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Gunnera perpensa L. (Gunneraceae) is a medicinal plant used by Zulu traditional healers to induce
labor, expel the placenta after birth and to relief menstrual pains. Phytochemical screening of the
rhizomes revealed the presence of alkaloids, flavonoids, steroids, saponins, tannins and glycosides.
Methanol extracts of G. perpensa exhibited strong scavenging of 2,2-Diphenyl-1-picryl-hydrazyl (DPPH)
and 3-ethylbenzothiazoline-6-sulfonate (ABTS), but showed poor (< 50%) radical scavenging of nitric
oxide, superoxide and hydroxyl radicals. At a concentration of 5 mg/100 ml, the extract was able to
inhibit lipid peroxidation of the whole rat brain homogenate (71.13%) and lipoxygenase (30%) activity.
The plant extract also contained reduced form of nicotinamide adenine dinucleotide (NADH, 3.8 pm/g),
total phenol (248.45 mg/g) and traces of sulfhydryl groups (SH). The total antioxidative capacity was
36% relative to ascorbic acid (AA) and 64% relative to butylated hydroxyl toluene (BHT). The
cytotoxicity of the extract (LCsy) to brine shrimp larvae was 137.62 mg/ml. It is apparent that the

antioxidant activity of G. perpensa contributes to its effectiveness in folk medicine.
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INTRODUCTION

The genus Gunnera (Gunneraceae) is the only member
of the family with about 45 - 50 species, that occurs natu-
rally in Central and Southern Africa, New Zealand, Indo-
nesia, Philippines, Hawaii, Mexico, Central and South
America. In Africa, it is represented only by Gunnera
perpensa L. (Mendes, 1978; Bergman et al., 1992). In the
flora of South Africa, G. perpensa L., also known as
Ugobho (Zulu) and Iphuzilomlambo (Xhosa) is a wetland
perennial herb that grows (up to 1 m) in shallow water
around the edge of pools in marshy areas or along
streams. It is endemic to KwaZulu-Natal and Western
Cape Provinces of the country (van Wyk and Gericke,
2000). G. perpensa has long been used in traditional
medicine by the Zulus and Southern Sotho as a remedy
to initiate labour, facilitate the expulsion of placenta and
and clearing of the womb after birth (Veale et al., 1992;
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Hutchings et al., 1996; Kaido et al., 1997; van Wyk and
Gericke, 2000; Ngwenya et al., 2003). Decoctions of the
root or rhizome have been used for rheumatic pains,
cold, wound-dressing, stomach aliments, menstrual
pains, and to treat female infertility and male impotence
(lwalewa et al., 2007). Infusions of the root have also
been used topically and taken orally for psoriasis, while,
tinctures have been used for urinary stones (van Wyk et
al., 1997, 2000).

Little is known about the chemical constituents of G.
perpensa, although, an early study reported the presence
of a bitter principle, celastrin (van Wyk and Gericke,
2000). However, pyrogallol, succinic acid, lactic acid,
trimethyl ether of ellagic acid glucoside and venusol have
been isolated from the aqueous extract of the dry rhiz-
omes of this specie (Khan et al., 2004). In addition, 1,4-
benzoquinones derivatives and trans-phyt-2-enol have
also been secluded from the dichloromethane and met-
hanol extracts of the leaves and stems and aerial parts of
this plant, respectively (Drewes et al., 2005). Biological
and pharmacological studies of various extracts and
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isolated compounds from the leaves, stems and roots of
G. perpensa confirmed the activities such as antimi-
crobial, uterotonic, cytotoxicity and wound healing
activities (Kaido et al., 1997; Grierson and Afolayan,
1999; McGaw et al., 2000; Khan et al., 2004; Steenkamp
et al., 2004; Drewes et al., 2005; McGaw et al., 2005;
Buwa and van Staden, 2006; Brookes and Dutton, 2007;
Ndhlala et al., 2009; Nkomo and Kambizi, 2009).

