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ABSTRACT 
 

The enormous global burden and impact of mosquito-borne diseases have challenged 

the health sector worldwide. Due to the unavailability of drugs and vaccines, 

mosquito controls remain an alternative solution. With increasing concern and 

harmful effects of synthetic chemical pesticides, there has been renewed interest in 

technologies based on bio-inspired products. In particular, plant-derived products rich 

in phytochemicals are effective and popularized as bio-pesticides due to their safety 

towards users and the environment. However, the ease with which plant-inspired 

pesticides degrades under realistic field conditions has hampered their broader 

applications.  

Nanotechnology provides the basis for improving the effectiveness of bio-

pesticides. The most promising nanostructured systems are polymeric encapsulation, 

nanogel, and nanoemulsions. These nanostructure systems can contribute towards 

sustainable vector management programs due to their potential for assisting in 

reduced doses of pesticides while at the same time improving stability and offering 

controlled release, depending upon the type of nanostructure. The bio-derived 

polymers chitosan and pectin are safe, biodegradable, non-toxic, and used as wall-

forming encapsulating agents. The nanocapsules were formed using chitosan and 

pectin using the ionic gelation method, which involves the interactions of anionic 

polymer with oppositely charged ions to create hydrogel beads, also known as gel 

spheres, which are spherical cross-linked hydrophilic polymeric entities capable of 

swelling in water and the release of active is controlled by polymer relaxation. Pectin 

and chitosan produce electrostatically stabilized gel networks with divalent metal 

cations (calcium) and tripolyphosphate (TPP), respectively. 
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Additionally, these nanostructures raise concern regarding their non-target 

exposure since NP may endanger human health through oral, inhalation, and 

cutaneous exposure, which may interact with cells and tissues and alteration, can 

occur. The safety evaluation of nanostructures is vital to determine their potentially 

harmful effects. Considering all these facts, the present work was designed to develop 

phytochemicals loaded nanostructures, alias nanoparticles for controlling mosquito 

vectors and their toxicity assessments on in vitro mice model or in the Vivo cell line. 

The screening of fixed oils viz. Schleicher oleosa (Kusum) oil, Calophyllum 

inophyllum (Tamanu) oil, Morigina oil; essential oils lemongrass oil, cedarwood oil; 

and bio-waste cashew nut shell liquid (CNSL) were evaluated for their efficacy 

against immature (larva) and adult mosquitoes before being developing them in nano-

form. The Phyto-constituents of selected phyto-sourced were analyzed by GC-MS. 

After the successful screening and detailed Phyto-constituents analysis, the ones with 

the best performance were loaded into nanoparticles viz. nanocapsules, nanocapsules 

to nanogel, and nanoemulsion. The characterization of developed nanoformulations 

was done by TEM / DLS, and DSC was also performed where ever required. The 

formulations were observed for storage stability assessed by changes in physical 

appearance or particle size upon storage.  

Further, the nanocapsules impregnated on a mini cotton bag to produce ready-

to-use (RTU) formulation and nano-micellar emulsion were used for targeting 

immature mosquito stages. In contrast, nanogel was impregnated on cotton fabric to 

produce long-lasting and wash durable finished mosquito repellent fabric. The 

nanocapsules cannot react or bind with the fibers, so it is necessary to bind them to 

the fiber. Acrylates can be used to bind nanocapsules to fabric, which also prevents 

their washing off during a series of washing. 
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Chitosan nanocapsules, containing lemongrass (Cymbopogon citratus) oil 

(LGO) have been developed in gel form in which acrylate (Ac) was incorporated as a 

thickener and fabric binder. The gel was impregnated on fabric to achieve long-lasting 

and wash-durable mosquito repellency. FTIR and XRD were used to examine the 

interaction of cotton fibres with gel. Wash durability of gel was compared with 

chitosan nanocapsules without acrylate (LGO-encap) using SEM and GC-MS. The 

SEM analyses revealed that acrylate containing nanocapsules was retained on fabric 

after a series of washing. The GC-MS results indicated that the relative amount of 

deducible oil components from fabric was higher after the washing series in acrylate-

containing nanocapsules (LGO-encap-Ac), which further points to the improved wash 

durability and retention of capsules on fabric. The bio-efficacy results of post-fifteen 

washing turned out was 75% of repellency against mosquitoes with the use of acrylate, 

while in nanocapsules without acrylate, only 51% of repellency was achieved. 

