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Optimization Of Operating Parameters Using Response Surface Method For Biosorption of  Zinc

Abstract
The Biosorption of metals is an effective

and environmental friendly process for the removal
of heavy metals from aqueous solution. Biosorption
of  zinc  by  Tamarind  fruit  shell  powder
(Tamarindus  Indica  L.) was investigated  in  this
study. The various operating parameters like
agitation time, biomass dosage, initial metal ion
concentration and pH were studied using Face
centered composite design method under RSM
and batch process. The optimum parameters
using RSM are agitation time is 22.84 minutes,
dosage is 0.78gm, initial ion concentration is 20.87
mg/l and pH is 6.98.The experimental data was
analyzed using Freundlich and Langmuir
isotherms. Langmuir isotherm is the best fit to
the given data. The kinetic data is well suited to
pseudo second order kinetics. Thermodynamic
and equilibrium studies were investigated. The
maximum percentage removal of zinc using
tamarind fruit shell is 65.2.The tamarind fruit shell
biomass is favorable for biosorption of zinc.

Keywords: Tamarind fruit shell powder; zinc;
RSM; biosorption; isotherm

1 Introduction
Heavy  metal  pollution  can  arise  from

many  sources  but  most  commonly  arise  from
the purification  of  metals.  Rubber dye, wood
preservatives and electroplating industries are the
major sources for zinc pollution.

The search for alternate and innovate
treatment techniques has focused attention on
the use of biological  materials  for  heavy  metals

removal  and  recovery  technologies  and  has
gained important credibility during recent years
because of the good performance and low cost of
this complexion materials. Biosorbent materials
are available in abundance, low in cost and found
to bemire efficient for the removal of heavy metals
[1].

In this I am using Tamarind fruit shell as
biomaterial and then results are obtained. The
results are analyzed and conclusions are made.
Heavy metals contamination of industrial effluents
is one of the significant environmental problems
due to their toxic nature and accumulation
throughout the food chain as non-biodegradable
pollutants. Iron is considered as an aesthetic
contaminant. Ferrous  iron  gives  water  a
disagreeable  taste  and  produces  an  inky,
black  appearance  when  it combines  with  tea
and  coffee.  It causes staining on laundries,
fixtures and table ware.  Iron  is usually discharged
to the environment through the effluent of many
industries such as basic steel, inorganic
chemicals, alkalis, chlorine, fertilizers and
petroleum refining. Iron overload may lead to
debilitating  and  life-threatening  problems  such
as  diabetes,  heart  failure,  and  poor  growth.
According to environmental pollution act the
acceptable value of iron in drinking water is 0.3
mg/l.  Therefore  biosorption  is  potentially  cost
effective  way  of  removing  heavy  metals  from
industrial wastewaters [2].

The present study, biosorbent was prepared
fromTamarind tree.  The  tamarind  fruit  shells
are collected  from  Jammalamadugu  village  in
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Kadapa  district. The biosorbent  tamarind  fruit
shell powder  (Tamarindus  Indica.L)  was  used
to  carry  out  zinc  removal.Batch  experiments
are carried out for kinetic, thermodynamic and
equilibrium studies on the removal zinc from
aqueous solution. The effect of various parameters
such as agitation time, biosorbent dosage, initial
metal ion concentration and pH has been studied
[3-4].

Materials and methods
Preparation of biosorbent : The Tamarind fruit
shells are collected from Jammalamadugu in
Kadapa district. The shells are washed with
distilled water. Then these shells are dried for 24
hrs at 60oC using oven. The dried shells  are
crushed  and  the  resulting  powder  is  sieved  to
different  sizes. The size fractions  of biosorbent
are stored for future use.

Preparation of stock solution (aqueous
solution) : Known  amount  of  ZnSO4.7H2O  is
dissolved  in  one  liter  of  distilled  water  to
prepare  a stock solution. Samples of different
concentrations of zinc are prepared by appropriate
dilutions. The PH is adjusted with NaOH [5-6].2.3
Batch Biosorption studies

The aqueous solution of 30 ml is taken in a
conical flask and one gm of biosorbent(Tamarind
fruit shell powder) is added. The sample is agitated
by using shaker at 120 rpm and 30oC for one
minute.  Similarly  few  more  samples  are
prepared  with  varying  agitation  times.  Then
these samples  are  filtered  and  the  filtrates  are
analyzed  with  Spectrophotometer.  The % removal
of zinc is calculated using (Ci  – Ct) X 100 / Ci.
Graph is plotted between the agitation time and
% removal of zinc to identify the optimum agitation
time. Similarly the above procedure is followed to
find the optimum initial metal ion concentration,
dosage and pH [7].

Response surface Methodology: The applied
optimization method is based on Face centered
composite Designs under RSM to fit the second

order model. This  is  one  of  the  best
experimental  designs  used  in  the  process
optimiza- tion studies [8].

Results And Discussion
Effect of agitation time : The effect of agitation
time is determined by plotting the % removal of
zinc against agitation time in Figure.1 with the
process conditions of initial concentration of zinc
(Ci) =20 mgl-1, biosorbent size (dp) = 82.5 μm,
biosorbent dosage (w) = 1 gm, volume of aqueous
solution,V =30 ml.From  Figure.1,it was observed
that at initial period, the  rate of biosorption is
faster, because  adequate  surface  area  is
available  for  the  biosorption  of  zinc. As the
agitation time increases, more amounts of zinc
get biosorbed onto the surface of the biosorbent
available. The maximum % removal is attained at
35 minutes. The % removal of zinc is 65.5.So the
optimum agitation time is 35 minutes [9].

Effect of Biosorbent dosage : The effect of
biosorbent  dosage  is  determined  by  plotting
biosorbent  dosage  with percentage removal  of
zinc  in  Figure.2. It was evident from the plot that
the percentage removal of zinc from the aqueous
solution increases with increases in biosorbent
dosage from 0.1gm to 1.0.gm. After this there was
no change in percentage removal. The maximum
% removal of zinc at 1.0 gm is 66.1. This is
because of number of active sites available for
metal removal would be more as amount of the
biosorbent increases. So the optimum dosage is
1 gm.

Effect of initial ion concentration : The effect of
initial concentration of zinc is observed by plotting
the percentage removal of zinc against initial metal
ion concentration in Figure.3.The percentage
removal of zinc was decreased from 65.2to 40.3
by increasing the initial metal ion concentration
from5mgl-1 to 60 mgl-1.This was attained due to
constant amount of biosorbent exposed to more
amount of adsorbate. It was observed that the
high percentage removal of zinc attained in the
start of biosorption. So the optimum initial metal
concentration is 20mgl-1[10].
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Effect of pH : The  effect  of  PH  is  observed  by
plotting  pH  against  percentage  removal  of
zinc  as  shown  in Figure.4. The % removal of
zinc was increased from 51% to 65.2% as PH is
increased from 1 to 4. At higher PHvalue, the
capacity of the biosorbent recessed. The reduction
in biosorption was occurred due to more numbers
of OH-ions. Further increase in PH value from 4
to 11, resulted to decrease in biosorption. So the
optimum PH was 4.

Adsorption isotherms : From Figure.5 and
Figure.6, it was observed that the experimental

data is well correlated with Freundlich and
Langmuir isotherms indicating favorable
biosorption of zinc by the biosorbent of Tamarind
fruit shell. Langmuir isotherms are more suitable
than freundlich isotherms for the removal of zinc.

First order kinetics : The kinetic data was
analyzed by using Pseudo first order kinetic
equation given in equation-1 log (qe – qt)   = log
qe – (Kad/2.303) t  ,The data is obtained using
optimum conditions of volume of  solution  is  30ml,
biosorbent  size,  (dp)  =  97.5  μm,  initial  ion
concentration  of  20  mgl-1  and agitation  time
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35  minutes.  Lagergren  plot  of  log  (qe  –  qt)
versus  agitation  time  t  is  drawn  in Figure. 7.
From the plot it was observed that R 2  is 0.960
and it not followed the perfect linearity. So Pseudo
first order model is not best fit [11].

Second order kinetics : The Pseudo second
order equation is given by equation-2. (t/qt) = 1/K
q 2
+ 1 / qe tThe plot of (t/qt) vs. t was drawn in
Figure.8.From the plot it was observed that, the

linearity of the plot (R2  = 0.991) confirms the
suitability of pseudo second order rate equation
[12].

Thermodynamic study : From Table.1, it was
observed that the value of enthalpy is positive, it
meant  that the biosorption process is endothermic
and the physical sorption play a role in biosorption
of zinc and can easily be  reversed  by  applying
heat  [equal  to  calculated  (“H)  value]  to  the
adsorption  system.  The entropy values above
zero confirm the irreversibility of the biosorption
process. The -ve value of Gibbs free energy
indicates the reaction is spontaneous [13].

Statastical analysis : The optimum parameters
for biosorption of zinc on the surface of Tamarind

 Bangaraiah
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fruit shell powder were determined by means of
FCCD under Response Surface Method
(RSM).The results are shown in Table.2.The
percentage removal of zinc was expressed by
using following equation. The Final expression in
terms of coded form is given in equation-3.(Y)  =
+63.72+2.24 * A+1.55 * B+1.26 * C+2.03  * D+
0.013 * A * B+0.93* A * C-0.97* A * D-1.89  * B *
C+0.24 * B * D-0.77* C * D-2.46 * A2-2.51 * B2-
3.31 * C2-0.11 * D2

Where   A,B,C,D   are   Agitation   time,
biosorbent   dosage,initial   ino   concentration
and   pH respectively.The  above  equation
represents   how  individual  variables  or  double
interaction affected  zinc  removal  by  using
Tamarind  fruit  shell  powder  as  a  biosorbent.The
R2   value indicate  the  quality of  model.The
equation  demonstrated  that  the  model  is  well
fitted  with  R2 value of 0.9090.The calculated
parameters and coefficients are indicated in
Table.2 .F-Values less than 0.0500 indicate model
is significant. FromTable.3, it was observed that
the relationship between RSM predicted and
experimental values of the response is good[14].
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RSM Plots : Figure.9, the RSM plots represent
interaction effects of the factors. These graphs
can be done by software. These plots are
represented the effect of agitation time, dosage,
initial ion concentration and pH on percentage
removal of zinc [15].

Coclution :
The Analysis of variance of the FCCD model

demonstrates that the model is significant.
Solution pH was the most significant factor
affecting zinc removal. Therefore, the RSM not
only gives the interactions between the factors
but also helps to the recognition of possible
optimum values of the studied factors. As per RSM
the optimum agitation time is 22.84 minutes,
dosage is 0.78 gm, initial ion concentration is
20.87 mgl-1and pH is 6.98.Batch biosorption
experiments indicate that the adsorption
equilibrium can be achieved in 35min. The kinetics
data followed the pseudo-first order at different
initialconcentrations.The results of equilibrium data
showed that the biosorption of zinc followed the
Langmuir isotherm. Thermodynamic studies
indicated that the zinc biosorption onto Tamarind
fruit shell powder was spontaneous and
endothermic [16].
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Abstract
Four thermophilic bacterial isolates PW11,

PW12, PW13 and PS4 were isolated from
Tattapani Hot Spring. The microbial isolates
showed optimum growth at 70ºC and at pH 6-7.
Both Na+ and K+ ions were detected at 0.11 M
and 1.7 mM respectively in the hot spring water.
Interestingly, two bacterial isolates PW12 and
PW13 showed growth in the presence of 0.5M
KCl, whereas PW12 could grow in the presence
of 0.75 M KCl and 0.75 M NaCl. All the four
thermophilic isolates were rod shaped Gram-
positive bacteria, and were analyzed by randomly
amplified polymorphic DNA (RAPD) using five
random primers and produced PCR fragments
ranging from 250 – 6000 bp in size. Further, PW11,
PW12, PW13 and PS4 were analyzed by PCR
amplification of gene encoding 16S rDNA. 16S
rDNA sequence analysis by BLAST search
identifies PW13 as Geobacillus thermoleovorans,
PW11 as Geobacillus kaustrophilus, PS4 and
PW12 as Geobacillus toebii with GenBank
accession nos. KF751757, KF751758, KF751759,
and KJ509869 respectively.

Keywords: Thermophiles, RAPD, 16S rDNA
sequencing, Phylogenetic relationship,
Geobacillus, BLAST

 Introduction
There is a tremendous demand of

thermophilic bacteria because of their

biotechnological importance as sources of
thermostable enzymes and other products of
industrial interest. Thermophilic microorganisms
belong to Archaea and Bacteria live in Hot springs,
thermal pools, and solfatares that are found
throughout the world [1]. Since the discovery of
thermophilc microorganisms and novel enzymes
such as Taq Polymerase from Thermus
aquaticus, large numbers of thermophilic enzymes
have found industrial application including their
importance as sources of thermostable enzymes
(proteases, amylase, lipase, xylanase, cellulase,
DNA restriction enzymes) and other products of
industrial interest [2, 3, 4]. Thermophilic enzymes
are advantageous in terms of high solubility of
many reaction components and less risk of
contamination. Considering that these
microorganisms persist today in habitats that may
have been present, and at times predominant,
throughout Earth‘s geologic history, some assume
that they represent lineage closely descendent
from the first living microorganisms on the planet
[5, 6]. Hot spring microbial communities have been
extensively studied in many areas such as
Yellowstone National Park in the United States
[7, 8, 9, 10], Kamchatka hot springs in Russia,
Icelandic hot springs [11, 12], Mt.Unzen hot
springs in Japan [13], Ohwakudani hot springs in
Japan [14], BorKhlueng hot springs in Thailand
[15], Wai-o-tapu geothermal area in New Zealand
[16], Tengchong hot Springs in China [17], and
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Manikaran Hotspring of Himachal Pradesh [18].
The exploration and characterization of such
microbial communities continues and is expected
to simulate hypotheses about the structure,
dynamics and distributions and phylogenetic
relationship of thermophilic microbial populations
from different geographical regions. Hot springs
vary in terms of temperature, chemical
composition and geographical location, which
determine the nature of microorganisms. Therefore,
exploration of the hot spring microbial
communities all around the world would provide
deeper insights into the evolution of species and
microflora residing deep inside  the earth’s
atmosphere. Unlike earlier microbiological work,
recent development of techniques, such as the
16S rRNA approach [19] and genetic fingerprinting
by RAPD [20] analysis revealed considerably
more details and accurate analysis of microbial
diversity and their evolution. Recently, Geobacillus
species with hydrolytic activities have been
characterized from Jordanian hot springs [21]. Nine
different thermophilic bacterial isolates
representing Bacillus licheniformis and
Aeribacillus pallidus were characterized by
molecular tests including fatty acid and BOX
profiles, and 16S rDNA sequence from Pasinler
Hot spring located in eastern Turkey [22].

Tattapani is one of the volcanic regions
of Himachal Pradesh, India, situated in the snowy
mountains of Himalayas. In this paper, we report
the co-existence of thermophilic Geobacillus spp.
from Tattapani hot spring of  Himachal Pradesh
that are distantly related to each other and
represent diversified lineage based on phylogenetic
evolution.

Materials and methods
Collection of water and sludge samples from
Tattapani hot spring : Water and sludge samples
were aseptically collected in a sterile falcon tubes
from hot spring of Tattapani, district Mandi,
Himachal Pradesh, India in the month of March
2011. Geothermal hot spring is located at 650 mt
of altitude, Latitude: 31.383342 and Longitude:
77.199991 on the bank of Satluj river.

Analysis of physical parameters of water
sample : Digital pH meter and glass mercury
thermometer was used for the determination of
pH and temperature of the water respectively at
the source site. Further, water samples were
analyzed by Argentometric method [23],
conductivity meter and flame photometer methods
for the determination of Na+ and K+ ions. Tap water
was used as negative control. The Na+ and K+

ions were calculated from the standard curve of
NaCl and KCl.

Screening of water and sludge samples for
thermophilic bacterial isolates :  25 ml water
and soil sample (1g soil was mixed with 25 ml of
sterile water) were centrifuged separately at 1000
rpm for 5 min to remove insoluble particles. The
resultant supernatant was centrifuged at 10,000
rpm for 20 min. The bacterial pellet thus obtained
was suspended in 1 ml LB broth medium and
given codes as PW for water sample and PS for
soil sample. Different volumes of 200, 300 and
400 μl were spread on LB agar medium. Plates
were incubated at 60°C for 24h. Individual and
isolated colonies were selected based on the
colour, texture, morphology and size. The isolated
colonies were successively streaked for three
times on LB agar medium and pure cultures were
preserved at -80°C in 50% glycerol.

Biochemical characteristic features of
thermophilic isolates :  Purified bacterial isolates
were characterized on the basis of Gram’s
staining, cell morphology, motil ity and
pigmentation. Further, enzymatic assays like
oxidase, catalase, nitrate reduction, urease tests
were performed to study the biochemical
characteristics as described earlier [24].

Effect of physical parameters on growth of
thermophilic isolates : To study the effect of
temperature on growth, thermophilic isolates were
streaked on LB agar medium and incubated at
different temperature (40, 50, 60, 70 and 75°C) for
24h. Similarly, pH of the LB medium was adjusted
to acidic pH of 5 and 6 by using 1N HCl and
alkaline pH of 8, 9 and 10 using 5N NaOH to study
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the effect of pH on growth of microbial isolate.
Effect of NaCl and KCl on the growth of microbial
isolates was studied by supplementing the LB
agar medium with different concentration of NaCl
and KCl (0.5, 0.75 and 1.0 M). Petri plates were
incubated at 60°C for 24h in case of effect of pH,
NaCl and KCl on growth of microbial isolates. To
test the effect of various metal ions on growth of
microbial isolates, chemicals used as nickel
sulphate hexahydrate (NiSO4.6H2O), Zinc sulphate
monohydrate (ZnSO4.H2O), cobaltous nitrate
hexahydrate Co(NO3)2.6H2O,  mercuric chloride
(HgCl2), manganese sulphate monohydrate
(MnCl2.H2O), Ferrous sulphate heptahydrate
(FeSO47H2O), calcium chloride (CaCl2),
Magnesium chloride (MgCl2), Copper sulphate
(CuSO4.5H2O)  and Cadmium sulphate (CdSO4)
metal salts at concentrations of 10, 20, 50, 100,
150 and 200 ppm were supplemented in minimal
M9 medium containing 1% Glucose. Cultures
were incubated at 60°C for 24h and cell density
was measured by measuring absorbance at 600
nm as compared to un-supplemented metal ions
containing media as control.

Effect of carbon and nitrogen sources on the
growth of thermophilic isolates : Various
carbohydrates (glucose, starch, sucrose, fructose,
trehalose, glycerol, lactose, raffinose, galactose,
and sorbitol) and nitrogen sources (yeast extract,
peptone, beef extract, casein hydrolysate, urea
and ammonium chloride) were evaluated for the
growth of thermophilic microorganisms in Minimal
M9 media. All thermophilic bacterial isolates were
streaked on M9 agar medium supplemented with
1%   carbohydrates [w/v] and 0.5% nitrogen source
[w/v]. The Petri plates were incubated at 60°C for
24 h and analyzed for growth.

Molecular characterization of thermophilic
isolates by RAPD and 16S rDNA analysis : Total
genomic DNA was extracted from the bacterial
isolates using standard phenol: chloroform method
[25]. Genomic DNA was separated on 1% agarose
gel by using TAE buffer (40 mM Tris base, 1 mM
EDTA and 20 mM glacial acetic acid) system and
visualized by using gel documentation unit (Alpha
Innotech). RAPD analysis was used as a method

to study the genetic variation among bacterial
isolates. Amplification was carried out using
decamer random primers 1K, 2K,14K, 15K and
25K (Table 5) at annealing temperature of 40°C.
The  amplified  products were resolved on 1.2%
agarose gel and fragments generated by RAPD-
PCR were analyzed by using alpha image viewer
(Alpha Innotech) and  numbered 0 (zero) and 1
(one) on the basis of absence and presence of
bands respectively. Polymorphic band were
analyzed by constructing phylogenetic tree using
MVSP 3.2 version software (https://
www.mvsp.software.informer.com/3.2/)

16S rDNA sequence was amplified using
universal bacterial specific forward primer 27F and
reverse primer 1492R [16]. Amplification was
carried out at annealing temperature of 55°C. The
gel purified PCR products were sequenced on both
strands of DNA by using 27F and 1492R primers
at Eurofins, Banglore, India (https://
www.eurofins.com). Complete nucleotide
sequence was generated by removing the
overlapping sequence and was subjected to
BLASTN (http://blast.ncbi.nlm.nih.gov) search at
NCBI database. The 16S rDNA sequences of
related bacterial strains available in Genbank were
used for the construction of dendrogam by using
MEGA 4 software (http://www.megasoftware.net).
The nucleotide sequences were submitted in the
GenBank database (https://www.ncbi.nlm.nih.gov/
genbank/ý).

Results
Considering the wealth of amazing

biodiversity of thermophiles, the present study was
undertaken to determine the phylogenetic
relationship among thermophilic bacteria isolated
from water and sludge samples of Tattapani Hot
Spring of Himachal Pradesh, India. Four bacterial
isolates, three from water (PW11, PW12 and
PW13) and one from sludge (PS4) were selected.
The molecular approach by RAPD-PCR
amplification was performed to understand the
phylogenetic relationship of culturable bacterial
diversity in the Tattapani Hot Spring. Moreover,
the isolates were identified by PCR amplification

Molecular evolution of Thermophilic Geobacillus
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of 16S rDNA sequence and identified as
Geobacillus toebii (PW12), Geobacillus toebii
(PS4), Geobacillus kaustophilus (PW11) and
Geobacillus thermoleovorance (PW13).

Morphological and biochemical characteristic
features of bacterial isolates : Water and sludge
samples were collected in the month of March,
year 2011. Sludge sample was taken underneath
water. At the time of sample collection, temperature
of the hot spring water was recorded as 70°C and
pH6. Tattapani hot spring showed the presence
of white precipitates on the surface of water.
Accordingly, Tattapani water contains 0.11M salt
NaCl, which is ten times more than the tested
tap water (0.012 M) of the Shoolini University. By
using flame photometer, it was observed that
Tattapani water sample contains 1.75 mM
potassium ions as compare to 0.5 mM in salty
water body and 0.04 mM in tap water (Table 1).
All the four bacterial isolates were whitish to
creamish in color, positive for Gram’s reaction,
long rods, non-motile, positive for oxidase,
catalase and nitrate reduction test, urease activity
was observed only for PW11 and PW12 (Table 2).

Strict thermophiles and thermo-halotolerant
present in the Tattapani Hot Spring  : All the 4
isolates showed growth between 50 - 75°C in LB
agar medium with an optimum temperature 70°C
(Fig. 1A). Also, detectable growth was observed
for all the thermophilic isolates at 75°C within 10
h of incubation, whereas none of the bacterial
strains could grow below or at 40°C even when
incubated for 72 h. This indicates strict
thermophilic nature of the bacterial isolates
present in the Tattapani hot spring. However,
growth at 37°C was detected for Bacillus
stearothermophilus and Bacillus
thermoglucosidasius [27]. Though, the optimum
pH for growth was observed at pH 7, but all the
isolates showed trace growth even at pH 5 and 8
(Table 3).  No detectable growth was observed
below pH 5 and above pH 8. Since we detected
Na+ and K+ ions in the Tattapani hot spring water,
we tested the growth of bacterial isolates in LB
agar medium supplemented with different

concentrations of either NaCl or KCl (Fig. 1B). It
is interesting to note that tap water contain eqi-
molar of Na+ and K+ ions, but 7 and 120 fold more
Na+ and K+ ions respectively, when compared to
tap water. On the other hand, saltern water body
has 2 fold more Na+ ions and 3.4 fold less K+ ions
as compared to Hot spring water (Table 1). This
is in agreement with the fact that the water isolates
PW12 and PW13 could grow in the presence of
0.5 M KCl and only PW12 could grow in the
presence of 0.75 M KCl (Table 3 and Fig. 1B).
Though the Na+ ions were detected 50% less in
Tattapani water sample as compared to saltern
water, none of the bacterial isolates except PW12
could grow in the presence of 0.75 M NaCl. This
is surprising that, how only PW12 could grow in
the presence of NaCl and KCl and why other
bacterial isolates could not grow in the presence

Fig. 1. Growth of thermophilic microorganisms. Indi-
vidual and isolated colonies of different thermophilic
microorganisms as indicated were streaked on LB
agar medium. Petriplates were incubated at 60°C for
24 h and observed for growth (A). Thermophilic iso-
lates were streaked on LB agar medium containing
0.75M KCl (B) and 0.75 M NaCl(C). Petriplates were
incubated at 75°C after 24 h of incubation.
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of NaCl and two of them even in the presence of
KCl (Table 3). This raises a question whether
thermophilic bacteria are present in the dormant
stage or the doubling time in the natural habitat is
in years. The bacterial isolate PW12 showed
growth up to 0.75 M NaCl as well as in the
presence of 0.75 M KCl and no growth in the
presence of 1M NaCl or KCl. (Fig. 1B and Table
3) and classified as thermo-halotolerant.

Heavy metal resistance by thermophilic
microorganisms : Thermophilic microorganisms
were tested for their growth in minimal M9 medium
supplemented with salts for the  metal  ions, such
as Ni2+, Ca2+, Mn2+, Mg2+, Zn2+, Co2+, Cu2+,  Hg2+,
Fe2+, Cd2+. In general, Hg2+ was most toxic metal
ion followed by Cd2+ (or Ni2+ in case of PW13).
Moreover, certain metal ions such as Ca2+, Zn2+,
and  Fe2+ in case strain PS4; Ni2+, Mg2+, Zn2+, and
Fe2+, in case strain PW12; and Ca2+, Zn2+, and
Fe2+ in case of PW13 stimulated the growth in
the presence of metal ions as compared to non-
metal supplementation growth. Interestingly,
growth of  strain PS4 was increased in the
presence of  even 200 ppm Ca2+, Mg2+, Zn2+, and
Fe2+, whereas the growth of  PW12 was inhibited
by ~50%  in the presence of 200 ppm Ca2+, Mg2+,
Zn2+, and Fe2+. (Fig. 2A-D)

Utilization of carbon and nitrogen sources by
thermophilic bacterial isolates : Thermophilic
bacterial isolates showed growth in presence of
starch, raffinose, trehalose and sucrose, but no
detectable growth was observed in the presence
lactose, fructose and sorbitol.  The best nitrogen
source for the growth of all thermophilic bacterial
isolate was peptone followed by yeast extract and
casein acid hydrolysate. No detectable growth
was observed when urea was used as nitrogen
source (Table 4).

Thermophilic  isolates of Tattapani are
phylogenetically different : The total genomic
DNA of bacterial strains was isolated (Fig. 3A)
and subjected to RAPD amplification using random
decamer primers (Table. 5). Amplified products
were resolved through 1.0% agarose gel
electrophoresis as shown in Fig. 3B-F. The size

Fig. 2. Effect of metal ions on the growth of ther-
mophilic microbial isolates.  Minimal M9 liquid me-
dium was supplemented with metal ions (Ni2+, Ca2+,
Mn2+, Mg2+, Zn2+, Co2+, Cu2+, Hg2+, Fe2+, Cd2+) at 10-
200 ppm. Cultures were incubated at 60ºC for 24 h
and growth was monitored by measuring absorb-
ance at 600 nm and plotted against the various metal
ions and their concentration as indicated for
Geobacillus kaustrophilus strain PW11 (A),
Geobacillus thermoleovorans strain PW13 (B),
Geobacillus toebii strain PW12 (C) and Geobacillus
toebii strain PS4 (D). Minimal M9 medium without
metal ion supplementation served as control.
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of each band was determined using Alpha imager
software and the presence (1) or absence (0) of a
particular band was recorded to generate a binary
table. The data table was analyzed through the
MVSP software. The levels of similarity in the
RAPD fingerprints were calculated using Jaccard’s
correlation coefficient. Cluster analysis was
performed using the unweighted pair group method
with arithmetic mean (UPGMA). The relationships
between the pattern profiles are displayed as
dendrograms and expressed as percentage

similarity as shown in Fig. 3G. Primer 1K
generated PCR products ranging 250-3000 bp
(Fig. 3B), primer 2K as 250-1500 bp (Fig. 3C),
primer 14K as 250 – 2000 bp (Fig. 3D), primer
15K as 750 – 2300 bp (Fig. 3E), and primer 25K
between 200-1500 bp (Fig. 3F). The large number
of polymorphic bands were observed with primer
1K, followed by 15K, 2K, 14K and 25K. The four
thermophilic bacterial isolates divides into two
groups, bacterial isolate PS4 and PW13 were
closely related and isolate PW11and PW12 are

Fig. 3. Genomic DNA isolation and RAPD analysis of thermophilic isolates. Total genomic DNA of the ther-
mophilic bacterial isolates as indicated was electrophoresed on 1% agarose gel, followed by staining with
ethidium bromide (10 mg/ml) and visualized under gel documentation (A).The genomic DNA of seventeen
individual isolates as indicated was subjected to RAPD-PCR amplification by using primer 1K (B), 2K (C),
14K (D), 15 K (E) and 25K (F). Reaction products were electrophoresed on 1.2 % agarose gel and visualized
under gel documentation. M indicates the DNA molecular size marker (kb). Dendrogram showing estimated
average genetic distance among different thermophilic isolates based on polymorphism generated by
RAPD (G). The dendrogram was built using total number of polymorphic bands produced by random
primers1K, 2K, 14K, 15K and 25K.
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evolved together (Fig. 3G). PS4, a sludge isolate
has evolved with PW13, a water isolate. This is
the first study that demonstrated different
thermophilic bacterial isolates live in close
association in water and sludge of Tattapani hot
spring. It is surprising that bacterial isolate PW12
that could grow in the presence of KCl or NaCl
evolved together with the bacterial isolates PW11
that could not grow in the presence of KCl or NaCl.