Free radicals are known to cause various diseases in
living tissues. Oxidative stress and more specifically, lipid
peroxidation is known to play an important role in the
pathophysiology of non-communicable diseases (Manuel
et al., 2001) and fatigue syndrome (Vecchiet et al., 2003).
Even though pregnancy is not a disease, it is often
accompanied by a high-energy demand of many bodily
functions and an increased oxygen requirement (Lachilli
et al., 2001; Upadhyaya, et al., 2005). This triggered
aerobic environment should primarily be responsible for
raised oxidative stress in pregnancy. Oxidative damage
might be prevented or limited by anti-oxidants.
Considering the extensive utilization of G. perp-ensa in
Zulu traditional medicine, the present study was
undertaken to investigate the in vitro antioxidative activity
and cytotoxicity of G. perpensa growing wild in KwaDla-
ngezwa area of KwaZulu-Natal Province, South Africa.

MATERIALS AND METHODS
Chemicals

Unless otherwise stated, all the chemicals used including the
solvents, were of analytical grade from Sigma-Aldrich Co., Ltd
(Steinheim, Germany).

Plant materials

Fresh plant materials of G. perpensa were collected from
KwaDlangezwa area in the city of Umhlathuze, KwaZulu-Natal
Province, South Africa, at the flowering stage in March, 2008. The
plant was identified by Mrs. N.R.Ntuli, Department of Botany,
University of Zululand, KwaDlangezwa. A voucher specimen was
deposited at the University Herbarium [Simelane, MBC/01(ZULU)].

Preparation of the extract

The air-dried and pulverized rhizomes of G. perpensa were
extracted (1:5 w/v) exhaustively with methanol. The resultant
extract was concentrated to dryness under reduced pressure in a
rotary evaporator (40°C) to yield dried methanolic extract, which
was 17.15% of the starting material. Dried extract was re-dissolved
in methanol for further experiments.

Phytochemical screening

The procedures prescribed by Edeoga et al. (2005), Harborne
(1984), Sofowora (1993) were used to screen the crude extract.

Total phenolic, sulfhydryl and NADH contents

The total phenolic content (measured as gallic acid equivalent) was
determined using Folin-Ciocalteu reagent (Chandler and Dodds,
1983). The sulfhydryl content was measured fluorimetrically using
the o-pthaladehyde condensation method of Cohn and Lyle (1966).
The colorimetric method of Stern et al. (2002) was used to
determine the reduced form of nicotinamide adenine dinucleotide
(NADH) content.

In vitro antioxidant activity
Free radical scavenging assay

Scavenging effect on 1,1-diphenyl-2-picrylhydrazyl: The DPPH
radical scavenging activity of G. perpensa extract was determined
by modifying the methods of Brand-Williams et al. (1995). 2 mL of
various concentrations (0 - 50 mg/L) of the extract in methanol was
added to 2 mL of DPPH radical solution in methanol (final
concentration of DPPH was 0.2 mM). The mixture was shaken and
allowed to stand for 30 - 60 min; the absorbance of the resulting
solution was measured at 517 nm.

