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Biological and Morphological Changes in Culex Pipiens after
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ABSTRACT Rose water is a well-known culinary supply; available in many homes but its insecticidal effect has not
been reviled. This study tests the potentiality of rose water insecticidal effect on Culex pipiens adults and larvae.
Chromatographic characterization of tested rose oil was mainly nerol (20.88%), Citronellol (18.05%) and Geraniol
(10.42%). The performed insecticidal bioassay on Culex pipiens adults and larvae showed a dose-dependent
relationship with LC,, of 0.732 percent after 24h and 0.119 percent after 48h consequently. Prolongation of both
larval and pupal duration in addition to the decrease in both pupation and adult emergence percentages were
reported. Spots of pigmentation of the malformed stages of development and pharate pupae were recorded and
photographed. Rose water showed a potential insecticidal property that deserves to be highlighted.

INTRODUCTION

Culex islong known for its ability to trans-
mit many vector-borne diseases. The profuse
usage of synthetic insecticides facilitated the
development of resistance (Vézilier et a. 2013).
Although persistent trials of control, still num-
bers of mosquitoes are increasing. This may be
attributed to meteorological, hydrological chang-
esand global warming, asidefrom expansionin
condominiums and gardening allowing new
breeding areas for mosquitoes (Patz et a. 2003;
Shamanet al. 2011).

Rosa damascena (family Rosaceae) is one
of the most ancient flowers known to mankind
as indicated by fossils dating back 3.5 billion
years (Baser et al. 2012). It haslong been praised
as beauty and passion symbol. The fragrance,
the fresh taste and the smooth clear appearance
of itswater tempted many to apply itin old and
new remediesincluding culinary, perfumery, cos-
metics, medical (Yang et a. 2014), asidefromthe
floral offeringsasapart of many religiouscere-
monies (Elango and Govindasamy 2018). It grows
around the world especially in the Middle East
(Yilmaz 2015). Hydrodistillation is the method
used for ages to produce rose water. With the
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uprising economic value of rose cultivation, its
contribution to the economy is devastating
(Hummer and Janick 2009). With the successful
development of iron nanoparticles from Rosa
|eaves extract; anew prospect of green chemis-
try isestablished (Ebrahiminezhad et al. 2017).
Studying the insecticidal effect of rose prod-
uctsisnot fulfilled intext and islimited to repel-
lency effect of rose oil (Salman and Erbas 2014).
Thelack substitutes, thelow yield of rose oil ne-
cessitate the use of a huge number of petals and
the narrow harvesting season makesit one of the
most expensive essential oilsin the global mar-
kets(Baydar and Baydar 2005; Yilmaz 2015). Also,
rose water contains hydro-soluble components
that still holds a generous amount of rose oil but
with easier and cheaper cost of preparation
(Nunes and Miguel 2017) so thiswork aimed at
evaluating the insecticidal activities of rose wa-
ter on Culex pipiens adults and larvae by moni-
toring biological and morphological effects.

METHODOLOGY
All the research study was done after the
agreement of the ethical committee Faculty of
Medicine, Ain Shams University.

RoseWater Preparation and Essential
Oil Isolation

Rose petals (Rosa damascena) were pur-
chased from local market, washed with distilled
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water to remove dust particles and taxonomical-
ly identified by Department of Botany, Faculty
of Science, Ain-Shams University staff members.
To remove moisturefrom the flowers, they were
shade-dried at room temperature. Sixty grams of
shade-dried rose petal swere hydro-distilled with
oneliter of water for 4 hto prepare 800 ml of rose
water by clevenger apparatus at the Experiments
and Advanced Research Unit, Faculty of Phar-
macy-Ain Shams University using hexane as
extracting agent.

The essential oil layer was separated and
dried over anhydrous sodium sulphate to re-
move residual moisture. The solvent was evap-
orated under reduced pressure (35°C) to obtain
a concentrated volatile fraction (Verma et al.
2011). Moistureremoval was done by shadedry-
ing the flowers at room temperature. Sixty grams
of shade-dried rose petals were hydro-distilled
with oneliter of water for 4 hto prepare 800 ml of
rose water by clevenger apparatus using hex-
ane as extracting agent. The essential oil layer
was separated and dried over anhydrous sodi-
um sulphate to remove residual moisture. The
solvent was evaporated under reduced pressure
(35°C) to obtain aconcentrated volatilefraction
(Vermaeta. 2011).

