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Abstract

transmition. Application of green-synthesized silver and copper nanoparticles

CONTROL of Culex antennatus is an important strategy for eliminating diseases

(AgNPs and CuNPs) in mosquito’ control has several advantages of eco-friendly

because of the absence of deadly chemicals in their synthesis. The present study examined
the biological activity of Rosa arabica and Eucalyptus citriodora leaves aqueous extract
and its synthesized AgNPs and CuNPs against immature stages of C. antennatus, as well as
the reproductive potential of females resulting from treated larvae. It was found that
aqueous extract from leaves of R. arabica and E. citriodora can reduce silver and copper
ions to generate AgNPs and CuNPs suspended in water. Results of Transmission Electron
Microscopy (TEM) evoked the occurrence of AgNPs with sizes ranged between 14.3 and
40.70 nm, while sizes of CuNPs ranged between 19.60 and 69.40 nm, respectively. The
UV-vis spectrophotometric analysis for AgNPs and CuNPs revealed the occurrence of
single absorption peak at specific wavelengths ranged from 300 to 450 nm, indicating the
presence of spherical-shaped NPs. Also, R. arabica and E. citriodora- synthesized AgNPs
and CuNPs were more effective against C. antennatus than R. arabica and E. citriodora
leaves aqueous extract, however the CuNPs were more effective than AgNPs. The LCs,
recorded 38.40 and 31.26 ppm for AgNPs against C. antennatus third larval instar, while
CuNPs recorded LCsy0f 21.07 and 14.47 ppm, respectively. In addition, synthesized AgNPs
and CuNPs significantly reduced the fecundity and fertility of C. antennatus females
resulting from treated larvae, as compared with untreated groups.
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Introduction

Mosquitoes are carriers of several pathogenic agents
to human and animals worldwide including dengue,
malaria, filaria, Rift Valley fever (RVF) and many
arboviruses causing many deaths annually and
hundreds of millions of clinical cases [1-4]. Also,
mosquitoes have a negative impact on livestock
through weight loss and a reduction in milk
production in dairy cows as a result of disease
transmission [5]. Culex antennatus Becker one of the
most common mosquito species distributed in Egypt,
and plays a major role the prevalence of RVF virus

in the Nile Delta, as well as Western Nile virus
(WNYV), and Sindbis virus [6-8].

The indiscriminate use of synthetic chemical
insecticides has led to many serious problems
including environmental pollution, insecticide
resistance and toxic effects on human beings and
non-target organisms, thus there is an urgent require
to find other alternatives to these synthetic chemical
insecticides to reduce the spread of diseases transmits
by different mosquito species [9]. The applications of
nanoparticles in different areas such as medicine,
environment, controlling different diseases and
biotechnology have become an area of concern
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[10,11]. The green-synthesized nanoparticles such as
silver and copper nanoparticles (AgNPs and CuNPs)
have several advantages of being eco-friendly
because of the absence of deadly chemicals in their
synthesis, and efforts to use the green-synthesized
nanoparticles as controlling agents for different
mosquito’ species remain indispensable [12, 13].

Rosa arabica and Eucalyptus citriodora used in
the present work are medicinal and decoration plants
cultivated in Egypt, as R. arabica is a folk medicine
agent, while E. citriodora is a decoration plant.

From this point of view, the present study dealt
with the biological activity of R. arabica and E.
citriodora (leaves) aqueous extracts and their
synthesized AgNPs and CuNPs against one of the
most common mosquito species distributed in Egypt,
C. antennatus.

Material and methods

Culex antennatus colony

Culex antennatus larvae were collected from
Faiyum Governorate (29°1858.3" N, 30'3908.8" E)
(Latitude: 29°1858.3" N, Longitude: 303908.8 E,
Elevation: 19 m), Egypt. The collected larvae were
morohologically identified using a taxonomic key
[14]. Then, larvae were subjected to molecular
identification. The new COI sequence (accession
number: OP714215.1) was compared with those
recorded in the GenBank (available at

http://blast.ncbi.nlm.nih.gov/Blast.cgi) [4].

Larvae were reared for six generations in the
Medical Entomology Insectary, Animal house,
Department of Zoology, Faculty of Science, Al-
Azhar University under controlled conditions
following a standard rearing procedure [15].