Geobacillus spp. were predominantly found
in the Tattapani Hot Spring : To identify the
bacterial isolates, total genomic DNA of four
isolates (PW11, PW12, PW13 and PS4) was
subjected to PCR amplification of 16S rDNA using
standard set of two primers (Table 5). 16S rDNA
amplified a ~1.5. kbs fragment in all the four
isolates. Gel purified DNA fragments were
sequenced on both the stands, and we obtained
1409, 1410, 1432 and 1421 bp sequence from
PS4, PW11, PW12 and PW13 respectively.
Similar nucleotide sequences were identified by
BLASTN search. The 16S rDNA sequence of
identified strains exhibited >95% similarity with
the sequences of the bacteria currently assigned
to the genus Geobacillus. The highest level of
sequence similarity of isolates PS4 and PW12
was 99% and 98% respectively with Geobacillus
toebii SK-1.  Geobacillus toebii PW12 and
Geobacillus toebii PS4 form separate and
coherent cluster with Geobacillus toebii  SK-1
[44]. Further, it is interesting that Geobacillus
toebii PW12 could grow in the presence of up to
0.75 M KCl or 0.75 M NaCl and classified as
thermohalotolerant in contrast to Geobacillus
toebii PS4, which could not even grow in the
presence of 0.5 M NaCl or 0.5 M KCl. It was also
observed that Geobacillus toebii PW12 produces
urease, whereas Geobacillus toebii PS4 does not
produce urease. PW11 and PW13 showed 99%
similarity with Geobacillus kaustophilus and
Geobacillus thermoleovorance respectively.
Geobacillus thermoleovorans PW13 showed 99%
similarity with Geobacillus thermoleovorans LEH-
1[47].

Further, to establish the phylogenetic
position of the newly isolated strains, 16S rDNA
of PS4, PW11, PW12 and PW13 and the
Geobacillus spp (isolated from hotsprings,
compost, geothermal soil, crude oil, gold mine
and deep ocean sediments) reported worldwide
and reviewed by Daniel [8]  were  used to construct
Phylogenetic tree as shown in Fig 4. The GenBank
accession numbers for the reference 16S rDNA
gene sequence and the newly isolated strains are
shown in Table 6.  Phylogenetic analysis of the
47 Geobacillus spp. including four newly isolates
formed five phylogenetically coherent and discrete
groups. Geobacillus thermoleovorans PW13 and
Geobacillus toebii PW12 are closely related to
each other and formed independent phylogenetic
clad with Geobacillus Kaue NB (AF411066.1), as
a part of one of the five groups. Geobacillus toebii
PS4, a sludge isolate formed an independent clad
in a separate group. On the other hand,
Geobacillus kaustrophilus PW11 formed a distinct
outgroup not related to known Geobacillus
kaustrophilus.

The 16S rDNA sequences of all the bacteria
have been submitted to the NCBI GenBank
databases under the accession no.KF751757
(Geobacillus thermoleovorans strain PW13),
accession no.KF751758 (Geobacillus
kaustrophilus strain PW11), accession
no.KF751759 (Geobacillus toebii strain PS4) and
accession no.KJ509869 (Geobacillus toebii strain
PW12)

Geobacillus strain PW11, PW12, PW13 and
PS4 are novel subspecies of Geobacillus, for
which the new names Geobacillus kaustrophilus
PW11, Geobacillus toebii PW12, Geobaillus
thermoleovorans PW13, and Geobacillus toebii
PS4 respectively are proposed.

Discussion
Temperature is one of the hall mark

environmental factors that set the limit for the
growth of organisms. Exceptionally, certain group
of microorganism lives at temperature as high as
more than 100ºC and are classified as
hyperthermophiles. They are present in thermal
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Fig. 4. 16S rDNA based dendrogram of Geobacillus sp. Dendrogram showing phylogenetic relation-
ship of newly isolated Geobacillus sp. from all over the world.
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hot springs, volcanic areas, geothermal vents and
mud holes, and solfataric fields [31].
Extremophiles are a valuable source of industrially
important novel biocatalysts [32, 33] and has been
reviewed [34, 35, 36, 37]. There is a great need to
explore the different geographical regions that
may be occupied with microbes with varied
biotechnological potential. We isolated four
thermophilic bacterial strains from water and
sludge sample of un-explored Tattapani Hot spring,
situated in Himachal Pradesh. Thermophiles can
be generally classified as moderate thermophiles
(growth optimum 50-60°C), extreme thermophiles
(growth optimum 60-80°C) and hyperthermophiles

(growth optimum 80-110°C) [38]. Bacterial strains
isolated in the current study could grow optimally
between 60-75°C and are classified as extreme
thermophiles (Table 3). Hperthermophilic bacterial
isolates PW11, PW13, and PS4 have been
previously shown to produce metal inducible and
extracellular amylase activity (39). Moreover,
PW12 showed growth in medium supplemented
with 0.75 M NaCl and 0.75 M KCl, suggesting a
halotolerant nature of the strain.

There have been few studies involving RAPD-
PCR of thermophilic bacteria isolated from Hot
Springs. In the current study, four thermophilic
bacterial strains were studied for their biochemical
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characteristics and phylogenetic relationship.
16S rRNA gene sequences analysis has been
widely used when designating the phylogenetic
position of prokaryotic organisms and constitute
the basis of the modern bacterial taxonomy [40].
Gram positive, rod-shaped, endospore-forming
thermophilic bacilli grouped into the genus
Geobacillus [27].

Thermophilic bacteria related to the genus
Geobacillus have been widely isolated from
geothermal and man-made environments
throughout the world [41, 42, 43]. Eight
Geobacillus spp. have been isolated from
Jordanian hot springs. Optimal temperature for
growth of the isolates was 60 to 65°C and the
optimal pH was 6 to 8. Maximal homology of all
eight isolates to genus Geobacillus was observed.
Five of these isolates showed greater than 98%
homology with Geobacillus stearothermophilus
and one isolate showed 100% homology with
Geobacillus thermoglucosidasiu [44].

Geobacillus spp. was predominantly found
in the Tattapani Hot Spring, which remained un-
explored. Till date, there is no report on the
isolation and characterization of microorganisms
from Tattapani Hot Spring as reviewed by Daniel
et al [30]. 16SrDNA gene sequencing results
revealed that all the four bacterial isolates showed
>95% similarity with Geobacillus sp.
Thermohalophiles have adapted the combination
of environmental stresses. Halothermothirx orenii
is a strictly anaerobic thermohalophilic bacterium
isolated from sediment of a Tunisian salt lake. It
grows optimally at 60°C (maximum of 70°C) with
10% NaCl [45]. In present study Geobacillus toebii
PW12 isolate shows growth upto 75°C and in
presence of 4.2% NaCl as well as 5.4% KCl.
Geobacillus toebii PW12 is very unique in terms
of growth in presence of NaCl and KCl.

Thermophilic water isolates G. toebii strain
PW12 is a thermo-halotolerant, whereas G. toebii
strain PS4 isolated from sludge do not grow in
the presence of NaCl or KCl. The effects of heavy
metals (Ni2+, Zn2+, Co2+, Hg2+, Mn2+, Cr6+, Cu2+,
Fe3+ and Cd2+)  on microorganism growth were
studied at concentrations ranging from 10-200

ppm. The isolation of heavy metal resistant
microorganisms and the understanding of the
mechanisms they use in order to remove this kind
of pollutants may contribute to the development
of improved detoxification processes. A novel
subspecies of Geobacillus toebii (Geobacillus
toebii subsp. decanicus) was isolated by Poli et
al [46]. It grows at temperatures between 55–75°C,
utilize hydrocarbon and showed resistance to
heavy metals. Most of the microorganism isolated
in the current study showed resistance to all heavy
metals tested during the growth and only Cd2+

and Zn2+ caused a decrease in growth when added
even at 10 ppm concentrations. Two strains of
thermophilic bacteria, Geobacillus
thermantarcticus and Anoxybacillus amylolyticus,
were employed to investigate the biosorption of
heavy metals including Cd2+, Cu2+, Co2+, and Mn2+

ions [47]. Ozdemir et al [30]  studied the
biosorption of Cd2+, Cu2+, Ni2+, Mn2+ and Zn2+by
Geobacillus toebii sub-species decanicus and
Geobacillus thermoleovorans sub-species
Stromboliensis [48]. Thermophilic isolates from
Tattapani hot spring showed resistance to various
heavy metal ions such as Co2+, Zn2+, Cd2+, Cu2+,
and Mn2+, whereas the growth of all the four
isolates was inhibited in the presence of Hg2+.
More recently, Sharma et al [49] identifified
thermophilic Flavobacterium and Anoxybacillus
from Unexplored Tatapani Hot spring situated of
North Western Himalayas. In a different study,
thermophile diversity and ecology of microbial mat
samples collected from the iron rich hot springs
of Brandvlei and Calitzdorp was studied for the
first time [50]. In conclusion, the newly isolated
Geobacillus spp. from the unexplored Tattapani
hotspring helps in understanding the Geobacillus
spp. biodiversity in different geographical regions
and their evolutionary relationship with other
Geobacillus isolated from the rest of the World.
Recently, polygenomic studies showed that the
genus Geobacillus consists of two distinct genera,
viz., major Geobacillus and minor Parageobacillus
[51]. The G. toebii PW12 reported in the current
study is more closely related to Parageobacillus
and hence named as Parageobacillus toebii
PW12. Most recently, Sharma et al [52] has
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sequenced the genome of hyper thermophilic,
halotolerant Parageobacillus toebii PW12 with
genome size of 3,210,377 bp. The genome of
Parageobacillus toebii PW12 showed G+C
content of 42.05%, and 3,382 coding sequences
(CDS), 80 tRNAs, 5 noncoding RNAs (ncRNAs),
and 4 CRISPR arrays were predicted.
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Abstract
Tea plant is best known as an economically

important  crop, environment hardy and an Al hyper
accumulator. North East India forms one of the
largest tea producing regions of the world but 90%
of its soil is acidic need. Acidic soil has got major
influence on overall crop production, hence it is of
utmost necessity to understand the mechanisms
of tea plant to adapt to such inhospitable
conditions. Through this present investigation we
try to understand the changes after exposure to
various Al concentrations in TS462 clone of
Camellia sinensis [L.] in hydroponic solution.The
repercussions were measured in terms of
generation of reactive oxygen species (ROS) and
anti-oxidative enzyme activity in both root and
shoot tissues of tea plant. When rooted tea
cuttings were raised in hydroponic culture
containing 50μm, 250μm and 500μm of Al for 60
days, a constant increase in uptake of Al by roots
with the increase dose was observed. The
increase in Al uptake with dose, corroborated with
the production of super oxide anion (O2

-) hydrogen
peroxide (H2O2) and malondialdehyde (MDA).
These all repercussions led to an increment in
activity of antioxidant machinery during the study
showing that better antioxidative response is
behind the relatively better tolerance capability of
tea plants.

Keywords:Camellia sinenis (L.), Aluminum, acid
soil, Reactive oxygen species, antioxidant

Introduction
Landscape of India is dotted with both acidic

and alkaline soils.  pH is one of the important
chemical property of soil that regulates the normal
growth of plants. Soil in North Eastern states of
India is characterized by low pH which when
culminates with high concentrationof Al, restricts
plant growth and development due to the formation
of complexes with intracellular substances and
hence suppressing the plant metabolism (1).
Reactive oxygen species (ROS) is induced by Al
toxicity at low pH in plants and it is accompanied
with the increase of lipid peroxidation. Plant root
tips are typically the primary site of oxidative
damage. Oxidative stress is the production of
elevated amount of reactive oxygen species (ROS)
including the hydrogen peroxide (H2O2), super
oxide anion (O2

.-) hydroxyl radical (-OH) (2).
Scavenging or detoxification of excess ROS is
accompanied by an efficient antioxidtive system
consisting of non- enzymatic and enzymatic
antioxidants. Ascorbate (AsA) glutathione (GSH),
carotenoids, tocopherols and phenolic
compounds serves as a potent non-enzymatic
anti-oxidants within the cells. The enzymatic
antioxidants includes catalase (CAT), superoxide
dismutase (SOD), guaiacol peroxidase (GPX),
enzymes of ascorbate-guthathione cycle (AsA-
GSH) cycle such as ascorbate peroxidase (APX),
glutathione reductase (GR), dehydro-ascorbate
reductase (DHAR) and  monodehydro-ascorbate
reductase (MDHAR) (3).Due to multi-functional
activity of ROS, it is necessary to control the levels
of ROS for the cells tightly to avoid any oxidative
damage and not to eliminate them completely (4).

 Differential Loss of ROS homeostasis and activation of
anti oxidative defense response in tea cultivar due to
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Various studies has reported the increase of
various antioxidant enzyme activities in plants is
to combat oxidative stress induced by diverse
environmental stressors. Increase in tolerance
capacity of plants under stressed condition is
correlated to the maintenance of a high antioxidant
capacity to scavenge the toxic ROS (7; 8).

Materials and methods
Sample collection and hydroponic condition
: The cutting of TS462 variety of Camellia sinensis
L.(O) of uniform age of one and half years were
procured from Rosekandy Tea Estate, Cachar
District silchar. The cuttings were grown in field
soil in polythene bags were procured from the
nursery tea garden. The seedlings were allowed
to grow after removing the polythene sleeves and
adding soil in the pots. The plants were kept to
acclimatize for 30-35 days. After that of tea
plantlets were allowed to grow on pots (10cm
diameter) in modified nutrient solution (9). They
were pre-cultured for a week before giving
aluminum treatment, aluminum is added in the
form of AlCl3at three different concentrations 50μm,
250μm and 500μm. The pH was adjusted at 4.2
and replacing of nutrient solution for every week.

H2O2 production : The analysis of H 2O2 content
was conducted following the protocol of Sagisaka
(10) and color development by the addition of 0.4ml
of ferrous ammonium sulfate (10mM). Absorbancy
measured at 480nm.

Super oxide anion (O2
-) content : The super

oxide anion production content was quantified
according to Elstner and Heupal (11), the
absorbency was observed at 530nm.

Glutathione and Ascorbate content in response
to Al3+ stress : Total glutathione and ascorbate
contents were estimated as per the method Griffith
(12) and Oser (13). Plant was homogenized with
5 ml sulpho-salicylic acid and centrifuged at
17000g for 15 min at 4ºC.The supernatant was
collected and used for assay preparation. The
reaction mixture for ascorbate content contained
2% sodium molybdate, 0.1N H2SO4, 1.5(N)
Na2HPO4 and plant extract and incubated at 60ºC
again centrifuged at 3000g. Absorbency was taken

at 660nm. While, the glutathione assay mixture
consist of plant extract, 0.1M phosphate buffer
(pH6.8), DTNB and the absorbency was recorded
at 412nm.

Antioxidant enzymes extraction and assay :
For the extraction and determination of enzymes,
in chilled pestle and mortar the samples were
homogenized in 0.1M PO4 buffer, pH 6.8. The
resultant homogenate  was centrifuged at 17000g
for 15 min at 4°C and the supernatant was taken
for the assay of enzyme SOD, POX and CAT
enzyme.

Superoxide dismutase (SOD, EC 1.15.1.1) : The
assay of SOD was performed according to the
method of Gianopolitis and Reis (14). The assay
mixture for SOD (1.15.1.1) consist of 79.2mM Tris-
HCl buffer (pH 6.8), containing 0.12 mM EDTA
and 10.8 mM tetraethylene diamine, bovine serum
albumin (0.0033%), 6 mM nitroblue tetrazolium
(NBT), 600 μM riboflavin in 5mM KOH and 0.2 ml
enzyme extract. Reaction was induced by placing
the glass test tubes in between two fluorescent
tubes (Philips 20 W). By switching the light on
and off, the reaction was started and terminated,
respectively. The increase in absorbance due to
formazan formation was quantitated at 560 nm.
The activity was expressed as μmolg-1 FW.

Catalase (CAT, 1.11.1.6) : For CAT, the activity
was estimated as per the method of Chance and
Maehly (15). The reaction mixture for CAT
(1.11.1.6) contained 2ml (0.1M) phosphate buffer,
0.5ml 30mM H2O2, and 0.5ml enzyme extract,
incubated for 1 min. The absorbency was recorded
at 240nm.

Peroxidase (POX, EC 1.11.1.7) : POX was
assayed using pyrogallol as a substrate according
to Kar and Mishra (16) with some modification,
where 5.0 ml of assay mixture contained 300 lM
H2O2 and 1.0 ml of enzyme extract. After the
incubations at 25°C for 5 min, the reaction was
stopped by the addition of 1.0 ml of 10% H2SO4.
The purpurogallin formation was read at 430 nm.

Ascorbate glutathione cycle : For the extraction
and estimation of enzymes, plant tissue was
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homogenized in 0.1M PO4 buffer, pH 6.8 in a chilled
pestle and mortar. The homogenate was
centrifuged at 17000g for 15 min at 4°C and the
supernatant was used for the assay of enzyme
GR, DHAR and MDHAR.  But the extraction for
the determination of APX activity, the buffer
contained 1mM ascorbic acid additionally to
restore the activeness of the enzyme.

Ascorbate peroxidase (APX, EC 1.11.1.11) : For
APX (1.11.1.11) extraction, according to Nakano
and Asada (17), the tissue sample was
homogenized with 0.1M phosphate buffer (pH 6.8)
containing 1mM ascorbate, centrifuged at
17000rpm for 15 mins at 4°C. The supernatant
was used as enzyme extract for assay mixture.
The assay mixture was prepared with 10mMH2O2,
0.5mM ascorbate, 0.1M phosphate buffer (pH 6.8),
enzyme extract. The absorbency was taken at
290nm. With extinction co-efficient 2.8 mM-1cm-1

the APX activity was expressed as μmolg-1FW.

Glutathione reductase (GR, EC 1.6.4.2) :
Glutathione reductase (GR) was assayed by the
method of Smith et al ., (18). The reaction mixture
of GR (1.6.4.2) contained 1.0 ml of 0.2 M
potassium phosphate buffer (pH 7.5) containing 1
mM EDTA, 0.5 ml of 3 mM DTNB (5, 5- dithiobis-
2 nitrobenzoicacid) in 0.01 M potassium
phosphate buffer (pH 7.5), 0.1 ml of 2 mM NADPH,
0.1 ml enzyme extract and distilled water to make
up a final volume of 2.9 ml. Reaction was initiated
by adding 0.1 ml of 2 mM GSSG (oxidised
glutathione) and used as a substrate. The
increase in absorbance at 412 nm was recorded
at 25°C over a period of 5 min
spectrophotometrically. Specific activity was
calculated using 6.22 mM-1cm-1 extinction
coefficient and expressed μmolg-1FW.

De-hydro ascorbate reductase (DHAR, EC
1.8.5.1) : Measure the activity following the
method of Wang and Cheng (19). The reaction
mixture contained 0.2mM DHA which acts as
substrate, 50mM Hepes buffer (pH 7.0) containing
0.1mM EDTA, 2.5mM GSH and the supernatant.
The activity was determined by measuring the
increased in the reaction rate at 265nm for 5 min.

Specific activity was calculated using 14 mM-1cm-

1 extinction coefficient and expressed unit.g-1FW.

Mono de-hydro ascorbate reductase (MDHAR,
EC 1.6.5.4) : This enzyme activity was measured
the following method adapted from Miyake and
Asada (20). The reaction mixture contained
ascorbate oxidase (8unit), used as a substrate,
50mM Hepes buffer with 2.5mM ASA and 0.25mM
NADH, lastly the enzyme extract. . The activity
was determined by measuring the decreased in
the reaction rate at 340nm for 5 min. Specific
activity was calculated using 6.22mM-1cm-1

extinction coefficient and expressed unit g-1FW.

Statistical analysis : All the data recorded were
subjected to one way analyses of variance
(ANOVA) and, LSD test were used for comparing
between the control and treated values. Values
are mean ±SE (n = 3) of three different experiments
and * correspond significant differences with
controls at P <0.05. The data analysis was carried
out using statistical package, SPSS 21.0.

Results
Reactive Oxygen species (ROS)

With the increasing of the concentration of
Al stressed in tea plant a gradual enhancement
in ROS generation was observed. Superoxide
anion (O2

-) production in the plant  increased with
increasing of Al concentration except at 50 μM of
root. The content was highest by 500μM 284.94%
of 250 μM 104.94% followed by reduction at 50μM
34.39% in roots, in case of leaf 6.4%, 11.4% and
32.08% with respective concentrations from
control. With comparing from the control the TS462
variety has greater production of (O2

-) at the stress
given plants in roots than of leafs with comparison
from their respective controls.

The lipid peroxidation was measured by
evaluating MDA content of both roots and leafs.
Al significantly affected the production of MDA by
indicating the lipid peroxidation the MDA content
were observed increased the three concentrations
of both roots and leafs with increasing
concentrations of Al stressed. The increase was
about 22.13%, and36.34 % at 50 μm,79.12 %,
66.38% at 250 μm, 500 μm 177.1% & 85.68 %
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respectively in roots and leafs. H2 02 production
was also shown the same observations with that
of MDA and (O2). In all the treated plants were
increased their production with the increasing of
Al concentrations. Same pattern with MDA
andH2O2 content that roots has shown the higher
production ofthan leafs (Fig.1.a, b and c).

Ascorbate and Glutathione : The non-
enzymatic ascorbate and glutathione content
shown an increased with the concentration
increased. The highest content of glutathione
shown in root at 500μM at root by increasing of
140.33% in leafs only 30.50% but both the roots
and leafs have shown their significant increased
at highest concentration Al treated. In glutathione
with increasing of concentration the higher the
content of glutathione was observed 2.1%,
25.4%,30.5% and 44.69% , 148.4% , 61.27% in
roots and leafs respectively. Here in the glutathione

content at 250 μM in leaf have shown the highest
activity, both the ascorbate and glutathione content
the leaf is much higher content than that of roots
(Fig.1.d and 1.a).

Antioxidant enzymes (CAT, SOD and
POX) : With the increasing of Al stress CAT
activity was being increased in both root and leafs.
There was an increase of CAT activity from control
to the stress plant of leafs 4.5%, 9.0% and 26.59%
was increased from untreated plant to 50μM
respectively. In root only 21.41%,38.05% and
15.97%, was increased with respect from the
control one.

SOD activity increased with concentration
of stress in leaf was observed that there was
highest activity at 500 μM of enzyme activity by
giving an increment of 307.16%. Higer activity of
this enzyme is shown by leafs. In the roots too

Fig.1: Biochemical assays of root and leaf samples of tea plant var., TS462 after 2 months of aluminum
treatment (50μM, 250μM, 500μM) and control. a. Malondialdehyde (MDA) content b. Superoxide (O2

-)
content; c. Hydrogen peroxide (H2O2) content; d. Ascorbate content. Data represents mean values (n = 3)
±SE, where n is the number of times experiment repeated and SE denotes Standard Error. Statistically
significant values at P<0.05 using LSD analysis are indicated by star marks.

Sanjenbam et al



Current Trends in Biotechnology and Pharmacy
Vol. 14 (1) 33-43, January 2020, ISSN 0973-8916 (Print), 2230-7303 (Online)
DOI: 10.5530/ctbp.2020.1.3

37

there was increased activity from control one
(0μM). In comparison with roots and leafs their
activity was higher with all the concentrations of
Al treated.

There was a significant increase in the POX
activity in the Al stressed tea plants in roots and
leafs. Here also same observation was shown in
between roots and leafs except 500 μM of leaf,
their activity was uniform same in both rots and
leaf upto 250 μM but by the highest concentration
of there was significant increase of the activity
was observed with an increment of 191.7% from
the untreated one (Fig. 2. b, c and d).

Ascorbate Glutathione cycle : The ascrobate
glutathione cycle enzymes has been shown a
significant increased with the increasing of
stressed given in roots and leafs. From the result
it has been observed that there was a significant
difference in the enzyme content in roots and

leafs, more enzymes were content at leaf in this
study. The highest activity in ascorbate glutathione
cycle is at 500 μM except MDHAR 250 μM in
both roots and leafs. The lower activity among
these four enzyme activity is GR and highest
content shown by APX followed by MDHAR and
DHAR. The DHAR enzyme activity have observed
a significant increased at both roots and leafs at
highest concentration Al treated (Fig.3).

Discussion:

Al induces ROS production and lipid
peroxidation (21) and oxidation of protein (22). In
this present study Al treatment has induced
oxidative stress, measured by MDA, H2O2 and
O2

- in both the roots and leafs of tea plant TS462
variety. Suggesting the loss of plasma membrane
function and showed that the Al ions has the
substantial affinity to bio-membranes (23, 24).
Thus stimulated the rigidification of the

Fig. 2: Anti-oxidative enzyme assaysfor root and leaf samples of tea plant var., TS462 after 2 months of
aluminum treatment (50μM, 250μM, 500μM) and control. a. Glutathione b. Superoxide dismutase
(SOD) c. Catalase (CAT); d. Guaicol peroxidase (POX) Data represents mean values (n = 3) ±SE,
where n is the number of times experiment repeated and SE denotes Standard Error. Statistically
significant values at P<0.05 using LSD analysis are indicated by star marks.
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membranes (25), which looks to alleviate the
radical chain reactions which is intermediated by
iron (Fe) ions and finally heightened the lipid
peroxidation of membrane. Lipid peroxidation is
one of the eminent indication of oxidative damage.
Induction of oxidative damage was observed from
the result in both the roots and leafs of tea plant
(TS462).

 The increased in lipid peroxidation was due
to the destructive effects of excessive levels of
H2O2 or tis derivatives in the cellular components
(26). Impairment of cell organelles like
photosynthetic apparatus and ultimately leads to
severe cellular damage and chlorosis of leaves.
This results support that metal accumulator
species has higher antioxidation capacity by
regulating the antioxidant enzymes in leafs.

H2O2 accumulation in the Al treated plants
might be the consequences of circulating in the
balance between its yields and scavenging. The

SOD enzyme is the first enzyme for the elimination
of ROS and can be exchanged into  O2

 - radicals
to H2O2 at a very rapid rate. CAT can be
expeditiously scavenged H2O2 in the plants under
many conditions of stress. In this study MDA,
H2O2 and O2

   contents increased up to 500μM of
Al treated plants hence showing the induction of
oxidative stress in tea plant. O2

 - and H2O2 can
react by a metal catalyzed Haber-Weiss reaction
that generates hydroxyl radicals (OH-), which
speedily attack all types of biomolecules
contributing to the catastropic dysfunction and
cell death (27).. Their contents increases as the
consequences of stress imposition and least
stress was observed at 50μM followed by 250μM
and 500 μM  of treated plants of roots and leafs.
This may suggest that tea plant treated with
different concentrations upto 500 μM could
attribute to its greater adaptation (Fig.1.b, c ).

Al stress induced the increasing of non-

Fig. 3: Anti-oxidative enzyme assays AsA-GSH cyclefor root and leaf samples of tea plant var., TS462 after
2 months of aluminum treatment (50μM, 250μM, 500μM) and control. a. Glutathione Reductase (GR) b.
Ascorbate peroxidase (APX); c. Dehydroascorbate reductase (DHAR) d. Monodehydro ascorbate reductase
(MDHAR);Data represents mean values (n = 3) ±SE, where n is the number of times experiment repeated
and SE denotes Standard Error. Statistically significant values at P<0.05 using LSD analysis are indicated
by star marks.
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enzymatic antioxidant system in tea plant.
Ascorbate is an abundant small molecules in
plants which is a fundamental substance in the
context of antioxidants that includes glutathione
α-tocopherol and a cascades of antioxidant
enzymes. Ascorbate and glutathione are important
antioxidants and redox buffers in plant cells but
also a key role in growth and development as well
as stress response (28, 29). Increase in the
Ascorbate Glutathione content shows the
protection against ROS and it acts as an electron
donor for Ascorbate peroxidase (APX). Both
ascorbate and glutathione are abundant
antioxidants with appropriate redox potentials by
interacting with numerous components and
pathways and that are sustained in a general
reduced state (30). Thus keeps the ROS (reactive
oxygen species) under control. An important role
plays by glutathione in protection of plants from
the oxidative stress induced by some heavy metals
(31). Increasing of glutathione in this study has
observed in roots and leafs in this variety (fig 2.a).
An increasing of glutathione content under the Al
stress has been reported in pea plant roots(32).