Furthermore, the 36 days repeated application of nanogel on Swiss albino mice did 

not show any signs of dermal toxicity. The formulation is, thus, suitable to impregnate 

the dress of the military personals and individuals who have to perform field duty and 

where the risk of mosquito bites is probably more.  

The cedarwood (Cedrus deodara) essential oil embedded pectin nanocapsules 

were produced. The nanocapsules were characterized according to their morphology, 

size, encapsulation efficiency, and thermal stability. Furthermore, the nanocapsules 

were impregnated onto mini cotton tea bags to be employed as RTU (ready to use) 

formulation for treating the breeding sites of mosquitoes. The larvicidal activity of the 

bags treated with pectin-cedar wood nanocapsules was assessed against malaria 

vector, Anopheles culicifacies, and 98% mortality was recorded till four weeks; this 
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suggests its potential hassle-free applications in controlling mosquito vector. The 

Nanocapsules were found to be safe on the mouse cell line.  

The cashew nut (Anacardium occidentale) shell liquid (CNSL) is produced as 

waste by the cashew nut processing industry. The disposal of this substantial waste 

product may become an issue in terms of ecological issues. CNSL has insecticidal 

properties; despite this, it has not been utilized to its full extent. CNSL is insoluble in 

water; in this context, we used CNSL to produce a nanoemulsion for larvicidal 

applications by employing the spontaneous emulsification technique. CNSL 

monodispersed micelles with a mean diameter of 52nm were produced. The 

comparative bioefficacy of bulk and nano CNSL against the third instar larva 

of Anopheles culicifacies was determined, with LC50 values of 18.1mg/L and 1.4 

mg/L, respectively. The scanning electron microscope was used to assess the larva's 

morphological damage after exposure to CNSL nanoemulsion. Histopathological 

examination revealed a detailed mode of toxicity of nano CNSL on the larva. The 

result obtained showed that the CNSL nanoemulsion has enhanced larvicidal activity 

compared to bulk CNSL, allowing effective waste utilization. The utilization of 

CNSL nanoemulsion may also resolve disposal-related issues of massive waste 

generated by the cashew nut industry. Such an approach may be suitable for enhanced 

efficacy against mosquito vectors at lower doses and contribute to reduced use of 

synthetic pesticides. The Nano micelle possesses dose-dependent cytotoxicity on the 

mice cell line. 



ePNj tfur chekfj;ksa ds Hkkjh oSf'od cks> vkSj çHkko us nqfu;k Hkj esa LokLF; ds {ks= ds le{k ,d 

cM+h pqukSrh [kM+h dj nh gSA nokvksa vkSj Vhdksa dh vuqiyC/krk ds dkj.k ePNj fu;a=.k ds lek/kku 

dh ryk’k tkjh gSaAlkFk gh flaFksfVd (Synthetic) jklk;fud dhVuk'kdksa ds iz;ksx ds dkj.k 

gkfudkjd çHkkoksa ls c<+rh fpark ds QyLo:i] tSo&çsfjr mRiknksa ij vk/kkfjr çkS|ksfxfd;ksa esa #fp 

Hkh c<+h gSA fo'ks"k :i ls QkbVksdsfedYl ls Hkjiwj ikni O;qRiUu mRikn ePNj fu;a=.k ds fy, 

vf/kd izHkkoh gksrs gSaA ;s mRikn mi;ksxdrkZ vkSj i;kZoj.k ds çfr lqjf{kr gksus ds dkj.k 

tSo&dhVuk'kdksa ds :i esa yksdfç; gksrs tk jgs gSaA gkykafd] ikS/k tfur dhVuk’kdksa dk okLrfod 

{ks= dh ifjfLFkfr;ksa esa vklkuh ls fo?kVu gksus ls buds O;kid vuqç;ksxksa esa ck/kk mRiUu gksrh gSA 

uSuks&çkS|ksfxdh us tSo&dhVuk'kdksa dh çHkko'khyrk esa mUufr ds fy, vk/kkj çnku fd;k 

gSA lokZf/kd izHkkoh uSukslajfpr ç.kkfy;k¡ (nanostructured systems) i‚yhesfjd ,udSIlqys'ku] uSukstSy 

vkSj uSuksbeY'ku ij vk/kkfjr gSaA ;s uSuksLVªDpj flLVe LFkk;h osDVj çca/ku dk;ZØe esa egRoiw.kZ 

