“‘ . . Advances in Enzyme Research, 2023, 11, 34-57

‘ 4 Scientific https://www.scirp.org/journal/aer
0 " Research '

94% Publishing ISSN Online: 2328-4854

* ISSN Print: 2328-4846

Toxic Effects of Ficus benghalensis Latex Based
Combinatorial Formulations on Various
Enzymatic Parameters in Indian White
Termite Odontotermes obesus

Abhishek Kumar Tripathi, Ravi Kant Upadhyay

Department of Zoology, Deen Dayal Upadhyaya Gorakhpur University, Gorakhpur, India

Email: rkupadhya@yahoo.com

How to cite this paper: Tripathi, A.K. and
Upadhyay, RK. (2023) Toxic Effects of
Ficus benghalensis Latex Based Combina-
torial Formulations on Various Enzymatic
Parameters in Indian White Termite Odon-
totermes obesus. Advances in Enzyme Re-
search, 11, 34-57.
https://doi.org/10.4236/aer.2023.112003

Received: May 25, 2023
Accepted: June 26, 2023
Published: June 29, 2023

Copyright © 2023 by author(s) and
Scientific Research Publishing Inc.

This work is licensed under the Creative
Commons Attribution-NonCommercial
International License (CC BY-NC 4.0).
http://creativecommons.org/licenses/by-nc/4.0/

(oRolcH

Abstract

In the present investigation, various bioassays were conducted to evaluate the
alteration in levels of various enzymes ie. alkaline phosphatase, acid phos-
phatase, glutamate oxaloacetate transaminase, glutamate pyruvate transami-
nase and acetylcholinesterase. For this purpose worker termites were treated
with sub-lethal doses of 40% and 80% of 24 hrs LDs, of latex-based combina-
torial formulations and observations were taken at 4 hours intervals up to 24
hours. Ficus benghalensis crude latex and its combinatorial mixtures, like
C-MLT-A, CU-MLT-A, AQ-MLT, P-MLT and EA-MLT significantly altered
the level of enzymes in Odontotermes obesus and this effect found time and
dose-dependent. Reduction or increase in enzymes was calculated by using
the corresponding control. The maximum decrease in acid phosphatase level
was observed at 16 h when termites were treated with 80% of LDs, of
B-MLT-B and P-MLT ie. 82.84% at 16 h of treatment. A similar dose caused
a very slight decrease in glutamate pyruvate transaminase at 4 h of treatment
but with the increase in time. Further decrease was noted in other successive
treatments that were significant at p > 0.05. Similarly, 40% and 80% of LDs, of
the C-MLT-B mixture caused significant (p > 0.05) decrease in alkaline
phosphatase and acid phosphatase level at 16 h treatment Z.e. 93.42%, 89.46%
and 95.89%, 88.17% respectively. The level of acetylcholinesterase was also
found to be decreased when termites were treated with 40% and 80% of LDs,
of C-MLT-B mixture Ze. 92.72% and 97.27% respectively. All the above alte-
rations noted in levels of various enzymes confirm the action of latex ingre-
dients on worker termites that were anti-feedant or deterrent types. These in-
gredients can be used to control not only termites but also other phytophag-
ous insects.
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1. Introduction

Latex is a milky fluid secreted by approximately 10% of flowering plant families.
Latex exudes from plant parts after having an injury. It is a secondary metabolite
and a complex emulsion that coagulates on exposure to air, consisting of pro-
teins, alkaloids, starches, sugars, oils, tannins, resins, and gums [1]. It protects
plants from physical damage caused by chewing herbivores and insect pests [2].
Latex causes itching, inflammation, redness and swelling to appear after skin
contact with latex. The most common signs of latex reaction include skin irrita-
tion, rash, hives, runny nose and difficulty breathing. It causes an allergic reac-
tion upon inhalation of latex particles inhale (breathe in) latex particles or come
into physical contact with latex.

Plant latex contains alkaloids mainly glycosides which heavily deter herbivor-
ous insects and target insect pests effectively [3]. Alkaloid glycosides also display
strong anti-termitic activity [4]. Termites infest at various stages of plant growth
and cause severe losses in sugarcane, maize, wheat, fruits, etc [5]. In crop fields,
termites cause 50% - 100% losses in yield [6]. Components of plant latex inhibit
metabolism in termites and kill them due to anti-feedant, repellent and toxic ac-
tion. These were found in active insects German cockroach Blatella germanica
[7].

Termites are destructive polyphagous insects that cause serious damage to
crops. Termites seriously infest garden trees, timber, building materials, stored
products, paper and clothing and cause enormous economic damage to them
[8]. Termites infest the plant at different stages of growth [9]. They attack crops
such as sugarcane, corn, wheat, barley, rice and vegetable crops. They cause
about 50% - 100% vyield loss in these crops. They also act as decomposers and
increase their activity [10]. Soil fertility, yield and people also use them for their
own benefit all over the world. However, some termite species become a threat
to agricultural producers because they directly and indirectly cause serious
damage to the agricultural system [11]. Termites are the main soil macrofauna
and control of termite populations is very important to prevent damage to crops
[12]. There are various preventive methods to control termite infestation like
reducing openings that offer termites’ access to the structure, not piling or stor-
ing firewood or wood debris next to the house and inspecting periodically to
help ensure that termite colonies do not become established. Some chemical
methods are also used as liquid soil-applied termiticides, termite baits, building
materials impregnated with termiticides and wood treatments to control the

termite population. But these synthetic insecticides are very harmful to man and
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his environment. Hence, bio-insecticides are preferred for controlling insects
because these are safer to non-target organisms because they have no residual
effect in the environment [13].

Termites form huge mounds for colonization and protection against envi-
ronmental stress and shelter from predators [14]. They participate in many eco-
logical processes, mainly the decomposition of plant waste and dead wood and
transform it into soil [15]. The global economic impact of termites is estimated
to be approximately $40 billion per year, with subterranean termites accounting
for approximately 80% of the total impact [16]. Predatory ants attack termite
populations in forests [17].

However, harmful synthetic chemical pesticides are widely used to control
termite attacks [18]. Various synthetic insecticides such as cyclodiene [19] [20],
cypermethrin [21], hydroquinone and indoxacarb [22] have been used to control
termites in crops. Dursban spray has been found to be very effective against
wood-destroying termites [23]. Thiamethoxam shows high mortality in workers
of the Asian subterranean termite Copfotermes gestroi after 1 - 3 days of expo-
sure [24]. These chemicals have serious adverse effects on non-target biotic and
abiotic factors in the environment [25]. Although chemical insecticides are very
effective against termites, they are dangerous to non-target organisms in the
ecosystem. Its associated residues remain in the environment longer and
through different trophic levels they enter the food chain [26].

Many toxic synthetic chemical pesticides, bio-insecticides and plant sub-
stances have been used to control termites, but the treatment of plant latex is
very scary [27] [28]. Plant latexes and some plant substances Calotropis procera,
Ipomoea fistulosa, Maesa lanceolata, Croton macrostachyus, Targets minuta,
Datura stramonium and Azadirachta indica are used for termite control [29]
[30] [31]. Latex is produced and stored in special cells called “laticifers”. Latici-
fers form a tubular system consisting of a row of elongated cells that branch to
form an internal network covering the entire plant [32]. Plants secrete latex sap
in response to physical damage [33]. Fig latexes are more effective natural the-
rapeutic antibacterial agents against pathogenic bacteria [34]. The antiviral
properties of C. majus latex are due to both the alkaloids and the proteins it
contains, which affect different stages of the virus reproduction cycle [35]. There
are so many herbal botanicals that can fight against termites in fields and vegeta-
tion [36]. Indeed, about 250,000 plant species in the world have been reported to
contain compounds with insecticidal properties [37].

Ficus benghalensis, the banyan tree, is popular medicinal plant species. This is
a huge plant having height more than 30 m in height. It is found in tropical areas
of Asia and used extensively in Ayurveda treatment as a hypoglycemic, diuretic,
tonic, rheumatism, astringent, and inflammation [38]. The plant belongs to the
family Moraceae, its laticiferous tissue produces milky latex upon wounding. F.
benghalensis contains a high amount of good quality natural rubber. The natural

rubber (cis-1,4-polyisoprene) content in the latex of F. benghalensis is approx-
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imately 17% [39]. Its latex serum contains a small number of mainly around
26-31-kDa protein which works as catalytically-active rubber particles. Plants
produce secondary metabolites which are known to play a crucial role in pest
control because some are selective, biodegradable, non-toxic products, and have
few harmful effects on non-target organisms and the environment [40] [41]. In
this study, efforts have been made to evaluate the toxic effects of Ficus bengha-
lensis latex on metabolic enzymes alkaline phosphatase, acid phosphatase; glu-
tamate oxaloacetate transaminase, glutamate pyruvate transaminase and acetyl-

cholinesterase in Odontotermes obesus (Rambur) the Indian white termite.

