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Abstract 
      Mycobacterium tuberculosis has the capacity to manipulate host defense pathway, particularly 
the ability to inhibit apoptosis of infected host cells. Centella asiatica is a medicinal plant which is 
able to reduce growth of Mycobacterium tuberculosis and enhance the cellular immune response 
and apoptosis in cancer cells. The research is to determine effect and mechanism of the extract of 
Centella asiatica in enhancing macrophages apoptosis from rat tuberculosis models. Rat 
tuberculosis models were divided randomly into 4 groups. Group 1, 2, and 3 were given extracts of 
Centella asiatica at 375mg/kgbw, 750mg/kgbw, and 1500mg/kgbw daily for 14 days. The 4 group is 
a control group. Apoptosis, expression of Bcl 2, Bax, Caspase 8 were performed by 
immunohistochemistry.  
     The study shows reduce expression of Bcl-2, increase expression of Bax and Caspase 8 also 
enhance the macrophages apoptosis. Ethanol extract of Centella asiatica have active ingredients to 
enhance of apoptosis alveolar macrophages from rat lung tissue that were infected by 
Mycobacterium tuberculosis through the increase of Caspase 8’s expression, Bax’expression and 
decreasing of Bcl-2’s expression. 
                                                       Experimental article J Int Dent Med Res 2021; 14(2): 812-819)          
      Keywords: Apoptosis, Centella asiatica, Macrophage, Rat tuberculosis models.   
      Received date: 14 March 2021                                              Accept date: 09 May 2021                                    

 
 Introduction 
 
 Immune response plays a fundamental 
role for outcome of tuberculosis bacterial 
infection. It is believed that the failure in treating 
tuberculosis is because of the failure of patients’ 
immune response 1–4. In tuberculosis infection, 
there is a macrophages anti-apoptotic 
phenomenon which is characterized by an 
increase of various anti-apoptotic protein such as 
Bcl-2 protein and a decrease of pro-apoptotic 
protein namely Bax 5–11. Mycobacterium 
tuberculosis can multiply in macrophages by 
various process. Therefore, inhibition process of 
apoptosis in macrophages by Mycobacterium 
tuberculosis is a virulence factor for bacteria 12–15. 

Mechanism of tuberculosis immune 

pathogenesis as mentioned above become the 
foundation in conducting a research on a more 
appropriate method of tuberculosis treatment 16. 
New treatment of tuberculosis should also 
enhance immune response, especially to 
increase apoptosis in infected macrophages. The 
advantage of this apoptosis is to increase the 
elimination of bacteria without any intracellular 
material that comes out into extracellular so that 
bacteria cannot spread out of the cell. In addition, 
this apoptotic process will minimize inflammatory 
reaction that damage surrounding tissue 17–19.  

Centella asiatica is a plant that is widely 
available in several countries including Indonesia 
and used as folk medicine as antimicrobial, anti-
inflammation and wound healing agent.  The 
biggest compounds of this plant are madecasic 
acid, Asiatic acid, madecasoside and asiaticoside. 
Other Ingredients are asiatiquercetin-3-glycoside, 
kämpferol-3-glycoside20,21. Ethanol extract of 
Centella asiatica inhibits the growth of 
Mycobacterium tuberculosis  in vitro and 
increases immune response 22–24. Water extract 
and ethanol extract of Centella asiatica increase 
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levels of Tumor Necrosis Factor-α (TNF-α) in 
healthy macrophage cell cultures 25. Those 
extracts also increase cell expression of Cluster 
of Differentiation (CD) 4, CD8, macrophages and 
production of cytokines TNF-α, interferon-γ (IFN-
γ) and inhibit transforming growth factor-β (TGF-
β) in macrophage cells 26,27. Asiatic acid, one of 
the chemical compounds in Centella asiatica, 
induces macrophage apoptosis through the 
increase of cytochrome-c and caspase-3 
protein28. Numerous studies have shown that 
extracts of both Centella asiatica and its 
derivative, Asiatic acid, induce apoptosis in 
various cancer cells27–31. This study aimed to 
determine the effect of ethanol extract of Centella 
asiatica on protein expression of Bax, BCl-2, 
Caspase 8, and apoptosis of alveolar 
macrophages in rat tuberculosis models.  
   