GasChromatography/M ass Spectrometry
(GS-M S) Analysisof Essential Oils

The GC-M S analysis was done using a Shi-
madzu 2010 Plus GC-M S (Germany) equipped
with aQuadrupol e (QP-5050) detector. Thefol-
lowing conditions were applied throughout the
analysis; acapillary column, CP-Wax 52 CB (50
mx 0.32mm, filmthickness0.25im), withinjector
temperature at 240 °C and detector temperature
at 250 °C, oventemperature program ranged from
60 °C (10 min. hold) reaching 220 °Crising at 2
°C/min. and increasing to 220 °C (11.5 min. hold)
rising at 20 °C/minwith aflow speed of 10 pounds
per square inch (psi) and ionization type detec-
tor of 70 electron volt (eV) using helium ascarri-
er gas (20ml/min.), injecting 1 il of sample. To
identify the constituents; comparison of the re-
tention times of standard substances was done
with corresponding datafromthe WILEY, NIST,
and TUTOR libraries.

M osquitoesRearing
Laboratory- reared larvae provided by Re-

search Ingtitute of Medical Entomology, Mos-
quitoes Research Department, Dokki, Giza.

These larvae were reared in plastic cups mea-
suring 30cm x 15cm, containing dechlorinated
water. With temperature of 25+2 °Cand 70+ 5
percent R.H in 12hour light: dark cycle. Larvae
were fed dried bread and yeast mixture. Adults
were reared in 0.5x0.5x0.5m cages and fed ten
percent sugar solution. Guinea pigs were pro-
vided for females feeding three times per week
for ablood meal (Alouani et al. 2009).

Biological Assays
Adults Bioassay

The bioassay was performed by fumigation
method according to Palacios et a. (2009) and
Rossi and Palacios (2013) using a screw-capped
glass jar with a suspended 7cm length cotton
yarn. Seria dilutionsof therosewater (0.05, 0.1,
0.5, 1, 2, and 3%) were prepared using absolute
ethanol (EIl Gomhoureya, Egypt) according to
Emtithal and Thanaa (2012) and incorporatedin
the yarn using cotton yarn soaked in water as a
control. Mortality was assessed by softly stim-
ulating each insect with a pen tip. The positive
control was carried out by using deltamethrin
with different doses (0.0125, 0.025, and 0.05%).
Mortality was recorded after 1h, 6h, and 24h of
treatment.

Larvae Bioassay

The larvicidal bioassay was done on third
instar larvae held using 1ml of 0.005, 0.01, 0.5, 1,
and 2 percent rose water in 249ml water in expo-
sure plastic chambers. Mortality was recorded
up to 48h after exposure (Kumar et al. 2011) by
the loss of movement. Control group using 1ml
absol ute ethanol wasapplied. Living larvaewere
exposed for further daily examination to estimate
the effect on thelarval duration after treatment,
the percentage of pupation and the successful-
ly emerged adults according to Jimenez Peydro
et al. (1995) and Sripongpun (2008).

In addition, morphological abnormalities
wererecorded and photographed at all devel op-
mental stages. Each test was replicated three
times with concurrent controls. The positive
control was carried out by using temephos with
different doses (0.00001- 0.00005- 0.0001- 0.0005-
0.0025- 0.0125%). Mortality wasrecorded up to
48h after treatment. Percent mortality was cal cu-
lated and LC_, LC,, with their ninety-five per-
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cent confidence limits were determined using
probit analysis.

Satistical Analysis

IBM SPSS statistics (V. 23.0, IBM Corp.,
USA, 2015) wasused for dataanalysis. Log dose
response probit analysis was used to calculate
LC,,andLC,,. Chi-square, Z scoreand paired t-
tests were used with ap value of d”0.05 as sig-
nificant, <0.001 as highly significant, and >0.05
as non-significant.

