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Abstract: Problem statement: Chronic disease-causing bacteria of medical ingpoe have
developed resistance to antibiotics, hence, ndaéisg distinct and constant need for safe and
efficient therapeutic agents. Plants are considpotent candidate for this aim. A way out of redgci
antibioticresistancandadverse effects on host is the employnmafrantibiotic resistance inhibitors of
plant origin Approach: About 5 kg pulverizedAndrographis paniculata whole plant was macerated
with MeOH at room temperature to get 305 g freededdMeOH extract. The bioautography of
MeOH extract usingtaphylococcus aureus andProteus mirabilis as indicator organisms revealed the
presence of two potent antibacterial compouisOH extract was further fractionated and purified
by silica gel column chromatography which led te fholation of a diterpene lactone and an ent-
labdane diterpene glycoside upon crystallizatiothvéibsolute ethanoResults: Two antibacterial
compounds viz., 3-@-D-glucosyl-14-deoxyandrographolide and 14-deoxyagchpholide were
successfully isolated and characterized. Their ciiras were exclusively elucidated through
spectroscopic methods (UV, IB4- and™*C NMR). Conclusion: A. paniculata possesses antibacterial
activity and could be potential source of a nevsglaf antibiotics that might be useful for infecto
disease chemotherapy and control.
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INTRODUCTION al., 2000), anti-inflammatory (Weret al., 2010),
antihuman immunodeficiency virus (HIV) (Calabrese
Andrographis paniculata (Burm.f.) Wall. ex Nees., al., 2000), immunomodulating/immunostimulatory
(Family-Acanthaceae) (English name-King of Bitters, (Iruretagoyenaet al., 2005) and anticancer (let al.,
Local malay name-Hempedu bumi) is an annuaR007; Geethangiliet al., 2008). The characteristic
herbaceous plant and is extensively cultivated insecondary metabolites encountered in this plane hav
Southern Asia, China and some parts of Europe. Igonsiderably enhanced its importance in the aréna o
traditional medicineA. paniculata is widely used to get medicinal plants. It is specifically rated high in
rid of body heat, dispel toxins from the body, @ev  therapeutic action in curing liver disorders, commo
common cold, upper respiratory tract infectionscough and colds in human (Niranjetral., 2010).
including sinusitis and fevegiGabrielianet al., 2002) Biodiversity is a precious source for modern
and as an antidote against poisons of snakes aadtin  biotechnology. It is a source which potentially dwl
(Samyet al., 2008).A. paniculata has been reported to innovative and sustainable solutions to a broadeart
exhibit various mode of biological activities vivo as  important problems for modern society. Improved
well asin vitro viz., antibacterial (Singhet el., 2003;  cooperation between the natural product chemistis an
Mishraet al., 2009; Parvataneni and Koduru, 2010; Roythe microbiologists is a constructive step to spepd
et al., 2010; Abubakaet al., 2011), antiviral (Wiaret  the process of evaluating these potentialities.ddwer,
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microbiologists and natural product chemists ipittal ~ of whole plant (5 kg) oA. paniculata was extracted by
countries including Malaysia, with the richest icand  macerating in double distiled methanol (20.0 L) at
fauna placed right at their door step have a vengral  room temperature for 24 h, filtered and evaporated
position. They are essential for building up intgional ~ under reduced pressure. The whole process was
scientific cooperation, with the objective of exdary  repeated thrice to ensure maximum yield of methanol
our understanding of biological and biochemicalsoluble compounds from the plant powder. Each time,
diversity and based on this bringing forward morefiltrate was evaporated under reduced pressureh{Buc
biological solutions. The entire process is buitt @ Rotary Evaporator, R-210) and combined. The dark
principle of fairness and equity in sharing of theblackish green residue so obtained was furtherzéree
benefits and respecting the State's sovereign righs ~ dried to yield 305 g (6.1%) MeOH extract and was
own resources. After structure elucidation of seleop ~ Stored at 2°C in a labeled sterile bottle untilttier
metabolites, it is considered crucial to know haseful ~ antibacterial evaluation and isolation of antibéete
these molecules might be in terms of medicinalcompounds.

