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ABSTRACT
Macrophages play a vital role in primary immune responses mainly by carrying out phagocytosis that involves the 
production of nitric oxide (NO). NO is synthesized by inducible nitric oxide synthase (iNOS) to combat aetiological 
agents that are able to cause infectious diseases (IDs). Asiatic acid (AA) and madecassoside (MA) are two pentacyclic 
triterpene compounds derived from Centella asiatica (Linn.) Urban that involved in many pharmacological activities 
of this plant. However, there is still limited study using a normal immune model that resembles a healthy community 
to test the immunomodulatory effect of these compounds. Thus, this study used unstimulated macrophages as an in 
vitro normal model to investigate the effect of both compounds on phagocytosis activity. To achieve the aim of this 
study, the effects of AA and MA, alone and in combination, on the phagocytosis uptake, NO production, and iNOS 
expression of macrophages after 24 hours of treatment were measured. Briefly, macrophages (J774A.1) were cultured 
in five groups, namely untreated macrophages, macrophages treated with lipopolysaccharides (LPS) as a positive 
control, and macrophages treated with AA and MA alone and in combination (AA + MA). The investigation on 
phagocytosis uptake, NO production, and iNOS expression were conducted by using microscopic analysis on Giemsa-
stained slides, the Griess assay, and Western blot, respectively. The results presented that the combination (AA + MA) 
treatment enhanced phagocytosis uptake, NO production, and iNOS expression of macrophages when compared to the 
untreated macrophages as well as macrophages treated with AA and MA, respectively. In conclusion, the combination 
(AA + MA) treatment is able to stimulate phagocytosis activity of macrophages and this new finding provides initial 
knowledge for the development of a natural product-based preventive agent against IDs.

INTRODUCTION
According to the World Health Organization, infectious 

diseases (IDs) are of the highest concern among healthcare-
providing organizations, mainly in developing countries (WHO, 
2000). It is mainly managed through preventive measures 
including vaccination as well as using suitable synthetic medicinal 
drugs, such as antibiotics and antiviral drugs, to treat existing 
diseases (Chee et al., 2017; Maslow, 2017). However, antibiotics 
have many serious adverse effects such as allergic reactions 
and removal of normal flora bacteria in the body (Glick, 2016). 

Consequently, other alternatives for immunomodulatory agents 
from other sources, such as natural products, garner more interest 
among researchers. This is because the specific agents have the 
potential to elicit the normal body’s immune defense system 
to provide improved protection against microbial infection. 
Moreover, immunomodulatory therapies also provide benefits by 
targeting the host rather than the specific pathogen, which later 
would reduce the incidence of microbial resistance (Relman and 
Lipsitch, 2018).

Macrophages have gained great interest within the 
previous decade and currently their role in the stimulation of innate 
immunity to potentially prevent IDs is getting appreciated (Gupta 
et al., 2017). Macrophages or mononuclear phagocytes are majorly 
found in connective tissues and every organ in the body and these 
cells are also well known as professional phagocytes in which they 
express a multitude of receptors on their surfaces (Mitchell and 
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Isberg, 2017; Murray and Wynn, 2012). Phagocytosis is the main 
physiological process of macrophages in innate immunity. It is 
apparent that phagocytosis plays an important role in contributing 
to the effectiveness of macrophages in the inflammatory responses 
toward pathogens (Richards and Endres, 2016). Besides, the 
inflammatory mediators released during phagocytosis, such as 
reactive nitrogen species (RNS) and reactive oxygen species 
produced by the activated macrophages, provide the first line 
of defense toward infections (Kavanthas et al., 2019; Mittal 
et al., 2014). RNS consists of nitric oxide (NO) which reacts 
with superoxide (O2

–) to form peroxynitrite (ONOO−/ONOOH) 
(Grainger et al., 2017; Predonzani et al., 2015). Despite numerous 
other inflammatory mediators produced by macrophages, NO has 
been identified as one of the vital players involved in the innate 
immune response of this cell (Predonzani et al., 2015). It has been 
well documented that the production of NO is associated with 
inducible nitric oxide synthase (iNOS) expression (Mao et al., 
2015). 

