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Abstract 

Context: Ageratum conyzoides L. and eggshell membrane have the potential to be used as medicine. The independent use of A. conyzoides extract or eggshell 

membrane hydrolysates independently as a natural medicine has been widely known, but the mixture of the two as an anti-inflammatory has not been 

studied. 

Aims: To evaluate both the in vivo and in vitro anti-inflammatory effects of A. conyzoides extract and eggshell membrane hydrolysates, independently and in 

combination. In silico testing was conducted to identify chemicals that have a key role in inflammation signaling pathways. 

Methods: The chronic anti-inflammatory effects of A. conyzoides extract and eggshell membrane hydrolysates were evaluated on cotton pellet-induced rats 

using diclofenac-Na as a control. In vitro anti-inflammatory effects were studied via protein denaturation, membrane stability, and antiprotease activity. 
Furthermore, molecular docking was performed on the p38-MAPK signaling pathway using compounds found in A. conyzoides extract and eggshell membrane 

hydrolysates. 

Results: A. conyzoides extract and eggshell membrane hydrolysates given separately or in combination can inhibit the formation of exudates and granulomas. 

Molecular docking simulations showed that the metabolites in the extract and hydrolysate interact with p38-MAPK. Nobiletin in the extract is the potential 

metabolite that interacts with the p38-MAPK receptor with a free energy of binding and inhibition constant of -8.92 kcal/mol and 260.80 nM. Amino acids in 

the hydrolysates showed weaker interactions compared to the compound in the extract.  

Conclusions: A. conyzoides extract and eggshell membrane hydrolysates work additively to inhibit the severity of chronic inflammation.  

Keywords: Ageratum conyzoides; anti-inflammatory; eggshell membrane hydrolysates; molecular docking; p38-MAPK. 

 

Resumen 

Contexto: El Ageratum conyzoides L. y la membrana de cáscara de huevo tienen potencial para ser utilizados como medicamentos. El uso independiente del 

extracto de A. conyzoides o de los hidrolizados de membrana de cáscara de huevo como medicina natural es ampliamente conocido, pero no se ha estudiado 

la mezcla de ambos como antiinflamatorio.  

Objetivos: Evaluar los efectos antiinflamatorios in vivo e in vitro del extracto de A. conyzoides y de los hidrolizados de membrana de cáscara de huevo, 

independientemente y en combinación. Se realizaron pruebas in silico para identificar sustancias químicas que desempeñan un papel clave en las vías de 

señalización de la inflamación. 

Métodos: Se evaluaron los efectos antiinflamatorios crónicos del extracto de A. conyzoides y de los hidrolizados de membrana de cáscara de huevo en ratas 

inducidas por gránulos de algodón, utilizando diclofenaco-Na como control. In vitro, los efectos antiinflamatorios se estudiaron mediante la 

desnaturalización de proteínas, la estabilidad de la membrana y la actividad antiproteasa. Además, se realizó un acoplamiento molecular de la vía de 

señalización p38-MAPK utilizando compuestos presentes en el extracto de A. conyzoides y en los hidrolizados de membrana de cáscara de huevo. 

Resultados: El extracto de A. conyzoides y los hidrolizados de membrana de cáscara de huevo administrados por separado o en combinación pueden inhibir la 

formación de exudados y granulomas. Las simulaciones de acoplamiento molecular mostraron que los metabolitos del extracto y el hidrolizado interactúan 

con p38-MAPK. La nobiletina del extracto es el metabolito potencial que interactúa con el receptor p38-MAPK con una energía libre de unión y una constante 

de inhibición de -8,92 kcal/mol y 260,80 nM. Los aminoácidos de los hidrolizados mostraron interacciones más débiles en comparación con el compuesto del 

extracto. 

Conclusiones: El extracto de A. conyzoides y los hidrolizados de membrana de cáscara de huevo actúan de forma aditiva para inhibir la gravedad de la 

inflamación crónica. 

Palabras Clave: acoplamiento molecular; Ageratum conyzoides; anti-inflamatorio; hidrolizados de membrana de cáscara de huevo; p38-MAPK. 
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Abbreviations: ACE: Ageratum conyzoides extract; BBB: Blood-brain barrier; CAM: Complementary and alternative medicine; ESM: Eggshell 
membrane; ESMH: Eggshell membrane hydrolysates; HBA: Hydrogen bond acceptor; HBD: Hydrogen bond donor; IFN: Interferon; IL: 
Interleukin; NE: Neutrophil elastase; NET: Neutrophil extracellular traps; NL: Native ligand; p38-MAPK: p38-Mitogen-activated protein 

kinase; PR3: Proteinase 3; TNF-: Tumor necrosis factor alpha. 

 

INTRODUCTION 

Currently, complementary and alternative medi-
cine (CAM) is an alternative to conventional medi-
cine. Ease of access to information regarding the effec-
tiveness, safety, and contraindications of CAM thera-
py can help patients choose the right method (Sharma 
et al., 2016). Adult patients utilize CAM to treat pain 
(back pain, neck discomfort, joint pain, arthritis), 
headaches, allergies, skin problems, and gastrointes-
tinal and cardiovascular disorders (Kemppainen et 
al., 2018). CAM treatments include herbal medicine, 
acupuncture, homeopathy, acupressure, aromathera-
py, chiropractic, and naturopathy (Clarke et al., 2015). 
Even though it is categorized as CAM, the use of nat-
ural products has contributed to the development of 
new drugs. Natural products contain many chemical 
compounds that have biological activity and have the 
potential to be developed as new lead compounds 
and scaffolds (Yuan et al., 2016). The most widely 
used CAMs are natural products, such as Ginkgo bi-
loba, chondroitin, garlic, flaxseed oil/pills, echinacea, 
fish oil/omega 3, glucosamine, ginseng, and mixtures 
of herbs (Wang et al., 2015).  

Ageratum conyzoides L. (Asteraceae) has served as a 
medicinal remedy for generations. Ethnopharmaco-
logical studies revealed its utilization in treating 
wounds and skin disorders, reducing fever, prevent-
ing flu and coughs, asthma and dyspnea, leprosy, and 
arthrosis, and also addressing sexual dysfunction and 
infertility disorders (Kotta et al., 2020; Paul et al., 
2022; Yadav et al., 2019). The compounds contained in 
A. conyzoides include 1,2-benzopyrone, quercetin, 
hyperoside, kaempferol, nobiletin, luteolin, apigenin, 
and eupalestin (Tambunan et al. 2017). Independent 
use of A. conyzoides extract and fractions showed anti-
inflammatory effects. Research on the anti-
inflammatory effects of A. conyzoides leaves and herbs 
using carrageenan induction shows that the extract is 
able to inhibit the formation of edema (Vigil de Mello 
et al., 2016; Vikasari et al., 2022). The administration 
of a hydroalcoholic extract of A. conyzoides leaves at 
doses of 250 and 500 mg/kg BW inhibited the prolif-
erative phase of inflammation. The extract can pre-
vent granuloma formation in animals caused by cot-
ton pellets and formaldehyde. No abnormalities were 
observed in biochemical and hematological parame-
ters during the 90-day safety assessment of the ex-
tract. There was no hepatotoxicity even though there 
was a 30.2% reduction in SGOT function at a dose of 
500 mg/kg BW (Moura et al., 2005). A. conyzoides can 

be used independently or mixed with extracts or oth-
er substances. It has been combined with, for instance, 
extract from Chromolaena odorata, Centella asiatica, and 
honey. Mixing extracts from A. conyzoides and C. odo-
rata at 10 mg/kg BW each possesses antioxidant 
properties and reduces blood glucose and cholesterol 
levels (Uhegbu et al., 2016). The gel containing a com-
bination of extracts of A. conyzoides, C. asiatica, and 
astaxanthin can speed healing in open wounds 
(Sukmawan et al., 2021). The usage of honey and A. 
conyzoides extract (ACE) together can strengthen the 
gastrointestinal mucosal cells' resistance to ethanol-
HCl mixture-induced irritation (Fathihah et al., 2005). 

Eggshells are a waste product with potential ap-
plications in medicine. The exterior layer of the egg-
shell, known as the eggshell membrane (ESM), is con-
structed out of fibrous fibers. The following substanc-
es are known to be present in ESM: hyaluronic acid, 
defensin, chondroitin sulfate, fibronectin, keratin, 
histones, and osteopontin (Shi et al., 2021). ESM can 
be used as a medication as ESM powder or hydroly-
sates (ESMH). Forms of ESM and ESMH used inde-
pendently are employed in medicine for a wide range 
of circumstances, such as cardiovascular disease 
(Moreno-Fernández et al., 2020), gastrointestinal dis-
orders (Jia et al., 2017), joint health (Wedekind et al., 
2017), anti-microbials (Li et al., 2019), skin and wound 
healing (Choi et al., 2021; Sim et al., 2023; Vuong et al., 
2018). Both preclinical and clinical evidence support 
the use of ESMH and ESM as anti-inflammatories. 
Preclinical in vitro experiments using lipopolysaccha-
ride-induced RAW264.7 cell revealed that ESMH is 
anti-collagenase, elastase active, and inhibits pro-
inflammatory cytokines (Lee et al., 2017; Yoo et al., 
2014). ESM is able to reduce the pro-inflammatory 
cytokines IL-1β, TNF-α, MCP-1, MIP-1α and β, 
RANTES, and VEGF after being used for seven days 
on test animals (Ruff and DeVore, 2014). Evidence 
from human clinical trials indicates that ESM/ESMH 
can reduce stiffness and cartilage turnover (Ruff et al., 
2018), as well as decrease pain (Kiers and Bult, 2021), 
and enhance joint function in people with osteoarthri-
tis (Cánovas et al., 2022). It is still uncommon to find 
ESM mixed with extracts, and its use is still restricted 
when evaluating its antibacterial properties. Antioxi-
dant and antibacterial benefits of ESM are enhanced 
when used in conjunction with extracts of Thymus 
vulgaris and Origanum vulgare (Webb et al., 2022), as 
well as when integrated with olive leaf extract (Bay-
raktar et al., 2021). 
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One of the challenges in developing natural prod-
ucts into modern medicines is the identification of key 
chemical compounds and their corresponding targets 
of action (Thomford et al., 2018). Computational ap-
proaches to receptor-ligand interactions are required 
to provide insight into the binding mechanism, affini-
ty, and possible therapeutic impact of natural product 
molecules on protein targets (Tian et al., 2015). The in 
silico approach can be used to understand cell com-
munication through the signal transduction process 
(Lindvall et al., 2003). A class of kinases known as 
mitogen-activated protein kinase (MAPK) is engaged 
in both intracellular and extracellular signal transduc-
tion pathways. The MAPK pathway is divided into 
three sections: extracellular signal-regulated protein 
kinase (ERK), c-JUN N-terminal kinase/stress-
activated protein kinase (JNK/SAPK), and p-38 ki-
nase (p38-MAPK) (Kim and Choi, 2015). However, no 
in silico studies have been found regarding the A. 
conyzoides and ESMH compounds in the MAPK 
pathway, especially p38-MAPK. 

