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ABSTRACT 
Chemical investigation of the dichloromethane extracts of Andrographis paniculata (Burm.f.) Nees led to the isolation of  
andrographolide (1), 14-deoxyandrographolide (2), 14-deoxy-12-hydroxyandrographolide (3), a mixture of β-sitosterol 
(4a) and stigmasterol (4b) in a 3:1 ratio, and chlorophyll a (5) from the leaves; a mixture of 4a and 4b in a 3:2 ratio, 5,2'-
dihydroxy-7,8-dimethoxyflavone or skullcapflavone I (6), and a mixture of long chain trans-cinnamate esters (7a) and β-
sitosteryl fatty acid esters (7b)  from the roots; 4a, monogalactosyl diacylglycerols (8), lupeol (9),  and triacylglycerols 
(10) from the pods; and 2 from the stems.  The structures of 1-3 and 6 were elucidated by extensive 1D and 2D NMR 
spectroscopy, while the structures of 4, 5 and 7-10  were identified by comparison of their NMR data with those reported 
in the literature. 
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INTRODUCTION 
Andrographis paniculata (Burm.f.) Nees is a medicinal 
herb with extremely bitter taste. It has been used for 
centuries to treat respiratory infections, fever, herpes, sore 
throat and a variety of other chronic and infectious 
diseases1.  Its major constituents are diterpenoids, 
flavonoids and polyphenols2. The major diterpenoid in A. 
paniculata is andrographolide which makes up about 4%, 
0.8~1.2% and 0.5~6% in dried whole plant, stem and leaf 
extracts, respectively3,4. The other main diterpenoids are 
deoxyandrographolide, neoandrographolide, 14-deoxy-
11,12-didehydroandrographide and isoandrographolide3,4.  
From the EtOAC-soluble fraction of the ethanol or 
methanol extract, 5-hydroxy-7,8-dimethoxyflavone, 5-
hydroxy-7,8,2',5'-tetramethoxy flavone, 5-hydroxy-
7,8,2',3'-tetramethoxyflavone, 5-hydroxy-7,8,2'-
trimethoxyflavone, 7-O-methylwogonin and 2'-methyl 
ether were isolated as the main flavonoids5-7.  Twenty 
flavonoids: 5,5'-dihydroxy-7,8,2'-trimetroxyflavone, 5-
hydroxy-7,8,2',6'-tetramethoxyflavone, 5,3'-dihydroxy-
7,8,4'-trimethoxyflavone, 2'-hydroxy-5,7,8-
trimethoxyflavone, 5-hydroxy-7,8,2',3',4'-
pentamethoxyflavone, wightin, 5,2',6'-trihydroxy-7-
methoxyflavone 2'-O--D-glucopyranoside, 5,7,8,2'-
tetramethoxyflavone, 5-hydroxy-7,8-dimethoxyflavanone, 
5-hydroxy-7,8-dimethoxyflavone, 5,2'-dihydroxy-7,8-
dimethoxyflavone, 5-hydroxy-7,8,2',5'-
tetramethoxyflavone, 5-hydroxy-7,8,2',3'-

tetramethoxyflavone, 5-hydroxy-7,8,2'-
trimethoxyflavone, 5,4'-dihydroxy-7,8,2',3'-
tetramethoxyflavone, dihydroneobaicalein, 
andrographidine A, andrographidine B, andrographidine C 
and 5,2'-dihydroxy-7,8-dimethoxyflavone 2'-O--D-
glucopyranoside; three diterpenoids: andrograpanin, 
neoandrographolide and andrographolide; two 
phenylpropanoids: trans-cinnamic acid and 4-hydroxy-2-
methoxycinnamaldehyde; and oleanolic acid, β-sitosterol 
and β-daucosterol were isolated from the roots of A 
paniculata8.  A review on the chemical constituents and 
pharmacological activities of A. paniculata has been 
provided2.   
We earlier reported the isolation of 14-deoxy-12-
hydroxyandrographolide, 14-deoxyandrographolide and 
14-deoxy-11,12-dihydroandrographolide from the leaves 
of A. paniculata9. We report herein the isolation of 
andrographolide (1), 14-deoxyandrographolide (2), 14-
deoxy-12-hydroxyandrographolide (3), β-sitosterol (4a), 
stigmasterol (4b) and chlorophyll a (5) from the leaves; 4a, 
4b, 5,2'-dihydroxy-7,8-dimethoxyflavone (6), long chain 
trans-cinnamate esters (7a) and β-sitosteryl fatty acid 
esters (7b) from the roots; 4a, monogalactosyl 
diacylglycerols (8), lupeol (9),  and triacylglycerols (10) 
from the pods; and 2 from the stems of A. paniculata.  The 
chemical structures of 1-10 are presented in Fig. 1. To the 
best of our knowledge this is the first report on the isolation 
of 7a-10 from A. paniculata. 
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MATERIALS AND METHODS 
General Experimental Procedure  
NMR spectra were recorded on a Varian VNMRS 
spectrometer in CDCl3 at 600 MHz for 1H NMR and 150 
MHz for 13C NMR spectra. Column chromatography was 

