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Abstract

Mosquitoes, one of the deadliest animals on the planet, cause millions of fatalities each year by
transmitting several human illnesses. Phytochemicals are possible biological agents for controlling
pests that are harmful to both human and animal health as well as crops. Plants contain a wide range
of potential phytochemicals that are target-specific, rapidly biodegradable, and eco-friendly. The
potential of leaf extracts of Bougainvillea glabra, Delonix regia, Lantana camara, and Platycladus orientalis
against Culex pipiens and microbial agents was evaluated. Acetone extracts had more toxic effects
against Cx. pipiens larvae (99.0-100%, 72 h post-treatment), and the LCso values were 142.8, 189.5, 95.4,
and 71.1 for B. glabra, D. regia, L. camara, and P. orientalis, respectively. Plant extracts tested in this study
showed high insecticidal and antimicrobial potential. L. camara acetone extract inhibited all the tested
microbial isolates. D. regia showed higher antioxidant activity than other plant extracts in scavenging
free radicals. GC-MS results showed the acetone extract had a higher number of chemical classes, with
more terpene compounds. HPLC analysis showed the presence of flavonoids and phenolic compounds
in L. camara and P. orientalis acetone extracts, and Sylimarine and Rutin were the most abundant. ADME
analysis of elemene, caryophyllene oxide, caryophyllene, and copaene showed drug-likeness and
revealed better gastrointestinal absorption and permeation of the blood-brain barrier by all the tested
phytochemicals. Our results confirm that the diversity of phytochemicals found in ornamental plants
has promising larvicidal activity and is a safe and effective alternative to chemical insecticides and
biotechnology.

Keywords: Culex pipiens; Larvicidal; Antimicrobial;, GC-MS, HPLC; ADMET analysis; Phytochemicals;
Ornamental plants.

Introduction

Mosquitoes are vectors of many of the world's serious human and veterinary diseases [1],
including malaria, dengue, yellow fever, filariasis, Japanese encephalitis, chikungunya, and
streptoderma of cattle [2]. Mosquito-borne diseases have an economic impact including loss of
commercial production and employment, the burden of disease and death, poverty, and social
debilitation worldwide, especially in countries with tropical and subtropical climates; however, no part
of the world is free of vector-borne diseases [3,4].
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Several methods are widely used to control the threats posed by mosquitoes. Over the years,
synthetic insecticides were introduced, but although these are effective, the insect is forced to adapt to
those pesticides and, over time, develop resistance to the pesticide products, along with environmental
risks from frequent pesticide use [5,6]. The most important alternatives to synthetic insecticides are
phytochemicals (plant extracts or essential oils). Phytochemicals have a wide range of effects on
mosquitoes, including being ovicidal, larvicidal, adulticidal, oviposition deterrent, developmental
toxic, antifeedants, repellents, hatching blockers, and emergence blockers [7,8]. Many medicinal plant
products have yet to be tested for their potency against mosquitoes.

Recently, great attention has been given to insecticides of plant origin and those that do not
harm the ecosystem. Therefore, natural products are the most suitable alternative to use because they
cause less harm to the environment and to non-target species and are eco-friendly, bio-sourced, and
safe to use. Besides, many extracts and compounds from several plant groups have been investigated
as potential new larvicides [9]. Studies have shown that saponin [10], steroids [11], isoflavonoids [12],
essential oils [13], alkaloids [14], and tannins [15] can all be used to kill mosquito larvae. Many
alternative sources of insect repellents come from plant chemicals and their essential oils. However, the
botanicals have not been fully approved due to challenges in formulation and marketing, which are
attributed to a lack of chemical data and positive controls. Besides, many publications have included
botanical pesticides with a skewed interest in insect pest management [16]. Also, many research papers
did not adequately address the effect of biopesticides derived from ornamental plants on insects.

Plants that are known to contain a treasure trove of sustainable and renewable bioactive
compounds are many. One of these plants, Lantana camara Linn (Verbenaceae), is known as wide sage
or lantana weed. It is a hefty, thorny, extensive evergreen shrub that can reach a height of 1-2 m, grows
erect, and has a strong scent. The branches and stems have angular shapes and are organized along the
margins with curving spines. Leaves are simple, opposite, oval, regularly dentate, and have an acute
apex [17]. L. camara has also been used in traditional herbal medicines for the treatment of ailments,
including cancer; skin itching, leprosy, rabies, chickenpox, measles, asthma, and ulcers [18,19].

All parts of this plant have been used conventionally for numerous diseases all over the world.
The leaves of this plant were used as an antibacterial and antihypertensive agent, and the roots were
used for the treatment of malaria, rheumatism, and skin rashes [20]. Extract from the leaves of L. camara
possessed larvicidal activity, while extract from the flowers of the plant showed repellent activity
against adult mosquitoes [21,22].

Thuja, or Platycladus orientalis, is a bushy, thick, and conical to columnar evergreen and
coniferous tree that belongs to the Cupressaceous family and is characterized by its resin and oil content
in various forms. The leaves have triangular scales with a blunt point and are arranged in decussate
pairs. Leaves emit an odor when bruised. In the winter, the foliage may turn bronze. cones, oval, up to
3/4" long, rusty brown bark [23]. Around the world, this tree flourishes in both warm and temperate
climates. According to folk medicine, P. orientalis is used as an herbal remedy for uterine cancer,
psoriasis, amenorrhea, enuresis, rheumatism, cystitis, bronchial catarrh, and antimicrobial activity
[24,25].

Bougainvillea glabra wild, also known as paper flower or Bougainvillea, is a woody vine
belonging to the Nyctaginaceae family. It is native to South America, but it is spread all over the world
for its wonderful ornamental properties. In fact, this plant blooms regularly, and the bracts are a
stunning shade of purple, red, or white [26]. Plants have simple, alternate, ovate-acuminate leaves that
are alternate and 4-13 cm long, and their flowers are pink, magenta, purple, red, orange, white, or
yellow [27]. There are 18 species in the genus Bougainvillea, some of which are used in traditional
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medicine to cure conditions like diarrhea, stomach acidity, sore throat, cough, leucorrhoea, and
hepatitis. They also possess anti-inflammatory, antiviral, and antibacterial properties [27,28] and are
larvicidal [29].

Delonix regia Rafin is a nearly evergreen, shallow-rooted legume tree found in temperate and
tropical zones and widely grown throughout Africa and Southeast Asia. It is often referred to as the
"flamboyant flame tree." It is a medium-sized decorative tree, and it is cultivated in gardens and
avenues. The blooms with panicles, which are abundant in large, upright clusters along the branches
and range in color from deep crimson to flaming orange to delicate salmon, make for a stunning
appearance [30]. D. regia extract was reported to have a wide range of bioactivities. The plant has shown
promising antioxidant [31], antimicrobial [32], antidiabetic [33], anti-inflammatory [34], and larvicidal
[35,36] activities.

The screening of compounds with potential bioactivity is both expensive and time-consuming.
However, computer-aided drug design (CADD) could save time and money on molecule synthesis,
thereby lowering the cost of research. Such studies would culminate in the development of novel drug
molecules at a faster pace against infectious pathogens. Additionally, the physicochemical properties
of the molecule would provide vital information on the initial phase of drug development [37]. ADMET
(Absorption, Distribution, Metabolism, Excretion, and Toxicity) analysis is a critical component of
computational drug design, and ADMET research evaluates a drug's pharmacokinetics. Prediction of a
drug's fate and effects inside the body, such as how much medication is absorbed if delivered orally
and how much is absorbed in the gastrointestinal tract, is an essential element of drug discovery.
Similarly, if absorption is poor, distribution and metabolism are impaired, which can result in
neurotoxicity and nephrotoxicity [38].

In this work, we hypothesize that ornamental plant extracts B. glabra, D. regia, L. camara, and P.
orientalis have many biologically active phytochemical compounds with lethal effects against Cx. pipiens
mosquito larvae and different multidrug resistant (MDR) pathogenic microbes (Candida albicans, Listeria
monocytogenes, Salmonella sp., and Pseudomonas aeruginosa). Therefore, we aim to identify the
phytochemical profile of these plants in acetone and aqueous extracts through GC-MS and HPLC
analysis, then evaluate the larvicidal, antimicrobial, and antioxidant activities of these extracts, and
assess the bioactivity and pharmacokinetic indices related to the ADMET aspects in light of the possible
therapeutic powers of the selected plant metabolites. The flow chart of the article summarizes the steps
for our study as shown in Fig. 1.

Materials and Methods

Plant materials and analysis

Plant collection

Leaves of ornamental plants, B. glabra Choisy, D. regia Bojer, L. camara L., and P. orientalis Franco, were
collected from different areas in farmlands at the Faculty of Agriculture, Qalyubiya Governorate,
Egypt, during September-November 2021 (Table 1, Fig. 2). Plants were identified by Dr. Ahmed
Moubarak at the Flora and Phytotaxonomy Section, Botany Department, Faculty of Science, Benha
University, Egypt, according to reference books of Egyptian flora (Boulos, 1999, 2009. This comment
has been mentioned in other articles because we rely on Dr. Ahmed Moubarak in the classification. The
study plant specimens were deposited in an herbarium of botany department, Faculty of science with
respective voucher numbers for Bougainvillea glabra C. (B87), Delonix regia B. (B65), Lantana camara L.
(B112), and Platycladus orientalis F. (B365). The plant materials were shade-air-dried at room
temperature until the plant became well-dried and the dry weight was contracted. The dried tissues
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were ground in a stainless-steel electric mixer and transferred into airtight containers to protect them
from humidity [39].
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Fig. 1. Flowchart of research structure

Table 1 List of plant species and plant parts tested against Culex pipiens larvae and selected microbial species.

No. Common Name Botanical Name Family Part used
1 Paperflower Bougainvillea glabra Nyctaginaceae Leaf
2 Royal poinciana Delonix regia Fabaceae Leaf
3 Largeleaf lantana Lantana camara Verbenaceae Leaf
4 Thuja Platycladus orientalis Cupressaceae Leaf

Plant extraction

The acetone extract was prepared by soaking 20 g of dry plant materials in 100 to 150 mL of acetone at
a conical flask (cap. 250 mL) at room temperature 27+2 °C. Another 20 g of plant materials were
extracted using warm water (60 °C) at room temperature for preparing the aqueous extract. The
extraction was done after 48 h then the solution was filtered using Whatman No. 1 filter paper through
a Buchner funnel. The extracts were concentrated using a rotary evaporator, then stored [8].

Mosquito larvicidal assay
Rearing of Culex pipiens

Cx. pipiens larvae were reared in the insectary, and they were maintained at 27+2 °C and 75+ 5%
relative humidity for a photoperiod of 12:12 h (light/dark). The larvae were fed fish food (Tetramin)
and ground bread at a 3:1 ratio. The pupae were then moved from the enamel pans to a cup filled with
dechlorinated water and put in screened cages (35x35x40 cm in size), where the adults eventually
emerged. Female mosquitoes got periodic blood feeds from a hamster rat while the adults” colony was
given a 10% sugar solution. Larvae and pupae, which are two stages of development, were always
available for the tests and kept in the same laboratory [40].
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Larvicidal activity

The plant leaf acetone and aqueous extracts of B. glabra, D. regia, L. camara, and P. orientalis were
evaluated against 4" larval instar of Cx. pipiens under laboratory conditions. The 4t larval instar was
treated with the following concentrations: 62.5, 125, 250, 500, 1000, and 1500 ppm (1 g/1000 ml of
distilled water). Twenty larvae per concentration were transferred to a glass beaker containing 250 mL
of distilled water. Three replicates were used for each concentration. Mortalities were recorded 24, 48
h and 72 h after the initial exposure [41] and post-treatments (PT).

Antimicrobial assay
Collection of microbial pathogens

Multidrug-resistant bacteria such as Listeria monocytogenes (ATCC 19155), Pseudomonas
aeruginosa (ATCC 9027), and Salmonella sp. (ATCC 14028), in addition to the pathogenic fungus Candida
albicans (ATCC 10231) were utilized in the current study.

Antimicrobial activity

Antimicrobial activity of the acetone and aqueous extracts of L. camara, D. regia, B. glabra, and P.
orientalis was tested against unicellular fungi (C. albicans), Gram-positive bacteria (L. monocytogenes),
and Gram-negative bacteria (Salmonella sp. and P. aeruginosa) via the agar diffusion approach according
to Aletayeb et al. [42]. The bacteria were grown in a nutrient-liquid medium on a shaker bed at 200 rpm
for 24 h at 37 °C. The bacteria (1.5 x 108 CFU) were swabbed on nutrient agar plates; subsequently, 200
uL of plant extract were deposited in wells (diameter of 7 mm) cut into agar plates. For 24 h, agar plates
were incubated at 37 °C. All the studies were carried out in triplicate for all tested strains, and the
inhibition zones surrounding the discs were quantified in millimeters.

Antioxidant DPPH Assay

1,1-diphenyl-2-picryl hydrazyl (DPPH) was used to measure how well different extracts of plant leaves
got rid of free radicals. In brief, a 0.1 mM solution of DPPH in ethanol was prepared. This solution (1
ml) was added to 3 ml of different extracts in ethanol at different concentrations (3.9, 7.8, 15.62, 31.25,
62.5, 125, 250, 500, and 1000 pg/ml). Here, only those extracts are used that are solubilized in ethanol,
and their various concentrations were prepared by the dilution method. The mixture was shaken
vigorously and allowed to stand at room temperature for 30 min. Then, absorbance was measured at
517 nm by using a spectrophotometer (UV-VIS Milton Roy). The reference standard compound being
used was ascorbic acid, and the experiment was done in triplicate. The IC50 value of the sample, which
is the concentration of sample required to inhibit 50% of the DPPH free radical, was calculated using
the log dose inhibition curve. DPPH scavenging effect (%) is calculated according to the following
equation: DPPH scavenging effect (%) or Percent inhibition = A0 - A 1/ A0 x 100; Where A0 was the
absorbance of the control reaction and Al was the absorbance in the presence of a test or standard
sample [43].

Phytochemical identification and in silico analysis

GC/MS analysis

For the biochemical analyses of the plant leaf acetone and aqueous extracts, Thermo Scientific Trace GC
Ultra/ISQ Single Quadrupole MS, TG-5MS fused silica capillary columns, 0.1 mm, 0.251 mm, and 30 m
thick, were used. It was done using an electronic ionizer with 70 eV ionization energy. As a carrier gas,
helium gas was used (flow rate: 1 ml/min). The MS transmission line and injector were both set to 280
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°C. The oven was preheated to 35 °C, then increased to 150 °C at a rate of 7 °C per min, 270 °C at a rate
of 5 °C per minute (pause for two minutes), and lastly 310 °C at a rate of 3.5 °C per minute (continued
for 10 min). A relative peak area was employed to explore the quantification of all components
discovered. The chemicals were at least partially identified by comparing the retention times and mass
spectra of the chemicals to those of NIST and Willy Library data from the GC/MS instrument.
Identification was done using the aggregate spectrum of user-generated reference libraries. To evaluate
peak homogeneity, single-ion chromatographic reconstructions were performed. To verify GC
retention times, co-chromatographic analysis of reference substances was used whenever possible [44].

