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1. Introduction

Pesticide poisoning is a global health problem,1,2 with a serious
epidemiological profile in Thailand.3 Many regions of Thailand use
organophosphate pesticides (OPs) to protect their crops against
insect pests.4,5 However, uncontrolled and inappropriate applica-
tion of OPs lead to OP poisoning.6 Health records at the Ram-
athibodi Poison Center attribute 24.3% of human exposures to OPs.3

Moreover, OP residues in vegetables may pose serious risk to the
wellbeing of consumers.7,8 One toxic effect of OPs is the cholinergic
syndrome, which is caused by acetylcholinesterase (AChE)
inhibition.9.

AChE (EC 3.1.1.7) hydrolyzes the neurotransmitter acetylcholine
to acetate and choline. It is found mainly at neuromuscular junc-
tions and cholinergic synapses in the central nervous system.
Studies have demonstrated that OPs act directly on AChE activity by
* Corresponding author. Division of Integrative Medicine, Chulabhorn Interna-
tional College of Medicine, Thammasat University (Rangsit Campus), Pathum Thani,
12120, Thailand.

E-mail address: sophida@staff.tu.ac.th (S. Sukprasert).
Peer review under responsibility of The Center for Food and Biomolecules,

National Taiwan University.

https://doi.org/10.1016/j.jtcme.2020.03.001
2225-4110/© 2020 Center for Food and Biomolecules, National Taiwan University. Produc
BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
inhibiting plasma levels in animals and humans. This renders a
biomarker potential for AChE in monitoring OP toxicity.10e12

Therefore, natural compounds that lead to the successful recovery
of AChE activity after OP poisoning may indicate their potential to
serve as antidotes.

Lysiphyllum strychnifolium Craib or “Ya nang daeng” (L. strych-
nifolium) is classified as a family of Leguminosae.13 Leaf decoction
has been used to neutralize toxins in upper Northeastern
Thailand.14 Leaf, stem and root of L. strychnifolium are traditionally
used to treat fever, alcohol intoxication and serve as an antidote to
pesticide poisoning. Several bioactive ingredients from the L.
strychnifolium extracts (LS) were reported such as trilobatin, quer-
cetin (QR), 3,5,6,3’,5pentahydroxyflavanonol3OaLrhamnopyrano-
side, 3,5,7trihydroxyc hromoone3OaLrhamnopyranoside, b-
sitosterol, stigma sterol and gallic acid.13,15 Preclinical studies have
shown that LS (aqueous and ethanol) exhibited anti-HIV-1 inte-
grase and anti-allergic activities with the most potent IC50 values
of 11.2 and 6.4 mg/ml, respectively.16,17 Moreover, different parts
(stems/leaf) of LS (ethanol) have been shown to have medicinal
properties. These include anti-tumor activity in cancer cell lines
(stem)15 and anti-malaria activity Plasmodium berghei in mice
(leaf).18Aqueous extract LS leaf have been shown to have high levels
of total phenolic compounds and strongly exhibit higher antioxi-
dant activity than green tea.19 More recently, the anti-inflammatory
and anti-hyperuricemic effects of the leaf water LS have been re-
ported.13 A clinical study likewise reported that water LS leaf could
detoxify alcohol intoxication.20

LS root or leaf or stem decoctions have been used to treat
diarrhoea and neutralize food poisoning at Yasothon province,
North-eastern part of Thailand with no reports of toxicity.21 This
study investigates the following actions of ethanol LS stem in
omethoate (OM)-treated rats: (i) identify the active compounds
using High Performance Liquid Chromatography coupled with
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ultraviolet-photodiode array detection (HPLC-DAD); (ii) antidote
effect by determining the enzymatic activity of AChE; (iii) protec-
tive effect on the liver and kidney against OP poisoning.
2. Materials and methods

2.1. Crude extract preparation

Flowers, fruits, leaves and stems of L. strychnifolium were
collected in July 2013 from Nakhon Pathom and Yasothon prov-
inces, Thailand for taxonomic identification. Upon confirmation, a
specimen was deposited at the Herbarium of the Department of
Thai Traditional and Alternative Medicine, Thailand (a voucher
specimen TTM no.0003601).