In this study the higher production of glutathione
revealed that tea plant under the Al stress is under
the defense system to combat the stress given
at different concentration.

Production of ROS is promoted under various
environmental stresses. It causes oxidative
damage to lipids, proteins and nucleic acids in
the cell organelles. In preventing the cellular
oxidative damaged caused by ROS is SOD
enzyme. It is one of the most effective antioxidant
enzyme which catalyzes the conversion of O2

- to
H2O2. The enzyme CAT has the ability to scavenge
the H2O2 and peroxidase (POX) used H2O2 for the
oxidation of various organic and inorganic
substrates. Thus SOD, CAT and POX were
regarded as the major antioxidant enzymes
present in the plant cells (33). Plants have their
own capability to defense the harmful effects of
ROS with the help of both enzymatic and non-
enzymatic antioxidant machinery to maintain their
equilibrium level. ROS and oxidative stress caused
by biotic and abiotic factor may contribute to cause
lipid peroxidation (34).

Fig. 4: Physiology of whole plant after two months aluminum treatment (0μM, 50μM, 250μM
 and 500μM)
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Different responses of anti-oxidative
enzymes are reported under the Al stress of tea
plant (9). In this study also gradually increasing
of SOD enzyme with concentrations was observed
in roots and leafs of both this variety it is an
agreement with Ghanati et al., (9, 35). SOD
catalyzes the dismutation of O2

- radicals to
molecular O2 in the cytosol, mitochondria and
chloroplast (36). SOD activity has been reported
to increase in plants exposed to various
environmental stresses which includes drought
and metal toxicity (37,38). The over expression of
SOD has been report to result in heighten of
oxidative stress tolerance in plants (39). The
increased activity of SOD is correlated with the
increased tolerance of the plant against the
environmental stresses. Increased of CAT activity
under the Al stress has been reported (9,35, 40)
and in our study also similar result has been
observed with increasing of Al concentration in
both roots and leaf  and more production of CAT
activity was shown on leaf than roots. An additional
protection against the oxidative damage may
render by CAT activity, induced by Al stress in
tea plant. Tea is a C3 plant, higher CAT activity
could scavenge the hydrogen peroxide formed in
the photorespiratory pathway and hence cut down
the photorespiration rate (41). The great different
between the tea plant and other probably Al
tolerant species (42, 43) and sensitive species
(44) could be explained on the basis of their
upregulation of SOD followed by by other ROS
scavenging enzymes, mainly CAT  and APX (9).
SOD activity is mainly triggered by Al resulting in
dismutation of O2

- and more production of other
toxic species and H2O2 in Al sensitive plants. In Al
treated tea plant the production of H2O2 is
afterwards detoxified by APX and CAT, the
Peroxidase (POX) also eliminated H2O2

Major sites of H2O2 production are
peroxisomes and CAT scavenges H2O2 generated
from this organelles during photorespiratory
oxidation, β-oxidation of fatty acids and other
enzyme systems like XOD which is coupled to
SOD. Increased in the POX and PPO activity in
all the Al stressed plants of tea may be an

acclimatization step against the given stress. In
the presence of H2O2, theaflavin is formed in the
oxidation of tea catechins by POX has also been
reported (45), POX also eliminated H2O2.

The changes in the ratio of AsA to DHA and
GSH to GSSG is a crucial for the cell to sense
oxidative stress and respond accordingly. The
AsA- GSH cycle is also denoted to as Halliwell
Asada pathway, it is the recycling pathway of AsA-
GSH cycle which requires in the successive
oxidation and reduction of AsA, GSH and NADPH
are catalyzed by enzymes APX, MDHAR, DHAR
and GR. AsA- GSH cycle plays an important role
in combating the oxidative stress induced by
environmental stresses (37). APX is a central
component of AsA- GSH cycle, an essential role
is played in the controlling of intracellular ROS
levels. APX activity was increased in stressed
plants at both the roots and leafs (Fig.3.b). More
activity was shown at leafs, there was a significant
increase with respect from control. This result is
agreement with the report of Ghanati el al.,(9)
enhancement of APX activity was shown in tea
plant under Al stress. APX is widely attributed
antioxidant enzyme in plant cell and their isoforms
has much greater affinity for H2O2 than CAT. In
several compartments of plants the MDHAR
activity and their isoforms are widely found like
chloroplast cytosol, mitochondria and
peroxisomes (17). MDHAR could have two
functions in chloroplast, the generation of AsA from
MDHA and the resulting of the photoreduction of
dioxygen to O2

- when MDHAR substrate is absent
(20). The MDHAR activity was shown in this study
shown a significant increase in leafs from their
untreated control (Fig.3.d). In this study
enhancement of MDHAR activity under Al stress
of tea was induced with the increasing
concentrations of stress imposed and may show
the tolerant like the salt and PEG stresses. In
chloroplast, GR and GSH are involved in
detoxification of H2O2 generated by Mehler reaction
(46). Same as the above enzymes GR have also
reported an increased activity under several
environmental stresses. Ghanati et al.,(9) reported
with the increase of Al concentrations there was
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an increase of GR activity in tea plant. In this
study too there was a significant increase of GR
activity in roots and leafs. Higher the activity shown
in leafs of tea plant than the roots under Al stress.
In maintain a high ratio of oxidized and reduced
glutathione GR is involved, which is required for
the regeneration of AsA, an important ant oxidant
plant cells (35). Catalysis of NADPH dependent
reduction of oxidized glutathione was observed
with the increase of GR activity.

Conclusion
In conclusion, from this study suggested

that Al toxicity is solely linked with the
enhancement of oxidative stress in roots and leafs
by showing the elevated amount of MDA, H2O2
and O2-. And antioxidant CAT, SOD, POX and
AsA- GSH cycle enzymes took the vital role in
combating oxidative stress. As a hyper
accumulator of Al the tea plant has the ability to
adapt the acidic environment where the other
plants could not survive for long. The tea plant
enhances several defense mechanisms to combat
the stress environment. The main defense
mechanism to survive from ROS is antioxidant
enzymes and non-enzymatic machineries.
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Abstract
The guinea pig is one of the most relevant

small animal models for studying a large number
of infectious and non-infectious diseases. The
major roadblock for its effective utilization is the
lack of readily available molecular and
immunological reagents. In order to address this
issue, some of the important recombinant proteins
such as IL-4, IL-10, IL-1β, MCP-1, IFN- y and TNF-
α which were generated previously were analyzed
for their biological activity in terms of nitrite
production in RAW cells. Interestingly, nitrite
production was comparatively more in the
presence of TNF-α in comparison with
proinflammatory cytokine IFN-y and similar levels
of nitrite production were observed in the presence
of Th2 cytokines i.e IL-4 and IL-10. We have
analyzed the biological activities of these
recombinant proteins so that they could be used
for a wide array of in vitro and in vivo biological
assays.

Keywords: Th1; Th2; Guinea pig; Assay; Proteins

Introduction
Guinea pig is an excellent animal model

for studying infectious diseases such as
tuberculosis and a number of other non-infectious
diseases (1). The guinea pig model of pulmonary
tuberculosis mimics human tuberculosis in the
organization of granulomatous lesions, extra
pulmonary dissemination and vaccine induced
protection (2). One of the major roadblocks of
effective utilization of this animal model is the lack

of readily available immunological reagents (3).
Towards this initiative, coding sequences of genes
pertaining to IL-4, IL-10, IL-1β, MCP-1, IFN-y and
TNF-α were cloned and expressed for the
generation of recombinant proteins (4, 5, 6, 7, 8,
9).

It has been well observed from different
studies that Th1 cytokines alone cannot control
tuberculosis. Hence a fine balance between Th1
and Th2 cytokines is crucial in combating
tuberculosis (10). The objective of this study is to
confirm the biological activities of the Th1 and Th2
proteins by a biological assay, so that they could
be utilized for a wide array of in vitro and in vivo
assays.

Materials and methods
Expression of recombinant proteins : Thirty
microlitres of the culture pertaining to positive
clones of IL-1 beta, MCP-1, IL-4, IL-10, IFN-y and
TNF-α were grown overnight in 5 ml of LB broth at
37 °C containing Kanamycin (15 μg/ml). This
culture was then added to 50 ml of identical culture
medium and induced  with  1.0 mM  Isopropyl-β
d-thiogalactoside (IPTG) (Sigma, USA) at OD600
of 0.8 for protein expression. After 5 hours of
induction, protein expression was analyzed by
polyacrylamide gel. The cells were harvested by
centrifugation and the pellet was resuspended in
5 mL lysis buffer (50 mM NaH2PO4, 300 mM NaCl
and 10 mM Imidazole, pH 8.0) followed by addition
of lysozyme (Sigma) to 1mg/ml and incubation
on ice for 30 minutes. The sample was subjected
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to sonication (Misonix Inc., Farmingdale, NY) at
30 W for a total of 6 times (10 seconds each time
with a pause of 10 seconds). The sonicated
sample was centrifuged to obtain the cleared
lysate and the pellet. A fraction of the cleared
lysate or pellet was analyzed on 10-20% Tricine
gel to determine the solubility of the target protein.

Protein purification for soluble proteins and
insoluble proteins : The cleared lysates obtained
after sonication were purified by immobilized metal
affinity chromatography under native conditions
as described in previous reports (7). The eluted
fractions containing the protein of interest were
pooled and concentrated using Amicon Ultra-5
centrifugal filter devices and the protein
concentrations were determined using the
Bradford assay.

For protein purification under denaturing
conditions, the cell pellet after centrifugation was
resuspended in 5 mL of lysis buffer (Qia
Expressionist) containing 1mg/ml of lysozyme
followed by incubation on ice for 30 minutes. The
sample was then sonicated at 30 W for obtaining
the cleared lysate and the pellet after
centrifugation. The cleared lysate was further
processed through denaturing conditions for lysing
the pellet as described in previous reports and
slightly modified protocol from Qiagen was
adapted for renaturation of the denatured protein
(8).

In vitro biological activities of recombinant
guinea pig proteins : The biological activity of
recombinant proteins were determined by
measuring its ability to promote or inhibit nitric
oxide (NO) production in RAW264.7 cell-lines (11).
For estimation of NO, 0.5 × 106 cells were plated
per well and seeded overnight in a 24-well plate.
The following day, cells were pre-treated with
recombinant guinea pig proteins of IL-1 β, MCP-
1, IL-4, IL-10 and TNF-α (10 ng/ml) for 1 hour and
some of them are stimulated with LPS (10 μg/ml)
for 48h. Supernatants were collected and the
concentration of NO2

- was measured using Griess
reagent through spectrophotometric method and
the appropriate standard used was sodium nitrite

(12). In brief, 100 μl of culture supernatant was
mixed with 100 μl of Griess reagent at room
temperature for 10 minutes followed by
measurement of absorbance at 550 nm using a
microplate reader (Biobase, China).

Results
Analysis of recombinant proteins on SDS-
PAGE : Recombinant proteins such as IL-1β,
MCP-1, TNF-α as expected were obtained in the
soluble form and hence purified under native
conditions. Other recombinant proteins such as
IL4, IL-10, IFN-  were obtained in the insoluble form
and thus purified under denaturing conditions. The
expressed proteins after purification were
quantified and further run on SDS-PAGE which
were of the expected size.

Biological activities of recombinant proteins :
We checked the biological activity of recombinant
proteins (IL-4, IL-10, IL-1β, MCP-1 and TNF-α) in
LPS-activated RAW264.7 cells by measuring NO
production as published literature suggests that
Th1 cytokines promote NO production in these
cells upon LPS stimulation and Th2 cytokines
inhibits NO production (10). As described in
Materials and Methods, RAW264.7 cells were
pre-treated with respective recombinant proteins
for 1 hour before adding LPS either alone or in
combination for 48 h. The nitrite assay in the
culture supernatants clearly demonstrated the
inhibitory effect of rgpIL-4 and rgpIL-10 on nitrite
production. Notably NO production was enhanced
in the presence of IFN-  and TNF-α. (Figure 1).
When anti-rgpIL-4 was added to the cells
pretreated with IL-4, the production of NO was
enhanced there by reversing the effect of IL-4 which
is consistent with that of our previous report
(Dirisala et al., 2019). It would be interesting to
check the nitrite production in the presence of
recombinant proteins generated from the variants
generated by alternative splicing of genes.
Interestingly, nitrite production was comparatively
more in the presence of TNF-á in comparison with
IFN-  (Figure 1). Similar levels of nitrite production
was observed in the presence of Th2 cytokines
IL-4 and IL-10 (Figure 1).
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Discussion
As per WHO estimates, 1.6 million deaths

were reported for tuberculosis in 2017 alone (13).
One of the major constraints associated with the
widely used gold standard TB vaccine is that it is
unable to offer 100% protection against
tuberculosis and is efficient in the range of 0-80-
% in different individuals (14). Various vaccines
are in different phases of clinical trials to replace
BCG vaccine or enhance the efficacy of BCG (15).
Although various animal models are used to
evaluate the efficacy of novel vaccines, the guinea
pig is considered as the most promising animal
model for tuberculosis (Clark et al., 2015).
Biological activities were not performed for IL-10
and only one biological assay was performed for
recombinant proteins of IL-1β and MCP-1. Single
assay or few assays were carried out for the
recombinant proteins mentioned here but it would
be worthy to perform additional assays to confirm
their biological potential so that they could be used
for a wide array of studies.
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Abstract
Pemphigus vegetans is a rare vesiculo-

bullous autoimmune disease which is a rare
variant of pemphigus vulgaris characterized by
vegetating plaques in the flexures and lesions in
the oral cavity. It is a less common disease and
involves the mucosa and skin due to disintegration
of cellular adherence (acantholysis) resulting in
intradermal split. The lesions are usually painful
and if untreated it may be fatal. A 68 years old
male patient was admitted with complaints of fluid
filled skin lesions over trunk since 3 months. The
lesions later ruptured spontaneously and healed
with crusting. The lesions gradually progressed
to involve axilla, scalp and extremities with no
itching. Successful implementation of
dexamethasone –cyclophosphamide –pulse
(DCP) therapy along with other adjuvant drugs has
induced disease remission.

Key words: Pemphigus vegetans, Autoimmune
disease, Acantholysis.

Introduction
Pemphigus vegetans (Pveg) is a rare

vesiculobullous autoimmune disease which is a
less common   variant  of pemphigus vulgaris
characterized by heaped up, cauliflower like
vegetating plaques in  the flexures and rarely in
oral cavity. This disorder affects chiefly middle
aged adults(1,2).It is caused by auto antibodies
directed against desmogleins 1 and 3, which are
transmembrane glycoprotein’s and results in loss

of intercellular adhesion between intact
keratinocytes which results in acantholysis. The
incidence of the disease is 0.09 to 1.8%. In a
study conducted in India majority of pemphigus
patients have been diagnosed to have pemphigus
vulgaris followed by pemphigus foliaceus,
pemphigus erythematosus and pemphigus
vegetans. This disease occurs mainly on
interiginous areas, scalp and face but may occur
anywhere on the skin surface. The oropharynx,
oesophagus, stomach, duodenum, anus, nasal
vulvovaginal, laryngeal and conjunctival mucosa
can also be affected (3). Oral involvement is
reported in 60-80% of pemphigus cases and
cerebriform tongue, characterized by a pattern of
sulci and gyri of the dorsum of tongue has been
reported in 50% cases of Neumann type vegetans
(4). In Pemphigus vegetans blisters are fragile that
usually rupture and leave an area of erosion and
have a tendency to develop excessive granulation
tissue and crusting in some patients. A positive
Nikolsky sign (positive when gentle shearing
pressure to pink or normal looking skin results in
the formation of an erosion or extension of bulla)
often can be elicited. Possible complications of
pemphigus include infection of skin, sepsis, rarely
death. Pemphigus isn’t contagious and there is
no way to predict who will get it.

Case report
 A 68 years old male patient was admitted

in dermatology ward with complaints of fluid filled
skin lesions over trunk since 3 months. The
lesions later ruptured spontaneously to leave
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behind raw areas, which got covered with crusts.
The lesions gradually progressed to involve axilla,
scalp and extremities. The lesions were painful
and not associated with itching.

On Cutaneous examination, multiple
crusted plaques well noted  over anterior and
posterior aspect of trunk and lower extremities,
vegetating plaques, vesicles and bullae on bilateral
axilla, umbilicus and hyper pigmented patches
on scalp and upper extremities were observed (Fig.
1 and Fig. 2).  Hyper pigmented ridges of the nails
and buccal mucosa was observed with few hyper
pigmented patches, some of the erosions were
secondarily infected with pus formation.

On investigation complete haemoglobin and
liver function tests were within normal limits except
for mild hypoproteinemia. Culture from pus
produced grants of gram positive cocci and gram
negative bacilli.

Diagnosis: A provisional diagnosis of Pemphigus
vegetans was made based on the clinical features.
A Tzanck smear was prepared from a fresh vesicle
and acantholytes cells were noted. Confirmation
by skin biopsy is done after observing suprabasal
split in histopathological examination and
immunoglobulin G deposits within the epidermis
in direct immunofluorescene.

Medication: After confirmation of diagnosis,
patient was treated with DCP (140 mg of
dexamethasone dissolved in 500 ml of 5% dextrose
for 3 consecutive days, 500 mg of
cyclophosphamide was also given on the second
day) After 3 days patient was started on
prednisolone 30 mg/day. Patient was also given
appropriate antibiotics, calcium supplements,
antacids and anti- histamines.

Discussion
Pemphigus vegetans is a rare autoimmune

disease and affects people irrespective of gender.
This disease occurs mainly on interiginous areas,
scalp and face, Similar to that in the present case
patient developed fluid filled lesions initially over
trunk which later ruptured and got covered with
crusts. The lesions gradually progressed to axilla,
scalp and extremities. The aetiology in the present
case is unknown. As it is auto immune disease
in most cases it is unknown what triggers the
disease but the  mechanism underlying the
pathology is IgG auto antibodies directed against
desmogleins , a keratinocytes protein which helps
in intercellular adhesion and results in
acantholysis histologically and bulla formation
clinically. Sometimes, pemphigus develops as a
side effect of medications, such as
antihypertensive drugs and chelating agents, this

Fig.1:  Pemphigus vegetans Lesions on neck

Inamdar et al

Fig. 2: Ruptured pemphigus vegetans lesions
covered with crusts
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type of disease disappears when medication is
stopped. A preliminary diagnosis of Pemphigus
vegetans was established in the present case on
the basis of presenting clinical features and a
Tzanck smear test, which reveals multiple
acantholytic cells (Tzanck cells). The smear test
is quite significant in the early diagnosis of
Pemphigus vegetans and can be performed with
ease and rapidity (5).

The goal of treatment is to induce complete
remission while minimizing treatment related
adverse effects. The first priority for patient
management is to attain rapid disease control.
This is typically achieved through the
administration of systemic glucocorticoids.
Although systemic glucocorticoids therapy is
highly effective, the high doses and long treatment
periods that are needed to maintain the clinical
response may lead to serious or life-threatening
side effects. Introduction of dexamethasone-
cyclophosphamide pulse (DCP) therapy for
pemphigus group of disorders by Pasricha and
Gupta in 1984 has revolutionized the therapy of
pemphigus. Administration of suprapharmacologic
doses of drugs in an intermittent manner is known
as “pulse therapy”, which refers to intravenous
(IV) infusion of high doses of steroids for one or
more days for quicker, better efficacy and to
decrease the side effects of long term steroids.
The most common side effects of pulse therapy
are mood and behavior alteration, hypokalemia,
diarrhea, arrhythmias and shock. If administered
properly, dexamethasone - cyclophosphamide
pulse (DCP) therapy has the potential to affect
lifelong recovery from pemphigus (6). In the
present case, the patient was managed with
dexamethasone - cyclophosphamide pulse (DCP)
therapy to control and prevent the development of
new lesions. The DCP regimen was followed by
oral prednisolone therapy 30mg/day and the
patient was managed symptomatically.

Conclusion
The treatment of Pemphigus diseases is a

challenge. However the mortality rate of
pemphigus vegetans has reduced with the advent
of new therapies and treatment modalities.
Appropriate treatment and personal care helped
patient to improve health condition. Untreated
Pemphigus vegetans is often fatal because of
many possible complications hence importance
should be given for pemphigus vegetans treatment.
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Abstract:
Microbial cells in the biofilm were

characterized with significant features like
antimicrobial resistance and bio fouling properties,
which make them distinguishable from their
planktonic forms. Although many antimicrobial
drugs and antibiotics were reported for biofilm
inhibition and dispersal, these compounds had
limited applications because of drug resistance.
Development of antibiofilm agents which could
overcome the drug resistant bacteria had been a
challenge over the years. In order to overcome
development of drug resistance, silver
nanoparticles were being used, to coat the medical
devices. This strategy, though successful to some
extent, suffer with toxic effects on eukaryotic cells
in application .Hence there arises  a need  to
explore natural compounds with antibiofilm
activity. Natural products  established as
antibacterial agents were also  found to have
quorum quenching activity. Garcinia (Garcinia
cambogia) and Ginger (Zingiber officinale) extracts
were observed to possess quorum quenching
activity in the lab, therefore used for biofabrication
to enhance the antimicrobial activity of silver
nanoparticles. Pseudomonas aeruginosa being a
most potent biofilm forming bacteria in various
environments, like infections, food spoilage and
bio fouling in medical devices etc. The study aimed
to figure out a novel antibiofilm agent, which could
inhibit or eliminate biofilms by using a combination
of biologically synthesized nanoparticles and
natural quorum quenching agents. Comparative
analysis of bio fabricated nanoparticles on the
inhibition and dispersal of Pseudomonas biofilms

was performed with non fabricated nanoparticles
using microtiter based assay, followed by SEM
and Flow cell cytometry techniques. Fabricated
GNP (fGNP) had showed 17.9% more inhibition
which indicates ~ 2 fold enhancement in biofilm
inhibition activity .Similarly 9.45% enhancement
was found in dispersal activity by fGNP. These
results were encouraging us to improve upon the
combinatorial approach and to formulate an ideal
antibiofilm agent with minimal scope for
emergence of antimicrobial resistance.

Key words: Silvernanoparticles, biofabrication,
Garcinia cambogia, Zingiber officinale
Pseudomonas  aeruginosa.

Introduction
Formation of biofilms in different

ecosystems has been a dynamic natural event
(1). It is recognized as a matrix bound cell
population that frequently includes most of the
antibiotic resistant species. About 80% of the
infectious diseases are biofilm induced. Biofilm
formation is a sequential process that is influenced
by various factors (4,5). Initially planktonic cells
commence attachment to the surface, during
which cells are found to uptake inorganic and
organic nutrients. Once the cells and substratum
interaction is conditioned, exoplysaccharide
matrix secretion becomes prominent, that leads
to firm attachment. A three dimensional complex
is established as part of the maturation of biofilms
(17). It develops as an assembly of cell population
that function cordially and coherently to transform
and represent resistance to many antimicrobial
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agents, which they were otherwise susceptible
(22). The cells in the biofilm community are
recognized to alter physiological processes
according to changes in the environment. Some
of the cells may get detached from the biofilm,
and get adhered to another surface or remain as
unbound cells (25). The challenges to overcome
the development of multidrug resistant bacteria in
biofilms have been a matter of concern.  Targeting
these biofilms to overcome the resistance posed
by the bacteria in the biofilm community has been
part of most of the researches that aim to resolve
spread of infectious diseases. Strategies that are
suggested to fight pathogenic forms in the biofilms
are to avoid attachment of cells to surface,
disruption of biofilm matrix allowing penetration of
antimicrobial substances and inhibition of
maturation followed by dispersal (14, 32). Major
fraction of biofilms consists of extracellular
polymeric substances that comprises of
biomolecules, extracellular DNA,
exopolysaccharides and proteins.  (27, 23).

To target the biofilm bacteria, antibiotics and
other chemical drugs has been less effective due
to their inability to either penetrate or development
of drug resistance. Development of virulence and
drug resistance in biofilms is Quorum
Sensing(QS) regulated. Potential biofilm agents
need to possess antivirulent property along with
biofilm inhibition (30). Many compounds with
Quorum Quenching activity (QQ) / Quorum
Sensing inhibition (QSI) activity are demonstrated
to disrupt the virulence factors in microorganisms.
It is believed that the proven antimicrobial activity
of metal nanoparticles combined with
biofabrication through QQ agents can give a new
dimension to target the bacterial biofilms (11)

Hence, silver nanoparticles (AgNPs)
synthesized from a bacterial and plant source were
used in the analysis and evaluated for their
antibiofilm activity.

Materials and Method
Synthesis of Silver Nanoparticles (AgNPs) from
Garcinia extract : 100 g of  dried  Garcinia
cambogia fruit rind  was used to prepare the

extract in 100ml of milli Q water by boiling it for
15mins. The extract was filtered using Whatmann
No.1 filter paper and stored at 40C in screw cap
vials.1ml of the Garcinia extract was added to
100ml of filter sterilized AgNO3.It was incubated
at room temperature for 5 hrs till there was a visual
colour change. (21)

Extracellular Synthesis of Silver Nanoparticles
(AgNPs) from Bacillus sps : Bacillus
subtilis.SAJSB51 (2) culture reported for
extracellular synthesis of AgNPs was used in the
study. 1ml of the overnight grown culture
supernatant  was added to 100ml of filter sterilized
AgNO3 and  incubated at room temperature for 20
minutes till there was a visual colour change.(12)

Quorum quenching activity : QSI activity of
crude extracts of   Garcinia, Ginger along with
AgNP’s was tested by violacein inhibition assay
using Chromobacterium violaceum 12472 as bio
indicator organism. Nutrient agar plates were pre-
seeded with overnight grown culture of bioindicator.
50μl   of the sample to be tested were loaded into
agar wells made in the plate and incubated
overnight at 30oC. The QSI activity was observed
as colourless zone of inhibition of violacein pigment
but not the growth (16; 28).

Characterization of AgNP’s : Formation of nano
silver was established by determining the optical
density values for wavelength range of 300-600nm
in a UV-Visible spectrophotometer (SYSTRONICS
117). The reduced silver nitrate solution was
concentrated in the ROTOVAC for 2hrs and then
subjected to FTIR analysis.  Spectrum was
recorded in the range of 4000-500cm-1 using a
SHIMADZU FTIR Spectrophotometer. The
scanning data was obtained after 10 scans. The
size and shape of the AgNP’s  was determined
by Scanning Electron Microscopy using (SEM)
S-3700 with accelerating voltage of 30000 Volts,
emission current 82000nA and a magnification of
5000. (19)

Fabrication of AgNPs with extract of Zingiber
officinale : Fresh Ginger was ground to make
aqueous extract. This extract was filtered using a
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disposable filter of 0.2 microns; fabrication of these
nanoparticles was made by soaking the partially
purified nanoparticles for 72hrs. The nanoparticles
were centrifuged and dried for further analysis.
(10, 3)

Quantitative assay for biofilm inhibition :
Biofilm inhibition assay was carried out in flat
bottomed 96-wells microtitre plates.
Pseudomonas culture (laboratory isolate )was
inoculated in sterile 50ml of King’s-B broth in an
100ml Erlenmeyer flask and incubated at 37°C
for 24 hours under aerobic condition for the assay.
200 μl overnight grown culture was added into
microtiter plates followed by 25μl and 50μl
suspension of AgNPs, GNP’s and fGNP’s from
stock solution of 10mg/ml were added to evaluate
their antibiofilm inhibition activity. After setting with
appropriate controls microtiter plate was incubated
at 370C for 48hrs. Microtiter plates were  decanted
after the incubation, and were stained with 50 ìl of
0.1% crystal violet for 5 min. After rinsing twice
with 200 ìl of sterile water, the bound dye was
removed from the stained cells using 200 ìl of 70%
acetic acid (26). Biofilm inhibition was quantified
by measuring optical density of the suspension
at 630 nm using a micro plate reader.

Quantitative assay for biofilm dispersal : For
evaluating the biofilm dispersal activity, 25μl and
50μl suspension of three types of AgNPs along
with control samples were added after 24hr
incubation of the culture suspension in the
microtiter plate. Biofilm dispersal was quantified
by measuring the optical density after staining
and destaining steps as mentioned above.

SEM imaging to visualize the antibiofilm
activity : Culture samples treated with antibiofilm
agents were subjected to SEM analysis to capture
images showing inhition in biofilm formation and
dispersal activity with untreated controls. (34)

Evaluation of bacterial cell viability after
antibiofilm treatment by flow cytometry :The
biofilms of Psuedomonas treated with Ginger
extract, AgNPs and fabricated AgNPs were
analysed with a Baclight Live/dead invitrogen Kit
to evaluate the percentage of live and dead bacteria

after the treatment. Samples were treated with
green fluorescent dye CYTO9 and red fluorescent
dye Propidium iodide (31,33).