Fig. 2. Ornamental plants, Bouguiﬁz;illeci glabra (a), Delonix regia (b), Lantana camara (c), and Platycladus orientalis

().

HPLC measurement of the concentration of polyphenol contents

Using an Agilent 1260 series, high-performance liquid chromatography was carried out for polyphenol
detection analysis in the L. camara and P. orientalis acetone extracts (the most efficient plant leaf extracts
in sections “2.3 & 2.4”). An Eclipse C18 column (4.6 mm x 250 mm i.d., 5 m) was used for the separation
procedure. A mixture of water (solution A) and 0.05% trifluoroacetic acid in acetonitrile (solution B),
injected at a flow rate of 0.9 mL/min, made up the mobile phase. The linear gradient of the following
time intervals was programmed for the mobile phase in order: 0 min (82% A), 0-5 min (80% A), 5-8 min
(60% A), 8-12 min (60% A), 12-15 min (82% A), 15-16 min (82% A), and 16-20 min (82% A). A 280 nm
wavelength was selected for the multi-wavelength detector. Five liters of each sample solution were
injected. To keep the column temperature at 40 °C, an adjustment was made.

In silico absorption, distribution, metabolism, excretion, and toxicity (ADMET) analysis

The identified phytochemicals in L. camara acetone extract (the most efficient plant in
antimicrobial analysis) were analyzed for their ADMET analysis using the Swiss ADME server
(http://www.swissadme.ch/index.php). This server evaluates the compounds for their physicochemical
properties, lipophilicity, water solubility, pharmacokinetics, drug likeness, and medicinal chemistry.

6
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Further, the toxicity properties of the identified phytochemicals were analyzed using online servers,
Protox-1II (https:// tox-new. chari te. de/ protox_ II/) [45] and StopTox (https:// stopt ox. mml. unc. edu/)
[46]. Protox-II predicted the LD50 (mg/kg) of the identified ligands and toxicity class, whereas StopTox
identified cardiotoxicity (hERG liability prediction).

Statistical analysis

The data were analyzed by the software, SPSS V23 (IBM, USA), for doing the Probit analyses to
calculate the lethal concentration (LC) values and the one-way analysis of variance (ANOVA) (Post
Hoc/Turkey's HSD test). The significant levels were set at P<0.05.

Results
Mosquito larvicidal activity

In this study, plant extracts from Bougainvillaea glabra, Delonix regia, Lantana camara, and
Platycladus orientalis were evaluated on 4t instar larvae of Cx. pipiens. All the tested plant extracts in this
study showed high insecticidal activity against mosquito larvae, Culex pipiens, after different intervals
of exposure. The results showed that acetone extracts of plant materials in this study had more toxic
effects against mosquito larvae, Cx. pipiens than aqueous extracts.

The mortality percent (MO%) at 24 h post-treatment (PT) of Cx. pipiens with 1500 ppm acetone
extracts of Bougainvillaea glabra, Delonix regia, Lantana camara, and Platycladus orientalis was 99, 94, 100,
and 100% (MO%) (Table 2) with LCso (50%, median lethal concentration) = 270.1, 357.0, 183.2, and 148.1
ppm, respectively (Table 3); whereas those of aqueous extracts were 93, 90, 96, and 87 (MO%) with LCso
values = 382.0, 444.3, 335.7, and 502.8 ppm.

The highest larval mortality was recorded after 48 h of PT, where the mortality reached 100% in
acetone extracts for Bougainvillaea glabra, Delonix regia, Lantana camara, and Platycladus orientalis and 100,
99, 100, and 93% in aqueous extracts, respectively, at 1500 ppm. In terms of lethal concentrations, LCso
(50%, median lethal concentration) for Platycladus orientalis acetone extracts appeared to be most
effective against Cx. pipiens larvae (LCso = 98.5 ppm), followed by L. camara (LCso = 127.4 ppm) and B.
glabra (LCso = 194.2 ppm) (Table 3, Fig. 3a), while D. regia was the least effective on Cx. pipiens (LCso =
254.1 ppm). Among those of aqueous extracts, L. camara appeared to be most effective against Cx. pipiens
(LCs0 = 268.0 ppm), followed by B. glabra (LCso = 292.7 ppm) and D. regia (LCso = 319.6 ppm), while
Platycladus orientalis was the least effective on Cx. pipiens larvae (LCso=376.1 ppm) (Table 4, Fig. 3b).

It is obvious from Tables 3,4 and Fig. 3 that the LCso values of acetone of Bougainvillaea glabra
(142.8 ppm), D. regia (189.5 ppm), L. camara (95.4 ppm), and Platycladus orientalis (71.1 ppm) were more
effective than aqueous extracts (LCso = 177.7, 228.5, 164.8, and 263.5 ppm, respectively, against the 4™
larval instar of Cx. pipiens, 72 h PT).



284
285  Table 2 Efficacy of Bougainvillea glabra, Delonix regia, Lantana camara, and Platycladus orientalis extracts on Culex
%g? pipiens larval mortality, 24, 48, and 72 h post-treatment (mean=SE).

Plant Conc. Acetone Aqueous
species (ppm) 24 48 72 24 48 72
0 0084 0084 0+0fa 0084 0+084 0+0f
62.5 11+1.87f¢ 17+1.22% 22+1.22eA 8+2.55fC 11+1.87%® 19+1.87¢A
Bougainvillea 125 24+1.87<¢ 33+2.55¢8 42+3.394A 16+2.92¢C 25+2 24¢8 34+2 .92dA
glabra 250 42+4.369C 57+2.5548 66+3.67°4A 32+2.554¢ 41+1.8748 59+4.304
500 66+1.87°C 80+3.54 94+3.67° 57+4.64<C 66+3.32 82+2.55b4
1000 92+1.22bC 98+1.22b8 100+0.002A 78+4.36bC 88+3.398 98+1.2224
1500 99+1.002A 100+0.0024  100+0.002A 93+3.002C 100+0.002A  100+0.002
0 0+084 0+084 0+0fA 0+0s4 0+0sA 0+0s4
62.5 11+1.87f¢ 18+1.22% 21+1.00eA 7+1.22fC 8+1.22f 14+1.00f2
) , 125 22+2 55¢C 29+1.87¢8 3442 9244 14+1.87¢C 2142458 26+1.87¢A
Delonix regia
250 36+4.854¢ 41+3.6748 54+4 .85 28+1.224d¢ 34+1.8748 49+1.874A
500 55+5.00<¢ 66+3.675 82+2.55pA 50+2.24<C 64+4.30B 78+2.00<A
1000 75+4.74°C 90+3.54°8 99+1.002A 74+3.67°C 84+2 4508 90+2.24b4
1500 94+2.45%8 100+0.002A  100+0.0022 90+1.58% 99+1.0024 100+0.0024
0 0+08A 006 00er 0084 0+08A 006
62.5 16+1.87f¢ 23+1.22¢8 30+2.244A 9+1.87%® 14+1.87%® 20+1.58¢A
Lantana 125 34+2.92¢C 48+2.5548 61+2.92A 18+1.22¢B 26+2.92¢8 37+3.3944
camara 250 59+4 .854¢ 75%2.24<8 91+4.00b4 37+2.004B 44+4 3048 62+7.18A
500 82+2.55C 95+2.7408 100£0.002A 60+2.24B 69+6.60B 84+4.85b4
1000 98+2.00P® 100+0.002A  100+0.0024 82+3.398 91+3.328 100+0.0024
1500 100+0.0024 100+0.0024  100+0.0022 96+1.8728 100+0.0024  100+0.0022
0 00t 0£0er 0+0dA 0084 0+08A 0084
62.5 18+1.22¢C 27+3.7448 43+3.39<A 7+2.00f¢ 13+1.22%8 16+1.00f
125 39+2.924dC 61+3.32<8 80+2.74bA 15+4.18¢¢ 21+2.92¢8 27+3.00eA
P é‘;i’:iizs 250 7143.67C 91292  100:0.00"  28+436C 354189  436.8204
500 93+3.39%8 100+0.002A  100+0.0024 46+6.40¢ 52+5.39 64+2.92¢A
1000 100+0.0024 100+0.002A  100+0.0024 65+5.70b¢ 72+2 55 84+4.30b4
1500 100+0.0024 100+0.0024  100+0.002A 87+5.83C 93+2.55% 100+0.002A
288 a, b & c.... etc: There is no significant difference (p>0.05) between any two means within the same column have the same superscript letter,
289 and A, B & C... etc: There is no significant difference (p>0.05) between any two means for the same solvent within the same row have the
290 same superscript letter. Five replicates were used for each concentration (20 larvae/ replicate were used)
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Table 3 Lethal concentrations (ppm) of Bougainvillea glabra, Delonix regia, Lantana camara, and Platycladus orientalis acetone extracts against Culex

pipiens, 24, 48 and 72 h post-treatment

Time (h)  Plant species LCso (Low. - Up.) LCo (Low. - Up.) LCos (Low. - Up.) Equation** X2 (Sig.)
B. glabra 270.1 (237.9-305.2) 1022.6 (860.9-1258.6) 1491.4 (1216.0-1917.3) 2.216+0.138 6.106 (0.191)
94 D. regia 357.0 (308.0-413.8) 1841.6 (1436.1-2533.4) 2932.1 (2173.6-4328.3) 1.798+0.132 7.794 (0.099)
L. camara 183.2 (160.6-207.3) 623.2 (526.0-767.7) 881.8 (720.8-1136.5) 2.410+0.168 4.429 (0.351)
P. orientalis 148.1 (130.8-166.3) 429.2 (367.0-521.5) 580.2 (481.8-735.5) 2.774+0.206 2.448 (0.654)
B. glabra 194.2 (168.3-221.8) 767.5 (636.0-969.1) 1133.2 (904.5-1508.6) 2.147+0.152 4.268 (0.370)
48 D. regia 254.1 (217.5-295.0) 1285.8 (1012.8-1747.8) 2036.0 (1524.7-2973.2) 1.820+0.139 8.114 (0.087)
L. camara 127.4 (111.1-144.0) 397.9 (344.1-473.7) 549.5 (462.6-680.2) 2.591+0.179 1.939 (0.918)
P. orientalis 98.5 (87.1-109.9) 237.0 (205.1-286.5) 303.9 (255.6-384.4) 3.363+0.308 1.285 (0.863)
B. glabra 142.8 (125.1-161.3) 444.8 (378.0-544.6) 613.7 (505.6-786.3) 2.598+0.194 6.497 (0.165)
- D. regia 189.5 (128.3-263.1) 848.4 (630.7-1637.9) 1297.6 (948.9-2870.8) 1.968+0.154 10.375 (0.034)
L. camara 95.4 (83.6-107.0) 240.6 (207.4-292.4) 312.8 (261.6-398.7) 3.190+0.295 3.065 (0.546)
P. orientalis 71.1 (62.0-79.4) 149.2 (130.7-179.5) 184.0 (156.7-233.1) 3.987+0.464 2.491 (0.646)

Table 4 Lethal concentrations (ppm) of Bougainvillea glabra, Delonix regia, Lantana camara, and Platycladus orientalis aqueous extracts against Culex

pipiens, 24, 48 and 72 h post-treatment

Time (h)  Plant species LCso (Low. - Up.) LCo (Low. - Up.) LCos (Low. - Up.) Equation** X2 (Sig.)

B. glabra 382.0 (333.8-437.3) 1635.8 (1315.8-2151.5) 2470.6 (1905.6-3442.6) 2.028+0.141 4.147 (0.386)

o4 D. regia 444 3 (387.4-511.3) 1981.6 (1567.9-2670.4) 3027.6 (2289.9-4341.7) 1.973+0.141 4.383 (0.356)
L. camara 335.7 (293.9-382.9) 1376.5 (1122.1-1776.0) 2053.5 (1609.6-2796.3) 2.091+0.143 5.274 (0.260)
P. orientalis 502.8 (433.3-588.8) 2657.8 (2010.0-3828.8) 4260.6 (2050.4-6626.6) 1.772+0.136 5.581 (0.232)
B. glabra 292.7 (252.3-338.9) 1380.5 (1087.2-1878.2) 2142.6 (1607.2-3123.4) 1.903+0.145 1.884 (0.756)

48 D. regia 319.6 (280.8-363.0) 1218.3 (1004.7-1547.2) 1780.3 (1415.9-2376.60 2.205+0.149 7.815 (0.098)
L. camara 268.0 (229.6-311.3) 1333.5 (1044.8-1828.5) 2101.5 (1564.9-3099.0) 1.839+0.143 5.140 (0.273)
DP. orientalis 376.1 (261.3-546.0) 2150.9 (1542.6-4769.9) 3526.2 (2453.8-9169.7) 1.692+0.129 10.195 (0.037)
B. glabra 177.7 (155.0-201.8) 631.9 (531.0-782.9) 905.4 (735.7-1176.4) 2.326+0.164 6.027 (0.197)

o D. regia 228.5 (199.9-259.5) 858.1 (715.4-1073.3) 2523.0 (1889.5-3653.2) 2.230+0.151 6.512 (0.163)
L. camara 164.8 (143.9-186.9) 563.7 (475.5-695.5) 798.8 (652.1-1032.7) 2.400+0.171 7.667 (0.104)
P. orientalis 263.5 (174.2-380.9) 1225.0 (915.0-2496.5) 1893.7 (1411.7-4411.7) 1.920+0.137 13.403 (0.0.009)




297

298

299

301

302

303

304

305

306

307

308

309

310

311

312

313
314
315
316
317
318
319
320
321
322
323
324
325
326

300 -
a
200 -
g
E _;E_.
s [T 1111
2z I
% 100 H .
< NN i g.
A .I . 11 1}
1] [ | |
[T 1] [ | RN
1] [ | 111
[T 1] [ [ | 111
0 [T T[] . [ [ [ 1] . | | . 1T 1 11 .
Bougainvillea glabra  Delonix regia Lantana camara Platycladus
orientalis
Plant species
350 -
b
300 -
250 -
$ 200 -
=
S
> 150
=)
3
= 100 1
50
0 T T T 1
Bougainvillea glabra  Delonix regia Lantana camara Platycladus

orientalis

Plant species

Fig. 3. The mean number of larval mortalities induced by the effects of Lantana camara, Delonix regia,
Bougainvillea glabra, and Platycladus orientalis acetone (a) and aqueous (b) extracts against 4t larval instars
of Culex pipiens, 72 h post-exposure.

