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Abstract

Objectives: This study focused on phytochemicals, insecticidal, and bagtericidal agtivities of Cassia nigricans,
as well as the molecular docking analysis for acetylcholinesteraseninhibiton(AGhEI) as a promising natural
insecticide.

Material and methods: The leaves of C. nigricans Were extracted successively with n-hexane, acetone, and
methanol. Silica gel column chromatography of the methanol extract yielded compound 1. The insecticidal
properties of the extracts and compound 1 were evaluated by contacttoxicity against Sitophilus zeamais. The
bactericidal activity was achieved by photodynamniic thactivationfof faccal coliforms and faecal enterococci in
water using extracts and compound 1 as natural/photosensitizers. Compound 1 was analyzed for
physicochemical and pharmacokinetic parametersiand molecular docking against an AChE protein (6XYU).
Results: Compound 1 was characterizeds@s emodin (hs358-trihydroxy-6-methylanthracene-9,10-dione) using 1D-
2D-'H-1*C NMR and MS methods. The insegficidal properties showed that emodin exhibited the highest toxicity
with an LCso = 5.00 mg/mL compared 'to,all extracts. The n-hexane extract showed the highest insecticidal
activity (LCso = 177.48 mg/mL icomparedito,th€ methanol (LCso = 195.08 mg/mL) and acetone (LCso= 374.14
mg/mL) extracts. Complete imhibition of faecal enterococci by photosensitization was observed after 60 minutes
of light exposure of emodiftreated water at all concentrations used (1-5 mg/mL) and 120 minutes for faecal
coliforms under the same conditions. Based on the docking score, the binding energy of emodin (-6.38 kcal/mol)
is close to that of thefmatketedinsecticide pirimiphos-methyl (-6.25 kcal/mol). In addition, emodin was
subjected to insecticide probability prediction and absorption, distribution, metabolism, excretion, and toxicity
(ADMET) analysis and was found to be satisfactory as a natural insecticide. Emodin could be a promising
candidate fof insecticidal pest control.

Keywords: Cassia migricans, Insecticidal, Bactericidal, Molecular docking.

INTRODUCTION

Sevérahmethods,aré used to control stored grain insect pests: smoking, heating, and synthetic chemicals.!
Synthetic insecticides have drawbacks and their high cost limits their accessibility to farmers. To minimise post-
hanyest losses; plants containing alkaloids, terpenoids, and anthraquinones are used as natural insecticides and
are'ofipurely ecological interest as they are not harmful to the environment.> Some compounds can act as
insecticides by inhibiting insect acetylcholinesterase (AChE) and preventing the breakdown of acetylcholine, the
accumulation of which causes insect death. Currently, many compounds such as the organophosphates used as
insecticides for pest control exert their effects as AChE inhibitors.* Numerous models are used for AChE
mhibition as part of the study of the insecticidal effect, such as the molecular docking analysis against insect
AChE.*

Some natural compounds used to protect stored foodstuffs can have a bactericidal effect.’ The bactericidal effect
may be due to the photodynamic inactivation of microorganisms by the photosensitizing effect of plants or
compounds in the presence of light.® This photosensitizing effect is directly linked to the presence of substances
that generate singlet oxygen, which can damage microorganisms present in the environment.” The alkaloids,
coumarins, and anthraquinones present in plants are responsible for photosensitizing and bactericidal activities.®
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Cassia nigricans Vahl (Caesalpinaceae) has been previously studied for its antimicrobial, insecticidal, analgesic,
anti-inflammatory, and antiplasmodial activities.’

This work presents for the first time the insecticidal activity by contact toxicity against S. zeamais, the
photosensitized inactivation of faecal coliforms (FC) and faecal enterococci (FE) by the leaves of C. nigricans as
well as the molecular docking of the isolated anthraquinone against Drosophila melanogaster
acetylcholinesterase (DmAChE) and analysis of its ADMET (absorption, distribution, metabolism, excretion,
and toxicity) properties.

EXPERIMENTAL

Plant material

The leaves of C. nigricans were collected in September 2021 in Dobem, Chad. A voucher specimen has been
deposited in the Cameroun National Her barium.