RESULTS

Evaluation of insecticidal properties was
done using different concentrations of rose wa-
ter on Culex pipiens adults and larvae. Results
of chemical compositions of essential oils by
GC-MS are shown in Table 1 with nerol, cit-
ronellol, geraniol and linalool being the major
constituents. Results of Culex pipiens adulti-
cidal activity of rose water and their positive
controls by fumigation technique after 1h, 6h,
24h are shown in Tables 2 and 3 respectively.
Results of Culex pipiens larvicidal activity of
tested botanical materialsand their positive con-
trolsafter 24h and 48h are shownin Tables4 and
5respectively. Increasein themortality rate with
increasing the tested extract concentrationswas
detected in both adults and larval bioassays. A
non-significant (p>0.05) difference between the
observed values of mortality and expected ones
indicating the efficacy of thetested models. Both
slope and intercept of the tested extract showed
ahighly significant linear prediction of the mod-
el tested (p<0.05). Rosewater had LC_ of 0.732
percent after 24h. For the positive control, delta-
methrin showed LC_ of 0.013 percent after 24h
(Table 3). For Culex pipienslarvae, the biologi-
cal assay was performed and showed after 24h
and 48hthat rosewater LC_ was3.717 after 24h
and 0.119 percent after 48h (Table 4). For the
positive control, temephos showed LC_; of
2.18x10-5 ppm after 48 h (Table5).

Effect of rose water on some biological as-
pects after treatment of 3“larval instars of Culex
pipiensare shown in Table 6 showing prolonga-
tion of development time as the concentration
increased. Figure 1 shows; spots of pigmenta-
tion observed after treatment of 3“larval instars
of Culex pipiens with rose water in larvae and
the emerging pupae with the development of

Table 1: Essential oil components and rates (%)
of rose oil by GC-MS

Peak Retention Name Percentage
time (%)

1 23.55 Eicosane 0.71
2 24.24 Linalool 2.45
3 24.81 Heptadecane 3.28
4 26.02 Myrceen 0.46
5 27.07 Limonene 0.43
6 27.75 B-lonone 3.91
7 28.17 Benzyl Acetate 0.52
8 28.61 Alpha pinene 0.36
9 29.09 Citronellyl Propionate 4.54
10 30.28 Tricosane 0.56
11 30.87 Citranellyl acetate 0.55
12 32.58 Ethyl acetate 0.31
13 32.99 Dodecanoic acid 0.81
14 35.71 M ethyleugenol 0.71
15 36.02 Docosan 0.41
16 36.36 1,22-Docosanediol 0.33
17 38.31 Tetradecanol 0.62
18 40.82 Heptadecen 1.02
19 40.99 Cis-Neralidol 1.98
20 41.58 Farnesol 1.76
21 42.06 Geranyl Acetate 1
22 43.36 Hexadecanoic acid 0.81
23 43.44 Rhodinol 0.94
24 44 Geranyl Iso Butyrate 1.31
25 45.69 Geranyl acetate 0.61
26 46.07 Trans-Caryophyllene 0.52
27 46.46 nerol 20.88
28 48.54 E-Citral 1.4
29 49.08 Alpha humulene 0.44
30 50.49 Viridiflorol 0.52
31 50.81 Citronellol 18.05
32 52.72 Rhodiny! acetate 1.42
33 53.32 n-Pentacosane 0.45
34 54.55 2,2-dideutero octadecanal 1.52
35 54.78 Geraniol 10.42
36 56.58 Phenyl Ethyl Alcohol 6.85
37 58.31 Ecosane 0.76
38 58.47 Methyl Eugenol 5.45
39 61.89 Hexacosane 0.47
40 67.27 Docacosane 0.48

pharate pupae. Also, spots of erosion and thin-
ning of the wings observed after treatment of
adults of Culex pipiens. Ultrastructural superfi-
cial changes in emerging Culex pipiens pupae
showed cracksin abdominal segmentsand head
induced by rose water seen after 72h as shown
inFigure2.

