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Abstract

The labdane diterpenoid Andrographolide is a major secondary metabolite of
the plant Andrographis paniculata. Andrographolide and its derivatives have
attracted the attention of synthetic chemists for their antibacterial, antifungal,
anticancer and central nervous system activities. As a part of our present
research, a new series of sulfonyl-type of andrographolide derivatives were
synthesized from andrographolide. The derived analogs (4a-4g) were evaluated
for their antimicrobial activity against E. coli, K. pneumonae (Gram Negative
bacteria) and S. aureus, B. subtilis (Gram Positive) bacterial strains, with
Ampicillin as standard drug. Most of the analogues show significant antibacterial
activity against tested bacterial strains. The methyl sulfonyl derivative 4a had
higher inhibitory than parent compound andrographolide 1, and standard drug
Ampicillin.

Key words: Andrographolide, Andrographis paniculata, antibacterial activity,
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INTRODUCTION

The major metabolite labdane diterpenoid andrographolide (1) was isolated from the
leaves of Andrographis paniculata (family Acanthaceae). It is broadly used in the traditional
system of medicine in south east Asia since antiquity [1]. Extracts of plants and their major
metabolites including andrographolide (1) have been reported to exhibit a wide range of
biological activities [2-44] of therapeutic importance that include anti-inflammatory,
hepatoprotective, antimalarial, antibacterial, antithrombotic, immune stimulant, antidepressive,
antiallergic, central nervous system disorders [15, 17, 19, 21, 26-31], anti HIV, and anticancer.
Since its discovery, plethora of biological activities has been evaluated for andrographolide and
its derivatives. A huge number of andrographolide (1) analogs have been prepared by semi-
synthesis for the modification of the biological activities which are available in the literature [9-
44]. Presuming that incorporation of sulfonyl esters at C(14) in andrographolide might generate
some bioactive molecules, herein, we report the synthesis of a new series of sulfonyl ester
andrographolide derivatives and their antibacterial activity against E. coli, K. pneumonae (Gram
Negative bacteria) and S. aureus, B. subtilis (Gram Positive) bacterial strains, with Ampicillin as
control drug.
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MATERIALS AND METHODS

Andrographolide (1) was isolated in high yields from the plant of Andrographis paniculata
and used as the starting material for the preparation of the C(14)-modified sulfonyl analogue
library 4a-4g (Scheme 1). Initially, Andrographolide 1 was treated with 2, 2-dimethoxy propane
in the presence of pyridinium p-toulenesulfonate (PPTS), Carbon tetrabromide [35] in CH:Cl; at
40°C to yield 87% of compound 2. Compound 2 was treated with appropriate sulfonyl halides in
the presence of diisopropylethyl amine base in DCM to give compounds 3a-3g. Derivatives 4a-
4g were prepared in yields of 69-75% by reacting compounds 3a-3g with acetic acid in water to
remove isopropylidene (Scheme 1).
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Scheme 1. Synthesis of sulfonylester-type andrographolide analogs 4a-4i. Reagents and
conditions: (a) 2,2-dimethoxypropane, PPTS, DCM, CBry, reflux at 40°C, 1h; (b) appropriate
sulfonyl chloride, Et;N, dry DCM, N3, r.t, 3-4 h; (c) Acetic acid, Hz0, r.t, 30 min.

RESULTS AND DISCUSSION

Andrographolide (1) and its sulfonyl ester type analogs (4a-4g) were evaluated for their in
vitro antimicrobial activity against E.coli, K.pneumonae (Gram Negative bacteria) and S.aureus,
B.subtilis (Gram Positive) bacterial strains. The Minimum Inhibitory Concentration (MIC) of the
derived compounds (4a-4g) against all bacterial strains is determined by liquid dilution method
[45]. The antimicrobial activity data of 1 and its analogs are collated in Table 1. For comparison
purpose, MIC values of positive control, Ampicillin against bacterial strains are included in the
Table 1. Most of the synthesized sulfonyl ester derivatives showed appreciable antimicrobial
activity compared to the parent compound Andrographolide 1 against tested bacterial strains.
Analogs 4a and 4b have also shown significant inhibitory activity (MIC range 2.5 pg/mL - 5
pg/mL) than the standard Ampicillin and parent compound Andrographolide 1.
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Table 1. Minimum Inhibitory Concentration (MIC) in pg/mL of Antimicrobial activity for
andrographolide analogues (4a-4g) against bacterial strains

