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The antioxidant and antiinflammatory activities of the methanol:chloroform (1:1) extracts of 16 Salvia
species indigenous to South Africa were evaluated. Antioxidant activity was measured using the 2,20-
azino-bis (3-ethylbenzothiazoline-6-sulfonic acid) (ABTS) and the 2,2-diphenyl-1-picrylhydrazyl (DPPH)
scavenging assays and compared to the control values obtained with Trolox�. Nearly all the solvent
extracts displayed antioxidant activity, with the IC50 value ranging from 1.6 to 74.5 lg/ml using DPPH�,
whilst the IC50 values ranged from 11.9 to 69.3 lg/ml, when tested with ABTS�+. The extract of Salvia
schlechteri, with an IC50 value of 1.6 lg/ml, was three times more active than the reference compound,
Trolox� (IC50 value: 2.51 lg/ml). The antiinflammatory activity was evaluated using the 5-lipoxygenase
assay. With the exception of Salvia radula (IC50 value: 78.8 lg/ml), the extracts displayed poor inhibition
of the 5-lipoxygenase enzyme, with all IC50 values being greater than 100 lg/ml. The total phenolic con-
tent based on gallic acid equivalents (GAE) confirmed the presence of total soluble phenolics in the var-
ious extracts from 45 to 211 mg of GAE per g dry sample and showed strong association (r2 = 0.90) with
antioxidant activity. High-performance liquid chromatography (HPLC) was used to identify various com-
pounds in the extracts. Betulafolientriol oxide and rosmarinic acid were detected in all the species inves-
tigated, and rosmarinic acid, carnosic acid, carnosol and oleanolic acid/ursolic acid were abundant in
many species.

� 2009 Elsevier Ltd. All rights reserved.
1. Introduction

Recent developments in biomedical science emphasise the
involvement of free radicals in many diseases. There is increasing
evidence to suggest that many degenerative diseases, such as brain
dysfunction, cancer, heart disease and immune system decline
could be the result of cellular damage caused by free radicals and
that antioxidants may play an important role in disease prevention
(Aruoma, 1998). Phenolic compounds are known to exhibit a range
of biological activities, including anticancer, antibacterial, antioxi-
dant and antiinflammatory properties (Cuvelier, Berset, & Richard,
1994; Lu & Foo, 2002). In recent years, a large body of evidence has
been accumulated, demonstrating that free radicals are important
components of inflammation. The majority of the phenolic acids in
Salvia species are exclusively those of caffeic acid derivatives. Caf-
feic acid plays a central role in the biochemistry of the Lamiaceae
and occurs predominantly in dimer form as rosmarinic acid (Ger-
hardt & Schroeter, 1983). In many Salvia species, caffeic acid is
the building block of a variety of plant metabolites, ranging from
ll rights reserved.
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simple monomers to multiple condensation products that give rise
to a variety of oligomers (Lu & Foo, 2002). The trimers and tetra-
mers are also interesting from a therapeutic point of view as they
have demonstrated various biological activities (Lu & Foo, 2002).
Compounds, such as carnosic acid and ursolic acid, which have po-
tent antioxidant activity, have also been shown to possess antiin-
flammatory activity (Baricevic et al., 2001; Sala et al., 2003).

The genus Salvia belongs to the family Lamiaceae and encom-
passes about 900 species worldwide of which 26 are found in
southern Africa (Jäger & Van Staden, 2000). Members of the genus
are extensively used in South Africa in healing rites, especially to
treat infections. Although sage is a popular kitchen herb, which
has been used in a variety of food preparations since ancient times
(Durling et al., 2007), no report has shown the commercial use of
indigenous species by the food industry, probably due to a lack
of data. In South Africa a tea is prepared from Salvia africana-lutea
to treat coughs, colds, bronchitis and female ailments (Watt & Bre-
yer-Brandwijk, 1962). Many Lamiaceae extracts are of commercial
interest to the food industry as a source of natural antioxidants
(Thorsen & Hildebrandt, 2003). The quality of antioxidant activity
is highly correlated with phenolic compounds (e.g., carnosic acid,
rosmarinic acid and caffeic acid) (Thorsen & Hildebrandt, 2003).
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In this study, we investigated the in vitro antioxidant and anti-
inflammatory activities and identified some compounds present in
the solvent extracts of indigenous South African Salvia species.

