhydrous THF and CuI (0.6 mg, 0.5 
mol%, 0.003 mmol) was added. The mixture was stirred vig-
orously at rt for 16 h. After completion of the reaction, THF 
was evaporated in vacuum and the crude product was han-
dled with ethyl acetate (3 × 30 mL = 90 mL). The organic 
phase was washed with water (3 × 30 mL = 90 mL) and 
dried over with Na2SO4. After removal of the solvent in vac-
uum the crude product was purified by silica gel column 
chromatography with ethyl acetate/hexane 4:6 to obtain pure 
compound 12a (143.4 mg, 0.238 mmol, 40% yield). Mp: 
201-203oC; 1H NMR (400 MHz, DMSO-d6): δ 3.88 (s, 6H), 
3.91 (s, 3H), 4.81 (s, 2H), 7.33 (s, 2H), 7.45-7.57 (m, 3H), 
7.66 (d, 2H, J = 7.8 Hz), 7.91 (d, 1H, J = 2.3 Hz), 7.96 (s, 
1H), 8.34 (d, 1H, J = 2.3 Hz), 10.53 (s, 1H), 13.44 (bs, 1H); 
13C NMR (100 MHz, DMSO-d6): δ 45.4, 57.6, 61.8, 106.3, 
114.8, 116.3, 126.8, 128.4, 129.3, 131.2, 134.7, 143.2, 144.5, 
148.5, 149.3, 150.5, 154.6, 155.7, 156.8, 157.8, 162.6, 169.8; 
MS (ESI): 602 [M+H]+. Anal. Calcd for C27H23N9O4S2: C, 
53.90; H, 3.85; N, 20.95; found: C, 54.04; H, 3.98; N, 
20.99%. 

3.7. N-[6-[[5-(3,4,5-Trimethoxyphenyl)-1,3,4-thiadiazol-2-
yl]amino]isothiazolo[4,3-b]pyridin -3-yl]-2-[4-(3,4,5-
trimethoxyphenyl)-1H-1,2,3-triazol-1-yl]acetamide (12b)  

 Compound 12b was prepared by the method described 
for 12a, employing 10 (300 mg, 0.601 mmol) which was 
dissolved in 15 mL of THF, followed by the addition of 5-
ethynyl-1,2,3-trimethoxybenzene (11b) (115 mg, 0.598 mmol) 
and CuI (0.6 mg, 0.5 mol%, 0.003 mmol). The crude product 
was purified by silica gel column chromatography with ethyl 
acetate/hexane 6:4 to afford pure compound 12b (139.6 mg, 
0.202 mmol, 34% yield). Mp: 256-258oC; 1H NMR (400 
MHz, DMSO-d6): δ 3.85 (s, 6H), 3.88 (s, 6H), 3.91 (s, 3H), 
3.95 (s, 3H), 4.78 (s, 2H), 7.33 (s, 2H), 7.40 (s, 2H), 7.90 (d, 
1H, J = 2.1 Hz), 7.95 (s, 1H), 8.33 (d, 1H, J = 2.1 Hz), 10.54 
(s, 1H), 13.45 (bs, 1H); 13C NMR (100 MHz, DMSO-d6): δ 
45.5, 56.7, 57.8, 61.4, 62.6, 105.7, 110.5, 114.3, 116.8, 
127.3, 134.2, 143.4, 144.6, 145.6, 148.3, 149.4, 150.2, 154.6, 
155.3, 156.7, 157.3, 157.8, 162.7, 170.2; MS (ESI): 692 
[M+H]+. Anal. Calcd for C30H29N9O7S2: C, 52.09; H, 4.23; 
N, 18.22; found: C, 52.24; H, 4.11; N, 18.39%. 

3.8. N-[6-[[5-(3,4,5-Trimethoxyphenyl)-1,3,4-thiadiazol-2-
yl]amino]isothiazolo[4,3-b]pyridin-3-yl]-2-[4-(3,5-
dimethoxyphenyl)-1H-1,2,3-triazol-1-yl]acetamide (12c)  

 Compound 12c was prepared by the method described 
for 12a, employing 10 (300 mg, 0.601 mmol) which was 



Design, Synthesis and Anticancer Evaluation of Acetamides Comprising Letters in Organic Chemistry, 2020, Vol. 17, No. 0    5 

dissolved in 15 mL of THF, followed by the addition of 1-
ethynyl-3,5-dimethoxybenzene (11c) (97 mg, 0.598 mmol) 
and CuI (0.6 mg, 0.5 mol%, 0.003 mmol). The crude product 
was purified by silica gel column chromatography with ethyl 
acetate / hexane 6:4 to afford pure compound 12c (131.7 mg, 
0.199 mmol, 33% yield). Mp: 230-232oC; 1H NMR (400 
MHz, DMSO-d6): δ 3.79 (s, 6H), 3.88 (s, 6H), 3.91 (s, 3H), 
4.80 (s, 2H), 7.09 (s, 1H), 7.34 (s, 2H), 7.39 (s, 2H), 7.91 (d, 
1H, J = 2.0 Hz), 7.96 (s, 1H), 8.35 (d, 1H, J = 2.0 Hz), 10.54 
(s, 1H), 13.44 (bs, 1H); 13C NMR (100 MHz, DMSO-d6): δ 
45.6, 57.4, 58.3, 61.8, 99.4, 106.4, 110.6, 114.5, 116.3, 
132.4, 134.5, 143.7, 145.6, 148.3, 149.2, 150.4, 154.6, 155.4, 
156.7, 157.8, 162.4, 164.6, 169.7; MS (ESI): 662 [M+H]+. 
Anal. Calcd for C29H27N9O6S2: C, 52.64; H, 4.11; N, 19.05; 
found: C, 52.49; H, 4.01; N, 18.02%. 

3.9. N-[6-[[5-(3,4,5-Trimethoxyphenyl)-1,3,4-thiadiazol-2-
yl]amino]isothiazolo[4,3-b]pyridin-3-yl]-2-[4-(4-
methoxyphenyl)-1H-1,2,3-triazol-1-yl]acetamide (12d)  

 Compound 12d was prepared by the method described 
for 12a, employing 10 (300 mg, 0.601 mmol) which was 
dissolved in 15 mL of THF, followed by the addition of  
1-ethynyl-4-methoxybenzene (11d) (0.077 mL, 0.587 mmol) 
and CuI (0.6 mg, 0.5 mol%, 0.003 mmol). The crude product 
was purified by silica gel column chromatography with ethyl 
acetate / hexane 6:4 to afford pure compound 12d (112.8 mg, 
0.179 mmol, 30% yield). Mp: 199-201oC; 1H NMR (400 
MHz, DMSO-d6): δ 3.76 (s, 3H), 3.89 (s, 6H), 3.92 (s, 3H), 
4.83 (s, 2H), 7.18 (d, 2H, J = 7.6 Hz), 7.34 (s, 2H), 7.44  
(d, 2H, J = 7.6 Hz), 7.91 (d, 1H, J = 2.2 Hz), 7.95 (s, 1H), 
8.34 (d, 1H, J = 2.2 Hz), 10.43 (s, 1H), 13.45 (bs, 1H); 13C 
NMR (100 MHz, DMSO-d6): δ 45.6, 57.5, 58.2, 61.8, 106.5, 
114.5, 115.8, 116.4, 124.3, 127.6, 134.5, 141.4, 143.6, 148.7, 
149.3, 150.5, 154.3, 156.7, 157.2, 157.8, 160.4, 162.5, 169.8; 
MS (ESI): 632 [M+H]+. Anal. Calcd for C28H25N9O5S2: C, 
53.24; H, 3.99; N, 19.96; found: C, 53.09; H, 4.14; N, 
20.13%. 

3.10. 2-[4-(4-Chlorophenyl)-1H-1,2,3-triazol-1-yl]-N-[6-
[[5-(3,4,5-trimethoxyphenyl)-1,3,4-thiadiazol-2-yl] 
amino]isothiazolo[4,3-b]pyridin-3-yl]acetamide (12e)  

 Compound 12e was prepared by the method described 
for 12a, employing 10 (300 mg, 0.601 mmol) which was 
dissolved in 15 mL of THF, followed by the addition of  
1-chloro-4-ethynylbenzene (11e) (82 mg, 0.600 mmol) and 
CuI (0.6 mg, 0.5 mol%, 0.003 mmol) and the crude product 
was purified by silica gel column chromatography with ethyl 
acetate / hexane 4:6 to afford pure compound 12e (191.6 mg, 
0.301 mmol, 50% yield). Mp: 266-268oC; 1H NMR (400 
MHz, DMSO-d6): δ 3.88 (s, 6H), 3.92 (s, 3H), 4.90 (s, 2H), 
7.34 (s, 2H), 7.52 (d, 2H, J = 7.9 Hz), 7.67 (d, 2H, J = 7.9 
Hz), 7.90 (d, 1H, J = 2.3 Hz), 7.98 (s, 1H), 8.35 (d, 1H,  
J = 2.3 Hz), 10.44 (s, 1H), 13.48 (bs, 1H); 13C NMR (100 
MHz, DMSO-d6): δ 45.7, 57.8, 61.9, 106.5, 114.7, 116.8, 
128.6, 130.3, 130.8, 133.4, 134.9, 143.5, 144.2, 148.7, 149.7, 
150.3, 154.4, 156.7, 157.1, 157.6, 162.7, 170.4; MS (ESI): 
636 [M+H]+. Anal. Calcd for C27H22ClN9O4S2: C, 50.98; H, 
3.49; N, 19.82; found: C, 51.12; H, 3.61; N, 19.66%. 

3.11. 2-[4-(4-Bromophenyl)-1H-1,2,3-triazol-1-yl]-N-[6-
[[5-(3,4,5-trimethoxyphenyl)-1,3,4-thiadiazol-2-
yl]amino]isothiazolo[4,3-b]pyridin-3-yl]acetamide (12f)  

 Compound 12f was prepared by the method described for 
12a, employing 10 (300 mg, 0.601 mmol) which was dis-
solved in 15 mL of THF, followed by the addition of  
1-bromo-4-ethynylbenzene (11f) (108 mg, 0.597 mmol) and 
CuI (0.6 mg, 0.5 mol%, 0.003 mmol). The crude product was 
purified by silica gel column chromatography with ethyl 
acetate / hexane 5:5 to afford pure compound 12f (159.4 mg, 
0.234 mmol, 39% yield). Mp: 259-261oC; 1H NMR (400 
MHz, DMSO-d6): δ 3.89 (s, 6H), 3.92 (s, 3H), 4.93 (s, 2H), 
7.33 (s, 2H), 7.57 (d, 2H, J = 8.0 Hz), 7.69 (d, 2H, J = 8.0 
Hz), 7.92 (d, 1H, J = 2.4 Hz), 7.99 (s, 1H), 8.36 (d, 1H,  
J = 2.4 Hz), 10.44 (s, 1H), 13.50 (bs, 1H); 13C NMR (100 
MHz, DMSO-d6): δ 45.8, 57.8, 61.6, 106.7, 114.5, 116.7, 
122.4, 128.5, 130.5, 132.6, 134.8, 143.5, 144.7, 148.2, 149.6, 
150.2, 154.6, 156.7, 157.3, 157.9, 162.7, 170.2; MS (ESI): 
680 [M+H]+. (The exact mass of 12f is 679.04. Is this line 
M+3?) Anal. Calcd for C27H22BrN9O4S2: C, 47.65; H, 3.26; 
N, 18.52; found: C, 47.51; H, 3.42; N, 18.67%.  

3.12. N-[6-[[5-(3,4,5-Trimethoxyphenyl)-1,3,4-thiadiazol-
2-yl]amino]isothiazolo[4,3-b]pyridin-3-yl]-2-[4-(4-
nitrophenyl)-1H-1,2,3-triazol-1-yl]acetamide (12g)  

 Compound 12g was prepared by the method described 
for 12a, employing 10 (300 mg, 0.601 mmol) which was 
dissolved in 15 mL of THF, followed by the addition of 1-
ethynyl-4-nitrobenzene (11g) (88 mg, 0.598 mmol) and CuI 
(0.6 mg, 0.5 mol%, 0.003 mmol). The crude product was 
purified by silica gel column chromatography with ethyl 
acetate / hexane 4:6 to afford pure compound 12g (178.2 mg, 
0.276 mmol, 46% yield). Mp: 280-282oC; 1H NMR (400 
MHz, DMSO-d6): δ 3.89 (s, 6H), 3.92 (s, 3H), 4.97 (s, 2H), 
7.34 (s, 2H), 7.72 (d, 2H, J = 8.1 Hz), 7.92 (d, 1H, J = 2.3 
Hz), 8.01 (s, 1H), 8.28-8.40 (m, 3H), 10.44 (s, 1H), 13.53 
(bs, 1H); 13C NMR (100 MHz, DMSO-d6): δ 46.3, 57.8, 
61.8, 106.5, 114.8, 116.8, 125.3, 130.8, 134.6, 135.8, 143.4, 
144.7, 147.3, 148.6, 149.2, 150.3, 154.6, 156.7, 157.4, 157.8, 
162.8, 170.4; MS (ESI): 647 [M+H]+. Anal. Calcd for 
C27H22N10O6S2: C, 50.15; H, 3.43; N, 21.66; found: C, 50.32; 
H, 3.61; N, 21.83%. 

3.13. N-[6-[[5-(3,4,5-Trimethoxyphenyl)-1,3,4-thiadiazol-
2-yl]amino]isothiazolo[4,3-b]pyridin-3-yl]-2-[4-(3,5-
dinitrophenyl)-1H-1,2,3-triazol-1-yl]acetamide (12h)  

 Compound 12h was prepared by the method described 
for 12a, employing 10 (300 mg, 0.601 mmol) which was 
dissolved in 15 mL of THF, followed by the addition of 1-
ethynyl-3,5-dinitrobenzene (11h) (115 mg, 0.599 mmol) and 
CuI (0.6 mg, 0.5 mol%, 0.003 mmol). The crude product was 
purified by silica gel column chromatography with ethyl 
acetate / hexane 5:5 to afford pure compound 12h (210.5 mg, 
0.304 mmol, 51% yield). Mp: 290-292oC; 1H NMR (400 
MHz, DMSO-d6): δ 3.88 (s, 6H), 3.92 (s, 3H), 4.98 (s, 2H), 
7.33 (s, 2H), 7.92 (d, 1H, J = 2.3 Hz), 8.04 (s, 1H), 8.34 (d, 
1H, J = 2.3 Hz), 8.47 (s, 2H), 8.86 (s, 1H), 10.44 (s, 1H), 
13.56 (bs, 1H); 13C NMR (100 MHz, DMSO-d6): δ 46.8, 
57.8, 61.7, 106.5, 114.8, 115.8, 118.4, 133.4, 134.2, 134.6, 
143.6, 147.3, 147.8, 148.3, 149.6, 150.3, 154.6, 156.3, 157.5, 
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157.9, 162.7, 170.6; MS (ESI): 692 [M+H]+. Anal. Calcd for 
C27H21N11O8S2: C, 46.89; H, 3.06; N, 22.28; found: C, 46.72; 
H, 3.19; N, 22.44%.  

3.14. N-[6-[[5-(3,4,5-Trimethoxyphenyl)-1,3,4-thiadiazol-
2-yl]amino]isothiazolo[4,3-b]pyridin-3-yl]-2-[4-(2,4,6-
trimethylphenyl)-1H-1,2,3-triazol-1-yl)acetamide (12i)  

 Compound 12i was prepared by the method described for 
12a, employing 10 (300 mg, 0.601 mmol) which was dis-
solved in 15 mL of THF, followed by the addition of 2-
ethynyl-1,3,5-trimethylbenzene (11i) (0.09 mL, 0.573 mmol) 
and CuI (0.6 mg, 0.5 mol%, 0.003 mmol). The crude product 
was purified by silica gel column chromatography with ethyl 
acetate / hexane 4:6 to afford pure compound 12i (166.8 mg, 
0.259 mmol, 45% yield). Mp: 210-212oC; 1H NMR (400 
MHz, DMSO-d6): δ 2.46 (s, 3H), 2.64 (s, 6H), 3.89 (s, 6H), 
3.91 (s, 3H), 4.78 (s, 2H), 6.98 (s, 2H), 7.33 (s, 2H), 7.91 (d, 
1H, J = 2.2 Hz), 7.95 (s, 1H), 8.33 (d, 1H, J = 2.2 Hz), 10.42 
(s, 1H), 12.67 (bs, 1H); 13C NMR (100 MHz, DMSO-d6): δ 
24.8, 27.6, 45.6, 57.7, 61.6, 106.5, 114.7, 116.8, 129.4, 
130.5, 134.2, 136.7, 138.2, 143.2, 144.6, 148.4, 149.7, 150.4, 
154.6, 156.8, 157.3, 157.8, 162.7, 169.6; MS (ESI): 644 
[M+H]+. Anal. Calcd for C30H29N9O4S2: C, 55.97; H, 4.54; 
N, 19.58; found: 56.11; H, 4.42; N, 19.41%. 