Extraction and isolation

Dried and ground C. nigricans leaves (1 kg) were extracted with 4L n-hexane for 48 h and concentratedste,give
the n-hexane extract (HE). The residues were successively extracted with acetone and methanol following the
same procedure used previously to give the acetone extract (AE) and methanol extract (ME) respectively.
Column chromatography (CC) of ME (40 g) on silica gel (60-120 Mesh) using a gradient of igereasing polarity
of n-hexane/EtOAc (1-100% EtOAC) yielded 83 fractions. Fractions 39-54, eluted with the'Hexane/EtOAe(3/1)
system formed a precipitate which was purified by recrystallisation with 5% methanol/EtOAc vielding
compound 1 (1 g).'H and *C NMR spectra were recorded at 400 and 100 MHz using/TMSa8referénce
(spectrometer Bruker AM-400 Darmstadt, Germany Company). Analytical TLC plates on silica\gel 60 F254 TLC
(Merck, Germany) were used for the TLC profile.

Obtaining and rearing the insects

S. zeamais strains were collected from infested maize grains from Booster'Seumian Entreprise, an agropastoral
and quality control company in Chad. Mass rearing was carried out with'adultinsects collected from already
infested maize grains from the Booster Soumian Entreprise rearing site. The insects were reared in the dark on
white maize grains in a chamber (temperature 28+2°C, relative humidityy65+5%)."°

Contact toxicity test

Contact toxicity test was performed using Ndomo et al.’ Five congéntrafions of crude extracts (25, 50, 100, 200,
and 400 mg/ml) and compound 1 (5, 12.5, 25, 50, and 300 mg/mil) were prepared. 1 ml of each dose was added
to 40 g of clean and undamaged maize grains. After evaposation‘ofithe solvent, each was infested with a batch of
20 two-day-old unsexed adult insects. The marketediinsecticide pirimiphos-methyl was used as a positive
control. The number of dead insects was estimated daily for 3°days. Abbott's (1925) formula was used to
calculate the corrected insect mortality rate.!!

% Mortality = (Number of dead insects / Fotal number offinsects) x 100

Mc(%) = (Mt — Mo) / (100 — Mo)

Mc: corrected mortality (%); Mt : mortalityfin the treated batch (%) ; Mo: mortality in untreated control (%)
LCso values were determined by Probit ‘analysis.4?

Microorganisms

The microorganisms used for the photosensitization tests were FC and FE from an open well for consumption by
the population of Dobem, €had. This Water contained 25.102 CFU FC/100ml and 15.10*> CFU FE/100ml.
Photosensitized inactivation of bacteria

Five concentration§ of 1, 2,3, 4,'ahd 5 mg/ml of ME and compound 1 were used for photosensitization
experiments using the method of Sunda et al.!3 A batch of treated water samples (with ME and compound 1) and
another batchgefiuntreated water samples (blank) were exposed to light (UV lamp, brand B-100 AP, emitting
between 320 and 400 nmywith a maximum at 365 nm). The lamp was placed 15 cm from the water samples for
0, 30, 45,160, 120, and 180 minutes. A batch of treated and untreated samples were kept in the dark. For each
datagset, the standard error was calculated (mean + SD).

Bacteriologicalanalysis

Bacteriologieal analysis was performed by culture on rapid E. Coli and Bile Esculin agar media for FC and FE.
After, the photosensitization experiments, 1 ml of water from the samples was inoculated into the culture medium
and thé,;number of colonies formed after 24 h of incubation at a temperature of 44.5 °C was counted.'? The
number of germs in colony forming units (CFU) was determined in the water samples before and after the
application of the photosensitizer.

Molecular docking and dynamics analysis

Molecular Operating Environment (MOE, 2013) software!* was used to dock a protein of DmAChE against
compound 1 and two marketed insecticides into the protein’s active site. The crystal structure of DmAChE (PID:
6XYU, resolution: 2.51 A) was downloaded from the Protein Data Bank (https://www.rcsb.org/). The water
molecules and heteroatoms of protein were removed. Compound 1 and the two marketed insecticides: emodin
(PubChem CID 3220), cypermethrin (PubChem CID 91691), and pirimiphos-methyl (PubChem CID 34526)
were collected from the chemical database (https://pubchem.ncbi.nlm.nih.gov/), inputted into the MOE program
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and subjected to 3D protonation and energy minimization. The MMFF94X force field was used to minimize
ligands and the protein structure. After docking, the best and top conformation was determined based on S-score
and interacting residues.'® The prediction of physicochemical, pharmacokinetic, and ADMET properties of
compound 1 was performed using the SwissADME web tool.'®

Statistical analysis

Experiments were performed in triplicate and mean values were obtained. All the statistical analyses were
carried out using SPSS version 21.0. Data on corrected mortality were subjected to analysis of variance using the
Waller Duncan’s Test.