2. Experimental

2.1. Latex Collection

Latex was collected from Ficus benghalensis Banyan or Bargad Tree (Family:
Moraceae) located in Deen Dayal Upadhyaya Gorakhpur University Garden.
This specimen was authenticated by an expert in botany and help was taken
from the Taxonomy of Indian Angiosperms. The herbarium specimen is healthy
and preserved in the Botanical garden of Gorakhpur University for Future Ref-
erence. This plant is extensively used for shade, nutritional, and therapeutic
purposes by local people not only in India but also in Southeast Asia. Fresh latex
was collected by making an incision or cut mark with a knife over the tree trunk.
Collected plant latex samples were lyophilized and powdered in a vacuum in
cold. Lyophilized latex was extracted with different solvents by changing the po-
larity. Active fractions from the latex were portioned between different solvents
on the basis of their polarity. For better fractionation, solvent extraction was
performed using polar and non-polar solvents. Latex was allowed to evaporate in
a SpeedVac vacuum concentrator to get residue. It was dried and weighed and
re-dissolved in a known volume of distilled water. Dissolved residues were
stored in cold at 4°C for experimental purposes. All chemicals used in this study
were purchased from CDH-laboratory chemicals suppliers in India supplied by
Eastern Scientific Company, Gorakhpur.

2.2. Preparation of Combinatorial Formulations

2.2.1. In Vivo Determination of Enzymatic Parameters

To observe the effect on enzymatic parameters 500 mg of adult termite workers
were provided 40% and 80% of LDs, of Ficus benghalensis latex-based combina-
torial mixtures with the diet. Insects were sacrificed at the 4 h interval up to 16 h
for the measurement of various enzyme levels. Insects were homogenized in
phosphate saline buffer (pH 6.9) in a glass homogenizer and centrifuged in cold
for 25 minutes at 15,000 rpm. The supernatant was isolated in a glass tube and

used for the estimation.

2.2.2. Determination of Alkaline Phosphatase (ALP)
Alkaline phosphatase level was determined according to the method of Andrech
and Szeypiaske and modified by Bergmeyer [42]. For this purpose 500 mg
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treated termites were homogenized in 1 ml ice-cold PBS buffer and centrifuged
at 15,000 rpm for 15 min. For measurement of alkaline phosphatase level, 0.10
ml of supernatant was added to 1.0 ml of alkaline buffer substrate and incubated
for 30 minutes at 37°C. Alkaline buffer substrate was prepared by addition of
375 mg glycine, 10 mg MgCl,-:6H,O and 165 mg p-nitrophenyl phosphate so-
dium salt in 42 ml of 0.1 N NaOH. The reaction was stopped by adding an
excess of alkali (5.0 ml of 0.02 N NaOH). The p-Nitrophenol formed after the
hydrolysis of p-nitrophenyl phosphate gave a yellow color with NaOH. Optical
density was measured at 420 nm. The standard curve was prepared by using dif-
ferent concentrations of p-nitrophenol. Enzyme activity was expressed as umoles
of p-nitrophenol formed/30 min/mg protein. Three replicates were set in each
experiment and the data obtained was statistically analyzed by the ANOVA me-
thod.

2.2.3. Determination of Acid Phosphatase (ACP)

Acid phosphatase activity in termites was determined according to the method
of Andrech and Szeypiaske and modified by Bergmeyer [42]. For the determina-
tion of acid phosphatase level, whole body extract of termites was prepared si-
milarly as mentioned above. For this purpose, 0.1 ml of supernatant was added
to 1.0 ml of acid buffer substrate solution (0.41 gm citric acid, 1.125 gm sodium
citrate and 165 mg p-nitrophenyl phosphate sodium salt to 100 ml of double dis-
tilled water). Contents were mixed thoroughly and incubated for 30 minutes at
37°C. To this tube, 4.0 ml of 0.10 N NaOH was added to stop the reaction. A
yellow color was developed which was measured at 420 nm. The standard curve
was prepared by using different concentrations of p-nitrophenol. Enzyme activ-
ity was expressed as the amount of p-nitrophenol formed/30 min/mg protein.
Three replicates were set in each experiment and the data obtained was statisti-
cally analyzed by the ANOVA method.

2.2.4. Determination of Glutamic-Oxaloacetic Transaminase (GOT)

GOT activity was measured according to the method of Reitman and Frankel
[43]. For this purpose 500 mg treated termites were homogenized in 2 ml
ice-cold PBS buffer and centrifuged at 15,000 rpm for 15 min. For estimation of
GOT 0.10 ml of centrifuged supernatant was taken out and to it and 0.50 ml of
GOT substrate was added. GOT substrate was prepared by adding 0.292 gm of
a-ketoglutaric acid and 26.6 gm of DL-aspartic acid into a 1.0 liter volumetric
flask. Contents were mixed thoroughly and 1 N NaOH was added slowly to the
above solution. PH of the solution was adjusted to 7.4 by using PBS buffer. A to-
tal volume of the solution was maintained at 1000 ml by adding buffer (13.97 gm
K,HPO, and 2.69 gm KH,PO, in 1000 ml water). To this tube, 0.50 ml of 2 - 4
dinitrophenyl hydrazine solution (Dissolved 0.198 gm of 2, 4-dinitrophenyl hy-
drazine in 1 N HCI to make 1000 ml.) was added and kept standing for 15 mi-
nutes at room temperature. Then 5.0 ml of 0.4 N NaOH (1.6 gm NaOH dis-
solved in 100 ml distilled water) was added and mixed well. Now contents were

left for 20 minutes at room temperature. Optical density was recorded at 505 nm
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by setting the blank with distilled water. The standard curve was prepared by
using oxaloacetic acid as the standard. Enzyme activity was expressed in units of

glutamate oxaloacetate transaminase/30 min/mg protein.

2.2.5. Determination of Glutamate-Pyruvate Transaminase (GPT)

GPT activity in whole body extract of termites was measured according to the
method of Reitman and Frankel [43]. For this purpose 500 mg treated termites
were homogenized in 2 ml ice-cold PBS buffer and centrifuged at 15,000 Xg for
15 min. 0.10 ml of centrifuged supernatant was added to 0.50 ml of GPT sub-
strate. GPT substrate was prepared by dissolving 0.292 gm of a-ketoglutaric acid
and 17.8 gm of DL alanine in a 1.0 lite volumetric flask. 1 N NaOH was slowly
added to the above mixture. It was mixed well until all solids dissolved com-
pletely. The PH of the substrate was adjusted to 7.4 by adding a sufficient vo-
lume of buffer and the total volume was maintained at 1000 ml. The buffer was
prepared by dissolving 13.97 gm K,HPO, and 2.69 gm KH,PO, in 1000 ml dis-
tilled water. In the above supernatant, 0.5 ml of GPT substrate and 0.50 ml of 2 -
4 dinitrophenyl hydrazine solution (Dissolved 0.198 gm of 2,4-dinitrophenyl
hydrazine in 1 N HCI to make 1000 ml) were added and kept for 15 minutes at
room temperature. Now 5.0 ml of 0.4 N NaOH (1.6 gm NaOH dissolved in 100
ml distilled water) was added, mixed well and allowed to stand at room temper-
ature for 20 minutes. The optical density was noted at 505 nm and the blank was
set with water to make the background absorbance zero. The standard curve was
prepared by using oxaloacetic acid as the standard. The enzyme activity was ex-
pressed in units of glutamate-pyruvate transaminase activity/mg protein. Three
replicates were set for each test and the control and data obtained were statisti-
cally analyzed by the ANOVA method.

2.2.6. Determination of Acetylcholinesterase (AchE)

Acetylcholinesterase activity was determined according to the method of Ellman
[44]. For this purpose, 500 mg treated termites were homogenized in ice-cold
PBS buffer for 5 minutes in a glass-glass homogenizer. It was centrifuged at
15,000 rpm in cold to get the supernatant. For estimation of AchE level 0.050ml
of supernatant was mixed with (10 mm path length cuvette) 0.10 ml freshly pre-
pared acetyl cholinethioiodide solution (5 x 10™* M) and into it 0.05 ml DTNB
(0.19818 gm/l) a chromogenic agent and 1.45 ml of PBS (pH 6.9) were added.
The change in absorbance was recorded at 412 nm regularly for three minutes at
25°C. Enzyme activity was expressed in p moles “SH” hydrolyzed per minute per

mg protein.

2.2.7. Statistical Analysis

The LDs, in termite workers was determined for each extract and combinatorial
mixture by using Probit analysis. Mean, standard deviation, standard error, cor-
relation and Student t-test were applied by the ANOVA program. The
Chi-Square test was applied to establish the repellent activity [45].
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3. Results

In this study, the toxic effects of Ficus benghalensis latex-based combinatorial
formulations on certain metabolic enzymes such as alkaline phosphatase, acid
phosphatase; glutamate oxaloacetate transaminase, glutamate pyruvate trans-
aminase and acetylcholinesterase were evaluated. Levels of these enzymes were
calculated in whole-body extracts of termites treated with 40% and 80% of LDs,
of Ficus benghalensis latex-based combinatorial formulations separately for 4, 8,
12 and 16 h (Figures 1-20).