3.15. N-[6-[[5-(3,4,5-Trimethoxyphenyl)-1,3,4-thiadiazol-
2-yl]amino]isothiazolo[4,3-b]pyridin-3-yl]-2-[4-(3,5-
dimethylphenyl)-1H-1,2,3-triazol-1-yl]acetamide (12j)  

 Compound 12j was prepared by the method described for 
12a, employing 10 (300 mg, 0.601 mmol) which was dis-
solved in 15 mL of THF, followed by the addition of 1-
ethynyl-3,5-dimethylbenzene (11j) (0.08 mL, 0.571 mmol) 
and CuI (0.6 mg, 0.5 mol%, 0.003 mmol). The crude product 
was purified by silica gel column chromatography with ethyl 
acetate/hexane 4:6 to afford pure compound 12j (152.7 mg, 
0.242 mmol, 42% yield). Mp: 205-207oC; 1H NMR (400 
MHz, DMSO-d6): δ 2.55 (s, 6H), 3.89 (s, 6H), 3.92 (s, 3H), 
4.77 (s, 2H), 7.09 (s, 1H), 7.24 (s, 2H), 7.34 (s, 2H), 7.91 (d, 
1H, J = 2.1 Hz), 7.96 (s, 1H), 8.32 (d, 1H, J = 2.1 Hz), 10.43 
(s, 1H), 12.68 (bs, 1H); 13C NMR (100 MHz, DMSO-d6): δ 
26.5, 45.7, 57.6, 61.8, 106.4, 114.8, 116.4, 129.6, 131.5, 
134.2, 135.8, 140.4, 143.8, 146.3, 148.4, 149.6, 150.4, 154.6, 
156.7, 157.4, 157.8, 162.7, 169.8; MS (ESI): 630 [M+H]+. 
Anal. Calcd for C29H27N9O4S2: C, 55.31; H, 4.32; N, 20.02; 
found: C, 55.14; H, 4.46; N, 20.17%. 

3.16. MTT Assay 

 Each datum is represented as mean ±SD (standard devia-
tion) value from three different experiments performed in 
triplicates. Individual wells of a 96-well tissue culture micro-
titer plate were inoculated with 100 µL of complete medium 
containing 104 cells. The plates were incubated at 37oC in a 
humidified 5% CO2 incubator for 18 h prior to the experi-
ment. After medium removal, 100 µL of fresh medium con-
taining the test compounds and etoposide at different con-
centrations such as 0.5, 1, and 2 µM was added to each well 
and incubated at 37oC for 24 h. Then the medium was dis-
carded and replaced with 10 µL MTT dye. Plates were incu-
bated at 37oC for 2 h. The resulting formazan (diazene car-

boxaldehyde hydrazone) crystals were solubilized in 100 µL 
extraction buffer. The optical density was read at 570 nm 
with a microplate reader (Thermo Scientific Varioskan LUX 
Multimode instrument). The percentage of DMSO in the 
medium never exceeded 0.25%. 

CONCLUSION 

 In summary, we have reported a series of new acetamides 
12a-j incorporating 1,2,3-triazole, 1,3,4-thiadiazole, and 
isothiazolo[4,3-b]pyridine rings. Their chemical structures 
were confirmed by elemental analyses, 1H NMR, 13C NMR, 
and mass spectral data. Furthermore, these derivatives 12 
were tested for their anticancer activity towards four human 
cancer cell lines [MCF-7 (breast cancer), A549 (lung can-
cer), DU-145 (prostate cancer) and MDA-MB-231 (breast 
cancer)] by the use of MTT assay. Etoposide was used as a 
positive control and all the synthesized derivatives 12 dis-
played good to moderate activity. Among them, compounds 
12b,c,e,g showed more potent activity. Compound 12e 
showed excellent anticancer activity on all cell lines. 
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Growth hormone (GH) plays a significant role in normal renal
function and overactive GH signaling has been implicated in
proteinuria in diabetes and acromegaly. Previous results have
shown that the glomerular podocytes, which play an essential
role in renal filtration, express the GH receptor, suggesting the
direct action of GH on these cells. However, the exact mecha-
nism and the downstream pathways by which excess GH leads to
diabetic nephropathy is not established. In the present article,
using immortalized human podocytes in vitro and a mouse
model in vivo, we show that excess GH activates Notch1 signal-
ing in a �-secretase– dependent manner. Pharmacological
inhibition of Notch1 by �-secretase inhibitor DAPT (N-[N-(3,5-
Difluorophenacetyl)-L-alanyl]-S-phenyl glycine t-butylester)
abrogates GH-induced epithelial to mesenchymal transition
(EMT) and is associated with a reduction in podocyte loss. More
importantly, our results show that DAPT treatment blocks cyto-
kine release and prevents glomerular fibrosis, all of which are
induced by excess GH. Furthermore, DAPT prevented glomer-
ular basement membrane thickening and proteinuria induced
by excess GH. Finally, using kidney biopsy sections from people
with diabetic nephropathy, we show that Notch signaling is
indeed up-regulated in such settings. All these results confirm
that excess GH induces Notch1 signaling in podocytes, which
contributes to proteinuria through EMT as well as renal fibrosis.
Our studies highlight the potential application of �-secretase
inhibitors as a therapeutic target in people with diabetic
nephropathy.

Renal interstitial fibrosis is the hallmark of progressive
chronic kidney disease, which correlates well with renal failure
(1). Renal fibrosis is characterized by myofibroblast prolifera-
tion and activation, epithelial cell dysfunction, leukocyte migra-
tion, excessive production, and deposition of extracellular
matrix (2). In response to kidney damage, there will be infiltra-

tion of mature myofibroblasts from various sources including
interstitial fibroblasts, pericytes, endothelial cells, and circulat-
ing fibrocytes (2). Previous studies have shown that multiple
pathways such as the transforming growth factor-� (TGF-�)2/
Smad2/3 and Notch signaling are involved in epithelial cell dys-
function and fibroblast activation, which leads to the progres-
sion of kidney fibrosis (2).

In the early glomerular development, particularly at the
S-shaped body formation, podocyte fate determination is reg-
ulated by the highly conserved Notch signaling, which trans-
duces short-range signals between neighboring cells (3–6). The
Notch pathway comprises 4 transmembrane Notch receptors
(Notch 1– 4) and 5 Notch ligands (Delta-like 1, 3, and 4, and
Jagged 1 and 2). After ligand binding, Notch receptors undergo
a series of cleavages catalyzed by the ADAM proteases and
�-secretase complex, which results in the release of the Notch
intracellular domain (NICD, Fig. S1); this process can be inhib-
ited by the �-secretase inhibitor and dibenzoazepine (7). The
resulting NICD translocates into the nucleus (8), wherein it
forms a ternary complex by associating with the DNA-binding
protein, retinol-binding protein-jk and the coactivator, Master-
mind-like protein 1 and activates expression of target genes
(9 –12).

Vooijs et al. (13) have reported that Notch1 is highly active in
the developing kidney; however, in the mature kidney detection
of active Notch1 is very little. Inhibition of Notch signaling
during early development of the mouse kidney results in a
severe deficiency of glomerular podocytes, indicating the im-
portance of Notch signaling during kidney development (3). On
the other hand, persistent activation of Notch signaling in the
mature kidney leads to podocyte damage and subsequent kid-
ney failure (14). Further studies had also shown that ectopic
Notch activation in terminally differentiated podocytes is cor-
related with both diffuse mesangial sclerosis and focal segmen-
tal glomerulosclerosis, which are associated with de novo Pax2
expression and p53-induced podocyte apoptosis, respectively
(14, 15). It was also observed that the genetic deletion of theThis work was supported by Science and Engineering Research Board Grant
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Notch pathway in tubular epithelial cells ameliorates renal
fibrosis in the unilateral ureteral obstruction murine model and
folic acid-induced renal fibrosis (16). These data reveal that
Notch signaling plays an essential role in the fibrotic pathogen-
esis. However, the precise underlying cellular mechanisms are
not fully understood.

Although many studies show that the role of Notch1 signal-
ing in glomerular diseases (17–19), the correlation between
activated Notch1 signaling and diabetic proteinuria remains to
be elucidated. Elevated levels of circulating growth hormone
(GH) are associated with the development of nephropathy in
“type 1 diabetes” and “acromegaly” (20, 21). Conditions of ele-
vated GH are typified by hyperfiltration, glomerulosclerosis,
and albuminuria. On the other hand, both decreased GH secre-
tion and action can protect from glomerular complications
(22). Previously, we have established the role of GH on glomer-
ular cells, particularly on podocytes (23, 24). Our present study
demonstrates that excess GH activates Notch signaling in
human podocytes as well as in the murine kidneys. Blocking the
activated Notch signaling through pharmacological inhibition
of �-secretase function reverted the excess GH-induced kidney
fibrosis, interstitial infiltration of plasma-lymphocytic cells and
proteinuria, hindered the glomerular basement membrane
(GBM) thickening with severe foot process effacement in mice
as well as epithelial to mesenchymal transition (EMT) and
fibrotic marker expression of podocytes. Our present study
demonstrates that an elevated level of circulatory GH after
embryonic development may compromise the podocyte func-
tion by activation of Notch signaling and could represent a new
pharmacological target.

Results

GH induces Notch1 activation in immortalized human
podocytes

To identify the biochemical pathways downstream of GH
signaling that are hyperactivated in podocytes in response to
excess GH, we previously performed microarray analysis (GEO
accession number GSE21327) on immortalized human podo-
cytes treated with GH and identified transcriptional activation
of EMT regulator “ZEB2” (24). By reanalyzing the same
microarray data, we now identified that in response to GH
treatment, Notch1 signaling is up-regulated in human podo-
cytes (Fig. S2). To reconfirm the up-regulation of Notch signal-
ing pathway by GH in podocytes, we also analyzed the expres-
sion of Notch1 and its targets Hes1 and Jag1 in nondiabetic
mouse kidney (n � 18) versus diabetic nephropathy mouse kid-
ney (n � 21) in the Hodgin diabetes mouse glomerulus data set
available at Nephroseq (https://nephroseq.org),3 which shows
that diabetic nephropathy kidneys overexpress Notch1 and its
target genes, Hes1 and Jag1 (Fig. 1A). Next, to validate the data
obtained in our microarray analysis as well as that from
Nephroseq, we measured the mRNA levels of both Notch1 and
its target genes by quantitative RT (qRT)-PCR, and as expected,
the levels of Notch1 (full-length) and its targets were up-regu-

lated with GH treatment in the human podocytes (Fig. 1B). GH
had induced the expression of activated Notch1 (NICD1) and
its target proteins in both concentration (Fig. 1C) and time-de-
pendent (Fig. 1D) manners. �-Secretase is an intramembrane
protease that cleaves many membrane proteins including
Notch1, which generates the NICD1 (25). Accordingly, we also
observed a time-dependent increase in �-secretase activity with
GH treatment in human podocytes (Fig. 1E). All these data
suggests that Notch1 signaling is up-regulated in response to
GH treatment in human podocytes.

�-Secretase activity is required for GH-mediated Notch
activation

To confirm the role of �-secretase in GH-induced Notch1
activation, we next treated the human podocytes with GH in
the absence or presence of well-established �-secretase inhibi-
tor, DAPT (N-[N-(3,5-difluorophenacetyl)-L-alanyl]-S-phenyl-
glycine t-butyl ester). As expected, DAPT treatment to the GH-
exposed human podocytes has decreased the �-secretase
activity in a time-dependent manner (Fig. 2A). GH was not able
to induce the expression of Notch1 or its target genes (Hes1 and
Hey1) in the presence of DAPT in human podocytes as mea-
sured by qRT-PCR (Fig. 2B), Western blotting (Fig. 2C), and
immunofluorescence (Fig. 2D). Furthermore, we continued our
quest of understanding the effect of GH on Notch signaling in
vivo. Similar to the observations in vitro, GH treatment led to
the induction of NICD1, Jag1, and NICD targets: Hes1 and
Hey1 in glomerular sections from mice as measured with
immunostaining (Fig. 3, A–D) and Western blotting (Fig. 3, E
and F). DAPT inhibited NICD1 accumulation and induction of
its targets in glomerular sections (Fig. 3, A, C, and D), glomer-
ular lysates (Fig. 3E), and primary podocytes (Fig. 3F) isolated
from GH-treated mice. However, the expression of Jag1 was
unaffected by DAPT treatment (Fig. 3, B, E, and F). It should be
noted that the data from isolated podocytes corroborate with
that from glomerular lysate (Fig. 3, E and F). Together, the data
confirm that GH stimulates NICD1 expression in glomeruli
and podocytes, and functional �-secretase is required to acti-
vate GH-dependent Notch1 signaling.

Activated Notch signaling is required for GH-induced EMT in
podocytes

Previously, we established that excess GH elicits EMT in podo-
cytes (24). Thus, we analyzed the influence of Notch signaling in
GH-induced EMT in podocytes. GH treatment induced the EMT
markers (E-Cad, N-Cad, Snail, Slug, ZEB2, Vimentin, and �-SMA)
in human podocytes and mouse glomerulus as shown at both
mRNA (Fig. 4A) and protein levels (Fig. 4, B and C). DAPT treat-
ment abrogated this effect of GH in human podocytes (Fig. 4, A
and B) and mouse glomerulus (Fig. 4C).

Remodeling of actin filaments is necessary for EMT (26). To
confirm the physiological function of EMT induced by GH, we
next performed the phalloidin staining of the podocytes treated
with GH, with or without DAPT treatment. The results pre-
sented in Fig. 4D suggests that there is complete disorganiza-
tion of the actin filaments in the podocytes treated with GH,
and can be rescued by co-treatment with DAPT (Fig. 4D).
Quantification of F-actin stress fiber distribution revealed a sig-

3 Please note that the JBC is not responsible for the long-term archiving and
maintenance of this site or any other third party hosted site.
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nificant loss (60 � 5%) of stress fibers in podocytes exposed to
GH, whereas DAPT ameliorated GH-induced injury to the
actin stress fibers (Fig. 4E).

Furthermore, to confirm the role of Notch1 signaling in GH-
induced EMT in the podocytes, we also performed the cell
migration assay. Although GH treatment alone to the podo-
cytes completely covered the wound by 12 h, DAPT treatment
abrogated this GH-induced phenotype (Fig. 4F). Quantification
of wound coverage in response to CTL, GH, and GH � DAPT
exposure, GH solely enhanced the migration of podocytes
(90 � 8%, Fig. 4G). All these results confirm that excess GH
induces EMT in the podocytes and activated Notch signaling is
essential for GH-induced EMT in podocytes.

