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ABSTRACT 

There has been a remarkable growth of research and applications in the field of nanoscience 

and nanotechnology. The plant mediated nanomaterial has drawn more attention due to its 

vast application in various fields because of their physico-chemical properties and also for its 

simple, cost-effective, eco-friendly and relatively reproducible approach. A considerable 

research interest in the area of nanotechnology has been witnessed using chitosan 

nanoparticles as they have emerged as one of the most exciting tools due to their increased 

surface-volume ratio and are of great interest for nanomedicine, biomedical engineering and 

development of new therapeutic drug release systems with improved bioavailability, 

increased specificity and sensitivity, and reduced pharmacological toxicity. The nanopolymer 

was synthesised using ionic gelation technique and was characterized using UV 

spectrophotometer and FTIR. The optical density at of the broad peak of Chitosan-jasmine 

nanopolymer was found at 3.5242. The FTIR results recorded the absorption peaks at 2112 

cm-1, 1636 cm-1 and  3327 cm-1 which represented the C-H stretch, C=C stretch and O-H bond 

stretching respectively. Thus, there was a stretching from higher wavelength region to lower 

wavelength region demonstrating the interaction of tripolyphosphate with chitosan and 

biomolecules by reduced hydrogen bonding. The present study was designed to determine the 

cytoprotective and mosquito breeding repellency of Chitosan-jasmine nanopolymer. 

Altogether, the results of our study lend pharmacological credence to the bio-medical 
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applications, ethno medical use of this plant in traditional system of medicine and as a 

promising mosquito breeding repellent in the near future. The present research aimed at 

synthesizing and characterizing a novel chitosan linked plant nanoparticle for nanomedicine, 

biomedical engineering, industrial and pharmaceutical applications using potent plant source.  

Keywords: Chitosan nanopolymer, Jasminum sambac, FTIR, Cytoprotection, Mosquito 

breeding repellence 

INTRODUCTION 

Over the last few years, 

nanotechnology and polymers together 

have captivated a tremendous interest in 

many areas including pharmaceutical 

industry and therapeutic innovation among 

others. Nanopolymers efficaciously carry 

proteins, drugs and DNA to targeted cells 

and organs. Their nanometer-size promotes 

effective permeation through cell 

membranes and stability in the blood 

stream [1]. Green synthesis offers great 

progress over the other methods as its 

simple, single step, cost-effective, eco-

friendly and relatively reproducible that 

often results in more stable materials [2]. 

The world’s second most abundant 

biopolymer- chitosan is a cationic 

polysaccharide which is obtained by partial 

deacetylation of chitin and synthesised by 

Ionic gelation technique has recently

 gained a considerable attention in 

pharmaceutical, tissue engineering, bio-

sensing and biomedical research due to its 

several advantages [3]. 

The chemical, toxicological and 

pharmacological features of plants have 

already been investigated by the 

researchers with the presence of active 

phytochemicals [4, 5, 6]. Jasminum sambac 

belongs to the family ‘oleaceae’, which is 

one of the altimes fragrant flowers 

cultivated by humans and are known to be 

the native of subtropical regions [7]. One of 

the most widely spread plants from the 

Lauraceae family is Laurus nobilis, which 

is additionally known as ‘Bay’ or ‘laurel 

leaves’. It is a native plant in the Southern 

Mediterranean area [8].  

Bougainvillea is outspread throughout the 

world and they are perennial bloomers. The 

Plant List has relatively 18 species, 

amongst which B. glabra is found in India 

[9]. In this research, three different plant 

sources are considered and based on the 

comparative analysis of these plant sources, 

a potent plant source is determined for our 

further work. 

The erythrocyte serves as a master 

regulator of metabolism and life by 

unremittingly delivering oxygen to the cells 

and tissues of an organism in developmental, 

physiological and regenerative contexts. 
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Under oxidative stress, hemolysis of RBCs 

takes place due to the action of ROS. 

Oxidative stress leads to haemoglobin 

oxidation resulting in the onset of heme 

degradation products on RBC membrane 

and reduced ability to deform its shape 

[10]. 

