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Abstract

This study aimed to determine biological activity and phytochemical study of Scutellaria 
platystegia (family Labiatae). Methanolic (MeOH) extract of aerial parts of S. platystegia and 
SPE fractions of methanolic extract (specially 20% and 40% methanolic fractions), growing in 
East-Azarbaijan province of Iran were found to have radical scavenging activity by DPPH (2, 
2-diphenyl -1- pycryl hydrazyl) assay. Dichloromethane (DCM) extract of this plant exhibited 
animalarial activity by cell free method providing IC50 at 1.1876 mg/mL. Crude extracts did 
not exhibit any toxicity assessed by brine shrimp lethality assay.

Phytochemical study of methanolic extract by using reverse phase HPLC method and 
NMR instrument for isolation and identification of pure compounds respectively, yielded 
2-(4- hydroxy phenyl) ethyl-O-β-D- glucopyranoside from 10% and apigenin 7-O-glucoside, 
verbascoside and martynoside from 40% SPE fraction. Occurance of verbascoside and 
martynoside as biochemical markers appeared to be widespread in this genus. 

Antioxidant and antimalarial activity of MeOH and DCM extracts, respectively, as well as 
no general toxicity of them could provide a basis for further in-vitro and in-vivo studies and 
clinical trials to develop new therapeutical alternatives.
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Introduction

Scutellaria which belongs to Labiatae family, 
spread throughout the world, with approximately 
350 currently recognized species (1-2). Plants of 
this genus have been traditionally used in China, 
Korea, and Japan as an agent for activating 
blood circulation, inducing diuresis and reducing 
oedema. Some other applications of these plants in 
folk medicine are due to their anti-inflammatory, 
antiviral, sedative and antioxidant effects (3). 
Modern pharmacologic researches on crude 
extracts and isolated compounds of the plants 
of this genus, confirmed multiple biological 

activities, including anticonvulsant (2, 4), prolyl 
oligopeptidase inhibitory, hepatoprotective 
(3, 5), memory improvement (6-7) effects. In 
some in-vitro methods, phytochemicals of some 
species of Scutellaria, exhibited potent cytotoxic 
effects on some of the human tumour cell lines 
(8-10). Flavonoids (3, 11-12) and neoclerodan 
diterpenoids(1, 13-14) as well as iridoids (3, 
15), phenyl alcohol glycosides and alkaloids 
(3, 16) have been isolated from several species 
of Scutellaria. Due to Remarkable and diverse 
biological activities of other species of scutellaria 
genus, this study aimed to evaluate biological 
activity and identify chemical composition of 
this plant. To our knowledge there have been 
no reports on biological activities and chemical 
composition of S. platystegia.
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Antimalaria assay
The antimalaria potential of extracts was 

determined using cell free method which 
was described by Fitch et al. (19) with some 
modifications (20). Different concentrations 
of the n-hexan, DCM and methanolic extracts 
ranging from 0-2 mg/mL in 10% DMSO, were 
incubated in 300 µL of haematin which was 
freshly dissolved in 0.1 M NaOH, 10 mM oleic 
acid and 10 µM HCl. Afterwards 500 mM 
sodium acetate buffer, pH 5, was added to test 
tubes for adjusting reaction volume to 1000 µL. 
Positive control was chloroquine diphosphate in 
this test. The samples were incubated overnight 
at 37 ºC with regular shaking. After incubation, 
samples were centrifuged at 14,000 × g, for 10 
min, at 21 °C and the hemozoin pellet repeatedly 
washed with sonication (30 min, at 21 °C; FS100 
bath sonicator; Decon Ultrasonics Ltd.) in 2.5% 
(w/v) SDS in phosphate buffered saline followed 
by a final wash in 0.1 M sodium bicarbonate, 
pH 9.0, until the supernatant became clear 
which usually happens after 3-5 washes. After 
the final wash, the supernatant was removed 
and the pellets were re-suspended in 1 mL of 
0.1 M NaOH before determining the hemozoin 
content by measuring the absorbance at 400 nm 
(Beckmann DU640 spectrophotometer). Results 
were recorded as IC%, which is inhibition of 
heme crystallization compared to chloroquine 
as positive control, using the following formula: 
IC% = [(AB–AA)/AB] × 100, where AB and 
AA are absorbance of blank and test samples 
respectively. Final results which mean inhibition 
of hemezoin polymerization have been shown as 
IC50.