40% and 80% of LDs, of Combinatorial mixture S-MLT-A, S-MLT-B and
S-MLT-C caused significant (p > 0.05) decreases in alkaline phosphatase ie.

102
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98

96

94 u Control

92

Per cent level

W 40% of S-MLT-A

90 1 80% of S-MLT-A

88

86
ALP ACP GOT GPT AchE

Enzymes

Figure 1. Comparison of alkaline phosphatase, acid phosphatase, glutamate
oxaloacetate transaminase, glutamate pyruvate transaminase and acetylcholi-
nesterase in termites treated with 40% and 80% of LDso of S-MLT-A mixture at
16 h.

120
100
G
° g
2
N
5 60 M Control
5]
5 a0 B 40% of S-MLT-B
Ay
m 80% of S-MLT-B
20

ALP ACP GOT GPT AchE

Enzymes

Figure 2. Comparison of alkaline phosphatase, acid phosphatase, glutamate
oxaloacetate transaminase, glutamate pyruvate transaminase and acetylcholi-
nesterase in termites treated with 40% and 80% of LDso of S-MLT-B mixture at
16 h.
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Enzymes
Figure 3. Comparison of alkaline phosphatase, acid phosphatase, gluta-
mate oxaloacetate transaminase, glutamate pyruvate transaminase and

acetylcholinesterase in termites treated with 40% and 80% of LDso of
S-MLT-C mixture at 16 h.
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Figure 4. Comparison of alkaline phosphatase, acid phosphatase, gluta-
mate oxaloacetate transaminase, glutamate pyruvate transaminase and

acetylcholinesterase in termites treated with 40% and 80% of LDso of
B-MLT-A mixture at 16 h.
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Figure 5. Comparison of alkaline phosphatase, acid phosphatase, gluta-
mate oxaloacetate transaminase, glutamate pyruvate transaminase and

acetylcholinesterase in termites treated with 40% and 80% of LDso of
B-MLT-B mixture at 16 h.
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Enzymes
Figure 6. Comparison of alkaline phosphatase, acid phosphatase, glu-

tamate oxaloacetate transaminase, glutamate pyruvate transaminase

and acetylcholinesterase in termites treated with 40% and 80% of LDso
of B-MLT-C mixture at 16 h.
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Figure 7. Comparison of alkaline phosphatase, acid phosphatase, glu-

tamate oxaloacetate transaminase, glutamate pyruvate transaminase

and acetylcholinesterase in termites treated with 40% and 80% of LDso
of C-MLT-A mixture at 16 h.
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Figure 8. Comparison of alkaline phosphatase, acid phosphatase, glu-
tamate oxaloacetate transaminase, glutamate pyruvate transaminase

and acetylcholinesterase in termites treated with 40% and 80% of LDso
of C-MLT-B mixture at 16 h.
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Figure 9. Comparison of alkaline phosphatase, acid phosphatase, gluta-

mate oxaloacetate transaminase, glutamate pyruvate transaminase and

acetylcholinesterase in termites treated with 40% and 80% of LDso of
C-MLT-C mixture at 16 h.
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Figure 10. Comparison of alkaline phosphatase, acid phosphatase, glu-

tamate oxaloacetate transaminase, glutamate pyruvate transaminase and

acetylcholinesterase in termites treated with 40% and 80% of LDso of
CU-MLT-A mixture at 16 h.
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Figure 11. Comparison of alkaline phosphatase, acid phosphatase, glu-
tamate oxaloacetate transaminase, glutamate pyruvate transaminase and

acetylcholinesterase in termites treated with 40% and 80% of LDso of
CU-MLT-B mixture at 16 h.
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Figure 12. Comparison of alkaline phosphatase, acid phosphatase, glu-

tamate oxaloacetate transaminase, glutamate pyruvate transaminase and

acetylcholinesterase in termites treated with 40% and 80% of LDso of
CU-MLT-C mixture at 16 h.
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Figure 13. Comparison of alkaline phosphatase, acid phosphatase, glu-

tamate oxaloacetate transaminase, glutamate pyruvate transaminase and

acetylcholinesterase in termites treated with 40% and 80% of LDso of
AQ-MLT mixture at 16 h.
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Figure 14. Comparison of alkaline phosphatase, acid phosphatase, glu-
tamate oxaloacetate transaminase, glutamate pyruvate transaminase and
acetylcholinesterase in termites treated with 40% and 80% of LDso of
A-MLT mixture at 16 h.
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Figure 15. Comparison of alkaline phosphatase, acid phosphatase, glu-

tamate oxaloacetate transaminase, glutamate pyruvate transaminase and

acetylcholinesterase in termites treated with 40% and 80% of LDso of
H-MLT mixture at 16 h.
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Figure 16. Comparison of alkaline phosphatase, acid phosphatase, glu-

tamate oxaloacetate transaminase, glutamate pyruvate transaminase and

acetylcholinesterase in termites treated with 40% and 80% of LDso of
P-MLT mixture at 16 h.
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Figure 17. Comparison of alkaline phosphatase, acid phosphatase, glu-
tamate oxaloacetate transaminase, glutamate pyruvate transaminase and

acetylcholinesterase in termites treated with 40% and 80% of LDso of
EA-MLT mixture at 16 h.
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Figure 18. Comparison of alkaline phosphatase, acid phosphatase, glu-

tamate oxaloacetate transaminase, glutamate pyruvate transaminase and

acetylcholinesterase in termites treated with 40% and 80% of LDso of fi-
pronil at 16 h.
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Figure 19. Comparison of alkaline phosphatase, acid phosphatase, glu-

tamate oxaloacetate transaminase, glutamate pyruvate transaminase and

acetylcholinesterase in termites treated with 40% and 80% of LDso of ma-
lathion at 16 h.
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Figure 20. Comparison of alkaline phosphatase, acid phosphatase, glu-
tamate oxaloacetate transaminase, glutamate pyruvate transaminase and

acetylcholinesterase in termites treated with 40% and 80% of LDso of
thiamethoxam at 16 h.
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94.85%, 94.01% and 97.13%, 94.43%, 87.01% and 95.27% respectively at 16 h
treatment (Figures 1-3). Similarly 40% and 80% of LDs, of Combinatorial mix-
ture B-MLT-A, B-MLT-B and B-MLT-C caused a significant decrease in acid
phosphatase level at 16 h treatment in comparison to control, the level recorded
87.85%, 83.13% and 84.05% & 82.84%, 90.07% and 89.72% respectively (Figures
4-6).

When termites were treated with 80% of LDs, of C-MLT-A, C-MLT-B and
C-MLT-C these combinatorial mixtures caused significant (p > 0.05) alteration
in acetyl cholinesterase level at 16 h of treatment Z.e. 97.27% to 110.00% in com-
parison to control respectively (Figures 7-9), but in CU-MLT-A, CU-MLT-B
and CU-MLT-C level was found to be significantly (p > 0.05) changed in com-
parison to control Ze. 91.81%, 114.54% and 90.90% respectively (Figures 10-12).
Similarly, acetylcholinesterase level was found significantly (p > 0.05) decreased
at 16 h of treatment in 80% of AQ-MLT, H-MLT, P-MLT and EA-MLT which
were 90.00%, 93.63%, 87.27% and 88.18% respectively and slightly increased in
A-MLT ie 101.81% in comparison to control (Figures 13-17). Glutamate oxa-
loacetate transaminase levels in 80% of synthetic pesticides fipronil, malathion
and thiamethoxam were 60.71%, 63.98% and 70.39% respectively after 16 h
treatment (Figures 18-20). Glutamate pyruvate transaminase enzyme level was
slightly decreased in all tested combinatorial mixtures as well as synthetic pesti-
cides except 40% of H-MLT (Figures 1-20).

4. Discussion

The latex of Ficus benghalensis is well known for its medicinal and therapeutic
properties in the traditional medicinal system. In the present study, worker ter-
mites were treated with various combinatorial mixtures prepared from Ficus
benghalensis and levels of various metabolic enzymes various enzymes such as
alkaline phosphatase, acid phosphatase, glutamate oxaloacetate transaminase,
glutamate pyruvate transaminase and acetylcholinesterase. For this purpose,
termites have been treated with 40% and 80% of LDs, of Ficus benghalensis la-
tex-based combinatorial mixtures and with some synthetic pesticides and inor-
ganic insecticides like malathion, fipronil and thiamethoxam for comparison
(Table 1 & Table 2; Figures 1-20). Effects on enzyme level alteration were
measured in whole-body extracts of termites. In bioassays, combinatorial mix-
tures S-MLT-A, S-MLT-B, S-MLT-C, B-MLT-A, B-MLT-B and B-MLT-C mix-
tures have shown significant reduction in alkaline phosphatase and acid phos-
phatase, levels in a range of 72.76% to 95.78% and 82.84% to 93.49% respectively
after 16 h treatment (Figures 1-6), while an alteration was measured in acetyl
cholinesterase levels after 16 h treatment of 80% of C-MLT-A, C-MLT-B and
C-MLT-C ie 110.00%, 97.27% and 104.54% respectively (Figures 7-9). More
specifically, in another experiment, a similar dose of 80% of CU-MLT-A and
CU-MLT-C mixture caused a slight decrease in acetyl cholinesterase levels after

16 h treatment in comparison to control termites z.e. 91.81% and 90.90% respec
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Table 1. Ficus benghalensis and other ingredients used in preparation of combinatorial mixtures.

