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Abstract

Background: Dysdercus koenigii Fabricius is a polyphagous agricultural pest of paramount importance. Farnesol is a
plant-derived open-chain aliphatic sesquiterpenoid alcohol. It is an intermediate in the metabolic pathway of juve-
nile hormone biosynthesis. The effects of Farnesol on haemocytes of fifth instar nymphs of Dysdercus koenigii were
assessed in the present investigation. The early fifth instar nymphs were treated with doses of 0.05 uL, 0.1 yL and 0.2
L Farnesol topically and day wise change in the total haemocytes was reported. Different types of haemocytes were
identified in the haemolymph based on their morphological characteristics. Difference in day wise distribution pat-
tern of haemocytes was evaluated in relation to dose of treatment.

Results: In normal fifth instar nymphs, age-related variation in the haemocyte count was evident; the haemocyte
number increased up to four days and subsequently decreased till six-day when the nymph moulted. The results
indicate that Farnesol had an adverse effect on the total number of haemocytes; in treated nymphs the haemocyte
count decreased in a dose-dependent manner. The decrease was most prominent in the nymphs treated with a dose
of 0.2 pL Farnesol. Based on the morphological characteristics, six different types of haemocytes, viz. prohaemocyte,
plasmatocyte, adipohaemocyte, granulocytes, oenocytoids and disintegrated cells were identified in the haemo-
lymph. The percent composition of different haemocytes showed variation depending on the age of the fifth instar
nymph and the dose of treatment. In control, the percentages of plasmatocytes decreased up to day 5 and then
increased up to 7 days. The percentage of adipohaemocytes increased throughout the nymphal period of the fifth
instar, except for a small dip on the fourth day. Granulocytes and oenocytoids showed no clear trend. In Farnesol-
treated nymphs, an increase in percent of prohaemocytes was observed in all the treatments. Dose-dependent
effects were more prominent after day 5. An increase in plasmatocytes was seen after day 3. A distinct dose-related
decrease was reported in adipohaemocytes on all days. Percent of disintegrated cells also showed an increase in all
the tested doses of Farnesol on all the days. Granulocytes and oenocytoids showed no definitive trend of change.

Conclusions: Farnesol is a plant sesquiterpenoid and acts as a precursor in juvenile hormone biosynthesis. The
application of Farnesol exogenously may disturb haemocyte patterns which may challenge the immune response of
insects. Therefore, Farnesol can potentially be used as an alternative approach in pest management.
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Background
Red cotton bug, Dysdercus koenigii Fabricius (Heter-
optera: Pyrrhocoridae), is a widely distributed insect
pest in South-East Asia including India (Kapur & Vazi-
rani, 1956; Stehlik & Kerzhner, 1999). It is a destructive
pest of cotton and causes severe lint staining problems
(Ahmad & Mohammad, 1983; Ashfaq et al.,, 2011). Both
the adults and the nymphs damage the cotton crop by
sucking sap from emerging cotton bolls and mature cot-
ton seeds which results in the destruction of cotton bolls,
a decrease in oil contents and poor germinating ability of
the seeds. The pest is also responsible for the transmis-
sion of cotton staining fungi, Nematospora gossypii, that
develops on the immature lint and seed (Ahmad & Khan,
1980; Maxwell-Lefroy, 1908; Schaefer & Panizzi, 2000;
Srinivasan, 2016). Chemical control is the most widely
used method of insect pest control as it is reliable, fast
and effective in its action (Rathee et al., 2018. However,
excessive use of chemicals for pest control leads to bio-
accumulation and biomagnification in crop fields and
inhabiting organisms. Due to the low biodegradability of
the chemical insecticides, they remain for a longer period
in the environment and pose health hazards to humans
and other non-target organisms. They also pose risk
to the beneficial insects. Pest resistance to insecticides
and pest resurgence is another serious concern of indis-
criminate use of chemical insecticides for insect control
(Boudh & Singh, 2019). Integrated Pest Management
(IPM) is a holistic approach to insect pest management. It
aims to suppress the pest population below the economic
injury level (EIL) by using a wide range of pest control
methods, economic use of pesticides and outreach pro-
grams for awareness (Hagstrum & Flinn, 2018). Recent
strategies for the development of new eco-friendly pesti-
cide aim at targeting the pest without affecting the envi-
ronment adversely (Bhattacharyya et al., 2016). For this
purpose, plants offer better options, as they possess a
variety of bioactive chemicals, which can be used for the
development of eco-friendly insecticides against a vari-
ety of target insect pests (Salunke et al., 2009; Zoubiri &
Baaliouamer, 2014. Botanicals have the potential to affect
various life processes of the insect adversely (Asawalam
& Adesiyan, 2010; Schmidt et al., 1991) and, therefore,
can be employed in integrated pest management.
Farnesol is a plant-derived open-chain aliphatic ses-
quiterpenoid alcohol; widely distributed as an odorif-
erous component of leaves, fruits, and roots of many
higher plants (Genovese et al.,, 2005; Kayesth et al.,
2017, 2019; MacLeod & Pieris, 1984; Medeiros et al.,
2003). It is a 15 carbon isoprenoid alcohol, a linear
sesquiterpene signalling molecule having four geo-
metric isomers due to the double bonds at the C-2 and
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C-6 positions: 2-cis,6-cis (2c-c), 2-cis, 6-trans (2c-6t),
2-trans,6-cis (2t-6¢) and 2-trans, 6-trans (2t-6t) iso-
mers (Hisaya et al., 1982). Farnesol is an intermediate
in Juvenile hormone biosynthesis in insects. It is con-
verted to JH by Mevalonic acid pathway (Bellés et al.,
2005; Goldstein & Brown, 1990; Kaneko et al., 2011;
Lombard & Moreira, 2011).