Results:
Garcinia cambogia commonly known as

Malabar tamarind is popularly   used as a food
preservative in many of the cuisines due to its
antimicrobial activity. The fruit rind extract was
observed to possess quorum quenching activity
when tested in the laboratory. Hence it was used
to synthesize AgNP’s for bio fabrication and
referred as GNP’s. During initial screening of plant
extracts for antibiofilm activity, it was also
observed that Ginger (Zingiber officinale) extract
had the potential of biofilm inhibition & dispersal
activity. Interestingly it also has QSI activity when
tested with the bio indicator organism (Figure
1).The intention in selecting these extracts for the
study as they posses good antimicrobial activity
along with QQ (Quorum Quenching) activity and
normally used in diet as spices or as flavour
enhancers.

Characterization of AgNp’s : AgNP’s
synthesized from extract of Garcinia fruit rind and
Bacillus. culture supernatant were visually
identified by the colour change from colourless to
dark brown after 5hrs of incubation at room
temperature (Figure.2).

UV-Visible spectroscopy analysis revealed
the peaks between 300nm and 500nm. FTIR
analysis generated  peaks1361. 79, 1384. 94,
1635. 69, 2852.81,3423.76,3444.98 signifying  the
interaction of the groups C-N stretch, Aromatic
groups, Primary and Secondary Amines, Aromatic
stretch ,Carboxylic acids respectively signifying
the interactions with the amino acid domains.The
SEM analysis revealed presence of spherical
shaped AgNP’s of different sizes. The sizes GNPs
synthesized were 77.7nm, 74.7nm, 74.4nm,
110nm and 124nm (Figure 3). BNPs were of sizes
56.5nm, 68.1nm, 70.3nm, 77.1nm, 79.6nm, 89nm,
9nm ,119nm (Figure 4).

Microtiter plate assays:  Assay was carried out
in triplicates in a 96 well microtiter plate using
overnight grown culture of Pseudomonas

Comparative analysis of biofabricated silver nanoparticles
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aeruginosa . Biofilm inhibition  activity was
evaluated  using 200 μl of overnight grown
Pseudomonas culture was mixed with 50μg/ml
and 25μg/ml  of BNP & GNP samples. After 48-
hrs of incubation, the inhibition of treated samples
were evaluated by measuring the optical density
after staining and destaining steps as per the
protocol (4, 26). Average values of triplicates were
used to calculate the percentage of inhibition
using untreated samples as control and results
were represented in table 1. Among the two
nanoparticles ( Table 1  & Figure 5 ) , AgNp’s from

Garcinia (GNP) showed  enhanced biofilm
inhibition (40.7%) than bacterial  silver
nanoparticles(BNP) (31.8%).

Dispersal assay was carried out by growing
culture in King B medium  in  microtiter plates
.After the 48 hrs of incubation, i.e after the biofilm
formation the cultures were treated with the 50μg/
ml and 25μg/ml AgNP’s synthesized from Garcinia
and Bacillus Sps.   Dispersal activity of the
samples was analysed by measuring the optical
density (4, 26) .Average values of triplicates were
used to calculate percentage of dispersal using
untreated samples as  control and results   were
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represented in Table 1.  From the data it is observed
that GNP’s had higher dispersal activity(40.7%)
than BNP’s  (24.1%) at same concentration .
(Figure 6) Present data reveals the fact  that GNP’s
had potential for antibiofilm agent as they show
biofilm inhibition& dispersal activity better than
BNP’s.(Table 1)

SEM images (Figure 7) were procured in
order to visualize the treated biofilms matrix. From
the SEM pictures,biofilm inhibition activity of GNP
is more evident than the BNP’s.  Biofilm matrix
was observed to be more inhibited with GNP’s
when compared with control Pseudomonas
culture. BNP’s show comparatively lesser amount
of inhibition .This could be attributed to the
phytocomponents present in Garcinia extract.
Present data stands in support of the observation
made in Microtiter plate assays.

Biofabrication:  In order to enhance the potential
of GNP’s, bio fabrication with another natural
antibiofilm agent was carried out. Ginger extract
(Zingiber officinale) was identified with potential
to inhibit Pseudomonas biofilms in preliminary
screening of plant extracts in the laboratory.
Ginger possess strong antioxidant, antibacterial,
antifungal, anticancer and anti-inflammatory effect
and used in food industry to prevent food spoilage.
It was also identified as quorum sensing inhibitor.
Hence this extract was used to further enhance
the potential of GNP & BNP’s as antibiofilm agents
by bio fabrication. In present study, aqueous
extract was used for biofabrication by soaking
partially purified BNP’s & GNP’s for 72hrs. These
nanoparticles were centrifuged and dried for further
analysis.

AgNP’s from Garcinia fabricated with
Ginger extract was designated as fGNP while
AgNP’s synthesized by Bacteria was designated
as fBNP’s and used for evaluation of biofilm
inhibition and dispersal activity testing. Microtiter
plate based assays were performed to quantify
the percentage of inhibition and dispersal activity
as mentioned above. The data acquired in these
experiments were represented in table 2  ,and
Figure 5   . fGNP’s depicted  an increased  biofilm
inhibition  activity i.e  70.5%  after fabrication

whereas fBNP’s   showed only  29.4% inhibition.
These results are in support of view that a
combination of antimicrobial agent with QSI and
antibiofilm activity would posses enhanced
potential as antibiofilm agent. Dispersal activity
of fGNP’s was 31.25% when tested, whereas fBNP
showed   only 21.8% activity. Interestingly both
type of fabricated depicted two –three fold
enhanced activity at 50μg/ml when tested. (Table
2) (Figure 6).

SEM analysis : Biofilm images (Figure 8) were
captured using scanning electron microscopy, for
the fGNPs and fBNPs along with control culture.
Biofilm network with cells trapped inside the matrix
were seen in control. Samples treated biofabricted
nanoparticle were found  to have lost the  integrity
of the matrix and not many cells could be
visualized in the SEM images after treatment.

Evaluation of bacterial viability using Flow
cytometry analysis

After evaluating the biofilm inhibition and dispersal
activity of fabricated GNP’s & BNP’s in microtiter
plate assays and   SEM analysis, attempts were
made to understand the impact of  these particles
on Pseudomonas biofilms by studying the number
of live and dead cells after the treatment. For this
purpose, Invitrogen Baclight Viability Kit was used
followed by flow cytometric analysis. Purpose of
this analysis was to calculate the percentage of
cell death caused by fabricated nanoparticles.
Samples were treated with green fluorescent dye
SYTO9 which was known to stain live cells  alone
and red fluorescent dye Propidium iodide
specifically stain dead cells( 31). 2X working
solution of Live/Dead BacLight  staining reagent
mixture   was prepared and   Pseudomonas culture
was diluted with saline in order to obtain 400cells/
μl. Standardization of remittance of fluorescence
was carried out by   mixing 400 μl (400cells/μl)
with 3 μl of individual working solutions   of staining
dyes. Samples treated with GNP, fGNP and crude
Ginger extract were prepared for flow cytometry
by  adding the staining mixtures for analysis
.(Figure 9)  has the analysis indicating percentage
of live and dead cells. Flow cytometric analysis

Comparative analysis of biofabricated silver nanoparticles
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gave clear picture regarding difference   in the
treatment of culture with fGNP &  GNP. fGNPs
showed 67.0% live cells and 20.3% of cells had
early apoptosis while  the GNP’s  treated samples
showed 67.9% live cells.  Early apoptotic cell
death rate had been enhanced to 21.6%. Since
Ginger extract was used to fabricate AgNP, its
inhibition on growth was determined and found to
be  12.5% induction of early apoptosis. The control
(untreated cells) showed 7.18% early apoptosis
which can be considered while evaluating the effect
of antibiofilm agents. It was observed that there
was 16.8% and 19% more death of cells when
compared with the untreated control in case of

GE (ginger extract) and GNP respectively.
However, the death rate increased to 20% when it
was treated with fGNP.     Induction of early
apoptosis in treated samples than untreated was
also noticed (Figure 11)

Discussion:
P.aeruginosa has the ability to survive in

adverse conditions like scarcity of nutrients as
well as stringent physical conditions.It is liable
for both acute and chronic infections. Apart from
having natural resistance to numerous drugs, its
ability to form biofilm render  this organism to
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unproductive antibiotic therapy (15, 1, 8).
Stratergies to control biofilm related infections can
be either by inhibiting biofilm formation, dispersal,
or by quenching quorum sensing mechanisms.
Prevention of  biofilm formation may not be always
necessary to inhibit the growth alone but use
strategies to disrupt the bacterial signalling. QS
signalling is integral to biofilm formation as it is
important for development of complex network of
matrix. Current study aims to target this pathogen
by a novel combination of biofilm inhibition with
biocidal and QSI activity, that could make an
effective anti biofilm agent (9).

With development of nanobiotechnology, use
of biologically synthesized nanoparticles in
various fields acts as a novel element to deal with
antimicrobial resistance (5, 20). Biologically
synthesized nano particles are elevated in
properties, with the bioactive compounds that get
associated with them during the production. In
the present study, AgNP that has been made by
green synthesis were further customized to
enhance their antibiofilm activity. Earlier research,
has established biocidal activity of several metal

nanoparticles, and among them silver
nanoparticles is found to have a prominent action
against many pathogenic bacteria (29, 36). Silver
nanoparticles are being used, to coat the medical
devices used for implantation, in order to inhibit
the formation of biofilms. (19, 37)

Among the different AgNPs that has been
biologically synthesized in the lab, initially
comparative analysis     of antibiofilm activity of
BNP (extracellularly synthesized AgNP from
Bacillus sps.) and GNP (AgNP from Garcinia
cambojia) was carried out. This was to establish
the difference in biocidal and quenching activity
of AgNP formed from the plant extracts and
bacterial supernatant. AgNPs as antibiofilm and
quenching agents, these were used in a
combination to make more effective in inhibiting
or dispersing  Psuedomonas biofilms.

During the screening of natural quorum
quenching (QQ) agents, Garcinia extract was
identified to have a prominent antibiofilm activity.
Garcinia cambodia is known to have antibacterial
activity on various infectious pathogens and food
spoilage microorganisms (21). Hence, Garcinia
commonly known as, Malabar Tamarind is
traditionally used as a preservative in various
cuisines.

The Ginger rhizome has phenolic
compounds, volatile sesquiterpenes and
monoterpenoids which were reported to inhibit P.
aeruginosa  biofilm formation. These compounds
were involved to   effect  c-di-GMP production
which in turn reduces biofilm matrix development.
The major component zingerone (vanillyl acetone),
showed to inhibit biofilm formation, and swimming
as well as swarming in Psuedomonas .(6).

In the present study after establishing the
antibiofilm activity of aqueous Ginger extract, it
was used to fabricate the GNP’s. During fabrication
GNP were soaked in the Ginger extract for 48 hrs
in order to encapsulate the nanoparticles with the
active compounds of Ginger that can enhance the
QQ activity for GNP. This Fabricated GNP (fGNP)
had showed 17.9% more inhibition which indicates
~ 2 fold enhancement in biofilm inhibition activity

 Figure 9: Flow Cytometric ananlysis of biofilms cul-
ture treated with GNP before and after fabrication.

Figure 8. SEM images treated with fabricated
Nanoparticles
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.Similarly 9.45% enhancement was found in
dispersal activity by fGNP. These results were
encouraging us to improve upon the combinatorial
approach and to formulate an ideal antibiofilm
agent with minimal scope for emergence of
antimicrobial resistance (13, 35).

Analysis by flow cytometry could reflect the
biocidal action of the AgNPs by evaluating the
live and dead cell ratios after treatment with fGNP
and GNP. This was  helpful to show the role of
QQ agent against biofilm forming bacteria. There
has been an enhanced antibiofilm activity (70.5%
biofilm reduction) with fGNP when compared to
GNP (40.7% biofilm reduction). But the Live/Dead
cell ratios have not shown much difference with
fabricated and non fabricated AgNP. From these
results it  is evident  that  additional factor like
QSI activity other than biocidal action  could be
further explored to formulate an ideal anti biofilm
agent.

 Though individually both the AgNPs have
been established with the quorum quenching
activity (2), it would be beneficial to formulate an
ideal AgNP after figuring the type of nanoparticles
that have more potential antibiofilm activity. 8.9
% more biofilm inhibition activity for GNP was
noticed than with  BNP. In case of dispersal activity
GNP showed 18.7% more activity than BNP. The
results obtained indicated that GNP’s were
identified to have more potential than BNP’s.

Since biofilm formation could be  also
targeted  by quorum quenching activity ,  Garcinia
and Ginger   extracts alone were screened for
antibiofilm activity in the lab. Quorum quenching
activity of these extracts  were proven by testing
with standard strain of Chromobacterium
violacieum 12472 . In order to enhance the GNP
activity ,biofabrication with Ginger extract was
done  .Having established the individual abilities
of Garcinia extract, and Ginger extract, AgNPs
as antibiofilm and quenching agents, these were
used in a combination to make more effective in
inhibiting or dispersing  Psuedomonas biofilms.

During the screening of natural quorum
quenching (QQ) agents, Garcinia extract was

identified to have a prominent antibiofilm activity.
Garcinia cambodia is known to have antibacterial
activity on various infectious pathogens and food
spoilage microorganisms (21). Hence, Garcinia
commonly known as, Malabar Tamarind is
traditionally used as a preservative in various
cuisines.

The Ginger rhizome has phenolic
compounds, volatile sesquiterpenes and
monoterpenoids which were reported to inhibit P.
aeruginosa  biofilm formation. These compounds
were involved to   effect  c-di-GMP production
which in turn reduces biofilm matrix development.
The major component zingerone (vanillyl acetone),
showed to inhibit biofilm formation, and swimming
as well as swarming in Psuedomonas .(6,7).

In the present study after establishing the
antibiofilm activity of aqueous Ginger extract, it
was used to fabricate the GNP’s. During fabrication
GNP were soaked in the Ginger extract for 48 hrs
in order to encapsulate the nanoparticles with the
active compounds of Ginger that can enhance the
QQ activity for GNP. This Fabricated GNP (fGNP)
had showed 17.9% more inhibition which indicates
~ 2 fold enhancement in biofilm inhibition activity
.Similarly 9.45% enhancement was found in
dispersal activity by fGNP. These results were
encouraging us to improve upon the combinatorial
approach and to formulate an ideal antibiofilm
agent with minimal scope for emergence of
antimicrobial resistance (13)

Analysis by flow cytometry could reflect the
biocidal action of the AgNPs by evaluating the
live and dead cell ratios after treatment with fGNP
and GNP. This was  helpful to show the role of
QQ agent against biofilm forming bacteria. There
has been an enhanced antibiofilm activity (70.5%
biofilm reduction) with fGNP when compared to
GNP (40.7% biofilm  reduction) . But the Live/
Dead cell ratios have not shown much difference
with fabricated and non fabricated AgNP. From
these results it  is evident  that  additional factor
like QSI activity other than biocidal action  could
be further explored to formulate an ideal anti
biofilm agent.
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Conclusion
Until now most of the studies that have

been reported to target Pseudomonas aeruginosa
biofilms by fabricated AgNP, are mostly in
combination with antibiotics (24, 27, 18). This
study introduces an innovative concept of
fabricating biologically synthesized AgNP with QSI
agents. This approach aims to overcome the
development of antimicrobial resistance in biofilms
bacteria and also minimize the toxicity of
nanomaterial to eukaryotic cells by encapsulating
them with natural QQ substances. Future studies
would focus on raising the efficacy of fAgNP and
establishing the components of Garcinia that
targets the biofilm development.
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Abstract
Eco-friendly biopolymers,

polyhydroxybutyrate, have been produced by
many kinds of bacteria that possess most
important applications in food packaging industries
and also in medical field. In the present work, PHB
production was economized through the statistical
optimization of physical variables. The physical
variables chosen for the enhanced production of
PHB were incubation period, temperature, pH and
inoculums size. The relative rate of production has
been studied by understanding the complex
interactions of variables using face-centred central
composite design. The submerged fermentation
with Acinetobacter nosocomialis RR20 produced
PHB yield of 5.88 g/L at optimized conditions with
a notable value change of sixfold increase in
comparison with minimal salt medium and these
findings have showed that the designed medium
was significant in terms of higher of PHB
production.

Keywords Polyhydroxybutyrate · Acinetobacter
nosocomialis RR20 strain · Response surface
methodology · Shake flask culture

INTRODUCTION
Polyhydroxyalkanoates (PHA) are

bioplastics which are nothing but a group of
polyesters. They tend to accumulate as carbon
reserves when exposed to low growth nutrient

availability in their surroundings such as
phosphorus and nitrogen by many microorganisms
intracellularly. PHB’s are derivative of PHA’s that
have been profusely studied and thoroughly
characterized. They are similar to traditional
petroleum plastics such as polyethylene and
polypropylene. This property has gained them
much interest in past few decades. PHB is
observed to be produced by many gram negative
as well as gram positive bacterial species
including Alcaligenes caviae, Bacillus megaterium,
Ralstonia eutropa, Bacillus subtilus and
Pseudomonas putida [1-2]. PHB homopolymers
can be easily manipulated due to their short chain
ring flexibility and low crystallinity. PHB polymers
can also be produced by co- supplementing carbon
sources leading to the construction of novel
biopolymers including distinctive properties.
Production of PHB has been a prime obstacle in
replacing the traditional plastics with bioplastics
masking all its advantages due to expensive
production costs. Hence variety of approaches
have been proposed to tackle this case regarding
optimization approach and PHB utilizing waste
materials. PHB production is highly affected by
various physical, chemical and biological aspects
[3-5]. Response surface methodology (RSM) is a
suitable tool for investigating the effects of variables
[6]. In the past, some studies have been reported
the production of PHB by RSM from a variety of
bacterial strains [7-8]. There was no evidence
showing the previous work for medium optimization
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of PHB production using RSM from Acinetobacter
nosocomialis species. Considering the potency
of the incubation period (A), temperature (B) pH
(C) and inoculums size (D).

MATERIALS AND METHODS
Microorganism : Acinetobacter nosocomialis
RR20 used for the  study was isolated from
municipal sewage waste, Guntur, Andhrapradesh,
India. Partial 16s RNA sequence of Acinetobacter
nosocomialis RR20 was submitted to NCBI and
provided with GenBank accession number
KY913802. RR20 Strain was preserved as glycerol
stock in our  laboratory for future studies.

Shake flask fermentation : The liquid
fermentation was conducted batch wise in 250 ml
conical flask using 100 ml of mineral salt medium
and is sterilized at 121°C for 15 min.   Conical
flasks were inoculated with 3% inoculums,
incubated at 37 °C  on rotary shaker driven at 150
rpm. The growth condition levels of incubation time,
temperature,  pH and inoculums size used in the
optimization study, by an application of response
surface methodology are given in Table  1.

PHB assay Extraction and Quantification of
PHB : Extraction of PHB from fermented broth
was done as per the method of Umesh et al., [9]
using chloroform. Acinetobacter nosocomialis
RR20 was grown in the culture medium .The cells
were harvested by centrifugation at 10,000g for 10
min. The cell pellet was treated with 4% sodium
hypochlorite solution and incubated at 37 °C  for
45 min. Centrifugation of bacterial culture was
carried out at 10,000g for 5 min to obtain the
biopolymer followed by sequen- tially  washing
with phosphate buffer saline, distilled water and
acetone-diethyl ether mixture (1:1 ratio). The
resultant PHB granules were dissolved in boiling
chloroform (80°C) and solvent was evaporated
using rotary vacuum evaporator.  Quantification of
extracted PHB (grams per litre) was carried out
by using crotonic acid assay with commercial PHA
(Sigma-Aldrich) as reference standard [10].

Optimization by Response Surface
Methodology (RSM) : RSM is a tool in Design

Expert software (Version 7.0.0, Stat-Ease Inc.,
Minneapolis, USA) and is used to optimize
physical components of fermentation medium,
namely where Y is dependent variable (PHB
production) and X1, X2, X3  and X4 are independent
variables (incubation time, temperature, pH  and
inoculums size respectively), â0 is an intercept
term, β1, β2 , β3 and β4 are linear coefficients, β12,
β13, β14, β23, β24 and β34 are the interaction
coefficients, and β11, β22, β33 and β44 are the
quadratic coefficients. Different levels, low (“ 1),
medium (0) and high (+ 1), were used to study the
independent variables. The experimental design
used for this study is presented in Table 1. The
effect of variables and regression analysis of
experimental data was performed.

The following second-order polynomial equation
explains relationship between dependent and
independent variables:
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where Y is the predicted response (PHB
yield); β

0  is the intercept term; X1, X2 , X3 and  X4
are independent variables; β 1, β 2 , β3 and β4
are linear coefficients; β 12,  β 13 , β 14,  β 23,  β
24   and â 34      are the interaction coefficients; β
11, β 22  ,β 33 and  β 44   are the quadratic
coefficients [11].

RESULTS AND DISCUSSION
Face centred central composite design for
medium optimization : The face-centred central
composite design (FCCCD) is an effective method,
and objective of this method is to run the selected
variables powerfully with the route of increase
towards optimum level and also recognizes the
most excellent possible set of process variables
for operating fermentation process effectively [12].
The FCCCD was used for optimization of medium
components such as incubation period,
temperature, pH and inoculums size. The input
variables of present study are selected based on
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finding of the one-factor-at-a-time (OFAT) analysis
for production of PHB, and selected four variables
showed the potential impact on PHB production
[4]. The output variable of the process is PHB
production. The FCCCD was generated a sum of
30 experiments with different combinations of
physical variables, and among these experiments
08 are central points. The experiments were
conducted at central points to establish the curve
which indicates the importance of model (Table
2).

    The response (Y) fitted with the second-order
polynomial equation

PHB Yield (R1) = +5.52+0.23*A-0.099*B-0.49*C-
0.016*D+0.079*A*B+0.015*A* - 2.500E-003 * A *
D+0.083* B * C-0.11  * B * D+0.099  * C * D +0.090
* A2-1.96* B2-1.14  * C2+0.32 * D2

R1 represents the response for PHB
production, whereas Incubation period,
Temterature, pH and Inoculums size represented
by variables A, B, C and D respectively, and the
R2 coefficient value of 0.9723 suggested that
predicted model was sig- nificant. The values of
“Prob > F” less than 0.0500 indicate  model terms
are significant, and in this case and in this case
C, B2, C2 are significant model terms (Table 3).
The model statistical parameter, low per cent CV
(8.24), represents the reliability of experiment
performed, and other parameters are shown in
Table 4The 3-D response surface curves were
plotted to evaluate interactions of combinational
medium variable effects on response and to find

out optimal concentrations of physical variables
for PHB production (Fig. 1a–c). Maximum
production of PHB was attained when fermentation
medium was supplemented with 35.28oC of
temperature and 54.34  h  of incubation period
(Fig. 1a). The oval shape 3D curve between pH
and incubation time, inoculums size and incubation
period, pH and temperature, inoculums size and
temperature suggests that the interaction effects
between four physical variables are significant (Fig.
1b, 1c, 1d, 1e). Similarly, the 3D plot related to
inoculums size and pH showed the major effect
on production and maxi-mum production was
achieved at 6.6 pH and , 3.19 %  of inoculums
size (Fig. 1f ).

For the production of PHB, the RSM model
is validated by conducting an experiment at best
predicted and precise solution. The PHB yield
reached to 5.88 g/L from A. nosocomialis RR20,
which is almost near to the RSM predicted value
under very well optimized conditions (Table 5). The
maximum PHB production reported previously was
3.32 g/L obtained in sub- merged fermentation with
Bacillus mycoides DFC1. The process was run at
optimum conditions of pH 7.3, temperature 37 °C
, inoculums size 3% and incubation time 72 h in
liquid medium containing 4% glucose, 3.5%
peptone, 0.3% K2HPO4, 0.1% KH2PO4, 0.05%
MgSO4.7H2O, and 0.03% l-cysteine [3]. Similarly,
Umesh et al. [9]  obtained highest yield of 5.09 g/
L through submerged fermentation with Bacillus
subtilis NCDC0671 with the optimized medium
consisting of 2.23 (g/L) beef extract, 0.72 (g/L)
sodium chloride and 48 h of incubation period.
Nisha et al., [13] reported PHB yield of 2.2g/L by

Table 1 Range of variables selected for optimization

S. No. Physical variable Code Range of variables
     -1(low)        0(middle)        +(high)

1 Incubation period A 36 48 60
2 Temperature B 30 35 40
3 pH C 6 7 8
4 Inoculums size D 3 4 5

Statistical optimization of  PolyHydroxyButyrate



Current Trends in Biotechnology and Pharmacy
Vol. 14 (1) 62-69, January 2020, ISSN 0973-8916 (Print), 2230-7303 (Online)
DOI: 10.5530/ctbp.2020.1.7

65

culturing Bacillus sphaericus NCIM 5149 through
submerged fermentation. Hidayah  et al. [14]
reported PHB yield of 1.40 g/L through submerged
fermentation with Comamonas sp. EB172 with the
opti- mized medium consisting of  temperature 30
°C, pH 7.04, inoculum size 4.0 % (v/v), (NH4)2SO4
0.01 g/L and mixed organic acids 5.05 g/L. As
reported by Sindhu et al. [15] the highest PHB
yield of 0.194 g/L through submerged fermentation
using Comamonas sp. with the optimized media
consisting of 1% concentration  of  yeast  extract,
inoculum  concentration  of  5.5%  and  pH  6.0..
Sindhu et al. [16] reported the maximum production
1.697 g/L of PHB was obtained under the optimum
concentrations of the medium through the
fermentation from Bacillus firmus NII 0830 inoculum
concentration of 6.5%, 90 h of incubation and

0.75% of xylose concentration. Poly-â-
hydroxybutyrate obtained using molasses in this
study was 6.36 g/L. Sowmya et al., [17] reported
maximum PHB yield of 1.2 g/L at optimum
conditions of  pH 8.0, sodium chloride
concentration 20 g l-1, inoculum size 0.5% (v/v),
glycerol 20 g l-1 and 72 h of incubation at 30°C. In
comparison with these previous reports, the PHB
production from RR20 strain (18-19)  is said to be
higher and raw materials of medium are also
expected to reduce the estimated cost of the
process.

PHB production comparison

The submerged fermentation with standard
MSM is produced PHB, 0.89 g/L. After the
optimization of low-cost

Fig. 1 3D graphs a) effect of temperature and incubation time b) effect of  pH and incubation time c) effect of
inoculums size and incubation time d) effect of pH and temperature e)effect of inoculums size and temperature
f)effect of inoculums size and pH

Validation of RSM model
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Table 2  Actual data for design of experiments

S. Incubation Temp. (oC) pH Inoculums               PHB Yield (g/L)
No period, h size (%) Experimental RSM predicted

1 48 35 7 4 5.65±0.013 5.52
2 48 35 7 3 5.82±0.005 5.86
3 36 30 8 3 1.78±0.002 1.99
4 48 35 7 4 5.42±0.012 5.52
5 60 40 8 3 2.61±0.014 2.66
6 36 40 8 5 2.00±0.016 1.97
7 60 40 6 5 3.54±0.009 3.21
8 60 40 6 3 3.75±0.013 3.66
9 60 30 6 5 3.21±0.023 3.63
10 60 30 8 5 3.24±0.003 2.7
11 48 35 8 4 3.67±0.006 3.89
12 60 40 8 5 2.35±0.005 2.61
13 36 40 6 3 3.56±0.011 3.37
14 48 35 7 4 5.62±0.010 5.52
15 36 30 8 5 2.21±0.009 2.38
16 48 35 7 5 5.68±0.009 5.82
17 60 30 8 3 2.32±0.003 2.33
18 36 35 7 4 5.5±0.014 5.39
19 36 40 6 3 2.65±0.012 3.07
20 36 40 8 3 2.36±0.008 2.01
21 48 48 7 4 5.84±0.010 5.52
22 48 48 7 4 5.8±0.004 5.52
23 36 36 6 5 2.56±0.008 2.63
24 36 36 6 5 3.54±0.007 3.36
25 60 60 6 3 3.74±0.006 3.65
26 48 30 7 4 3.46±0.013 3.66
27 48 35 7 4 5.45±0.005 5.52
28 60 35 7 4 5.52±0.009 5.84
29 48 35 6 4 4.89±0.011 4.88
30 48 40 7 4 3.45±0.007 3.46
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Physical variables, namely incubation period,
temperature, pH and inoculums size, the
production level is elevated to 5.88 g/L. In
comparison with the standard MSM, the production
of PHB improved to 6.60-fold (Fig. 2). The findings
of the present study proved that designed medium
could be used as potential alternative for
commercial production of PHB.

