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Abstract

Yellow fever, Dengue fever, Chikungunya, and Zika virus are risky Aedes aegypti-borne infectious
diseases among natives and travelers who travel to endemic countries globally. A total of 10g of each
rigorously weighed dried leaf of Hyptis pectinata and four extracts (hexane, DCM, acetone, &ethanol)
at concentrations of 125, 250, 500, & 1000ppm were evaluated for larvicidal activities against Ae. ae-

gypti 4" instar larvae.

LCsy mortality increased to 100%, 20%, 60%, & 60% at 500ppm of hexane, DCM, acetone, and eth-
anol extract (171, 203, 419 & 449 ppm, respectively), after 24 hours laboratory exposure. This inex-
pensive medicinal plant reduced mosquitoes and thus can control their infectious parasitic and viral

diseases.
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Introduction

Arthropod-borne diseases are diseases ac-
quired through arthropod vectors, most often
from the bite of infected mosquitoes, ticks,
sandflies, or fleas, which infectious diseases
are predominantly carried by developing co-
untries, including countries of African con-
tinent (Gossner et al, 2023). Five of the most
important arboviruses affecting communities
in Africa are chikungunya, dengue, West Ni-
le, yellow fever and Zika viruses (E1 Bahna-
sawy et al, 2015). With the exception of yel-
low fever vaccine and Ebola vaccine, other
vaccines for viral hemorrhagic fevers were
generally not available (Ergoniil et al, 2018).
Also, malaria is an acute febrile illness caus-
ed by five zoonotic Plasmodium species that
are spread to people by the bites of infected
female Anopheles mosquitoes (WHO, 2024).
Malaria and human immunodeficiency virus
are risky infectious diseases that desire more
national collaborations (Saleh et al, 2019).
No doubt, protection against these risky dis-
eases is based on the combination of chemi-
cally-treated gear, clothing and effective ch-
emical repellent (Morsy, 2012). Generally,
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the chemical insecticides are used against
mosq-uitoes, ticks, mites and other pests af-
fecting hum an welfare, but with marked
significant in alt-ering ecosystems; and toxic
to humans, edib-le animals, vegetation and
others (El Bahnasawy et a/, 2014). Mosqui-
to-borne diseases still the major source of
human morbidity and mortality globally par-
ticularly only in the year 2017, it has been
reported that approximately 700,000 deaths
occurred as a result of mosquito bites from
Anopheles, Aedes and Culex) mosquitoes
(Bhatt et a/, 2013, WHO, 2017). But, in dev-
eloping countries worldwide, there are spec-
ific medications available commercially and
patients still die of malaria health-related pr-
oblems every day that is even preventable or
curable due to lack of simple health care not
to mention unpreventable or incurable health
problems, for example, dengue fever the car-
rier of this disease which is majorly trans-
mitted by 4. aegypti (Berhanu et al, 20006).

Mosquito control interventions are indicat-
ed to suppress their infectious diseases and
reducing mortality not only in Nigeria, but
also globally (Al-Agroudi et al, 2017).



Many intervention strategies and measures

have been implemented worldwide in order
to reduce mosquito-transmitted diseases in
humans such as repelling mosquitoes by the
means of insecticides, mosquito nets, or by
disrupting the mosquito lifecycle via the re-
moval of stagnant water, with various de-
grees of success (Von et al, 2017).
Many chemical insecticide resistance of A.
aegypti such as DDT, pyrethroids, organop-
hosphate, bendiocarb and carbamates (Moy-
es et al, 2017) apart from being risky (Kam-
gang et al, 2017). The research was condu-
cted on natural Bti, temephos and spinosad
which were susceptible without resistance to
A. aegypti was reported in Africa whereas
temephos resistance was extremely common
in Latin America and throughout Asia (Maz-
zarri and Georghiou 1995). Naturally used
spinosad retained larvicidal activity against
anopheline, as a result, the problem of degr-
adation of the environment, hazards and res-
istance can be totally eradicated with this
natural product (Marina et a/, 2014).

