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ABSTRACT

Mosquitoes are the potent vectors of malaria, yellow fever and dengue a common hazard in Sindh Pakistan,
since decade. Currently variety of mosquito repellent lotions containing hazardous pesticides has been used by
people of Sindh. Therefore, preliminary testing for cellular and genetic toxicity five lotion brands was carried out
in comparison to Electric mosquito repellent (EMR). The study was based on germination inhibition and
chromosomal aberration assay in Cicer arietinum L. root tip cells. Seeds of chickpea were incubated with 2.5%
solutions of lotion and EMR (at distance of 20 inches) for 20, 40 and 60 minutes. Ethyl methane sulfonate was
used as positive control and untreated seeds as negative control. Cytological data was recorded at 400
magnification under light microscope. Statistically significant time dependent (p<0.01) differences in germination
inhibition of chickpea were found for three lotion brands and electric repellent. For MI and Al highly significant
variation (p<0.01) were found for all tested lotions specially SMR brand. MI exhibited incubation dependent
decrease while reverse the case was for AI. The most frequent chromosomal aberrations induced by all brands of
lotion were sticky metaphase and fragmentation. It is concluded that all lotion brands were phyto-genotoxic in
plant assay. On the basis of low M.I. and very high A.I. by MMR and SMR were found most genotoxic among
the tested lotions and EMR is the safe alternative mosquito repellent. It is recommended to screen repellent lotions

in mammalian assay for precise estimation of safe dose for humans.
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INTRODUCTION

Mosquitoes transmit different diseases to
approximately 700 million people annually. Control of
mosquitoes is something of utmost importance in the
present day with rising number of mosquito borne
illnesses due to floods in Pakistan, with dengue being
the most widely disseminated across the country. The
total number of dengue cases in Pakistan in 2017, 2018,
2019, and 2020 were 22938, 3204, 24547 and 106
respectively (N.I.H., 2020). Between 1 January and 27
September 2022, a total of 25 932 confirmed dengue
cases and 62 deaths (CFR 0.25%) were reported in
Pakistan (W.H.O., 2022). In November 2025 more then
10 deaths were reported in Hyderabad and Karachi
city.

Mosquito repellents are insecticide that repels
mosquitoes. The use of mosquito repellent since last
decade has increased in Pakistan due to epidemic of
dengue (Patel et al., 2012; Gul et al., 2013). Among
mosquito Repellents, lotions are more preferred for
outdoor use in Pakistan as most of population sleeps in
courtyards. Majority of mosquito repellents lotions
basically contain natural Pyrethrins (pyrethrum), and
N-diethyl-meta-toluamide (DEET) with combination
of other synthetic pyrethrins (Tetramethrin, Dichlorvos
(DDVP), Piperonyl butoxide (PBO), transfluthrin and
d-phenothrin) (Roger et al., 2026). Other repellent

ingredient includes citronella oil, dimethyl phthalate,
lavender, lemon-grass oil, peppermint oil and
eucalyptus oil (Enayati ef al., 2010; Sah et al., 2010).
Prolong usage of DEET (1 mmol/L) is associated with
allergic reactions, hypersensitivity (Brooks et al.,
1992), hypotension, coma and even deaths (Teinenbein
1988; Ellenhorn, 1997; NCAMP, 1998) therefore its
limited use is recommended in young children
(Oransky 1991). All the synthetic types of pyrethrins
are also proved damaging to cell and DNA via
oxidation (Atmaca and Aksoy, 2015; Yan, et al., 2020;
Li, et al., 2024), induces apoptosis (Sinha et al., 2011;
Sinha et al., 2013), Chromosomal abnormalities (Shin
et al., 2024) and tumors (Blair et al.,1976). Citronella
oil may cause skin allergies in long term use (Gul et
al,2013).

Keeping the health hazards of pesticide-based
mosquito repellents, people of Pakistan start using drug
free and ecofriendly electronic mosquito repellents
(EMRs) since last decade. Installation of EMR in
various public places has been witnessed, although it is
not utilized for house use. These mosquito repellent
devise are designed to repel mosquitoes by attracting
insects with ultraviolet (UV) light and heat, then
electrocuting them with a high-voltage internal
grid upon contact. Westpoint electric mosquito killer
lamps use UV-A light (315 — 400nm) also known as
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near UV with a wavelength around 365 nm to attract
insects. If we look at health concerns of UV-A
exposure, it is associated with skin ageing, membranes
instability and altered functions (Moyal et al., 2000;
Yin et al., 2001; Garoli et al., 2014), but no evidence is
reported in literature related to DNA damaging effects.
Although UV-B and UV-C region with shorter
wavelengths and higher energy levels can cause DNA
damage which result in cell mutations and cancerous
growth (skin cancer) (Gies et al., 1986; Abarca and
Casiccia, 2002).

