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INTRODUCTION
Tuberculosis is an airborne infectious disease caused by  
Mycobacterium tuberculosis and it causes approximately  
2 million people demise every year. Recently, tubercu-
losis cases are more developing due to the advancing 
of tuberculosis therapies that have been used for all  
this time. Drug-resistant one of the prominent problem 
of this case. The resistance of tuberculosis drug was 
recognized in 1947, then it became a sporadic clinical  
problem in the 1960s until 1980s but only few attention  
to this problem. Multidrug resistance (MDR) tubercu-
losis appeared in the early 1990s and it has been still  
developing until this present time. First line tuberculosis  
drugs, isoniazid, and rifampicin have been informed 
that could cause mutation in KatG and RpoB, then it 
induced MDR tuberculosis.1-2 Almost 10-19% MDR  
tuberculosis improves to become extensively drug-
resistant (XDR) tuberculosis, which more difficult to 
treat. It has been reported that in 2008, 55 countries 
have XDR tuberculosis case. In XDR tuberculosis case, 
the patients are resistance to fluoroquinolones and  
injectable second-line tuberculosis drugs like amikacin, 
kanamycin, and caryomycin.3-4 Besides, tuberculosis 
drugs can lead various side effect that induces more 
severe.5

Nature is the source to find appropriate tuberculosis 
treatment. Various kinds of the medical plant have 
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Background: Indonesia is the biggest archipelago country with the second biggest biodiversity 
in the world. A lot of medical plants for treating various diseases can be found in Indonesia, 
including medical plants for tuberculosis, an infectious disease caused by Mycobacterium 
tuberculosis. Objective: The goal of this research is to document the information of Indonesia  
indigenous medical plants that used various local societies to treat tuberculosis and also  
analyze active compounds of medical plants with proteins that related to tuberculosis.  
Methods and Materials: The annotation of medical plants for treating tuberculosis was  
collected from a various source comprising local research papers, theses, and other  
resources. The information of active compound was taken from Dr. Duke’s Phytochemical 
and Ethnobotanical Databases. A network of active compounds-proteins was analyzed by 
using Cytoscape 3.6.0. Results: The result described that there were twenty-seven species 
from nineteen families of medical plants used by local societies of Indonesia for tuberculosis 
therapy, and there were sundry of active compounds from fourteen medical plants had direct 
interaction with proteins related tuberculosis. Conclusion: Most of the active compounds tar-
geted proteins that had a prominent role in immune system. It indicated that medical plants 
treating tuberculosis through regulating immunity of human body.
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been reported which could treat tuberculosis and 
numerous active compounds from plants have been  
reported had antimycobacterial activity.6-7 Indonesia, 
a tropical archipelago country had vast biodiversity  
both natural and culture. A lot of indigenous medical 
plants grow in Indonesia, and local societies use it  
to treat a variety of diseases including tuberculosis.  
This study collected the information of medical 
plants used by local society of Indonesia to treat 
tuberculosis and analyze the involvement of active 
compounds with proteins related to tuberculosis by 
network analyzing. 

MATERIALS AND METHODS
Data Collection
In this study, various local resources like research  
papers, theses, and other resources were given  
ethnobotany information about the medicinal plants 
that used for treating tuberculosis in local society of 
Indonesia were collected. The data assembled were 
consisted of local name, the scientific name of the 
plants, location (Province), and part of the plants 
that used. The information of active compounds 
of the plants was obtained from Dr. Duke’s Phyto-
chemical and Ethnobotanical Databases (https://
phytochem.nal.usda.gov/phytochem/search).  
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This database provides not only about the active compound of the plants 
and the biological activity but also the information about the plant that 
commonly used for treating various diseases from around the world. 
Even there was a lot of information about ethnobotany in all of the coun-
tries, but unfortunately, this website gave limit information about the 
plant that used for tuberculosis in Indonesia local regions.

Network construction and analysis

Network analysis was used for understanding the effect of medical plants 
on tuberculosis. The network analyzing active compounds-proteins was 
constructed with string App of Cytoscape 3.6.0.8 18 proteins related 
tuberculosis was obtained with STRING diseases feature and active 
compounds-proteins interaction was established with STITCH proteins/
compounds feature. 4.0 cutoff score was used to take all of protein-protein 
and compounds-protein interaction. In the network graphic, proteins 
and active compounds were presented as nodes, while proteins-proteins 
and compounds-proteins interaction were presented as edges. 

