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At the same time, as conventional therapies for the treatment
of pain are losing their effectiveness, more and more
pharmacological studies are showing that products of nat-
ural origin are promising for the development of new
molecules or therapies. The idea for this special issue
emerged from the considerable interest in identifying new
therapeutic agents obtained from plants used in popular
medicine for the treatment and/or management of pain.
New drugs and therapies that are highly effective, low cost,
safe, and available may be developed through comprehen-
sive investigation of the bioactivities of a number of natural
compounds. With this in mind, researchers from different
countries were invited to contribute original research and
review articles about new natural products with analgesic
properties. After the review process, 5 high-quality articles
were accepted for publication. The topics included in this
issue comprise effects of new medicinal plants with analgesic
properties studied using animal models of chronic pain, the
safety and/or adverse effects of medicinal plants with an-
algesic activities, effects of new medicinal plants in pain
management, and the mode of action of plants with anal-
gesic activities. A brief summary of each of the accepted
articles is provided as follows.

The paper by H. Ilmi et al. evaluated the analgesic and
antipyretic effects of a tablet obtained from Andrographis
paniculata ethyl acetate fraction, in animal models.
A. paniculata is an herbaceous plant belonging to the
Acanthaceae family, found especially in India, Sri Lanka,
Pakistan, and Indonesia. The authors observed that the
A. paniculata ethyl acetate fraction exhibited analgesic and

antipyretic activities in the tablet dosage form. The results
revealed that this species could be an excellent candidate as
an herbal medicine for the treatment of pain and fever.

C. C. Liao et al. studied the effects of Scutellaria bai-
calensis (SB), a traditional Chinese medicine used for the
treatment of inflammatory and painful conditions, on mi-
graine by behavioral analysis of systemic administration to
rats using the nitroglycerin (NTG) induced migraine rat
model. The authors observed that pretreatment with 1.0 g/kg
SB alleviated migraine-related behaviors in the NTG-in-
duced experimental model. Thus, SB may be a promising
natural product for the treatment of migraine.

In another paper, J. Chang et al. investigated the mo-
lecular mechanism as well as the effective compounds
present in the Gu-tong formula. Gu-tong formula (GTF) is
used in treatment of cancer-related pain and includes nine
traditional Chinese medicines. The authors revealed the
potential pharmacological mechanism of GTF in cancer pain
treatment, from a systematic perspective, which may involve
the secretion of inflammatory cytokines, membrane po-
tential, bone protection, and other biological processes
through the regulation of chemokines, MAPK, and TRP
channels. Cholesterol and stigmasterol in GTF have been
suggested to be the key pharmacodynamic molecules for
analgesia, as seen in molecular docking screening. These
findings provide insights into comprehending the syner-
gistic effect of GTF on cancer pain relief.

The paper by S. A. Richard et al. focuses explicitly on an
analgesic-antitumor peptide (AGAP) extracted from the
venom of Scorpion BmK, with the aim of elucidating the
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cardinal analgesic and antitumor potentials of AGAP, with
the emphasis on the key signaling mechanisms through
which it functions. This review clearly points to the fact that
AGAP has analgesic and antitumor potentials. Studies have
shown that AGAP has a strong inhibitory influence on both
viscera and soma pain. In addition, AGAP enhances the
effects of MAPK inhibitors in neuropathic and inflamma-
tion-associated pain. In cancers such as colon cancer, breast
cancer, lymphoma, and glioma, AGAP was effective in
blocking proliferation. This molecule has more affinity for
tumor cells and has less harmful effects on healthy cells.
Thus, AGAP can represent a promising analgesic and an-
titumor therapy for some types of tumors.

In addition to therapeutic tests, products of natural
origin should be evaluated for their safety, and toxicity tests
are required by international regulatory agencies. W. A.S. S.
Weerakoon et al. investigated the safety profile of the
Sudarshana powder (SP) and its novel preparation, Sudar-
shana suspension (SS), in male Wistar rats, and tolerance
studies were conducted with healthy adult volunteers.
Sudarshana powder is an effective antipyretic Ayurvedic
preparation, widely used in Sri Lanka as well as in India from
the very early beginning of Ayurveda treatment. The data
collected revealed that the extract of SP and novel prepa-
ration SS given orally to male Wistar rats and healthy
volunteers did not cause toxicity at the therapeutic dose
level, which demonstrates its safety after oral administration.

We hope that this issue of Evidence-Based Comple-
mentary and Alternative Medicine will be truly special for
researchers studying the effects of natural products as
sources of new analgesic drugs.
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Objectives. To determine the analgesic and antipyretic activities of a tablet derived from Andrographis paniculata ethyl acetate
fraction (AS201-01) in animal models. Methods. The tablet derived from AS201-01 contains an equivalent of 35 mg androg-
rapholide per tablet. Analgesic activity was determined using an acetic acid-induced writhing test on adult male mice. A writhe
was recorded by a stopwatch and was defined as the stretching of the abdomen and/or stretching of at least one hind limb. For the
determination of antipyretic activity, pyrexia was induced by subcutaneous injection of 15% w/v Brewer’s yeast into adult male
rats. Rectal temperature was monitored at 1, 2, 3, and 4 hours after treatment. Results. The results showed that the AS201-01 tablet
had analgesic and antipyretic activity. In the acetic acid-induced writhing model, AS201-01 tablet exhibited significant analgesic
effect with a 66.73% reduction in writhing response at a dose of 50 mg andrographolide/kg body weight compared to the negative
control group. The tablet also showed a significant antipyretic effect. The maximum antipyretic effect was observed after the third
hour of administration of the AS201-01 tablet at a dose of 100 mg andrographolide/kg body weight. Conclusion. Tablet of

Andrographis paniculata ethyl acetate fraction (AS201-01) exhibited analgesic and antipyretic activities.

1. Introduction

Nonsteroidal anti-inflammatory drugs (NSAID) are used
worldwide to treat inflammation, pain, and fever. However,
they often produce significant side effects and are toxic to
various organs of the body, causing problems such as kidney
failure, allergic reactions, reduced auditory ability, and in-
creased risk of hemorrhage due to interference with platelet
function [1, 2]. Therefore, the development of novel com-
pounds with analgesic and antipyretic activities without side
effects are needed [3].

Traditional uses of medicinal plants provide suitable
sources for the development of new drugs [4]. Andrographis
paniculata, commonly known as the “king of bitters”, is an
herbaceous plant belonging to the Acanthaceae family. This
plant is widely grown in the tropics, especially in India, Sri

Lanka, Pakistan, and Indonesia [5]. Andrographis paniculata
is one of the most popular medicinal plants used tradi-
tionally to treat fever and infectious diseases. This plant has
been reported to have anti-inflammatory, antibacterial,
antioxidant, anticancer, antidiabetic, antimalarial, hep-
atoprotective, immunostimulant, antiallergic, analgesic, and
antipyretic effects [6-10].

Several studies have been conducted to determine the
analgesic and antipyretic activity of A. paniculata. The
compounds isolated from A. paniculata, namely, androg-
rapholide and 14-deoxy-11,12-didehydroandrographolide,
as well as the derivatives of both, showed analgesic and
antipyretic activities [11]. Analgesic activity was determined
in vivo in mice using the hot plate and writhing test, while
antipyretic activity was determined in vivo in rats using the
Baker’s yeast-induced fever test. Andrographolide produced
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a significant analgesic effect at a dose of 4 mg/kg body weight
given intraperitoneally [11-13]. Ethanol extract of
A. paniculata showed the analgesic activity in the writhing
test in mice [2]. The ethanol extract of A. paniculata was
introduced orally in the mice, and the results showed that the
A. paniculata ethanol extract had an analgesic activity of
34%. Sodium diclofenac, the positive control, had an an-
algesic activity of 76%.

Previous studies have reported that the ethyl acetate
fraction of A. paniculata contains 27.22% higher androg-
rapholide compared to the ethanol extract [14]. Therefore,
an increased likelihood that the ethyl acetate fraction of
A. paniculata will have stronger analgesic and antipyretic
effects than the ethanol extract. However, this has never been
tested. Here we show the first investigation into the analgesic
and antipyretic activities of the ethyl acetate fraction tablet of
A. paniculata.

2. Materials and Methods

2.1. Materials. The plant material used in this study was
Andrographis paniculata powder with 1.82% androgra-
pholide content obtained from Pharmaceutical Industry PT
Kimia Farma (Persero) Tbk., Indonesia. The tablet derived
from A. paniculata ethyl acetate fraction (AS201-01) con-
tained an equivalent of 35mg andrographolide per tablet
and was produced at Faculty of Pharmacy, Universitas
Airlangga.

2.2. Extraction and Fractionation. Andrographolide is the
major active compound found in A. paniculata. It was
optimally soluble in methanol and ethanol, and the solubility
increased with an increase of temperature in the range of
15-50°C [15]. Ethanol can be used as an extraction solvent
and safe for human consumption [16]. Therefore, the ex-
traction was conducted using ethanol at temperature 50°C to
optimize the extraction result. The A. paniculata powder as
much as 1kg was extracted using 6 L of 96% ethanol as a
solvent. The extraction was conducted by stirring for 60
minutes at temperature of 50°C. The extract was filtered, and
residue was further extracted again using 6 L of 96% ethanol.
The second extract was filtered and gathered with the first
extract. Total solvent used for extraction was 12L. The
collected liquid extract then evaporated to 40% of its initial
volume to obtain a concentrated extract. The concentrated
extract was then fractionated with water-ethyl acetate (2:1)
mixture to obtain the ethyl acetate fraction. The liquid
fraction was then evaporated to obtain a dried ethyl acetate
fraction [14].

2.3. Determination of Andrographolide Content in Ethyl Ac-
etate Fraction and Tablet. Andrographolide content in ethyl
acetate fraction and tablet was determined by thin layer
chromatography (TLC)-densitometry. Andrographolide
standard (Aldrich 365645-100 MG) and samples (ethyl ac-
etate fraction and AS201-01 tablet) were spotted on a TLC
silica gel 60 GF254 plates. A chloroform-methanol solution
(9:1) was used in the mobile phase. TLC plate was then
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analyzed under UV wavelength of 200-400nm with
CAMAG TLC scanner 3, and maximum absorbance was
found to be 228 nm. The regression curve of the androg-
rapholide standards was determined, and then it was used to
calculate the andrographolide content in fraction and tablet
[14].

2.4. Formulation and Production of Ethyl Acetate Fraction
Tablet. The ethyl acetate fraction tablet was produced to
contain 35 mg andrographolide. The amount of ethyl acetate
fraction per tablet was calculated based on andrographolide
content which was determined previously. Tablet compo-
sition was as follows: ethyl acetate fraction (equivalent to
35mg andrographolide) 167.5mg, PVP K-30 13 mg, mi-
crocrystalline cellulose (MCC) 150 mg, amylum manihot
150 mg, lactose 120 mg, PEG-4000 13.75 mg, sodium starch
glycolate (SSG) 26 mg, talk 4.875mg, and Mg stearate
4.875 mg. The total weight of the tablet was 650 mg.

Tablets were produced on the laboratory scale, 100
tablets per batch. To produce the tablet, first, the ethyl acetate
fraction was dissolved in a sufficient quantity of ethanol.
PEG-4000 and PVP K-30 were then added and mixed. MCC
was then added as a diluent, followed by amylum manihot
and lactose. The mixture was then dried at temperature 40°C
for 12 hours and sifted through an 18-mesh sieve (1 mm).
SSG, talk, and Mg stearate were added as a diluent and
lubricant, respectively, and then mixed well for 15 min. The
prepared mixture was compressed into a tablet using a
13 mm punch on a tablet machine.

2.5. Evaluation of Tablet. The tablet of A. paniculata ethyl
acetate fraction (AS201-01) was evaluated for following
parameters [17].

2.6. Tablet Weight Variation. The high weight variation of
the tablet had the ability to influence the dose. Therefore, a
weight variation test was carried out. Twenty tablets were
weighed individually using an electronic balance (Precisa),
and the average weight was calculated.

2.7. Hardness. Tablets must have a certain hardness to
withstand mechanical shocks. Tablet hardness can also affect
the dissolution release, influencing the bioavailability of the
drug. Therefore, a hardness test was conducted using a
hardness tester (Schleuniger). A runway driven by an electric
motor pressed the tablet until the tablet breaks, a scale
instruction gives the breaking strength value (kg/cm?). The
recommended value is 4-8 kg/cm” which indicates hardness
of tablets.

2.8. Friability. The tablets are weighed, and placed on a
device (Friabilator) then operate device as much as 100
revolutions (25 rpm). Then, the tablets were dedusted and
reweighed. Weight loss should not exceed 0.5-1%. Percent
friability (%F) was calculated as follows:
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_ loss in weight

%F = 100. (1)

initial weight

2.9. Disintegration Time. Disintegration time was assessed
using disintegration apparatus at 37+2°C. We placed 1
tablet in each of the 6 tubes of basket-rack assembly, and the
apparatus was operate using water. We observed the time
needed for tablets to disintegrate completely. After 30
minutes, the basket-rack assembly from fluid was lifted, and
we observed the tablets. All of the tablets should have
disintegrated completely. If 1 or 2 tablets fail to disintegrate,
we repeated the test on 12 additional tablets. No less than 16
of 18 tested tablets must be completely disintegrated after 30
minutes.

2.10. Experimental Animal. Male mice (BALB/C strain,
25-30 g) were used for the analgesics activity test, and male
rats (Wistar strain, 100-150 g) were used for the antipyretics
activity test. The animals were maintained on a standard
animal pellets diet (NUVO pellets) and water ad libitum at
the Animal Laboratory of the Institute of Tropical Disease,
Universitas Airlangga, Surabaya. The animals were kept at
standard temperature (25+1°C) and a 12/12h light/dark
cycle. All the animals were acclimatized for seven days
before the study [4]. Permission and approval for animal
studies were obtained from the Faculty of Veterinary
Medicine, Universitas Airlangga, with approval number
753-KE.

2.11. Analgesic Activity Test Using Acetic Acid-Induced
Writhing Test. The analgesic activity was determined by the
acetic acid abdominal constriction test [18, 19]. Twenty-five
male mice were randomly divided into 5 groups, where each
group consisted of 5 mice. Group 1 was treated with car-
boxymethyl cellulose (CMC-Na 0.5%) (as negative control).
Group 2 was treated with standard drug diclofenac sodium
at a dose of 40 mg/kg body weight [2]. Groups 3, 4, and 5
were treated with AS201-01 tablets at a dose equal to 12.5, 25,
and 50 mg andrographolide/kg body weight, respectively. All
treatments were administered orally. Thirty minutes after
administration of all treatments, each mouse was injected
with 1% acetic acid at a dose of 10 ml/kg body weight in-
traperitoneally [20, 21]. At 5, 15, 25, 35, and 45 minutes after
acetic acid injection, the number of writhing responses
observed during a 5-minute period were counted and
recorded [11].

The percentage of analgesic activity was calculated as
follows:

W

Wc - Wt
—— x100%, 2
we X 0 (2)

% inhibition =

where W is the number of writhing, ¢ is the negative control,
and t is the test.

2.12. Antipyretic Activity Test Using Yeast-Induced Hyper-
thermia in Rats. 'The antipyretic activity was evaluated with a

fever induced by Brewer’s yeast (Sigma 51475) following the
established method in rats with some modifications [13]. The
normal temperature was recorded before injection of
Brewer’s yeast using the rectal route using a digital probe
thermometer for rats (BIOSEP®) to a depth of 3 cm into the
rectum. Pyrexia was induced by subcutaneous injection of
20% w/v suspension of Brewer’s yeast in distilled water at a
dose of 10 mg/kg body weight. After 18 hours, the rise in
rectal temperature was recorded, and only animals showing
an increase in temperature of at least 0.6°C were selected for
the study. The animals were randomly divided into six
groups, each group containing five rats. Group 1 was treated
with CMC-Na 0.5% (as negative control). Group 2 was
treated with standard drug paracetamol at a dose of 150 mg/
kg body weight [21]. Groups 3, 4, 5, and 6 were treated with
AS201-01 tablets at a dose equal to 12.5, 25, 50, and 100 mg
andrographolide/kg body weight, respectively. All treat-
ments were administered orally. After the treatments, the
rectal temperature of each animal was again recorded at 1
hour intervals up to 4 hours. The percentage reduction in
pyrexia was calculated using the following formula:

B-Cn

% reduction = - X 100%, (3)

where A is the normal temperature, B is the rectal tem-
perature after 18h of yeast injection, and Cn is the rectal
temperature after 1, 2, 3, and 4h.

2.13. Data Analysis. The results obtained were expressed as
the mean + SEM (standard error of mean) of six animals. For
statistical analysis, one-way ANOVA was followed by post-
hoc Dunnett’s test for multiple comparisons. An effect was
considered to be significant at the P < 0.05 level. GraphPad
Prism 7.0 software (GraphPad Co., Ltd., San Diego, CA,
USA) was used in statistical analysis.

3. Results

3.1. Determination of Andrographolide Content in Ethyl Ac-
etate Fraction and Tablet. Andrographolide content in ethyl
acetate fraction was determined by the TLC-densitometry
method using andrographolide (Aldrich 365645-100 MG) as
a standard. Andrographolide content in the pure ethyl ac-
etate fraction was 20.90+2.72% and 6.51+0.20% in the
AS201-01 tablet manufactured from this fraction (Tables 1
and 2). This result was used when preparing doses of 12.5 mg
andrographolide/kg body weight.

