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Introduction  

Mycobacterium tuberculosis is an infectious bacteria that 

causes tuberculosis (TB). WHO estimated that in 2020 there would be 

10.0 million new cases of TB and 1.3 million TB-related deaths.
1,2

 M. 

tuberculosis strains that are at least resistant to rifampicin and 

isoniazid, the two crucial drugs used to treat TB, produce multidrug-

resistant tuberculosis (MDR-TB). Globally in 2012, there are a total of 

450,000 cases of MDR-TB with approximately 170,000 deaths. 

Delmanid is a medication that prevents the production of mycobacterial 

cell walls, and it has been authorized in the EU and Japan since 2018 

for the treatment of MDR-TB.
 3,4

 Natural products have been the major 

sources of secondary metabolites, which has served as lead molecules 

for drug discovery in the past few decades.
5-7

 During studies on anti-

mycobacterium activity from marine invertebrate and terrestrial 

organisms,
8-11

 it was found that the ethanolic extract of sponge 

Haliclona sp was active against Mycobacterium smegmatis at 50 

g/disc. Bioassay-guided fractionation of ethanolic extract from marine 

sponge Haliclona sp. yieded a new alkaloid (1) together with known 

compound (2-9). Therefore, this study aims to discuss the isolation of 

these compounds, as well as to determine their structure and anti-

mycobacterial activity.  
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Materials and Methods 

General Experimental Procedures 

On a JEOL spectrometer, CD3OD's 
1
H and 

13
C NMR spectra were 

captured at 400 MHz for 
1
H and 100 MHz for 

13
C (H 3.31, C 49.0), 

after which HRFAB mass spectrometry was carried out using JEOL 

JMS-MS 700. The L-6200 system was used for preparative HPLC 

(Hitachi Ltd.), while UV was performed on Hitachi U-3310 UV. 

 

Animal Material  

The marine invertebrate sponge was discovered in 2013 by scuba 

diving in the sea off Manado, North Sulawesi, Indonesia. Dr. K. 

Ogawa (Z. Nakai Laboratory Japan) classified the samples (2013-147) 

as Haliclona sp. and they were subsequently preserved at the 

Laboratory of Natural Product, Tohoku Medical and Pharmaceutical 

University-Japan  

 

Extraction and Isolation  

The marine sponge sample (619.9 g) was sliced into small pieces, 

steeped in 70% ethanol three times, and partitioned with 200 mL of 

EtOAc to obtain 2.6 g of extract. The ethyl acetate extract was then 

separated into 7 fractions using a chromatographic column with ODS 

stationary phase (100 g) as well as MeOH and H2O mobile phases. To 

obtain compound 3, 190.5 mg of fraction 7 was purified using HPLC 

with 1.8 mg of MeOH:H2O solvent (65:35 v/v). HPLC was also used to 

separate 1.8 mg of 4 from 201.8 mg of fraction 6 using MeOH:H2O 

(65:35 v/v). Subsequently, 1.8 mg of 8 and 1.8 mg of 9 were isolated 

from 219.2 mg fraction 5 using the same solvent. The HPLC column 

used was the PEGASIL ODS. 

 

Anti-Mycobacterial Assay 

The disc diffusion method was used to conduct the anti-mycobacterial 

assay.
12,13

 M. smegmatis strain NBRC 3207 was earned from laboratory 

culture stock stored at -80
o
C. A Middlebrook 7H9 broth medium 

containing 0.05% polysorbate 80 (BD), 0.5% glycerol, and 10% 

Middlebook OADC (BD) was used to cultivate the test bacteria for two 

days at 37°C. 1 mL of inoculum was poured into 100 mL Middlebook 

7H9 agar medium at 40°C. Subsequently, isolated compounds in 

MeOH were placed on paper discs and then evaporated to remove 
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MeOH. A plate containing the paper disc was incubated at 37
o
C for two 

days. MeOH served as the negative control, while streptomycin sulfate 

(2 µg/disc) was the positive control.
12,13

  

 

Results and Discussions 

Compound 1 was isolated and found to be a white solid with the 

chemical formula C34H54N2 (m/z 489.4205 [M-H]+, -0.3 mmu). 