Although mosquito repellent pesticides were
evaluated previously for cellular as well as genetic
toxicity alone or in mixture but never in mosquito
repellent products. As we know that most of product
label do not indicate composition or concentrations of
active ingredients, making toxicity screening
mandatory.

Among various toxicity tests root germination

inhibition and plant chromosomal aberration assay are
preferred for preliminary studies. Plant assay is cheap
and easy to handle with almost sensitivity with that of
mammalian cell (Grant,1978; Gustavino ef al., 2015).
The chromosomal anomalies due to double stranded
breaks in DNA molecule are called abnormal
Chromosomal aberrations. Best checkpoint to monitor
chromosomal aberration is mitosis. Chromosomal
aberrations study of various bioactive compounds in C.
arietinum L. (Chickpea) is reported by many workers
(Sadia et al., 2024; Qureshi et al., 2024).
In the light of previous studies there is dearth of
information concerning the long-term use of mosquito
repellent lotions and EMR and their time dependent
cytotoxicity and genotoxicity evaluation. Current work
will not only provide base line data for scientific
fraternity for precise work in mammalian assay but it
will also provide awareness to the about hazardous
biological effects mosquito repellent lotions.

Therefore, present investigation will highlight
possible time dependent phytotoxicity and
genotoxicity of 5 commonly used mosquito repellent
lotions (Available at Hyderabad, Sindh), and Electric
repellent in the chickpea root tip cells.

MATERIAL METHOD

Assay plants: Chickpea (Cicer arietinum L.) was used
as standard test plant for phytotoxicity, genotoxicity
and oxidative damages as suggested by Grant (1978),
Qureshi et al. (2014) and Firbasa and Tomez (2014).
Seeds of Kabuli chickpea genotype NCS 0530 were
obtained from National Agriculture Research Center,
Islamabad (NARC).

Treatments: Five most frequently utilized Mosquito
repellent brands (Mospel (MMR); Tyfon Good Night
(TGN); Serne (SMR); Mortein Natur Gard (MNG); Off
Soft and Scented (OSS) and Electric Mosquito
repellent (EMR) (Model: WF9112) were purchased
from local market.

Five lotion brands were applied in 2.5% solutions in
distil water for 20, 40 and 60 minutes. The

Channar et al.,

concentration was finalized according to the
sensitivity, reproducibility of plant assay and it works
same for human tissue (Grant, 1987). Ethyl
methanesulfonate was used as positive control and
untreated seeds as negative control and incubated for
20, 40 and 60 minutes respectively. Incubations with
Electric mosquito repellent (EMR) were carried out
at distance of 20 inches for the same time as liquids.
30 Chickpea seeds per treatment were incubated in
Glass beakers with lotions and 10 seeds per incubation
time (20, 40 and 60) were collected. To stope reaction
treated seeds were washed with dH,O (water) for 2 to
3 times before sowing. In case of electric repellent six
feet distance usually observed in public places and
house use was maintained for incubation of dry seeds.
The same number of seed per incubation time (20, 40
and 60) were collected for EMR and were soaked for
30 minutes in plain water to facilitate germination.
Phytotoxicity assessment: Phytotoxicity = was
measured I terms of percentage of roots germinated and
MI (%).

Sowing of chickpea seeds and root recovery: The
treated seeds were sown in two sand pots per treatment
for tap root recovery at 28°C. After two days of sowing
the data recording fort tap root emergence was started
until the last root germinated. The germination data is
expressed in percent increase or decrease as compared
to respective negative controls. 2cm long tap roots
from all the treatments were carefully removed from
seed and fixed in solution of glaciered acetic acid and
alcohol solution (3:1) for 24 hours to stope cell division
and dehydration for storge. Finally fixed roots are
stored in 70% alcohol until used.

Slide preparation: Root tips were spread by using the
squash technique (Dill and King 1983; Dill et al, 1986)
slides were stained with 2% aceto-carmine.
Microscopy of slide: All the cytogenetic parameters
were observed 6 slide per treatment. Per slide 500 cells
were analyzed for cytology with the help of Light
Microscope at 400 magnifications The photographs
were taken with the help of digital camera (USB-2.0)
dino eye.

The formula suggested by Racuciu (2009) was used to
get MI (%).