Centella asiatica, which belongs to the Umbelliferae 
family, is a creeping, perennial, and slender trailing herb. 
Centella asiatica can be found almost all over the world. It is 
a native plant to warmer region countries of both the north and 
south hemispheres, including Asia, Africa, India, Southern 
Australia, Venezuela, and Madagascar (Jahan et al., 2012). The 
pentacyclic triterpenes constitute the main active constituents 
of C. asiatica that include madecassoside (MA), asiaticoside 
(saponin glycosides), and their sapogenins which include asiatic 
acid (AA) and madecassic acid (Hashim et al., 2011; Roy et al., 
2011). The finding by Puttarak and Panichayupakaranant (2012) 
demonstrated that the highest amounts of AA and MA in C. 
asiatica were taken from five areas in Thailand as compared 
with other pentacyclic triterpenes. Moreover, the study by Zainol 
et al. (2008) on the profiling of C. asiatica leaves extract from 
Malaysia exhibited the highest concentrations of AA and MA in 
leaves which were at the amounts of 1,142.67 and 5.30 μg/ml, 
respectively, as compared to the other bioactive compounds. 
Based on numerous previous studies, the pentacyclic triterpenes 
derived from plants presented significant immunomodulatory 
properties (Harun et al., 2019, Harun et al., 2020). Approximately 
8% of the dry mass of C. asiatica contains these compounds. Most 
of them are concentrated in leaves and the amounts differ based on 
the geographical distribution, growth conditions, and genetic and 
environmental factors (Gray et al., 2018). As far as our literature 
survey on the previous immunomodulatory studies of C. asiatica, 
there has been no research conducted on the effects of AA and 
MA alone and in combination on the phagocytosis activity of 
normal macrophage cell lines (J774A.1). Therefore, recognizing 
the importance of phagocytosis activity in the innate immunity 
of macrophages, this present study determines the effects of these 
compounds on phagocytic uptake, NO production, and iNOS 
expression of macrophages.

MATERIALS AND METHODS

Reagents and materials 
The reagents and materials used in this study included 

Dulbecco’s modified eagle medium (DMEM) (Gibco), fetal bovine 
serum (FBS), penicillin-streptomycin (Gibco), Griess Reagent 
Kit (Promega, USA), iNOS IgG2a mouse monoclonal antibody 

(Becton Dickinson, USA), β-actin IgG1 mouse monoclonal 
antibody (Cell Signaling Technologies, USA), secondary antibody 
goat anti-mouse IgG, horseradish peroxidase (HRP) conjugate 
(Invitrogen, USA), and Chemi-Lumi One Super Kit (Nacalai 
Tesque, Japan). All other reagents and chemicals were of the 
purest commercial grade available.

Plant materials 

The AA compound with purity more than 98% and 
MA (purity ≥95%) assessed using high-performance liquid 
chromatography derived from C. asiatica in stock of 10 mg/
vial were purchased from Sigma-Aldrich with product numbers 
A2612 and M6949, respectively. Both compounds were stored at 
2°C–8°C. The dilution of both compounds was freshly prepared 
for each assay using dimethyl sulfoxide (DMSO) and media 
solutions and the final concentration of DMSO was adjusted to 
less than 0.1% (v/v) to eliminate the cytotoxicity effect by the 
solvent. Based on our previous cytotoxic assessment (Harun et al., 
2018), the concentrations of AA and MA alone used in this study 
are 0.78, 6.25, and 50 µg/ml. The combination treatment used their 
half dosage of each compound alone (50:50) and were prepared in 
equal volumes (AA + MA: 0.39 + 0.39, 3.13 + 3.13, and 25 + 25 
µg/ml) (Harun et al., 2018). The chemical structures of AA and 
MA are illustrated in Figure 1.