Farnesol has been reported to affect various life pro-
cesses of insects. Trans, trans-Farnesol is a very strong
deterrent to Myzus persicae; application of this terpe-
noid caused the avoidance of plants by the peach potato
aphid. Farnesol has also been reported to have a signifi-
cant effect on various biological activities such as the
growth, development and morphogenesis of Spodop-
tera litura (Dancewicz & Gliszczynska, 2010; Ghoneim
et al, 2020). Two structurally related sesquiterpenes
Farnesol and bisabolene had strong antifeedant activity
against the Colorado potato beetle Leptinotarsa decem-
lineata (Gonzalez-Coloma et al., 1995). Treatment of
Diploptera punctata with exogenous farnesoic acid or
Farnesol stimulated JH-III synthesis by the corpora
allata (Feyereisen et al., 1981a, 1981b). S-farnesene,
and (E, E)-farnesol are the main plant volatiles that
increased the attraction of both male and female cod-
ling moth Cydia pomonella (Gokge et al., 2018).

In insects, haemolymph contains plasma, organic and
inorganic substances and a variety of haemocytes. The
main functions of haemolymph are to transport nutri-
ents, excretory products, hormones and various other
substances to tissues (Ayyangar & Rao, 1990; Kanost
et al., 1990; Ragan et al., 2009; Vommaro et al., 2021).
The haemocytes play a crucial role in the defence sys-
tem of the insects (Rantala et al., 2020). The distribu-
tion pattern of the haemocytes depends on the age, sex
and physiological conditions of the insects (Perveen &
Ahmad, 2017). Depending on the structure and func-
tions performed, a variety of haemocytes has been
reported in insects. Prohaemocytes are undifferentiated
haemocytes that commonly occur in the haemolymph;
these probably serve as a source of other differentiated
haemocytes (Ghoneim & History, 2019; Ragan et al.,
2009). Granulocytes are the haemocytes responsible for
phagocytosis of small pathogens such as bacteria and
viruses (Kurihara et al., 1992; Ling et al., 2005; Strand,
2008). Plasmatocytes, adipohaemocytes, and oenocy-
toids are some other types of haemocytes present in
insect haemolymph (Mannakkara, 2022; Siddiqui & Al-
khalifa, 2012).