Activated Notch signaling is required for GH-induced
interstitial infiltration of plasma-lymphocytic cells
and fibrosis in kidneys

Diabetes is characterized by mild, but significant glomerulo-
sclerosis, and GH has been shown to contribute to the glomer-
ulosclerosis (27). Next, we treated the mice with GH and pre-
pared the paraffin-embedded kidney sections to look for
interstitial infiltration of plasma-lymphocytic cells. As previ-
ously noted, our hematoxylin and eosin staining of the kidney
sections showed interstitial infiltration of plasma-lymphocytic
cells in mice treated with the GH (Fig. 5A). We also observed
enhanced fibrosis in the mice kidneys treated with the GH, as
analyzed by both periodic acid-Schiff (PAS) (Fig. 5B) and Mas-

Figure 1. GH induces Notch1 activation in immortalized human podocytes. A, Nephroseq (University of Michigan O’Brien Renal Center, Michigan, Ann
Arbor, MI) analysis comparing HES1, JAG1, and NOTCH1 expression levels from nondiabetic mouse kidney (n � 18) versus diabetic nephropathy mouse kidney
(n � 21) in Hodgin diabetes mouse glomerulus. Data indicate that expression of these genes increased �1.5-fold in the diabetic group. B, qRT-PCR analysis
showing the expression of Notch pathway genes (Notch1, Jag1, Hes1, and Hey1) in human podocytes treated with GH (500 ng/ml) or without GH (CTL) for 30
min. mRNA levels were normalized to �-Actin levels and presented as fold-change on the y axis. ****, p � 0.0001. C, immunoblotting analysis showing the
expression of Notch1 full-length (FL), active Notch1 (NICD1), and �-Actin in human podocytes treated with GH (100 to 500 ng/ml) for 12 h. D, immunoblotting
analysis showing the expression of Notch1 (FL), NICD1, Jag1, Hes1, and �-Actin in human podocytes treated with GH (500 ng/ml) or the indicated time intervals
(0 to 12 h). E, �-secretase activity in human podocytes treated with or without GH (500 ng/ml) for 0 –12 h. ****, p � 0.0001. Data represent the mean � S.D. (n �
6) and statistical significance was analyzed by Student’s t test.
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son’s trichrome (Fig. S3A) stainings. Quantification of the Mas-
son’s trichrome-stained area revealed that GH enhanced glo-
merular fibrosis (50 � 10%, Fig. S3B). These data also correlated

with increased expression of cytokines (Fig. 5C) and fibrotic
marker in GH-treated mice, as measured at both mRNA and
protein (Fig. S3, C and D) levels.

Figure 2. DAPT limits the hyperactive Notch signaling in human podocytes by inhibiting the �-secretase activity. A, �-secretase activity in human
podocytes treated with GH or GH � DAPT for the indicated time intervals (3–12 h). ****, p � 0.0001, ns, not significant. B, qRT-PCR analysis showing the
expression of Notch1, Jag1, Hes1, and Hey1 in human podocytes treated with GH (500 ng/ml) � DAPT (5 �g/ml). �-Actin was used as an internal control. ****,
p � 0.0001. C, immunoblotting analysis showing the expression of Notch1 (FL), NICD1, Jag1, and Hes1 in CTL, GH, and GH � DAPT-treated (12 h) human
podocytes. D, immunofluorescence analysis for NICD1, Jag1, and Hes1 in CTL, GH, and GH � DAPT treated (12 h) human podocytes (�630). Scale bar � 20 �m.
Data presented as mean � S.D. (n � 6) and statistical significance was analyzed by Student’s t test.
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Indeed, treatment of mice with DAPT had reversed the GH-
induced nonresident cell infiltration into the kidneys (Fig. 5A)
and was able to reverse the fibrosis as evidenced by periodic
acid-Schiff (Fig. 5B) and Masson’s trichrome (Fig. S3A) stain-
ings. Mesangial expansion and glomerular damage score were
found elevated with GH treatment (Fig. 5, C and D). DAPT
treatment also inhibited the GH-induced cytokine and fibrotic
gene induction (Fig. 5E); and reversed podocyte-specific
marker genes expression as measured at both mRNA and pro-
tein levels (Fig. S3, C and D). To further evaluate whether the
cytokines released from these podocytes are indeed functional,
and DAPT blocked the function of these cytokines, we next
performed classical chemotaxis assay using J774A.1 macro-
phages. As expected, the macrophages were able to fill the gap,

when treated with conditioned medium collected from podo-
cytes treated with the GH, whereas this function was com-
pletely blocked when similar conditioned medium from podo-
cytes treated with GH � DAPT was used (Fig. S4A). The
conditioned medium from the untreated podocytes was used as
a control. Quantification of the wound coverage in response to
CTL, GH, GH � DAPT, and C5a exposure, GH-treated spent
medium solely enhanced the migration of J774A.1 macro-
phages (70 � 10% increase, p � 0.001, Fig. S4B).

Kidney fibrosis leads to thickening of the GBM, which con-
sequently results in podocyte foot process effacement (28). To
confirm whether a similar phenomenon also happens in our
GH-induced proteinuria mice model, we next performed trans-
mission EM studies to analyze the structural changes in the

Figure 3. GH induces Notch signaling in glomerulus of mice kidney. A–D, representative images of immunostaining for NICD1 (A), Jag1 (B), Hes1 (C), and
Hey1 (D) in glomeruli from CTL, GH, and GH � DAPT mice (n � 6). We employed DyLight 594-conjugated secondary antibody for NICD1 and Jag1; Cy5-
conjugated secondary antibody for Hes1; and DyLight 488-conjugated secondary antibody for Hey1. These sections were counterstained with DAPI. Scale
bars � 20 �m (�630). E, Western blot analysis showing the expression of pStat3a, total Stat3a, NICD1, Jag1, and Hes1 from CTL, GH, and GH � DAPT-treated
mice glomerular lysates (n � 6). Expression of �-Actin was used as an internal control. F, Western blot analysis showing the expression of NICD1, Jag1, and Hes1
in primary mouse podocytes isolated from CTL, GH, and GH � DAPT- treated mice. Expression of �-Actin was used as an internal control. Data are presented
as mean � S.D. and statistical significance was calculated by using Student’s t test.
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GBM as well as podocyte foot processes in mice kidney sam-
ples. Our results show that whereas GH treatment in the
mice leads to GBM thickening and podocyte foot process
effacement, similar treatment of GH along with DAPT com-

pletely abrogated this effect (Fig. 5, F and G). All these results
confirm that excess GH activates Notch1 signaling, which in
turn leads to infiltration of circulating cells in the kidneys
and leading to its fibrosis.
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Blocking activated Notch1 signaling abrogates GH-induced
proteinuria

Previously, we showed that GH treatment to rodents induces
loss of podocyte number (23). GH-treated mice kidney sections
were probed for WT1, which specifically express in podocytes.
Our data reconfirm that GH treatment results in depletion of
podocytes (Fig. 6, A and B). We also confirmed that GH treat-
ment reduced the physiological functional ability of the kidneys
in the mice as analyzed by an increase in urinary albumin-cre-
atinine ratio (UACR) (Fig. 6C), and decrease in glomerular fil-
tration rate (GFR) (Fig. 6D). We also assessed the extent of
proteinuria in GH-treated mice by analyzing the urinary pro-
tein content on SDS-PAGE and staining with silver nitrate. GH
treatment had increased the amount of protein in urine. Co-
treatment of mice with DAPT has rescued the decrease in
podocyte number induced by the GH (Fig. 6, A and B). We also
observed that DAPT ameliorated GH-induced UACR (Fig. 6C)
and GH-induced loss of GFR (Fig. 6D). Finally, DAPT also
blocked the proteinuria induced by the GH in these mice (Fig.
6E). Albumin influx assay (in vitro) revealed that DAPT has
prevented GH-induced albumin leakage across podocyte
monolayer (Fig. 6F). Together the data suggest that excess GH
impair the podocyte function and induces proteinuria through
activated Notch1 signaling.

Notch signaling is hyperactivated in people with diabetic
nephropathy

Finally, to confirm the results obtained so far that excess GH
induces activated Notch1 signaling in humans, we evaluated
the extent of NICD1 expression in people with diabetic
nephropathy (DN). As expected, urine from these people
showed higher albumin (Fig. S5A) and elevated serum creati-
nine (Fig. S5B) levels and decreased glomerular filtration rate
(Fig. S5C). We observed that there is more urinary protein in
these patients as observed by Coomassie Brilliant Blue staining
of the urine samples (Fig. 7A). Immunohistochemical analysis
of the kidney sections from people with diabetes showed
increased NICD1, Jag1, and Hes1 expression compared with
the healthy controls (Fig. 7B). Furthermore, we observed ele-
vated expression of EMT markers �-SMA, N-Cad, and Vimen-
tin in glomerulus in patients with diabetic nephropathy (Fig. 7,
C–F). All these data confirm that people with diabetic nephrop-
athy have elevated functional Notch signaling in their kidney
glomeruli and enhanced expression of EMT markers.

Discussion

In the present article, we show that GH activates Notch1
signaling in podocytes and pharmacological inhibition of �-
secretase blocks the GH-induced EMT induction, infiltration of

nonresident cells, fibrosis, GBM thickening, and podocyte foot-
process effacement. Glomerular sclerosis and albuminuria are
associated with failure of the normal kidney functions. GH
induces the albuminuria, whereas the �-secretase inhibitor
treatment under similar conditions kept a constant check on
these parameters and thus protects the mice kidneys from
fibrosis. More importantly, GH treatment in mice leads to
proteinuria, a common symptom associated with diabetic
nephropathy, which was successfully abrogated with the
�-secretase inhibitor treatment.

Notch signaling is essential during nephrogenesis, i.e. during
the embryonic development of glomerular podocytes and prox-
imal tubules (29). On the contrary, Notch signaling is not
required for podocyte formation, beyond the stage of the
S-shaped body (29, 30). Although, Niranjan et al. (14) showed
that NICD1 induces apoptosis in rat podocytes, whereas in the
experiments performed by Waters et al. (15) show that the
podocyte-specific expression of NICD1 promoted severe pro-
teinuria and showed evidence of foot-process effacement and
progressive glomerulosclerosis. The differences in these two
reports can be attributed toward different mice strains used in
their studies. Lasagni et al. (31) demonstrated that persistent
activation of Notch signaling results in mitotic catastrophe and
inhibition of the Notch pathway in renal progenitors is prereq-
uisite for the differentiation toward podocyte lineage. Expres-
sion of Notch was undetectable in the glomeruli from healthy
adult kidneys, whereas a strong up-regulation was observed in
podocytes in patients affected by glomerular disorders. Inhibi-
tion of Notch signaling in mouse models of focal segmental
glomerulosclerosis reduced podocyte loss and improved pro-
teinuria (31). Mice with podocyte-specific deletion of Notch1
were shown to be protected from DN (32). Similarly, podocyte-
specific deletion of retinol-binding protein-jk, which is an
important downstream component of canonical Notch signal-
ing, has lowered the severity of proteinuria and reduced the
podocyte injury in DN rodent model (14). However, the mech-
anism by which NICD1 is induced during the DN conditions is
not yet known. The data presented in our study confirms that
excess GH, commonly observed during the DN (33), activates
Notch signaling in the podocytes and inhibition of this signal-
ing by �-secretase inhibitor blocks GH-induced proteinuria
and foot-process effacement in mice.

EMT, as well as renal fibrosis, are the shared pathological
hallmarks of progressive chronic kidney disease, which comes
with diverse etiologies. Hyperglycemia was demonstrated to
provoke podocyte EMT through several molecular mecha-
nisms, including activation of Notch signaling (34). Podocyte-
specific Notch activation leads to dedifferentiation and its
shedding (14, 15). In different models, either treatment with

Figure 4. Activated Notch signaling is required for GH-induced EMT in podocytes. A, qRT-PCR analysis showing the expression of EMT markers (E-Cad,
N-Cad, Snail, Slug, Zeb2, Vimentin, and �-SMA) in human podocytes treated with GH in the presence or absence of DAPT. �-Actin was used as an internal
control. ****, p � 0.0001. B and C, Western blot analysis showing the expression of Zeb2, E-Cad, N-Cad, Vimentin, and �-SMA in (B) human podocytes and (C)
mice glomerular lysates (CTL, GH, and GH � DAPT treatments). D, phalloidin staining of podocytes showing F-actin arrangement and changes in stress fibers
(indicated by white arrow). E, phalloidin-stained F-actin stress fibers in podocytes are quantified by ImageJ and data are presented as mean � S.D. (n � 20). ****,
p � 0.0001. Scale bars � 20 �m (�630). F, wound healing assay was performed to determine the extent of motility of podocytes from CTL, GH, and GH � DAPT
groups and images were captured at the indicated times (0 –12 h) using an Olympus inverted microscope (�100) and scale bar � 100 �m. G, the % area of
wound covered by cells was quantified by ImageJ. ****, p � 0.0001. Data are presented as mean � S.D. and statistical significance was analyzed by Student’s
t test. Results shown are representative of three independent experiments.
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�-secretase inhibitors or reducing Notch transcriptional bind-
ing protein levels showed a significant amelioration of glomer-
ular injury and fibrosis, demonstrating the role of Notch signal-
ing in podocyte EMT (35, 36). Several upstream master
regulators like Wnt and TGF-� etc., are shown to increase the
Notch activity (37–39).

Our data indicate that GH induces activated Notch1 signal-
ing in podocytes, and since during DN, GH is up-regulated (20),
and we observed increased NICD1 in people with DN, we pre-
sume that during DN, GH activates Notch signaling in podo-
cytes. In mice treated with GH, we have shown enhanced glo-
merulosclerosis and more importantly, DAPT treatment had
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reduced the GH-induced glomerulosclerosis in these mice.
Furthermore, our data indicate that activated Notch1 regulates
the GH-induced EMT of the podocytes. We had shown previ-
ously that GH induces the expression of the EMT transcription
factor, ZEB2, which transcriptionally down-regulates P- and
E-cadherin expressions in the podocytes (24, 40). In the present
article, we show that GH induces NICD1, and treatment of
podocytes with �-secretase inhibitor blocks GH-induced ZEB2
and thus EMT in podocytes.

TGF-�1 is a pro-sclerotic cytokine and it is accepted that
TGF-�1 and its downstream SMAD signaling is involved in the
development and progression of renal fibrosis in people with
DN (41, 42). Studies from our laboratory report that GH regu-
lates the bioavailability of TGF-�1 via regulating the expression
of transforming growth factor-�-induced protein (TGFBIp)
(23) and induces the expression of Smad-interacting protein,
SIP1 (24). Recently, we identified that GH directly stimulates
TGF-� expression in podocytes.4 Whereas DAPT treatment
successfully abrogated GH-induced Notch signaling, our data
shows that DAPT was not able to reverse GH-induced Jag1
expression. TGF-�1 has been shown to independently regulate
Jag1 and Hey1 expression in renal epithelial cells (43, 44). Fur-
thermore, TGF-�–induced EMT can be inhibited by silencing
either Hey1 or Jag1 as well as by chemical inactivation of Notch
signaling (44). All these data suggest that there is a significant
cross-talk between Notch and TGF-� signaling in fine-tuning
the EMT phenomenon. How this cross-talk is specifically mod-
ulated during GH-depandant podocyte EMT and renal fibrosis
needs further studies.

Preclinical studies have shown that DAPT could suppress the
Notch signaling and also selective antibodies to preferentially
target Notch receptors and ligands have proven successful (44).
Based on our data that people with DN show stronger NICD1
staining in the podocytes, as well as blocking NICD1 function
through �-secretase inhibitor abrogates the proteinuria in
mice, we believe that proteinuria and glomerulosclerosis in DN
can be repressed using �-secretase inhibitors. However, for the
utilization of �-secretase inhibitors, there are clinical concerns
remaining over normal organ homeostasis and significant
pathology in multiple organs. Because Notch signaling is not
essential for the podocytes after embryonic development, we
believe that tissue-specific administration of such inhibitors
may offer protection against diabetic nephropathy.

Experimental procedures

Reagents

The primary antibodies are as following: anti-activated
Notch1 (ab8925), anti-WT-1(ab212951), anti-pSTAT3a (ab76315),
anti-t-STAT3a (ab5073), anti-cleaved Notch1 (ab8925), anti-
FSP1 (ab41532), and anti-HEY1 (ab154077) were purchased
from Abcam (Cambridge, MA). Notch1 Full-length (FL) (num-
ber 3608), anti-E-Cadherin (number 3195), anti-N-Cadherin
(number 13116), anti-�SMA (number 19245), anti-cleaved
Notch1 (number 4147S), anti-ICAM-1 (number 4915), and
anti-Actin (number 4970) were purchased from Cell Signaling
Technology (Danvers, MA). The anti-HES1 (sc-166410) and
anti-ZO-1 (sc-33725) were obtained from Santa Cruz Biotech-
nology (Dallas, TX). Anti-Vimentin (PAB040Hu01), anti-Col4
(PAA180Hu01), anti-Fibronectin (PAA037Hu01), and anti-
JAG1 (PAB807Hu01) were purchased from Cloud-clone
(Houston, TX). Anti-ZEB2 (PA5–20980) was purchased from
Thermo Fisher Scientific. DAPT (D5942), SIGMAFAST DAB
with Metal Enhancer Tablet Set (D0426), phalloidin fluorescein
isothiocyanate labeled (P5282), and glutaraldehyde solution
(G5882) were obtained from Sigma. Pink pre-stained marker
protein (ABIN5662611, Nippon Genetics Europe), Precision
Plus Protein Dual Color Standards (Bio-Rad, Hercules, CA),
and ProLongTM Diamond Antifade Mountant (P36961) were
purchased from Molecular Probes Life Technologies and
DyLight 488 and DyLight 564, and Cy5-conjugated secondary
antibody were obtained from Vector Laboratories (Burlingame,
CA). Primers used in this study procured from Integrated DNA
Technologies (Coralville, IA). cDNA reverse transcription kit
and SYBR Green Master Mix reagents were obtained from Bio-
Rad. All other reagents used were of analytical grade and
obtained from Sigma.