properties. During the past 40 years, numerous Inove ) )

compounds have been isolated from different plangs ~ Source of microorganism: Saphylococcus aureus
marine organisms and many of these have beeffMR S-277), Sreptococcus pyogenes (IMR S-526),
reported to have core biological activities, sonfe o Micrococcusluteus (IMR B-7), Proteus mirabilis (IMR
which are of interest from the point of view of potial  P-74) andPseudomonas aeruginosa (IMR P-84) were
drug development (Gerald, 2001; Houghton, 2001). | urchased directly from the Institute for _Medlcal
this context,A. paniculata could be a potential source X€Séarch (IMR), Kuala Lumpur, Malaysia. The
to develop new efficacious drugé. paniculata has bacterial stoc_k cultures were maintained on nutrien
already been reported for its significant antibeate 29ar slants prior to use.

potential (Singhaet al., 2003, Mishraet al., 2009;
Parvataneni and Koduru, 2010; Ra&y al., 2010; b f viabl S

Abubakaret al., 2011). However, no attempt has everﬁjﬁ&igg nrlrjwirrakilrisoar\ﬂjaP ie?ﬂrﬁ(s)’sa oeyg%?snrﬁgMe.r
been made to identify and isolate active principlesmL of' thé stock sus ensions vgas deter?nined bp means
responsible for unleashing its antibacterial attivi P Y

P : ; . N of the surface viable countingechnique (Hedges,
Identification and isolation of active principle®im A. 5405y Aot 16.10° CFU/ML wasused. Each time, a
paniculata might prove promising antibacterial agents

through foreseeable future endeavors. Hence, tility s fresh stock suspension was prepared; the experament

. o . . , conditions were maintained constant so that
IS a conscientious attempt to identify and isolaee suspensions with very close viable counts could be
antibacterial compounds from the methanol extrdct Oobtained successfully

the whole plant ofA. paniculata through bioassay ’

guided isolation method.

Preparation of standard bacterial suspensions. The

In vitro antibacterial activity test for MeOH extract:

The cup-plate agar diffusion method was adopted

according to Kokoskaet al. (2002) to assess the

Collection of plant material: About 15 kg fresh whole ant|bacte_r|al act|V|ty_ of the MeOH ex_tract. 0.6 .m[
standardized bacterial stock suspensions corresppnd

plant of A. paniculata was procured fr_om the botamcal_ 10 10-10° CFU/mL was thoroughly mixed with 60 mL
garden of Forest Research Institute of Malaysia

(FRIM), Kuala Lumpur, Malaysia, during the month of of sterile nutr_len_t agar. .20 ml O.f the moculateclr_rer?t
. : o . agar were distributed into sterile labeled Petshds.
April, 2009. The plant was identified by Dr. RicHar )
. The agar was left to set at room temperature aeddh
Chung Cheng Kong (Ph.D., Taxonomist, FRIM). Theof these plates, 3 cups 6 mm in diameter were prdhch
voucher specimen (NMPC-Q25) has been deposited in P ' P

the Herbarium, Faculty of Pharmacy, 11UM, Kuantan,usmg a ster-|le cork borer allowing at Ieas'F 30 mm
. between adjacent wells and the agar discs were
Pahang DM, Malaysia for future references.

removed. Fixed volumes of the plant extract (1000,
_1 . .
Preparation of methanol (MEOH) extract: The fresh 500-250ug mL ™) were then introduced into each wells

whole plant (15 kg) ofA. paniculata was cleaned and using microtiter pipette and allowed to diffuseram
dried in a protech laboratory air dryer (LDD-72@) a {€mperature for 2 h. In separate wells, 30 pg esch
40°C for 7 days and pulverized to powdered forng (5. 9entamicin and vancomycin were added as positive
kg, 37.33%) using Fritsch Universal Cutting Mill- controls whereas 10% DMSO was taken as negative
PULVERISETTE 19-Germany. It was then stored in acontrol. The plates were then incubated in theglri
desiccator at 2°C until further use. The air dpedvder  position at 37°C for 24 h. Three replicates wengied
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out for the extract against each of the test osgani Mueller-Hinton agar (MHA) at 30°C separately. The
After incubation the diameter of the results anowgh ~ suspensions of agar and bacteria were spread
inhibition zones were measured, averaged and tiae measeptically onto the already developed TLC plates i

values were recorded. square Petri dishes X8 cm), allowed for 30 min to
solidify and the plates were incubated at 37°C2ibh.
Deter mination of Minimum Inhibitory At the end of incubation time, 0.5%p-