ABTS" radical scavenging activity: The ABTS" radical scavenging
activity of G. perpensa extract was determined according to the
improved assay of Re et al. (1999) with some modifications. ABTS*
was dissolved in PBS (0.01 M, pH 7.4) to a 7 mM concentration.
ABTS radical was produced by mixing the solution with 2.45 mM
potassium persulfate and allowing the mixtures to stand in the dark
at room temperature for 16 h. The ABTS" solution was diluted with
PBS (0.01 M, pH 7.4) to an absorbance of (0.70 + 0.02) at 734 nm
and equilibrated at 30°C for 30 min. A methanolic solution (0.2 mL)
of G. perpensa extract at various concentrations (0 - 50 mg/L) was
mixed with 2.0 mL of diluted ABTS" solution. After 20 min reaction
at room temperature, the absorbance at 734 nm was measured.
Superoxide anion (O2) radical scavenging: The ability of the
extract to inhibit photochemical reduction of nitroblue tetrazolium
(NBT) in the riboflavin—light—NBT system was assessed according
to the modified method of Nagai et al. (2001). The reaction mixture
containing 0.02 mL each of (50.0 mM, pH 10.5) sodium carbonate
buffer, 0.15% bovine serum albumin, 3 mM xanthine, 3 mM
ethylenediaminetetraacetic acid (EDTA), 0.75 mM NBT and 0.02
mL of different concentrations (0 - 50 mg/L) of G. perpensa extract
was incubated for 20 min at 25°C. Then, 0.02 mL of xanthine
oxidase (XOD) was added to initiate the reaction. The production of
blue formazan was monitored for 20 min at 25°C, after adding 0.02
mL of 6 mM copper (ll) chloride. The absorbance of the mixture was
measured at 560 nm.

Hydroxyl radical (OH) scavenging: The assay was based on
benzoic acid hydroxylation method, as described by Chung et al.
(1997). In a screw-capped tube, 0.2 mL of FeS04.7H.0 (10 mM),
EDTA (10 mM), different concentrations (0 - 50 mg/L) of G.
perpensa extract, DNA (10 mM) and phosphate buffer (0.1 M, pH
7.4) were added. Then, 200 pL of H,O» solution (10 mM) were
added to the mixture. The reaction mixture was incubated at 37°C
for 2 h. Thereafter, 1.0 mL of TCA (2. 8%) and 1.0 mL of TBA (1%)
were added and the mixture was boiled for 10 min and allowed to
cool on ice. The absorbance of the resulting mixture was measured
at 520 nm against the corresponding blank solution.

Nitric oxide radical (NO’) scavenging: Nitric oxide, produced from
the spontaneous reaction of sodium nitroprusside in aqueous
solution at physiological pH, reacts with oxygen to produce nitrite
ions, which can be determined by the use of the Griess lllosvoy
reaction (Garrat, 1964). Scavengers of nitric oxide compete with
oxygen and reduce the production of nitric oxide (Badami et al.,



2005). The 3 ml reaction mixture containing 2 mL of 10 mM sodium
nitroprusside, 0.5 mL of phosphate buffer saline (pH 7.4, 0.01 M)
and 0.5 mL of different concentrations (0 - 50 mg/L) of G. perpensa
extract was incubated at 25°C for 150 min. Thereafter, 0.5 mL of
the reaction mixture (containing nitrite) was pipetted and mixed with
1.0 mL of sulphanilic acid reagent (0.33% in 20% glacial acetic
acid) and allowed to stand for 5 min for completing diazotisation.
Then, 1.0 mL of naphthylethylenediamine dihydrochloride (0.1%)
was added and allowed to stand for 30 min in diffused light. The
absorbance was then measured at 540 nm.

Reducing power

The reducing power of G. perpensa extract was evaluated
according to the method described by Oyaizu (1986). To 2.5 mL of
different concentrations (0 - 50 mg/L) of G. perpensa extract in
methanol was added 2.5 mL of 0.2M phosphate buffer (pH 6.6) and
2.5 ml of 1% potassium ferricyanide KsFe(CN)s. The mixture was
incubated at 50°C for 20 min, 2.5 mL of 10% TCA was added to the
mixture and centrifuged at 1000 rpm for 10 min. The upper layer of
the solution (2.5 mL) was mixed with distilled water (2.5 mL) and
FeCl; (0.5 mL, 0.1%). The absorbance was measured
spectrophotometrically at 700 nm. The higher the absorbance value
the stronger the reducing power.