Preparation of tested silver and
nanoparticles (AgNPs and CuNPs):

copper

Preparation of aqueous extracts:

Leaves of Rosa arabica were collected from Saint
Catherine, South Sinai Governorate, Egypt (Latitude:
28°33'42.88" N, Longitude: 33°5657.62" E, Elevation:
1,586 m), while leaves of Fucalyptus citriodora were
collected from Sadat City, Cairo-Alexandria desert
road (Latitude: 30°21°38.7" N, Longitude:
30°29'58.3" E, Elevation: 42 m). The collected R.
arabica and E. citriodora leaves were washed and
dried in the shade for 5 days at room temperature.
Dried leaves were pulverized to powder separately
using an electrical stainless steel blender (Philips,
HR2058). Four grams of each leaf powder were
boiled with 100 ml of distilled water in a water bath
for three minutes. The solution was filtered and kept
in the refrigerator at 4°C until use [16].

Synthesis of AgNPs

About 0.17g of AgNO; (purchased from El-
Gomhouria Co. for Trading Pharmaceuticals,
Chemicals & Medical Appliances, Cairo), was
dissolved in 100 ml distilled water to prepare AgNO;
stock solution. The leaf extracts of R. arabica and E.
citriodora were mixed separately with AgNO;
solution in the ratio of 1:9 and incubated at room
temperature (26+2°C) for 72 h until the appearance
of a reddish-brown color which indicated the
formation of AgNPs [17].

Synthesis of CuNPs

For the synthesis of CuNPs, 50 mL (5 mM)
copper sulfate solution was mixed with 5 ml of
aqueous extracts from R. arabica and E. citriodora
leaves. The pH value 7.0 adjusted for the mixture by
the addition of NaOH (1 N) solution. Further, the
green color mixture was obtained. The mixture was
centrifuged, pellets collected and dried overnight in a
hot air oven at 60°C. A dark green color powder
obtained was stored at room temperature for further
use [18].

Characterization of synthesized AgNPs and
CuNPs:

Transmission Electron Microscope studies (TEM)

The AgNPs and CuNPs suspensions were
sonicated for 10 min. and diluted to slight turbid
suspensions. The AgNPs and CuNPs suspensions
were subjected to JEOL, JEM-2100 high resolution
transmission electron microscope (TEM) at an
accelerating voltage of 200 kV, respectively. Studied
at Nano Tech Egypt for Photo-Electronics, El-
Wahaat Road, Dream Land City, Entrance 3, City of
6 October, Al Giza, Egypt.

Ultraviolet-Visible (UV/VIS) spectroscopy:

The AgNPs and CuNPs suspensions were diluted
from 1 to 10 times by distilled water from colloidal
solutions obtained from the synthesis process. The
UV/VIS spectroscopy of suspension was carried out
using UV-Vis spectrophotometer (Type: Evolution™
300, Serial number: EVon 10600z, from Thermo
Scientific). The UV/VIS spectroscopy was carried
out at the General analysis room in the Department
of Chemistry, Faculty of Science, Ain Shams
University, Abbasia, Cairo, Egypt.

Experimental bioassay

Larvicidal activity of synthesized AgNPs and
CuNPs

Larvicidal activity of AgNPs and CuNPs was
carried out using a previously described procedure
[11]. Briefly, different concentrations of AgNPs and
CuNPs were prepared in 250 ml of dechlorinated tap
water contained in 500 ml plastic cups. Twenty-five
larvae of C. antennatus third larval instar were put
immediately into plastic cups containing different
concentrations. All plastic cups were incubated under
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controlled conditions of mosquito colony and
mortality was recorded daily until adult emergence.
Three replicates were usually used. All values are
calculated as Mean+SD.

Reproductive potential of resulted females

Females that emerged from C. antennatus treated
larvae were transferred with normal males from the
colony to the wooden cages by electric aspirator, and
fed on 10.0% sucrose solution for three days. males
and females were starved for one day, and then
allowed to take a blood meal from a pigeon and
allowed to lay egg rafts on clean water (oviposition
traps). Effect of tested AgNPs and CuNPs on the
reproductive potential of resulted females carried out
according to a standard method of Shehata et al. [19].

Statistics

All data were subjected to GraphPad InStat
software, Inc. for the statistical analysis [20]. Data
was calculated as Mean+SD. ANOVA (One-way)
was used to compare the data [21]. SPSS V.22 was
used for data encoding and entry. Quantitative data
were reported wusing mean, median, standard
deviation, and standard error; qualitative data were
presented with frequency. The threshold for
statistical significance was set at P <0.05. Lethal
concentrations (LCsp, LC;s and LCy,) were calculated
using multiple linear regressions [22].

