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Ethnobotanical investigations have shown that the redder Amaranthus spinosus (A. spinosus) and
Boerhavia erecta (B. erecta) specimens are, the more they are used for traditional medicinal purposes.
This work aimed to elucidate the role of the betalain pigments in the bioactivity of the Caryophyllales
species. Histochemical and biochemical studies on the two species (A. spinosus L. and B. erecta L)
indicate that the synthesis and subsequent storage of betalain pigments in the stems, leaves and root
epidermis or in the cortical parenchyma are induced by stress (biotic or abiotic). Radical scavenging
activity assays using 2, 2’-Azinobis, 3-ethylbenzothiazoline-6-sulphonic acid (ABTS") free radicals
showed that the betalain-containing fractions of these plants have the highest activity. We suggest that
reactive oxygen species (ROS), of either biotic or abiotic origin, are signals that induce the biosynthesis
of betalains, which act as ROS scavengers. The formation of these compounds has been observed and
appreciated by traditional healers as evidence of the usefulness of this drug.
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INTRODUCTION

Oxidation is an essential biological process for energy
production in many living organisms. Since some years,
growing evidence has been accumulated indicating the
involvement of reactive oxygen species (ROS) in the
pathogenesis of many diseases. Although, the human
body possesses an inherent antioxidant defence system
to protect against oxidative damage; it is unable to
entirely prevent the damage caused by excess ROS
production. Indeed, excessive ROS produced in vivo
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Abbreviations: ABTS, 2, 2’-Azinobis (3-ethylbenzothiazoline-6-
sulphonic acid; ROS, reactive oxygen species; FCR, Folin-
Ciocalteu reagent; H,O,, hydrogen peroxide; RSCsp, radical
scavenging capacity 50%.

during some oxidative reactions (Bloknina et al., 2003),
are not only strongly associated with lipid peroxidation,
but also involved in the development of a variety of
physiological conditions including cellular aging, mutage-
nesis, carcinogenesis, coronary heart disease, diabetes
and neurodegeneration (Halliwell and Gutteridge, 1999).
Recently, there have been increasing reports that some
medicinal or edible plants may afford protection and/or
treatment of some chronic diseases. Generally, these
beneficial effects are attributed to their antioxidant con-
stituents, including polyphenols, vitamins, carotenoids,
flavonoids, catechins, anthocyanin or betalains, etc.
(Zhao et al., 2005).

Caryophyllales order constitutes a singular example in
which betalains, a class of secondary metabolites,
replace anthocyanins in the flowers and fruits of most
families of these angiosperms (Mabry, 1980). Unexpec-
tedly, these pigments are also found in some higher fungi
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(Strack et al.,, 2003). Whereas the anthocyanin-
analogous functions of betalains as pigments of flowers
and fruits are obvious (attractors for pollination and seed
spreading) (Vogt et al., 1999; Chalker-Scott, 1999;
Stafford, 1994), their role in the fungi, stems and
underground roots of plants remains obscure.

Betalains are water-soluble nitrogen-containing pig-
ments (or chromoalkaloids), which include the red-violet
betacyanins and the vyellow betaxanthins. They are
immonium conjugates of betalamic acid with cyclodopa
and amino acids or amines, respectively (Strack et al.,
2003).

Amaranthus species (Amaranthaceae) and Boerhavia
species (Nyctaginaceae) are used in tropical and subtro-
pical countries for human nutrition both as vegetables
(Amaranthus and Boerhavia) and grains (Amaranthus),
but also as animal feed (Berghofer and Schoenlechner,
2002; Miralles et al., 1988). Furthermore, members of
both genera are popular medicinal plants to treat several
ailments such as malaria, hepatic disorders, jaundice,
and scanty urine or to cure wounds (Berghofer and
Schoenlechner, 2002; Samy et al., 1999; Srivastava et
al., 1998).