Table 3 ANOVA for response surface quadratic model

Source Sum of squares df Mean square F Value p-value
Prob>F

Model 54.50 14 3.89 37.55 <0.0001 most
Significant

A-Incubation time 0.94 1 0.94 9.10 0.0087 Significant
B-Temperature 0.18 1 0.18 1.72 0.2098
C- pH 4.40 1 4.40 42.45 <0.0001 most

Significant
D-Inoculums size 4.672E-003 1 4.672E-003 0.045 0.8347
AB 0.099 1 0.099 0.96 0.3434
AC 3.600E-003 1 3.600E-003 0.035 0.8547
AD 1.000E-004 1 1.000E-004 9.646E-004 0.9756
BC 0.11 1 0.11 1.05 0.3216
BD 0.18 1 0.18 1.78 0.2016
CD 0.16 1 0.16 1.51 0.2388
A2 0.021 1 0.021 0.20 0.6586
B2 10.00 1 10.00 96.48 <0.0001 most

Significant
C2 3.37 1 3.37 32.47 <0.0001 most

Significant
D2 0.26 1 0.26 2.48 0.1360
Residual1.56 15 0.10
Lack of fit1.41 10 0.14 4.68 0.0511
Pure error 0.15 5 0.030
Cor Total56.06 29

Table 4 Model statistical parameters

R-Squared 0.9723
Adj R-Squared 0.9464
Pred R-Squared 0.8108
Adeq precision 17.073
SD 0.32
Mean 3.91
C.V. % 8.24

Table 5 Validation of RSM model for PHB production
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Conclusion
The present study aimed in the PHB

production using a novel Acinetobacter
nosocomialis RR20 strain isolated from sewage
waste. The operating conditions (physical
variables) were optimized using Central Composite
Design and the optimum incubation period,
temperature, pH  and inoculums size were 54.34
h, 35.28 oC, 6.6 and 3.19 % respectively. At these
optimum conditions, PHB production of  5.88 g/L
was reported  which is sixfold enhanced. The
findings of this study proved that the modified
mineral salt medium could be used as potential
alternative for commercial production of PHB.
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Abstract
Alteration of radical scavenging capacity

(RSC), phenol (TPC) and flavonoid contents (FC)
of pomegranate fruit parts were extracted using
Boiling, Sonication, Microwave, Sonication
followed by microwave and compared.
  RSC was determined by DPPH activity and
FRAP assay while TPC and FC were measured
by Folin-Ciocalteu method and Aluminium chloride
colourimetric assay, respectively. Sonicated peel
extract exhibited maximum RSC (IC50 3.3μg/mL),
PC (64.0W/W% Gallic Acid Equivalent) and FC
(19.7w/w % Quercetin Equivalent). Fermented
juice showed higher RSC (243 fold less IC50), TPC
(4 folds) and FC (1.5 folds) than the fresh juice.
Seeds had minimum phytochemical content; RSC
(IC50 11698μg/mL), PC (2.0 W/W% Gallic Acid
Equivalent) and FC (2.2W/W% Quercetin
Equivalent). GC-MS enable to identify some
functional groups (Furfural, Benzoic acid, and n-
Hexadecanoic acid) in sonicated peel water
extract. Thus, this study revealed Sri Lankan
pomegranate peel presented with excellent TPC,
FC and RSC than other parts of pomegranate fruit
apart from extraction method.

Total phenol Content
Keywords: Pomegranate, Polyphenols, Radical
Scavenging Capacity, Sonication, DPPH

Introduction
Natural phytochemicals play a major role in

maintaining a healthy life in humans. These

phytochemicals can be consumed generally
during diets.  Phytochemicals, the bioactive plant
compounds in fruits, vegetables, grains, and other
plant foods, have been linked to reductions in the
risk of major chronic diseases such as; cancer,
diabetes, cardiovascular diseases, inflammation,
and neurologic disorders. Fruits and vegetables
contain a wide variety of phytochemicals with
antioxidant properties such as polyphenols,
flavonoids, isoflavones and carotenoids that may
help to protect cellular systems from oxidative
damage and lower the risk of chronic diseases
(1).

Pomegranate (Punica granatum L.) is a
medicinal herb belongs to ýLythraceae family.
Pomegranate in Sri Lankan home gardens has
been revealed to have nutritional benefits (2). Even
though in Indian ayurveda and siddha medicine
have been used pomegranate as an anti-tumor
remedy it was not based on scientific experiments
(3). It is reported that pomegranate peel, pericarp
(mesocarp), juice, seeds, leaves, bark have shown
several health benefits such as antibacterial,
antiviral, antioxidant, anti-inflammatory activities
(4)(5)(6) . Punicic acid, oleic acid, palmitic acid,
stearic acid, linoleic acid, sterols, tocopherols
were identified as the major constituents of the
pomegranate seeds (7)(8).  Pomegranate fruit is
rich in tannins, phenolics (ellagic tannins, ellagic
acid and gallic acid), which are potent antioxidants
(9). Pomegranate peel which is inedible,
constitutes about 50% of the total fruit weight and
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it contains higher amounts of polyphenols than
the juice, which is discarded as a waste (10).
Department of Agriculture, Sri Lanka has been
introduced three varieties of Sri Lankan
pomegranate; Nimali, Daya and Nayana as Sri
Lankan varieties. Health benefits of Nimali were
investigated,  as the most popular variety of
pomegranate among three, due to its high yielding
ability, soft seeded and sweet taste (11).

Efficiency of emerging extraction methods
compared with its phytochemical analysis with
selected five notable methods.  SN considered
as an emerging and efficient method which can
intensely reduce extraction time while increasing
extraction yields and antioxidant properties of
extracts (12)(13) . This highlighted the importance
of extraction step for yield of total phenolic,
flavonoid contents and antioxidant activities.
Analysis of phenolic compounds and evaluation
of anti-oxidant activity in different parts of Sri
Lankan pomegranate fruit is not elucidated, hence
the present investigation gains importance towards
understanding its potential health benefits.

Materials and Methods
Materials Gallic acid, Folin-Ciocalteu reagent,
Trichloroacetic acid, Sodium carbonate (Na2CO3),
Aluminum chloride (AlCl3), Sodium nitrite (NaNO2),
Sodium hydroxide (NaOH) were purchased from
Sigma Chemicals Co. (P.O.Box 14508, St. Louis,
MO 63178 USA). 1, 1-Diphenyl-2-picrylhydrazyl
(DPPH), polyvinyl-polypyrrolidone (PVPP) and
Quercetin (e+95%) were purchased from Fluka
(Flukachemie GmbH, CH-9471 Buchs). Other
chemicals were obtained from Sigma-Aldrich Co
(St Louis, MO, USA) unless mentioned. All
chemicals used were in analytical grade.

SHIMADZU UV 1601 UV/Visible
spectrophotometer (Shimadzu Corporation,
Kyoto, Japan) was used to measure absorbance.
Deionized water was obtained from Labconco
Water Pro-PS UV ultra-filtered water system
(Labconco Corporation, Kansas City, Missouri).
Labconco Free Zone Legacy 2.5 L Benchtop
Vaccum Freeze Drier was used to obtain the
lyophilized plant samples (Model No: 7670530, -

54° with SS interior, 220V). Sonication done with
NEY ULTRAsonik cleaner controller 300 (The J M
Ney Company Barkmeyer Division 13553
Calimesa Blvd, Yucaipa, CA, 50 kHz, 135 W).
Memmert WNB 22 water bath (Memmert GmbH
+ Co. KG, Aeussere Rittersbacher Strasse, 38,
D-91126, Schwabach) used for heating of samples.

Plant materials Sri Lankan Punica granatum
L. (Nimali) obtained from Fruit Research Institute,
Department of Agriculture, Kalpitiya, Sri Lanka
(January 2017). Plant species was taxonomically
identified and voucher specimen was deposited
in Botany Department, Bandaranayake Memorial
Ayurveda Research Institute, Nawinna, Colombo,
Sri Lanka under number 2025). Pomegranates
were handpicked, washed and stored in 4°C
refrigerators (14). The fruit was separated to its
parts (pericarp, peel, seeds, juice) manually.

Sample Preparation : Freeze-drying retains
higher levels of phenolic content in herbal samples
compared to air-drying (15). Pomegranate peel,
pericarp, fresh juice, fermented juice and seed
samples freeze dried at -40ºC until a constant
weight acquired.

Preparation of Pomegranate peel and
pericarp extracts : Pomegranate peel and
pericarp extracts were prepared by five different
methods; boiling, sonication, heating in water
bath, microwave and sonication followed by
microwave. Lyophilized peel samples were
grounded to obtain a powder and sieved to remove
coarse particles. The fine powder was subjected
to the following extraction methods. 1) Boiling
water (45 minutes) 2) Sonication (50 kHz, 135
W, 30 minutes) 3) Sonication (50 kHz, 135 W,
30 minutes) followed by microwave (2450MHz,
1050W, 3 minutes) 4) Microwave (2450MHz,
1050W, 3 minutes) 5) Water bath (50ÚC, 20
minutes). Two grams of peel (n=6) / pericarp
powder (n=6) was dissolved in 100mL deionized
water for each extraction method. Extract was
centrifuged (3000 rpm, 10 min) and filtered through
Whatman No. 1 filter paper. Resulting filtrate of
five extractions were freeze dried until obtained a
constant weight and stored in -20°C freezer.
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Lyophilized samples of peel and pericarp were
prepared and the yield was calculated as a
percentage of dry weight.

Preparation of Juice extracts Juice was
separated into two portions. One portion was
allowed to ferment with wine yeast
(Saccharomyces bayanus – Lalvin EC-1118, from
Lallemand, Monrtreal, Canada) (1g for 3.8L) for
one week and filtered extract was freeze dried
until a constant weight obtained. Other portion
was allowed to remain as fresh juice and freeze
dried until a constant weight obtained.

Preparation of Seed Extract: Seeds were
cleaned with deionized water and freeze dried until
a constant weight obtained. Dried seeds were
grounded and refluxed for three hours. Resulting
extract was centrifuged (3000rpm, 10 mins) and
filtered through Whatman No. 1 filter paper.
Resulting filtrate was freeze dried until obtained a
constant weight and stored in -20°C freezer.

Total Phenolic Content (TPC) : TPC of
Pomegra- nate peel, pericarp, juice and seed
extracts was determined by Folin-Ciocalteu’s
method (16). Calibration curve was plotted with
gallic acid as the standard. TPC was expressed
as W/W% Gallic acid equivalents.

Flavonoid content (FC) FC was measured by
aluminium chloride colorimetric assay (17).
Calibration curve plotted with quercetin as the
standard and FC was expressed as w/w%
Quercetin equivalents.

Determination of antioxidant activity
Free radical scavenging capacity was assessed
by the DPPH Radical Scavenging Method (18)
with slight modifications and compared with IC50
of ascorbic acid.  The scavenging activity of each
concentration (n = 6) were quantified by the
decolorization of DPPH in solution at 517nm.

% Inhibition capacity = (Ab control - Ab sample) / Ab
controlX 100

The Ferric Reducing Antioxidant Power (FRAP)
was determined according to Sharma and Kumar,
2011 (19). The test samples (100 ìl) with different

concentrations were mixed with phosphate buffer
(0.2 M, pH 6.6, 250ìl) and Potassium ferricyanide
(1%, 250ìl). The mixture was incubated at 50°C
for 20 min. Trichloroacetic acid (10%, 250ìl) was
added and the samples were centrifuged at
6500rpm for 10 min. The supernatant was mixed
with deionized water and Ferric chloride (0.1%)
at a ratio of 1:1:2 respectively. The samples were
vortexed and absorbance was measured at 700nm
in UV-Visible spectrophotometer. The blank
contained deionized water instead of test sample.
L-ascorbic acid was used as the standard.
Increased absorbance of the reaction mixture
indicates stronger reducing power.

Removal of Polyphenols from Pomegranate
juice : Polyphenols were removed using
Polyvinylpolypyrrolidone (PVPP) column as
described previously (20). A cotton wool plug was
placed inside a 5cm3 syringe after removing the
plunger and the needle. Syringe was filled with
PVPP (1.0g) and juice samples (3mL each) were
layered over the PVPP column. The PVPP column
was placed in a 15 mL falcon tube and centrifuged
at 2,000g for 10 min. Centrifugation was repeated
for 6 times with the same column adding 1mL of
the extract and each fraction was collected to
separate tubes. First fraction was discarded and
remaining fractions were analyzed for the presence
of polyphenols. The Absorbance of fermented juice
before and after PVPP treatment were scanned
for wave lengths using a UV/Visible
spectrophotometer.

Gas Chromatography/ Mass Spectrometry
(GC/MS) Analysis: GC-MS analysis was
performed  for the freeze dried Sonicated peel
water extract using a Agilent 6890 series
instrument equipped with a Agilent 5973 N series
mass selective detector. The sample was injected
into the GC-MS on a 5% Phenyl methyl Siloxane
glass capillary column with a film thickness of
0.25 μm (30 m × 0.25 mm) with helium as carrier
gas at 0.9 mL/min constant flow mode. GC
temperature programme was 60ÚC - 280ÚC at
15ÚC/min. The mass spectra were recorded in
splitless mode. The scan repetition was 10 sec
over a mass range of 15 - 550 atomic mass units.
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Statistical analysis Results were
presented as mean values of six replicates ±
standard deviation. The IC50 values were calculated
from either linear or logarithmic dose response
curves. A one way analysis of variance (ANOVA)
was performed and the significant differences
between mean values (p value) were determined.

Results and Discussion The effectiveness of the
extraction method with reference to the
antioxidant activity, total phenol content, and
flavonoid content were determined by this study.
Furthermore, the relationship between free radical
scavenging activity with polyphenol and flavonoid
contents were monitored. Several studies have
been carried out to detect antioxidant activity, total
phenol content and flavonoid content of edible parts
of pomegranate fruit. However, this is the first study
comparing the effect of extraction methods with
the radical scavenging capacity, total phenol
content, and flavonoid content for Sri Lankan
variety of Punica granatum L. fruit.

Sonication or Ultrasound-Assisted
Extraction (UAE) is a low cost and non-complex
instrument, which is used for small and large scale
extractions. With the acoustic waves generated
by the shear force, can be disrupted the biological
membranes which facilitate the release of
endogenous substances (21). Faster kinetics,
high extraction yield and safer method for
thermolabile compounds are some benefits of
UAE method (22) (23).

With microwaves a pressure generates
inside cell and it causes the rupturing of the cell
membrane, which will facilitate the release of active
substances (23). Extraction yield depends on the
microwave power, extraction time and type of
solvent used. Microwaves can cause tremendous
temperature elevation of the sample. Due to
elevation of temperature in microwaves,
thermolabile compounds may destroyed in the
sample (24).

Boiling is the traditional extraction method used
in ayurveda medicine for preparation of most of
drugs. Therefore, in this study open boiling was

selected as an extraction method, which is only
suitable for extracting heat-stable compounds,
unbreakable plant materials (25). As UAE method
is protective for thermolabile compounds, it may
have given higher values for total phenol and
flavonoid contents in this study(21) (22) .

Extraction yield Extraction yield for parts of
the pomegranate fruit extracts are illustrated in
Table 1 as a percentage of dry weight obtained
after freeze drying. UAE extracts of peel and
pericarp obtained the highest extraction yield of
38%, 24% respectively.

Total phenolic and flavonoid contents
UAE method has exhibited the highest mean value
of total phenolic content in both peel (64.0±11.5
W/W% GAE) and pericarp (43.5±6.5 W/W%
GAE) (Fig 1). A significant difference (p<0.005)
was observed between extraction methods for both
peel and pericarp. However, peel had the higher
level of total phenolic content irrespective of the
extraction method. Catechin, epicatechin,
epigallocatechin-3-gallate, flavan-3-ol, kaempferol,
luteolin, luteolin 7-O-glucoside, naringin, and
quercetin available as flavonoids in peel (26). Total
phenolic content of fermented juice (2.7±0.3 W/
W% GAE) is higher than fresh juice (0.7±0.05 W/
W% GAE) and seed (2.0 ±0.3 W/W% GAE)
extracts. But it was lower than peel. Gallic acid
was considered as the standard phenolic
compound and expressed as Gallic Acid
Equivalent (W/W% GAE).

The flavonoid content was higher in peel than
pericarp. UAE method demonstrated the highest
value of flavonoid content for both peel (19.7±2.9
W/W% QCE) and pericarp (15.2±1.5 W/W%
QCE) (p<0.005). Fermented juice (6.7±0.2 W/W%
QCE) had a higher value than fresh juice (4.6±0.7
W/W% QCE) and seed (2.2± 0.4 W/W% QCE)
extracts. Folin-Ciocalteu (F-C) assay is based on
the reduction of Folin-Ciocalteu reagent from
phenolic compounds, which is a mixture of
tungsten and molybdenum oxides (16). Vinson
et al reported that F-C method can be used for
fruits (27). Total phenol content in pomegranate
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peel is ten folds higher than the pulp extract (10).
A higher TPC was observed with100% water
extract of pomegranate peel, while 30% water:
70% ethanol extracts show the lowest. Though
some reports suggest that there is a correlation
between total phenol content and antioxidant
activity, no correlation has been found in some
studies (28). In this study, UAE method showed
the highest TPC and antioxidant activity. Therefore,
it revealed that there is a correlation between
antioxidant activity and TPC.

Antioxidant activity
According to Gil, 2000 DPPH and FRAP methods
were suggested as easy and precise methods for
the detection of antioxidant activity of fruit and
vegetable extracts (29). It is further reported that
DPPH radical scavenging assay is easy, sensitive
and rapid method to follow and 90% of antioxidant
activity can be measured (30). It is revealed that
the pomegranate juice consists with gallic acid,
organic acids, simple sugars, ellagic acid, quinic
acid, flavonols, amino acids, minerals,
epigallocatechin-3-gallate (6) (31). In addition to
that punicalagine, hydrolizable tannins,
ellagitannins, anthocyanins, anthocyanidins can
be found in pomegranate juice, as the main
compounds which play a major role in antioxidant
activity (29). Tezcan, 2009 has revealed that

glucose and fructose as the main sugar types
present in juice (32). According to Rice-Evans et
al. Glucose has been identified as the commonest
sugar involved in the glycoside formation. As well
as galactose, rhamnose, xylose and rutose are
involved. Some compounds show a different
antioxidant capacities with different solvents,
depending on their structure and different binding
affinities to the solvent. Further he says, if number
of hydroxyl groups is higher, the free radical
scavenging capacity is high due to the high
conjugation ability (33).

DPPH free radical scavenging capacity was
significantly higher (p<0.005) in UAE method both
peel (IC50 3.3±1.1 μg/mL) and pericarp (IC50 6.2±0.1
μg/mL) extracts comparable to ascorbic acid
standard than the other extraction methods.
Pomegranate peel is composed with tannins,
flavonoids, organic acids and alkaloids. With the
presence of variety of tannins; punicalagin,
punicalin, gallic acid and casuarinin, peel shows
the antioxidant activity (29) (34). As tannins form
strong complexes with proteins, they are less
disposed to degradation even in the digestive tract,
which is transported to other tissues.  According
to the suggestion from Marshall, 1990 tannins
have the ability of replacing other antioxidants,
therefore they prevent oxidative damage of
proteins, carbohydrates and lipids during digestion

Fig 1. Total phenolic content (GAE W/W %) of peel, pericarp extracts with relative to extrac-
tion methods (A) and fresh juice, fermented Juice and seed extracts (B)
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(35). Lowest DPPH free radical scavenging
capacity was present with seed extract (IC50
11698μg/mL) and value for fermented juice extract
was 243 fold higher than the fresh juice (Table 2).

PVPP is a polymer which is highly cross
linked with a high affinity for polyphenols (36) and
used to remove polyphenols from pomegranate
fresh and fermented juice to investigate the effects
of polyphenols on DPPH radical scavenging
capacity. With the presence of PVPP, fresh juice
and fermented juice have shown a very low %
radical scavenging capacity at a concentration of
100 μg/mL in DPPH assay. We performed the
spectrum analysis especially for juice, as it
showed a vast difference in % scavenging capacity

between two types of juice. According to
photometric scanning spectrum, broadness of
peaks and wave length were reduced after
treatment with PVPP (Fig 3). The evidence of
presence of polyphenols in fermented juice and
fresh juice was represented with the peaks
obtained between 190nm to 600nm. Phenol,
nitrous compounds, carotenoids and other
unidentified compounds can act as natural
antioxidants other than polyphenols.

Percentage radical scavenging capacity of
fresh juice and fermented juice were 11.0±0.0 %
and 42.5±0.0 % before removal of polyphenols
and 0.03±0.0 % and 0.2±0.0 % after removal of
polyphenols consecutively at a concentration of

Fig 3. The photometric scanning spectrum for fermented juice (A) and fresh juice (B) before and after
treatment with PVPP (PFFRJ – Polyphenol free fermented juice, PFFJ – Polyphenol free fresh juice)

Fig 2. Flavonoid content (W/W % QCE) of peel, pericarp extracts with respect to extraction method
(A) and fresh juice, fermented Juice, seed extracts (B).
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100μg/mL which evidences polyphenols as the
major component responsible for the antioxidant
activity of Sri Lankan pomegranate.

Capacity of reduction of ferric ions (Fe3+) to
ferrous ions (Fe2+) was greater in UAE method
both peel and pericarp (Fig 4).Fermented juice
has shown a significantly higher (p<0.005) value
for Fe3+ reduction capacity comparable to fresh
juice. Least reduction was obtained for seed
extract comparing to ascorbic acid standard which
is negligible.

Gas Chromatography/ Mass Spectrometry
(GC/MS) Analysis : The GC/MS analysis of
Punica granatum L. Sonicated peel powder extract
exhibited five distinct peaks at retention times of
3.470, 6.716, 12.993, 13.943 and 14.260 minutes
with 21.8%, 32.5% 35.2% 2.1% and 4.2% values
respectively as area percent report (Fig 5).

It has been revealed that sonicated peel
extract composed with furfural ring, benzoic acid,
n-Hexadecanoic acid as functional groups.

Fig 5. Total Ion Chromatogram of Volatile Compounds in the Sonicated Peel powder of Punica
granatum L. fruit Analyzed by GC/MS

Fig 4. Ferric ion reducing power of peel (A), pericarp (B) with respect to extraction methods
compared to ascorbic acid standard.
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Gunasena 2017, revealed that 2, 5-dimethyl furan,
Methyl beta-d-galactopyranoside have anticancer
activity. Presence of Decanoic acid derivatives
such as tridecane, 3-methylhexadecanoic acid,
9,12-octadecadienoic acid, 7-tetradecyne, 1-
hexadecanolhave antioxidant activity. Gallic acid
which belongs to Hydroxybenzoic acids is a
potent antioxidant component (37).
The polyphenols are the major compounds which
are responsible for antioxidant activity according
to the spectrum analysis of pomegranate fresh
juice and fermented juice. Water extract of
pomegranate peel showed the highest total
phenolic and flavonoid contents among the other
components of the fruit. Fermented juice has a
higher antioxidant activity than fresh juice. UAE
method shows the high total phenol and flavonoid
contents in peel and pericarp extracts of
pomegranate fruits.

Conclusion This study revealed that Sri Lankan
Punica granatum L. peel extract indicated the
highest total phenolic, flavonoid contents and
antioxidant capacities compared to other extracts
irrespective of the extraction method. As well as

Table 1. The extraction yield for pomegranate
fruit extracts (W/W %)

Component Extraction yield
(W/W % of dry

weight)

Peel
a. Sonication 38.00
b. Microwave 15.00
c. Sonication & Microwave 20.00
d. Boiling 17.00
e. Waterbath 24.00

Pericarp
a. Sonication 24.00
b. Microwave 9.00
c. Sonication & Microwave 15.00
d. Boiling 11.00
e. Waterbath 19.00

Juice
a. Fresh juice 64.98
b. Fermented juice 48.76
Seed 39.12

Table 2. EC50 values of pomegranate fruit extracts

1)IC50 values of peel and pericarp extracts with respect to extraction methods and
2)fresh juice, fermented juice, seed extracts. aAll values are mean±SD of 3 replicates;
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UAE extraction method presented the highest
value for all the evolutionary criteria mentioned
above. The polyphenols in pomegranate fruit parts
are mainly contributed to antioxidant activity.
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Abstract
Ferulic acid-based multifunctional molecular

hybrids of 1,3,4-oxadiazoles were designed,
synthesized, and biologically evaluated for the
treatment of Alzheimer’s disease. Among the
synthesized compounds, the derivatives with 4-
hydroxy-3,5-dimethoxy substituent (FA5 and
CFA5) showed balanced inhibitory potential
against hAChE, hBChE, and hBACE-1. Also,
CFA5displayed remarkable PAS-AChE binding
with significant displacement of propidium iodide,
and appreciable blood-brain barrier permeability
predictions in PAMPA-BBB assay. The thioflavin
T assay in self- and AChE-induced experiments
established the considerable anti-Aâ aggregatory
activity of CFA5. Compound CFA5 also showed
neuroprotective activity in Aâ-induced oxidative
stress against SH-SY5Y neuroblastoma cell lines.
Moreover,in vivo behavioral studies showed
amelioration of cognitive dysfunction in rats tested
by Y-maze. In silico molecular docking study
showed consensual binding interactions of CFA5
with active binding site residues of AChE and
BACE-1.

Keywords: Alzheimer ’s disease;
acetylcholinesterase (AChE); â-secretase-1
(BACE-1); Aâ aggregation;molecular
hybridization,   multifunctional agents.

Introduction
Alzheimer’s (AD), a catastrophic brain

disorder, has preyed life of millions (1). The silent
creep of AD not only leads to the loss of memory
but in many cases, “the loss of life” (2). The disease
progresses gradually and relentlessly that causes
degeneration of brain cells, diminished memory,
obstruction in thinking and perception along with
the disruption of the patient’s capacity to function
self-reliantly (3,4). Typically the AD originates in
the hippocampal region of the brain and then
advances to the other centers of the brain that
control the rhetorical, physical, and judgmental
activities of the patient(5). The dreadful disease
is characterized by multifarious etiology in
conjunction with its overlapping pathological
mechanisms and clinical manifestations.
Despiterigorous research efforts put up by
scientists worldwide, there are still several
unsolved mysteries surrounding this disorder(6).
To date, about 46 million people are diagnosed
with dementia worldwide. Regrettably, the figure
was projected to reach 131.5 million by 2050.
Substantial evidence has exposed the origin of
AD from a combined array of neurochemical
mechanisms causing cell death and tissue loss
in the Alzheimer’s brain(7).

The pathophysiological hallmarks of the
disease include depleted levels of acetylcholine
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(ACh)(8), accumulation of amyloid-beta(9),
dysfunction of N-methyl-D-aspartate receptor(10),
abnormally hyperphosphorylated tau proteins
forming neurofibrillary tangles(11), neuro-
inflammation (12), increased reactive oxygen
species production (13), and so on(14).
Irrespective of the extensive expansion in the high-
throughput screening procedures and the colossal
efforts for the discovery of novel molecules for AD,
their numbers have not increased significantly over
the last few decades(15). Only a handful of drugs
are available that typically enhance cognitive
function and improve the symptoms of AD, but
none of them prohibit or halt the progression of
the disease or offer a cure(16). Also, the clinical
trials of several potential drug candidates failed to
elicit positive outcomes(17). The researchers are
now firmly convinced that the targeting of a single
node of the Alzheimer’s classical pathway by
conventional therapeutics only exerts a little effect
on the multifactorial AD network. These findings
suggest an immense requirement of novel drugs
with a strong potential of treatment that modulates
multiple targets that decelerate the AD progression
rather than a diminution of symptoms(18-20).

Cholinesterases, particularly AChE and
BChE, were clinically proven as the crucial
therapeutic target in the management of AD as
they are responsible for the hydrolytic
transformation of ACh(21). A depleted level of ACh
is considered to be one of the critical pathogenic
hallmarks of AD. It was revealed by numerous
studies that the accumulation of extracellular
senile plaques comprising of amyloid-Beta (Aâ)
peptide is a prominent reason for neurotoxicity in
AD(22). Studies have also demonstrated the
involvement of cholinesterases along with another
reported enzyme BACE-1 in the deposition and
aggregation of Aâ in AD(23). The generation of
free radicals in mitochondria was reported owing
to Aâ buildup that leads to oxidative stress(24).
Therefore the strategy of designing & synthesizing
novel molecules for multiple targets was adopted
in this research.

A series of ferulic acid tethered 1,3,4-
oxadiazole hybrids were designed, synthesized,

and evaluated for all the pathogenic mechanisms
reported above. Ferulic acid, a polyphenolic
scaffold is profusely found in several plants like
Ferula foetida, and it was reported previously in
synthesizing several hybrids with potential
antioxidant, anti-cholinesterase along with anti-
Aâ aggregation activities(25-27). However, owing
to its poor water solubility, oral bioavailability, and
BBB permeation, the clinical efficacy of this
scaffold is compromised(28,29). Therefore, the
concept of molecular hybridization was
successfully utilized in the present work to
synthesize novel hybrids of ferulic acid with 1,3,4-
oxadiazole as multitarget-directed ligands
(MTDLs) for AD.