Mosquito control is a vital public 

health practice throughout the world. The 

most practicable way for reducing 

incidences of mosquito borne diseases is by 

controlling mosquito immatures in their 

breeding sites. In the view of the above, the 

present study aimed on the fabrication and 

characterisation of bio-molecules cross-

linked with chitosan nanoparticles using the 

potent plant sources and to investigate the 

cytoprotective action of Chitosan 

nanopolymer with the methanolic extract of 

J.sambac against membrane damage in 

RBC and also to determine its efficacy as a 

mosquito breeding repellent. 

MATERIALS AND METHODS 

Chemicals: 70% methanol, Dil.HCl, 

aq.NaOH, Chloroform, con.H2SO4 , acetic 

acid, ethyl acetate, 3% Boric acid & 10% 

oxalic acid spray, acetic acid, 10% 

Alluminium chloride, 1M Phosphoric acid, 

1M Gallic acid, 7.5% Sodium sulphate, 

10% Folin Ciocalteau’s reagent, 0.1N 

Sodium hydroxide, 70% chilled ethanol, n-

butanol, 0.1N Hydrochloric acid,  Methyl 

red indicator, 2% Acetic acid were of 

analytical grade obtained from Fischer 

Scientific. TLC Silica gel plate was of 

silica gel GF254, Merck. 1% Ferric chloride, 

Sodium carbonate, Dragandroff’s reagent 

was obtained from Laboratory reagents. 

Quercitin, Gallic acid, 0.5% Chitosan, 0.5% 

Sodium-tri-phosphate (TPP), Salmon milt 

DNA (200μg/mL) were analytical grade 

chemicals from HiMedia, Karnataka. 85% 

aqueous phosphoric acid of pH 1.76 and 

10% aqueous acetonitrile was obtained 

from Lab scan, Analytical Science, 

Bangalore. 1M Phosphate Buffer Saline 

(PBS) was obtained from SD Fine Chem 

Ltd. 

Plant Source: The tender leaves of 

Jasmine (Jasminum sambac) and fresh 

bracts of Bouganvillea (B. buttiana) were 

collected from Lalbagh Botanical Garden, 

Bangalore. The dried Bay leaves (Laurus 

nobilis) were commercially obtained from 

K.R. market of Bangalore. The selection of 

plant sources was done by convenience 

sampling technique as it’s incredibly 

prompt, simple approach, uncomplicated 

and economical.  

Preparation of plant extract: The plant 

extracts were prepared from the leaves of 

Jasminum sambac, bracts of B. buttiana 

and from dried leaves of Laurus nobilis. 

The dust particles on their surface were 

washed and cleaned under tap water, sun 

dried for 10 days and made into fine 
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powder. The coarse powder of J.sambac 

[10 g (w/v)], B. buttiana [10 g (w/v)] and 

Laurus nobilis [10 g (w/v)] were extracted 

with 150 mL of hydro-methanol (30:70) 

using soxhlet apparatus for 12h at 64°C not  

exceeding the boiling point of the solvents. 

The extracts were then concentrated to 

dryness and used for further experimental 

analysis. 

Phytochemical analysis: 

A. Qualitative analysis: Test for 

Alkaloids, Flavonoids, Phenolics and 

Tannins using 1 mL extract was 

carried out allowing it to react with 

the specific reagents as described by 

the standard protocols [11]. 

B.  Quantitative analysis of Phenolics, 

Flavonoids and Alkaloids: The 

respective concentration of different 

plant extracts were used to 

quantitatively test for Phenolics, 

Flavonoids and Alkaloids as 

described by the standard 

quantitative protocols [12, 13, 14]. 

Analysis by Thin Layer 

Chromatography : TLC was performed 

on a silica gel plate (silica gel GF254 , 

Merck)  2- 5 µL of different plant extracts 

was deposited to the origins of TLC plates, 

2cm above its bottom with the help of 

capillary tubes. The plates were then kept 

in TLC glass chamber (solvent saturated) 

and mobile phase was allowed to move 

through adsorbent phase up to ¾th of the 

plate. TLC was performed for alkaloids, 

flavanoids, phenolics and tannins using the 

different solvent systems- Alkaloids: Ethyl 

acetate: Chloroform: water (5:3:1); 

Flavonoids:  n-Butanol: ethyl acetate: water 

(5:10:15); Phenolics: methanol: water (6:3) 

and Tannins: chloroform: water (6:4). 