MIC (pg/mL)
Gram negative Gram positive
Compound E.coli | K.pneumonae S. aureus | B. subtilis

1 10 15 15 5

4a 2.5 5 5 2.5

4b 5 5 2.5 5

4c 30 25 25 35

4d 20 15 30 20

4e 15 25 30 20

4f 30 30 35 30

41g 25 15 20 5
Ampicillin 5 5 10 5

Antimicrobial activity and Minimum inhibitory concentration (MIC) determination: The
newly synthesized andrographolide derivatives are evaluated for their in vitro antimicrobial
activity against E.coli, K.pneumonae (Gram Negative bacteria) and S.aureus, B.subtilis (Gram
Negative) bacterial strains with Ampicillin as a standard drug. The MIC of the derived
compounds (4a-4g) against all bacterial strains is determined by liquid dilution method [18-
20]. Stock solutions of tested compounds with 2.5, 5, 10, 15, 20, 25, 30, 35, 40, 45 and 50 pg/mL
concentrations are prepared with appropriate solvent. The solutions of control drugs,
Ampicillin is prepared in the same concentrations. Inoculums of the bacterial culture are also
prepared. The MIC at which no growth is observed is taken as the MIC values and the details are
presented in table 1. Among the series of newly synthesized andrographolide derivatives 4a and
4b exhibited significant inhibitory activity (MIC range 2.5 pg/ mL- 5 pg/ mL) against all the
bacterial strains even than parent compound and control drug Ampicillin (5 -10 pg mL-1 ),
while compounds 4c-4g also exhibited appreciable inhibitory activity (MIC range 5 pg/ mL ) to
moderate (MIC range 35 pg/ mL ) inhibitory activity.

In summary, a series of new sulfonyl ester-type analogs of andrographolide were
synthesized in an effort to explore the antimicrobial effects of C-14 substitution against E.coli, K.
pneumonae (Gram Negative bacteria) and S. aureus, B. subtilis (Gram Negative) bacterial strains.
Most of the analogs showed significant antimicrobial activity against tested bacterial strains
compared to the parent andrographolide. Analogs methyl sulfonyl derivative 4a and ethyl
sulfonyl derivative 4b have higher antimicrobial activity than parent compound
andrographolide against all bacterial strains.
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1H-NMR, 13C-NMR and MS data for synthesized compounds:

Methylsulfonyl-andrographolide derivative (4a). White amorphous powder, tH NMR (400 MHz,
CDCi3): 6 7.03 (t, J = 6.8 Hz, 1H), 5.96 (d, J = 5.8 Hz, 1H), 4.92 (s, 1H), 4.56-4.52 (m, 2H), 4.25-
4.16 (m, 2H), 3.92 (d, /= 11.6 Hz, 1H), 3.70 (s, 3H), 3.52-3.49 (m, 1H), 3.32 (d, /= 10.6 Hz, 1H),
3.18 (s, 2H), 2.51-2.31 (m, 4H), 1.99-1.94 (m, 1H), 1.80-1.71 (m, 5H), 1.32-1.15 (m, 6H), 0.69 (s,
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3H).13C NMR (100 MHz, CDCj3): 6 174.9, 168.6, 165.1, 152.2, 148.6, 124.2, 109.1, 80.9, 72.6, 70.3,
63.9, 62.1, 57.2, 55.9, 52.6, 43.9, 39.9, 38.2, 37.2, 29.4, 26.3, 25.7, 23.4, 16.1. HRESIMS (m/z):
[M+HI* calculated for C21H3207S, 429.1941; found, 429.1936.