The use of a combination or mixture of natural 
products has several advantages, including reducing 
the effective dose for single use, providing a synergis-
tic effect on several work targets, and reducing the 
risk of resistance (Sun et al., 2022).The use of a combi-
nation of natural products (plants or botanical prepa-
rations) is expected to reduce adverse effects and 
provide advantages through additive pharmacokinet-
ic and pharmacodynamic interactions (Caesar and 
Cech, 2019). As mentioned above, the combined use 
of ACE and/or ESMH with other natural products is 
very limited. ACE and ESM/ESMH each have anti-
inflammatory properties, but no research has been 
found on the combination of the two as an anti-
inflammatory. Anti-inflammatory drugs are often 
used in various diseases, for example, cardiovascular 
disorders, arthritis, asthma, diabetes, and central 
nervous system disorders (Laveti et al., 2013). There-
fore, it is necessary to study the potential of a mixture 
of babadotan and ESM/ESMH as an anti-
inflammatory. Thus, this study aims to examine the 
anti-inflammatory effects of an ethanol extract of A. 
conyzoides leaves combined with ESMH in an animal 
model of sub-acute inflammation induced by cotton 
pellets. The combined usage of ACE and ESMH are 
expected to provide better effects compared to their 
individual application, while additionally targeting 
multiple pathways. The next step of this study was a 
computational approach to receptor-ligand interac-
tions between A. conyzoides and ESMH compounds on 
p38-MAPK targets. By bridging the gap between tra-
ditional medicinal knowledge and modern computa-
tional methodologies, this study contributes to the 
ongoing quest for effective, natural-based treatments 

for inflammation, offering a foundation for further 
experimental validation and drug discovery efforts.  

MATERIAL AND METHODS 

Materials and reagents 

The Ageratum conyzoides leaves for this study were 
collected from Pancoran village, Bondowoso, East 
Java (GPS 7° 57’ 35.78”S 113° 48’ 14.44” E). Determina-
tion of the test material was conducted at the School 
of Life Sciences and Technology, Bandung Institute of 
Technology, with specimen number 118/IT1.C11.2/ 
TA.00/2023. 

The eggshell membrane (ESM) was obtained from 
the food industry in Bandung, West Java (GPS 6° 53' 
55.55"S 107° 36' 28.52"E). Evaluation of the test mate-
rial was conducted at the School of Life Sciences and 
Technology, Bandung Institute of Technology. The 
reagents used were bovine serum albumin (Sigma 
Aldrich®), phosphate buffer pH 6.4 (Merck®), and 
sodium diclofenac (Kimia Farma). 

Preparation of Ageratum conyzoides extract and 
eggshell membrane hydrolysates 

After being collected, the A. conyzoides leaves and 
ESM were cleaned and allowed to dry. The leaves and 
ESM shrunk in size after drying. The A. conyzoides leaf 
extract was prepared under reflux using 50% ethanol 
as a solvent. Extraction was performed three times. 
The resultant liquid extract was concentrated using a 
rotary evaporator to obtain a concentrated extract 
with a constant weight (Vikasari et al., 2022). The 
eggshell membrane was dissolved in 40% ethanol, 
and 2 N NaOH was used to obtain a pH of 12. After 
that, the mixture was agitated at 250 rpm for two 
hours at 60°C. After filtration, acetic acid was added 
up to neutral pH. The filtrates were then dried until 
the weight remained constant (Vikasari et al., 2024).  

Chronic anti-inflammatory using cotton pellet 
induction 

Chronic anti-inflammatory assessment was con-
ducted using cotton pellet induction. The assessment 
was conducted according to institutional ethical ap-
proval 8025/KEP-UNJANI/I/2021. The Wistar rats 
(male, weight 165-190 g) were procured from the An-
imal Laboratory of the Centre for Biosciences and 
Biogenetics, Institut Teknologi Bandung. The animals 
were adapted for one week and 18 hours before the 
experiment, the animals were fasted and still given 
water ad libitum. Animals were placed in a room with 
a 12:12-h light:dark cycle and at a room temperature 
of 25-28°C. 
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This experimental research was a randomized 
block design with multiple independent variables. 
The research was divided into a control group and an 
experimental group. The doses of A. conyzoides extract 
(ACE) and eggshell membrane hydrolysates (ESMH) 
in the experimental group were obtained from previ-
ous research. Acute anti-inflammatory tests in ani-
mals induced by carrageenan showed ESMH at dos-
ages of 22.5, 45, and 90 mg/kg BW (Vikasari et al., 
2024) and ACE at dosages of 45 and 90 mg/kg BW 
(Vikasari et al., 2022) were able to inhibit inflamma-
tion and equivalent to the comparison of diclofenac 
sodium. 

The chronic anti-inflammatory experiment was 
conducted on eight groups, namely (1) control, (2) 
diclofenac sodium 2.25 mg/kg BW, (3) ESMH at 22.5 
mg/kg BW, (4) ACE at 45 mg/kg BW, (5) Mixture C1 
(ACE 45 mg/kg BW and ESMH 22.5 mg/kg BW), (6) 
Mixture C2 (ACE 11.25 mg/kg BW and ESMH 16.875 
mg/kg BW), (7) Mixture C3 (ACE 22.5 mg/kg BW 
and ESMH 11.25 mg/kg BW), and (8) Mixture C4 
(ACE 33.75 mg/kg BW and ESMH 5.625 mg/kg BW). 

Aseptic procedures were followed during the ex-
periment, and the cotton pellets (±50 mg) were auto-
clave-sterilized for 30 minutes at 120°C. Ketamine (0.5 
mL/kg BW i.m.) was used to anesthetize the animals. 
Then, the fur on the animal’s back was cleaned and 
the animal was induced with sterile cotton pellets via 
s.c. After being induced, each test animal received 
preparations according to the group (p.o.) for seven 
days. On the 8th day, the animals were checked for 
hematological profiles using a hematology analyzer 
(Melet Schloessing ®). Then, they were anesthetized 
and dissected to remove cotton pellets and granuloma 
tissue, and the wet pellets obtained were weighed. 
After that, the wet pellets were dried for 24 hours at a 
temperature of ±60°C, and the dry pellets were 
weighed. Then, the weight of the exudate and granu-
loma was calculated, as well as the percent inhibition 
of exudate and granuloma, using equations [1] and [2] 
(Rafiyan et al., 2023). 

Exudate inhibition  % =  1 −  
Exudate in treated group

Exudate in control
 ×  100% 1 

 
[1] 

Granuloma inhibition  % =  1 −
Granuloma in treated group

Granuloma in control
 × 100% 1 

 
[2] 

In vitro anti-inflammatory assay 

In vitro anti-inflammatory assays were conducted 
to assess protein denaturation inhibition and anti-
proteinase activity.  

Protein denaturation inhibition 

A total of 20 µL of the sample (water/diclofenac-
Na/ACE/ESMH) was mixed with 200 µL 1% bovine 

serum albumin (BSA) and 4.78 mL of phosphate buff-
er saline pH 6.4. The mixture was incubated at 37°C 
for 15 minutes. After that, it was heated for five 
minutes at 70°C. After cooling under running water, 
the absorbance was measured at 660 nm in spectro-
photometer UV-Vis (Shimadzu 1800, Shimadzu, Ja-
pan). The tests were performed in triplicate. The per-
centage inhibition of protein denaturation was then 
calculated using equation [3]. From the data obtained, 
the IC50 value was determined using linear regression 
(Gunathilake et al., 2018; Kamala Lakshmi and 
Valarmathi, 2020). 

Protein denaturation inhibition  % =  1 −  
Absorbance in treated group

Absorbance in control
 ×  100% 1 

 
[3] 

Anti-proteinase activity 

A total of 1 mL of the sample (water/diclofenac-
Na/ACE/ESMH) was combined with 2 mL of 3% 
trypsin and 1 mL of 20 mM Tris HCl buffer (pH 7.4). 
The mixture was then incubated for five minutes at 
37°C. After that, 1 mL of 0.8% casein was added and 
incubated for another 20 minutes. To stop the reac-
tion, 2 mL of 70% perchloric acid was added. The 
mixture was then centrifuged for ten minutes at 3000 
rpm. The absorbance was then measured at 210 nm in 
spectrophotometer UV-Vis (Shimadzu 1800, Shimad-
zu, Japan). The tests were performed in triplicate, and 
the percentage of anti-proteinase activity was calcu-
lated using equation [4]. From the data obtained, the 
IC50 value was determined using linear regression 
(Gunathilake et al., 2018). 