Combinatorial .
S. No. . Ingredients
Mixtures
) S-MLT-A Ficus benghalensislatexes (9 gm) + Coconut oil (17 ml) + Terpene oil (17 ml) +
' Glycerol (17 ml) + Sulphur (3 gm) + Water (5 liter)
) S-MLT-B Ficus benghalensislatexes (12 gm) + Coconut oil (17 ml) + Terpene oil (17 ml) +
’ Glycerol (17 ml) + Sulphur (3 gm) + Water (5 liter)
3 S-MLT-C Ficus benghalensislatexes (18 gm) + Coconut oil (50 ml) + Terpene oil (50 ml) +
’ Glycerol (50 ml) + Sulphur (3 gm) + Water (5 liter)
4 B-MLT-A Ficus benghalensislatexes (9 gm) + Coconut oil (17 ml) + Terpene oil (17 ml) +
’ Glycerol (17 ml) + Borate (3 gm) + Water (5 liter)
5 B-MLT-B Ficus benghalensislatexes (12 gm) + Coconut oil (17 ml) + Terpene oil (17 ml) +
’ Glycerol (17 ml) + Borate (3 gm) + Water (5 liter)
p B-MLT-C Ficus benghalensislatexes (18 gm) + Coconut oil (17 ml) + Terpene oil (17 ml) +
’ Glycerol (17 ml) + Borate (3 gm) + Water (5 liter)
; C-MLT-A Ficus benghalensislatexes (9 gm) + Coconut oil (17 ml) + Terpene oil (17 ml) +
' Glycerol (17 ml) + Copper (3 gm) + Water (5 liter)
3 C-MLT-B Ficus benghalensislatexes peels (12 gm) + Coconut oil (17 ml) + Terpene oil (17 ml) +
' Glycerol (17 ml) + Copper (3 gm) + Water (5 liter)
9 C-MLT-C Ficus benghalensislatexes (18 gm) + Coconut oil (17 ml) + Terpene oil (17 ml) +
’ Glycerol (17 ml) + Copper (3 gm) + Water (5 liter)
10. CU-MLT-A Ficus benghalensislatexes (9 gm) + Photoactivated Cow urine (10 g/L) + Water (5 liter)
11. CU-MLT-B Ficus benghalensislatexes (12 gm) + Photoactivated Cow urine (10 g/L) + Water (5 liter)
12. CU-MLT-C Ficus benghalensislatexes (18 gm) + Photoactivated Cow urine (10 g/L) + Water (5 liter)
13. AQ-MLT Ficus benghalensislatexes (40 gm) + Water (200 ml)
14. A-MLT Ficus benghalensislatexes (40 gm) + Acetone (200 ml)
15. H-MLT Ficus benghalensislatexes (40 gm) + Hexane (200 ml)
16. P-MLT Ficus benghalensislatexes (40 gm) + Petroleum Ether (200 ml)
17. EA-MLT Ficus benghalensislatexes (40 gm) + Ethyl Alcohol (200 ml)
18. Malathion* Malathion powder (7.5 gm/liter) + Water (5 liter)
19. Fipronil* Fipronil powder (7.5 gm/liter) + Water (5 liter)
20. Thiamethoxam* Thiamethoxam powder (7.5 gm/liter) + Water (5 liter)
*Synthetic pesticides.

tively (Figures 10-12).

In vivo exposure of 40% and 80% of LDs, of AQ-MLT and A-MLT mixtures
caused a very significant (p > 0.05) reduction in all the test enzymes i.e. alkaline
phosphatase, acid phosphatase, glutamate oxaloacetate transaminase and gluta-
mate pyruvate transaminase expect acetyl cholinesterase level in 80% of A-MLT
after 16 h all tested treatments in comparison to control (Figure 13 & Figure
14). Contrary to this, similar dose of H-MLT, P-MLT and EA-MLT caused
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Table 2. Determination of LDso value in various combinatorial mixtures.

NaTne Of. LDso LD LD2o 0.95 o ) Slope Degree of )
S.N.  combinatorial confidence limit Chi-Square . Heterogeneity
Mixture pug/gm ug/gm  pg/gm UCL-LCL function  freedom
1. S-MLT-A 368.529 147.41 73.70 550.006 - 276.516 4.0815 —-0.118078 4 1.0204
2. S-MLT-B 521.701 208.68 104.34 1000.726 - 342.461  10.476 —-0.134144 4 2.6191
3. S-MLT-C 716.570 286.62 143.31  914.105 - 587.428 3.996 -0.132971 4 0.999
4. B-MLT-A 323.034 129.21 64.60 757.042 - 191.141 10.497 —-0.108045 4 2.6244
5. B-MLT-B 421.634 168.65 84.32 582.976 - 312.699 5.6838 —-0.131763 4 1.4210
6 B-MLT-C 670.349 268.13 134.06  992.442 - 495.051 5.5602 —0.139478 4 1.3901
7 C-MLT-A 295.197 118.07 59.03 494.773 - 195.430 7.2238 —0.109047 4 1.8060
8 C-MLT-B 548.854 219.54 109.77  1049.929 - 368.438  7.9930 —-0.126025 4 1.9983
9 C-MLT-C 717.439 286.97 143.48  927.577 - 538.238 3.231 -0.129877 4 0.808
10 CU-MLT-A 323.776  129.51 64.75 479.273 - 238.499 4.1271 -0.110143 4 1.0318
11 CU-MLT-B 555.295 222.11 111.05 1402.248 - 343.231 10.558 -0.124327 4 2.6396
12 CU-MLT-C 717.609 287.04 143.52  1353.574 - 481.076  8.4164 -0.133737 4 2.1041
13 AQ-MLT 27.719  11.08 5.54 48.771 - 19.287 6.7998 —-0.643967 4 1.7000
14 A-MLT 19.078 7.63 3.81 24.405 - 15.488 1.693 —0.542454 4 0.423
15 H-MLT 11.887 4.75 2.37 37.163 - 6.857 11.181 —-0.417258 4 2.7953
16 P-MLT 25.634  10.25 5.12 39.564 - 19.464 1.793 —-0.535656 4 0.448
17. EA-MLT 13.902 5.56 2.78 19.602 - 10.885 3.592 —-0.430078 4 0.898
18. Malathion* 67.026  26.81 13.40 95.511 - 52.909 2.083 —0.875498 4 0.521
19. Fipronil* 27.891 11.15 5.57 58.871 - 18.100 11.839 —-0.715511 4 2.9597
20. Thiamethoxam* 50.255  20.10 10.05 63.329 - 41.833 2.844 -0.872107 4 0.711
*Synthetic pesticides.

significant reduction in all the test enzymes ie. alkaline phosphatase, acid
phosphatase, glutamate oxaloacetate transaminase and glutamate pyruvate
transaminase (except 40% of H-MLT) including acetyl cholinesterase levels in
comparison to control at 16 h treatment (Figures 15-17).

Aqueous extracts of Gloriosa superba [46], Paronia emodi [47], Corydalis in-
cise [48], Artemisia annua [49], Teucrium royleanum [50], Andrache cardifolia
[51], Angelica archangelica and Geranium sylvatica efficiently altered various
enzymes level such as acetyl cholinesterase, alkaline phosphatase and amino
transferase in insects [52]. The 40% of LDs, of synthetic pesticides fipronil, ma-
lathion and thiamethoxam caused a significant decrease in glutamate oxaloace-
tate transaminase levels ie. 76.53%, 72.09% and 72.61% respectively at 16 h
treatment, while 80% of LDs, of malathion and thiamethoxam caused decrease
in all the enzymatic parameters at 16 h treatment in comparison to control

(Figures 18-20). Similarly, certain alkaloids found in amaryllidaceae family
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plants inhibit acetyl cholinesterase levels in various insect pests [53]. A large num-
ber of alkaloids are found abundantly in plants [54]. Phenolic compounds like
phosphorus oxychloride showed acetylcholinesterase inhibition at a sub-lethal
dose in termite C. formosanus [55]. Contrary to this malathion also potentially in-
hibits acetylcholinesterase activity more than malaxon and isomalathion [56]. Si-
milarly, an increased acetylcholine esterase activity was noted in mice after admin-
istration of an aqueous extract of the seed kernel of Thevetia peruviana [57]. The
increased levels of AChE show CNS poisoning followed by severe inflammation.

