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Abstract
Purpose: To evaluate the cytotoxic, anti-inflammatory and antioxidant activities of four different solvent
extracts obtained from the aerial parts of Galega officinalis L.
Methods: The hexane, DCM, methanol and water extracts of G. officinalis were successively obtained
by soxhlet extraction method. The cytotoxic activity of the extracts was assessed against human lung
carcinoma (A-549), human colorectal adenocarcinoma (HT-29), human brain glioblastoma (U-87), and
colon adenocarcinoma (DLD-1) by Resazurine test. The antioxidant activity of extracts were determined
by Folin-Ciocalteau, oxygen radical absorbing capacity (ORAC), and 2’.7’-dichloroﬂuorescin-diacetate
(DCFH-DA) cell-based assay while their anti-inflammatory activity was determined by nitric oxide (NO)
assay.
Results: DCM extract showed strong cytotoxic activity against lung adenocarcinoma and brain
glioblastoma cell lines, with IC50 (concentration inhibiting 50 % of cell growth) values of 11 ± 0.4 and 16
± 3 µg/mL, respectively. The hexane extract showed moderate anticancer activity against the same cell
lines (59 ± 13 and 63 ± 16 µg/mL, respectively). DCM extract also showed significant anti-inflammatory
activity, inhibiting NO release by 86.7 % at 40 µg/mL in lipopolysaccharide (LPS) - stimulated murine
RAW 264.7 macrophages. Of all test extracts, the methanol extract of G. officinalis showed the highest
antioxidant activity with 2.33 ± 0.09 µmol Trolox/mg , 7.10 ± 0.9 g tannic acid equivalent (TAE), and IC50
of 44 ± 4 µg/mL.
Conclusion: The findings of this study suggest that DCM extract may possess anticancer effect against
lung adenocarcinoma and brain glioblastoma, as well as serve as an anti-inflammatory agent.
Keywords: Galega officinalis L, Biological activity, Bioassay, Anticancer, Lung adenocarcinoma, Brain
glioblastoma, Goat’s rue
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INTRODUCTION
Galega officinalis L., which belongs to
Leguminosae family, is generally known as
goat’s rue and is a native plant in Southeastern
Europe, Middle East, and Western Asia. It grows
wild in damp and low-lying areas [1,2]. Aerial
parts of this crop is widely used as a functional

remedy against malignant fever, inflammation,
parasitic infection, worms, and diabetes in
Europe [3,4]. It has also been used to increase
breast milk production in folk medicine [5,6]. This
plant was described as a diuretic [3] and antidiabetic crop, having the capacity to reduce
blood sugar levels [3,7]. Goat rue contains some
secondary metabolites such as alkaloids
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(including galegine), saponins, flavonoids
(flavonol
triglycosides,
kaempferol,
and
quercetin) [14], tannins [3] and fatty acids (αlinolenic acid, palmitic acid and linoleic acid) [15]
and phytoestrogens (medicarpin, and sativan)
[15,16]. Galegine, a compound isolated from
leaves of G. officinalis [3] and metformin, a
synthetic form of galegine reduce blood sugar
levels and find in many anti-diabetic drugs as an
active molecule [7-9].
Atanasov and Spasov [10] have shown that the
aqueous extract and the gel-filtered fractions
from the G. officinalis have inhibitory activity on
platelet aggregation. The antibacterial activities
of G. officinalis have been shown against to
Gram positive (Staphylococcus aureus and
Staphylococcus epidermidis) and gram-negative
(Serratia marcescens, Salmonella typhimurium,
Pseudomonas aeruginosa, Proteus vulgaris and
Eschericia coli) bacteria [2,12]. There are also
some studies demonstrating toxicity of aerial
parts of G. officinalis in sheep [12,13] and in rats
[6].
The present study was carried out to evaluate
the cytotoxic, anti-inflammatory, and antioxidant
activities of four different fractions obtained from
the aerial parts of Galega officinalis.