Materials and methods 
 

 Preaparation of extract of Centella asiatica 
Centella asiatica plant was used for this study 
and it was taken from Balai Materia Medika, Batu, 
Malang after determination was performed in 
Purwodadi Botanical Garden, Pasuruan. The 
extraction was conducted using maceration by 
soaking Centella asiatica in 70% ethanol. 
 Preparation of Bacteria 
Mycobacterium tuberculosis strain H37 RV 
(ATCC27294) obtained from tuberculosis 
laboratory of Tropical Disease Institute 
Universitas Airlangga was used. The bacterial 
suspension was made by taking bacterial 
colonies which were then put into glass tubes, 
calibrated before being used containing 2 drops 
of 0.05% tween 80.  Afterwards, ± 6 ml aquadest 
was added and then vortexed.  The suspension 
was compared to Mc Farland standard (1 Mc 
Farland is equal to 108/ ml Mycobacterium 
tuberculosis 32,33).  

Chemicals 
The chemicals used in this study were 

ketamine HCl injection (Hameln 
Pharmaceuticals), ether (EMS catalogue no. 
1180), absolute alcohol, alcohol 96%, alcohol 
80%, alcohol 70% (Brataco), aqua destilata 
(Brataco), carboxy methyl cellulose sodium 
(Brataco), Kieselgel 60F 254 (Merck, catalog no. 
0345629), xylol, n-Hexana, ethylacetate, 
anisaldehide sulfuric acid, Hematoxylin Eosin 
staining (EMS catalogue no. 14653), Phosphate 
Buffered Saline (PBS) (Brataco), formaldehyde 

(Brataco), Ziehl-Neelsen staining (EMS 
catalogue no. 484k), Middlebrook 7H9 and 7H10 
medium (BD Biosciens catalogue no. 295964), 
fungizone (Sigma, catalog no. A2942), Apoptag 
detection kit (Millipore corporation, catalog no. 
S1701), primary antibody for Bcl-2 was anti 
mouse monoclonal antibody Bcl-2 (Bioworld 
Technology Inc., catalog no. BS1511), primary 
antibody for Bax which was rabbit Ig G Bax 
antibody (species reactivity to rat and mouse) 
(Novus Biologicals, catalog no. NB120 -7977), 
primary antibody for Caspase-8 was rabbit IgG 
caspase 8 antibody (Novus Biologicals, catalog 
no. NB120-15552), and Immunohistochemistry 
Kit (secondary antibody, streptavidim-HRP, DAB 
from Daco LSAB catalog No. K0673). 
 Rats Tuberculosis Models 
 The Experimental animals used were male 
rats (Rattus norvegicus Wistar strain) at 2-3 
months of age with body weight between 125-
200 gram obtained from the animal unit of 
Universitas Gadjah Mada. Rats were kept in BSL 
cabinet in Faculty of veterinary Medicine 
Universitas Airlangga and were given ad libitum 
access to food and water. Ketamine were given 
for anesthesia to all rats before they were 
infected with M.tuberculosis. 50μl Mycobacterium 
tuberculosis suspension (1 ml contains 108 
Mycobacterium tuberculosis) was injected into 
the trachea 7,34,35. After injection, the rats were 
kept and given food and drink ad libitum for up to 
28 days. On the 29th  day, the rats were randomly 
sacrificed and their lungs were taken for culture 
to prove that they were infected with 
M.tuberculosis while other rats will be used for rat 
tuberculosis models. 
           Treatment 

Rat tuberculosis models were divided into 
4 group and began to receive ethanol extract of 
Centella asiatica. Group 1 was given a dose of 
375 mg/kgbw of ethanol extract of Centella 
asiatica, group 2 was given a dose of 750 
mg/kgbw of ethanol extract of Centella asiatica,  
group 3 was given a dose of 1,500 mg/kgbw of 
ethanol extract of Centella asiatica. The extract 
was administered orally using sonde once a day 
for 14 days. Group 4, a control group, was given 
a suspension of 1% CMC Na in aquadest orally 
using sonde once a day for 14 days. On the 15th 
day after treatment, rats from both treatment 
groups and control group were sacrificed.  The 
right lung tissue was put in 10% buffered formalin 
for histopathological examination using 
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Immunohistochemistry. The method used for 
examination of macrophage apoptosis in this 
study was immunohistochemical staining using 
Terminal dUTP Nick-End Staining Labeling 
(TUNEL) assay.  

Data Analysis 
Data were assayed for normality and 

homogeneity of variance. For comparison, 
ANOVA was used for comparative test, while 
Spearman correlation and path analysis was 
used for correlation test. 

Ethical Approval 
This study was ethically approved by 

Ethics Committee of Faculty of Veterinary 
Medicine, Universitas Airlangga (Ethical 
Clearance No. 129-KE) before conducting the 
study.  

 
Results  
 

The effect of Centella asiatica ethanol extract on 
Bcl-2 protein expression in alveolar macrophage 

The results showed a significant 
difference between treatment groups and control 
group. Highest mean of Bcl-2 protein expression 
in alveolar macrophage was found in the control 
group (Table 1) (Figure 1.) 
 