3.2. Formulation, Production, and Evaluation of Ethyl Acetate
Fraction Tablet. Several physical characteristics of the
AS201-01 tablet were assessed according to the method of
Depkes RI, 2014 [17]. The AS201-01 tablet has specifications
which are shown in Table 3. The tablet meets the specifi-
cation requirements by Farmakope Indonesia.

3.3. Analgesic Activity. The effect of AS201-01 tablet on
acetic acid-induced writhing in mice is presented in Table 4.
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TaBLE 1: Andrographolide content in ethyl acetate fraction.

Andrographolide standard

Ethyl acetate fraction

Concentration, ug (x) Area (y) Area Concentration (% w/w) Average concentration (% w/w)*
0.08 1042.45 3000.27 23.48 20.90+2.72

0.1 1196.10 2399.68 18.05

0.2 2531.88 2778.27 21.15

0.3 3171.55

0.4 4046.33

0.6 5954.67

Regression: y=9327.3x + 378.86; *data represent mean + SD.

TaBLE 2: Andrographolide content in AS201-01 tablet.

Andrographolide standard

AS201-01 tablet

Concentration, ug (x) Area (y) Area Concentration (% w/w) Average concentration (% w/w)*
0.08 912.82 3098.30 6.31 6.51 +£0.20

0.1 1204.85 3171.69 6.51

0.2 2223.54 3259.70 6.71

0.3 3152.31

0.4 3989.96

0.6 5591.52

Regression: y = 8948x + 340.39; *data represent mean + SD.

TaBLE 3: Physical characteristics of AS201-01 tablet.

Tablet weight (mg)

Hardness (kg/cm?)

Friability (%) Disintegration time

643.2 649.4 646.6 642.2
647.8 645.5 643.8 642.6
645.3 643.1 643.5 642.8
647.0 645.9 644.8 648.5
645.8 649.1 642.1 648.6

Average 645.38 0.2

6.26 0.80 17 min 28 sec
6.23 0.80 15 min 29 sec
6.60 0.70

6.36 +0.21 0.77 £0.06 16 min 28.5 sec

The results indicated that AS201-01 tablet significantly re-
duced (P <0.0001) in the writhes count after oral admin-
istration in a dose-dependent manner when compared to the
negative control. The maximum inhibition was observed at
50 mg andrographolide/kg dose of AS201-01 tablet (66.73%).
However, diclofenac sodium (reference drug) reduced the
number of abdominal writhes by 74.62%. Statistical analysis
showed a significant difference in the three doses compared
to diclofenac sodium (P <0.05). The inhibitory effect of
diclofenac sodium was greater than that of the highest dose
of the AS201-01 tablet.

3.4. Antipyretic Activity. The effect of AS201-01 tablet and
paracetamol in yeast-induced pyrexia in rats is shown in
Table 5. The subcutaneous injection of yeast increased the
rectal temperature by 1.26-2°C after 18 hours of injection.

The AS201-01 exhibited an antipyretic effect during the
first hour after administration in a dose-dependent manner
which was significantly different (P < 0.05) from the negative
control. The dose of 50 and 100 mg/kg body weight sig-
nificantly attenuated pyrexia in rats after 1 hour (P <0.05),
and the lowering of temperature was even more significant
(P<0.001) from 2h to 3h in comparison to the negative
control. The maximum reduction was observed at 100 mg

andrographolide/kg dose of AS201-01 tablet after the third
hour of administration (100%). The data are shown in
Figure 1. Meanwhile, the maximum reduction was showed
by paracetamol (reference drug) after the second hour of
administration (100%). The percentage of reduction was
decreased during the third hour and showed the lowest after
the fourth hour of paracetamol administration. This activity
profile was probably attributed to their pharmacokinetics
characteristics.

4. Discussion

Medicinal plants are important sources for the development
of new drugs because most of these products are believed to
have bioactive compounds responsible for healing various
diseases without any side effects and at a lower cost [22].
Andrographis paniculata is one of the most popular me-
dicinal plants used traditionally and known to exhibit a wide
range of pharmacological effects. Andrographolide is a
major constituent of A. paniculata and is likely to be re-
sponsible for the analgesic and antipyretic effect of
A. paniculata [11]. Madav et al. have reported that 300 mg/
kg of andrographolide, administered orally, had a significant
analgesic activity on acetic-induced writhing in mice at
doses of 100 and 300 mg/kg body weight [12]. In addition,
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TABLE 4: Analgesic activity of AS201-01 tablet by acetic acid-induced writhing in mice.

Number of writhes in 45 min (Mean + SEM)

Inhibition (%)

Group Dose (mg/kg)
Negative control —
Positive control 40

12.5
AS201-01 tablet 25

50

106.4+1.1 —
27 £1.9%*** 74.62
81+1.0%"** 23.87
472421 55.64
35.4+1.2%* 66.73

Data are reported as mean + SEM for all groups. The data were analyzed by ANOVA followed by Dunnett’s test. Asterisks (*) indicate statistically significant

value from negative control, ****P < 0.0001.

TaBLE 5: Antipyretic activity of AS201-01 tablet in yeast-induced pyrexia in rats.

Group (mg/kg) Initial temperature

Rectal temperature (°C)

After treatment

Normal (after 18 h) 1h 2h 3h 4h
Negative control 36.48 +0.28 38.48 +0.22 38.16+0.19 38.18+0.19 38.32+0.15 38.36 +0.19
AS201-01 tablet at dose 12.5 36.16+0.14 37.78 +0.15 38.14+0.19 37.62+0.22 37.68 +0.32 37.62+0.33
AS201-01 tablet at dose 25  36.20 +0.09 37.62+0.21 37.22+0.08*  37.46+0.17* 37.36+£0.12*  37.46+0.07*
AS201-01 tablet at dose 50  36.36+0.09 38.06 £0.15 37.36 +0.31* 36.92+0.31*  36.80+£0.39***  37.36+0.24*
AS201-01 tablet at dose 100 36.30 £0.19 38.10+0.10 37.26+0.18*  36.66+0.17** 36.22+0.10***  36.98+0.24**
Paracetamol at dose 150 36.68 +0.13 37.94+0.21 36.72+0.31***  36.64+0.27**  37.16+0.14** 37.56 +0.25

Data are reported as mean + SEM (n =5). The data were analyzed by ANOVA followed by Dunnett’s test. Asterisks (*) indicate statistically significant value

compared to the negative control, *P <0.05; **P <0.01; and ***P < 0.001.
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FIGURE 1: Percentage reduction of AS201-01 tablet and standard
drug (paracetamol) in yeast-induced pyrexia in rats.

doses of 180 and 360 mg/kg body weight of andrographolide
were also found to be able to relieve fever in humans by the
third day after administration [23].

A. paniculata is widely used in traditional medicine
and safely consumed. Oral acute toxicity evaluation re-
ported an ethanolic extract of A. paniculata with an upper
fixed dose of 5000 mg/kg body weight, which has no
significant acute toxicological effects [24]. Meanwhile,
andrographolide as a bioactive compound of A. paniculata
was reported to have LD, higher than 5 g/kg body weight
by oral treatment both in male and female mice [25]. These

data support the safe use of A. paniculata as alternative
medicine.

Previous studies have reported that the ethyl acetate
fraction of A. paniculata has a higher andrographolide
content than the ethanol extract [14]. Based on the results,
ethyl acetate fraction was further developed as a tablet
dosage form, namely, AS201-01 tablet. The determination of
andrographolide content in ethyl acetate fraction was
conducted by the TLC-densitometry method. The data were
used to manufacture AS201-01 tablet using ethyl acetate
fraction as an active ingredient which is equal to 35mg of
andrographolide per tablet. Ethyl acetate fraction (167.5 mg)
which was containing 35 mg andrographolide, was needed to
produce one tablet. Ethyl acetate fraction possibly contains
other diterpenoids, flavonoids, and polyphenol compounds.
A. paniculata is known as a source of 2'-oxygenated fla-
vonoids and labdane type diterpenoids [26-28]. This study
used andrographolide as the active marker of A. paniculata
due to its abundance and various bioactive properties.
Therefore, the characterization of other compounds con-
tained in ethyl acetate was not performed.

AS201-01 tablet was then investigated for its analgesic
and antipyretic activities. Analgesic activity was determined
using an acetic acid-induced writhing test. Acetic acid-in-
duced writhing reflex model in mice is a widely accepted,
simple, sensitive, and effective pain model for evaluating
peripherally acting analgesics [29, 30]. The characteristic of
pain activity generated by intraperitoneal injection of acetic
acid is presented with contraction of the abdominal muscle
followed by extension of hind limbs and elongation of body
parts, and such constriction is thought to be mediated by the
local peritoneal receptor [31]. Acetic acid induces inflam-
matory pain by impelling capillary permeability [32] and
releasing substances that excite pain nerve endings such as



serotonin, histamine, bradykinins, and prostaglandins
(PGE2 and PG2«) from arachidonic acid through cyclo-
oxygenase (COX) enzymes [33, 34]. When prostaglandin is
released, the nerve endings respond to it through prosta-
glandin E2 (PGE2) receptor by picking up and transmitting
the pain and injury messages through the nervous system to
the brain and cause visceral writhing stimuli in mice. The
inhibition of prostaglandin synthesis is remarkably efficient
as an antinociceptive mechanism in visceral pain [35, 36].
Diclofenac sodium was used as the positive control. It is a
nonsteroidal anti-inflammatory drug (NSAID) that has
analgesic, antipyretic, and anti-inflammatory activity.
Diclofenac performs its action via inhibition of prosta-
glandin synthesis by inhibiting COX-1 and COX-2[37]. In
our study, the A. paniculata tablet significantly reduced the
number of writhing in a dose-dependent manner. The
maximum inhibition was observed at 50 mg andrographo-
lide/kg dose of AS201-01 tablet (66.73%). These findings
strongly suggest that AS201-01 tablet showed its analgesic
activity through a peripheral mechanism, which is the in-
hibition of prostaglandin biosynthesis by acting on visceral
receptors sensitive to acetic acid [38].

The present study was also conducted to evaluate the
antipyretic activity of the AS201-01 tablet on animal models
(rats). The baker’s yeast-induced fever test, which simulates a
pathogenic fever, is a low-cost and reliable method for
assessing new antipyretics [13, 39]. Fever is known to be
caused by several endogenous pyrogens such as interleukin-
18 (IL-1p) and IL-6, interferon-a (IFN-«), tumor necrosis
factor-a (TNF-a), macrophage protein-1, and prostaglan-
dins such as PGE2 and PGI2. Brewer’s yeast induces both
TNF-a and prostaglandin synthesis [40, 41].

The oral administration of the AS201-01 tablet signifi-
cantly attenuated rectal temperature of yeast-induced py-
rexia in rats. The efficacy of the antipyretic effect of the
AS201-01 tablet was observed to have increased in a dose-
dependent manner. The maximum reduction was observed
at 100 mg andrographolide/kg dose of the AS201-01 tablet
after the third hour of administration (100%). The inhibition
of prostaglandin synthesis and the inhibition of cytokine
release could be the possible mechanism of antipyretic ac-
tions of AS201-01 tablet. Andrographolide is the major
compound of A. paniculata was reported to have analgesic,
antipyretic, and anti-inflammatory activity, but the exact
mechanism remains unknown. Shen et al. reported that the
anti-inflammatory effect of andrographolide was explained
by its ability to inhibit neutrophil adhesion/transmigration
through suppression of Mac-1 upregulation [42].

Paracetamol was used as a positive control in this study. It
is a standard drug with a central analgesic effect and is due to
activation of descending serotonergic pathway [43]. The
maximum reduction of pyrexia was showed by paracetamol as
a reference drug after the second hour of administration
(100%). Paracetamol is extensively metabolized and excreted
unchanged in the urine, only 2-5% of its therapeutic dose. It is
rapidly and relatively uniformly distributed in the tissues, and
the plasma half-life is 1.5-2 hours [44]. The rapid absorption
of paracetamol resulted in a high percentage of reduction
pyrexia in the first hour after drug administration and reached
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the maximum reduction after the second hour of adminis-
tration. The activity of paracetamol was decreased during the
third hour and showed the lowest activity after the fourth
hour of administration. The activity profile of paracetamol
was in accordance with its pharmacokinetics characteristics.
On the other hand, andrographolide takes a longer time to
reach maximum reduction compared to paracetamol. The
pharmacokinetics and oral bioavailability of andrographolide
in rats and humans were studied by Panossian et al. The study
reported that the maximum concentration of andrographo-
lide in rat’s plasma is estimated at 2 hours after adminis-
tration, and the plasma half-life is 3 hours. Furthermore, a
large part (55%) of andrographolide is bound to plasma
proteins, and only a limited amount can enter the cells [45].
The Biopharmaceutics Classification System (BCS) classified
andrographolide as class III drug which has low solubility and
low permeability [46]. It showed poor oral bioavailability due
to its high lipophilicity, low aqueous solubility rapid trans-
formation, and efflux by P-glycoprotein [47]. This androg-
rapholide pharmacokinetics profile indicated that AS201-01
tablet possibly needed more time to produce the maximum
antipyretic activity compared to paracetamol. AS201-01 tablet
still showed higher activity during the fourth administration
compared to paracetamol. It was suggested that the AS201-01
tablet was potential an antipyretic drug.

Various studies reported the analgesic and antipyretic
activity of A. paniculata extract or its compounds. On the
other hand, little attention has been directed toward the
development of A. paniculata as a herbal medicine product.
This study demonstrated the analgesic and antipyretic ac-
tivity of formulated ethyl acetate fraction of A. paniculata in
the tablet dosage form. The formulation study of ethyl ac-
etate fraction as a dosage form needed to be further con-
ducted specially to enhance the bioavailability and reduce
time to achieve maximum concentration in the plasma.

5. Conclusions

The ethyl acetate fraction tablet of A. paniculata exhibited
analgesic and antipyretic activities. The maximum analgesic
and antipyretic activity was observed at 50 mg androgra-
pholide/kg and 100 mg andrographolide/kg dose of ethyl
acetate fraction tablet of A. paniculata.
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Background. Scutellaria baicalensis (SB), a traditional Chinese medicine, is commonly used for the treatment of inflammatory and
painful conditions. The purpose of the present study was to examine the effects of SB on migraine. Materials and Methods. We
examined the clinical applications of SB based on the data obtained from Taiwan’s National Health Insurance Research Database
and confirmed that it was frequently used in Taiwan for the treatment of headaches. An experimental migraine model was
established in rats by an intraperitoneal injection of nitroglycerin (NTG, 10 mg/kg). Pretreatment with SB was given orally 30 min
before NTG administration. The rats were subjected to migraine-related behaviour tests that were video-recorded and analysed
using EthoVision XT 12.0 software. Results. The frequency of exploratory and locomotor behaviour was comparatively lower in
the NTG group than that in the control group, while the frequency of resting and grooming behaviour increased. These
phenomena were ameliorated by pretreatment with 1.0 g/kg SB. The total time spent on the smooth surface was longer in the NTG
group than that in the control group, but the time was shortened by pretreatment with 1.0 g/kg SB. Conclusions. Pretreatment with
1.0 g/kg SB relieved migraine-related behaviours in the experimental NTG-induced migraine model. The outcome therefore

demonstrated that pretreatment with 1.0 g/kg SB is beneficial for migraine treatment.

1. Introduction

Migraine is a prevalent and complex neurological disorder,
characterized by recurrent unilateral, pulsating, moderate-
to-severe pain, aggravated by routine physical activity, and
associated with nausea, photophobia, or phonophobia [1].
According to large-scale recent research, migraine affects
approximately 12% of the population worldwide and has a
higher prevalence among the female population, school/
college students, and urban residents [2, 3].

Traditional Chinese medicine (TCM) has been used for
the treatment of migraine for thousands of years by using
TCM theory experience. Recently, a large body of basic and
clinical research confirmed the scientific benefit of TCM for

the treatment of migraine [4-7]. The root of Scutellaria
baicalensis (SB, known in Chinese medicine as Huang Qin)
is a TCM herb, distributed in countries such as China, Japan,
North Korea, Russia, and Mongolia [8]. It is known, from
the experience of traditional Chinese doctors, to have an-
algesic, anti-inflammatory, and neuroprotective effects
[9, 10]. Migraine is now known as an inflammatory neu-
rovascular disorder [11]. Although SB has anti-inflamma-
tory and neuroprotective potency, clinical or experimental
research on SB in TCM academia for the treatment of
migraine has hardly been reported.

As a result, the present study first explored the clinical
use of SB in Taiwan. Systemic administration of nitroglyc-
erin (NTG) in rodents to induce hyperalgesia or migraine-
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related behaviours is one of the most widely accepted ex-
perimental migraine models [12-15]. Thereafter, we studied
the effects of SB on migraine by behavioural analysis of an
NTG-induced migraine rat model.

2. Materials and Methods

2.1. Clinical Applications of SB. The National Health In-
surance program in Taiwan, which is an integration of all
public insurance systems, offers insurance for conventional
Western medicine and TCM [16, 17]. Detailed information
about TCM utilization was collected from the National
Health Insurance Research Database (NHIRD).

We conducted an analysis of Longitudinal Health In-
surance Database 2000 (LHID 2000), which is a random
sample of one million enrollees from the NHIRD’s longi-
tudinal data spanning the period of 1997 to 2013. Diagnostic
codes were collected from the International Classification of
Diseases, Ninth Revision, Clinical Modification (ICD-9-
CM). We extracted the top ten most common indications for
SB from the primary diagnosis codes. This study was ap-
proved by the Institutional Review Board of China Medical
University in central Taiwan (CMUH-104-REC2-115-R3).