Antiproteinase activity  % =  1 −  
Absorbance in treated group

Absorbance in control
 ×  100% 1 

 
[4] 

Membrane stabilization assay  

The membrane stabilization test was performed 
using heat induction and hypotonic fluid (Kamala 
Lakshmi and Valarmathi, 2020). The blood was ob-
tained from the Indonesian Red Cross in Bandung, 
Indonesia. The blood was then centrifuged at 3000 
rpm for 10 minutes before being rinsed three times 
with 0.9% NaCl. The erythrocyte suspension obtained 
was reconstituted into 10% with 0.9% NaCl. 

Heat-induced hemolysis  

A total of 1 mL of the sample (water/diclofenac-
Na/ACE/ESMH) was mixed with 1 mL of 10% eryth-
rocyte suspension. The mixture was incubated for 30 
minutes at 56°C in a water bath. Running water was 
used to cool the material after incubation. The mix-
ture was centrifuged for five minutes at 2500 rpm, 
and the absorbance was determined at a wavelength 
of 560 nm in spectrophotometer UV-Vis (Shimadzu 
1800, Shimadzu, Japan). The tests were performed in 
triplicate, and the percentage of hemolysis inhibition 
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was calculated using equation [5]. From the data ob-
tained, the IC50 value was determined using linear 
regression (Gunathilake et al., 2018; Kamala Lakshmi 
and Valarmathi, 2020). 

Hemolysis inhibition  % =  1 −  
Absorbance in treated group

Absorbance in control
 ×  100% 1 

 
[5] 

Hypotonicity induced hemolysis  

A total of 1 mL of the sample (water/diclofenac-
Na/ACE/ESMH) was mixed with 1 mL of 10% eryth-
rocyte suspension and 2 mL of hyposaline. The mix-
ture was incubated for 30 minutes at 37°C in a water 
bath. After that, the mixture was centrifuged for 20 
minutes at 3000 rpm, and the supernatant was meas-
ured at a wavelength of 560 nm in spectrophotometer 
UV-Vis (Shimadzu 1800, Shimadzu, Japan). The tests 
were performed in triplicate, and the percentage of 
hemolysis inhibition was calculated (equation [6]). 
From the data obtained, the IC50 value was deter-
mined using linear regression (Kamala Lakshmi and 
Valarmathi, 2020). 

Hemolysis inhibition  % =  1 −  
OD in treated group

OD in control
 ×  100% 1 

 
[6] 

In silico analysis of drug-like properties, 
pharmacokinetic profile and toxicity prediction, and 
molecular docking simulation 

Analysis of drug-like properties, pharmacokinetic profile, 
and toxicity prediction  

Analysis of drug-like properties of compounds in 
ACE and ESMH was carried out based on Lipinski's 
rule of five, which states that a compound has proper-
ties similar to drugs if the molecular weight (MW) of 
the compound is less than 500 Daltons, the partition 
coefficient value log P is less than 5, the number of 
hydrogen bond donors (HBD) is less than 5, and the 
number of hydrogen bond acceptors (HBA) is less 
than 10. This analysis is carried out mainly for com-
pounds that are used orally (Lipinski, 2004). Predic-
tion of the compound's pharmacokinetic profile was 
evaluated through absorption, distribution, metabo-
lism, and excretion (ADME), and toxicity predictions 
were also carried out. The compound from ACE and 
ESMH were obtained from previous research data 
(Jain and Anal, 2017; Tambunan et al., 2017), and the 
structure was created in 3D SDF or MOL2 format 
(Asnawi et al., 2023). The existing 3D SDF ligand 
structure was converted into canonical SMILES (sim-
ple molecular-input line-entry system) format. The 
SwissADME (http://www.swissadme.ch) was em-
ployed to conduct an analysis of drug similarity 
properties. pkCSM 
(https://biosig.unimelb.edu.au/pkcsm) was utilized 
to predict the ADMET profile (absorption, distribu-

tion, metabolism, and excretion), while ProTox-3.0 
(https://comptox.charite.de/protox3) was employed 
to predict toxicity. 

Molecular docking simulation 

Molecular docking simulation of ACE and ESMH 
compounds from previous research data (Jain and 
Anal, 2017; Tambunan et al., 2017) was carried out 
against the inflammatory pathway target (p38- 
MAPK) using Autodock Wizard in PyRx. The struc-
ture compound was created in 3D SDF or MOL2 for-
mat, which was then converted to PDBQT format 
using PyRx (Asnawi et al., 2023). Target proteins p38-
MAPK (PDB ID 3NEW) were obtained from the RCSB 
Protein Data Bank (Schnieders et al., 2012). Structural 
issues were checked and corrected using molecular 
visualization tools using Discovery Studio Visualizer. 
The docking grid box that encompassed the active site 
of each target protein was defined, thoroughly cover-
ing the binding pocket for accurate ligand docking. 
Lamarckian genetic algorithm (GA) was chosen as the 
docking algorithm (Fuhrmann et al., 2010). Autodock 
simulations were run for each ligand-protein pair, 
allowing the ligand to explore the binding site and 
find energetically favorable conformations. The pro-
gress of the simulations was monitored, with an anal-
ysis of cluster structures used to evaluate both con-
vergence and ligand flexibility. Docking results were 
validated by comparing them with known binding 
modes of reference ligands or experimental data. 
Analysis was performed to identify ligands with the 
most favorable binding affinities and interactions 
across all target proteins.  

Statistical analysis 

All of the information on chronic anti-
inflammatory assessment is displayed in the form of 
the mean, along with the standard error of the mean. 
Statistical analysis with one way analysis of variance 
(ANOVA) followed by Fisher’s LSD post hoc. The 
p<0.05 indicates significance. In vitro anti-
inflammatory data are presented in the form of single 
data. The IC50 value was obtained from linear regres-
sion analysis. All statistical analysis was done using 
GraphPad Prism 8.0.2. Data analysis of drug-like 
properties and ADMET prediction is presented in 
tabular form, while plots and tables were generated to 
present the docking results comprehensively. 

RESULTS  

Chronic anti-inflammatory using cotton pellet 
induction 

In inflammation, endothelial cells will experience 
vasodilation, causing an increase in blood volume in 
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the inflamed area. Congestion will also increase hy-
drostatic pressure so that plasma fluid is pushed out 
of the tissue (transudate), causing edema in the tissue 
(Serhan et al., 2019). In chronic inflammation, macro-
phages will continue to work, especially removing 
food waste and dead neutrophils, and often form 
characteristic formations around pathogens or foreign 
objects that cause inflammation, called granulomas 
(Ganesan et al., 2022). The weight of exudate and 
granuloma in the chronic inflammation assay is ob-
served in Table 1. An increase in the weight of exu-
date and granuloma indicates chronic inflammation. 
When compared to the control group, the administra-
tion of ACE and ESMH separately and their mixture 
was able to suppress the formation of exudate and 
granulomas (p<0.05). On separate use, ESMH pro-
vides an inhibitory effect on exudate and granuloma 
formation 1.75 times better than the separate use of 
ACE. The four mixtures of ACE and ESMH provide 
anti-inflammatory effects, with the order from highest 
to lowest effects being C1>C4>C3>C2. 

Numerous blood cells and proteins, as well as 
those found in blood vessels and connective tissue, 
are involved in the inflammatory process. Some of the 
cells involved include neutrophils, lymphocytes, ba-
sophils, mast cells, monocytes, macrophages, and 
platelets (Pober and Sessa, 2015). At the end of the 
anti-inflammatory assessment, the administration of 
diclofenac-Na decreased all of the hematological pa-
rameters when compared to the controls. Administra-
tion of ACE or ESMH separately may cause a de-
crease in leucocytes, lymphocytes, mid-sized cells, 
and granulocyte counts when compared with the 

control group. Furthermore, ACE or ESMH can in-
crease platelet counts compared to the control group. 
The mixtures of ACE and ESMH (C1, C2, and C3) 
almost give a similar effect to diclofenac. They could 
decrease all of the hematological parameters when 
compared to the controls (Table 2). 

In vitro anti-inflammation assay 

In vitro studies have been conducted to examine 
the mechanism of the anti-inflammatory effect, in-
cluding the ability to inhibit protease inhibitors, 
membrane stability, and protein denaturation (Fig. 1). 
The calculation of the IC50 value is based on the per-
centage of inhibition. Fig. 1A reveals that ACE and 
ESMH concentrations of 20-100 µg/mL can inhibit 
protein denaturation by 25-70%, with an IC50 value 
<100 µg/mL. This suggests a capacity to inhibit pro-
tein denaturation, although less potent than diclo-
fenac-Na. The antiprotease activity of ACE (40-180 
µg/mL) and ESMH (40-320 µg/mL) within a 15-70% 
range is shown in Fig. 1B. Although both ACE and 
ESMH showed moderate antiprotease activity, ACE 
showed a greater antiprotease activity than ESMH. 
Fig.1C and Fig. 1D demonstrate how ACE and ESMH 
can stabilize membranes; Fig. 1C shows heat-induced, 
whereas Fig. 1D explains hypotonic-induced. In Fig. 
1C, ACE and ESMH exhibit at doses ranging from 2.5 
to 40 µg/mL were able to stabilize heat-induced 
membranes by 25-60%. According to Fig. 1D, heat-
induced membranes could be stabilized in the 35-70% 
range by using ACE and ESMH at concentrations of 
4-80 µg/mL. 

 
 

Table 1. Effects of A. conyzoides, eggshell membrane hydrolysates, and their combination on cotton pellet-induced granuloma in rats. 