Purification by HPLC : The HPLC 

analysis was performed using an Agilent 

1200 series HPLC (Agilent Technologies 

Inc., Chemetrix, South Africa), equipped 

with a binary pump and fitted with an 

AscentisTM C18 column (Supelco; 25 cm 

x 4.6.mm x 5 µm particle size). A 5 µL 

J.sambac leaves extract volume was 

analysed throughout. The diode array 

detector was used for quantification at 200 

nm. The mobile phase consisted of 85% 

aqueous phosphoric acid (Solvent A; pH 

1.76) and 10% aqueous acetonitrile 

(Solvent B, Lab scan, Analytical Science, 

Poland) at a flow rate of 1.5 mL/min. A 

linear gradient was applied from 0-70% 

Solvent B in 20 min.  

Synthesis of Nanopolymer: 

a. Preparation of plant extract: The 

plant extract was prepared as 

explained in the previous 

section. The extract was then 

concentrated to dryness and 

used for further analysis. 
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b. Synthesis of chitosan 

nanoparticles: The ionic-

gelation method was employed 

for the synthesis of chitosan 

nanoparticle using Sodium 

tripolyphosphate (TPP) as cross-

linking agent. About 1% (w/v) 

of the J.sambac extract was 

mixed with 0.5% (w/v) of TPP 

and the solution was added drop 

wise into the chitosan solution 

containing 0.5% (w/v) chitosan 

and 1% (v/v) acetic acid under 

gentle magnetic stirring of 

REMI 2-MLH.. The solution 

was incubated for 20 mins and 

used for characterization [15].  

Characterisation of nanopolymers: 

a) UV spectrophotometer: The 

interaction of Chitosan and the 

target compound in the 

nanopolymer suspension was 

checked by measuring in UV-Vis 

range. The absorbance spectrum of 

the nanopolymer suspension was 

recorded quickly after the synthesis 

was done and a reference of de-

ionized water was recorded prior to 

the actual sample analysis. To check 

the stability of nanopolymer, the 

absorption spectrum was recorded 

to pure chitosan, Jasmine extract, 

TPP, TPP - Jasmine extract, 

Chitosan-TPP, Chitosan-Jasmine 

extract and Chitosan-TPP- Jasmine 

extract. The spectrophotometer used 

was a Chemito UV Scan 2600 

(Thermo Fisher) and the software 

was Spectrum™ Version 6.87. 

Absorbance spectra were recorded 

over an extend of 220 – 400 nm. 

Wavelength of peak absorbance and 

λmax was also calculated. 

b) FTIR spectral analysis: The 

biomolecules stacked chitosan 

nanoparticles were freeze dried and 

the powdered test was used for 

FTIR spectroscopy studies. The 

dried experimental test was 

specifically put on the KBr crystals 

and was compressed to make 

pellets. Then, FTIR examination of 

chitosan nanoparticles sample was 

performed with a2 technologies 

portable attenuated total reflectance 

(ATR) Fourier transform infrared 

spectroscopy (ATR-FTIR). Sample 

spectra were recorded within the 

range of 4000 cm-1 to 400 cm-1 with 

a resolution of 4cm in the 

absorbance mode for 10 scans at 

room temperature. FTIR spectra of 

chitosan nanoparticles were 

obtained by placing 1mg of test on 

the sensor of the instrument and 
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spectrum was then compared with 

the spectrum of Chitosan standard. 

In vitro Erythrocyte Cytoprotection 

assay: On a microscopic glass slide, a 

small drop of freshly drawn blood sample 

was taken. It was diluted 5 to 7 folds with 

PBS, mixed gently and viewed under high 

power of Phase contrast microscope 

(Olympus-CKX41). It was treated with 

FeSO4- a damaging agent and the effects 

were noted. The cells were then subjected 

to co-treatment with Chitosan-TPP-Plant 

extract – a potent nanopolymer and the 

subsequent effects were recorded. The 

cytoprotective action of each was noted 

based on the time taken for the 

disappearance of erythrocyte membrane 

damage. 

Each of the four extracts was then used, 

both before and after treatment with the 

oxidant and the cytoprotective action of 

each was noted. In the first set of 

experiment, RBCs are subjected to damage 

induced by ferrous sulphate and then co-

treated with the extracts. In the next set of 

experiment, the erythrocytes were pre-

treated with the extracts and then treated 

with the oxidant. The cytoprotective 

potential of each extract was assessed based 

on the time taken for the appearance of 

erythrocyte membrane damage in each 

case. 