Present research work is focused on the effect of
Farnesol on the haemocytes of D. koenigii. This work
will highlight the response of the insect to the exoge-
nous Farnesol.
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Methods

Rearing and maintenance of culture

Present work was conducted on the fifth instar nymphs
of Dysdercus koenigii. In order to get a sustained supply
of good quality insects, a culture of D. koenigii was main-
tained in the ‘Insect reproduction Laboratory’ at Desh-
bandhu College, University of Delhi, New Delhi, India,
under optimum conditions of temperature, humidity and
photoperiod on a natural diet. For this they were kept in
BOD incubators with ambient conditions of temperature
27 £1 °C, relative humidity 70+£5% and 12 h dark and
12 h light photophase. The insects were reared in glass
jars and provided with cotton seeds for feeding and wet
cotton swabs for drinking water (Kayesth et al., 2021a,
2021b).
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tip of the flagellum of the antenna. A drop of haemo-
lymph was exuded at the cut end of the antenna; this
was collected with the help of a micropipette and
placed in a microcentrifuge tube containing thiourea.
After this, 2 pl haemolymph was taken and diluted with
10 pl diluting fluid of composition 8 pl of 1.5% glacial
acetic acid and 2 pL Giemsa stain. The haemolymph
was mixed properly with diluting fluid by vortexing
for 5 min. The processed haemolymph was poured in
between the Neubauer counting chamber and cover-
slip. Haemocytes were counted in four corners of the
chamber under a microscope. The total number of
haemocytes present in 1 mm.> haemolymph was calcu-
lated by the formula used by (Jones, 1962; Mannakkara,
2022; Pugazhvendan & Soundararajan, 2009)

3 haemocytes in four Imm squares x depth factor of chamber x dilution

Total number of haemocytes/mm” =

number of squares counted

Identification of fifth instar nymph of Dysdercus koenigii
The fifth instar nymphs were identified by presence of a
white collar behind the head and prominent wing pads.
Their body was cylindrical shaped and crimson red col-
oured. The proboscis was also red while the antennae
and legs were black. The antennae of the fifth instar
nymphs were five segmented, divided into the scape,
pedicel, and flagellum. Inter-segmental membranes
of abdomen had opening of stink gland which secrete
smelling liquid. The fifth instar nymphs take 6 to 7 days
to moult finally into adult.

Treatment of fifth instar nymphs with Farnesol

Newly emerged (0-6 h old) fifth instar nymphs D.
koenigii were separated and isolated from the stock
culture and used for experimental purposes. Farnesol
was diluted with ethanol and 2 pL Farnesol of concen-
trations of 2.5%, 5% and 10% was applied topically on
the meta-thoracic pleuron of the test insect. This made
the application doses of 0.05 pL, 0.1 pL, and 0.2 pyL of
Farnesol per insect. In control, the nymphs were treated
with 2 pL of ethanol (Leonardi et al., 1996). Effect of
Farnesol was studied on day wise change in the ‘Total
Haemocyte Counts’ and change in the relative percent
of different types of haemocytes in relation to the time
period after exposure for seven days.

Haemolymph collection and study of total haemocyte
count

The haemolymph of both the control and treated fifth
instar nymphs of D. koenigii was obtained by cutting the

Fifth instar nymphs treated with a dose of 0.05 pL, 0.01
pL and 0.2 pL of Farnesol were used after 1 day, 2 days,
3 days, 4 days, 5 days, 6 days and 7 days of treatment for
the study of total haemocyte count. In control, the fifth
instar nymphs of corresponding age treated with 2 pL
of ethanol were used for total haemocyte count. All the
experiments were replicated ten times.

Identification of different types of haemocytes

and differential haemocyte count

A drop of haemolymph was collected by cutting the tip
of the antenna of experimental and control fifth instar
nymphs of D. koenigii as described earlier. The haemo-
lymph exuded from the cut antenna was collected with
the help of a micropipette. It was placed on a clean glass
slide and a uniform smear was made. The smear was air-
dried and then covered with a few drops of methyl alco-
hol for 2—5 min in order to fix the haemocytes. After this,
the haemolymph smear was covered with the diluted
Giemsa stain for 45 min. The Giemsa’s stain was mixed
with phosphate buffer (pH 7) in the ratio of 1: 9 before
use. Subsequently, the slides were rinsed with distilled
water; the stained slides were air-dried at room tem-
perature and mounted in Dibutylphthalate Polystyrene
Xylene (DPX).