Ethylsulfonyl-andrographolide derivative (4b). White amorphous powder, 1H NMR (400 MHz,
CDCl3): 6 7.03 (t, J = 6.8 Hz, 1H), 5.99 (d, J = 5.8 Hz, 1H), 4.90 (s, 1H), 4.57-4.52 (m, 2H), 4.26-
4.11 (m, 4H), 3.92 (d, / = 11.6 Hz, 1H), 3.51-3.46 (m, 1H), 3.32 (d, / = 10.6 Hz, 1H), 3.19 (s, 2H),
2.51-2.31 (m, 4H), 1.99-1.94 (m, 1H), 1.79-1.71 (m, 5H), 1.34-1.12 (m, 9H), 0.71 (s, 3H). 3C NMR
(100 MHz, CDCl3): 6 175.1, 169.7, 165.3, 152.9, 148.7, 124.5, 109.2, 80.8, 72.8, 70.4, 63.7, 61.3,
58.2, 55.7,52.3, 43.8, 39.8, 38.1, 37.3, 29.5, 26.4, 25.3, 23.8, 14.6, 16.4. HRESIMS (m/z): [M+H]*
calculated for C2;H340-S, 443.2154; found, 443.2143.

Chloromethylsulfonyl-andrographolide derivative (4c). White amorphous powder, 1H NMR
(400 MHz, CDCl3): 6 7.03 (t, J = 6.8 Hz, 1H), 5.96 (d, J = 5.8 Hz, 1H), 4.90 (s, 1H), 4.57-4.52 (m,
2H), 4.26-4.11 (m, 4H), 3.92 (d, J = 11.6 Hz, 1H), 3.51-3.46 (m, 1H), 3.32 (d, / = 10.6 Hz, 1H),
3.21 (s, 3H), 2.51-2.31 (m, 4H), 1.99-1.94 (m, 1H), 1.79-1.71 (m, 5H), 1.36 (s, 9H), 1.34-1.12 (m,
9H), 0.71 (s, 3H). 3C NMR (100 MHz, CDCl3): § 174.8, 169.3, 164.9, 152.2, 148.1, 124.4, 109.1,
82.3,80.8,72.9,70.6, 63.6, 58.1, 55.6, 52.3, 43.8, 39.9, 38.2, 37.4, 28.9 (3xt-CH3), 29.4, 26.4, 25.3,
23.6,16.8. HRESIMS (m/z): [M+H]* calculated for C;1H31Cl07S, 464.1419; found, 464.1403.
Vinylsulfonyl- andrographolide derivative (4d). White amorphous powder, 1H NMR (400 MHz,
CDCl3): 6 7.03 (t, J = 6.8 Hz, 1H), 5.96 (d, J = 5.8 Hz, 1H), 4.90 (s, 1H), 4.57-4.52 (m, 2H), 4.26-
4.11 (m, 4H), 3.92 (d, /= 11.6 Hz, 1H), 3.67 (s, 3H), 3.51-3.46 (m, 1H), 3.32 (d, /= 10.6 Hz, 1H),
2.84-2.69 (m, 4H), 2.51-2.31 (m, 4H), 1.99-1.94 (m, 1H), 1.79-1.71 (m, 5H), 1.36 (s, 9H), 1.34-
1.12 (m, 9H), 0.71 (s, 3H). 13C NMR (100 MHz, CDCls): 6 175.1, 169.1, 165.3, 151.9, 148.9, 123.3,
108.9, 80.7, 72.5, 70.2, 63.8, 62.2, 57.3, 55.8, 51.8, 43.8, 39.8, 38.2, 37.1, 29.5, 29.2, 26.4, 25.4,
23.6, 16.3. HRESIMS (m/z): [M+H]* calculated for C;2H3,0S, 441.1913; found, 441.1904.
Trifloromethylsulfonyl-andrographolide derivative (4e). White amorphous powder, 'H NMR
(400 MHz, CDCl3): 6 7.03 (t, J = 6.8 Hz, 1H), 5.96 (d, J = 5.8 Hz, 1H), 4.90 (s, 1H), 4.57-4.52 (m,
2H), 4.26-4.09 (m, 6H), 3.92 (d, /= 11.6 Hz, 1H), 3.67 (s, 3H), 3.51-3.46 (m, 1H), 3.32 (d, /=10.6
Hz, 1H), 2.83-2.68 (m, 4H), 2.51-2.31 (m, 4H), 1.99-1.94 (m, 1H), 1.79-1.71 (m, 5H), 1.29 (t, 3H),
1.34-1.12 (m, 9H), 0.71 (s, 3H). 13C NMR (100 MHz, CDCl3): 6 175.1, 169.1, 165.3, 151.9, 148.9,
123.3,108.9, 80.7, 72.5, 70.2, 63.8, 61.7, 62.2, 57.3, 55.8, 43.8, 39.8, 38.2, 37.1, 29.6, 29.4, 26.4,
25.4, 23.6, 16.3, 14.1. HRESIMS (m/z): [M+H]* calculated for C;1H29F30+S, 483.1612; found,
483.1608.