Determination of potential inhibitor of 

mosquito breeding activity by Chitosan-          

Jasmine nanopolymer: 500mL of stagnant 

water was collected from the house garden 

in a container. It was then divided into two 

parts as one being control and the other as 

test. To the test sample, 10mL of 1% 

Chitosan-Jasmine nanopolymer was added 

and was kept under observation for a week. 

Later, the test was compared with the 

control. 

 RESULTS AND DISCUSSION 

 Phytochemical analysis: The preliminary 

phytochemical screening of methanolic 

extracts of Jasmine, Bay leaf and 

Bougainvillea was performed which 

determined the presence of various 

phytoactive constituents. Methanol being a 

universal solvent has the ability to attract 

almost all bioactive compounds from plants 

because of the presence of polar group 

(OH) and non-polar group (CH). The result 

of phytochemical screening of these 

methanolic plant extracts has been 

tabulated in Table 1. 

As illustrated in the Table 1, Bay leaf 

showed the presence of higher quantity of 

alkaloids than flavanones and terpenoids. 

Jasmine, on the other hand confirmed the 

presence of highest amounts of alkaloids, 

terpenoids and flavones respectively. 

Furthermore, Bougainvillea showed the 

presence of only alkaloids and flavones in a 
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relatively less amounts in comparison to 

Jasmine and Bay leaf.  

The earlier phytochemical investigations of 

J.sambac with water, ethyl acetate and 

hexane solvents has revealed the presence 

of alkaloids, steroids/triterpenes, saponins, 

tannins, phenolics, flavonoids and 

glycosides respectively [16]. The species of 

Bougainvillea has revealed the presence of 

alkaloids, steroids, glycosides, flavonoids 

in chloroform extract and in ethyl acetate 

extract [17]. Also, L.nobilis with various 

solvent extracts has confirmed the presence 

of tannins, alkaloids, reducing compounds, 

saponins, anthracenosides, alkaloids fatty 

acids, volatile oil, free quinines, 

polyuronides and sterols/steroids [18]. 

Thus, the previous study on phytochemical 

screening of these plant extracts has 

correlated with our qualitative 

phytochemical analysis of L.nobilis, 

J.sambac, B. buttiana. 

(A) Quantitative Analysis of Total 

Phenols:  

These findings illustrated that the total 

phenolic content of crude ethanolic 

extact of jasmine was found to be 

2.567 mg/g of tannic acid equivalents, 

which was higher than that of crude 

ethanolic extracts of Bougainvillea 

and Bay leaf. Phenolic compounds are 

a class of antioxidant agents which 

acts as free radical terminators [19]. 

The total phenolic content in plant 

extracts relies on the polarity of the 

solvent used for extraction. The 

degree of solubility of phenols in 

polar solvent determines the 

concentration of phenolic compounds 

in the extract [20]. The content of 

phenolics was expressed in terms of 

tannic acid equivalents, mg of TA/g of 

extract (Table 2).  

(B) Determination of Total Flavonoid 

Content:  

The total flavonoid content of crude 

ethanolic extact of jasmine was found 

to be 1.103 mg/g of Quercetin 

equivalents, which was higher than 

that of crude ethanolic extracts of 

Bougainvillea and Bay leaf. 

Flavonoids along with flavones, 

flavanols and condensed tannins 

exhibit antioxidant activity which 

depends on the presence of free OH 

groups, especially 3-OH. Plant 

flavonoids possess antioxidant 

activity in vitro and act as 

antioxidants in vivo [21]. The content 

of flavonoids was expressed in terms 

of quercetin equivalents, mg of QE/g 

of extract (Table 3).  

(C) Quantitative Analysis of Total 

Alkaloids (Plummer DT, 1990): 

A rapid assay was followed to 

determine the total alkaloids using 
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back titration with an acid employing 

potentiometric determination of 

endpoint. The alkaloids concentration 

was determined by the amino groups 

of alkaloids neutralising the HCl 

concentration. The quantitative 

analysis of alkaloids in the leaves of 

screened plants is represented in 

Table 4. The range of total alkaloids 

content was found to vary from 

0.136±0.009g%w/v dry weights to 

0.704±1.3g%w/v dry weights. 