No doubt, essential oils from plant extracts

have mosquito larvicidal and repellant effici-
ency without posing any human toxicity or
any hazardous (Amer and Mehlhorn, 2006).
Besides, medicinal plant extracts as garlic,
ginger and Commiphora molmol were safely
used in treating intestinal protozoan, crypto-
sporidiosis (Abouel-Nour et al, 2016), Egyp-
tian phenolic plants treated tissue protozoan,
cutaneous leishmaniasis (Abdel-Hady et al,
2011), Calotropis procera latex controlled
of Musca domestica 3" instar larvae (Morsy
et al, 2001) and camphor oil successfully tr-
eated human Sarcoptes scabiei (Morsy et al,
2003).
However, mosquito control by H. pectinata
plants has not been sought at a large scale
leading to the availability of limited reports
as regards the importance of the use of cer-
tain H. pectinata against A. aegypti (War-
ikoo and Kumar, 2014).

The present study aimed to assess the leaf
extracts Hyptis pectinata using four solvents
against Aedes aegypti larvae. Hopping that
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the outcome data of this plant, which is ava-
ilable, inexpensive, safe, and friendly insect-
icide for mosquitoes borne risky diseases.
Materials and Methods

Collection of plant: Freshly harvested
leaves of H. pectinata were collected from
the Institute of Management and Technology
(IMT), Enugu State, in December 2020, and
kindly identified by Mr. Alfred Ozioko, a
taxonomist of the Bio-resources Develop-
ment and Conservation Programme (BDCP),
Nsukka, Enugu State. Cleaned H. pectinata
leaves were dried for 14 days at a room tem-
perature of 25-27°C & a relative humidity of
75-81%. The dried leaves were powdered
using an electric grinder, sieved with a 0.4
mm mesh cloth, and stored in a refrigerator
at -4°C an opaque container until needed.

Preparation of extracts: 10g of each rigor-
ously weighed dried leaf part was extracted
in hexane, DCM, acetone and ethanol by
cold maceration process with constant shak-
ing for 48 hours in the laboratory, School of
Preliminary Studies, Federal College of De-
ntal Technology and Therapy, Trans-Ekulu,
and filtered in a Buchner funnel by What-
man® No. 1 size 24 cm to remove suspended
particles. The n-hexane, DCM, acetone, and
ethanol crude the leaf extracts were concen-
trated to dryness in rotary vacuum evapora-
tor RE300 (ROTAFLO, England) at a tem-
perature of (40+£5°C). The extracts were kept
in the refrigerator at —4°C before use to de-
activate bacteria (Ajaegbu et al, 2022)
Rearing: Larvae of 4. aegypti larvae were
collected (National Arbovirus and Vectors
Research Centre Enugu) reared, rose in tap
water, colonized and allowed chicken feed
(grower), and fish in a ratio of 3:1. Before
4" instar larvae were employed for the bio-
assays accomplished, the culture medium
water was changed on each alternative day.
A sugar to water (1 to 9) was allowed to
adults for five days and blood of a Guinea
pig sequentially. They were maintained at
26+3°C, 80+4% RH& 12:12 L/D photoperi-
od (Ajaegbu et al, 2014).

Extracts larvicidal bioassay against 4. ae-



gypti: N-hexane, DCM, acetone & ethanol
extracts were carried out at 26+2°C and rela-
tive humidity of 81£2%. The stock of each
extract was made using tween 80 an emulsi-
fier to assist dissolving in water. Bioassays
were carried out by 1g of powdered plant
passed into a solution of 2ml of Tween 80 as
stock solution and diluted to 100ml of tap
water. Serial dilution was prepared in order
to have from 125-1000ppm. For negative
control, Iml of Tween 80 and 99ml of water
was used for each replicate.

A dash insecticide (Dichlorvos 100% EC
weight/volume) with 2500ppm was used as
a positive control. A total of 25 early 4™ ins-
tar larvae were collected with a pipette, put
into each 250ml beaker of 100ml of aliquot
and the larval mortality was recorded 24hr
post-treatment as well as in negative control.
For each dose, four replicates were done
side by side with its corresponding control.
During the experiments, larvae in tests and
controls were not allowed food. Larval %
mortality at each concentration was correct-
ed by Abbott’s formula where negative con-
trol mortality ranged from 5-20%. Experim-
ents were discarded and repeated when it
showed > 20% negative control mortality or
larvae didn't respond to gentle touch with a
fine needle (Ibe et al, 2020).