Figure 1. Chemical structure of A) asiatic acid (AA) and B) madecassoside
(MA).
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Cell culture maintenance and treatment

Mouse macrophages cell line J774A.1 (code number 
ATCC#TIB-67) was purchased from the American Type Culture 
Collection (ATCC, USA). The cell culture procedure conducted in 
this study involved a standard cell culture technique as provided in 
a good cell culture practice guideline (Coecke et al., 2005). All the 
techniques comprising cell culture and maintenance were carried 
out by using an aseptic technique and in a sterile condition. This 
cell was cultured in a complete medium containing fresh DMEM 
supplemented with 10% of heat-inactivated FBS and 1% penicillin-
streptomycin (100 U/ml). Cells were maintained in an incubator at 
37°C in a humidified environment supplemented with 5% carbon 
dioxide (CO2). The macrophages at a density of 2 × 105 cells/ml 
were subjected to treatment with all treatment groups. This study 
comprises three treatment groups, (1) AA-treated groups (50, 6.25, 
and 0.78 µg/ml), (2) MA-treated groups (50, 6.25, and 0.78 µg/
ml), and (3) a combination of AA- and MA-treated groups (AA 
+ MA: 25 + 25, 3.13 + 3.13, and 0.39 + 0.39 µg/ml), as well as 
two control groups, (1) positive control [lipopolysaccharides (LPS) 
100 ng/ml] and (2) untreated control (0.05% DMSO). Each sample 
collection and bioassay was conducted after a 24-hour incubation 
phase to assess immunomodulatory enhancing properties based on 
the measured parameters (Choi et al., 2018; Hu et al., 2019). 

Analysis of phagocytosis activity
The phagocytosis activity of macrophages was 

determined based on the procedure as proposed by Permanasari 
et al. (2017) with slight modifications. In this assay, C. albicans 
was used as a test microorganism to evaluate the ability of treated 
macrophages to phagocytose the microorganism. Candida albicans 
2 × 106 cells/ml were used for co-culture with macrophages 
based on the ratio of yeast to macrophage (10:1) to 1 hour. The 
choice of C. albicans in this part of the study is because of this 
microorganism that is able to stimulate the macrophages through 
toll-like receptor (TLR) as comparable as LPS action (Wang et al., 
2019). Then, the Giemsa staining protocol was carried out and the 
images of the phagocytosed cells were captured by using an image 
analyzer. Calculation of phagocytosis percentage and index was 
based on the following formulas (More and Pai, 2017):

Phagocytosis 

percentage (P%) = 

number of macrophages showing  
phagocytosis

total number of counted  
macrophages

 × 100.

Phagocytosis 
index (PI) = 

total number of yeast cells 
phagocytosed

number of macrophages showing 
phagocytosis

 × P%.

Griess assay
Nitric oxide which was secreted in the cultures by 

activated macrophages during treatments was determined by the 
Griess Reagent Kit (Promega, USA) as described by Haque et al. 
(2019) with slight modifications. Initially, the cultures of treated, 
untreated, and control macrophages were collected at 24 hours 

post treatment and then centrifuged at 300× g at 4°C for 5 minutes. 
Then, the supernatant of culture for each group of treatment was 
collected and further aliquoted into 1.5 ml microcentrifuge tubes. 
All the supernatant samples were kept on ice to avoid protein 
degradation before proceeding to the Griess assay. The remaining 
supernatant was stored at −80°C for future use. The standard 
curve was prepared to measure NO levels in each experimental 
sample. The nitric standard provided in the kit was prepared by 
using serial dilution according to the guidelines provided by the 
manufacturer. Then, 50 µl of each supernatant sample was added 
to a well in triplicate. Next, 50 µl of a sulfanilamide solution was 
dispensed into each well that contained supernatant samples and 
dilution series of nitric standard solutions, followed by incubation 
for 10 minutes at room temperature (27°C) in a dark environment. 
After that, a similar amount of N-(1-naphthyl)ethylenediamine 
solution was added to each well and further incubated for another 
10 minutes and the plate was protected from any light exposure. 
Finally, the absorbance was evaluated at 540 nm using an enzyme-
linked immunosorbent assay (ELISA) microplate reader. The NO 
concentration for each sample was determined using the generated 
nitric standard curve.