Animals and tissues

All the experimental procedures for the animals were pre-
approved by the Institutional Animal Ethics Committee of the
University of Hyderabad, India. 8-Week-old Swiss Webster
male mice weighing nearly 30 � 5 g were used in this study. The
mice were randomly assigned to three groups (6 mice per
group): 1) control group (CTL), 2) GH-treated group, and 3)
GH � DAPT-treated group. Experimental mice received a sin-
gle i.p. dose of hGH (1.5 mg/kg/day), whereas control mice have
received an equal volume of saline for 4 weeks. The inhibitor
groups were received DAPT (10 mg/kg of body weight) per day
prior to the GH treatment. After 4 weeks of the experimental
period, the mice were placed in individual metabolic cages for
collecting 24-h urine to estimate albumin and creatinine. An4 Mukhi D, Nishad R, Singh AK, Mungamuri SK and Pasupulati AK; unpublished

data.

Figure 5. Activated Notch signaling is required for GH-induced immune cell infiltration and fibrosis in kidneys. A, representative images of H&E staining
in glomerular sections from CTL, GH, and GH � DAPT-treated mice. Interstitial infiltration of plasma-lymphocytic cells can be noticed in the GH-treated group
(white arrows). Scale bars indicate 20 �m (�630). B, representative images of PAS staining in glomeruli from CTL, GH, and GH � DAPT-treated mice (n � 6). Scale
bars � 20 �m (�630). C, mesangial expansion index from PAS-stained images was quantified using ImageJ. Each dot represents the average value of 20
glomeruli from a single animal of each group (n � 6). ***, p � 0.004. D, glomerular damage score was derived from PAS-stained images by summing the
mesangial expansion (asterisks), glomerular capillary blockage, and adhesin of glomerular tuft to Bowman’s capsule (black arrowhead). Each dot represents the
average value of 20 glomeruli from a single animal from each group (n � 6). ***, p � 0.004. E, expression of cytokines and chemokines in human podocytes (CTL,
GH, and GH � DAPT) was analyzed qRT-PCR. Expression of �-Actin was used as an internal control. *, p � 0.05; **, p � 0.01; and ***, p � 0.004. F, TEM images
of glomeruli from CTL, GH, and GH � DAPT mice (n � 6). Thickening of GBM and effacement of podocyte foot processes was noticed predominantly in
GH-treated mice. Scale bars indicate 0.5 �m. G, thickness of GBM was quantified as described under “Experimental procedures.” Data are presented as mean �
S.D. and statistical significance were analyzed by Student’s t test.
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Figure 6. Blockade of Notch signaling protect mice from GH-induced proteinuria. A, representative images of immunohistochemical staining for WT1
(podocyte) in glomerulus from CTL, GH, and GH � DAPT-treated mice. Scale bars indicate 20 �m. Arrow indicates the podocyte and the arrow head indicates
loss of podocyte. B, average number of WT1� cells from each mouse from CTL, GH, and GH � DAPT groups. (n � 6) **, p � 0.01 and ***, p � 0.004. We analyzed
20 glomeruli in each mouse for WT� cells. C, UACR was estimated in CTL, GH, and GH � DAPT-treated mice (n � 6). ***, p � 0.004; ***, p � 0.004. D, GFR in CTL,
GH, and GH � DAPT-treated mice (n � 6). ***, p � 0.004. E, urinary samples from CTL, GH, and GH � DAPT group mice were subjected to SDS-PAGE and silver
stained as described under “Experimental procedures.” BSA was used as a standard. F, quantification of albumin influx across human podocyte monolayer after
4 h followed by treatment with GH, DAPT, and GH � DAPT for 12 h. ***, p � 0.004; ns, not significant. Data are presented as mean � S.D. (n � 3) and statistical
significance were analyzed by Student’s t test.
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Figure 7. Elevated Notch pathway and EMT in podocytes and proteinuria in people with DN. A, urine samples from people with DN (n � 5) and healthy
volunteers (n � 3) were resolved on SDS-PAGE and stained with Coomassie Blue. B, representative images of immunohistochemical staining for NICD1, Jag1,
and Hes1 in glomerular sections from people with or without DN. Scale bars indicate 20 �m (�630). C, representative images of immunohistochemical staining
for �-SMA, N-Cad, and Vimentin in glomerular sections from people with or without DN. Scale bars indicate 20 �m (�630). Quantification of expression of
�-SMA (D), N-Cad (E), and Vimentin (F) in 20 glomeruli from each individual with DN compared with people without DN using ImageJ. Data are presented as
mean � S.D. ***, p � 0.004 and ****, p � 0.0001.
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aliquot of urine from mice was subjected to SDS-PAGE gel and
silver staining was performed to visualize proteins in the urine
(40). We have also estimated GFR in these mice, as described
previously (40). We performed immunohistochemistry and
Western blotting for analyzing the expression of several mark-
ers. For Western blotting, kidneys were collected, and glomer-
uli were isolated. Protein and RNA were prepared from the
glomerular lysate. For histological analysis, kidney cortex was
fixed with 4% paraformaldehyde before embedding in paraffin.
Paraffin-embedded tissues were sliced longitudinally into
3-�m thick sections, subjected to staining with hematoxylin
and eosin, PAS, and Masson’s trichrome stainings. Transmis-
sion electron microscopic (TEM) images were obtained for glo-
merular sections from experimental mice groups as described
earlier (45).

Human kidney specimens

Kidney specimens were collected without patient identifiers
from archived kidney biopsies at Guntur Medical College and
Government General Hospital, Andhra Pradesh, India. We
selected cases with biopsy-proven diabetic nephropathy and
significant proteinuria. The study was approved by the Institu-
tional Review Board of Guntur Medical College and Govern-
ment General Hospital, Guntur, Andhra Pradesh, India (appli-
cation number GMC/IEC/120/2018). Our studies abide by the
Declaration of Helsinki principles.

Morphological studies

All histological quantifications were evaluated in a blinded
manner by two independent investigators. Using kidney sec-
tions from these mice (n � 6 each group), 20 consecutive glom-
eruli per mouse were examined for evaluation of glomerular
mesangial expansion and an average value of 120 glomeruli
from each group presented as a dot plot. The index of the
mesangial expansion was defined as the ratio of the mesangial
area/glomerular tuft area. The mesangial area was determined
by the assessment of the PAS-positive and nucleus-free area in
the mesangium using ImageJ (NIH). Ultrastructure of glomer-
ulus was recorded using TEM. For measurement of GBM thick-
ness, we have randomly selected 6 glomeruli per animal (n � 6
each group). In each glomerulus, we have selected 6 spots and
assessed the thickness of GBM using ImageJ. In the dot plot,
each dot represents the average thickness of GBM from a single
animal.

Estimation of glomerular filtration rate

GFR in mice was performed at 8 weeks of age using a FIT GFR
Test Kit for Inulin according to the manufacturer’s instructions
(BioPal, Worcester, MA). Briefly, 5 mg/kg of inulin was injected
intraperitoneally, followed by serial saphenous bleeds at 30, 60,
and 90 min. Next, serum isolation was done and quantified on a
inulin ELISA kit. Serum inulin clearance estimation was per-
formed by the nonlinear regression method using a one-phase
exponential decay formula (y � Be 	 bx), and GFR was calcu-
lated (GFR � ((I)/(B/b))/KW, where I is the amount of inulin
delivered by the bolus injection, B is y intercept, b is the decay
constant, x is time, and KW is kilo weight of the animal). Uri-
nary albumin (number COD11573) and creatinine (number

COD11502) levels were estimated using available assay kits
(Biosystems, Barcelona, Spain).

Podocyte culture and experimentation

Conditionally immortalized HPC were cultured as described
earlier (24). Differentiated podocytes were maintained for
12–16 h in serum-free medium before treating with hGH
(Pfizer, NY), pegvisomant (Pfizer), and DAPT (Sigma). Unless
otherwise mentioned all the experimental conditions for podo-
cyte cells were given for 12 h. The cell lysate was prepared for
RNA isolation or immunoblotting. For immunofluorescence,
cells were cultured on coverslips, followed by treatment as
mentioned above, subsequent fixation with paraformaldehyde
(4%), and blocking with PBS containing normal BSA (5%)
before incubation with primary antibodies. The next day, the
samples were incubated with Alexa Fluor-conjugated second-
ary antibodies, and DAPI for 1 h. Images were acquired using a
confocal microscope (Zeiss). Albumin influx assay across podo-
cyte monolayer was performed as described earlier (23). Pri-
mary podocytes were isolated from mice kidney as described
earlier (46).

Immunoblotting

Glomerular lysate from kidney or human podocytes was pre-
pared with lysis buffer (150 mM NaCl, 1% Nonidet P-40, 0.1%
SDS, 2 �g/ml of aprotinin, 1 mM PMSF) for 30 min at 4 °C. The
homogenate was centrifuged at 12,000 � g for 25 min at 4 °C
and supernatant was collected. An equal amount of protein
from different groups was electrophoresed through 10 to 15%
SDS-PAGE gel and Western blotting was performed with cor-
responding primary and secondary antibodies. Blots were
developed using the ECL Western blotting substrate (number
1705060, Bio-Rad) and chemiluminescence device (Bio-Rad
Versa Doc 5000 MFP).

RNA extraction and qRT-PCR

The total transcripts were extracted by using TRIzol reagent
(Invitrogen) and isolated using RNA isolation kit (Qiagen).
Next, 1 �g of total RNA was reverse transcribed using the
cDNA synthesis kit (Thermo Fisher Scientific). qPCR analysis
was performed by the QuantStudio 3 system (Applied Biosys-
tem) with SYBR Green (KAPPABIOSYSTEM, USA) Master
Mix using three-step standard cycling conditions with se-
quence-specific primers. To ensure a single PCR product was
amplified, we examined the melting curve for each primer.
mRNA expression of each gene was normalized using the ex-
pression of �-actin.

Enzyme-linked immunosorbent assay

�-Secretase activity was quantified by fluorescent micros-
copy using a �-secretase activity kit according to the manufa-
cturer’s instructions (ImmunoTag, G-Biosciences, St. Louis,
MO). Briefly, the �-secretase activity was determined by quan-
tification of human APH1A (Gamma-Secretase subunit APH-
1A) with biotin-conjugated anti-APH1A antibody as a detec-
tion antibody. The cleavage-dependent release was measured at
450 nm by using a fluorescent microplate reader (Multiskan
GO Microplate Spectrophotometer, Thermo Scientific).
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Chemotaxis assay

J774A.1 macrophages were cultured as a monolayer and were
scratched using the sterile 10-�l tip and washed with PBS to
remove cell debris. Conditioned media from podocytes treated
with GH, GH � DAPT, or naive to any treatment was added to
J774A.1 macrophage. C5a was used as a positive control with a
concentration of 10 ng/ml (47). After the scratch, the images of
the wounded area were captured at different time intervals to
monitor J774A.1 macrophage migration into the wounded
area. The migratory abilities were quantified by measuring the
distance between cells in the scratch zone.

F-actin staining

Phalloidin staining for F-actin was performed to visualize the
distribution of stress fibers in differentiated podocytes as de-
scribed previously (48). Briefly, the cells were fixed in 4% para-
formaldehyde at room temperature for 15 min after washing,
and then permeabilized for 15 min with 0.3% Triton X-100 in
PBS followed by 5% BSA blocking. Cells were incubated with
rhodamine-phalloidin (Invitrogen Corp.) for 15 min at room
temperature to stain F-actin. The slides were examined using
confocal laser scanning microscopy. Fifty cells per group were
counted to calculate the ratio of cells retaining distinct F-actin
fibers. The slides were examined by Leica Microsystems trin-
ocular or Zeiss confocal microscopy.

Wound healing assay

The phenomenon of EMT in podocyte cells was assessed
using a wound healing migration assay. A confluent monolayer
of podocytes in 6-well plates was wounded with a 10-�l pipette
tip following two perpendicular diameters, giving rise to two
acellular clear areas per well. After washing with PBS, podocyte
cells were treated with GH and GH � DAPT and incubated for
0 –12 h and images were captured at different time intervals.
The extent of migration of cells to cover wounded area was
determined by ImageJ.

Statistical analysis

The data are presented as mean � S.D. of at least 6 indepen-
dent experiments unless otherwise mentioned. Prism software
(GraphPad Software Inc.) was used to analyze the data. Statis-
tical differences between the groups made using Student’s t test.
Statistical significance was determined as p � 0.05.
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1. INTRODUCTION 

Ciprofloxacin is a broad-spectrum 

antimicrobial carboxyfluoroquinoline. The 

bactericidal action of ciprofloxacin results 

from inhibition of the enzymes topoisomerase 

II (DNA gyrase) and topoisomerase IV, which 

are required for bacterial DNA replication, 

transcription, repair, strand supercooling 

repair, and recombination. [1] 
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ABSTRACT 

A simple Reverse phase liquid chromatographic method has been developed and 

subsequently validated for the determination of Ciprofloxacin in oral suspension. 

The separation was carried out using a mobile phase consisting of buffer of pH 

2.0 and Acetonitrile in the ratio of 87: 13. The column used was Inertsil ODS-3 

4.6×250mm, 5µ. with a flow rate of 1.5 ml / min by detection at 278 nm. The 

described method was linear over a concentration range of 25-150%. The 

retention time of Ciprofloxacinwas found to be 9.4min. Results of analysis were 

validated statistically and by recovery studies. The results of the study showed 

that the proposed RP-HPLC method is simple, rapid, precise and accurate, which 

is useful for the routine determination of Ciprofloxacinin its pharmaceutical 

dosage forms. 
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Ciprofloxacin is a broad-spectrum anti-

infective agent of the fluoroquinolone class. 

Ciprofloxacin has in vitro activity against a 

wide range of gram-negative and gram-

positive microorganisms. The mechanism of 

action of quinolones, including ciprofloxacin, 

is different from that of other antimicrobial 

agents such as beta-lactams, macrolides, 

tetracyclines, or aminoglycosides; therefore, 

organisms resistant to these drugs may be 

susceptible to ciprofloxacin. There is no 

known cross-resistance between ciprofloxacin 

and other classes of antimicrobials. Notably 

the drug has 100 times higher affinity for 

bacterial DNA gyrase than for mammalian. 

The bactericidal action of ciprofloxacin results 

from inhibition of the enzymes topoisomerase 

II (DNA gyrase) and topoisomerase IV, which 

are required for bacterial DNA replication, 

transcription, repair, strand supercooling 

repair, and recombination. 

 

Figure. 1. Molecular structure of 

Ciprofloxacin 

2. Materials and Methods: 

2.1 Chemicals and Reagents: 

Standard bulk drug sample Ciprofloxacin was 

provided by Chandra labs, Hyderabad. All the 

chemicals used were of analytical and HPLC 

grade procured from Qualigens, India Ltd. The 

chemicals used for this study were Acetonitrile 

(HPLC grade), Methanol (HPLC grade), 

Water (HPLC grade), Ortho phosphoric acid 

(Analytical grade). Waters HPLC 2695with 

UV detector was used for the analysis. 

2.2. Preparation of Mobile Phase: 

 Mobile phase-A: (Buffer) Pipette out 10ml of 

Methanol in to 1000ml of and mix. Adjust to 

pH 2.0 with Orthophosphoric acid, then filter 

through 0.45µ filter paper and sonicate for 

2minutes. 

Mobile phase-B: Acetonitrile 

Preparation of Mobile Phase:  

Mix the mobile phase-A and mobile phase-B 

in the ratio in the ratio 87:13%v/v. 
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2.3. Preparation of Stock and Standard 

Solutions: 

Preparation of Standard solution:  

Weigh and transfer 25mg ciprofloxacin 

working standard into a 50mL volumetric 

flask. Add 7ml of acetonitrile andsonicate for 

2minutes then add 30ml of pH2.00buffer, 

sonicate for 10minutes then make up to the 

mark with diluent. Further pipette out 5ml of 

the above solution in to 20ml volumetric flask, 

add 2.8ml of acetonitrile mix well, then add 

12ml of pH2.00 buffer, then make up to the 

mark with diluent. 