performed with silica gel 60 (70-230 mesh). Thin layer 
chromatography was performed with plastic backed plates 
coated with silica gel F254 and the plates were visualized 
by spraying with vanillin/H2SO4 solution followed by 
warming.  
General Isolation Procedure 

Figure 1: Chemical structures of andrographolide (1), 14-deoxyandrographolide (2), 14-deoxy-12-hydroxy 
andrographolide (3), β-sitosterol (4a), stigmasterol (4b), chlorophyll a (5), 5,2'-dihydroxy-7,8-dimethoxyflavone (6), 
long chain trans-cinnamate esters (7a), β-sitosteryl fatty acid esters (7b), monogalactosyl diacylglycerols (8), lupeol 

(9), and triacylglycerols (10) from Andrographis paniculata. 
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A glass column 18 inches in height and 1.0 inch internal 
diameter was packed with silica gel. The crude extracts 
were fractionated by silica gel chromatography using 
increasing proportions of acetone in dichloromethane 
(10% increment) as eluents. Twenty milliliter fractions 
were collected. All fractions were monitored by thin layer 
chromatography. Fractions with spots of the same Rf 
values were combined and rechromatographed in 
appropriate solvent systems until TLC pure isolates were 
obtained. A glass column 12 inches in height and 0.5 inch 
internal diameter was used for the rechromatography. Five 
milliliter fractions were collected. Final purifications were 
conducted using Pasteur pipettes as columns. One milliliter 
fractions were collected. 
Plant material 
The Andrographis paniculata (Burm.f.) Nees leaves, 
roots, stems and pods were collected from Abukay, Bataan 
in September 2015. The plant was authenticated at the 
Botany Division, Philippine National Museum.  
Isolation of the Chemical Constituents of the Leaves 
The freeze-dried A. paniculata leaves (125.8 g) were 
ground in an osterizer, soaked in CH2Cl2 for three days, 
and then filtered. The filtrate was concentrated under 
vacuum to afford a crude extract (4.9 g) which was 
chromatographed using increasing proportions of acetone 
in CH2Cl2 (10% increment) as eluents.  The 20% and 30% 
acetone in CH2Cl2 fractions were combined and 
rechromatographed (3 ×) using 15% EtOAc in petroleum 
ether to afford 5 (9 mg) after washing with petroleum ether, 
followed by Et2O.  The 50% acetone in CH2Cl2 fraction 
was rechromatographed (2 ×) using CH3CN:Et2O:CH2Cl2 
(0.5:0.5:9, v/v) to yield a mixture of 4a and 4b (6 mg) after 
washing with petroleum ether.  The 60% acetone in 
CH2Cl2 fraction was rechromatographed (2 ×) using 
CH3CN:Et2O:CH2Cl2 (1:1:8, v/v) to yield 2 (7 mg) after 
trituration with petroleum ether. The 80% acetone in 
CH2Cl2 fraction was rechromatographed (3 ×) using 
CH3CN:Et2O:CH2Cl2 (1.5:1.5:7, v/v) to yield 1 (7 mg) and 
3 (5 mg) after trituration with petroleum ether.  
Isolation of the Chemical Constituents of the Roots 
The freeze-dried A. paniculata leaves (61.4 g) were ground 
in an osterizer, soaked in CH2Cl2 for three days, and then 
filtered. The filtrate was concentrated under vacuum to 
afford a crude extract (0.84 g) which was chromatographed 
using increasing proportions of acetone in CH2Cl2 (10% 
increment) as eluents.  The 10% acetone in CH2Cl2 fraction 
was rechromatographed (2 ×) using 2.5% EtOAc in 
petroleum ether to afford a mixture of 7a and 7b (5 mg) 
after washing with petroleum ether.   The 20% acetone in 
CH2Cl2 fraction was rechromatographed (2 ×) using 10% 
EtOAc in petroleum ether to yield a mixture of 4a and 4b 
(8 mg) after washing with petroleum ether.  The 30% 
acetone in CH2Cl2 fraction was rechromatographed (3 ×) 
using CH3CN:Et2O:CH2Cl2 (0.5:0.5:9, v/v) to yield 6 (4 
mg) after washing with petroleum ether, followed by Et2O.   
Isolation of the Chemical Constituents of the Pods 
The freeze-dried A. paniculata leaves (66.5 g) were ground 
in an osterizer, soaked in CH2Cl2 for three days, and then 
filtered. The filtrate was concentrated under vacuum to 
afford a crude extract (3.2 g) which was chromatographed 