Stem bark extracts of Boerhavia erecta L. (erect spider-
ling) and Amaranthus spinosus L. (spiny amaranth), two
wild growing weed plants used in African traditional
medicine, were characterized with respect to their
phenolic profile including the betalains. While the main
betalains in A. spinosus were identified as amaranthine
and isoamaranthine, and the major betacyanins in B.
erecta were betanin, isobetanin together with neobetanin.
Extracts of A. spinosus were found to contain hydro-
xycinnamates, quercetin and kaempferol glycosides,
whereas catechins, procyanidins and quercetin,
kaempferol and isorhamnetin glycosides were detected in
B. erecta. Ethnobotanical investigations (Nacoulma-
Ouedraogo, 1996) demonstrated that the redder these
specimens are, the more they are harvested for
traditional medicinal purpose. However, little information
on the antioxidant activity of these two species (betalains
and phenolic compounds) is available. Based on previous
results, the polyphenols and betalains antioxidant
activities were investigated in order to get more insight on
the evolutionary importance of betalains for these tropical
species submitted to huge biotic and abiotic stress.

MATERIALS AND METHODS
Reagents

Folin-Ciocalteu reagent, sodium carbonate, gallic acid, betanin,
amaranthin, 2, 2’-Azinobis, 3-ethylbenzothiazoline-6-sulphonic acid
(ABTS), horseradish peroxidase, chlorhydric acid, tannic acid, and
hydrogen peroxide were purchased from Sigma-Aldrich (Chemie,
Steinheim, Germany). Ethyl acetate, acetate anhydride, sodium
carbonate, and trifluoroacetic acid (TFA) were purchased from
LABOSI (Paris, France).

Acetic acid was purchased from SDS (Peyin, France); 28%
ammonia, ethanol and n-hexane were purchased from VWR
(International GmbH, Darmstadt, Germany); methanol was
purchased from FLUKA Chemie (Buchs, Switzerland). Microscope
with camera (Olympus CH30, OlympusSC35 typel2), Soxhlet
apparatus (BARNSTEAD ELECTROTHERMAL), Spectrophoto-
meter (CECIL CE 2041), Lyophilisator (Telstar Cryodos 50),
Rotavapor (Buchi 461) and Centrifuge (ALC, 4206) were used.

Plant

Mature red stems of A. spinosus L. and B. erecta L. were collected
in December in the old experimental garden area of the University
of Ouagadougou. Voucher specimens (Hilou Al and Hilou A2) were
identified by Professor Millogo-Rasolodimby Jeanne (botanist) and
deposited at the herbarium at the University of Ouagadougou. The
barks were removed from the stems with a knife, dried in the
laboratory at 30°C for 36 h, and pulverized in a laboratory mortar.
These ground materials were stored out of light and dampness.

Histological and phytochemical analyses

Histological analysis can be used to study the location of plant’s
metabolites within its tissues. Histological (anatomical) cuttings
were performed from freshly harvested young stems of A. spinosus
L. (Amaranthaceae) and B. erecta (Nyctaginaceae).

For the identification of stem tissues, transverse cuttings were
soaked in bleach for 15 min (to destroy the cellular content) and
then rinsed three times. This was followed by a 5 min soak in 20%
acetic acid to remove residual bleach. Following rinsing, the
cuttings were soaked for 5 min in Mirande green Carmino colour
and then rinsed with distilled water. Microscopic observations in
glycerol were performed at a 40-fold magnification. Pectocellulosic
cell walls were coloured pink, whereas lignin cell walls were
coloured green. This analysis also allowed the observation of
organic acid salt crystals.

For betacyanin detection, cuttings were treated with either
hydrochloric acid or sodium hydroxide. In water, betacyanins are
red, whereas in alkaline or acidic medium, they become yellow and
blue, respectively.

Betacyanin extraction and quantification

The stem bark powder of the two species were extracted three
times with 70% methanol (1/10; w/v), filtered, concentrated in vacuo
and lyophilized. The betacyanins quantification was done by
photometry, using the following absorption wavelength: 538 and
536, respectively for the extracts of A. spinosus and B. erecta.