Preparation of Test Solution:  

Shake the bottle 10minutes immediately prior 

to sampling in order to accomplish 

homogeneity of suspension. Weigh and 

transfer 5.5g ciprofloxacin suspension into a 

500mL volumetric flask. Add 70ml of 

acetonitrile sonicate for 10 minutes, then add 

250ml of pH 2.00 buffer, sonicate for 

20minutes then make up to the mark with 

diluent. Further pipette out 5ml of the above 

solution in to 20ml volumetric flask, add 

2.8ml of acetonitrile mix well, then add 12ml 

of pH2.00 buffer, then make up to the mark 

with diluent. 

 

2.4. Optimized Chromatographic 

Conditions: 

 

Column: Inertsil ODS-3 4.6×250mm, 5µ. 

Flow rate : 1.5 mL /min. 

Wavelength : 278 nm 

Column temperature : 40°C 

Injection Volume : 10 µL 

Run Time : 15 minutes 

Retention time: Ciprofloxacin, RT about 

9.4min 

 

3. Method Validation Parameters: 

Linearity:  

A series of Ciprofloxacin solutions were 

prepared in the concentration ranging from 

25% to 150% of specification level and 

injected into the HPLC system as per the test 

method. The square of the correlation 

coefficient, intercept and residual sum of 

squares were calculated. 
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Accuracy:  

A series of solutionswereprepared in 

triplicatetest preparation at the specification 

limit in the range of about 25%to 150% of test 

concentration and injected into HPLC system 

and analyzed as per the test method. Individual 

% recovery, mean % recovery, %RSD and 

linearity of the testmethodwere calculated at 

each level. 

Intermediate Precision: 

 To evaluate the intermediate precision for 

assay method, six samples were prepared and 

analyzed as per test method by using different 

column, by different analysts on different 

days. Intermediate precision was calculated 

and found to be within the acceptable limits. 

The overall % RSD of six samples in method 

precision, intermediate precision (n=6 and 

n=12) were calculated. 

Filter Validation:  

A study was conducted to evaluate the filter 

suitability by using two different types of 

filters namely0. 45 µm PVDF and 

0.45µm Nylon filters. Standard solution was 

prepared in single and test solution was 

prepared in duplicate as per the test method. 

Portion of standard and test solutions were 

filtered through 0.45 µm PVDF, 0.45 µm 

nylon filter and some portion of standard and 

sample solutions were centrifuged and 

analyzed as per test method. 

Robustness: 

Flow Rate Variation:  

A study was conducted to determine the effect 

of variation in flow rate. Blank, Standard and 

sample (at the specification level) were 

prepared as per the test method and injected 

into the HPLC system with flow rates of 

1.4ml/minute and 1.6ml/minute. The system 

suitability parameters sample was evaluated 

and found to be within the specified limits as 

per test method. 

Column Oven Temperature Variation:  

A study was conducted to determine the effect 

of variation in Column oven Temperature. 

Standard and test preparations (at the 

specification level) were prepared as per the 

test method and injected into the HPLC 

system with a column oven temperature of 

35°C and 45°C. System suitability parameters 

and sample were evaluated and found to be 

within the specified limits as per test method. 
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Effect of Variation In Mobile Phase 

Composition:  

A study was conducted to determine the effect 

of variation in mobile phase composition. Two 

different mobile phases of Buffer and 

Acetonitrile were prepared in the ratio of 

855:145%v/v and 885:115%v/v as per the test 

method. Standard and test preparations with 

specification level were prepared as per the 

test method and injected into the HPLC 

system. 

Effect of pH Variation in Mobile Phase:  

A study was conducted to determine the effect 

of variation in pH in the mobile phase. Two 

mobile phases of pH 2.80 and 3.20 were 

prepared as per the test method. Blank, 

Standard and test preparations were prepared 

as per the test method and injected into the 

HPLC system with System suitability 

parameters and sample were evaluated and 

found to be within the specified limits as per 

test method. 

The Effect of Wavelength Variation:  

A study was conducted to determine the effect 

of variation in wavelength. Standard and test 

preparations (at the specification level) were 

prepared as per the test method and injected 

into the HPLC system with wavelength of -

Ciprofloxacin280nm and 276nm.System 

suitability parameters and sample were 

evaluated and found to be within the specified 

limits as per test method. 

4. Results and Discussion: 

The solution of Ciprofloxacin was scanned in 

the range of 200-400nm and 278nm was 

selected as detection wavelength by RP-HPLC 

method with an isocratic elution technique. 

The optimization was done by changing the 

composition of the mobile phase, ratio and 

flow rate. Finally the mobile phase with buffer 

(pH 2): ACN in the ratio 87:13v/v% was 

optimized for the estimation of Ciprofloxacin 

and the column used for separation is Inertsil 

ODS-3 4.6×250mm,5µ. [2] 

 The chromatographicparameters of system 

suitability such as %RSD, standard recovery, 

Tailing factor, Theoretical plates were found 

to be satisfactory. The values of these 

parameters are tabulated in Table-1. 
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Table.1. System suitability data for 

Ciprofloxacin 

 

System 

suitability 

parameters 

for 

Ciprofloxa

cin 

Metho

d 

Precisi

on 

Intermedi

ate 

precision 

Acceptan

ce  

Criteria 

%RSD 0.3 0.3 Not more 

than 2.0 

 Standard 

recovery 

(%) 

101.4 99.5 Between 

98.0 to 

102.0 

Tailing 

factor 

1.1 1.1 Not more 

than 2.0 

Theoretical 

plates 

 

9925 9271 Not less 

than 

2000 

 

 

 
Figure.2.Typical chromatogram of 

Standard solution 

 

 

 

The linearity of the developed method was 

determined by analyzing different 

concentrations of the standard solution 

containing a concentration range from 25% to 

150%. The response factor of the standard 

solutions was calculated. The ratio of peak 

areas of ciprofloxacin was plotted against the 

concentration to obtain the calibration graph 

(Fig. 3) and was found to be linear over the 

concentration range from 25% to 150%. The 

data were analyzed by linear regression, least-

squares method and the corresponding 

equation are given by Y = BX + c, where 'Y' is 

the ratio of the peak areas values of 

Ciprofloxacin, 'b' is the slope, 'c' is the 

intercept and 'X' is the concentration of the 

analyte. Linear regression, least squares fit 

data are given in (Table 2). [3] The percentage 

purity was found to be 99.3%. The precision 

of the method was confirmed by the 

repeatability of formulation for six times. The 

accuracy of the method was confirmed by 

recovery studies and the data was given by 

(Table 3). [4] Similarity factors were calculated 

for the filtered standards against unfiltered 

standard (Centrifuged) and found to be within 

the specified limit. The difference in the % 

between unfiltered (centrifuged) and filtered 

samples were calculated and found to be 
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meeting the acceptable limit. Both PVDF and 

Nylon filters were suitable for the intended 

purpose.  

 

 

 

 

 

Table.2.Linearity of detector response for Ciprofloxacin 

 

% Linearity level Concentration (ppm) Response Acceptance criteria 

25 31.0875 1536480 Square of 

Correlation 

co-efficient should 

not be less than 

0.999 

50 62.175 3107355 

75 93.2625 4623963 

100 124.35 6039873 

150 186.525 9110398 

Square of correlation coefficient : 0.999 

Slope: 48483.76574 

Intercept : 60448.78378 

Residual sum of squares: 45710.56736 

 

 

 

 

 

 

 

Figure.3.Linearity of detector response graph for Ciprofloxacin. 
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Table.3.Accuracy data of Ciprofloxacin 

S. No. % spike 

level 

Amount 

added 

(%w/w) 

Amount 

recovered 

(%w/w) 

% Recovery % Mean  

recovery 

% RSD 

1. 25% 62.1229 62.37308 100.4 99.8 0.6 

2. 63.0287 62.40228 99.0 

3. 63.0885 62.62924 99.3 

4. 63.1979 62.72669 99.3 

5. 62.2424 62.36469 100.2 

6. 62.3220 62.55297 100.4 

1. 100% 250.8408 247.83270 98.8 99.3 0.4 

2. 248.9894 247.87577 99.6 

3. 249.1088 247.78317 99.5 

1. 150% 378.5307 377.14133 99.6 100.6 0.5 

2. 374.4894 377.08205 100.7 

3. 374.7781 377.28255 100.7 

4. 373.8921 377.45520 101.0 

5. 373.2252 376.76809 101.0 

6. 374.1609 376.10577 100.5 

 

Specificity: 

 

Chromatogram of blank and placebo should 

not show any peak at the retention time of 

Ciprofloxacin peak and known impurity peaks. 

 

Figure.4.Typical chromatogram of Blank                  

 

 

Figure.5.Typical chromatogram of placebo 
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Table.4.Method Precision data for 

Ciprofloxacin 

Sample No. Ciprofloxacin content (%) 

1 100.9 

2 100.2 

3 100.0 

4 99.4 

5 101.1 

6 100.5 

Mean 100.4 

% RSD 0.6 

 

5. Conclusion: 

This study showed that the antibiotic drug, 

Ciprofloxacin can be precisely and accurately 

determined in pure and pharmaceutical 

dosages. The proposed method is simple and 

requires less time for analysis. System 

performance parameters revealed that the 

method is ideal for the assay ofCiprofloxacin. 

Hence, the developed chromatography method 

was applied for routine analysis and can be 

used for the intended purpose. 
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ABSTRACT

Effect of Cartap hydrochloride on oxygen consumption of the Indian major carp, Cirrhinus mrigala
was studied. Fingerlings were exposed to sub-lethal (0.0376 mg-1) and lethal (0.376 mg-1)
concentrations of Cartap hydrochloride for 24,48,72 and 96hrs. In both sublethal and lethal
concentrations for all exposed hours Cirrhinus mrigala showed an increased tendency in oxygen
consumption during the initial time of exposure and a gradual decrease during the subsequent
study period. Alterations in oxygen consumption may be due to respiratory distress as a
consequence of impaired oxidative metabolism. Present study showed that Cartap hydrochloride
altered respiratory metabolism in Cirrhinus mrigala which can be used as bio-indicator for
assessing pesticide toxicity to fish.

KEYWORDS: Cartap hydrochloride, Cirrhinus mrigala, Oxygen consumption.

INTRODUCTION

Wide and indiscriminate use of pesticides in modern
agricultural practices throughout the world has
indirectly created problem of pollution of aquatic
ecosystems. (Ganeshwade, 2012). These chemicals
impair water quality which become unsuitable for
all aquatic organisms due to their toxicity,
persistence, bioaccumulation, and biomagnification
in food chain and ecological balance (Subramani
Lavanya et al., 2011). Fish accumulate these
pollutants directly or indirectly from polluted waters
and food chain (Jabeen et al., 2016). In India, Cartap
hydrochloride a carbamate pesticide is extensively
used in rice and sugarcane crops to control pests.
One of the indicators of the health status of a fish is
its total oxygen consumption. It helps in evaluating
the susceptibility or resistance potential useful to
assess the physiological condition of an organism
and to correlate the behavior of the animal, which
ultimately serve as predictors of functional

disruptions of population. Hence the analysis of
total oxygen consumption can be used as a
biodetectory system to evaluate the basic damage
caused to the animal which could either decrease or
increase the oxygen uptake (Maharajan et al., 2013).
In this viewpoint an attempt was made to study the
effect of sublethal and lethal concentrations of
Cartap hydrochloride on oxygen consumption of
freshwater fish, Cirrhinus mrigala exposed for
24,48,72 and 96hrs.

MATERIALS AND METHODS

Experiment on the oxygen consumption of the fish
Cirrhinus mrigala was carried out in a respiratory
apparatus developed by Job (1955). The fingerlings
of the test fish Cirrhinus mrigala of size 6-8 ± ½ cm
and weight 6-7 ± ½ g were procured from local fish
hatcheries of Nandivelugu, Tenali mandal, Guntur
district, Andhra Pradesh. The fish were acclimated
at (28±2 oC) in the laboratory conditions for two
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weeks. All the precautions laid down on
recommendations of the toxicity tests to aquatic
organisms were followed (Annon, 1975). Fish were
regularly fed with rice bran and one day prior to the
experimentation feeding was stopped. Fish were
exposed to sub-lethal (1/10th of 96 h LC50 value
0.0376 mg-1) and lethal (96 h LC50 value 0.376 mg-1)
concentrations of Cartap hydrochloride for 24,48,72
and 96 hrs. The samples for estimation of oxygen
consumption were taken from the respiratory
chamber, at alternate hours of intervals for 24hours.
The amount of dissolved oxygen consumption was
calculated per gram body weight per hour. The
dissolved oxygen content was estimated by
modified Winkler ’s method as described by
Golterman and Clymo (1969). The difference in the
dissolved oxygen content between initial and final
water samples represents the amount of oxygen
consumed by the fish.

Student,s t-test was employed to calculate the
significance of the differences between control and
experimental means. P values of 0.05 or less were
considered statistically significant (Fisher, 1950).

RESULTS

The results of the experimental and control fish
values are graphically represented in Figures 1,2,3
and 4 by taking hours of exposure on X axis and the
amount of oxygen consumed per gram body weight
per hour on Y axis.

In sublethal concentrations of Cartap
hydrochloride it was observed that the fish showed
increase in oxygen consumption during the initial
time of exposure i.e., 0-6 hours in 24 and 48 hour
treated fish and 0 to 4 hour in 72 and 96 hour treated
fish and a gradual decrease was observed in the
subsequent periods of study. The presence of sub

lethal concentration of toxicants is aquatic
environment is inevitable. The toxicant stress on
oxygen consumption along with depletion in
oxygen in aquaculture practices makes fish less fit
and reduces their growth due to lack of proper
metabolism (Hyma Ranjani, 2015 and Bantu et al.,
2017). In lethal concentrations of Cartap
hydrochloride it was noticed that a  gradual increase
in oxygen consumption during the initial time of
exposure i.e., 0-6 hours in 24 and 48 hour treated fish
and 0 to 4 hour in 72 and 96 hour exposed  fish and
a gradual decline is  observed during the later

Fig. 4. The amount of oxygen consumed in mg/g body
weight/hr of Cirrhinus mrigala exposed to
sublethal and lethal concentrations of Cartap
hydrochloride for 96 hrs.

Fig. 1. The amount of oxygen consumed in mg/g body
weight/hr of Cirrhinus mrigala exposed to
sublethal and lethal concentrations of Cartap
hydrochloride for 24 hrs

Fig. 2. The amount of oxygen consumed in mg/g body
weight/hr of Cirrhinus mrigala  exposed to
sublethal and lethal concentrations of Cartap
hydrochloride for 48 hrs.

Fig. 3. The amount of oxygen consumed in mg/g body
weight/hr of Cirrhinus mrigala  exposed to
sublethal and lethal concentrations of Cartap
hydrochloride for 72 hrs.
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periods of study. In control fish the rate of oxygen
consumption gradually decreased, and this might
be due to starved conditions  and the reduced
metabolic rates of the  starved fish  (Anitha, 2015).
From the present study it is clear that the Cartap
hydrochloride affected oxygen consumption of
Cirrhinus mrigala under all hours of exposure in both
sublethal and lethal concentrations.

DISCUSSION

Several authors reported the effect of carbamate
pesticides on the oxygen consumption in fish.
Mariya Dasu (2014) observed initial increase in
oxygen consumption in Labeo rohita exposed to
Thiocarb. Anitha (2015) also observed increase in
oxygen consumption during the initial time of
exposures, i.e. 1 to 6 hours and a gradual decrease
was observed during the subsequent period of study
in Labeo rohita exposed to Pyraclostrobin. In lethal
concentrations the rate of oxygen consumption
showed a decreasing trend from the beginning to the
end. Bantu et al., (2017) observed increase in oxygen
consumption during the initial time of exposures i.e.,
1 to 4 hours and a gradual decrease during the
subsequent period in Labeo rohita exposed to
sublethal concentrations of Indoxacarb for 24hrs and
8 days. Oxygen consumption decreased in Labeo
during exposure to lethal concentrations of
indoxacarb for 24 hours.