_ Total dividing cells

"~ Total cells analyzed

100

Genotoxicity Assessment: Genotoxicity analysis is
incomplete with number of abnormal cells until
supplements with types of chromosomal abnormities.
Therefore, initially following formula was used to
calculate A.L. (%) Racuciu (2009).

_ Total abnormal dividing cells

Total dividing cells * 100
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The details of mitotic chromosomal abnormalities
were recorded stage wise for comparative toxicity
between different mosquito repellent used in the study.
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Statistical Analysis: Two-way ANOVA followed by
Least Square Difference (LSD) test at p > 0.01 was
used to compare treatment mean for M.I. and A.I. using
computer software statistics 8.1

Figurel. Incubation arrangement for chickpea seeds in 2.5% aqueous mosquito repellent lotions

RESULTS AND DISCUSSION

The Mosquito lotions have highly inhibitory
effect while electric repellent rather promotes
germination with increase in incubation time. Lotions
exhibited dose dependent inhibition of germination as
compared to positive control (Table.1 & Figure 2).
Time dependent germination inhibition was observed
only for MMR (-73.33 and -94.11) and TNG (-73.33
and -88.23) at 20 and 40 minute incubations, while 60
minute incubation resulted in germination failure (0%).
The brand OSS, SMR, MNG exhibited germination
only at 20 minutes, whereas 40 and 60 minute
incubations were lethal. SMR was the highest
phytotoxic among all tested brands.

All the incubations with EMR could not
disturb normal germination of chickpea. 20 minutes
incubation with electric  mosquito repellent
germination percentage remained same as that of
positive control. While 40 and 60 minutes incubation
exhibited increase of 11.76% and 42.85% .

High germination inhibition induced by all the
tested mosquito repellent lotions observed in current
work is supported by the findings of Kanger et al.
(2014) working with higher concentration of
agriculture pesticide (Hexaconazole and Triazophos)
Kanger et al., 2014. Qureshi et al., 2024 working with
mosquito repellent coils found similar results in
chickpea. Time dependent phytotoxicity observed in
our work agrees well with Dubey and Fulekar (2011),
who observed concentration dependent reduction and
delay in seed germination of grass by agricultural
pesticides  ((Chlorpyrifos, = Cypermethrin  and

Fenvalerate). Alteration in germination response is a
clear indication of phytotoxicity of tested lotion brands.
The germination inhibition obtained for most of lotions
in results may be due to the presence of ample amount
of chemicals (Given on product labels). Mosquito
lotion OSS contain 15% w/w DEET, on MMR packing
concentration of DEET is not given. While MNG
contain 17% DEET with 1.8% N-octyl bi cycloheptene
carboximide. SMR contain DEET with citronella oil.
No description about chemical composition of TNG is
not provided on product label.

It is clear from the results EMR rather promotes
germination with increase in incubation time. It is
contained (2x8 watt ultra violet rod) tube +high
voltage315-400 nm (UV-A). UV-A 315 — 400 also
known as near UV. It contains higher wavelength, but
lower energy level as compared to other radiation. It
has also less harmful effects. (Table.2 and 3) Due to
UV-A when EMR observe it was mosquito repellents
lotions. UV-A radiation is associated with skin ageing,
affect membranes stability and functions, persistent
pigment darkening (PPD) is darkening or tanning of the
skin induced by UVA radiation (Moyal et al., 2000;
Yin et al., 2001; Garoli et al., 2014). but no evidence is
reported in literature related to mutagenesis and
carcinogenesis. Although UV-B region with shorter
wavelengths and higher energy levels as compared to
UV-A region can cause DNA damage which result in
cell mutations and cancerous growths (skin cancer)
(Gies et al, 1986; Abarca and Casiccia, 2002).
Alteration in germination response is a clear indication
of phytotoxicity (Qureshi et al., 2024).
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Table 1. Effect of different incubation times of mosquito repellent lotions and electric repellent on germination percentage of

C. arietinum L.

Incubation Time (Minutes)

S.No Treatment 20 40 60
Increase/ Increase/ Increase/
Percentage Percentage Percentage
decrease decrease decrease
1. -tive control 75 100 85 100 70 100
2. MMR 20 -73.33 5 -94.11 - -
3. TGN 20 -73.33 10 -88.23 - -
4. MNG 30 -60 - - - -
5. 0SS 10 -86.66 - - - -
6. SMR 5 -93.33 - - - -
7. EMR 75 0 95 11.76 100 42.85
8. +tive control 70 -6.6 42 -52.94 35 -50