EXPERIMENTAL
Plant material and extraction procedure
The aerial parts of the goat rue (Galega
officinalis L.) were obtained from Abant Izzet
Baysal University Campus, Bolu, Turkey in July.
Recognition of the plant species was carried out
by Prof. Dr. Arzu Ucar Turker using “Flora of
Turkey and the East Aegean Islands” [1], and a
voucher specimen (collection no. AUT-1912) was
kept at the Abant Izzet Baysal University (AIBU)
Herbarium, Bolu, Turkey.
The collected plant materials were cleaned and
oven dried at 40 oC for seven days. The dried
aerial parts of G. officinalis were powdered and
100 g dried weight of plant material was
successively extracted with 800 mL hexane (at
o
65 - 70 C), 600 mL dichloromethane (at 55 - 60
o
C), 600 mL methanol (at 60 oC) and 300 mL
water (at 80 oC) by using soxhlet apparatus for
18 hrs.
The four different fractions of G.
officinalis were filtered with Whatmann No 1 filter
paper. The fraction solvents were concentrated
by a rotary evaporator under low vacuum at 40
o
C to dryness. The yield of the extracts (w/w)
were 1.9 % for hexane, 0.38 % for DCM, 10.2 %
for MeOH and 10.36 % for water fractions. The

dried extracts were stored in the dark at -20 oC.
For biological activity assays, the crude extracts
were dissolved in sterile dimethyl sulfoxide
(DMSO) in order to obtain a final concentration of
80 mg/mL.
Cell lines and culture conditions
Human lung carcinoma A-549, human colorectal
adenocarcinoma
HT-29,
human
brain
glioblastoma U-87, colon adenocarcinoma DLD1, normal skin ﬁbroblast WS1 and murine
macrophage RAW 264.7 cell lines were provided
from the American Type Culture Collection
(ATCC, Manassas, VA, USA). The used cell lines
were augmented in Dulbecco’s minimum
essential medium (DMEM) with Earle’s salts
(Mediatech Cellgro, Herndon, USA),which was
completed with 10 % fetal bovine serum (FBS;
Hyclone, Logan, USA), a solution of vitamins,
sodium pyruvate and non-essential amino acids
(all at 1:100 v/v dilution of supplied solutions),
streptomycin (100 µg/ mL), and penicillin (100
IU/mL) (Mediatech Cellgro, VA). A humidified
atmosphere at 37 °C in 5 % CO2 was available
for incubation of all cells.
Screening for cytotoxic activity
Growing cells were exponentially located in 96well microplates (Costar, Corning Inc.) at a
density of 5 × 103 cells per well in 100 µL of
culture medium and were led to adhere for 16 h
before application. All G. officinalis extracts were
made in a series of eight two fold dilutions (0 –
200 µg/mL). Then, 100 µL of raising levels of
tested extracts were put into to three wells. The
highest level of DMSO in the culture medium was
sustained at 0.5 % (v/v) to eliminate solvent
toxicity. The cell cultures were cultured for 48 h
in the presence or absence of G. officinalis
extracts. Etoposide (≥ 98 %, Sigma–Aldrich) was
utilized as a positive control for the relevant
comparison. The resazurin reduction test was
used to detect the cell viability [17]. Fluorescence
was read for the metabolic activity of cells in
each well by Fluoroskan Ascent FL Thermo plate
reader (Labsystem). Survival percentages of
cells were detected as the ﬂuorescence in
experimental wells compared to that in control
wells after subtraction of blank values. After
reading the resazurin test, cells were treated for
cellular DNA assay with Hoechst dye 33342.
After washing with PBS solution, dried cells were
kept at -80 °C until the Hoechst assay was
carried out [18]. Cytotoxicity data were
represented by using means ± standard
deviation and expressed by the concentration
that inhibited 50 % of cell growth (IC50). Each
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concentration of four different extracts from G.
officinalis was measured three times.
Determination of anti-inﬂammatory activity
Growing cells were exponentially plated at a
density of 75 × 103 cells per well in 96-well
microplates (BD Falcon) in 100 µL of cell culture
medium and were allowed to cohere overnight.
Each G. officinalis extract was made in a series
of 8 two fold dilutions (final concentrations
ranging from 0 to 160 µg/mL) in DMSO and
medium culture. The cells were either applied or
not with positive control N(G)-nitro-L-arginine
methyl ester hydrochloride (L-NAME, ≥ 98 %,
Sigma–Aldrich), or raising levels of G. officinalis
extracts on 3 wells.
Tested cells were then induced with 100 µg/mL
of LPS and cultured at 37 °C, 5 % CO2 for 24 h.
After 24 h, cell-free supernatants were gathered
and NO level was instantly detected by means of
the Griess reaction with a small amount of
modifications [19]. Furthermore, 100 µL aliquots
of cell supernatants were cultured with an equal
volume of Griss reagent (50 µL of 1 %
sulfanilamide in 2.5 % H3PO4 and 50 µL of 0.1 %
N-1-naphtyl-ethylenediamine dihydrochloride in
water) at 22 ± 2 °C for 20 min. Absorbance at
550 nm was then determined via an automated
96-well Varioskan Ascent plate reader (Thermo
Electron) and the presence of nitrite was
measured by comparison with sodium nitrite
(NaNO2) standard curve. Macrophage survival
was measured by means of the resazurin
reduction test.
Assessment of oxygen radical absorbing
capacity (ORACFL) assay
The antioxidant properties of G. officinalis
extracts were determined by using oxygen
radical absorbance capacity (ORAC) assay that
detects their scavenging capacity against peroxyl
radicals. The experimental method was modiﬁed
from the process defined by Ou et al [20].
Shortly, the ORAC assay was made using 96wells microplates and a Fluoroskan Ascent FlTM
microplate reader (Labsystems, Milford, MA,
USA). A positive control standard was trolox, a
water-soluble analog of vitamin E.
The study was managed at 37.5 °C and pH 7.4
with a blank sample. The ﬁnal data were
determined by calculating the net areas under
the ﬂuorescein decay curves between the blank
and the treatments. ORAC values were
represented in µmol of Trolox equivalents/mg dry
weight of sample (µmol TE/mg dw).