Brine shrimp lethality assay
This test is proposed as a preliminary and 

simple assay to study general toxicity of plant 
extracts. The eggs of Artemia salina purchased 
from Water Life, Middlesex, UK, were hatched 
in a flask containing 300 mL of artificial sea 
water aerated by the aid of an air pump. The 
flasks were kept in a 29-30 ºC water bath and a 
bright light was left on. Afterwards, nauplii were 
hatched after 48 h. 1 mg/mL of n-hexan, DCM, 
MeOH were prepared by dissolving them in 5% 
DMSO. These solutions were serially diluted to 
obtain 7 concentrations, by the aid of aerated sea 

Experimental

Plant material
Aerial parts of Scutellaria platystegia (family 

Labiatae) were gathered from Yam region of 
East Azarbaijan province of Iran in June 2009. 
A voucher specimen (Tbz-Fph-724) for this 
collection has been deposited in the Herbarium 
of pharmacy faculty, Tabriz University of 
Medical Sciences, Tabriz, Iran. 100 g of the 
air dried and grounded sample was extracted 
by the aid of Soxhlet apparatus using hexane, 
dichloromethane (DCM) and methanol (MeOH) 
respectively (1 L for each solvent). Obtained 
extracts were individually concentrated under 
vacuum in a rotary evaporator (Heidolph, 
Germany), yielding 1.67 g, 1.50 g and 24.50 g 
respectively. 

Fractionation of methanolic extract
Fractionation of dried methanolic extract 

(2 g) was carried out using SPE (solid phase 
extraction) cartridge (Sep- pak ODS C18), 
eluting with methanol and water mixture (10:90, 
20:80, 40:60, 60:40, 80:20 and 100:0). All SPE 
fractions were dried by rotary evaporator at a 
temperature not exceeding 50 ºC. In order to 
increase the available SPE fractions, procedure 
was repeated 3 times yielding 1.421, 0.279, 
0.655, 0.220, 0.162 and 0.190 g of each fraction 
respectively. 

DPPH assay
Antioxidant activity of extracts and 

different SPE fractions was performed using 
DPPH assay. The basis of this experiment 
was Bleaching of purple coloured methanolic 
solution of 2, 2-diphenyl -1- pycryl hydrazyl 
(DPPH) (sigma). In order to obtain antioxidant 
activity, different sample solution series were 
prepared. 5 mL of each concentration of 
methanolic extract and SPE fractions were 
added to 5 mL of 0.004% methanolic solution 
of DPPH. After 30 min incubation of solutions 
at room temperature and bleaching of DPPH, 
absorption of samples was monitored at 517 
nm against a blank. Inhibition of DPPH was 
calculated as RC50 that was extrapolated from 
dose-response curve. Tests were carried out in 
duplicate (17-18). 
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water this experiment was carried out for twice. 
About ten nauplii were transferred in to each test 
tube. The number of alive nauplii were counted 
after 24 h. The control test tubes contained 5% 
DMSO, saline and podophyllotoxin (21-23).

Isolation of compounds
Preparative reversed phase HPLC with 

photodiode array detector was used for isolation 
of phytochemicals from 20 and 40% SPE 
fractions. Each fraction was analysed repeatedly 
by preparative reverse phase HPLC (Knauer, 
preparative pump 1800), equipped with a 
Reprosil 100 C18 (250 mm length, 20 mm i.d, 
particle size 10 µm, Dr. Maisch, Germany) 
column. The mobile phase consisted of (A) 
methanol and (B) water. The following mobile 
phase program was used over 60 min to isolate 
glycosylated phenylethanoid (Figure 1) from the 
10% SPE fraction: A initially changed to 10% 
in 15 min. then it changed to 20% in 50 min, 
maintained there for 10 min. A program over a 
run time of 50 min was applied for separation 
of 7-glucoapigenin (Figure 2), verbascoside 
(Figure 3) and martynoside (Figure 4) from the 
40% SPE fraction: 17% A initially changed to 
28% in 40 min. Then, it stayed there for 10 min. 
Photodiode Array Detector (PDA) was used 
to monitor the chromatogram, and the HPLC 
separation was carried out at room temperature. 
The flow rate was 8 mL/min and the injection 
volume was 1 mL. Structures of compounds 
were determined by H and C NMR (Bruker-
spectrospin at 200MHz) as well as comparison 
with the literature data of respective compounds.