DISCUSSION

In the present study, according to the GC-
MS analysis of the hydrodistilled rose oil, ato-
tal of 40 volatile compounds were identified. A
high percentage of identified compounds were
nerol (20.88%), citronellol (18.05%), geraniol
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Fig. 1. Morphological changes in Culex pipiens larvae whole body and head, induced by rose water after
48h (A and B). (A) shows Culex pipiens control larva with normal appearance of whole body and head (B)
shows spots of pigmentation in the thorax of the rose water exposed larva. Pupal morphological
abnormalities (C, D and E) observed after treatment of 3@ larval instars of Culex pipiens (C) shows
control Culex pipiens pupa with normal appearance of whole body and head (D) shows spots of
pigmentation in the abdomen of the pupa exposed to rose water. (E) show larval-pupal intermediates
(pharate pupae) after exposure to rose water. Adults abnormalities after exposure to rose water for 24
h (G) shows Culex pipiens control adult with normal appearance of the whole body and head (F) shows
abnormalities in wings as spots of erosion and thinning of the wings of the adult exposed to rose water

Fig. 2. Ultra structural superficial changes in emerging Culex pipiens pupae whole body and head
induced by rose water after 72h.(A) Scanning Electron Microscope (SEM) micrograph of Culex pipiens
pupa represents the control showing the normal appearance of the pupa. (B) SEM micrograph of
treated Culex pipiens pupa showing cracks in abdominal segments and head
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(10.42%) andlinal ool (2.45%) (Table1). Thisgoes
with results obtained by Babu et al. (2002) with
citronellol, geraniol, nerol and nonadecane as
major constituents of rose oil with different ex-
traction temperature and pressure. Also, Erbas
and Baydar (2016), who found that over 100 com-
ponents have been identified in rose oil by GC-
MS analysis. Geraniol (34.9%); and citronellol
(23.4%) were the major constituents of the oil
reported by Salman and Erbas (2014). The con-
centrations of citronellol, geraniol, nerol and lina-
lool constitute approximately sixty percent of
the rose oil athough their poor contribution to
odour (Nunes and Miguel 2017). The yield of
essential oil and the content of 1, 8-eucalyptol
was within the values reported in the literature
(Song et a. 2009) and the contents of the main
constituents are similar to those given in the
literature (Daroui-Mokaddem et al. 2010; Tad-
tong et al. 2015). Other studies from Egypt re-
ported the sameresultsas M akhlouf et a. (2015)
indicated that 1, 8-eucalyptol was 55.6 percent.
Said et al. (2016) indicated that the oil contains
1, 8-eucalyptol (19.8%) which wasdifferent from
researchers’ results. Genotype difference, sea
sonal variation, soil properties, thetiming of rose
picking, fermentation of roses, distillation tim-
ing and solvent in use were mentioned by many
other studies asfactors attributed to results vari-
ation (Pal et al. 2016; Ucar et a. 2017). Thisvari-
ation in constituents gives every ail its charac-
teristic and authentic signature that can also
definetheland of roseorigin (Krupeik et a. 2015).

Therose essential oil and rose water compo-
sitionsof fresh flowers of Rosa damascena were
concerned by Vermaet al. (2011) and Baydar et
al. (2008 and 2013) who found citronellol, geran-
iol, nerol to bethe major components of therose
essential oil and citronellol and geraniol were
the major components of the rose water. There-
fore, rose water was selected as an alternative to
rose oil in the present study to overcome the
cost and high pricing of the oil and getting the
benefit of the easy preparation and high yield of
rose water extraction. To the best of research-
ers’ knowledge, no reports have been mentioned
regarding theinsecticidal activity of rose water.
In the researchers’ study, rose water was found
to have both adulticidal and larvicidal effect on
Culex pipiens.

In the current study, the adulticidal activity
of rosewater wasevaluated at 0.05, 0.01, 0.5, 1, 2
and 3 percent whilelarvicidal activity waseval-
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Table 3: Culex pipiens adulticidal activity of deltamethrin by fumigation technique after 1h, 6h and 24h

Dura- Responses Concentrations % LC,, and 95% LC,, and 95% Z-score’
tion confidence confidence ——
limits limits Sope Intercept
0.0125 0.025 0.05
1h Observed 3 6 10 0.05 0.278 2.36 1.94
0.031-1.189  0.092-25163.7
Expected 2.99 6.03 9.99
Residual 0.012 -0.028 0.014
6h Observed 6 10 15 0.024 0.104 2.827 2.829
0.013-0.039 0.054-2.91
Expected 5.817 10.381 14.82
Residual 0.183 -0.381 0.18
24h Observed 10 16 20 0.013 0.029 3.384 3.642
0.007-0.017 0.022-0.063
Expected 19.658 16.946 9.46
Residual 0.54 -0.947 0.342