using increasing proportions of acetone in CH2Cl2 (10% 
increment) as eluents.  The 10% acetone in CH2Cl2 fraction 
was rechromatographed using (2 ×) 10% EtOAc in 
petroleum ether to afford 10 (9 mg).    The 10% acetone in 
CH2Cl2 fraction was rechromatographed (3 ×) using 10% 
EtOAc in petroleum ether to afford 9 (4 mg) after washing 
with petroleum ether.   The 50% acetone in CH2Cl2 fraction 
was rechromatographed (2 ×) using CH3CN:Et2O:CH2Cl2 
(0.5:0.5:9, v/v) to yield 4a (8 mg) after washing with 
petroleum ether.  The 80% acetone in CH2Cl2 fraction was 
rechromatographed (3 ×) using CH3CN:Et2O:CH2Cl2 
(1.5:1.5:7, v/v) to yield 8 (5 mg).  
Isolation of the Chemical Constituents of the Stems 
The freeze-dried A. paniculata leaves (159 g) were ground 
in an osterizer, soaked in CH2Cl2 for three days, and then 
filtered. The filtrate was concentrated under vacuum to 
afford a crude extract (2.5 g) which was chromatographed 
using increasing proportions of acetone in CH2Cl2 (10% 
increment) as eluents.  The 50% acetone in CH2Cl2 fraction 
was rechromatographed (2 ×) using CH3CN:Et2O:CH2Cl2 
(1:1:8, v/v) to yield 2 (4 mg) after trituration with 
petroleum ether.   
 
RESULTS AND DISCUSSION 
Silica gel chromatography of the dichloromethane extracts 
of the different parts of Andrographis paniculata yielded 
1–10. The structures of 1-3 and 6 were elucidated by 
extensive 1D and 2D NMR spectroscopy. The NMR 
spectra of 1 are in accordance with data reported in the 
literature for andrographolide10; 2 for 14-
deoxyandrographolide11, 3 for 14-deoxy-12-hydroxy 
andrographolide9, 4a for β-sitosterol12,13, 4b for 
stigmasterol12,13, 5 for chlorophyll a14, 6 for 5,2'-
dihydroxy-7,8-dimethoxyflavone or skullcapflavone I15, 
7a for long chain trans-cinnamate esters16, 7b for β-
sitosteryl fatty acid esters17, 8 for monogalactosyl 
diacylglycerols18, 9 for lupeol19,  and 10 for 
triacylglycerols20. 
Earlier studies reported that andrographolide (1) exhibited 
anti-diabetic11-23, anti-retroviral24, cardioprotective25 and 
anti-inflammatory26-29, antiproliferative and 
proapoptotic30,31, anti-angiogenic32, anti-thrombotic33, 
anti-urothelial34, anti-leishmaniasis35, 
hepatoprotective36,37, protective activity against alcohol-
induced hepatic and renal toxicity38, and anticancer39-47. 
14-Deoxyandrographolide (2) was reported to exhibit 
immunomodulatory and anti-atherosclerotic1, 
vasorelaxation in vitro and in vivo48,49, and apoptotic50.  
Furthermore, 2 showed enhanced proliferation and 
interleukin-2 (IL-2) induction in human peripheral blood 
lymphocytes51.  On the other hand, 14-deoxy-12-hydroxy 
andrographolide (3) 
was reported to be cytotoxic to human lung carcinoma 
(A549) with an IC50 value of 20 µg/mL and showed slight 
antimicrobial activities9. 

 
ACKNOWLEDGEMENT 
A research grant from the De La Salle University Science 
Foundation through the University Research Coordination 
Office is gratefully acknowledged. 