Total phenolic assay
The total phenolic content was analyzed by using
the Folin-Ciocalteu reagent according to the
procedure reported by Singleton and Rossi [21].
The experiment was performed 3 times, and the
data were represented in g TAE/100 g dried
mass.
Antioxidant cell assay
The antioxidant activity was also performed using
the 2′,7′-dichlorofluorescin-diacetate (DCFH-DA)
assay as defined by Girard-Lalancette et al [22],
with some minor changes. Growing WS1 cells
were exponentially plated in 96-wells microplates
at 10 × 103 cells per well and maintened for one
day at 37.5 °C and 5 % CO2. The WS1 cells
were rinsed with 150 µL Hank’s balanced salt
solution (HBSS) at pH 7.4 and cultured for 30
min with 100 µL HBSS (pH 7.4) including 5 µM
DCFH-DA (Sigma–Aldrich). The WS1 cells were
rinsed again with 150 µL HBSS. To evaluate the
cellular antioxidant activity, the cells were
cultured either with an increasing level of four
different extracts from G. officinalis, quercetin or
trolox, in the absence or presence of 200 µM tert
-butylhydroperoxide (t- BuOOH). After t- BuOOH
treatment,
fluorescence
was
determined
instantly. Again 90 min later, it was read by using
an automated 96-well plate reader (Fluoroskan
Ascent Fl, Thermo-Labsystems) at an excitation
wavelength of 485 nm and an emission
wavelength of 530 nm.
Statistical analysis
Data were presented as mean ± SD and
analyzed using SPSS software (version 22.0,
SPSS Inc, Chicago, IL, USA) for Windows by
one-way ANOVA using Duncan’s Multiple Range
Tests. Differences were considered statistically
significant at p ≤ 0.05.

