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ABSTRACT

Phytochemical investigation of the ethanol extract of the whole plant of Scoparia dulcis, has
resulted in the isolation of 4, 5, 7-trihydroxy-6-methoxyflavone, commonly called hispidulin and
a steroidal glycoside, g-sitosterol-g-D-glucoside. Thisisthefirst isolation of the two compounds
from S. dulcis. Also isolated and characterized were the previousy reported 6-me-
thoxybenzoxazolinone, friedelan-3-one and scopadulcic acid B. Structural elucidation was done
on the basis of spectroscopic data interpretations (IR, UV, NMR and EIMS). Using the Tetra-
zolium-based colorimetric selective assay, hispidulin was found to be inactive against HIV-1/
[11B in MT-4 cellswhereas the same test on the aqueous extract of the plant was positive.

Keywords: Scoparia dulcis, flavones, hispiduliftsitosterolf-D-glucoside, anti-HIV

INTRODUCTION bacterial and viral infections (Taylor, 2005).
Scoparia dulcisLinn. (Scrophulariaceae) has Constituents of the plant have also been dem-
been extensively studied for its flavone andnstrated to possess analgesic (Ahreedil,
terpene constituents (Ahmesd al, 1990, Ah- 2001, Friereet al, 1993), anti-inflammatory
sanet al, 2003, Cheret al, 1976, Hayashet (Ahmedet al, 2001, Friereet al, 1993), antitu-
al., 1987, 1987b, 1988, 1990, 1991, 1993, Mamor (Hayashet al, 1991, Nishincet al, 1993),
hatoet al., 1981, Nishinoet al, 1993, Pharet antiviral (De Clercq, 2001, Hayasldt al,

al., 2006, Sitthithaworret al, 2001, Taylor, 1988, Hayashiet al, 1990, Vlietincket al,
2005). A native of Central Americ&. dulcis 1998), antidiabetic (Lathat al, 2006), antima-

is now widely distributed in tropical America, larial (Rielet al.,2002) and antioxidant proper-
Africa and Asia (Burkill, 2000). Ihas long ties (Babincovat al, 2001) among others.

held a place in herbal medicine in every tropi—M
cal country where it grows and is still employedt

by the indigenous people for a variety of aII'the Asian varieties resulting in little attention

ments. The main uses include pain re"?f' treaBeing paid to the African collections of the
ment for venereal diseases and chronic sore

. tract infecti rual disord 5rant. In Ghana, the plant is exported on a
urinary tract intections, menstrual disor ersIarge scale in its raw state to Europe and North

ost of the research work to validate the tradi-
ional use of the plant has been carried out on
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America, where as a result of its versatility,The eluate was collected in 25 ml portions and
extensive clinical research and syntheses of tteombined upon monitoring by TLC, to a total
constituents are ongoing. The present investigaxf seven fractions (A-G). Fraction A was ob-
tion is part of an attempt at value addition to théained as a yellow syrup which on placing in
plant prior to export. We report the first-time acetone followed by recrystallization afforded
isolation of the flavone, hispidulin and the ter-30 mg of friedelan-3-one (Corey et al., 1956,
pene glycoside, B-sitosterolp-D-glucoside De Mayo, 1959, Ageta, 1995raction C pre-

from the plant. Anti-HIV activity of the aque- cipitated a solid after refrigeration for a couple
ous crude extract as well as hispidulin is als@f days and this was recrystallized to yield

reported for the first time. scopadulcic acid B (20 mg). Rechromatogra-
phy of fractions D and E gave 100 mg of 6-

MATERIALS AND METHODS methoxybenzoxazolinone (Chest al, 1976)

General and 250 mg of hispidulin (1) respectively. Ad-

TLC was performed on aluminium foil slides dition of acetone to fraction G, followed by
pre-coated with silica gel (thickness 0.2 mmryefrigeration, precipitated white granules which
type Kiesegel 60 k4, Merck); detection: UV, on recrystallization from 15 % aqueous ethanol
anisaldehyde spray reagent. Column chromaafforded 30 mg ofp-sitosterolf-D-glucoside
tography was carried out on silica gel 60(2).