Group  
Exudate weight  

(mg) 

Exudate inhibition  

(%) 

Granuloma weight  

(mg) 

Granuloma inhibition  

(%) 

Control 331.36 ± 50.58 -  277.36 ± 47.44 -  

Diclofenac-Na 153.14 ± 17.92* 53.78 102.34 ± 14.70* 63.10 

ACE 212.10 ± 8.60* 35.99 163.70 ± 10.77* 40.98 

ESMH 128.68 ± 18.23* 61.17 79.08 ± 16.47* 71.49 

Mixture C1  157.84 ± 37.06* 52.37 107.04 ± 41.19* 61.41 

Mixture C2 248.98 ± 27.07* 24.86 203.78 ± 27.97* 26.53 

Mixture C3 231.72 ± 8.29* 30.07 182.52 ± 8.97* 34.19 

Mixture C4 170.56 ± 14.52* 48.53 120.56 ± 19.99* 56.53 

Data are expressed as mean ± SEM or SD (n = 5). Statistical analysis using ANOVA followed by Fisher’s LSD post hoc. *p<0.05 statistically significant difference 

compared to the control group. 
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Figure 1. In vitro anti-inflammatory effect.  

(A) Effect on protein denaturation; (B) Effect on anti-proteinase activity; (C) Effect on heat-induced hemolysis; (D) Effect on hypotonic-

induced hemolysis. Data are expressed as mean ± SEM of the triplicate test. 

 
In silico analysis of drug-like properties, 
pharmacokinetic profile and toxicity prediction, and 
molecular docking simulation 

An orally active drug-like compound should not 
have more than one violation of the following criteria 
as stated by Lipinski's rule (Lipinski, 2004). An as-
sessment of drug similarity was performed using the 
SwissADME web-based tool. SwissADME allows 
beneficial access to a database of robust and rapid 
predictive models for physicochemical properties, 
pharmacokinetics, drug-likeness, and medicinal 
chemistry friendliness (Daina et al., 2017). The results 
of the drug similarity analysis (Table 3) show that all 
the amino acids in ESMH and several compound con-
tents in ACE (monohydroxy-penta-methoxy-flavone, 
nobiletin, eupalestin, luteolin, kaempferol-7-O-
rhamnopyranoside, and apigenin) meet the require-
ments Lipinski's rule. Quercetin-3-glucoside, hyper-
oside, astragaline, and luteolin-7-O-glucuronide do 
not meet the requirements of HBA and HBD parame-
ters, whereas quercetin-3-O-rutinoside does not meet 
the requirements for HBA, HBD, and MW parame-
ters. The compound has a value greater than required: 
BM > 500 daltons, HBA > 10, and HBD > 5. Based on 

the results of this analysis, it can be stated that all the 
amino acids in ESMH and several compounds in ACE 
(monohydroxy-penta-methoxy-flavone, nobiletin, 
eupalestin, luteolin, kaempferol-7-O-rhamnopyra-
noside, and apigenin) have similar properties to 
drugs. 

pkCSM is a computational approach that can be 
used to predict the pharmacokinetic profile of a small-
molecule and its toxicity properties using graph-
based signatures. Pharmacokinetic parameters in-
clude absorption, distribution, metabolism, and excre-
tion (Pires et al., 2015).  

Absorption is predicted by calculating the Caco2 
permeability, intestinal absorption, and skin permea-
bility. Caco2 permeability and intestinal absorption 
are assessed during the oral administration of the 
drug, while skin permeability is evaluated in the case 
of topical/transdermal administration. The Caco-2 
permeability coefficient value is utilized to predict the 
absorption of orally administered pharmaceuticals 
using an in vitro model of the human intestinal muco-
sa (Adianingsih et al., 2022; AL Azzam, 2023).  
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Table 2. Effect of A conyzoides, eggshell membrane hydrolysates and their combination on hematological profile on cotton pellet induced 

granuloma in rats. 

Groups  WBC LYM MID GRA RBC HGB PLT 

Control 47.96 ± 2.71 23.29 ± 2.49 10.36 ± 0.94 14.55 ± 3.00 8.02 ± 0.74 125.60 ± 7.83 567.40 ± 73.44 

Diclofenac-Na 35.11 ± 2.95 14.93 ± 3.67* 6.37 ± 1.94 7.75 ± 1.22 7.83 ± 1.07 119.40 ± 19.72 454.00 ± 28.42 

ACE 41.18 ± 9.91 21.89 ± 5.79 8.38 ± 1.85 10.91 ± 3.11 8.07 ± 0.96 122.60 ± 16.50 673.60 ± 46.01 

ESMH 35.83 ± 2.76 20.21 ± 2.89 7.69 ± 0.48 7.94 ± 0.79 8.48 ± 0.26 127.60 ± 5.73 956.20 ± 85.07 

Mixture C1 45.40 ± 3.99 22.57 ± 2.24 9.48 ± 1.07 14.21 ± 1.50 7.64 ± 0.39 119.40 ± 6.95 496.20 ± 97.10 

Mixture C2 44.18 ± 4.61 23.69 ± 1.71 8.11 ± 0.97 12.30 ± 2.19 7.57 ± 0.41 118.60 ± 10.19 446.00 ± 30.43* 

Mixture C3 42.84 ± 15.77 23.38 ± 9.20 7.82 ± 2.03 11.59 ± 4.95 6.99 ± 1.72* 114.60 ± 25.10 447.40 ± 92.95* 

Mixture C4 44.25 ± 4.21 23.47 ± 3.67 9.14 ± 1.30 12.34 ± 1.42 8.03 ± 0.59 124.60 ± 7.64 629.40 ± 73.37 

Data are expressed as mean ± SEM (n = 5). Statistical analysis using ANOVA followed by Fisher’s LSD post hoc. *p<0.05 statist ically significant difference compared 

to the control group. WBC: White blood cell; LYM: Lymphocyte; MID: Mid-sized cell; GRA: Granulocyte; RBC: Red blood cell; HGB: Hemoglobin; PLT: Platelet. 

 
A drug tends to be easily absorbed in the gastroin-

testinal tract if the Caco-2 permeability coefficient (log 
Papp) value is more than 0.90 cm/s and intestinal 
absorption is high. Meanwhile, drugs are more effec-
tive given topically/transdermally if the skin perme-
ability value (log Kp) is more than -2.5 cm/hour (Ad-
ianingsih et al., 2022; AL Azzam, 2023). The findings 
of the analysis, as presented in Table 4, indicate that 
diclofenac-sodium, several amino acids in ESMH 
(glycine, alanine, methionine, and proline), and sev-
eral compounds in ACE (nobiletin, eupalestin, luteo-
lin, quercetin-3-O-rutinoside, and apigenin) present 
good intestinal absorption and/or Caco-2 permeabil-
ity coefficient. All amino acids in ESMH and com-
pounds in ACE show skin permeability (log Kp) of 
more than -2.5 cm/hour. They are expected to have 
high skin penetration.  

Predictions of distribution are derived through 
analysis of the blood-brain barrier (BBB) permeability 
and VDss values. VDss is the theoretical volume of 
the total dose of the drug, which must be distributed 
evenly to provide the same concentration as in blood 
plasma. Distribution is considered high if VDss > 0.45. 
A drug's capacity to traverse the BBB is crucial for 
minimizing adverse effects and toxicity, as well as 
enhancing the pharmacological activity of the drug. 
BBB was measured experimentally. A logBB value 
greater than 0.3 indicates that a compound can easily 
traverse the blood-brain barrier (Adianingsih et al., 
2022; AL Azzam, 2023). According to the results pre-
sented in Table 4, multiple compounds in ACE (quer-
cetin-3-glucoside, hyperoside, astragaline, 
kaempferol-7-O-rhamnopyranoside, luteolin, querce-
tin-3-O-rutinoside, luteolin-7-O-glucuronide, and 
apigenin) distributed relatively fairly throughout the 
plasma. The amino acids in ESMH (except valine) and 
all compounds in ACE are unable to penetrate the 
BBB. Following distribution, the drug is metabolized. 

CYP450 is involved in the liver and intestines' metab-
olism of drugs and xenobiotics (Adianingsih et al., 
2022; AL Azzam, 2023).  

According to the analysis results (Table 4), several 
substances in ACE (monohydroxy-penta-methoxy-
flavone, nobiletin, and eupalestin) influence metabo-
lism by inhibiting CYP450. The excretion profile is 
observed on the total clearance and OCT2 (organic 
cation transporter 2) substrates. Drug clearance is 
calculated as the sum of hepatic clearance (metabo-
lism in the liver and bile ducts) and renal clearance. 
Renal OCT2 substrate is a reuptake transporter that 
has an important role in the disposition and clearance 
of drugs and renal endogenous compounds (Ad-
ianingsih et al., 2022; AL Azzam, 2023). According to 
the data presented in Table 4, a number of the amino 
acids in ESMH (trypthophan, proline, and histidine) 
and the compounds in ACE (monohydroxy-penta-
methoxy-flavone, nobiletin, and eupalestin) have a 
total clearance greater than 0.5. Furthermore, none of 
the compounds in ACE are OCT2 substrates. 

ProTox-3.0 is a web server dedicated to the predic-
tive toxicity of small molecules. This computational 
approach predicts various potential toxicities in or-
gans (hepatotoxic, carcinogenic, mutagenic, and cyto-
toxic), the LD50 value, and toxicity class. LD50 is the 
dose (in mg/kg BW) that can cause death in 50% of 
test animals within a certain time period. Class toxici-
ty predictions show that the smaller the class indicat-
ed, the greater the predicted toxicity, and vice versa. 
The larger the class indicated, the safer the compound 
(Banerjee et al., 2018). The analysis results (Table 5) 
show that the compounds predicted to be hepatotoxic 
are eupalestin and diclofenac. The compounds in 
ACE that are predicted to be carcinogenic are 
kaempferol-7-O-rhamnopyranoside, luteolin, and 
luteolin-7-O-glucuronide. Compounds predicted to 
have mutagenicity are luteolin, lysine, and cysteine. 
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Table 3. Analysis of drug-like properties of Ageratum conyzoides metabolite and eggshell membrane hydrolysates using SwissADME. 