Results

Characterization of synthesized silver and copper
nanoparticles (AgNPs and CulNPs)

Transmission Electron Microscopy (TEM)

Silver and copper nanoparticles (AgNPs and
CuNPs) synthesized using aqueous extracts from
leaves of Rosa arabica and Eucalyptus citriodora
were subjected to TEM to find the information of
AgNPs and CuNPs morphology and size. The TEM
images showed the occurrence of individual silver
nanoparticles and a few aggregates in the test
suspension. The sizes of AgNPs reported by TEM
ranged between 14.3 and 40.70 nm, respectively.
Also, sizes of CuNPs ranged between 19.60 and
69.40 nm was attained by using aqueous extract from
leaves of tested plants (Figures 1 & 2).

Ultra-Violet (UV) - Visible

The UV—vis Spectrophotometric analysis for both
AgNPs and CuNPs synthesized using aqueous
extract of R. arabica and E. citriodora recorded
occurrence of single absorption peak at specific
wavelengths (Amax) ranged from 300 to 450 nm,
respectively indicating the presence of spherical-
shaped NPs (Figures 3 & 4).

Fig. 1. TEM images of synthesized AgNPs using Rosa arabica (a) and using Eucalyptus citriodora (b) (100

nm, 60000X)

Fig. 2. TEM images of synthesized CuNPs using Rosa arabica (a) and using Eucalyptus citriodora (b) (100

nm, 60000X)
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Fig. 3. Ultra-Violet (UV) - Visible curve of Rosa arabica -AgNPs. (a) and of Eucalyptus citriodora
Eucalyptus citriodora -AgNPs. (b)
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Fig. 4. Ultra-Violet (UV) - Visible curve of Rosa arabica -CuNPs. (a) and of Eucalyptus citriodora
Eucalyptus citriodora - CuNPs.. (b)

Larvicidal activity
Larvicidal activity of aqueous extract from leaves of tested plants

The highest larval mortality (100.0%) was attained by 2000 ppm of R. arabica (leaves) aqueous extract, while
the lowest mortality percent (9.33%) was caused by the lowest concentration (250 ppm). Also, the highest larval
mortality (100.0%) was caused by E. citriodora (leaves) aqueous extract at 1600 ppm and the lowest mortality
percent of 12.0% was caused by the lowest concentration (200 ppm), respectively.both larval and pupal
durations were significantly (P<0.05) prolonged by the tested extracts as compared with control congers. A toxic
effect of R. arabica and E. citriodora (leaves) aqueous extracts against pupae resulted from treated larvae was
observed. As shown from the results, the highest pupal mortality percepts (53.18 and 61.67%) was induced by
R. arabica and E. citriodora aqueous extracts at 1750 and 1400 ppm, respectively (Table 1).

The growth index of Culex antennatus was recorded 5.73, 6.87, 8.20, 10.09, 11.08, 11.75 and 12.53 at 1750,
1500, 1250, 1000, 750, 500 and 250 ppm of R. arabica leaves) aqueous extract, respectively, vs. 15.95 for the
control group. Wherease, the growth index recorded 4.31, 7.67, 7.70,9.47, 10.41, 11.29 and 11.77 at 1400, 1200,
1000, 800, 600, 400 and 200 ppm of E. citriodora (leaves) aqueous extract, respectively vs. 15.57 for the control
group (Table 1).

Egypt. J. Vet. Sci. Vol. 55, No. 6 (2024)



BIOSYNTHESIS OF SILVER AND COPPER NANOPARTICLES USING Rosa arabica (Rosaceae) ...

1689

TABLE 1. Effect of Rosa arabica and Eucalyptus citriodora (leaves) aqueous extract on some biological
aspects of Culex antennatus.

Tested Extracts Conc. Larval Mort. Larval Pupal Mort. Pupal Development Growth Index
(ppm) (%) Duration (%) Duration Duration (a/b)

Control 0.0+0.0 4.25+0.15 0.0+0.0 2.02£0.07*  6.27+0.22*  15.95+0.56°
250 9.33+2.31 4.90+0.02¢ 10.35+2.85  2.25+0.05°  7.16£0.05¢ 12.53+0.32¢
500 13334231 4.98+0.02¢ 13.86+0.38  2.35+0.04°  7.33+0.06% 11.75+0.14¢
Rosa arabica 750 26.67+2.31  5.11+0.02¢ 16.38+0.51  2.43+0.10°  7.55+0.09¢ 11.08+0.06°
Aqueous 1000 37.33£231  5.28+0.02¢ 21394457  2.51£0.08%  7.79+0.06°  10.09+0.66°
extract 1250 48.0+4.0 5.43+0.03¢ 33.67+7.01  2.65+£0.05¢  8.08+0.02¢  8.20+0.85¢
1500 65.33+4.62  5.65+0.07 425046.61  2.7140.07"  8.37+0.13¢  6.87+0.80¢
1750 74674231  5.89+0.09¢  53.18+12.22  2.81+0.02¢  8.70+0.08°  5.73+0.95¢