2.2. Animals. Male Sprague Dawley rats, purchased from
BioLASCO (Taipei, Taiwan), weighing 225-300 g were used
in this study. A light-dark cycle of 12:12 h, relative humidity
of 55%+ 5%, and room temperature of 23°C+1°C were
maintained. Food and tap water were provided ad libitum.
Animal use was approved by the Institutional Animal Care
and Use Committee of Show Chwan Memorial Hospital (no.
106021) and followed the Guide for the Use of Laboratory
Animals (National Academy Press).

2.3. SB Preparation. SB extract subtle granules were pro-
duced by Ko Da Pharmaceutical Co., Ltd. (Taoyuan, Tai-
wan). Scutellariae radix, the dried root of Scutellaria
baicalensis Georgi (Fam. Labiatae), was purchased from
Gansu province, People’s Republic of China (Figure 1(a)).
The origin and voucher specimens were identified and kept
by Ko Da Pharmaceutical Co., Ltd. In brief, 210kg of
Scutellariae radix was extracted in 10-fold (w/v) boiled water
for 1h followed by filtration through a 40-mesh sieve. The
filtrates were collected and subjected to vacuum concen-
tration to produce 70kg of extracts. The excipients, in-
cluding 40.6 kg of starch, 28 kg of Scutellariae radix powder,
and 1.4 kg of sodium carboxymethyl cellulose, were dried in
a granulator, and then the extracts were added followed by
granulation. The ratio of extracts and starch in SB extract
subtle granules was 1:1 (w/w).

Analytical high-performance liquid chromatography
was performed using a Hitachi D-7000 interface equipped
with an L-7100 pump, L-7455 detector, and L-7200 auto-
sampler (Tokyo, Japan) to examine the baicalin content in
the SB extract subtle granules. The test solution was prepared
by mixing approximately 0.5g of SB extract subtle granules
with 30 mL mixture of acetonitrile and diluted phosphoric
acid in a ratio of 28 and 72 (v/v) under heating reflux for
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30 min. After centrifugation at 4000 rpm for 10 min, the
supernatant was collected and added to a mixture of ace-
tonitrile and diluted phosphoric acid at a ratio of 28 to 72 (v/
v) to make up a final volume of 100 mL and then passed
through a 0.45um filter. Around 5mg of baicalin, with
purity higher than 98% as claimed by the supplier
(ChemFaces, Hubei, China), was mixed with 10 mL to obtain
a stock standard solution, and 2 mL of stock standard so-
lution was added to the mixture of acetonitrile and diluted
phosphoric acid at a ratio of 28 to 72 (v/v) for a final volume
of 20mL to obtain the working standard solution. Chro-
matographic separation was carried out on a Mightysil RP-
18 column (250 x 4.6 mm, 5pm) using an isocratic solvent
system comprising a mixture of acetonitrile and diluted
phosphoric acid at a ratio of 28 to 72 (v/v). The ultraviolet
wavelength, flow rate, injection volume, and stop time were
set at 270 nm, 1.0 mL/min, 10 L, and 30 min, respectively.
The content of baicalin in the SB extract subtle granules was
148.51 mg/g (Figure 1(b)).

2.4. Grouping. To induce migraine attacks, the rats were
given an intraperitoneal (i.p.) injection of NTG (10 mg/kg)
[14]. A total of 24 rats were randomly allocated into four
groups (n=6) as follows:

(1) Control group: i.p. injection of normal saline only
(2) NTG group: i.p. injection of NTG only

(3) Placebo group: oral administration of 1.0 g/kg starch
30 min before i.p. injection of NTG

(4) SB-1.0 group: oral administration of 1.0g/kg SB
30 min before i.p. injection of NTG

The dose of SB used in the present study was calculated
based on the report by Nair and Jacob [18]. They reported
that rat equivalent dose (mg/g) =human dose (mg/g) x 6.2.
We considered that an average human weighs 60kg.
Therefore, based on the clinical human dosage of 9.6g,
which is the rational dose commonly used in clinical TCM
practice and suggested by pharmaceutical companies in
Taiwan, we calculated the appropriate SB dosage for rats to
be 1.0 g/kg.

The experimental procedure is shown in Figure 2.

2.5. Rat Behaviour Tests

2.5.1. Assessment of Spontaneous Nociceptive Behaviour.
Thirty minutes after i.p. injection with NTG, spontaneous
nociceptive behaviour was observed using a transparent
acrylic apparatus (45 x 45 x 35cm®). A camera was placed
1 m in front of the apparatus, and the behaviour of the rats
was video-recorded for 20 min. The rats’ behaviour was
analysed automatically using the rat behaviour recognition
module of EthoVision XT 12.0 software (Noldus Informa-
tion Technology, Leesburg, VA, United States).

Rat behaviour information and analysis were referenced
from the descriptions in previous studies [19, 20]. In brief,
rat behaviour was categorized into five types: exploratory
behaviour (including rearing up and sniffing), locomotor
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FIGURE 1: (a) Morphology of Scutellaria baicalensis (Huang Qin). (b) High-performance liquid chromatography (HPLC) fingerprint of

Scutellaria baicalensis extract subtle granules.
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FIGURE 2: Experimental procedure. Pretreatment with Scutellaria baicalensis (SB): oral administration of Scutellaria baicalensis (SB) 30 min
prior to i.p. injection with NTG; NTG: nitroglycerin (10 mg/kg) i.p. injection; test 1: rat behaviour recognition module test video recordings;
test 2: light/dark box test video recordings; test 3: rough/smooth surface apparatus test video recordings.

behaviour (including walking and jumping), freezing be-
haviour (including twitching), resting behaviour, and
grooming behaviour.

For the aforementioned behaviours, the frequency of
engaging in the behaviour was calculated.

2.5.2. Assessment of Light-Aversive Behaviour. Ninety
minutes after i.p. injection of NTG, light-aversive behaviour
was tested using a light/dark box. The light/dark box was
made of two identical compartments (30 x 30 x 22.5 cm”’),
where the light chamber was placed under a bright envi-
ronment without a cover, and the dark box was fully black
with a lid. A small opening gate (10 cm x 10 cm®) connected
the two chambers, and the rats could freely move across the
two chambers. At the start of the assessment, the rats were
placed in the centre of the light chamber and allowed to
freely move across the two chambers for 10 min. The test was
video-taped and analysed using EthoVision XT 12.0. The
parameter of total time spent in the light chamber was
turther analysed.

2.5.3. Assessment of Spontaneous Tactile Allodynia. One
hundred and twenty minutes after the i.p. injection of NTG,
spontaneous tactile allodynia was tested using a rough/
smooth surface apparatus, which was modified from a
previous research [21]. The apparatus consisted of a
transparent acrylic box (45 x 45 x 35 cm®), in which the floor
was divided into two identical arenas (22.5x 45 cm’ each).
The left-side floor surface was covered by smooth sandpaper

(P1000 grit), and the right-side floor surface was covered by
rough sandpaper (P40 grit). At the beginning of the test, the
rats were placed in the centre of the apparatus and allowed to
freely move across both arenas for 5 min. The test was video-
taped and analysed using EthoVision XT 12.0. The total time
spent in the smooth surface arena and heat map plots of the
mean locations of the groups were calculated.

All rats were sacrificed after the completion of all
behavioural tests.

2.6. Statistical Analysis. All the data are shown as mean-
+SEM. Statistical significance between the control, NTG,
placebo, and SB-1.0 groups was analysed using one-way
ANOVA followed by a Tukey’s post hoc test. A p value <0.05
was considered statistically significant. GraphPad Prism 7.0
software (San Diego, CA, USA) was used for the statistical
analysis.

3. Results

3.1. Clinical Applications of SB in Taiwan. To investigate the
clinical application of SB by TCM doctors in Taiwan, we
conducted a population-based analysis using LHID 2000,
which comprises a random sample of one million partici-
pants from the NHIRD between 1997 and 2013. The top 10
most frequent clinical applications of SB between 1997 and
2013 in Taiwan are shown in Table 1. The use of SB to treat
headache (N=4849, 2.51%) was the fourth most common
clinical application.
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TasLE 1: Top 10 clinical applications of Scutellaria baicalensis by traditional Chinese medicine doctors from 1997 to 2013 in Taiwan.

Ranking ICD-9-CM Indications Usage number (N) Percentage (%)
1 460 Acute nasopharyngitis (common cold) 25828 13.37
2 786.2 Cough 15476 8.01
3 477.9 Allergic rhinitis cause unspecified 4869 2.52
4 784.0 Headache 4849 2.51
5 780.59 Other sleep disturbances 2655 1.37
6 490 Bronchitis, not specified as acute or chronic 2483 1.29
7 472.0 Chronic rhinitis 2472 1.28
8 780.50 Sleep disturbances, unspecified 2445 1.27
9 536.9 Unspecified functional disorder of stomach 2339 1.21
10 536.8 Dyspepsia and other specified disorders of function of stomach 2255 1.17

ICD-9-CM: International Classification of Diseases, Ninth Revision, Clinical Modification.

3.2. Effect of Pretreatment with SB on NTG-Induced
Spontaneous Nociceptive Behaviour in Rats

3.2.1. Exploratory Behaviour including Rearing Up and
Sniffing. Notably, the rats in the NTG group engaged less in
rearing up behaviour than those in the control group did
(p<0.001; Figure 3(a) (A)). Pretreatment with 1.0 g/kg SB
(p<0.01; Figure 3(a) (A)), but not placebo (p>0.05;
Figure 3(a) (A)), resulted in relatively more frequent rearing
up behaviour compared to that in the NTG group.
Similar to the above outcome, the rats in the NTG group
did not engage in sniffing behaviour as frequently as those in
the control group did (p <0.01; Figure 3(a) (B)). Pretreat-
ment with 1.0 g/kg SB (p <0.05; Figure 3(a) (B)), but not
placebo (p>0.05; Figure 3(a) (B)), resulted in a more fre-
quent sniffing behaviour compared to that of the NTG

group.

3.2.2. Locomotor Behaviour including Walking and Jumping.
The rats in the NTG group engaged in walking behaviour
less frequently than the control group (p < 0.001; Figure 3(b)
(A)). Pretreatment with 1.0 g/kg SB (p <0.001; Figure 3(b)
(A)), but not with placebo (p>0.05; Figure 3(b) (A)),
resulted in a higher frequency of walking behaviour in
comparison with that of the NTG group.

No significant differences were noted between the
control, NTG, placebo, and SB-1.0 g/kg groups (all p > 0.05;
Figure 3(b) (B)) in the analysis of the frequency of jumping
behaviour.

3.2.3. Freezing Behaviour including Twitching. The rats in
the NTG group did not show significantly different
twitching behaviour from that of rats in the control group
(p>0.05; Figure 3(c)). Pretreatment with 1.0 g/kg SB led to
more frequent twitching behaviour compared to that in the
NTG group (p <0.05; Figure 3(c)). However, pretreatment
with placebo resulted in a similar frequency of twitching
behaviour as that in the NTG group (p > 0.05; Figure 3(c)).

3.2.4. Resting Behaviour. The prevalence of resting behav-
iour was higher in the rats in the NTG group than that in the
control group (p<0.001, Figure 3(d)). Pretreatment with
1.0 g/kg SB (p < 0.01; Figure 3(d)), but not placebo (p > 0.05;

Figure 3(d)), resulted in lower engagement in resting be-
haviour compared to that in the NTG group.

3.2.5. Grooming Behaviour. The rats in the NTG group
exhibited grooming behaviour more frequently than the
control group did, and the difference was significant
(p<0.01; Figure 3(e)). Pretreatment with 1.0g/kg SB
(p<0.01; Figure 3(e)), but not with placebo (p>0.05;
Figure 3(e)), resulted in a decrease in the frequency of this
behaviour.

3.2.6. Effect of Pretreatment with SB on NTG-Induced Light
Aversion in Rats. The rats in the NTG group spent signif-
icantly less time in the light chamber compared to that spent
by the control group (p <0.05; Figure 4). Rats pretreated
with 1.0g/kg SB showed a difference in behaviour that
approached marginal significance (p = 0.054; Figure 4),
which was not observed with placebo pretreatment
(p = 0.977; Figure 4), and spent a longer time in the light
chamber than rats in the NTG group did.

3.2.7. Effect of Pretreatment with SB on NTG-Induced
Spontaneous Tactile Allodynia Behaviour in Rats. The rats in
the NTG group spent considerably longer time on the
smooth surface than those in the control group did
(p<0.001; Figure 5(a)). The time spent engaging in this
behaviour was decreased by pretreatment with 1.0 g/kg SB
(p<0.05; Figure 5(a)). Group mean location heat maps
demonstrated that rats in the NTG group had a higher
preference for the arena border and corners and spent more
time on the smooth surfaces than those in the control group
did (Figure 5(b)). This behaviour was decreased by pre-
treatment with 1.0 g/kg SB (Figure 5(b)).

4., Discussion

Migraine is considered a headache disorder, which involves
the neural and vascular components of nociceptive trans-
mission, and is associated with multiple pathophysiology,
such as inflammation, and impaired functioning of neu-
rotransmitters, ion channels, immune system, mitochon-
drial function, and oxidative stress factors [22]. Although
Western medicine has rapidly developed treatments for
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FiGure 3: Effects of pretreatment with Scutellaria baicalensis (SB) on spontaneous nociceptive behaviour in a nitroglycerin-induced
migraine rat model: (a) (A) the frequency of rearing up behaviour (exploratory behaviour); (B) the frequency of sniffing behaviour
(exploratory behaviour). (b) (A) The frequency of walking behaviour (locomotor behaviour); (B) the frequency of jumping behaviour
(locomotor behaviour). (c) The frequency of twitching behaviour (freezing behaviour). (d) The frequency of having an immobile posture or
sleeping (resting behaviour). (e) The frequency of grooming the face or body (grooming behaviour). Frequency: the numbers/20 min;
control: control group; NTG: NTG group; placebo: placebo group; SB-1.0: SB-1.0 group; data are presented as mean+ SEM.
#p <0.05,"* p<0.01, and *** p < 0.001 for the NTG group versus the control group; #p < 0.05,##p <0.01, and * #p <0.001 versus the NTG

group.
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FiGure 4: Effects of pretreatment with Scutellaria baicalensis (SB) on total time spent in the light chamber (s/10 min) of light-aversive
behaviour in a nitroglycerin-induced migraine rat model. Control: control group; NTG: NTG group; placebo: placebo group; SB-1.0: SB-1.0
group; data are presented as mean + SEM. #p <0.05, * % p<0.01, and * * % p<0.001 for the NTG group versus the control group;

#p <0.057% p<0.01, and **# p < 0.001 versus the NTG group.
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FiGURe 5: Effects of pretreatment with Scutellaria baicalensis (SB) on spontaneous tactile allodynia behaviour in an NTG-induced migraine
rat model. (a) Total time spent engaging in spontaneous tactile allodynia behaviour on the smooth surface (s/5 min); (b) group mean heat
map plot (the left side is the smooth surface arena). Control: control group; NTG: NTG group; placebo: placebo group; SB-1.0: SB-1.0 group;
smooth: smooth surface; rough: rough surface. Data are presented as mean + SEM. * p < 0.05, * # p <0.01, and * # * p <0.001 for the NTG
group versus the control group; #p < 0.05,%# p<0.01, and #E p<0.001 versus the NTG group.

migraine, some patients who face adverse effects of these
medications seek alternative therapies for migraine pro-
phylaxis and treatment [23]. Based on TCM theories and
records in Chinese historical book, SB is considered an
excellent anti-inflammatory and analgesic drug in the ex-
perience of traditional Chinese doctors; its use can be traced
to the book “Shen Nong Ben Cao Jing” written in the Han
Dynasty [8]. Moreover, SB is not only widely used in China

but is also used as a medicinal plant in many countries
around the world. For example, SB is a traditional plant
medicine applied to wounds and insect bites in Nepal [8].
The chemical components, such as flavonoids, diterpenes,
polyphenols, and amino acids, of SB [24] have several im-
portant biological activities, including anti-inflammatory,
antitumor, antioxidant, antibacterial, and antiviral effects
[25]. In addition, a recent study showed that SB has potential
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therapeutic effects on coronavirus disease 2019 [26].
Moreover, baicalin and baicalein, which are the major
bioactive compounds in SB, have demonstrated an impor-
tant role in inhibiting the production of inflammatory cy-
tokines [25, 27], NF-xB signalling [28, 29], and c-fos
expression [30] in multiple experimental models. These
mechanisms are crucial in the pathophysiological processes
of migraine. Hence, we assumed that SB could be potentially
effective in migraine treatment.