No. Metabolite* Formula MW HBA HBD TPSA Log P Violations 
 

Native ligand Compound 10 C20H23N7O7 473.44 8 7 219.84 -0.93 2 
 

Diclofenac C14H11Cl2NO2 296.15 2 2 49.33 0.17 0 
 

Ageratum conyzoides extract 

       

1. Quercetin-3-glucoside C21H20O12 464.38 12 8 210.51 -0.48 2 

2. Hyperoside C21H20O12 464.38 12 8 10.51 -0.38 2 

3. Monohydroxy-penta-methoxy-flavone C20H20O7 372.37 7 0 76.36 3.02 0 

4. Astragaline / kaempferol 3-O-glucoside C21H20O11 448.34 11 7 190.28 -0.09 2 

5. Nobiletin C21H22O8 402.39 8 0 85.59 3.02 0 

6. Kaempferol-7-O-rhamnopyranoside C21H20O10 432.38 10 6 170.05 0.04 1 

7. Eupalestin C21H20O9 416.38 9 0 94.82 0.14 0 

8. Luteolin C15H10O6 286.24 6 4 111.13 0.09 0 

9. Quercetin-3-O-rutinoside 

 

610.52 16 10 240.90 -1.69 3 

10. Luteolin-7-O-glucuronide C21H18O12 462.36 12 7 207.35 -0.06 2 

11. Apigenin C15H10O5 370.24 5 3 90.90 2.11 0 
 

Eggshell membrane hydrolysate 

       

12. Glycine (Gly) C2H5NO2 75.07 3 2 63.32 -1.69 0 

13. Alanine (Ala) C3H7NO2 89.09 3 2 63.32 -1.46 0 

14. Arginine (Arg) C6H14N4O2 174.20 4 4 127.72 -2.08 0 

15. Glutamic acid (Glu) C5H9NO4 147.13 5 3 100.62 -1.68 0 

16. Aspartic acid (Asp) C4H7NO4 133.1 5 3 100.62 -2.05 0 

17. Phenylalanine (Phe) C9H11NO2 165.19 3 2 63.32 -0.01 0 

18. Histidine (His) C6H9N3O2 155.15 4 3 92.00 -1.54 0 

19. Isoleucine (Ile) C6H13NO2 131.17 3 2 63.32 -0.40 0 

20. Leucine (Leu) C6H13NO2 131.17 3 2 63.32 -0.38 0 

21. Lysine (Lys) C6H14N2O2 146.19 4 3 89.34 -1.19 0 

22. Methionine (Met) C5H11NO2S 149.21 3 2 88.62 -0.58 0 

23. Proline (Pro) C5H9NO2 115.13 3 2 49.33 -0.92 0 

24. Serine (Ser) C3H7NO3 105.09 4 3 83.55 -1.97 0 

25. Cysteine (Cys) C3H7NO2S 121.16 3 2 102.12 -1.31 0 

26. Threonine (Thr) C4H9NO3 119.12 4 3 83.55 -1.67 0 

27. Tyrosine (Tyr) C9H11NO3 181.19 4 3 83.55 -0.49 0 

28. Tryptophan (Trp) C11H12N2O2 204.23 3 3 79.11 0.17 0 

29. Valine (Val) C5H11NO2 117.15 3 2 63.32 -0.78 0 

MW: Molecular weight; HBA: Hydrogen bond acceptors; HBD: Hydrogen bond donors; TPSA: Topological polar surface area; P: Partition coefficient. *The 

characterization data of these metabolites were extracted from Jain and Anal (2017) and Tambunan et al. (2017) and analyzed by mean of 

http://www.swissadme.ch/ 

 

There are no amino acids in ESMH and no cytotox-
ic compounds in ACE. LD50 values for all amino acids 
in ESMH and compounds in ACE are higher than the 
value of diclofenac. In the same pattern as the pre-
dicted toxicity class, all ACE compounds and ESMH 

amino acids (except for serine) exhibit a toxicity class 
equivalent to or safer than diclofenac. 

Molecular docking simulation 

Molecular docking, a computational technique, al-
lows for the in silico exploration of ligand-protein 
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Table 4. The pharmacokinetic profile prediction of Ageratum conyzoides metabolite and eggshell membrane hydrolysates using pkCSM. 

No. Metabolites 

Absorption Distribution Metabolism Excretion 

Caco2 

permeability 

(log Papp in 

10-6 cm/s) 

Intestinal 

absorption 

(%) 

Skin 

permeability 

(log Kp) 

VDss 

(human)  

(log 

L/kg) 

BBB 

permeability 

(log BB) 

CYP1A2 

inhibitor 

CYP2C19 

inhibitor 

CYP3A4 

inhibitor 

Total 

clearance 

(log 

mL/min/kg) 

Renal 

OCT2 

substrate 

 Native ligand 

Compound 10 
-1.150 8.262 -2.735 -1.209 -2.462 No No No 0.153 No 

 Diclofenac 1.379 91.923 -2.724 -1.605 0.236 No No No 0.291 no 

 Ageratum conyzoides extract 

1. Quercetin-3-

glucoside 

0.336 42.972 -2.735 1.423 -1.491 No No No 0.215 No 

2. Hyperoside 0.242 47.999 -2.735 1.846 -1.688 no no no 0.394 no 

3. Monohydroxy-penta-

methoxy-flavone 

0.327 100.000 -2.746 -0.028 -1.113 no no yes 0.648 no 

4. Astragaline / 

Kaempferol 3-O-

glucoside 

0.306 48.052 -2.735 1.444 -1.514 no no no 0.462 no 

5. Nobiletin 1.306 98.921 -2.715 -0.281 -1.254 yes yes yes 0.789 no 

6. Kaempferol-7-O-

rhamnopyranoside 
0.276 54.691 -2.735 1.167 -1.391 no no no 0.443 no 

7. Eupalestin 1.310 100.000 -2.739 -0.299 -1.423 Yes Yes yes 0.615 no 

8. Luteolin 0.096 81.130 -2.735 1.153 -0.907 yes no no 0.495 no 

9. Quercetin-3-O-

rutinoside 

0.949 23.446 -2.735 1.663 -1.896 no no no -0.369 no 

10. Luteolin-7-O-

glucuronide 

-0.891 15.201 -2.735 0.864 -1.478 no no no 0.519 no 

11. Apigenin 1.007 93.250 -2.735 0.822 -0.734 yes yes no 0.566 no 

 Eggshell membrane hydrolysate 

12. Glycine (Gly) 0.459 80.995 -2.738 -0.532 -0.428 no no no 0.475 no 

13. Alanine (Ala) 0.466 81.091 -2.738 -0.534 -0.412 no no no 0.370 no 

14. Arginine (Arg) -0.472 34.522 -2.735 -0.002 -0.704 no no no 0.159 no 

15. Glutamic acid (Glu) -0.487 28.979 -2.735 -0.291 -0.692 no no no 0.205 no 

16. Aspartic acid (Asp) -0.498 17.945 -2.735 -0.428 -0.707 No No No 0.145 No 

17. Phenylalanine (Phe) 0.620 76.210 -2.734 -0.326 -0.271 No No No 0.452 No 

18. Histidine (His) -0.417 50.754 -2.735 -0.185 -0.910 No No No 0.668 No 

19. Isoleucine (Ile) 0.589 77.913 -2.737 -0.554 -0.325 No No No 0.329 No 

20. Leucine (Leu) 0.597 74.448 -2.736 -0.553 -0.310 no no no 0.203 no 

21. Lysine (Lys) 0.737 62.673 -2.735 -0.511 -0.518 no no no 0.500 no 

22. Methionine (Met) 0.641 81.604 -2.737 -0.560 -0.326 no no no 0.547 no 

23. Proline (Pro) 1.116 87.223 -2.735 -0.356 -0.310 no no no 0.632 no 

24. Serine (Ser) 0.414 68.865 -2.736 -0.461 -0.709 no no no 0.398 no 

25. Cysteine (Cys) 0.386 74.907 -2.737 -0.486 -0.398 no no no 0.530 no 

26. Threonine (Thr) 0.448 68.961 -2.736 -0.464 -0.731 no no no 0.342 no 

27. Tyrosine (Tyr) 0.553 73.014 -2.735 -0.225 -0.698 no no no 0.436 no 

28. Tryptophan (Trp) 0.638 77.224 -2.735 -0.081 -0.495 no no no 0.640 no 

29. Valine (Val) 0.541 76.187 -2.736 0.572 0.354 no no no 0.205 no 

VDss: Volume of supply at steady state; BBB: Blood-brain barrier; OCT2: Organic cation transporter 2. 

 
interactions, predicting how bioactive compounds 
from ACE and ESMH may bind to key anti-
inflammatory transduction signal targets (p38-
MAPK), a key player in intracellular signaling path-
ways. In this study, the docking procedures were 
validated by employing native ligands Compound 10 
for target protein p38-MAPK using AutoDock Vina 
with Lamarckian GA. The active site prediction for 

target proteins p38-MAPK gives the grid box coordi-
nates (x y z) of 24.4628, 16.3186, and 10.6828, respec-
tively. Molecular docking was carried out on native 
ligands (NL), 11 ACE metabolites, and 18 ESMH me-
tabolites (Table 6). Based on the binding energy, all 
compounds can interact with the target receptor (PDB 
ID 3NEW). 
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Table 5. The toxicity prediction of Ageratum conyzoides metabolite and eggshell membrane hydrolysates using ProTox-3.0. 