(Dashes in cells of table indicate no germination, MMR= Mosphel Mosquito Repellent; TGN= Tyfon Good Night; MNG=
Mortein Natur Gard; OSS= Off Soft & Scented; SMR= Serne Mosquito Repellent; EMR= Electric mosquito Repellent)

150
100

50

o

-5

o

-100

Percentage Increase/Decrease

-150

Effect on Germination of chickpea

-tive cont “R Ir lNG I>$ IMR EMR  +tive cont

Lotion brands

H20 E40

Electric Repellent

60

Figure 2. Effect of different incubation times of mosquito repellent lotions and electric mosquito repellent on

germination percentage of chickpea

Among five tested mosquito repellent lotions in20
minutes incubation maximum mitotic index was
observed in SMR (82.55%) and minimum in MNG
(79.91%). In case of 40 minute incubation maximum
mitotic index was scored in TGN (47.5%) followed by
MMR (44.35%).

In case of EMR maximum mitotic index was observed
in 20 minutes incubation (90.36%) and minimum in 40
minutes incubation (80.09%). (Table 2, 3 and Figure 3)
Maximum abnormality index among lotion brands in
20 minutes incubation was observed in SMR (92.95%)
and minimum in TGN (26.92%). In case 40 minutes
incubation maximum abnormality index was found in
MMR (82.07%) followed by TGN (67.10%) (Table 2,
3 and and Figure 4). Time dependent increase in Al was
recorded for all the tested lotions. Zeljezic and Vrhovac
(2001) also observed pesticide generated incubation

dependent increase in chromosomal abnormalities via
comet assay.

In case of EMR maximum abnormality index was
observed in 40 minutes incubation (11.79%) and
inimum in 20 minutes (4.32%) (Table 4.6). On the
basis of mitotic index and abnormality index electric
repellent was least genotoxic among all the repellent
type tested. In mosquito lotion respective active
ingredient was DEET, and much amount of this toxic
ingredient in lotions especially MMR and SMR cause
reduced number of dividing cells and phosphodiester
bond breakage of nuclear DNA creating fragmentation
and different type of chromosomal aberrations (Figure
6 and 10). DEET is the most common pesticide in
tested mosquito repellent lotions. DEET (15% or
lower) is reported to cause cytotoxicity, neurotoxicity,
coma and even death. (NCAMP, 1998; Antwi et al.,
2008; Lee and Basak, 2021). It is also related with
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mammalian germ cell apoptos, induse chromosome
abnormalities, gene mutation, through mechanisms
involving increased oxidative stress, impaired DNA
repair, and disrupted chromatin structure (Shin et al.,
2024). Citronella oil was considered safe for adults
only in early days of 21% century (Fradin and Day,
2002), later research revealed citronella oil induced
DNA double strand breaks in human lymphocytes, at
1000 pg/mL concentration via generation of reactive
oxygen species (ROS) and cellular apoptosis (Sinha et
al., 2011; Sinha et al., 2013).

The most frequent chromosomal abnormality observed
in all incubations of tested mosquito repellent lotions
were fragmentation and sticky metaphase, while least
common abnormalities were laggard, anaphase
bridges, translocation rings, micro-nuclei, di-nuclei

Channar et al.,

and multi-nuclei (Table 3 and Figure 5 to 11). Current
findings are consistent with that of Qureshi et al.
(2024) while testing mosquito repellent coils in C.
arietinum L. root tip cells. Many workers recorded.
DNA fragmentation working with different synthetic
forms of pyrethrins like B -cyfluthrin (Verma et al.,
2013), Dichlorvos (Perocco and Fini, 1980; Mishra et
al., 2014), Transfluthrin (Tisch et al., 2005) and natural
Pyrethrum extract (Yang, et al., 2020). All these
researchers found oxidative stress-based DNA double
stranded breaks. Overall results of phytotoxicity and
genotoxicity analysis revealed SMR and MMR as the
highest genotoxic and TNG as least toxic among
lotions. While electric repellent was least genotoxic
then all the repellent lotions.

Table 2. Number of non-dividing, normal dividing cells in C. arietinum L. root tip cells by mosquito repellent lotions and

electric repellent

S.No Name of Number of cells
treatment Non dividing Normal Abnormal dividing
20m 40m 60m 20m 40m 60m 20m 40m 60m
1. -tve control 0 0 0 534 560 501 0 0 0
2. MMR 257 350 - 160 50 - 85 229 -
3. TGN 254 420 - 218 125 - 84 255 -
4. MNG 337 - - 125 - - 52 - -
5. 0SS 250 - - 150 - - 89 - -
6. SMR 150 - - 50 - - 660 - -
7. EMR 17 47 85 332 344 310 15 46 32
8. +tive control 180 315 605 250 5 0 200 410 410
Grand mean 1445 1132 690 1819 1084 811 1185 940 442