Concentration (MIC): Micro broth dilution method iodonitrotetrazolium ~violet (INT) was uniformly
was used for the determination of MIC values farhea SPrayed over the TLC plates. The active antibaalteri
plant extract showing antibacterial activity agaitest ~cOmpounds in the plant extracts formed clear zaies
pathogens (EUCAST, 2003; Jasaal., 2004). Serial inhibition on the TLC plates against a deep pinkkba

dilutions of the extracts were carried out in 1094g0  9round  of  bacterial  growth, allowing the
(which had no inhibitory activity against test chromatographic Retention factors (Rf) observabgn

microorganisms) to make 500ug mL final viewing under UV light at 254 nm (Short wave) and
concentration, this was then two fold serially tidiby ~ 366 nm (Long wave) and comparing with the reference
adding to the broth media in a 96-wells microtjitates chromatogram (alreadoy sprayed with vanlllln_ reagent
to obtain 250, 125, 62.5, 31.3, 15.6 and 7ugImL™ and heated at 120°C) to note the antibacterial
Thereafter, 100uL inoculum (18 CFU mLY) was compounds. Vanilin reagent was prepared by
added to each well. Bacterial suspensions were ased dissolving 15 g of vanillin in ethanol (250 mL) and
negative control, while broth containing standardgd ~H250s (2.5 mL). Vanillin reagent gives different colored
(vancomycin and gentamicin) were used separately a¥0tS Wwith d|£ferent compounds on TLC plate upon
positive controls. The microtiter plates were inetegnl ~ Neating at 120°C (Rahalisenal., 2007).
at 37°C for 24 h. Each extract was assayed in cafelj o _ _ ) )
one was kept for incubation while the other wastletp |dentification and isolation of antibacterial
4°C for comparing the turbidity in the wells of compounds (AB-1 and AB-2) from MeOH extract:
microtiter plate. The MIC values were taken as thel0O g MeOH extract was loaded onto columnx@®
lowest concentration of the extracts in the welltled ~ cm) packed with silica gel 60 particle size 0.063-0
microtiter plate that showed no turbidity after mm (70-230 mesh) (Fluka Chemika) and the column
incubation. The turbidity of the wells in the mitter ~ was eluted with ten different concentrations of &g
plate was interpreted as visible growth of Ethylacetate (9:1-1:9) and finally with Ethylacetat
microorganisms. Methanol (9:1-1:9) solvent systems (with gradual
. . . ] . increase in polarity). 190 fractions were obtairzedl
Ant|bacter|al Activity Index (Ayl): Antibacterial pooled to give a total of 20 (M) similar fractions
index (Al) of MeOH whole plant extract ofA.  hased on their Rf values as indicated by TLC plate
paniculata was calculated separately as the averag@nalysis in Chloroform: Methanol: Ethylacetate
value of zone of_lnhlbmon against th_e Gram-pasiti (CHCl;: MeOH: EtOAc) (16:0.8:1.2) solvent system.
and Gram-negative bacteria, respectively (Mbwamboantipacterial active fractions MMy and MieMys as
etal., 2007). indicated by bioautography of the extract afforded

Bioassay guided isolation: To sterilized 84 cm silica  cryStallized compounds which were further purifiey
gel 60 ks TLC plates (Merck, Germany), 16 of using preparative column chromatography on siliea g

MeOH extract was applied as small spots and thegpla 60 and eluted with Hexane: Ethylac_etate (9:1-1a) t
were developed in Hexane: Acetone (2:1) in dupgicat Produce 76 (B Py fractions. Eluents in test tubes-P
(a TLC plate was used as the bioautogram while thE1 Pz Pziand BrPss upon crystallization with
other served as a chromatogram for reference igbsolute _ethanol afforded pure antibacterial comgdou
comparison with the bioautograph). The TLC plates*B-1 (white crystals, 29 mg, Rf 0.70 (CHCMeOH:
were dried in an oven at 25°C for 7 h to activate t SLOAC, 160 0.8: 1.2). Fractions 4P Psg upon
plates by absorbing the moisture content from th&rystallization with absolute ethanol afforded pure

plates and removing all residual solvents (Veronicantibacterial compound AB-2 (colourless crystalS, 3
and Scott, 2005). mg, Rf 0.64 (CHGI MeOH: EtOAc, 16: 0.8: 1.2).