The slides were observed under oil emersion of Nikon
Eclipse E200 microscope. Different types of haemocytes
were identified based on their morphological character-
istics such as shape and size of cell and nucleus, presence
of granules or vacuoles in the cytoplasm, etc. (Berger &
Kléara, 2008; Perveen & Ahmad, 2017; Vommaro et al,,
2021). Different types of haemocytes were counted in a
region of slide having at least 100—110 cells.
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The experiments were conducted with the fifth instar
nymphs treated with 0.05 uL, 0.1 uL, and 0.2 pL doses
of Farnesol. Also, for each treatment, different types
of cells were counted after 1 day, 2 days, 3 days, 4 days,
5 days, 6 days and 7 days of treatment in order to relate
the change in the haemocyte pattern with the days after
treatment. All the experiments were replicated seven
times.

Statistical analysis

Results of total haemocyte count were presented as
mean=+S.E. For differential haemocyte count, relative
percent of each type of haemocyte was calculated. IBM
SPSS 19.1software was used for statistical analysis of the
results. The validity of the hypothesis was confirmed by
one way ANOVA followed by post hoc TUKEY test at a
95% of confidence limit.

Results

Effect of Farnesol on total haemocyte count of fifth instar
nymphs of D. koenigii

The results of total haemocytes count of fifth instar
nymphs of Dysdercus koenigii are presented in Table 1.
The results indicate day wise variation in the total haemo-
cyte count in both the treated and the control insects.
In a one day old fifth instar nymph, the total number of
haemocytes was 6060 haemocytes/mm?; the number of
haemocyte increased up to four day; approximately 40%
increase was observed in four days. Subsequently, there
was a decrease in the number of haemocyte on 5-7 day;
the number increased again on day 8. Minimum number
of haemocytes was observed on day 7.

Treatment of fifth instar nymph with Farnesol showed
decrease in the haemocyte count in dose dependant man-
ner. After day 1 of the treatment the number of haemo-
cytes, in treated nymphs it was 6630 haemocytes/mm?,

Page 4 of 12

6115 haemocytes/mm? and 4045 haemocytes/mm? at
treatment doses of 0.05 pL, 0.1 pL, and 0.2 pL, respec-
tively; in control it was 6970 haemocytes/mm?. The dif-
ference in the total haemocyte count in control and
treatments at a doses of 0.2 uL after day 1 was statistically
significant. Similar trends in the number of total haemo-
cytes were observed for six days of treatment (Table 1).
The decrease in the total haemocyte count as a conse-
quence of Farnesol treatment was most pronounced after
four days. The number of haemocytes in the nymphs
treated with 0.2 uL was reduced to almost half to that of
control. The results also showed that highest haemocyte
count was observed on day 4 in control i.e. 8405 haemo-
cytes/mm® and lowest value of haemocyte count was
2980 haemocytes/mm? in the nymphs treated with a dose
of 0.2 uL Farnesol per insect on day 6. In control, the fifth
instar nymphs usually moulted after sixth day; therefore,
the figures of haemocyte on seventh and eighth day rep-
resent the haemocyte count of adults.

Different types of haemocytes present in the fifth instar
nymphs of D. koenigii

Six different types of haemocytes were observed in the
haemolymph of fifth instar nymph of D. koenigii. These
were Prohaemocytes, Plasmatocytes, Adipocytes, Granu-
locytes, and Disintegrated cells (Fig. 1). The characteris-
tic features of these haemocytes are described in Table 2.
Prohaemocytes were small (3—10 pum), round, oval, or
elliptical in shape with large nucleus. These haemocytes
were characterized by high nuclear/cytoplasmic ratio.
Plasmatocytes appeared as elongated or spindle-shaped
cells with a size ranged 4—25 pm. The nucleus of plasmat-
ocytes was rounded or elongated, 5-11 um in diameter
and contains a large nucleolus. Granulocytes were the
most common type of haemocyte. They were small to
medium in size (4-20 pm) and elongated, rounded, or

Table 1 Effect of farnesol on total haemocyte count (Cells/mm?) in fifth instar nymphs of Dysdercus koenigii