 
G1= 375mg/kgbw; G2 = 750mg/kgbw; G3 = 1500mg/kgbw; 
G4 = control group* p < 0.05 
Table 1. The average of Expression of Bax, Bcl-2, 
Cas-8 protein and apoptosis of alveolar 
macrophages of rat lung tissue. 
 

The effect of Centella asiatica ethanol 
extract on Bax protein expression in alveolar 
macrophage 

The results showed a significant 
difference between treatment groups and control 
group. Highest mean of Bax protein expression 

of alveolar macrophages was found in the 
second group (Table 1) (Figure 2). 

 

 
Figure 1. Expression of Bcl-2 protein from 
alveolar macrophages in rat lung tissue. The 
image above shows the effect of ethanol extract 
of Centella asiatica of 375 mg/kgbw (a), 750 
mg/kgbw (b), 1500 mg/kgbw (c), and control 
group (d) on expression of Bcl-2. Examination 
was conducted by using immunohistochemistry. 
Brown cytoplasm shows positive expression of 
Bcl-2 protein (yellow arrow) whereas colorless 
cytoplasm shows negative result (red arrow). The 
amount of Bcl-2 protein expression is the highest 
in the control group. 400x magnification. 
 

 
Figure 2. Expression of Bax protein of alveolar 
macrophages of rat lung tissue. The image 



 
Journal of International Dental and Medical Research ISSN 1309-100X                       Increasing Alveolar Macrophages Apoptosis 
http://www.jidmr.com                                                                                                                                               Arifa Mustika and et al 

 

  Volume ∙ 14 ∙ Number ∙ 2 ∙ 2021 
                            

Page 815 

above shows the effect of ethanol extract of 
Centella asiatica at a dose of 375 mg/kgbw (a), 
750 mg/kgbw (b), 1500 mg/kgbw (c), and control 
group (d) on expression of Bax. Examination was 
conducted by using immunohistochemistry. 
Brown cytoplasm shows positive expression of 
Bax protein (yellow arrow) whereas colorless 
cytoplasm shows negative result (red arrow). The 
amount of Bax protein expression is the highest 
in the group that received ethanol extract of 
Centella asiatic of 750 mg/kgbw. 400x 
magnification. 
 
The effect of Centella asiatica ethanol extract on 
Caspase-8 expression of alveolar macrophage 

The results showed a difference between 
treatment groups and control group. Highest 
mean of Caspase-8 protein expression of 
alveolar macrophages was found in group 2 
(Table 1) (Figure 3).  
 

 
Figure 3. Expression of Caspace-8 protein  of 
alveolar macrophages of rat lung tissue. The 
image above shows the effect of ethanol extract 
of Centella asiatica at a dose of 375 mg/kgbw (a), 
750 mg/kgbw (b), 1500 mg/kgbw (c), and control 
group (d) on expression of Caspace-8 protein. 
Examination was conducted by using 
immunohistochemistry. Brown cytoplasm shows 
positive expression of Caspace-8 protein (yellow 
arrow) whereas colorless cytoplasm shows 
negative result (red arrow). The amount of 
Caspace-8 protein expression is the highest in 
the group that received ethanol extract of 
Centella 815 siatic at a dose of 750 mg/kgbw. 
400x magnification. 

The effect of Centella asiatica ethanol extract in 
alveolar macrophage apoptosis 

The effect of ethanol extract of Centella 
asiatica on apoptosis of alveolar macrophage in 
Mycobacterium tuberculosis - infected rat lung 
tissue showed a significant difference between 
treatment groups and control group. Highest 
mean of alveolar macrophage apoptosis was 
found in group 2 (Table 1) (figure 4).  
 

 
Figure 4. Apoptosis of alveolar macrophage cell 
of rat lung tissue. The image above shows the 
effect of ethanol extract of Centella asiatica of 
375 mg/kgbw (a), 750 mg/kgbw (b), 1500 
mg/kgbw (c), and control group (d) on expression 
of Caspace-8 protein. Examination was 
conducted by using Tunnel assay (Apoptag 
detection kit). Brown nucleus shows positive 
result (yellow arrow) whereas colorless nucleus 
shows negative result (red arrow). The amount of 
apoptosis is the highest in the group receiving 
ethanol extract of Centella asiatic at a dose of 
750 mg/kgbw. 400x magnification. 
 

Pathway analysis was conducted to 
determine the correlation between ethanol 
extract of Centella asiatica and Bcl 2 protein 
expression, Bax protein expression, caspase-8 
protein expression, apoptosis and the number of 
bacteria. The results of pathway analysis showed 
that ethanol extract of Centella asiatica 
significantly decreased Bcl-2 protein expression 
of alveolar macrophage (p = 0.044), increased 
Bax protein expression significantly (p = 0.001), 
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as well the increase of Caspase-8 protein (p = 
0.000). the significant increase of Caspase 8 
protein expression affected the increase of Bax 
protein expression (p = 0.000) and the increase 
of apoptosis of alveolar macrophage (p = 0.000). 
Ethanol extract of Centella asiatica increased the 
apoptosis of alveolar macrophage (p = 0.000).  
 