RESULTS
The results for antiproliferative activities of four
different extracts from G. officinalis against A549, HT-29, U-87, DLD-1, and WS1 cell lines
were represented in Table 1. In this experiment,
DCM and hexane extracts were found to display
from strong to moderate cytotoxicities when IC50
values were between 11 and 100 µg/mL. DCM
extract of G. officinalis showed the highest
cytotoxic activity against to A-549 (11 ± 0.4
µg/mL) and U-87 (16 ± 3 µg/mL) cancer cell lines
(Table 1). The hexane extract showed a
moderate anti-cancer activity against to A-549
and U-87 cell lines, with IC50 values of 59 ± 1 and
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63 ± 16 µg/mL, respectively (Table 1). However,
the MeOH and water extracts were inactive
against to A-549, HT-29, U-87, and DLD-1 with
an IC50 value higher than 100 µg/mL (Table 1).

out resazurin assay. When we treated with the
extracts at concentrations of 1.25, 2.5, 5, 10, 20,
40, 80, 100 µg/mL, it had no effect on cell
viability.

The anti-inflammatory activity of the extracts was
observed by assessing their ability to prevent
cellular NO production, which is an endogenous
free radical species. As shown in Figure 1, the
DCM extract showed stronger inhibitory effect on
LPS-induced NO secretion with 86.7 % inhibition
than hexane (52.9 % inhibition), methanol (17.8
% inhibition) and water (16.2 % inhibition)
extracts of G. officinalis observed at 40 µg/mL
concentration. Relatively, the L-NAME prevented
NO release by 63.9 % at 250.0 μM (67.4 μg/mL).
The anti-inflammatory properties were evaluated
at non-cytotoxic concentrations. To investigate
the effects of G. officinalis extracts on the viability
of murine macrophages (RAW 264), we carried

The incubation of murine macrophages with G.
officinalis extracts and 10 μg/mL LPS also did
not show any cytotoxicity (data not shown).
In Table 2, the current findings demonstrated that
the MeOH and water extracts were moderate
antioxidant, with ORAC values of 2.33 ± 0.09 and
1.85 ± 0.12 µmol TE/mg of dry weight,
respectively. The hexane and DCM extracts were
low antioxidant, with ORAC values, respectively,
of 0.14 ± 0.00 and 0.48 ± 0.03 µmol TE/mg of dry
mass. The ORAC value of standard phenolic
compound used as a positive control (quercetine)
was 19.20 ± 0.80 µmol TE/mg (Table 2).

Table 1. In vitro cytotoxic activities of four different extracts (hexane, DCM, MeOH and water) of aerial parts of
Galega officinalis against A-549, HT-29, U-87, DLD-1 and WS1 cell lines
IC50 (µg/mL for extracts, µM for etoposide)
a
b
c
d
e
A-549
HT-29
U-87
DLD-1
WS1
g
g
Hexane
59 ± 13
>100
63 ± 16
>100
97 ± 12
g
Dichloromethane
11.1 ± 0.4
77 ± 29
16 ± 3
>100
32 ± 5
Methanol
>200
>200
>200
>200
>200
Water
>200
>200
>200
>200
>200
f
h
h
Etoposide
4.5 ± 0.3
>100
98 ± 32
6.0 ± 0.7
>100
a
Note: Mean values (± standart deviation) for triplicate assays. A549, human lung carcinoma cell line. b HT-29,
human colorectal adenocarcinoma cell line. c U-87, human brain glioblastoma cell line. d DLD-1, human colorectal
adenocarcinoma cell line. e WS1, human normal skin ﬁbroblasts cell line. f Positive control. g An extract was
considered inactive when IC50 is over than 100 µg/mL [23].h A pure compound was considered inactive when IC50
is over than 100 µM/mL [23]
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Figure 1: Effects of Galega officinalis extracts (40.0 µg/ml) and L-NAME (250 µM) on NO production in LPSstimulated RAW-264.7 macrophages. Results were represented as mean ± S.D of three replications

