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Abstract 

Toll Like Receptor (TLR) plays a pivotal role in activating innate and adaptive immune responses Modulating TLR4 
activation and signaling is crucial in the discovery of immunomodulatory drugs. Cnidoscolus aconitifolius leaf extract 
(CAE) exhibits potent antioxidant properties, suggesting its potential as an immunomodulatory agent. This study aimed to 
explore the immunomodulatory potential of CAE by assessing neutrophil infiltration and TLR4 expression in Babl/C mice 
infected with Salmonella typhimurium. Thirty Babl/C mice were used as experimental animals and divided into 6 groups 
(n=5). Five days post Salmonella typhimurium induction, infected mice were orally treated once daily for 7 days. Evaluation 
included assessment of neutrophil infiltration in small intestine tissue and TLR4 expression using flow cytometric analysis 
of lymphoid organs. Results demonstrated that administration of CAE at a dose of 400 mg/kgbw significantly increased 
neutrophil count (10.00 ± 0.84) compared to the infection-only group (5.00 ± 0.32), with no significant difference compared 
to the positive control group (10.60 ± 1.36). Evaluation of TLR4 expression revealed that CAE at a dose of 200 mg/kgbw 
significantly upregulated TLR4 expression (8419.80 ± 276.745) compared to the negative control group (7237.20 ± 162.17), 
and was comparable to the positive control group (8037.00 ± 206.40). All data showed statistical significance (p<0.05). CAE 
demonstrated the ability to modulate TLR4 expression and enhance neutrophil activity, thereby potentially serving as an 
immunomodulatory agent. 

Keywords: Cnidoscolus aconitifolius, immunomodulators; leaves extract; neutrophil; TLR4 

                                                 
* Corresponding author. e-mail: sholihatilhidayati@yahoo.co.id. 

1. Introduction 

Infectious diseases rank second globally in terms of 
mortality rates, following cardiovascular disease. Typhoid 
fever is notably prevalent in several Asian countries 
(Fitrya et al., 2020). This acute illness is primarily caused 
by Salmonella enterica, particularly its variant Salmonella 
typhimurium (Cordero-Alba et al., 2016). Salmonella 
infection poses a public health challenge worldwide and 
imposes a substantial economic burden on health systems. 
It ranks as the second most frequently reported 
gastrointestinal infection and is the primary cause of 
foodborne outbreaks in Europe cause of foodborne 
outbreaks in Europe. In 2020, there were 53,169 
laboratory-confirmed cases of salmonellosis, resulting in 
61 fatalities. According to WHO data, Indonesia has a 
relatively high incidence of typhoid fever, affecting 81,000 
out of 100,000 people (Rahmasari & Lestari, 2018). 
Individuals with compromised immune systems are 
particularly vulnerable to typhoid fever (Kalia et al., 
2016). The innate immune system, comprising phagocytic 

cells, plays a critical role in defending against 
microorganisms and cancerous cells (Venkatalakshmi & 
Brindha, 2016). Activation of the immune system is 
essential for aiding the body in combating antigenic 
substances, which can be facilitated through the use of 
immunomodulators. 

Toll Like Receptor (TLR) is a receptor that plays a role 
in activating the innate immune response and adaptive 
immunity. TLRs consists of TLR 1, TLR 2, TLR 4, TLR 5, 
TLR 6 which are present in the extracellular part of the 
immune cell and respond to extracellular microorganisms. 
On the other hand, TLR3, TLR7, TLR8, and TLR9 are 
located in the endosomal part of immune cells and respond 
to intracellular viral and bacterial infections (Firmal et al., 
2020). TLR4 is an innate immune receptor found on the 
surface of cells that recognizes patterns of pathogen-
associated molecules (PAMPs), including viral proteins. It 
triggers the production of type I interferons and 
proinflammatory cytokines to combat infections 
(Aboudounya & Heads, 2021). TLR4 is expressed not only 
on the surface of immune cells such as macrophages and 
dendritic cells, which regulate acute inflammation, but also 
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in various tissue cells for defense against infection and 
regulation of fibrotic phenotype during tissue damage 
(Rosadini & Kagan, 2017). TLR4 plays a crucial role in 
inducing host immune responses against infectious 
diseases such as bacterial, fungal, viral infections, malaria 
(Mukherjee et al., 2016). It is present on the plasma 
membranes of neutrophils, macrophages, dendritic cells, 
and endothelial cells. Modulating TLR4 activation and 
signaling is vital in regulating the immune system and 
developing immunomodulators (Romerio & Peri, 2020). 
Activation of the immune system is essential to help the 
body eliminate antigenic substances, which can be 
stimulated with immunomodulators. 