;ksxnku ns ldrs gSaA;s iz.kkfy;k¡ dhVuk'kdksa dh [kqjkdde djus esa lgk;rk djrh gSa] lkFk gh 

fLFkjrk esa lq/kkj vkSj fjlko dks fu;af=r djrh gSaA tSo&O;qRiUu i‚fyej tSlsdkbVkslu vkSj isfDVu 

lqjf{kr] ck;ksfMxzsMscy vkSj xSj&fo"kkä gSa rFkk ijr cukus okys budSIlqysfVax ,tsaVksa ds :i esa 

mi;ksx fd, tkrs gSaA uSuksdSIlwy dk mRiknu vk;fud tSy fof/k ds ek/;e ls dkbVkslu vkSj 

isfDVu dk mi;ksx djds fd;k x;k FkkA vk;fud tsys'ku esafoijhr :i ls pktZ fd, x, vk;u 

,d vk;fud cgqyd ds lkFk fdz;k djds gkbMªkstsy chM~l (Hydrogel Beads)dk mRiknu djrs gSa 

ftUgsa tsfyLQs;j Hkh dgk tkrk gSA;s tsfyLQs;j] xksykdkj Ø‚l&fyaDM gkbMªksfQfyd i‚yhesfjd 

bdkbZ gSa tks ikuh esa Qwyus esa l{ke gSa vkSj lfØ; rRods fjlko dks fu;af=r djrh gSA isfDVu vkSj 

dkbVkslu] bysDVªksLVSfVd :i ls fLFkj tsy usVodZ cukrs gSa]tSls& MkboSysaV esVy ds'ku ¼dSfY'k;e½ 

vkSj fVªiksyhQ‚LQsV ¼Vhihih½ ds lkFk tsfyLQs;j tsy dk fuekZ.kA 

blds vfrfjä] uSuksLVªDpj ds mRiknu esa muds xSj&yf{kr tksf[ke dk vk¡dyu djuk ,d 

eq[; pj.k gSA D;ksafd uSuk d.k ekuo LokLF; ¼eq[kkax] lk¡l vkSj Roph; jksx½ vkSj i;kZoj.k ds fy, 

gkfudkjd gks ldrs gSaA bl gsrq uSuksLVªDpj ds laHkkfor [krjukd nq"çHkko rFkk mudklqj{kk 

ewY;kadu egRoiw.kZ gSA bu lHkh rF;ksa dks /;ku esa j[krs gq,] orZeku dk;Z dks QkbVksdsfedYl 

yksMsM uSuksLVªDpj fodflr djus ds fy, fMtkbu fd;k x;k FkkA ePNj oSDVj ,oa mudh fo"kkärk 

dks fu;af=rdjus okys uSuksd.kksa dkewY;kadubu foVªks pwgk e‚My ;k bu fooks lsy ykbu esa fd;k 

x;kA 



vifjiDo ¼ykokZ½ vkSj o;Ld ePNjksa ds fu;a=.k ds fy, uSuks mRikn fodflr djus ls 

igys]fuf'pr rsyksa tSls'yhpsjk vksfy;kslk ¼dqlqe½ rsy] dSyksfQye buksfQye ¼rekuq½ rsy] eksfjfxuk 

rsy] vko';d rsy tSlsyseuxzkl rsy] nsonkj dk rsy vkSj tSo&vif'k"V tSlsdktw [kksy rjy 

¼lh,u,l,y½ dk ewY;kadu vkSj mudh çHkkodkfjrk dk v/;;u fd;k x;kA p;fur QkbVks&lzksr 

ds QkbVks&?kVdksa dk fo'ys"k.k thlh&,e,l }kjk fd;k x;k FkkA lQy LØhfuax vkSj foLr`r 