Stems have been identified as the plant part with the most po-
tential for L. strychnifolium extraction (LS).17 After collection, stems
were washed inwater, air dried under shade, ground to fine powder,
and stored in amber glass bottles at room temperature (25 �C). The
dried powders of L. strychnifolium stems (400 g) were extracted three
times with 95% ethanol at room temperature. Ethanol from LS was
removed by vacuum evaporation and was stored at �20 �C for
analysis.
2.2. Chemicals

Purified myricetin, quercetin (QR) and kaempferol (Sigma-
Aldrich, USA) were used as HPLC standards. Amplex®Acetylcho-
line/Acetlycholinesterase assay kit (Molecular probes, Invitrogen,
USA) was used to assess enzymatic activity. OM at 50% w/v EC
(domestic source) was used as positive control.
2.3. Standard and sample preparation

Stock solutions of standard myricetin, QR and kaempferol were
prepared at a concentration of 0.5 mg/ml in acetonitrile. The ethanol
LS stem was diluted in acetonitrile at a concentration of 2 mg/ml,
and clarified through a 0.45 mm syringe filter before HPLC analysis.
Fig. 1. Schematic overview of the animal experiment to study the antidote e
2.4. Experimental procedures

2.4.1. HPLC analysis
ACE C18 reverse phase HPLC column (Agilent 1260 Co. LTD,

USA), size 250 mm � 4.6 mm, 5 mm (Hichrom, UK) was used at a
flow rate of 1 ml/min. Elution used a linear gradient of the mobile
phase: 1% formic acid in water (solvent A): acetonitrile (solvent B).
Gradient elution using solvent B was as follows: 0e5 min at 5%,
5e20 min at 15%, 20e55 min at 35% and 55e65 min at 5%. Detec-
tion was performed at UV 280 and 350 nm. Samples were analyzed
in triplicate by injection of 10 ml volumes of the clarified filtrate.

2.4.2. Animal treatment
Male and female Wistar rats weighting 200e250 g were ob-

tained from the National Laboratory Animal Center, Mahidol Uni-
versity, Nakhon Pathom, Thailand. All animals were housed in
environmentally controlled conditions of 12 h light - 12 h dark cycle
and a temperature of 25 ± 1 �C. Food and water were freely avail-
able. All rats were allowed 1 week to acclimate to the housing
conditions before starting the experiment. All experimental pro-
tocols were approved by the Thammasat Animal Care and Use
Committee, Thammasat University (No.009/2556).

2.4.3. Antidote study of LS
Thirty three Wistar rats were used in the experiment, a sche-

matic overview of which is presented in Fig. 1. The negative control
group (n ¼ 3) received normal saline. Each of the two positive
control groups (total n¼ 12) were injected with either OM (2.5 mg/
kg/d, i.p.) or administered with 70 mg/kg of the LS. Six rats each
comprised the three test groups (T1-T3).

T1 rats were given 70 mg/kg of LS by gavage for 7 days, after
which OM was injected for 7 days. T2 rats were initially injected
with OM for 7 days and then given the LS with the same dose as T1
for 7 days. T3 rats received the same treatment as T1 but the extract
dose was increased to 350 mg/kg. Fourteen days after treatments,
all rats were sacrificed with an overdose of CO2. Immediately
following the rats’ demise, blood was collected by cardiac puncture.
Brains, livers and kidneys were then excised. Liver and kidney tis-
sues were preserved in 10% neutral buffered formaldehyde solution
for histological analysis. Brain tissues were stored in cold PBS buffer
for further analysis.
ffects of the ethanol LS stem on organophosphate pesticide poisoning.



Fig. 2. Representative HPLC chromatograms of standard myricetin, QR and kaempferol (A). Chromatographic profile of the ethanol extract of LS stem was demonstrated at UV
350 nm (B). UV spectrum of target peak (blue line) was superimposed to a standard QR spectrum (red line) (C).
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2.4.4. Brain tissue extraction
Brain tissues in ice cold lysis buffer (25 mM Tris-Cl, 1 mM EDTA,

pH 7.4, 1% (v/v) Triton X-100 and 1 mM PMSF) were sonicated and
incubated for 10 min at 4 �C. The lysate was centrifuged at
10,000�g for 10 min at 4 �C. The supernatant was collected for
determining AChE activity. Protein concentration was quantified
using the Bradford method22 against a bovine serum albumin
standard dilution series.

2.4.5. Determination of AChE activity in blood and brain
homogenates

Amplex® Acetylcholine/Acetlycholinesterase assay kit
(Molecular probes, Invitrogen, USA) was used to determine AChE
activity in blood and brain homogenate samples. Samples were
diluted in 1x reaction buffer supplied in the kit. Excitation and
emission ranges were detected at 560 and 590 nm, respectively.