Trop J Pharm Res, April 2016; 15(4): 754

Karakas et al

Table 2: Antioxidant activities of four different extracts of Galega officinalis using ORAC, Folin-Ciocalteu, and
cell-based assays
ORAC assay
Folin-Ciocalteu
Cell-based assay
a
µmol Trolox / mg
Phenolics % w/w
WS1 IC50 (µg/mL)
Hexane extract
0.14 ± 0.01
0.50 ± 0.2
67 ± 9
DCM extract
0.48 ± 0.03
2.40 ± 1.2
65 ± 5
MeOH extract
2.33 ± 0.09
7.10 ± 0.9
44 ± 4
Water extract
1.85 ± 0.12
6.70 ± 0.8
70 ± 8
Quercetine
19.2 ± 0.80
nd
2.5 ± 0.2
Trolox
nd
nd
1.5 ± 0.5
Tannic Acid
nd
93.1 ± 30.6
nd
nd
a
Mean values (± standard deviation) are for triplicate assays; not determined; Concentration inhibiting DCFH
oxidation induced by t- BuOOH by 50 percent
Sample

The data for the total phenolic content (Table 2)
showed that the MeOH and water extracts of G.
officinalis had low levels of phenolic contents
(7.10 ± 0.9 and 6.70 ± 0.8 g TAE/100 g of
extract, respectively). Similarly, the hexane (0.50
± 0.2 TAE/100 g) and DCM (2.40 ± 1.2 g
TAE/100 g) extracts contained low concentration
of phenolic compounds.
The cell-based assay results (expressed as IC50)
of
t-BuOOH-induced
oxidation
of
2′,7′dichlorofluorescin (DCFH) indicate that quercetin
and trolox, used as positive controls, had IC50 of
2.5 ± 0.2 and 1.5 ± 0.5 μg/mL, respectively
(Table 2). Hexane (67 ± 9 µg/mL), DCM (65 ± 5
µg/mL), MeOH (44 ± 4 µg/mL), and water (70 ± 8
µg/mL) extracts prevented tBH-induced oxidation
of DCFH by 50 %.

DISCUSSION
The DCM extract of G. officinalis has promising
anticancer activity against A549, HT-29, and U87 with IC50 < 100 µg/mL. An extract is accepted
as active against cancer cell lines when IC50
value is < 100 µg/mL [23,24]. The anticancer
activity of DCM and hexane extracts can be
attributed to the alkaloids (galegine) or flavonoids
(kaempferol, quercetin, medicarpin and sativan)
found as dominant substances in goat rue [14].
According to one study [14], sativan and
medicarpin as phytoestrogens isolated from the
leaves of goat rue were found to be cytotoxic
against human breast cancer cell lines. Morever,
the anti-mutagenic, anti-inflammatory, anti-viral,
and anti-carcinogenic activities of phytoestrogens
have also been demonstrated formerly [14].
Although the aerial parts of G. officinalis have
been widely used for the treatment of
inflammatory diseases in traditional medicine [34], the anti-inflammatory activity of this medicinal
plant has not been scientifically verified up to
now. This is the first report about the antiinflammatory activity of G. officinalis. Nitrit oxide

(NO) is an important regulator of body
homeostasis in animals and high amounts of NO
causes many serious inflammatory diseases [25].
For this reason, prevention of NO generation
may be an effective approach for the remedy of
various inflammatory diseases [25]. The antiinflammatory activity of the extracts was
considered using LPS-induced RAW 264.7
macrophages. L –NAME was used as a positive
control, because it inhibits the formation of NO in
LPS-stimulated murine RAW 264.7 macrophages
[26]. A prerequisite for anti-inflammatory studies
is that the extract or substance being tested
should not have cytotoxic activity toward murine
macrophage RAW 264.7 cells. Inhibition of NO
secretion in murine macrophage RAW 264.7
cells is caused by two effects: by antiinflammatory property or decreasing the cell
viability of the murine macrophages [19]. Figure
2 indicated that the inhibition rates of NO
production by the DCM extract of G. officinalis
was 86.7 % at the concentration of 40 μg/mL.
The cell viability data represents the strong
inhibitory effect of the DCM extract on NO
secretion is not due to its cytotoxicity (data not
shown). The strong anti-inflammatory activity of
the DCM extract of G. officinalis may be
attributed to the alkaloid or flavonoid constituents
of this plant [14].
The antioxidant activities (in vitro and ex vivo) of
different G. officinalis extracts have not been
previously investigated in the literature. Among
the tested extracts, MeOH extract had the best
phenolic content, ORAC value, and IC50 value in
cell-based assay. The revealed antioxidant
activity can be explained by the presence of
some phenolic substances in the extract
ingredient. Although DCM extract had the best
anticancer and anti-inflammatory activities, it
includes low amounts of trolox and total phenolic
content. At the same time, hexane extract
showed potent anticancer activity against A549
and U-87 (IC50 of 59 ± 13 µg/mL and 63 ± 16
µg/mL), and anti-inflammatory activity on LPSinduced NO secretion with 52.9 % inhibition at 40
Trop J Pharm Res, April 2016; 15(4): 755
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µg/mL concentration. This is possibly due to the
presence of some specific phenolic compounds,
terpenoids or alkaloids in the DCM and hexane
extracts. The various amount of secondary
metabolites present in G. officinalis extracts
could be explained by the different polarity of the
extraction solvents (hexane, DCM, methanol,
and water, from non-polar to polar, respectively).