 
Figure 5. Results of Path Analysis. 

 Discussion 
 

           The results of this study showed that 
ethanol extract of Centella asiatica decreased the 
Bcl-2 protein expression in rat tuberculosis 
models. The ethanol extract of Centella asiatica 
did not linearly decrease Bcl-2 protein expression 
of alveolar macrophages cell of rat lung tissue 
with increasing given doses. The ethanol extract 
of Centella asiatica at a dose of 375 mg/kgbw, 
750 mg/kgbw and 1500 mg/kgbw showed a 
significant difference in the decrease of Bcl-2 
protein expression of alveolar macrophage when 
compared to the control group.  However, there 
was no significant difference between treatment 
groups. 

There was an increase of Bcl-2 
expression in alveolar macrophage by 65% when 
compared to treatment group. This finding was 
consistent with previous study by Adolfo (2006) 
which stated that Mycobacterium tuberculosis 
has the ability to increase the expression of Bcl-2 
protein in the alveolar macrophages cell. Bcl-2 
protein expression in alveolar macrophage 
increases from 12.5% in the first days after 
infection to 32% at day 28 after infection 36. One 
of the active ingredients of ethanol extract of 
Centella asiatica is Asiatic acid. This ingredient is 
believed to has a significant role to decrease Bcl-

2 protein expression in alveolar macrophage. 
Bcl-2 is a member of Bcl protein family that has a 
very important role in apoptosis inhibition of 
macrophage cell by Mycobacterium 
tuberculosis6,11,37. One possible mechanism of 
Mycobacterium tuberculosis to increase Bcl-2 
protein expression in alveolar macrophage is 
through the increase of cytokines interleukin-10 
secretion 6. However, this ability can be inhibited 
by IFN-γ 38,39. 

Bcl-2 protein is a competitive inhibitor 
against Bax protein receptor, BH3 domain. Bcl-2 
protein bonding makes Bax protein unable to 
bind BH3 domain, which makes Bax protein is 
not activated and this leads to the inhibition of the 
apoptotic process 11. BH3-only protein has a 
function to receive stimuli originated from the 
outside cell such as drug or radiation. These 
stimuli activate BH3-only protein and work 
directly in releasing bond the between Bax and 
Bcl-2 protein and decrease Bcl-2 expression 9,10. 
In this study, ethanol extract of Centella asiatica 
at a dose of 375 mg/kgbw has not reached the 
therapeutic dose required to increase Bax protein 
expression while at a dose of 1500 mg/kgbw 
there may have been a down-regulation or 
desensitization of the receptor. Hence, the 
effective dose of ethanol extract of Centella 
asiatica to increase Bax protein expression is 
750 mg/kgbw. 

Asiatic acid, one of the active ingredient 
of Centella asiatica ethanol extract, plays an 
important role in the increase of Bax protein 
expression in alveolar macrophage. Previous 
study showed that Asiatic acid increases 
apoptosis of melanoma cell through increased 
Bax protein expression 30. The results of path 
analysis showed that ethanol extract of Centella 
asiatica had a strong correlation with a decrease 
of Bcl-2 protein expression of alveolar 
macrophage and an increase of Bax protein 
expression of alveolar macrophage. However, 
correlation between these two proteins and 
apoptotic proteins was weak, meaning that the 
two did not directly increase apoptosis of alveolar 
macrophages but through other pathways which 
was not examined in this study(Figure 5).  

In normal condition without any 
stimulation, Bax protein presents in cytosol cell in 
an inert state. Appropriate stimulus can change 
protein structure so that Bax protein can perform 
insertions on the target membrane, which are at 
the outer membrane of mitochondria and 
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endoplasmic reticulum. Interactions between Bax 
protein and any protein mentioned afore occur in 
BH3 domain and trigger multilevel changes of 
Bax protein and this phase is an early stage of 
apoptotic process through intrinsic pathway. 
BH3-only proteins receive stimuli originated from 
outside cell such as drug or radiation. These 
stimuli make BH3-only proteins activated and 
work directly in releasing the bond between Bax 
and Bcl-2 protein and decrease Bcl-2 expression. 
Stimuli from outside such as medicinal materials, 
irradiation and stress can affect interactions 
between pro-apoptosis proteins and anti-
apoptosis proteins 40,41.  

