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Abstract
Extensive and continuous use of synthetic chemical insecticides led to environmental hazards
to non-target organisms, and development of insect’s resistance. The present study evaluated
essential oil of Nigella sativa seeds as a friendly larvicidal measure for Culex pipiens and Mus-
ca domestica vectors of infectious diseases. The N. sativa components essential oil was ana-
lyzed by GC-MS. Sixteen components were identified. The selenium nanoparticles (SeNPs)
with N. sativa essential oil were prepared to form N. sativa SeNPs and proved by UV-Spec-
trophotometer, FT-IR, and SEM. The droplet size of nanoemulsion was 65+11.4 nm. The bioas-
say showed that N. sativa essential oil and its nanoparticles were more effective against larvae

of Cx. pipiens than those of M. domestica.
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Introduction

No doubt the great majority of infectious
arthropod-borne diseases, whether blood
pa-rasites or gastrointestinal parasitic dis-
eases (Morsy et al, 2019). But, the great
majority of insect-borne diseases devel-
oped resistance to the chemical insectici-
des whether chlorinated or of phosphorous
origins (Elnakib et al, 2018), apart from
being risky to both man and animals (EI-
Bahnasawy et al, 2015), by causing envi-
ronmental pollutions (Hijosa-Valsero et al,
2016). So, many authors have shafted to
phytochemical plants and herbal extracts
(Wolfin et al, 2019; Isman, 2020).

In Egypt, many plants and herbal extract
were used as treatment for gastrointestinal
diseases (Abouel-Nour et al, 2015), vect-
ors control (Massoud and Labib, 2000; El
gendy et al, 2019) and snail intermediate
host control (Shoukry, 2006).

Nigella sativa seeds contained thymo-
quinone, p-cymene, carvacrol, terpineol,
longifolene, a-pinene & thymol was reco-
mmended as phytochemical insecticides
(Isman, 2006; Chaubey, 2007; Raj et al,
2015; Yimer et al, 2019). The chemical
constituents were more specific to the tar-
get pests than insecticides against oviposi-
tion, larvae and adults anti-feeding against
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many insect vectors (Aboelhadid et al,
2015; Campolo et al, 2017).

Therapeutic agents such as antibody-
based therapeutics, metal-based nanoparti-
cles, etc. have been developed for treat-
ment of infectious diseases and control of
vectors (Anjali et al, 2010; Aderibigbe,
2017). Metal-based nanoparticles are char-
acterized by small sizes between 10-100
nm accounted for good interaction with bi-
omolecules within the cell and on cell sur-
face, the high surface area promoted cell
permeability (Kah et al. 2012; Mody et al,
2015).

Selenium (Se) is an essential trace ele-
ment that is crucial for many cellular func-
tions by the incorporation of selenoproteins
(Skalickova et al. (2017). Selenium nano-
particles (SeNPs) were used in antimicro-
bial coatings, nutritional suppleme- nts,
nanotherapeutics, diagnostics, medical de-
vices, and other applications such as recti-
fiers (Vrcek, 2018). SeNPs applications
included drugs and targeted gene delivery,
anti-cancer, anti-bacteria, anti-inflammato-
ry activities, and biosensors (Chaudhary et
al, 2014), and It possessed antiviral, anti-
fungal activity (Nguyen et al, 2017). Many
reports explain synthesis of SeNPs by var-
ious methods such as laser ablation meth-



od, microwave-assisted method, chemical
reduction, electro-deposition method, sal-
vo-thermal and green synthesis (Zhu et al,
2017: Shah and Zheng, 2019).

The present study aimed to assess the
larvicidal efficiency of Nigella sativa seed
oil and N. sativa SeNPs against Culex pi-
piens & Musca domestica 31 stage larvae.

Materials and Methods

The N. sativa essential oils (black seed)
were extracted by steam distillation at the
National Research Center, Dokki. The se-
eds (25gm) were air dried in dark, mixed
with 500ml of distilled water in one liter
flask and subjected for hydro-distillation
for 3 hrs. The volatile oils were dried with
anhydrous sodium sulphate put in dark gl-
ass bottles in the refrigerator until needed.