The development of immunomodulators focuses on 
natural products, which are considered safer and more 
effective. Plant extracts are widely regarded as potential 
immunomodulatory agents due to their minimal side 
effects (Alamgir & Uddin, 2010). Plant-based 
immunomodulatory activity involves enhancing the 
function and efficiency of macrophages, granulocytes, 
complement, natural killer cells, and the production of 
effector molecules (Jayathirtha & Mishra, 2004). Plant 
metabolites such as sterols, polysaccharides, alkaloids, 
flavonoids, lectins, and glycoproteins exhibit 
immunomodulatory agents (Harun et al., 2015). 

Cnidoscolus aconitifolius belongs to the family 
Euphorbiaceae, which also includes plants like 
Phyllanthus niruri developed as immunomodulatory drugs. 
Studies on Cnidoscolus aconitifolius leaves have identified 
various activities, such as antibacterial, hepatoprotective, 
anti-inflammatory (Pérez-González et al., 2018), 
antidiabetic and anti-hypertension effects (Somade et al., 
2021). The 70% ethanol extract of Cnidoscolus 
aconitifolius leaves contains a total flavonoid content of 
418.46 ± 3.28 mg QE/g extract. Furthermore, antioxidant 
activity tests indicate that the extract shows potent 
antioxidant potential with an IC50 value of 34.3149 μg/ml 
(Hidayati et al., 2023). 

Building upon this background, this study aims to 
investigate the immunomodulatory activity of Cnidoscolus 
aconitifolius. Specifically, it evaluates the impact of 
administering Cnidoscolus aconitifolius leaf extract on 
neutrophil cell infiltration and TLR4 expression in Babl/C 
mice induced by Salmonella typhimurium bacteria. 

2. Materials and Methods 

2.1. Materials 

Salmonella typhimurium bacteria were obtained from 
Brawijaya University, Malang. Cnidoscolus aconitifolius 
leaves were sourced from the Patrang area, Jember, 
Indonesia. The materials used included ethanol (Merck), 
TLR4 antibodies (BioLegend, USA), hematoxylin-eosin 
staining kit (Sigma-Aldrich, USA) and aquadest (Brataco, 
Indonesia). Tools utilized included a mouse sonde, 
surgical instruments, a flow cytometric instrument (BD 
FACS-Calibur, USA). 

2.2. Preparation of Cnidoscolus aconitifolius Leaf 
Extract  

A certificate of determination was obtained from the 
Biology Laboratory, Faculty of Applied Science and 
Technology, Ahmad Dahlan University with number 
489/Lab. Bio/B/XII/2022. The collected leaves were wet 

sorted to select only those with a green color, then cleaned 
and washed using aquadest. Subsequently, they were dried 
in an oven until completely dry and powdered using a 
blender. The extraction process began by sorting the 
Cnidoscolus aconitifolius leaves, followed by airing for 3 
days and oven-drying at 40°C until dry simplisia formed, 
which was then ground into powder. Approximately, 500 g 
of powder was obtained, and the extraction was carried out 
using the maceration method with 70% ethanol for 1 hour, 
totaling 600 ml. Remaceration was performed for 2 cycles 
with 200 ml each. The resulting liquid extract was 
concentrated using a rotary evaporator (Hidayati et al., 
2023). 