Western blot analysis
The expression of iNOS was further determined by 

Western blot analysis. The Western blotting technique was carried 
out based on Haque et al. (2019) and Hui et al. (2019), with 
slight modifications. Briefly, after a 24-hour incubation period, 
the total protein for each treatment group was extracted from 
macrophages. 20 µg of total protein was separated through sodium 
dodecyl sulfate-polyacrylamide gel electrophoresis comprising 
10% resolving gel and 5% stacking gel. The trapped protein was 
then transferred onto a polyvinylidene difluoride membrane and 
blocked in 50 ml of blocking buffer solution (1% skim milk in 
Tris-buffered saline-Tween 20 (TBST20) for 1 hour at room 
temperature with gentle shaking. Next, after the washing step, 
the membrane was incubated with a specific primary antibody 
solution for iNOS (Becton Dickinson, USA) and β-actin (Cell 
Signaling Technologies, USA) mouse monoclonal antibody with 
a dilution of 1:1,000 (with blocking buffer) overnight at 4°C with 
gentle agitation on the laboratory rocker-shaker. After washing, 
the membrane was incubated with secondary antibody goat anti-
mouse IgG and HRP conjugate with a dilution of 1:5,000 for 2 
hours at room temperature and immunodetection was carried out 
using the enhanced chemiluminescence method using the Chemi-
Lumi One Super Kit (Nacalai Tesque, Japan). β-actin was used as 
an internal control.

Statistical analysis 
Analysis of data was conducted using Statistical 

Package for the Social Sciences version 23.0. Each sample was 
measured in triplicate in three independent experiments. The data 
were presented as mean ± standard error of the mean (SEM) and 
the values were obtained from at least three determinations. All 
the data were analyzed using the one-way analysis of variance 
and Tukey’s post-hoc test for multiple comparisons. All tests 
were two-tailed and the significance level was set at the least p 
< 0.05.
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RESULTS
The combination ratio selection is based on the 

concentration of a single compound that gives no toxic effect 
on macrophages as shown in Harun et al. (2018). Briefly, the 
optimization of the effects of the combination of AA and MA (%) 
(25:75, 75:25, 50:50, and 100:100) on the viability of macrophages 
was determined using the MTT assay (Guo et al., 2012). Next, 
the combination ratio was chosen based on the ratio (50:50) that 
produces the highest macrophage proliferation, as shown in Figure 
2, and further applied to other subsequent immunological assays. 
The ratio dosage of the combination compounds was preferred 
to be lower than the individual compound because the aim of 
this study is to increase the functional activities of the combined 
treatment along with the reducing concentration of each single 
compound (Guo et al., 2012). 

Representative pictures of phagocytosis activity of 
macrophages of each treatment group and the phagocytic index (PI) 
of the macrophages are shown in Figures 3 and 4, respectively. As 
shown in Figure 3, the morphology of the uninfected macrophages 
maintained the normal sphere shape, whereas untreated, LPS-
stimulated, single, and mixed AA- and MA-treated macrophages 
incubated with C. albicans produced many vacuoles inside 
their cells known as phagolysosomes to store the phagocytosed 
pathogens. Macrophages treated with 100 ng/ml LPS as a positive 
control presented the highest phagocytic uptake of C. albicans 
as compared to the untreated cells and other groups of treatment. 
Equally, the macrophages treated with the combination treatments 
of AA and MA (0.39 + 0.39, 3.13 + 3.13, and 25 + 25 µg/ml) also 
phagocytosed a higher number of C. albicans as compared to the 
untreated macrophages and macrophages treated with AA and MA 
alone at their respective concentrations (0.78, 6.25, and 50 µg/
ml). These increment values were in a dose-dependent manner. 
Similarly, with combination treatment, higher intracellular 
numbers of C. albicans were also observed in single MA-treated 
macrophages when the concentration increased. On the other hand, 
single AA treatment at all tested concentrations only increased the 
uptake of small numbers of C. albicans by macrophages.