However, to date, there has been no large-scale explo-
ration of the actual clinical use of SB, including the distri-
bution and frequency of use. In Taiwan, Chinese medicine is
a popular medicine system for people. We also have a robust
healthcare system with complete database records. Hence,
we conducted a retrospective nationwide investigation of the
prescription practices of TCM doctors to understand the
actual clinical application of SB. Our findings revealed that
SB was recommended for a variety of diseases, mainly re-
spiratory inflammatory disorders, headache, sleep impair-
ments, and gastrointestinal discomfort, in Taiwan. These
findings are similar to those of a previous study, which
showed that SB is commonly used for and has excellent
therapeutic effects in sleep disturbance, hepatitis, diarrhoea,
vomiting, haemorrhage, hypertension, and respiratory in-
fection [8]. We found that SB could be used in varied
diseases and is not limited to specific conditions; hence, the
percentage of top ten diseases where SB was used was not
particularly high. Although only 2.51% of the indications
(the fourth most common indication) of SB in Taiwan was
for the treatment of headaches, including migraine, sur-
prisingly, it was not included in the clinical or basic ap-
plications of SB in previous scientific reports. It should be
noted that our clinical investigation of the indications for SB
usage is very credible because we used a nationwide random
sample from the NHIRD, which had minimal selection bias
owing to the very high rate of insured individuals and the
fact that all Chinese herbal products were prescribed by well-
trained and qualified TCM practitioners in Taiwan. Hence,
we further designed an animal experiment using the widely
accepted NTG-induced migraine model to prove the ef-
fectiveness of SB.

In the present study, we assessed various migraine-like
behaviours of NTG-induced migraine rat models by using
recorded videos that were analysed by reliable automated
software [31, 32]; therefore, the results of the present study
could be considered more credible and more objective than
manually scored behaviours.

Migraine diagnosis is based on clinical self-reported
pain and attendant symptoms. Although animals are not
verbal, recent studies have considered NTG-induced ani-
mal models as clinically relevant due to the translational
ability of behavioural endpoints [12, 21]. Our previous
studies showed that NTG-induced nociceptive behaviours
in rats with migraine headache included reduced explor-
atory and locomotor behaviours and increased resting
behaviour [33, 34]. The aforementioned nociceptive be-
haviours in rodents mimicked those experienced by people
with migraine, who generally present with reduced in-
volvement in routine physical activity and decreased

interest in exploring new surroundings or objects during an
acute migraine attack episode [34, 35]. Therefore, we could
use the parameters of the rat model to test antianalgesic
drug potency. The results of the present study demon-
strated that pretreatment with 1.0 g/kg SB could increase
locomotor activity and decrease resting behaviour in NTG-
induced migraine rats, suggesting that pretreatment with
SB could alleviate migraine pain in humans.

Photophobia is one of the important symptoms of mi-
graine [36]. Previous reports have shown that light aversion
behaviour, tested using the light/dark box, in NTG-induced
migraine rodents effectively mimics the phenomenon of
photophobia [35, 37]. Our results indicated that pretreat-
ment with 1.0 g/kg SB resulted in decreased light aversion,
which approached marginal significance, implying that SB
might alleviate photophobia in an individual who experi-
ences migraine.

Cutaneous allodynia is a common symptom seen in
migraineurs; it indicates cranial hypersensitivity and appears
to be a predictor of migraine chronification [38, 39]. Re-
cently, a rough/smooth apparatus test was used to evaluate
spontaneous tactile allodynia in an NTG-induced migraine
rodent model [21]. Our results showed that pretreatment
with 1.0g/kg SB decreased the total time spent on the
smooth surface in the rough/smooth test, indicating that SB
can decrease tactile allodynia in NTG-induced migraine rat
models, which suggests that SB can be helpful for the clinical
treatment of cutaneous allodynia in migraineurs.

There are still some limitations to the present study: (1)
the animal experiment lacked a group treated with a
medicine, such as ibuprofen, to compare the efficacy of SB
and conventional Western medicine. In addition, a dose-
dependent relationship of the bioactive agents of SB, such
as baicalin, was not reported in the current animal ex-
periment; (2) the regulatory mechanisms of SB in migraine
rats were not explored, and further validation, such as by
biomarker determination (NO, CGRP level) and immu-
nohistochemistry assay, should be conducted to investigate
neuronal activity in the future; and (3) although the results
of the present study explain how SB was helpful for the
treatment of NTG-induced migraine in rats, a well-
designed clinical trial is required to evaluate the efficacy of
SB in humans.

5. Conclusions

The results of the present study indicated that pretreatment
with SB increased the frequency of rearing up and sniffing in
exploratory behaviour and increased the frequency of
walking in locomotor behaviour in NTG-induced migraine
models. NTG-induced migraine rats pretreated with SB also
had lower frequencies of both resting behaviour and
grooming behaviour. These phenomena indicate that SB
could be helpful in decreasing the migraine pain level.
Additionally, NTG-induced migraine rats pretreated with
SB spent less time on the smooth surface compared to the
time spent by the rats that did not receive SB pretreatment,
which indicates that SB could be helpful in decreasing cu-
taneous allodynia in migraineurs. These results support the



application of SB for the treatment of headache, as is a
common practice in Taiwan.
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Sudarshana powder (SP) is an Ayurvedic preparation, which contains 53 herbal ingredients along with 50% of Andrographis paniculata
and is clinically used with bees honey. This study was aimed to determine the safety profile of the SP, and its novel preparation
Sudarshana suspension (SS) on male Wistar rats and tolerance studies were conducted for healthy adult volunteers. Acute and subacute
toxicity studies of the SS and hot water extract of SP were assessed in Wistar rats by observing the general behavior, analyzing
biochemical and haematological parameters, and pathological observation. Healthy consented adult volunteers (n = 35) of either sex
were selected, and tolerance studies of SS were tested by measuring the biochemical and haematological parameters. There were no
significant (p > 0.05) changes observed in the treated animals with SS and hot water extract of SP compared with control in body
weights, food intake, and water consumption as well as the biochemical and haematological parameters. Histopathological studies
revealed no significant (p > 0.05) changes in the liver, heart, and kidney tissues. The experimental results suggest that novel formulation
SS was potentially safe for chronic administration in rats, and no significant differences (p > 0.05) were observed in tested parameters on
day 3 and day 8 when compared to the day 0 (baseline) values in healthy volunteers. Healthy volunteers did not report any adverse effects
or any other complications during the treatment period and the follow-up period. Therefore, it can be concluded that the novel
preparation Sudarshana suspension does not cause any significant toxic effects on the blood parameters in animal and human models.

1. Introduction

Sudarshana powder (SP) is an effective antipyretic Ayur-
vedic preparation, widely used in Sri Lanka as well as in India
from the very early beginning of Ayurveda treatment.
Sudarshana powder (Sudarshana churna) is mentioned in
the Ayurvedic Pharmacopeia complied under Sec. 41 (2) (¢c)
of Ayurveda Act no 31 of 1961 by the Ayurvedic Pharma-
copeia Committee under the direction of the Ayurvedic
Research Committee. During the early beginning of

Ayurveda treatment in Sri Lanka, the main ingredient of the
SP was Swertia chirata which was later replaced by
Andrographis paniculata (Burm. F.) Nees in Sri Lanka.
Presently, the SP contains Andrographis paniculata (Burm.
F.) Nees (50%) along with other 52 ingredients (50%) [1].
This powder is being widely used with bees honey in all
Ayurvedic hospitals and dispensaries for adults as well as in
pediatric patients including National Ayurveda Teaching
Hospital, Borella, Sri Lanka. Bees honey is recommended as
an Anupana (vehicle) for SP in the pediatrics age group in
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Ayurveda [2]. No reports on adverse effects have been re-
ported of this mixer clinically.

It is recommended for all types of fever and common
cold [3]. It is used traditionally as antimalarial, antiviral, and
antipyretic formulation for which it is highly effective [1]. SP
has been clinically used with bees honey to mask its bitter
taste, but there is no ready-to-use product with the correct
amount of bees honey in current dosage forms. Therefore,
this powder was developed into user-friendly ready-to-use
standard Ayurveda suspension using bees honey viz SS. SP
and bees honey is the only ingredients of this novel prep-
aration. There are no other added substances in this novel
preparation. Suspension forms of drugs are an easy way to
administer to the pediatrics and elderly who have difficulty
in taking drugs in tablet or capsule forms. But, to date, there
is no scientific research conducted for evaluating the safety
of SP and SS. Thus, this study was aimed to determine the
safety profile of the SP and SS effects after acute and chronic
oral administration in male Wistar rats, and tolerance
studies were conducted in healthy volunteers.

2. Materials and Methods

2.1. Collection of Materials and Preparation of Sudarshana
Powder. All the ingredients were collected from the Ayur-
veda Drug Cooperation, Sri Lanka, and authentication of
ingredients was done at the Institute of Indigenous Medicine,
University of Colombo, Sri Lanka (Specimen no. 102).
Sudarshana powder was prepared according to Ayurveda
Pharmacopoeia [1, 4] at the pharmacy of the Institute of
Indigenous Medicine, University of Colombo, Sri Lanka.

2.2. Preparation of Extracts. Aqueous extracts of SP were
prepared by infusion with hot water, occasional shaking, and
filtration (preparation method of Phanta Kasaya in Ayur-
veda medicine) [1].

2.3. Preparation of Suspension. Sudarshana powder is con-
verted to Sudarshana suspension (SS) using bees honey,
according to the Ayurvedic Mana Paribhasha (the method of
syrup or suspension preparation) [5].

2.4. Animals. Healthy adult male Wistar rats (200-250 g)
were used in the study. The animals were kept in plastic cages
(two per cage) under standardized animal house conditions
at the animal house, Faculty of Medical Sciences, University
of Sri Jayewardenepura, Sri Lanka, with continuous access to
standard pelleted feed and tap water.

2.5. Ethical Approval for Animal Studies. All experiments in
rats were carried out in accordance with the recommen-
dation of the guidelines for care and use of laboratory an-
imals, and the project proposal was approved (no. 591/11) by
the Ethics Review Committee of the Faculty of Medical
Sciences, University of Sri Jayewardenepura, Sri Lanka
(http://medical.sjp.ac.lk/index.php/ethics-review-
committee-introduction).
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2.6. Dosage and Administration of Drug to Animal Models.
The doses of drugs corresponded to the normal therapeutic
dose administered to adult humans as calculated, based on
relative surface areas of humans and each individual animal.
The dosage was calculated based on its weight, and then, it
was multiplied by 6 (conversion factor, km: Factor for
converting mg/kg dose to mg/m” dose) [6].

2.7. Acute Oral Toxicity Study. Wistar rats were kept for a
minimum of 5 days prior to oral administration at the
animal house, Faculty of Medical Sciences, University of Sri
Jayewardenepura, Sri Lanka, to allow for their acclimati-
zation to the animal house conditions. The animal room was
ventilated with a 12°h cycle of day and night light conditions,
and the temperature was maintained at approximately 25°C.
Tap water and food were readily accessible to the rats
throughout the study; however, prior to the oral adminis-
tration of the single doses of Sudarshana suspension and
infusion of Sudarshana powder, all animals were subjected
to a short fasting period of 5h [7, 8].

The acute toxicity [9] of SS and SP was compared with
that of the control group, distilled water given at a rate of
1 ml/rat. There were 6 rats in each group. Test group 1
received a single dose of SS (4 ml/kg), and Test group 2
received a single dose of SP (0.5 g/kg). Treated animals were
deprived of food and water for 2h to assess the general
behavior of rats and thereafter during a period of 48 h for
dead animals. During a 48 h period of observation, the body
weight changes and food and water intakes were recorded
followed by observation for 2 weeks for possible signs of
toxicity and deaths and the latency of death. Blood was
collected for biochemical and haematological analyses after
48h and 14 days, and creatinine, alkaline phosphatase, al-
anine aminotransferase (ALT), aspartate aminotransferase
(AST), gamma-glutamyl transferase (y-GT), and haemo-
globin (HD) levels were analyzed by the spectrophotometer.
BIOLABO kits from France were purchased from Analytical
Instrument (Pvt) Ltd., Colombo.

2.8. Subchronic Oral Toxicity Study. The SS and SP were
compared with the control in three groups of rats, 6 rats in
each. The control group received distilled water as a vehicle,
Test group 1 received a single dose of SS (4 ml/kg), and Test
group 2 received hot water extraction of SP (0.5 g/kg), single
dose daily, for 42 consecutive days.

The body weights and the food and water intakes were
recorded weekly. After 42 days of administration, blood was
collected for haematological and biochemical analyses. The
haematological parameters (i.e, WBC, RBC, Hb, PCV,
MCV, MCH, MCHC, RDW, MPV, and platelets) and the
biochemical parameters including creatinine, alkaline
phosphatase, alanine aminotransferase (ALT), aspartate
aminotransferase (AST), gamma-glutamyl transferase
(y-GT), and urea were evaluated. Reagent BIOLABO Kkits
from France were used for the analysis, and the animals were
sacrificed to harvest the liver, heart, and kidneys and
weighed individually. Macroscopic and microscopic ana-
lyses were carried out.
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2.9. Statistical Analysis. Results are presented as mean-
+ standard error of mean (SEM). Student’s ¢ test was used
for statistical comparison of data between groups. Differ-
ences were considered significant at p <0.05.

2.10. Ethical Clearance Process. The clinical study on healthy
volunteers was approved by the Ethics Review Committee,
Faculty of Medical Sciences, University of Sri Jayewarde-
nepura, Sri Lanka (ref. no. 775/13), and Ethics Review
Committee, Institute of Indigenous Medicine, University of
Colombo (ref. no. ERC 12/11), Sri Lanka. A clinical study
was registered at the Sri Lanka Clinical Trial Registry ((reg.
no. SLCTR/2015/005) (http://slctr.k/trials/304) and WHO
International Clinical Trials Registry (http://apps.who.int/
trialsearch/Trial2.aspx?TrialID=SLCTR/2015/005)).

2.11. Safety Effect of Sudarshana Suspension in Healthy
Volunteers. Safety effect on hepatic and renal functions of
the novel preparation Sudarshana suspension in healthy
volunteers was tested by measuring the key hepatic enzymes
alanine aminotransferase (ALT), aspartate aminotransferase
(AST), gamma-glutamyl transferase (gamma GT), alkaline
phosphatase, haemoglobin content (Hb), urea in serum, and
creatinine.

2.12. Study Design. This study is an analytical interventional
single-arm study where all volunteers were recruited until
the required number was achieved.

2.13. Sample Size. Thirty-five healthy adult volunteers [10]
were selected by an open advertisement.

2.13.1. Inclusion Criteria
(1) Age group of 18-60 years at the time of enrollment,
of either sex with weight less than 60 kg

(2) Those having no known systemic disorders, such as
hypertension, diabetes mellitus, hypercholesterol-
emia, and chronic arthritis

(3) Those having no history of drug allergy

(4) Those having no history of intolerance to SP or
similar compounds

(5) Women should be neither pregnant and nor breast
feeding

(6) Only those who can write and read languages of
English or Sinhala.

2.13.2. Exclusion Criteria
(1) Less than 18 years of age and over 60 years at the time
of enrollment, of either sex
(2) Weight more than 60 kg

(3) Concurrent treatment with any Ayurveda or
Western medicine

2.14. Determination of Appropriate Dose of the SS. The dosage
of the test drug was determined by calculating the dose per
adult equivalent to the normal paediatric dosage propor-
tionate with the body weight of a child.

2.15. The Procedures and Duration. Written consents were
obtained from the participants before initiating the study,
and the information sheets and diary sheets were distributed
to the participants in their own language.

Sudarshana suspension was prepared at the pharmacy of the
Institute of Indigenous Medicine, University of Colombo, Sri
Lanka, and filled in 500 ml air-tight, amber, labeled glass bottles.

Adult volunteers were given four doses of drug at six-
hour intervals per day for 7 consecutive days. The dosage of
drug was determined according to the body weight of the
volunteer. 3 ml of blood was drawn on days 0, 3, 8. The liver
and renal functions tests (ALT, ALP, AST, yGT, creatinine,
and urea) were done using the automated biochemical
analyzer (Kone) at the Department of Biochemistry. Hb was
analyzed by using the spectrophotometer at the Research
Lab, Department of Biochemistry, FMS, US]. BIOLABO kits
were purchased from Analytical Instrument (Pvt) Ltd.,
Colombo. In each subject, basic epidemiological and an-
thropometric data (age, sex, and weight) were recorded.
After the first and last doses, palatability was recorded using
a modified five-point scale [11]:

0 = severely dislikes the taste and vomits
1 =dislikes the taste but does not vomit
2 =takes the drug rather unhappily

3 =takes the drug without any complaint
4 =likes the taste a lot

3. Results

3.1. Acute Oral Toxicity. The results of the acute toxicity
study showed no signs of toxicity such as general behavioral
changes or mortality. No abnormalities were detected in any
of the tested blood parameters as well as body weights, food
intake, and water consumption in the SS and SP groups
when compared with the control group. The effects of SS and
hot water extraction of SP after 48 hours of oral adminis-
tration are summarized in Table 1.

The effects of SS and hot water extraction of SP in
biochemical parameters after 14 days of oral administration
are summarized in Table 2.

3.2. Subchronic Oral Toxicity

3.2.1. Effect of the Oral Administration of SP and SS on the
General Behavior of the Rats. No significant changes in
general behavior or other major physiological activities of
rats were observed at any time point in this study. No
significant changes were recorded in body weight and daily
food intake in the treated rats as compared to the control.
Both the control and treated rats appeared consistently
healthy throughout the 42-day period of study. No death was
also recorded in both the control and treated rats (Figure 1).
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TaBLE 1: Effects of SS and hot water extraction of SP after 48 hours of oral administration.