The graphic between Centella asiatica 
ethanol extract doses and caspase-8 protein 
expression of alveolar macrophage showed an 
inverted U-shaped curve with highest peak in 
dose of 750mg/kgbw. Ethanol extract of Centella 
asiatica at a dose of 375 mg/kgbw is not reach 
the therapeutic dose require to increase 
caspase-8 protein expression whereas down-
regulation or desensitization of the receptor 
probably already happens at a dose of 1500 
mg/kgbw. Caspase-8, is an active form from 
procaspase-8. Activation of procaspase-8 into 
caspase-8 occurs through extrinsic pathway 
involving Death receptor transduction signal. The 
Death receptor will bind to appropriate ligands to 
form a death domain which has a significant role 
in transmitting death signal from cell surface to 
intracellular. Death domains to have been 
identified included FasL/FasR, TNF-α/TNFR1, 
Apo3L/DR3, Apo2L/DR4 and Apo2L / DR5 40,42,43. 

Activation of procaspase-8 into caspase-8 
in this study happened because ethanol extract 
of Centella asiatica improved the interaction 
between TNF-α ligand and transmembrane 
TNFR1 receptors. This finding was in accordance 
with previous study which stated that ethanol 
extract of Centella asiatica increases levels of 
TNF-α 25,27. The increased levels of TNF-α 
causes the bond between TNF-α ligand to its 
receptors, TNFR1, to form death domain in 
cytoplasm cell. Death domain along with the 
death effector domains forms an adapter protein 
that is TNF Receptor-Associated Death Domain 
(TRADD). Part of the complex, death effector 
domains, binds to procaspase-8 to form a 
complex called Death-Inducing Signaling 
Complex (DISC). DISC complex makes 
activation of procaspase-8 become caspase-8 
autolytical. When caspase-8 is activated, it will 

trigger apoptosis of alveolar macrophages40,42. 
Mycobacterium tuberculosis has an ability 

to increase secretion of TNFR2 proteins that can 
inactivate the bond between TNF-α and TNFR2 
so that TNF-α cannot bind to TNFR1 and form a 
death domain 43. Increased TNFR2 secretion 
occurs because of the induction of cytokine IL-10. 
Therefore, inhibition on IL-10 will decrease 
TNFR2 secretion. The results of path analysis 
showed that caspase-8 increased not only 
apoptosis but also Bax protein expression in 
intrinsic pathway. We suggest that there is a 
communication between extrinsic and intrinsic 
pathways on apoptosis.  

There was a significant increase of 
apoptosis of alveolar macrophage in 
Mycobacterium tuberculosis - infected rat lung 
tissue in treatment groups compared to control 
group.  However, the graphic between Centella 
asiatica ethanol extract doses and apoptosis of 
alveolar macrophage protein expression of 
alveolar macrophage showed an inverted U-
shaped curve with highest peak in dose of 
750mg/kg bw. We suggest that ethanol extract of 
Centella asiatica given at a dose of 375 mg/kgbw 
did not achieve a therapeutic dose required to 
increase apoptosis of alveolar macrophage 
whereas receptor desensitization or down-
regulation probably already happens at a dose of 
1500 mg/kgbw.  

Each cell will respond to any stress or 
stimuli received through a variety of ways from 
activation of life signal to initiation of cell death. 
The purpose of this process is to maintain 
homeostasis so cells not needed will be 
eliminated. The mechanism depends on a variety 
of exogenous factors and ability of cells to cope 
with stress or stimulus44.  In this study, the 
stimulus was provided in the form of natural 
ingredient and this material showed an increased 
in apoptosis of alveolar macrophages. The 
results of path analysis showed that there was a 
strong correlation between ethanol extract of 
Centella asiatica and the increase of caspase-8 
protein expression and there was also a strong 
correlation between the increase of caspase-8 
expression and apoptosis of alveolar 
macrophage. This proved that the mechanism of 
increased apoptosis by ethanol extract of 
Centella asiatica was through the extrinsic 
pathway. 

Mycobacterium tuberculosis death 
mechanism in apoptotic process is through an 
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increase in Nitric Oxide (NO) and through the 
process of phagosome fusion into 
phagolysosome 39,45. NO can kill intracellular 
Mycobacterium tuberculosis through a variety of 
mechanisms namely directly killing DNA of 
bacteria, affecting copper metabolism, virulence 
targets of microbacterial or serving as a second 
messenger. In addition, Nitric Oxide (NO) is 
known to have the ability to induce apoptosis in 
macrophages and NO production was induced by 
IFN-γ through the increase of expression of Nitric 
Oxide Synthetase 2 (NOS2) 46.  Research 
conducted by Herbs in 2011 shows that NO 
induced by IFN-γ increases macrophage 
apoptosis infected with Mycobacterium 
tuberculosis and kills the bacteria. Previous study 
showed that ethanol extract of Centella asiatica 
increased IFN-γ production so that ethanol 
extract of Centella asiatica which, in turn, also 
increases NO production is alleged to cause 
death mechanism of intracellular Mycobacterium 
tuberculosis 46. Apoptotic process is suspected to 
have links with architectural change of host 
vesicular system causing fusion between 
phagosome and lysosome previously inhibited by 
Mycobacterium tuberculosis 47. 