Purity of both antibacterial compounds were further
Bioautography technique: S. aureus andP. mirabilis  determined through high  performance liquid
were used as the indicator microorganisms for thehromatography (HPLC) (Fig. 3-4) and TLC plates in
bioautography of antibacterial compounds from thedifferent binary and ternary solvent systems. $tmes
MeOH extract ofA. paniculata. 200 pL each from of both antibacterial compounds were elucidated
broth cultures of. aureus andP. mirabilis (adjusted to  through the integration dH- and**C NMR spectra and
10° CFU mL™") were mixed with 35 mL molten comparison of their physical, chemical and spectaah
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was made with the previous reported data of theesam

compounds.
3-O--D-glucosyl-14-deoxyandrographolides (AB-
1): M.P. 242-242C, UV Apa MeOH nm: 202. IR (cir)
v: 3351, 1732, 165, 899'H NMR (600 MHz, in
DMSO-6), 8 (ppm): 1.25 (o, 1H, C1-Ch 1.71 (o,
1H, C1-CH), 2.10 (m, 1H, C2-Ch), 1.98 (m, 1H, C2-
CH,), 3.925 (o, 1H, C3-CH-), 1.3 (m, 1H, C5-CH-),
1.85 (m, 2H, C6-Ch), 2.4 (m, 2H, C7-Ch), 3.350 (d, J
= 8.4 Hz, 1H, C9-CH-), 1.8 (m, 2H, C11-@H2.6 (m,
1H, C12-CH), 2.3 (m, 1H, C12-Ch, 7.105 (t, 1H,
C14-CH-), 4.779 (brs, 2H, C15-GH 4.874 (brs, 1H,
C17-CH,), 4.594 (brs, 1H, C17-CH 1.007 (brs, 3H,
C18-CH), 4.036 (d, J = 9.6 Hz, 1H, C19-GH3.221
(d, J = 9.6, 1H, C19-CH}, 0.662 (brs, 3H, C20-CH)
4.241 (d, J = 7.2 Hz, 1H, C1-CH-), 3.379 (o, &2'-
CH-), 3.394 (o, 1H, C3'-CH-), 3.570 (o, 1H, C4’-QH-
3.595 (o, 1H, C5'-CH-), 3.842 (dd, J = 11.4, 4.8, Hz
2H, C6'-CH,), “0” denotes overlapping signal$’C
NMR (125.76 MHz, in DMS@6), 6 (ppm): 38.19
(C1), 29.72 (C2), 75.04 (C3), 39.56 (C4), 56.44)(C5
35.97 (C6), 38.44 (C7), 147.30 (C8), 56.18 (C9)898
(C10), 21.72 (C11), 24.46 (C12), 136.02 (C13), &43.
(C14), 70.11 (C15), 174.33 (C16), 107.08 (C17)938.
(C18), 62.61 (C19), 15.41 (C20), 103.10 (C1), 0.7
(C2), 72.73 (C3), 74.03 (C4"), 76.23 (C5), 70.72
(C6). From this spectral data and their direct
comparison with the previously published spectathd
(Zhou et al., 2008) of the same compound, AB-1 was
unambiguously identified as 3-@b-glucosyl-14-
deoxyandrographolide (Fig. 1).
14-deoxyandrographolide (AB-2): M.P. 172-
174C, UV Amax MeOH nm: 223. IR (cit) v: 3367,
1736, 1646, 896H NMR (600 MHz, in DMSOd6), &
(ppm): 1.327 (m, 2H, C1-CHi 2.045 (brs, 1H, C2-
CHy), 1.999 (o, 1H, C2-C}), 3.353 (0, 1H, C3-CH-),
1.463 (o, 1H, C5-CH-), 2.182 (brs, 1H, C6-gHL.987
(brd, J = 6 Hz, 1H, C6-CH, 2.451 (t, 2H, C7-C}h),
3.506 (o0, 1H, C9-CH-), 2.433 (dd, J = 4.2, 2.4 P,
C11-CH), 2.557 (dd, J = 12, 7.2 Hz, 2H, C12-gH
7.10 (brs, 1H, C14-CH-), , 4.91 (brs, 2H, C15-4H
4.595 (brs, 1H, C17-Chi 4.455 (brs, 1H, C17-CH
1.599 (o, 3H, C18-C}j, 4.207 (brs, 1H, C19-Cii
4.189 (brs, 1H, C19-CHi 0.71 (s, 3H, C20-C§), “0”
denotes overlapping signalsC NMR (125.76 MHz, in
DMSOd6), 6 (ppm): 38.93 (C1), 37.74 (C2), 80.50
(C3), 64.13 (C4), 55.21 (C5), 28.22 (C6), 37.06)(C7
148.94 (C8), 55.96 (C9), 42.96 (C10), 24.88 (C11),
23.76 (C12), 146.64 (C13), 127.83 (C14), 66.31 (C15
172.17 (C16), 108.86 (C17), 22.67 (C18), 74.61 (C19