2. Materials and methods

2.1. Chemicals

2,2-Diphenyl-1-picrylhydrazyl (DPPH), Tween� 20, linoleic acid
and potassium persulfate (K2S2O8) were purchased from Fluka,
whilst 2,20-azino-bis(3-ethylbenzothiazoline-6-sulfonic acid)
(ABTS), 3,4,5-trihydroxybenzoic acid (gallic acid), 6-hydroxy-
2,5,7,8-tetramethylchroman-2-carboxylic acid (Trolox�), caffeic
acid, carnosic acid, kaempferol, oleanolic acid, rosmarinic acid
and ursolic acid were obtained from Sigma (St. Louis, MO). Folin–
Ciocalteu phenol reagent was purchased from Merck (Darmstadt,
Germany). 5-Lipoxygenase and nordihydroguaiaretic acid (NDGA)
were obtained from Cayman Chemical Company (Ann Arbor, MI).
Carnosol and 7-O-methylepirosmanol were isolated from Salvia
chamelaeagnea (Kamatou, Van Vuuren, Van Heerden, Seaman, &
Viljoen, 2007), whilst betulafolientriol oxide and salvigenin were
isolated from Salvia radula (Kamatou, 2006). All solvents used
and other chemicals were of analytical grade and used without fur-
ther purification.

2.2. Plant material and extraction

Based on traditional use, the aerial parts of 16 South African Sal-
via species were harvested from January to December 2004, during
the growing season, at various localities in South Africa (Table 1).
The plants were identified at the South African National Biodiver-
sity Institute (Pretoria) and voucher specimens are housed in the
Department of Pharmaceutical Sciences, Tshwane University of
Technology (Pretoria). The plant materials were air dried at room
temperature, powdered in a grinder, sieved (Mesh No. 52, aperture
300 microns) and extracted with methanol:chloroform (1:1) for
4 h at 37 �C. The extracts were obtained by removing metha-
nol:chloroform with a rotary evaporator at 62–63 �C.

2.3. Evaluation of the antioxidant activity

2.3.1. The ABTS method
The antioxidant activity was evaluated using the ABTS�+ method

(Moolla, Van Vuuren, Van Zyl, & Viljoen, 2007). Stock solutions of
the solvent extracts (10 mg/ml) and dilutions were prepared with
Table 1
Peak area (%) of various compounds in the solvent extracts of 16 indigenous Salvia specie

Species Caffeic
acid

Rosmarinic
acid

Kaempferol 7-O-Methyl-
epirosmanol

S. africana-caerulea + ++ – –
S. africana-lutea – ++ – –
S. albicaulis + +++ – –
S. aurita + ++ – –
S. chamelaeagnea + ++ – +
S. disermas + + – –
S. dolomitica + ++ – –
S. garipensis – ++ – –
S. lanceolata + + – –
S. muirii + +++ – –
S. namaensis + ++ – +
S. radula – + – –
S. repens + ++ – –
S. runcinata + +++ – –
S. schlechteri + ++ – –
S. stenophylla – + – –

–, not detected; +, area < 10.0%; ++, 10.1% < area < 20.0%; +++, area > 30%.
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DMSO. To a sample volume of 50 ll of each concentration, in a cuv-
ette, 1 ml of the ABTS�+ was added and kept at 30 �C for 4 min in a
water bath before the absorbance was recorded at 734 nm. The
ABTS�+ stock solution (7 mM) was generated with K2S2O8 as the
oxidant agent. Each sample was tested in duplicate. The percentage
of decolourisation was calculated from Eq. (1) using Microsoft Ex-
cel� software. Trolox� was used as positive control:

% Decolourisation ¼ 1� Asample

Acontrol

� �
� 100 ð1Þ

where A = absorbance at 734 nm.

2.3.2. The DPPH method
A DPPH assay (Lourens, Reddy, Bas�er, Viljoen, & Van Vuuren,

2004) was also employed to investigate the antioxidant activity
of different plant extracts. From the stock solution (10 mg/ml in
DMSO), a 1:20 dilution was made with DMSO followed by two fold
serial dilutions. Samples at various concentrations (50 ll) were
plated out in triplicate in a 96 well-plate with the appropriate con-
trol. For the DPPH and methanol controls, 50 ll of DMSO were
added into the wells. A volume of 200 ll of DPPH� (96 lM in HPLC
grade methanol) was added to the test samples, whilst 200 ll of
HPLC grade methanol was added to the methanol control wells.
The plate was then shaken at 960 rpm for 2 min in a microtitre
plate reader (Labsystems Multiskan RC connected to a computer
equipped with Genesis� version 3.03 software) and incubated in
the dark, at room temperature, for 30 min. The absorbance was
read after incubation using a spectrophotometer (Labsystems Mul-
tiskan RC) at a single wavelength of 550 nm and the percentage of
decolourisation was determined using Microsoft Excel� software
(Eq. (2)). Trolox� was used as positive control:

% Decolourisation ¼ 100� ½ðAcontrolÞ � ðAtest þ AmethanolÞ�
Acontrol

ð2Þ

where A = absorbance at 550 nm, Acontrol = average absorbance of
DPPH � average absorbance of methanol, Atest = average absorbance
obtained in the wells containing DPPH and test sample,
Amethanol = average absorbance obtained in the wells containing
methanol and test sample (no DPPH).