(Fluka). Melting points (uncorrected) were de-

termined on a Stuart Scientific Melting PointDetermination of the oxygenation pattern in
Apparatus. UV spectra were recorded on a Shil using shift reagents

madzu UV 240 spectrophotometer. IR spectrdhe UV spectrum of 1 was that of its MeOH
were recorded in KBr discs on a Shimadzu IRsOlution. The shift reagents employed were 2M
408 spectrophotometetH-NMR was run at aqueous NaOH solution, AlCandHCI from
600 MHz and“C-NMR at 150 MHz in CDGl ~ Which the NaOMe, AlGland AICk/ HCI spec-

or a mixture of CRCOCDy/CD;OD with TMS  tra were obtained (Markham, 1981).

as the internal standard, on a Briker Avance

600 Spectrophotometer. EIMS were obtained nti —HIV Test . . :
70 eV using a JEOL JMS-GCMate Il instru- he Tetrazolium-based colorimetric selective
ment with direct probe inlet assay was employed in the anti-HIV activity

test of both hispidulin and the aqueous extract
of the plant against HIV-1/11IB in MT-4 cells as

Plant material previously published (Ayiset al, 1991).

The pulverized whole plant db. dulciswas
obtained from Bioresources International (BRl)RESULTS AND DISCUSSION

Ghdana Li?itegRianZSZertember 2003 with theCompound 1, isolated as greenish yellow pow-
code humber ' der, showed an [K} peak at m/z 300 (100%)
corresponding to the molecular formula

Extraction and isolation 13

. . . CigH12065. The “C-NMR spectrum, however,
The air-dried pulverized plant material (50 kg)indicated 14 carbon resonances. implving the
was percolated with 12.5 | of 96% ethanol for » MPYINg

) ) equivalence of two sets of carbon atoms. This
48 hours after which the material was exhaus;as corroborated by th&H-NMR spectrum

tively extracted with hot ethanol for 13 hours to, o twoortho-coupled doublets)(= 9.0 Hz)
yield 154.4 g of a dark green sticky solid. t6y 7.82 andsy 6.94, integrating for two pro-
About 22.0 g of the crude extract was dissolvedh < aach were attril:,)uted to H-2" H-6' and H-
in a minimum amount of warm chloroform and 4, ’ ’

h ¢ hed i eluti 3, H-5' respectively of a para-disubstituted
chromatographed over silica gel eluting succe?]ng B. The UV absorption maxima of i

sively with petr(_)leum ether, petroleum etherMeOH at 275 nm (band I1) and 336 nm (band 1)
ethyl acetate mixtures and pure ethyl acetatey.o typical of flavonoids as explained by Mark-
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ham (1981). The addition of NaOH showed a

stable spectrum which did not have any effect

on band Il but shifted band | from 336 to 390

nm with an additional band at 325 nm. The
resultant 54 nm bathochromic shift in band |, HO
coupled with increased intensity indicated a

free hydroxyl group at C-4’ whereas a free C-7- (\
OH was indicated by the presence of the new CH30
band at 325 nm. A second bathochromic shift

of 14 nm in band | in the AIGIHCI spectrum

coupled with a CDGICD;OD exchangeable Fig. 2: HMBC in 1 indicated by double-
downfield signal atyy 13.05 in the'H-NMR  headed arrow

spectrum supported the presence of a chelated

hydroxyl group at C-5 and the absencedho . , .

-dihydroxyl groups. Broad absorption bands af e Spectroscopic data identified 1 as the
3411 and 3334 ctin the IR spectrum of 1 known  4'.5,7-trihydroxy-6-methoxyflavone
were attributed to the hydroxyl groups while awhich is tnwall_y refer_red to as hlspldullr! and
band at 1654 cthwas assigned to the, p— has been previously isolated from a variety of

unsaturated carbonyl functional group. plant species includingJillingtonia hortensis
L. (Chulasiriet al, 1992 and Haset al,, 1995),

Salvia plebeiaR. Br. (Guet al, 2001),Salvia
officinalis (Kavvadiaset al, 2003) and Ar-
temisiaspecieqTanet al, 1999). The spectral
data of1 were in accordance with published
results (Haset al, 1995).