Procedures were adopted for synergistic
activities of three solvent extracts of H. pec-
tinata leaf extracts. Effects were carried out
for mixture of (DCM & acetone, acetone &
ethanol and DCM & ethanol) showed ratios
of 50%:50% respectively. Synergistic factor
(SF) using formula if value was >1 inter-
preted as synergism, & < 1 indicated antag-
onism (Kalyanasundaram and Das, 1985).

LC50 value of insecticide alone

SF =
LCsp of insecticide with assumed synergist
Statistical analysis: Data were collected,
computerized and analyzed by statistical
ANOVA and Regression using computer-
ized Statistical Package for Social Sciences
(SPSS version 23.0). Mean + standard de-
viation and F-value were calculated using
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the Student Newman Keuls (SNK) test sig-
nificantly at (p=0.05). LCsy & LCy larval
mortality 24hr post-exposure, and other sta-
tistics included 95% lower and upper confi-
dence limit (LCL & UCL), slope and Chi-
square by Probit analysis evaluated lethal
mortality dosages (Onah et al, 2022).
Results

Extracts of H. pectinata showed that etha-
nol gave the highest values (9.1%), followed
by DCM (7.4%), acetone (7.2%), but N-
hexane extract gave 6%

The mean and percentage mortality with
the various concentrations showed concen-
tration ranged between (125-1000ppm) for
N-hexane, acetone and ethanol leaf extracts
were effective, but DCM extract at a con-
centration between (125-250 ppm & 500-
1000ppm) was ineffective and effective re-
spectively. Mortality (20%) was at I- IV in-
star larvae treated with n-hexane extract at
least concentration of 125ppm, mortality
(80%) at 250 ppm and 100% at 500 and
1000ppm. DCM extract was exposed to I-IV
instar larvae of showed a mortality (20%)
with a concentration (500, 1000ppm), re-
spectively, but none activity (125, 250ppm).
Acetone extract showed a mortality (12%)
and increased to 24%, 60, & 64% at concen-
trations of 250, 500 & 1000ppm respective-
ly. Mortality (16%) was noted at I- IV instar
larvae by ethanol extract and increased by
(20%, 60% & 76%) at concentrations of
250, 500 & 1000ppm respectively. LCsy of
DCM extract was 2034.117 more toxic as
compared to acetone, ethanol and/or n-hex-
ane extracts with values of 519.859, 449.679
& 171.374 respectively. Chi-square of diff-
erent concentrations extracts showed that the
mortality was highly significant.

The combinations of DCM & acetone,
acetone & ethanol and DCM & ethanol ex-
tract at concentrations of 125, 250, 500 &
1000ppm showed that LCsy mortality were
2597.86 and 737.97 respectively. The com-
bination of DCM & ethanol was more toxic
followed by DCM & acetone, but without
significant difference from acetone & etha-



nol as to mortality rate. The LCyy were
13520.955 for DCM & acetone more toxic
as compared to 60754.62 (DCM & ethanol),
but without significant difference from acet-
one & ethanol as to mortality rate. Combin-

ed effective mortality was (52% & 32%) for
DCM & ethanol and DCM & acetone at
1000ppm respectively, and (12%) with ace-
tone & ethanol was at 125-1000ppm.

Details were shown in tables (1, 2 & 3).

Table 1: Extraction and yields of H. pectinata leaf extracts.
Extracts Yield (Y%ow/w)
N-hexane 6.0
DCM 7.4
Acetone 7.2
Ethanol 9.1

% yield = yield divided by 10g of plant material multiplied by 100

Table 2: Larvicidal activity of different leaf extract of H. pectinata against 4. aegypti.

Solvent Conc (ppm) [Mortality % | LCso(UCL-LCL) | LCyy(UCL-LCL) | Slope+SE | x
N-hexane 125 20+1.73%
250 84+3.61° 171.374 275.170
500 100+ 0° (200.709- (391.891-229.264) | 6.231£1.279 | 0.057
1000 100+0° 144.597)
F-value 1088.00
DCM 125 0+0?
250 0 +0* 2034.117 8425.013 2.076 + 3.943
500 20+1° 0.767
1000 20+3.61°
F-value 114.286
Acetone 125 12+1.73%
250 24 +2° 519.859 2598.649 1.834 + 1.887
500 60+ 5.57° (838.901- (13286.217- 0.425
1000 64 +1.73¢ 371.734) 1353.863)
F-value 196.683
Ethanol 125 16 +2.65°
250 20+£2° 449.679 1829.931 2.103 1.845
500 60 +5.30° (647.809 - (5654.374- 0.433
1000 76 +4.58° 332.913) 1090.855)
F-value 175.733