Furthermore, its 
1
H NMR spectrum exhibited signals of mutually 

coupled pyridine proton   8.90 (br s), 8.82 (d, J = 5.6 Hz), 8.45 (d, J = 

7.6 Hz), 8.02 (t, J= 5.6 Hz) as well as 
13

C signals at   146.8, 145.6, 

145.2, 143.4, and 129.1, as shown in Table 1. 

The examination of the 2D NMR spectra showed a pair of 1, 3-

disubstituted pyridinium units, which were replaced by methylene 

chains.
 1

H NMR at   1.33-1.23 indicated that the methylene unit 

constituted two di-substituted pyridine rings, as shown in Figure 2.  

 

Figure 2: 
1
H-

1
H COSY and HMBC correlations for 1  

 

Figure 1: Structure of compounds 1-9 from marine invertebrate sponge Haliclona sp. 

 

 
Figure 3: Positive FAB-MS of compound 1 

 
The positive FABMS spectrum exhibited ion peaks at m/z 489 (two 

monomer units-H
+
), and 603 (two monomers + CF3COO

-
), which 

showed that 1 is a cyclic dimer with two positively charged nitrogen. 

The formation of the [M-H]+ ion can be attributed to Hoffman-type 

elimination during the FAB ionization process.
 15

 The FAB-MS spectra 

showed an ion peak at 245 m/z, confirming the symmetrical structure 

of 1, namely two C12 linear alkyl chains connecting the N-1 and C-3 

between two pyridiniums. The location of the double bond was 

clarified by 
1
H-

1
H-COSY and HMBC experiments. HMBC 

correlations of 1 were (H-7 to C-2/C-8, H-8 to C-9, H-10 to C-12, H-

11 to C-12), as shown in Figure 2. Meanwhile, its 
1
H-

1
H-COSY 

correlations include (H-4/H-5, H-7/H-8, H-10/H-11, H-16/H-17), 

indicating the presence of the double bond at C-9 and C-10. The 

coupling constants H-9 and H-10 for 1 (5.32 t, J = 4.8 Hz), as well as 

the 
13

C chemical shift values of its allylic methylenes (32.1, 30.3) were 

used to determine the E geometry of the double bond
 16

. Compounds 1 

- 9 were assessed for their antibacterial efficacy against M. smegmatis 

using the disc diffusion method. At 10 g/disc, they were active against 

the test bacteria, as shown in Table 2. Furthermore, compound 2, 

namely haliclocyclamine A, has a 17 mm inhibitory zone at this level, 

making it the most effective. Alkyl Pyridine Alkaloids (3-APAs) are 

generally produced by sponges of the genus Haliclona,
17-21

 

Amphimedon,
22-24

 Topsentia,
25

 Neopetrosia,
26

 Xestospongia,
27

 and 

Cribrochalina.
28

 They have also been reported to have pharmacological 

potentials, such as cytotoxic,
17

 antifungal,
29,30

 anticancer,
31 

and 

antimicrobial activities
32

. 
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Table 1: NMR Data of compound 1 in CD3OD 

 

Table 2: Biological activity of compounds 1–9 against M. 

smegmatis 
 

Compound 
M. smegmatis (inhibition  

zone, mm)10 g/disc 

1 10 

2 17
 

3 10 

4
 

13 

5 14 

6 8 

7 8 

8 12 

9 12 

streptomycin sulfate (1 g/disc) 20 

Conclusion 

From the Indonesian marine sponge Haliclona sp., a new 

cyclostelletamine alkaloid 1, and eight previously identified 

compounds, including haliclocyclamines A (2), B (3), C (4), as well as 

cyclostettetamines A (5), B (6), C (7), E (8), and F (9) were isolated. At 

10 g/disc, they exhibited inhibitory effects against M. smegmatis. 

Compounds 2, 4, 5, 8, and 9 are more effective than 1, 3, 6, and 7 in 

inhibiting mycobacterial growth. 
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