2.4. Antiinflammatory activity: the 5-lipoxygenase assay

The 5-lipoxygenase assay was used as an indication of the anti-
inflammatory activity (Baylac & Racine, 2003). An aliquot of 50 ll
of the stock solution (10 mg/ml in DMSO and Tween� 20 mixture;
s.

Salvigenin Carnosol Carnosic
acid

Oleanolic/ursolic
acid

Betulafolientriol
oxide

– – ++ + +
– – ++ + +
– + – + +
– ++ + + +
– ++ ++ + +
++ – – ++ +
– – – + +
+ – – – +
– + – ++ +
+ + ++ + +
– +++ ++ + +
+ – – – +
– ++ ++ + +
+ – + + +
– + + + +
– ++ ++ + +
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1:29, w/w) of each test sample was placed in a 3-ml cuvette, fol-
lowed by 2.95 ml of pre-warmed 0.1 M potassium phosphate buf-
fer (pH 6.3) and 48 ll of linoleic acid solution. Thereafter, 12 ll of
the ice-cold buffer (potassium phosphate) were mixed with 100 U
of the thawed enzyme. The mixture was then transferred to the
cuvette and the contents of the cuvette was shaken and placed into
the spectrophotometer (Specord Analytikjena-40 connected to
Winaspect� software; Ananlytikjena UK, Wembley, UK), before
the absorbance was recorded at 234 nm. It is important to note
that, prior to testing the sample, two samples were prepared as
mentioned above but only with DMSO and Tween� 20 mixture,
to serve as controls (no enzyme inhibition). 5-Lipoxygenase is
known to catalyse oxidation of unsaturated fatty acids containing
1-4 diene and the modification of linoleic acid (1-4-diene into 1-
3-diene) can be detected at 234 nm. Further dilutions were pre-
pared only for sample(s) inhibiting the enzyme activity by at least
80%. Nordihydroguaiaretic acid (NDGA) was used as positive
control.

2.5. Determination of total phenolic content

The total phenolic content (TPC) of the solvent extracts was
determined by the method using Folin–Ciocalteu reagent and gallic
acid as standard to produce the calibration curve (Slinkard & Sin-
gleton, 1977). A 2-ml volume test sample (4 mg/4 ml; in DMSO)
was mixed with 10 ml of Folin–Ciocalteu reagent, followed by the
addition of 8 ml of anhydrous sodium carbonate. After incubation
at room temperature in the dark for 2 h, the absorbance of the reac-
tion mixture was read twice at 765 nm against a sample containing
only DMSO, using a double beam spectrophotometer (Hitachi). TPC
was expressed as mg gallic acid equivalents (GAE) per gram of dry
mass. Duplicate samples were prepared for the analysis.

2.6. High-performance liquid chromatography

Certain compounds present in the extracts were identified
using a Waters 2695 HPLC system (Waters Corporation, Milford,
MA) equipped with both a 2996 photodiode array (PDA) detector
and a Thermabeam electron impact (EI) mass selective detector
(TMD). The TMD detector was operated in EI mode with the ioniser
at 70 eV (fixed) with a gain of 10 and scanning mass range of 50–
550 amu. Analysis was performed on a Phenomenex Aqua C18 col-
umn (250 � 2.1 mm, 5 lm; Phenomenex, Torrance, CA) thermo-
stated at 40 �C. The flow rate of the HPLC was 0.2 ml/min and the
gas flow through the nebuliser 30 l/h. The nebulizer temperature
was 80 �C, the expansion region 90 �C and the source temperature
225 �C. The TMD was operated in positive ion mode with no flow
splitting, thereby utilising the full HPLC eluent at a flow rate of
0.2 ml/min. The mobile phase started with 10% acetonitrile, 90%
water containing 10 mM formic acid. The solvent ratio was chan-
ged through a linear gradient to 90% acetonitrile, 10% water (with
10 mM formic acid) at 40 min. This ratio was maintained for
10 min where after the solvent ratio was changed back to the ini-
tial conditions. Standards of caffeic acid, carnosic acid, kaempferol,
oleanolic acid, rosmarinic acid, ursolic acid, carnosol, 7-O-methyl-
epirosmanol, betulafolientriol oxide and salvigenin were injected
separately and co-injected with samples (10 ll, 50 mg/ml). Com-
parison of the MS spectra of standards after fragmentation of the
parent ion together with retention time (Rt) and ultra-violet (UV)
spectra were used to confirm the presence/absence of these com-
pounds in the solvent extracts using Empower 1� software.