RESULTS AND DISCUSSION
Plants used for treating tuberculosis in Indonesia Provinces
Through the literature retrieval, twenty-seven plants used local societies 
to treat tuberculosis from various provinces in Indonesia were obtained, 
as shown in Table 1.
According to the Table 1, four species belong to Zingiberaceae, two 
species belong to Apiaceae, Malvaceae, Piperaceae, Euphorbitaceae  
and Rubiaceae, and one species respectively from Myrtaceae, Malvaceae,  
Fabaceae, Plantaginaceae, Piperaceae, Petiveriaceae, Lamiaceae, Rubiaceae,  
Verbenaceae, Euphorbiaceae, Apiaceae, Rutaceae, Moraceae, Acanthaceae, 
Bromeliaceae, Asphodelaceae, Asteraceae, and Araceae. According to  
Figure 1, Lantana camara L. and Curcuma domestica are precious  
tuberculosis medical plants for many local societies in Indonesia, followed  
by Centella asiatica, Hibiscus rosa sinensis, and Artocarpus elasticus.  
Lantana camara L is used extensively from west until east Indonesia 
provinces (map of Indonesia provinces is shown in Figure 2),41 includes  
Lampung, Central Java West Sulawesi, and South Sulawesi, while  

Table 1: Medical plants used in local society of Indonesia for treating tuberculosis. 

No Local Name Family Species Province Part of plant Ref.

1 Jahe Zingiberaceae Zingiber officinallis Rosc. Central Sulawesi Rhizome 9

2 Jamblang Myrtaceae
Syzygium cumini (L.) 

Skeels Madura
Barks; Fruits; 

Seeds 10

3 Sidaguri Malvaceae Sida rhombifolia Central Java Leaves 11-12

4 Asam Jawa Fabaceae Tamarindus indicia L Bali; Central Sulawesi Fruits 13,9

5 Ki urat; Daun sendok Plantaginaceae Plantago major L South Borneo, Bali Leaves 14-15

6 Sirih Piperaceae Piper betle West Sumatra Leaves 14

7 Singolawang Petiveriaceae Petiveria alliacea West Java Leaves 16

8 Selasih Lamiaceae Ocimum basillicum L South Borneo; West Sumatra Seeds; Leaves 14-15

9 Rumput gelong; Suruhan Piperaceae Peperomia pellucida Bengkulu Not mention 17 

10 Mengkudu Rubiaceae Morinda citrifolia Center Celebes Leaves 18

11
Bunga Tahi Ayam; 

Tembelekang; gala gala bassi Verbenaceae Lantana camara L.
West Celebes; South Celebes; 

Lampung; Central Java
Flowers; Leaves; 

Fruit 12,19-23 

12 Kencur Zingiberaceae Kaempferia galanga L. Bali Rhizome 13

13 Tukudan Euphorbiaceae Jatropha gossypifolia North Celebes All of the part 24

14 Kembang sepatu Malvaceae Hibiscus rosa sinensis L Riau; South Sumatera; Bengkulu Flower; Leaves 25-26

15 Adas Apiaceae Foenoculum vulgare East Java Seeds 27

16 Patikan kebo Euphorbiaceae Euphorbia hirta L South Borneo Herbs 15

17 Kunyit Putih Zingiberaceae Curcuma zedoaria 
South East Celebes; East 

Kalimantan Rhizome; Tuber 15,28

18 Kunyit Zingiberaceae Curcuma domestica
East Java; Central Sulawesi; 

South Sulawesi; East Kalimantan Rhizome 27-29

19 Kopi Rubiaceae Coffea Arabica East Java Seeds; Leaves 27

20 Jeruk nipis Rutaceae Citrus aurantifolia South Borneo; Central Sulwesi Fruit; Flower 9,30-31

21 Pegagan Apiaceae Centella asiatica
Central Java; South east celebes; 

South Sulawesi All of the part 11,29,32-33

22 Benda/ terap Moraceae Artocarpus elasticus West Java; East java; Riau
Bark; leaves; sap; 

all of the part 34-36

23 Sambiloto Acanthaceae Andrographis paniculata East Java Herbs 27,37 

24 Nanas Putih Bromeliaceae Ananas comosus Merr South East Celebes Fruit 15

25 Lidah buaya Asphodelaceae Aloe vera North Sumatra; Banten Stem; Leaves 38-39

26 Bandotan Asteraceae Ageratum conyzoides L South East Celebes Herbs 15

27 Dringu Araceae Acorus calamus L. East Java Leaf; Rhizome 40
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Table 2: Active compounds from the database.