Phenylsulfonyl-andrographolide derivative (4f). White amorphous powder, H NMR (400 MHz,
CDClz): 6 7.73-7.42 (m, 5H), 7.03 (t, / = 6.8 Hz, 1H), 5.96 (d, J = 5.8 Hz, 1H), 4.90 (s, 1H), 4.57-
4.52 (m, 2H), 4.26-4.09 (m, 6H), 3.92 (d, /= 11.6 Hz, 1H), 3.63 (s, 3H), 3.51-3.46 (m, 1H), 3.32 (d,
J = 10.6 Hz, 1H), 2.83-2.68 (m, 4H), 2.55-2.29 (m, 10H), 1.99-1.94 (m, 1H), 1.79-1.71 (m, 5H),
1.29 (t, 3H), 1.34-1.12 (m, 9H), 0.71 (s, 3H). 13C NMR (100 MHz, CDCl3): 6 175.1, 171.1, 168.3,
151.9, 148.9, 134.5, 128.3, 123.3, 108.9, 80.7, 72.5, 70.2, 63.8, 62.2, 57.3, 55.8, 51.9, 43.8, 39.8,
38.2, 37.1, 29.5, 29.2, 26.4, 25.4, 33.9, 33.4, 20.1, 16.3. HRESIMS (m/z): [M+H]* calculated for
C26H3407S, 491.2132; found, 491.2127.

Ortho-phenylsulfonyl-andrographolide derivative (4g). White amorphous powder, H NMR (400
MHz, CDCl3): 6 7.79-7.46 (m, 4H), 7.02 (t, /] = 6.8 Hz, 1H), 5.97 (d, J = 5.8 Hz, 1H), 4.90 (s, 1H),
4.57-4.52 (m, 2H), 4.26-4.09 (m, 6H), 3.92 (d, J = 11.6 Hz, 1H), 3.64 (s, 3H), 3.51-3.46 (m, 1H),
3.32 (d, /=10.6 Hz, 1H), 2.83-2.68 (m, 4H), 2.55-2.29 (m, 10H), 1.99-1.94 (m, 1H), 1.79-1.71 (m,
5H), 1.65-1.61 (m, 4H), 1.29 (t, 3H), 1.34-1.12 (m, 9H), 0.71 (s, 3H). 13C NMR (100 MHz, CDCl3): 6
175.1, 171.1, 168.3, 151.9, 148.9, 128.1, 126.1, 123.3, 108.9, 80.7, 72.5, 70.2, 61.9, 62.2, 57.3,
55.8, 43.8, 39.8, 38.2, 37.1, 29.5, 29.2, 26.4, 25.4, 34.4, 34.1, 24.3, 24.1, 16.3. HRESIMS (m/z):
[M+H]* calculated for C26H33Cl0+S, 526.1645; found, 526.1639.

http://mutagens.co.in 2351



Journal of Global Biosciences Vol. 4(5), 2015 pp. 2348-2354
ISSN 2320-1355

REFERENCES

[1] Chakravarti, R. N. Chakravarti, D. 1951, Andrographolide, The Active Constituent of
Andrographis paniculata Nees; A Preliminary Communication. Ind. Med. Gaz. 86: 96.

[2] Shen, Y. C, Chen, C. F., Chiou, W. F. 2002, Andrographolide Prevents Oxygen Radical
Production by Human Neutrophils: Possible Mechanism(s) Involved in its Anti-Inflammatory
Effect.Br. J. Pharmacol. 135: 399-406.

[3] Najib, N. A. R. N,, Furuta, T., Kojima, S., Takane, K., Ali, M. M. 1999, Antimalarial Activity of
Extracts of Malaysian Medicinal Plants. J. Ethanopharmacol. 64: 249-254.

[4] Gupta, S., Choudary, M. A, Yadava, J. N. S,, Srivastava, V., Tandon, J. S. 1990, Antidiarrhoeal
Activity of Diterpenes of Andrographis paniculata (Kal-Megh) against Escherichia coli
Enterotoxin in in vivo Models. Pharm. Biol. 28: 273-283.