2.3. Animal Preparation  

Thirty male Babl/C mice weighing 20-30 g were 
acclimatized for 14 days in the experimental animal 
laboratory of the Faculty of Health Sciences, Universitas 
dr. Soebandi. Ethical clearance was obtained from the 
Health Research Ethics Committee of Universitas dr. 
Soebandi with number 096/KEPK/UDS/III/2023. The 
mice were divided into 6 groups: a negative control group 
of healthy mice without infection, a negative control group 
of mice infected with Salmonella typhimurium bacteria 
and administered a placebo of CMC-Na solution, a 
positive control group of mice infected with Salmonella 
typhimurium bacteria and treated with the standard 
immunomodulator Stimuno containing standardized 
Phyllanthus niruri L. extract (Dexa Medica, Indonesia), 
and treatment groups 1, 2, and 3 consisting of mice 
infected with Salmonella typhimurium bacteria and 
administered Cnidoscolus aconitifolius leaf extract (CAE) 
at doses of 100 mg/kg bw, 200 mg/kg bw, and 400 mg/kg 
bw, respectively. Infection induction was performed orally 
using Salmonella typhimurium bacteria at a concentration 
of 1x10^8 cfu (Destiawan et al., 2023). After 5 days post-
induction, mice were evaluated for fecal texture, and tail 
blood smears were examined with Giemsa staining to 
detect. The treatment was administered orally once daily 
for 7 days. 

2.4. TLR4 Analysis using Flow cytometer  

The TLR4 analysis involved lymphoid organs. The 
organs were washed and homogenized in 5 ml of 
phosphate buffer solution. Homogenization was continued 
until complete organ disruption using the base of a 3 ml 
syringe plunger, followed by filtration through a mesh and 
transfer into a 15 ml propylene tube with a 1:3 ratio. The 
sample was then centrifuged at 2500 rpm for 5 minutes at 
10°C, and the supernatant was discarded. The pellet was 
resuspended in 1 ml of phosphate buffer solution. 

Fifty microliters of the suspension were transferred to a 
1.5 ml microtube, centrifuged at 2500 rpm for 5 minutes at 
10°C, and the supernatant was discarded. Fifty microliters 
of TLR4 antibody solution were added and incubated for 
20 minutes at 4°C in a dark room. Four hundred 
microliters of PBS were added, and the mixture was 
transferred to a cuvette for flow cytometry analysis (Djati 
et al., 2017). 

2.5. Histological analysis 

Following the post-treatment period, all mice were 
euthanized, and their intestinal organs were collected and 
fixed in 4% formalin solution in phosphate buffer for 24 
hours. Tissues were subsequently embedded in paraffin, 
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sectioned at a thickness of 4 µm, deparaffinized in xylene, 
dehydrated in graded alcohol concentrations, and stained 
with Hematoxylin-Eosin to assess neutrophil infiltration. 
Evaluation was performed using a light microscope with a 
40X objective and 10X field of view, and the observed 
areas were selected randomly. The number of neutrophil 
cells within each tissue area in the images was counted and 
compared as a percentage relative to the control. 
 

2.6. 2.6 Analysis of Results  

The neutrophil count data and TLR4 expression 
analysis were analyzed using a one-way ANOVA test with 
a significance level set at p<0.05, using the SPSS software 
for Windows. Post-hoc comparisons were conducted using 
the LSD test to determine differences between groups. 

3. Results 

3.1. Neutrophil cell infiltration effect of Cnidoscolus 
aconitifolius leaves extract 

Neutrophils were visualized using histopathological 
methods with hematoxylin-eosin staining (figure 1). 
Neutrophils constitute the initial innate immune defense 
against invasive infections caused by pathogens (Desai & 
Lionakis, 2018). Administration of CAE at doses of 100 
mg/kgbw, 200 mg/kgbw, and 400 mg/kgbw resulted in 
increased neutrophil infiltration into the infected tissue.  

Figure 1. Neutrophil Description in Histological Preparations 
with Hematoxylin-Eosin Staining. (a) Normal groups, (b) 
Negative control, (c) Positive control, (d) CAE dose 100 
mg/kgbw, (e) CAE dose 200 mg/kgbw, (f) CAE dose 400 
mg/kgbw. 

In this study, an evaluation of the number of 
neutrophils was carried out which showed that in the 
infection group the number of neutrophils in the tissue 
increased (Figure 2), which was shown by an increase in 
the number of neutrophil infiltration in the normal group 
of 0.60±0.40 significantly different from the negative 
control group 5.00±0.32 (p<0.05). Neutrophils recognize 
viruses and cells infected with the virus and infiltrate the 
site of infection. At the beginning of viral infection, 
neutrophils are rapidly recruited from the blood at the site 
of infection and mobilized to differentiate and migrate out 
of the bone marrow (Rawat et al., 2021). 