CONCLUSION
The
anticancer,
anti-inflammatory,
and
antioxidant activities for four different solvent
extracts from Galega officinalis revealed that the
DCM and hexane extracts from the aerial parts
were active against human lung and brain
glioblastoma carcinoma cell lines. DCM extract
also exhibited remarkable anti-inflammatory
activity. On the basis of the findings of this study,
there seems to be some justification for the use
of the aerial parts of G. officinalis in traditional
medicine as an anti-inflammatory agent. Future
studies are required to isolate the chemical
constituents and to estimate the inhibitory effect
of individual compounds of G. officinalis on
cancer and inflammation diseases.

ACKNOWLEDGEMENT
This study was funded by the Abant Izzet Baysal
University Research Foundation (Project no.
2015.10.07.893). The authors would like to thank
Prof Dr Andre Pichette, Prof Dr Jean Legault and
Karl Girard-Lalancette for laboratory and
equipment support in Laboratoire LASEVE,
Universite du Quebec a Chicoutimi, 555,
Boulevard de I’ Universite, Chicoutimi, Que, G7H
2B1, Canada.

REFERENCES

7. Oubre A, Carlson TJ, King SR, Reaven GM. From plant
to

patient:

an

ethnomedical

approach

to

the

identification of new drugs for the treatment of NIDDM.
Diabetologia 1997; 40: 614-617.
8. Palit P, Furman BL, Gray AI. Novel weight-reducing
activity of Galega offcinalis in mice. J Pharm Pharmacol
1999; 51: 1313-1319.
9. Vuksan V, Sievenpiper JL. Herbal remedies in the
management of diabetes: lessons learned from the
study of ginseng. Nutr Metab Cardiovasc Dis 2005; 15:
149-160.
10. Atanasov AT, Spasov V. Inhibiting and disaggregating
effect of gel-filtered Galega officinalis L. herbal extract
on platelet aggregation. J Ethnopharmacol 2000; 69:
235-240.
11. Karakaş FP, Yıldırım A, Turker A. Biological screening of
various medicinal plant extracts for antibacterial and
antitumor activities. Turk J Biol 2012; 36 (6): 641-652.
12. Puyt JD, Faliu L, Keck G, Gedfrain JC, Pinault L,
Tainturier D. Fatal poisoning of sheep by Galega
officinalis (French honeysuckle). Vet Hum Toxicol 1981;
23: 410-412.
13. Keeler RF, Baker DC, Panter KE. Concentration of
galegine in Verbesina encelioides and Galega officinalis
and the toxic and pathologic effects induced by the
plants. J Environ Pathol Toxicol Oncol 1992; 11: 11-17.
14. Le Bail JC, Champavier Y, Chulia AJ, Habrioux G. Effects
of phytoestrogens on aromatase, 3β and 17 βhydroxysteroid dehydrogenase activities and human
breast cancer cells. Life Sci 2000; 66 (14): 1281-1291.
15. Peiretti PG, Gai F. Chemical composition, nutritive value,
fatty acid and amino acid contents of Galega officinalis
L. during its growth stage and in regrowth. Anim Feed
Sci Technol 2006; 130: 257-267.
16. Champavier Y, Comte G, Vercauteren J, Allais DP,
Chulia AJ. Norterpenoid and sesquiterpenoid glucosides
from Juniperus phoenicea and Galega officinalis.
Phytochem 1999; 50: 1219-1223.
17. O'Brien J, Wilson I, Orton T, Pognan F. Investigation of
the Alamar Blue (resazurin) fluorescent dye for the
assessment of mammalian cell cytotoxicity. Eur J