2000 100.0+0.0
Control 0.0£0.0 4.30+0.02° 0.0+0.0 2.13+0.05°  6.42+0.03°  15.57+0.08°
200 12.0+4.0 5.03+0.06¢ 13.66+0.63  2.3140.02°  7.34+0.06% 11.77+0.16¢
400 21.33+6.11  5.10+0.01¢ 15324122 2.4040.03¢  7.50+0.04% 11.29+0.21¢
Eucalyptus 600 320440 5224002  19.77#4.55  248+0.10"  7.71£0.09'  10.41+0.54
‘;\”(’l’lﬁfo”:: 800 41334231 536+0.12¢  25.0844.50  2.55+0.04¢  7.91+0.14°  9.47+0.68°
extract 1000 52.0044.00  5.48+0.16%  36.52+7.84  2.75+0.06° 8.24+£021¢  7.70+0.79"
1200 69.33x2.31  5.73+0.04 482149.94  2.86+0.04° 8.59+0.04¢  7.67+0.82¢
1400 80.0+4.0 5.96+0.03¢  61.67+12.58  2.93+0.06°  8.89+£0.04%  4.31x1.43¢

1600 100.0+0.0

Conc. = Concentration; ppm = particle per million; SD = standard deviation; mort. = mortality; Means followed by the same
letter in the same column are not statistically significant. All data represented as Mean£SD.

Larvicidal activity of of synthesized AgNPs and
CuNPs

The biological activity of biosynthesized silver
nanoparticles using R. arabica and E. citriodora
(leaves) aqueous extracts is recorded in Table (2).
The 100.0% larval mortality was attained by 60 and
50 ppm, while the lowest mortality perceepts (21.33
and 24.0% was caused by the lowest concentrations
25 and 20 ppm, respectively. Also, larval and pupal
durations were significantly (P<0.001) prolonged by
R. arabica E. citriodora synthesized-AgNPs all
concentrations used as compared with the control

group.

The growth index recorded 0.72, 3.82, 6.46, 8.82,
10.19 and 11.48 at 45, 40, 35, 30, 25 and 20 ppm of
E. citriodora synthesized-AgNPs, respectively,
compared with 15.63 for the control group (Table 2).

Regarding to synthesized-CuNPs, complete larval
mortality (100.0%) was attained by R. arabica and E.
citriodora- synthesized-CuNPs at 40 and 35 ppm,
respectively. Mean larval duration was significantly
(P<0.001) affected by both R. arabica and E.
citriodora- synthesized-CuNPs at all concentrations
used. The pupal mortality recorded 100.0% at 35 and
30 ppm of R. arabica and E. citriodora- synthesized-
CuNPs, respectively. The growth index recorded

3.14, 5.87,7.99, 9.62 and 10.96 at 25, 20, 15, 10 and
5 ppm of E. citriodora- synthesized-CulNPs,
respectively compared with 15.51 for the control
group (Table 3).

Based on calculated lethal values, E. citriodora-
aqueous extract and its synthesized- AgNPs and
CuNPs were more effective against C. antennatus
larvae than those of R. arabica (Table 4).

Reproductive potential of resulted females
Aqueous extract from leaves of tested plants

Aqueous extract from leaves of R. arabica and E.
citriodora exhibited a significant effect on fecundity
females resulted from treated larvae at all
concentrations used, where the fecundity recorded
174.50+0.71, 177.33+2.52 and 181.25+1.71 eggs/Q
at 1750, 1500 and 1250 ppm of R. arabica leaves
aqueous extract, vs. 217.10£1.91 eggs/Q for the
control. Also, the statistical analysis revealed a
significant (P<0.001) decrease in the mean number
of eggs laid by females resulted from larvae treated
with E. citriodora leaves aqueous extract at 400,
600, 800, 1000, 1200 and 1400 ppm, where the
average number was 201.11£2.03, 193.29+2.21,
187.14+2.41, 183.33+1.97, 178.40+2.07,
174.50+1.29 and 170.50+1.29 eggs/Q, respectively
vs. 214.30+1.34 eggs/Q for the control (Table 5).
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TABLE 2. Effect of Rosa arabica and Eucalyptus citriodora -synthesized silver nanoparticles on some
biological aspects of Culex antennatus.

