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Many hemipteran insects are phytosuccivorous in nature and predominantly feed on phloem sap, xylem sap
or mesophyll cell (Novotny and Wilson 1997, Douglas 2006). Indian lac insects, Kerria lacca (Kerr)
(Hemiptera: Coccoidea: Tachardiidae (=Kerriidae)) feed on sugar-rich phloem sap (Ahmad et al. 2012) — a
chief source of carbon and nitrogen — and excrete excess sugar in the form of honey dew from anal tuberacle
which becomes a major cause of fungal contamination. Sugar-rich honey dew attracts ants to feed upon
them and thus, this ant-hemipteran mutualistic interaction prevents losses by fungus infection (Sharma and
Jaiswal 2011). According to Lu et al. (2012), the presence of lac plantation with lac hosting affects the
diversity and abundance of ground dwelling ant species. Among the various ant species which attend lac
insects, most are harmless to lac culture, this may be due to the feeding deterrence exhibited by the
anthraquinoine pigments found as body colouration of these insects. Wild type insect are crimson in colour
due to the presence of a complex of closely resembling water-soluble polyhydroxy-anthraquinones (laccaic
acid A, B, C, D and E), collectively called as lac dye. Yellow mutants possess only the precursor molecule
laccaic acid D (Shamim et al. 2016a). Apart from these, certain alcohol-soluble anthraquinones such as
desoxyerythrolaccin, erythrolaccin and isoerythrolaccin are also found in the resinous secretion of lac
insects, giving it yellowish colouration (Fig. 1).

Available literature suggests that carminic acid, an anthraquinone compound obtained from body pigments of
a scale insect Dactylopius confusus exhibit antifeedant activity against ants along with various other
biological and pharmacological activities and is said to be evolved as a chemical weapon against predation
(Eisner et al. 1980). Based on the structural similarities between the anthraquinone present in carminic acid
and anthraquinones present in laccaic acids (produced by Kerria lacca); it was assumed that lac dye may
also exhibit similar effect. This study aimed for assessment of antifeedant activity of the constituents of lac
dye i.e. water-soluble polyhydroxy anthraquinones against ants.
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Fig. 1. Chemical structures of polyhydroxy anthraquinone pigments; a - f: Laccaic acids present in lac dye; g
- 1: laccaic acids found in lac resin; j: Carminic acid produced by D. confuses (Shamim et al. 2016a).

For the assessment of antifeedant activity of the anthraquinones found in lac pigments, crimson and yellow
insect cell extracts were used along with pure crimson dye, which served as a negative control. This work
was carried out at Indian Institute of Natural Resins and Gums (IINRG), Namkum, Ranchi, India and both
wild type crimson insects and yellow mutants were obtained from the Field Gene Bank at National Lac Insect
Germplasm Centre (NATLIGEC) of the same institution. Also, the crude crimson lac dye was obtained from
[INRG's pilot plant facility for lac dye extraction. To purify crude dye, it was dissolved in water and filtered
repeatedly using filter paper of 0.19 mm thickness (sartorius stedium biotech, 292a) and air dried at 40°C for
24-48 hrs. Pure dye thus obtained was checked for complete solubility in deionized water. Crude pigment
extract of both wild type crimson and mutant yellow insect was prepared simply by grinding the insects in
sterile water.
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Deterrence of anthraquinones was assessed by offering sugar solutions laced with insect extracts to
predaceous ants (Eisner and Meinwald 1965, Carrel and Eisner 1974, Montllor et al. 1991, Hare and Eisner
1993, Schaffner et al. 1994, Morton and Vencl 1998, Gomez et al. 1999, Vencl et al. 1999). Eighty percent
sucrose solution was used as a positive control in this study. Sterilized sponges (3.5 x 1 cm) were soaked
with the dye and cell extracts respectively, and then covered with the sucrose solution. One set of pure lac
dye and insect extract samples were kept without lacing it with sugar solution. These sponges were kept on
sterile slides and were placed near ant hill to assess the antifeedant activity of the anthraguinones under
natural conditions where lac insects are being cultured on Flemingia semialata plants and are being ant-
attended on regular basis. For the similar study under laboratory conditions, the ants were collected from the
field where lac insects are cultivated; these ants were left for feeding on the samples under a glass chamber
with proper aeration. Feeding behaviour of ants towards the lac dye was observed for an hour and number of
ants feeding on it was recorded.

This behavioural study to investigate deterrence of lac dye components led to the observation that yellow dye
containing laccaic acid D was most susceptible to ants attack as observed by the maximum number of ants
feeding on the sucrose sample overlaid on the cell extract of yellow insects. At the outset of the experiment,
it was noted that ants were attracted towards the positive control of experimental set up. They started feeding
on the positive control containing only sugar solution but in the test samples i.e. the lac dye coated with
sucrose solution, ants visited the periphery and left without feeding. Gradually, the deterrence of the test
samples decreased and ants also attended the test samples along with the positive control. No significant
result was observed in the negative controls where no sugar solution was added. Pure crimson dye along
with sucrose was more attended by ants as compared to the crimson cell extract. At both the assay
conditions similar observations were recorded and no significant differences were found (Fig. 2).
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Fig. 2. Graph depicting the observation of the antifeedant assay; yellow cell extract is least deterrent to ants
whereas crimson cell extract shows maximum deterrence.

Anthraquinone pigments in insects have been observed to play wide variety of important roles. Apart from
being associated with immunity, life-history, physiological, and developmental traits, these pigment
molecules exhibit antimicrobial (Cudlin et al. 1976, Manojlovic et al. 2000, Izhaki 2002, Kambizi et al. 2004)
and antiviral activity (Barnard et al. 1992, Semple et al. 2001) and protects insects from microbial attack and
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viral infections, respectively. For example, carminic acid is reported to show cytostatical activity (Galvez et al.
1996). Lac dye has also been reported to show antineoplastic effect against leukemia cell lines (Shamim et
al. 2016b). Feeding deterrence by anthraquinones is also well reported; anthraquinone synthesised by
Dactylopius confusus is deterrent against ants (Eisner et al. 1980). Apart from these, several anthraquinones
and anthrones showing antifeedant activity against avian predators (Schafer et al. 1983, Hilker and Kopf,
1995, Avery et al. 1997) have found their application in wildlife management, where seeds are treated with
anthraquinones against avian pests (Avery et al. 1997).

In this study dealing with antifeedant effect of water-soluble anthraquinone pigment, it was observed that
yellow dye containing laccaic acid D was most susceptible to ants attack whereas, a mixture of laccaic acids
in crimson dye is more effective in exhibiting feeding deterrence on ants. The pure crimson dye is less
effective than the cell extract of crimson coloured insects, it could be due to the loss of deterrence during the
processing and purification of the dye or feeding deterrence could be due to a cumulative effect of a mixture
of compounds along with the pigment molecule. There is still a gap in the understanding of antifeedant effect
of anthraquinones and therefore, it is suggested that K. lacca anthraquinones should be explored more as
potential natural antifeedant, based on its active constituents.
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