15.16 (C20). From this spectral data and theirctlire Fig.

comparison with the previously published data
(Poonamet al., 2010) of the same compound, AB-2
was unambiguously identified as 14-
deoxyandrographolide (Fig. 2).
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Fig. 1: Structure of AB-1 (3-@-D-glucosyl-14-
deoxyandrographolide) based ¢H- and C
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HPLC analysis of compound AB-1 from the
MeOH extract of Andrographis paniculata.
Mobile phase: Water: Acetonitrile: Methanol
(11:6:3) at Wave length: 223 nm, Flow rate:
1mL min* and Injection volume: 1pL
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different whereas P values lower than 0.01 (p<0.01)

<56 were considered highly significant.

+hd RESULTS

400

300 The results of the cup-plate agar diffusion method
showed that MeOH extract of the whole plant Aof
paniculata do possess antibacterial activity against all 5
bacteria taken into accounin vitro (Table 1).

o Maximum antibacterial activity was observed agafhst
aureus (19.67 + 0.76 mm) at 100gmL™" and the
lowest activity was detected againBt aeruginosa
(7.00 + 1.50 mm) at 25QgmL™. MIC values for
MeOH extract and isolated compounds are shown in
Table 2. MIC of MeOH extract ranged from 125-250

Ei§. 4. HPLC analysis of compound AB-2 from the g ML with the highest MIC value exerted by the
MeOH extract of Andrographis paniculata. ~ €xtract againstS Pyogenes, P. mirabilis and P.
Mobile phase: Water: Acetonitrile: Methanol @eruginosa (250 pg mL™) and the lowest agains

(11:6:3) at Wave length: 214 nm, Flow rate: aureus and M. luteus (125 ug mL™). The bioassay-
1mL/min and Injection volume: 1pL guided isolation of antibacterial compounds from

MeOH extract led to the identification and subsetjuen

Minimum Inhibitory Concentration (MIC) of isolation of an ent-labdane diterpene glycoside {AB
Isolated Compounds: The minimum inhibitory @nd a diterpene lactone (AB-2) as the main active
concentrations of the isolated compound AB-1 and AB Principles. Both compounds were active agaiBst
2 were determined using the agar dilution methodureus (Fig. 5-6) andP. mirabilis which were used as
following the standard protocol of the Europeanindicator organisms by the bioautography technique
Committee for Antimicrobial Susceptibility Testing ©" TLC plates forming clear zones against pink
(EUCAST, 2003). The compounds were dissolved ifPackground of the living microorganisms when
10% DMSO and 2-fold diluted in MHA to obtain 250, compared to the reference chromatogram. MIC values
125, 62.5, 31.3, 15.6 and 7.84 mL™%. The mixture of for both isolated compounds ranged from 15.6-2§0