QkbVks&?kVd fo'ys"k.k ds ckn] loZJs"B çn'kZu okys vo;oksa dks uSuksd.kksa esa yksM fd;k x;k] tSls 

nanocapsule]nanocapsulesls nanogel vkSj nanoemulsionA fodflr uSuksQ‚eZ~;wys'ku dk y{k.k 

o.kZu VhbZ,e ¼TEM½ / Mh,y,l(DLS)rFkk Mh,llh (DSC)}kjk fd;k x;kAHkaMkj.k fLFkjrk ds 

fy, Q‚ewZys'ku dk ewY;kadu] HkkSfrd Lo:i esa ifjorZu ;k HkaMkj.k ds nkSjku d.k vkdkj esa 

ifjorZuds vk/kkj ij fd;k x;kA  

blds vykok] uSuksdSIlwydk ¼vkjVh;w&RTU½ Q‚ewZys'ku feuh d‚Vu cSx ij rS;kj fd;k 

x;kA uSuks&ekblhyj beY'ku dk mRiknu vifjiDo ePNjsa ds fu;U=.k ds fy, fd;k x;kAuSukstsy 

dks lwrh oL= ij yxk;k x;k rkfd /kqykbZ ds ckn Hkh yacs le; rd çHkkoh ,oa fVdkÅ ePNj 

çfrjks/kh diM+s dk mRiknu fd;k tk ldsA uSuksdSIlwy js'kksa ds lkFk çfrfØ;k ;k ca/ku ugha dj 

ldrs gSa] blfy, mUgsa Qkbcj ls cka/kuk vko';d gSA Acrylates dk mi;ksx uSuksdSIlwy dks diM+s 

ls cka/kus ds fy, fd;k tk ldrk gS] tks fu;fer /kqykbZds ckn Hkh diM+s ls ugha NwVrkA dkbVkslu 

uSuksdSIlwy&yseuxzkl ¼flacksiksxksu lkbVªsVl½ rsy ¼,ythvks½ ;qä dks tSy ds :i esa fodflr fd;k 

x;k] ftlesa ,fØysV ¼,lh½ dks fFkduj vkSj QSfczd ckbaMj ds :i esa 'kkfey fd;k x;k FkkA yacs 

le; rd pyus okyh vkSj /kqykbZ ds ckn Hkh u fudyus okyh ePNj jks/kdrk izkIr djus ds fy, 

tSy dks diM+s ij yxk;k x;kA dikl ds js'kksa vkSj tSy ds chp ijLij fØ;k dh tkap 

,QVhvkbZvkj vkSj ,DlvkjMh }kjk dh xbZAtsy ds o‚'k MîwjsfcfyVh dh rqyuk fcuk,fØysVokys 

dkbVkslu uSuksdSIlwy ls SEM vkSj GC-MS dk mi;ksx djds dh xbZA ,lbZ,e fo'ys"k.kksa ls irk 

pyk gS fd uSuksdSIlwy ;qä ,fØysV fu;fer /kqykbZ ds ckn Hkh diM+s ij cjdjkj jgrk gSA 

thlh&,e,l ifj.kkeksa us ladsr fn, fd diM+s esa de djus ;ksX; rsy ?kVdksa dh ek=k,fØykV ;qä 

uSuksdSIlqYl ¼,ythvks&,udSi&,lh½ esa /kqykbZ dh J̀a[kyk ds ckn vf/kd ikbZ x;h] tks vkxs csgrj 

o‚'k MîwjsfcfyVh vkSj diM+s ij dSIlwy ds çfr/kkj.k dh vksj ladsr djrk gSA iaæg /kqykbZds cknds 

tSo&çHkkodkfjrk ifj.kke n’kkZrs gSa fd ,fØysV ds mi;ksx ds lkFk ePNjksa ds f[kykQ 75 izfr’kr 

jks/kdrk cuh jgh] tcfd ,fØysV jfgr uSuksdSIlwy esa ;g dsoy 51 izfr’kr FkhA blds vykok] 

fLol ,fYcuks pwgksa ij uSukstsy ds 36 fnuksa ds fu;fer iz;ksxksa ds ckn Hkhs Roph; fo"kkärk dk dksbZ 

ladsr ugha fn[kkA bl çdkj] ;g QkWeZqys’ku lSU; dfeZ;ksa vkSj QhYM MîwVh djus okys O;fä;ksa] tgka 

ePNjksa ds dkVus dk [krjk vf/kd gS] dh iks'kkd rS;kj djus ds fy, mi;qä gSA  



 

nsonkj ¼lsMjl nsonjk½ rsy ;qDr isfDVu uSuksdSIlwy dk mRiknu fd;k x;kA uSuksdSIlwy dks 

muds vkdkfjdh] vkdkj] ,udSIlqys'ku n{krk vkSj FkeZy fLFkjrk ds vuqlkj fpf=r fd;k x;kA 

blds vykok] uSuksdSIlwy dks feuh d‚Vu Vh cSXl ij yxk;k x;k ftUgas ePNjksa ds çtuu LFkyksa ds 

mipkj ds fy, vkjVh;w ¼RTU½ Q‚ewZys'ku ds :i esa fu;ksftr fd;k x;k FkkA isfDVu&nsonkj rsy 