1. Davis PH. Flora of Turkey and the East Aegean Islands.
Vol. 3, pp. 41. Edinburgh University Press, Edinburgh,
UK. 1970.
2. Pundarikakshudu K, Patel JK, Bodar MS, Deans SG.
Anti-bacterial activity of Galega officinalis L. (Goat’s
Rue). J Ethnopharmacol 2001; 77: 111–112.
3. Chevallier A. The encyclopedia of medicinal plants.
Darling Kindersley Limited, London, pp. 212, 1996.
4. Grieve M. A modern herbal. Vol. 2, pp. 686. Dover
Publications, New York, USA, 1982.

Biochem 2000; 267: 5421-5426.
18. Rago R, Mitchen J, Wilding G. DNA fluorometric assay in
96-well tissue culture plates using Hoechst 33 258 after
cell lysis by freezing in distilled water. Anal Biochem
1190; 191: 31-34.
19. Green SJ, Meltzer MS, Hibbs Jr. JB, Nacy CA. Activated
macrophages destroy intracellular Leishmania major
amastigotes

by

an

l-arginine-dependent

killing

mechanism. J Immunol 1990; 144: 278-283.
20. Ou B, Hampsch-Woodill M, Prior RL. Development and

5. Leporatti ML, Ivancheva S. Preliminary comparative

validation of an improved oxygen radical absorbance

analysis of medicinal plants used in the traditional

capacity assay using fluorescein as the fluorescent

medicine of Bulgaria and Italy. J Ethnopharmacol 2003;
87: 123–142.
6. Rasekh HR, Nazari P, Kamli-Nejad M, Hosseinzadeh L.
Acute and subcronic oral toxicity of Galega officinalis in

probe. J Agric Food Chem 2001; 49: 4619-4626.
21. Singleton VL, Rossi JA. Colorimetry of total phenolics
with phosphomolybdic-phosphotungstic acid reagents.
Am J Enol Vitic 1965; 16: 144-158.

rats. J Ethnopharmacol 2008; 116: 21-26.

Trop J Pharm Res, April 2016; 15(4): 756

Karakas et al

22. Girard-Lalancette K, Pichette A, Legault J. Sensitive cellbased

assay

using

DCFH

oxidation

for

the

24. Karakas FP, Yildirim AB, Bayram R, Yavuz ZP,
Gepdiremen A, Turker AU. Antiproliferative activity of

determination of pro- and antioxidant properties of

some

compounds and mixtures: analysis of fruit and vegetable

hepatocellular carcinoma cell lines and their phenolic

juices. Food Chem 2009; 115: 720-726.
screen: concept, implementation, and operation. In:
Drug

Development

Guide:

plants

on

human

breast

and

contents. Trop J Pharm Res 2015; 14: 1787-1795.

23. Boyd MR. The NCI in vitro anticancer drug discovery
Anticancer

medicinal

25. Marletta MA. Nitric

oxide synthase structure and

mechanism. J Biol Chem 1993; 17: 12231-12234.

Preclinical

26. Middleton JE. Effect of plant flavonoids on immune and

Screening, Clinical Trials, and Approval, (Ed. Teicher,

inflammatory cell function. Adv Exp Med Biol 1998; 439:

B.A.), 23-42. Humana Press, Totowa, NJ, 1997.

175-182.

Trop J Pharm Res, April 2016; 15(4): 757