As shown in Figure 4, the macrophages produced the 
highest PI (10.53 ± 0.3132) in response to LPS. For the treatment 
groups, the highest and most significant PI was observed in 
macrophages treated with a combination of AA and MA (25 + 25 
µg/ml) with a PI value 7.117 ± 0.1035 followed by 3.13 + 3.13 
µg/ml with a PI value 5.907 ± 0.07424 when compared to the 
untreated cells (1.570 ± 0.03606) (p < 0.001). These treatments 
also promoted significant enhancement in phagocytosis activities 
of macrophages when compared to the macrophages treated 
with AA and MA alone at respective dosages (50 and 6.25 µg/
ml) (p < 0.0001). As relative to the untreated macrophages, only 
macrophages treated with MA alone at doses of 6.25 and 50 µg/
ml significantly increased the phagocytic activity of macrophages 
with the PI values of 2.8 ± 0.1323 (p < 0.01) and 3.220 ± 0.1710 
(p < 0.0001), respectively. Unpredictably, higher phagocytosis 
activities of macrophages were recorded after treatment with 
the two highest concentrations of MA alone when compared to 
the macrophages incubated with the combination treatment (AA 
+ MA) at the lowest concentration (0.39 + 0.39 µg/ml). On the 
contrary, no significant difference in phagocytic activity was 
observed in macrophages treated with all tested concentrations of 
AA (0.78, 6.25, and 50 µg/ml).

The effects of AA and MA alone and in combination 
on NO production of macrophages after 24 hours of treatment 
are presented in Figure 5. The findings showed that all the 

Figure 2. Optimization of combination ratio effects of AA and MA on the 
viability percentage of macrophages after 24 hours of treatment (n = 3). *p < 
0.05 when compared to the untreated group.

Figure 3. Representative of phagocytic uptake of C. albicans by treated 
macrophages (J774A.1) with individual AA and MA and their combination for 
24 hours of treatment. Untreated and LPS-stimulated cells (100 ng/ml) were 
used as negative and positive controls, respectively. Observation was made 
under 1,000× total magnification of an inverted microscope (n = 3).
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combination treatments (AA + MA) at every dosage (0.39 + 
0.39, 3.13 + 3.13, and 25 + 25 µg/ml) significantly elevated NO 
production of macrophage cells in a concentration-dependent 
manner with values of 16.42 ± 1.026, 31.57 ± 1.581, and 41.62 
± 1.658 μM, respectively, after 24 hours when compared to the 
untreated macrophages (1.790 ± 0.3330 μM) (p < 0.0001). Similar 
significant results were shown when all the data were compared 
to the NO production of the macrophages treated with AA and 
MA alone at the comparative concentrations (0.78, 6.25, and 50 

µg/ml) (p < 0.0001). As expected, a similar pattern was shown by 
macrophages treated with LPS at 100 ng/ml which significantly 
boosted NO production to 55.40 ± 1.875 μM when compared to 
the untreated macrophages (p < 0.0001).

Additionally, there was also significant stimulation of 
NO production by macrophages treated with MA alone at both 
concentrations of 6.25 µg/ml (19.55 ± 1.565 μM) and 50 µg/ml 
(22.89 ± 1.969 μM) (p < 0.0001). Unpredictably, the two highest 
concentrations of MA alone promoted higher production of 
NO of macrophages when compared to the effect of the lowest 
combination dosage (0.39 + 0.39 µg/ml) used in this study. On the 
contrary, the treatments with the lowest dosage of MA alone (0.78 
µg/ml), as well as AA at three tested concentrations (0.78, 6.25, 
and 50 µg/ml), did not significantly enhance the NO production 
after 24 hours of the incubation period.

To verify whether the upsurge of NO secretion by 
compound treatment was due to the enhancement of iNOS 
expression, the effects of AA and MA alone and in combination on 
iNOS expression were measured. Figure 6A shows the expression 
of a band at approximately 130 kDa (the expected size of iNOS) 
which was detected in the Western blot analysis of macrophages 
in all groups of compound treatments, the untreated group, and 
the positive control group. The MRI of iNOS against the β-actin 
value was used to predict the expression of iNOS in macrophages 
as shown in Figure 6B.

