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ABSTRACT 
 
One of the major health problems worldwide is Tuberculosis (TB). According to WHO report, Indonesia has the third 
highest TB prevalence. Due to the fact of multidrug resistance, there is an urgent need for more potent antibiotics and 
other drugs. Natural products have been regarded as one of the most successful strategies for creating new medicines. 
The plant andrographolide and propolis is a superb immune system enhancer in TB, and might be more effective when 
combined to achieve an higher effect. Macrophages are central effector cells of host defence mechanisms against 
mycobacteria. However, M. tuberculosis uses macrophages as its preferred habitat. It is not much known how 
macrophages either kill M. tuberculosis or become its breeding ground. In the present study we investigated the co-
stimulant action of Andrographis paniculata and propolis associated with bactericidal activity on macrophages. 
Incubation of monocytes derived macrophages of healthy participants with the extract of A. paniculata and propolis 
activated bactericidal activity against intracellular Mycobacterium tuberculosis, but no significant effect on the 
macrophages of tuberculosis patient. These findings suggest that andrographolide and propolis may have a limited 
effect on bactericidal activity in tuberculosis patient. 
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INTRODUCTION 
 
Tuberculosis (TB) remains a major worldwide health 
problem. The WHO report noted that Indonesia has the 
third highest prevalence of TB, after China and India. 
The estimated numbers of new TB cases in China, India 
and Indonesia were 1,828,000, 1,414,000 and 591,000 
cases, respectively in 1998 (Subronto 2002). 
 
Macrophages are central effector cells of host defence 
mechanisms against mycobacteria, but M. tuberculosis 
uses macrophages as its preferred habitat. Activated 
macrophages can control the growth of the microbe, 
although sterile eradication is seldom achieved. Little is 
known regarding how macrophages either kill M. 
tuberculosis or become its breeding ground. 
Macrophages are capable of destroying microorganisms, 
including oxygen (H2O2) and nitrogen (NO) 
intermediate metabolite mechanisms. Patients with 
active TB had strongly depressed IFN-γ production, and 
may cause the failure of macrophages to produce H2O2 
and NO (Kaufmann 2001). 
 
TB has become a reemerging disease. Major factors that 
have aggravated the spread of TB are co-infection with 

HIV, and development of multi drug resistant bacilli. 
The multidrug-resistance is typically a result of 
inadequate drug therapy. There seems to be an urgent 
need for more potent antibiotics and other drugs to 
possibly reduce the duration of treatment. 
Immunomodulating agents may have potential in some 
treatment regiments. The use of natural products has 
been one of the most successful strategies for the 
discovery of new medicines (Yildirim 2004). 
 
Propolis is a resinous hive product collected by 
honeybees Apis mellifera from various plant sources. 
Propolis exhibits several biological activities, such as 
antimicrobial, antiinflammatory and hepatoprotective. 
In tuberculosis, granuloma formation was more 
prominent in the group treated with propolis than the 
isoniazid group. Propolis inhibited Mycobacterium 
activity in the samples and did not inhibit the 
effectiveness of tuberculosis drugs. Propolis has a 
moderate growth inhibitory activity against M. 
tuberculosis and has a synergistic effect with 
streptomycin, rifamycin, isoniazid and ethambutol. 
Preliminary results show that 10 µg/ml propolis induced 
an elevation in H2O2 production, but no significant 
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alterations in NO production (Duarte 2003; Valcic 
1999; Yildirim 2004). 
 
A. paniculata (sambiloto) also known commonly as 
"King of Bitters," is one of herbs reputed to be effective 
to be treatment of cold, fever and inflamation. It grows 
abundantly in Indonesia. Andrographolide, an active 
component of this plant, has immunostimulative 
activity, anti-inflammatory, antibacterial, antipyretic, 
expectorant and hepatoprotective. Its role on 
proliferation of human lymphocytes and on production 
of Th1 cytokones (INF-γ and TNF-α) were determined 
in vitro. Nitric oxide synthase is induced by Th1 
cytokines, while Th1 cytokines induced by 
andrographolide. Thus, andrographolide appears to be a 
promising source that may induces NO release in 
macrophages (Batkhuu 2002). 
 
Taken together, these data suggest that both 
andrographolide and propolis is a superb immune 
system enhancer in TB, and might be more effective 
when combined to achieve an higher effect. First line 
drugs of TB consists of a combination of drugs designed 
to achieve maximum result. Dangerous side effects, 
such as hepatotoxic, can develop or become worse in 
patients. Earlier work showed that andrographolide and 
propolis has anti-hepatotoxic activity and might be 
helpful when combine with antituberculosis drugs. 
Many compounds do not penetrate the blood-brain 
barrier. However, andrographolide does so and 
concentrates in the brain and particularly in the spinal 
cord. Its benefit for meningitis TB (Panossian 2002). 
 
In this study we investigated the effect of 
andrographolide and propolis that might have 
complementary and synergic effects on TB therapy 
especially on bactericidal activity of macrophages. 