Dose of Days after treatment
Farnesol /
Insect

Day 1 Day 2 Day 3 Day 4 Day 5 Day 6 Day 7 Day 8

(Mean + SE) (Mean =+ SE) (Mean + SE) (Mean =+ SE) (Mean + SE) (Mean =+ SE) (Mean =+ SE) (Mean + SE)
Control 6060° £252.52 6970°+336.25 7945 +443,69 8405°+373.38 6175%4+321.99 518871+484.68 49007 £469.75 6310°£373.71
0.05 pl 58754296.48 6630%+386.81 7700°+403.94 7985°°4£35630  6270°+32043 5015%+463.44 49057 £434.07 61007 +£418.06
0.1 pl 5410°4344.63 61157+533.70 66007 +571.35 6365° 4 484.03 5420°4+371.95 4555% 4+ 40521 43357+318.86 5380°°+475.11
0.2 ul 3625°4309.50 4045° 457341 4300°+471.64 4555452049 3890°+414.38 2980° 4 264.91 3605%4339.81 4440° +419.71
F value 1352 (3,36) 7.85 (3,36) 12.18 (3,36) 1591 (3,36) 9.38(3,36) 5.92 (3,36) 242 (3,36) 3.99 (3,36)
F critical 2.866

0-6 h old fifth instar nymphs of D. koenigii were treated with 0.05 pl, 0.01 pl, 0.02 pl of Farnesol

Mean + SE, calculated for ten replicates, Ten fifth instar nymphs were taken in each replicate

Means followed by the same letter in a column are not statistically different at P<0.05 (one way ANOVA followed by Tukey test
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Fig. 1 Different types of haemocytes present in fifth instar nymphs of Dysdercus koenigii

Table 2 Characteristics of Haemocytes Present in Fifth Instar Nymphs of Dysdercus koenigii

Type of Haemocyte Morphology (shape/size) Nucleus Cytoplasm Relative abundance
Prohaemocyte Small (3-10 um), spherical, oval, Large, centrally located; size is Devoid of inclusions 12-16%
elliptical, high nucleo-cytoplas-  variable 3-12 um
mic ratio
Plasmatocyte Polymorphic, spherical to oval, Round or elongated, generally Basophilic, may be granular or 35-52%
larger than prohaemocytes (up  centrally located, occasionally agranular,
to 20 um long), small nucleo- binucleate
cytoplasmic ratio
Adipohaemocyte Small to large (7-45 um diam- Small, 4-10 um diameter; round ~ Contain small to large fat drop- ~ 23-42%
eter), or slightly elongated; centric or lets, non-lipid granules, vacuoles
eccentric
Granulocytes Spherical, 5-8 um in diameter Round and centrally located Membrane bound inclusions 5-11%

Oenocytoid

Disintegrated cell

Large cells (up to 25 um) with
regular rounded or oval shape,
low nucleo-cytoplasmic ratio

No definite shape and size. Have
ruptured cell membrane

Small (3-15 um); round or
elongate eccentric contains large
nucleolus

Nuclear swelling, rupturing

found may be regular or irregular
in shape

Abundant

Abnormal vacuolation, dis-
charged cytoplasmic contents

1-2% of all the
haemocytes present

2-7%

Influence of Farnesol on relative percentage of different

spindle-shaped. The nucleus (1-4 pum) was generally
located in the cell centre. Adipohaemocytes were large
(22-48 pm), and rounded or ovoid with a large, often
eccentric nucleus (12—15 pm in diameter) surrounded by
relatively little cytoplasm and large vesicles. Oenocytoids
were large round or oval shaped cells. The nucleus of
these cells was small with large nucleolus. They contain
abundant cytoplasm. Disintegrated cells were also seen in
the haemolymph of fifth instar nymphs of D. koenigii.

types of haemocytes

Difference in relative abundance of different types of
haemocytes was evident in control and experiments.
Also, the results indicate that change in relative per-
cent of different haemocytes varies according to type
of haemocyte, day after treatment and dose of Farnesol
applied to the insect.
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Prohaemocyte

In control, the percent of prohaemocytes was 12.57%
on day 1. Their percentage increased up to four day and
subsequently decreased on fifth and sixth days. In the
adult males and females, the percent prohaemocytes
remained less in comparison to their percentage in the
nymphs after day 1. Treatment with Farnesol promoted
the percent prohaemocyte count. A distinct dose
dependant increase in the percent prohaemocyte was
seen on day five, six and seven. The increase was most
conspicuous on day seven; in comparison to control,
almost five times increase was observed in the nymphs
treated with a dose of 0.2 pL. However, in earlier days
there was no direct correlation between the dose of
Farnesol applied to the nymphs and percent increase in
the prohaemocytes (Fig. 2).