2.7. Data analysis

The IC50 values (concentration at which 50% of decolourisation
is obtained) were determined from the log sigmoid dose–response
Please cite this article in press as: Kamatou, G. P. P., et al. Antioxidant, antiinfla
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curves generated by Enzfitter� Version 1.05 software. All results of
the antioxidant activity were obtained from three independent
experiments and given as mean ± standard deviation (SD). Experi-
mental data were analysed with ANOVA followed by the t-tests
using Statistica Version 5.0 and Prism� Version 3.0 software (Stat-
soft Inc., Tulsa, OK). Throughout the analysis, p < 0.05 was consid-
ered significant. The correlation between the antioxidant activity
and total phenolic content was determined using the linear regres-
sion equation.
3. Results and discussion

3.1. HPLC analysis of the solvent extracts

The HPLC analysis revealed the presence of various compounds
in Salvia species (Table 1). Betulafolientriol oxide and rosmarinic
acid were the two compounds identified in all 16 extracts (Table
1). Rosmarinic acid, carnosic acid, carnosol and ursolic acid were
present in most of the extracts at relatively high levels. The ex-
tracts of Salvia albicaulis, S. runcinata and S. muirii were particularly
rich in rosmarinic acid (Table 1). Carnosol was abundant in Salvia
namaensis. Salvigenin and oleanolic acid/ursolic acid were higher
in Salvia disermas (Table 1). 7-O-Methylepirosmanol was detected
only in S. namaensis and S. chamelaeagnea. Kaempferol reported
in exotic Salvia species was absent in all the 16 Salvia species inves-
tigated (Table 1). S. albicaulis, S. muirii and S. runcinata may there-
fore be considered as an alternative commercial source of natural
rosmarinic acid, whilst S. namaensis can be consider as a natural
source of carnosol.

The majority of the phenolic acids in Salvia species are exclu-
sively caffeic acid derivatives (Gerhardt & Schroeter, 1983). Caffeic
acid plays a central role in the biochemistry of Lamiaceae and oc-
curs predominantly in the dimer form as rosmarinic acid. The
monomers that are frequently present in Salvia species are repre-
sented by caffeic acid (Qian & Li, 1992) and other monomeric
derivatives, including ferulic acid (Cuvelier, Richard, & Berset,
1996) and isoferulic acid (Ai & Li, 1992). Caffeic acid was present
in 75% of the extracts investigated (Table 1). It was also identified
in a dimer form (rosmarinic acid) in all the species investigated.

Rosmarinic acid is the most abundant caffeic dimer in Salvia
species (Ai & Li, 1988; Cuvelier et al., 1994). Several studies have
reported on the detection and quantification of rosmarinic acid in
various Salvia preparations (Janicsák, Máthe, Miklóssy-Vári, &
Blunden, 1999). The variation in levels of caffeic acid and rosmari-
nic acid in the same plant has been shown. Janicsák, Máthe,
Miklóssy-Vári, and Blunden (1999) demonstrated that concentra-
tions of caffeic acid were always much lower than those of ros-
marinic acid. In all the species studied where the two
compounds were detected together, the same pattern was ob-
served (Table 1).
3.2. Determination of the antioxidant activity

Several solvent extracts displayed potent activity against both
ABTS�+ and DPPH� (Table 2). The IC50 values ranged from
11.9 ± 1.52 to 69.3 ± 3.22 lg/ml and from 1.61 ± 0.03 to
74.2 ± 2.85 lg/ml for ABTS and DPPH assays, respectively. The sol-
vent extract of Salvia schlechteri displayed the most favourable
activity against DPPH�, and was significantly more active than the
reference compound, Trolox� (p < 0.05). The extract of S. muirii
was the most active against ABTS�+. The extracts of S. radula and
S. dolomitica, which were poorly active (IC50 values >100 lg/ml)
against DPPH�, were moderately active against ABTS�+ (IC50 values:
69.3 ± 3.22 and 49.9 ± 1.17 lg/ml, respectively; Table 2).
mmatory activities and HPLC analysis of South African Salvia species. Food
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Table 2
Antioxidant, antiinflammatory activities and total phenolic content of the solvent extracts of 16 indigenous Salvia species (values followed by ± are SD of the mean, n = 3).