[5] Gupta, P. P.,, Tandon, J. S., Patnaik, G. K. 1998, Antiallergic Activity of Andrographolides
Isolated from Andrographis paniculata (Burm. F) Wall. Pharm. Biol. 36, 72-74.

[6] Madav, S., Tanda, S. K, Lal, J, Tripatthi, H. C. 1996, Anti-inflammatory Activity of
Andrographolide. Fitoterapia, 67: 452-458.

[7] Cheung, S. C., and Li, N. H. 1978, Chinese Medicinal Herbs of Hong Kong. 1 (12): 8.

[8] Reddy, P. P., Tiwari, A. K, Rao, R. R.,, Madhusudhana, K, Rao, V. R. S,, Alj, A. Z., Baby, K. S., and
Rao, J. M. 2009, New Labdane Diterpenes as Intestinal a-glucosidase Inhibitor from
Antihyperglycemic Extract of Hedychium spicatum (Ham. Ex Smith) Rhizomes. Bioorg. Med.
Chem. Lett. 19(9): 2562-2565.

[9] Husen, R,, Pihie, A. H. L., Nallappan, M. 2004, Screening for Antihyperglycaemic Activity in
Several Local Herbs of Malaysia. J. Ethanopharmacol. 95: 205-208.

[10] Reddy, P. P,, Rao, R. R,, Rekha, K. S., Babu, K. S., Shashidhar, ]., Shashikiran, G., Vijaya
Lakshmi, V., and Rao, J.M. 2009, Two New Cytotoxic Diterpenes from the Rhizomes of
Hedychium spicatum. Bioorg. Med. Chem. Lett. 19(1):192-195.

[11] Handa, S. S., Sharma, A. 1990, Hepatoprotective Activity of Andrographolide from
Andrographis paniculata Against Carbon tetrachloride. Indian J. Med. Res. 92: 284-292.

[12] Reddy, P. P., Rao, R. R, Shashidhar, ]., Sastry, B. S., Rao, ]J. M., and Babu, K. S. 2009,
Phytochemical Investigation of Labdane Diterpenes from the Rhizomes of Hedychium
spicatum and Their Cytotoxic Activity. Bioorg. Med. Chem. Lett. 19(21): 6078-6081.

[13] Reddy, P. P., Lavekar, A. G., Babu, K. S., Rao, R. R,, Shashidhar, J., Shashikiran, G., and Rao,
J. M., 2010, Synthesis, Cytotoxic Activity and Structure-Activity Relationships of
Hedychenone Analogues. Bioorg. Med. Chem. Lett. 20(8): 2525-2528.

[14] Fajemiroye, ].0., Galdino, P. M., Florentino, I. F., Da Rocha, F. F., Ghedini, P. C,, et al. 2014,
Plurality of Anxiety and Depression Alteration Mechanism by Oleanolic Acid. J.
Psychopharmacol. 98: 923-934.

[15] Polepally, P. R.,, White, K, Vardy, E., Roth, B. L., Ferreira, D., and Zjawiony, ]. K. 2013,
Kappa-Opioid Receptor-Selective Dicarboxylic Ester-Derived Salvinorin A Ligands. Biooryg.
Med. Chem. Lett. 23: 2860-2862.

[16] Shen, Y. C,, Chen, C. F.,, Chiou, W. F. 2000, Suppression of Rat Neutrophil Reactive Oxygen
Species Production and Adhesion by the Diterpenoid Lactone Andrographolide. Planta
Medica. 66: 314-317.

[17] Polepally, P.R,, Setola, V., Vardy, E., Roth, B.L., and Zjawiony, J. K. 2013, New Michael
Acceptor-Type of Salvinorin A Ligands to Kappa-Opioid Receptor. Planta Medica, 79(05):
P41.

[18] Li, Z., Huang, W., Zhang, H.,, Wang, X., Zhou, H. 2007, Synthesis of Andrographolide
Derivatives and their TNF-a and IL-6 Expression Inhibitory Activities. Bioorg. Med.Chem. Lett.
17: 6891-6894.