2-(4- hydroxy phenyl) ethyl-O-β-D- 
glucopyranoside (Figure 1); pale green solid; 
1HNMR (200 MHz, D2O): Aglycone moiety: 
δ7.04 (2 H, d, J =7.9 Hz, H2,6), 6.68 (2 H, d, J= 
7.9 Hz, H3,5), 3.8-4.1 (2 H , overlapped peak, 
H8), 2.7 (2 H, t. J= 6.9 Hz, H7), Glucose moiety: 
δ 4.29 (1 H, d, J = 7.9 Hz, Hl′), 3.2-3.8 (signal 
patterns unclear due to overlapping, H2′-3′-4′-
5′-6′),13CNMR (200 MHz, CD3OD): Aglycone 
moiety: δ 153.88(C4), 130.42(C1), 130.19 
(C2,6), 115.28(C3,5), 73.02(C8), 34.22(C7). 

Apigenin 7-O-glucoside (Figure 2); brown 
solid; 1HNMR (200 MHz, CD3OD). Aglycone 
moiety: δ 7.90 (2H, d, J=8.7, H2′,6′), 6.93 (2H, 
d, J=8.7, H3′,5′), 6.85 (1H,d, J=1.8 Hz, H8), 6.63 

(1H, S, H3), 6.46 (1H,d, J=1.8 Hz, H6). Glucose 
moiety: δ 4.65 (1 H, d, J = 7.8 Hz, Hl′), 3.2-3.8 
(signal patterns unclear due to overlapping, H2′′, 
H 3′′, H 4′′, H5′′and H6″).

Verbascoside (Figure 3): brown solid; 
1HNMR (200 MHz, CD3OD): aglycone moiety: 
δ 7.6 (1H, d, J = 15.8 Hz, H7′), 7.06(1H, d, 
J=1.82Hz, H2′), 6.98(1H, dd, J =8.1,1.8Hz, 
H6′),  6.78(1H, d, J=8.1Hz , H5′), 6.69(1H, 
d, J=1.8Hz, H2), 6.64(1H, d, J=8.1Hz, H5), 
6.58(1H, dd, J =8.1,1.8Hz, H6), 6.25 (1H, d, J 
= 15.8 Hz, H8′), 3.8-4.1 (2H, overlapped peak, 
H8), 2.79 (2H, t, J = 8 Hz, H7), glucose moiety: 
δ 4.37 (lH, d, J=7.8Hz, Hl″), 3.2-3.8 (signal 
patterns unclear due to overlapping, H2″-3″-4″-
5″-6″), rhamnose moiety: δ 5.19 (lH, d, J= 1.5 
Hz, Hl′′′), 3.2-3.8 (signal patterns unclear due 
to overlapping, H2′′′-3′′′ -4′′′ -5′′′), 1.085 (3H, d, 
J=6.0 Hz, H6′′′). 13CNMR (200 MHz, CD3OD) 
Aglycone moiety: δ 166.8(C9′), 148.4(C4′), 
146.6(C7′), 145.4(C3′), ), 143.2(C3), 130(C1), 
126.2(C1′), 121.8(C6′),  119.8(C6), 115.7(C2), 
115.7(C5′),  114.86(C5), 114.7(C4), 113.7 
(C2′), 113.2 (C8′),  72.3(C8), 35.1(C7), Glucose 
moiety: δ 101.6(C1″), 80.2(C3″), 74.8(C2″), 
74.6(C5″), 69(C4″), 60.9(C6″), Rhamnose 
moiety: 102.77(C1′′′), 72.3(C4′′′), 70.9(C2′′′),  
70.6(C3′′′), 69.1(C5′′′), 17(C6′′′). Data were in 
agreement with the published data (24). 