Biological characteristics of the plant extracts
Antimicrobial activity

To investigate the antimicrobial activity of the aqueous and acetone extracts of the four
plants, four different pathogenic microbes were used in the antimicrobial activity analysis. The
diameters of the inhibition zones served to express the results of antimicrobial activity. Data in
Table 5 demonstrated that L. camara acetone extract inhibited all of the tested microbial isolates.
Divergence in the extent of the inhibition area among the diverse groups of bacteria can be
relatively disclosed. The highest inhibition zone was observed for L. monocytogenes at 20 mm. On
the other hand, the minimum inhibition zone was detected for C. albicans, which was 13 mm.
Acetone extracts of D. regia and P. orientalis inhibited the growth of L. monocytogenes and P.
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aeruginosa, giving inhibition zones of 18 and 14 mm, respectively. No antibacterial activity was
recorded for B. glabra (Fig. 4). The results also showed that the antimicrobial activity was not
effective in the aqueous extracts.

Table 5 Antimicrobial activities of acetone extracts of L. camara, D. regia, B. glabra, and P. orientalis against
several pathogenic microorganisms.

Inhibition zone (mm)

Microorganism - - -
D. regia B. glabra L. camara P. orientalis

L. monocytogenes ATCC 19155 18+0.0 0+0.0 20+0.28 0+0.0

P. aeruginosa ATCC 9027 0£0.0 0£0.0 15+0.30 14+0.52

Salmonella sp. ATCC 14028 0£0.0 0£0.0 14+0.27 0£0.0

C. albicans ATCC 10231 0+0.0 0+0.0 13+0.39 0+0.0

L. monocytogenes P. aeruginosa Salmonella sp. C. albicans
ATCC 19155 ATCC 9027 ATCC 14028 ATCC 10231

Fig. 4. Antimicrobial activities of acetone extract of Lantana camara (a), Delonix regia (b), Bougainvillea glabra
(c), and Platycladus orientalis (d), against L. monocytogenes ATCC 19155, P. aeruginosa ATCC 9027, Salmonella
sp. ATCC 14028, and C. albicans ATCC 10231 microorganisms

Antioxidant Activity —DPPH Assay

To investigate the antioxidant capacity of acetone extracts as most efficient than aqueous
extracts in the antimicrobial activity, DPPH scavenging was used. The DPPH radical scavenging
activity values of the acetone extracts of D. regia, B. glabra, L. camara, and P. orientalis, along with
standard Ascorbic acid, are shown in Table 6 and Fig. 5. The highest DPPH free radical
scavenging activity was obtained from the extract of D. regia, followed by P. orientalis and B.
glabra, while the lowest DPPH free radical scavenging activity was recorded from L. camara. As
shown in Fig. 5, the DPPH scavenging assay of the extract increases in a concentration-dependent
manner, as exhibited by the standard, ascorbic acid. The IC50 values of D. regia, B. glabra, L.
camara, and P. orientalis extract were found to be 5.95, 22.65, 29.80, and 15.25 pug/ml, respectively,
whereas the IC50 value of Ascorbic acid was 2.52 ug/ml. The free radical activity of DPPH ranged
from 5.95 pg/ml to 29.80 ug/ml. The D. regia extract (IC50 = 5.95 pug/ml) was found to be more
effective than the other plant extracts. The extracts of D. regia and P. orientalis were moderately
good compared to ascorbic acid.
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ggg Table 6 The DPPH scavenging for D. regia, B. glabra, L. camara and P. orientalis acetone extracts.

Concentrate DPPH scavenging %

(ug/ml) Ascorbic acid St. D. regia B. glabra L. camara P. orientalis
1000 99.3 97.1 92.6 90.5 96.3
500 96.3 94.4 85.4 82.5 91.3
250 94.8 91.6 77.6 74.3 83.0
125 91.9 83.5 69.5 66.6 74.8
62.5 84.2 75.4 61.6 58.9 67.2
31.25 76.1 67.7 53.4 50.9 58.7

15.625 67.6 60.1 45.8 42.6 50.7
7.8125 60.4 52.4 38.0 34.4 42.2
3.9 52.1 45.0 30.0 26.3 33.8
1.95 43.7 36.8 22.2 18.8 25.5
0.0 0.0 0.0 0.0 0.0 0.0
IC 2.52 5.95 22.65 29.80 15.25
357
a —o— DPPH scavenging % of D. regia b ——DPPH scavenging % of B. glabra
120.0 | 100.0
. 80.0
> 3 - 100.0 | 200
. 60.0
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358  Fig. 5. Antioxidant activities of acetone extract of D. regia (a), B. glabra (b), L. camara (c), and P. orientalis (d),
359  using DPPH Assay
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Metabolomic analysis of four plant extracts.
GC-MS data analysis

Metabolomic analysis of the eight extracts and comparison between aqueous and acetone
extracts were done by the help of GC-MS analysis. Results of GC-MS analysis in our study led to
the identification of various compounds such as terpenes, fatty acids, esters, ketone, alkane,
steroids, aliphatic amine, and phenols in the leaves of B. glabra, D. regia, L. camara, and P. orientalis
by using two different solvents (acetone and aqueous) (Table 7-14 and Fig. 6).

B. glabra acetone leaf extract contained 19 compounds (Table 7), while the aqueous leaf
extract contained 12 compounds (Table 8), in which B. glabra showed abundance of Pimaric acid
(24.65%), 2-Pentanone, 4-hydroxy-4-methyl (16.49%), and Caryophyllene (14.61%) in the acetone
extract, while in the aqueous extract it was Cis-13-Eicosenoic acid (36.78%), 9-Hexadecenoic acid,
9-octadecenyl ester,(Z,Z)- (15.74%), and Oleyl oleate (12.61%).

D. regia acetone leaf extract had 22 compounds, as shown in Table (9), while aqueous leaf
extract had 12 compounds (Table 10). The highest concentrations of the detected compounds in
acetone were Dl-a-tocopherol (28.39%) and squalene (20.83%), while in aqueous extract they were
Erucic acid (30.92%) and (E)-13-Docosenoic acid (20.26%).

L. camara acetone leaf extract had 17 compounds, as shown in Table (11), while aqueous
leaf extract had 13 compounds (Table 12). The highest concentrations of the detected compounds
in acetone were: 1-Dodecanamine, N,N-dimethyl- (29.24%), and Caryophyllene (26.71%), while
in aqueous extract were 9-Hexadecenoic acid, 9-octadecenyl ester, (Z,Z)- (20.53%), and 2-
Hydroxy-3-[(9e)-9-octadecenoyloxy]propyl (9e)-9-octadecenoate (16.28%).

P. orientalis acetone leaf extract had 14 compounds, as shown in Table (13), while aqueous
leaf extract had 11 compounds (Table 14). The highest concentrations of the detected compounds
in acetone were: Cedrol (41.58%), 1,4,8-cycloundecatriene, 2,6,6,9-tetramethyl-, (e e e)- (31.88%),
while in aqueous extract, they were: Epicedrol- (38.25%) and Caryophyllene (24.62%). There is a
variety in percentage and number of secondary metabolites in the acetone and water extracts of
four plants, where the highest yield (52.6%), (40.70%), (38.70%), and (35.60%) with P. orientalis, L.
camara, D. regia, and B. glabra, respectively.

The Venn diagram in Fig. 6 summarizes the conservation and occurrence of chemical
compounds extracted from different plants in acetone and aqueous extracts. It was observed that
there was an increase in the number of compounds extracted from each plant using acetone
compared to water extraction (Fig. 6a,b). In acetone and aqueous extracts, there was a different
signature in each plant while there were some conserved compounds in two or three plants in
the case of acetone and aqueous extracts, respectively. Four common fatty acids and esters (erucic
acid, linoleic acid methyl ester, 9-octadecenoic acid methyl ester, and 9-hexadecenoic acid, 9-
octadecenyl ester) have been identified in aqueous extracts of B. glabra, D. regia, and L. camara,
whereas there was no shared compound in these three plants in the case of acetone extract. Two
terpenes (1-heptatriacotanol and caryophyllene) were identified in B. glabra and D. regia acetone
extracts (Fig. 6a), while three different compounds (cis-11-enhicosenoic acid, cis-13-eicosenoic
acid, and E,E,Z-1,3,12-nonadecatriene-5,14-diol) are shared in the aqueous extracts of B. glabra
and D. regia (Fig. 6b). Interestingly, data showed that the chemical parts of the P. orientalis plant
do not overlap with those of B. glabra, D. regia, or L. camara, either in acetone or water extracts
(Fig. 6a,b). In addition, the Venn diagram showed that B. glabra was overlapped with L. camara in
Eucalyptol, and D. regia was overlapped with L. camara in two organic constituents (Squalene and
Ethyl iso-allocholate). The differential and conserved occurrence of chemical constituents in
acetone and aqueous extracts of four plants is detailed in supplementary Table (S1 & S2).
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(b) extracts of B. glabra, D. regia, L. camara, and P. orientalis.

Figure 7 shows the heatmap obtained for the analysis of organic compounds in the
acetone and aqueous extracts of B. glabra, D. regia, L. camara, and P. orientalis. The scale shows the
percentage of chemical classes resembled in each extract; a low percentage is indicated by a pale
red color, while a darker red indicates a higher percentage. In general, the acetone extract showed
a higher number of chemical classes, with a higher chemical abundance of the terpene
compounds, while fatty acid compounds were most common in the aqueous extract, followed by

terpenes (Fig. 7).
a . Fatty acid and Esters 10000 b Fatty acid and Esters 100.00
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Fig. 7. Heatmap showing the percentage of chemical constituents of acetone (a) and aqueous (b) leaves extracts of
Bougainvillea glabra, Delonix regia, Lantana camara, and Platycladus orientalis. In the heat map, red and pale pink colors

indicate higher and lower chemical abundance, respectively.
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Table 7 The major chemical constituents of B. glabra leave acetone extracts.

No RT Area% Compound Name M.F. MW
Antimalrial activity
1 4.03 1.11 Halofantrine CasHs0Cr2FsNO 499
Aliphatic amine
2 4.55 0.57 N,1-Dimethylhexylamine CsHwN 129
3 4.62 0.65 2-Methyl-2-propanamine CiHuN 73
4 5.26 0.26 Urea, N,N'-dimethyl- CsHsN20 88
5 5.67 2.92 Benzeneethanamine, a,a-dimethyl- CioH1sN 149
Phenol
6 6.74 1.68 a-Pinene, 10-(dimethylaminomethyl)- CisHxsN 193
7 8.64 0.38 Benzene, 1,2-dimethyl- CsHio 106
Terpene (Monoterpene and Sesquiterpene)
8 934 2.0 a-Pinene CioHie 136
9 1384 0.86 Eucalyptol Ci10H1s0 154
10 20.52 0.95 Nerolidol-epoxyacetate C17H2804 296
11 27.49 14.61 Caryophyllene CisHaa 204
12 35.61 6.08 1-Heptatriacotanol Cs7H760O 536
Fatty acid and Esters
13 8.97 16.49 2-Pentanone, 4-hydroxy-4-methyl- CsH1202 116
14 13.22 0.36 Cyclohexene, 4-isopropenyl-1-methoxymethoxymethyl- C12H200:2 196
15 23.34 2.33 Methyl 10,12-pentacosadiynoate C2sHuaOn 388
16 24.73 6.51 10,12-Tricosadiynoic acid, methyl ester C24¢H4002 360
17 27.18 7.74 10-12-Pentacosadiynoic acid CosHaO: 374
18 37.73  24.65 Pimaric acid C20H3002 302
Ketone
19 36.15 9.85 2-Butyne-1,4-dione, 1-(2,3-dihydro-3,3-dimethyl-1h-inden- CorHsOs 302
5-yl)-4-phenyl-
Table 8 The major chemical constituents of B. glabra leave aqueous extracts.
No RT Area% Compound Name M.F. MW
Terpene (Monoterpene and Sesquiterpene)
1 2715 1.14 Caryophyllene CisHos 204
Fatty acid and Esters
2 2871 1.45 Linoleic Acid methyl ester C1oH340: 294
3  28.89 2.1 9-Octadecenoic acid, methyl ester, (E)- Ci19H3602 296
4  38.46 1.83 Erucic acid C2HaeO2 338
5 4037 36.78 Cis-13-Eicosenoic acid Ca0Hszs02 310
6 40.97 15.74 9-Hexadecenoic acid, 9-octadecenyl ester, (Z,7)- CasHesO2 504
7 4119 11.25 (Z)-(Z)-Docos-13-en-1-yl icos-11-enoate Cx2Hs002 616
8§ 4347 12.61 Oleyl oleate CacHesO2 532
9 4333 0.78 9-Octadecenoic acid (z)-, 9-octadecenyl ester, (z)- CssHesO2 532
10 44.89 443 (Z2)-(Z)-icos-11-en-1-yl icos-11-enoate CaoH7602 588
11  45.05 7.08 (Z)-Icos-11-en-1-yl oleate CssH7202 560
12 39.93 4.81 E,E,Z-1,3,12-Nonadecatriene-5,14-diol CioH302 294
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429  Table 9 The major chemical constituents of D. regia leave acetone extracts.

No RT Area% Compound Name M. F. MW
Terpene (Monoterpene and Sesquiterpene)
1 3894 1.88 Isochiapin b C19H20s 346
2 3993 1.38 1-Heptatriacotanol CsyH7O 536
3 1497 2.16 Caryophyllene CisHo 204
4 2442 2.00 Neophytadiene CooHss 278
5 24.92 1.14 3,7,11,15-Tetramethyl-2-hexadecen-1-ol C20H100 296
6  27.69 0.70 Ethylene brassylate Ci15H2604 270
7 29.66 8.13 Phytol C20H400 296
8  30.66 1.95 Octadecanoic acid CisHs60O2 284
9 35.06 2.55 Ethanol, 2-(9-octadecenyloxy)-, (z)- C20H4002 312
10 39.82  20.83 squalene CaoHso 410
Phenol
11 11.69 0.27 Cyclohexanol, 2-(1,1-dimethylethyl)- Ci10H200 156
12 11.86 0.68 Phenol, 2-methyl-5-(1-methylethyl)- CioH14O 150
Fatty acid and Esters
13 13.10 0.64 Triacetin CoH1406 218
14 26.20 1.57 Hexadecanoic acid, methyl ester C1yH3:0:2 270
15 26.97 3.76 Hexadecanoic acid Ci6Hz0O2 256
16 2933 10.14 Methyl 10-trans,12-cis-octadecadienoate CioH302 294
17  30.19 3.13 9,12,15-octadecatrienoic acid, (z,z,z)- C1sH300:2 278
18 40.76 2.67 ethyl iso-allocholate C26HuOs 436
19 4234 0.42 9-Hexadecenoic acid, 9-octadecenyl ester, (z,z)- C34HesO2 504
20 43.04 28.39 Dl-a-tocopherol C20H500:2 430
Alkane
21  40.61 3.16 Tetratetracontane CasHoo 838
22 4281 2.45 17-pentatriacontene CssHno 490
430
431  Table 10 The major chemical constituents of D. regia leave aqueous extracts.
No RT Area% Compound Name M.F. MW
Fatty acid and Esters

1 2568 1.05 Palmitic Acid methyl ester Ci7H302 270
2 28.69 9.44 Linoleic Acid methyl ester C19H340z 294
3 2887 14.02 9-Octadecenoic acid, methyl ester, (E)- C19H3602 296
4 2943 1.71 Stearic Acid Methyl Ester C1H3:02 298
5 4027 3.21 Cis-13-Eicosenoic acid C20H3302 310
6 4274 2.69 Ethanol, 2-(9-octadecenyloxy)-, (Z)- C20H40O2 312
7 44.07 2.18 9-Octadecenoic acid, 1,2,3-propanetriyl ester, (E,E,E)- Cs7H10406 884
8 4425 1.68 Cis-11-Eicosenoic acid C20H3302 310
9 44.42 9.38 9-Hexadecenoic acid, 9-octadecenyl ester, (Z,7)- C3:HedO2 504
10 4456  30.92 Erucic acid C22H0: 338
11  45.08  20.26 (E)-13-Docosenoic acid C2Hx02 338
12 44.88 3.46 E,E,Z-1,3,12-Nonadecatriene-5,14-diol C1H3:02 294
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432  Table 11 The major chemical constituents of L. camara leave acetone extracts.