Metal chelating activity

The Fe* chelating effect of the extract was measured according to
the method of Decker and Welch (1990). To 0.5 mL of various
concentrations (0-50 mg/L) of G. perpensa extract in methanol, 1.6
mL of deionized water and 0.05 mL of FeCl, (2 mM) were added.
After 30 s, the reaction was initiated by the addition of 5 mM
ferrozine (0.1 mL). Then, the mixture was shaken and left at room
temperature for 10 min. Absorbance of the mixture was measured
spectrophotometrically at 562 nm. Citric acid (CA) and EDTA were
used as standards.

Lipid peroxidation

Effect of extract on the Fe®*/Ascorbate system: The antioxidant
activity of the plant extract on the inhibition of oxidation induced by
ascorbic acid (AA)/FeCl; was evaluated. Liver obtained from
Sprague-Dawley rats (180 — 200 g) was perfused and homogenized
(1:10 w/v) with 120 mM KCI, 50 mM phosphate buffer (pH 7.40).
After centrifugation (700 xg, 10 min, 4°C) the supernatant was kept
at -20°C until use. Protein content was quantified by the Lowry et al.
(1951) method and the protein concentration of the supernatant
was adjusted to 10 mg/mL. The reaction mixture containing 0.1 mL
of the diluted homogenate, 0.1 mL Tris-HCI buffer (20 mM, pH 7),
0.1 mL KCI (30 mM), and 0.1 mL of various concentration (0 - 50
mg/L) of G. perpensa extract, was incubated for 5 min at 37°C. The
AA/Fe®* (0.1 mL; 0.1 mM) was added to the mixture and then
incubated for 30 min at 37°C. The products of lipid peroxidation
were detected by the thiobarbituric acid method measuring the
absorbance at 532 nm (Ohkowa et al., 1979).

Effect of extract on lipid peroxidation in rat brain

Whole rat brain homogenate (0.1 mL of 10% w/v homogenized in
phosphate buffer saline) and 0.1 mL of various concentration
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(0 — 50 mg/L) of G. perpensa extract were mixed and incubated in a
water bath at 35°C for 5 min; 0.15 mL H.O. (10 mM) was added to
induce lipid peroxidation and the mixture reincubated at 37°C for 15
min. Then, thiobarbituric acid reactive species (TBARS) were
measured as indication of the lipid peroxide formed (Ohkowa et al.,
1979).

Effect of extract on lipoxygenase activity

The method reported by Mathisen et al. (2002) was used to
determine the ability of the extract to inhibit lipoxygenase activity.
G. perpensa extract (0.5 mL, 0 - 50 mg/L) was mixed with 0.95 mL
borate buffer (0.2 M; pH 9.0), 2.0 mL substrate solution (linoleic
acid) and enzyme solution (lipoxygenase). The absorbance was
immediately measured at 234 nm.

Calculation of percentage inhibitory effect of G. perpensa
extract

Unless otherwise stated, ascorbic acid, BHA and BHT were used as
standards. All assays were repeated three times and the mean %
S.E reported. The inhibitory effect of G. perpensa extract of each
parameter was calculated as: % Inhibition = {(Ag — A1)/Aq x 100}
where, Ag is the absorbance value of the fully oxidized control and
A; is the absorbance of the extract. The inhibitory concentration
providing 50% inhibition (ICsp) was calculated from the graph of
percentage inhibition against G. perpensa extract concentrations.

Determination of total antioxidant capacity

The assay was based on the reduction of Mo (VI) to Mo (V) by the
extract and subsequent formation of a green phosphate/Mo (V)
complex at acid pH, according to the method of Prieto et al. (1999).
G. perpensa extract (0.3 ml) was combined with 3 ml of reagent
solution (0.6 M sulfuric acid, 28 mM sodium phosphate and 4 mM
ammonium molybdate). The mixture was incubated at 95°C for 90
min. After cooling to room temperature, the absorbance of the
solution was measured at 695 nm against a blank. The antioxidant
activity is expressed as the number of equivalents of ascorbic acid
and BHT.