Active compounds of Medical Plants For Tuberculosis

10-shogaol1 Plantigoside5 Apiole9,15 Isopimpinellin15,20 Allantoin19 Terpinolene1,20,27

8-shogaol1 Scutellarin5 Asperuloside10 β- pinene1,4,8,15,18,20,21,27,26 Caffeol19 Ocimene15,20

10-shogaol1 Hispidulin5 Gentisic acid10,15 Ascorbic acid 2-4, 6,8-10,15,20-22, 24,25 Amyrin16 Terpinen-4-ol1,4,8,15,20,27

12-gingerol1 Caffesterol19 Caffein19 Riboflavin1-4,6,8-10,14,15,18-20,22,24,25 Hydroxycinnamic acid5 Asiaticoside21

6-gingerol1 Benzoic acid5 Lantadene B11 α- phellandrene1,15,18,20,21 Androgapholide23 Madacasic acid21

Paradol1 Asparagine6 Icterogenin11 1,8-cineole1,6,8,11,15,1718,20,27 Neoandrogapholide23 Madecassoside21

Zingerone1,18 Ornithine6 Cadinol11 Tannin2,3,6,7,12,19,21,22 Linalool1,8,11,18,20,24,27 Asiatic acid21

Zingiberene1,17 Shikimic acid15,16 1-triacontarol11 Niacin1-4,6,8,9,14,15,18-20,22,24,25 Phytosterol15,24 6-gingerodione1

Xanthorrhizol1 Hydrochavicol6 Lantalonic acid11 α-pinene1,4,8,11,15,17,18,20,21,26 Palmitate1,4,7,8,20,21 Rhamnose16

Acoardin27 Estragole6,8,15 Borneol1,8,12,17,18,20 Palmitoleic acid1,4,20 Petroselinic acid15 Acerone27

Azulene25,27 Curcumin17,18 Aloin25 Vanillic acid8,15 α- terpinene1,8,15,18,26,27 10-gingerodione1

Betulinic acid2 Eugenol6 Carene12,15 Caryophyllene8,9,11,20,27,26 Sabinene1,8,15,18,20,27 Baicalein5

Marmesin15 Isocurcumenol17 Ethyl cinnamate4,12 Beta sitosterol 4,8,12,18,19,21,26 Limonene1,4,8,15,18,20,27 Nonadecanoic acid7

Scoparone15 Curcumenol17 Nerol1,4,20 Caffeic acid1,8,15,16,19 α- terpineol1,4,11,15,18,20,24 Estrageole6,8,15

Osthenol15 Rutin15,8 P-methoxy styrene11 Ethyl-P-Methoxycinnamate12 α- thujene1,15,20 Imperatorin15

Quinic acid4,15 Turmerone18 Jatrophole13 Linoleic acid1,4,8,15,16,19-21,24 β- phellandrene1,4,11,15,20 Quercetrin15,16,18, 21,26

Sinapic acid15 Curcumadiol17 Jatrophone13 Oleic acid1,4,8,15,16,19-21 Malic acid4,15,24,20 Allantoic acid19

Isoquercetrin15 Catalpol5 Isovitexin13 Camphene1,8,12,15,17-18,21,26 Syringic acid15 Methoxy cinnamate12

Scoporetin15 Nonanal1,20 Vitexin13 Rhamnetin16 Citric acid1,4,15,19,20 Aucubin5

Tartaric acid4 Planteose8 Cyanidin14 Eugenol methyl ether6 Citronellal1,20 Campesterol9,16,18,2425

Succinic acid4 Esculin8 Ceryl alchohol15 Bisdemethoxycurcumin17,18 Germacrene20 γ- tocotrienol15

Safrole4,8 Aesculetin8 Fenchone15 Demethoxycurcumin17,18 Myrcene1,8,15,20 Ar turmerone18

Apigenin5,12 Eriodictyol8 Ferulic acid15 Curcumene18 Myristic acid1,4,19,20 Curcumanolide-A17

Luteolin5 Neral1,4,8,20 Curcumanolide-B17 Curcumenone17,18 Isocurzerenone17 Ellagic acid16

1=Zingiber officinallis Rosc.; 2= Syzygium cumini (L.) Skeels; 3= Sida rhombifolia; 4= Tamarindus indica L; 5= Plantago major L; 6= Piper betle; 7= Petiveria alliacea; 
8= Ocimum basillicum L; 9= Peperomia pellucida; 10= Morinda citrifolia; 11= Lantana camara L.; 12= Kaempferia galanga L.; 13= Jatropha gossypifolia; 14= Hibiscus 
rosa sinensis; 15= Foeniculum vulgare; 16= Euphorbia hirta L; 17= Curcuma zedoaria 18= Curcuma domestica; 19= Coffea arabica; 20= Citrus aurantifolia; 21= Centella 
asiatica; 22= Artocarpus elasticus; 23= Andrographis paniculata; 24= Ananas comosus Merr; 25= Aloe vera; 26= Ageratum conyzoides L; 27= Acorus calamus L.