Although some flavonoids such as hymenoxin
(5,7-dihydroxy-3,4,6,8-tetramethoxyflavone),
apigenin (5,7,4'-trihydroxyflavone), acacetin
(5,7-dihydroxy-4’-methoxyflavone), luteolin
Fig. 1:  Structure of Hispidulin (1) (5,7,3,4'-tetrahydroxyflavone),  scutellarein
(4',5,6,7,-tetrahydroxyflavone), scutellarin
A sharp three-proton singlet at, 3.91 was (scutellarein-73-D-glucuronide) and sorbifolin
ascribed to a methoxy group at C-6 as ifscutellarein-7-methylether) have been isolated
showed?®J correlationwith this carbon atsc from S. dulcis this is the first report of the iso-
131.5 in its HMBC spectrum. With the aid oflation of hispidulin from the plant (Technical
the HSQC and HMBC, a doublet-like signalData Report for Vassourinha).

resonating betweed, 6.75 andsy 6.55 in the  compound 2 was obtained as white granules
H-NMR was found to be two overlapping ith a melting point of 251 - 252 °C. Thie-
singlets aby 6.65 anddy 6.63. These were as- 5nd BCc-NMR data of 2compared well with
signed to the vinyl proton alpha to the carbonylinat of the steroidal glycosidp;sitosterolp-D-

H-3 and the aromatic proton H-8 on ring Agiycoside (Flamingt al, 2001). The presence
respectively. The HMBC spectrum showedyf the sugar moiety was corroborated by signals
cross peaks between H-23(7.82), C-1' 6c  occurring betweemy 3.69 anddy 4.40 anddc

122.0) and C-4' ¢ 161.2). There were also 71 3 andéc 102.1 in the'H-NMR and “°C-
correlations between H-3'§ 6.94) and C- NMR spectra respectively.

1' (6c 122.0) and C-4'dc 161.2) as well as H-8

(6.63) and C-6dc 131.5) as demonstrated in The signal due to C-3 occurreddat78.3 while
Figure 2. H-3 appeared as a multiplet of nine linesjat
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Table 1: Comparison of*H- and **C- NMR data of 1 with literature

Present work literature values

C- dc/ppm oH/ppm dc/ppm d/ppm

2 164.4, s - 163.8 -

3 104.2,d 6.65, s 104.0 6.75
4 182.6, s - 182.1 -

5 153.3, s 13.05, s 152.8, s 13.05, s
6 1315, s - 131.4 -

7 157.2, s - 157.3 -

8 94.2,d 6.63, s 94.2 6.57,s
9 152.6, s - 152.4 -
10 102.7, s - 102.3 -
1' 122.0, s - 121.2 -
2', 6’ 128.1,d 7.82,d,9.0Hz 128.4 7.9,d,88H
3,5 115.8,d 6.94,d, 9.0 Hz 115.9 6.9,d,8.8Hz
4 161.2, s - 161.2 -
-OCH;z 60.0, g 391, s 59.9 3.73,s

Fig. 3:  Structure of p-sitosterol$-D-glucoside(2)

3.60 due to splitting by neighbouring protons HAnti —HIV Test

-2 and H-4. Both values are slightly down fieldReported biological activities attributed to his-
compared to those of C-3 and H-3 pt pidulin include antimutagenicity (Chulasiet
sitosterol which occur approximately& 71.8 al.,, 1992), hepato-toxicity (Ferrandiet al,
anddy 3.52 respectively. The greater deshield1994), antioxidant activity (Gwet al, 2001),
ing effect of the acetal group in the glucoside apositive allosteric properties and anticonvulsant
opposed to an oxygen atom in the aglyconactivity (Kavvadiaset al, 2003, 2004xnd anti-
may account for the observed differencefungal activity (Tanet al, 1999). Hispidulin
These findings confirm the presence of thénas also been found to inhibit the aggregation
sugar moiety at C-3. of human platelets by increasing cAMP levels
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R; = OH; R, = H : baicelein (5)

R;1 = OH; R, = H : quercetin (3)

R; = OH; R, = OH : scutellarein (6)
R; = OH; R, = OH : myricetin (4)