As shown in Figure B, the overall findings showed a 
similar equivalent pattern with NO production outcome. When 
a comparison was made between these groups, the combination 
treatment (AA + MA) at concentrations of 0.78 + 0.78, 3.13 + 
3.13, and 25 + 25 µg/ml carried out significant stimulatory 
activity in iNOS expression represented with MRI values of 
0.5213 ± 0.02738 and 0.4113 ± 0.00933, correspondingly when 
compared to the untreated group (0.1073 ± 0.00426 MRI) (p < 
0.0001). However, only two concentrations (3.13 + 3.13 and 25 + 

Figure 4. Effects of individual AA and MA and their combination on PI of 
mouse macrophages (J774A.1) treated with individual AA and MA and their 
combination for 24 hours and followed co-culture with C. albicans for 1 hour. 
The values are presented as mean ± SEM (n = 3). (C1: 0.39 + 0.39, C4: 3.13 + 
3.13, and C7: 25 + 25). *p < 0.05, **p < 0.01, ***p < 0.001, and ****p < 0.0001 
when compared to the untreated group. ap < 0.05, aap < 0.01, aaap < 0.001, and aaaap 
< 0.0001 when compared to individual AA and bp < 0.05. bbp < 0.01, bbbp < 0.001, 
and bbbbp < 0.0001 when compared to individual MA.

Figure 5. Effects of individual AA and MA and their combination treatments on 
the NO production of mouse macrophages (J774A.1) for 24 hours (n = 3). (C1: 
0.39 + 0.39, C4: 3.13 + 3.13, and C7: 25 + 25). *p < 0.05, **p < 0.01, ***p < 
0.001, and ****p < 0.0001 when compared to the untreated group. ap < 0.05, 
aap < 0.01, aaap < 0.001, and aaaap < 0.0001 when compared to individual AA. bp 
< 0.05, bbp < 0.01, bbbp < 0.001, and bbbbp < 0.0001 when compared to individual 
MA.

Figure 6. (A) Representative results of iNOS and β-actin proteins expression. 
(B) The relative density of iNOS/β-actin proteins expression in macrophages 
treated with individual AA and MA and their combination for 24 hours (n = 3). 
(C1: 0.39 + 0.39, C4: 3.13 + 3.13, and C7: 25 + 25). *p < 0.05, **p < 0.01, ***p 
< 0.001, and ****p < 0.0001 when compared to the untreated group. ap < 0.05, 
aap < 0.01, aaap < 0.001, and aaaap < 0.0001 when compared to individual AA. bp 
< 0.05, bbp < 0.01, bbbp < 0.001, and bbbbp < 0.0001 when compared to individual 
MA.



Harun et al. / Journal of Applied Pharmaceutical Science 11 (11); 2021: 104-111 109

25 µg/ml) from these combination treatments exhibited significant 
enhancement in iNOS expression when compared with both AA 
and MA alone at their respective dosages (p < 0.0001). The effects 
took place in a dose-dependent manner and were represented with 
high-intensity bands. The comparable effect of the combination 
treatments was also shown by the macrophages treated with LPS 
with the value of 0.7857 ± 0.007965 MRI. On the contrary, the 
combination treatment (AA + MA) at the lowest concentration 
(0.39 + 0.39 µg/ml) only presented significant augmentation 
in iNOS expression of macrophages but it was minimal when 
compared to the treatment of AA alone (0.78 µg/ µg/ml) (p < 0.05).

Similarly, the treatment of MA alone also significantly 
increased the expression of iNOS of macrophages for all the 
tested concentrations of treatments (0.78, 6.25, and 50 µg/ml) 
when compared to the untreated control group (p < 0.0001). 
Nevertheless, the significant upsurge in iNOS expression was 
only exhibited in the macrophages supplied with AA alone at the 
dosage of 6.25 µg/ml as relative to the untreated macrophages (p 
< 0.01). The overall findings displayed that the elevation of iNOS 
expression was represented by high band intensity.