Figure 1: Distribution of medical plants utilization used for tuberculosis. Figure 2: Map of Indonesia provinces.
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Curcuma domestica is most used only in East Indonesia Province such as 
East Java, Central Sulawesi, South Sulawesi, and East Kalimantan. 
Some of this medical plants not only in Indonesia but also in other countries 
also use it to treat tuberculosis. Leaves of Lantana camara L are used 
by local societies of Uganda to inhibit the activity of mycobacterial.42 
Sida rhombifolia and Aloe vera belong to important plant that stated 
in Ayurvedic medicines in India for treating tuberculosis.43-44 Mexican 
people use Citrus aurantifolia traditional medicine for tuberculosis, 
and moreover, it was already proved that Citrus aurantifolia peel could 
against multi-drug resistant Mycobacterium tuberculosis.45 Traditional  
China medicine plant, Zingiber officinallis Rosc. and Curcuma domestica 
are reported could medicate tuberculosis through isocitrate lyase and  
macrophage activity.46 Bangladesh and Indonesia have similarity in  
medical plants for tuberculosis, it is reported that Andrographis paniculata,  
Centella asiatica, Aloe vera, and Hibiscus rosa sinensis are used to treat 
Mycobacterium tuberculosis infection.47

Analysis of active compounds target network
Through Dr. Duke’s Phytochemical and Ethnobotanical Databases active 
compounds of the medical plants were obtained from the database. In 
this study only selected active compounds were used, as shown in Table 2.
Based on the STITCH and STRING pathway analysis, it shows that several  
compounds from Euphorbia hirta, Foeniculum vulgare, Ocimum basillicum, 
Zingiber officinallis Rosc, Curcuma domestica, Plantago major, Curcuma  
zedoaria, Centella asiatica, Coffea arabica, Ageratum conyzoides L,  
Tamarindus indica, Citrus aurantifolia, Petiveria alliacea and Lantana  
camara L interact with protein related tuberculosis. The network  
constructed with Cytoscape is shown in Figure 3. Most of the active 
compounds targets are protein implicated in immune systems like IL-4, 
Tumor Necrosis Factor (TNF), IL-1B, CCL-2, and TLR4. It indicates that  
active compound treats tuberculosis through immunity balancing system. 
Tuberculosis therapies targeting immunity balancing can improve the 
treatment outcome and also well-regulated immune system may prevent 
reactivation of latent tuberculosis.48 The network describes some of the  
active compounds include ellagic acid, α-pinene, myristic acid, asiati-
coside, aucubin, rutin, and esculin have direct interaction with protein 
related tuberculosis mechanism, while other compounds have indirect 
interaction. 
Ellagic acid has direct interaction with IL-4, a cytokine produced by a 
variety of immune cells. In tuberculosis case, IL-4 has a role as an anti-

inflammatory.49 However, The increasement of IL-4 was reported that  
could inhibit mycobacteria eradication through depletion of IFN-γ  
production.50 Ellagic acid, a phenolic compound found in a variety of 
plants including Euphorbia hirta. A previous study showed that ellagic 
acid could reduce the IL-4 level in eosinophilic inflammation case.  
Besides interacting with IL-4, ellagic acid also has interaction with  
Epigallocatechin gallate (EGCG) and NOS3 had a direct correlation with 
IL-4. In addition, Scoparone another active compound from Foeniculum 
vulgare is also targeting nitric oxide synthase 3 (NOS3), a macrophage 
enzyme produced nitric oxide that against microbial. NOS3 exhibit NO 
when Mycobacterium tuberculosis infects macrophage.51