 The results of this study showed that ethanol extract of Centella asiatica decreased the Bcl-2 protein expression in rat tuberculosis models. The ethanol extract of Centella asiatica did not linearly decrease Bcl-2 protein expression of alveolar The  
           Conclusions 
 

The present research clearly 
demonstrated that the ethanol extract of Centella 
asiatica have active ingredients to enhance of 
apoptosis alveolar macrophages from rat lung 
tissue that were infected by Mycobacterium 
tuberculosis through increasing of Caspase 8’s 
expression, Bax’expression and decreasing of 
Bcl-2’s expression. 

  
Acknowledgements 

 
 We thank the Directorate of Research and 

Community Services, the Directorate General of 
Higher Education, and Ministry of Education and 
Culture in Indonesia for the financial support. 
 
 Declaration of Interest 
 
The authors report no conflict of interest. 
 
 References 
 
1.  Ellner JJ. Immunoregulation in TB: Observations and 

implications. Clin Transl Sci. 2010;3(1):23–8.  
 

2.  Ahmad S. Pathogenesis, immunology, and diagnosis of latent 
mycobacterium tuberculosis infection. Clin Dev Immunol. 
2011;11(1);1-18. 

3.  de Martino M, Lodi L, Galli L, Chiappini E. Immune Response to 
Mycobacterium tuberculosis: A Narrative Review. Front Pediatr. 
2019;7:1–8.  

4.  Sia JK, Rengarajan J.  Immunology of Mycobacterium 
tuberculosis Infections . Gram-Positive Pathog. 
2019;7(4):1056–86.  

5.  Mustafa T, Bjune G, Jonsson R, Hernandez Pando R, Nilsen R. 
Increased expression of Fas ligand in human tuberculosis and 
leprosy lesions: A potential novel mechanism of immune 
evasion in mycobacterial infection. Scand J Immunol. 
2001;54(6):630–9.  

6.  Mogga SJ, Mustafa T, Sviland L, Nilsen R. Increased Bcl-2 and 
reduced Bax expression in infected macrophages in slowly 
progressive primary murine Mycobacterium tuberculosis 
infection. Scand J Immunol. 2002;56(4):383–91.  

7.  Rodrigues MF, Barsante MM, Alves CCS, Souza MA, Ferreira 
AP, Amarante-Mendes GP, et al. Apoptosis of macrophages 
during pulmonary Mycobacterium bovis infection: Correlation 
with intracellular bacillary load and cytokine levels. Immunology. 
2009;128(1):691–9.  

8.  Chen L, Shi W, Li H, Sun X, Fan X, LeSage G, et al. Critical 
role of toll-like receptor 9 in morphine and Mycobacterium 
tuberculosis-induced apoptosis in mice. PLoS One. 
2010;5(2):3–9.  

9.  Aguiló N, Uranga S, Marinova D, Martín C, Pardo J. Bim is a 
crucial regulator of apoptosis induced by Mycobacterium 
tuberculosis. Cell Death Dis. 2014;5(7):1–10.  

10.  Agarwal RG, Sharma P, Nyati KK. microRNAs in mycobacterial 
infection: Modulation of host immune response and apoptotic 
pathways. Immune Netw. 2019;19(5):1–22.  

11. Abdalla AE, Ejaz H, Mahjoob MO, Alameen AAM, Abosalif KOA, 
Elamir MYM, et al. Intelligent mechanisms of macrophage 
apoptosis subversion by Mycobacterium. Pathogens. 
2020;9(3):1–11.  

12.  Zhang J, Jiang R, Takayama H, Tanaka Y. Survival of virulent 
Mycobacterium tuberculosis involves preventing apoptosis 
induced by Bcl-2 upregulation and release resulting from 
necrosis in J774 macrophages. Microbiol Immunol. 
2005;49(9):845–52.  

13.  Behar SM, Divangahi M, Remold HG. Evasion of innate 
immunity by mycobacterium tuberculosis: Is death an exit 
strategy? Nat Rev Microbiol. 2010;8(9):668–74.  

14.  Divangahi M, Desjardins D, Nunes-Alves C, Remold HG, Behar 
SM. Eicosanoid pathways regulate adaptive immunity to 
Mycobacterium tuberculosis. Nat Immunol. 2010;11(8):751–8.  