No. Metabolite Hepatotoxicity Carcinogenicity Mutagenicity Cytotoxicity 

Predicted 

LD50 

(mg/kg) 

Predicted 

Toxicity 

Class 

 Native ligand 

Compound 10 

No No No No 135 3 

 Diclofenac Yes No No No 53 3 

 Ageratum conyzoides extract 

1. Quercetin-3-glucoside No No No No 5000 5 

2. Hyperoside No No No No 5000 5 

3. Monohydroxy-penta-

methoxy-flavone 

No No No No 5000 5 

4. Astragaline / 
kaempferol 3-O-

glucoside 

No No No No 5000 5 

5. Nobiletin No No No No 5000 5 

6. Kaempferol-7-O-

rhamnopyranoside 

No Yes No No 5000 5 

7. Eupalestin Yes No No No 1190 4 

8. Luteolin No Yes Yes No 3919 5 

9. Quercetin-3-O-

rutinoside 

No No No No 5000 5 

10. Luteolin-7-O-

glucuronide 

No Yes No No 5000 5 

11. Apigenin No No No No 2500 5 

 Eggshell membrane hydrolysate 

12. Glycine (Gly) No No No No 3340 5 

13. Alanine (Ala) No No No No 2000 3 

14. Arginine (Arg) No No No No 7500 6 

15. Glutamic acid (Glu) No No No No 4500 5 

16. Aspartic acid (Asp) No No No No 923 4 

17. Phenylalanine (Phe) No No No No 2400 5 

18. Histidine (His) No No No No 15000 6 

19. Isoleucine (Ile) No No No No 10000 6 

20. Leucine (Leu) No No No No 10000 6 

21. Lysine (Lys) No No Yes No 366 4 

22. Methionine (Met) No No No No 4200 5 

23. Proline (Pro) No No No No 1000 4 

24. Serine (Ser) No No No No 2000 2 

25. Cysteine (Cys) No No Yes No 660 4 

26. Threonine (Thr) No No No No 12680 6 

27. Tyrosine (Tyr) No No No No 1460 4 

28. Tryptophan (Trp) No No No No 80 3 

29. Valine (Val) No No No No 12680 6 
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Table 6. The free energy of binding and inhibition constant of Ageratum conyzoides metabolite and eggshell membrane hydrolysates 

active site interaction on P38-MAPK (PDB ID 3NEW). 

No. Metabolite 
Free energy of binding, 

G (kcal/mol) 

Inhibition constant, 

Ki (µM) 

 Native Ligand Compound 10 -7.90 1.61 

 Diclofenac -8.07 1.22 

 Ageratum conyzoides extract   

1. Quercetin-3-glucoside -8.93 0.287 

2. Hyperoside -9.06 0.228 

3. Monohydroxy-penta-methoxy-flavone -9.53 0.104 

4. Astragaline / kaempferol 3-O-glucoside -9.54 0.101 

5. Nobiletin -8.92 0.291 

6. Kaempferol-7-O-rhamnopyranoside -9.57 0.096 

7. Eupalestin -8.48 0.607 

8. Luteolin -9.43 0.123 

9. Quercetin-3-O-rutinoside -6.84 9.66 

10. Luteolin-7-O-glucuronide -9.03 0.242 

11. Apigenin -8.72 0.406 

 Eggshell membrane hydrolysate   

12. Glycine (Gly) -2.85 8200 

13. Alanine (Ala) -3.38 3330 

14 Arginine (Gly) -4.04 1090 

15. Glutamic acid (Glu) -2.52 14220 

16. Aspartic acid (Asp) -2.15 26570 

17. Phenylalanine (Phe) -5.26 139.37 

18. Histidine (His) -3.82 1600 

19. Isoleucine (Ile) -4.01 1160 

20. Leucine (Leu) -4.11 970.78 

21. Lysine (Lys) -4.02 1130 

22. Methionine (Met) -3.77 1720 

23. Proline (Pro) -4.21 826.80 

24. Serine (Ser) -3.00 6350 

25. Cysteine (Cys) -3.22 4360 

26. Threonine (Thr) -3.46 2900 

27. Tyrosine (Tyr) -5.16 165.84 

28. Tryptophan (Trp) -6.10 33.74 

29. Valine (Val) -3.64 2150 

 
Notably, the ligand NL demonstrated a binding 

energy of -7.90 kcal/mol, resulting in an inhibition 
constant of 1.61 uM. This suggests a moderate bind-
ing affinity, indicating NL's potential as a ligand p38-
MAPK. Other ligands, such as quercetin-3-glucoside, 
hyperoside, and monohydroxy-penta-methoxy-
flavone demonstrated even stronger binding energies, 
ranging from -8.93 kcal/mol to -9.53 kcal/mol, with 

corresponding inhibition constants in the low nano-
molar range (286.85 nM to 104.05 nM), indicating 
their high affinities for p38-MAPK. Kaempferol 3-O-
glucoside and kaempferol-7-O-rhamnopyranoside 
exhibited particularly favorable binding energies of -
9.54 kcal/mol and -9.57 kcal/mol, respectively, result-
ing in low inhibition constants of 100.85 nM and 95.84 
nM. These findings suggest that these ligands may 
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have potent inhibitory effects on p38-MAPK. In con-
trast, ligands quercetin-3-O-rutinoside and apigenin 
displayed binding energies of -6.84 kcal/mol and -
8.72 kcal/mol, translating to inhibition constants of 
9.66 µM and 405.64 nM, respectively. While quercetin-
3-O-rutinoside exhibited a weaker binding affinity, 
apigenin displayed a moderate affinity, highlighting 
the variability in ligand interactions within the ACE. 
Diclofenac and nobiletin exhibited binding energies of 
-8.07 kcal/mol and -8.92 kcal/mol, resulting in inhibi-
tion constants of 1.22 µM and 260.80 nM, respectively. 
These values suggest that diclofenac and nobiletin 
could serve as potential ligands with moderate to 
strong affinities for p38-MAPK. Amino acids and 
small molecules, including glycine, phenylalanine, 
threonine, and tryptophan, displayed binding ener-
gies ranging from -2.15 kcal/mol to -6.10 kcal/mol, 
with inhibition constants spanning from millimolar to 
micromolar ranges. These compounds demonstrated 
weaker interactions compared to the identified lig-
ands from ACE, emphasizing the significance of natu-
ral product ligands. 

The molecular docking investigation into ligand 
interactions with the target protein p38-MAPK (PDB 
ID 3NEW) unveiled intricate binding patterns involv-
ing hydrogen bonds (HB) and hydrophobic interac-
tions (Fig. 2). The comprehensive analysis of these 
interactions provides valuable insights into the poten-
tial therapeutic relevance of the ligands and the stabil-
ity of the complexes formed. NL, the native ligand, 
demonstrated a significant interaction profile with 
four hydrogen bonds involving Ser252, Ser251, and 
Lys249. Moreover, it engaged in an extensive 12 hy-
drophobic interactions with key residues Trp197, 
Ile250, Pro191, Ile259, Leu291, Leu195, Leu246, and 
Glu192. This detailed interaction network suggests 
NL's strong binding affinity, affirming its role as a 
crucial ligand for p38-MAPK. Quercetin-3-glucoside 
showcased an even more pronounced interaction 
profile, forming nine hydrogen bonds with Ser252, 
Lys249, Asp292, Ser293, Glu192, Leu291, Ile250, and 
Ser251. Additionally, it participated in 12 hydropho-
bic interactions with key residues such as Ala255, 
Trp197, Leu246, Ile250, Ser293, and Lys249. These 
findings emphasize the potential therapeutic signifi-
cance of quercetin-3-glucoside in targeting p38-
MAPK. Hyperoside, monohydroxy-penta-methoxy-
flavone, and kaempferol 3-O-glucoside displayed 
varying degrees of interaction, forming six, seven, 
and seven hydrogen bonds, respectively. The hydro-
phobic interactions, ranging from 8 to 9, further con-
tributed to their binding patterns. Key residues in-
volved included Leu291, Ser233, Asp294, Ser252, 
Ser251, Glu192, and Ser293. These ligands exhibit 
considerable potential in forming stable complexes 
with p38-MAPK. Notably, ligands kaempferol-7-O-

rhamnopyranoside, and eupalestin showed identical 
interaction patterns with five hydrogen bonds and six 
hydrophobic interactions. The involvement of key 
residues Ser293, Leu291, Ser252, and Asn196 in these 
interactions suggests a commonality in their binding 
mechanisms. Conversely, ligands luteolin and luteo-
lin-7-O-glucuronide displayed a comparatively lower 
number of interactions. Luteolin formed four hydro-
gen bonds with Lys249, Ser252, and Leu291, accom-
panied by two hydrophobic interactions with Trp197 
and Ile250. Luteolin-7-O-glucuronide, with six hydro-
gen bonds involving Lys249, Ser252, Leu291, Leu195, 
and Asn196, demonstrated three hydrophobic interac-
tions with Trp197, Leu246, and Ile250. Diclofenac and 
nobiletin exhibited diverse interaction patterns. Diclo-
fenac formed four hydrogen bonds and an extensive 
13 hydrophobic interactions, highlighting its potential 
as a ligand with a different binding mode. This aligns 
with diclofenac's known inhibitory properties, hence 
validating the reliability of the docking approach. 
Nobiletin, with six hydrogen bonds and seven hydro-
phobic interactions, displayed a unique interaction 
profile, further emphasizing the diversity of ligand-
protein binding. 

The comprehensive analysis of ligand interactions 
with p38-MAPK (PDB ID 3NEW) provides valuable 
information for understanding the binding mecha-
nisms and potential therapeutic applications of these 
ligands. The diverse interaction profiles of quercetin-
3-glucoside and nobiletin from ACE suggest promis-
ing candidates for further investigation. 

DISCUSSION 

Inflammation is one of the body's defense re-
sponses, aiming to eliminate the cause of tissue or cell 
injury, cleanse the tissue of residual damage, and 
build new tissue. The triggers of inflammation can be 
either infectious or non-infectious. Infectious factors 
leading to inflammation encompass bacteria, viruses, 
and other microorganisms, while non-infectious fac-
tors can result from physical sources, chemical com-
pounds, or biological elements. Physical inducers 
include burns, radiation, trauma, foreign bodies, and 
injuries. Chemical compounds capable of inducing 
inflammation range from glucose, fatty acids, toxins, 
and alcohol to irritants. Additionally, biologically 
damaged cells have the potential to initiate inflamma-
tory responses (Chen et al., 2018). In this study, the 
induction of cotton pellets was used by a mechanism 
such as physical induction of foreign bodies and 
physical induction. At present, the use of foreign ma-
terials for health has increased and will continue, one 
of which is with the expansion of biomaterial applica-
tions and rapid aging population expansion. One of 
the main factors that limit its use is the response of 
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Figure 2. 2D representations of the type of interaction on the formation of p38-MAPK’s binding pocket.  