No RT Area% Compound Name M. F. MW
Terpene (Monoterpene and Sesquiterpene)
1 3.15 7.59 Eucalyptol C10H1:0 154
2 1024 2671 Caryophyllene CisHo4 204
3 1092 7.48 Humulene CisHo 204
4 1294 1.24 ¢-Elemene CisHos 204
5 1395 8.22 Caryophyllene oxide CisH20 220
6 1455 1.56 a-copaene CisHo4 204
7 3198 1.88 Squalene CsoHso 410
Fatty acid and Esters
8 11.90 29.24 1-Dodecanamine, N,N-dimethyl- CuHa1N 331
9 18.06 1.32 17-Octadecynoic acid C1sH30: 280
10 2231 0.54 9-Octadecenoic acid (Z)-, methylester Ci9H3602 296
11 22.98 1.18 Oleic Acid C1sH3102 282
12 33.92 1.57 Ethyl iso-allocholate CosHuOs 436
13 35.95 0.75 Oleic acid, 3-(octadecyloxy)propylester CaoH760s 592
Phenol
14 3.96 0.81 Benzene, (chloromethyl)- C7H-C 126
15 2248 4.44 2-Methylenebrexane CioHu4 134
Alkane
16 14.34 2.79 Cyclooctenone, dimer C16H202 248
17 32.79 2.68 Dotriacontane Ca2Hes 450
433
434  Table 12 The major chemical constituents of L. camara leave aqueous extracts.
No RT Area% Compound Name M.F. MW
Fatty acid and Esters
1 2870 10.25 Linoleic acid methyl ester C19H340z 294
2 2888  15.62 9-Octadecenoic acid (Z)-, methyl ester C19H3602 296
3 40.67 20.53 9-Hexadecenoic acid, 9-octadecenyl ester, (Z,7)- C3:HesO2 504
4 4227 3.87 9-octadecenoic acid (z)-, 9-hexadecenyl ester, (z)- CasHesO2 504
5 44.05 5.8 Erucic acid C2Ha0:2 338
6 4472 1415 Oleyl oleate Cs6HesO2 532
Phenol and alchol
7  43.45 2.33 Ethanol, 2-(9-octadecenyloxy)-, (Z)- C20H4002 312
8  41.68 1.05 Z-(13,14-Epoxy)tetradec-11-en-1-ol acetate Ci16H28053 268
Terpenes and carotenoids
9  36.77 7.91 Tricyclo[20.8.0.0(7,16)]triacontane, 1(22),7(16)-diepoxy- Cs0Hs20:2 444
10 38.55 0.28 1-Heptatriacotanol Ca7H70 536
11 3848 0.95 7,8-Epoxylanostan-11-ol, 3-acetoxy- Ca2Hs404 502
12 38.69 0.98 Rhodopin CaoHss0 554
Glycerides
13 41.05 16.28 2-Hydroxy-3-[(9e)-9-ctadecenoyloxy]propyl (9e)-9- C3oH720s 620

octadecenoate
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Table 13 The major chemical constituents of P. orientalis leave acetone extracts.

No RT Area% Compound Name M. F. MW
Terpene (Monoterpene and Sesquiterpene)
1 9.74 0.36 Cyclohexene, 1,5,5-trimethyl-6-methylene- CioHie 136
2 10.88 4.13 Cedrene CisHos 204
3 11.76 31.88 1,4,8-cycloundecatriene, 2,6,6,9-tetramethyl-, (e e e)- CisHz4 204
4 1299 7.86 ¢-Muurolene CisHos 204
5 13.19 265 Naphthalene, 1,2,3,5,6,8a—hexahydr9—4,7—dimethyl—1—(1— Cusbs 204
methylethyl)-, (15-cis)-
6 13.79 3.51 Aromandendrene CisHo 204
7 14.83  41.58 Cedrol CisH260 222
Fatty acid and Esters
8 8.34 0.44 Acetic acid, 1,7,7-trimethyl-bicyclo[2.2.1]hept-2-yl ester C12H200: 196
9 1522 0.29 Doconexent C2H302 328
10 2492 0.80 Methyl 4,7,10,13,16,19-docosahexaenoate C23H3402 342
11 2540 2.67 Podocarp-7-en-3a-ol, 13a-methyl-13-vinyl- C20Hs20 288
12 26.33 0.73 5,8,11-Heptadecatriynoic acid, methyl ester Ci1sH2102 272
13 28.23 1.85 Androstan-17-one, 3-ethyl-3-hydroxy-, (5a)- C25H400:5i 400
Phenol
14 32.07 1.25 Retinol C20H300 286
Table 14 The major chemical constituents of P. orientalis leave aqueous extracts.
No RT Area % Compound Name M.F. MW
Terpene (Monoterpene and Sesquiterpene)
1 11.07 24.62 Caryophyllene CisHos 204
2 11.76 12.35 Humulene CisHos 204
3  14.32 3.20 Caryophyllene oxide CisH20 220
4 1482 38.25 Epicedrol CisH260 222
Fatty acid and Esters
5 24091 7.80 Doconexent C2H30» 328
Ketone
6 12.42 1.01 Naphthalene, decahydro-4a-methyl-1-methylene-7-(1- CisHos 204
methylethenyl)-, [4ar-(4aa,7a,8aad)]-
2-Naphthalenemethanol, 1,2,3,4,4a,5,6,8a-octahydro- CisH260 222
7 1576 4.58 s S A @ax
a,a 4a,8-tetramethyl-, [2R-(2a,4aa,8ad)]-
8§  28.25 0.86 Cholan-24-oic acid, 3,7,12-trihydroxy-, (3a,5a,7a,12a)- C24H00s 408
Steroids
9 2539 2.14 Androst-4-en-3-one, 17-hydroxy-, (174)- C1oH250: 288
Phenol
10 262 183 1-Phenanthrenemethanol, 1,2,3,4,4a,9,10,10a-octahydro- C20H300 286
1,4a-dimethyl-7-(1-methylethyl)-, [1S-(1a,4aa,10aa)]-
11 32.07 3.36 Retinol C20H300 286

18



441
442
443
444
445
446
447
448
449
450
451

454
12

457
458
459
460
461
462
463
464
465
466
467
468
469
470
471

HPLC analysis

The phenolic acids and flavonoids in the acetone extracts of L. camara and P. orientalis were
determined by HPLC analysis, and the results showed the presence of flavonoid compounds such
as Sylimarine, Rutin, and Ellagic in both extracts. Six acids were identified in L. camara; Sylimarine
acid (0.55141 mg/g), Rutin (0.12310 mg/g), and Thymol (0.10825 mg/g) were the major
constituents found in the L. camara extract, while phenolic acids Ferulic (0.00035 mg/g) and Ellagic
(0.00035 mg/g) were less abundant (Table 15). Similarly, Sylimarine (0.045114 mg/g), Rutin
(0.18680 mg/g), and Myricetin (60.10311 mg/g) were the major constituents found in the P.
orientalis extract, while Ellagic (0.00045 mg/g) and Amentoflavone (0.00024 mg/g) were the minor
constituents (Table 16).

Table 15 HPLC analysis for Total polyphenolic compounds from L. camara acetone extract

No. Reten. Time (min) Amount (mg/ml) Compound Name
1 1.793 0.00053 Gallic Acid
2 10.025 0.10825 Thymol
3 15.258 0.00035 Ferulic
4 23.917 0.55141 Sylimarine
5 26.188 0.00035 Ellagic
6 28.132 0.12310 Rutin

Table 16 HPLC analysis for Total polyphenolic compounds from P. orientalis acetone extract

No. Reten. Time (min) Amount (mg/ml) Compound Name

1 4.812 0.00403 Para Amino Benzoic Acid

2 10.305 0.00457 Syringic Acid

3 15.968 0.18680 Rutin

4 20.387 0.01963 Apeinine

5 22.243 0.45114 Sylimarine

6 24.252 0.10311 Myricetin

7 26.515 0.00024 Amentoflavone

8 35.828 0.00045 Ellagic
ADMET analysis

L. camara acetone extract showed the most effective antimicrobial activity against all the
tested pathogenic organisms. So, four phytochemicals of identified metabolites in L. camara
acetone extract (elemene, caryophyllene oxide, caryophyllene, and copaene) were evaluated for
ADME aspects (physicochemical characteristics, water solubility, lipophilicity, pharmacokinetics,
drug resemblance, and medicinal chemistry) using Swiss ADME software (Table 17). These
phytochemicals have been selected based on their potential activity as antimicrobial or
insecticidal compounds. All four phytochemicals studied exhibited drug-like properties without
breaking Lipinski's rule of five. Furthermore, all of the phytochemical compounds had a
bioavailability score of 0.55, indicating that they had drug-like characteristics. Furthermore, while
all of the phytochemicals studied were found to be absorbed in the gastrointestinal system,
caryophyllene oxide and copaene could only penetrate the blood-brain barrier. The topological
polar surface area ranged from 0 to 12.532, while the consensus log Po/w (an indication of
lipophilicity) ranged from 3.15 to 3.37. Furthermore, none of the substances examined showed
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472 permeability to glycoprotein substrate (P-gp). Furthermore, all of the phytochemicals evaluated
473  interacted with two isoenzymes of the cytochrome P family, CYP2C19 and CYP2C9, and only
474  copaene interacted with CYP1A2, implying that they are efficacious while being low in toxicity
475  (Table 18, Table S3). The bioavailability radar plots of the studied phytochemicals (Fig. 8)
476  showed that the phytochemicals were mostly inside the pink area, indicating a better drug-
477  likelihood profile. Furthermore, a red point on the boiled egg graph of elemene, caryophyllene
478  oxide, caryophyllene, and copaene predicts their brain penetrability as a non-substrate of P-gp

479  (Fig. S1).

480
i§} Table 17 In silico ADME analysis of phytochemicals tested.
Descriptors Elemene Caryophyllene Copaene Caryophyllene
oxide
SMILE CC(EC)CICCC(C( CCrCCCC(CC5(C CC(O)[CeeHiICC[Cr@]s(  Ci(=C)\CC/C=C(/CC[

CHCEO)O)(O)C= OCEO)CCCIO: QO)CeeHRC(/C)=C\C[Ce CeeH][Ce@H]:CCx(
C H]s[C@H]i» OO
Physicochemical properties
Number of heavy atoms 15 16 15 15
Number of aromatic heavy 0 0 0 0
atoms
Fraction Csp3 0.6 0.87 0.87 0.73
Number of rotatable bonds 3 0 1 0
Number of H-bond acceptors 0 1 0 0
Number of H-bond donors 0 0 0 0
Molar refractivity 70.42 68.27 67.14 68.78
Topological polar surface area 0 12.53 0 0
(A7)
Lipophilicity
Log Po/w (iLOGP) 3.37 3.15 3.4 3.25
Log Po/w (XLOGP3) 6.11 3.56 4.47 4.38
Log Po/w (WLOGP) 4.75 3.94 4.27 4.73
Log Po/w (MLOGP) 4.53 3.67 5.65 4.63
Log Po/w (SILICOS-IT) 4.5 4.07 3.73 4.19
Consensus log Po/w 4.65 3.68 4.3 424
Water solubility
Log S (ESOL) -4.76 -3.45 -3.86 -3.87
Solubility (mg/ml) 3.57E-03 7.84E-02 2.84E-02 2.78E-02
Class Moderately Soluble Soluble Soluble
soluble
Log S (Ali) -5.89 -3.51 -4.19 -4.1
Ali Solubility (mg/ml) 2.62E-04 6.83E-02 1.32E-02 1.64E-02
Class Moderately Soluble Moderately soluble Moderately soluble
soluble
Log S (SILICOS-IT) -3.58 -3.51 -3.07 -3.77
Solubility 5.36E-02 6.81E-02 1.74E-01 3.49E-02
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Class Soluble Soluble Soluble Soluble
Pharmacokinetics
GI absorption Low High Low Low
BBB permeant No Yes Yes No
P-gp substrate No No No No
CYP1A2 inhibitor No No Yes No
CYP2C19 inhibitor Yes Yes Yes Yes
CYP2C9 inhibitor Yes Yes Yes Yes
CYP2D6 inhibitor No No No No
CYP3A4 inhibitor No No No No
Log Kp (skin permeation) -3.21 -5.12 -4.37 -4.44
(cm/s)
Drug-likeness
Lipinski 1 0 1 1
Ghose 0 0 0 0
Veber 0 0 0 0
Egan 0 0 0 0
Muegge 2 1 1 1
Bioavailability score 0.55 0.55 0.55 0.55
Medicinal chemistry
PAINS 0 0 0 0
Brenk 1 2 1 1
Lead likeness 2 2 2 2
Synthetic accessibility 3.63 4.35 4.62 4.51
NQ2
Elemene Caryophyllene oxide
HoO@ o0&
H,C
He ) ok 5 A W e cH, iR 5
VAR cHs A
CH, [ o o
4"’} [ 1 1 / d
INSATU \"1 POLAR CH: INSATU POLAR
H,C CHy
SMILES C=CC1(C)CCC(CC1C(=C)C)C(=C)C SMILES C=C1CCC20C2(CCC2C1CC2(C)C)C
HOO® HeOo®
FLEX Ir\\ 121 \\ s1z¢
1} ) N
4“"
\
smiLes CCIC@@HI1CCICR@I2IC@@HIBIC@HITIC@HI2C(=CC)CIC SMILES C/C/=C\CCC(=C}C@@HI2IC@@HI(CC1)C(C2)(C)C
i = G

505 Fig. 8. Bioavailability radars of the phytochemicals tested (elemene, caryophyllene oxide, copaene, and caryophyllene).
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Table 18 In silico toxicity analysis of phytochemicals tested.