15.  Miller JL, Velmurugan K, Cowan MJ, Briken V. The type I NADH 
dehydrogenase of Mycobacterium tuberculosis counters 
phagosomal NOX2 activity to inhibit TNF-α-mediated host cell 
apoptosis. PLoS Pathog. 2010;6(4):1–14.  

16.  Lam A, Prabhu R, Gross CM, Riesenberg LA, Singh V, 
Aggarwal S. Role of apoptosis and autophagy in tuberculosis. 
Am J Physiol - Lung Cell Mol Physiol. 2017;313(2):L218–29.  

17.  Yang S, Li F, Jia S, Zhang K, Jiang W, Shang Y, et al. Early 
secreted antigen ESAT-6 of mycobacterium tuberculosis 
promotes apoptosis of macrophages via targeting the 
microrna155-SOCS1 interaction. Cell Physiol Biochem. 
2015;35(4):1276–88.  

18.  Yao K, Chen Q, Wu Y, Liu F, Chen X, Zhang Y. 
Unphosphorylated STAT1 represses apoptosis in macrophages 
during Mycobacterium tuberculosis infection. J Cell Sci. 
2017;130(10):1740–51.  

19.  Schaaf K, Smith SR, Duverger A, Wagner F, Wolschendorf F, 
Westfall AO, et al. Mycobacterium tuberculosis exploits the 
PPM1A signaling pathway to block host macrophage apoptosis. 
Sci Rep. 2017;7:1–16.  

20.  Gray NE, Alcazar Magana A, Lak P, Wright KM, Quinn J, 
Stevens JF, et al. Centella asiatica: phytochemistry and 
mechanisms of neuroprotection and cognitive enhancement. 
Phytochem Rev. 2018;17(1):161–94.  

 



 
Journal of International Dental and Medical Research ISSN 1309-100X                       Increasing Alveolar Macrophages Apoptosis 
http://www.jidmr.com                                                                                                                                               Arifa Mustika and et al 

 

  Volume ∙ 14 ∙ Number ∙ 2 ∙ 2021 
                            

Page 819 

21.  Irham WH, Tamrin, Marpaung L, Marpongahtun. Bioactive 
Compounds in Pegagan Leaf (Centella asiatica L. Urban) for 
Wound Healing. J Phys Conf Ser. 2019;1232(1):5–10.  

22.  Salmiwanti S, Ilyas A, Saleh A. Isolasi Senyawa Metabolit 
Sekunder Fraksi N- Heksana Dari Daun Pegagan 
(Centellaasiatica L.) dan Uji Antibakteri Terhadap 
Mycobacterium tuberculosis. Al-Kimia. 2016;4(2):52–63.  

23.  Suresh M, Rath PK, Panneerselvam A, Dhanasekaran D, 
Thajuddin N. Anti-mycobacterial effect of leaf extract of Centella 
asiatica (Mackinlayaceae). Res J Pharm Technol.2010;3:872–6.  

24.  Delbo M, Calapai G. Assessment report on Centella asiatica 
(L.) Urban, herba. Eur Med Agency. 2010;44:1–44.  

25.  Punturee K, Wild CP, Vinitketkumneun U. Thai medicinal plants 
modulate nitric oxide and tumor necrosis factor-α in J774.2 
mouse macrophages. J Ethnopharmacol. 2004;95(2–3):183–9.  

26.  Lyu SY, Park WB. Production of cytokine and NO by RAW 
264.7 macrophages and PBMC in vitro incubation with 
flavonoids. Arch Pharm Res. 2005;28(5):573–81.  

27.  Sun B, Wu L, Wu Y, Zhang C, Qin L, Hayashi M, et al. 
Therapeutic Potential of Centella asiatica and Its Triterpenes: A 
Review. Front Pharmacol. 2020;11:1–24.  

28.  Cho MK, Sung MA, Kim DS, Park HG, Jew SS, Kim SG. 2-Oxo-
3,23-isopropylidene-asiatate (AS2006A), a wound-healing 
asiatate derivative, exerts anti-inflammatory effect by apoptosis 
of macrophages. Int Immunopharmacol. 2003;3(10–11):1429–
37.  

29.  Lee YS, Jin DQ, Kwon EJ, Park SH, Lee ES, Jeong TC, et al. 
Asiatic acid, a triterpene, induces apoptosis through intracellular 
Ca2+ release and enhanced expression of p53 in HepG2 
human hepatoma cells. Cancer Lett. 2002;186(1):83–91.  

30.  Park BC, Bosire KO, Lee ES, Lee YS, Kim JA. Asiatic acid 
induces apoptosis in SK-MEL-2 human melanoma cells. Cancer 
Lett. 2005;218(1):81–90.  