Esculin, one of an active compound found in Ocimum basillicum shows 
that interact directly with TNF, catalase (CAT) and Matrix metallopep-
tidase 9 (MMP9). It has been informed that TNF-α and MMP-9 had 
tuberculosis pathogenesis role. Mycobacterium tuberculosis through 
ERK pathway can elevate TNF-α and induce the production of MMP9.52 
Esculin has been reported that could reduce high expression of TNF-α 
and inhibit MMP9 expression.53-54 Not only esculin but also gingerol, 
baicalein, and wogonin, another active compound interacted with 
baicelein, have interaction with MMP9 and TNF-α and moreover, some 
studies have been approved these compounds’ effect toward MMP9 and 
TNF-α.55-57 In tuberculosis treatment, it may be suggested that esculin, 
gingerol, wogonin, and baicelin reduce the level of TNF-α and MMP9. 
Furthermore, zingerone found in Zingiber officinallis Rosc also have 
interaction with TNF-α through catalase. Catalase was stated that could 
induce apoptosis via TNF-α, which apoptosis for macrophage was an 
important mechanism to against mycobacterial infection.58-59 
Prolyl 4-hydroxylase subunit beta (P4HB) is an enzyme catalyzing disulfide  
bonds that can increase Th-2 cells migration.60 P4HB is one of protein-
related tuberculosis which targeted by rutin directly, whereas having  
indirect interaction with quercetin, luteolin, and curcumin through  
epidermal growth factor receptor (EGFR). In addition, IL-1B and CCL-2 
are chemokine taking apart to form granuloma which can containment 
or eradicate mycobacteria.61-62 In the network, the active compound of  
Plantago major and Centella asiatica, aucubin and asiaticoside, respec-
tively can interact directly with IL-1B and CCL-2. 
Myristic acid and palmitate target TLR 4 which is related to tuberculosis 
pathogen. Toll-like receptor including TLR1, TKR2, TLR3, and TLR4, 
play a necessary part in the innate immune system. These receptors 
express in macrophage and dendritic cell to recognize mycobacterial. 
The recognition of TLR2 and TLR4 with Mycobacterium tuberculosis 
could induce macrophage apoptosis. In addition, palmitate can act as a 
TLR4 ligand on dendritic cells and induce IL-1B secretion.63 This may be 
specified that palmitate is a natural compound becoming a candidate for 
tuberculosis drug.
CYP2B6 is one of cytochrome P450 enzyme involved in the transforma-
tion of drug and other xenobiotics, CYP2B6 polymorphism can be an  
indicator for tuberculosis treatment.64 α- pinene, a terpenoid compound, 
shows had direct interaction with CYP2B6. Even though other plants are  
not included in the network, but some previous studies reported the  
evidenced effect of tuberculosis. The ethyl-p-methoxycinnamate of 
Kaempferia galanga L can inhibit the activity of a variety of Mycobacterium  
tuberculosis strains including MDR strain.65 The extracts of Andrographis 
paniculata, Petiveria alliacea, Morinda citrifolia, Acorus calamus L.,Aloe 
vera, Kaempferia galanga L., and Syzygium cumini (L.) Skeels were also 
reported that had the ability to suppress the activity of Mycobacterium 
tuberculosis.66-71

CONCLUSION
There are twenty-seven medical plants reported to treat tuberculosis disease  
in Indonesia local society. After being observed by network tuberculosis 
pathway analysis, there are some active compounds including ellagic 

Figure 3: Active compound-protein related tuberculosis pathway network. 
The red circle represents protein involved tuberculosis disease mechanism. 
The blue circle represents proteins which are not involved in tuberculosis 
mechanism. The yellow rectangular represent active compounds from medi-
cal plants. The green line represents active compound-protein interaction. 
The red line represents active compound-active compound interaction. The 
Grey line represent protein-protein interaction.
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37.  Radji M, Kurniati M, Kiranasari A. Comparative antimycobacterial activity of  
some Indonesian medicinal plants against multi – drug resistant Mycobacterium 
tuberculosis. J Appl Pharm Sci. 2015;5(1):19-22.

38.  Situmorang TS, Saudur E, Sihombing R. Kajian Pemanfaatan Tumbuhan Obat 
Pada Masyarakat Suku Simalungun Di Kecamatan Raya Desa Raya Bayu Dan 
Raya Huluan Kabupaten Simalungun. BioLink. 2018;4(2):112-20.

39.  Nurmayulis, Hermita N. Potensi Tumbuhan Obat Dalam Upaya Pemanfaatan 
Lahan Pekarangan Oleh Masyarakat Desa Cimenteng Kawasan Taman Nasional 
Ujung Kulon. Agrologia. 2015;4(1):1-7.

40.  Batoro J, Siswanto D. Ethnomedicinal survey of plants used by local society in 
Poncokusumo district, Malang, East Java Province, Indonesia. Asian J Med Biol 

acid, scoparone, esculin, zingerone, gingerol, baicalein, curcumin, rutin, 
quercetin, luteolin, asiaticoside, medacassoside, myristic acid, palmitate 
and α-pinene from fourteen plants such as Euphorbia hirta, Foeniculum  
vulgare, Ocimum basillicum, Zingiber officinallis Rosc, Curcuma domestica, 
Plantago major, Curcuma zedoaria, Centella asiatica, Coffea arabica, 
Ageratum conyzoides L, Tamarindus indica, Citrus aurantifolia, Petiveria  
alliacea and Lantana camara L that interact with protein related tuber-
culosis both directly and indirectly. Most of the active compounds target  
proteins involved in the immune system and it can be indicated that these 
compounds treat tuberculosis diseases through immune stability in the 
patient body. These plants may be a candidate to make a formulation for 
tuberculosis therapy and should be conducted in a real experiment. 