RESULTS

Phytochemical studies

Extraction of C. nigricans leaves with HE, AE, and ME gave yields of 28.6 g (2.9%), 36.5 g (3.9%), and 958 ¢
(11.2%) of crude extracts respectively.

Characterization of the isolated compound

Chromatographic fractionation of ME yielded compound 1 which the structure (Figure 1) was established by
spectral data and by comparison with literature data.'”

Compound 1: Orange needles; melting point 260-263°C. Solubility in DMSO; HRESIMS at ri/z 270.3
(calculated for C15sH100s). ESI-MS (70 ev): m/z (rel. Int.) 271.3 (5), 226.5 (10), 224.4 (15), and 222.6 (20)#*H-
NMR (500 MHz, DMSO-d¢) and *C-NMR (125 MHz, DMSO-ds) (Table 1).

Mortality Activity against S. zeamais

A time and concentration dependent increase in the percentage mortality of adult S{Zeamais was observed for all
extracts and emodin (Table 2). The highest dose (400 mg/mL) caused 95.7, 22.2, and'§5,7% mortality of insects
on the second day of exposure for the HE, AE and ME respectively. THe insecticidal activifyof emodin was
found to be higher than that of the HE, which was the most active of the cXtracts tested. Similarly, the activity of
emodin (LCso, 5 mg/mL) was higher than that of the positive control, Ririmiphes-methyl (LC50, 1.25 mg/mL)
(Table 3).

Photosensitizer inactivation of bacteria

Results of the light exposure of the water samples treated anddintreatéd with™ME and emodin showed complete
inactivation of FC after 3 hours of exposure for the ME treatmentdnd 2thours for the emodin treatment (Table
4). Complete inhibition of EF was observed after 2 hours'of light'exposure in water treated with ME and after 1
hour of treatment with emodin for all concentrations usedy No inaetivation of FC et FE in the water was
observed after 3 hours of light exposure in the unteeated water samples and for all treated water samples exposed
to darkness. An increase in photodisinfection efficiency was observed as a function of concentration and
irradiation time. (Figures 2-3).

Molecular docking

A molecular docking analysis of emodifi'was petformed to study its binding to DmACHE and then compare it to
marketed insecticides used to control pests©f crdps, fruit trees, and ornamental plants. The crystal structure of
DmAChE was used as a model tofstudy‘insecticidal potential due to the unavailability of that from S. zeamais in
the PDB database. The binding energy of emodin (-6.38 kcal/mol) is close to that of pirimiphos-methyl (-6.25
kcal/mol) and lower than that of cypermethrin (5.52 kcal/mol) (Table 5). Emodin has two types of interaction
bonds (pi-pi) with residuesTRP83 and BYR370, similar to those of tacrine-derived insecticides used as
ligands.'® Emodin andgpirimiphes-methyl have a common amino acid TRP83 residue for binding in the 6XYU
active site (Table ).

ADMET analysis

Evaluation ofithe pharmacoKkinetic parameters of emodin and other marketed insecticides enabled us to assess the
insecticidglikeness aswell'as intestinal absorption and brain permeation, key toxicokinetic parameters that
determine its toxicity, including neurotoxicity. The insecticide-likeliness of emodin was evaluated based on
Tice’syrule ‘ofifive which helps to identify herbicides and insecticides.!® The pharmacokinetic properties (Table 6)
shiow thatall ligands have a number of hydrogen bond donors < 2 and hydrogen bond acceptors between 1 and 8.
The molecular weight of these ligands is between 150 and 500 g/mol, and the CLogP values are between 0 and 5.
Themumber of rotable bonds for all ligands is < 12. The same is true for the bioavailability radar of the predicted
physicochemical descriptors and pharmacokinetic properties (Figure 4).