 
 
MATERIALS AND METHODS 
 
Extraction of A. paniculata  
 
The dried leaves (300 g) were macerated in methanol 
and kept at room temperature for 3 d. After filtration, 
the methanol solution was evaporated under reduced 
pressure to give the methanol extract (20.5 g). The 
water soluble was extracted with n-butanol. Filtration of 
the precipitate formed in the n-butanol gave crude 
andrographolide (1.96 g) and chromatographed on a 
silica gel column using chloroform/methanol as a 
solvent to yield pure andrographolide (6.19 mg). 10 µg 
andrographolide dissolved in 1ml RPMI before use 
(Batkhuu 2002). 
 

Propolis 
 
Commercial product 20% Standardised Purified 
Propolis Resin were obtained from High Desert - USA. 
 
Cell culture 
 
Peripheral blood mononuclear cells (PBMC) were 
isolated from whole blood of healthy donors and 
tuberculosis patient. Allow the tube of anticoagulated 
blood (10 ml) to stand in a vertical position for 20 min 
at room temperature until most of the RBCs have settled 
but the WBCs are contained in the plasma. Layer the 
WBC-rich plasma over the 7.5 ml of Ficoll Hypaque. 
Centrifuge at 900 x g for 10 min at room temperature. 
Collect the mononuclear WBCs.  
 
 

   

   

 
   

 

 

 
Figure 1. Separation of mononuclear WBCs and 

PMNs into two fractions after centrifugation  
 
Prepare 0.1 ml of the cell suspension in a 0.4% solution 
of trypan blue 0.9 ml for viable cell counts (unstained 
cells). Cell counting with a hematocytometer. PBMC 
were seeded at a density of 4 x 105 cells/well on 24 well 
tissue culture plates and  allowed to adhere (incubated 
for 2 h) in humidified CO2 incubator. Non-adherent 
cells were gently removed twice with fresh medium. 
Remaining adherent cells (>95% macrophages) were 
culture for 6 days to enable differentiation into 
macrophages with 1000 µl RPMI 1640 medium 
containing 5% heat-inactivated fresh pooled human serum, 
25mM HEPES, 2 mM L-glutamine and 100 U/ml 
penicillin. For treated cells, macrophages were treated 
with 10 µg/ml andrographolide and 10 µg/ml propolis. 
After overnight treatment, cells were washed twice and 
fresh medium was added. 
 
Organisms 
 
Mycobacterium tuberculosis H37Rv ATCC 27294 and 
M. tuberculosis clinical isolates were cultured in 
Lowenstein Jensen medium. Pick 3-5 colonies, and 
emulsify them in 4 ml of PBS in a glass tube to which 6 
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sterile glass beads have been added. Vortex, allow the 
tube to stand, so the larger particles can settle. Transfer 
supernatant to sterile glass tube, add 4500 µl of PBS. 
Vortex and centrifuge at 3500 rpm, 4°C for 10 min. 
Bacteria were opsonized as follows: resuspend the cell 
pellet in 1 ml of RPMI containing 10% human serum 
and rocked for 20 min at 37°C. Following incubation, 
organisms were washed twice and fresh RPMI was 
added Adjust the turbidity to no. 1 McFarland standard 
(contains approximately 107 CFU/ml). 
 
Antimicrobial activity 
 
Adherent macrophages were infected with viable M. 
tuberculosis. Remove 100 µl medium and replace with 

RPMI 1640/10% human serum containing 2 x 106 CFU 
of M. tuberculosis. After 2 h incubation at 37°C, 
extracellular bacteria were removed by washing three 
times with RPMI. The infected macrophages were 

cultured for up to 7 days in the presence or absence 
andrographolide and propolis. Evaluations for efficacy 
were performed day 1, 3, and 7 of the treatment. 200 µl 
of the macrophages suspension were lysed (washed with 
PBS by centrifugation 1000 rpm at 4°C. Ad pellet with 
10 ml aquabidest, incubated for 30 min at 4°C and then 
vortex). 50 µl of suspension were cultured and the 
numbers of residual bacterial colony forming unit (cfu) 
in the resultant samples were counted after 2–6 week 
cultivation (Sato 1998). 
 
 
RESULTS 
 
All data are expressed as the mean ± the standard 
deviation (SD). Statistical analysis was performed using 
Student's t test. and the differences were considered 
significant if p<0.05. 

 

Table 1. The effects of the andrographolide and propolis on the bactericidal activity 

Means (x ± SD) phagocytosed intracellularly growing M. tuberculosis 
(CFU/ml) 

None added + 10 µg/ml andrographolide and 10 µg/ml propolis 

Healthy Person Tuberculosis Px Healthy Person Tuberculosis Px 

 
 
 
 