2.4.6. Histopathology
The livers and kidneys of all rats were dissected and fixed in 10%

neutral-buffer formalin. The tissues were embedded in paraffin,
sectioned to a 5 mm thickness, stained with hematoxylin-eosin, and
examined under a light microscope (Leica DM3000 LED). Photo-
micrographs of the samples were taken. Assessment liver and
kidney damage was modified from a previous study23 using a grade



Fig. 3. The protective effect of the ethanol extract of LS against OM-induced inhibition of AChE activity in blood (A) and brain homogenates (B) of rats. Data (indicated as vertical
bars in this graph) were expressed as mean ± SEM. Inter-group differences were analyzed with ANOVA, with post-hoc Dunnett’s test. Significant differences (p < 0.05) are indicated
by lower case letters above each bar. Absence of letters above each bar or letters in common between bars indicate non-significant differences (p > 0.05).
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scale of 0e3 as follows: (i) grade 0: normal liver architecture, which
includes the central vein (CV) in the lobule surrounded by hepa-
tocytes characterized by a strongly eosinophilic granulated cyto-
plasmwith distinct nuclei and intact hepatic sinusoids; (ii) grade 1:
mild liver injury which includes hydropic changes, hepatocyte
hypertrophy and swelling; (iii) grade 2: moderate liver injury
including fatty changes, focal necrosis, ill-defined blood sinusoids
between hepatocyte cords, mild to moderate hemorrhage or
congestion and slight inflammatory cell infiltration; (iv) grade 3:
massive necrosis which includes hemorrhage or congestion, mod-
erate to severe inflammatory cell infiltration.

Kidney damage scores were as follows: (i) grade 0: intact renal
corpuscle, renal tubules, proximal/distal convoluted tubules,
glomerulus (GM), urinary space and Bowman’s capsule, without
indication of hemorrhage; (ii) grade 1: mild tubular injury but intact
GM, hydropic changes and mild hemorrhage; (iii) grade 2: moderate
tubular injury with glomerular degeneration and shrinkage, edema
and widening of the tubular lining epithelium and lumen, respec-
tively, focal tubular degeneration, moderate hemorrhage, and indi-
cation of inflammatory cell infiltration; (iv) grade 3: most severely
affected samples that showed extensive renal injury which included
glomerular degeneration, massive tubular necrosis/hemorrhage, and
moderate to abundant inflammatory cell infiltration.
2.5. Statistical analysis

Normally distributed data were reported as mean ± standard
error of mean (SEM). Significant differences were determined by
using Student’s t-test (for two groups) and/or one-way analysis of
variance (ANOVA) followed by Dunnett’s post hoc test (for > two
groups) using GraphPad Prism 8.1.2 (GraphPad software Inc., San
Diego, California, U.S.A.). Two-tailed p value � 0.05 was set as the
significance threshold.

3. Results

3.1. Chromatographic profile of LS

We identified potential active compounds responsible for the
antidote activity of ethanol LS stem on OP poisoning using chro-
matography of choice (HPLC). Retention times for the three internal
standards (myricetin, QR and kaempferol) were 34.425, 39.875 and
45.012 min, respectively (Fig. 2A). In Fig. 2B, we identified a minor
peak, whose retention time of 39.857 min was perfectly matched
with the QR standard (39.875 min). UV spectrum analysis validated
the perfect match where the lines of the minor peak (blue)
superimposed those of the QR standard (red) (Fig. 2C). These results
suggest a QR role for antidote activity against OP toxicity. The
amount of QR in the extract was calculated by using linear
regression (equation: y ¼ 26.08999x e 3.08904 with R2 of
0.99998); at R2 of close 100%, yielded 19.6 mg/g extract.

3.2. Antidote effect of LS on AChE activity

To investigate the antidote effect of ethanol extract of the LS
stem against OP poisoning, AChE activity in the blood and brain
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homogenates of the treated-rats were assessed. Fig. 3A shows that
AChE levels range from 0.25 to 0.30 U/mL across all comparisons.
High AChE levels in the blood favored antidote activity and low
levels did not. ANOVA results showed that T1 had reduced AChE
activity (an unfavourable outcome) which was significantly
different (p < 0.05) from T2-T3 and the three controls. Thus, T2-T3
treatment favored antidote activity, but was not significantly
different from the controls (p > 0.05).

Brain sample results showed that AChE levels ranged from 0.15
to 0.23 U/mL across all comparisons (Fig. 3B), considerably less than
those in the blood. Although the trend of AChE activity between the
treated and controls was similar to those in the blood, the differ-
ences between the comparisons were non-significant (p > 0.05).
Fig. 4. Histopathological analysis of the liver in rats given the LS before and after OM treatm
with light microscopy. A: negative control (saline); B: positive control (OM); C: positive cont
cells infiltration; HE, hemorrhage; NE, massive necrosis; HY, hepatocyte hypertrophy; Con,
3.3. Protective effect of LS on the vital organs

Histology was used to explore the protective effects of the
ethanol LS in the liver and kidney. Fig. 4A-F delineate the histo-
logical differences between treated and controls in the liver. T2 and
the negative control were graded 0 indicating absence of liver
damage (Fig. 4A and E). The pesticide positive control (OM), graded
as 3, showed the most impairment (Fig. 4B), considerably more
than the damage observed in T1 and T3, both graded as 2 (Fig. 4D
and F) and LS positive control graded as 1 (Fig. 4C).