R; = OCHgs; R, = OH : hispidulin (1)

(Bourdillat et al, 1988). However, its potential least three additional hydroxy groups at C-3, C-
as an anti-HIV agent is yet to be reported. B’ and C-4’ in 3 and C-3, C-3’, C-4’ and C-%
variety of flavonoids have been shown to demin 4 to bring about RT-inhibition. The struc-
onstrate anti-HIV activity, particularly the inhi- tural difference between scutellare{f) and
bition of different stages in the replication cyclehispidulin (1) is at C-6 where 6-OH i® has

of HIV (Speddinget al, 1989, De Clercq, been substituted with 6-OGhh 1. In spite of
2001, Vlietincket al, 1998. Among these are this difference, C-6 is still oxygenated and 1
quercetin (3), myricetin (4), baicale({®®) and may be considered as possessing the requisite
scutellarein (6), the latter being previously isostructural features to be a potential RT-
lated fromS. dulcis(Technical Data Report for inhibitor. The present investigation therefore
Vassourinha). The structural features that wersought to verify this claim but unfortunately,
reported to be crucial for reverse-transcriptasdue to unavailability of the RT-inhibition assay
(RT)-inhibition were the double bond betweenat the time of the experimental procedure, a
C-2 and C-3 of the flavonoid pyrone ring, anddifferent method, involving aetrazolium-based
the three hydroxy groups at C-5, C- 6 and C-7.colorimetric selective assay wasnployed as

The absence of 6-OH in 3 and 4 required gl initial toxicity assayAyisi et al,, 1991).

Aqueous extract of Scoparia dulcis

140
120
100

—&— 9% protect
—8— % survival

-20 0. : 0.78 3.13

% protection/% survival
N
o

concentration (%)

Fig. 4: Graph of ratio of % protection to % survival against conc. of crude aqueous extract

Journal of Science and Technology, Vol. 29, No. 2, Aug., 2009 11



Hispidulin and other constituents of Scoparia DulcisLinn Osei-Safo et al.

Table 2: Antiviral indices of hispidulin and crude aqueous extract ofS. dulcis

Sample Eés (%) CGo (%) CGuECso
Hispidulin 13.75 13.75 1
Aqueous extract 2.06 26 4.7
Hispidulin
120
100 >
©
= 80 A
b
7 60 A
§ 20 1 —&— % protec
-% 20 A —— % surviva
Q
g o 4%
2 5pd 0.0004_0.0015  0.006_ 0024 0.095  0.391
S
concentration (%)

Fig. 5: Graph of ratio of % protection to % survival against conc. of hispidulin

A trial determination was carried out on the2001, Vlietincket al, 1998). Efforts are there-
crude aqueous extract of the plant, whicHore being made to have access to RT-
showed a remarkably high concentrationinhibition assay which was not readily available
dependent inhibition of HIV-1/llIB in MT-4 at the time of testing, to determine the RT-
cells. Complete inhibition (100% protection)inhibitory potential or otherwise of hispidulin.
was attained without toxicity to the cells (Fig. Then, can conclusive statements be made about
4), with a calculated antiviral index of 4.7 the anti-HIV potential of hispidulin.

(Table 2). The positive results obtained for the crude ex-
In the case of hispidulin however, the resultdract could be due to the presence of other con-
(Fig. 5), indicated that the concentration of hisstituents, for example, betulinic acid, 6-
pidulin required to achieve 50% protectionmethoxybenzoxazolinonésolated in the pre-
(13.75%) in MT-4 cells against HIV-1/llIB, sent study) and scutallerin which have been
was the same as that required to cause 50Béported to have anti-HIV properties including
toxicity, giving a calculated antiviral index of 1 HIV replication inhibition and virus-cell fusion
(Table 2). among others (De Clercq, 2001, Evetsal,
Although inhibition was elicited at a concentra--290; Fuldzet al, 1999 and 2000, Kanamoeo

tion that also happened to be toxic to the cellél" 31?101 {\Ioldale;gé.,zlh%?, ?ollegtogl., 1996,
these results do not imply that hispidulin maySpe Inget al. «~hanget al, 9
not possess any type of anti-HIV property, par-
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