Incubation 
time 

(days) ATCC 
27294 

Clinical 
isolate 

ATCC 
27294 

Clinical 
isolate 

ATCC 
27294 

Clinical 
isolates 

ATCC 
27294 

Clinical 
isolates 

1 4050.0 ± 
210.0    

5003.3 ± 
802.3 

4000.0 ± 
511.6 

4008.3 ± 
897.8 

2823.3 ± 
367.3 

3466.6 ± 
847.7 

3806.6 ± 
685.3 

3603.3 ± 
302.8 

3 2516.6 ± 
401.2    

3950.0 ± 
378.1 

3090.0 ± 
547.9 

3028.3 ± 
618.4 

1940.0 ± 
35.7 

2210.0 ± 
739.2 

2908.3 ± 
593.2 

2816.6 ± 
651.3 

7 2420.0 ± 
384.2    

3003.3 ± 
493.0 

3013.3 ± 
510.0 

2950.0 ± 
956.0 

1093.3 ± 
109.3 

2080.0 ± 
114.5 

2241.6 ± 
74.5 

1983.3 ± 
87.1 

 
 
Mycobacterium tuberculosis H37Rv ATCC 27294 and 
M. tuberculosis clinical isolates, were used for 
antibacterial assay. The present study shows that, the 
clinical isolates was more resistant to andrographolide 
and propolis than the laboratory strain (figure 2). This 
observation is important because the laboratory strain, 
which has been commonly used to determine 
susceptibility to antimicrobial, may not express the 
same virulence or resistance level compared with strain 
recently isolated from clinic. 
 
Andrographolide and propolis caused significant killing 
of intracellularly growing M. tuberculosis (IG-Mtb) in 
healthy person (p<0.05) (figure 3 and 4). However, its 
efficacy in killing IG-Mtb was less than that in TB 
patients (figure 5 and 6). Andrographolide and propolis 
had a weak bactericidal effect in TB patients but failed 
to reach statistical significance by the t-test (p>0.05). 
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4 
 
 
 
3 

: M. tuberculosis clinical isolate 
 
: M. tuberculosis H37Rv ATCC 27294

1  3    7 

Incubation time (days) 

log CFU/ml

 
 
Figure 2. Antimicrobial activity of andrographolide 

and propolis against phagocytosed 
intracellularly growing M. tuberculosis 
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Figure 3. Andrographolide and propolis accelerate 

degradation of M. tuberculosis H37Rv 
ATCC 27294 in healthy person 
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Figure 4. Andrographolide and propolis accelerate 

degradation of M. tuberculosis clinical 
isolates in healthy person 
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Figure 5. Effect of andrographolide and propolis 

against intracellular M. tuberculosis H37Rv 
27294 in tuberculosis patient 
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Figure 6. Effect of andrographolide and propolis 

against intracellular M. tuberculosis clinical 
isolates in tuberculosis patient 

 
Evaluations for efficacy were performed day 1, 3, and 7 
of the treatment. As shown in figure 7, at day 1 of 
treatment a significant decrease of bacteria as compared 
with day 3 and 7.  Pearson Correlation at day 1 is 0,370, 
day 3 is 0,336 and day 7 is 0,061. This finding confirms 
a previous observation that andrographolide and 
propolis action on the immune system has a short-term 
effect. Its immune-boosting activity achieved when 
gave continuous. 
 
 
DISCUSSION 
 
When mycobacteria exposed to macrophages, within 
minutes, mycobacteria adhere to the macrophage 
surface. Initiate signal transduction, are internalized, 
and take up residence. Following infection, the 
macrophages undergo morphological changes, often 
assuming giant cells and demonstrating highly 
interactive membranes (figure 8a), compared with 
uninfected cells (figure 8b). 
 
The data obtained in the present study showed that 
andrographolide and propolis activated bactericidal 
effect of macrophages. Interestingly, only macrophages 
of healthy person activity, not macrophages of TB 
patients. The reasons for failure to predict outcome in 
TB patients are unclear. The mechanism that may 
contribute to this, might be an interesting secreted 
Ag85. 
 
Among various M. tuberculosis products, proteins that 
are actively secreted into the culture medium are 
currently of particular interest. Ag85 is a protein family 
involved in cell wall synthesis. The Ag85 induces 
strong T-cell proliferation and IFN-γ production in most 
healthy individuals infected with M. tuberculosis, but 
not in TB patient (Subronto 2002). 
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Figure 7. Scatterplot : effect of andrographolide and propolis against intracellular M.   
               tuberculosis in healthy person 

 
 

 a                 b 

   

Figure 8 a. Phagocytosed intracellularly growing M. tuberculosis and b. uninfected macrophages 
 
Although this study use the macrophage cultivation 
system, and macrophages were extensively washed, 
Kaufmann have reported that contaminating 
lymphocytes usually detected. Protective immune 
responses to M. tuberculosis are T-cell dependent, 
primarily through the production of macrophage-
activating cytokines, such as IFN- . Kaufmann showed 

that the range of IFN-  production among these Th1 cell 
lines varied widely. Healthy persons producing high 
quantities and persons with active TB producing very 
low quantities. This data provided one explanation as to 
why andrographolide and propolis failed to activated 
macrophages of TB patients (Kaufmann 2001). 
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CONCLUSION 
 
This study indicated that andrographolide and propolis 
are used mainly in the prevention and trerature and may 
have great promise for close contact TB. 
Andrographolide and propolis is less effective than 
antibiotics but less toxic, microbes do not develop 
resistance to it, and it doesn’t suppress the normal flora. 
The natural elements tend to work slowly but harmonise 
with the body's own immune defences and are more 
decisive in the end. 
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