Maria et al. / Chemical Constituents of… 

 

                  IJPPR, Volume 8, Issue 8: August 2016 Page 1401 

 
REFERENCES 
1. Gupta S, Choudhary MA, Yadava JNS, Srivastava V, 

Tandon JS. Antidiarrheal activity of diterpenes of 
Andrographis paniculata (Kalmegh) against 
Escherichia coli enterotoxin in in vivo models.  Int J 
Crude Drug Res 1990; 28: 273. 

2. Chao W-W, Lin B-F. Isolation and identification of 
bioactive compounds in Andrographis paniculata 
(Chuanxinlian). Chin Med 2010; 5:17. 

3. Cheung HY, Cheung CS, Kong CK. Determination of 
bioactive diterpenoids from Andrographis 
paniculata by micellar electrokinetic 
chromatography. J Chromatogr A 2001; 930(1-2):171–
176.  

4. Pholphana N, Rangkadilok N, Thongnest S, 
Ruchirawat S, Ruchirawat M, Satayavivad J. 
Determination and variation of three active 
diterpenoids in Andrographis paniculata (Burm.f.) 
Nees. Phytochem Anal 2004; 15(6):365–371.  

5. Kishore PH, Reddy MV, Reddy MK, Gunasekar D, 
Caux C, Bodo B. Flavonoids from Andrographis 
lineata. Phytochem 2003; 63(4):457–461.  

6. Reddy MVB, Kishore PH, Rao CV, Gunasekar D, 
Caux C, Bodo B. New 2'-oxygenated flavonoids 
from Andrographis affinis. J Nat Prod 2003; 66:295–
297.  

7. Kuroyanagi M, Sato M, Ueno A, Nishi K. Flavonoids 
from Andrographis paniculata. Chem Pharm Bull 
1987; 35(11):4429–4435. 

8. Xu C, Wang ZT. Chemical constituents from roots of 
Andrographis paniculata. Yao Xue Xue Bao 2011; 
46(3):317-21. 

9. Ragasa CY, de Los Santos A, Rideout JA. An 
antimicrobial and cytotoxic labdane diterpene from 
Andrographis paniculata. ACGC Chem Res Comm 
2008; 22:44-48. 

10. Kulyal P, Tiwari UK, Shukla A, Gaur AK.  Chemical 
constituents isolated from Andrographis paniculata.  
Indian J Chem 2010; 49B:356-359. 

11. Matsuda T, Kuronaga M. Sugayuma S, Umcharan K, 
Umo A, Nishi K. Cell-differentiation-inducing 
diterpenes from Andrographis paniculate.  Chem 
Pharm Bull 1994; 42:1216. 

12. Ragasa CY, Ng VAS, De Los Reyes MM, Mandia EH, 
Oyong GG, Shen C-C. Chemical constituents and 
cytotoxicity of the leaves of Dysoxylum 
gaudichaudianum (A. Juss.) Miq. Der Pharma Chemica 
2014; 6(5):182-187.  

13. Ragasa CY, Ng VAS, Agoo EMG, Shen C-C. 
Chemical constituents of Cycas lacrimans. Int J 
Pharmacog Phytochem Res 2015; 7(3):616-620. 

14. Ragasa CY, Ebajo Jr VD, De Los Reyes MM, Mandia 
EH, Brkljaca R, Urban S. Chemical constituents of 
Cordia dichotoma .G. Forst.  J Appl Pharm Sci 2015; 
5(Suppl. 2): 16-21. 

15. Kesava Reddy M, Vijaya Bhaskar Reddy M, 
Jayakrishna G, Gunasekar D, Caux C,  Bodo B. Two 
new flavonoids from Andrographis rothii. Chem 
Pharm Bull 2003; 51(2):191-193. 

16. Ragasa CY, Alimboyoguen AB. Long chain 4-
hydroxycinnamate esters from Allamanda neriifolia 
Hook. Amer J Essent Oils Nat Prod 2013; 1(1):50-53. 

17. Ng VAS, Agoo EM, Shen C-C, Ragasa CY. Chemical 
constituents of Cycas sancti-lasallei.  J Appl Pharm Sci 
2015; 5(Suppl 1):12–17. 

18. Ragasa CY, Ng VAS, Lazaro-Llanos N, Tan MC, 
Brkljača R, Urban S. Monogalactosyl diacylglycerol 
from Caulerpa racemosa (Forsskal) J. Agardh.  Der 
Pharma Chemica 2015; 7(7):194-198. 

19. Ragasa CY, Ebajo Jr. VD,  De Los Reyes MM, Mandia 
EM, Brkljača R, Urban S.  Triterpenes and sterols from 
Sonneratia alba. Int J Curr Pharm Rev Res 2015; 
6(6):256-261. 