ACKNOWLEDGEMENT
The authors are thankful to Wulida Khoirunnisa and other members of 
Science complexity working group, Department of Biology, University 
of Brawijaya for providing a lot of knowledge to support this research. 

CONFLICT OF INTEREST 
The authors declare that there is no conflict interest

ABBREVIATIONS 
IL-4: Interleukin 4; TLR: Toll-like receptor; CCL-2: Chemokine (C-C 
motif) Ligand 2; CYB2B6: Cytochrome P450 2B6; IL-1B: Interleukin 
1 beta.

REFERENCES
1.  Nachega JB, Chaisson RE. Tuberculosis Drug Resistance : A Global Threat. Clin 

Infect Dis. 2003;36(Suppl 1):s24-s30.
2.  Keshavjee S, Farmer PE. Tuberculosis, Drug Resistance, and the History of 

Modern Medicine. N Engl J Med. 2012;367(10):931-6.
3.  Fauci AS, NIAID Tuberculosis Working Group. Multidrug‐Resistant and Extensively  

Drug‐Resistant Tuberculosis: The National Institute of Allergy and Infectious  
Diseases Research Agenda and Recommendations for Priority Research. J Infect 
Dis. 2008;197(11):1493-8.

4.  Marwar A, Shaker IA, Palawan H, Nanadal, Ranjith MS, Shankargokul. Extensively  
drug resistant tuberculosis (XDR-TB): A potential threat. J Basic Clin Pharm. 
2010;2(1):27-32.

5.  Arbex MA, Varella MD, Siqueira HRD, Mello FAD. Antituberculosis drugs: Drug 
interactions, adverse effects, and use in special situations Part 1: First-line 
drugs. J Bras Pneumol. 2010;36(5):626-40.

6.  Nguta JM, Appiah-Opong R, Nyarko AK, Yeboah-Manu D, Addo PGA. Medicinal 
plants used to treat TB in Ghana. Int J Mycobact. 2015;4(2):116-23.

7.  Nguta JM, Appiah-Opong R, Nyarko AK, Yeboah-Manu D, Addo PG. Current  
perspectives in drug discovery against tuberculosis from natural products. Int J 
Mycobact. 2015;4(3):165-83.

8.  Szklarczyk D, Morris JH, Cook H, Kuhn M, Wyder S, Simonovic M, et al.  
The STRING database in 2017: Quality-controlled protein-protein association 
networks, made broadly accessible. Nucleic Acids Res. 2017;45:D362-8.

9.  Novitasiah HR, Yuniati E, Ramadhani. Studi Etnobotani Komparatif Tumbuhan 
Rempah yang Bernilai Sebagai Obat di Desa Tombi Kecamatan Ampibabo  
Kabupaten Parigi Moutong Sulawesi Tengah. Biocelebes. 2012;6(2):66-77.

10.  Zaman MQ. [Internet]. Etnobotani Tumbuhan Obat Di Kabupaten Pamekasan
Madura Provinsi Jawa Timur.[cited 2018 Feb 7]. Available from: http://etheses.
uin-malang.ac.id/1065/1/05520024%20Skripsi.pdf

11.  Sari M, Kusharyoto W. Evaluasi aktivitas anti mikobakterium tanaman obat  
Indonesia dengan pengujian reduksi resazurin. Pros Sem Nas Masy Biodiv Indon. 
2016;2(2):138-42.

12.  Novirinawati AD. [Internet]. Keanekaragaman tumbuhan obat pada jalur 
pendakian lereng gunung andong, dusun sawit, kabupaten Magelang, 
Jawa Tengah. [cited 2018 March 15]. Available from: https://repository.usd.
ac.id/9279/2/121434013_full.pdf 

13.  Sa’roni. Ramuan obat tradisional battra di bali untuk obat keluhan pada sistem 
sirkulasi dan pernapasan. Med Litbang Kesehatan. 2009;19(1):33-41.

14.  Sa’roni. Ramuan Obat Tradisional Untuk Obat Batuk, Asma, dan Tuberkulosis, di 
Sumatra Barat. Jurnal Bahan Alam Indonesia. 2010;7(3):147-51.