Gas chromatography/mass spectrometry
(GC-MS) analysis of N. sativa essential
oil: GCMS was analyzed, Faculty of Phar-
macy, Ain Shams University, using a Shi-
madzu 2010 Plus GC-MS (Germany) equi-
pped with a Quadrupole (QP-5050) detec-
tor. Capillary column was CP-Wax 52 CB
(50mx 0.32mm, film thickness 0.25pm).
Injector temperature was 240°C & detector
temperature, 250°C. The oven temperature
program was from 60°C (10min. hold) to
220°C, raised to 2°C/min. and increased to
220°C (11.5min. hold) raised to 20°C/min.
flow speed, 10pound/square inch. Detect-
or: 70electorn volt; ionization type, helium
as carrier gas (20ml/minute).

The injected sample was 1pl. constituen-
ts, and identification was determined by
comparing the standard substances retent-
ion times with WILEY, NIST, & TUTOR
libraries data.

Synthesis of N. sativa extract in-situ sele-
nium nanoparticles (SeNPs): Selenious ac-
id (H,SeO;, 0.013gm, 0.01mmol) was dis-
solved in 85ml deionized water in conical
flask. Tween 80 (8ml) was added to selen-
ious acid heated to 60°C. The oil (2.5ml.)
was added to the mixture with continuous
stirring at 60°C for 1hr and then 200pL of
40mM ascorbic acid was added as a cata-
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lyst the ruby red SeNPs were suspended.
Nanoparticles were evaluated by UV-Spe-
ctrophotometer, particle size and TEM.

Ultraviolet-Visible (UV-VIS) Spectra
(Shimadzu spectrophotometer): It followed
selenium nanoparticles formation in the oil
aqueous solution. UV-VIS spectra were
recorded between 400-700nm.

Infra-Red (IR) spectroscopy: IR spectro-
scopy was done by using Bruker IR Spect-
rometer.

TEM: Shape and size of SeNPs were ob-
tained by using High Resolution Transmis-
sion Electron Microscopy (HRTEM) JEOL
(JEM -2100 TEM). TEM colloidal nano-
crystals were prepared by placing a drop of
colloidal solution on 400mesh carbon coat-
ed copper grid and dried at room tempera-
ture.

Larvicidal Assay: 1- of Cx. pipiens were
egg rafts obtained from the mosquito-
culture at RTC, Ain Shams University. The
larvae were reared in dishes containing
1000ml distilled water. Newly hatched lar-
vae were fed on the Tetra-min (Germany).
Adults were reared in (35x35x35¢cm) woo-
den cages and provided with 10% sucrose
solution daily as well as a pigeon for fem-
ale blood feeding.

2- Musca domestica: A laboratory bred
pupae were obtained from the Research
Institute for Medical Entomology in Dok-
ki, Giza, and colonized in the Insectary,
Department of Entomology. Adults were
given powdered milk mixed with distilled
water (1:1) in cotton pads in separate Petri
dishes for feeding and breeding. The larval
diet was a mixture of wheat bran, yeast, su-
gar and powder milk (40:10:3:3), respect-
ively and maintained under controlled con-
ditions of 14:10 light: dark photoperiod,
2742°C, & 60-70% RH (Abdel-Haleem et
al, 2018).

Larvicidal bioassay (WHO 2005): 1-Cx.
pipiens: N. sativa oil and its nanoparticles
were used against 3" larval instar under the
laboratory conditions. Batches of 25 3" in-
star larvae were transferred by to six small



disposable test cups, and treated with N.
sativa SeNPs different concentrations (5,
10, 20, 30, 40 & 50 ppm) and (50, 100,
200, 300 & 400 ppm for oil). Experiments
were repeated 3 times. Same concentra-
tions with 1% surfactant only were used as
control. 2- M. domestica 20 3" instar lar-
vae were used. N. sativa SeNPs & oil were
prepared as 10ml. concentration series
added to 10gm. bran media in 120ml. plas-
tic cups and gently mixed. Dilutions (10,

20, 30, 40 & 50 ppm. for N. sativa SeNPs)
and (60, 120, 240, 480 & 960 ppm. for N.
sativa) were used side by side with con-
trols and repeated 3 times as well. Mortali-
ty recorded after 48 hrs.

Statistical analysis: Data were analyzed
by statistics package (LDP-line) for good-
ness of fit (Chi square test) and to detect
LCsyp and LCoys values with corresponding
95% confidence limits (C.L.), slope, corre-
lation coefficient and standard error.

Results
The N. sativa GC-MS analysis showed sixteen compounds (Tab. 1).
Table 1: Chemical components of N. sativa essential oil as identified Gas Chromatography Mass Spectrometry (GC-MS).