The highest concentration of alkaloid 

was found to be 0.704±1.35g%w/v in 

butanolic extract of jasmine, followed 

by bougainvillea and least in bay leaf. 

(D) Analysis by Thin Layer 

Chromatography: 

TLC profiling is  used  to  monitor  

the  reaction progression,  

identification of  the components  and  

the  determination  of  the  purity  of  

the mixture. This analytical tool is 

used because of its simplicity, speed 

of separation, cost effectiveness and 

high sensitivity [22]. The potent plant 

biomolecules were further used for 

development of the different drugs in 

future or in miscellaneous 

applications.   

As illustrated in the Table 5, Jasmine 

and Bay leaf confirmed the presence 

of alkaloids by the appearance of 

reddish brown spots on spraying 

Dragendroff’s reagent. Phenolics and 

flavanoids were confirmed in Jasmine, 

Bay leaf and Bougainvillea by the 

appearance of grey colour upon FeCl3 

spray and by the green fluorescence 

after being sprayed by 3% boric acid 

and 10% oxalic acid solution. And, 

Bougainvillea confirmed the presence 

of tannins by the appearance of 

brownish grey colour spot 

respectively under the view of UV 

trans-illuminator.  

(E) TLC Profiling 

TLC profiling of J.sambac revealed 

several phytochemicals such as 

Alkaloids, anthraquinones, coumarins, 

essential oils, flavanoids, anti-

oxidants, cardiac glycosides, 

phenolics, saponins and tannins [23]. 

By the TLC profiling, the potent 

bioactive compounds from the plant 

extracts were detected to be in the 

order of Jasmine>Bay 

leaf>Bougainvillea based on their 

respective Rf values. 

As per our preliminary analysis and 

their ethnobotanical significance, the 

comparative study of all the three 

plant sources revealed that Jasmine 

leaves was more potent plant source 

than Bay leaf and Bougainvillea due 

to the fact that it signified the 
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presence of various bioactive 

compounds in different solvent 

systems under phytochemical 

screening. And, thus the extract of 

Jasmine leaves was observed to be 

more promising in terms of the 

bioactivities as well as the profound 

applications that it possesses. Hence 

was subsequently considered in our 

further investigation (Figure 1 a, b). 

(F) Purification by HPLC: 

The standard Caffeic acid with the 

concentration (0.1mg/mL) was run 

using RP-HPLC C-18 column with an 

isocratic mode of elution by 85% 

aqueous phosphoric acid (pH – 1.76) 

and aqueous 10% acetonitrile as the 

mobile phase, where diode array was 

used as detector for the quantification 

of alkaloids at 240 nm.  

The Figure 2(a) illustrated two peaks 

at a time interval of 2.103 min and 

3.240 min respectively. Resolution of 

the baseline of analytes and IS was 

achieved with a C18 column, without 

any amine modifiers in the mobile 

phase. The standard retention time and 

other factors pertained to our studies 

has been tabulated in the Table 6. 

The HPLC analysis of methanolic 

extract of J.sambac determined the 

quantification of alkaloids at specific 

time intervals. The sample’s 

chromatogram revealed two most 

important peaks at 2.1667 min and 

2.6833 min, and two minor peaks was 

additionally revealed at 3.3333min 

and 4.4667 min respectively. On 

correlating the RP-HPLC 

chromatograms of the sample with the 

standard, there was a similarity in two 

peaks of 2.103 min of standard with 

2.1667 min of sample and 3.240 min 

of standard with 3.3333 min of the 

sample, which determined 

quantitatively the presence of 

alkaloids in the methanolic extract of 

J.sambac leaves. 

The quantitative analysis of alkaloids 

retention time has been illustrated in 

the Table 7, which exhibited good 

linearity between concentration and 

peak area. The amount of alkaloids 

present in the J.sambac methanolic 

extract of leaves was found to be 

142µg/10mg. It was assumed that the 

two peaks with retention time 2.6833 

min and 3.3333 min were codeine and 

caffeine respectively.  