[19] Polepally, P. R, White, K., Roth, B. L., and Zjawiony, ]. K. 2013, Convenient Synthesis and
In Vitro Pharmacological Activity of Thioesters of Salvinorin B. Planta Medica, 79(05): P43.
[20] Nanduri, S., Nyavanandi, V. K., Thunuguntla, S. S. R,, Kasu, S., Pallerla, M.K,, et al. 2004,
Synthesis and Structure-Activity Relationships of Andrographolide Analogues as Novel

Cytotoxic Agents. Bioorg. Med. Chem. Lett. 14: 4711-4717.

http://mutagens.co.in 2352



Journal of Global Biosciences Vol. 4(5), 2015 pp. 2348-2354
ISSN 2320-1355

[21] Polepally, P.R,, Roth, B.L.,, White, K., and Zjawiony, ].K. 2013, Synthesis and Biological
Evaluation of New Salvinorin B-Sulfonate Ester Ligands to Opioid Receptors. Planta Medica,
79(05): P44.

[22] He, X. ], Li, J. K, Gao, H., Qiu, F, Hu, K, Cui, X. M, Yao, X. S. 2003, Four New
Andrographolide Metabolites in Rats. Tetrahedron Lett. 59: 6603-6607.

[23] Polepally, P. R, Roth, B.L., White, K., Ferriera, D., and Zjawiony, ]J. K., 2013, Synthesis and
In Vitro Biological Evaluation of New Dicarboxylic Ester-Type Salvinorin A Analogs. Planta
Medica, 79(05): P42.

[24] Kumar, R. A, Sridevi, K., Kumar, N., V.; Nanduri, S, Srinivas, N., Rajagopal, S. ]., 2004,
Anticancer and Immunostimulatory Compounds from Andrographis paniculata. J.
Ethanopharmacol, 92: 291-295.

[25] Li, Z; Huang, W.; Zhang, H.; Wang, X.,; Zhou, H. 2006, Synthesis of Andrographolide
Derivatives and their TNF-a and IL-6 Expression Inhibitory Activities. Bioorg. Med. Chem.
Lett. 16: 6891.

[26] Polepally, P.R.,, Huben, K, Vardy, E., Setola, V., Roth, B.L, Mosier, P.D., and Zjawiony, ].K.
2014, Michael Acceptor Approach to the Design of New Salvinorin A-Based High Affinity
Ligands for the Kappa-Opioid Receptor. European Journal of Medicinal Chemistry, 85, 818-
829.

[27] Polepally, P.R., White, K., Roth, B. L., and Zjawiony, ]J. K. 2013, Synthesis and In Vitro
Pharmacological Activity of C-2 Modified New Salvinorin A Analogues. Planta Medica, 79(05):
P45.

[28] Polepally, P.R,, Setola, V., Vardy, E., Roth, B.L, Mosier, P.D., and Zjawiony, ].K. 2012, New
Salvinorin A-Derived Ligands to Opioid Receptors. Planta Medica. 78: P1238.

[29] Polepally, P. R, Setola, V., Vardy, E., Roth, B. L, and Zjawiony, ].K. 2013, Michael Acceptor
Approach to the Design of New Salvinorin A-Based High Affinity Ligands for the Kappa-
Opioid Receptor. Planta Medica, 79(05): P45.

[30] Polepally, P. R, White, K., Vardy, E., Roth, B. L., Ferreira, D., and Zjawiony, J. K., 2013,
Kappa-Opioid Receptor-Selective Dicarboxylic Ester-Derived Salvinorin A Ligands. Bioorg.
Med. Chem. Lett. 23: 2860-2862.

[31] Polepally, P.R., White, K.L, Roth, B.L and Zjawiony, ].K., 2014, Design, synthesis and
pharmacological activity of new C(2)-modified salvinorin A analogues. Planta Medica,
80(10): PF8.

[32] Rao, R. R, Tiwari, A. K,, Reddy, P. P., Babu, K. S., Alj, A. Z., Madhusudana, K., and Rao ]. M,,
2009, New Furanoflavanoids, Intestinal a-glucosidase Inhibitory and Free-Radical (DPPH)
Scavenging, Activity from Antihyperglycemic Root Extract of Derris indica. Bioorg. Med. Chem.
17(14): 5170-5175.

[33] Rao, R. R, Tiwari, A. K,, Reddy, P. P, Babu, K. S., Suresh, G., Ali, A. Z., Madhusudana, K,
Agawane, S. B, Badrinaraya, P. Narahari, G.S., and Rao, ].M. 2012, Synthesis of
Antihyperglycemic, a-glucosidase Inhibitory, and DPPH Free Radical Scavenging
Furanochalcones. Med. Chem. Res. 21(6): 760-774.