Dose response relationship of the tested materials showed increase in the mortality rate with increasing the tested
materials concentrations with no significant (p>0.05) difference between the observed values of mortality and
expected ones; Chi-square test was used to calculate p value;

“Both slope and intercept of the tested materials showed a highly significant linear prediction of model tested

(p<0.05)

uated at 0.05, 0.01, 0.5, 1 and 2 percent on third
instar larvae of Culex pipiens. Dose-response
relationship of the tested materials showed an
increaseinthe mortality ratewith increasing the
tested materials concentrations with no signifi-
cant difference (P>0.05) between the observed
values of mortality and the predicted ones. The
residual indicates the appropriateness of the
used models. All results of the present study
showed significant linear predictions (P<0.05)
from the resultant probit models as shown by z-
scores (Tables 2 and 4).

In the current study, pupation rates and
adults' emergences decreased asthe concentra-
tionincreased (Table 6). Comparableresultswere
recorded against Culex pipiensfollowing treat-
ment with fenugreek oil (Halawa2001) and onion
oil (Khater 2003). The prolongation of develop-
mental periodsreported with low concentrations
may be explained as rose water may possess an
insect growth regul ating activity, which may in-
hibit insect development (Mohsen et al. 2000;
Khater 2003; Sivagnaname and Kalyana-
sundaram 2004). Comparable prolongation of
pupal developmental periodswas also recorded
(Abdel-Kadder 2005; K hater and Shalaby 2008).

A similar reductionin the pupation ratesand
adults’ emergences, following exposureto high-
er concentrations of rose water, were recorded
after treatment of Culex pipiens with different
plant extracts, such as neem seed kernel extract

(Desoky 1995), fenugreek (Halawa 2001), sesa-
me, onion and nigellaoils (Khater 2003).
Morphological malformationsresulted from
treatment of larvae with rose water aslarvae and
pupae were pigmented and larval-pupal inter-
mediates (pharate pupae) were reported and mor-
phological abnormalities observed in Culex pip-
iens adults after exposure to rose water were
spots of erosion and thinning of the wings after
exposure to rose water (Fig. 1). With cracksin
abdominal segments and head of pupae seen
with scanning electron microscopy (Fig. 2). Sev-
era authorsrecorded similar anomalieswhen ap-
plied different plant extracts at low concentra-
tions. Pigmented larvae and larval-pupal inter-
mediates (pharate pupae) were reported after
treatment with sesame oil on Culex pipiens
(Khater and Shalaby 2008). The present results
indicated ametamorphosis inhibiting the effect
of therose water which ispossibly based on the
disturbance of hormonal control (AL-Shorook
et al. 2001). Metamorphosis abnormalities sug-
gest atype of insect growth regulating activity
that is believed to be a constituent of botanical
extracts apparently the major cause of the mor-
talities. Likewise, such abnormalitieswere not-
ed following treatment of mosquitos’ larvaewith
juvenile hormone (JH) analoguesand chitin syn-
thesisinhibitors (Khater 2003; Sivagnanam and
Kalyanasundaram 2004; Tehri and Singh 2015).
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Table 6: Effect of rose water on some biological aspects after treatment of 3¢ larval instars of Culex

105

pipiens

Rose water Larval Pupal Pupation Emergence
concentration duration duration percent of adult
percent (Days) (Days) percent
0.005 10.75" 4.72 75.47" 74.5
0.01 8.88" 4.2 71.11° 60.55"
0.1 6.46" 3.22 69.64" 55.32"
0.5 4.68 2.89 60" 46.8
1 3.86 2.54 49.65" 44.7

2 3.22 1.5 45.34" 37.08"
Control 4.5 3.45 95.5 93.4

Results were presented as the mean; P>0.05 non-significant; "P<0.05 significant;
Results were analysed by student’s t-test; Statistical comparisons were done between control and exposure data

CONCLUSION

Rose water is long been used in cosmetic,
culinary and medical remedies athough this
domestic familiarity; studies on its potentiality
asinsecticide are unexplainable scares. So, this
study spotlights on afine scented, edible, safe,
domestic and easily prepared rose water as a
potential mosquito insecticide.

RECOMMENDATIONS

Further studies, especially regarding the
mechanism of rose water effect on mosquitos
growth regulation, is advised. Development of
rose water derived products in combating mos-
quitoesisrecommended.
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