No. | RT Area% | Name Formula Weight
1 4.64 1.98 (1R)-2,6,6-Trimethylbicyclo[3.1.1Thept-2-ene C1oH160, 136.12
2 5.98 5.62 Bicyclo[3.1.0]hex-2-ene,2-methyl-5-(1-methylethyl)- CioHi6 136.12
3 6.56 5.30 Bicyclo[3.1.0]hex-2-ene,2-methyl-5-(1-methylethyl)- CioHis 136.12
4 7.57 20.73 p-Cymene CioHi4 134.11
5 9.25 1.31 Longifolene CysHoy 204.18
6 9.58 10.31 Thymoquinone CoH,0, 164.08
7 10.66 2.71 Phenol, 2,3,5,6-tetramethyl- CoH140 150.10
8 11.94 8.91 p-Cymene-2,5-diol CioH140; 166.09
9 12.43 1.64 Naphthalene, decahydro-1,1-dimethyl- CoHy 166.17
10 12.99 8.05 trans-Farnesol C,5H60 222.19
11 13.15 5.60 9,12-Octadecadienoic acid (Z,2)- Ci3H3,0, 280.24
12 13.65 13.51 Methyl 10-trans, 12-cis-octadecadienoate C19H340, 29425
13 14.1 5.56 9,12-Octadecadienoic acid (Z,7)- Cy5H3,0, 280.24
14 16.30 242 9,12-Hexadecadienoic acid, methyl ester C17H300, 266.22
15 18.13 | 4.76 Morphinan-6-ol, 4,5-epoxy-N-methyl-2-[(4-trifluoromethyl) phenoxy]-, CisHyINO; | 431.17
16 18.61 1.70 2-Hydroxy-N'-(1-(2 thienyl)ethylidene) benzohydrazide, 2TBDMS derivative | C;sHuN,O, | 488.23
Nanoemulsion by droplet size was characterized by Gaussian distribution analysis (Tab. 2).
Table 2: Intensity-weighted Gaussian distribution analysis (Solid Particle).

Parameter Value Parameter Value

Mean Diameter 55-75 nm Variance (P.1.)=0.138

Stnd. Deviation 78.3 nm (37.2%) Chi Squared=161.391

Norm. Stnd. Dev 0.372(Coetf. of Var'n) Baseline Adj.= 0.531 %

Z-Avg. Diff. Coeff. 2.07E-008 cm’/s

Physicochemical characterization: Nanoe-
mulsion pH value was 6.4 & viscosity was
2.2m pascal/sec. Stability of nanoemulsion
was not the sign of nanoemulsion included
phase separation or creaming, and stable aft-
er centrifugation at 10,000rpm for 30minut-
es and when stored for a month at 4°C.

Synthesis: N. sativa oil was rich in unsatu-
rated fatty acids, mainly linoleic acid (50-
60%), protein (26.7%), fat (28.5%), carboh-
ydrates (24.9%), crude fiber (8.4%) and total
ash (4.8%), vitamins and minerals as Cu, P,
Zn & F...etc, oleic acid (20%), eicodadieno-
ic acid (3%) & dihomolinoleic acid (10%),
Saturated fatty acids (palmitic, stearic acid)
amount of 30% or less. a-Sitosterol was a
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major sterol accounted to 44% & 54% of
total sterols in Tunisian stigmasterol (6.57-
20.92%). Others were ellone, avenasterol-5-
ene, avenasterol-7-ene, campesterol, choles-
terol, citrostadienol, lophenol, obtusifoliol,
stigmastanol, & stigm-asterol-7-ene. Oil had
relatively low reducing activities, but high
stabilizing characteristic during SeNPs prep-
aration. So, ascorbic acid was used as a cata-
lyst. Se+ cation reduction into Seo was done
by sugar with the ascorbic acid catalyst that
acted as an aldehyde to form SeNPs and sta-
bilized nanostructure of SeNPs, but glucosi-
nolates were oxidized to Gluconic acid.

The preparation of SeNPs from Se” using
N. sativa oil caused the reaction change in



color. Fresh oil was characterized by yellow
coloration. But, after adding H,SeO; and
stirring for lhr. at 60°C; solution turned red
(Fig. 1). Formation of SeNPs was monitored
by UV-VIS spectroscopy & UV-VIS absorp-
tion spectrum of selenium nanoparticles
(Fig. 2). Selenium colloidal solution accord-
ing to plasmon resonance surface in absorp-
tion spectra showed the peak at wave length
530nm indicating that the nanoparticles were
formed and dispersed in aqueous solution
without aggregation formation. Selenium
colloidal nanoparticles characters were pro-
ved by TEM. Synthesized selenium nano-
particles using this green method have sph-
erical shape morphology with an average

size of 55-75nm; with some clusters.