DISCUSSION

The'high yield of the ME (11.2%) compared to the HE (2.9%) and AE (3.9%) could be due to the presence of
imany more polar compounds in the leaves of C. nigricans. Terpenoids, flavonoids, anthraquinones, and quinones
were detected in all extracts. However, coumarins, glycosides, alkaloids, and tannins were not detected in the HE
compared to AE and ME. These results are similar to previous work on the plant.” Compound 1 was identified as
emodin, a known compound, by MS and 1D and 2D NMR, and its structure was confirmed by literature data.!’?
The analytical TLCs carried out on the three extracts: HE, AE, and ME showed that only the ME had a spot (Ry=
0.56) corresponding to emodin. The yield of emodin obtained from the ME was 1g (1.04%).

Insect mortality tests showed that HE, AE, and ME were active against S. zeamais, a most destructive insect pest
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of stored maize. Results are similar to previous studies reported on the insecticidal activity of C. nigricans
extracts on mosquito larvae (Anopheles gambiaea) and whitefly (Bemisia tabaci).**>*' Emodin showed very high
toxicity against S. zeamais compared to all extracts. The lowest concentration (100 mg/mL) necessary to obtain
100% insect mortality on the first day of exposure was recorded with emodin. The HE (LCso of 177.48 mg/mL)
was more active than the ME (LCso = 195.08 mg/L) and the AE (LCso = 374.14 mg/mL). The efficacy of HE and
ME against S. zeamais could be due to the presence of terpenoids and phenolic compounds, respectively, which
are highly toxic to insects.?? Previous reports have shown that emodin inhibits AChE and Glutathione S-
transferase activities in insects, resulting in their death.? Previous studies have shown that emodin may be useful
as a new natural larviciding agent against mosquitoes.?* Our study revealed for the first time the insecticidal
activity of the leaf extract and emodin from C. nigricans against S. zeamais.

The minimum concentration of emodin resulting in complete inactivation is 4 mg/mL for FC and 3 mg/mL for
FE for an irradiation time of 30 minutes (Table 4). This means that FE (Gram+) are more sensitive to the ME
than FC (Gram-). These results are similar to previous studies showing that emodin under visible lightawas more
likely to penetrate the intracellular environment of Gram-positive bacteria permeable to bioactive compounds,
thus enhancing the local killing effect on the bacteria. In contrast to Gram-positive bacteria, Gram-negative
bacteria are more resistant to the photodynamic effect due to the different surface structures of bacterial cells:
The photosensitising activity of ME may be due to a combination of several factors: photosensitiser, sunlight,
and oxygen.® This photoreactivity is mainly due to the presence of photoactivatable molecules (@hthraquinones
and quinones) which are natural dyes capable of storing light energy that is then trangferred'to,stable,oxygen to
generate singlet oxygen.® When emodin is exposed to light, visible light photons af@excited and transfer energy
to the oxygen molecules as they return to their ground state, generating reactive oxygemspecigs with cytotoxic
properties that cause irreversible damage to cell membranes, DNA, andproteins in bacterialeells.?

Energy score results showed that the lowest values were obtained with emodin and pirimiphos-methyl which is
an insecticide used as an AChE inhibitor. Results indicate that all ligands are'non-violent and ‘conform to the
rules of Tice, Hao, and Clark.'3?728 The ADMET evaluation showed that emodin and the selected insecticides
predicted high intestinal absorption but were not expected to penetrate the brain/(Figure 5). All ligands showed
no inhibition of the human ether-a-go-go gene growth enzyme{(hERG) (Table'6). Acute oral toxicity was higher
for emodin (2.01 mol/kg) than for the marketed insecticides pirimiphosémethyl (3.10 mol/kg) and cypermethrin
(3.19 mol/kg). The aqueous solubility of emodin is -3.914that of pirimiphos-methyl -3.16, and that of
cypermethrin -6.24. MD results revealed that emodin €reated a highsaffinity pi-pi bond with TRP83 in the
DmACHhE active site (distance: 3.63 A) similar tothéfjereated,by,ZAl (iodobenzyltacrine) with TRP83.'®
Additionally, emodin establishes a pi-pi bond with the same T¥R370 at a distance of 3.84 A (Figure 6). In silico
molecular docking studies provide more detailed information on the interactions between emodin and DmAChE
(6XYU). The labeled insecticides pirimiphes=methyl anddypermethrin give an idea of the possibility of using
emodin as a promising insecticide. Thefstudy clearly shows that emodin is promising in terms of binding affinity
and pharmacokinetic properties. These results ar@ consistent with in vitro studies on the inhibition of human
AChE, which showed inhibitory detivity.of emodin with an ICso = 15.215.21 £ 3.52 uM.?*