(A) Native ligand Compound 10; (B) Diclofenac; (C) Monohydroxy-penta-methoxy-flavone; (D) Nobiletin; (E) Phenylalanine; 

(F) Tryptophan. 

 
foreign objects, immunological reactions character-
ized by chronic inflammation, the formation of giant 
foreign objects, and the formation of fibrotic capsules 
(Major et al., 2015; Mariani et al., 2019). Consequently, 
there is a need to broaden research on chronic anti-

inflammatory measures in the context of foreign ob-
ject induction. 

In the initial stages of inflammation, leucocytes 
recognize pathogen-associated molecular patterns 
(PAMPs), triggering alterations in mitochondrial dy-
namics and function. This mitochondrial response 
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prompts leukocytes to release pro-inflammatory cy-
tokines (Missiroli et al., 2020). Leukocytes will also 
release lysosomal enzymes such as proteases (Ansar 
and Ghosh, 2016). In this study, the membrane stabi-
lization effect was tested using RBC because the RBC 
membrane is identical to the leucocyte membrane. 
Preventing RBC hemolysis is identified as having the 
ability to inhibit leukocyte membrane lysis and inhibit 
the inflammatory process (Gunathilake et al., 2018). 
The anti-inflammatory effects of ACE and ESMH 
were reinforced by their capacity to stabilize mem-
branes. The ability of ACE to stabilize membranes is 
assumed to be caused by its ability to increase the 
activity of NADH dehydrogenase and cytochrome c 
oxidase in the inner mitochondrial membrane, the 
two of which are involved in the synthesis of ATP 
energy and thus contribute to membrane stabilization 
(Elangovan et al., 2020). Nobiletin found in Citrus 
nobilis peel extract has a similar effect as a membrane 
stabilizer (Malik et al., 2021). Quercetin and 
kaempferol in Moringa oleifera also had ability to stabi-
lize membrane (Saleem et al., 2020). While the precise 
effects of other components in ACE on membrane 
stabilization are undetermined, it is hypothesized that 
they contribute to this process. 

The membrane stabilization test was carried out 
using hypotonic solution induction. Hypotonic induc-
tion will cause cells to experience oxidative stress, 
resulting in an imbalance in the number of free radi-
cals, causing membrane fluidity, increasing mem-
brane leakage, and damaging membrane proteins, 
thereby inactivating receptors, enzymes, and ion 
channels (Biswas, 2016). Hydrophobic amino acids 
(Leu, Val, Ala, Pro, Phe, His, Trp, Gly, Lys, and Ile) 
and aromatic amino acids (Phe, Trp, and Tyr) are 
present in ESM/ESMH and have been shown in pre-
vious studies to act as antioxidants (Zhu et al., 2022a). 
The mechanism of ESM as an antioxidant is thought 
to be related to the activation of the Elch-like ECH-
associated protein 1 (Keap1) pathway, which binds to 
the nuclear factor erythroid 2-related factor 2 ( Nrf2) 
(Zhu et al., 2022b). The antioxidant effects of ACE and 
ESM/ESMH are thought to support membrane stabi-
lizing effects, which further influence the inflamma-
tion process.  

The next phase in the inflammation process is that 
leucocytes will experience margination, rolling, adhe-
sion to endothelial cells, passing through endothelial 
gaps (diapedesis), and movement of leukocytes to the 
location of the area that triggers the inflammatory 
response. Cells will also respond by releasing pro-
inflammatory mediators (Ansar and Ghosh, 2016). 
Margination occurs when the flowing leukocytes stop 
because they have a suitable bond with the endothe-
lium in the capillaries. During the margination, leu-

kocyte cells will bind to vascular adhesion molecule-1 
(VCAM-1) and ICAM-1 (immunoglobulin ligands). 
The leukocyte cells that bind to endothelial cells will 
change shape to become slightly flatter (pavementing 
of leucocytes), which makes it easier for them to pass 
through the gaps of the endothelial cells and exit into 
the tissue (Ansar and Ghosh, 2016). ESM powder and 
its carbohydrate fraction can reduce the transcription 
factor NF‑κB and down-regulate the expression of the 
immune regulating receptors toll-like receptor 4 and 
ICAM-1, as well as the cell surface glycoprotein CD44 
(Vuong et al., 2017).  

Both ACE and ESMH demonstrated the ability to 
inhibit albumin/protein denaturation., a phenome-
non also observed with NSAID diclofenac-Na in this 
study. Protein denaturation can occur due to physical 
injuries heat, acid or alkaline solutions, electrolytes, 
alcohol, and other compounds that change the solu-
bility of albumin and globulin. During inflammation, 
the accumulation of leukocytes in the affected area 
may occur due to increased blood vessel permeability 
resulting from protein denaturation when essential 
compounds needed to address the source of inflam-
mation are perceived to be lacking (OPIE, 1962; Os-
man et al., 2016). Quercetin and kaempferol in 
Moringa oleifera have the effect of inhibiting protein 
denaturation, preventing inflammation and anemia in 
test animals (Saleem et al., 2020). Citrus nobilis peel 
extract contains nobiletin, sinensetin, and tangeritin 
and shows the effect of inhibiting protein denatura-
tion (Malik et al., 2021). It is suspected that quercetin, 
kaempferol, and nobiletin compounds contained in 
ACE contribute to inhibiting protein denaturation. 
The essential amino acids Arg, Tyr, His, and Phe pre-
sent in fermented soybeans can decrease protein de-
naturation activity (Ketnawa and Ogawa, 2019), 
therefore it is assumed that ESMH possesses the same 
amino acids that can inhibit protein denaturation. 

Neutrophils contribute significantly to the in-
flammatory process. They play a pivotal role in re-
cruiting monocytes and activating macrophages for 
phagocytosis, the generation of pro-inflammatory 
reactive oxygen species (ROS) and neutrophil extra-
cellular traps (NETs), as well as proteolytic activities 
(Castanheira and Kubes, 2019). Proteolytic activity is 
mediated by the neutrophil serine protease enzyme, 
namely cathepsin G (CG), neutrophil elastase (NE), 
and proteinase 3 (PR3). Neutrophils secreting exces-
sive protease will disrupt the delicate balance with 
antiproteases in the environment. CG plays a role in 
the activation and production of IL-8, TNFα, and IL-
1β cytokines. PR3 modulates immune responses by 
activating pro-inflammatory cytokines and control-
ling cellular activities. Moreover, PR3 actively pro-

motes the release of cytokines such as TNF-, IL-1, 
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TGF, and IL-8. The absence of NE was related to low-
er levels of pro-inflammatory cytokines such as TNF-

, macrophage inflammatory protein-2 (MIP-2), and 
IL-6. Since antiproteases play a crucial role in the reg-
ulation of proteases, an absence of these may result in 
prolonged, uncontrollable protease activity, which, in 
consequence, may trigger tissue damage and inflam-
mation (Oriano et al., 2021; Stockley, 1999). In this 
study, ACE and ESMH had antiprotease activity. The 
flavonoid content in ACE is thought to have this ef-
fect. Quercetin can improve the protease-antiprotease 
balance by restraining the severity of inflammation in 
animal models of chronic obstructive pulmonary dis-
ease induced by elastase/lipopolysaccharide (LPS) 
(Ganesan et al., 2010). Autophagy, one of the proteo-
lytic mechanisms occurring within the lysosomal 
system, is responsible for the degradation of endoge-
nous proteins. Plasma amino acids physiologically 
regulate the autophagy system via a signal transduc-
tion mechanism. Several amino acids, including Leu, 
Gln, Tyr, Phe, Pro, Met, Trp, and His in the liver and 
Leu in the skeletal muscle, have a direct regulatory 
potential in autophagic proteolysis. The recognition of 
these amino acids at the plasma membrane indicates 
an amino acid receptor or sensor may be present, 
which will be vital to their recognition and resulting 
intracellular signaling (Kadowaki and Kanazawa, 
2003). The amino acid content in ESMH is observed to 
influence the autophagy signaling pathway and pro-
teolysis process, but this needs to be confirmed with 
further research.  

Chronic inflammation is characterized by a pro-
longed influx of neutrophils and NETs release 
(Soehnlein et al., 2017). Neutrophils can be used as 
anti-inflammatory targets by reducing the release of 
NETs (Klopf et al., 2021). In chronic inflammation, NE 
and PR3 will inactivate the anti-inflammatory media-
tor progranulin (Kessenbrock et al., 2011). Although 
the exact number of neutrophils in this study was not 
determined, it is apparent that the administration of 
ACE, ESMH, and their combination could have low-
ered the number of granulocytes as compared with 
controls.  