Silver Conc. Larval Mort. Larval Pupal Mort. Pupal Development GI;(:iv:;h
Nanoparticles (ppm) (%) Duration (%) Duration Duration (a/b)
Control 0.0+0.0 4.29+0.06 0.0+0.0 2.08+0.08*  6.37+0.03*  15.7+£0.07°
25 21334231 4.90+0.18%  10.18+0.31  2.29+0.02°  7.18+0.16%  12.51+0.32°
30 32.0+4.0 5.17£0.02¢  15.84+4.13  2.38+0.03¢  7.55+0.05¢  11.15+0.49¢
Rosa arabica 35 40.0£4.0  527£0.03° 22444535 245£0.03  7.72+0.05°  10.05+0.73
Sy‘gheNS;,zed' 40 50.6744.62 54120020 3723749  2.530.05°  7.94:0.06°  7.91%1.0¢
gNes 45 64.0+4.0 5.69£0.02¢  56.02£6.26  2.83+0.06°  8.52+0.07¢  5.16+0.70¢
50 78.67+4.62  5.95+0.05¢  83.33+48.11  2.96+0.04°  8.90+0.08°  1.86+1.08¢
60 100.0£0.0
Control 0.0£0.0 4.26+0.08" 0.0£0.0 2.14+0.09*  6.40+0.06*  15.63+0.13°
20 24.0+4.0 5.11£0.03¢  14.1543.62  2.3620.05°  7.48+0.02¢  11.48+0.48¢
Eucalyptus 25 37334231 526+0.06°  21.39+4.57  2.46+0.04°  7.7240.09¢  10.19+0.67¢
citriodora 30 46.67+4.62  5.35+0.05¢  30.16+2.75  2.57+0.04%  7.92+0.02¢  8.82+0.33¢
synthesized- 35 54.6742.31  5.49+0.02¢  47.22+6.62  2.68+0.03¢  8.17+£0.05%  6.46+0.83¢
AgNPs 40 68.044.0 57840060  66.86:4.46  2.89+0.02%  8.66+0.060  3.82+0.49°
45 82.67+2.31  6.16+0.02¢  93.33+11.55  3.08+0.08¢  9.24+0.07¢  0.72+1.24¢
50 100.0+0.0

See footnote of table (1).

TABLE 3. Effect of Rosa arabica and Eucalyptus citriodora -synthesized copper

biological aspects of Culex antennatus.

nanoparticles on some

Copper Conc. Larval Mort. Larval Duration Pupal Mort. Pupal Development Growth Index
Nanoparticles (ppm) (%) (%) Duration Duration (a/b)
Control 0.0+0.0 4.33+0.10° 0.0£0.0 2.04+£0.13*  6.36£0.03*  15.72+0.08"
10 25.3342.31 4.94+0.15¢ 143343.32  2.33+0.02°  7.27+0.17¢  11.79+0.68¢
15 37.33+£2.31 5.21+0.07¢ 21.39+4.57  2.40+0.03%  7.61+0.10°  10.33+0.52¢
Rosa arabica 20 45334231 5.34+0.02¢ 31.8745.71  2.48+0.03¢  7.8240.03%  8.71+0.73¢
sy"cﬂl‘leNs;f:d' 25 56.0+4.0 5.45+0.03¢ 42.9348.62  2.56+0.11%  8.02£0.09°  7.13£1.15¢
30 68.0+4.0 5.71+0.02¢ 63.16£7.96  2.86x0.03¢  8.57+0.03¢ 4.30+.92¢
35 85.33+2.31 6.10+0.05¢ 100.0+0.0
40 100.0+0.0
Control 0.0+0.0 4.33+0.11° 0.0£0.0 2.124£0.12°  6.45£0.13*  15.51£0.31°
5 29.3342.31 5.16+0.02¢ 17.0+0.57 2.4240.04°  7.48+0.09°  10.96+0.05¢
Encalvnt 10 40.0+4.0 5.31+0.01¢ 24.66+5.21 2.5240.09¢  7.72+0.13¢ 9.62+0.56¢
ucalyptus
citriodora 15 50.67+4.62 5.42+0.09¢ 35.6748.47  2.62+0.06°  8.04+£0.12%  7.99+0.95
synthesized- 20 60.0+4.0 5.56+0.05¢ 51.1349.84  2.75+0.04°  831+0.07¢  5.87+1.15¢
CuNPs 25 72.0+4.0 5.82+0.04¢ 724241045  2.94+0.02¢  8.76+0.05¢  3.14+1.17°
30 89.3342.31 6.22+0.02¢ 100.0+0.0
35 100.00.0