Aristyani, et al.: Indonesia Tuberculosis Medical Plants Network Analysis

1164� Pharmacognosy Journal, Vol 10, Issue 6, Nov-Dec, 2018

56.  Prasad S, Tyagi AK. Ginger and its constituents: Role in prevention and treatment 
of gastrointestinal cancer. Gastroenterology Research and Practice. 2015; 
142979:1-11.

57.  Li J, Ma J, Wang KS, Mi C, Wang Z, Piao LX, et al. Baicalein inhibits TNF-α-
induced NF-κB activation and expression of NF-κB-regulated target gene products.  
Oncol Rep. 2016;36(5):2771-6.

58.  Jingxiang B, Cederbaum AI. Overexpression of catalase in the mitochondrial or 
cytosolic compartment increases sensitivity of HepG2 cells to tumor necrosis 
factor-α-induced apoptosis. J Biol Chem. 200;275(25):19241-9.

59.  Kelly DM, Ten Bokum AMC, O’Leary SM, O’Sullivan MP, Keane J. Bystander  
macrophage apoptosis after Mycobacterium tuberculosis H37Ra infection.  
Infect Immun. 2008;76(1):351-60.

60.  Bi S, Hong PW, Lee B, Baum LG. Galectin-9 binding to cell surface protein  
disulfide isomerase regulates the redox environment to enhance T-cell migration  
and HIV entry. PNAS2. 2011;108(26):10650-5.

61.  Van Crevel R, Ottenhoff TH, Van der Meer JW. Innate immunity to Mycobacterium 
tuberculosis. Clin Microbiol Rev. 2002;15(2):294-309.

62.  Saunders BM, Britton WJ. Life and death in the granuloma: Immunopathology 
of tuberculosis. Immunol Cell BioL. 2007;85(2):103-11.

63.  Nicholas DA, Zhang K, Hung C, Glasgow SA, Aruni W, Unternaehrer J,et al. 
Palmitic acid is a toll-like receptor 4 ligand that induces human dendritic cell 
secretion of IL-1β. PLoS ONE. 2007;12(5):1-24.

64.  Fernandes DC, Santos NP, Moraes MR, Braga AC, Silva CA, Ribeiro-dos-Santos A,  
et al. Association of the CYP2B6 gene with anti-tuberculosis drug-induced  
hepatotoxicity in a Brazilian Amazon population. Int J Infect Dis. 2015;33:e28-e31.

65.  Lakshamanan D, Werngren J, Jose L, Suja KP, Nair MS, Varma RL, et al. Ethyl 
p-methoxycinnamate isolated from a traditional anti-tuberculosis medicinal herb 
inhibits drug resistant strains of Mycobacterium tuberculosis in vitro. Fitoterapia. 
2011;82(5):757-61.

66.  Bhatter P, Gupta P, Daswani P, Tetali P, Birdi T. Antimycobacterial Efficacy of  
Andrographis paniculata Leaf Extracts Under Intracellular and Hypoxic Conditions. 
J Evid Based Complementary Altern Med. 2014;20(1):3-8.

67.  Bhatter PD, Gupta PD, Birdi TJ. Activity of Medicinal Plant Extracts on Multipli-
cation of Mycobacterium tuberculosis under Reduced Oxygen Condition Using 
Intracellular and Axenic Assays. Int J Microbiol. 2016;8073079:1-6.

68.  Gupta R, Thakur B, Singh P, Singh HB, Sharma VD, Katoch VM, et al. Anti-
tuberculosis activity of selected medicinal plants against multidrug resistant  
Mycobacterium tuberculosis isolates. Indian J Med Res. 2010;131:809-13.

69.  Fauziyah PN, Sukandar EY, Ayiningtyas DK. Combination Effect of Antitu-
berculosis Drugs and Ethanolic Extract of Selected Medicinal Plants against  
Multi-Drug Resistant Mycobacterium tuberculosis Isolates. Sci Pharm. 
2017;85(1):14.

70.  Machado RR, Jardim DF, Souza AR, Scio E, Fabri RL, Carpanez AG, et al. The 
effect of essential oil of Syzygium cumini on the development of granulomatous 
inflammation in mice. Braz J Pharmacogn. 2013;23(3):488-96.

71.  Saludes JP, Garson MJ, Franzblau SG, Aguinaldo AM. Antitubercular constituents 
from the hexane fraction of Morinda citrifolia Linn. (Rubiaceae). Phytother Res. 
2002;16(7):683-5.

Res. 2017;3(2):158-67.
41.  Geocurrents.info [Internet]. Provinces of Indonesia.c2016-[cited 2018 April 16]. 