Platelets are another blood cell component that 
plays a role in the inflammatory process. Platelets can 
modulate the function of endothelial cells and leuko-
cytes (neutrophils) and regulate the function of mac-
rophages and lymphocyte cells (Jenne et al., 2013). 
Platelets influence vascular permeability and recruit-
ment of neutrophils and/or macrophages. Activated 
platelets will express P-selectin on their cell surface, 
which can interact with the selectin receptor PSGL-1 
expressed on leukocytes. Platelets influence leukocyte 
emigration by capturing leukocytes at specific extrav-
asation sites. Platelets will also interact with mono-

cytes, where the resulting complex will induce a pro-
inflammatory phenotype in monocytes (Gros et al., 
2015). Platelets also influence the inflammatory re-
sponse of leukocytes by stimulating the secretion of 
pro-inflammatory cytokines (Klinger, 1997). Patients 
with chronic inflammatory diseases change thrombo-
poietin levels. Psoriasis sufferers experience an in-
crease in mean platelet volume, platelet distribution 
width, soluble P-selectin levels, and platelet aggrega-
tion. In chronic inflammation, inhibiting thrombopoi-
etin function can protect and reduce organ damage 
(Margraf and Zarbock, 2019). In this study, diclo-
fenac-Na demonstrated the ability to reduce platelet 
counts compared to controls. The combination use of 
ACE and ESMH is additive in reducing platelet 
counts compared to individual use. The methanol 
extract of A. conyzoides showed a reduction in bleed-
ing time, clotting time, and plasma fibrinogen concen-
tration, suggesting a decrease in platelet activity 
(Bamidele et al., 2010). 

Another cell that plays a role in inflammation is 
macrophages. Activated monocytes will become mac-
rophages. Based on the stimulus they receive, macro-
phages are divided into two, namely M1 (pro-
inflammatory) and M2 (anti-inflammatory). In acute 
inflammation, M1 will be stimulated by lipopolysac-
charides, PAMPs/DAMPs, IFN-β, and IFN-γ so that it 
secretes pro-inflammatory cytokines (Hamidzadeh et 
al., 2017). Then, there will be a transition from chang-
ing M1 to M2. If this transition is missed, excessive 
M1 can be harmful and cause lesions and chronic 
inflammation (Lee and Choi, 2018). ACE may prevent 
macrophage cells from producing prostaglandin E 
and nitric oxide (Seemakhan and Srisook, 2014). Nobi-
letin (3,5,6,7,3’,4’‑hexamethoxyflavone) inhibits mac-
rophage cells from producing the cytokines interleu-
kin (IL)‑6, IL‑1β, TNF-α, and NF‑κB. Nobiletin can 
inhibit the inflammatory response in the ERK path-
way by inhibiting the phosphorylation of the ERK 
protein (Son et al., 2020). In this study, mid-sized cells 
(monocytes and basophilic granulocytes) (Roleff et al., 
2007) were measured. Although M1 and M2 cannot be 
differentiated, based on the results, it is suspected 
that ACE inhibits M1 proliferation occurs through the 
ERK pathway. 

MAPK is capable of activating a wide variety of 
biological effects in response to prior stimuli. In the 
chronic inflammatory process induced by cotton pel-
lets, inflammation is caused by the stress-activated 
protein kinase (SAPK) and the p-38 kinase pathway, 
especially in macrophages. The p38-MAPK signaling 
system can be activated by UV light, higher extracel-
lular osmolality, pro-inflammatory cytokines, or 
harmful microbial products. The p38-MAPK family 
includes p38α, p38β, p38γ, and p38δ. p38α and 
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p38beta are found in practically all cells; p38γ is de-
tected in muscle, and p38δ is expressed in the lungs, 
pancreas, kidneys, testes, and small intestine. Activa-
tion of p38-MAPK leads to the generation of pro-
inflammatory cytokines (TNF-α, IL-1, IL-6, TGFβ) and 
oxidative stress (Kaminska, 2005; Yang et al., 2014). 
ACE and ESMH testing of p38-MAPK activity was 
conducted in this study using in silico molecular dock-
ing.  

In molecular docking, the interaction of com-
pounds with p38-MAPK is assessed using binding 
energy and Ki. Binding energy is the energy released 
when a ligand binds to a receptor protein, while Ki 
represents the ligand-receptor complex dissociation 
constant, indicating the concentration needed to cover 
50% of the receptor binding site. The binding selectiv-
ity and affinity of ligands to receptor proteins are 
predicted using binding energy and Ki. To assess the 
strength of the interaction and compare the binding 
affinities of different ligands, molecular docking stud-

ies frequently report the binding energy and Ki values 
of the docked ligand-receptor complex (Aligita et al., 
2023; Du et al., 2016). Molecular docking results indi-
cate that the ACE substances possess low to high-
binding energies for p38-MAPK. High-binding ener-
gy compounds include quercetin-3-glucoside, hyper-
oside, and monohydroxy-penta-methoxy-flavone; 
medium-binding energy compounds include 
kaempferol 3-O-glucoside and kaempferol-7-O-
rhamnopyranoside; and low binding energy com-
pounds include quercetin-3-O-rutinoside and apig-
enin. Nobiletin could serve as a potential ligand with 
moderate to strong affinity for p38-MAPK. Compared 
to the identified ligands from ACE, amino acids and 
small molecules, such as glycine, phenylalanine, thre-
onine, and tryptophan, in ESMH have weaker interac-
tions; however, the combination of the two as natural 
product ligands p38-MAPK needs to be considered. 
Fig. 3 illustrates the hypothesis that ACE and ESMH 
may have an additive effect on chronic inflammation. 

 
 

 

Figure 3. Hypothesis on the mechanism of action of Ageratum conyzoides extract and the 

eggshell membrane hydrolysates in preventing chronic inflammation.  

(1) Inflammation is caused by cotton pellets; (2) Cells in blood vessels (neutrophil cells, macrophage cells, T 

lymphocyte cells, B lymphocyte cells, and NK cells) respond and release pro-inflammatory cytokines as the 

consequence of cell signal transduction, one of which is on the p38-MAPK pathway, which induces pro-

inflammatory cytokine secretion; (3) Vasodilation occurs to enable cells to do diapedesis and move to the 

tissue surrounding an injury; (4) There is an imbalance of protease-antiprotease and in chronic inflammation, 

cells that gather in the inflammatory area will form giant cells; (5) Granulomas will be formed by merging of 

giant cells. A. conyzoides extract and eggshell membrane hydrolysates will work additively to stabilize the 

membrane, regulate the equilibrium of protease-antiprotease, and inhibit the p38-MAPK signal transduction. 

Created with BioRender.com. 

 
 

https://jppres.com/


Vikasari et al. Ageratum conyzoides and eggshell membrane hydrolysates in chronic inflammation 

 

https://jppres.com  J Pharm Pharmacogn Res (2024) 12(5): 989 

 

The evaluation of pharmacokinetic and toxicity 
profiles, which are currently easy to predict through 
computational methods, is a crucial aspect of drug 
development. One usual criterion for drug-likeness 
analysis is Lipinski's rule of five. The original 
Lipinski's rule of five defines four basic physicochem-
ical parameter ranges and is valid for orally active 
compounds (Lipinski, 2004). All the amino acids in 
ESMH meet the Lipinski rule's drug-likeness stand-
ards. This means that all the amino acids can be taken 
orally and be absorbed well. However, some com-
pounds in ACE do not follow Lipinski's five rules. A 
compound that does not fit Lipinski's rule of five can 
be delivered by non-oral routes such as pulmonary, 
intra nasal, or dermal (Lipinski, 2004). This study 
applied an oral administration of the ACE and ESMH 
mixture. However, considering the favorable skin 
permeability of the compounds in ACE and the pre-
dicted absorption profile of all amino acids in ESMH, 
further investigation is required regarding the topical 
or transdermal application of the mixture. 

Based on a computational study, most amino acids 
in ESMH and all ACE components are known not to 
cross the blood-brain barrier. In theory, this will affect 
its ability to overcome systemic inflammatory diseas-
es, where, during systemic inflammation, there will 
be changes in the permeability of the BBB. Vascular 
blood-brain barrier permeability to solutes, lympho-
cyte trafficking, and innate immune cell infiltration all 
increase in association with the severity and duration 
of systemic inflammation (Galea, 2021). In this study, 
a mixture of ESMH and ACE was able to treat system-
ic inflammatory conditions, but it is not yet known 
whether it can cross the BBB. Therefore, it is necessary 
to study more deeply the ability of the compounds in 
ESMH and ACE to cross the BBB in inflammatory 
conditions, either in silico, in vitro or in vivo using 
animal models. The metabolic process in the liver has 
an impact on the efficacy of a drug. In this study, sev-
eral compounds in ACE were found to inhibit the 
CYP450 enzyme. The inhibitory effect on the action of 
the CYP450 enzyme can cause synergistic effects (es-
pecially the use of herbal mixtures), treatment failure, 
or increased serious side effects. Apart from that, it 
also has the potential to cause drug interactions (Ad-
ianingsih et al., 2022; Zuo et al., 2022).  

The drug can be used for a short or long period of 
time and is not expected to cause toxicity. The ad-
verse outcomes that need to be considered are cyto-
toxic, hepatotoxic, and cancerous. The liver plays a 
significant role in minimizing the harmful effects of 
drugs. Hepatotoxic compounds have the ability to 
harm the liver, resulting in organ failure or potential-
ly causing death. Therefore, it is crucial to carefully 
evaluate the potential for liver damage during the 

process of developing and discovering new drugs 
(Adianingsih et al., 2022). 

CONCLUSION 

The administration of A. conyzoides extract, egg-
shell membrane hydrolysates, and their mixture was 
proven to be additive in inhibiting the formation of 
exudates and granulomas, as well as reducing the 
severity of chronic inflammation in test animals pro-
duced from cotton pellets with several working ac-
tions. Individual or combined administration will 
reduce the number of leukocytes, lymphocytes, mid-
sized cells, and granulocytes. In vitro testing shows 
that this anti-inflammatory effect can be due to the 
ability to increase membrane stability, reduce protein 
denaturation, and modify the protease-antiprotease 
balance from the initial phase of inflammation to 
chronic inflammation. However, since the precise 
relationship between A. conyzoides extract and egg-
shell membrane hydrolysates at each stage is still 
unknown, further research with specific techniques is 
necessary. In silico analysis indicates that the combina-
tion of ACE and ESMH impacts the p38-MAPK sig-
naling pathway, which is associated with inflamma-
tion. Subsequent studies utilizing cell cultures are 
expected to validate these findings. 
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