Results and Discussion
Chemistry: The target compounds FA1–5 and
CFA1–5 were synthesized as per the reaction
sequence of Scheme 1. Initially, ferulic acid (A)
was reacted with N-hydroxybenzotriazole (HOBT)
and 1-ethyl-3-(3-dimethylaminopropyl)
carbodiimide (EDC) in acetonitrile to form its ester,
which in situ reacted with hydrazine hydrate (B,
80 %v/v) under cold condition (0–5 °C) to yield 3-
(4-hydroxy-3-methoxyphenyl)acrylohydrazide (C).
The FT-IR spectrum of compound C showed the
stretching bands at 3654 and 3472 cm-1 for —OH
and —NH functional groups, respectively.
Additionally, two stretching vibrations were
observed at 3122 and 3117 cm-1 for NH2, which
confirmed the formation of hydrazide. The 1H NMR
spectrum showed D2O exchangeable peaks at äH
10.60 (1H) and äH 5.41 ppm (2H) for —NH and —
NH2, respectively.

Scheme 1.Synthesis of target compounds.
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Reagents and conditions: (i) HOBT, EDC.HCl,
CH3CN, stirring, room temperature, 2 h; (ii) N2H4
(2), CH3CN (0–5 °C) stirring, 3h; (iii) substituted
benzaldehydes (D1–5), absolute C2H5OH, GAA,
reflux,6-8 h; (iv) chloramine T, absolute C2H5OH,
stirring, room temperature, 30 min.

Subsequently intermediate (C) was
refluxed in ethanol with a various substituted
aldehyde in the presence of the catalytic amount
of glacial acetic acid to yield respective imines
(FA 1–5), which were further cyclized by
chloramine T in absolute ethanol to afford
molecular hybrids of ferulic acid-based 1,3,4-
oxadiazole (CFA 1–5).The FT-IR spectra of imines
showed characteristic HC=N stretching between
1625–1602 cm-1. Also, the disappearance of a dual
stretching band of —NH2 confirmed the formation
of imines (FA 1–5). The disappearance of C=O
peak in FT-IR spectra of CFA1–5 confirmed the
formation of the oxadiazole ring. The 1H NMR
spectra of imines compounds (FA1-5) were
characterized by the disappearance of D2O
exchangeable peak of —NH2 and appearance of
HC=N (1H) peak. The characteristic HC=N (1H)
and —NH (1H) signals were absent in 1H NMR
spectra of cyclized oxadiazoles (CFA1–5).

2.2 In Vitro Biological Evaluation

Cholinesterase (AChE and BChE) and BACE-
1 inhibition assays: The cholinesterase inhibitory
potential of synthesized compounds (FA1–5 and
CFA1–5) was evaluated by Ellman colorimetric
assay(30). The compounds displayed
considerable inhibitory potential against both the
cholinesterases (AChE and BChE). The Schiff
bases (FA1–5) showed moderately lower inhibitory
potential compared to their cyclic oxadiazole
counterparts (CFA1–5), respectively. The
compounds FA3 and CFA3 with naphthyl ring at
the terminal group showed poor inhibition of AChE
(> 5 μM) and BChE (> 10 μM). The replacement
of naphthyl moiety with a substituted phenyl group
significantly improved the inhibitory potential
against AChE and BChE. The compounds with 4-
dimethylamino, p-CN, and cinnamic substitution
showed moderately lower inhibition of AChE and

BChE (> 1 μM). The substitution with a 4-hydroxy-
3,5-dimethoxy group at the phenyl terminus
showed maximum AChE (IC50, FA5: 0.98 μM and
CFA5: 0.52 μM) and BChE (IC50, FA5: 2.13 μM
and CFA5: 2.09 μM) inhibitory potential with IC50
ranging in submicromolar to micromolar levels. In
our quest to explore multifunctional therapeutic
candidates, the FRET-based fluorometric BACE-
1 inhibition assay was performed. Conversely to
the cholinesterase inhibition, the results elicited
that all the Schiff bases (FA1–5) were better BACE-
1 inhibitors compared to their cyclized
counterparts (CFA1–5). All the tested compounds
showed micromolar inhibitory potential against
BACE-1, with the maximum inhibition was
observed in 4-hydroxy-3,5-dimethoxy substituted
compounds (FA5 and CFA5). The results of in
vitro enzyme assays signified the balanced
inhibitory potential of FA5 and CFA5. The results
of enzyme assays are summarized in Table 1.

Enzyme kinetics study: The enzyme kinetics
study of most potential lead candidate CFA5 was
evaluated against AChE using six different
concentrations of substrate, i.e., acetylthiocholine
iodide (ATCI). Three different concentrations of
compound CFA5were tested separately against
each substrate concentration. The Lineweaver-
Burk double reciprocal plot was drawn between
the velocity of reaction (y-axis) and substrate
concentrations (x-axis) to determine the type of
enzyme inhibition. The plots revealed decreased
Vmax, while Km increased with increasing the
concentration of test compound CFA5, which
suggested the mixed type of AChE inhibition
(Figure 1A). In Lineweaver-Burk plot, the
linesintersection point was at less than zero at x-
axis and greater than zero at the y-axis, which
indicated that ligand preferentially binds to free
enzyme rather than enzyme-substrate
complex(31). Further, Dixon plot was constructed
between the slopes of Lineweaver-Burk plots and
the concentration of test compound CFA5(Figure
1B). The intersection point at the x-axis of the
plot can be considered as dissociation constant
Ki, which was found to be 0.305μM(32).
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Table 1. Results of hAChE, hBChE and hBACE-1 inhibition assays by target compounds.
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Propidium iodide displacement assay:
Regardless of the non-cholinergic function of
AChE, it also interacts with the structural motif of
the peripheral anionic site (PAS) of AChE and
potentiatesAâaggregation(33). This hypothesis is
supported by propidium iodide, a known ligand
bind specifically to PAS-AChE, and responsible
for increasing the fluorescence intensity up to 8-
10 folds. The experimental affinity of selected
compounds FA5and CFA5towardsAChE-PAS
were evaluated through propidium iodide
displacement assay.Compounds FA5 and CFA5
were evaluated at two different concentrations(10
and 50ìM).Results of assay revealed that
compound FA5 has lower propidium iodide
displacement ability, while CFA5demonstrated
significantly higher displacement,
comparedstandard donepezil at both the tested
concentrations. The results pointed out thatCFA5
could bind significantly to PAS-AChE(Table 2).

2.2.4 Blood-brain barrier (BBB) permeability
assay: Blood-brain barrier (BBB) permeability is
the most importantcriterion while designing a drug
for CNS activity(34). Parallel artificial membrane
permeation assay (PAMPA) was performed to
determine the permeation potential of new
hybrids(35). The assay was validated by
comparing the experimental (Pe(exp)) and reference
(Pe(ref)) permeability values of nine commercial
drugs and define a permeability range for excellent,
uncertain, and poor permeability values as per
our previously prescribed protocols.Compound
CFA5 exhibited appreciable BBB permeability,
while FA5 showed uncertain BBB permeability
predictions(Table2). These results suggested that
compound CFA5exhibited balanced inhibition of
both cholinesterases (hAChE and hBChE) and
hBACE-1.This compound also has commendable
propidium iodide displacement capability along
with appreciable BBB permeability predictions
suggested by PAMPA assay. Therefore,

Fig. 1. Results of enzyme kinetics of CFA5on AChE; [A] Lineweaver-Burk plot; [B] Dixon plot.

Table 2. Results of propidium iodide displacement and PAMPA assays.

compdPI displacement from PAS-hAChE(%)a PAMPA-BBB permeability

[I] = 10 μM [I] = 50 μM Pe(exp) (10-6 cm s-1) Prediction

FA5 15.15 ± 1.35 21.98 ± 1.52 3.6± 0.32 CNS+c

CFA524.26± 1.15 33.24±1.20 6.3± 0.29 CNS+b

donepezil22.14 ± 1.50 31.52 ± 1.29 6.4 ± 0.20 CNS+b
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compounds CFA5 was selected as lead
candidates for further pharmacological
investigations.

aThe PI assay was performed at 10 μM and
50 μM concentrations of respective inhibitors.
b‘CNS+’ suggested excellent (Pe > 4.4 × 10-6 cm
s-1) and c‘CNS±’ suggested uncertain(4.4 to 1.8 ×
10-6 cm s-1) brain permeability values. Data are
expressed as the mean ± SEM of three separate
experiments (n = 3).

2.2.5 Self- and AChE-induced Aâ aggregation
inhibition by thioflavin T assay: The
Aâdeposition in the neuronal cell is one of the
major causes ofAD. The thioflavin T assay was
performed to determine the Aâ aggregation
inhibition potency. Compound CFA5 has shown
significant displacement of propidium iodide from
PAS-AChE, which indicated that it could inhibit
AChE accelerated Aâ aggregation. Therefore, a
thioflavin T based fluorometric assay was
performed forCFA5 to ascertain its efficacy against
self- and AChE-induced Aâ aggregation.The
experiment was performed at three different
concentration ratios of Aâ and inhibitor (10:5 μM,
10:10 μM, and 10:20 μM, respectively). The results
were reported as normalized fluorescence
intensity (NFI) (Figure 2). The results revealed that

the inhibitory potential of the compound is directly
proportional to the concentration of the inhibitor.
The inhibitory potential of compound CFA5 (self-
induced: 0.75-0.46; and hAChE-induced: 0.52–
0.17) was significantly higher with reduced NFI
compared to donepezil (self-induced: 0.76–0.64;
hAChE-induced: 0.73-0.26).

2.2.6 Neuroprotection studies on SH-SY5Y cell
lines: To determine the neuroprotective effect of
compound CFA5 on neuroblastoma SH-SY5Y cell
lines by 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl
tetrazolium bromide (MTT) assay(36). The cells
were exposed to different concentrations of
compound CFA5(10, 20, 40, and 80 ìM) for 48
hours to determine their potential in preventing
cell death against Aâ-induced oxidative stress. In
this assay, 20 ìM of Aâ was incubated with SH-
SY5Y cells, which attenuated the cell viability to
61% compared to control. The incubation of Aâ
and SH-SY5Y cells in the presence of test
compounds CFA5 (68–88%) lead to significantly
augmented % cell viabilities. Overall results
suggested the neuroprotective activity of
compound CFA5towards SH-SY5Y
neuroblastoma cell lines against Aâ-induced
oxidative stress (Figure 3).

Fig. 2. Results of thioflavin T assay for compounds CFA5 in [A] self-induced; [B] AChE-induced
experiments.Each bar displays the values of normalized fluorescence intensity (NFI) as the mean ±
SEM of three separate experiments (n = 3).
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2.3In VivoBehavioral Studies

2.3.1 Acute oral toxicity study: The acute oral
toxicity study was performedas per OECD
guidelines 423 on healthy female Wistar rats(37-
39). The results showed no adverse effects up to
the dose of 500 mg/kg ofCFA5. The results signified
a significant margin of safety of compoundCFA5
and therebyprocessed for further in vivo
investigations.

2.3.2 Scopolamine-induced amnesia model:
Y maze test: The Y-maze test was performed to
evaluate the hippocampal-dependent spatial
working memory in the rats. The test
compoundCFA5 was administered daily for seven
consecutive days to healthy male Wistar rats at
the dose of 2.5, 5, and 10 mg/kg, p.o. On the
seventh day, scopolamine was administered after
thirty minutes of the treatment, and the Y-maze
test was performed. Thesignificantly decreased
% alternation scorein the scopolamine-group of
animals (###p < 0.001, Figure 4A) compared to
healthy control revealed induction of memory and
learning impairment. Compound CFA5at the dose
of 5 and 10mg/kgexhibited statistically
nonsignificant differenceswith donepezil (ns,
Figure 4A).The total number of arm entriesby all
groups showed a nonsignificant difference
indicated that scopolamine does not affect
locomotive behavior in animals (Figure 4B). Overall
results advocated that compound CFA5can revert
scopolamine induce amnesia.

2.5Molecular docking studies

The in silico molecular docking studies were
performed to determine the binding affinity and
ofCFA5 onboth the target enzymes, i.e., AChE
(PDBID: 4EY7)and BACE-1(PDBID: 2ZJM).
Initially, docking protocols and prepared gridswere

Fig. 3. The effect of compounds CFA5on
neuroprotective ability on SH-SY5Y neuroblastoma
cell lines.The results are expressed as the mean
± SEM of three separate experiments (n = 3).

Fig. 4. The effect of compounds CFA5 on scopolamine-induced amnesia model by Y maze test in
rats. [A] Percentage spontaneous alterations and; [B] total arm entries. Data are expressed as the
mean ± SEM (n = 6). ###p < 0.001 versus control; ***p < 0.001, **p < 0.01 versus scopolamine; ððp <
0.01, ns = nonsignificantversus donepezil (DONE).
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validated by using the Superposition tool of
Schrödinger. For this, the co-crystallized ligand
was extracted and re-docked in the generated
grids. Further, RMSD value was calculated by
aligningthe co-crystallized and redocked ligands
using the superposition tool, which was found to
be within the limit, i.e., below 2 Å for both the
prepared grids of AChE and BACE-1(40).The result
of docking studies showed that ferulic acid moiety
of CFA5 was aligned towards PASof AChE, while
phenyl terminal partwas lined up towards catalytic
anionic site (CAS). The ferulic acid moiety showed
ð-ð stacking and hydrophobic interaction with
Trp286, while 1,3,4-oxadiazole active interactions
with Tyr72, Tyr124 andTrp286residues of PAS. The
phenyl terminal moiety showed polar interactions
with Ser203 and His447, with additional ð-ð
stackinginteraction with His447 residue of CAS.
Also, this terminal phenyl partshowed ð-ð stacking
and hydrophobic interactionswith Phe338 and
Trp86 residues at the anionic subsite (Figures 5A
and 5B). To accomplish our rationale of
multifunctional activities, compound CFA5was also
docked within the active site of BACE-1. The
results showed that ferulic acid-based hybrid
formed charged interactions with the aspartate
dyad (Asp32 and Asp228) of BACE-1 (Figures 6A
and 6B).

CONCLUSION
AD is multifaceted, which involved the
simultaneous involvement of several
pathophysiological pathways in its progression.
This multifactorial nature of AD has prompted the
researchers to search multifunctional drug
candidates that can affect multiple targets at one
time. Herein, we have designed and synthesized
a series of ferulic acid-based 1,3,4-oxadiazole
hybrids. These hybrids were screened for their
inhibitory potential against several targets such
ashAChE, hBChE, and hBACE-1. Among the
tested derivatives, compounds FA5 and CFA5 with
4-hydroxy-3,5-dimethoxy substituent showed
balanced inhibition of target enzymes. The
enzyme kinetics study of compound CFA5
suggested mixed-type of AChE inhibition. The
results of propidium iodide displacement assay
showed significant PAS-AChE binding by CFA5,
with PAMPA assay predicted the appreciable BBB
permeability. Also, CFA5 elicited a remarkable
disassemblingof Aâ aggregation in self- and AChE-
induced experiments confirmed by thioflavin T
assay. Further, MTT assay proved the
neuroprotective activity of CFA5against Aâ-
inducedoxidative stress in neuroblastoma SH-
SY5Y cell lines. Furthermore, CFA5showed
amelioration of cognitive dysfunction in the

Fig. 5. The docked pose of CFA5 within the active binding site of AChE.(A) 2D and; (B) 3D poses.
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scopolamine-induced amnesia model performed
by the Y-maze test.These results of behavioral
studies were also observed to be nonsignificant
with the standard drug donepezil at the tested
dosage. Moreover, to confirm the consensual
binding, molecular docking studies were
envisaged, which proved significant interactions
of CFA5 with PAS and CAS of AChE and aspartate
dyad of BACE-1. Overall results suggested
compound CFA5 to be the potential multifunctional
lead candidate for the treatment of AD.

4.1 Chemistry
4.1.1 Chemicals and instrumentations: All the
reagents and chemicals were purchased from
commercial suppliers and used without further
purification. The reaction progress was monitored
by thin-layer chromatography (TLC) using
precoated silica gel G60 stationary phase and
visualized by ultraviolet light (254 nm) or iodine
vapors. Melting points were determined by using
an automated melting point apparatus (Bamstead
Electrothermal, UK) and reported as uncorrected.
FT-IR spectra were recorded on Bruker ALPHA-T
(Germany) ATR. The 1H and 13C NMR spectra were
recorded on Bruker Avance 500 MHz
spectrophotometer in DMSO-d6 with

tetramethylsilane (TMS) was used as an internal
standard. The chemical shift was measured in
the ppm (ä). The physicochemical and spectra
data are given in Table 3.

General procedure for the synthesis of
compound C. Briefly, ferulic acid (A, 0.52 mmol)
was mixed with HOBT (0.78 mmol) in acetonitrile,
and the reaction was stirred continuously with the
addition of EDC (0.78 mmol) at room temperature
for 2h. The formed intermediate ester, as confirmed
by TLC was further added dropwise in a solution
of hydrazine hydrate (B, 0.52 mmol) and
acetonitrile(3ml) under cold condition (0–5°C).The
completion of reaction was monitored by TLC,and
organic layer wasevaporated under reduced
pressure. The reaction mixture was treated with
DCM (2 x 10 ml) and extracted with water. The
organic layer was passed through saturated
solution of NaCl (30 ml) and dried over Na2SO4.
The organic layer was evaporated under reduced
pressure to obtain crude product, which was further
purified with column chromatography.The white
needle shape crystals of 3-(4-hydroxy-3-
methoxyphenyl)acrylohydrazide (C) was obtained.

3 - ( 4 - H y d r o x y - 3 - m e t h o x y p h e n y l )
acrylohydrazide (C). White needles, yield 73%;

Fig. 6. The docked pose of CFA5 within the active binding site of BACE-1.(A) 2D and; (B) 3D poses.
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mp 158-160°C; TLC (DCM/Methanol 90:10 v/v);
Rf = 0.32. FT-IR (í cm-1): 3654(-OH), 3472 (-NH),
3122, 3117 (—NH2), 1705(C=O). 1H NMR (500
MHz) äH 10.60 (s, 1H, —NH D2O exchangeable),
7.37 (d, J = 4.2 Hz, 1H), 7.16 (t, J= 7.5 Hz, 1H),
7.14(d, J = 1.2 Hz, 1H), 5.41(s, 2H, —NH2D2O
exchangeable), 4.16 (s, 1H), 4.01(s, 3H).

General procedure for the synthesis of FA 1–
5. The intermediate C(4.8 mmol, 1 eq) was reacted
with respective aromatic aldehydes (D1–5, 1.2 eq)
in absolute ethanol (10 mL) with the addition of
few drops of glacial acetic acid. The reaction
mixture was heated at refluxfor 6–8 h till the
completion of reaction as monitored by TLC using
DCM:MeOH (90:10 v/v) as the mobile phase. The
reaction mixture was kept overnight and obtained
precipitate was filtered, washed, dried,
recrystallized in absolute ethanol, and collected
as the pure compounds.
N’-(4-Cyanobenzylidene)-3-(4-hydroxy-3-
methoxyphenyl)acrylohydrazide (FA1). White
solid, yield 73%; mp 181-183 °C; TLC (DCM/
Methanol 90:10 v/v); Rf = 0.63. FT-IR (í cm-1): 3664
(—OH), 3248 (—NH), 1690 (C=O), 1612 (C=N).
1H NMR (500 MHz) äH9.20 (s, 1H), 7.83 – 7.75
(m, 3H), 7.56 (d, J = 15.2 Hz, 1H), 7.45 (d, J =
7.5 Hz, 2H), 7.08 – 7.01 (m, 2H), 6.87 (d, J = 7.4
Hz, 1H), 6.56 (d, J = 15.2 Hz, 1H), 4.28 (s, 1H),
3.82 (s, 3H). 13C NMR (126 MHz) äC: 166.78,
149.54, 149.45, 148.12, 145.36, 138.52, 133.51,
129.12, 127.48, 123.68, 122.29, 119.12, 116.28,
115.81, 111.26, 56.80.
N’-(4-(Dimethylamino)benzylidene)-3-(4-
hydroxy-3-methoxyphenyl)acrylohydrazide
(FA2). White solid, yield 76%; mp 186-188 °C;
TLC (DCM/Methanol 90:10 v/v); Rf = 0.68. FT-IR (í
cm-1): 3654 (—OH), 3242 (—NH), 1680 (C=O),
1602 (C=N). 1H NMR (500 MHz) äH9.38 (s, 1H),
7.81 (s, 1H), 7.40 (d, J = 11.2 Hz, 1H), 7.28 (d, J
= 4.5 Hz, 2H), 7.14 (d, J = 7.5 Hz, 2H), 7.07 –
6.99 (m, 2H), 6.87 (d, J = 3.5 Hz, 1H), 6.57 (d, J
= 11.0 Hz, 1H), 4.25 (s, 1H), 3.84 (s, 3H), 2.88 (s,
6H). 13C NMR (126 MHz) äC166.43, 153.38,
149.16, 149.01, 148.50, 145.41, 128.66, 127.65,
123.18, 122.29, 120.97, 115.81, 111.78, 111.65,
56.68, 42.01.
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3 - (4 -Hydroxy -3 -methoxypheny l ) -N ’ -
(naphthalen-2-ylmethylene)acrylohydrazide
(FA3). White solid, yield 79%; mp 176-178°C; TLC
(DCM/Methanol 90:10 v/v); Rf = 0.67. FT-IR (í cm-

1): 3668 (—OH), 3254 (—NH), 1692 (C=O), 1616
(C=N). 1H NMR (500 MHz) äH : 9.41 (s, 1H), 8.15
(s, 1H), 8.00 (d, J = 7.5 Hz, 1H), 7.89 – 7.78 (m,
3H), 7.76 (d, J = 7.5 Hz, 1H), 7.50 (d, J = 15.8
Hz, 1H), 7.46 (dd, J = 9.3, 3.8 Hz, 2H), 7.08 –
6.98 (m, 2H), 6.85 (d, J = 7.5 Hz, 1H), 6.57 (d, J
= 12.30 Hz, 1H), 4.21 (s, 1H), 3.86 (s, 3H). 13C
NMR (126 MHz) äC:166.56, 149.24, 148.41,
145.74, 134.99, 133.83, 133.19, 129.84, 128.47,
127.58, 126.93, 126.47, 123.92, 123.18, 122.29,
115.51, 111.47, 56.32.

3-(4-Hydroxy-3-methoxyphenyl)-N’-(3-
phenylallylidene)acrylohydrazide (FA4). White
solid, yield 83%; mp 188-190 °C; TLC (DCM/
Methanol 90:10 v/v); Rf = 0.61. FT-IR (í cm-1): 3674
(—OH), 3265 (—NH), 1698 (C=O), 1625(C=N).
1H NMR (500 MHz) äH : 9.07 (s, 1H), 8.46 (d, J =
6.0 Hz, 1H), 7.27 (dd, J = 35.7, 11.8, Hz, 6H),
7.07 – 7.02 (m, 2H), 6.87 (dd, J = 14.3, 6.7 Hz,
2H), 6.79 (d, J = 15.5 Hz, 1H), 6.51 (d, J = 15.0
Hz, 1H), 4.29 (s, 1H), 3.88 (s, 3H).13C NMR (126
MHz) äC166.36, 149.52, 148.54, 147.08, 145.52,
136.44, 130.52, 129.12, 128.46, 127.81, 125.30,
123.15, 122.51, 115.55, 111.45, 56.71.

N’-(4-Hydroxy-3,5-dimethoxybenzylidene)-3-(4-
hydroxy-3-methoxyphenyl) acrylohydrazide
(FA5). White solid, yield 87%; mp 191-193 °C;
TLC (DCM/Methanol 90:10 v/v); Rf = 0.66. FT-IR (í
cm-1): 3678 (—OH), 3265 (-NH), 1698 (C=O), 1620
(C=N). 1H NMR (500 MHz) äH 9.43 (s, 1H), 7.65
(s, 1H), 7.56 (d, J = 15.2 Hz, 1H), 7.09 – 6.99 (m,
2H), 6.87 (d, J = 7.5 Hz, 1H), 6.56 (d, J = 15.0
Hz, 1H), 6.37 (s, 2H), 4.28 (s, 1H), 4.16 (s, 1H),
3.81 (s, 9H). 13C NMR (126 MHz) äC166.73,
149.57, 148.68, 14 General procedure for the
synthesis of CFA 1-5. The mixture of respective
imines (FA1-5, 1 eq) and chloramine T (2.2 eq) in
absolute ethanol was stirred at room temperature
for 30 min to obtain a solid white precipitate, which
was filtered, and purified by column
chromatography using activated silica gel to afford
pure oxadiazole hybrids (CFA1-5).

4-(5-(4-Hydroxy-3-methoxystyryl)-1,3,4-
oxadiazol-2-yl)benzonitrile(CFA1). White solid,
yield 77%; mp 121-123°C; TLC (DCM/Methanol
90:10 v/v); Rf = 0.76. FT-IR (í cm-1): 3680(—OH).1H
NMR (500 MHz) äH7.76 (s, 4H), 7.19 (d, J = 15.2
Hz, 1H), 6.82 (d, J = 15.2 Hz, 1H), 6.71 – 6.64
(m, 3H), 4.10 (s, 1H), 3.83 (s, 3H). 13C NMR (126
MHz) äC168.61, 163.89, 149.57, 148.42, 137.78,
130.78, 129.65, 127.51, 127.01, 123.18, 119.12,
115.81, 111.78, 110.46, 110.14, 56.84.
4-(2-(5-(4-(Dimethylamino)phenyl)-1,3,4-
oxadiazol-2-yl)vinyl)-2-methoxyphenol (CFA2).
White solid, yield 79%; mp 129-131 °C; TLC (DCM/
Methanol 90:10 v/v); Rf = 0.71. FT-IR (í cm-1):
3698(—OH). 1H NMR (500 MHz) äH 7.38 (d, J =
7.5 Hz, 2H), 7.08 (d, J = 15.0 Hz, 1H), 6.86 (d, J
= 15.2 Hz, 1H), 6.81 – 6.74 (m, 4H), 6.68 (d, J =
7.2 Hz, 1H), 3.99 (s, 1H), 3.82 (s, 3H), 2.92 (s,
6H). 13C NMR (126 MHz) äC168.84, 162.56,
156.95, 149.45, 148.69, 137.12, 127.51, 123.31,
118.68, 115.98, 111.73, 111.14, 110.32, 56.32,
42.01.
2-Methoxy-4-(2-(5-(naphthalen-2-yl)-1,3,4-
oxadiazol-2-yl)vinyl)phenol (CFA3). White
solid, yield 78%; mp 118-120 °C; TLC (DCM/
Methanol 90:10 v/v); Rf = 0.78. FT-IR (í cm-1):
3678(—OH). 1H NMR (500 MHz) äH8.04 (d, J =
2.9 Hz, 1H), 7.96 (d, J = 8.9 Hz, 1H), 7.88 – 7.78
(m, 2H), 7.77 – 7.72 (m, 1H), 7.52 – 7.39 (m, 2H),
7.13 (d, J = 15.0 Hz, 1H), 6.89 (d, J = 15.2 Hz,
1H), 6.80 (dd, J = 9.8, 1.5 Hz, 2H), 6.69 (d, J =
7.3 Hz, 1H), 3.97 (s, 1H), 3.82 (s, 3H). 13C NMR
(126 MHz) äC167.95, 166.22, 149.52, 148.53,
137.84, 134.51, 134.02, 130.64, 129.70, 129.33,
128.22, 127.61, 127.00, 126.50, 125.93, 123.36,
122.41, 115.62, 111.25, 110.36, 56.85.

2-Methoxy-4-((E)-2-(5-((E)-styryl)-1,3,4-
oxadiazol-2-yl)vinyl)phenol (CFA4). White
solid, yield 81%; mp 117-119 °C; TLC (DCM/
Methanol 90:10 v/v); Rf = 0.81. FT-IR (í cm-1): 3696
(—OH). 1H NMR (500 MHz) äH7.30 – 7.25 (m,
2H), 7.21 (t, J = 7.3 Hz, 2H), 7.18 – 7.13 (m, 1H),
7.09 (d, J = 3.5 Hz, 1H), 7.06 (d, J = 3.5 Hz, 1H),
6.97 (d, J = 15.2 Hz, 1H), 6.85 (d, J = 15.0 Hz,
1H), 6.81 – 6.77 (m, 2H), 6.68 (d, J = 7.3 Hz, 1H),
3.95 (s, 1H), 3.82 (s, 3H). 13C NMR (126 MHz)
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äC166.78, 149.57, 148.50, 138.51, 137.82, 135.88,
129.46, 129.12, 128.15, 127.58, 123.18, 115.81,
111.78, 110.14, 109.93, 56.79.