C. procera latex and leaf extract as well as abamectin markedly elevated the
activities of serum CK-MB, AST and LDH at the two tested periods in a dose-
dependent manner. Lipid peroxidation was significantly increased while GSH
level and GPx, GST and SOD activities were significantly depleted in the heart
and testis of all treated rats [58]. Contrary to this treatment with dried latex of
Calotropis procera did not alter the serum levels of aspartate transaminase
(AST), alanine transaminase (ALT), alkaline phosphatase (ALP), creatinine, urea
and urinary levels of glucose and protein as compared to the normal rats. It ex-
hibited a modulatory role in maintaining the levels of blood glucose and serum
insulin [59].

Commonly used organophosphorus insecticide shows genotoxicity both in
vivo and in vitro treatments [60]. It is a well-known fact that in the presence of
any toxicant or pesticide insects show stress [61] [62]. To fight against this stress,
insects show significant induction in hydrolytic activities in the body tissues
which elevate or reduced the acid and alkaline phosphatase levels. Acid and al-
kaline phosphatase is found in blood, liver, plasma, and intestine in human be-
ings [63] [64]. Similarly in the presence of toxicant transamination of amino ac-
ids get an increase, hence the level of glutamate pyruvate transaminase, gluta-
mate oxalo acetate transaminase enzymes get altered [65]. By using biochemical
analyses, many ALPs have been found in Culex tarsalis [66]. In the temporal
lobe and hippocampus, AChE activity is 67% lower than normal levels as AD
progresses [67]. Transaminases are also affected by insecticides in different ways
in fishes [68]. These display tissue damage in aquatic animals. Although ALP has
functional relevance in vertebrate epithelia such as the gut, kidney, placenta, and
mammary gland, cell-specific in vivo roles for ALPs are yet unclear [69]. Fur-
thermore, the midgut of Bombyx morilarval expresses at least two ALP isoforms
that are encoded by different genes [70].

Ficus benghalensis latex contains a highly stable serine protease Benghalensin.
It possesses a molecular mass of 47 kDa. This is a glycoprotein having a molecu-
lar mass of 47 kDa, it shows enzymatic activity that is inhibited by PMSF and
chymostatin [71]. Latexes from Euphorbia bupleuroides [72], Calotropis procera
and Jatropha curcas contain diterpenoids [73]. Ficus benghalensis contains ter-
pinoids Bengalensursenyl diglycoside and Ficusbengursenyl diglycoside [74].
These were found highly effective against Odontotermes obesus Rambur [72] [75].
The latex of four plants viz. Euphorbia royleana, Jatropha gossypifolia (Euphor-
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biaceae), Nerium indicum and Thevetia peruviana (Apocynaceae) caused a signif-
icant reduction in acid/alkaline phosphatase activity and anti-acetylcholinesterase
activity in nervous tissue of freshwater air-breathing fish Channa marulius. The
reduction in the activity of both phosphatases and AChE was time as well as
dose-dependent [76]. Synthetic pesticides change the biological parameters of
the surrounding environment and have negative short- and long-term conse-
quences on human and animal health. These persist in the residual form in the
medium, enter into the food chain and show biomagnifications. Synthetic pesti-
cides can cause burning eyes, blisters, rashes, blindness, nausea, diarrhea, and
eventually death of target and non-target organisms [77].

In this investigation alteration in the level of certain enzymes in whole body
extract of termites may be due to physiological alterations which are induced by
Ficus benghalensis and its combinatorial mixtures. However, Ficus benghalensis
constituents significantly altered the phosphatases, transaminase and esterase
levels, which indicate very high toxic effects on the body tissues of termites.
More often, elevation or reduction in enzyme level is associated with metabolic
disturbances in insects. These obstructions in their chemical pathways led to the
formation of abnormalities in the insect metabolism and make insects unable to
survive. These have shown more significant termiticidal efficacy than synthetic

pesticides.

5. Conclusion

In the present investigation alteration in the level of certain enzymes in whole
body extract of termites may be due presence of different bio-organic constitu-
ents in Ficus benghalensis latex. This altered level of various enzymes indicates
toxic effects on the body tissues of termites and obstruction in the physiology of
termite workers. More specifically, it may lead intoxication of termites and make
them unable to survive. No doubt these Ficus benghalensis latex-based combina-
torial mixtures could be used for termite control in a sustainable and eco-friendly

manner and become a safe alternative to synthetic pesticides.

Acknowledgements

The authors are thankful to HOD Zoology for facilities.

Authors’ Contributions

Ravi Kant Upadhyay and Abhishek Kumar Tripathi were responsible for con-

ception, experiments, writing and revising the manuscript.

Conflicts of Interest

The authors declare no conflicts of interest regarding the publication of this paper.

References
[1] Agrawal, A.A. and Konno, K. (2009) Latex: A Model for Understanding Mechan-

DOI: 10.4236/aer.2023.112003

51 Advances in Enzyme Research


https://doi.org/10.4236/aer.2023.112003

A. K. Tripathi, R. K. Upadhyay

(4]

(5]

(6]

(10]

(11]

(12]

(13]

isms, Ecology and Evolution of Plant Defense against Herbivory. Annual Review of
Ecology, Evolution and Systematics, 40, 311-331.
https://doi.org/10.1146/annurev.ecolsys.110308.120307

Bauer, G., Friedrich, C., Gillig, C., Vollrath, F., Speck, T. and Holland, C. (2013) In-
vestigating the Rheological Properties of Native Plant Latex. Journal of The Royal

Society Interface, 11, 20130847. https://doi.org/10.1098/rsif.2013.0847

Huber, M., Epping, J., Schulze Gronover, C., Fricke, J., Aziz, Z., Brillatz, T., Swyers,
M., Kollner, T.G., Vogel, H., Hammerbacher, A., Triebwasser-Freese, D., Robert,
C.A., Verhoeven, K., Preite, V., Gershenzon, J. and Erb, M. (2016) A Latex Metabo-
lite Benefits Plant Fitness under Root Herbivore Attack. PLOS Biology, 14,
€1002332. https://doi.org/10.1371/journal.pbio.1002332

Ernst, M., Nothias, L.F., van der Hooft, J.J.]., Silva, R.R., Saslis-Lagoudakis, C.H.,
Grace, O.M., Martinez-Swatson, K., Hassemer, G., Funez, L.A., Simonsen, H.T.,
Medema, M.H., Staerk, D., Nilsson, N., Lovato, P., Dorrestein, P.C. and Rensted, N.
(2019) Assessing Specialized Metabolite Diversity in the Cosmopolitan Plant Genus
EuphorbiaL. Frontiers in Plant Science, 10, Article 846.
https://doi.org/10.3389/fpls.2019.00846

Rao, M.R,, Singh, M.P. and Day, R. (2000) Insect Pest Problem in Tropical Agrofo-
restry Systems, Contributory Factors and Strategies for Management. Agroforestry
Systems, 50, 243-277. https://doi.org/10.1023/A:1006421701772

Sekamatte, M.B., Kyamanywa, S., Wilson, H.R. and Smith, A.R. (2002) The Effect of
Placement Method and Rate of Application of Crushed Bones on the Activity of

Predatory Ants and Their Impact on Termite Damage to Maize. International
Journal of Tropical Insect Science, 22, 199-204.
https://doi.org/10.1017/S1742758400012054

Azoui, I, Frah, N. and Nia, N. (2016) Insecticidal Effect of Euphorbia bupleuroides
Latex on Blatella germanica (Dictyoptera: Blattellidae). International Journal of
Pure and Applied Zoology; 4, 271-276.

Kanyi, N.C., Karuri, H., Nyasani, J].O. and Mwangi, B. (2021) Land Use Effects on
Termite Assemblages in Kenya. Heliyon, 7, e08588.
https://doi.org/10.1016/j.heliyon.2021.e08588

Salihah, Z., Satar, A. and Khatoon, R. (1986) Termite Damage to Sugarcane Crop at
Mardan Area. Ann. Tech. Rep. NIFA, Tarnab, Peshawar, 126-129.

Sattar, A. and Salihah, Z. (2001) Detection and Control of Subterranean Termites.
Technologies for Sustainable Agriculture. Proceed. Natl. Workshop (Technologies
for Sustainable Agriculture) 24-26 NIAB, Faisalabad, 195-198.