) . Groups
Biochemical parameters
Control SP SS
Haemoglobin (Hb) (g/dl) 14.15+0.11 13.92+0.24 14.02+0.19
AST/GOT (IU/L) 86.05+1.9 83.44+1.92 84.75+1.53
ALT/TGP (U/L) 30.92+0.80 32.22+1.78 34.04+1.30
Gamma GT (IU/L) 3.9+0.71 3.91+0.50 3.90£0.59
Alkaline phosphatase (IU/L) 131.64+2.03 132.05+3.0 131.92+2.15
Urea (mmol/L) 28.63+1.24 30.92+1.84 32.73+1.38
Creatinine (mg/dl) 0.59 +0.02 0.62 +0.02 0.65 +0.02
Values are expressed as mean + SEM; n = 35.
TaBLE 2: Effects of SS and hot water extraction of SP after 14 days of oral administration.
Groups
Biochemical parameters P
Control SP SS
Haemoglobin (Hb) (g/dl) 14.12+0.08 14.01 £0.21 14.05+0.23
AST/GOT (IU/L) 85.41+ 1.83 83.0+1.92 85.32+1.38
ALT/TGP (U/L) 30.2+0.86 32.41+121 33.24+1.24
Gamma GT (IU/L) 412+0.53 4.05+0.36 4.05+0.43
Alkaline phosphatase (IU/L) 133.64£2.08 134.58 +£2.75 134.47 £1.32
Urea (mg/dI) 28.59+2.01 28.87 +1.43 31.23+1.10
Creatinine (mg/dl) 0.60 +0.03 0.64 +0.01 0.63 +0.02

Values are expressed as mean + SEM; n =35.

3.2.2. Effect of Oral Administration of SP and SS on the
Haematological and Biochemical Blood Parameters of the
Rats. The haematological parameters (i.e., WBC, RBC, Hb,
PCV, MCV, MCH, MCHC, RDW, MPV, and platelets) and
the blood biochemical parameters (i.e., ALT, AST, ALP,
¥-GT, urea, and creatinine) showed no significant changes
(p>0.05) in the treated rats compared to those in the the
control rats, respectively. All levels were in consistent ranges
until the termination of the study. The effects of SS and hot
water extraction of SP after 42 days of oral administration
are summarized in Tables 3-6.

3.2.3. Effect of Oral Administration of SP and SS on the Wet
Weights, Heights, Length, and Width of Rat Organs after 42-
Day Treatment Period. The wet weights of rats’ organs of
both treated and control groups are presented in Table 5. The
subchronic oral ingestion of SP and SS over 42 days caused
no significant changes in the wet weights of the organs (i.e.,
heart, kidneys, and liver) in the treated groups and was
compared with the control rats. The height, length, and
width of rats’ organs (i.e., heart, kidneys, and liver) of both
treated and control groups after 42 days of oral ingestion are
presented in Table 6. There were no significant changes in
the outline measurements of rats’ organs when compared to
the control group.

3.2.4. Histopathological Effect of Oral Administration of SP
and SS on Selected Vital Organs after 42-Day Treatment
Period. The liver, heart, and kidneys did not reveal any
morphological changes on gross and histological exami-
nations (Figures 2-4).

3.3. Clinical Study on Healthy Volunteers

3.3.1. Effect of SS on Renal and Hepatic Functions.
According to the findings of the healthy volunteers’
study, there were no statistically significant (p>0.05)
differences in the serum parameters (ALT, AST, ALP,
y-GT, urea, creatinine, and Hb) on days 3 and 8 when
compared with the baseline values (day 0) as shown in
Table 7.

Healthy volunteers did not get any adverse effects, such
as vomiting, headache, diarrhoea, or any other abnormal
feeling during the treatment period and also during the
follow-up period.

4. Discussion

In Ayurveda, the majority of natural drugs are of plant
origin. Different plant parts such as roots, seeds, flowers,
stem, bark, wood, leaves, and the plant as a whole are used
as medicine. The medicinal property of the crude drug is
due to the biologically active chemical constituents. The
development of these chemical constituents is greatly
influenced by different environmental and ecological
factors. Ayurveda, allopathic medicine, and homeopathy
are popular in society to achieve the same. Its widespread
use is further substantiated by the affordability, knowl-
edge of medicinal plants, and belief that they are harmless
[12]. The increase in the number of users as opposed to
the scarcity of scientific evidence on the safety of the
medicinal plants has raised concerns regarding toxicity
and detrimental effects of these remedies [13], and the
same applies for novel preparation Sudarshana
suspension.
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FIGURE 1: Mean body weights of rats during 42 days.

TaBLE 3: Effects of oral administration of SP and SS on the biochemical parameters of rats’ blood after 42-day period of oral administration.

) . Groups
Biochemical parameters .
Control S. powder S. suspension
AST/GOT (IU/L) 85.97 +1.81 84.07 + 1.86 85.17+1.43
ALT/TGP (IU/L) 31.5+£0.62 32.92+1.31 34.01 +1.76
Gamma GT (IU/L) 4.21 +£0.61 4.37+0.43 4.07+0.43
Alkaline Phosphatase(IU/L) 135.81 +£2.91 136 +3.91 133.51 +2.25
Urea UV (mg/dl) 32.57+1.49 32.11+1.77 33.25+1.02
Creatinine (mg/dl) 0.62 +0.02 0.67 £0.01 0.67 £0.02

Values are expressed as mean + SEM; n=6.

TaBLE 4: Effects of oral administration of SP and SS on the haematological parameters of rats’ blood after 42-day period of oral
administration.

Groups

Blood parameters .

Control S. powder S. suspension
White blood cells (WBC) (10°/ul) 8.18+0.17 7.9+0.13 8.02+0.15
Neutrophil (%) 33.18+3.2 28.65+2.80 32.21+2.82
Lymphocytes (%) 5544 +1.84 59.54 +2.60 56.88 +£2.58
Monocyte (%) 435+1.23 5.92+1.40 535+1.0
Eosinophil (%) 2.54+0.55 1.78 +£0.18 2.07 +£0.40
Basophil (%) 2.6+0.70 3.8+0.67 3.5+0.53
Red blood cells (RBC) (10%/uL) 8.29+0.35 7.8+0.19 7.9+0.19
Haemoglobin (Hb) 14.18 £ 0.39 14.3+0.20 14.18 +0.27
Packed cell volume (PCV) (%) 48.94 +1.85 48.65+1.26 48.41+1.93
Mean corpuscular volume (MCV) (fL) 53.61 +2.15 53.97 +1.78 56.37 +1.51
Mean corpuscular haemoglobin (MCH) (pg) 24.05+1.27 23.37+£0.86 24.05+0.97
Mean corpuscular haemoglobin conc. (MCHC) (pg) 27.34+1.08 26.8£0.91 25.87+1.28
RDW (%) 14.81 £0.11 15.0+£0.19 14.52 +0.08
Platelets (103/yL) 636.42+2.73 631.71 +£2.02 635.42 +£2.28
MPV (fL) 3.25+0.42 2.61+0.16 2.7+0.11

Values are expressed as mean + SEM; n=6.

There are many traditional herbals or polyherbal  conceptin medical practice, and hence, the safety profile of
medicines that have not been verified by clinical trials, and ~ SS and SP was investigated on male Wistar rats and healthy
hence, their efficacy and safety are still questioned by  volunteers. The results obtained from the acute toxicity
consumers. Drug safety is a very basic and fundamental  study showed that the SP and SS did not exert any possible
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Evidence-Based Complementary and Alternative Medicine

Organ weight (g)

Groups . . .
Liver Heart R. kidney L. kidney
Control 13.80 +0.40 1.12+0.04 1.20+0.02 1.13+£0.02
S. powder 13.66 + 0.36 1.18 £0.04 1.23+£0.03 1.16 £ 0.04
S. suspension 14.17£0.32 1.15+0.03 1.23£0.02 1.15+0.01
Values are expressed as mean + SEM; n=6.
TaBLE 6: Height, length, and width of rats’ organs chronically treated with SP and SS.
Organ height x length x width (cm)
Groups . . .
Liver Heart R. kidney L. kidney
2.18+0.09 0.94 +0.02 0.88 +0.06 0.8+0.04
Control 5.57+£0.32 1.85+0.05 2.11+0.10 1.92+£0.07
4.6+0.18 1.31£0.03 1.24+0.14 1.24 +0.09
2.18+0.07 0.8 +0.02 0.71 £0.02 0.67 £ 0.01
S. powder 5.57+0.07 1.8+0.03 1.88+0.02 1.71 +0.04
4.42+0.02 1.28 £0.02 1.47 £0.03 1.38 £ 0.02
2.1+0.06 0.8+0.03+ 0.7+0.02 0.67 £ 0.01
S. suspension 511+£0.12 1.84 £0.02 1.94+0.02 1.81 £0.02
4.31 £0.06 1.27+0.01 1.37+0.01 1.32+£0.02

Values are expressed as mean + SEM; n=6.

@ (b) (©

FIGURE 2: Photomicrograph of the liver tissue of the rats: (a) control; (b) SP; (¢) SS. All the groups have a normal lobular architecture, normal
sinusoids, and normal limiting plate hepatocytes. No vascular congestion, hepatocyte necrosis, or tissue degeneration were observed.

(a) (®) (©

FIGURE 3: Photomicrograph of the heart tissue of the rats: (a) control; (b) SP; (c) SS. All the groups have a normal tissue structure.
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FIGURE 4: Photomicrograph of the kidney tissue of the rats: (a) control; (b) SP; (c) SS. All the groups have a normal tissue structure.

TaBLE 7: Effect on renal and hepatic functions following 7 days of oral administration of SS.

Biochemical parameters

Testing days and p values

Day 0 Day 3 p value Day 8 p value
Haemoglobin (Hb) (g/dl) 12.71+0.24 12.70+£0.24 0.28 12.74+0.23 0.19
AST/GOT (IU/L) 28.86 +£0.68 28.57+0.73 0.12 28.89+0.69 0.46
ALT/TGP (U/L) 2312+ 1.44 22.76 £1.42 0.16 23.20+1.43 0.4
Gamma GT (IU/L) 11.68 £ 0.85 11.54+0.79 0.35 11.29+0.81 0.7
Alkaline phosphatase (IU/L) 210.05+8.44 209.13+8.20 0.12 209.10+8.15 0.11
Urea (mmol/L) 2.83+0.13 2.80+0.13 0.19 2.84+0.12 0.4
Creatinine (mg/dl) 0.78 +0.01 0.78 £0.01 0.49 0.79+0.01 0.25

All the values are expressed as mean + SEM; n=35. p>0.05, not significant.

toxicity in rats with single doses of drug administration
(Tables 1 and 2). In the subchronic toxicity study, when the
extract was administered daily to the animals for a period of
42 days, no mortality or morbidity was observed (Table 3)
and no significant changes occurred in the haematological
parameters (Table 4). The SS and SP did not cause any
significant change in body weight when compared with the
control group (Figure 1). The gross examination of internal
organs revealed no detectable inflammation, while the
weight of the animals treated with the SS and SP was not
significantly different when compared to the control group
(Table 5). According to reports, body and internal organ
weights are considered sensitive indices of nontoxicity after
42 consecutive days of drug administration (Table 6). Se-
rum concentrations of alanine amino transaminase (ALT)
and aspartate amino transaminase (AST) are known to
increase significantly in liver toxicity [14, 15]. Since, in this
study, the enzymes showed no appreciable increase in the
treated animals, it implied that the SS and SP have no
hepatotoxic effect. This was confirmed by the histological
study in which tissue morphology showed no changes
(Figures 2-4).

The serum creatinine and urea levels too were not sig-
nificantly altered compared to the control indicating no
possible nephrotoxicity which was confirmed by the histo-
pathological study as well. When haematological parameters
were evaluated, mean corpuscular volume (MCV), mean
corpuscular haemoglobin (MCH), and mean corpuscular
haemoglobin concentration (MCHC) showed no significant
variations following the treatment with SS. The importance of

MCH, MCV, and MCHC in the diagnosis of anaemia in most
animals has been highlighted. From this result, it has been
shown that the SS and SP did not significantly alter the
calculated RBC indices. The inflammatory process is char-
acterized by the involvement of multiple inflammatory WBC
[16]. In this study, it has not been observed that WBC has
altered significantly while lymphocytes, the main effector cells
of the immune system [17], showed no significant differences,
thus suggesting that the SS and SP did not exert any toxic
effect.

The findings from this part of the study provided suf-
ficient data on the therapeutic safety of this polyherbal drug.
It was observed that SS and SP do not exert any hepatotoxic
effect that would cause the liver to compromise its function.
Furthermore, the indices pertaining to renal function
showed no abnormalities. The findings were further sup-
ported by the histological study where the hepatic, renal, and
cardiac tissues showed no changes following SS and SP
treatment. This paved the way for the SS to be tested in
human individuals.

In new drug development, Phase I studies are the studies
where a drug is initially given to human beings. These studies
with more benign drugs often use healthy volunteers. Drugs
are then initiated at very low doses and slowly escalated to
show safety at a level where some biological activities take
place. Later, when pharmacological and safety information is
available, the drug is introduced to the patient population,
again with an emphasis on safety [18]. Therefore, based on
the above guidance, Phase I study of SS was carried out with
healthy volunteers. According to the findings of the Phase I



safety study, there were no statistically significant (p > 0.05)
differences in the serum parameters (ALT, AST, ALP, y-GT,
urea, creatinine, and Hb) on days 3, 8 when compared with
the baseline values (day 0) (Table 7).

Hence, Sudarshana suspension does not affect the above
parameters when administered at 6h intervals daily for 7
consecutive days. Therefore, it was revealed that it is well
tolerated by the administered human therapeutic dose.

5. Conclusion

In conclusion, the hot water extract of SP and novel
preparation SS given orally to male Wistar rats and healthy
volunteers did not produce toxic effect at the therapeutic
dose level when compared to the control. Therefore, SP and
SS can be considered to be safe drugs for oral administration.
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Gu-tong formula (GTF) has achieved good curative effects in the treatment of cancer-related pain. However, its potential
mechanisms have not been explored. We used network pharmacology and molecular docking to investigate the molecular
mechanism and the effective compounds of the prescription. Through the analysis and research in this paper, we obtained 74
effective compounds and 125 drug-disease intersection targets to construct a network, indicating that quercetin, kaempferol, and
B-sitosterol were possibly the most important compounds in GTF. The key targets of GTF for cancer-related pain were Jun proto-
oncogene (JUN), mitogen-activated protein kinase 1 (MAPK1), and RELA proto-oncogene (RELA). 2204 GO entries and 148
pathways were obtained by GO and KEGG enrichment, respectively, which proved that chemokine, MAPK, and transient
receptor potential (TRP) channels can be regulated by GTF. The results of molecular docking showed that stigmasterol had strong
binding activity with arginine vasopressin receptor 2 (AVPR2) and C-X3-C motif chemokine ligand 1 (CX3CL1) and cholesterol
was more stable with p38 MAPK, prostaglandin-endoperoxide synthase 2 (PTGS2), and transient receptor potential vanilloid-1
(TRPV1). In conclusion, the therapeutic effect of GTF on cancer-related pain is based on the comprehensive pharmacological
effect of multicomponent, multitarget, and multichannel pathways. This study provides a theoretical basis for further experimental
research in the future.

1. Introduction

Cancer-related pain remains common and severe for many
patients, especially in the advanced stage, while the prevalence
is approximately more than 70% [1]. A large number of
people suffer from mild to severe pain before they die, and
only few patients with cancer pain are well managed because
the pain is difficult to relieve. Cancer-related pain is an ag-
gregation of many different cancer types, which is a mixed
pain representing a homogenous pathological process, mainly
including acute pain, inflammatory pain, nerve pain, and
tumor-induced pain [2]. Currently, the principal strategy for
cancer-related pain management has been based on an or-
dinal three-step analgesic ladder, but its clinical use is usually

limited by the side effects of gastrointestinal bleeding, con-
stipation, respiratory depression, and so on [3, 4].

In China, the application of Gu-tong Formula (GTF) in
treatment of cancer-related pain has a history of decades,
and it has been a patented prescription (Patent No.:
201410415620.1). GTF is prepared from a formula of nine
Chinese medicines, including Radix Aconiti Lateralis Pre-
parata (RALP), Cortex Cinnamomi (CC), Rhizoma Cur-
culiginis (RC), Herba Asari (HA), Rhizoma Zingiberis (RZ),
Radix Clematidis (CCO), Pseudobulbus Cremastrae seu
Pleiones (PCSP), Scorpio (BMK), and Flos Caryophylli (FC).
Preliminary clinical trials showed that GTF can observably
reduce the frequency of breakthrough cancer pain and the
requirements of medication [5]. However, the related
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mechanisms of its analgesic effect have not been entirely
explored.

It is known that the Chinese herbal formula has a
characteristic of multicomponent, multitarget, and multi-
pathways; it means traditional experimental methods cannot
detect its complex mechanisms absolutely. Network phar-
macology, as a combination of pharmacology and phar-
macodynamics, emphasizing the integration of disease,
gene, target, and drug, has been widely used for exploring
the overall effect of drugs on the treatment of diseases from a
macroscopic and systematic point of view. Therefore, we
adopt the network pharmacology approach to discover
potential mechanisms of GTF in the treatment of cancer-
related pain and use molecular docking for reverse
verification.