Kidney histopathology differences between treated and controls
are shown in Fig. 5A-F. T2 and the negative control were graded
0 indicating absence of kidney damage (Fig. 5A and E). The pesticide
ent. Paraffin-embedded samples were stained with hematoxylin-eosin, and observed
rol (LS); DeF: treated (T1-T3). CV, central vein; HC, hydropic changes; Inf, inflammatory
congestion. Magnification was �200.



Fig. 5. Histopathological analysis of the kidney in rats after treatment with OM and ethanol LS. Paraffin-embedded samples were stained with hematoxylin-eosin, and observed
with light microscopy. A: negative control (saline); B: positive control (OM); C: positive control (LS); DeF: treated (T1-T3). GM, glomerulus; HC, hydropic changes; HE, hemorrhage;
GD, glomerular degeneration; TN, focal tubular necrosis; TP, tubular eosinophilic protein; TD, focal tubular degeneration; Twl, tubular widened lumen. Magnification was �200.
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positive control, graded as 3 showed the most impairment (Fig. 5B)
more than those seen in T1 and T3, both graded as 2 (Fig. 5D and F)
and the LS positive control graded as 1 (Fig. 5C).
4. Discussion

The principal findings of this study include the following: (i) HPLC
identified QR as the phytochemical compound in LS; (ii) OM inte-
grated into LS (T1-T3) influenced AChE activity; (iii) statistical sig-
nificance (p < 0.05) of AChE levels between treated (T) and controls
were found in the blood but not in the brain. AChE levels in the blood
were significantly elevated inT2 and T3over that for T1, but notwhen
compared with the controls. (iv) Post-treatment histopathology
profiles of the liver and kidney were similar where T2 and negative
controls were graded 0; these indicate safe use of LS.
A previous study has demonstrated that biological activity of QR
from ethanol extract derived from stems of plants the same as LS
(L. strychnifolia ¼ Bauhinia strychnifolia).15 Not only have QR-
derived extracts been demonstrated to exhibit antioxidant and
neuroprotective properties,24,25 they have also been found with
hepatoprotective activity.24,26

Our OM incorporated treated (T) groups had a marked effect on
AChE activity. Significantly higher AChE levels induced by T2 and T3
over that of T1 demonstrated the potent action of LS. Previous
studies reported that phytoconstituents from the medicinal plants
showed anti-AChE activity.27,28 Retention of AChE activity attrib-
uted to T2 and T3 demonstrated the protective effect of LS. The T3
feature of 5 times LS suggests a dose-dependent mechanism of LS.
It may be that the timing and arrangement of OM delivery into the
treated rats may have influenced the outcomes. Action of LS in our
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results on AChE activity was similar in the blood and in the brain.
That difference, however, is that statistical significance (p < 0.05)
was found in blood AChE activity but not in the brain. Non-
significant outcome (p > 0.05) from our brain analysis may have
been due to small sample sizes (n� 6). Synaptosomal AChE levels in
the cerebellum and hippocampus of treated-rats have been shown
to bemarkedly affected in a lead-neurotoxicity study.29 In a study of
another Thai herb, Thunbergia laurifolia (TL) was reported as a
neuroprotective agent which preserved AChE activity in mice
exposed to lead.30,31 Moreover, inhibition of brain cholinesterase
(ChE) activity was found to be treatment-related.32 In this study, we
have not only presented evidence of LS action against OP poisoning,
but demonstrated the safety of its use. Moreover, murine toxicity
has been found with uses of ethanol extract of the leaf of LS.18

The lack of toxicity observed in the histopathology samples from
the gavaged subjects might due to the protective effect of phenolic
contents with potent antioxidant activity.19 Natural compounds
with hepatoprotective and nephroprotective activities from Bau-
hinia hookeri have been reported in a polyphenol-rich fraction
(BHPF) against CCl4-induced acute hepatorenal toxicity in mice.33
5. Conclusion

This study is the first report the antidote effect and protective
role of L. strychnifolium against OP poisoning. The evidence we have
presented regarding the action of LS and the safety of its use ren-
ders the utility of L. strychnifolium in counteracting the effects of OP
poisoning. These results suggest that the LS plant species could be
used as a novel antidote agent to treat OP overexposure. We believe
that the rigor in which we undertook this study is proportional to
the level of evidence presented here. However, similar in vivo
studies bearing larger sample sizes would validate or modify our
findings. On a functional note, our next project would involve the
mechanism of LS action against OP poisoning wherein we focus on
the acetylcholine receptors in the brain of treated-rats.
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