See footnote of table (1).
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TABLE 4. Lethal concentrations (LC) of Rosa arabica and Eucalyptus citriodora aqueous extracts and
synthesized silver and copper nanoparticles against Culex antennatus third larval instar.

i i LCs LCss LCy
Tested plant Tested N ticl
R e & e D) (LCL-UCL) (LCL-UCL)
Aqueous extract 1188.01 1679.87 1975.0
d (1112.82-1263.20) (1592.38-1767.36) (1879.73-2070.27)
R 1 Synthesized AgNP
osa arabica ynthesized AgNPs (35.64.41.16) $730.5141) sa0rars0)
21.07 31.29 37.41
Synthesized CuNP
e (20.24-21.90) (30.31-32.26) (36.37-38.46)
Aqueous extract 883.68 1290.68 1534.90
d (863.02 -904.33) (1262.35-1319.0) (1499.77-1569.96)
E itri Synthesized AgNP
ueayptus citriodora - Synthesized AENES T (a886-33.66)  (30.7243.40) (46204927
Synthesized CuNPs 14.47 25.03 31.36

(11.97-16.96)

(23.70-26.35) (30.36-32.36)

LCL: 95% Lower Confidence Limits; UCL: 95% Upper Confidence Limits. All values represented as ppm,

part per million.

In addition, a decrease in the average number of
hatched eggs as induced by aqueous extract from
leaves of R. arabica was recorded, where it was
146.0+1.41, 151.04£3.61 and 156.75+0.96 eggs at
1750, 1500 and 1250 ppm, respectively vs.
213.20+£2.20 eggs for the control. While the mean
number of eggs hatchability by females resulted from
larvae treated with E. citriodora leaves aqueous
extract recorded 173.14+2.41, 164.86+2.27,
159.00+£2.19, 151.80+2.59, 146.25+1.50 and
141.75£1.71 eggs at 400, 600, 800, 1000, 1200 and
1400 ppm vs. 212.50+1.72 eggs for the control. In
addition, an increase in the percentage of sterility
index for all resulted from females larvae treated
with E. citriodora leaves aqueous extract emerged
from treated larvae, where it was 18.52, 22.42, 25.18,
28.57, 31.18 and 33.29% at 400, 600, 800, 1000,
1200 and 1400 ppm, respectively (Table 5).

Synthesized AgNPs and CuNPs:

Silver nanoparticles synthesized using R. arabica
extract exhibited a significant effect on female
fecundity at all concentrations used, where the
fecundity was 169.25+1.50, 174.20+1.30 and
179.43+1.13 eggs/Q at the concentrations of 50, 45
and 40 ppm, vs. 212.60+1.58 eggs/Q for the control.
Also, at 35, 40 and 45ppm there was significant
decrease in the mean number of eggs laid by females
resulted from larvae treated with E. citriodora-
AgNPs (171.83+1.47, 167.25+1.71 and 163.25+1.26
eggs/Q, vs. 214.10+1.52 eggs/Q for the control). A

decrease in the average number of hatched eggs as
induced by R. arabica synthesized-AgNPs was
recorded, where it was 141.50+0.58, 148.80+1.79
and 156.0+1.29 eggs at 50, 45 and 40 ppm,
respectively, vs. 210.10+1.37 eggs for the control.
The sterility index for females resulted from larvae
treated with E. citriodora- synthesized AgNPs was
39.79% at the highest concentration (45 ppm)
decreased to 13.81% at the lowest concentration (20
ppm) (Table 6).

On the other hand, the fecundity of females
resulted from larvae treated with R. arabica-
synthesized CuNPs was significantly decreased from
202.20+1.40 eggs/Q at the lowest concentration (10
ppm) to 163.33+1.53 eggs/Q at the highest
concentration (30 ppm), compared with 219.30+1.49
eggs/9 for control. Meanwhile, at 25, 20, 15, 10 and
5 ppm of E. citriodora- synthesized CuNPs, there
was significant (P<0.001) decrease in the mean
number of eggs laid (156.33+0.58, 163.0+1.58,
171.86+1.35, 179.11+1.2 and 196.404+2.17 eggs/?,
vs 216.90+1.79 eggs/Q for the control). Also, there
was significant decrease in the hatchability percent of
eggs laid by females resulted from treated larvae,
where it was 81.84 and 90.46% at the highest and
lowest concentrations (30 and 10 ppm) of R. arabica-
synthesized CuNPs, respectively compared with
98.22% for the control group. In addition, a
remarkable reduction in the hatchability percent for
eggs laid by females resulted from treated larvae
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with E. citriodora- synthesized CuNPs was recorded,
where the hatchability percent recorded 75.48% at 25
ppm, compared with 98.80% for the control group.
The sterility index for females resulted from larvae

treated with E. citriodora- synthesized CuNPs was
44.94% at the highest concentration (25 ppm)
decreased to 17.96% at the lowest concentration (5
ppm), respectively (Table 7).