2. Methods
2.1. Active Ingredients and Related Targets in GTF

2.1.1. Pharmacokinetic Predictions. The active ingredients in
GTF (except for BMK) were acquired from the Traditional
Chinese Medicine Systems Pharmacology (TCMSP) data-
base, a platform designed for herbs. Selecting oral bio-
availability (OB) >30% and drug-likeness (DL) >0.18 as the
screening criteria, the acquired active ingredients were
searched for related protein targets from TCMSP and
DrugBank databases [6, 7]. The active ingredients in BMK
were obtained from the Traditional Chinese Medicine In-
formation Database (TCMID) [8] and BATMAN-TCM [9].
Eventually, six effective compounds of BMK were collected,
which were bufotoxin, chlorotoxin, katsutoxin, cholesterol,
stearin, and 20-hexadecanoylingenol. Then, the chemical
structure formula of the BMK active ingredients were
downloaded from the PubChem database (https://pubchem.
ncbi.nlm.nih.gov/), followed by importing to the Pharm-
Mapper database [10] and selecting the effective targets with
high match (norm fit > 0.7).

2.1.2. Potential Target Genes of Cancer-Related Pain. The
data for the target genes of cancer-related pain were acquired
from the DisGeNET database [11], GeneCards [12], and the
Online Mendelian Inheritance in Man (OMIM) database
[13]. All the data were standardized through the UniProt
database [14].

(1) DisGeNET database: search strategy—Set the disease
name as “crushing pain, widespread chronic pain,
postoperative pain, nerve pain, and intractable pain”
in the gene disease network interface; 64 genes were
collected (Table S1).

(2) GeneCards: search strategy—Set the keyword as
“cancer related pain” and the score >4 after logging
into GeneCards; 1093 genes were collected (Table
S2).

(3) OMIM database: search strategy—Set the keyword as
“cancer-related pain”; 22 genes were collected (Table
S3).
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2.1.3.  Drug-Disease-Target ~ Network  Construction.
Intersection genes, which may treat the disease, were ob-
tained by intersecting the drug targets and disease targets.
We used Cytoscape v3.7.2 to construct the drug-compound-
disease intersection gene network and then carried out
topology analysis [15]. Finally, we calculated the degree value
of each node in the network by cytoHubba plug-in to screen
out key pharmacodynamic molecules [16].

2.1.4. Protein-Protein Interaction (PPI) Data and Hub Gene
Screening. We imported the intersection genes into the
STRING database [17], and the species were set as Homo
sapiens. The confidence score was set >0.9 to construct our
PPI network [18], and the acquired network was imported
into Cytoscape v3.7.2. The degree value of each node in the
network was calculated using cytoHubba plug-in, and the
top 10% was selected as the hub gene. Then, the biological
process of GO was analyzed for the hub gene.

2.2. Enrichment Analysis

2.2.1. Gene Ontology (GO) and Kyoto Encyclopedia of Genes
and Genomes (KEGG) Pathway Enrichment Analysis.
ClusterProfiler package was used to perform GO and KEGG
enrichment analysis of the intersection gene with p <0.05
[19].

2.2.2. Molecular Docking Verification. AutoDock was used
to perform the receptor-ligand docking simulation calcu-
lation of key pharmacodynamic molecules and screened core
targets. The protein structure, downloaded from the PDB
database, was imported into POCASA v1.1 [20]. Meanwhile,
the position of the active site was investigated in the PubMed
database to verify the predicted position by POCASA v1.1.
The docking operation used the Lamarckian genetic algo-
rithm, and the rigid receptor-flexible ligand docking pattern
was used in the docking process. The number of runs was 50,
and the maximum energy evaluation was 2,500,000 [21]. The
ligand corresponding to the target protein was used as a
positive control. After all the docking simulations were
completed, heat maps were made according to the strongest
affinity of key pharmacodynamic molecules and core targets.

3. Results and Discussion

In this study, we obtained 74 active compounds (Table S4)
and 269 potential targets of GTF after deleting duplicates.
The active compound-related targets in TCMSP and
PharmMapper databases are listed in Tables S5 and S6,
respectively. 1144 potential target genes of cancer-related
pain were collected, and we obtained 125 drug-disease in-
tersection targets (Figure 1(a)).

3.1. GTF Drug-Disease-Target Network. The intersection
targets were imported into Cytoscape v3.7.2 to construct a
drug-disease-target network (Figure 1(b)), including 163
nodes and 296 edges, with a network heterogeneity of 2.336
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FIGURE 1: (a) Venn map of disease-related targets and drug targets. (b) Gu-tong formula (GTF) drug-disease-target network. Radix Aconiti
Lateralis Preparata (RALP), Cortex Cinnamomi (CC), Rhizoma Curculiginis (RC), Herba Asari (HA), Rhizoma Zingiberis (RZ), Radix
Clematidis (CCO), Pseudobulbus Cremastrae seu Pleiones (PCSP), Scorpio (BMK), and Flos Caryophylli (FC). (c) The top ten key

pharmacodynamic molecules with the degree value.

and a network centralization of 0.590. It indicated that some
nodes in the network were more concentrated than others.
The network showed that compounds with most high
connectivity were quercetin (degree=98), kaempferol
(degree=34), and p-sitosterol (degree=20), which were
sorted by the degree value, suggesting that these three
compounds were possibly the most important compounds
in GTF (Figure 1(c)). Quercetin and kaempferol are flavo-
noids, and f-sitosterol is a phytosterol. All of them can
regulate the way of cell apoptosis, proliferation, and phos-
phoinositide 3-kinase (PI3K)/protein kinase B (AKT)
pathways to achieve the purpose of antitumor [22-24].

Moreover, they also have a strong inhibitory effect on in-
flammation through the inhibition of lipoxygenase and
cyclooxygenase pathways. Among them, kaempferol has
been used as a chemosensitizer in clinical research and has
the potential of reducing toxicity and enhancing efficacy
[25].

We preliminary analyzed the targets of the compounds
in the network. NPR1 with a 0.672 disease-specific index
(DSI) was targeted by stearin (extracted from BMK) and was
important in crushing pain. ORPM1, which was targeted by
B-sitosterol (extracted from FC, RZ, PCSP, CCO, and RC),
caribine, cryptopine (extracted from HA), and lycorine



(extracted from RC), played an important role in nerve pain,
and its DSI was 0.479. The DSI of CXCL8 targeted by
quercetin (extracted from FC) in intractable pain was 0.342.
These three types of pain were crucial in cancer-related pain.

3.2. PPI Network. The intersection targets were imported
into the STRING 11.0 database, and then, 104 nodes and 324
edges can be obtained, with an average degree of 5.18 for
each node and an average neighbor of 6.231 for each edge
(Figure 2(a)). As shown in Figure 2(b), the hub genes in the
network screened by cytoHubba plug-in were JUN
(degree =28), MAPK1 (degree=25), RELA (degree=22),
etc. Among them, RELA, RB1, NFKBI1, TNF, and ESR1 had
the function of regulating inflammatory response (GO:
0050727) and cellular response to reactive oxygen species
(GO: 0034614). JUN, AKTI, FOS, and MAPKS played the
role of response to mechanical stimulus (GO: 0009612).

TNF mainly encoded a multifunctional proin-
flammatory cytokine, combination with the transient re-
ceptor potential vanilloid-1 (TRPV1), playing an important
role in inflammatory pain and nerve pain [26, 27]. Down-
regulating TNF expression can effectively inhibit the oc-
currence of inflammatory pain and nerve pain [28].
Moreover, MAPKS, JUN, AKTI, and RELA can regulate cell
proliferation and cell cycle, which was crucial in tumori-
genesis. GTF can regulate the expression of these genes to
affect the development of tumors.

3.3. GO Enrichment. To further explore the multiple
mechanisms of GTF, GO enrichment analysis (take bio-
logical process for example) was performed (Figure 3), and
2204 GO entries were enriched.

We found that GTF was involved in regulating the
production of neuronal action potential via the regulation of
membrane potential (GO: 0042391) and synaptic trans-
mission (GO: 0050805). The activation of neurons and the
conduction of electrical signals were the fundamental causes
of nerve sensitization and pain [29]. GTF inhibited the
conduction of pain by means of controlling the transmission
of neurotransmitters to maintain the stability of the post-
synaptic membrane.

What is more, GTF inhibited the secretion of inflam-
matory factors in the inflammatory response by means of
regulating the prostaglandin (PG) biosynthetic process (GO:
0031392), cyclooxygenase pathway (GO: 0019371), inflam-
matory response (GO: 0050728), and cytokine production
(GO: 0001818). Among them, PG induced inflammation and
hyperalgesia, leading to the occurrence and aggravation of
pain. In the first stage of three-step pain relief, it achieved the
purpose of pain relief by inhibiting the target and cyclo-
oxygenase pathway [2]. GTF also played a role in this
pathway and the target and inhibited the occurrence of
inflammatory pain. Moreover, it relieved the pain caused by
tumor compression and sensitivity to cold stimulation after
chemotherapy via the response to mechanical stimulus (GO:
0009612) and cold (GO: 0009409). Activation of the MAPK
pathway was crucial in the development of pain [30], and
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GTF-negative regulated the MAPK cascade (GO: 0043409)
to restrain the occurrence of pain.

Cancer-related pain caused by bone metastasis and bone
destruction is usually difficult to relieve [31]. It was believed
that bone resorption and bone formation were the key
factors of bone destruction caused by tumor [32]. Inter-
estingly, we found that GTF protected bones through reg-
ulation of ossification (GO: 0030278), bone resorption (GO:
0045124), and remodeling (GO: 0046849). Detailed GO
enrichment information is shown in Table 1. The multitarget
and multifunctional characteristics of GTF played a certain
role in alleviation of cancer-related pain by regulating
nerves, reducing inflammation and mechanical stimulation,
and protecting bone.

3.4. KEGG Enrichment. We obtained 148 pathways in total,
which belonged to several categories, including tumor, in-
flammation, infection, and other pathways. After analyzing
the results of KEGG enrichment, we found that GTF mainly
focused on the regulation of proinflammatory cytokines,
damage associated molecular pattern (DAMP), neural
sensitization, and pain-related protein kinase (Table 2).

GTF can regulate the synthesis and secretion of in-
flammatory factors by regulating IL-17 (hsa04657), TNF
(hsa04668), and chemokine signaling pathways (hsa04062).
IL-17, secreted by CD4" T cells, can induce epithelial cells
and endothelial cells to synthesize IL-6, PG, and other cy-
tokines, and combination with the TNF signaling pathway to
promote inflammation [33]. Inhibition of IL-17 can effec-
tively relieve pain and inhibit peripheral nerve sensitization
[34]. C-X3-C motif chemokine ligand 1 (CX3CL1) is a kind
of chemokine. It was found that CX3CL1 and its receptor
CX3CR1 were very important in the development of neu-
ropathic pain [35]. Soluble CX3CL1 bound to CX3CR1 on
the surface of microglia, which lead to the increase of in-
tracellular calcium concentration and the occurrence of
neuropathic pain [36, 37]. In the study of network phar-
macology of GTF, it was shown that the application of GTF
can affect those pathways and inhibit the occurrence of pain.
At the same time, we found that GTF can regulate the re-
sponse of the body to DAMP by regulating Toll-like receptor
(hsa04620), NOD-like receptor (hsa04621), and RIG-I-like
receptor signaling pathways (hsa04622). It had been proven
that Toll-like receptors were highly expressed in microglia of
mice with neuropathy. When the Toll-like receptor signaling
pathway was inhibited, it can effectively inhibit the occur-
rence of pain [38].

In the aspect of neurotransmitter transmission and
central sensitization, GTF can regulate the release of neu-
rotransmitters and maintain the stability of neuron mem-
brane potential by influencing serotonergic (hsa04726) and
dopaminergic synapse (hsa04728). Transient receptor po-
tential (TRP) was widely distributed in nociceptive neurons
and was related to the persistence of pain [39]. GTF regu-
lated this pathway (hsa04750) to affect pain duration.

p38 MAPK was widely distributed in the spinal dorsal
horn and can be activated by various external stimuli such as
trauma stimulation and inflammatory factors [40] and
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TaBLE 1: Gene Ontology (GO) enrichment result.
ID Description p value Count
GO0:0009612 Response to mechanical stimulus 2.60 x 1071 23
G0:0006809 Nitric oxide biosynthetic process 5.86 x 10712 12
GO0:0046209 Nitric oxide metabolic process 1.24x 1071 12
G0:0030278 Regulation of ossification 1.55x 1077 12
GO:0042391 Regulation of membrane potential 3.96 x 10°° 14
GO0:0050728 Negative regulation of inflammatory response 1.41x107° 9
G0:0009409 Response to cold 1.09x 1074 5
GO:0001818 Negative regulation of cytokine production 1.52x 1074 10
GO:0046849 Bone remodeling 1.55x 1074 6
GO:0045124 Regulation of bone resorption 5.98 x 107* 4
G0:0050663 Cytokine secretion 8.37x 107* 8
G0:0032682 Negative regulation of chemokine production 1.27 x 1073 3
G0:0019233 Sensory perception of pain 2,17 x 1073 5
GO:0030282 Bone mineralization 3.11x107° 5
G0:0050805 Negative regulation of synaptic transmission 4.09 x 1073 4
GO:0043409 Negative regulation of MAPK cascade 439 x 1073 6
G0:0019371 Cyclooxygenase pathway 6.38 x 1073 2
GO0:0031392 Regulation of prostaglandin biosynthetic process 7.40 x 1073 2
GO:0006925 Inflammatory cell apoptotic process 2.02 x 1072 2
TaBLE 2: Kyoto Encyclopedia of Genes and Genomes (KEGG) enrichment result.
ID KEGG pathway p value Count
hsa04657 IL-17 signaling pathway 4.64x 10718 21
hsa04668 TNF signaling pathway 9.66 x 10~ '8 22
hsa04620 Toll-like receptor signaling pathway 4.63 x 10712 16
hsa04010 MAPK signaling pathway 3.76 x 1071 24
hsa04621 NOD-like receptor signaling pathway 2.40x 1077 15
hsa04630 JAK-STAT signaling pathway 3.94 x 1077 14
hsa04726 Serotonergic synapse 2.15x107° 10
hsa04622 RIG-I-like receptor signaling pathway 2.35x107° 8
hsa04062 Chemokine signaling pathway 6.33x107° 12
hsa04728 Dopaminergic synapse 2.40 x 1072 6
hsa04750 Inflammatory mediator regulation of TRP channels 2.84 x 1072 5

participated in the occurrence of pain through phosphor-
ylated voltage-gated sodium channels. The JAK-STAT
pathway was activated by interleukin-6 (IL-6) involving in
the occurrence of inflammation and pain [41]. GTF can
regulate the release of PG and excitatory amino acids by
regulating these two pathways, to reduce cancer pain.

3.5. Molecular Docking. POCASA v1.1 was used to predict
the most likely docking pocket of protein, which was sorted
according to the volume of the pocket (Figure S1, docking
pocket from large to small: a-e). In addition, compared with
the active sites reported in the PubMed database, the
docking sites of protein targets were obtained. The detailed
information for core protein is listed in Table S7.

Figure 4 shows the mapping of the strongest affinity of 10
key drug molecules and 10 core target proteins. We found
that the binding energy between the molecule and the target
protein  was approximately between -3.59 and
—9.43 kcal-mol™!. It can be seen from Figure 4 that AVPR2,
CX3CLI, p38 MAPK, prostaglandin-endoperoxide synthase
2 (PTGS2), and TRPV1 have stronger docking energy. It
means that the compounds in GTF bind well to the above
target proteins.

Arginine vasopressin (AVP), an important analgesic
substance, can be synthesized and secreted by the para-
ventricular nucleus of the hypothalamus [42]. After external
stimulation, the expression of AVP increased and trans-
ported to the midbrain aqueduct gray matter, nucleus raphe
magnus, caudate nucleus, and other related nuclei, resulting
in the secretion of endogenous opioid peptide, 5-hydroxy-
tryptamine and acetylcholine, and activating vasopressin
receptors in central and peripheral tissues, which played a
crucial role in nociception. Studies had shown that high dose
of AVP can increase the action potential of C-type noci-
ceptive fibers and produce analgesic effect [43]. The re-
ceptors of AVP, including Vla, V1b, and V2, belong to G
protein-coupled receptor [44]. The compounds contained in
GTF can stably bind to G protein-coupled receptor, pro-
ducing analgesic effect.

CX3CL1 and its receptor CX3CR1 were both expressed
in the nervous system [35] and played a role in promoting
the occurrence of pain, which had been confirmed in many
experiments. The researchers believed that the painful be-
havior caused by CX3CL1 was achieved by exciting CX3CR1
on microglia and activating the p38 MAPK signaling
pathway [45]. Interestingly, our molecular docking results



Evidence-Based Complementary and Alternative Medicine

3-O-methylviolanone
B-Sittosterol
CHEMBL254186
Cholesterol
Kaempferol
NSC643978
Quercetin

Sesamin
Sexangularetin
Stigmasterol

Ligand

AVPR2
CCND1
CX3CL1
MAPK1

| |
—_ v
(=}

TNF-a
TRPV1

MAPKS
P38MAPK
PTGS2
BRD4

FiGURE 4: The binding energy of 10 key drug molecules and 10 target proteins.

showed that GTF had better binding effect with CX3CL1 and
p38 MAPK. In the pain model of bone tumor in rats made by
injecting Walker 256 breast cancer cells into the tibial
marrow cavity, intrathecal injection of CX3CR1 neutralizing
antibody can reduce the development of pain and hyper-
algesia, and blocking CX3CR1 can inhibit the activation of
spinal microglia and the phosphorylation level of p38 MAPK
[46]. It indicated the role of CX3CL1/CX3CR1/p38 MAPK
pathway in the formation and development of cancer pain.
This further showed that GTF can affect the occurrence and
development of pain by regulating the above pathways.