Phenolic extraction and quantification

The stem bark powder was extracted with 70% acetone (1/10, w/v)
filtered, concentrated and lyophilised. From aqueous solution of this
extract was made a liquid-liquid partition with ethyl acetate
previously adjusted to pH 1.5 with TFA to obtain the most lipophilic
phenolic compounds of the extracts The total polyphenols and the
more lipophilic phenolic were estimated by the method of Singleton
(1999). This method assesses all the phenolic compounds reducing
the phosphomolybdotungstic reagent (or Folin-Ciocalteu reagent,
FCR). A volume of 1.25 ml of FCR (0.2 N in distilled water) was
mixed with 0.25 ml of extract (0.1 mg/ml in distilled water). After 5
min, 1 ml of Na,COg3 (75 g/L) was added. The solutions obtained



were left to stand in the dark for 2 h. The absorbance was read at
760 nm and the values were used to determine the concentration
using a calibration curve previously drawn with a series of dilutions
of gallic acid (as a reference solution) solution. The results were
expressed as mg gallic acid equivalents per 100 mg of extract (mg
GAE/100 mg) using the following formula:

C=cxDx10/m

where C = mg equivalent in 100 mg, ¢ = reading concentration
(mg/ml), D = dilution factor, m = mass of sample.

Measurement of antiradical activity

The activity of all extracts was measured by using the method of
ABTS" (Thaiponga et al., 2006). The radicals were generated in a
buffered reaction medium containing ABTS salt, horseradish
peroxidase (HRP) (EC 1.11.1.7) and hydrogen peroxide. At the end
point of the reaction, the extracts containing betacyanins or
phenolics were added at different concentrations. After the addition
of a test solution, the absorption (Ai) at 414 nm decreased until a
constant absorbance (Ar) was reached asymptotically. The decay in
absorbance (A-A;) caused by the disappearance of ABTS® was
used to estimate the antiradical activity of the tested compound.
The percentage of lost radical activity was calculated by the
following formula:

Inhibition (%) = 1 — [Asampie/Abiank] X 100

Asample is the radical absorbance with a sample solution. Ablank is
the radical absorbance for the blank (buffer pH 7 for betalain, and
methanol for phenolics). For each type of extract, the concentration
value allowing reduction of 50% of the ABTS® radicals was
determined, and has been called radical scavenging capacity of
50% (RSCso ug/ml). For betalains and phenolics, the radical
scavenging index (RSI), which is a composite measure of quantity
and quality of antiradical activity, was determined. RSI was
calculated by dividing the value of the total concentration of active
compound, either betacyanin or phenolics (in mg/100 g of plant
dried material) in the extract, by the RSCs value (in pg/ml).

Statistical analysis

Statistical analyses were made using Microsoft Excel 97, and all
results were expressed as the mean * standard deviation (SD:
n=3). The significance of the differences was calculated by a
Student’s t-test and values at P<0.05 were considered to be
significant.

RESULTS
Histochemical location of metabolites

Analysis of the two plants’ organs (leaves, stems and
roots) showed that for both species, the stems contained
most of the betacyanins. A comparison of Mirande green
Carmino-coloured (after bleach treatment) and untreated
cuttings (subjected to water, alkaline or acidic environ-
ments) showed that betacyanins were produced in the
cortical parenchyma and could move to the epidermis
depending on the physiological situation of the plant
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(Figure 1).

Detection tests with polyphenols reagents (FeCl; and
AICl3) showed that these compounds are located more
inner, in the parenchyma. The fact that betacyanins in the
two species are located in the cellular vacuoles of sub-
epidermis tissues can be connected to the ethnobotanical
results showing the preferred medicinal use of the red
specimens (Nacoulma-Ouedraogo, 1996). Indeed, plants
generally accumulate their defensive secondary meta-
bolites at the exposed organ periphery. That was also
observed for alkaloids of many medicinal plants’ stems or
root barks (Richardson, 1981; Wink, 1999; Grassmann et
al., 2002). Figure 2 compares green and red (betacyanin
pigmented) stems of A. spinosus and B. erecta,
respectively.

Phenolic and betalains levels

The results (Figure 5) obtained show that the stem bark
of B. erecta is richer in phenolics and betacyanins than
those of A. spinosus. The total phenolic content (2512 +
28 and 3460 + 42 GAE/100g of dried plant material,
respectively for A. spinosus and B. erecta) and betalains
(28.5 £ 1.21 and 193.9 + 0.9 mg/100g of dried plant
material, respectively for A. spinosus and B. erecta) show
that these two species contain more phenolics than
betalains.