Species Locality/voucher Antioxidant activity
(IC50 values in lg/ml)

Antiinflammatory activity
(IC50 values in lg/ml)

Total phenolic
content mg/g GAE

ABTS assay DPPH assay

S. africana-caerulea L. South Western Cape (AV 875) 39.7 ± 1.76 33.4 ± 3.73 >100 115
S. africana-lutea L. South Western Cape (AV 873) 30.4 ± 2.97 47.6 ± 2.61 >100 67.8
S. albicaulis Benth. KBG (AV 894) 24.2 ± 1.28 19.9 ± 1.01 >100 100
S. aurita L.f KBG (AV1066) 22.9 ± 2.57 16.6 ± 0.22 >100 119
S. chamelaeagnea Berg. KBG (AV 848) 14.6 ± 2.25 12.8 ± 1.04 >100 212
S. disermas L. KBG (AV1194) 33.1 ± 2.86 55.1 ± 4.01 >100 69.0
S. dolomitica Codd ex Manning (AV 838) 49.9 ± 1.17 >100 >100 53.0
S. garipensis E.Mey. ex Benth. KBG (AV1193) 41.7 ± 2.71 74.2 ± 2.85 >100 45.6
S. lanceolata Lam. South Western Cape (AV 877) 25.6 ± 0.66 68.1 ± 3.69 >100 54.2
S. muirii L. Bol. KBG (AV 874) 11.9 ± 1.52 11.1 ± 0.52 >100 186
S. namaensis Schinz Swartberg (AV 497) 16.6 ± 2.56 10.6 ± 0.75 >100 191
S. radula Benth. Road to Derby (AV 880) 69.3 ± 3.22 >100 78.8 ± 5.89 55.7
S. repens Burch. ex Benth. KBG (AV 615) 18.2 ± 1.87 15.5 ± 1.75 >100 178
S. runcinata L.f. Klerkskraal Dam (AV 679) 19.4 ± 2.78 19.3 ± 0.61 >100 149
S. schlechteri Briq. KBG (AV 1068) 17.5 ± 2.05 1.61 ± 0.03 a >100 209
S. stenophylla Burch. ex Benth. East of Clarens (AV 893) 20.8 ± 0.86 14.9 ± 0.93 >100 161
Controls 2.43 ± 0.07 b 2.51 ± 0.41b 4.95 ± 0.07c –

KBG, Kirstenbosch Botanical Garden.
a Activity of solvent extract greater than that of Trolox (p < 0.05).
b Trolox�.
c NDGA, IC50 < 30 lg/ml: good activity; 30 < IC50 < 80 lg/ml: moderate activity; IC50 > 80 lg/ml: poor activity.
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The results obtained in these assays are in agreement with
previous investigations on Salvia species, although different sol-
vents were used for extraction. Fisher (2005) demonstrated that
most of the species studied displayed some degree of activity
when plates prepared from methanol extracts were sprayed with
DPPH reagent. Furthermore, Kamatou et al. (2005) also showed
that methanol extracts of S. runcinata, S. repens and S. stenophylla
exhibited good antioxidant activity (IC50 values <16 lg/ml). How-
ever, as far as the literature survey has ascertained, there are
very few quantitative data on the antioxidant activity of southern
African Salvia species. Kamatou (2006) showed that isolated com-
pounds from S. radula (betulafolientriol oxide and salvigenin) dis-
played antioxidant activity when sprayed with DPPH radical
solution.

The primary antioxidant activity of sage is related to the pres-
ence of carnosic acid (Wenkert, Fuchs, & McChesney, 1964). It
was also reported that carnosic acid and carnosol are responsible
for 90% of antioxidant activity of rosemary (Cuvelier et al., 1996).
Caffeic acid, rosmarinic acid, ursolic acid, oleanolic acid, carnosic
acid and carnosol are common in many plants and all are strong
radical scavengers (Cuvelier et al., 1996). Carnosol (isolated from
S. chamelaeagnea), standards of caffeic acid and rosmarinic acid
also exhibited good antioxidant activity using the DPPH assay with
IC50 values of 6.10 ± 0.6, 2.55 ± 0.17 and 2.48 ± 0.20 lg/ml, respec-
tively (Kamatou, 2006). For example, S. aurita, S. chamelaeagnea, S.
muirii, S. repens, S. runcinata and S. schlechteri containing rosmari-
nic acid, caffeic acid, carnosol and derivatives (carnosic acid) are
good antioxidants, whilst those lacking these compounds exhib-
ited poor activity (e.g., S. dolomitica and S. radula).