PTGS2, also known as cyclooxygenase-2 (COX-2), was
the second isozyme of cyclooxygenase. COX was an im-
portant rate-limiting enzyme for PG. COX-2 can be induced
by a variety of inflammatory mediators and cytokines and
participated in tissue inflammation and cell differentiation
and proliferation. Upregulation of COX-2 was also related to
antiapoptosis and tumor angiogenesis [47]. The results of
molecular docking showed that the pharmacodynamic
molecules selected in GTF had stronger binding energy to
COX-2, which meant that the active ingredients in GTF can
regulate the development of inflammatory pain and tumors
through COX-2.

TRPV1 was a heat-activated cation channel protein, which
was expressed on primary afferent neurons and upregulated
after inflammation and nerve injury and was closely related to
inflammation and acute and chronic pain [48]. Inhibition of
TRPV1 activity was one of the pain treatment methods. In the
preclinical study, it has the potential to be a receptor of
nonopioid analgesics [49]. The results of molecular docking
showed that the compounds contained in GTF can better
combine with TRPV1 and played an analgesic role.

According to the docking energy results, we selected the
2 compounds with the strongest protein docking results
from the 5 proteins, respectively. Stigmasterol had the
strongest affinity with AVPR2, CX3CL1, and cholesterol
with PTGS2, p38 MAPK, and TRPV1. The binding patterns
of compounds and proteins were plotted, and then the
interaction between compounds and binding sites and
surrounding amino acid residues was observed (Figure 5).
Cholesterol and stigmasterol both occupied the docking
pocket of the protein and bound stably. The analysis of the
docking effect of compounds and receptor proteins is shown
in Table 3.

All the five protein targets are able to form hydrophobic
interaction and van der Waals force with compounds and
stable binding. Stigmasterol (with AVPR2 and CX3CL1) and
cholesterol (with p38 MAPK and TRPV1) can form hy-
drogen bonds on Gly87, His162, Leul71, and Arg557 resi-
dues, respectively, which made the binding more robust.
CX3CL1 (with stigmasterol) and PTGS2 (with cholesterol)
can form Pi-Sigma interaction on His3 and His389 residues,
respectively, which increased the binding stability.

Stigmasterol is a common phytosterol. Modern phar-
macological studies showed that it can effectively relieve
acute and chronic pain and had neuroprotective effect on
ischemic/reperfusion injury and good anti-inflammatory
effect [50, 51]. In the process of molecular docking, the
stigmasterol also had strong binding activity with AVPR2
and CX3CLI. It also suggested that stigmasterol in GTF was
also an effective component in relieving cancer pain.

Cholesterol, widely consisted in vivo, a precursor of
neurosteroid biosynthesis, is an endogenous produced
molecule that inhibits TRPV1 activity and plays an
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TaBLE 3: Docking effect analysis of compounds and targets.

Binding energy =~ Hydrogen bonding

Compound  Target (keal/mol) interaction Hydrophobic interaction
B Tyr80, Tyr83, Tyr84, Trp99, Leul00, Asp103, Tyr104, Glul75,
P AVPR2 943 Cly87 Cys176, Tyr177, Asndl9, Trp422, Thra23
8 CX3CL1 913 His162 Chain (A): Tyr112, Thr175, Tyrl77, Leul88, Asnl189, Leul92;
’ China (B): His2, His3, Thr6, Ser33
p38 _8.48 Leul7l Val38, Ala51, Lys53, Glu71, Leu74, Leu75, 1le84, Leul04, Thr106,
MAPK ’ Leul67, Asp168, Phel69
Ala200, Phe201, Ala203, GIn204, Leu295, Val296, Tyr386, Tyr388,
Cholesterol - PTGS2 94 Not formed His389, Leu391, Leu392, Leud09, Val445, Vald4s
TRPV1 _811 Arg557 Tyr511, Ser512, Leu515, Ala546, Met547, Thr550, Asn551, Leu553,

Tyr554, Ala566, Glu570
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important role in the regulation of nervous system injury
and disorder [52]. Little is known about its role in neuro-
pathic pain. Recent studies have shown that in inflammatory
animal models, transcutaneous cholesterol delivery can al-
leviate allergic reactions and cholesterol homeostasis can
help regulate inflammation and pain [53]. Increasing cho-
lesterol content can inhibit the expression of PTGS2 and the
secretion of PG [54], while decreasing cholesterol content
can enhance p38 MAPK and inflammatory activity [55]. In
molecular docking research, we found that cholesterol
contained in GTF can stably target PTGS2, p38 MAPK, and
TRPV1, which may play an analgesic role through MAPK
and chemokine pathways.

4. Conclusion

To sum up, we revealed the potential pharmacological
mechanism of GTF in the treatment of cancer pain from a
systematic perspective, which may involve the secretion of
inflammatory cytokines, membrane potential, bone pro-
tection, and other biological processes by regulating che-
mokine, MAPK, and TRP channels. The cholesterol and
stigmasterol in GTF can be the key pharmacodynamic
molecules for analgesia in molecular docking screening. This
study provides clues for understanding the synergistic effect
of GTF in relieving cancer pain. However, considering that
this study is mainly based on data analysis and molecular
docking, further experiments are necessary to verify the
results.
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Scorpion Buthus martensii Karsch -analgesic-antitumor peptide (BmK AGAP) has been used to treat diseases like tetanus,
tuberculosis, apoplexy, epilepsy, spasm, migraine headaches, rheumatic pain, and cancer in China. AGAP is a distinctive long-
chain scorpion toxin with a molecular mass of 7142 Da and composed of 66 amino acids cross-linked by four disulfide bridges.
Voltage-gated sodium channels (VGSCs) are present in excitable membranes and partakes in essential roles in action potentials
generation as compared to the significant function of voltage-gated calcium channels (VGCCs). A total of nine genes
(Nay1.1-Na,1.9) have been recognized to encode practical sodium channel isoforms. Na,1.3, Na,1.7, Na,1.8, and Na,1.9 have
been recognized as potential targets for analgesics. Na, 1.8 and Na,1.9 are associated with nociception initiated by inflammation
signals in the neuronal pain pathway, while Na, 1.8 is fundamental for neuropathic pain at low temperatures. AGAP has a sturdy
inhibitory influence on both viscera and soma pain. AGAP potentiates the effects of MAPK inhibitors on neuropathic as well as
inflammation-associated pain. AGAP downregulates the secretion of phosphorylated p38, phosphorylated JNK, and phos-
phorylated ERK 1/2 in vitro. AGAP has an analgesic activity which may be an effective therapeutic agent for pain management
because of its downregulation of PTX3 via NF-«B and Wnt/beta-catenin signaling pathway. In cancers like colon cancer, breast
cancer, lymphoma, and glioma, rAGAP was capable of blocking the proliferation. Thus, AGAP is a promising therapy for these
tumors. Nevertheless, research is needed with other tumors.

1. Introduction

Scorpion Buthus martensii Karsch (BmK) constitutes an
integral portion of Chinese traditional medicine for the
treatment of several diseases like tetanus, tuberculosis, ap-
oplexy, epilepsy, spasm, migraine headaches, rheumatic
pain, and cancer [1, 2]. Scorpions venom composes of a
complex combination of low molecular weight bioactive
molecules as well as small peptides and enzymes [1-4].
Several distinctive toxic peptides extracted from scorpion
venom have diverse functions [1, 3, 4]. Analgesic-antitumor
peptide (AGAP) was extracted from the venom of Scorpion

BmK approximately 20 years ago [1, 3, 4]. Studies on the
expression as well as purification of AGAP were conducted
using Escherichia coli (E. coli), while the biological action of
AGAP was experimented in mice [5].

Recombinant AGAP (rAGAP) is made up of small
ubiquitin-related modifier-AGAP (SUMO-AGAP) which is
associated with a hexahistidine tag by E. coli [6]. Thus,
rAGAP is a fusion protein comprising a hexahistidine (His6)
tag, SUMO, and AGAP. Also, rAGAP was oversecreted in
E. coli [3]. Studies demonstrated that AGAP may be a Na™-
channel specific inhibitor because it was capable of inhib-
iting mRNA transcription of voltage-gated sodium channels


mailto:gbepoo@gmail.com
https://orcid.org/0000-0003-3475-0363
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1155/2020/4234273

(Nay) [6, 7]. Electrophysiological studies using hNa,1.4,
hNa,1.5, hNa,1.7, and hNa,1.8 revealed that AGAP is
possibly a 8-type scorpion toxin rather than an a-type toxin
[8].

AGAP lengthens the survival of mice with engrafted
Ehrlich ascites (E. ascites) tumor cells significantly and also
subdued the growth of S-180 fibrosarcoma effectively [4]. In
comparison with cyclophosphamide, it was observed that
AGAP had more affinity for tumor cells and less harm for
healthy cells [4]. Studies have demonstrated that AGAP has
analgesic and antitumor potentials [1-4, 6]. Although
scorpion toxin contains numerous toxic polypeptides with
dissimilar functions as reviewed by Wang et al. [9], this
review explicitly focuses on AGAP. We elucidate the car-
dinal analgesic and antitumor potentials of AGAP with a
focus on the key signaling mechanisms via which it func-
tions. Most of the articles reviewed were indexed in PubMed
and PubMed Central with strict inclusion criteria being
analgesic and antitumor potentials of BmK AGAP. The
“Boolean logic” was utilized to search for articles on the
subject matter. The key search words were analgesia and/or
AGAP, cancer/tumor and/or AGAP, anticancer/antitumor
and/or AGAP as well as AGAP signaling pathways. None
peer-reviewed articles and news files were excluded.

2. Structure and Functions of BmK AGAP

AGAP is a distinctive long-chain scorpion toxin with a
molecular mass of 7142 Da. It composes of 66 amino acids
cross-linked by four disulfide bridges such as Cys12-Cys63,
Cys16-Cys36, Cys22-Cys46, and Cys26-Cys48 [10]. This
structure suggests that AGAP is a suitable model to identify
an analgesic domain. AGAP demonstrated soluble secre-
tions in E. coli after it was refined and duplicated. Subse-
quently, its bioactivity was investigated in an animal
experiment [4, 11]. Nevertheless, the structure-functional
association between Na,s and AGAP, leading to the anal-
gesic effects, still needs further studies. A total of four
disulfide bridges in AGAP existed after analysis with site-
directed mutagenesis in an E. coli model [10]. The four
disulfide bonds in the AGAP were modified using 12 mu-
tants, comprising 8 single mutants and 4 double mutants, in
which Ser was substituted for Cys [10]. Also, disulfide bonds
are the only common covalent cross-links in polypeptide
chains [10].

The polypeptide chain in AGAP can assume numerous
conformations and the sequence of its amino acid residues
targets folding in a specific conformation [10]. The funda-
mental components associated with folding were the for-
mation of disulfide bonds which restricts the quantity of
folded conformations of a polypeptide chain [10, 12].
Furthermore, the principal consequence of disulfide bonds
was stabilizing the protein foisted distance as well as angle
restrictions between the Cf and S' atoms of the joined
cysteine residues [10, 13]. The protein structure, confor-
mational stability, catalytic activity, and folding are thus
useful for further studies into AGAP [10, 14]. Also, mutants
in the disulfide bridges regulating the analgesic action are
visible on the molecule exterior in two domains (core and
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NC domains). The Core domain comprises Gly-17, Arg-18,
Trp-38, and Asn-44. The Gly-17 and Arg-18 are in the long-
loop linking the secondary structure motifs of the molecule
a/f-core. On the other hand, NC-domain comprises five-
residue-turn (residues 8-12) as well as the C-terminal region
(residues 56-64) [10, 15].

3. BmK AGAP and Voltage-Gated Channels

Voltage-gated sodium channels (VGSCs) facilitate the in-
ternal sodium current in the brain and peripheral nerves
[16]. VGSCs are thus crucial in triggering as well as prop-
agation of action potentials in excitable tissues such as the
brain and peripheral nerves [17]. AGAP is an ion channel
regulator with diverse activities on a variation of neuronal
ion channels such as high-voltage-activated (HVA), low-
voltage-activated (LVA) calcium channels as well as tetro-
dotoxin-resistant (TTX-R) sodium channels [16]. A total of
nine genes (Na,1.1-Na,1.9) have been recognized to encode
practical sodium channel isoforms [8]. Na,1.4 encoded by
SCN4A was primarily secreted by skeletal muscle. It was
necessary for the initiation as well as propagation of the
action potential necessary for skeletal muscle contraction.
On the other hand, Na,1.3, Na,1.7, Na,1.8, and Na,1.9 have
been recognized as potential targets for analgesics [8].

Studies have demonstrated that peripheral nerve injury
often aggravates chronic pain which was associated with
hyperexcitability of sensory neurons in dorsal root ganglia
(DRG) [16, 18-20]. Cafirey et al. identified two types of
sodium currents in small-diameter neurons of rat DRG [21].
Furthermore, studies have shown that Na, 1.8 and Na, 1.9 are
composed of the basic pattern of TTX-R sodium channel
subtypes that are extremely secreted in peripheral sensory
neurons [16, 18, 22]. They are both believed to partake in
significant functions during ectopic expression via neuronal
bodies as well as axons subsequent to peripheral nerve injury
[22]. These characteristics perhaps make them possible
molecular targets for analgesic drugs [16, 23]. Studies have
turther shown that both TTX-R subtypes, Na,1.8 and
Na,1.9, are associated with nociception initiated by in-
flammation signals in neuronal pain pathway while Na,1.8
was fundamental for neuropathic pain at low temperatures
[24, 25].

Li et al. confirmed that AGAP might attenuate pain by
blocking TTX-R channels in small-diameter DRG neurons
[16]. They demonstrated that 1000 nM AGAP decreased the
Navl.8 as well as Na,1.9 currents while the inhibitory
proportion of Na,1.8 as well as Na,1.9 currents were
59.4+5.1 and 33.7+6.6%, correspondingly. They further
suggested that the consequence of AGAP on Na,1.8 chan-
nels was greater than that of Na,1.9 channels [16]. Jarvis et al.
indicated that Na,1.8 was essential in the development and/
or continuation of nerve injury-induced pain [26]. They
specified that numerous Na,1.8-specific blockers are asso-
ciated with analgesic activities in neuropathic pain [26]. Li
et al. established that Na,1.8 might be a potential target of
AGAP in inflammatory as well as neuropathic anti-
nociceptive targets [16]. Genetic and functional studies have
demonstrated that Na,1.7 was predominantly involved in
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pain signaling in humans [27]. Studies further showed that
Na,1.7 was linked with erythromelalgia, paroxysmal life-
threatening pain disorder, and congenital insensitivity to
pain [27, 28]. Xu et al. demonstrated that AGAP potently
blocked the action of both hNa,1.7 and hNa,1.8, signifying
that both channel isoforms were involved in the analgesic
mechanisms of AGAP [8].

Furthermore, studies have shown that Na,1.9 channels
are crucial intermediators of inflammation than neuropathic
pain and participation in hyperexcitability of nociceptors
during inflammatory pain [16, 29-31]. Also, hyperexcit-
ability occurred during the silencing of Na,1.9 resulting in
the loss of depolarizing subsequent to hyperpolarizing shift
in resting potential and eradicated resting inactivation on
TTX-S NaCl channels [32]. Xu et al. demonstrated that
AGAP showed a notable blockade influence on both hNa,1.4
and hNa, 1.5, which accounts for its toxicity in skeletal and
cardiac muscles [8]. They further proved that W38G mu-
tation drastically reduced the blockade of In,, with an
augmented calculated ICs, value of 60,000-fold for hNa,1.4
and 420-fold for hNa, 1.5, respectively. They again indicated
that the decreased blockade of W38G on hNa,l.4 and
hNa,1.5 appeared as a result of its decreased inhibitory
activities on both channels than its alteration on kinetic
activities. Nevertheless, they explained that Trp*® could be
the fundamental amino acid that aids in AGAP commu-
nication with hNa,1.4 and hNa,1.5 [8].

Liu et al. indicated that AGAP potently blocked voltage-
gated calcium channels (VGCCs), particularly high-voltage
triggered calcium currents in rat DRG neurons [33]. Studies
have shown that AGAP reduced HVA calcium channels,
specifically N-type calcium currents, while N-type calcium
channels are secreted at the presynaptic level and may have
more effects on EPSC/EPSP than other calcium channel
types [16, 34]. Nevertheless, voltage-gated L-type calcium
channels are capable of sustaining longer-lasting depolar-
izations leading to decreased firing threshold, control re-
petitive firing, and influencing regenerative action potentials
[16]. Li et al. indicated that antinociceptive consequence of
AGAP might be due to its precise alteration of voltage-gated
ion channels of sensory neurons [16]. Payandeh et al. in-
dicated that VGSCs are present in excitable membranes and
partakes in essential roles in action potentials generation as
compared to the significant function of VGCCs [17].

4. Nerve Conduction and the Role of
AGAP in Pain

Studies have proven that nerve injury can trigger painful
hyperalgesia subsequent to allodynia [1, 35, 36]. Also,
sensitization of the peripheral nociceptor triggered by in-
flammation or injury manifests as hyperalgesia [1].
Hyperalgesia is an exaggerated pain reaction to a noxious
stimulus, while allodynia is the perception of a nonnoxious
stimulus as noxious [1, 37]. Furthermore, peripheral sen-
sitization facilitates the firing of small-diameter sensory
neurons that communicate information regarding noxious
stimuli to the dorsal horn of the spinal cord and augments
synaptic activities [36, 38]. This in turn triggers central

sensitization, a major cellular mechanism resulting in the
transformation of acute nociceptive injuries into chronic
pain [1].