TABLE 5. Effect of aqueous extract from leaves of Rosa arabica and Eucalyptus citriodora on reproductive
potential of Culex antennatus resulted female.

Con No. of Eggs laid Hatched eggs S;iﬁg;y
Tested Extracts ( H;) tested (SD
PP females Total Mean+SD Total Mean+SD % %
Control 10 2171 217.10£1.91* 2132 213.204220°  98.20+0.46° 0.0
250 9 1848  205.33+1.22¢ 1721  191.22+0.97¢  93.13+0.54¢ 10.31
500 9 1765  196.11+1.62¢ 1599  177.67+1.58%  90.60+0.50¢ 16.67
Rosa arabica 750 7 1331 190.14+1.77¢ 1187  169.57+2.51¢  89.18+0.82¢ 20.47
A
ontrant 1000 6 1113 185.50£1.87° 979  163.1742.32°  87.96+0.59°  23.47
1250 4 725 181.25+1.71¢ 627 156.75+0.96°  86.49+0.61¢ 2647
1500 3 532 177.33£2.52¢ 453 151.0+3.61¢  85.14+1.00¢ 29.18
1750 2 349 174.50+0.71¢ 292 146.0+1.41¢  83.67+1.15¢ 31.52
Control 10 2143 214.30£1.34° 2125  212.50£1.72*  99.16+0.37% 0.0
200 9 1810 201.11+2.03¢ 1664  184.89+2.26%  91.93+0.49¢ 12.99
400 7 1353 193.29+221¢ 1212 173.14+2.41¢  89.58+0.56" 18.52
Eucalyptus 600 7 1310 187.14£2.41¢ 1154  164.86+227%  88.09+0.90°  22.42
‘Z’;’lf:)”:: 800 6 1100 183.33+1.97° 954  159.042.19°  86.73+0.58¢  25.18
extract 1000 5 892 178.40£2.07¢ 759  151.80+2.59%  85.09+0.87¢ 28.57
1200 4 698 174.50+1.29¢ 585 146.25+1.50%  83.81+0.54¢ 31.18
1400 4 682 170.50+1.29¢ 567 141.751.71¢  83.14+0.59¢ 33.29

See footnote of table (1).

TABLE 6. Effect of Rosa arabica and Eucalyptus citriodora -synthesized silver nanoparticles on
reproductive potential of Culex antennatus resulted female.

Silver Con. No. of Eggs laid Hatched eggs S;Iell;lili’:y
Nanoparticles  (ppm) fﬁff.i‘i‘is Total ~ MeantSD  Total  MeantSD % (os/:)
Control 10 2126 212.60£1.58* 2101  210.10£1.37°  98.82+0.24° 0.0
25 10 2073 207.30£1.16° 1902  190.20£1.32%  91.75+0.56° 9.47
Rosa arabica 30 9 1703 189.22+1.48% 1531  170.11£1.76"°  89.90+0.43'  19.03
synthesized- 35 9 1651  183.44+1.01 1460  162.22+2.17°  88.43+0.91°  22.79
AgNPs 40 7 1256 179.43+1.13% 1092 156.041.29°  86.94+0.53'  25.75
45 5 871  174.20+1.30° 744  148.80+1.79°  85.42+0.67  29.18
50 4 677  169.25+1.50° 566  141.50+0.58°  83.61+0.42%  32.65
Control 10 2141 214.10£1.52* 2122 212.20+1.48"  99.11+0.34° 0.0
20 9 1813 201.44+1.59¢ 1646  182.89+127%  90.79+0.62¢ 13.81
Eucalyptus 25 8 1474 184.25+139% 1287  160.88+1.96° 87.31+0.77°  24.19
syc:trlllzg:;z ‘:1_ 30 8 1417 177.13+1.73¢ 1213 151.63+2.45%  85.60+0.63'  28.55
AgNPs 35 6 1031  171.83+1.47° 868  144.67+0.52¢  84.19+0.55¢ 31.82
40 4 669  167.25+1.71° 547  136.75+0.96°  81.77+0.63¢ 35.55
45 4 653 163.25+126° 511 127.75+0.50°  78.26+0.89¢  39.79

See footnote of table (1).
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TABLE 7. Effect of Rosa arabica and Eucalyptus citriodora -synthesized copper nanoparticles on
reproductive potential of Culex antennatus resulted female.