_l .
the media and compounds were thoroughly mixed an lb_l. H|ghe?|';MIC vglue w;;oexertequby r(]:_(l)mtr;]ound
poured onto pre-labeled sterile Petri dishes oevall | ) tagams ' a?rt:jglrl;oaa( Hg (;nAB). ;V e 'Sgt
surface. Additional Petri dishes containing onle th owest was exerted by compoun "< agal

: : reus (15.6 pg mL™), however, no activity was
growth media were prepared in the same way so as & .
serve for comparison of growth of the respectiveexerted by compound AB-1 agairfst luteus (Il

bacteria. The plates were then set at room temperat 2). The MeOH extract’s antibacterial indexy(Awas

and dried. The suspensions of the respective bacterfound to be the best against Gram-positive sirains

(corresponding to FICFU mL™) were inoculated onto tested as compared to the Gram-negative strairts wit

: . mean inhibition zones of 13.9 mm and 10.4 mm,
the series of agar plates. The plates were tharmbated respectively [T@Ble 3).

at 37°C for 24 h. The experiments were performed in Compound AB-1 gave positive Legal and Kedde

duplicate gnd MIC values expressed as the lowe test, suggesting the presence of @np-unsaturated
concentration of the plant extracts that produced, .0 i the compound. The- and*C-NMR spectra
complete suppression of colony of respective bicter of AB-1 revealed signals due to faglucopyranosyl

_ , group py 4.241 (d, J = 7.2 Hz, 1H)] angt 103.10,
Statistical analyses The experlmental results were 71.72. 72.73. 74.03. 76.23 and 70.72 and the

expressed as mean + Standard Deviation (STD) Ofnaracteristic signals for the double bond contani
triplicate experiments. Statistical differencesvi®#n  one nydrogen at carbon 14 iplactone ring were
the antibiotics and inhibition zones formed by thlant  gpserved a$ 7.105 (t, 1H) ifHNMR as well as it*C
extracts were detected by Analysis Of Varianceats 143.84, respectively, which corresponds to the-3-O
(ANOVA) using SPSS 19.0 statistical software (SPSSp-D-glucosyl-14-deoxyandrographolide (Zhoet al.,
Chicago, lllinois, USA) followed by the Tukey tefstr  2008) (Fig. 1). AB-2 was also found to be positioe
multiple comparisons between means. P values lowehe Legal and Kedde reactions, suggesting the
than 0.05 (p<0.05) were considered significantlypresence of am, -unsaturated lactone in the molecule.
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Fig. 5: Bioautography of AB-1 (3-@-D-glucosyl-14-deoxyandrographolide) agaiSstaureus. (a) Referenced
chromatogram sprayed with vanillin/8lO, spray reagent. (b) Bioautogram agafsdureus

@)

Fig. 6: Bioautography of AB-2 (14-deoxyandrogragthe) againsiS. aureus. (a) Bioautogram again& aureus.

(b) Referenced chromatogram viewed under UV light

fable 1: Antibacterial activity of MeOH extract Af paniculata whole plant. Numbers indicate the mean diameteiighibition of triplicate

experiments + standard deviation (SD)

Zones of Inhibition (mm)

Bacterial strains Plant extracts 1000 pglL 500 ug mc* 250 ug mc* Antibiotics (30 pg dis¢)
Gram positive strains

S aureus Vancomycin
(IMR S-277) MeOH 19.67+0.76* 18.00+0.50 14.00+1.90* 17.00+1.05
M. luteus

(IMR B-7) MeOH 18.50+0.58 15.00+0.89* 13.00+0.58** 19.00+0.50

S pyogenes

(IMR S-526) MeOH 16.00+0.58* 13.00+0.74 10.67+115* 14.50+1.00
Gram negative strains Gentamicin
P. mirabilis

IMR P-76 MeOH 14.50+0.58** 14.00+0.58** 10.50+1.00* 21.33+0.89

P. aeruginosa

IMR P-84 MeOH 11.50+0.50** 09.00+1.26** 07.00+1.50* 18.50+0.50

Comparison with Antibiotics; **: P < 0.01 highlygsiificant; *: P < 0.05 significant difference-No thaty
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Table 2: Minimum inhibitory concentrations (MIC} the MeOH common throughout Southeast Asia and India and is

extract of A. paniculata whole plant and isolated . .
compounds against bacterial strains extensively used by traditional healers for thatimeent