Plasmatocytes

Plasmatocytes were the most common haemocytes in
the haemolymph of fifth instar nymph of D. koenigii.
In control, they constitute 52.29% on day 1. Subse-
quently, their percentage in the haemolymph gradually
decreased to 34.57% on day 6. The fifth instar nymph
moult after six days and the percent of plasmato-
cytes increased again in the adult males and the
adult females. Treatment of insect with a dose of 0.2
puL Farnesol had adverse effect on the relative per-
cent of plasmatocytes for two days; the relative per-
cent decreased, and the difference were statistically

Page 6 of 12

significant. It was also observed that after two days the
relative percent of plasmatocytes increased in Farnesol-
treated fifth instar nymphs in a dose-dependent man-
ner up to seven days. Increase in percent plasmatocytes
was most conspicuous on day 5; the nymphs treated
with 0.2 pL Farnesol showed 46.86% plasmatocytes in
contrast to insects in control which had only 32.86%
plasmatocytes (Fig. 3).

Adipohaemocyte

Results summarized in Fig. 4 indicate that in control,
there was gradual increase in the percent of adipohaemo-
cytes with age of the fifth instar nymph; percent adipo-
haemocytes increased from 23 to 41.43% from day 1 to
day 6. Day wise change in the percent adipohaemocytes
was not consistent in the nymphs treated with Farnesol;
on a specific dose, the percent adipohaemocyte, did
not show any specific trend. However, on a specific day,
when compared, a distinct dose-dependent decrease
was observed on all the days. The decrease in the adipo-
haemocytes fraction was most prominent in the treat-
ment with 0.2 pL/insects (Fig. 4).

Granulocyte

In control, the percent granulocytes first decreased from
7.71% on day 1 to 4.57% on day 2; subsequently they
increase up to day 4 and then there was marginal dip on
day 5 and day 6 of the fifth instar nymphal period. No
distinct dose-related change was observed in the percent
of granulocytes as a result of farnesol treatment (Fig. 5).

30 4
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2LE4‘ 1
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g 20 - 18.86° 19.14%
b a
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© 15 :
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o
-
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g 10 4
(3]
(-9
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357
Day 5 Day 6 Atday7¢d Atday 7 ?
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Fig. 2 Effect of Farnesol on Prohaemocytes of fifth instar nymphs of Dysdercus koenigii. Each bar represents Mean = SE, Seven replicates were taken
for calculation of mean Bars on a specific day after treatment with different letter are significantly different (p <0.05), computed by one-way ANOVA
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Fig. 3 Effect of Farnesol on Plasmatocytes of fifth instar nymphs of Dysdercus koenigii. Each bar represents Mean = SE, Seven replicates were taken
for calculation of mean Bars on a specific day after treatment with different letter are significantly different (p < 0.05), computed by one-way ANOVA

Percent of Adipohaemocytes

Day 1

Day 2

Day 3 Day 4

ANOVA followed by Tukey’s all pairwise multiple comparison test

m Control
m0.05pL
m0.1puL
m0.2pl

Day 5 Day 6 Atday7d Atday 7 ?

Days after treatment

Fig. 4 Effect of Farnesol on Adipohaemocytes of fifth instar nymphs of Dysdercus koenigii Each bar represents Mean =+ SE, Seven replicates were
taken for calculation of mean Bars on a specific day after treatment with different letter are significantly different (p <0.05), computed by one-way

Oenocytoids

The percent count of oenocytoids is presented in Fig. 6.
The results indicate that in control, the percent decrease
from 4.43% on day 1 to 1.57% on day 4; the value subse-
quently increased on day 5. The treatment of Farnesol did
not show any specific trend on the increase or decrease
in percent oenocytoids in relation to dose of treatment
and days after treatment.