Oral toxicity of

phytochemicals (PROTOX II)

Acute Inhalation

Acute Oral

Acute Dermal

no. Phytochemicals Predicted Prodicted Toxicity Toxicity Toxicity
LD50 (mg/kg) toxicity class
Non-cardiotoxic Non-cardiotoxic Non-cardiotoxic
1 Elemene 5000 5 (66%) (96%) (74%)
2 Caryophyllene oxide 5000 5 Toxic (52%) Non-toxic (93%) Non-toxic (78%)
3 Copaene 3700 5 Non-toxic (56%) Non-toxic (95%) Non-toxic (75%)
4 Caryophyllene 5300 5 Non-toxic (61%) Non-toxic (94%) Non-toxic (79%)
508
509 Discussion
510 Mosquito larvicidal activity
511 Several important natural components are found in plant extracts and essential oils (EOs)
512  and can be safely used in pest and disease control due to their ability to achieve the purpose of
513  killing harmful pests and then their ability to degrade in nature in a smooth manner [47,48].
514  Despite their insecticide benefits, only 5% of the world's pesticides are biopesticides [49,50].
515 However, biopesticides are expanding rapidly and are expected to overtake chemical pesticides
516 in the near future at an average annual growth rate of 9-20% [49-52], due to the unique
517  characteristics of biopesticides that encourage their application, including their non-toxicity to
518  the environment.
519 In this study, all ornamental plant extracts tested showed strong insecticidal effectiveness
520 against mosquito larvae (moderate to high larvicidal activities). The plant acetone extracts of B.
521  glabra, D. regia, L. camara, and P. orientalis killed mosquito larvae with 94-100% mortality and 87-
522 96% mortality for aqueous extracts 24 h post-treatment.
523 Our data showed the most effective plant extracts against mosquito larvae were P.
524  orientalis and L. camara, followed by B. glabra and D. regia. Our data agreed with Bosly's findings
525  [53], who studied the effectiveness of Thuja orientalis leaf and fruit extracts against Cx. pipiens
526 larvae and found that all plant extracts killed all of the larvae (100% mortality), except for the
527  plant hexane extract, which killed only 98% of the larvae.
528 Similarly, 3 larval instar of Anopheles stephensi and Culex pipiens died when the essential
529  oil from the leaves of T. orientalis was used to test it [54]. The author indicated the toxicity of the
530 Thuja plant because it contains several main components, mainly the compounds carene and
531  cedrol.
532 Evaluation of the larvicidal effects of Chamaecyparis obtusa and Thuja orientalis oils on Aedes
533  aegypti and Culex pipiens 4 instar larvae compared to stem, fruit, and seed oils found that, the
534  larvicidal effects of leaf oils from C. obtusa and T. orientalis were much higher. These findings
535 demonstrate that C. obtusa and T. orientalis have strong larvicidal action against Ae. aegypti and
536  Cx. pipiens in both the leaf part and age class II as natural larvicides [55].
537 In this study, one of the most effective plant extracts against mosquito larvae was Lantana
538  camara, either in acetone or aqueous extract. In a similar study, L. camara leaf extracts with
539  concentrations of 0.3, 0.6, 0.9, and 1.2 g/l were shown to kill Aedes aegypti larvae in the lab for 24
540  hours. The mortality reached 91.66 to 96.66% with ethanolic leaf extract, while less than 35% of
541 larvae died in aqueous extract. The outcome demonstrated that A. aegypti larvae were more fatally
542  affected by the ethanolic extract than the aqueous extract [56]. The previous findings may be
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attributed to the fact that most of the active compounds are lipophilic in character and are
therefore more readily extracted into an organic medium to be more efficient [57].

In a similar study, the effectiveness of Lantana camara aculeata leaf extracts was tested
against 4" instar larvae of Aedes aegypti, Anopheles stephensi, and Culex quinquefasciatus. The
mortality rate of different types of mosquitoes was evaluated in aqueous (LCso= 98.10), ethanol
(LCso= 60.93), methanol (LCso= 39.54), acetone (LCso= 60.64), and chloroform (LCso= 86.91 ppm)
extract 24 h post-treatment. The extracts of this plant showed strong efficacy in killing larvae,
especially at methanol and acetone [3].

Another study conducted by Alghamdi and Beshr [58] on the effect of ethanol extracts
from the leaves and flowers of L. camara and the ability of the extract to kill the larvae of Anopheles
arabiensis and Culex quinquefasciatus. The results showed that the LCso values for A. arabiensis and
C. quinquefasciatus were 15.84 ppm and 21.37 ppm in flower extracts and 9.54 ppm and 5.01 ppm
in leaf extracts, which indicates the efficacy of plant leaves in killing mosquito larvae rather than
flowers.

When we look at these ornamental plants, we find that they have been mentioned in the
past in many treatments for human diseases, and due to the lack of technology, most treatments
in the ancient system were derived from plants, and their effectiveness as medicines has also been
proven. Which indicates its effectiveness in eliminating microbes and thus killing pests harmful
to human health. Among these plants is the aromatic ornamental plant Lantana camara, which
contains a wide variety of healing ingredients [59-61]. This herb has long been used to treat a
variety of ailments, including malaria, fever, colds, and coughs [60-67].

Thuja or P. orientalis also referred to as the "tree of life" or "white cedar," is a well-known
ornamental tree. In traditional medicine, it is frequently used to treat conditions like rheumatism,
bacterial skin infections, cold sores, enuresis, amenorrhea, psoriasis, bullous bronchitis, and
enuresis. It is also used as an insect repellent [68]. Among the aromatic ornamental plants,
Bougainvillea, whose leaves, flowers, and stem bark have long been used as medicinal plants in
the form of infusions, decoctions, and tinctures, Also used as a tea, Bougainvillea extracts are
used to treat a variety of ailments, including cough, sore throat, fever, diarrhea, diabetes, hepatitis
and liver problems, asthma, and bronchitis, as well as to regulate menstruation, stop leucorrhea,
reduce stomach acidity, dissolve blood clots, and treat anemia linked to gastrointestinal bleeding
and epigastric pain. Drinking a floral infusion can help decrease blood pressure [26,69].

D. regia is known as flame of the forest or royal Poinciana and has been widely used
traditionally or in Ayurveda, an alternative medicine system, to treat various ailments, including
jaundice, ulcers, wounds, arthritis, malaria, vomiting, infection, inflammation, pain, and diarrhea
[30-32,34), due to the many bioactive compounds it contains, such as alkaloids, flavonoids,
triterpenoids, sterols, tannins, saponins, steroids, and carotene hydrocarbons [70,71]. However,
the effectiveness of this plant against insects, microbes, or biological aspects is scant, according to
literary articles. This shows the ability of the current ornamental plant extracts to control
mosquitoes, which is in line with the results of several studies on mosquitoes [72-75].

Antimicrobial activity

According to our results, L. camara possessed high antibacterial activity; this could be due
to the presence of phenolics, anthocyanins, and proanthocyanins in L. camara leaves [61,76]. The
active principle of the extracts disrupts the permeability barrier of cell membrane structures and
thus inhibits bacterial growth [77]. Also, EOs may interact with and affect the plasma membrane,
interfering with respiratory chain activity and energy production [78].
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Sukul and Chaudhuri [79] tested petroleum ether, benzene, chloroform, and methanol
from L. camara leaves on Escherichia coli (ATCC 10536), Salmonella typhi (ATCC 686), S. aureus
(ATCC 6538), and Pseudomonas aeruginosa (ATCC 25619). Chloroform and methanol extracts
showed activity against all the bacteria tested, while the petroleum ether fraction only showed
activity against P. aeruginosa and the benzene fraction only against S. typhi. Also, Basu et al., [80]
found that chloroform and methanolic extracts of L. camara were more specific toward the Gram-
positive strains, although Gram-negative P. aeruginosa was also inhibited by the methanol extract,
while the aqueous extract was found to be inactive. Furthermore, Amutha [81] investigated the
antimicrobial activities of methanol, chloroform, acetone, petroleum ether, and hexane extracts
of L. camara seed against S. aureus, P. aeruginosa, P. vulgaris, and E. coli. Methanolic extract showed
maximum inhibition against S. aureus, P. aeruginosa, and E. coli and no inhibition against P.
vulgaris.

According to reports by Weenen et al. [82], L. camara root extract possesses
hepatoprotective and pancreatic properties and has antimalarial activity against Plasmodium
falciparum. It is also a reliable source of oleanolic acid. The most important phytochemical groups
are flavonoids, carbohydrates, proteins, alkaloids, glycosides, iridescent glycosides,
phenylethanoids, oligosaccharides, quinine, saponins, steroids, triterpenes, sesquiterpenoids,
and tannin [83]. The compound Dotriacontane in the alkan group is associated with the
antimicrobial effect, as reported by Gallo and Sarachine [84], who showed that dotriaconane is
known to possess diverse biological activities such as antioxidant and antimicrobial.

Thuja orientalis has good antimicrobial activity against gram-positive bacteria, while all
the tested gram-negative bacteria recorded weak or no susceptibility [85]. Due to the presence of
Thuja essential oils, coumarins, flavonoids, tannins, and proanthocyanidins, the chemical
components of T. occidentalis have attracted study attention for many years. Its pharmacology
includes antibacterial, antifungal, anticancer, antiviral, antioxidant, gastrointestinal protective,
anti-inflammatory, radioprotective, antipyretic, and lipid-metabolizing activities [53,68,86]. The
discovery that Bougainvillea leaf extracts had antiviral activities resulted in the extraction and
characterization of bouganin, a protein with traits common to type 1 ribosome-inactivating
proteins (RIPs) [26]. Caryophyllene oxide compounds overlap with all study plants that possess
anticarcinogenic, anti-inflammatory, and antibacterial properties [87]. Amalia et al. [88] showed
that the bark of D. regia harbored antimalarial activity against Plasmodium berghei in mice. The
antimicrobial activity of leaves extracts of D. regia against the tested microbes might be linked to
the presence of phenolic acids such as gallic, protocatechuic, 3-hydroxybenzoic, chlorogenic acids
and flavonoids [89].

Antioxidant activity

Reactive oxygen species (ROS) are involved in the pathogenesis of various diseases. Free
radicals are the root cause of uncontrolled oxidation. Free radicals oxidize all major classes of
biomolecules. The products of these oxidation reactions diffuse from the original site of attack
and spread the damage all over the body, causing serious damage to almost all the cells. Some
important biomolecules susceptible to free radical oxidation are Lipids, Proteins, Nucleic acids,
and Carbohydrates. Thus, the need for antioxidant therapy arises.

Antioxidants are compounds that neutralize and interact with free radicals, thus
preventing them from causing cell damage. The presence of these antioxidants can prevent the
types of free radical damage that have been associated with cancer development and other
diseases. The antioxidants work in different parts of cells and contribute to different chemical
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reactions in the body. As a first line of defense, some antioxidants suppress the formation of free
radicals, while others work to remove them before they do damage to cells or repair damage once
it has been done. Numerous plants have phytochemical properties that act as antioxidants. In
addition to some familiar nutrients that act as antioxidants, such as vitamins C and E and B-
carotene, there are many others that are phytochemicals, such as quercetin and other flavonoids
[90,91].

Soni and Sehrawat [92] found that the plant could be a source of natural antioxidants
because it has a number of bioactive substances that neutralize free radicals, which can damage
cell membranes and DNA and have other pharmacological effects. In the DPPH test, the ability
of a compound to act as a donor for hydrogen atoms or electrons was measured
spectrophotometrically. The results showed that the D. regia extract had a high level of
antioxidant activity (IC50 = 5.95 pug/ml) and was more effective at getting rid of DPPH radicals
than the other plant extracts, which were less effective. This could be credited to the presence of
more phytochemicals (22 compounds) than the other three studied plant extracts (Fig. 6),
including flavonoids, phenolics, fatty acids, terpenes, and alkanes. This is in agreement with the
findings of Mariajancyran et al. [93], who revealed the presence of tannin, terpenoids, flavonoids,
steroids, and fatty acids in the chloroform extract of D. regia leaves.

Moreover, the leaves of D. regia are valuable as drugs [94]. The leaves are accounted for
their antimicrobial and antioxidant impacts [95]. It was reported that D. regia is utilized in
numerous nations for the preparation of extracts having antifungal and antimicrobial activities
[96].

Phytochemical analysis

Natural sources of bioinsecticides include pheromones, bacteria, fungi, viruses, and
protozoa, as well as bioactive plant compounds, pheromones, and microbes. Phytochemicals,
microbiological pesticides, plant-incorporated protectants, and pheromones are the four primary
categories of bioinsecticides based on their source [97]. They have been employed to control pests
with success [98]. They are better than synthetic molecules because they are biodegradable, less
poisonous, target-specific, and very powerful in small quantities.

Plants are biological factories that produce various chemicals collectively known as
secondary metabolites. Secondary metabolites like alkaloids, carbohydrates, flavonoids,
saponins, tannins, and terpenoids are what give medicinal plants their pharmacological effects.
Many diverse groups of bioactive substances extracted from or included in botanical insecticides
can have the potential to cause adverse effects on pests or organisms that consume or are exposed
to them.

In this work, the analysis of organic compounds in the acetone and aqueous extracts of B.
glabra, D. regia, L. camara, and P. orientalis revealed that the acetone extract showed a higher
number of different organic compounds, with a higher chemical abundance of the terpene
compounds, while fatty acid compounds were most common in the aqueous extract, followed by
terpenes. The extraction yield, phytochemical content, and antioxidant properties were
influenced by the polarity of the extracting solvents [99]. The different solvents resulted in various
extraction yields. This is because differences in the polarity of the solvents could cause a wide
variation in the level of bioactive compounds in the extract due to the plant materials containing
high levels of polar compounds that are soluble in solvents with high polarity. The results
revealed that alkanes, flavonoids, terpenes, ketone, and phenols were among the phytochemicals
identified in acetone more than in aqueous extract [100].
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Our results are in conformity with previous studies supporting the use of acetone as the
best solvent to recover higher extractable compounds from various medicinal plants [101].
Similarly, previous studies have shown that the high polarity of acetone was found to exhibit
better efficiency in extracting various polar phytocompounds, such as phenolics, from the leaves
of L. camara [102]. In several studies, it was proven that the leaf extracts of L. camara have anti-
inflammatory [103]; anticancer [104], antibacterial [105], antifungal, insecticidal [106], and
nematocidal activities [107].

