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Abstract: Phytochemical investigation @robilanthes crispus hasled to the isolation of 1-heptacosaria),
tetracosanoic aci(R), stigmastero(3) from the hexane extract, a mixture of fou-C,,fatty acid esters of-
amyrin (4), taraxerol(5), taraxerong6), a mixture of two G, and G,fatty acid esters of taraxer@) from the
dichloromethane extractd-acetyl-2,7-dihydroxy-1,4,8-triphenyloctane-3,%uk (8) and stigmasterols-D-
glucopyranosidg€9) from the methanol extract. The dichloromethane methanol crude extracts together with
the isolated compound&-9) were tested for antibacterial activity using thetedmination of minimum
inhibitory concentration assay and acetylcholineste inhibitory activity using the micro-plate assahe
majority of the samples tested indicated good #gti@gainst the Gram-positive bacteria 125.0 pg/mL),
and moderate to weak activity against the Gram-tneghacteria (31:8250.0ug/mL) employed. Moderate to
weak activity was observed against acetylcholimasee Compoun@) showedexcellentantibacterialactivity
againstBacillus subtilis and Staphylococcus aureus, with MIC values of 15.6 and 7&/mL, respectively, and
significant activity againsEscherichia coli and Salmonella typhimurium, with MIC values of 62.5 and 31.0
ug/mL, respectively. Compour(@) also showed the highest acetylcholinesterase onjbactivity, with an 1G,
valueof 31.0 ug/mL. This is the first report describing the aatiterial and acetylcholinesterase inhibitory
activities ofS. crispus on the basis of the isolated constituents. Thesaech work has provided scientific proof
of the traditional medicinal use of the leaveSafrispus.

Keywords. Srobilanthes crispus, Acanthaceae; steroids; triterpenoids; antibacteradtivity;
acetylcholinesterase inhibitory activity.

1. Plant Source

Srobilanthes crispus is a bush-like plant, found mostly in tropical otries ranging from
Madagascar to Indonesia on riverbanks or abandieled [1]. S. crispus has been used as traditional
medicine for its antidiabetic, diuretic, anticanaard blood pressure lowering properties [2]. A
poultice of fresh leaves & crispusis also known for treatment of wounds and snakesii].
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This study reports the isolation and charactédmadf phytochemical constituents from the
hexane, dichloromethane and methanol extractS. afispus, and the investigation of the isolated
constituents for antibacterial and acetylcholineste inhibitory activities. A rare bioactive compdu
along with its potent bioactivity has also beenorégd. The plant was obtained from a commercial
supplier and identified by staff of the School ablBgical Sciences, Universiti Sains Malaysia where
a voucher specimen (USM No. 11246) has been degasitits herbarium.

2. Previous Studies

Phenolic acids such as caffeic, ferulic, gentipicoumaric,p-hydroxybenzoic, syryngic and
vanillic acids, and flavonoids, namely, apigeniagkpferol, luteolin, myricetin, naringenin and myti
along with (+)-catechin, (-)-epicatechin, have bisstated fron. crispus [4-6].

3. Present Study

The air-dried leaves d& crispus were extracted sequentially with hexane, dichlativane
and methanol. All extracts upon removal of solventler reduced pressure afforded hexane extract
(10.0 g), dichloromethane extract (15.0 g) and emavh extract (12.0 g), respectively. Each of the
extracts was purified by chromatographic techniguegield compound$1-9) (Figure 1). Detailed
isolation procedures of compoun@s9) are shown in the supplementary material. The strastof
the compounds were elucidated with the aid of spscopic techniques (IR, GC-MS, M${ and™*C
NMR) and also by comparison with the previouslylsited data.

The isolated compounds were identified as 1-hegtwl(1) [9], tetracosanoic aci(R) [10,
11], stigmastero(3) [12] from the hexane extract, a mixture of fourtyfedcid esters of-amyrin (4)

[11, 13-17], taraxeronéb) [18, 19], taraxero[6) [18, 20, 21], a mixture of two fatty acid esters of
taraxerol (7) [22, 23] from the dichloromethane extract, and dtge2,7-dihydroxy-1,4,8-
triphenyloctane-3,5-dion€8) [24] and stigmastergs-D-glucopyranosid€9) [25] from the methanol
extract. The results of GC-MS analysis of trens-esterified products @) (Table 1) and7) (Table

2) in the supplementary material, by comparisonregulting mass spectra with those in the
spectrometer library (Wiley.Tevealed thaf4) and(7) were not single compounds. Rath@), was a
mixture comprising predominateframyrin 3-docosanoate afieamyrin 3-tetracosanoate, with lesser
proportions of f-amyrin 3-eicosanoate angamyrin 3-tricosanoate, wheredg) was a mixture
containing mainly taraxerol 3-docosanoate and feggantity of taraxerol 3-tetracosanoate. Previous
studies indicated the presence of phenolic acidk flEavonoids and no report on the isolation of
triterpenoids and lignans is available. This stisdhe first report of compounds), (2), (4-9) from S
crispus. A survey of the chemical literature indicatedtttigs is the second report of the isolation of a
rare naturally occurring lignan, compou(®) from this family, which has previously been reported
from Strobilanthes ciliates. Complete assignment 4fl, **C-NMR spectra as well as HMBC arid-

'H COSY spectra of compour(l) are provided in the supplementary material.