Martynoside (Figure 4); dark solid; 1HNMR 
(200 MHz, CD3OD): aglycone moiety: δ 7.63 
(1H, d, J = 15.8 Hz, H7′), 7.16(1H, d, J=1.8Hz, 
H2′), 7.03(1H, dd, J =8.0,1.8Hz, H6′), 6.79(1H, 
d, J=8.0Hz, H5), 6.79(1H, d, J=8Hz , H5′), 
6.69(1H, d, J=1.8Hz, H2), 6.67(1H, dd, J 
=8.0,1.8Hz, H6), 6.40 (1H, d, J = 15.8 Hz, H8′),  
3.8-4.1 (2H, overlapped peak, H8), 3.87 (3H, 
S, 3′-OMe), 3.75 (3H, S, 3-OMe), 2.8 (2H, t, J 
= 7.3 Hz, H7), glucose moiety: δ 4.34 (lH, d, 
J=7.8Hz, Hl″), 3.2-3.8 (signal patterns unclear 
due to over lapping, H-2″, H-3″, H-4″, H-5″, 
H-6″), Rhamnose moiety: δ 5.18 (lH, d, J= 1.7 
Hz, Hl′′′), 3.2-3.8 (signal patterns unclear due to 
overlapping, H-2′′′, H-3′′′, H-4′′′, H-5′′′), 1.085 
(3H, d, J=6.0 Hz, H6′′′). 13C NMR (200 MHz, 
CD3OD); Aglycone moiety: δ 166.85 (C9′), 
150.81 (C4′), 149.41 (C3′), 148.03 (C7′), 147.98 
(C3), 147.37(C4), 132.93 (C1), 127.71 (C1′), 
124.46 (C6′), 122.94 (C6), 117.19 (C5), 116.66 
(C5′), 115.19 (C8′), 112.95 (C2), 111.91 (C2′), 
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Figure 1. 2-(4- hydroxy phenyl) ethyl-O-β-D- glucopyranoside.

Figure 2. Apigenin 7-O-glucoside.

Figure 3. Verbascoside.

Figure 4. Martynoside. 
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102.79 (C1′′′), 101.58 (C1′′), 81.65 (C3′′), 76.24 
(C2′′), 76.04 (C5′′), 73.87 (C4′′′), 72.42 (C2′′′), 
72.35 (C8), 72.20 (C3′′′), 70.74 (C4′′), 70.31 
(C5′′′), 62.49 (C6′′), 53.49 (O-CH3), 53.39 (O-
CH3), 35.12 (C7), 17.03 (C6′′′). Data were in 
agreement with the published data (25). 

Results 

DPPH assay was performed to determine 
Radical scavenging activity of extracts and 
SPE fractions of this plant. As it can be seen 
in Table 1, methanolic extract showed better 
antioxidant activity than other crude extracts. 
Table 2 demonstrated that among SPE fractions, 
20% and 40% hydroalcoholic fractions were 
more potent antioxidants. Results of antimalarial 
activity of this plant, which was determined by 

cell free method, exhibited in Table 3. DCM 
crude extract, providing IC50 at 1.1876 mg/mL 
showed potential of antimalarial activity.

Observation of radical scavenging activity 
from methanolic extract and SPE fractions 
encouraged us to study this plant phytochemically. 
Reverse-phase prep-HPLC analysis of SPE 
fractions of methanolic extract of aerial parts of 
S. platystegia (Labiatae) yielded 2-(4- hydroxy 
phenyl) ethyl-O-β-D- glucopyranoside from 10% 
,one flavonoid (Apigenin 7-O-glucoside) and 2 
phenyl ethanoid glycosides (verbascoside and 
martynoside) from 40% SPE fractions. In fact 
compounds 1-4 have been identified previously 
from other species of this genus (26-34), whereas 
this is the first report of these phytochemicals 
from S. platystegia. Distribution of compounds 
1-4 has been demonstrated in Table 4. 

Extract n-hexan DCM MeOH Quercetin

RC50 (mg/m) 1.4283 0.7482 0.0342 0.0039

Table 1. Free radical scavenging activity of the extracts of S. platystegia by DPPH assay.

Fraction 10% 20% 40% 60% 80% 100% Quercetin

RC50 (mg/mL) 0.0677 0.0085 0.0144 0.0314 0.2479 0.7321 0.0039

Table 2. Free radical scavenging activity of SPE methanolic fractions of S. platystegia by DPPH assay.

Extract n-hexan DCM MeOH Chloroquin

IC50 (mg/mL) - 1.1876 16.9356 0.043

Table 3. Antimalarial activity of the extracts of S. platystegia by inhibition of Heme biocrystallisation assay

Scutellaria spp.
compounds

1 2 3 4

S.baicalensis + N.R.* + +

S.baicalensis Georgi + N.R. N.R. N.R.