The initial increase in oxygen consumption in the
present study is in agreement with  Neelima et al.,
(2016) in Cyprinus carpio exposed to cypermethrin,
Jothinarendiran (2012) in Channa punctatus exposed
to dimethoate, Bantu et al., (2017) in Labeo rohita
exposed Indoxacarb, Tilak and Vijaya kumar (2009)
in Channa punctatus exposed to Quinaphos, Veeraiah
(2001) in Labeo rohita exposed to Cypermethrin.
Hyma Ranjani (2015) in Catla catla exposed to
Glyphosate. The present work coincides with the
report of the same.

The initial increase in oxygen uptake in sublethal
concentration might be the reflection of an
augmented physiological activity for elimination
acting the chemical stress (Tilak and Vijaya kumar,
2009). Due to stress, muscular activity increases
which results in an increased demand for oxygen.
The increase in activity might boost up oxidative
metabolism which results in increased supply of
energy to combat the chemical stress (David et al.,
2003). Sree Veni and Veeraiah (2014) reported that
due to stress there is increased respiratory activity,

resulting in increased ventilation and increased
uptake of the toxicant in Cirrhinus mrigala exposed to
cypermethrin.

Several authors (Veenethkumar and David, 2008;
Shereena et al., 2009; Logaswamy and Remia, 2009)
reported that alteration in whole animal oxygen
consumption is due to the disturbance in oxidative
metabolism in different species of fish exposed to
pesticides. During the initial hours of exposure
elevation in the rate of respiration could be
explained in terms of acceleration of oxidative
metabolism, as a result of sudden response to the
toxic stimulus of the pesticide. With the onset of
symptoms of poisoning, probably due to
acclimatization to the chemical environment the rate
decreased in the later periods of exposure. Similar
observations were also made by Neelima et al.,
(2016) and Jothinarendiran (2012). The results of the
present study agree with above findings.

As the pesticides stimulate the peripheral
nervous system, the activity of fish increases which
requires more oxygen to fulfill the energy demand.
This could be the reason for initial elevation in the
rate of oxygen consumption (Rao, 1989). In sub
lethal medium, in the subsequent period of exposure
the respiration rate of fish decreased which might be
due to acclimatization of the fish in the chemical
environment (Rao, 1989 and Neelima et al., 2016).
Under toxic conditions, the oxygen in take decreases
and a number of poisons become more toxic, so the
amount of poison being exposed to the animal also
increases. Fish breath more rapidly and the
amplitude of respiratory movements will increase
(Vakita Venkata Rathnamma and Nagaraju Bantu,
2014). By triggering the process of detoxification, the
fish might have overcome the pesticide toxicity.,

In the later period the decrease in oxygen
consumption appears to be a protective measure to
ensure that there is low intake of the toxic
substances which agrees with Tilak and Vijaya
Kumar (2009). Subsequent decrease in oxygen
consumption may be due to increased entry of
Cartap hydrochloride molecules or their
accumulation in the body of fish as a function of
time. In sub lethal concentrations of the Cartap
hydrochloride the decrease in oxygen consumption
appears to be mainly due to lowering down of
energy requirements which can be considered as
adaptive and even strategic which is in accordance
with findings of Tilak and Vardhan, (2002).
Depletion in the oxygen consumption is due to
disorganization of the respiratory action caused by
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rupture in the respiratory epithelium of the gill
tissue and also secretion of mucus over the gill
curtails the diffusion of oxygen (Neelima et al., 2016).

Decreased  oxygen consumption was observed by
Maharajan et al., (2013)  in  Catla catla exposed  to
Profenofos, by Vakita Venkata Rathnamma and
Nagaraju Bantu (2014)  in Labeo rohita exposed to
Chlorantraniliprole, by Jipsa et al., (2014) in Tilapia
mossambica exposed to Cypermethrin, by Anthony
reddy (2015) in Labeo rohita exposed to Spinosad.
Joshi and Kulkarni (2007) reported that Garramullya
(Skyes) when exposed to Cypermethrin and
Fenevelerate, oxygen consumption increased in the
initial period in both lethal and sublethal
concentrations and thereafter decreased. They
concluded that alteration in oxygen consumption
increased and later decreased which is a bioindicator
for assessing the pesticide toxicity, which can be
correlated with the present study.

From the above results and discussion, it can be
concluded that decrease in oxygen consumption in
fish in response to the toxic stress is the cumulative
effect of several stages at which the toxicant act.
From the results obtained, it is clearly evident that
Cartap hydrochloride affect the oxygen
consumption of Cirrhinus mrigala in all exposed
concentrations.

CONCLUSION

In conclusion, the analysis of data from the present
investigation demonstrated that Cartap
hydrochloride had a profound impact on respiration
in Cirrhinus mrigala in both sublethal and lethal
concentrations. Variation in the oxygen consumption
in Cartap hydrochloride exposed fish was probably
due to impaired oxidative metabolism and pesticide
induced stress. Changes in gill architecture under
Cartap hydrochloride stress would alter the
diffusing capacity of gill with consequent hypoxic or
anoxic conditions thus, respiration may become a
problematic task for the fish. These results suggest
that the altered rates of respiration in Cirrhinus
mrigala may also serve as a rapid biological monitor
to assess the impact of pesticides such as Cartap
hydrochloride on other biotic communities in the
water body. This study also stresses the diligent use
of pesticides to prevent environmental pollution.
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ABSTRACT

The fish, Cirrhinus mrigala, Indian major carp was exposed to Cartap hydrochloride and the static LC50values
for 24,48,72 and 96 hours were found to be 0.436, 0.419, 0.394 and 0.376 mg-1 and 0.399, 0.371, 0.361 and 0.339
mg-1 in Continuous flow-through system. The gills which are the primary organs to get exposed to foreign
contaminants and pesticides were studied for histological changes. The following histological changes like
epithelial lifting, degeneration of primary and secondary gill lamellae, curling of secondary gill filaments,
atrophy of secondary gill lamellae, congestion of secondary lamellae, fusion of secondary gill filaments
were observed. The results obtained were discussed at length with the available literature. By studying the
histological deformities, it was concluded that the pesticide caused enough damage to the gills of the fish
and can influence on the survival of the fish

Key words : Cartap hydrochloride, Cirrhinus mrigala, Gill histopathology

Introduction

Indiscriminate and extensive use of pesticides in
modern agricultural practices globally for achieving
increased food production is one of the major
sources of water pollution. Presence of pesticide in
aquatic bodies is largely due to outfall from pesti-
cide manufacturing factories and the runoff from
agricultural fields (Ganeshwade, 2012). Pesticides
are not highly selective but are generally toxic to
macrophytes, non-target organisms such as fish
(Ayoola, 2008 and Franklin et al., 2010).

Fish accumulate these pollutants directly or indi-
rectly from polluted waters and food chain (Jabeen
et al., 2016). In India, Cartap hydrochloride, a car-
bamate pesticide is extensively used in rice, sugar-
cane cabbage and cauliflower crops to control pests.

In fish, the gill is the major organ for respiration,
excretion and osmotic regulation. Gills are appropri-
ate for the assessment of environmental impact as
they are considered as a good tissue indicator of the
water quality (Fanta, 2003). Histopathological
analysis is a very sensitive parameter and is helpful
in determining cellular damage that may occur in
target organs (Altinok and Capkin, 2007). In this
viewpoint an attempt was made to study the effect
of sublethal and lethal concentrations of Cartap hy-
drochloride on gill histopathology of freshwater
fish, Cirrhinus mrigala exposed for 24 and 96 hours.

Materials and Methods

The fingerlings of the test fish Cirrhinus mrigala of
size 6-8 ± ½ cm and weight 6-7 ± ½ gm were pro-
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cured from local fish hatcheries of Nandivelugu,
Tenali mandal, Guntur district, Andhra Pradesh.
The fish were acclimated at (28±2oC)) in the labora-
tory conditions for two weeks. All the precautions
laid down on recommendations of the toxicity tests
to aquatic organisms were followed (Annon, 1975).
Fish were regularly fed with rice bran and one day
prior to the experimentation feeding was stopped.
Fingerlings were exposed to sub-lethal (1/10th of 96
h LC50 value 0.0376 mg-1) and lethal (96 hours LC50

value 0.376 mg-1) concentrations of Cartap hydro-
chloride for 24 and 96 hrs.

Gills were processed in laboratory for routine
histological characterization by the double staining
method using Haematoxylene and Eosin. All
samples were fixed in 10% phosphate- buffered for-
malin for about 24 hrs. The specimens were dehy-
drated in a series of graded ethanol (50%, 70% and
90%) and then after embedded in paraffin. Five-mi-
cron sections were cut using an ultramicrotome
(Leica, Japan) and deparaffinized by means of xylol.
The sections were dehydrated in 90%, 70% and 50%
ethanol followed by a 10 min wash in water and
further stained with Hematoxylin and Eosin (HE).
Sections were observed in digital microscope (Intel
Play QX3) at 400 x magnification.

Results

The transverse section of gill tissue of normal fish
shows branches from the central axis called the pri-
mary gill lamellae. Each of the primary gill lamella
further divides into secondary gill lamellae or fila-
ments. Within each division of the gills are the adja-
cent afferent vessels and efferent vessels with
hemocytes. A thin septum separates the primary
and secondary gill filaments. The secondary non
branching filament lamella possesses epithelial pil-
lar cells separated by large lacunae Fig. 1.

Cartap hydrochloride has induced marked
pathological changes in gills of fish Cirrhinus

mrigala. In the current study, it was observed that
with the increase in the time of exposure the histo-
pathological alterations increased in the gills of fish,
Cirrhinus mrigala.

CA-Central Axis, PGL-Primary gill lamellae,
SGL-Secondary gill lamellae, ILR-Inter lamellar
space, WC-Water channel, FSG-Fusion of secondary
lamellae, CSG-Curling of secondary lamellae,
DPGL-Degenerated primary gill lamellae, DSGL-
Degenerated secondary gill lamellae, BC-Blood con-
gestion, EL-Epithelial lifting, LF-Lamellar fusion,
ASL-Atrophy of secondary lamellae.

In the control group, no pathological changes
were observed in the gills (Fig.1). After treatment
with cartap hydrochloride for 24hrs at sublethal
concentrationsepithelial lifting,curling of secondary
gill filaments,fusion of secondary lamellae and de-
generation of secondary gill lamellaestarted to ap-
pear (Fig. 2). Degenerative changes like lamellar fu-
sion, epithelial lifting, degenerative secondary gill
lamellae and curling of secondary gill filaments
were observed after exposure to lethal concentration
for 24hrs (Fig. 3). Similar more pronounced degen-
erative changes like curling of secondary gill fila-
ments, epithelial lifting, degenerative primary and
secondary gill lamellae, blood congestion, atrophy
of secondary lamellae, mucous secretionwere no-

Fig. 1. Normal Gill tissue of Cirrhinus mrigala, H.E x 400

Fig. 2. Gill tissue of Cirrhinus mrigalaexposed to sublethal
concentration of Cartap     hydrochloride for 24
hours, H.E x 400

Fig. 3. Gill tissue of Cirrhinus mrigala exposed to lethal
concentration of Cartap hydrochloride for 24
hours, H.E x 400
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ticed in gill exposed to sublethal concentration of
cartap hydrochloride for 96 hrs (Fig. 4). Damage in
the gills exposed to lethal concentration of cartap
hydrochloride for 96 hrs was much extensive with
severe degeneration in  primary and secondary gill
lamellae, hemorrhage between gill filaments, sepa-
ration of epithelial cells from the basement mem-
brane, collapsed pillar cell, fusion of secondary gill
lamellae, lamellar disorganization, atrophy of sec-
ondary lamellae, necrosis, blood congestion, mu-
cous secretion, hyperplasia and epithelial lifting
(Fig. 5). Thus, the lethal concentration of Cartap hy-
drochloride has produced significant histopatho-
logical changes in comparison to sublethal concen-
tration in Cirrhinus mrigala.

lae, hyperplasia, hypertrophy of nuclei, pyknotic
nuclei, lifting of epithelium in Labeo rohita exposed
to Thiocarb, a thiocarbamate pesticide in  both sub-
lethal and lethal concentrations. Anitha (2015) ob-
served necrosis, curling and  fusion of secondary
gill filaments, atrophy, degeneration of  primary
and  secondary gill lamella, blood conjunction, epi-
thelial hyperplasia, lamellar telangiectesis, in gills of
Labeo rohita exposed to sublethal concentrations of
Pyraclostrobin for 24 hrs, 5 days and 10 days and to
lethal concentration for 24 hrs. Ali Taheri Mirghaed
et al., (2018) noticed edema, lamellar curling, hyper-
plasia, lamellar fusion in the gill of Cyprinus carpio
treated with  0.75 mg/L, 1.5 mg/L, and 3 mg/Lof
indoxacarb for 7, 14 and 21 days. The histopatho-
logical changes observed in the present study were
in accordance with the above studies.

Similar histopathological changes in gills were
reported in Channa punctatus exposed to
Imidacloprid (Pawara et al., 2019), in Labeo rohita ex-
posed to phenol (Butchiram et al., 2013), in Labeo
rohita  exposed to cadmium (Saravanan et al., 2019),
in Oreochromis niloticusexposed to heavy metals
(Shameem Rani, 2018), in Labeo rohita exposed to
tannery industrial effluent (Diana Handa and
Gurinder Kaur Walia, 2019), in Puntius sophore
treated with Acephate (Gavit and Patil, 2019), in
Cirrhinus mrigala exposed to cement factory effluent
(Juginu and Sujila, 2019) in Cirrhinus mrigalaexposed
to lead arsenate (Vanitha et al., 2017), in Labeo rohita
exposed to dimethoate (Dey and Saha, 2014), In
Cirrhinus mrigala exposed to cypermythrin (Sree
Veni and Veeraiah, 2014).

In fish, gill is the major organ for respiration, ex-
cretion and osmotic regulation. Gills are appropriate
for the assessment of environmental impact as they
are considered as a good tissue indicator of the wa-
ter quality (Fanta, 2003). The lifting of lamellar epi-
thelium in the present studymay be induced by the
incidence of severe Oedema (Pane et al., 2004).
Swelling in gill epithelium leads to decreased effi-
ciency of gases exchange and oxygen consumption.
(Sudhasaravanan and Binukumari, 2015).

The first line of defense to metal/ toxicant expo-
sure in the gills is mucus secretion and by fusion of
lamellae it can temporarily protect the underlying
epithelium from injury (Handy and Maunder,
2009). Pronounced secretion of mucus layer over the
gill lamellae curtails the diffusion of oxygen (David
et al., 2002 and Rudragouda Marigoudar et al., 2009)
which may ultimately reduce the oxygen consump-

Fig. 5. Gill tissue of Cirrhinus mrigala exposed to lethal
concentration of cartap hydrochloride for 96 hours,
H.E x 400

Fig. 4. Gill tissue of Cirrhinus mrigala exposed to sublethal
concentration of cartap hydrochloride for 96 hours,
H.E x 400

Discussion

Several authors observed similar degenerative
changes in gill when exposed to carbamate pesti-
cides. Vivek et al., (2016) observed fusion of primary
and secondary lamellae, epithelial hyperplasia, curl-
ing of secondary lamellae, degeneration of lamellae
in gills of Labeo rohita  exposed to  sublethal concen-
trations of cartap hydrochloride for 24,48,72 and
96hrs. Mariya dasu (2014) observed bulging of tips
of primary gill filaments, curling of secondary gill
filaments, necrosis, fusion of secondary gill lamel-
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tion by the animal (Kalavathy et al., 2001). All meta-
bolic pathways depend upon the efficiency of the
gills for their energy supply as gills are the major
respiratory organs and damage to these vital organs
lead to respiratory distress. The present histological
studies clearly indicate that the damage in gills of
Cirrhinus mrigala decreases the uptake of oxygen
which results in histotoxic anoxia. Due to this the
gill tissue suffers from oxygen debt and losses the
capacity to remove CO2 from blood which is in ac-
cordance with (Sathivel et al., 1991).

In the present study the observed alterations
such as partial fusion of secondary lamellae, lifting
of epithelial cells and proliferation of the epithelial
cells, act as defense mechanisms towards toxicants.
These alterations increase the distance between the
external environment and the blood in the gills
which serves as a barrier for the entry of contami-
nants. (Fernandes and Mazon, 2003 and Mallatt,
1985). When any type of toxicants meets gills, lamel-
lar fusion in gills occur which is a protective mea-
sure as it diminishes the amount of vulnerable gill
surface area in fish (Mallatt, 1985). when gills come
in contact withany types of toxicants oedema ap-
pears to be a common feature of the gill pathology.
Due to disturbance in branchial Na+, K+-ATPase
pump by toxicants, solute accumulation in the epi-
thelial cells occur and disturb the osmotic influx of
water. This exchange protects the lamellar epithelial
cells and prevents the entry of waterborne pollut-
ants into the bloodstream (Arellano et al., 1999).