Brine shrimp lethality screening

Brine shrimp (Artemia salina) lethality test was carried out using the
procedure described by Meyer et al. (1982) and McLaughlin (1992).
Methanol extract of G. perpensa (reconstituted in 1% DMSO in arti-
ficial seawater) was added to brine shrimp suspension to give final
concentrations of 9.2, 18.4, 29.9, 39.1 and 48.3 mg/mL (three repli-
cates each, gallic acid and DMSO as positive and negative con-
trols, respectively). The plates were maintained under illumination
and the survivors were recorded after 24 h. The percentage mor-
tality at each concentration and control were calculated using the
Abbots formula (Abbott, 1925). LCso and 95% confidence intervals
values were determined using the computer model (Probit Program
Version 1.5) prepared by the US Environmental Protection Agency.

Statistical analyses

The mean and standard error mean of three experiments were
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determined. Statistical analysis of the differences between mean
values obtained for experimental groups were calculated using
Microsoft Excel Program, 2003 and Origin 6.0 for ICso. Data were
subjected to one way analysis of variance (ANOVA). P values <
0.05 were regarded as significant and P values < 0.01 as very
significant.

RESULTS AND DISCUSSION
Phytochemical screening

Phytochemical screening of methanolic extract of G.
perpensa rhizomes revealed the presence of alkaloids,
flavonoids, steroids, saponins, tannins and glycosides.

Free radical scavenging assay

The ability of G. perpensa extract to scavenge DPPH,
ABTS", O,, OH and NO was evaluated and the results
are shown in Table 1. The results show that the G. per-
pensa extract significantly and dose dependently reduced
DPPH radicals. At a concentration of 50 mg/L, G. per-
pensa extract scavenged over 78% of DPPH radicals
with 1Csq value of 16 mg/L which was 2 times greater than
the synthetic antioxidant, BHA (36.1mg/L) and BHT (35.9
mg/L). The extract was also found to be very effective
scavenger of ABTS-" and the activity increased in a
concentration dependent manner (Table 1). At 50 mg/L,
the extract exerted the highest ABTS-" scavenging
activities of 78.45% (ICso of 9 mg/L) whereas BHA and
BHT exhibited lower activities (ICso of 36.7 and 31.8
mg/L, respectively). It is apparent that G perpensa is a
good free radical scavenger, and it could effectively act
as a primary antioxidant against free radicals and be con-
sidered a good source of natural antioxidant in preventing
lipid peroxidation and protection from oxidative damage
(Moure et al., 2001).

Superoxide anions and hydroxyl radicals have
damaging effects on bio-macromolecules leading to
various pathogenic conditions with severe consequences
(Cotelle et al., 1992: Radi et al., 1991). Hydroxyl radicals
are, among the ROS, the most reactive and predominant
radicals, generated endogenously during aerobic
metabolism (Waling, 1975). Owing to their high reactivity,
they have a very short half-life and can only be effectively
scavenged at high concentrations (Rathee et al., 2007).
In addition, nitric oxides an essential bioregulatory
required for several physiological processes like immune
response, smooth muscle relaxation, neuronal signaling,
inhibition of platelet aggregation and control of blood
pressure, have been implicated in several pathological
conditions, including cancer (Palmer et al.,, 1987).
Accordingly, the ability of G. perpensa to scavenge these
radicals has been evaluated. The results of the

scavenging ability of various concentrations of G.
perpensa (0 — 50 mg/L) and standard antioxidants
(ascorbic acid, BHA and BHT) against superoxide radical
anions, hydroxyl radicals and nitric oxide radical are
given in Table 1. The extent of scavenging activities of
the extract and antioxidants were low (ICsy values ranged
between 36.7 - 50.0 mg/L). How-ever, G. perpensa was
found to be significantly better in hydroxyl radical
scavenger than BHA, under the condition of investigation.
The percentage of hydroxyl radical scavenging values
was 46.24 and 36.36% for G. perpensa and BHA
respectively. Comparing the overall free radical
scavenging activities of G. perpensa extract and standard
antioxidants against DPPH, ABTS, O,.-, ‘'OH and NO
(Table 1) it is noted that the extract showed the highest
antioxidant activity.