Radical scavenging activity of different fractions of
A. spinosus and B. erecta

For total phenolic fraction, the extract of B. erecta
showed the highest radical scavenging activity (Figure 6).
The RSCg, values were 171.2 + 8.4 and 214 + 10 pg/ml,
respectively for B. erecta and A. spinosus.

The two species’ phenolic extracts are less active than
epigallocatechin (12. 2 pg/ml). Figure 2 shows that the
betacyanin-containing fraction from B. erecta (5.54 + 0.07
pg/ml) is more active than that of A. spinosus fraction
(13.3 £ 0.11 pg/ml).

For both species, the betacyanins fractions are more
active than those of phenolic compounds. The difference
between the activities of A. spinosus betacyanins and
those of B. erecta could also indicate differences in the
structures of the betacyanin molecules (Figure 7).

DISCUSSION

These antiradical activity results show that betacyanins
may play an essential role in the protection of these two
plants against oxidative stress. The results can also be
linked to the ethnobotanical (Nacoulma-Ouedraogo,
1996) data showing that reddish plants materials are
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Figure 1. Chemohistological analysis on B. erecta (in water, image A) and A. spinosus (with green Mirande-
Carmino colouring, image B) stems cuttings respectively.

Figure 2. Medicinal and non-medicinal plant material (stems) comparison; (A) for A. spinosus: medicinal (left) and non-
medicinal (right) plant material; (B) for B. erecta : medicinal (left) and non-medicinal (right) plant material.

Figure 3. A. spinosus plants: (A) in august and (B) in december at Tanghin suburban of Ouagadougou, Burkina Faso.
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Figure 4. B. erecta plants: (A) in august and (B) in december at Tanghin suburban of Ouagadougou, Burkina
Faso.

preferred for ethnomedicinal uses. Field observations
also showed that the pigmentation of both plants is
maximal during biotic or abiotic-induced stress conditions
(Figures 3 and 4).

Phenolic compounds and betalains are the main
antiradical molecules of these two Caryophyllales species
(Stintzing et al., 2004). The results of the present RSCsg
data indicate that in the two species, these two classes of
compounds have different level and antiradical activity.

Other studies (Butera et al.,, 2002; Stintzing et al.,
2005) have also shown that this radical scavenging
capacity of betalains, when assessed with the ABTS
radical, could also indicate an antioxidant activity.

The results of Stintzing et al. (2004) showed that A.
spinosus contains amaranthine, whereas B. erecta has
betanin as betalain molecules. When a plant undergoes
biotic or abiotic stress, a set of defence tools or
responses is deployed. ROS such as hydrogen peroxide
(H20,), superoxide, hydroxyl radical and singlet oxygen,
act as early messengers in signalling cascades activated
by diverse external stimuli, such as pathogen attack, heat
shock, mechanical stress or ultraviolet (UV) radiation
(Schopfer et al., 2001; Sepulveda-Jimenez et al., 2004).

In plant-pathogen interactions, ROS may exacerbate
tissue damage by a hypersensitive reaction in which
programmed cell death (apoptosis) at the infection site
restricts pathogen growth (Lamb and Dixon, 1997;
Hansen, 2000). ROS can act as antimicrobial compounds
and/or signalling molecules and can also induce cell wall
strengthening (Borden and Higgins, 2002; Vranova et al.,
2002). Subsequently, induction of genes encoding
pathogenesis-related proteins occurs (Meier et al., 1993),
as does ROS-detoxifying enzyme expression (Wink,
1999; Chong et al., 1999; Dat et al., 2000).

Among the ROS scavenging pathways, the production

of antioxidants, such as ascorbic acid and glutathione,
are essential to maintaining the physiological balance of
ROS. Secondary metabolites (such as betacyanins in the
case of the Caryophyllales species) are also necessary to
either modulate ROS levels or to regenerate (by reduc-
tion) the oxidised small organic antioxidant molecules
(e.g., ascorbate, glutathione) (Yamasaki et al., 1997; Cai
et al., 2003).

Sepulveda-Jimenez et al. (2004) showed that mechani-
cal wounding, microbial infection or exposure to a H,0,-
generating system induced betacyanin biosynthesis in
red beet leaves; they suggested that betalains work as
ROS scavenger to aid in the plant’'s defence response.