CONCLUSION

Extracts of C. nigricans as,well as'emodin isolated from the ME of the leaves showed toxicity against S. zeamais
and can be used as naturalinsecticidesfor the protection of stored products. Additionally, ME showed
bactericidal activity duesto theipresence of photoactivatable molecules, including emodin, a photoreaction site
that can lead to thefinactivation of FC and FE present in polluted waters. Molecular docking confirmed the
binding positions 0f emodiniin the active centre of AChEIL. Emodin does not passively cross the BBB, but is
passively abserbedftom the/HIA, and could be a promising natural insecticide for pest control.
ACKNOWLEDGEMENTS

The authors thank the Laboratory of Natural and Bioactive Substances, Faculty of Science, University of *** for
theirgmateriabsuppott.

CONFLICT OFINTEREST

The authorsideclare that there is no conflict of interest.

25,26

REFERENCES
1. Nwosu LC, Adedire CO, Ogunwolu EO, Ashamo MO. Toxicological and histopathological effects
of Dennettia tripetala seed used as grain protectant, food, and medicine. Food Qual Saf.
2017;1:211-219.
2. Souto AL, Sylvestre M, Tolke ED, Tavares JF, Barbosa-Filho JM, Cebrian-Torrejon G. Plant-
derived pesticides as an alternative to pest management and sustainable agricultural production:

Prospects, applications, and challenges. Molecules. 2021;26:4835.

4/8



10.

11.

Georgiev B, Nikolova M, Aneva I, Dzhurmanski A, Sidjimova B, Berkov S. Plant products with
acetylcholinesterase inhibitory activity for insect control. BioRisk. 2022;17:309-315.

Johnson TO, Ojo OA, Ikiriko S, Ogunkua J, Akinyemi GO, Rotimi DE, OCHE J-R, Adegboyega
AE. Biochemical evaluation and molecular docking assessment of Cymbopogon citratus as a
natural source of acetylcholine esterase (AChE)-targeting insecticides. Biochem Biophys
Rep. 2021;28:101175.

Sadiki FZ, Bouymajane A., Sbiti , Channaoui S, Micalizzi G, Cacciola F, Dugo P, Mondello LE

Idrissi, M. Chemical profile, antibacterial, antioxidant and insecticidal properties of the essent

from Tetraclinis articulata (Vahl) masters cones. J Essent Oil Res. 2022;34:383-393.
Bartolomeu M, Reis S, Fontes M, Neves MGP, Faustino MAF, Almeida A. Photodys

against wastewater microorganisms and chemical pollutants: an effective 04
environmental impact. Water. 2017;9:630.
Abrahamse H, Hamblin MR. New photosensitizers for photody ray iochem J.
2016;473:347-364.

Siewert B, Stuppner H. The photoactivity of natura
phytomedicines?. Phytomedicine, 2019;60:152985.

products—an oked potential of

Rashed K. Phytochemical properties and biological acti
J Innov Pharm Sci Res. 2021;9:8-13.
Ndomo AF, Tapondjou AL, Tendonke

assia nigricans : a review. Int

M. Evaluation of the insecticidal effect
of leaves from Callistemon viminalis nst a major bean pest: Acanthoscelides
obtectus (Say) (Coleoptera; Bruchi TO tura. 2009;27:137-143.

Abbott WS. A method of co

1925;18:265-267.

ting th@, effectiveness of an insecticide J Econ Entomol.

. Finney DJ. Probit analys ambridge; Cambridge University Press; 1971.
. Sunda M, Taba 0 F, Wathelet B. Contribution to the study of water disinfection by

photosensitizati lant extracts. C R Chim. 2016;19:827-831.