Reducing power

The reducing capacity of many plant extracts has been
correlated with their antioxidant activity (Pin-Der-Duh,
1998). In addition, reducing properties have been asso-
ciated with the presence of reductants, which exert antio-
xidant action by breaking the free radical chains through
hydrogen atom donation (Gordon, 1990; Pin-Der-Duh,
1998). Furthermore, reductones have also been reported
to prevent peroxide formation by reacting with certain
precursors of peroxide (Rathee et al., 2007). Figure 1
shows the reducing potential of G. perpensa extract in
comparison with ascorbic acid and BHA. The results
show the reducing power of the extract to be dose dep-
endent and better reducing than ascorbic acid and BHA.
At the concentration of 20 mg/L, the reducing power of G.
perpensa extract (0.483 + 0.023) was higher than those
of ascorbic acid (0.453 + 0.007) and BHA (0.463 =+
0.028), respectively. It is thus likely that certain com-
pounds present in G. perpensa may act as primary and
secondary reductants thereby inhibiting lipid peroxidation.

Metal chelating activity

Transition metals can arouse lipid peroxidation by
generating hydroxyl radicals through Fenton reaction and
hasten lipid peroxidation by lipid hydroperoxides into
peroxyl and alkoxyl radicals (Zhao et al., 2006). Most
effective pro-oxidants in food and drugs are ferrous ions
(Yamaguchi, 1988). Chelating agents which form o-bond
with metal (Gordon, 1990) are effective as secondary
antioxidants because they decrease redox potential,
thereby stabilizing the oxidized form of the metal ion. The
chelating activity for ferrous ion of the extract was
assayed by inhibition of the formation of red-colored
ferrozine and ferrous complex. Figure 2 shows the results
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Table 1. Percentage scavenging of DPPH, ABTS, superoxide, hydroxyl radical and nitric oxide by G. perpensa rhizome

extract® (mg/mL).

DPPH ABTS (02-) (OH) (NOY)
Control 100.0 £ 0.02 100.0 £ 0.02 100.0 £ 0.09 100.0 £ 0.02 100.0 £ 0.0.01
G. perpensa
1 41.49 + 0.00 52.54 +0.02 10.74 £ 0.06 16.13 £ 0.02 5.76 £ 0.00
2 56.02 £ 0.02 63.61 £ 0.08 19.88 £ 0.11 32.26 + 0.00 7.89 £0.00
3 68.00 £ 0.06 68.69 + 0.08 20.51 £0.08 33.33£0.00 9.15+0.01
4 72.27 £ 0.01 71.68 = 0.01 22.77 £ 0.04 40.86 + 0.00 12.54 £ 0.02
5 78.77 £ 0.04 78.17 £0.01 25.91 £0.13 46.24 + 0.00 15.25 £ 0.01
ICs0° 1.6 0.9 >5 >5 >5
AA (ICs0) - - 4.49 - -
BHA (ICso) 3.61 4.01 - >5 3.67
BHT (ICs0) 3.59 3.59 - - -

2185

n =3, X * SEM),’blcso -inhibitory concentration, (Oz-) -
scavenging; (NO')- Nitric oxide radical scavenging.

Superoxide anion radical scavenging; (OH) - Hydroxyl radical

Table 2. Polyphenol contents, antioxidative and cytotoxic activities of G. perpensa rhizome extract and standard controls (mg/MI)®.