Nearly all the extracts exhibited poor antiinflammatory activity,
except S. radula, which displayed moderate activity (IC50 value:
78.8 ± 5.89 lg/ml). The IC50 values of the solvent extracts were
greater than 100 lg/ml against the 5-lipoxygenase enzyme (Table
2). Effective antioxidant treatment has also been found to be effec-
tive against inflammation (Sala et al., 2003). For instance, phenolic
acids, such as carnosic and ursolic acids, which are good antioxi-
dants, were reported to be good antiinflammatory compounds
(Baricevic et al., 2001; Liu, 2005). However, ursolic acid showed
poor ability to inhibit the key enzyme of leukotriene biosynthesis,
namely 5-lipoxygenase (Safayhi, Rall, Sailer, & Ammon, 1997). Only
the extract of S. radula exhibited some degree of activity, whilst
Please cite this article in press as: Kamatou, G. P. P., et al. Antioxidant, antiinfla
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other species were inactive at the starting concentration of
100 lg/ml (Table 2). In addition, the antiinflammatory activity of
the extracts or isolated compounds of Salvia species is widely re-
ported. For example, Baricevic et al. (2001) investigated the topical
antiinflammatory activity of S. officinalis leaves and found that the
solvent extracts inhibited ear oedema in mice in a dose-dependent
manner, whilst aethiopinone, isolated from S. aethiopis roots,
exhibited antiinflammatory activity (Hernandez-Perez, Rabanal,
De la Torre, & Rodriguez, 1995). Although many pentacyclic triter-
penes (e.g., ursolic acid) also bind to the 5-lipoxygenase enzyme
(Safayhi, Sailer, & Ammon, 1995), the presence of an 11-keto group
and a hydrophilic function in the pentacyclic ring system are cru-
cial for potent inhibition of 5-lipoxygenase, and ursolic acid turned
out to be non-inhibitory (Sailer et al., 1996). Although this com-
pound was detected in the majority of species studied, the antiin-
flammatory activity of the extracts against the 5-lipoxygenase
enzyme was very poor. This suggests that the components of the
extract responsible for the antioxidant activity are not necessarily
those responsible for the antiinflammatory activity. It is important
to note that the ‘quasi absence’ of 5-lipoxygenase inhibitory activ-
ity in this study does not imply that the solvent extracts do not
possess any antiinflammatory activity. The activity may be
observed at higher concentrations. Furthermore, inflammation
involves a complex cascade of events, involving not only the 5-
lipoxygenase pathway, but also the 12- and 15-lipoxygenases, as
well as cyclooxygenase-1, cyclooxygenase-2, cytochrome P450

and epoxygenase pathways. Further investigation involving other
inflammatory routes is required in order to determine whether
the solvent extracts do exert antiinflammatory activity in other
steps of the complex antiinflammatory cascade.
3.3. Total phenolic content and its relationship with the antioxidant
activity

The phenolic content estimated in the organic extracts of the
various species ranged from 45.6 to 212 mg GAE/g dry sample (Ta-
ble 2). Species such as S. chamelaeagnea, S. muirii, S. repens, S. runci-
nata, S. schlechteri and S. stenophylla with high phenolic content
(>150 mg of GAE) had the most promising antioxidant activity (Ta-
ble 2).
mmatory activities and HPLC analysis of South African Salvia species. Food
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A stronger correlation between the total phenolic content (TPC)
and the antioxidant activity was observed for the DPPH assay com-
pared to the ABTS assay (r2 = 0.90 and 0.76, respectively). This im-
plies that the phenolic compounds are partly, if not totally,
responsible for the antioxidant activity observed in the species
studied. The antioxidant activity of sage has been attributed to
the phenolic compounds; Tepe, Daferera, Sokmen, Sokmen, and
Polissiou (2005) demonstrated that S. tomentosa, which exhibited
good antioxidant activity, also possessed a high phenolic content
(200 lg/mg). Several reports have conclusively shown a close rela-
tionship between total phenolic content and antioxidant activity
(Velioglu, Mazza, Gao, & Oomah, 1998). In the present study it
was found that S. chamelaeagnea and S. schlechteri contained a sub-
stantial amount of phenolics that are at least partly, if not entirely,
responsible for the antioxidant activity (Table 2). However, it can
be observed from the present data that antioxidant activity does
not necessarily correlate with high amounts of phenolics, as seen
by the moderate correlation between the antioxidant activity using
the ABTS method and the total phenolic content. It is known that
different phenolic compounds have different responses in the Fo-
lin–Ciocalteu method. Liu et al. (2007) found that the TPC may
not be highly correlated with DPPH� scavenging ability (r2 = 0.27).