Treatment of CAE dose administration of 400 
mg/kgbw was able to increase the number of neutrophils 
significantly (10.00±0.84) compared to the untreated 
infection group (5.00±0.32), and this increase was not 

significantly different when compared to the positive 
control group (10.60±1.36) (p<0.05). Bioactive 
compounds are secondary metabolites found in plants and 
provide many health benefits if consumed over a long 
period of time in certain amounts. Cnidoscolus 
aconitifolius contains many bioactive compounds such as 
phenolic acids, alkaloids, saponins, flavonoids and 
terpenoids with a unique structure (Panghal et al., 2021a). 
Flavonoids have been declared therapeutic agents to avoid 
such damage, since these compounds exhibit anti-
inflammatory activity, that is, through modulating the 
oxidative explosion of neutrophils. The catechol group on 
the B ring, together with the presence of 3-OH on the C 
ring and the double bond between C2–C3, is a determinant 
of activity (Ribeiro et al., 2018). 

 
*Significant difference with negative control group (p<0.05) 
#No significant different with positive control group (p<0.05) 

Figure 2. Profile of the number of neutrophils in mice with 
Salmonella thypimurium faction with administration of CAE 

3.2. TLR4 expressions in mice infected with Salmonella 
thpymurium bacteria 

In this study, it was found that TLR4 expression from 
lymph organs in mice infected with Salmonella 
thpymurium bacteria decreased significantly after acute 
infection in post treatment from 8766.80±172.73 to 
7237.20±162.17 (Figure 3). Research using pigs with 
lipopolysaccharide administration showed that TLR4 
expression in lymph on day 7 decreased significantly 
(Ghosh et al., 2016; Qin et al., 2020). 
 

 
* Significant differences between groups (p<0.05) 

Figure 3. TLR4 expression profile in normal mice and mice 
infected with Salmonella thypimurium as shown at the the 
decreased TLR4 expression after induction 

3.3. TLR4 expressions of Cnidoscolus aconitifolius 
leaves extract 

In figure 4 and 5, we can see that after treatment for 7 
days orally, CAE dose administration of 200 mg/kgbw 
showed a significant increase in TLR4 expression 

 
a 
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(8419.80± 276.745) compared to the negative control 
group (7237.20± 162.17) and did not differ significantly 
from the positive control group (8037.00± 206.40). TLR4 
activation is associated with infection repair. TLR4 
overexpression can counteract the invasion of Salmonella 
typhimurium as well as fight gut inflammation in sheep by 
regulating gut microbiota composition and increasing anti-
inflammatory metabolites (Xu et al., 2023). 

 

*Significant difference with negative control group (p<0.05) 
#No significant different with positive control group (p<0.05) 

Figure 4. Effect Cnidoscolus aconitifolius leaves extract to TLR4 
expressions in mice infected with Salmonella thypimurium.  

 

  

  
Figure 5. Results of flow cytometric analysis of TLR4 expression 
in mice infected with Salmonella thypimurium. (a) Normal 
groups, (b) Negative control, (c) Positive control, (d) CAE dose 
100 mg/kgbw, (e) CAE dose 200 mg/kgbw, (f) CAE dose 400 
mg/kgbw. 

4. Discussion 

The immune system encompasses a complex network 
of cells, chemicals, and processes aimed at protecting 
various body sites from foreign antigens such as microbes 
(e.g. bacteria, fungi, parasites), viruses, and cancer cells 
(Marshall et al., 2018). Apart from physical and chemical 
barriers, the immune system operates through two main 
defense mechanisms: innate immunity and adaptive 
immunity. While innate immunity acts as the initial 
defense against invading pathogens, it works in 
conjunction with adaptive immunity to provide 
comprehensive protection against disease (Prabhu, 2023).  

Neutrophils, also known as polymorphonuclear 
leukocytes, develop from blast cells and mature into 
terminally differentiated cells in the bone marrow before 
being released into peripheral blood. Under physiological 
conditions, the number of neutrophil production is 1011 per 

day, which is influenced by cell death and production rate. 
Neutrophils are relatively short-lived. It is estimated that 
neutrophils have an age of 8-12 hours in peripheral blood 
(Ma et al., 2021). During acute infections, neutrophils 
migrate from the blood into infected tissues, where they 
execute vital functions including binding, phagocytosis, 
and the oxidative and non-oxidative killing of intracellular 
microorganisms. They also release inflammatory 
mediators extracellularly (Desai & Lionakis, 2018). 