Ahmad, F., Fouad, H,, Liang, S.Y., Hu, Y. and Mo, J.C. (2021) Termites and Chinese
Agricultural System: Applications and Advances in Integrated Termite Manage-
ment and Chemical Control. nsect Science, 28, 2-20.
https://doi.org/10.1111/1744-7917.12726

Anyango, J.J., Bautze, D., Fiaboe, K.K.M., Lagat, Z.0., Muriuki, A.W., Stockli, S.,
Riedel, J., Onyambu, G.K., Musyoka, M.W., Karanja, E.N. and Adamtey, N. (2020)
The Impact of Conventional and Organic Farming on Soil Biodiversity Conserva-

tion: A Case Study on Termites in the Long-Term Farming Systems Comparison
Trials in Kenya. BMC Ecology, 20, Article No. 13.
https://doi.org/10.1186/s12898-020-00282-x

Tripathi, A.K. and Upadhyay, R.K. (2022) Ficus benghalensis Latex-Based Combi-
natorial Formulations and Its Use for Control of Wood Weight Loss and Infestation

Caused by Indian Forest Termite Odontotermes obesus. International Journal of

DOI: 10.4236/aer.2023.112003

52 Advances in Enzyme Research


https://doi.org/10.4236/aer.2023.112003
https://doi.org/10.1146/annurev.ecolsys.110308.120307
https://doi.org/10.1098/rsif.2013.0847
https://doi.org/10.1371/journal.pbio.1002332
https://doi.org/10.3389/fpls.2019.00846
https://doi.org/10.1023/A:1006421701772
https://doi.org/10.1017/S1742758400012054
https://doi.org/10.1016/j.heliyon.2021.e08588
https://doi.org/10.1111/1744-7917.12726
https://doi.org/10.1186/s12898-020-00282-x

A. K. Tripathi, R. K. Upadhyay

(14]

(15]

(16]

(17]

(18]

[19]

(20]

(21]

(22]

(23]

[24]

[25]

[26]

(27]

Green Pharmacy, 16, 376-389.

Van Huis, A. (2017) Cultural Significance of Termites in Sub-Saharan Africa. Jour-
nal of Ethnobiology and Ethnomedicine, 13, Article No. 8.
https://doi.org/10.1186/s13002-017-0137-z

Calderon-Cortes, N., Escalera-Vazquez, L.H. and Oyama, K. (2018) Occurrence of

Termites (Isoptera) on Living and Standing Dead Trees in a Tropical Dry Forest in
Mexico. Peer ], 6, e4731. https://doi.org/10.7717/peerj.4731

Oi, F. (2022) A Review of the Evolution of Termite Control: A Continuum of Al-
ternatives to Termiticides in the United States with Emphasis on Efficacy Testing
Requirements for Product Registration. Insects, 13, Article 50.
https://doi.org/10.3390/insects13010050

Tuma, J., Eggleton, P. and Fayle, T.M. (2020) Ant-Termite Interactions: An Impor-
tant but Under-Explored Ecological Linkage. Biological Reviews, 95, 555-572.
https://doi.org/10.1111/brv.12577

Venkateswara, R.J., Parvathi, K., Kavitha, P., Jakka, N.M. and Pallela, R. (2005) Ef-
fect of Chlorpyrifos and Monocrotophos on Locomotor Behaviour and Acetylcho-
linesterase Activity of Subterranean Termites, Odontotermes obesus. Pest Manage-
ment Science, 61, 417-421. https://doi.org/10.1002/ps.986

Sim, M., Forbes, A., McNeil, J. and Robert, G. (1998) Termite Control and other
Determinants of High Body Burdens of Cyclodiene Insecticides. Archives of Envi-
ronmental Health, 53, 114-123. https://doi.org/10.1080/00039896.1998.10545972

Sisay, A., Ibrahim, A. and Tefera, T. (2008) Management of Termite (Microtermes
adschaggae) on Hot Pepper Using Powdered Leaves and Seeds of Some Plant Spe-
cies at Bako, Western Ethiopia. Fast African Journal of Sciences, 2, 41-44.
https://doi.org/10.4314/eajsci.v2i1.40363

Valles, S.M. and Woodson, W.D. (2002) Group Effects on Insecticide Toxicity in
Workers of the Formosan Subterranean Termite, Coptotermes formosanus Shiraki.
Pest Management Science, 58, 769-774. https://doi.org/10.1002/ps.528

Hu, X.P. (2005) Valuation of Efficacy and Non Repellency of Indoxacarb and Fi-
pronil-Treated Soil at Various Concentrations and thicknesses against Two Subter-
ranean Termites (Isoptera: Rhinotermitidae). Journal of Economic Entomology, 98,
509-517. https://doi.org/10.1002/ps.528

Klein, I, Oppelt, N. and Kuenzer, C. (2021) Application of Remote Sensing Data for
Locust Research and Management—A Review. Insects, 12, Article 233.
https://doi.org/10.3390/insects12030233

Acda, M.N. (2014) Toxicity and Transmission of Thiamethoxam in the Asian Sub-
terranean Termite Coptotermes gestroi (Isoptera: Rhinotermitidae). Journal of In-
sect Science, 14, 222. https://doi.org/10.1093/jisesa/ieu084

Pimental, D. (1995) Amounts of Pesticides Reaching Target Pests: Environmental
Impacts and Ethics. Journal of Agricultural and Environmental Ethics, 8, 17-29.
https://doi.org/10.1007/BF02286399

Kumar, R., Nitharwal, M., Chauhan, R., Pal, V. and Kranthi, K.R. (2012) Evaluation
of Eco-Friendly Control Methods for Management of Mealybug, Phenacoccus so-
lenopsis Tinsley in Cotton. Journal of Entomology; 9, 32-40.
https://doi.org/10.3923/je.2012.32.40

Silva, L.B., Xavier, Z.F., Silva, C.B., Faccenda, O., Candido, A.C.S. and Peres, M.T.L.P.
(2012) Insecticidal Effects of Croton urucurana Extracts and Crude Resin on Dys-

dercus maurus (Hemiptera: Pyrrocoridae). Journal of Entomology, 9, 98-106.

DOI: 10.4236/aer.2023.112003

53 Advances in Enzyme Research


https://doi.org/10.4236/aer.2023.112003
https://doi.org/10.1186/s13002-017-0137-z
https://doi.org/10.7717/peerj.4731
https://doi.org/10.3390/insects13010050
https://doi.org/10.1111/brv.12577
https://doi.org/10.1002/ps.986
https://doi.org/10.1080/00039896.1998.10545972
https://doi.org/10.4314/eajsci.v2i1.40363
https://doi.org/10.1002/ps.528
https://doi.org/10.1002/ps.528
https://doi.org/10.3390/insects12030233
https://doi.org/10.1093/jisesa/ieu084
https://doi.org/10.1007/BF02286399
https://doi.org/10.3923/je.2012.32.40

A. K. Tripathi, R. K. Upadhyay

(28]

[29]

(30]

(31]

(32]

(33]

(34]

(35]

(36]

(37]

(38]

(39]

[40]

https://doi.org/10.3923/je.2012.98.106

Sujatha, S., Vidya, L.S. and Sumi, G.S. (2012) Prey-Predator Interaction and In-
fo-Chemical Behaviour of Rhynocoris fuscipes (fab.) on Three Agricultural Pests
(Heteroptera: Reduviidae). Journal of Entomology, 9, 130-136.
https://doi.org/10.3923/je.2012.130.136

Derbalah, A.S., Hamza, A.M. and Gazzy, A.A. (2012) Efficacy and Safety of Some
Plant Extract as Alternatives for Sitophilus oryzaecontrol in Rice Grains. Journal of
Entomology;, 9, 57-67. https://doi.org/10.3923/je.2012.57.67

Singha, D., Singha, B. and Dutta, B.K. (2013) Potential of Some Plant Extracts to
Control Termite Pest of Tea (Camellia sinensisL. (O) Kuntze) Plantations of Barak
Valley, Assam, India. International Journal of Tea Science, 8, 3-9.

Upadhyay, R.K. (2013) Effects of Plant Latex Based Anti-Termite Formulations on
Indian White Termite Odontotermes obesus (Isoptera: Odontotermitidae) in
Sub-Tropical High Infestation Areas. Open Journal of Animal Sciences, 3, 281-294.
https://doi.org/10.3923/je.2012.57.67

Castelblanque, L., Garcia-Andrade, J., Martinez-Arias, C., Rodriguez, J.J., Escaray,
F.J., Aguilar-Fenollosa, E., Jaques, J.A. and Vera, P. (2020) Opposing Roles of Plant
Laticifer Cells in the Resistance to Insect Herbivores and Fungal Pathogens. Plant
Commuanications, 2, Article ID: 100112. https://doi.org/10.1016/j.xplc.2020.100112

Ramos, M.V., Demarco, D., da Costa Souza, I.C. and de Freitas, C.D.T. (2019) Lati-
cifers, Latex and Their Role in Plant Defense. Trends in Plant Science, 24, 553-567.
https://doi.org/10.1016/j.tplants.2019.03.006

Salah, M., Badr, G., Hetta, H.F., Khalifa, W.A. and Shoreit, A.A. (2022) Fig Latex
Inhibits the Growth of Pathogenic Bacteria Invading Human Diabetic Wounds and
Accelerates Wound Closure in Diabetic Mice. Scientific Reports, 12, Article No.
21852. https://doi.org/10.1038/s41598-022-26338-0

Musidlak, O., Warowicka, A., Broniarczyk, J., Adamczyk, D., Gozdzicka-Jozefiak,
A. and Nawrot, R. (2022) The Activity of Chelidonium majus L. Latex and Its
Components on HPV Reveal Insights into the Antiviral Molecular Mechanism. /n-

ternational Journal of Molecular Sciences, 23, Article 9241.
https://doi.org/10.3390/ijms23169241

Tripathi, A.K. and Upadhyay, R.K. (2022) Anti-Termite and Antimicrobial Efficacy
of Latexes from Certain Plant Families. International Journal of Green Pharmacy,
16, 83-93.