(G) Characterisation of nanopolymers: 

An opalescent solution of Chitosan-

jasmine nanopolymer was initially 

characterised by UV-Vis 

spectrophotometer to check the 

validity and stabilty of prepared 

nanopolymer. As a preliminary aspect, 
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Figure 3 illustrated that all the optical 

density coincided at a specific 

wavelength of 290nm which revealed 

the nanopolymer formation. The 

maximum absorption peak for 

Chitosan-jasmine nanopolymer was 

found at 3.5242 OD. Broad absorption 

bands of chitosan nanoparticle were 

contemplated at 200-322nm in UV-

Visible spectrophotometer analysis 

[24]. Our current study correlated with 

his revelation as the broad peak of 

pure chitosan was also in the range of 

280-322nm. 

The capability of the ionic gelation 

process to form biomolecules loaded 

chitosan nanoparticles was assessed 

by FTIR for the determination of 

plant-chitosan interactions. FTIR 

measurements were performed to 

identify the possible biomolecules 

responsible for chitosan nanoparticle 

formation. The spectral analysis of 

chitosan nanoparticles and bioactive 

molecules loaded chitosan 

nanoparticles were depicted in the 

Figure 4(a) and Figure 4(b). The IR 

studies of chitosan nanoparticles 

(CNPs) revealed the presence of peaks 

at 3333 cm-1, 2111 cm-1, 1637 cm-1, 

1391 cm-1, 1278 cm-1, 528 cm-1and 

514 cm-1while the FTIR spectra of 

J.sambac plant extract derived 

chitosan nanoparticles (JSCNPs) 

revealed strong absorption peaks at 

3327 cm-1, 2112 cm-1, 1636 cm-1, 

1279 cm-1, 1017 cm-1 and 521 cm-1. 

The spectra observed at 3327 cm-1 for 

the synthesized nanoparticle indicated 

the stretching of O-H bonds which 

further indicated reduced hydrogen 

bonding. The occurrence of reduced 

hydrogen bonding in the cross-linked 

nanoparticle complexes was due to 

more open structure resulting from 

cross linking with alkaloid 

biomolecules of J.sambac as well as 

TPP. The peaks recorded at 2112 cm-

1represented the C-H stretch of the 

alkanes group. The strong band 

noticed at 1636 cm-1 indicated the 

presence of phosphorous groups. This 

might be due to the tripolyphosphoric 

group linking of TPP with ammonium 

group of chitosan. The isolated alkene 

groups of the C=C stretch was found 

at 1636 cm-1 for the biomolecules 

loaded chitosan nanoparticle. The 

absorption spectra observed at 1279 

cm-1 indicated the presence of 

carboxylate group. The C-N stretching 

of aliphatic amines was observed at 

the peaks of 1017 cm-1 and the 

aromatic groups were presented with 

intense peaks at 521 cm-1 for the 

synthesized nanoparticles. These 



Shlini P et al                                                                                                                           Research Article 
 

 
2275 

IJBPAS, September, 2020, 9(9) 

observed peaks were shifted from the 

higher wave number region to the 

lower wave number region due to the 

interaction of the tripolyphosphate 

molecules binding with chitosan and 

the plant bioactive molecules. Due to 

the increase in the bond length, the 

stretching frequency has decreased 

and the wave numbers have shifted 

from higher frequency to lower 

frequency. Thus, it was found that the 

inter and intra-molecular actions were 

enhanced in chitosan nanoparticles 

due to polyphosphoric groups of 

sodium polyphosphate interaction 

with the ammonium groups of 

chitosan [25].  

(H) In vitro Erythrocyte Cytoprotection 

assay: 

The relative in vitro antioxidant and 

free radical scavenging activities of 

the Chitosan-Jasmine nanopolymer 

and ascorbic acid were studied and it 

was observed that the Chitosan-

Jasmine nanopolymer possessed 

significant potential to overcome the 

induced toxicity when compared with 

ascorbic acid. Crenations were 

induced by ferrous sulphate in the cell 

membrane of erythrocytes which 

caused the loss of its biconcave shape 

and thereby impaired its 

deformability. Red Blood Cells 

(RBCs) were deformed and squeezed 

through narrow capillaries. Therefore, 

decreased deformability was one of 

the factors that contributed to the 

elimination of aged or damaged RBCs 

from the circulation [26]. This process 

caused an impaired oxygen delivery, 

which contributed to the pathology of 

a number of diseases. Damage to 

erythrocytes was manifested in 

haemolysis, which was associated 

with some haemoglobinopathies and 

deficiencies in a number of 

erythrocyte antioxidant systems [27]. 