(Dashes in cells of table indicate lethal dose; m= Minutes; MMR= Mosphel Mosquito Repellent; TGN= Tyfon Good Night;
MNG= Mortein Natur Gard; OSS= Off Soft & Scented; SMR= Serne Mosquito Repellent; EMR= Electric Mosquito Repellent)

Table 3. Effect of mosquito repellent lotions and electric mosquito repellent on Mitotic Index and Abnormality Index in C.

arietinum L. root tip cells (LSD p<0.01)

S. No. Name of treatment M.I (%) Al (%)
20m 40m 60m 20m 40m 60m
1. -tive control 1002 1002 1002 0¢ 0c 0°
2. MMR 48.80f 44.35¢ - 34.694 82.07° -
3. TGN 54.31¢ 47.54 - 26.92¢ 67.10° -
4. MNG 34.43¢ - - 44.44b - -
5. 0SS 48.87F - - 37.23¢ - -
6. SMR 82.55°¢ - - 92.952 - -
7. EMR 90.36° 89.24b 80.09° 4.32f 11.794 9.350
8. +tive control 71.424 56.84°¢ 40.3¢ 44.44b 98.792 1002

(Means with same alphabets are non-significantly different from each other and with different alphabets are significantly
different at (p<0.01); Dashes in cells of table indicate lethal dose; m= Minutes; MMR= Mosphel Mosquito Repellent; TGN=
Tyfon Good Night; MNG= Mortein Natur Gard; OSS= Off Soft & Scented; SMR= Serne Mosquito Repellent; EMR= Electric

Mosquito Repellent)
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Mitotic Index (M.I)
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Figure 3. Effect of mosquito repellent lotions and electric mosquito repellent on Mitotic Index in
C. arietinum L. root tip cells

Abnormality Index(A.I)
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Mosquito repellent
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Figure 4. Effect of different incubation times of mosquito repellent lotions
and electric mosquito repellent on Abnormality Index in C. arietinum L. root tip cells

Figure 5a. Photomicrographs of C. arietinum L. root tip cells showing (A) normal
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prophase cells (B) prometaphase cells (arrows) in Negative control
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TRANSLOCATION RING
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STICKY METAPHASE FRAGMENTATION

Figure 5b. Photomicrographs of C. arietinum L. root tip cells showing chromosomal

aberration (A) Translocation ring (B) multi-nuclei (C) Sticky metaphase (Fragmentations) (arrows)

treated with EMS (1%) (positive control)

Fragmentation

Figure 6. Photomicrographs of C. arietinum L. root tip cells showing chromosomal aberration

(A) Micro-nuclei (B) Di-nuclei (C) Sticky metaphase (D) Fragmentations (arrows) treated with repellent MMR
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Multinuclei

Figure 7. Photomicrographs of C. arietinum L. root tip cells showing chromosomal aberration
(A) Sticky metaphase micro-nuclei (B) Translocation ring (C) Multi-nuclei (D) Fragmentations (arrows)
treated with repellent TNG

Translocation ring Dinuclei

Figure 8. Photomicrographs of C. arietinum L. root tip cells showing chromosomal aberration
(A) Sticky metaphase (B) Fragmentations (C) Translocation ring (D) Di-nuclei (E) Micro- nuclei
(arrows) treated with repellent MNG
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Dinuclei Micronuclei

Figure 9. Photomicrographs of C. arietinum L. root tip cells showing chromosomal aberration
(A) Sticky metaphase (B) Multi-nuclei (C) Di-nuclei (D) micro-nuclei (E) Micro- nuclei (arrows)
treated with repellent OSS

NECX 7\ S
A STEN

Figure 10. Photomicrographs of C. arietinum L. root tip cells showing chromosomal aberration
(A) Sticky metaphase (B) Multi-nuclei g (C) Fragmentations (arrows) treated with repellent SMR
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Figure 11. Photomicrographs of C. arietinum L. root tip cells showing chromosomal aberration
(A) Sticky metaphase (B) Multi-nuclei (C) Di-nuclei (D) Fragmentation (arrows) treated

with repellent EMR.

CONCLUSION

It is concluded that all lotion brands were phyto-
genotoxic in plant assay. On the basis of low M.I. and
very high A.I. by MMR and SMR were found most
genotoxic among the tested lotions and EMR is the safe
alternative mosquito repellent. It is recommended to
screen repellent lotions in mammalian assay for precise
estimation of safe dose for humans.
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