4-(5-(4-Hydroxy-3-methoxystyryl)-1,3,4-
oxadiazol-2-yl)-2,6-dimethoxyphenol (CFA5).
White solid, yield 83%; mp 114-116 °C; TLC (DCM/
Methanol 90:10 v/v); Rf = 0.88. FT-IR (í cm-1): 3668
(—OH). 1H NMR (500 MHz) äH7.09 (d, J = 15.2
Hz, 1H), 6.84 (d, J = 15.2 Hz, 1H), 6.81 – 6.77
(m, 2H), 6.73 (s, 2H), 6.69 (d, J = 7.3 Hz, 1H),
4.40 (s, 1H), 3.98 (s, 1H), 3.81 (s, 9H).13C NMR
(126 MHz) äC168.61, 163.03, 149.57, 148.50,
147.52, 142.66, 137.82, 127.58, 123.18, 118.05,
115.81, 111.78, 110.14, 107.25, 56.58.

4.2 In Vitro Biological Evaluation
4.2.1 Cholinesterase (AChE and BChE) and
BACE-1 inhibition assays: Cholinesterase
inhibitory activities of all target compounds (FA1–
5 and CFA1–5) were evaluated following an Ellman
colorimetric assay (30). The enzymes, hAChE
(acetylcholinesterase from human erythrocytes,
EC No. 3.1.1.7), and hBChE (butyrylcholin
esterase from human, EC No. 3.1.1.8) were
purchased from Sigma, India. The BACE-1
inhibition assay was performed using a FRET-
based fluorometric assay kit (CS0010, Sigma,
India). For detailed procedure, refer to Supporting
Information- Experimental section.
4.2.2 Enzyme kinetics study: The enzyme
kinetics study of compound CFA5 against AChE
was performed to establish the type of inhibition.
Lineweaver-Burk double reciprocal(31) and Dixon
plots (32)were constructed to evaluate the
mechanism. For detailed protocol of enzyme
kinetics study experiment, refer to Supporting
Information- Experimental section.

4.2.3 Propidium iodide displacement assay:
The PAS-AChE binding ability of test compounds
was evaluated by propidium iodide displacement
assay, as reported by Peauger et al.(41). For
detailed protocol of propidium iodide displacement
assay, refer to Supporting Information-
Experimental section.

4.2.4 PAMPA assay: The BBB permeability of test
compounds was predicted by parallel artificial

membrane permeation assay (PAMPA) reported
by Di et al.(35,42). For detailed protocol of PAMPA
assay, refer to Supporting Information-
Experimental section.

4.2.5 Self- and AChE-induced Aâ aggregation
inhibition by thioflavin T assay:  Thioflavin T
assay was performed to determine the anti-Aâ
aggregatory potential of test compounds. The self-
and AChE-induced Aâ aggregation inhibition were
tested at three different ratios of Aâ and inhibitor
(10:5, 10:10, and 10:20 ìM, respectively)(43). For
detailed experimental protocol, refer to the
Supporting Information- Experimental section.

4.2.6 Neuroprotection studies on SH-SY5Y cell
lines: The neuroprotective ability of compounds
was tested against neuroblastoma SH-SY5Y cell
lines by the MTT assay. The percentage cell
viabilities due to Aâ in presence or absence of
test compounds were compared and reported (16).
For detailed experimental protocol, refer to
Supporting Information- Experimental section.

4.3 In Vivo Behavioral Studies

4.3.1 Animals: The Wistar rats of either sex,
weighing in the range of 200 ± 20 g were procured
from Central Animal House of Banaras Hindu
University (BHU), Varanasi. The rats were kept in
a group of six per cage under a regular dark-light
cycle in a day with standard environmental
conditions. Animals were kept for one week first
to get acclimatized and were given free access to
food and water. All the protocols and animal
handling were performedwith the prior approval of
the institutional animal ethics committee (No.
Dean/2018/CAEC/814).

4.3.2 Acute oral toxicity study: The acute oral
toxicity study was performed as per OECD
guidelines 423 on healthy female Wistar rats. Test
compounds were given in the graded doses of
100–500 mg/kg, p.o. All the animals were
monitored for any signs of toxicity, abnormal
reactions, and changes in feeding behavioror
mortality upto 14 days.

4.3.3 Scopolamine-induced amnesia model-
Y maze test: The antiamnesic activity of test
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compounds was evaluated by the Y maze test
following scopolamine-induced memory
impairment. The scopolamine hydrobromide
(Sigma, CAS No. 6533-68-2) solution was
prepared in steril ized saline and given
intraperitoneally at a dose of 0.5 mg/kg. The test
compounds were prepared by suspending in 0.3%
w/v Na-CMC and were given orally at three doses,
2.5, 5, and 10 mg/kg. Donepezil was used as
reference standard and given at a dose of 5 mg/
kg, p.o. For detailed experimental protocol, refer
to the Supporting Information- Experimental
section.

4.5 Molecular docking studies : The molecular
docking studies of compound CFA5 on AChE (PDB
ID: 4EY7) and BACE-1 (PDB ID: 2ZJM) proteins
were conducted using Schrödinger Maestro
2018.4 platform with Glide XP module. Supporting
Information- Experimental section can be referred
for the detailed experimental protocol of molecular
docking studies.

Supporting Information : The supporting
information includes the detailed experimental
protocols of biological and in silico studies.

Acknowledgments
This work was assisted financially through

the Young Scientist Project sanctioned bythe
Department of Health Research, Ministry of Health
and Family Welfare, Government of India, New
Delhi (Grants V25011/215-HRD/2016-HR).

References
1. Sharma, P., Srivastava, P., Seth, A., Tripathi,

P.N., Banerjee, A.G. and Shrivastava, S.K.
(2019). Comprehensive review of
mechanisms of pathogenesis involved in
Alzheimer’s disease and p o t e n t i a l
therapeutic strategies, Prog. Neurobiol. 174:
53-89.

2. Schneck, M.K., Reisberg, B. and Ferris,
S.H. (1982). An overview of current concepts
of Alzheimer’s disease, Am. J. Psychiatry
139:  165-173.

3. Coyle, J.T., Price, D.L. and Delong, M.R.
(1983). Alzheimer’s disease: a disorder of

cortical cholinergic innervation, Science 219:
1184-1190.

4. Reisberg, B., Borenstein, J., Salob, S.P. and
Ferris, S.H. (1987). Behavioral symptoms
in Alzheimer’s disease: phenomenology and
treatment, J. Clin. Psychiatr. 48:  9-15.

5. Roberts, G.W., Nash, M., Ince, P.G.,
Royston, M.C. and Gentleman, S.M. (1993).
On the origin of Alzheimer’s disease: a
hypothesis, Neuroreport 4:  7-9.

6. Ibrahim, M.M. and Gabr, M.T. (2019).
Multitarget therapeutic strategies for
Alzheimer’s disease, Neural regeneration
research 14:  437.

7. Thies, W. and Bleiler, L. (2012). 2012
Alzheimer’s disease facts and figures,
Alzheimers Dement. 8:  131-168.

8. Perry, E.K. (1986). The cholinergic
hypothesis—ten years on, Br. Med. Bull. 42:
63-69.

9. Hardy, J. and Selkoe, D.J. (2002). The
amyloid hypothesis of Alzheimer’s disease:
progress and problems on the road to
therapeutics, Science 297:  353-356.

10. Malinow, R. (2012). New developments on
the role of NMDA receptors in Alzheimer’s
disease, Curr. Opin. Neurobiol. 22:  559-563.

11. Maccioni, R.B., Farías, G., Morales, I. and
Navarrete, L. (2010). The revitalized tau
hypothesis on Alzheimer’s disease, Arch.
Med. Res. 41:  226-231.

12. Heneka, M.T., Carson, M.J., El Khoury, J.,
Landreth, G.E., Brosseron, F., Feinstein,
D.L., Jacobs, A.H., Wyss-Coray, T., Vitorica,
J. and Ransohoff, R.M. (2015).
Neuroinflammation in Alzheimer’s disease,
The Lancet Neurology 14:  388-405.

13. Markesbery, W.R. (1997). Oxidative stress
hypothesis in Alzheimer’s disease, Free
Radical Biol. Med. 23:  134-147.

14. Kumar, A. and Singh, A. (2015). A review on
Alzheimer’s disease pathophysiology and
its management: an update, Pharmacol.
Rep. 67:  195-203.

Avanish et al



Current Trends in Biotechnology and Pharmacy
Vol. 14 (1) 81-96, January 2020, ISSN 0973-8916 (Print), 2230-7303 (Online)
DOI: 10.5530/ctbp.2020.1.9

95

15. Tripathi, P.N., Srivastava, P., Sharma, P.,
Tripathi, M.K., Seth, A., Tripathi, A., Rai,
S.N., Singh, S.P. and Shrivastava, S.K.
(2019). Biphenyl-3-oxo-1, 2, 4-triazine linked
piperazine derivatives as potential
cholinesterase inhibitors with anti-oxidant
property to improve the learning and memory,
Bioorg. Chem. 85:  82-96.

16. Mishra, P., Sharma, P., Tripathi, P.N., Gupta,
S.K., Srivastava, P., Seth, A., Tripathi, A.,
Krishnamurthy, S. and Shrivastava, S.K.
(2019). Design and Development of 1, 3, 4-
Oxadiazole Derivatives as Potential
Inhibitors of Acetylcholinesterase to
Ameliorate Scopolamine-Induced Cognitive
Dysfunctions, Bioorg. Chem.  103025.

17. Cummings, J., Lee, G., Mortsdorf, T., Ritter,
A. and Zhong, K. (2017). Alzheimer’s
disease drug development pipeline: 2017,
Alzheimer’s & Dementia: Translational
Research & Clinical Interventions 3:  367-
384.

18. Sharma, P., Tripathi, A., Tripathi, P.N.,
Prajapati, S.K., Seth, A., Tripathi, M.K.,
Srivastava, P., Tiwari, V., Krishnamurthy, S.
and Shrivastava, S.K. (2019). Design and
development of multitarget-directed N-
Benzylpiperidine analogs as potential
candidates for the treatment of Alzheimer’s
disease, Eur. J. Med. Chem. 167:  510-524.

19. Sharma, P., Tripathi, A., Tripathi, P.N.,
Singh, S.S., Singh, S.P. and Shrivastava,
S.K. (2019). Novel Molecular Hybrids of N-
Benzylpiperidine and 1, 3, 4-Oxadiazole as
Multitargeted Therapeutics to Treat
Alzheimer’s Disease, ACS Chem. Neurosci.
10:  4361-4384.

20. Tripathi, A., Choubey, P.K., Sharma, P.,
Seth, A., Tripathi, P.N., Tripathi, M.K.,
Prajapati, S.K., Krishnamurthy, S. and
Shrivastava, S.K. (2019). Design and
development of molecular hybrids of 2-
pyridylpiperazine and 5-phenyl-1, 3, 4-
oxadiazoles as potential multifunctional
agents to treat Alzheimer’s disease, Eur. J.
Med. Chem. 183:  111707.

21. Talesa, V.N. (2001). Acetylcholinesterase in
Alzheimer’s disease, Mech. Ageing Dev. 122:
1961-1969.

22. Tripathi, P.N., Srivastava, P., Sharma, P.,
Seth, A. and Shrivastava, S.K. (2019).
Design and development of novel N-
(pyrimidin-2-yl)-1, 3, 4-oxadiazole hybrids to
treat cognitive dysfunctions, Biorg. Med.
Chem. 27:  1327-1340.

23. Yan, R. and Vassar, R. (2014). Targeting the
â secretase BACE1 for Alzheimer’s disease
therapy, The Lancet Neurology 13:  319-329.

24. Moreira, P., Siedlak, S., Aliev, G., Zhu, X.,
Cash, A., Smith, M. and Perry, G. (2005).
Oxidative stress mechanisms and potential
therapeutics in Alzheimer disease, J. Neural
Transm. 112:  921-932.

25. Mallikarjuna, G., Dhanalakshmi, S.,
Raisuddin, S. and Rao, A.R. (2003).
Chemomodulatory influence of Ferula
asafoetida on mammary epithelial
differentiation, hepatic drug metabolizing
enzymes, antioxidant profiles and N-methyl-
N-nitrosourea-induced mammary
carcinogenesis in rats, Breast Cancer Res.
Treat. 81:  1-10.

26. Fang, L., Kraus, B., Lehmann, J., Heilmann,
J., Zhang, Y. and Decker, M. (2008). Design
and synthesis of tacrine–ferulic acid hybrids
as multi-potent anti-Alzheimer drug
candidates, Bioorg. Med. Chem. Lett. 18:
2905-2909.

27. Chen, Y., Sun, J., Fang, L., Liu, M., Peng,
S., Liao, H., Lehmann, J. and Zhang, Y.
(2012). Tacrine–ferulic acid–nitric oxide (NO)
donor trihybrids as potent, multifunctional
acetyl-and butyrylcholinesterase inhibitors,
J. Med. Chem. 55:  4309-4321.

28. Zhao, Z. and Moghadasian, M.H. (2008).
Chemistry, natural sources, dietary intake
and pharmacokinetic properties of ferulic
acid: A review, Food Chem. 109:  691-702.

29. Balasubashini, M.S., Rukkumani, R. and
Menon, V. (2003). Protective effects of ferulic
acid on hyperlipidemic diabetic rats, Acta

Design and Development of Multifunctional Hybrids



Current Trends in Biotechnology and Pharmacy
Vol. 14 (1) 81-96, January 2020, ISSN 0973-8916 (Print), 2230-7303 (Online)
DOI: 10.5530/ctbp.2020.1.9

96

Diabetol. 40:  118-122.
30. Ellman, G.L., Courtney, K.D., Andres Jr, V.

and Featherstone, R.M. (1961). A new and
rapid colorimetric determination of
acetylcholinesterase activity, Biochemical
pharmacology 7:  88-95.

31. Lineweaver, H. and Burk, D. (1934). The
determination of enzyme dissociation
constants, J. Am. Chem. Soc. 56:  658-666.

32. Dixon, M. (1972). The graphical
determination of Km and Ki, Biochem. J 129:
197-202.

33. Inestrosa, N.C., Alvarez, A., Perez, C.A.,
Moreno, R.D., Vicente, M., Linker, C.,
Casanueva, O.I., Soto, C. and Garrido, J.
(1996). Acetylcholinesterase accelerates
assembly of amyloid-â-peptides into
Alzheimer’s fibrils: possible role of the
peripheral site of the enzyme, Neuron 16:
881-891.

34. Kumar, M., Sharma, P., Maheshwari, R.,
Tekade, M., Shrivastava, S.K. and Tekade,
R.K., Beyond the Blood–Brain Barrier:
Facing New Challenges and Prospects of
Nanotechnology-Mediated Targeted Delivery
to the Brain, in:  Nanotechnology-Based
Targeted Drug Delivery Systems for Brain
Tumors, Elsevier, 2018, pp. 397-437.

35. Di, L., Kerns, E.H., Fan, K., McConnell, O.J.
and Carter, G.T. (2003). High throughput
artificial membrane permeability assay for
blood–brain barrier, Eur. J. Med. Chem. 38:
223-232.

36. Kang, S.S., Lee, J.Y., Choi, Y.K., Kim, G.S.
and Han, B.H. (2004). Neuroprotective effects
of flavones on hydrogen peroxide-induced
apoptosis in SH-SY5Y neuroblostoma cells,
Bioorg. Med. Chem. Lett. 14:  2261-2264.

37. Srivastava, P., Tripathi, P.N., Sharma, P.,
Rai, S.N., Singh, S.P., Srivastava, R.K.,
Shankar, S. and Shrivastava, S.K. (2019).
Design and development of some phenyl
benzoxazole derivatives as a potent
acetylcholinesterase inhibitor with

antioxidant property to enhance learning and
memory, Eur. J. Med. Chem. 163:  116-135.

38. Shrivastava, S.K., Sinha, S.K., Srivastava,
P., Tripathi, P.N., Sharma, P., Tripathi, M.K.,
Tripathi, A., Choubey, P.K., Waiker, D.K. and
Aggarwal, L.M. (2019). Design and
development of novel p-aminobenzoic acid
derivatives as potential cholinesterase
inhibitors for the treatment of Alzheimer’s
disease, Bioorg. Chem. 82:  211-223.

39. Banerjee, A.G., Kothapalli, L.P., Sharma,
P.A., Thomas, A.B., Nanda, R.K.,
Shrivastava, S.K. and Khatanglekar, V.V.
(2016). A facile microwave assisted one pot
synthesis of novel xanthene derivatives as
potential anti-inflammatory and analgesic
agents, Arabian Journal of Chemistry 9:
S480-S489.

40. Kontoyianni, M., McClellan, L.M. and Sokol,
G.S. (2004). Evaluation of docking
performance: comparative data on docking
algorithms, J. Med. Chem. 47:  558-565.

41. Peauger, L., Azzouz, R., Gembus, V.,
Tintas, M.-L., Sopkovaì-de Oliveira Santos,
J., Bohn, P., Papamicael, C. and Levacher,
V. (2017). Donepezil-based central
acetylcholinesterase inhibitors by means of
a “bio-oxidizable” prodrug strategy: design,
synthesis, and in vitro biological evaluation,
J. Med. Chem. 60:  5909-5926.

42. Seth, A., Sharma, P.A., Tripathi, A.,
Choubey, P.K., Srivastava, P., Tripathi, P.N.
and Shrivastava, S.K. (2018). Design,
synthesis, evaluation and molecular
modeling studies of some novel N-
substituted piperidine-3-carboxylic acid
derivatives as potential anticonvulsants,
Med. Chem. Res. 27:  1206-1225.

43. LeVine III, H., [18] Quantification of â-sheet
amyloid fibril structures with thioflavin T, in:
Methods Enzymol., Elsevier, 1999, pp. 274-
284.

Avanish et al



Current Trends in Biotechnology and Pharmacy
Vol. 14 (1) 97-110, January 2020, ISSN 0973-8916 (Print), 2230-7303 (Online)
DOI: 10.5530/ctbp.2020.1.10

97

 Role of Nanoparticles as Antibiofilm Agents:
A Comprehensive Review

Suruchi Chaudhary†, Anurag Jyoti†, Vikas Shrivastava** and Rajesh Singh Tomar*
Amity Institute of Biotechnology, Amity University Madhya Pradesh, Gwalior

*Corresponding Author: rstomar@amity.edu
**Co-corresponding Author: vshrivastava@gwa.amity.edu

ABSTRACT
Biofilm forms with the colonization of

different microorganism resulting in a microbial
community which is complex and diverse in nature.
Biofilms are enclosed with different microbial
colonies in a matrix known as extracellular
polymeric substance. Microorganisms together
in this complex structure communicate through
cell signaling molecules. This process is known
as quorum sensing which helps in maintaining
the complexity and diversity. Biofilms are involved
in causing various infections in human beings.
Oral cavity and wounds are very common two sites
where biofilm formation takes place. The
complexity of a biofilm makes it tenacious and
it’s tough to eradicate completely. There are several
conventional methods such as physical, chemical,
antibiotics, antiseptics and anti-biofilm agents for
the eradication of dental/periodontal biofilms and
biofilms associated oral wounds. Thus, various
novel approaches can be proposed, one of them
is Nanotechnology. Its extensive application in
dentistry can be very helpful in curing various
periodontal and dental diseases. Nanoparticles
are one of new emerging potent system which
can be really helpful in the complete eradication
of complex biofilms due to their high anti-microbial
properties. In this review, we have attempted to
discuss dental/ periodontal biofilms; oral wounds,
their relation with oral biofilm microbes and their
treatment as well as conventional methods of
treatment available ti l l now. With this
comprehensive review, it is proposed that with the
help of nanotechnology, various nanoparticles can

be designed and an improvement can be done to
the available methods or some new method can
also emerge.

Keywords: Biofilm, Oral biofilms, Periodontal
diseases, Nanoparticles, dental plaque.

INTRODUCTION
Biofilm formation is a unique property of

microbes. This property of microbes helps them
to survive in harsh conditions and allow them to
proliferate as a microbial community. Generally,
biofilms have been depicted in several systems
since Antony Van Leeuwenhoek examined the
“animalcules” in the dental plaque on his own teeth
in the seventeenth century, but the general theory
of biofilm predominance was not promulgated until
1978 [1]. In human body, apart from normal
microflora, microbe gets adhere to a surface and
results in the formation of biofilm. The best salient
description of a biofilm is given by Donlan and
Costerton in 2002, who stated that a biofilm is “a
microorganisms derived sessile community which
are characterized by those cells that are
irreversibly attached to a biotic/ abiotic substratum
or interface or to each other, are embedded in a
matrix of extracellular polymeric substances that
they have produced, and exhibit an altered
phenotype with respect to growth rate and gene
transcription” [2]. Such film like structures formed
by the combination of different microbes is involved
in etiopathogenesis of various diseases in animals
and humans as well. According to IUPAC,
“Aggregate of microorganisms in which cells that
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are frequently embedded within a self-produced
matrix of extracellular polymeric substances
(EPSs) adhere to each other and/or to a surface”
[3].

Microbial community adheres to biotic or
abiotic surface and start to secrete some
polymeric substances which result in a layer like
structure. Later on, other microbes come and gets
associated with this slime layer and a microbial
community is formed. In a biofilm, microorganisms
yield extracellular polymeric substances, such as
exopolysaccharides (EPS), which procreate a high
counteraction to host immune responses and
limited penetration of   antibiotic into biofilm [Figure
1] [4-6]. ‘Biofilm’ is a term given by Wilderer and
Charaklis in 1989, depicted the comparatively
ineffable microbial summation which is allied with
a surface or some different substantial non-flicking
material, conjecturally dispensed in a framed
matrix or glycocalyx [7].

Biofilm implicated in etiology of different
dental & periodontal diseases as the major cause
of plaque formation in oral cavity. Some studies
showed that biofilms are also responsible for
causing severe periodontal inflammations, oral
wound formation, acute to chronic. Presently, in
a milestone study, James et al., used light and
scanning electron microscopy to scrutinize the
existence of microbial biofilms, manifestation of
agglomerated colonies of microbes occupied by
EPS, in wounds acute and chronic stages [8].
According to them, biofilm formation exhibit only
in 60% of chronic wounds whereas in acute
wounds only 6% of biofilm is incorporated.

Oral cavity is surrounded by various
microbes present in the form of dental plaque and
involved in the formation of biofilm. Though, it is
not articulate whether chronic wounds with or
without biofilms are impudence or sanative.
Biofilms are mostly existing in chronic wounds
than in acute ones [9-13].

DENTAL AND PERIODONTAL MICROBIOLOGY
Complete microflora located in the oral

cavity is commonly referred as the oral microbiota,

or oral microbiome, which can be defined as
“whole microorganisms that are found on or in the
human oral cavity and its proximate expansion”.
In early 1970’s, dental plaque was a challenging
field among dental scientists. Scientists
emphasized to find out the tenor rendering the
multicity of oral microbial ecosystem such as pH,
nutritional requisition etc. The importance of the
plaque ecosystem was recognized by Loesche
in 1976 and he proposed both nonspecific and
specific plaque hypothesis individually for oral
disease progression. Approximately, 1000
microbial species have been recognized in oral
biofilms till now using different techniques [14].

Dental plaque is defined as, “a variable
structural formation of highly organized intercellular
matrix in which different microbes and their
secreted products present forming a slime layer
on the outer surface of the teeth enamel”. It is
colourless layer at first but after tartar formation,
it becomes yellow to brown in colour, covering
teeth as well as the gum line. Progression of the
dental plaque may lead to several oral problems
like tooth decay, dental caries, gingivitis, etc.

DENTAL AND PERIODONTAL MICROBIAL
COMPLEXES

In oral cavity the commonly found
microbes, responsible for biofilm formation
are Streptococcus spp., Lactobacillus spp.,
Actinomycetes spp., Propionibacterium spp.,
Veillonella and other anaerobes which may vary
as per the location in the mouth. Examples of
such anaerobes include Fusobacterium spp., etc.
[Figure 3] [15]. S. mutans and other anaerobes
play important role in the initial colonization on
tooth surface for the establishment of the early
biofilm community [16]. In oral cavity, various
microbial communities form complexes with each
other and results in the formation of a tough layer
which shows a characteristic color of plaque
shown in Figure 4 [17].

CLASSIFICATION OF DENTAL BIOFILMS:
Dental and periodontal surfaces are

peerlessly hard and non-flicking, unlike other parts
of body. So, the dank and torrid environment of
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the oral cavity and the presence of rigid surface
(teeth) create best condition for growth and
development of dental plaque.

Biofilm present on the teeth and gum-line can
be classified on two bases:
1. On the basis of the location: -[18]
a) Supra-gingival biofilm: It is the type of

biofilm which forms on gum-sit. It is the initial
stage of plaque which commonly forms after
the brushing and generally found in between
the teeth, tooth-pits, tooth-grooves and in
gums. The deposited layer of plaque
consists of aerobic bacteria. Prolong
persistence of initial plaque allows growth
of anaerobic bacteria and convert into
complex matrix of biofilm [19].

b) Sub-gingival biofilm: Sub-gingival biofilm
proliferates upon the supra-gingival biofilm.
This type of  biofilm grows in downward
direction up to the gum line (from top of the
teeth to bottom). It constitutes anaerobic
bacteria, which cause infections [20].

2. On the basis of pathogenicity of

microbes:
a) Cariogenic biofilm: Its formation takes
place due to the deposition of acidogenic
and gram- positive bacteria which particularly
forms due to the regular long term uptake of
cariogenic diet such as sugars.
b) Preiopathogenic biofilm:
Its formation takes place due to the
basophilic and gram negative bacteria.

FORMATION OF DENTAL BIOFILMS
The complex process of oral biofilm

formation begins with association and attachment
of free microbes and sessile microbes present in
the oral cavity on to the tooth surface. A film like
layer started to form after the secretion of extra
polymeric substances and some of host
molecules.

The whole process of formation of dental
biofilm is ensued by passive transport of bacteria
mediated by weak long-range forces of attraction.
Strong and short-range forces exerted by covalent
and hydrogen bonds results in irreversible
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attachment. [21]

The cell in the microbial community of oral
cavity biofilms communicates with each other by
process of Quorum sensing. It is a very important
process of cell to cell signaling in dental biofilms
as well as in other biofilms. This process is vastly
carried out by different varieties of gram-positive
and gram-negative bacterial species to
commeasure with other species of microbes
present in biofilm for various metabolic activities.
This cell to cell signaling is the means of

communication between all microbes present in
the microbial community to regulate a wide range
of behavior patterns among them. The various
interfering compounds generated by the bacteria
have an effect which can be either positive or
negative on the expression of bacterial phenotypes
generally regulated by quorum sensing (a process
of communication between microbes in biofilm
community). [22]

By the process of auto-aggregation (same
species attraction) and co-aggregation (different
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species attraction) early colonizers form a biofilm.
Functional organization of dental plaque microbes
results in co-aggregation, and conformation of
structures such as ‘Corncobs’ and ‘Rosettes’. Now
environment of oral cavity changes to facultative
anaerobic from aerobic. Microbes which are
already present started to multiply and secrete
EPS, resulting in a paved mixed-population of
microbes forming slime layer. [21] [23]

Fully organized mature complex slime layer
formation takes place after one day, the term
Biofilm is now suitable for it. Other new microbes
get incorporated into the biofilm resulting in a
complex summation. The plumpness of the dental

plaque rises slowly and steadily day by day; it
grows up to 20 to 30 μm in every three days. [21]

PROBLEMS CAUSED BY PERIODONTAL
MICROBES

Oral problems/diseases have a significant
economic impact on health care principles across
the world, such as dental caries affects over 70-
80% of the population in several countries, so there
is an important impact of all dental problems on
the quality of life, disease free life and implications
for systemic health [24].

The dental biofilm is the basis of many oral
problems; including endodontic infections,
periodontal disease and dental caries. The most
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common dental and periodontal problems among
human community are tooth decay 
(cavities, dental caries) gingivitis, and 
periodontitis. Apart from this, evidences
propounded that pathogenesis of systemic
disease including rheumatoid arthritis,
cardiovascular disease, respiratory disease, and
other conditions are also caused by oral microbes
[25-26].

The etiology of different dental and
periodontal microbial diseases has been
pervasively studied; however, the complexity of
nature and diversity of composition in dental and
periodontal biofilms makes it difficult to identify
the main culprit involved to carry out the whole
process. Early researches solely focus on
identification of that pathogen which is responsible
for oral problems such as dental caries, gingivitis,
and chronic periodontitis.  It is now generally
accepted that these diseases result from the
concerted actions of multispecies microbial
communities [27].

There are several conventional culture
methods available which have traditionally been
used for the characterization of oral microbiota;
however, most of the proportion remains
unculturable, which leads to partial knowledge of
wild type microbial communities involved in various
oral problems. [28] Such microbial appurtenant
and huddle of various pathogenic biofilms on
surfaces of implant plays considerably important
role in peri-implantitis pathogenesis [29-31].