De Silva, W.A.P.P., Manuweera, G.K. and Karunaratne, S.H.P.P. (2008) Insecticidal
Activity of Euphorbia antiquorum L. Latex and Its Preliminary Chemical Analysis.
Journal of the National Science Foundation of Sri Lanka, 36, 15-23.
https://doi.org/10.4038/jnsfsr.v36i1.129

Aggarwal, B.B., Prasad, S., Reuter, S., Kannappan, R, Yadev, V.R., Park, B., Kim,
J.H., Gupta, S.C., Phromnoi, K., Sundaram, C., Prasad, S., Chaturvedi, M.M. and
Sung, B. (2011) Identification of Novel Anti-Inflammatory Agents from Ayurvedic
Medicine for Prevention of Chronic Diseases: “Reverse Pharmacology” and “Bed-
side to Bench” Approach. Current Drug Targets, 12, 1595-1653.
https://doi.org/10.4038/insfsr.v36i1.129

Kang, H., Kim, Y.S. and Chung, G.C. (2000) Characterization of Natural Rubber
Biosynthesisin Ficus benghalensis. Plant Physiology and Biochemistry, 38,
979-987. https://doi.org/10.1016/S0981-9428(00)01204-3

Wink, M. (1993) Production and Application of Phytochemicals from an Agricul-
tural Perspective. In: van Beek, T.A. and Breteler, H., Eds., Phytochemistry and

DOI: 10.4236/aer.2023.112003

54 Advances in Enzyme Research


https://doi.org/10.4236/aer.2023.112003
https://doi.org/10.3923/je.2012.98.106
https://doi.org/10.3923/je.2012.130.136
https://doi.org/10.3923/je.2012.57.67
https://doi.org/10.3923/je.2012.57.67
https://doi.org/10.1016/j.xplc.2020.100112
https://doi.org/10.1016/j.tplants.2019.03.006
https://doi.org/10.1038/s41598-022-26338-0
https://doi.org/10.3390/ijms23169241
https://doi.org/10.4038/jnsfsr.v36i1.129
https://doi.org/10.4038/jnsfsr.v36i1.129
https://doi.org/10.1016/S0981-9428(00)01204-3

A. K. Tripathi, R. K. Upadhyay

[41]

(42]

(43]

(44]

[45]

[46]

(47]

(48]

(49]

(50]

(51]

(52]

(53]

(54]

(55]

Agriculture, Clarendon Press, Oxford, 171-213.
Isman, M.B. (1995) Leads and Prospects for the Development of New Botanical In-

secticides. Reviews in Pesticide Toxicology, 3, 1-20.

Bergmeyer, U.H. (1967) Determination of Alkaline Phophatase and Acid Phospha-
tase Was Determined by Using P-Nitrophenyl Phosphate, Method of Enzymatic
Analysis. Acadmic Press, New York, 1129.

Reitman, A. and Frankel, S. (1957) A Colorimetric Method for the Determination of
Glutamate-Oxaloacetate and Serum Glutamate-Pyruvate Transaminase. American
Journal of Clinical Pathology;, 28, 56-63. https://doi.org/10.1093/ajcp/28.1.56
Ellman, G.L., Courtney, K.D., Andres, V.J.R. and Featherstone, R.M. (1961) A New
and Rapid Colorimeteric Determination of Acetylcholinesterase Activity. Biochem-
ical Pharmacology, 7, 88-95. https://doi.org/10.1016/0006-2952(61)90145-9

Sokal, R.R. and Rohlf, F.J. (1973) Introduction to Biostatistics. W. H. Freeman & Co
Ltd., San Francisco.

Khan, H., Khan, M.A. and Hussan, I. (2007) Enzyme Inhibition Activities of the
Extracts from Rhizomes of Gloriosa superba Linn. (Colchicaceae). Journal of En-
zyme Inhibition and Medicinal Chemistry, 22, 722-725.
https://doi.org/10.1080/14756360601164853

Khan, T., Ahmad, M., Nisar, M., Ahmad, M., Lodhi, M.A. and Choudhary, M.L
(2005) Enzyme Inhibition and Radical Scavenging Activities of Aerial Parts of

Paeonia emodi Wall. (Paeoniaceae). Journal of Enzyme Inhibition and Medicinal
Chemistry, 20, 245-249. https://doi.org/10.1080/14756360400026220

Kim, D.K. (2002) Inhibitory Effect of Corynoline Isolated from the Aerial Parts of
Corydalis incise on the Acetylcholinesterase. Archives of Pharmacal Research, 25,
817-819. https://doi.org/10.1007/BF02976997

Shekari, M., Sendji, J.J., Etebari, K., Zibaee, A. and Shadparvar, A. (2008) Effects of
Artemisia annua (Asteracea) on Nutritional Physiology and Enzyme Activities of
elm Leaf Bettle, Xanthogaleruca luteola Mull. (Coleoptera: Chrysomellidae). Pesti-
cide Biochemistry and Physiology, 91, 66-74.
https://doi.org/10.1016/j.pestbp.2008.01.003

Ahmad, B., Mukarram Shah, S.M., Khan, H. and Hassan Shah, S.M. (2007) Enzyme

Inhibition Activities of Teucrium royleanum. Journal of Enzyme Inhibition and
Medicinal Chemistry, 22, 730-732. https://doi.org/10.1080/14756360701306271

Ahmad, B., Shah, S.M., Bashir, S. and Shah, J. (2007) Enzyme Inhibition Activities
of Andrachne cardifolia Muell. Journal of Enzyme Inhibition and Medicinal Che-
mistry, 22, 235-238. https://doi.org/10.1080/14756360601051258

Sigurdsson, S. and Gudbjarnason, S. (2007) Inhibition of Acetylcholinesterase by
Extracts and Constituents from Angelica archangelica and Geranium sylvaticum.
Zeitschrift fiir Naturforschung C, 62, 689-693.

https://doi.org/10.1515/znc-2007-9-1011

Elgorashi, E.F., Stafford, G.I. and Van Staden, J. (2004) Acetylcholinesterase En-
zyme Inhibitory Effects of Amaryllidaceae Alkaloids. Planta Medica, 70, 260-262.
https://doi.org/10.1055/s-2004-818919

Mukherjee, P.K., Kumar, V., Mal, M. and Houghton, P.J. (2007) Acetylcholineste-
rase Inhibitors from Plants. Phytomedicine, 14, 289-300.
https://doi.org/10.1016/j.phymed.2007.02.002

Kartal, S.N., Imamura, Y., Tsuchiya, F. and Ohsato, K. (2004) Preliminary Evalua-
tion of Fungicidal and Termiticidal Activities of Filtrates from Biomass Slurry Fuel

Production. Bioresource Technology, 95, 41-47.

DOI: 10.4236/aer.2023.112003

55 Advances in Enzyme Research


https://doi.org/10.4236/aer.2023.112003
https://doi.org/10.1093/ajcp/28.1.56
https://doi.org/10.1016/0006-2952(61)90145-9
https://doi.org/10.1080/14756360601164853
https://doi.org/10.1080/14756360400026220
https://doi.org/10.1007/BF02976997
https://doi.org/10.1016/j.pestbp.2008.01.003
https://doi.org/10.1080/14756360701306271
https://doi.org/10.1080/14756360601051258
https://doi.org/10.1515/znc-2007-9-1011
https://doi.org/10.1055/s-2004-818919
https://doi.org/10.1016/j.phymed.2007.02.002

A. K. Tripathi, R. K. Upadhyay

(56]

(57]

(58]

[59]

(60]

[61]

(62]

(63]

[64]

(65]

[66]

[67]

(68]

https://doi.org/10.1016/j.biortech.2004.02.005

Quistad, G.B., Zhang, N., Sparks, S.E. and Casida, J.E. (2000) Phosphoacetylcholi-
nesterase: Toxicity of Phosphorous Oxychloride to Mammals and Insects that Can
Be Attributed to Selective Phosphorylation of Acetylcholinesterase by Phosphoro-
dichloridic Acid. Chemical Research in Toxicology, 13, 652-657.
https://doi.org/10.1021/tx0000280