Means within a product followed by same letter without significant at p = 0.05,*p <0.05; LC50 & LC90: Lethal
concentration killed 50 & 90% of larvae, respectively; LCL: Lower confidence limit; UCL: Upper confidence
limit (-): No confidence limit estimated; y2: Chi-square; Replicates no.: 4.

Table 3: Synergistic factor (SF) of DCM, acetone, of H. pectinata ethanol extracts against A. aegypti larvae.

Mixed Conc. % Mortali- LCso( LCL -UCL) LCy(LCL-(UCL) (SF) at Slope v
extract (ppm) ty (ppm) (ppm) LCs +SE
DCM 125 12+1%
& 250 12+£2° 2597.86 60754.62
Acetone | 500 32+3.61° (935.31-6.125E+11) | (5310.82-1.965E+11) 0.8 0.936 1.202
1000 32+4.36° +0.436
F-value 43.243
Acetone 125 12+2°
& 250 12+£1.73° - - - - -
Ethanol 500 12+1.53°
1000 12+2.65"
F-value 0.020
DCM 125 20£1°
& 250 32+1.73° 737.968 13520.955 2.7 1.015 0.391
Ethanol 500 48+2.65° (411.840-8404.068) | (2707.509- +0.394
1000 52+3¢ 1304905415)
F-value 131.20
Discussion and even adults targeted the use of medicinal

Chemical insecticides are extensively used
in order to eliminate or to reduce the mosqu-
itoes, ticks and other pests, which threatened
human welfare (Ghosal, 2018). Nowadays,
mosquitoes' control of oval and larval stages

plants and herbs extracts to kill them and to
stop adult-vectors emergency (Ghosh et al,
2012; Torres et al, 2014).

At least 10% of all vascular plants are used
as medicinal plants (Fonnegra, 2007), and
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there were estimated to be between 350,000
(Joppa et al, 2011), and almost half a million
species of them (Pimm et al, 2014). Since
the ancient times, plants have been used in
medicine and are still used today (Salmerdn-
Manzano et al, 2020). Medicinal plants have
long been used to treat or prevent disecases
and are already well documented in ancient
Egypt, India, and China (Xia et al, 2022)

In the present study, hexane, ethanol, ace-
tone & dichloromethane used to extract lar-
vicidal active agents from H. pectinata gave
various extractions. This may be due to diff-
erence in extraction solvents polarity caused
wide activities' variations. A higher extract-
ion was in ethanol and dichloromethane co-
mpared to acetone and hexane extracts, with
highly polar solvents favors during extrac-
tion process. This agreed with Dhawan and
Gupta (2017), who reported that the plant
Datura metel was more soluble in acetone
extracts with a higher percentage as comp-
ared to hexane Also, this agreed with Truo-
ng et al. (2019), who found that plant Sever-
inia buxifolia with more polar compounds
highly soluble and high polarity in solvents
and with ethanol gave greater compared to
acetone and dichloromethane.

In the present study, the potency of 125-
1000ppm hexane, DCM, acetone and ethan-
ol leaf extracts of H. pectinata against early
4™ instars of A. aegypti, at 125ppm concen-
tration of hexane, acetone and ethanol extr-
acts caused significant larvicidal efficacy of
20%, 12% & 16% larval mortality. But, the
DCM extract didn't show larvicidal activity.
At 250ppm concentration larvicidal mortali-
ty increased by 84%, 24%, & 20% by hexa-
ne, acetone and ethanol extracts against Ae.
aegypti larvae. Mortality markedly increas-
ed to 100%, 20%, 60%, & 60% at 500ppm
concentration of hexane, DCM, acetone and
ethanol extracts. At 1000ppm concentration,
larvicidal mortality was 100%, 20%, 64% &
76% for hexane, DCM, acetone and ethanol
respectively. This agreed with Kumar et al.
(2012), who evaluated the larvicidal efficie-
ncy of stem, roots and leaves of Parthenium
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hysterophorus (Family: Asteraceae) against
A. aegypti larvae, extracted in different solv-
ents found that only hexane and petroleum
ether extracts caused 100% mortality Also,
this agreed with Sharma et al. (2016), they
evaluated larvicidal efficacy of five indigen-
ous weeds against an Indian strain of 4. aeg-
ypti showed 100% mortality by hexane ex-
tract at1000ppm.