Also, the results showed that acetone extracts of plant materials were more toxic to
mosquito larvae, Cx. pipiens than aqueous extracts. This is in line with the study of Bosly [53],
who seemed to rank the leaf extracts in order of their toxicity to mosquito larvae as follows:
acetone > methanol > aqueous > hexane. It was mentioned that the activities of the plant extracts
against mosquito species depend on the solvent used in extracting the phytochemicals
responsible for the responses [108,109]. Results of GC-MS analysis in our study led to the
identification of various compounds such as terpenes, fatty acids, esters, ketone, alkane, steroids,
aliphatic amines, and phenols in the leaves of B. glabra, D. regia, L. camara, and P. orientalis by using
two different solvents (acetone and aqueous). This agrees with Park et al. [110], who reported that
the leaves of B. glabra contain a wide variety of secondary metabolites such as phenols, flavonoids,
tannins, saponins, and proteins.

The qualitative analyses of the ethanolic extracts from D. regia bark and Carica papaya leaf
showed the presence of phytochemical constituents, including flavonoids, alkaloids,
triterpenoids, steroids, tannins, and glycosides [83]. The most significant phytochemical groups
in L. camara are flavonoids, carbohydrates, proteins, alkaloids, glycosides, iridescent
phenylethanoids, oligosaccharides, quinine, saponins, steroids, triterpenes, sesquiterpenoids,
and tannin. Pavela et al. [111] reported that Thuja orientalis contains bioflavonoids, terpenoids,
fatty acids, and cytotoxic principles. In this study, all ornamental plant extracts tested showed
strong insecticidal effectiveness against mosquito larvae (moderate to high larvicidal activities)
and antibacterial activity, but the most effective plant extracts against mosquito larvae were P.
orientalis and L. camara, followed by B. glabra and D. regia, and this may be due to the presence of
insecticide and antimicrobial activity and other organic compounds such as fatty acids and esters,
alkanes, flavonoids, ketone, phenols, monoterpenes, and sesquiterpenes. Al so, data showed that
the chemical parts of the P. orientalis plant do not overlap with those of B. glabra, D. regia, or L.
camara, either in acetone or water extracts.

Thuja orientalis previously acquired cytotoxic principles and contained terpenoids, fatty
acids, aliphatic compounds like alkanes, and bioflavonoids [112]; this is in line with our results.
Fatty acids and esters are one of the secondary metabolites that gave our tested plants their
insecticidal effect. The same result obtained by Schmidt et al. [113], in which Ethyl (E, Z, E)-2-
decent (Zeder’s) was an effective insecticide against the Cimex, was also suggested for fat methyl
esters (derived from Solanum chlamygynidense) that have larvicidal properties for Culex
quinquefasciatum [114]. In other studies, saturated and polyunsaturated acids (particularly C8,
C9, and C10) showed toxic effects against houseflies, horn flies, and stable flies, respectively. A
similar study proved that a fatty acid mixture (C8910) has been shown to be both toxic and
refractive to an insecticide-resistant Anopheles mosquito strain. Our results also agree with
Youssef et al. [115], who found that the larvicidal activity of linoleic acid was active against S.
littorals and that the larval weight was reduced.

The common monoterpenes and sesquiterpenes that were highly present in the tested four
plant leaf extracts were cedrol, caryophyllene, caryophyllene oxide, phytol, squalene, and

26



727
728
729
730
731
732
733
734
735
736
737
738
739
740
741
742
743
744
745
746
747
748
749
750
751
752
753
754
755
756
757
758
759
760
761
762
763
764
765
766
767
768
769
770
771
772

Caryophyllene. The main components, such as Caryophyllene which is known as
Isocaryophyllene; eucalyptol; and caryophyllene oxide, might be responsible for the observed
insecticidal activity, and this agrees with Zoubiri and Baaliouamer [116], who reported that the
main components, e.g., b-caryophyllene and caryophyllene oxide, had insecticidal activity. Also,
Caryophyllene oxide, spathulenol, and germacrene-D are known to possess anticarcinogenic,
anti-inflammatory, insecticide, pesticide, and antibacterial properties [87].

HPLC analysis showed he presence of flavonoids and phenolic compounds in L. camara
and P. orientalis acetone extracts, whereas polyphenolic flavonoid (Sylimarine) and flavonoid
glycoside (Rutin) were the most abundant constituents in L. camara and P. orientalis.

This result agrees with Ahmed et al. [117], who reported that both species of Lantana (L.
camara and L. montevidensis) contained Flavonoid glycosides. In some cases, the antibacterial
activities of flavonoid glycosides were equal to or higher than those of ciprofloxacin used as a
reference antibiotic, suggesting that they might be effective antibiotics against these pathogenic
bacteria [118]. Considering the medical importance of the test microbial species, the result can be
considered promising for the development of new antimicrobial drugs.

Rutin (3, 3, 4, 5 7-pentahydroxyflavone-3-rhamnoglucoside), also called rutoside,
quercetin-3-rutinoside, or sophorin, is a flavonol category of flavonoid [119]. Chemically, rutin is
a glycoside combining the flavonol quercetin with the disaccharide rutinose (rhamnose and
glucose) [120]. Phytochemistry analyses of P. orientalis shed light on many chemical constituents,
such as diterpenes and flavonoids [121]. Rutin has significant antioxidant capabilities due to its
reducing characteristics on various oxidizing species such as superoxide, peroxyl, and hydroxyl
radicals [122]. Besides, it has pharmacological properties such as anticancer, antibacterial, and
anti-inflammatory properties [123]. Due to its several pharmacological qualities, such as its anti-
inflammatory, anticancer, antioxidant, analgesic, and antibacterial actions, thymol has been
utilized in traditional medicine in many countries. Additionally, its safety as a natural plant
chemical has also been shown [124].

Secondary metabolites are produced in amazing diversity in all plants. Phenolic
compounds are one of the most important categories of these metabolites. Many of phenolic
compounds have antioxidant properties [125,126]. There have been numerous instances of an
increased buildup of phenolic compounds and peroxide activity in plants exposed to high metal
concentrations. Phosphonic' antioxidant action is mostly owing to their redox characteristics,
which allow them to operate as reducing agents, hydrogen donors, and singlet oxygen quenchers
[127].

These phenolic chemicals, often known as polyphenols, include a wide variety of
components, including simple flavonoids, phenolic acids, complex flavonoids, and colorful
anthocyanins. These phenolic chemicals are usually associated with plant defense responses.
However, phenolic metabolites play an essential role in other processes, such as incorporation of
attractive chemicals to aid in pollination, coloration for masking and protection from herbivores,
and antibacterial and antifungal activity [128-130].

Our data revealed that the ornamental plant extracts contain many biologically active
compounds with antimicrobial and antiparasitic activity, as shown in the GC-MS results of B.
glabra and P. orientalis plants, which contained antimalarial bioactive compounds such as
halofantrine and retinol. They also contain caryophyllene (14.61%) and cedrol (41.58%), which
have insecticidal effects. D. regia had E,E,Z-1,3,12-Nonadecatriene-5,14-diol (3.46%); Isochiapin
(1.88%); and 1-Heptatriacotanol (1.38%); L. camara plant had 2-Hydroxy-3-[(9e)-9-
ctadecenoyloxy]propyl  (9e)-9-octadecenoate  (16.28%);  Tricyclo  [20.8.0.0  (7,16)]
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triacontane,1(22),7(16)-diepoxy- (7.91%), and Squalene (1.88%), where these compounds all have
antimicrobial effects. BESIDE THAT the chemical analysis with HPLC of L. camara and P.
orientalis plants' acetone extracts revealed the presence of phenolic and flavonoids. The presence
of these metabolites in conjunction with fatty acids, tannins and terpenoids confers antibacterial
and antioxidant activity to these extracts. Intriguingly, flavonoids can form compounds with
biological components and microbial cell walls, potentially impairing their function and
inhibiting microbial development.

ADME Analysis

The ADME profile of the monoterpenoids (elemene, caryophyllene oxide, caryophyllene,
and copaene) that have been found in plants has rarely been studied alongside in vitro
antimicrobial effectiveness studies against pathogenic microbes. The Swiss ADME server was
utilized in this work to analyze various ADME characteristics such as physiochemical properties,
pharmacokinetics, solubility, lipophilicity, drug-likeness based on Lipinski's rule of five, and
medicinal chemistry [38]. The four phytochemical compounds in silico ADME prediction proved
drug-likeness, as indicated by no violation of Lipinski's rule of five and the derived bioavailability
score (0.55). Furthermore, the compound's red line in the bioavailability radar map must be inside
the pink area to be considered drug-like. All compounds' radar plots were totally within the pink
area. Furthermore, the ADME data, together with the boiled egg model, demonstrated that all the
investigated phytochemicals had superior gastrointestinal absorption and permeability of the
blood-brain barrier [38].

P-gp and cytochrome P450 (CYP) are known to aid in the biotransformation of xenobiotics
to protect tissues [131]. The phytochemicals in this investigation did not have any P-gp substrates.
The P-gp transporter is identified as the most important member of the ATP-binding cassette
transporter family, which is critical for assessing the protective efflux of biological membranes
(GI tract or brain) from xenobiotics [38,131]. Furthermore, the three phytochemicals evaluated
interacted only with the CYP1A2 isoenzyme, delivering efficiency with minimal toxicity [132].

To study the in-silico toxicity parameters, the machine learning programs Protox-II [45,46]
were utilized. The projected LD50 (mg/kg) for the three phytochemicals evaluated varied from
3700 to 5300, putting them in Protox-II toxicity class 5. Furthermore, StopTox software
determined that all the investigated phytocompounds were non-cardiotoxic based on hERG
liability prediction, with confidence levels ranging from 50 to 90%. However, before being
assessed in appropriate laboratory animal models, the resulting toxicity findings must be
correlated with the in vitro safety assessments.

Conclusion

Mosquitoes are an important vector of deadly diseases that threaten human health, and
their dangers extend beyond eradication. The emergence or recurrence of mosquitoes in endemic,
non-endemic, and new parts of the world has led to the widespread use of synthetic pesticides to
reduce the transmission of mosquito-borne diseases. With the emergence of resistant mosquitoes
and concerns about the toxicity of synthetic pesticides to both target and non-target organisms,
safer, biodegradable alternatives, Eco-friendly [133] and more efficient methods of controlling
mosquitoes and other medical and veterinary pests have been sought. As phytochemicals are
gaining popularity in mosquito control because they are natural, environmentally safe, less toxic,
less expensive, and, most importantly, less susceptible to insect resistance, selected ornamental
plants were evaluated for the detection of effective chemicals used as insecticides and against
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many microbes and pests. This was proven in the research, as the results of the research showed
the efficiency of ornamental plants as insecticides, antimicrobials, and antioxidants, and the four
phytochemical compounds in the ADME predicted silico test showed similarity and the
possibility of the intervention of that plant in the manufacture of medicine. Our data revealed
that ornamental plant extracts of B. glabra, D. regia, L. camara, and P. orientalis are rich with
bioactive organic compounds in addition to phenolics and flavonoids. There is no doubt that
more bioactive chemicals must be discovered, and future research should focus on the discovery
of botanical products with the goal of disseminating them as a reliable treatment to reduce
mosquito risks and prevent mosquito-borne diseases.

Author Contributions: Conceptualization, MMB, RMM, HTE, HSE, GED, ABD and NME;
methodology, MMB, RMM, HTE, GED, HSE and NME; validation, MMB, HTE, HSE, NME and
ABD; formal analysis, HTE, MMB, RMM, ABD, and NME; investigation, MMB, HTE, HSE, RMM,
NME, GED, ABD; resources, MMB, RMM, ABD, and NME; data curation, MMB, RMM, HTE,
HSE, GED, and NME; writing—original draft preparation, MMB, HTE, RMM, and NME;
writing—review and editing, MMB, RMM, HTE, HSE, GED, ABD and NME; supervision, MMB,
HTE, RMM, and NME and; All authors have read and agreed to the published version of the
manuscript.

Funding: Not available

Institutional Review Board Statement: The study was conducted according to the guidelines of
the Declaration of Benha University, and approved by Ethics Committee of Faculty of Science,
Benha University (Code: BUFS 2023-16Ent).

Informed Consent Statement: Not applicable.

Data Availability Statement: The datasets used and/or analyzed during the current study

available from the corresponding author on reasonable request. Correspondence:
mohamed.albaz@fsc.bu.edu.eg

Acknowledgments: We are grateful to the Entomology and Botany Departments of the Faculty
of Science at Benha University, where this study was conducted. We also thank Dr. Heba Ebeed,
Botany and Microbiology Department, Faculty of Science, Damietta University, for metabolomics
and chemoinformatic analysis and her strong and effective contributions to research
development. We also thank Dr. Ahmed Darwish, Zoology Department, Faculty of Science, Suez
University, for his valuable support and advice.

Declarations

Consent for publication: Not applicable.

Competing interests: The authors declare that they have no competing interests.

Sample Availability: Not applicable

29


mailto:mohamed.albaz@fsc.bu.edu.eg

865
866
867
868
869
870

871

872

873
874
875
876
877
878
879
880
881
882
883
884
885
886
887
888
889
890
891
892
893
894
895
896
897
898
899
900
901
902
903
904
905
906
907
908
909

Author details

1 Entomology Department, Faculty of Science, Benha University, Benha 13518, Egypt; 2 Botany and
Microbiology Department, Faculty of Science, Benha University, Benha, Qalyubiya 13518, Egypt; 3 Botany
and Microbiology Department, Faculty of Science, Damietta University, Damietta, 34517, Egypt; ¢ National
Biotechnology Network of Expertise (NBNE), Academy of Scientific Research and Technology (ASRT),
Cairo, Egypt; 5 Zoology Department, Faculty of Science, Suez University, Suez, 43518 Egypt

References

10.

11.

12.

13.

14.

15.

Cheng SS, Huang CG, Chen Y], et al. Chemical compositions and larvicidal activities of leaf
essential oils from two eucalyptus species. Bioresour Technol. 2009; 100: 452-456.

Prajapati V, Tripathi AK, Aggarwal KK, et al. Insecticidal, repellent and oviposition-deterrent
activity of selected essential oils against Anopheles stephensi, Aedes aegypti and Culex quinquefasciatus.
Bioresource technology. 2005; 96:1749-1757.

Hemalatha P, Elumalai D, Janaki A, et al. Larvicidal activity of Lantana camara aculeata against three
important mosquito species. Journal of Entomology and Zoology Studies. 2015; 3:174-181.

WHO. Evaluation of genetically modified mosquitoes for the control of vector-borne diseases:
position statement, October 2020.

Jirakanjanakit NP, Rongnoparut S, Saengtharatip T, et al. Insecticide susceptible/resistance status
in Aedes (Stegomyia) aegypti and Aedes (Stegomyia) albopictus (Diptera: Culicidae) in Thailand during
2003 - 2005. ]. Econ. Entomol. 2007:545- 550.

Sudo M, Takahashi D, Andow DA, et al. Optimal management strategy of insecticide resistance
under various insect life histories: Heterogeneous timing of selection and interpatch dispersal.
Evolutionary applications. 2018; 11:271-283.