The proteolysis was also activated by 

oxidative challenge of erythrocytes 

which lead to the alteration of the 

shape and function [28]. 

Treatment with ascorbic acid and the 

Chitosan-Jasmine nanopolymer were 

contemplated to negate the cytotoxic 

effect of ferrous sulphate and the 

biconcave shape of RBCs was 

restored. On pretreatment of RBCs 

with the Chitosan-Jasmine 

nanopolymer followed by treatment 

with the oxidant, it was observed that 

the Chitosan-Jasmine nanopolymer 

had the capacity to protect the cells 

from immediate morphological 

changes (crenations) induced by 

ferrous sulphate. The best protection 

was observed in cells pre-treated with 
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Chitosan - Jasmine nanopolymer 

followed by ascorbic acid. 

Erythrocytes were highly susceptible 

to attack by reactive oxygen species 

because of the high amount of 

polyunsaturated fatty acid content in 

their membranes and the metal 

catalyzed oxidation reactions because 

of haemoglobin. The oxidation of 

erythrocytes was a good model for the 

oxidation of bio membranes. Since, 

Chitosan-Jasmine nanopolymer reduced 

the ferrous sulphate-induced 

alterations in erythrocytes, they were 

also restored or the morphological 

changes were reduced that 

accompanied erythrocyte oxidation. 

The activity may be due to the 

presence of different phytochemicals 

which acted in synergy. Similarly, the 

RBC’s restored it’s conformation 

immediately in Silver linked 

Chitosan-Jasmine nanopolymer and 

gradually in Copper linked Chitosan-

Jasmine nanopolymer upon the co-

treatment of crenated RBC’s. From 

the above findings, it was illustrated 

that Chitosan-Jasmine nanopolymer 

possessed significant in vitro 

erythrocyte cytoprotectivity (Figure 

5). 

(I) Inhibition of mosquito breeding 

activity by Chitosan-Jasmine 

nanopolymer: The controlling of 

mosquito breeding potential 

of J.sambac varies according to the 

parts of the plant used, solvent choice, 

season of plant collection, 

geographical location where the plants 

were grown, antagonistic nature of 

mosquito and the application method. 

The methanolic extract of 

the J.sambac leaves was screened for 

the presence of major phytochemical 

groups. The preliminary phytochemical 

screening revealed the presence of 

phenolic compounds, flavonoids, 

alkaloids and tannins. These 

phytochemical compounds were the 

key candidates in the medicinal value 

of this plant. Later, it was examined 

for mosquito repellent activity. 

Chitosan-jasmine nanopolymer exhibited 

potent repellent activity against 

mosquito eggs breeding for 5 days 

exposure. At a minimal dose, extract 

resulted in 80% mosquito breeding 

repellent activity which resulted in the 

retention of same number of breeding 

eggs. Also, there was no increase in 

number of breeding due to the fact 

that the breeded eggs and few larvae 

were dead indicating J.sambac has 

potent mosquitocidal activity. 

However, the activity may vary on 

dose dependency and time 
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dependency. Benzyl alcohol in 

jasmine oil revealed moderate-high 

rate of larval mortality [29]. Thus, 

results signified that percentage 

protection is directly proportional to 

dose and inversely proportional to 

time (Figure 6 a). 

 
 
 

Table 1: Qualitative analysis of phytochemicals in the methanolic extracts of Bay leaf, Jasmine and Bougainvillea 

PHYTOCHEMICAL COLOUR BAY LEAF JASMINE BOUGANVILLAE 

Alkaloids Reddish brown ++ +++ + 

Tannins, phenolics Violet - - - 

Flavanoids 

Violet (Anthocyanins) - - - 

Yellow (Flavones) - + + 

Orange(Flavanones) + - - 

Terpenoids Reddish brown + ++ - 
Note: ‘+’ indicated a positive result and ‘-’ indicated a negative result. 