In conclusion, this study indicated that Salvia species indige-
nous to South Africa exhibit good antioxidant activity, whilst they
displayed poor ability to inhibit the 5-lipoxygenase enzyme (one of
the enzymes responsible for the inflammation process). Various
phenolic compounds were detected, with rosmarinic acid and
betulafolientriol oxide present in all species, whilst rosmarinic
acid, carnosic acid, carnosol, ursolic acid/oleanolic acid were de-
tected as major compounds in the chromatographic profiles.

Acknowledgements

We thank the National Research Foundation (South Africa) for
the financial support and the personnel of the South African Na-
tional Biodiversity Institute (Pretoria) for their technical assistance.

References

Ai, C.-B., & Li, L.-N. (1988). Stereostructure of salvianolic acid b and isolation of
salvianolic acid c from Salvia milthiorrhiza. Journal of Natural Products, 51,
145–149.

Ai, C.-B., & Li, L.-N. (1992). Salvianolic acids D and E. Two new dipsides from Salvia
milthiorrhiza. Planta Medica, 58, 197–199.

Aruoma, O. I. (1998). Free radicals, oxidative stress and anti-oxidants in human
health and disease. Journal of the American Oil Chemists’ Society, 75, 199–212.

Baricevic, D., Sosa, S., Della, L. R., Tubaro, A., Simonovska, B., Krasna, A., et al. (2001).
Topical anti-inflammatory activity of Salvia officinalis L. leaves: The relevance of
ursolic acid. Journal of Ethnopharmacology, 75, 125–132.

Baylac, S., & Racine, P. (2003). Inhibition of 5-lipoxygenase by essential oils and
other natural fragrant extracts. The International Journal of Aromatherapy, 13,
138–142.

Cuvelier, M. E., Berset, C., & Richard, H. (1994). Antioxidant constituents in sage
(Salvia officinalis). Journal of Agricultural and Food Chemistry, 42, 665–669.

Cuvelier, M. E., Richard, H., & Berset, C. (1996). Antioxidant activity and phenolic
composition of pilot-plant and commercial extracts of sage and rosemary.
Journal of the American Oil Chemists’ Society, 73, 645–652.

Durling, N. E., Catchpole, O. J., Grey, J. B., Webby, R. F., Mitchell, K. A., Foo, L. Y., et al.
(2007). Extraction of phenolics and essential oil from dried sage (Salvia
officinalis) using ethanol–water mixtures. Food Chemistry, 101, 1417–1424.
Please cite this article in press as: Kamatou, G. P. P., et al. Antioxidant, antiinfla
Chemistry (2009), doi:10.1016/j.foodchem.2009.07.010
Fisher, V. L. (2005). Indigenous Salvia species – An investigation of the antimicrobial
activity, antioxidant activity and chemical composition of leaf extracts. Master
dissertation, University of the Witwatersrand, Johannesburg, South Africa.

Gerhardt, U., & Schroeter, A. (1983). Rosmarinic acid – A naturally occurring anti-
oxidant in spices. Fleischwirtschaft, 63, 1628–1630.

Hernandez-Perez, M., Rabanal, R. M., De la Torre, M. C., & Rodriguez, B. (1995).
Analgesic, anti-inflammatory, antipyretic and haematological effects of
aethiopinone, an O-naphthoquinone ditepernoid from Salvia aethiopis roots
and two hemisynthetic derivatives. Planta Medica, 61, 505–509.

Jäger, A. K., & Van Staden, J. (2000). Salvia in Southern Africa. In S. E. Kintzios (Ed.),
Sage: The genus Salvia (pp. 47–53). Netherlands: Harwood Academic Publishers.

Janicsák, G., Máthe, I., Miklóssy-Vári, M., & Blunden, G. (1999). Comparative studies
of the rosmarinic and caffeic acid contents of Lamiaceae species. Biochemical
Systematic and Ecology, 27, 733–738.

Kamatou, G. P. P. (2006). Indigenous Salvia species: An investigation of their
pharmacological activities and phytochemistry. PhD thesis, Faculty of Health
Sciences, University of the Witwatersrand, South Africa.

Kamatou, G. P. P., Van Vuuren, S. F., Van Heerden, F. R., Seaman, T., & Viljoen, A. M.
(2007). Antibacterial and antimycobacterial activities of South African Salvia
species and isolated compounds from S. Chamelaeagnea. South Africa Journal of
Botany, 73, 552–557.