Bakkali F, Averbeck S, Averbeck D et al. Biological effects of essential oils; a review of recent
research. Food and Chemical Toxicology. 2008; 46:446- 475.

Baz MM, Selim A, Radwan IT, Alkhaibari AM, Khater HF. Larvicidal and adulticidal effects of
some Egyptian oils against Culex pipiens. Scientific Reports, 2022: 12(1):4406.

Baz MM, Hegazy MM, Khater HF, et al. Comparative Evaluation of Five Oil-Resin Plant Extracts
against The Mosquito Larvae, Culex pipiens Say (Diptera: Culicidae). Pakistan Veterinary Journal.
2021:41(2).

Wiseman Z, Chapagain BP. Larvicidal effects of aqueous extracts of Balanties aegyptiaca (desert
date) against the larvae of Culex pipiens mosquitoes. African Journal of Biotechnology. 2005: 4:1351-
1354.

Chowdhurry N, Ghosh A, Chandra G. Mosquito larvicidal activities of Solanum villosum berry
extract against the dengue vector Stegomyia aegypti. BMC Compement Altern Med. 2008: 8,10.
Joseph CC, Ndoile MM, Malima RC, et al. Larvicidal and mosquitocidal extracts, a coumarin,
isoflavonoids and pterocarpans from Neorautanenia mitis. Transactions of the Royal Society of
Tropical Medicine and hygiene. 2004: 98:451-455.

Cavalcanti ESB, Morais SM, Lima MAA, et al. Larvicidal activity of essential oils from Brazilian
plants against Aedes aegypti L. Memorias do Instituto Oswaldo Cruz. 2004; 99:541-544.
Perez-Gutierrez Martha R, Maria Neira Gonzalez A, Hoyo-Vadillo C. Alkaloids from piper: a
review of its phytochemistry and pharmacology. Mini Reviews in Medicinal Chemistry. 2013. 13,
163-193.

Yang YC, Le EH, Lee HS, et al. Repellency of aromatic medicinal plant extracts Aedes aegypti.
Journal of American Mosquito Control Association. 2004; 20:146-149.

30



910
911
912
913
914
915
916
917
918
919
920
921
922
923
924
925
926
927
928
929
930
931
932
933
934
935
936
937
938
939
940
941
942
943
944
945
946
947
948
949
950
951
952
953
954
955
956
957

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

Lengai GM, Muthomi JW, Mbega ER. Phytochemical activity and role of botanical pesticides in
pest management for sustainable agricultural crop production. Scientific African. 2020: 7, e00239.
Elumalai S, Saravanan K, Rajesh D, et al. Medicinal plants used ethno botanically by Thenu kuruba
tribes of Coorg District, Karnataka, India. Journal of Tree Sciences. 2019; 38: 46-58.

Girish K. Antimicrobial activities of Lantana camara Linn. Asian Journal of Pharmaceutical and
Clinical Research, 2017; 10: 57-67.

Verma S. Medicinal potential of lantana camara: Verbenaceae. Journal of Drug Delivery and
Therapeutics. 2018. 8:62-64.

Thamotharan G, Sekar G, Ganesh T, et al. Antiulcerogenic effect of Lantana camara Leaves on in
vivo test models in Rats. Asian Jour. Pharm. Clinical. Res. 2010; 57- 60.

Sathish KM, Maneemegalai S. Evaluation of larvicidal effect of Lantana camara Linn against
mosquito species Aedes aegypti and Culex quinquefasciatus. Adv Biol Res. 2008; 39-43.

Begum S, Ayub A, Qamar Zehra S, et al. Leishmanicidal triterpenes from Lantana camara. Chemistry
& biodiversity. 2014; 11:709- 718.

Alagi¢ A, Baxerres B, Berger F, et al. Identification handbook for non-native tree species in the
Alpine space. Gozdarski institut Slovenije. 2022.

Srivastava P, Kumar P, Singh DK, et al. Biological properties of Thuja orientalis Linn. Adv. Life Sci.
2012; 2:17-20.

Choi HA, Ahn SO, Lim HD, et al. Growth suppression of a gingivitis and skin pathogen
Cutibacterium (Propionibacterium) acnes by medicinal plant extracts. Antibiotics (Basel,
Switzerland) 2021; 10: 1092.

Bortolotti, M., Bolognesi, A., Polito, L. Bouganin, an attractive weapon for immunotoxins. Toxins.
2018; 10, 323.

Abarca-Vargas, R., Petricevich, VL. Bougainvillea genus: A review on phytochemistry,
pharmacology, and toxicology. Evidence-based complementary and alternative medicine. 2018.
Gupta V, George M, Joseph L, et al. Evaluation of antibacterial activity of Bougainvillea glabra, snow
white and Bougainvillea glabra ‘choicy’. Journal of Chemical and Pharmaceutical Research. 2009;
1, 233-237.

Saikia H, Lama A. Effect of Bougainuvillea spectabilis Leaves on Serum Lipids in Albino Rats Fed with
High Fat Diet. International Journal of Pharmaceutical Sciences and Drug Research. 2011; 3, 141-
145.

Deepa B, Remadevi OK. Larvicidal activity of the flowers of Delonix regia (Bojer Ex Hook.) Rafin.
(Fabales: Fabaceae) against the teak defoliator, Hyblaea puera Cramer. Current Biotica. 2011; 5:237-
240.

Shabir G, Anwar F, Sultana B, et al. Antioxidant and antimicrobial attributes and phenolics of
different solvent extracts from leaves, flowers and bark of Gold Mohar [Delonix regia (Bojer ex
Hook.) Raf.]. Molecules. 2011; 16:7302-7319.

Cheirmadurai K, Thanikaivelan P, Murali R. Highly biocompatible collagen-Delonix regia seed
polysaccharide hybrid scaffolds for antimicrobial wound dressing. Carbohydrate polymers 2016;
137:584-593.

Rahman M, Hasan N, Das AK, et al. Effect of Delonix regia leaf extract on glucose tolerance in
glucoseinduced hyperglycemic mice. African Journal of Traditional, Complementary and
Alternative Medicines. 2011; 8(1).

Shewale VD, Deshmukh TA, Patil LS et al. Anti-Inflammatory Activity of Delonix regia (Boj. Ex.
Hook). Advances in pharmacological sciences. 2012; 789713

Okore OO, Ekedo CM, Ibediugha BN, et al. Pest status of Thyridopteryx ephemeraeformis
(Lepidoptera: Psychidae)(Bagworms) on Delonix regia (Fabales: Fabaceae), an ornamental tree. Int.
J. Agric. Earth Sci. 2019; 2:43-51.

31



958
959
960
961
962
963
964
965
966
967
968
969
970
971
972
973
974
975
976
977
978
979
980
981
982
983
984
985
986
987
988
989
990
991
992
993
994
995
996
997
998
999
1000
1001
1002
1003
1004

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

Sudhapriya A, Dhivya R. Phytochemical screening and larvicidal efficacy of solvent extracts of
Delonix regia leaf and flower against vector mosquito Culex quinquefasciatus. International Journal
of Research and Review. 2019; 6(3):206-214.

Abdullahi M, Shallangwa G, Uzairu A. In silico QSAR and molecular docking simulation of some
novel aryl sulfonamide derivatives as inhibitors of H5N1 influenza A virus subtype. Beni-Suef
Univ ] Basic Appl Sci. 2020; 9:2.

Daina A, Michielin O, Zoete V. SwissADME: a free web tool to evaluate pharmacokinetics, drug-
likeness and medicinal chemistry friendliness of small molecules. Sci Rep. 2017; 7: 1-3.

Yuan, J., Hao, L. J.,, Wu, G,, Wang, S., Duan, J. A, Xie, G. Y., & Qin, M. ]. (2015). Effects of drying
methods on the phytochemicals contents and antioxidant properties of chrysanthemum flower
heads harvested at two developmental stages. Journal of Functional Foods, 19, 786-795.

Baz MM (2013). Strategies for Mosquito Control. PhD Thesis. Faculty of science, Benha University,
Egypt.

WHO, 2005. Guidelines for Laboratory and Field Testing of Mosquito Larvicides; World Health
Organization: Geneva, Switzerland

Aletayeb SMH, Khosravi AD, Dehdashtian M, Kompani F, Mortazavi SM, Aramesh MR.
Identification of bacterial agents and antimicrobial susceptibility of neonatal sepsis: A 54-month
study in a tertiary hospital. African Journal of Microbiology Research, 2011; 5(5):528-531.

Valko M., Leibfritz D., Moncol J., Cronin M.T., Mazur M., Telser J. Free radicals and antioxidants
in normal physiological functions and human disease. Int. J. Biochem. Cell Biol. 2007;39:44-84.
El-Hefny M, Mohamed AA, Salem MZM, et al. Chemical composition, antioxidant capacity and
antibacterial activity against some potato bacterial pathogens of fruit extracts from Phytolacca dioica
and Ziziphus spinachristi grown in Egypt. Sci. Hortic. 2018; 233:225-232

Banerjee P, Eckert A, Schrey A, et al. ProTox-1I: a webserver for the prediction of toxicity of
chemicals. Nucleic acids Res. 2018; 46:257-63.

Braga R, Alves V, Muratov E, et al. Pred-skin: a fast and reliable web application to assess skin
sensitization effect of chemicals. ] Chem Inf Model. 2017; 57: 1013-7.

Ni ZJ, Wang X, Shen Y, et al. 2021. Recent updates on the chemistry, bioactivities, mode of action,
and industrial applications of plant essential oils. Trends Food Sci. Technol. 110, 78-89.

ElKhetabi A, Lahlali R, Ezrari S, et al. Role of plant extracts and essential oils in fighting against
postharvest fruit pathogens and extending fruit shelf life: a review. Trends Food Sci. Technol. 2022;
120: 402-417.

Kumar J, Ramlal A, Mallick D, et al. An overview of some biopesticides and their importance in
plant protection for commercial acceptance. Plants. 2021; 10, 1185.

Rakshit A, Meena VS, Abhilash P, et al. Biopesticides: Volume 2: Advances in Bio-Inoculants.
Cambridge, MA: Woodhead Publishing. 2021.

Marrone PG. Pesticidal natural products - status and future potential. Pest Manage. Sci. 2019; 75:
2325-2340.

Lahlali R, El Hamss H, Mediouni-Ben Jemaa ], et al. Editorial: The Use of Plant Extracts and
Essential Oils as Biopesticides. Frontiers in Agronomy. 2022; 4, 1-3.

Bosly HAEK. Larvicidal potential of Thuja orientalis leaves and fruits extracts against Culex pipiens
(Diptera: Culicidae). Journal of King Saud University-Science. 2023; 35, 102396.

Sanei-Dehkordi A, Gholami S, Abai MR, et al. Essential 0il composition and larvicidal evaluation
of Platycladus orientalis against two mosquito vectors, Anopheles stephensi and Culex pipiens. ].
Arthropod. Borne. Dis. 2018; 12:101-107

Jeon JH, Lee SH, Kim MK, et al. Larvicidal activity of Chamaecyparis obtusa and Thuja orientalis leaf
oils against two mosquito species. Applied Biological Chemistry. 2005; 48: 26-28.

32



1005
1006
1007
1008
1009
1010
1011
1012
1013
1014
1015
1016
1017
1018
1019
1020
1021
1022
1023
1024
1025
1026
1027
1028
1029
1030
1031
1032
1033
1034
1035
1036
1037
1038
1039
1040
1041
1042
1043
1044
1045
1046
1047
1048
1049
1050
1051

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

Oluah NS, Ezeabiakwa OB. Evaluation of Larvicidal Activity of Leaf Extract of Lantana camara
(Family: Verbenaceae) Against the Aedes aegypti Mosquito. Bio-Research. 2012; 9:768-774

Okwute SK. Plants as potential sources of pesticidal agents: a review. Pesticides—Advances in
chemical and botanical pesticides. 2012; 10:208-232.

Alghamdi AA, Basher NS. Efficacy of leaves and flowers ethanol extracts of the invasive species
Lantana camara Linn as a Mosquito larvicidal. Int ] Mosq Res. 2020; 7: 43-7.

Sousa EO, Miranda C.M, Nobre CB, et al. Phytochemical analysis and antioxidant activities of
Lantana camara and Lantana montevidensis extracts. Industrial Crops and Products. 2015; 70:7-15.
Al-Snafi AE. Chemical constituents and pharmacological activities of Lantana camara-A review.
Asian | Pharm Clin Res. 2019; 12912:10-20.

Mansoori A, Singh N, Dubey SK, et al. Phytochemical characterization and assessment of crude
extracts from Lantana camara L. for antioxidant and antimicrobial activity. Frontiers in Agronomy.
2020; 2, 582268.

Ghisalberti EL. Lantana camara L.(verbenaceae). Fitoterapia. 2000; 71, 467-486.

Dua DK, Pandey AC, Dash AP. Adulticidal activity of essential oil of Lantana camara leaves against
Mosquitoes. Indian Journal of Medical Research. 2010; 131, 434-439.

Tadesse E, Engidawork E, Nedi T, et al. Evaluation of the anti-diarrheal activity of the aqueous
stem extract of Lantana camara Linn (Verbenaceae) in mice. BMC Complementary and Alternative
Medicine. 2017; 17, 1-8.

Ayalew AA. Insecticidal activity of Lantana camara extract oil on controlling maize grain weevils.
Toxicology Research and Application. 2020; 4, 2397847320906491.

Shah M. Alharby HF, Hakeem KR. Lantana camara: a comprehensive review on phytochemistry,
ethnopharmacology and essential oil composition. Lett Appl Nano Biomed Sci. 2020; 9:1199-207
Sivakumar T. A recent review on phytochemicals commonly found in herbal plants. International
Journal of Botany Studies. 2022; 7, 54-57.

Caruntu S, Ciceu A, Olah NK, et al. Thuja occidentalis L. (Cupressaceae): Ethnobotany,
phytochemistry and biological activity. Molecules. 2020; 25, 5416.

Ghogar A, Jiraungkoorskul K, Jiraungkoorskul W. Paper Flower, Bougainvillea spectabilis: Update
properties of traditional medicinal plant. ]. Nat. Remed. 2016; 16, 82-87

Nagarajan Y, Rongala J, Luang S, Singh A, Shadiac N, Hayes J, et al. A barley efflux transporter
operates in a Na+-dependent manner, as revealed by a multidisciplinary platform. Plant Cell 2016;
28 202-218

Jain S, Vaidya A, Jain N, et al. Bioactive Compounds of Royal Poinciana (Delonix regia (Hook.) Raf.).
Bioactive Compounds in Underutilized Vegetables and Legumes. 2021; 483-502.

Baz MM, Khater HF, Baeshen RS, et al. Novel pesticidal efficacy of Araucaria heterophylla and
Commiphora molmol extracts against camel and cattle blood-sucking ectoparasites. Plants. 2022; 11,
1682.