MIC (ug mL?) of a wide variety of ailments (Coon and Ernst, 2004
The antibacterial activity oA. paniculata extracts are
Compounds well known (Singhaet al., 2003; Mishraet al., 2009;

Parvataneni and Koduru, 2010; Ray al., 2010;

Gram positive MeOH extat AL A2 Abubakar et al., 2011). Whilst many studies have

S aureus 125 62.5 15.6 isolated and characterizéd paniculata compounds, no

M. luteus 125 N/A 125 study has ever determined the antimicrobial agtift

érg)ﬁgf;gztive 250 125 %25 isolated compounds so far. In the present expetimen

P. mirabilis 250 125 125 the MeOH extract of the whole plant Af paniculata

P. aeruginosa 250 250 250 showed broad spectrum antibacterial activity. 3-O-

*NA: No Activity glucosyl-14-deoxyandrographolide and 14-

Table 3: Antibacterial activity indexes (A of MeOH extract ofA. gﬁﬂgﬁggrog&?ﬁrﬁ “driay Wesreerve IS(;lgte?ea das forac':;l\/ee
aniculata whole plant. ,

° ° Activity index (mm) development of new pharmaceuticals that might axfdre
Bacterial strains MeOH extract the unmet therapeutic needs. The obvious fieldsravhe
grgl:‘r‘aijgsaivﬁﬂeus R 155 the natural product chemist can harvest benefis fa
Gram negative PYod ' cooperation with the microbiologists are developtmen
P. mirabilis, P. aeruginosa 10.4 of bioassay for efficient monitoring of isolatioma

purification of new compounds; bioassay fingerpnigt

The characteristic NMR spectral data indicated thato help early de-selection of known compounds (ere
compound AB-2 was a labdane-type diterpene wjth supplementing the chemical data and giving addition
B-unsaturatedy-lactone. In the'H-NMR spectrum of avenues for tapping into the computerized datad)ase
AB-2, two methyl singlets were observedsad.71 and  activity spectrum to help de-selecting the veryidox
1.599, respectively. The characteristic exocycliccompounds; obtaining a sharper focus in the natural
methylene protons for AB-2 diterpenoids wereproduct chemistry work on biologically active
observed ab 4.595 (brs, 1H) and 4.455 (brs, 1H) in compounds. Novel and potentially useful may be of
"MNMR as well as ab 108.86 in'°C, respectively. more interest than to go exclusively for just noyel
The *H- and **C-NMR (in CDC}k) spectra of AB-2 (Houghton, 2001). Bio-autography provides more
suggested a diterpenoid compound with a structurérformation about plant compounds requires a smalle
similar to that of 14-deoxyandrographolide (Poonamweight of sample and can be used for the bioassay-

et al., 2010) (Fig. 2). guided isolation of biological active compounds,
simplifying the process of the identification arsdlation
DISCUSSION of the active compounds (Rahalisarl., 2007).

The antibacterial activity measured by the cup-
Antibiotics provide the main basis for the therapyplate agar diffusion method was more pronounced on
of chronic bacterial infections. However, the highthe Gram-positive bacteri&.(aureus, M. luteus and S
genetic variability of bacteria enables them toidgp  Pyogenes) than the Gram-negative bacteria fnirabilis
evade the action of antibiotics by developing datib ~ @nd P. aeruginosa). Gram-positive bacteria were more
resistance. As resistance becomes more commo, thepuSceptible to growth inhibition by MeOH extractAof
becomes a greater need for alternative treatment aniculata whole plant. The greater susceptibility of

However despite a push for new antibiotic therapie,&?(;‘3';?{%c;r‘:‘g'r\{:a?]a(%g;aaraigggn X;ﬁ;/;onuzlglugebpt)c;ﬂed
there has been a continued decline in the number q " ’ -