;qDr uSuksdSIlwy ds lkFk rS;kj cSxksa dh ykokZlkbMy xfrfof/k dk ewY;kadu eysfj;k osDVj] 

,uksfQyht D;qfyflQsfll ds f[kykQ fd;k x;k bl nkSjku 4 lIrkg rd 98 izfr’kr e`R;q nj ntZ 

dh xbZA ;g ePNj osDVj dks fu;af=r djus esa blds laHkkfor vkSj ijs'kkuh eqä vuqç;ksxksa dksbafxr 

djrk gSA blds vykok uSuks dSIlwy ekml lsy ykbu ij Hkh lqjf{kr ik, x,A  

dktw ¼,ukdkfMZ;e v‚DlhMsaVsy½ 'ksy fyfDoM ¼lh,u,l,y½ dktw çlaLdj.k m|ksx ls 

fudyus okyk ,d vif'k"V mi mRikn gSA ikfjfLFkfrd eqíksa ds lanHkZ esa lh,u,l,y(CNSL) dh 

cM+h ek=k dk fuiVku ,d fpark dk fo"k; cu ldrk gSA lh,u,l,y esa dhVuk'kd xq.k gSa] bl 

rF; ds ckotwn Hkh bldk iwjh rjg ls mi;ksx ugha fd;k x;k gSA lh,u,l,y ikuh esa v?kqyu’khy 

gSA bl lanHkZ esa] geus lh,u,l,y vk/kkfjr ykfoZlkbMy vuqç;ksxksa gsrq uSuksbeY'ku fodflr djus 

ds fy, LiksUVSul ,eqfYlfQds'ku fof/k dk mi;ksxfd;kAbl fof/k esa lh,u,l,y ds 52 uSuksehVj 

ek/; O;kl okys eksuksfMLiMZ ekblsYl dk mRiknu fd;k x;kA Fkksd(bulk) vkSj uSuks lh,u,l,y 

dh rqyukRed tSo&çHkkodkfjrk dk ewY;kadu ,uksfQyht D;qfylhQslht ds rhljs baLVkj ykokZ ds 

f[kykQ fd;k x;k] ftlesa Øe'k% 18.1 mg/LvkSj 1.4 mg/Lds LC50 ntZ fd;k x;k FkkA 

lh,u,l,y ¼CNSL½uSuksbeY'ku ds laidZ esa vkus ds ckn ykokZ ds vdkfjdh uqdlku 

(morphological damage)dh tkapLdSfuax bysDVª‚u ekbØksLdksi (SEM)dk mi;ksx djds dh xbZA 

fgLVksiSFkksy‚ftdy ijh{kk ls ykokZ ij uSuks lh,u,l,y dh fo"kkärk ds foLr`r rjhds dk irk 

pykA çkIr ifj.kke crkrs gSa fd lh,u,l,y uSuksbeY'ku us Fkksd(bulk) lh,u,l,y dh rqyuk esa 

ykohZlkbMy xfrfof/k dks c<+k;k gS] tks tSfod vif’k"V ds çHkkoh mi;ksx dk volj nsrk gSA 

lh,u,l,y uSuksbeY'ku dk mRiknu dktw m|ksx }kjk cM+s iSekus ij iSnk gksus okysvif’k"V ds 

fu"iknu laca/kh leL;k dks gy djus esa fd;k tk ldrk gSA bl rjg dk –f"Vdks.k ePNj osDVj ds 

f[kykQ c<+h gqbZ çHkkodkfjrk ds fy, mi;qä gks ldrk gSA lkFk gh flaFksfVd dhVuk'kdksa ds de 

ls de mi;ksx dkssa Hkh c<+kok fn;k tk ldrk gSA  
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