Radwan IT, Baz MM, Khater H, et al. Mg-LDH Nanoclays Intercalated Fennel and Green Tea
Active Ingredient: Field and Laboratory Evaluation of Insecticidal Activities against Culex pipiens
and Their Non-Target Organisms. Molecules. 2022; 27, 2424.

Baeshen RS, Baz MM, Efficacy of Acacia nilotica, Eucalyptus camaldulensis, and Salix safsafs on the
mortality and development of two vector-borne mosquito species, Culex pipiens and Aedes aegypti,
in the laboratory and field. Heliyon. 2023; 9.

Khater H, E Soliman D, Slim A, et al. Larvicidal Efficacy of Fifteen Plant Essential Oils against
Culex pipiens L. Mosquitoes in Egypt. Egyptian Journal of Veterinary Sciences. 2023; 54, 183-192
Ganjawala D, Sam S, Khan K. Biochemical compositions and antibacterial activities of Lantana
camara plants with yellow, lavender, red and white flowers. Eur. Asia J. Biol. Sci., 2009; 3:69-77.

33



1052
1053
1054
1055
1056
1057
1058
1059
1060
1061
1062
1063
1064
1065
1066
1067
1068
1069
1070
1071
1072
1073
1074
1075
1076
1077
1078
1079
1080
1081
1082
1083
1084
1085
1086
1087
1088
1089
1090
1091
1092
1093
1094
1095
1096
1097

1098

77.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

91.

92.

93.

94.

95.

96.

97.

Priya K, Ganjewala D. Antibacterial activities and phytochemical analysis of different plant parts
of Nyctanthes arbor-tristis (Linn.). Res ] Phytochem, 2007; 1(2), 61-67.

Guo F, Chen Q, Liang Q, et al. Antimicrobial activity and proposed action mechanism of linalool
against Pseudomonas fluorescens. Frontiers in Microbiology. 2021; 12, 562094

Sukul S, Chaudhuri S. Antibacterial natural products from leaves of Lantana camara L. Indian ]
Pharm Sci. 2001; 63, 20-3

Basu S, Ghosh A, Hazra B. Evaluation of the antibacterial activity of Ventilago madraspatana Gaertn.,
Rubia cordifolia Linn. and Lantana camara Linn.: isolation of emodin and physcion as active
antibacterial agents. Phytotherapy Research: An International Journal Devoted to Pharmacological
and Toxicological Evaluation of Natural Product Derivatives. 2005; 19, 888-894.

Amutha S. Phytochemical investigation and in vitro evaluation of Lantana camara seed extracts on
selected human pathogenic bacteria. Int. J. Pharm. Bio. Sci. 2014; 5, 416-421.

Weenen H, Nkunya MH, Brag DH. Anti-malarial activity of Tanzanian medicinal plants. Planta
Medica. 1990; 56, 368-370.

Venkatachalam T. Antidiabetic activity of Lantana camara Linn fruits in normal and streptozotocin-
induced diabetic rats. Journal of Pharmacy and Research. 2011; 4:1550-1552

Gallo MBC, Sarachine M]J. Biological Activities of Lupeol. Int. ]. Biomed. Pharm. Sci. 2009; 3, 46-66
Darwish RS, Hammoda HM, Ghareeb DA, et al. Seasonal dynamics of the phenolic constituents of
the cones and leaves of oriental Thuja (Platycladus orientalis L.) reveal their anti-inflammatory
biomarkers. RSC advances. 2021; 11, 24624-24635.

Jain N, Sharma M. Ethanobotany, phytochemical and pharmacological aspects of Thuja orientalis.
A review. Int. J. Pure Appl. Biosci. 2017; 5:73-83.

Swamy MK, Sinniah UR. A Comprehensive review on the phytochemical constituents and
pharmacological activities of Pogostemon cablin Benth: an Aromatic Medicinal Plant of Industrial
Importance. Molecules. 2015; 20, 8521-8547.

Amalia A, Syafitri I, Prasasty VD. Antimalarial effect of flamboyant (Delonix regia) bark and papaya
(Carica papaya L.) leaf ethanolic extracts against Plasmodium berghei in mice. Biomedical and
Pharmacology Journal. 2017; 10, 1081-1089.

Kasim LS, Ferro VA, Odukoya OA, et al. Evaluation of cytotoxic and antimicrobial activities of
Struchium sparganophora (Linn.) Kuntze Asteraceae. J. Med. Plants Res. 2011; 5, 862-867.

Rudy JC, Hyoung-gon L, Goerge P, et al. American Journal of Alzheimers Disease and Other
Dementias. 2006; 21(2).

Bouayed ], Bohn T. Exogenous antioxidants-double-edged swords in cellular redoc state: health
beneficial effects at physiologic doses versus deleterious effects at high doses. Oxidative Medicine
and Cellular Longevity. 2010; 3 (4):228-237.

Soni H and Sehrawat S. 2019. Phytopharmacology Profile of Bougainvillea glabra: An Overview.
British Journal of Medical and Health Research. 6.

Mariajancyrani J, Chandramohan G, Saravanan P. et al. In-Vitro Antioxidant Potential of Delonix
regia Leaves. Scholars Academic Journal of Pharmacy. 2013; 2, 468-471.

Koshimizur K, Ohigashi-Tokuda H, Kondo A. et al. Screening of Edible Plants against Possible
Antitumor Promoting Activity. Cancer Lett. 1988; 39, 247.

Aly ME, Ezzat SM, Maha MS, et al. Hepatoprotective and Cytotoxic Activities of Delonix regia
Flower Extracts, Phycology Journal. 2011; 3, 49-56

Singh S, Sonia P. Pharmacognostical evaluation and phytochemical analysis of Delonix regia Rafin.
Stem bark. International Journal of Pharmaceutical Sciences and Research. 2018; 9: 1908-12.
Laxmishree C, Nandita S. Botanical pesticides—A major alternative to chemical pesticides: A

review. Int. J. Life Sci. 2017; 5, 722-729.

34



1099
1100

1101
1102
1103
1104
1105
1106
1107
1108
1109
1110
1111
1112
1113
1114
1115
1116
1117
1118
1119
1120
1121
1122
1123
1124
1125
1126
1127
1128
1129
1130
1131
1132
1133
1134
1135
1136
1137
1138
1139
1140
1141
1142
1143
1144

98. Prabha S, Yadav A, Kumar A, et al. Biopesticides— An alternative and eco-friendly source for the
control of pests in agricultural crops. Plant Arch. 2016; 16:902-906

99. Nawaz H, Shad MA, Rehman N. et al. Effect of solvent polarity on extraction yield and antioxidant
properties of phytochemicals from bean (Phaseolus vulgaris) seeds. Brazilian Journal of
Pharmacefutical Sciences. 2020; 56, e17129.

100.Mostafa RM, El Rahman RIA, Yassin, MH, et al. Antibacterial, Antivirulence Activities and
Phytochemical Screening of Some Wild&Wasts Plants in Egypt. Egyptian Academic Journal of
Biological Sciences, G. Microbiology. 2022; 14, 65-76.

101.Mohanty SK, Malappa K, Godavarthi A, et al. Evaluation of antioxidant, in vitro cytotoxicity of
micropropagated and naturally grown plants of Leptadenia reticulata (Retz.) Wight & Arnan
endangered medicinal plant. Asian Pacific Journal of Tropical Medicine. 2014; 7:5267-5271.

102.Naz R, Bano A. Phytochemical screening, antioxidants and antimicrobial potential of Lantana
camara in different solvents. Asian Pacific Journal of Tropical Disease. 2013; 3:480-486.

103.Dos Santos Lencina J, Bonfa Moslaves IS, de Araujo Isaias Muller ], et al. Lantana canescens (Kunth)
inhibits inflammatory and hyperalgesic responses in murine models. ]. Ethnopharmacol. 2021; 280,
114461.

104.Dawood AS, Chua LS, Tan TS, et al. Apoptotic mechanism of lantadene A from Lantana camara
leaves against prostatic cancer cells. Egypt. J. Chem. 2021; 64:7503-7510.

105.Amany R, Yara K, Tharwat R, et al. Multidrug-resistant Staphylococcus bacteria isolated from
pregnant women and the antimicrobial effect of Lantana camara L. different extracts. Egypt. J. Exp.
Biol. 2021; 17, 33

106.Qureshi H, Anwar T, Ali Q, et al. Isolation of natural herbicidal compound from Lantana camara.
Int. J. Environ. Anal. Chem. 2021; 101, 631-638.

107.Negi GCS, Sharma S, Vishvakarma SCR, et al. Ecology and Use of Lantana camara in India. Bot. Rev.
2019; 85:109-130

108.Kehail MAA, Abdelrahim YA, Ibrahim NI. Phytochemical Screening of Calotropis procera Flower
Parts and their Larvicidal Potentialities against Anopheles and Culex Larvae, Gezira State. Sudan.
International Journal of Biology Research. 2017; 2(2):88-92.

109.Bukar A, Tukur Z. Adulticidal potentials of dichloromethane extracts of some selected plant leaves
against Culex mosquitoes. Bayero Journal of Pure and Applied Sciences. 2017; 10:38-42.

110.Park IK, Lee HS, Lee SG, et al. Antifeeding activity of Isoquinoline alkaloids identified in Coptis
japonica roots against Hyphantria cunea (Lepidoptera: Arctiidae) and Agelastica coerulea (Coleoptera:
Galerucinae). Journal of Economic Entomology. 2009; 93:331-335.

111.Pavela R, Vrchotova N, Era B. Growth inhibitory effect of extracts from Reynoutria sp. plants against
Spodoptera littoralis larvae. Agrociencia. 2008; 42:573-58

112.Mehta BK, Sharma M, Shitut S. Identification of novel compounds from Thuja orientalis (leaves).
Indian J. Chem. - B Org Med. Chem. 1999; 38:1005-1008.

113.5chmidt S, Tomasi C, Pasqualini E, et al. The biological efficacy of pear ester on the activity of
Granulosis virusfor codling moth. Journal of Pest Science. 2008; 81, 29.

114.Velu K, Elumalai D, Hemalatha, P, et al. Phytochemical screening and larvicidal activity of peel
extracts of Arachis hypogaea against chikungunya and malarial vectors. International Journal of
Mosquito Research. 2015; 2:1- 8.

115.Yousef H, EL-Lakwah SF, EL Sayed YA. Insecticidal activity of linoleic acid against Spodoptera
littoralis (BOISD.). Egyptian Journal of Agricultural Research. 2013; 91, 573.

116.Zoubiri S, Baaliouamer A. GC and GC/MS analyses of the Algerian Lantana camara leaf essential
oil: Effect against Sitophilus granarius adults. Journal of Saudi Chemical Society. 2012; 16: 291-297.

35



1145
1146
1147
1148
1149
1150
1151

1152
1153
1154

1155
1156
1157
1158
1159
1160
1161
1162
1163
1164
1165
1166
1167
1168
1169
1170
1171
1172
1173
1174

1175
1176
1177
1178

1179
1180
1181
1182
1183

117.Ahmed MG, Al-Sagheer AA, El-Zarkouny SZ, Elwakeel EA. Potential of selected plant extracts to
control severe subacute ruminal acidosis in vitro as compared with monensin. BMC Veterinary
Research, 2022; 18(1):1-11. Mariam Ahmed et al. (2022

118.Tatsimo NSJ, Tamokou JD, Tsague TV, et al. Antibacterial-guided isolation of constituents from
Senna alata leaves with a particular reference against multi-drug-resistant Vibrio cholerae and
Shigella flexneri. Int ] Biol Chem Sci. 2017; 11:46-53.

119.Ganeshpurkar A, Saluja AK. The pharmacological potential of rutin. Saudi Pharmaceutical Journal.

2017; 25:149-164.
120.Sharma S, Ali A, Ali J, et al. Rutin:therapeutic potential and recent advances in drug
delivery.Expert Opinion on Investigational Drugs. 2013; 22:1063-1079

121.Shan MQ, Shang ], Ding AW,. Platycladus orientalis leaves: asystemic review on botany,
phytochemistry and pharmacology. The American Journal of Chinese Medicine 2014; 42:523-542.

122.Imani A, Maleki N, Bohlouli S, et al. Molecular mechanisms of anticancer effect of rutin.
Phytotherapy Research. 2021; 35:2500-2513,

123.Negahdari R, Bohlouli S, Sharifi S, et al. Therapeutic benefits of rutin and its nanoformulations.
Phytotherapy Research. 2021; 35:1719-1738,

124.Rathod NB, Kulawik P, Ozogul F, et al. Biological activity of plant-based carvacrol and thymol and
their impact on human health and food quality. Trends Food Sci. Tech. 2021; 116:733-748.

125.Saharan P, Duhan ]S, Gahlawat SK. Antioxidant potential of various extracts of stem of Thuja
orientalis: in vitro study. 2012.

126.Vuolo MM, Lima VS, Junior MRM. Phenolic compounds: Structure, classification, and antioxidant
power. In Bioactive compounds (pp. 33-50). Woodhead Publishing. 2019.

127.Liang T, Yue W, Li Q. Comparison of the phenolic content and antioxidant activities of Apocynum
venetum L. (Luo-Bu-Ma) and two of its alternative species. International journal of molecular
sciences. 2010; 11:4452-4464.

128.Edreva A, Velikova V, Tsonev T, et al. Stress-protective role of secondary metabolites: Diversity of
functionsand mechanisms. Gen. Appl. Plant. Physiol. 2008; 34:67-78.

129.Lin D, Xiao M, Zhao ], et al. An overview of plant phenolic compounds and their importance in
human nutrition and management of type 2 diabetes. Molecules. 2016; 21, 1374.

130.Kumar S, Abedin MM, Singh AK, et al. Role of phenolic compounds in plant-defensive

mechanisms. Plant Phenolics in Sustainable Agriculture. 2020; 1:517-532.

131.Van Waterschoot R, Schinkel A. A critical analysis of the interplay between cytochrome P450 3A
and P-glycoprotein: recent insights from knockout and transgenic mice. Pharmacol Rev. 2011; 63,
390-410.

132.Alminderej F, Bakari S, Almundarij T, et al. Antioxidant activities of a new chemotype of Piper
cubeba L. fruit essential oil (methyleugenol/eugenol): In Silico molecular docking and ADMET
studies. Plants. 2020; 9:1534.

133.Dalavayi HM, Bala S, Choudhury D. Eco-friendly plant based on botanical pesticides. Plant
Archives. 2021; 21:2197-2204.

36



Supplementary Files

This is a list of supplementary files associated with this preprint. Click to download.

e Supplementarydata.rar

e Supplementaryfiles.docx


https://assets.researchsquare.com/files/rs-3422057/v1/4b9e2d7b059554b0f75806bc.rar
https://assets.researchsquare.com/files/rs-3422057/v1/ecf52ddf37c18949c9366231.docx