[34] Rao, R. R, Chaturvedi, V., Babu, K.S., Reddy, P. P., Rao, V. R. S, Sreekanth, P., Sreedhar, S.,
and Rao, J. M. 2012, Synthesis and Anticancer Effects of Pongamol Derivatives on Mitogen
Signaling and Cell Cycle Kinases. Med. Chem. Res. 21: 634-641.

[35] Raju, B. C, Pradeep, D. V. S,, Reddy, P. P., Rao, ]. M., 2008, CBr4 Catalyzed Synthesis of
Aryl-14H-dibenzo [a,j] Xanthenes Under Solvent-Free Conditions. Lett. in Org. Chem. 5(6):
450-454.

[36] Polepally, P. R, Keasling, A., White, K., Vardy, E., Roth, B. L., and Zjawiony, J. K. 2015,
New C (2)-sulfonyl ester-type Salvinorin A ligands to the kappa-opioid receptor. Planta
Medica, 81(05): PC4.

[37] Reddy, P. P, Raju, B. C, Rao, ]. M. 2008, A Facile One-Pot Friedlander Synthesis of
Quinoline Derivatives. J. Chem. Res. 12(12): 679-682.

[38] Sataga, M., Polepally, P.R., Zakrzewski, P.K., Cygankiewicz, A., Sobczak, M., Kordek, R,
Zjawiony, ].K., Krajewska, W. M., Fichna, ]., 2014, Novel orally available salvinorin A analog
PR-38 protects against experimental colitis and reduces abdominal pain in mice by

http://mutagens.co.in 2353



Journal of Global Biosciences Vol. 4(5), 2015 pp. 2348-2354
ISSN 2320-1355

interaction with opioid and cannabinoid receptors. Biochemical pharmacology, 92(4): 618-
626.

[39] Suresh, G., Reddy, P. P.,, Babu, K. S., Shaik, T. B., and Kalivendi, S. V., 2010, Two New
Cytotoxic Labdane Diterpenes from the Rhizomes of Hedychium coronarium. Bioorg. Med.
Chem. Lett. 20(24): 7544-7548.

[40] Salaga, M., Polepally, P. R, Sobczak, M., Grzywacz, D., Sibaev, A., storr, M., Dorego, ].
C., Zjawiony, J. K,, and Fichna ]. 2014, Novel orally available salvinorin A Analog PR-38
inhibits gastrointestinal motility and reduces abdominal pain in mouse Models mimicking
irritable bowel syndrome. J. Pharmaceutical. Exper. Theraupetics, 350(1): 69-78.

[41] White, K. L., Scopton, A. P., Rives, M. L., Bikulatov, R. V., et al. 2014, Identification of
Novel Functionally Selective x-Opioid Receptor Scaffolds. Mol. Pharmacol. 85: 83-90.

[42] Polepally, P. R,, Keasling, A., White, K., Vardy, E., Mosier, P. D., Roth, B. L., and Zjawiony, ].
K. 2015, High affinity C (2)-thiocarbonate and thioacetate-type salvinorin A ligands to the
kappa-opioid receptor. Planta Medica. 81(05): PC5.

[43] White, K. L, Robinson ]. E.,, Zhu, H., DiBerto, J. F., et al. 2015, The G-Protein-Biased x-
Opioid Receptor Agonist RB-64 Is Analgesic with a Unique Spectrum of Activities In
Vivo. Journal of Pharmacology and Experimental Therapeutics. 352(1): 98-109.

[44] Zjawiony, J. K,, Polepally, P. R, Roth, B. L., Setola, V., and Vardy, E. 2011, Design and
Synthesis of Natural-Product Based Ligands with High Affinity to the Kappa-Opioid Receptor.
Planta Medica, 77(12): SL4.

[45] Rohini, R, Shanker, K., Reddy, P. M., Ho, Y. P, Ravinder, V. 2009, Mono and bis-6-
arylbenzimidazo[1,2-c] quinazolines: A new class of antimicrobial agents. Eur. J. Med. Chem.
44:3330-3339.

http://mutagens.co.in 2354