. } ) 999) and Australian (Palombo and Semple, 2001)
newly approved drugs (Bachi, 2002; Nagal., 2010).  ,ant’extracts. Susceptibility differences betw&sam-
According to the World Health Report on infectious ysitive and Gram-negative bacteria may be duello ¢
diseases 2000, overcoming antibiotic resistanciés \a|l structural differences between these classes o
major issue of the WHO for the next millennium. pacteria. Gram-negative bacteria have an outer
Hence, the last decade witnessed an increase in thgospholipid membrane carrying the structural
investigations on plants as a source of human sksealipopolysaccharide components. This makes the cell
management (Paukt al., 2006). A. paniculata is  wall impermeable to antimicrobial chemical subsemc
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The Gram-positive bacteria tested were moreMalaysia for the usage of its NMR facility to obtai
susceptible to the plant extracts because it isl wekequired spectra to accomplish this research.

known that all Gram-positive bacteria have an outer
peptidoglycan layer which is not an effective
permeability barrier. The cell walls of Gram-neuyati
organisms are more complex in lay out than the GramAbubakar, S., Q.U. Ahmed, O.A. Samah and M.N.
positive ones acting as a diffusion barrier and ingk Omar. 2011Bacteriostatic and bactericidal activity
them less Susceptible to the antimicrobial agelnﬂmt of the p0|ar and non-po|ar extractskp'fdrographis

are Gram-positive bacteria (Nikaido, 2003). In the  panjculata against skin disease causing pathogenic
present study, after the first chromatography o th bacteria. J. Medicinal Plants Res5: 7-14.

M?OH extract of the whole plant N panicu_la_\ta ona http://www.academicjournals.org/jmpr/PDF/pdf20
silica gel column, the antibacterial activity ofeth 11/4Jan/Sule%20et%20al.pdf

collected fractions were tested agaifisaureus andP. Bachi. B.B.. 2002. Resistance mechanisms of Gram-

mirabilis using bio-autogrgphy on a TL.C plate_. This positive bacteria. J. Med. Microb., 292: 27-35.
revealed that all the fractions except nine wervac DOI: 10.1078/1438-4221-00185

againstS. aureus and P. mirabilis. Isc_)latlon of these galabrese, C.. S.H. Berman, J.G. Babish, M. Xinfang
compounds in pure form was achieved by repeate and L. Shinto.et al.. 2000 A phase | trial of

washing of the crystalline matter off the greenociolg androérapholid’e in., "y bositif)/e patients and
material with toluene and repeated recrystallizatio normal volunteers. Phytother. Res., 14: 333-338.

with absolute ethanol and final washing of the talgs
; - DOI: 10.1002/1099-1573(200008) 14:5<333: AID-
with cold methanol. The purity of the sample atrgve PTR584>3.0.CO:2.D

stage of recrystallization was monitored throughCTL . .
9 ystaflization w ! ug Coon, J.T. and E. Ernst, 200%ndrographis paniculata

and HPLC. X :

in the treatment of upper respiratory tract
infections: A systematic review of safety and
efficacy. Planta Med., 70: 293-298. DOI:

The TLC bioautography-guided strategy was used  10.1055/s-2004-

to separate the antibacterial compounds from the 818938http://www.ncbi.nim.nih.gov/pubmed/1509
MeOH plant extract. Two antibacterial compounds 5142
were successfully isolated from MeOH extract of theEUCAST, 2003. Discussion document, determination
whole plant ofA. paniculata for the first time. The of Minimum Inhibitory Concentrations (MICs) of
isolated ~ 3-OB-D-glucosyl-14-deoxyandrographolide antibacterial agents by broth dilution. Clin. Mibro
and 14-deoxyandrographolide demonstrated significant  Infect., 9: 1-7.
antibacterial activities against the selected ntitzo http://www.eucast.org/fileadmin/src/media/PDFs/2
strains. Quantitative HPLC and TLC analysis confiime News_Discussions/3Discussion_Documents/E_Def
that these isolated compounds are predominant _5_1_03_2003.pdf
components in whole plant MeOH extract, indicatingGabrielian, E.S., A.K. Shukarian, G.I. Goukasova,
their significant contribution to the overall antierial G.L. Chandanian and A.G. Panosseiral., 2002.
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