 
 

Table 2: Quantitative amount of total phenols in selected plants 
Plant sample Amount of total phenol(mg/g Tannic 

acid equivalents) 
Jasmine 2.567 

Bougainvillea 1.962 
Bay leaf 1.395 

 
 
 

Table 3: Quantitative amount of total flavonoids in the selected plants 
Plant sample mg/g of QE/g of extract 

Jasmine 1.103 
Bougainvillea 0.571 

Bay leaf 0.984 
 
 

Table 4: Quantitative amount of total alkaloids in selected plants 
Plant sample Amount of total alkaloids(g%w/v) of 

dry weight  (mean±SD) 
Jasmine 0.704±1.35 

Bougainvillea 0.150±0.009 

Bay leaf 0.136±0.009 
 
 
 

Table 5: Qualititative confirmatory test for the phytochemicals in the extracts of Jasmine, Bougainvillea and Bay leaf 
by TLC 

 
 

Phytochemicals Solvent System Confirmatory Jasmine Bay Leaf Bougainvillea 
 

Alkaloids 
Ethyl  acetate: CHCl3: 

H2O 
(5:3:1) 

Dragendroff’s 
Reagent 

 
+ 

 
+ 

 
- 

 
Flavonoids 

n-Butanol: Ethyl 
acetate: H2O 

(5:10:15) 

3% boric acid + 
10% oxalic acid 

 
+ 

 
+ 

 
+ 

 
Phenolics 

CH3OH : H2O 
(6: 3) 

1% FeCl3  
+ 

 
+ 

 
+ 

 
Tannins 

CHCl3 : H2O 
(6:4) 

1% FeCl3  
- 

 
- 

 
+ 
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Figure 1(a): TLC profiling under short UV (254nm) 

 
 

 
Figure 1(b): TLC profiling under long UV (365nm) 

 
 

 

 
Figure 2(a): HPLC chromatogram of the caffeic acid (standard) 

 
 

Table 6: Retention time of standard Caffeic acid by HPLC 
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Figure 2(b): Chromatogram of the purification of methanolic extract of Jasmine by HPLC 

 
Table 7: Result table of HPLC purification of methanolic extract of Jasmine by HPLC 

No. Retention Time (min) Area[mV*s] Height[mV] 
1 2.1667 7886.6631 276.9646 
2 2.6833 6312.7466 355.9515 
3 3.3333 330.7656 21.7028 
4 4.4667 483.1823 20.9117 

Total 15013.358 675.5306 
 
 

 
Figure 3: UV-Vis spectrum of pure chitosan(Chi), solution of 0.5% chitosan and 1% TPP (Chi-   TPP), and solution 

of 0.5% chitosan, 1% TPP and 1% P.E(Chi-TPP-P.E) 
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Figure 4(a): FTIR spectral analysis of chitosan nanoparticles 

 
 

 
Figure 4(b): FTIR spectral analysis of J.sambac leaf extracts derived phytochemicals Cross-linked chitosan 

nanopolymer 

 
 

 
Figure 5: Treatment of erythrocytes with oxidant and antioxidant- (a) Human RBCs diluted with PBS as observed in 
40X of phase contrast microscope. (b) Appearance of crenation on treatment with the oxidant-ferrous sulphate. (c)  
Restoration of crenation on treatment with standard antioxidant-ascorbic acid. (d) Co treatment of crenated cells 

with Chitosan-Jasmine nanopolymer. (e) Co treatment of crenated cells with Silver-Chitosan-Jasmine nanopolymer. 
(f) Co treatment of crenated cells with Copper-Chitosan-Jasmine nanopolymer 
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Figure 6: a) Control and b) test sample determining the Chitosan-jasmine nanopolymer as a potent mosquito 

breeding inhibitor 
 

CONCLUSION 

The present study aimed at the 

comparative studies on the different plant 

sources such as Bay leaf, Bougainvillea and 

Jasmine leaves. The findings implied that 

Chitosan- jasmine nanoparticles possessed 

the significant cytoprotective action as it 

had the ability to restore the crenated RBCs 

to their biconcave form and also inhibited 

the further mosquito breeding, thereby 

proving to be a potent repellent agent. 

Thus, our current study gives the detailed 

information about the properties of 

Chitosan-jasmine nanopolymer, its future 

applications in pharmaceuticals and its 

effectiveness as a prototype for larvicidal 

agents in the mosquito breeding habitats 

that will obviously work as a new weapon 

in the arsenal of synthetic drugs and 

products by its eco-friendly and non-toxic 

approach. 
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