In the present study, larvicidal activity of
hexane, DCM, acetone and ethanol of leaf
H. pectinata various extracts with concentra-
tions from (125-1000ppm) against larvae
showed that hexane extract gave highest tox-
icity with least LCso of 171.37ppm followed
by ethanol toxicity with 449.67ppm. Acet-
one extract showed moderate toxicity with
LCsp of 519.86ppm and least one was DCM
extract with highest LCso of 2034.12ppm.
This agreed with Kamaraj et al. (2011), who
reported that LCsy gave highest toxic effect
of bark, leaf ethyl acetate extract of C. indi-
cum, leaf acetone extract of 7. procumbens
against the Anopheles subpictus larvae when
compared with methanol extract for An.
squamosal. Besides, Oluah and Ezeabiakwa
(2011), reported that four differ-ent concen-
trations (0.3, 0.6, 0.9 & 1.2g/l) of aqueous
and ethanolic leaf extracts of Lantana cama-
ra of both extracts against the 4™ instar lar-
vae of A. aegypti for 24hr in laboratory con-
ditions showed that mortality rates ranged
from 91.66% to 96.66 % in larvae treated
with 0.3 to 1.2g/l, respectively, and added
that 24hr lethal time and LCsy were 6.8hr
and 0.48g/1, respectively.

In the present study, the 48hr bioassay ef-
fect of DCM & acetone, acetone & ethanol
and DCM & ethanol at s of 125, 250, 500, &
1000 ppm concentration showed the highest
toxicity with least LCsy of 737.968ppm as
compared to DCM & acetone with the high-
est LCsp value of 66419.62ppm. Mixtures of
different solvent extracts showed dose-depe-
ndent mortality of larvae. This agreed with
Mgbemena (2016), who reported that comb-
ined ethanolic extracts of L. camara, Stach-
yvtarpheta indica and Allamanda blanchetii



against 4. aegypti larvae showed 100% mor-
tality with a powerful synergist effect with
combinations. Also, Dimitri et al. (2022) re-
ported that combined L. camara & L. cheva-
lieri, L. chevalieri & C. schoenanthus and L.
multiflora & L. chevalieri showed LCsy of
33.16, 12.08 & 20.61ppm respectively for
Culex quinquefasciatus with best larvicidal
activity than LCs, value of each plant alone,
but LCsy of 44.05 ppm was detected for co-
mbination of Cx. schoenanthus & L. multifl-
ora on An. funestus with less toxicity com-
pared to LCsy value of each plant alone.
Again, Thangam and Kathirasan (1997) rep-
orted the synergistic of root of R. apiculata
mixed with pyrethrum at 5mg/l reduced to
0.107mg/l gave a synergistic factor of 0.81
against Cx. quinquefasciatus larvae. The ex-
tract reduced the pyrethrum consumption by
19% without change in LCsowhen the ex-
tract was mixed at 1mg/l. Also, Megha et al.
(2012) determined synergistic effects of both
Neem and Karanja oil larvicidal activity for
mosquito control. They found that the mor-
tality of active ingredient increased (20-
77%) after 48hr exposure showed LCsy of
3.1g/ml against A. aegypti, which was more
effective than either individual application.
Conclusion

The outcome data showed that leaf extract
of H. pectinata can be developed and used
as a larvicide to provide an opportunity for
an effective and inexpensive approach for
controlling dengue and yellow fever diseas-
es in Nigeria since the plant shows larvicidal
activity and is available in all country areas.

Recommendations

No doubt, the medicinal plants have always
played an important role in the history of
human welfare. Nevertheless, humans' migr-
ation, and/or travelling abroad, and climatic
changes altered the world ecosystem as to
infectious diseases, arthropod-vectors, and
even plants' values, especially medical ones.
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dy are available within the paper and its sup-
plementary information.
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