Available from: http://www.geocurrents.info/gc-maps/geocurrents-maps-by-
topic/geocurrents-maps-of-administrative-divisions-within-states

42.  Kirimuhuzya C, Waako P, Joloba M, Odyek O. The anti-mycobacterial activity of 
Lantana camara a plant traditionally used to treat symptoms of tuberculosis in 
South-western Uganda. Afr Health Sci. 2009;9(1):40-5.

43.  Samal J. Ayurvedic management of Pulmonary Tuberculosis (PTB): A systematic 
review. J Intercult Ethnopharmacol. 2016;5(1):86.

44.  Abat JK, Kumar S, Mohanty A. Ethnomedicinal, Phytochemical and Ethnophar-
macological Aspects of Four Medicinal Plants of Malvaceae Used in Indian  
Traditional Medicines: A Review. Medicines. 2017;4(4):75.

45.  Chamaco-Corona MR, Ramirez-Cabrera MA, Santiago OG, Garza-Gonzalez E,  
Palacios IDP, Luna-Herrera J. Activity against Drug Resistant-Tuberculosis 
Strains of Plants used in Mexican Traditional Medicine to treat Tuberculosis and 
Other Respiratory Diseases. Phytotherapy research. 2008;22(1):82-5.

46.  Bai B, Xie JP, Yang JF, Wang HH, Hu CH. A high throughput screening approach 
to identify isocitrate lyase inhibitors from traditional Chinese medicine sources. 
Drug Dev Res. 2006;67(10):818-23.

47.  Rahman F, Hossan S, Mollik AH, Islam T, Jahan R, Taufiq-Ur-Rahman M, et al. 
Medicinal plants used against tuberculosis by traditional medicinal practitioners 
of Bogra district, Bangladesh. Planta Med. 2009;75(9):PD64. 

48.  Vyas SP, Goswami R.Striking the right immunological balance prevents progression 
of tuberculosis. Inflamm Res. 2017;66(12):1031-56.

49.  Rook GAW, Hernandez-Pando R, Dheda K, Teng Seah G. IL-4 in tuberculosis: 
Implications for vaccine design. Trends Immunol. 2004;25(9):483-8.

50.  Lucey DR, Clerici M, Shearer GM. Type 1, and Type 2 cytokine dysregulation in 
human infectious, neoplastic, and inflammatory diseases. Clin Microbiol Rev. 
1996;9(4):532-62.

51.  Jung JY, Madan-Lala R, Georgieva M, Rengarajan J, Sohaskey C D, Bange FC, 
et al. The intracellular environment of human macrophages that produce nitric 
oxide promotes growth of mycobacteria. Infect Immun. 2013;81(9):3198-209.

52.  Chen WL, Sheu JR, Chen RJ, Hsiao SH, Hsiao CJ, Chou YC, et al. Mycobacterium 
tuberculosis upregulates TNF-α Expression via TLR2/ERK signaling and induces 
MMP-1 and MMP-9 production in human pleural mesothelial cells. PLoS ONE. 
2015;10(9):1-16.

53.  Choi HJ, Chung TW, Kim JE, Jeong HS, Joo M, Cha J, et al. Aesculin inhibits 
matrix metalloproteinase-9 expression via p38 mitogen activated protein kinase 
and activator protein 1 in lipopolysachride-induced RAW264.7 cells. Int Immu-
nopharmacol. 2012;14(3):267-74.

54.  Niu X, Wang Y, Li W, Zhang H, Wang X, Mu Q, et al. Esculin exhibited  
anti-inflammatory activities in vivo and regulated TNF-α and IL-6 production in 
LPS-stimulated mouse peritoneal macrophages in vitro through MAPK pathway. 
Int Immunopharmacol. 2015;29(2):779-86.

55.  Lee SO, Jeong YJ, Yu MH, Lee JW, Hwangbo MH, Kim CH,et al. Wogonin  
suppresses TNF-α-induced MMP-9 expression by blocking the NF-κB activation 
via MAPK signaling pathways in human aortic smooth muscle cells. Biochem 
Biophys Res Commun. 2006;351(1):118-25.

Cite this article: Aristyani S, Widyarti S, Sumitro SB. Network Analysis of Indigenous Indonesia Medical Plants for Treating  
Tuberculosis. Pharmacog J. 2018;10(6):1159-64.

GRAPHICAL ABSTRACT SUMMARY

•  Tuberculosis is a respiratory infectious disease caused by Mycobacterium tu-
berculosis. For a long time, Indonesia local societies have been used medical 
plants for tuberculosis therapy. By using network analysis study, the active com-
pounds of medical plants can modulate human immunity to treat tuberculosis.
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