Marroquin-Segura, R., Calvillo-Esparza, R., Mora-Guevara, J.L., Tovalin-Ahumada,
J.H., Aguilar-Contreras, A. and Hernandez-Abad, V.J. (2014) Increased Acetylcho-
line Esterase Activity Produced by the Administration of an Aqueous Extract of the
Seed Kernel of Thevetia peruviana and Its Role on Acute and Subchronic Intoxica-
tion in Mice. Pharmacognosy Magazine, 10, S171-A175.
https://doi.org/10.4103/0973-1296.127370

Ahmed, O.M., Fahim, H.I., Boules, M.W. and Ahmed, H.Y. (2016) Cardiac and Tes-
ticular Toxicity Effects of the Latex and Ethanolic Leaf Extract of Calotropis procera

on Male Albino Rats in Comparison to Abamectin. Springerplus, 5, Article No.
1644. https://doi.org/10.1186/s40064-016-3326-7

Singhal, A., Kumar, V.L. (2009) Effect of Aqueous Suspension of Dried Latex of
Calotropis procera on Hepatorenal Functions in Rat. Journal of Ethnopharmacolo-
87, 25,172-174. https://doi.org/10.1016/].jep.2008.12.002

Blasiak, J., Jaloszynski, P., Trzeciak, A. and Szyfter, K. (1999) In Vitro Studies on the
Genotoxicity of the Organophosphorus Insecticides Malathion and Its Two Analo-

gues. Mutation Research/ Genetic Toxicology and Environmental Mutagenesis, 445,
275-283. https://doi.org/10.1016/S1383-5718(99)00132-1

Pandey, L. and Upadhyay, R.K. (2023) Biochemical Alterations and Termiticidal
Activity of Combinatorial Essential Oil Ingredients of Citrus maxima on Indian
White Termite Odontotermes obesus. Journal of Biosciences and Medicines, 11,
60-81. https://doi.org/10.4236/jbm.2023.114006

Tripathi, A.K. and Upadhyay, R.K. (2023) Effect of Ficus benghalensis Latex Based
Combinatorial Formulations on Various Bio-Molecules in Indian White Termite

Odontotermes obesus. Journal of Biosciences and Medicines, 11, 82-102.
https://doi.org/10.4236/jbm.2023.114007

Jaffrezic-Renault, N. (2001) New Trends in Biosenors for Organophosphorus Pestic.
Senors, 1, 60-74. https://doi.org/10.3390/s10100060

Luskova, V., Svoboda, M. and Kolaova, J. (2002) The Effect of Diazinon on Blood
Plasma Biochemistry in Carp (Cyprinus carpio L.). Acta Veterinaria Brno, 71,
117-123. https://doi.org/10.2754/avb200271010117

Pant, R. and Morris, I.D. (1972) Variation in Glycogen, Tatol Free Sugars, Protein,
Alkaline and Acid Phosphatases, Citrate and Inorganic Phosphorus Level in Fat
Body of Philosamia ricini (Eri-Silkworm) during Development. The Journal of Bio-
chemistry, 71, 1-8. https://doi.org/10.1093/oxfordjournals.jbchem.a129730

Houk, E.J. and Hardy, J.L. (1984) Alkaline Phosphatases of the Mosquitos, Culex
tarsalis Coquillett. Comparative Biochemistry and Physiology Part B: Comparative
Biochemistry, 78, 303-310. https://doi.org/10.1016/0305-0491(84)90034-8

Perry, E., McKeith, I. and Ballard, C. (2003) Butyrylcholinesterase and Progression
of Cognitive Deficits in Dementia with Lewy Bodies. Neurology, 60, 1852-1853.
https://doi.org/10.1212/01.WNL.0000068336.84399.9E

Banaee, M. (2013) Physiological Dysfunction in Fish after Insecticides Exposure.
Insecticides- Development of Safer and More Effective Technologies, 30, 103-143.
https://doi.org/10.5772/54742

DOI: 10.4236/aer.2023.112003

56 Advances in Enzyme Research


https://doi.org/10.4236/aer.2023.112003
https://doi.org/10.1016/j.biortech.2004.02.005
https://doi.org/10.1021/tx000028o
https://doi.org/10.4103/0973-1296.127370
https://doi.org/10.1186/s40064-016-3326-7
https://doi.org/10.1016/j.jep.2008.12.002
https://doi.org/10.1016/S1383-5718(99)00132-1
https://doi.org/10.4236/jbm.2023.114006
https://doi.org/10.4236/jbm.2023.114007
https://doi.org/10.3390/s10100060
https://doi.org/10.2754/avb200271010117
https://doi.org/10.1093/oxfordjournals.jbchem.a129730
https://doi.org/10.1016/0305-0491(84)90034-8
https://doi.org/10.1212/01.WNL.0000068336.84399.9E
https://doi.org/10.5772/54742

A. K. Tripathi, R. K. Upadhyay

[69]

(70]

(71]

(72]

(73]

(74]

(75]

[76]

[77]

Fishman, W.H. (1990) Alkaline Phosphatase isozymes. Recent Progress. Clinical
Biochemistry, 23, 99-104. https://doi.org/10.1016/0009-9120(90)80019-F

Eguchi, M. (1995) Alkaline Phosphatase isozymes in Insects and Comparison with
Mammalian Enzyme. Comparative Biochemistry and Physiology Part B: Biochemi-
stry and Molecular Biology, 111, 151-162.
https://doi.org/10.1016/0305-0491(94)00248-S

Sharma, A., Kumari, M. and Jagannadham, M.V. (2009) Benghalensin, a Highly
Stable Serine Protease from the Latex of Medicinal Plant Ficus benghalensis. Journal
of Agricultural and Food Chemistry, 57, 11120-11126.
https://doi.org/10.1021/jf902279u

Benjamaa, R., Moujanni, A., Kaushik, N., Choi, E.H., Essamadi, A.K. and Kaushik
N.K. (2022) Euphorbia Species Latex: A Comprehensive Review on Phytochemistry
and Biological Activities. Frontiers in Plant Science, 13, Article 1008881.
https://doi.org/10.3389/fpls.2022.1008881

Huang, J.D., Wang, C.F., Lian, C.L., Huang, M.Y., Zhang, C. and Liu, J.Q. (2020)
Isolation and Identification of Five New Diterpenoids from Jatropha curcas. Phyto-
chemistry Letters, 40, 37-41. https://doi.org/10.1016/j.phytol.2020.09.006

Akhtar, M.S., Mir, S.R., Said, S.A., Hossain, M.A. and Ali, M. (2021) Extraction,
Isolation and Structural Characterization of Two Triterpenoid Glycosides from the

Fruits of Ficus bengalensis. Carbohydrate Research, 510, Article ID: 108444.
https://doi.org/10.1016/j.carres.2021.108444

Patela, K.K. and Narasimhacharya, A.V.R.L. (2022) Potentiality of Phytochemical
Compounds Isolated and Identified from Jatropha curcas L. against Odontotermes
obesus Rambur. Journal of Natural Pesticide Research, 2, Article ID: 100009.
https://doi.org/10.1016/j.napere.2022.100009

Singh, D. and Singh, A. (2005) The Toxicity of Four Native Indian Plants: Effect on
AChE and Acid/Alkaline Phosphatase Level in Fish Channa marulius. Chemos-
phere, 60, 135-140. https://doi.org/10.1016/j.chemosphere.2004.12.078

Moriarty, F. (1988) Ecotoxicology. Human Toxicology, 7, 437-441.
https://doi.org/10.1177/096032718800700510

DOI: 10.4236/aer.2023.112003

57 Advances in Enzyme Research


https://doi.org/10.4236/aer.2023.112003
https://doi.org/10.1016/0009-9120(90)80019-F
https://doi.org/10.1016/0305-0491(94)00248-S
https://doi.org/10.1021/jf902279u
https://doi.org/10.3389/fpls.2022.1008881
https://doi.org/10.1016/j.phytol.2020.09.006
https://doi.org/10.1016/j.carres.2021.108444
https://doi.org/10.1016/j.napere.2022.100009
https://doi.org/10.1016/j.chemosphere.2004.12.078
https://doi.org/10.1177/096032718800700510

	Toxic Effects of Ficus benghalensis Latex Based Combinatorial Formulations on Various Enzymatic Parameters in Indian White Termite Odontotermes obesus
	Abstract
	Keywords
	1. Introduction
	2. Experimental
	2.1. Latex Collection 
	2.2. Preparation of Combinatorial Formulations
	2.2.1. In Vivo Determination of Enzymatic Parameters
	2.2.2. Determination of Alkaline Phosphatase (ALP) 
	2.2.3. Determination of Acid Phosphatase (ACP)
	2.2.4. Determination of Glutamic-Oxaloacetic Transaminase (GOT) 
	2.2.5. Determination of Glutamate-Pyruvate Transaminase (GPT) 
	2.2.6. Determination of Acetylcholinesterase (AchE) 
	2.2.7. Statistical Analysis


	3. Results
	4. Discussion
	5. Conclusion
	Acknowledgements
	Authors’ Contributions
	Conflicts of Interest
	References