Disintegrated cells

The results shown in Fig. 7 indicate that in control, the
percent disintegrated cells remained less throughout fifth
instar nymphal period of D. koenigii. Farnesol treatment
enhances the percent of disintegrated cells in a dose-
dependent manner. On day 1 in comparison to control,
an almost four time increase in the percent of disinte-
grated cells was observed in the nymphs treated with 0.2
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Fig. 5 Effect of Farnesol on Granulocytes of fifth instar nymphs of Dysdercus koenigii. Each bar represents Mean = SE, Seven replicates were taken
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pL. Similar trends of increase in disintegrated cells per-
cent was seen on other days (Fig. 7).

Discussion

Haemolymph is the circulating fluid of insects. It moves
through the open circulatory system, directly bath-
ing the organs and tissues and facilitates transfer of
resources to different organs. Volume of haemolymph

varies in different developmental stages; usually the lar-
val stages have larger haemolymph volume than adults.
The haemolymph contains circulating cells called haemo-
cytes, which contribute to the immune functions to the
insects (Kanost, 2009; Kanost et al., 1990). Haemocyte
count is affected both the internal factors of insect such
as age, developmental stage, sex and size of insect (Jones,
1962; Ragan et al., 2009; Rantala et al., 2020), and external
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factor such as nutritional status, physiological state and
exposure to xenobiotics (Beetz et al., 2008; Ghoneim
& History, 2019; Jones, 1962). Change in the number
of haemocytes has also been reported after treatment
with insecticide; dose, duration of exposure and time
after exposure to insecticide affect the haemocyte count
(George & Ambrose, 2004; Morya et al.,, 2010; Perveen &
Ahmad, 2017; Tiwari et al., 2006).

Our studies revealed that the total number of haemo-
cytes in one day old fifth instar nymph of D. koenigii was
6060 cells/ mm?>. The number of haemocytes increased to
8405cells/ mm?® on day 4, which subsequently decreased
to 4900cells/ mm?® on day seven. Qamar (1998) reported
an increase in that haemocyte count from 4557.0cells/
mm? in one day old to 9499.5cells/ mm? in 4 day old
nymphs of D. cingulatus; decreased in total haemocyte
count in 6 days old nymphs was also observed (Qamar,
1998). Similar trends of change in total haemocyte count
were also observed in other insects such as Chrysoco-
ris purpureus (Pugazhvendan & Soundararajan, 2009).
Farnesol has an adverse effect on the number of haemo-
cytes; the decrease in total haemocyte count was dose
dependent. The results were consistent with other studies
(Mannakkara, 2022; Qamar, 1998; Qamar & Jamal, 2009).

Five types of haemocytes are reported in Dysdercus
koenigii based on their morphological characteristics.
These were Prohaemocytes, Plasmatocytes, Adipo-
haemocytes, Granulocytes and Oenocytoids. Besides,
disintegrated cells were also observed; these cells were
characterized by fragmentation to vary extant and

usually absence of nucleus. Similar types of haemocytes
were reported in control and treated fifth instar nymphs
of D. cingulatus (Qamar & Jamal, 2009) and in Apis dor-
sata (Perveen & Ahmad, 2017).

Prohaemocytes were the smallest of all haemocytes;
they had round shape and high nucleo-cytoplasmic ratio.
Plasmatocytes were pleiomorphic, varying in size and
shape from round (discoid), to spindle-shaped and had a
single nucleus that occupies about 40-50% of the granu-
lar, basophilic cytoplasm. Kanost (2009) reported high
RER and Golgi apparatus in plasmatocytes indicating a
high synthetic activity of plasmatocytes. Also, these cells
are phagocytic and provide the primary line of defence
against microbial infection in the insects. These cells
release substances that induce degranulation of the gran-
ular haemocytes during the final stage of encapsulation
(Capinera, 2005; Capinera et al., 2008). Adipohaemocytes
vary in size and were ovoid in shape with well-defined
lipid droplets and granular cytoplasm. Presence of abun-
dant rough endoplasmic reticulum and Golgi complexes
indicated their role in synthetic and secretory activity.
Granulocytes vary in size and shape and have a small
nucleo-cytoplasmic ratio. The cytoplasm of granulocytes
contains small, uniform acidophilic cytoplasmic inclu-
sions and possesses an elaborate network of RER, Golgi
vesicles and other organelles (Gupta, 2009). Oenocytoids
were large cells, may contain two eccentric nuclei and
acidophilic cytoplasm. Numerous microtubules and few
synthetic organelles were reported in oenocytoids (Cap-
inera et al., 2008; Kanost, 2009; Ragan et al., 2009). They
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also exhibit endogenous phenoloxidase activity; which
suggest their role in the process of melanization, wound
healing and encapsulation (Capinera, 2005).