DISCUSSION
In an effort to evaluate the plant compounds-induced 

modulation of innate immune responses of macrophages, this 
study determined the effects on phagocytosis activity. This part 
of the study was conducted by measuring the uptake of killed C. 
albicans (in a duration of 1 hour) by macrophages after being 
treated with single and mixed compounds for 24 hours. Candida 
albicans was used as an example of pathogenic microorganisms 
which are normally ubiquitous in the environment and based 
on the established method to evaluate the immunomodulatory 
potential of natural products (Sumithra et al., 2017). The upsurge 
in phagocytosis activity is accepted as one of the most distinct 
properties of macrophages activation and contributes to the 
stimulation of innate immune responses (Gordon, 2016). 

The findings showed that the phagocytic activity 
of macrophages markedly elevated when stimulated with 
combination treatments (AA + MA) at the concentrations of 25 + 
25 and 3.13 + 3.13 µg/ml and was represented by higher uptake 
of C. albicans as compared to the other compound-treated and 
untreated macrophages. The findings in this study have supported 
the earlier preliminary study by Mali and Hatapakki (2008) who 
identified that various concentrations of ethanolic leaves extract of 
C. asiatica (25, 50, and 100 mg/ml) significantly increased the PI 
and intracellular killing properties of neutrophils when compared 
to the untreated group by using the slide method and qualitative 
nitroblue tetrazolium test. Moreover, the phagocytosis results also 
are in line with the other in vivo investigation by Besung (2009) 
who used mice infected with Salmonella typhi as a model. This 
study presented that the methanolic extract of C. asiatica leaves 
(125, 250, and 500 mg/kg BW) enhanced the phagocytic capacity 
of macrophages in a dose–response relationship with the highest 
phagocytic value of macrophages observed in treated mice (500 
mg/kg BW) when compared with untreated mice. 

The result of the uptake of C. albicans by macrophages 
during phagocytosis is also comparable with the finding by Besung 
et al. (2012). In detail, through their observation of the Giemsa-
stained cells under an inverted microscope, the team demonstrated 
that the C. asiatica extract-treated macrophages displayed higher 

uptake of S. typhi with the increment of extract concentration. In 
addition to that, the treated macrophages presented with irregular 
shapes, eccentric location of the horseshoe-shaped nucleus, and 
a lot of vesicles and vacuoles of lysosomes when compared to the 
morphology of untreated macrophages (appeared small and with 
regular circular shapes). Furthermore, earlier research conducted by 
Gupta et al. (2014) also proved that the crude extract of C. asiatica is 
comprised of triterpene components, especially AA and MA. Hence, 
our results supported previous findings showing that the increment of 
the phagocytosis activities could be due to the effects of AA and MA. 

NO is a vital molecule involved in several fundamental 
and pathologic developments. The NO production by macrophages 
is crucial for the mammalian immune defense mainly in innate 
immunity. Accordingly, NO can be used as a measurable index of 
macrophage stimulation (Grainger et al., 2017). The production 
of NO and its synthesized protein, iNOS, is believed to be reliant 
on the secretion of proinflammatory cytokines (Venkatesan et al., 
2017). Thus, this study considered the effect of treatment on the 
production of NO which was also measured in the supernatant 
acquired from the culture of macrophages in all treatment groups. 
From the analyzed data, it was found that all the combination 
treatments resulted in an increase and higher NO production at 
all the ratios of tested combination dosages as compared to the 
untreated group. This finding was countered by Jeong et al. (2002) 
and You et al. (2001) in their in vivo studies which discovered 
the immunomodulatory effects of α-hederin and ursolic acid, 
respectively. Both compounds in the group of triterpene 
saponin have been shown to elicit NO production of harvested 
peritoneal macrophages from treated mice in a concentration-
dependent manner. Furthermore, other previous in vitro studies 
also revealed that other group compounds such as water-soluble 
polysaccharides from tiger lilies at the concentration of 25–400 
µg/ml also dose-dependently stimulated the phagocytosis activity 
and NO production of macrophages RAW 264.7 (Chen et al., 
2014). Additionally, in another in vitro research finding, a similar 
indication was established in which a fraction from Laminaria 
japonica containing several bioactive constituents exhibited 
significant enhancement of the production of NO in macrophages 
with the highest value being 20.4 µmol/l when treated with this 
fraction at the concentration of 100 µg/ml (Fang et al., 2015).