S. barbata N.R. + N.R. N.R.

S. immaculate N.R. + N.R. N.R.

S. pontifica N.R. + + +

S. ramosissima N.R. + + +

S. salviifolia N.R. N.R. + +

S. orientalis sub. pinnatifida N.R. N.R. + +

S. lateriflora N.R. N.R. + +

S. albida N.R. N.R. + +

S. salviifolia N.R. N.R. + +

S. galericulata N.R. N.R. + +

Table 4. Distribution of compounds 1-4 within genus Scutellaria.

* N.R.: not reported
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Discussion

Recently, phytochemicals as bioactive 
components of plant extracts has received 
considerable attention. Antioxidants, the agents 
against oxidative stress-mediated disorders, 
with free radical scavenging activity, can prevent 
damages caused by various disorders (35-38). 
Antioxidant capacity of phenolic compounds 
isolated from plants (39-42) and Correlation 
of phenol content and antioxidant activity has 
been shown in different studies as well (43-44). 
According to some evidences, flavonoids and 
phenylethanoids as plant derived polyphenolic 
compounds act as free radical acceptors, 
and potent antioxidants (45-49). Plants of 
Scutellaria genus, used in traditional medicine 
for thousands years, with variety of confirmed 
pharmacological effects in modern researches, 
has been shown free radical scavenging and 
antioxidant activities due to existence of different 
phenolic compounds such as flavonoids and 
phenylethanoids (50-57). Results of this study 
demonstrated that verbascoside, martynoside 
and apigenin as antioxidant compounds (45, 
58-62), which existed in methanolic extract and 
isolated from 40% fraction were responsible 
for good radical scavenging activity of this 
methanolic fraction (0.0342 mg/mL). Further 
investigations will reveal other phytochemicals 
responsible for radical scavenging activity 
of 20% and 60% fractions. Identification of 
apigenin, martynoside and verbascoside as 
anti- inflammatory and antioxidant constituents 
from methanolic extract, is in agreement 
with traditional usage of this plant as an anti- 
inflammatory agent (63-66) and confirm its use 
in folk medicine.

Malaria, a malignancy with worldwide 
spread, results in loss of lives each year. 
Resistance of deadly forms of malaria parasites 
to anti-malarial drugs highlights needs for new 
antimalarial drugs (67). Anti- fever herbal plants 
used in traditional medicine might contain 
some antimalarial phytochemicals which could 
lead to development of new drugs for treatment 
of this mortal malignancy (68). Diverse nature 
of Iran possesses medicinal plants which could 
be alternative choice for treatment of malaria. 
In previous works, traditionally used febrifuge 

plants to treat fever as a symptom of malaria, 
have been selected for antimalarial studies (69-
71). Since several species of Scutellaria have 
been used as febrifuge in folk medicine, extracts 
of S. platystegia were subjected to in-vitro 
antimalarial test (57, 72-73) and interestingly 
DCM extract of this plant demonstrated 
antimalarial activity. Further investigations 
are needed to identify and purify compounds 
responsible for antimalarial activity of this 
plant.  

Brine shrimp lethality assay, a suitable, 
simple, rapid procedure with low cost (74-75), 
was chosen to determine general toxicity of plant 
extracts. None of the plant extracts exhibited 
any toxicity at highest test concentrations (1 
mg/mL). 

Biological activity of methanolic extract 
conducted us to phytochemical study of this 
plant. 2-(4- hydroxy phenyl) ethyl-O-β-D- 
glucopyranoside (from 10% SPE fraction), 
Apigenin-7- O- glucoside, verbascoside and 
martynoside (from 40% SPE fraction) were 
isolated and identified by UV and NMR 
analysis. All spectroscopic data were in 
agreement with respective published data. 
Identified components have been reported 
from other species of Scutellaria genus, while 
distribution of verbascoside and martynoside 
appears to be widespread (Table 4). So, it is 
concluded that these two phytochemicals could 
be determined as chemical biomarkers in this 
genus. To our knowledge, this is the first report 
on the antioxidant and antimalarial activity as 
well as occurrence of compounds 1-4 within this 
species.  

Conclusion

It can be concluded that antioxidant and 
antimalarial activity of MeOH and DCM extracts, 
respectively, as well as no general toxicity of 
them, could provide a basis for further in-vitro 
and in-vivo studies and clinical trials to develop 
new therapeutical alternatives. More over the 
results of present study show that it is worth 
to do further phytochemical studies on Iranian 
Scutellaria species and to isolate compounds 
responsible for antioxidant and antimalarial 
activities. 
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