SEM particle size: N. sativa SeNPs synthe-
sized by N. sative oil was scanned (Fig. 3).
N. sativa SeNPs were spherical and parti-
cles form cluster with a few number of mi-
crometers sized particles.

N. sativa oil and N. sativa SeNPs were bi-
oassayed against 3" instars larvae of Cx.
pipiens (Tab. 3, Fig. 4). Confidential limits
of N. sativa & N. sativa SeNPs were signifi-
cantly calculated for LCsy & LCoys (P=0.05),
133.49 & 17.39, with slope function of 2.48
& 1.72 respectively. Toxicity of N. sativa
SeNPs for Cx. pipiens larvae was about 8
folds more than of N. sativa oil with relative
potency 7.676.

Table 3: Larvicidal activity of N. sativa & N. sativa SeNPs against 3 instar larvae of Cx. pipiens 48hrs post treatment.

Compound (ppm)

N. sativa oil

N. sativa SeNPs

LCs, (Co-limits)

133.49 (117.74-146.45)

17.39 (14.83-20.40)

LCys(Co-limits)

613.02 (493.43-819.69)

157.07 (103.44-296.2)

Slope+ SE 2.48+0.45 1.724+0.83
Relative potency 1.00 7.676
Toxicity index 13.027 100

Larvicidal activities of N. sativa oil and N.
sativa SeNPs against M. domestica 3™ larvae
instar (Tab. 4, Fig. 5) showed confidential
limits for LCso & LCys at (P=0.05). LCsg
values were 232.87 and 24.94, respectively.

N. sativa SeNPs showed high toxicity as lar-
vicide against M. domestica larvae by 9
folds more than N. sativa oil. Toxicity index
of N. sativa oil was (10.7) compared with N.
sativa SeNPs (100).

Table 4: N. sativa & N. sativa SeNPs efficacy against M. domestica 3 instar larvae 48hrs post-treatment.

Compound (ppm) N. sativa oil

N. sativa SeNPs

LCy, (Co-limits)

232.87 (200.88-269.71)

24.94(21.96-27.40)

LCoys (Co-limits)

1608.22 (1190.1-21413.8)

72.44 (60.14-98.03)

Slope+ SE 1.96+0.37 3.55+0.11
Relative potency 1.00 9.33
Toxicity index 10.7 100

Larvicidal activity caused high toxicity to
M. domestica and Cx. pipiens larvae with
LCsp24.94 & 17.3, respectively.

Discussion

Generally speaking, some plants and her-
bs have aromatic volatile components with
characteristic flavor, and odor (El-Zaeddi et
al, 2016). South Mediterranean Region, inc-
luding Egypt, is a rich source of medicinal
plants with several uses as alternative medi-

cine across history (El-Demerdash, 2001).
Hasaballah (2015) evaluated the toxic effe-
cts of both ethanolic and petroleum ether pl-

ant extracts under laboratory conditions to
co-ntrol 3" instar larvae of C. pipiens, found
that Azadirachta indica followed by Rhizop-
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hora. australis, and N. sativa were the most
effective ones among ten plants extracts. Al-
Seeni et al. (2016) reported that N. sativa
was effective in liver protection against the
tetracholorocarbon toxicity Elgohary et al.
(2018) found that ultrasound, topical applic-
ation of N. sativa oil, phonophoresis, and
MEBO ointment potentially accelerated the
wound healing induced by chemical burns,
and modalities may be used to treat wounds.
Aborehab and Waly (2019) studied possible
hepato-protective effects of N. sativa, P. gi-
nseng, and C. sempervirens in Aflatoxin Bl
(AFB-1) induced hepatocellular carcinoma
rat model, found histopathological grades of
the liver healing.



Conclusion

This study proved that N. sativa oil in na-
noparticles form was more effective than its
oil against larvae of Cx. pipiens and M. do-
mestica. High larvicidal activity was against
Cx. pipiens than M. domestica. N. sativa oil
and its nanoparticles proved to be safe, eco-
friendly, commercially available and promi-
sing in controlling insect-vectors of diseases.
Besides, N. sativa is safe treatment for many
human communicable diseases.