In Caryophyllales plant species, the synthesis of
betalains seems to be one of the best ways to protect
DNA from stress. The results of histochemical study
showed that betalains are located mainly in peripheral
tissues (bark epidermis layer) of the parts most exposed
to UV radiation. When exposed to sun, the roots of A.
spinosus or B. erecta begin to pigment in red, after only a
few days (results not shown). This fact can be connected
to the work of Sarma and Sharma (1999) that showed
that betalains like anthocyanins form copigmentation
complexes with DNA molecules. All of these data show
that betalains could be the most active compounds for
the antioxidant activity of the extracts of A. spinosus and
B. erecta. As for the mode of action of betalains, they
could act as an antioxidant by one of the following
mechanisms:

1) Reduction of organic (or not) free radicals by gift of
hydrogen or electron (due to their phenolic groups);
2) Reduction or chelation of prooxidant metals (Attoe et
al., 1984; Cheftel, 1977). This chelating activity would be
amplified by their dicarboxylic pyridoxine functional group
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Figure 5. Phytochemical level of A. spinosus and B. erecta extracts.

(which is well known in ethylenediaminetetraacetic acid
(EDTA)). Betalains also have a cyclic amine such as in
ethoxyquin, a powerful antioxidant molecule used to
stabilize lipids (Kanner et al., 2001).

The redox potential data (Butera et al., 2002) also allow
to say that betalains reduce both lipopéroxyl and alkoxyls
radicals. Voltammogram study also shows that oxidized
forms of quinoline betalains cannot be reduced (by
electron capture); in other words, they cannot become
oxidants, because they are fairly stable (Martinez-Parra
and Mufioz, 2001).

In comparison, studies show that flavonoids (best anti-
oxidant phenolic molecules) act primarily as reducing
agents and very little as chelators. Betalains (having phe-

nol functional groups and cyclic amine) have two types of
electron or hydrogen donating groups (Figure 3), while
other phenolics have only one type. Moreover, cyclic
amines are several times better active for free radicals
reducing than phenols (Kanner et al., 2001).

Compared with vitamin antioxidants (also found in both
species), the work of Tesoriere et al. (2005) showed that,
against the atherogenic lipid peroxidation of low density
lipoprotein (LDL) by myeloperoxidase (in the presence of
nitrite), betanin is ten times more effective than vitamin C
(1.4 and 15.6 uM as ICsq values, respectively for betanin
and vitamin C).

During evolution, higher plants have developed self-
defence mechanisms that protect them against environ-
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Figure 7. Chemical structure of two betacyanins from A. spinosus
and B. erecta. R = Glucuronyl: Amaranthin; R = H: Betanin.

mental stress factors. Some of these mechanisms involve
the synthesis of secondary metabolites, such as
phenylpropanoids, terpenoids and alkaloids (Wink, 1999).
The role of betalains in defence responses has been little
studied thus far. Betalain biosynthesis by a plant non-
reproductive organ can indicate that this plant (and the
surrounding species) has been exposed to (and resisted)

a stress (Kangatharalingam et al., 2002; Mittler, 2002);
thus, it has activated its secondary metabolite synthesis
mechanism (Richardson, 1981). Therefore, the specimen
contains active metabolites for defence, although these
substances might be different from betalains (Ditt et al.,
2001).

Moreover, many studies have shown that betalains, like
other metallic ion chelators (Elleingand, 1998; Kanner et
al., 2001; Butera et al., 2002), have anti-parasitic
activities. Thus, betalains are the more active antioxidant
molecules of Caryophyllales species and their synthesis
could serve as indicator of a plant good health.

Conclusion

The ethnobotanical, histochemical and biochemical
activity revealed in this study show that betalains are the
most active antioxidant compounds of A. spinosus and B.
erecta. Betacyanin formation by a plant in stems or roots
is most often indicative of its previous exposure to a
stress (biotic or abiotic). If the plant survives this attack, it
is obviously by defence secondary metabolites genes
activation and encoding. Such plants have good potential
to be used to prevent or treat human diseases. This fact
may explain why the traditional healers of the Burkina
Faso region of the “Plateau Central Mossi” use betacya-
nin presence in Caryophyllales species stems as a
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biomarker for usefulness as folk medicine.
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