Our study revealed age-related differences in the rela-
tive percent of various types of haemocytes in the fifth
instar nymphs. The mean percentage of prohaemocytes
in one day old fifth instar nymphs was 12.57% which
progressively increased to 16.14% on the 4th day. After
this, the population of these cells decreased to 7.86% in
6 day old nymphs. In the adult males, the mean percent-
age of prohaemocytes was 12.57 and in adult females it
was 16.43%. The relative percentage of plasmatocytes in
newly moulted fifth instar nymphs was 52.29% and by
fourth day it decreased to 36.29%. In adult males and
females it increased to 52.29%; in female the increase was
marginal i.e.39.29%. The population of adipohaemocytes
increased from 23% in 1 day old to 41.33% in 6 days old
nymphs. In one day old adult males the population of
adipohaemocytes was maximum (46.29%). The popula-
tion of adipohaemocytes fluctuated inconsistently during
development of fifth instar nymph. The percent granulo-
cytes remained less throughout the development, rang-
ing between 7% and 11%. Similarly, the oenocytoids were
poorly represented in comparison to other haemocytes.
These reports on the relative distribution of haemocytes
are in agreement with previous studies on Dysdercus cin-
gulatus (Qamar, 1998). However, percent prohaemocytes
and plasmatocytes of one day old male and female were
found less in the present study.

The change in percent distribution of different types
of haemocytes in response to Farnesol was seen in the
present research work. Percent count of prohaemocyte
is promoted in response to treatment with Farnesol; a
distinct dose dependant increase was seen on day five,
six and seven. The increase in percent prohaemocyte
was most conspicuous on day seven. However, in earlier
days there was no direct correlation between the dose
of Farnesol in treated fifth instar nymphs and percent
increase in the prohaemocytes. Farnesol treatment was
responsible for increase in percent of plasmatocytes in a
dose-dependent manner after 2 days. Adipohaemocytes
showed distinct decrease in their percent count on all the
days; this trend was dose dependent and seen more pro-
found at a dose of 0.2 pL. Granulocytes and oenocytoids
did not show any specific trend in response to the dose
of treatment and days after treatment. Percent of dis-
integrated cell increased in all the treatments on all the
days. Increase in the percent disintegration of cells was
dose dependent on all days. Similar type of changes in the
haemocyte pattern was observed in D. koenigii treated
with imidacloprid, deltamethrin, lambda cyhalothrin,
gamma cyhalothrin and cyfluthrin (Sarwar et al., 2018).

Page 10 of 12

Farnesol is an intermediate in juvenile hormone bio-
synthesis. There are evidences that JH also influences
immune function. For example, high titres of JH have
been implicated in humoral immunosuppression in
insects (Hiruma & Riddiford, 1993). In addition, hor-
mone titres of JH and ecdysone may be responsible for
disintegration of cells as seen in Farnesol-treated nymphs
(Nunes, 2021; Rantala et al.,, 2003, 2020; Rolff & Siva-
Jothy, 2002).

Conclusions

Our results interpret that the Farnesol had a profound
effect on the total haemocyte count in a dose-dependent
manner. The effects were cumulative in relation to the
days after treatment. It was also observed that the effect
of Farnesol on different types of haemocytes was differ-
ent. Percent of prohaemocytes and plasmatocytes usu-
ally showed increase, adipohaemocytes showed decrease,
granulocytes and oenocytoids did not show any specific
trend. It was also observed that Farnesol is responsible
for disintegration of haemocytes, as reflected by increase
in the percent of disintegrated cell in the farnesol-treated
fifth instar nymphs of Dysdercus koenigii.

Abbreviations
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