References
Abdel-Haleem, D, Genidy, N, Fahmy, A, Abu-
ElAzm, F, Ismail, N, 2018: Comparative mo-
deling, toxicological and biochemical studies of
imidacloprid and thiamethoxam insecticides on
the house fly, Musca domestica L. (Diptera: Mu-
scidae). Egypt. Acad. J. Biol. Sci.11, 1:33-42.
Aboelhadid, S, Mahran, H, El-Hariri, H, Sh-
okier, K, 2015: Rhipicephalus annulatus (Acari:
Ixodidae) control by Nigella sativa, thyme and
spinosad preparations. J. Arthropod Borne Dis.
10, 2:148-58.
Aborehab, NM, Waly, NE, 2019: 1L-6 and NF
E2L2: A putative role for the hepatoprotective
effect of NV. sativa, P. ginseng and C. sempervir-
ens in AFB-1 induced hepatocellular carcinoma
in rats. Toxicol. Rep. 6:457-64
Abouel-Nour, MF, El-Shewehy, DMM, Ham-
ada, SF, Morsy, TA, 2015: The efficacy of 3
medicinal plants: garlic, ginger and mirazid and
a chemical drug metronidazole against Cryptos-
poridium parvum. 1- Immunological response.
J. Egypt. Soc. Parasitol. 45, 3:559-70.
Aderibigbe, BA, 2017: Metal-based nanopart-
icles for the treatment of infectious diseases.
Molecules Aug 18;22(8). pii: E1370.
Anjali, C, Khan, S, Goshen, K, Magdassi, S,
2010: Formulation of water-dispersible nano-pe-
rmethrin for larvicidal applications. Ecotox. En-
viron. Safe 73:1932-6.
El-Demerdash, M, 2001: Medicinal plants of
Egypt. In: Saxena, PK (Ed.). Development of
Plant-Based Medicines: Conservation, Efficacy
and Safety. Dordrecht; The Netherlands: Kluwer
Academic Publishers.
Al-Seeni, MN, El Rabey, HA, Zamzami, MA,
2016: The hepatoprotective activity of olive oil
and Nigella sativa oil against CCl4 induced
hepatotoxicity in male rats. BMC Complement.
Altern. Med. 16, 1:1-14.

219

Elgohary, HM, Al Jaouni, SK, Selim, SA,
2018: Effect of ultrasound-enhanced Nigella sa-
tiva seeds oil on wound healing: An animal mo-
del. J. Taibah Univ. Med. Sci. 13, 5:438-43.
El-Zaeddi, H, Martinez-Tomé, J, Calin-Sanc-
hez, A, Burlé, F*, Carbonell-Barrachina, AA,
2016: Volatile composition of essential oils from
different aromatic herbs grown in Mediterranean
Regions of Spain. Foods May 25;5(2). pii: E41.
doi: 10.3390/foods5020041.

Campolo, O, Cherif, A, Ricupero, M, Siscaro,
G, Grissa-Lebdi K, et al, 2017: Citrus peel es-
sential oil nano-formulations to control the to-
mato-borer, Tuta absoluta: Chemical properties
and biological activity. Sci. Rep. 7, 13036:1-10
El-Bahnasawy, MM, Mohammad, AEl, Rag-
ab, IF, Morsy, TA, 2015: A training program
for nursing staff on health hazards of chemical
insecticides exposure in a practical field. J.
Egypt. Soc. Parasitol. 451:291-308.

Elgendy, AM, Tufail, M, Mohamed, AA, Tak-
eda, M, 2019: A putative direct repeat element
plays a dual role in the induction and repression
of insect vitellogenin-1 gene expression. Comp.
Biochem. Physiol. B. Biochem. Mol. Biol. 234:
1-8

Elnakib, MM, Mohamed, NM, Morsy, TA,
2018: General principles of infection control and
safety initiatives. J. Egypt. Soc. Parasitol. 48, 3:
543-56.

Hasaballah, AI, 2015: Toxicity of some plant
extracts against vector of lymphatic filariasis,
Culex pipiens. J. Egypt. Soc. Parasitol. 45, 1:
183-92.

Hijosa-Valsero, M, Bécares, E, Fernandez-Al-
aez, C, Fernandez-Aliaez, M, Mayo, R, et al,
2016: Chemical pollution in inland shallow la-
kes in the Mediterranean region (NW Spain):
PAHSs, insecticides and herbicides in water and
sediments. Sci. Total Environ. 544:797-810.
Isman, MB, 2006: Botanical insecticides, deter-
rents and repellents in modern agriculture and
increasingly regulated world. Ann. Rev. Entom-
ol. 51:45-66.