Western blot analysis was conducted to investigate 
whether the stimulation of NO production is associated with its 
iNOS protein. The increase of NO secretion was related to the 
increase of its iNOS expression with greater significant enhancement 
of iNOS expression being observed in macrophages treated with 
combination treatment (AA + MA) at dosages of 25 + 25 and 3.13 
+ 3.13 µg/ml as compared to the untreated control group. All these 
treatments also presented similar significant augmentation in iNOS 
protein as relative to both single treatments. The finding of this 
study is also consistent with the observations by Lee et al. (2010) 

who demonstrated that the pyruvylated sulfated galactan compound 
from Codium fragile stimulated NO production as well as iNOS 
expression in macrophages RAW 246.7. In addition, these present 
research findings are in agreement with another previous study which 
exhibited that the antitumor potential of polysaccharides derived 
from Grifola frondosa was related to the ability of this compound 
to augment NO production and iNOS expression in macrophages 
RAW 264.7 (Mao et al., 2015). Nevertheless, based on the literature, 
there is still a lack of studies on the effects of a combination of plant 
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compounds in immunostimulating macrophages and other immune 
cells. Therefore, the specific comparison of this current finding to 
previous studies is only conducted relative to the research conducted 
using crude extracts and a single compound as a treatment.

The outcomes also exhibited that the NO only was 
produced at the basal line by untreated macrophages and was 
comparable with its iNOS expression. It is also similar in the 
normal state of tissue such as mucosa of colon, mRNA, and 
protein expression of iNOS in resident macrophages which 
was presented at a low level (Wallace et al., 2019). However, 
when the pathogenic microorganisms such as Salmonella spp., 
Enterococcus faecalis, Escherichia coli, and Chlamydia psittaci 
destructed the tissue, they were then recognized by the TLR of 
macrophages (Behnsen et al., 2015; Lagae and Vanrompay, 2015; 
Mallick et al., 2019; Xu et al., 2018). The activated macrophages 
further amplified their iNOS expression at either the mRNA or 
protein levels by activating the signaling molecules. 

According to the previous studies, there is no research 
conducted to determine the effects of the bioactive compounds 
derived from C. asiatica on normal immune cells to represent a 
healthy community. There was only a study by Yun et al. (2008) 
that showed that the AA isolated from C. asiatica strongly 
inhibited LPS-induced NO and PGE2 production in RAW 264.7 
macrophages. This compound was more potent than its derivative, 
namely asiaticoside. By comparing their chemical structures, the 
presence of glucose at C-28 (ring E) of asiaticoside might reduce 
its anti-inflammatory effect. Furthermore, AA along with corosolic 
acid and alphitolic acid has been tested for their anti-inflammatory 
effect in an animal model. All compounds revealed an inhibition 
effect in TPA-induced inflammation. However, corosolic acid 
presented the most potent activities when measured using the 
arachidonic acid assay. The lack of one alcoholic group at C-24 
(ring A) probably contributed to its activity (Aguirre et al., 2006). 

In accordance with the immunostimulation activities of 
combination compounds on the normal model of macrophages, it 
has been assumed that these activities are initiated from the unique 
molecular structure of the sugar glucose–glucose–rhamnose at 
C-28 and hydroxyl (OH) group (C-6) located on the MA molecular 
structure. It is essential to highlight the theory that both of these 
molecules might have interacted with the molecular structure of 
AA and then enhance the interaction of these molecules with TLR 
of macrophages which further activates the macrophage cell.

CONCLUSION
In a nutshell, the combination treatment (AA + MA) 

at the maximum concentration (25 + 25 µg/ml) enhances 
phagocytosis activity that involves phagocytic uptake of the tested 
microorganism, NO production, and iNOS expression in normal 
macrophages after 24 hours of treatment. The finding suggests that 
the combination treatment is able to cause an upsurge of innate 
immune responses of macrophages and might be used for future 
benefits to stimulate the immune system as a preventive agent 
against potential infection.
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