Molecular ting ironment (MOE) 2013.08. Chemical Computing Group Inc., 1010
uite #910,. Montreal, QC, Canada, H3A 2R7, 2014.

, UA, Zafar Z, Akmal A, Taj S, Khalid, H. Phytochemical analysis and antidiabetic

oracia rusticana: Pharmacological and computational approach. Comb Chem High
Throughput Screen. 2021;24:465-471.
, Michielin O, Zoete V. SwissADME: a free web tool to evaluate pharmacokinetics, drug-

ikeness and medicinal chemistry friendliness of small molecules. Sci Rep. 2017;7:1-13.

. Erdogan MK, Agca CA, Gegibesler IH. The antiproliferative potential of isolated emodin and aloe-

emodin from Rheum ribes on different cancer cell lines. Biyolojik Cesitlilik ve

Koruma. 2020;13:160-168.

. Nachon F, Rosenberry TL, Silman I, Sussman JL. A Second Look at the Crystal Structures of

Drosophila melanogaster Acetylcholinesterase in Complex with Tacrine Derivatives Provides
Insights Concerning Catalytic Intermediates and the Design of Specific Insecticides. Molecules.

2020;25:1198.

5/8



19.

20.

21.

22.
23.

24.

25.

26.

27.

28.

Avram S, Funar-Timofei S, Borota A, Chennamaneni SR, Manchala AK, Muresan S. Quantitative
estimation of pesticide-likeness for agrochemical discovery. J cheminformatics. 2014;6:1-11.
Georges K, Jayaprakasam B, Dalavoy SS, Nair MG. Pest-managing activities of plant extracts and
anthraquinones from Cassia nigricans from Burkina Faso. Bioresour Technol. 2008;99:2037-2045.
Ba NM, Sawadogo F, Dabire-Binso CL, Drabo I, Sanon A. Insecticidal activity of three plant
extracts on the cowpea pod sucking bug, Clavigralla tomentosicollis, STAL (Hemiptera: Coreidae).
Pak J Biol Sci. 2009;12:1320-1324.

Tlak Gajger I, Dar SA. Plant allelochemicals as sources of insecticides. Insects. 2021;12:189.
Nuthakki VK, Sharma A, Kumar A, Bharate SB. Identification of embelin, a 3-un

benzoquinone from Embelia ribes as a multitargeted anti-Alzheimer agent. D
2019;80:655—665.

Li P, Wen F, Yan H, Xu Q, Su W. Antimicrobial activity of Emodin in com ion with visible

light against Escherichia coli and Staphylococcus aureus: Application:
LWT. 2023;114750.
Jiang QEF, Tian J, Yang J, Zhang J, Cheng Y. Light-Ex

sa technology.

Antibiotics entiating Bacterial

Killing via Reactive Oxygen Species Generation. AC ater Interfa 2020;12:16150-
16158.
Penha CB, Bonin E, da Silva AF, Hioka N, amura TU, de Abreu BAF,
Campanerut-Sa PAZ, Mikcha JMG. Photod ation of foodborne and food spoilage
bacteria by curcumin. LWT-Food Sci Te
Hao G, Dong Q, Yang G. A comparati the constitutive properties of marketed pesticides.
Mol Inform. 2011;30:614-622
Clarke ED. Beyond physica cation of Abraham descriptors and LFER analysis in

agrochemical research. BioorgdMed«Chem. 2009;17:4153-4159.

. Augustin, N., Nut] i . dullaha, M., Hassan, Q. P., Gandhi, S. G., & Bharate, S. B.

(2020). Discoy; Iminthosporin, an anthraquinone isolated from Rumex abyssinicus Jacq as a

dual choline se inhi . ACS omega, 5(3), 1616-1624.