In this study, it was determined that CAE at a dose of 
200 mg/kgbw and 400 mg/kgbw significantly increased 
neutrophil infiltration compared to the negative control 
group (p<0.05). Specifically, only the CAE at 400 
mg/kgbw achieved neutrophil levels comparable to the 
positive control group (10.60±1.36) without significant 
difference (p>0.05). Neutrophils play a crucial role as the 
body's primary defense mechanism against bacterial and 
fungal pathogens, operating swiftly before the adaptive 
immune responses come into play (Kubes, 2018). The 
ability of CAE to enhance neutrophils numbers 
underscores its potential importance in bolstering initial 
defenses post-infection. 

Cnidoscolus aconitifolius leaves are rich in 
phytochemical compounds, including 9-Octadecenoic (Z) 
acid and its esters, n-Hexadecanoic acid, n-Octadecanoic 
acid, n-Octacosane, 1,2,3-Propanetriol derivatives, and l-
(+)-Ascorbic acid-2,6-dihexadecanoate, which offer 
diverse therapeutic benefits (Abayomi et al., 2014).  

Flavonoids isolated from Cnidoscolus aconitifolius 
include procyanidin B1, procyanidin B2, catechin, rutin, 
gallocatechin gallate, epigallocatechin gallate, epicatechin-
3-O-gallate, quercetin-3-O-galactoside, quercetin-3-O-
glycoside, quercetin-3-O-rhamnoside, trans-reverseratol, 
quercetin and Kaemferol (Panghal et al., 2021b). Another 
study reported Japanese papaya leaves had ten carotenoids 
detected consisting mainly of carotene (43.7-46.1%), 
lutein (20.8-22.5%) and neo-xanthin (10.92-12.99%). 
Beta-amyrin (52.2–66.3%), alpha-amyrin (18.5–31.6%) 
and lupeol (14.8–15.9%) were the most abundant detected 
phytosterols. These results show that Cnidoscolus 
aconitifolius leaves are a good source of nutrients and 
bioactive phytochemicals that can support human health 
and nutrition (Mercy et al., 2019). Plant extracts 
containing active phytochemicals and various bioactive 
ingredients such as flavonoids, alkaloids, saponins, 
quinones, triterpenoids, tannins and phenolics have been 
claimed to have benefits in various treatments (Nugroho et 
al., 2020). 

The Toll like receptor (TLR) family serves as vital 
pattern recognition receptors (PRRs) capable of identifying 
various bacteria and viruses, triggering the secretion of 
inflammatory cytokines and chemokines. TLR4, 
predominantly expressed on macrophages, dendritic cells, 
and neutrophils, plays a critical role in inflammation, 
autophagy, and oxidative stress during pathogenic 
infections (Zhang et al., 2021). TLR4 predominantly 
expressed on macrophages, dendritic cells, and neutrophils 
plays a critical role in inflammation, autophagy, and 
oxidative stress during pathogenic infections (Deng et al., 
2020). Specifically, TLR4 recognizes lipopolysaccharide 
endotoxins (LPS), a major component of Gram-negative 
bacteria, stimulating immune cells to produce 
proinflammatory cytokines like interleukins (IL)-8, IL-6, 

a b c 

d e f 
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IL-1β, IL-12, and tumor necrosis factor α (TNFα) to 
combat invading pathogens (Ciesielska et al., 2021). 

Research indicates that TLR4 and its downstream 
genes are expressed across gut and immune tissues at 
various developmental stages, with tissue-specific 
variations possibly reflecting differential functional 
responses to pathogenic stimuli. Notably, TLR4 expression 
is more pronounced in the spleen, the body's largest 
immune organ comprising 25% of lymphoid tissue, central 
to both cellular and humoral immunity (Qin et al., 2020). 

5. Conclusion 

From this study, it can be concluded that the 
administration of CAE at a dose of 200 mg/kgbw 
effectively modulates TLR4 expression and enhances 
neutrophil activity. This modulation contributes to the 
activation of the immune response, suggesting that CAE 
holds promise as a candidate immunomodulatory agent. 
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