31.  Tang XL, Yang XY, Jung HJ, Kim SY, Jung SY, Choi DY, et al. 
Asiatic acid induces colon cancer cell growth inhibition and 
apoptosis through mitochondrial death cascade. Biol Pharm 
Bull. 2009;32(8):1399–405.  

32.  Saunders BM, Cheers C. Intranasal infection of beige mice with 
Mycobacterium avium complex: Role of neutrophils and natural 
killer cells. Infect Immun. 1996;64(10):4236–41.  

33.  Sato K, Akaki T, Tomioka H. Differential potentiation of anti-
mycobacterial activity and reactive nitrogen intermediate-
producing ability of murine peritoneal macrophages activated by 
interferon-gamma (IFN-γ) and tumour necrosis factor-alpha 
(TNF- α). Clin Exp Immunol. 1998;112(1):63–8.  

34.  Chandra G, Selvaraj P, Jawahar MS, Banurekha V V., 
Narayanan PR. Effect of vitamin D3 on phagocytic potential of 
macrophages with live Mycobacterium tuberculosis and 
lymphoproliferative response in pulmonary tuberculosis. J Clin 
Immunol. 2004;24(3):249–57.  

35.  Mustika A, Rahaju AS, Indrawati R. Penurunan Kerusakan 
Jaringan Paru Terinfeksi Tuberkulosis oleh Ekstrak Pegagan 
Melalui Peningkatan Ekspresi Tissue Inhibitor of Matrix 
Metalloproteinase-1. J Vet. 2015;15(4):530–40.  

36.  Ríos-Barrera VA, Campos-Peña V, Aguilar-León D, Lascurain 
Ledesma R, Meraz-Ríos MA, Moreno J, et al. Macrophage and 
T lymphocyte apoptosis during experimental pulmonary 
tuberculosis: Their relationship to mycobacterial virulence. Eur J 
Immunol. 2006;36(2):345–53.  

37.  Chen YJ, Chao KSC, Yang YC, Hsu ML, Lin CP, Chen YY. 
Zoledronic acid, an aminobisphosphonate, modulates 
differentiation and maturation of human dendritic cells. 
Immunopharmacol Immunotoxicol. 2009;31(3):499–508.  

38.  Kornfeld H, Mancino G, Colizzi V. The role of macrophage cell 
death in tuberculosis. Cell Death Differ. 1999;6(1):71–8.  

39.  Herbst S, Schaible UE, Schneider BE. Interferon gamma 
activated macrophages kill mycobacteria by nitric oxide induced 
apoptosis. PLoS One. 2011;6(5):e19105  

40.  Galluzzi L, Vitale I, Aaronson SA, Abrams JM, Adam D, 
Agostinis P, et al. Molecular mechanisms of cell death: 
Recommendations of the Nomenclature Committee on Cell 
Death 2018. Cell Death Differ. 2018;25(3):486–541.  

 

41.  Cairra˜o, Fa´tima; and Domingos, Pedro M. Apoptosis: 
Molecular Mechanisms. Encyclopedia of Life Sciences (ELS). 
2010;1;1-8. 

42.  Elmore S. Apoptosis: A Review of Programmed Cell Death. 
Toxicol Pathol. 2007;35(4):495–516.  

43.  Lam A, Prabhu R, Gross CM, Riesenberg LA, Singh V, 
Aggarwal S. Role of apoptosis and autophagy in tuberculosis. 
Am J Physiol - Lung Cell Mol Physiol. 2017;313(2):L218–29.  

44.  Samali A, Fulda S, Gorman AM, Hori O, Srinivasula SM. 
Editorial: Cell stress and cell death. Int J Cell Biol. 
2010;2010:2–3.  

45.  Jamwal S V., Mehrotra P, Singh A, Siddiqui Z, Basu A, Rao 
KVS. Mycobacterial escape from macrophage phagosomes to 
the cytoplasm represents an alternate adaptation mechanism. 
Sci Rep. 2016;6:1–9.  

46.  Jamaati H, Mortaz E, Pajouhi Z, Folkerts G, Movassaghi M, 
Moloudizargari M, et al. Nitric oxide in the pathogenesis and 
treatment of tuberculosis. Front Microbiol. 2017;7:1–11.  

47.  Queval CJ, Brosch R, Simeone R. The macrophage: A disputed 
fortress in the battle against Mycobacterium tuberculosis. Front 
Microbiol. 2017;8:1–11.  

 



Copyright of Journal of International Dental & Medical Research is the property of Journal of
International Dental & Medical Research and its content may not be copied or emailed to
multiple sites or posted to a listserv without the copyright holder's express written permission.
However, users may print, download, or email articles for individual use.