. Sterility
Copper Con. No. of Eggs laid Hatched eggs Index
. tested

Nanoparticles (ppm) (SI

females  Total Mean+SD Total Mean+SD % %,

Control 10 2193 219.30+1.49° 2154 21540+1.07°  98.22+0.68° 0.0
R bi 10 10 2022 202.20+1.40¢ 1829  182.90+1.37¢  90.46+0.77¢ 15.09
”sfh"”.‘ ’g" 15 8 1471 183.88+1.819 1300  162.5042.0°  88.38+0.88%  24.56
sy‘:j ;S;fe - 20 7 1248 178.29+1.80° 1086  155.14+227%  87.02+0.76°  27.98
wALs 25 6 1034 172.33+121¢ 881  146.83+2.32¢  85.20+0.87¢ 31.84
30 3 490  163.33+1.53% 401 133.67+1.53%  81.84+0.36° 37.95

Control 10 2169  216.90+1.79° 2143  214.30+1.70°  98.80+0.32° 0.0

d d d
Eucalyptus 5 10 1964  196.4042.17% 1758  175.80£2.20°  89.51+0.77 17.96
citriodora 10 9 1612 179.11+127% 1389  154.33+3.28°  86.16+1.41¢ 27.99
synthesized- 15 7 1203 171.86£1.35% 1016  145.14£1.35%  84.46+0.61¢ 32.27
CuNPs 20 5 815 163.0+1.58¢ 666  133.20+£2.39¢  81.72+1.19¢ 37.85
25 3 469  156.33+0.58' 354 118.0+2.0¢ 75.48+1.05¢ 44.94
See footnote of table (1).
Discussion recorded for AgNPs synthesized using Tinospora

Obtained results evoked that the Transmission
Electron Microscopy (TEM) image sizes of AgNPs
synthesized using aqueous extract from leaves of
Rosa arabica and Eucalyptus citriodora are ranged
between 14.3 and 40.70 nm, while sizes of CuNPs
ranged between 19.60 and 69.40 nm, respectively.
The sizes of synthesized nanoparticles confirm the
previously reported using Euphorbia hirta in AgNPs
preparation [23], Morinda tinctoria leaf extract in
AgNPs preparation [24], petroleum ether extract
from leaves of L. camara in CuNPs preparation [11],
and aqueous extract from leaves of L. siceraria in
AgNPs preparation [17].

Also, UV-vis Spectrophotometric analysis for both
AgNPs and CuNPs showed the occurrence of a
single absorption peak at specific wavelengths
ranging from 300 to 450 nm, indicating the presence
of spherical-shaped NPs and such results come in
agreement with previously recorded reports [13, 25,
26].

As exhibited from the results, the activity of
synthesized AgNPs and CuNPs using aqueous
extracts from leaves of R. arabica and E. citriodora
against C. antennatus increased as the concentration
increased. Based on LCs,, LC;5 and LCy, calculated
values, E. citriodora- aqueous extract and its
synthesized- AgNPs and CuNPs were more effective
against C. antennatus larvae than those of R. arabica.
In 2015, Subramaniam e# al. attributed the high
efficacy of plant-synthesized NPs against mosquito
larvae to their ability to premeate the exoskeleton,
penetrating into insects' cells, where they restrict
macromolecules like proteins and DNA, changing
their structure and therefore their function [27].
Generally, these results are in consistent with results

cordifolia against C. quinquefasciatus [28], AgNPs
synthesized using Nerium oleander aqueous extract
against An. stephensi [29], AgNPs synthesized using
Ambrosia arborescens against Ae. aegypti [30],
CuNPs synthesized using L. camara leaves aqueous
extract against An. multicolor [11], AgNPs
synthesized using L. siceraria leaves aqueous extract
against C. pipiens and An. pharoensis larvae [17],
CuNPs synthesized using Coffee Arabica against Ae.
aegypti [31] and for and CuNPs synthesized using
nepeta cataria leaves extract against Ae. aegypti
[26].

Conclusions

In summary, the present work evaluated the
efficacy of Rosa arabica and Eucalyptus citriodora-
synthesized silver and copper nanoparticles (AgNPs
and CuNPs) against the Rift Valley fever vector,
Culex antennatus. The R. arabica and E. citriodora-
synthesized AgNPs and CuNPs dispersed uniformly
in water and had a significant efficacy against C.
antennatus in different immature stages, as well as
females resulting from treated larvae. In addition,
more studies on the activity of green-synthesized
AgNPs and CuNPs against other different mosquito
species are desired.
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