Central sensitization is depicted with upsurges in the
excitability of neurons and augmentation of reactions to
nociceptive or/and nonnociceptive stimuli [1, 37]. Central
sensitization plays a crucial role in the pathogenesis of
chronic pain [39]. The initiation and continuance of central
sensitization are determined by maladaptive modifications
in the secretion, distribution, and action of ion channels,
receptors, and intracellular signal transduction pathways
[1, 39]. Central sensitization is also one of the principal
triggers of behavior hyperalgesia under pathologic condi-
tions [37, 39]. Liu et al. indicated that AGAP had a sturdy
inhibitory influence on both viscera and soma pain [4].

Mao et al. demonstrated that preintraplantar adminis-
tration AGAP inhibited inflammatory pain triggered by
formalin in a dose-dependent manner [5]. They indicated
that formalin-triggered inflammatory pain was associated
with the initiation of peripheral and spinal mitogen-acti-
vated protein kinases (MAPKs) both in Phase I and II [5].
Nevertheless, the above reaction was blocked by pretreat-
ment with AGAP. Thus, they concluded that pretreatment
with AGAP blocked the spinal Fos secretion triggered by
formalin. Their study also revealed that AGAP potentiated
the consequences of the inhibitors of MAPKs on inflam-
matory pain (Figure 1) [5].

Ruan et al. demonstrated that intrathecal administration
of AGAP both inhibited and reversed chronic constrictive
injury (CCI)-triggered by thermal hyperalgesia and me-
chanical allodynia [1]. They further indicated that triggering
CCI augmented secretion of p-MAPKs and spinal Fos which
was also inhibited or reversed by treated AGAP. Further-
more, AGAP relieved pain linked with formalin-triggered
inflammation and regulated formalin-related augmented
secretion of p-MAPK and spinal Fos (Figure 1). Thus, they
concluded that AGAP potentiates the effects of MAPK in-
hibitors on neuropathic and inflammation-associated pain

[1].

5. Mechanisms via Which BmK AGAP
Elicits Analgesia

Liu et al. indicated that intrathecal administration of AGAP
in a dose-determined manner reduced formalin-triggered
spontaneous nociceptive behaviors as well as spinal c-Fos
secretion in rats [40]. Ma et al. demonstrated that rAGAP
and its 12 mutants were notably dissimilar from the negative
control with respect to analgesic action [10]. They explained
that the region responsible for analgesic action was nu-
merous and mutants in disulfide bridges with partially
damaged sections still have a native-like structure. Never-
theless, they found out that the analgesic actions of the 12
mutants were lower than those of rAGAP, which suggested
that the existence of all disulfide bonds appeared to be es-
sential for the analgesic action of the rAGAP [10].

Also, two mutants in Cys22S, Cys46S, and Cysl6S,
Cys36S had relatively lower actions, which means that the
region of analgesic action was obviously disrupted [10].
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FIGURE 1: An illustration showing the inhibitory pathways via which AGAP elicited analgesia. AGAP is capable of resolving acute in-
flammatory pain and chronic constrictive injury via MAPS and Fos pathways in formalin.

Furthermore, the disulfide bond Cys16-Cys36 was associ-
ated with the long-loop of the f-strand II, while the bridge
Cys22-Cys46 was associated with the a-helix of the -strand
II. The B-strand II was linked to the -strand III to form a
Poaff motif comprising six key-chain hydrogen bonds
[10, 41]. Ma et al. indicated that, in Cys16-Cys36 and Cys22-
Cys46, the disulfide bonds were interrupted and the six key-
chain hydrogen bonds also fragmented leading to aug-
mented flexibility of the long-loop as well as -turn II [10].

Mutants in Cys26S and Cys22S had a substantial effect
on the analgesic action of AGAP. Also, amino acids Cys22
and Cys26 were detected in the a-helix which was associated
with the f-strand III to form the a/f3 skeleton [42]. This
framework was well-maintained in all the long-chain
scorpion toxins described in the literature [42]. Further-
more, in mutants Cys22S and Cys26S, the entire structure
may generate a major change, mainly in the analgesic region
leading to a decrease in analgesic action [42].

On the other hand, Cys46S preserved 99.46% mutational
action relatively, which indicated that the domain of anal-
gesic action was practically unbroken [10]. Moreover, it was
observed that, though the f-strand content of Cys36S
generated a relatively reduced analgesic activity, it preserved
90.36% relative analgesic action. Also, Cys36 sited in the
p-strand II may contribute to structural stability [10]. The
analgesic action of its replacement did not reduce tersely,
which means that the disulfide bonds played a crucial role in
its regulatory activity [10, 43]. Kampo et al. demonstrated
that AGAP had an analgesic activity which may be an ef-
fective therapeutic agent for pain management because of its

downregulation of PTX3 via NF-«B and Wnt/B-catenin
signaling pathway (Figure 1) [44]. Further studies are re-
quired in this direction.

6. Signing Pathways via Which BmK
AGAP Function

Studies have proven that modulation of MAPKs contributed
to distinctive nociceptive activities and peripheral central
sensitization triggered by distinctive noxious stimuli
[45-48]. MAPKSs, comprising p38, extracellular signal-reg-
ulated protein kinase (ERK), and Jun N-terminal kinase
(JNK), are a family of serine/threonine protein kinases that
transduce extracellular stimuli into intracellular posttrans-
lational and transcriptional reactions (Figure 1) [46, 47].
Ruan et al. found that MAPKs signaling facilitated the
function of AGAP via inhibiting neuropathic and inflam-
mation-associated pain [1]. Also, AGAP potentiated the
actions of MAPK inhibitors in regulating inflammation-
associated pain (Figure 1) [1].

AGAP was capable of downregulating the secretion of
phosphorylated p38 (p-p38), phosphorylated JNK (p-JNK),
and phosphorylated ERK 1/2 in vitro (Figure 1) [7]. Ruan
et al. demonstrated that intraplantar administration of
AGAP enhanced formalin-triggered impulsive nociceptive
behavior, followed by reduced secretion of peripheral as well
as spinal phosphorylated (p)-MAPKs [1]. Therefore, it was
likely that MAPKs, downregulatory effectors, contributed to
the modifying of spinal nociceptive activities associated with
AGAP [1]. Nevertheless, spinal ERK signaling was triggered
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via phosphorylation and phosphorylated ERK which hap-
pens to be a marker of pain behavior-related neuronal
sensitization [1, 49].

Fos protein secretory levels have been used as markers
for neuronal stimulation in the central nervous system
[5, 50]. It has extensively been used as a marker for the
practical mapping of neuronal circuits in reaction to nu-
merous described stimuli [50, 51]. There was a positive
correlation between the amount of Fos protein secretion and
the grade of sensitization triggered by nociceptive stimuli in
spinal cord neurons [5]. Studies have shown that prolong
triggering of the c-fiber-evoked firing of broad active col-
lection neurons in the spinal dorsal horn in reaction to
taming stimulation of afferent fibers was accompanied by the
frequency-dependent upsurge of c-fos-labeled cells in su-
perficial, intermediate, and a deep laminate of the dorsal
horn on the stimulated end [5, 50, 51]. Also, AGAP was
capable of inhibiting formalin-induced spinal c-Fos secre-
tion (Figure 1) [1, 5]. Mao et al. affirmed further that pre-
intraplantar administration of AGAP inhibited the secretion
of spinal Fos protein in the formalin pain model (Figure 1)
[5]. The reduced secretion of spinal Fos protein affirmed the
antinociceptive function of pretreatment with AGAP [5].

Studies have shown that -catenin was very crucial in
mediating the cross-regulation of NF-xB via the GSK- 33
pathway [52, 53]. Kampo et al. discovered that rAGAP
blocked pGSK-3f, GSK-3f, and B-catenin in vitro and in
vivo (Figure 2). They indicated that AGAP was capable of
reducing the secretion of p-p65/NF-«B, TNF-a, and PTX3 in
breast cancer cells (Figure 30 in [44]). They thus concluded
that AGAP mediated the downregulation of PTX3 via the
NF-«B signaling pathway. They further observed that re-
duced secretion of f-catenin, Oct4, Sox2, and Snaill and
augmentation in the secretion of E-cadherin by AGAP both
in vitro and in vivo were capable of decreasing breast cancer
cell stemness and epithelial-mesenchymal transition (Fig-
ure 2) [44]. Further signing studies are needed to establish a
link between AGAP and morphine and other pain receptors.

7. BmK AGAP and Apoptosis

Studies have demonstrated that p27 and PTEN/PI3K/Akt
pathways are crucial during cell cycle succession. On the
other hand, Bcl-2 family proteins modulate mitochondrial
membrane permeability and mitochondrial apoptosis
pathway [6, 54]. The Bcl-2 family proteins comprise anti-
apoptotic protein like Bcl-xl, Bcl-2, KSHV-Bcl-2, and Bcl-w
and proapoptotic proteins like Bax, Bad, and Bid [55]. Gu
et al. demonstrated that rAGAP was capable of influencing
apoptosis. They indicated that the secretion of cell apoptosis
associated proteins like Bcl-2, Bax, and PTEN/PI3K/Akt
pathway was crucial in the molecular mechanism of apo-
ptosis stimulation [6].

Also, AGAP was capable of triggering downregulation of
Bcl-2, upregulation of caspase-3, and reduced cell cycle
associated protein cyclin D in MCEF-7 cells and human
lymphoma cells [56]. Gu et al. demonstrated that rAGAP
upregulated the secretion of Bax and triggered the con-
current downregulation of Bcl-2, thus reducing the Bcl-2/

Bax proportion. Moreover, the PTEN/PI3K/Akt pathway
was also implicated in cell apoptosis succession [6]. They
indicated that rAGAP appreciably augmented secretion of
PTEN and reduced secretion of PI3K and phosphorylation
stimulation of Akt [6].

8. BmK AGAP and Cell Cycle

Cell cycle comprises the pre-DNA synthesis phase G1, DNA
synthesis phase (S), DNA postsynthetic phase G2, and the
phase of mitosis M. It was proven that cells are capable of
halting mitosis and moving from the G1 phase of the cell
cycle into GO phase which is usually a temporary stationary
phase [57]. Cell cycle arrest is the crucial mechanisms via
which antitumor medication elicits the function. Also, if the
cell cycle is inhibited at the G1 phase, the unlimited pro-
liferation of tumor cells would be modulated [58]. Gu et al.
demonstrated that rAGAP was capable of inhibiting the
adaptability of SW480 cells. They further indicated that
rAGAP triggers SW480 cell cycle arrest at the GO/G1 phase,
followed by a decrease in the S phase but no substantial
modification in the G2/M phase [6]. Thus, the cell cycle did
attain the G1/S restriction phase and was blocked from going
through the G1 to S phase [59, 60].

p27, a member of the CDK blocker family, is a tumor
suppressor gene that inhibits phosphorylation of the Rb
protein and accordingly blocks cell growth and proliferation
[6]. Studies have shown that the PI3K pathway played a
critical role during cell cycle progression. This pathway was
triggered in the G1/S transition leading to cell proliferation,
growth, and resistance to cancer therapy [61, 62]. Fur-
thermore, PTEN was a tumor suppressor gene regulated via
the PI3K/Akt pathway [63]. Studies have proven that p-Akt
phosphorylates proteins like NF«xB, mTOR, Bad, GSK-3p,
and MDM-2 leading to the augmentation of cell growth,
metabolism, survival, and proliferation once it was activated
[64, 65]. Moreover, the PTEN/PI3K/Akt pathway blocked
G1/S cell cycle progression and G2/M transition resulting in
defects in DNA damage checkpoint control when it was
constitutively activated [66].

Gu et al. demonstrated that rAGAP upregulated the se-
cretion of p27 and PTEN, while it downregulated PI3K and
p-Akt secretion. They established that rAGAP was capable of
increasing the quantity of p27 protein and blockade PI3K/Akt
signal transduction resulting in GO/G1 cell cycle arrest in
SW480 cells [6]. Zhao demonstrated that the cell cycle was
triggered by rAGAP in SHG-44 cell arrested in the G1 phase,
followed by a decrease in the S phase with no alteration in the
G2/M phase [7]. They further indicated that the cell cycle
from Gl to S phase was modulated via cyclin D/CDK4
(CDK®) or cyclin E/CDK2 multiplexes. Cyclin/CDK multi-
plexes intermediated RB phosphorylation in the late Gl
phase, and hyperphosphorylated RB triggered the secretion of
transcription factor E2F, leading to cell cycle progression to S
phase [7]. Also, the downregulation of p-AKT resulted in a
decreased secretion of CDK2 and CDKG6 leading to a decrease
in the protein levels of p-RB. Thus, this pathway was capable
of influencing cell cycle arrest in the G1 phase and blockade of
the proliferation of SHG-44 cells [7].
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FIGURE 2: An illustration showing the inhibitory and facilitatory pathways via which AGAP is decreasing breast cancer cell stemness and

epithelial-mesenchymal transition.

9. BmK AGAP and Cancer

Liu et al. indicated that AGAP has an antitumor effect
against E. ascites tumor and S-180 fibrosarcoma. They
turther indicated that AGAP was more effective for tumor
cells and less harmful for healthy cells than cyclophospha-
mide [4]. Additionally, rAGAP was capable of blocking the
proliferation of lymphoma and glioma [3]. Thus, rAGAP is a
promising antitumor therapy [3]. Hence, further studies are
needed in this direction. Also, comparative studies between
the antitumor potentials and already established anticancer
medications are warranted. Gu et al. indicated that the
intrinsic apoptotic pathway modulating the Bcl-2 family and
the PTEN/PI3K/Akt pathway was associated with rAGAP-
triggered SW480 colon cancer cell (CRC) apoptosis (Fig-
ure 3). Thus, rAGAP was a potential therapeutic agent for
CRC [6].

Zhao et al. demonstrated that AGAP downregulated the
protein secretion of p-AKT and p-Erkl/2 resulting in a
decrease in the protein concentrations of CDK2, CDKS6, and
p-RB, leading to GI1 cell cycle arrest (Figure 3) [7]. These
alterations resulted in the blockade of SHG-44 cells pro-
liferation. They further indicated that AGAP was capable of
blocking the proliferation and migration of SHG-44 cells
leading to suppressing of protein secretory levels of VEGF

and MMP-9 via downregulation of NF-kB and BCL-2 which
were modulated via the triggering of p-AKT, p-p38, and p-c-
Jun (Figure 3) [7]. They concluded that, when the con-
centrations of rAGAP were elevated, the protein levels of
NF-kB and BCL-2 in treated SHG-44 cells were gradually
downregulated via suppressing the protein secretory levels of
p-AKT, p-Erkl1/2, p-c-Jun, and p-p38 in a dose-dependent
manner [7]. Nevertheless, there was a decrease in the
concentration of VEGF and MMP-9 via the modulation of
NF-kB and BCL-2. Zhao et al. further revealed that the
migration of SHG-44 cells in a wound healing assay was
associated with Erk, p38, c-Jun, MAPK, and AKT pathway
(Figure 3). Thus, rAGAP was capable of blocking the pro-
liferation of SHG-44 cells via suppressing the modulation of
p-Erk1/2. They stressed in their experiments involving the
DNA ladder that rAGAP induced SHG-44 cells in a dose-
and time-dependent manner, but the DNA ladder did not
occur [7].

PTX3 was capable of triggering inflammation activities
as well as complement [67]. Also, PTX3 was capable of
recruiting leukocyte into inflamed tissues and clearance of
apoptotic cells [68]. Bonavita et al. demonstrated that PTX3
influences tumor associated inflammation and chemo-
resistance during breast cancer treatment [69]. Basile et al.
established that NF- B binding site, p65/NF-«B was
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functionally significant in PTX3 promoter such as TNF-a.
They indicated that the activities of NF-xB in TNF-«a were
essential for the molecular mechanisms vital for the modu-
lation of PTX3 [70]. Nevertheless, the secretion of PTX3 in
breast cancer was elevated and linked to stem-like structures,
epithelial-mesenchymal transition, migration, invasion, and
metastasis [71]. Kampo et al. demonstrated that AGAP
blocked cancer stemness and epithelial-mesenchymal tran-
sition via downregulating PTX3 secretion in breast cancer
[44]. They indicated that AGAP intermediated down-
regulation of PTX3 via NF-«B and Wnt/beta-catenin signaling
pathways. They concluded that AGAP had analgesic activity
which may be an effective therapeutic agent for cancer [44].

10. Conclusion

Our review points clearly to the fact that AGAP has analgesic
and antitumor potentials. AGAP had a sturdy inhibitory
influence on both viscera and soma pain. VGSCs are present
in excitable membranes and partake in essential roles in
action potentials generation as compared to the significant
function of VGCCs. AGAP potentiates the effects of MAPK
inhibitors on neuropathic and inflammation-associated
pain. AGAP has more affinity for tumor cells and has less
harmful effects on healthy cells. In cancers like colon cancer,
breast cancer, lymphoma, and glioma, rAGAP was capable
of blocking proliferation. Thus, AGAP is a promising an-
algesic and antitumor therapy for these tumors. Neverthe-
less, research is needed with other tumors.
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