Micro-dilution antibacterial assay: The method given in reference [7] was used for the
determination of antibacterial activity. Resultgloé antibacterial assays were given in Table 3.

Acetylcholinesterase enzyme inhibitory activity: The method given in reference [8] was used
for the determination of acetylcholinesterase iitbily activity. Results of the acetylcholinesterase
enzyme inhibitory activity were given in Table 4.
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CH;(CH,),OH CH;(CH,),,COOH
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(4) R = COGHn+1
(n=19, 21, 22, 23)

(7) R = OCOGHn1
(n =21, 23)
Figure 1. Structures of compounds9

As shown in Table 3, dichloromethane extract iat#id strong inhibitory effect against the
Gram-positiveS. aureus (15.6 pg/mL) and B.subtilis (31.0 pg/mL), and moderate activity against
Gram-negative bacteria, with a MIC value of 6@gmL. Among the constituents isolated from the
dichloromethane extract, both compoui)l and compound?) indicated potent inhibitory activities
againstS. aureus, with a MIC value of 15.qug/mL. However, an excellent inhibitory activity against
S aureus andB. subtilis was observed by the methanolic extract and congpp@)nwith MIC values
of 7.8 ug/mL and 15.6ug/mL, respectively, while the MIC value obtained g@ntamicin (control)
againstS. aureus was also 7.8g/mL. Both the methanolic extract and compo(®jdvere found to be
selectively active againg. coli, K. pneumoniae and S typhimurium (Gram-negative bacteria), with
MIC values ranging between 31.0 and 62gdmL and this suggested the presence of comp@jnd
may beresponsible for the promising inhibitory potentidlthe methanol extract against the tested
strains.

Compounds showing inhibitory effects against achiglinesterase enzyme with s§C<50
pg/mL were considered active. As shown in Tablearong the two extracts tested for the
acetylcholinesterase enzyme inhibitory activitye ttichloromethane extract indicated promising
inhibitory activity against the acetylcholinesteraanzyme (85%) with an igvalue of 46.0 pg/mL.
Among the six isolated compounds, compo@8)dshowed the best anticholinesterase activity (86%),
with an IGovalue of 31.0 pg/mL, followed by compoulis) (88%) and compoun(l’) (78%), with
ICso values of 42.0 ug/mL and 44.0 pg/mL, respectivélye percentage inhibition and sifCvalues
recorded for galanthamine (positive control) abaaentration of ug/mL were 92% and 2.3g/mL,
respectively.
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Table 3. Minimum inhibitory concentration (MIC) valuesid/mL) of the crude extracts, isolated
compounds and gentamicin (control)

MIC values (ug/rh)

Tested Samples

Tested Bacteria

B. s. E. c. K. p. S. t. S. a.

DCM extract 31.0+1.9 62.5+25 625+23 625+1.8 156+4.1

(4 125.0+ 3.0 250.0+£ 0.9 250.0+0.8 125.08 0 125014

(5) 125.0+ 2.0 125.0+1.7 625+1.3 125.0+2.0 .5622.1

(6) 156+24 62.5+1.9 625+1.2 625+2.0 156+1.6

@) 31.0+0.8 62.5+25 1250+ 2.1 62522 156+4.6
MeOH extract 156 +5.0 62.5+3.1 62.3.% 31.0+4.1 7.8+3.8

(8) 15.6+3.1 625+ 1.1 625+ 1.6 31.0+1.1 7.8+x13

9) 625+1.1 250.0+1.5 125.0+2.1 125.0+1.1 125.0+3.0
Gentamicin 38104 156+21 70+16 84+20 7811

B. s.=Bacillus subtilis, E. c= Escherichia coli, K. p.=Klebsiella pneumoniae, S. t.=Salmonella typhimurium, S. a.=Staphylococcus aureus.
MIC= minimum inhibitory concentration. Results a&pressed as means + SD.

Table 4. Inhibition (percentage and 4¢values) of acetylcholinesterase enzyme by theecextracts,
isolated compounds and galanthamine as the posiiveol.

Tested Samples

Inhibition of acetyl chodisterase activity

Inhibition (%) ICso values
Sample tested at final concentration of (100 pug/mL (Hg/mL)
DCM extract 85.0+1.7 46.0+ 3.6
4 22.0+3.3 >100.0 pg/mL
(5) 88.0+1.8 42.0+1.4
(6) 67.0£2.1 52027
@) 78.0+3.6 440+ 2.7
MeOH extract 43.0+4.1 >100.0 pg/mL
(8) 86.0+3.7 31.0+1.3
9 30.0+£3.2 *>100.0 pg/mL
**Galanthamine 92.0+2.2 23+1.1

(Positive control)

**Galanthamine was tested at concentration of 5migf100 >100.0 pg/mL was the highest concentratisad. Results are expressed as
means + SD.

This study described the antibacterial and acetyilolsterase inhibitory activities & crispus
on the basis of the isolated constituents for ite fime. The results of biological activities elpged
further indicate the importance of the traditionaks ofS. crispus as antibacterial agents and also for
the treatment of some disorders related to theralem¢rvous system and compoui@), if used as a
template to synthesize different analogues mighiabeseful contribution to the antibacterial and
AChE inhibitory studies.
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