G. perpensa BHA BHT AA Gallic acid
Polyphenol contents
Total phenol® 248.45 +1.28 - - -
TAC (%)° - - 64 36 -
Antioxidative activity (%)
Lipid peroxidation
(i) Fe** / Ascorbate 48.01 22.69 - - -
(i) TBARS 71.13 63.56 - - -
Lipoxygenase 30.00 28.27 - - -
NADH® 3.8 - - - -
Cytotoxicity

®LCso (95% Cl) 137.62 (72.63 - 2151.07)

11.45 (6.63 - 38.15)

4n =3, X £ SEM), bExpressed as mg gallic acid/g of dry plant material, “TAC - Total antioxidant capacity relative to ascorbic acid and BHT,
“NADH - pm/g,°LCso (95% Cl) - Lethal concentrations with 50 % larvae mortality rate and 95% confidence intervals (95% Cl).

obtained, indicating weak chelating activity. At the
concentration of 5 mg/L, the extract and citric acid
chelated 7.51 and 7.42% of ferrous ions respectively,
while, EDTA showed moderate ferrous ion chelating
activity of 14.81%.

Lipid peroxidation and lipoxygenase activity

Plant constituents that have been reported to be free
radical scavengers and anti-lipoperoxidative include
polyphenol (Maisuthisakul et al., 2007; Adedapo et al.,
2009), reduced glutathione (Bhatia and Jain, 2004) and
NADH (Stern et al., 2002). NADH therapy is known to
have beneficial effects in patience with chronic fatigue

syndrome (Santaella et al., 2004). Polyphenols have
antioxidant and iron-chelating properties and can combat
oxidative stress. G. perpensa extract had a relatively high
total polyphenol and NADH contents (Table 2) indicating
a potential for anti-lipoperoxidative activity. The extracts
significantly inhibited hydrogen peroxide induced lipid
peroxidation in the rat brain, and also inhibited
lipoxygenase activity, and the AA/Fe* system.
Apparently, G. perpensa is a good free radical (especially
the peroxy type) scavenger.

Cytotoxic activity

The cytotoxic activity of G. perpensa extract was
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Figure 1. Reducing power of G. perpensa (GP) rhizome extract,
ascorbic acid (AA) and butylated hydroxyl anisole (BHA). Each
value is mean = S.E (n = 3).
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Figure 2. Metal chelating assay of G. perpensa (GP) rhizome
extract, citric acid (CA) and ethylenediaminetetraacetic acid
(EDTA). Each value is mean = S.E (n = 3).

determined using the brine shrimp (A. salina) lethality
assay. Table 2 shows the result of the cytotoxicity of G.
pe-rpensa extract and the control (gallic acid) after 24 h
exposure. The degree of the brine shrimp lethality was
found to be directly proportional to the different conc-
entrations of the extract, with lethal concentration (LCs)
of 137.62 mg/100 ml). Compared to the standard gallic
acid (LCso= 11.45 mg/100 ml) it is apparent that

G. perpensa has a weak toxic activity. In toxicity
evaluation of plant extracts by brine shrimp lethality
bioassay, LCs, values lower than 1000 upg/mL are
considered bioactive (Meyer et al., 1982).

Conclusions

The relationship between antioxidants and prevention of
chronic degenerative diseases is the interest of many
researchers and the restricted use of synthetic anti-
oxidants, such as BHA and BHT, has led to the search
for natural antioxidants from plant extracts. Growing
evidence indicates that reactive oxygen species are
responsible for exercise-induced protein oxidation and
contribute highly to muscle fatigue (Powers et al., 2004).
Thus, the treatments that reverse muscle fatigue may be
acting through mechanisms that scavenge reactive
oxygen species. The potential antioxidants capability and
weak toxic effect of G. perpensa has been established in
this study. It is apparent that G. perpensa contains
compounds that might improve the action of natural
dietary antioxidant. The relatively high total polyphenol
and NADH contents and the significant total antioxidant
capacity, expressed as the percentage of BHT, could
possibly contribute to G. perpensa antioxidant properties.
Even though, the detailed mechanisms of its effect-
tiveness in inducing labor and facilitating the expulsion of
placenta or relief of menstrual pains have not yet been
known, it is however, apparent that the antioxidant pro-
perties and the relatively weak toxic activity of the plant
may contribute to its use in folk medicine.
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