Conclusion

The results of the present study suggest that the
changes in gill histomorphology of Cirrhinus mrigala
may serve as a rapid biological 7monitor to assess
the impact of Cartap hydrochloride on other biotic
communities in the water body. The results of the
present study also stress on the diligent usage of the
pesticide product to prevent the environmental pol-
lution.
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ABSTRACT
The freshwater fish Cirrhinus mrigala was exposed to Cartap hydrochloride (50% SP) for 24, 48, 72 
and 96 h. The LC 50 values were found to be 0.436, 0.419, 0.394 and 0.376 mg-1 in static method and 
0.399, 0.371, 0.361 and 0.339 mg.L-1 in continuous flow-through system. The static LC50 values are 
higher than the continuous flow-through method. The LC50 values showed a decreasing trend with an 
increase in time of exposure in both the methods. The decrease was more in a continuous flow-through 
method than in the static method. The fish were exposed to sub-lethal (1/10th of 96 h LC50 value 0.0376 
mg.L-1) and lethal (96 h LC50 value 0.376 mg.L-1) concentrations of the pesticide for 24 and 96 hours 
to study the alterations in glycogen, total proteins and nucleic acids (DNA & RNA) contents of various 
tissues viz., gill, brain, liver, kidney and muscle. Glycogen, total proteins and nucleic acids (DNA & 
RNA) content values decreased in all the tissues of exposed fish and the per cent decrease is more 
apparent in lethal concentrations than in sub-lethal concentrations. From the present study, it can be 
concluded that Cartap hydrochloride caused a decline in the glycogen, total protein and nucleic acids 
(DNA, RNA) content in Cirrhinus mrigala and the changes are more pronounced in lethal exposure than 
in sub-lethal exposure.   

INTRODUCTION

Indiscriminate use of pesticides is one of the main reasons for 
the pollution of aquatic ecosystems. These toxic pesticides 
are causing deleterious effects on aquatic organisms. They 
are causing stress to aquatic organisms which are reflected 
as biochemical changes in their body (Mayers 1977). Fish 
acts as a bioindicator species and can be used for monitoring 
of water pollution as they accumulate the contaminants from 
polluted water and diet (Chaudary & Jabeen 2011, Kafilzadeh 
et al. 2012). Fish accumulate these pollutants directly or 
indirectly from polluted waters and food chain (Jabeen et al. 
2016, Chaudary & Jabeen 2011). Carbamates are extensively 
used water-soluble pesticides in agricultural practices. In 
India, Cartap hydrochloride is a Carbamate pesticide which 
is considered as nereistoxin analog is extensively used 
in rice and sugarcane crops to control pests. The present 
investigation is aimed to study the toxic effects of Cartap 
hydrochloride in sub-lethal and lethal concentrations at 24 
and 96 hours of exposure period on glycogen, total protein, 
DNA and RNA contents of freshwater fish Cirrhinus mrigala 
(Hamilton 1822).

MATERIALS AND METHODS

The fingerlings of the test fish Cirrhinus mrigala size 6-8 ± 
½ cm and weight 6-7 ± ½ g were procured from local fish 
hatcheries of Nandivelugu, Tenali Mandal, Guntur district, 
Andhra Pradesh. The fish were acclimated at (28 ± 2°C)) in 
the laboratory conditions for two weeks. All the precautions 
laid down by APHA et al. (1998) were followed. During 
the acclimation period, the fish were fed with rice bran and 
groundnut cake. One day before the experimentation feeding 
was stopped. Cartap hydrochloride (50% SP) commercial 
grade was purchased from Mangalagiri, Guntur District. 
The stock solution was prepared with water as a solvent. 
The acclimatized fish were exposed to static sub-lethal 
(0.376 mg.L-1) and lethal concentrations (3.76 mg.L-1) 
of Cartap hydrochloride (50% SP) for 24 and 96 h. The 
hydrographical properties of water were estimated by the 
modified method followed by Golterman & Claimo (1969) 
method. Finney’s probit analysis (Finney 1971) as reported 
by Roberts % Boyce (1972) was followed to calculate the 
LC50 value. The 95% confidence limits of the LC50 values 
for each test were also calculated for different time periods 
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by using SPSS software. At the end of the exposure periods, 
the tissues like gill, brain, liver, kidney and muscle were 
taken out from exposed and control fish and processed for 
the estimation of glycogen, total proteins and nucleic acids 
(DNA & RNA). Glycogen was estimated by the method of 
Kemp et al. (1954), total protein by Lowry et al. (1951) and 
DNA and RNA by the methods of Searchy & Maclinnis 
(1970a & 1970b).

The data obtained in the present work were expressed 
as means of four observations ± SD (standard deviation) 
and were statistically analysed using student “t” test (Pillai 
& Sinha 1968) to compare means of treated data against 
their controls and the result was considered significant at 
(P < 0.05) level.

RESULTS AND DISCUSSION

Glycogen, total proteins and nucleic acids (DNA & RNA) 
decreased in various tissues, viz. gill, brain, liver, kidney 
and muscle of Cirrhinus mrigala exposed to sub-lethal and 
lethal concentrations of cartap hydrochloride for 24 and 96 
hours were graphically represented in Fig. 1 to Fig. 8. In 
exposed fish per cent decrease is more apparent in lethal 
concentrations than at sub-lethal concentrations.

Glycogen

The changes in glycogen content observed in the various 
tissues of Cirrhinus mrigala after the Cartap hydrochloride 
exposure along with the control are graphically represented 
in Fig .1 and Fig. 2.
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Fig.1: Changes in the glycogen content (mg/g wet weight of the tissue) in the tissue of fish 

Cirrhinus mrigala on exposure to sub-lethal and lethal concentration of Cartap 

hydrochloride (50%SP) for 24 hours.         

 

 

Fig. 2: Changes in the glycogen content (mg/g wet weight of the tissue) in the tissue of fish 
Cirrhinus mrigala on exposure to sub-lethal and lethal concentration of Cartap 
hydrochloride (50% SP) for 96 hours. 
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Fig.1: Changes in the glycogen content (mg/g wet weight of the tissue) in the tissue of fish Cirrhinus mrigala on exposure to sub-lethal and lethal 
concentration of Cartap hydrochloride (50%SP) for 24 hours.        
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The changes in glycogen content observed in the various tissues of Cirrhinus mrigala 

after the Cartap hydrochloride exposure along with the control are graphically represented in 

Fig .1 and Fig. 2. 
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hours, the amount of glycogen was found to decrease in all the tissue of Cirrhinus mrigala. 

The lyotropic gradation series in terms of per cent decrement at 24 h and 96 h exposure was:  
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Exposure of Cirrhinus mrigala to Cartap hydrochloride for 24 hours caused a maximum 

decrease of glycogen in the liver (sub-lethal 28.117, lethal 30.453). For 96 h maximum 

decrease was found in the liver (sub-lethal 32.073) and muscle (lethal 42.570). In the present 

study under Cartap hydrochloride 24 h sub-lethal and lethal exposure minimum percentage of 

depletion was in the brain (8.595) and (20.96). For 96 h exposure minimum depletion was 

found in the brain (sub-lethal 18.056, lethal 25.707). 

            Srivastava et al. (2013) observed reduction in glycogen content in different tissues of 

freshwater fish Clarius batrachus exposed to 80% of LC 50 (22.87 mg.L-1) of Mancozeb at 
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Fig. 2: Changes in the glycogen content (mg/g wet weight of the tissue) in the tissue of fish Cirrhinus mrigala on exposure to sub-lethal and lethal 
concentration of Cartap hydrochloride (50% SP) for 96 hours.
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In the tissues of control fish, Cirrhinus mrigala glycogen 
content was in the order of: 

	 Liver > Muscle > Gill > Brain > Kidney

Under exposure to sub-lethal and lethal concentrations 
of Cartap hydrochloride for 24 and 96 hours, the amount of 
glycogen was found to decrease in all the tissue of Cirrhinus 
mrigala. The lyotropic gradation series in terms of per cent 
decrement at 24 h and 96 h exposure was: 

Sub	-lethal -24 h: Liver > Muscle > Gill > Kidney > Brain 

	Lethal -24 h: Liver > Muscle > Gill > Kidney > Brain 

	Sub-lethal 96 h: Liver > Muscle > Gill > Kidney > Brain

	Lethal-96 h: Muscle > Kidney > Liver > Gill > Brain

Exposure of Cirrhinus mrigala to Cartap hydrochloride 
for 24 hours caused a maximum decrease of glycogen in the 
liver (sub-lethal 28.117, lethal 30.453). For 96 h maximum 
decrease was found in the liver (sub-lethal 32.073) and 
muscle (lethal 42.570). In the present study under Cartap 
hydrochloride 24 h sub-lethal and lethal exposure minimum 
percentage of depletion was in the brain (8.595) and (20.96). 
For 96 h exposure minimum depletion was found in the brain 
(sub-lethal 18.056, lethal 25.707).

Srivastava & Singh (2013) observed reduction in glyco-
gen content in different tissues of freshwater fish Clarius ba-
trachus exposed to 80% of LC50 (22.87 mg.L-1) of Mancozeb 
at different time intervals of 24 and 96 h. Sastry et al. (1982) 
reported decreased glycogen content of liver and muscles 
decreased when Channa punctatus was exposed to sub-lethal 
concentration of the carbamate pesticide, Sevin (1.05 mg.L-1) 
for 15, 30 and 60 days.  Veeraiah et al. (2013a) observed that 
exposure to sub-lethal and lethal concentrations of cadmium 
chloride in the fish Cirrhinus mrigala for 96 h caused changes 
in the total glycogen level which may be attributed to toxic 
stress, resulting in the disruption of enzymes associated with 
carbohydrate metabolism. Bantu & Rathnamma (2013) re-
ported that there is a decrease in the amount of glycogen in 
the fish Labeo rohita exposed to sub-lethal and lethal concen-
trations of Dimethoate for 8 days. Priya et al. (2013) observed  
depletion of glycogen in the liver of freshwater teleost Chan-
na punctatus (Bloch) when exposed to various concentrations 
of Imidacloprid (0.002 ppm, 0.00 ppm, 0.006 ppm, 0.008 
ppm and 0.01 ppm) for 96 h suggesting the possibility of an 
alter from aerobic to anaerobic mode of energy metabolism 
of the liver. Dhanalakshmi (2013) noticed decrement in the 
tissue glycogen concentration in fish Cirrhinus mrigala when 
exposed to 0.25 ppm concentration of the metal chromium 
sulphate for 24, 48, 72 h and 10, 20 and 30 days which may 
be due to its enhanced utilization, since glycogen forms the 
immediate source of energy to meet energy demands under 
metallic stress caused by test toxicant.  

Tataji & Kumar (2016) reported a decline in glycogen 
content of freshwater fish Channa punctatus exposed for 8 
days to 1/5th of LC50 96 hours of both Butachlor technical 
grade and Machete (50% EC), i.e. 32 ppb and 71.2 ppb 
for both technical and 50% EC respectively. Reduction in 
glycogen content was also noticed by Naik et al. (2016) in 
all the tissues of Labeo rohita when exposed to sub-lethal 
concentrations of cypermethrin for 1, 2 and 3 weeks. Expo-
sure of sub-lethal doses (40% and 80 % of LC50 of 24 h) of 
glyphosate for 24 or 96 h against the freshwater non-target 
fish Channa punctatus caused significant (P < 0.05) alteration 
in biochemical parameters in liver and muscle tissues of the 
fish Channa punctatus (Bloch) was reported by Singh et al. 
(2017). Veeraiah et al. (2018) observed that exposure to lethal 
and sub-lethal concentrations of cyhalothrin 2.5% EC, in the 
fish Ctenopharyngdon idellus for 24 and 96 hours caused a 
decrease in glycogen content in all tissues.

According to Dezwaan & Zandee (1973) depletion of 
glycogen in tissues may be due to direct utilization of the 
compound for energy generation, a demand caused by pes-
ticide-induced hypoxia. Under hypoxia condition, the fish 
derives its energy from anaerobic breakdown of glucose 
which is available to the cell by increased glycogenolysis 
(Chandravathy & Reddy 1996, Rajamannar & Manohar 
1998, Rajamanickam 1992). Reduction in glycogen is proba-
bly due to its more rapid break down for energy requirement 
of fish (Muley et al.1996).

Liver suggested as an organ for detoxification. During 
exposure to Cartap hydrochloride exposure fishes came un-
der stress condition and need more energy to cope with the 
toxicants. glycogen serves as reserve material. It is utilized 
when the body came under stress condition. Depletion of 
glycogen in liver and tissues may be due to increment in the 
glycolysis pathway. During stress conditions, the glycogen 
reserves depleted to meet energy demand (Rawat et al. 
2002). Fall in glycogen levels indicates its rapid utilization 
to meet the enhanced energy demands intoxicant treated 
animals through glycolysis or hexose monophosphate 
pathway as observed by Cappon & Nicholas (1975). The 
above findings support the alterations of glycogen in the 
present study. 

Proteins

The changes in protein content observed in the various tissues 
of Cirrhinus mrigala after   Cartap hydrochloride exposure 
along with the control was graphically represented in Fig. 
3 and Fig. 4. 

The Protein content in different tissues in control fish 
Cirrhinus mrigala was in the order of:  

	 Muscle > Liver > Brain > Kidney > Gill
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Cartap hydrochloride (50% SP) for 24 hours.   
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Fig. 3: Changes in protein content (mg/g wet wt of the tissue) in different tissues of fish Cirrhinus mrigala (Hamilton) on exposure to sub-lethal and 
lethal concentration of Cartap hydrochloride (50% SP) for 24 hours.  
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The Protein content in different tissues in control fish Cirrhinus mrigala was in the order of:   

                        Muscle > Liver > Brain > Kidney > Gill 

 Under exposure of sub-lethal and lethal concentrations of Cartap hydrochloride for 24 h, the 

amount of protein was found to decrease in all the tissue of Cirrhinus mrigala. 

 The lyotropic gradation series in terms of per cent decrement at 24 h and 96 h exposure was:  
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  For 24 h exposure maximum per cent of the decrease in total protein was observed in the liver 

(sub-lethal 23.05, lethal 28.33). For 24 h exposure minimum percentage of depletion of total 

protein was found in the brain (sub-lethal 11.18, lethal 13.13). For 96 h the percentage of 

decrease was maximum in the liver (sub-lethal 38.72, lethal 51.27). Similarly, for 96 h minimum 

percentage of decrease was noticed in the brain (sub-lethal 22.06, lethal 37.30). 

           Protein is the most primary biochemical ingredient present in large quantities in the body 

of fish. Liver is rich in protein and centre for various metabolism of the fish. In the present 

study maximum decrease of total protein in the liver is due to the increased rate of proteolytic 

activity or repeated break down of protein to yield energy due to stress caused due to pesticide 
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Fig. 4: Changes in protein content (mg/g wet wt of the tissue) in different tissues of fish Cirrhinus mrigala (Hamilton) on exposure to sub-lethal and 
lethal concentration of Cartap hydrochloride (50% SP) for 96hours. 

Under exposure of sub-lethal and lethal concentrations 
of Cartap hydrochloride for 24 h, the amount of protein was 
found to decrease in all the tissue of Cirrhinus mrigala.

The lyotropic gradation series in terms of per cent dec-
rement at 24 h and 96 h exposure was: 

	Sub-lethal -24 h: Liver > Gill   > Muscle > Kidney > Brain

	Lethal-24 h- Liver > Muscle > Gill > Kidney > Brain 

	Sub-lethal -96 h: Liver > Gill > Muscle > Kidney > Brain

	Lethal-96 h: Liver > Gill > Muscle > Kidney > Brain

  For 24 h exposure maximum per cent of the decrease in 
total protein was observed in the liver (sub-lethal 23.05, lethal 
28.33). For 24 h exposure minimum percentage of depletion 
of total protein was found in the brain (sub-lethal 11.18, lethal 

13.13). For 96 h the percentage of decrease was maximum 
in the liver (sub-lethal 38.72, lethal 51.27). Similarly, for 96 
h minimum percentage of decrease was noticed in the brain 
(sub-lethal 22.06, lethal 37.30).