Isman, MB, 2020: Botanical Insecticides in the
Twenty-First Century-Fulfilling Their Promise?
Ann. Rev. Entomol. 65:233-49.

Kah, M, Beulke, S, Tiede, K, Hoffman, T,
2012: Nanopesticides: State of knowledge, envi-
ronmental fate and exposure modeling. Crit.
Rev. Environ. Sci. Tech. 43:1823-67.

Massoud, M, Adel, M, Zaghloul, O, Moham-
ed, M, Abdel-Reheim, 2018: Eco-friendly na-



no-emulsion formulation of Mentha piperita ag-
ainst stored product pest Sitophilus oryzae. Adv.
Crop Sci. Tech. 6, 6:1-6.

Massoud, AM, Labib, IM, 2000: Larvicidal ac-
tivity of Commiphora molmol against Culex pip-
iens and Aedes caspius larvae. J. Egypt. Soc.
Parasitol. 30, 1:101-15

Mody, VV, Siwale, R, Singh, A, Mody, HR,
2015: Introduction to metallic nanoparticles. J.
Pharm. Bioall. Sci. 2:282-9.

Morsy, TA, Morsy, ATA, Abdel-Fadil, EE,
2019: Prevention of arthropod-vector of infec-
tious diseases by insect repellents and other me-
asures. J. Egypt. Soc. Parasitol. 49, 3:669-80
Raj, GA, Chandrasekaran, M, Krishnamoor-
thy, S, Jayaraman, M, Venkatesalu, V, 2015:
Phyto-chemical profile and larvicidal properties
of seed essential oil from Nigella sativa L. (Ra-
nunculaceae), against dedes aegypti, Anopheles
stephensi, and Culex quinquefasciatus (Diptera:
Culicidae). Parasitol Res. 114, 9:3385-91.

Shah, K, Zheng, L, 2019: Microwave assisted
synthesis of hexagonal gold nanoparticles reduc-
ed by organosilane (3-Mercaptopropyl) trimeth-
oxysilane. J. Mater. 12, 10:1680-91.

Shoukry, NM, 2006: Effect of Commiphora
molmol on Bithynia connollyi with special refer-
ence to their morphology and medical importan-
ce. J. Egypt. Soc. Parasitol. 36, 2:701-12.
Skalickova, S, Miloesavljevic, V, Cihalova, K,
Horky, P, Richtera, L, et al, 2017: Selenium
nano-particles as a nutritional supplement. Nutri-
tion 33:83-90.

Vréek, 1V, 2018: Selenium nanoparticles: Bio-
medical applications In: Book Selenium. DOI:
10.1007/978-3-319-95390-8 21

WHO, 2005: Guidelines for Laboratory and Fi-
eld Testing of Mosquito Larvicides. Available
URL:http://www.who.int/whopes/gcdpp/publicat
ions /en/index 1.html.

Wolfin, MS, Chilson, RR3", Thrall, J, Liu,
Y, Volo, S, et al, 2019: Proximate mechanisms
of host plant location by a specialist phytopha-
gous insect, the grape berry moth, Paralobesia
Viteana. J. Chem. Ecol. 45, 11/12:946-58
Yimer, E, Tuem, K, Karim, A, Ur-Rehman,
N, Anwar, F, 2019: Nigella sativa L. (Black
Cumin): A promising Natural Remedy for wide
range of illnesses. Evid-Based Compl. Altern.
Med. May 12: 1528635.

Explanation of figures
Fig. 1: Nanoparticles formation, Fig. 2: UV-V=absorption spectra of seleneim nanoparticles synthesized by N. sativa essential oil with 0.1mM selenious acid.

Fig. 3: SEM micrographs of N.s SeNPs synthesized by N. sativa oil.

Fig. 4: Susceptibility of Cx. pipiens larvae to N. sativa oil and N.s SeNPs: 1=N.s SeNPs. 2= N. sativa
Fig. 5: Susceptibility of M. domestica larvae to N. sativa oil and N.sSeNPs:1-N.s SeNPs on and 2= N. sativa.

Fig. 6: Larvicidal activity (LCso) of N.sativa oil and N.s SeNPs against Cx. pipiens and M. domestica.
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