20. Ragasa CY, Caro J, Shen C-C. Chemical constituents 
of Artocarpus ovatus Blanco. Der Pharma Chemica 
2015; 7(2):178-182. 

21. Yu BC, Hung CR, Chen WC, Cheng JT. 
Antihyperglycemic effect of andrographolide in 
streptozotocin induced diabetic rats. Planta Med 2003; 
69:1075–1079.  

22. Yu BC, Chang CK, Su CF, Cheng JT. Mediation of 
beta-endorphin in andrographolide-induced plasma 
glucose-lowering action in type I diabetes-like animals. 
Naunyn Schmiedebergs Arch Pharmacol 2008; 377(4-
6):529-540.  

23. Zhang Z, Jiang J, Yu P, Zeng X, Larrick JW,  Wang Y. 
Hypoglycemic and beta cell protective effects of 
andrographolide analogue for diabetes treatment. J 
Transl Med 2009; 7:62. 

24. Wiart C, Kumar K, Yusof MY, Hamimah H, Fauzi ZM, 
Sulaiman M. Antiviral properties of ent-labdene 
diterpenes of Andrographis paniculata nees, inhibitors 
of herpes simplex virus type 1. Phytother Res 2005; 
19(12):1069-1070.  

25. Woo AY, Waye MM, Tsui SK, Yeung ST, Cheng CH. 
Andrographolide upregulates cellular-reduced 
glutathione level and protects cardiomyocytes against 
hypoxia/reoxygenation injury. J Pharmacol Exp Ther 
2008; 325(1):226-35.  

26. Bao Z, Guan S, Cheng C, Wu S, Wong SH, Kemeny 
DM. A novel antiinflammatory role for 
andrographolide in asthma via inhibition of the nuclear 
factor kappa B pathway. Am J Respir Crit Care Med 
2009; 179(8):657-665.  

27. Li J, Luo L, Wang X, Liao B, Li G. Inhibition of NF-
kappaB expression and allergen induced airway 
inflammation in a mouse allergic asthma model by 
andrographolide. Cell Mol Immunol 2009; 6(5):381-
385.  

28. Parichatikanond W, Suthisisang C, Dhepakson P, 
Herunsalee A. Study of antiinflammatory activities of 
the pure compounds from Andrographis paniculata 
(burm.f) Nees and their effects on gene expression. Int 
Immunopharmacol 2010; 10(11):1361-1373.  

29. Wang T, Liu B, Zhang W, Wilson B, Hong JS. 
Andrographolide reduces inflammation-mediated 
dopaminergic neurodegeneration in mesencephalic 
neuron-glia cultures by inhibiting microglial activation. 
J Pharmacol Exp Ther 2004; 308(3):975-83. 



Maria et al. / Chemical Constituents of… 

 

                  IJPPR, Volume 8, Issue 8: August 2016 Page 1402 

30. Yang S, Evens AM, Prachand S, Singh AT, Bhalla S, 
David K. Mitochondrialmediated apoptosis in 
lymphoma cells by the diterpenoid lactone 
andrographolide, the active component of 
Andrographis paniculata. Clin Cancer Res 2010; 
16(19):4755-68. 

31. Zhou J, Lu GD, Ong CS, Ong CN, Shen HM. 
Andrographolide sensitizes cancer cells to TRAIL-
induced apoptosis via death receptor 4 up-regulation. 
Mol Cancer Ther 2008; 7(7):2170-2180.  

32. Sheeja K, Guruvayoorappan C, Kuttan G. 
Antiangiogenic activity of Andrographis paniculata 
extract and andrographolide. Int Immunopharmacol 
2007; 7(2):211-221.  

33. Thisoda P, Rangkadilok N, Pholphana N, 
Worasuttayangkurn L, Ruchirawat S,  Satayavivad J. 
Inhibitory effect of Andrographis paniculata extract 
and its active diterpenoids on platelet aggregation. Eur 
J Pharmacol 2006; 28:553(1-3):39-45. 

34. Sheeja K, Kuttan G. Protective effect of Andrographis 
paniculata and andrographolide on cyclophosphamide-
induced urothelial toxicity. Integr Cancer Ther 2006; 
5(3):244-251.  

35. Sinha J, Mukhopadhyay S, Das N, Basu MK. Targeting 
of liposomal andrographolide to L. donovani-infected 
macrophages in vivo. Drug Deliv 2000; 7(4):209-213.  