Protein is the most primary biochemical ingredient 
present in large quantities in the body of fish. Liver is rich in 
protein and centre for various metabolism of the fish. In the 
present study maximum decrease of total protein in the liver 
is due to the increased rate of proteolytic activity or repeated 
break down of protein to yield energy due to stress caused 
due to pesticide exposure. Anitha & Rathnamma (2016) 
noticed decreased protein levels in all the tissues like liver, 
kidney, brain, gill and muscle of Labeo rohita exposed to 
lethal and sub-lethal concentrations of Pyraclostrobin 20% 
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WG (carbamate) for 24 h and sub-lethal concentrations for 
5 and 10 days. A decline in the protein content was noticed 
by Kumari et al. (2014) in the liver of Clarias batrachus 
when exposed to sub-lethal concentrations (2 and 4 mg.L-1) 
of the Carbaryl for 96 h. A decrease in protein may be due 
to the impairment of protein synthesis or an increase in the 
rate of its degradation to amino acids. Exposure to Carbryl 
for 4 and 24 days, decreased protein content in liver and 
muscle of fish Mugil cephalus, when exposed to the lethal 
and sub-lethal concentration of Carbaryl for 4 days and 
21 days respectively was reported by Shivanagouda et al. 
(2013). Kumar et al. (2017) reported a reduction in proteins 
in the liver and kidney of freshwater fish, Channa punctatus 
exposed to different sub-lethal concentrations of pesticide 
Carbaryl for a period of 15, 30, 45, 60, 75 and up to 90 days. 
Muddassir (2015) observed significant decrease value in 
Total protein in the liver of   Channa punctatus was treated 
with 0.1 mL Carbofuran and 0.09 mL Malathion pesticides 
at different time intervals 7, 14, 21 and 28 days. The decre-
ment of total protein may be due to the inhibition of RNA 
synthesis disturbing the protein metabolism or this may be 
due to liver damage where most protein synthesis usually 
occurs, these results agreed with that of Singh & Sharma 
(1998). The depletion of protein might also be attributed to 
spontaneous utilization of amino acids in various catabolic 
reactions inside the organism to combat the stress condition 
(Borah & Yadav 1996). Wankhedkar & Bhavsar (2015) found 
that total protein content significantly decreased in foot and 
hepatopancreas in land snail C. moussonianus when treated 
with Cartap hydrochloride and Imidacloprid at lowest con-
centration i.e. LC50 0.41ppm and LC50 0.54 ppm respectively. 
Veeraiah et al. (2018)  observed a decrease in protein content 

in all tissues exposed to lethal and sub-lethal concentrations 
of cyhalothrin 2.5% EC, in the fish Ctenopharyngdon idellus 
for 24 and 96 h. 

Proteins are important organic constituents of the an-
imal cells. Understanding the protein components of the 
cell becomes necessary in the light of the radical changes 
taking place in protein profiles during pesticide intoxication 
(Anitha & Rathnamma 2016). The decreased trend of the 
protein content as observed in the present study in most of 
the fish tissues may be due to metabolic utilization of the 
ketoacids through gluconeogenesis pathway for the synthesis 
of glucose or due to the directing of free amino acids for the 
synthesis of necessary proteins, or for the maintenance of 
osmotic and ionic regulation (Schmidt  Neilson 1975).

Nucleic Acids (DNA & RNA) 

The changes in DNA content observed in the various tissues 
of Cirrhinus mrigala after the Cartap hydrochloride exposure 
along with the control was graphically represented in Fig. 
5 and Fig. 6.

In control fish, DNA content present in different organs 
was in the order of:

	 Muscle > Gill > Brain > Liver > Kidney.

Under exposure to sub-lethal and lethal concentrations 
of Cartap hydrochloride, for 24 h the amount of DNA was 
found to decrease in all the tissue of Cirrhinus mrigala. The 
lyotropic gradation series in terms of per cent decrement at 
24 h and 96 h exposure was: 

	Sub-lethal -24 h: Gill > Liver > Muscle > Brain > Kidney

	Lethal-24 h-Gill > Liver > Muscle > Brain > Kidney
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Fig. 5: Changes in the amount of deoxyribonucleic acid (DNA) (mg/g wet weight of the tissue) in different tissues of the fish, Cirrhinus mrigala on 
exposure to sub-lethal and lethal concentration of Cartap hydrochloride (50% SP) for 24 h.
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	Sub-lethal-96 h: Gill > Liver > Muscle > Kidney > Brain

	Lethal-96 h: Gill > Liver > Muscle > Kidney > Brain

In the present study under Cartap hydrochloride exposure 
for 24 h, maximum percentage of depletion in amount of DNA 
was noticed in Gill (sub-lethal 25.44, lethal 28.74). Minimum 
percentage of depletion was exhibited in the Kidney (sub-lethal 
10.95, lethal 20.37). Under exposure to sub-lethal and lethal 
concentrations of Cartap hydrochloride for 96 h, maximum 
percentage of depletion was seen in Gill (sub-lethal 28.67, 
lethal 34.58) and minimum percentage of depletion was 
noticed in the brain (sub-lethal 23.81, lethal 27.57).

The changes in RNA content observed in the various 
tissues of Cirrhinus mrigala after Cartap hydrochloride 
exposure along with the control was graphically represented 

in Fig. 7 and Fig. 8. 

The RNA content in different tissues in control fish 
Cirrhinus mrigala was in the order of:

	 Muscle > Brain > Gill > Liver > Kidney.

Under exposure to lethal and sub-lethal concentrations 
of Cartap hydrochloride, for 24 and 96 h, the amount of 
RNA was found to decrease in all the tissues. The lyotropic 
gradation series in terms of per cent decrement at 24 h and 
96 h exposure was: 

Sub-lethal -24h: Muscle > Gill > Kidney > Brain > Liver

Lethal-24h: Muscle > Gill > Kidney > Liver > Brain

Sub-lethal -96h: Gill > Muscle > Kidney > Liver > Brain

Lethal-96h: Gil l > Muscle > Liver > Kidney > Brain
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Fig. 5: Changes in the amount of deoxyribonucleic acid (DNA) (mg/g wet weight of the 
tissue) in different tissues of the fish, Cirrhinus mrigala on exposure to sub-lethal 
and lethal concentration of Cartap hydrochloride (50% SP) for 24 h. 

 

 

 
Fig. 6: Changes in the amount of deoxyribonucleic acid (DNA) (mg/g wet wt of the tissue) in 

different tissues of the fish Cirrhinus mrigala on exposure to sub-lethal and lethal 
concentration of Cartap hydrochloride (50% SP) for 96 h.    

 

             

In control fish, DNA content present in different organs was in the order of: 

                      Muscle > Gill > Brain > Liver > Kidney. 

Under exposure to sub-lethal and lethal concentrations of Cartap hydrochloride, for 24 h the 

amount of DNA was found to decrease in all the tissue of Cirrhinus mrigala. The lyotropic 

gradation series in terms of per cent decrement at 24 h and 96 h exposure was:  

Sub-lethal -24 h: Gill > Liver > Muscle > Brain > Kidney 
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Fig. 6: Changes in the amount of deoxyribonucleic acid (DNA) (mg/g wet wt of the tissue) in different tissues of the fish Cirrhinus mrigala on expo-
sure to sub-lethal and lethal concentration of Cartap hydrochloride (50% SP) for 96 h. 
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Fig. 7: Changes in the amount of ribonucleic acid (RNA) (mg/g wet wt of the tissue) in different tissues of the fish, Cirrhinus mrigala on exposure to 
sub-lethal and lethal concentration of Cartap hydrochloride (50% SP) for 24 h.   

(96 h)
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After 24 h of exposure maximum percentage of decrease 
in the amount of RNA was found in muscle (sub-lethal 20.48, 
lethal 26.65). Minimum per cent of the decrease in RNA was 
found in the liver (15.51) in sub-lethal concentration and 
brain (19.65) in lethal concentration. After 96h of exposure 
maximum percentage of decrease in the amount of RNA 
was found in Gill (sub-lethal 28.44, lethal 32.56). Minimum 
percentage of decrease in  RNA was found in brain(sub-lethal 
17.52, lethal 22.66).

The results indicated that the DNA and RNA content 
in all the tissues of test fish were decreased compared to 
controls and the decreasing trend was more pronounced 
in lethal concentrations than in sub-lethal concentrations. 
In maintaining the physiological configuration of the fish 
Nucleic acids play a vital role. As Nucleic acid and protein 
play the main role in regulating different activities of cells 
they are regarded as important biomarkers of the metabolic 
potential of cells (Veeriah et al 2013a).                

The decrease in nucleic acid content in the present 
study was in accordance with Vivek (2015) in fingerlings of 
Labeo rohita exposed to sub-lethal concentrations of Cartap 
hydrochloride for 24, 48, 72 and 96 h. Similar results were 
also found by Dasu (2014) in fingerlings of Labeo rohita 
were exposed to Thiocarb (Larvin 75% WP) a thiocarbamate 
pesticide. Anitha & Rathnamma (2016) noticed decreased 
DNA and RNA levels in all the tissues like liver, kidney, 
brain, gill and muscle of Labeo rohita exposed to lethal 
and sub-lethal concentrations of Pyraclostrobin 20%WG 
(carbamate) for 24 h and sub-lethal concentrations for 5 
and 10 days.

Tilak et al. (2009) noticed a decreased level of DNA 
and RNA content in Alachlor treated freshwater fish, 
Channa punctatus (Bloch). The decrease of RNA may be 
due to inhibiting the function of RNA polymerase or due to 
interference in the incorporation of precursor in the nucleic 
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Fig. 8: Changes in the amount of ribonucleic acid (RNA) (mg/gm wet wt of the tissue) in 
different tissues of the fish, Cirrhinus mrigala on exposure to sub-lethal and lethal 
concentration of Cartap hydrochloride (50% SP) for 96 h.   

 

 

 

 

 

The RNA content in different tissues in control fish Cirrhinus mrigala was in the order of: 

                                   Muscle > Brain > Gill > Liver > Kidney. 

Under exposure to lethal and sub-lethal concentrations of Cartap hydrochloride, for 24 and 96 

h, the amount of RNA was found to decrease in all the tissues. The lyotropic gradation series 
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Fig. 8: Changes in the amount of ribonucleic acid (RNA) (mg/gm wet wt of the tissue) in different tissues of the fish, Cirrhinus mrigala on exposure to 
sub-lethal and lethal concentration of Cartap hydrochloride (50% SP) for 96 h.  

acid synthesis. The alterations in DNA levels may be due to 
disturbances in DNA synthesis and its turnover rate besides 
degenerative changes caused by pesticides.

From the present study, it can be concluded that exposure 
of Cirrhinus mrigala to Cartap hydrochloride caused a 
decline in the glycogen, total protein and Nucleic acids 
(DNA, RNA) content which is more pronounced in lethal 
exposure than in sub-lethal exposure. The alterations caused 
during pesticide exposure may be due to the decreased 
catabolism of the biomolecules to meet the energy demand 
of test organism under stress or their reduced synthesis 
due to impaired tissue function. Therefore, the results of 
this study suggest a serious concern towards the potential 
danger of Cartap hydrochloride for the aquatic environment 
and organisms suggesting judicious and careful use of this 
pesticide in the agricultural area.
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Name of the Activity Training Programme attended by B.Sc. AT.Z.C Final 

year and Second year Aquaculture Technology 
students 

Place 
 

SIFT State Institute of Fisheries Technology 
Kakinada 

Date 
 

26/8/2019 to 31/8/2019 

 

 

 As per the curriculum students go to SIFT STATE INSTITUTE OF 

FISHERIES TECHNOLOGY (SIFT) IN KAKINADA A.P and will have 

Hands on Experience in for one week TRAINING PROGRAMME ON 

PRINCIPLES OF AQUACULTURE AND DEMONSTRATION OF AQUA 

LAB PROCEDURES (water and soil analysis, microbiology, feed analysis 

and PCR) in different parameters and sectors of aquaculture.  

 

 



 

 

 

In the training period, they are taken to different aquaculture ponds to 

understand the farming techniques, feeding management, disease 

identification in the ponds and water quality management in field area. 

Through these types of training programmes students will be exposed to 

practical approach in the field areas also.  

***** 



 

WORKSHOP 

DATE: 13-03-2020 

No. of Participants :  

Instructor: 

                             CMOS Lab, Vijayawada  

 

MACHAVARAM, VIJAYAWADA 

 

 



 

PCB Circuit Design 

 

Objective: 

 Training in Printed Circuit Board (PCB) Designing to enhance   students’   creativity. 

This Training also help them to choose a career in PCB Designing. 

A workshop on “PCB circuit Design “ is arranged to MECs students by Department of 

Physics & Electronics. 

 Dr. Velaga Joshi, Principal; RJD, Guntur had chaired this program & mentioned 

consistently like these training programs are organised by Physics & Electronics department. 

These will trigger the creativity in students.  

 PCB Designing is an integral part of any Electronic Gadget or Robotics. A printed 

circuit board (PCB) mechanically supports and electrically connects electronic components 

using conductive tracks from copper sheets laminated onto a non-conductive substrate. 

Capacitors, resistors or active devices are soldered on the PCB. 

Hands on experience to design electronic circuit with screen printing technique is 

demonstrated to students by Trainer from CMOS Lab, Vijayawada, Ch. Veera Arjuna Rao. 

Students prepared PCB & soldered   electronic circuits used in their regular Lab’s needs. 

A total of 44 students from MECs had trained in this 1 Day training program with 

faculty. 

Smt. Sailaja, HoD , Physics & Electronics Department encouraged students to learn 

PCB design and educated them the  career opportunities in it. 

 

Outcome: 

Students are well trained in PCB fabrication, Circuit Design, Soldering, Screen Printing. 

They got the knowledge of software tools available to build PCB.  

They manufactured PCB & soldered   electronic circuits used in their regular Lab’s needs. 

They educated about the further career opportunities available in PCB design. 
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WORKSHOP 

DATE: 12-12-2019 

RESOURCE PERSON :  Dr.G.GIRIDHAR 
Asst. Professor, Department of Nano Technology 

Acharya Nagarjuna University, Nagarjuna Nagar 

No of Students Participated: 40 

 

 



 

DEPARTMENT OF PHYSICS 7 ELECTRONICS  “ NANOPARTICLES PREPARATION” 
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The Department of Physics & Electronics had conducted a one day workshop on 

“Preparation of NanoMaterials”  in Collaboration with NanoTechnology Department Acharya 

Nagarjuna University , Nagarjuna Nagar , Guntur. 

Objectives of Workshop  

• To create interest in students on research in Material Science & enrich their knowledge 

on new technologies. 

• To acknowledge students about  Easy & low cost equipment methods to prepare 

nanoparticles in UG labs. 

• Students are able to do Nano particle preparation as their future Project work. 
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As per the request forwarded by The Department of Physics & Electronics, SRR & 

CVR GDC(A), Vijayawada,  Dr. G. Giridhar , Assistant Professor , Nanotechnology arranged 

a workshop at Physics Lab , SRR & CVR GDC(A) on Dt. 12-12-2019. 

Dr.  Giridhar demonstrated the experimental procedure to synthesise Zinc, manganese, 

Silver nanoparticles in a lab using chemicals and magnetic stirrer. 

He discussed  the  precautions that should be taken to prepare superior metal 

nanoparticles.   

He explained the various other methods, characterization techniques & applications of 

these Nanoparticles.   

Students interacted with the resource person & refined their knowledge on nano 

materials. 

Dr. Velaga Joshi , Principal , RJD(FAC), Guntur  felicitated Dr. Giridhar & appreciated 

both staff , students of Physics & Electronics Department. 

Dr. Joshi said such workshops are arranged by Physics & Electronics Department from 

time to time  to inculcate & develop  new technologies to students. 

Profile of Resource Person : Dr.G.GIRIDHAR 

Dr. Giridhar Published 30 (international)+ 2 (national) journal Publication in various 

research topics of material sciences. 

He also guided 11 students for CSIR-SRTP-2020 . Under his guidance 1 Ph.D & 1 M. 

Phil. is successfully awarded. 

Outcomes  

 Students had hands on experience on nano particles preparation which is the part of their 

Curriculum in Modern Physics. 

It enhanced their knowledge about the application of nano particles of normal metals they 

use in their daily life. 

Few students got much interest to continue their higher studies in Physics & nano 

Technology.  
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