Kamatou, G. P. P., Viljoen, A. M., Gono-Bwalya, A. B., van Zyl, R. L., Van Vuuren, S. F.,
Lourens, A. C. U., et al. (2005). The in vitro pharmacological activities and a
chemical investigation of three South African Salvia species. Journal of
Ethnopharmacology, 102, 382–390.

Liu, J. (2005). Oleanolic acid and ursolic acid: Research perspectives. Journal of
Ethnopharmacology, 100, 92–105.

Liu, X., Ardo, S., Bunning, M., Parry, J., Zhou, K., Stushnoff, C., et al. (2007). Total
phenolic content and DPPH radical scavenging activity of lettuce (Lactuca sativa
L.) grown in Colorado. Food Science and Technology, 40(55), 2–557.

Lourens, A. C. U., Reddy, D., Bas�er, K. H. C., Viljoen, A. M., & van Vuuren, S. F. (2004).
In vitro biological activity and essential oil composition of four indigenous
South African Helichrysum species. Journal of Ethnopharmacology, 95, 253–258.

Lu, Y., & Foo, L. Y. (2002). Polyphenolics of Salvia: A review. Phytochemistry, 59,
117–140.

Moolla, A., Van Vuuren, S. F., Van Zyl, R. L., & Viljoen, A. M. (2007). Biological activity
and toxicity profile of 17 Agathosma (Rutaceae) species. South African Journal of
Botany, 73, 588–592.

Qian, T.-X., & Li, L.-N. (1992). Isolavianolic acid, a depside possessing a
dibenzooxepin skeleton. Phytochemistry, 31, 1068–1072.

Safayhi, H., Rall, B., Sailer, E.-R., & Ammon, H. P. T. (1997). Inhibition by boswellic
acids of human leukocyte elastase. Pharmacology and Experimental Therapeutics,
282, 460–463.

Safayhi, H., Sailer, E. R., & Ammon, H. P. T. (1995). Mechanism of 5-lipoxygenase
inhibition by acetyl-11-keto-b-boswellic acid. Molecular Pharmacology, 47,
1212–1216.

Sailer, E.-R., Subramanian, L. R., Rall, B., Hoernlein, R. F., Ammon, H. P. T., & Safayhi,
H. (1996). Acetyl-11-keto-b-boswellic acid (AKBA): Structure requirements for
binding and 5-lipoxygenase inhibitory activity. British Journal of Pharmacology,
117, 615–618.

Sala, A., Recio, M. C., Schinella, G. R., Mánez, S., Giner, R. M., Cerdá-Nicolás, M., et al.
(2003). Assessment of the antiinflammatory activity and free radical scavenger
activity of tiliroside. European Journal of Pharmacology, 461, 53–61.

Slinkard, K., & Singleton, V. L. (1977). Total phenol analyses. Automation and
comparison with manual methods. American Journal of Enology and Viticulture,
26, 49–55.

Tepe, B., Daferera, D., Sokmen, A., Sokmen, M., & Polissiou, M. (2005). Antimicrobial
and anti-oxidant activities of the essential oil and various extracts of Salvia
tomentosa Miller (Lamiaceae). Food Chemistry, 90, 333–340.

Thorsen, M. A., & Hildebrandt, K. S. (2003). Quantitative determination of phenolic
diterpenes in rosmary extracts, aspects of accurate quantification. Journal of
Chromatography A, 995, 119–125.

Velioglu, V. S., Mazza, G., Gao, L., & Oomah, B. D. (1998). Antioxidative activity and
total phenolics in selected fruits, vegetables and grain products. Journal of
Agricultural Food Chemistry, 46, 4113–4117.

Watt, J. M., & Breyer-Brandwijk, M. G. (1962). The medicinal and poisonous plants of
southern and eastern Africa (2nd ed.). Edinburgh: E and S. Livingstone.

Wenkert, E., Fuchs, A., & McChesney, J. D. (1964). Chemical artifacts from the family
Labiatae. Journal of Organic Chemistry, 30, 2931–2934.
mmatory activities and HPLC analysis of South African Salvia species. Food

http://dx.doi.org/10.1016/j.foodchem.2009.07.010

	Antioxidant, antiinflammatory activities and HPLC analysis of South African  Salvia species
	Introduction
	Materials and methods
	Chemicals
	Plant material and extraction
	Evaluation of the antioxidant activity
	The ABTS method
	The DPPH method

	Antiinflammatory activity: the 5-lipoxygenase assay
	Determination of total phenolic content
	High-performance liquid chromatography
	Data analysis

	Results and discussion
	HPLC analysis of the solvent extracts
	Determination of the antioxidant activity
	Total phenolic content and its relationship with the antioxidant activity

	Acknowledgements
	References