BIOFILMS ASSOCIATED WITH PERIODONTAL
DISEASES AND WOUNDS

For many years in periodontal infections,
biofilms have been studied and accepted widely.
Wounds can be extensively categorized according
to the etiology condition as an acute or a chronic
wound. Wounds in chronic condition generally
have deferred healing pattern and repeatedly have
some endogenous factors that conciliate the
process of healing in which microbes associated
with biofilms plays active role in wounds. In severe
inflammation and wound/ ulcer formation inside
the oral cavity, two anaerobic oral bacteria are

the subject of extensive study ‘Porphyromonas
gingivalis’ and ‘Fusobacterium nucleatum’. These
two bacteria are commonly found in vicinity of
periodontal region attached with the epithelium of
the gingiva [32-33].

In recent years, most of the researchers are
focusing on wound associated biofilms. It has been
observed in few studies, that the wound healing
gets delayed due to the persistence of pathogenic
biofilms, which may lead to the several chronic
diseases. [34-36].

CONVENTIONAL METHODS AVAILABLE UP TO
DATE: Conventional methods available for the
removal of dental biofilms which causes various
oral problems are brushing, flossing, gargling,
interdental brushing, tongue scraping and sub
gingival irrigation. [37-41]

Conventional methods have been
traditionally used to remove harmful oral microbiota;
however, a large proportion remains as it is in
mouth, leading to the formation of plaque and
helpful in generating new oral problems. Microbial
biofilms are generally characterized as highly
resistant towards antibiotic treatment and host
immune responses. There are several drugs which
are used as a conventional method to control
plaque and other inflammatory infections. One of
the widely used drugs are;

1. Chlorhexidine which is an antibiotic
used to control dental plaque and periodontal
diseases caused by microbial community. It
increases the staining of tartar present on teeth.
Brushing helps in removal of tartar build up and
staining. This medication is available as mouth
rinse and gelatin- filled chips that are placed in
deep gum pockets which released slowly over
seven days.

2. Doxycycline is used to help treat
periodontal diseases. It prevents growth of
microbes. It is placed in gum pockets next to
teeth and it dissolves naturally over seven days.
This drug is having some side effects such as
permanent discoloration of teeth, slow bone growth
and therefore not recommended during
breastfeeding, etc.
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3. Fluoride used to prevent tooth decay. It
is available in many types of toothpaste.  It is
absorbed by teeth and strengthens teeth to resist
acid and blocks the cavity-forming action of
microbes and helps in tooth sensitivity reduction.

4. Tetracycline used commonly in various
therapies or alone, to reduce or eliminate
microbes temporarily which are associated with
periodontal diseases, to suppress the destruction
of tooth attachment.

Dental antibiotics used conventionally are
easily available in market in the form of gels, thread
like fibers, microsphere, mouth rinses, and
medicated toothpastes.

In general, the antibiotic drugs have certain
chemical properties which lead to various side-
effects. Moreover, regular use of antimicrobial drugs
may raise anti-drug resistant property in microbes.
Generally, microbes secrete certain products for
stability maintenance of biofilm such as EPSs &
eDNA which is an important component of both
fungal and bacterial biofilms and both of these
are related to antimicrobial resistance. [42]

In case of biofilms present in wounds
treatments, modalities present up to date are;

1. Debridement: This process can be
autolytic, enzymatic, surgical, or mechanical
(hydrotherapy). Effective controlling of biofilms in
oral wounds can be done by this method. In the
case of chronic wounds, it is suggested for removal
and suppression of biofilm [43, 44]. There are
various debridement techniques present such as
plasma-mediated bipolar radiofrequency ablation
technique (PBRA).

2. Antibiotics and antiseptics: Biofilm
generally consist of subpopulation of survivor cell
of antibiotic resistance. In local oral wound
infection, it is suggested that antibiotics are
effective only 25-30% [45].  0.2% solution of
povidone-iodine, chlorhexidine gluconate,
benzalkonium chloride or alkyl diamino ethyl
glycine hydrochloride shown effective and fast
bactericidal activity in the case of periodontal
diseases [46, 47].

3. Anti-biofilm agents: A component which
is present in human tears, mucus, and milk known
as Lactoferrin. It is considered that this
component clogs biofilm formation by commuting
microbial motility and reduction in surface
attachment. Lactoferrin synergistically with Xylitol
impairs biofilm matrix development. Lactoferrin
with xylitol in methylcellulose gel works as a good
anti-biofilm agent. [45]. There are some
polysaccharides designed by the researchers
which shows the anti-biofilm property by inhibiting
EPS formation. P. aeruginosa secretes PsI and
PeI which show anti-biofilm property [48, 49].

NANOPARTICLES AND NANOMATERIAL A
NEW APPROACH IN THERAPEUTICS

The ‘nano’ is a Greek word, which means
small in size which is used as the prefix for the
billionth from the range 9 to 10. Nanoparticles are
the particles which have two or more dimensions
in the size range as 1 to 100 NM (ASTM
International) [50]. It is well known with the ongoing
researches nanoparticles have unprecedented
physical and chemical properties in comparison
to their solid bulk materials as their sublime
surface area and unique electronic properties so
it has been utilized in many aspects of science
such as photochemical, electrochemistry, and
biomedicine [51]. Nanoparticles have great
application podium that can be exploit for various
therapeutic aspects and different functions. Such
particles can be easily synthesized from various
inorganic and organic metals and compounds, but
for simultaneous therapy and diagnosis, the
inorganic materials are very important because
they can be modifying easily, high loading capacity
for drug and stability [52]. Such particles can also
be utilizing in drug delivery systems and for the
different drug determination in pharmaceuticals
as well [53].

Types of Nanoparticles:
There are various types of nanoparticles

differing in size, shape, compositions, and
functions. Each type of NP’s can potentially be
concoct using various techniques, such as both
nanoprecipitation and lithography for polymeric
nanoparticles.
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There are three basis of classification:
1)  Origin, [54]   2). Dimension, [55-57] and

3). Structural organization [58-63].

Synthesis of nanoparticles:
To synthesize nanoparticles, there are two

approaches: 1) Top down approach and 2) Bottom
up approach. In the process of bottom up
approach, the particles get arranged as smaller
components into more complex assemblies.
Chemical or physical forces are used for the
operating at nanoscale for the assembling of basic
units. Whereas, in the top down approach bulk
material is converted into smaller sized
nanostructure.

There are three methods of synthesis, physical,
chemical and biological;

1) Physical method: It’s been carried out via
two different methods such as Mechanical
method and Vaporization

2) Chemical method:  It is the most promising
method of nanoparticle synthesis. It’s been
carried out via colloids and colloids in
solution and Sol gel method

3) Biological method: It is also known as
green synthesis. It is done by three types,
by the use of microorganisms such as fungi/
yeast, plant extracts or enzymes and
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templates like DNA, membranes, viruses
and diatoms.

ADVANCE CONTROL OF ORAL BIOFILMS
Dental and periodontal biofilms are intensely

pliable microbial assemblies that are challenging
to eradicate. Due to lacunae in existing methods
of biofilm eradication and development of
antimicrobial resistance in conventional drugs,
there is necessity to explore the development of
new anti-biofilm agents. Polysaccharides and
eDNA, which are complex biofilm matrix, seem
to be a good target for future therapeutic strategies
[66].

Use of Nanoparticles is a suggestive
approach in developing various methods to
eradicate or control oral pathogenic microbes.
Neoteric microbiological studies have umbilici on

developing novel antimicrobial agents with higher
efficacy while being non-invasive and non-toxic
and not causing drug resistance such as
nanoparticles and new drug delivery systems
which will be helpful in enhancement of medical
therapeutics [67, 68]. Nanotechnology potentially
benefited in the field of biomedical, it has become
widely conceded for the treatment of various
microbial diseases with a new generation of hopeful
strategies [69]. Metals are widely used in the
synthesis of nanoparticles due to the antibacterial
properties commonly used metals as
antimicrobials are silver, gold, zinc, copper, and
titanium. For centuries, these metals have been
known and been avail in modern medicine for
infection control. Due to the broad-spectrum
antibacterial activities Silver containing (Ag-
containing) nanomaterials is of extensive interest
[70-76]. Some of the metals showing antibacterial
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properties which can be used as promising and
effective agent to design nanoparticles which can
increase the efficacy of conventional methods to
combat with different infectious pathogens
causing diseases in human body. A list has been
compiled showing the metal nanoparticles having
potential anti antimicrobial properties (Table 1).

CONCLUSION
Improper tooth care leads to the deposition

of biofilm which is not easy to eradicate using
conventional methods. Nanotechnology is a new
approach in medical therapeutic field of dentistry
as well as wound healing. It can be very helpful in
providing sustainable methods to increase

accuracy, attributes and fast treatment procedure
which will be economically cheap and easily
available. The current review article enlightens the
literal perspectives of nanotechnology in dentistry
to cure problems caused by pathogenic oral
microorganisms. In near future, this technology
may become the core of therapeutics in dental
and medical science.
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Abstract
The presence of engineered nanoparticles

(ENPs) in the environment can have significant
damaging effects for both environment and human
health. Emergent nanoscience and
nanotechnology are projected to revolutionise
industrial production, economy and consumer
crossing point, as we know them today. However,
widespread use of nanotechnologies may invite
and be a source of risks. People in many settings
(academic, small and large industrial, and the
public in industrialized nations) are either
developing or using products containing engineered
nanoparticles. However, our understanding of the
occupational, health and safety aspects of ENMs
is still in its formative stage. This review describes
briefly, ENPs and their applications, safety and
risk assessment upon exposure to engineered
nanoparticles, the routes of human exposure, fate
of engineered nanoparticles in the environment
and make recommendations on future research
in risk assessment of nanomaterials.

Keywords: Environmental risks, Human health,
Nanomaterials, Risk characterizations,

Introduction
Nanotechnology is a on the rise

interdisciplinary technology that is often seen as
part of a new industrial revolution. Added,
nanotechnology is gradually attracting more global
attention owing to its wide range of applications
in end-uses and end users. Rapid advancements
in nanotechnology in recent years have paved a

way for multibillion-dollar industry. For instance,
it has been forecasted that the global
nanotechnology industry will grow to reach US$
75.8 Billion by 2020 [1]. This scenario present
huge opportunities for industry participants to tap
the fast growing market.

Nanotechnology is defined as the design,
characterization and application of structures,
devices and systems by controlling shape and
size at nanometer scale level (ranging from 1 to
100nm) [2]. The current and projected applications
of nanomaterials include catalysts, lubricants and
fuel additives; paints, pigments and coatings;
cosmetics and personal care products; medical,
dental, drug delivery and bionanotechnology;
functional coatings; hydrogen storage and fuel
cells; nanoelectronics and sensor devices; optics
and optic devices; security and authentication
applications: structural (composite) materials,
conductive inks and printing; UV-absorbers and
free-radical scavengers; construction materials;
detergents; food processing and packaging; paper
manufacturing; agrochemicals, plant protection
products and veterinary medicines, plastics, and
weapons and explosives [3-4].

A diversity of consumer products that include
nanomaterials are already available in developed
and developing countries worldwide. Case in point
of these include self-cleaning glass, anti-microbial
wound dressing, paints and coatings, fuel
catalysts and cosmetics (The Woodrow Wilson
Nanotechnology Consumer Products Inventory
www.nanotechproject.org). Current market
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indicators suggest that many more
applications of nanotechnologies will emerge in
consumer products in the coming years and these
are likely to impact on worker health and safety
within a number of sectors [4]. The rapid use and
integration of nanotechnologies in production of
consumer products has therefore raised a number
of technological, health and bio-safety,
environmental, ethical, policy and regulatory
issues worldwide [5]. This is partially because
properties of manufactured nanomaterials may
vary widely from the ‘conventional’ micro or macro-
forms of the same materials [6]. This fear has
arisen from a growing body of scientific evidence
that specifies that free nanoparticles can penetrate
cellular barriers, and that exposure to some forms
of nanoparticle can lead to an increased
production of oxyradicals and cause potential
oxidative damage at the cell level  (Fig 1) [5].

According to statistics published on the  Stat
Nano   about   137500   articles  on nanotechnology

have been indexed in the Web of Science (WoS)
Database by the end of December 2016, which is
9.5% of all articles indexed in this database in
2016. China is in charge for 34% of these articles
while USA has a share of 16%.

The overall objectives of this review paper
are to 1). To reconnoiter the current state of
knowledge of the safety and risks upon exposure
to ENPs 2) Assess what safety mechanisms/
practices are presently in place, and 3) and make
recommendations on future research in risk
assessment of nanomaterials.

Applications of engineered nanoparticles :
Advancements in the fields of nanoscience

and nanotechnology have resulted in a myriad of
possibilities for consumer product applications,
many of which have already migrated from
laboratory benches onto store shelves and e-
commerce websites (Table 1) [6-7]. In 2009, it
was estimated that nanotechnology would have
impacted more than $2.5 trillion worth of

Fig.1. Environmental monitoring and biological exposure to engineered nanoparticles
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manufactured goods by 2015 [8], although many
of these goods may contain only minute amounts
of intentionally engineered nanomaterials.
According to Stat Nano report
(www.statnano.com), studies carried out on 6432
products on the Nanotechnology Products
Database (NPD) show that the United States and
China are the largest producers of carbon
nanotubes in the world. However, Japan has
produced the largest number of products in which
carbon nanotubes have been used. The
International Risk Governance Council has
observed that nanotechnology applications “will
penetrate and permeate through nearly all sectors
and spheres of life (e.g. communication, health,
labour, mobility, housing, relaxation, energy and
food) and will be accompanied by changes in the
social, economic, ethical and ecological spheres”
[9].

Nanomedicine, the application of
nanotechnology to healthcare holds great promise
for revolutionizing medical treatments and
therapies in areas such as imaging, faster
diagnosis, drug delivery and tissue regeneration,
as well as the development of new medical
products (Fig. 2). Indeed, materials and devices
of nanometric dimensions are already approved
for clinical use and numerous products are being

evaluated in clinical trials around the world [10].
The major advantages of nanoparticles over larger
sized particles are their high surface-to-volume
ratio and hence higher surface energy, unique
optical, electronic, and excellent magnetic
properties [11] and so on. The high surface area
on nanoparticles are modified adequately to
improve its pharmacokinetic properties, increase
vascular circulation lifetime, along with improving
bioavailability, especially for biomedical
applications [12]. The improved properties are a
boon in the field of drug delivery-: the increased
vascular circulation lifetime increases the efficacy
of the drug; the enhancement of the drug
bioavailability means a lot lesser dosage could
effectively work instead of bulk drugs [13]. As
mentioned before, the most important property of
nanoparticles, which has attracted the attention
of researchers worldwide, is their ability to have
better surface modifications, which not only helps
in targeted drug delivery but can serve the dual
purpose of drug monitoring and release. The use
of nano materials provides unparalleled freedom
to change fundamental properties such as
solubility, diffusivity, blood circulation half-life, drug
release characteristics, and immunogenicity [14].
Over last two decades, a number of nanoparticle-
based therapeutic and diagnostic agents have
been developed for the treatment of cancer,
diabetes, pain, asthma, allergy and infections [15].

Despite these potential benefits,
nanotechnology applications in the agricultural
sector are still comparably marginal and have not
yet made it to the market to any large extent in
comparison with other industrial sectors[16]. The
wave of research discoveries seems to be mainly
claimed by the academic sector or small
enterprises, while big industries reveal a large
patent ownership.

Safety & risk assessment upon exposure to
engineered nanoparticles
Nanoparticle exposure pathways : Critical
information such as nanomaterial size and
concentration are not generally known for most
products listed on the Consumer Product Inventory
(CPI) and therefore; the actual health risks of these

Fig. 2. Biomedical applications of core shell
nanoparticles (11)
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Fig. 3. Potential pathways of occupational, environmental and human exposure to ENPs (19)

Krishna

products remain largely unknown [17].
Nevertheless, the CPI may be useful for inferring
potential exposure pathways from the expected
normal use of listed products. Hansen et al. [18]
developed a framework for exposure assessment
in consumer products. In this framework, products
that contain nanomaterials suspended in liquid
and products that may emit airborne nanoparticles
during use are expected to cause exposure (Fig
.3).

Since metals and metal oxides are the most
common nanomaterial composition in the CPI,
they are also the most likely materials to which
consumers will be exposed during the normal use
of product via dermal, ingestion, and inhalation
routes. Products containing nanomaterials of
unknown composition are most likely to lead to
exposure via the dermal route.

In another study piloted by Beaudrie et al.
[20] presented a critique of the original CPI in 2010,
which focused primarily on the lack of data pertinent
to the dosages of nanomaterials to which
consumers might be exposed through CPI-listed
products. This is a valid criticism given that
information used to populate the CPI is based

primarily on marketing claims made by
manufacturers. However, the most recent
modifications of the CPI offer a potential remedy
for data gaps through the contributions of third-
party research teams. These modifications are
especially timely as there is a growing number of
published studies assessing consumer exposure
to nanomaterials released during the use of
nanotechnology enhanced consumer products [1].
Added, major challenge is that there are no
standardized methods for assessing consumer
risks from using nanotechnology-enabled
consumer products or a set of agreed upon
metrics for characterizing nanomaterials to
determine environmentally relevant concentrations
[21]. The development of such standards is seen
as a top policy for safe and sustainable
nanotechnology development in the next decade.

Risk assessment of engineered nanoparticles
: Concerns surrounding the health risk of
engineered nanomaterials, effective regulation and
the lack of specifically tailored insurance products
for the nanotechnology sector are putting the
industry’s long-term economic viability at risk [22].
In U.S., federal mistake of potentially toxic
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Fig. 4. Concerns for transport of nanomaterials from landfill sites to a
drinking water well (35)

Engineered nanoparticles: Hazards and Risk

materials and products spans several federal
agencies [20]. These include the Environmental
Protection Agency (EPA), the Food and Drug
Administration (FDA), the Occupational Safety and
Health Administration (OSHA), and the Consumer
Product Safety Commission (CPSC). Each
agency is charged with enforcing regulations to
control risks from specific types or uses of
substances (i.e., chemicals, pharmaceuticals,
and pesticides), or from potentially harmful
releases in the workplace or into the environment.

 The primary stage of Engineered Nano
Materials (ENM) product life cycle comprises from
the transformation of raw materials into
nanomaterials (e.g., manufacturing bulk silver into
nanoscale silver particles) to the incorporation of
nanomaterials as a component of other products
(e.g., nanosilver antimicrobial textile coatings).
Three key statutes that come into effect at this
stage depend on the intended application of the
nanomaterial. In USA, chemical substances and
pesticides are regulated under the Toxic
Substances Control Act (TSCA) [23] and Federal
Insecticide, Fungicide, and Rodenticide Act
(FIFRA), respectively, and the EPA administers

both acts. Food additives and drugs are regulated
under the Federal Food, Drug, and Cosmetic Act
(FFDCA) [24] that is administered by the FDA.
Together, TSCA, FIFRA, and FFDCA apply to
chemical substances, pesticides, food additives,
and drugs primarily through a “premarket” risk-
assessment, registration, and management
approach. With this approach, each substance
is evaluated and risk-management decisions are
typically made before a product is released for
use on the market.

The United States Environmental Protection
Agency (EPA), defines “risk” with “respect to the
above definition of “hazard” as a measure of the
probability that damage to life, health, property,
and/or the environment will occur as a result of a
given hazard. According to this definition, if the
probability of an exposure to a hazardous material
is high and the consequences for human health
or the environment are significant, then the risk is
considered high. It is important to consider both
the frequency of the event and the degree of the
hazard to estimate risk [25]. Usually two
categories of risk are distinguished in literature:
known “risks” and “potential risks”. When the
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relationship between a cause and an effect is
established, we talk of known “risks”. The
responsibility for such risks can generally be
recognized. When the causal relationship is
established, prevention is possible. When the
relationship between a cause and damage is not
well known, we talk of potential “risks”. In the case
of potential risks, it is unclear whether there is a
danger, how significant the damage can be or what
is the probability of its occurrence [26]. This
situation is considered by a state of suspicion
(not awareness) and it is generally admitted that
a precautionary approach can be applied in order
to prevent potential damage [26]. The risks of
ENPs for the environment and human health fall
into the second category: potential risks. It is very
important to assess the risks of hazardous agents
like ENPs. The likelihood that a hazardous
substance will cause harm (the risk) is the
determinant of how cautious one should be and
what preventative or precautionary measures
should be taken.

Risk assessment of chemicals (CRA) has
been reflected as the most relevant approach to
understand and quantify the related risks [18].
CRA is a process, in which scientific and
regulatory principles are applied in a systematic
fashion in order to describe the hazards,
associated with the environmental and/or human
exposure to chemical substances. It is defined
as “a process, intended to calculate or estimate
the risk to a given target organism, system or
(sub)population, including the identification of
attendant uncertainties, following exposure to a
particular agent, taking into account the inherent
characteristics of the agent of concern, as well
as the characteristics of the specific target system
[27]. The CRA is a four-step process, consisting
of: (1) hazard identification, (2) dose-response
assessment, (3) exposure assessment and (4)
risk characterization. Its main outcome is a
statement of the probability that when humans or
other environmental receptors (e.g., plants,
animals) are exposed to a chemical agent, they
will be harmed and to what degree. The CRA
methodology is internationally recognized and

employed by major actors, such as the World
Health Organization (WHO) and the Organization
for Economic Co-operation and Development
(OECD), as well as by several European and U.S.
agencies [28].

In order to address the objective 2 of this
chapter, the current methods adopted for the
assessment of risks of ENPs for the environment
and human health are summarized in relation to
each of the four elements of the CRA framework
important scientific advancements, research gaps
and limitations are identified and discussed.

Hazard identification : “Hazard identification” (HI)
is defined as the “identification of the adverse
effects, which a substance has an inherent
capacity to cause” [29]. Hansen et al. [18] identified
428 studies reporting on toxicity of ENPs. In these
studies, adverse health effects of 965 tested ENPs
of various chemical compositions were observed
[30].

Dose-response assessment : “Dose-response
assessment” (DRA) is defined as “an estimation
of the relationship between dose, or level of
exposure to a substance, and the incidence and
severity of an effect”. It is the process of
characterizing the relationship between the dose
of an agent, administered to or received by an
individual, and the consequent adverse health
effects. In toxicological studies a “dose” is the
quantity of anything that may be received by or
administered to an organism. The “dose” is
normally measured in mass units (i.e., ìg, mg, g),
as higher doses of the same compounds are
expected to cause more severe adverse effects.
DRA studies with ENPs, however, suggest that
the toxicity of some ENPs is not mass dependent,
but influenced by other physico-chemical
characteristics (e.g., surface area, chemical
composition, and particle morphology) [31].
Several studies found that the toxicity of low-
soluble ENPs was better described by their
surface area than by their total mass [30], number
of particles [32], functional groups [33]. Despite
these findings, however, it is still largely unknown
which properties influence the toxicity of most
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ENPs and this gap in knowledge is partly
attributable to the fact that the tested ENPs are
seldom well characterized [19].

Exposure assessment : “Exposure assessment”
(EA) is defined as an estimation of the
concentrations/doses to which human populations
(i.e., workers, consumers and citizens exposed
indirectly via the environment) or environmental
compartments (aquatic environment, terrestrial
environment and air) are or may be exposed [19].
EA is a very important element in risk assessment
of ENPs, since if no exposure to ENPs occur, it
would be impossible that they cause any harm
and there would be no risk at all. EA can be divided
into three sub-areas: (1) occupational exposure
assessment (OEA), (2) environmental exposure
assessment (EEA) (including indirect human
exposure from the environment) and (3) consumer
exposure assessment (CEA).

Fate of engineered nanoparticles in
environment : Engineered nanoparticles (ENPs)
or Engineered nanomaterials (ENM) are exposed
to environment during all stages of their life cycles:
raw material production, transport and storage,
industrial use (incl. processing and/or trade),
consumer use, waste disposal (incl. waste
treatment, landfill and recovery) [29]. Moreover,
fate of ENPs, released in the environment is
determined by their mobility in different media (i.e.,
soil, water, air), as well as by their potential to
biodegrade or undergo chemical transformation
[2]. A recent study by Keller and Lazareva [34]
estimated that 63–91% of over 300 kilo tonnes of
ENMs produced globally ended up in landfills by
2010; 8–28% entered the soils, 0.4–7% reached
the surface water bodies, and 0.1–1.5% entered
into the atmosphere. In the event of transport of
nanomaterials present in landfills or soils, it may
disperse into drinking water sources or major
surface water bodies (Fig. 4). Given the large
proportion of nanomaterials ending up in soils, an
understanding of the impact of these
nanomaterials on soil organisms or ecosystems
is required for informed risk assessments and
policy discussions. Interestingly, most of the
potential hazards of these nanomaterials are

undocumented and there is lack of awareness
among common people.

Fate of engineered nanoparticles in air : The
fate of ENPs in the air is determined by three
main factors: (1) the duration of time particles
remain airborne, (2) their interaction with other
particles or molecules in the atmosphere and (3)
the distance they are able to travel in the air [36]
deliberate the mechanisms of diffusion,
agglomeration, and deposition for nanoparticle
aerosols, and the possible resuspension of
aerosol from deposited nanoparticles. In addition,
the processes important to understand the
dynamics of ENPs in the atmosphere are diffusion,
agglomeration, wet and dry deposition and
gravitational settling. With respect to the duration
of time ENPs stay in the air, it is considered that
they may follow the laws of gaseous diffusion.

It is generally considered that particles in
the nanoscale (d < 100 nm) have shorter residence
time in the air, compared to medium-sized
particles (100 nm < d < 2,000 nm), because they
rapidly agglomerate into much larger particles and
settle on the ground [37]. ENPs with anti-
agglomerate coatings make an exception and their
residence time cannot be predicted. It is well
thought-out that deposited ENPs are usually not
likely to be re-suspended or re-aerosolized in the
atmosphere. However, many nano-sized particles
are photoactive, but it is still unknown whether
they are susceptible to photo degradation in the
atmosphere.

Fate of engineered nanoparticles in water : The
fate of ENPs in water is directed by several factors:
(1) aqueous solubility, (2) reactivity of the ENPs
with the chemical environment and (3) their
interaction with certain biological processes [38].
Since ENPs have lower mass, ENPs generally
settle more slowly to the bottom than larger
particles of the same material. However, due to
their high surface-area-to-mass ratios, ENPs
readily sorb to soil and sediment particles and
consequently are more liable to removal from the
water column. However, some ENPs might be
subjected to biotic and abiotic degradation [17],
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which can remove them from the water column
as well. In addition, abiotic degradation processes
that may occur include hydrolysis and
photocatalysis. Near to the surface ENPs are
exposed to sunlight. It is likely that light-induced
photoreactions can account for the removal of
certain ENPs and for changing the chemical
properties of others.

Fate of engineered nanoparticles in soil : The
fate of ENPs in soil vary depending on physical
and chemical properties of the material. Some
ENPs can strongly sorb to the soil particles and
become completely inert and immobile.
Alternatively, if ENPs do not sorb to the soil
matrix, they might show even greater mobility than
larger particles, because their small size might
allow them to travel easily through the pore spaces
between the soil particles. The possibility to sorb
to soil and the respective sorption strength of
ENPs is influenced by their size, chemical
composition and surface characteristics [36].

Study by Zhang [39], indicated considerable
differences in mobility of some insoluble ENPs in
porous media. The properties of soil, such as
porosity and grain size, further influence the
mobility of the particles. Just like the mineral
colloids, the mobility of ENPs, agglomerated in
colloid-like structures might be strongly affected
by electrical charge differences in soils and
sediments.    Surface  photoreactions  might
induce photochemical transformations on the soil
surface.

Conclusions & Recommendations
Though nanoparticles research is enduring

since more than 30 years, the development of
methods and standard protocols required for their
safety and efficacy testing for human use is still
in development [39]. ENPs are anticipated to affect
living organisms in different ways than their bulk
alternatives and considering their significant range,
it is expected that ENPs would also differ a lot
from each other in terms of toxicity.

As there are very limited number of studies
are made in field of environmental fate of ENPs,
their behavior in the environment is still largely

unmapped. When addressing the environmental
fate of ENPs, most of the current literature available
uses inaccurate general considerations and
comparison with data, obtained for larger particles.
It is very imperative to study the environmental
fate of ENPs in order to understand their pathways
of environmental and concern of human exposure.

Considering the availability of literature
about nanoparticles for medical applications and
taking into account of different participants in the
field of nanomedicine including the community
working in the field of nanotoxicology, we strongly
recommend:
A. Launching laboratories which allows a GMP

like synthesis including functionalization of
nanoparticles for medical application.

B. Regulatory bodies should implement strict
explicit checklist

C. In vivo and In vitro models used for
nanoparticle-cell interactions should be
validated.

D. To minimize damaging effects of ENPs it is
essential to identify the exposure sources
and pathways of ENPs in the working
settings as well as to study the mechanisms
behind their dispersion and measure their
concentrations

E. Comprehensive inventory of consumer
exposure to ENPs and data generated needs
to be elaborated and made easily accessible
to scientists and risk managers.

Employing above recommendations leading to
growth of nanomaterials for biomedical
applications might be improved and hazard of
exposure to ENPs would be reduced substantially.
This would reassure community to reduce the risk
of exposure to ENPs and protect the environment.
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