6/8


https://pubag.nal.usda.gov/?q=%22Ben%C3%ADcio+Alves+de+Abreu+Filho%22&search_field=author
https://pubag.nal.usda.gov/?q=%22Paula+Aline+Zanetti+Campanerut-S%C3%A1%22&search_field=author
https://pubag.nal.usda.gov/?q=%22Paula+Aline+Zanetti+Campanerut-S%C3%A1%22&search_field=author

OH O OH

IN
d o
(0]
OH \©)\O
° X
Emodin cl
. Cl
Cypermethrin
X
o_ N
>
LTS K

Pirimiphos-methyl k

Figure 1. Structures of isolated compound and drugs

100 4

75 -

50 -

25 4

%Survival of Bacteria

%
%
o

%
%
o

o i A

1 2
Concentration (mg/
8% survival of faecal coliforms in water tre

Figure 2. Bacterial s al (%0).as a function of photosensitizer concentration. Irradiation time: 0.5h.

7/8



-
o
o

~
)]

N
a

%Survival of Bacteria
(4]
o

e

3
\
%
\
3
\
3
%
o
D

B

0.25 0.5 0.75 1
Time (hours)
8% survival of faecal coliforms in water treated with ME

0% survival of faecal coliforms in water treated with Emodin
8% survival of faecal enterococci in water treated with ME

B% survival of faecal enterococci in water treated with Emodin

Figure 3. Bacteria survival (%) as a function of irradiation time. Concentration o g/mL
LIPO LIPO
FLEX S SIZE FLEX FLEX SIZE
INSATU <  POLAR INSATU POLAR  INSATU POLAR
INSOLU INSOLU
Emodin Pirimiphos-methyl Cypermethrin
Figure 4. Bioavailabili r plo rugs and emodin

WLOGP

7 O show Molecules Name

6

5

re 5. Egan BOILED-Egg plot prediction model for intestine and brain permeation. The white region is the
ysicochemical space of compounds predicted to exhibit high intestinal absorption, and the yellow region is the
physicochemical space of compounds predicted to permeate the brain. tPSA: Topological polar surface area;
WLogP: LogP value calculated according to the Wildman—Crippen method.

8/8



©

Figure 6. 2D visualization of the best pose of Emodin 6XYU for docki ing MOE.

Table 1 Spectra data of Compound 1 in DMSO-d6

1
2 108.3 1Hd (2.4)
3
4 1Hd (2.4)
5 1Hs
6
7 1Hs
8
9 C .
C 181.85
C 135.58
C 113.85
C 109.22
C 133.29
Ar- 21.9 CHs 21.96 3Hs
1- - 1Hs
3- — 1Hs
8- — 1
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Table 2 Effect of the extracts and emodin on mortality of S. zeamais

Samples Conc. Mean % mortality = S.E at 24 to 72 h post
(mg/mL) 24h 48h 72h
25.0 0.0+0.0* 0.0+0.0* 0.0+0.0*
HE 50.0 0.0+0.0* 0.0+0.0* 0.0+0.0*
100.0 0.0+0.0* 12.640.4° 17.4+0.5°
200.0 12.340.3° 32.3+0.3¢ 50.3+0.3¢
400.0 95.7+0.2¢ 100.0+0.04 100.0+0.04
25.0 0.0+0.0* 0.0+0.0* 0.0+0.0*
AE 50.0 0.0+0.0* 0.0+0.0* 0.0+0.0%
100.0 0.0+0.0* 0.0+0.0* 0.020.02
200.0 0.0+0.0* 0.0+0.0* 040=£0.0*
400.0 22.240.9° 42.340.2° 58.3%0.3,
25.0 0.0+0.0* 0.0+0.0* 0:0::0.02
ME 50.0 0.0+0.0* 0.0+0.0* 0.0£0.0*
100.0 0.0+0.0* 0.0+0:0* 13(6::0.4°
200.0 0.0+0.0* 17.6+0.62 32.6+0.4°
400.0 55.7+0.5° 76.6%0.3° 100.0+0.04
5.0 18.0+£0.4* 24.1+£0.6* 58.3+£0.5°
Emodin 12.5 24.6+0.6* 38:6-008% 63.5+0.9*
25.0 38.640.4° 52.9&0.7° 73.0+0.5°
50.0 70.74046° 85.540.4¢ 100.0+0.0¢
100.0 100.0£0,0¢ 100.0+0.0¢ 100.0+0.0¢
Control 0.0 0:00.0* 0.0+0.0* 0.0+0.0°

Each value is a mean of + standard error of three replicates. Mean followed by the same
letter in a column is not siguifteantly different (P<0.05) from each other using the new

Duncan multiple range test.
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