36. Handa SS, Sharma A.  Hepatoprotective activity of 
andrographolide against galactosamine & paracetamol 
intoxication in rats. Indian J Med Res 1990; 92:284-
292.  

37. Handa SS, Sharma A. Hepatoprotective activity of 
andrographolide from Andrographis paniculata against 
carbontetrachloride. Indian J Med Res 1990; 92:276-
283.  

38. Singha PK, Roy S, Dey S. Protective activity of 
andrographolide and arabinoga‐ lactan proteins from 
Andrographis paniculata Nees. against ethanol-
induced toxicity in mice. J Ethnopharmacol 2007; 
111(1):13-21.  

39. Jiang CG, Li JB, Liu FR, Wu T, Xu HM. 
Andrographolide inhibits the adhesion of gastric cancer 
cells to endothelial cells by blocking E-selectin 
expression. Anticancer Res 2007; 27:2439–2448.  

40. Shi MD, Lin HH, Chiang TA, Tsai LY, Tsai SM, Lee 
YC, Chen JH. Andrographolide could inhibit human 
colorectal carcinoma Lovo cells migration and invasion 
via down regulation of MMP-7 expression. Chem Biol 
Interact 2009; 180:344–352. 

41. Lee YC, Lin HH, Hsu CH, Wang CJ, Chiang TA, Chen 
JH. Inhibitory effects of andrographolide on migration 
and invasion in human non-small cell lung cancer A549 

cells via down-regulation of PI3K/Akt signalling 
pathway. Eur J Pharmacol 2010; 632(1-3):23–32.   

42. Nanduri S, Nyavanandi VK, Thunuguntla SSR, Kasu 
S, Pallerla MK, Ram PS, Rajagopal S, Kumar RA, 
Ramanujam R, Babu JM, Vyas K, Devi AS, Reddy GO, 
Akella V. Synthesis and structure-activity relationships 
of andrographolide analogues as novel cytotoxic 
agents. Bioorg Med Chem Lett 2004; 14:4711–4717.  

43. Rodríguez-Fernández E, Manzano JL, Alonso A, 
Almendral MJ, Pérez-Andrés M, Orfao A, Criado JJ. 
Fluorescent cisplatin analogues and cytotoxic 
activity. Curr Med Chem 2009; 16(32):4314–4327.  

44. Jada SR, Matthews C, Saad MS, Hamzah AS, Lajis 
NH, Stevens MFG, Stanslas J. Benzylidene derivatives 
of andrographolide inhibit growth of breast and colon 
cancer cells in vitro by inducing G1 arrest and 
apoptosis. Br J Pharmacol 2008; 155:641–654.  

45. Zhou J, Ong CN, Hur GM, Shen HM. Inhibition of the 
JAK-STAT3 pathway by andrographolide enhances 
chemo-sensitivity of cancer cells to 
doxorubicin. Biochem Pharmacol 2010; 79(9):1242–
1250.   

46. Mosmann TR, Sad S. The expanding universe of T-cell 
subset: Th1, Th2 and more. Immunol Today 1996; 
17:138–146.   

47. Sheeja K, Kuttan G. Modulation of natural killer cell 
activity, antibody-dependent cellular cytotoxicity, and 
antibody-dependent complement-mediated 
cytotoxicity by andrographolide in normal and Ehrlich 
ascites carcinoma-bearing mice. Integr Cancer 
Ther 2007; 6(1):66–73.  

48. Zhang CY, Tan BK. Vasorelaxation of rat thoracic 
aorta caused by 14-deoxy andrographolide. Clin Exp 
Pharmacol Physiol 1998; 25:424-429. 1/j.1440-
1681.1998. 

49. Burgos RA, Loyola M, Hidalgo MA, Labranche TP, 
Hancke JL. Effects of 14-deoxyandrographolide on 
calcium mediated rat uterine smooth muscle 
vontractility. Phytother Res 2003, 17: 1011-1015. 

50. Roy DN, Mandal S, Sen G, Mukhopadhyay S, Biswas 
Y. 14-Deoxyandrographolide desensitizes hepatocytes 
to tumour necrosis factor-alpha-induced apoptosis 
through calcium-dependent tumour necrosis factor 
receptor superfamily member 1A release via the 
NO/cGMP pathway. Br J Pharmacol 2010; 
160(7):1823–1843. 

51. Kumar RA, Sridevi K, Kumar NV, Nanduri S, 
Rijagopal S. Anticancer and immune stimulatory 
compounds from Andrographis paniculata.  J 
Pharmacol 2004; 92:291-295.

 


