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ABSTRACT

Natural antioxidants have gained considerable interest for their role in the prevention of autooxidation of fats and oils. Larrea divaricata
Cav. is a South American plant widely distributed in Argentina with reported antioxidant, antitumoral and antimicrobial activities. The
aqueous extract of the plant exerts antioxidant activity preventing the deleterious effect of temperature and oxygen on the antioxidant
activity of vitamin C (Vit C). The aim of this work was: to assess the stability of the aqueous extract of L. divaricata (AE) under different
environment conditions, such as different temperatures and air oxygen contents. The stability parameters evaluated included the percen-
tage of majority compounds (flavonoid expressed as quercitrin (F) and nordihydroguaiaretic acid (NDGA)) and the antioxidant activity of
the extract (AC). Results indicated that both compounds were affected by temperature and air oxygen, with F being more stable to high
temperatures than NDGA, finding a decrease of 56% for F and a decrease > 66% for NDGA. Nevertheless, NDGA was more sensitive to
air oxygen, as an early decrease of 62% and a maximum decrease of 100% were found. The AC of AE decreased with high temperatures;
however, air oxygen seemed to have a more important effect, for a decrease of about 42% was observed after 7 days of incubation. Even
though, the environment conditions could affect the chemical composition of the whole extract, it was observed that not all the com-
pounds were equally affected by temperature and air oxygen. Reaching a balance between these two parameters could allow a modulation

of the antioxidant activity of this extract.
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INTRODUCTION

Larrea divaricata Cav. (Zygophyllaceae) is a South Ame-
rican plant widely distributed in Argentina. In popular
medicine, it is used for treatment of tumours, inflammatory
disease, rheuma and fever. It has been demonstrated that the
methanolic extract presents antioxidant activity (Pedernera
et al. 2006). Moreover, the aqueous extract (AE) exerts
antioxidant and antimicrobial activities, preventing the oxi-
dization of vitamin C (Vit C) induced by temperature and
air oxygen (Micucci ef al. 2011). Over the past years, natu-
ral antioxidants have gained considerable interest for their
role in the prevention of the autooxidation of fats and oils.
However, during manufacturing and storage, the active
components are exposed to oxidation, hydrolysis, microbial
degradation and other environment unfavorable conditions
that render the product unstable (Rangari 2008). Therefore,
the determination of stability of herbal drugs in formula-
tions is important as the stability ensures that the drug
remains within the specifications established in the Pharma-
copoeias, regarding its identity, strength, quality and purity.

It is known that environment factors such as tempera-
ture, light, air (specifically oxygen, carbon dioxide and

water vapors) and humidity can affect stability (Thakur et al.

2008).

To date, the stability of the AE of L. divaricata under
different environment conditions has not been studied. As
this extract is considered to be an antioxidant agent that
prevents the oxidation of Vit C, the chemical constituents in
relation to the antioxidant activity must be addressed.

The presence of nordihidroguaiaretic acid (NDGA) as

well as a related compound and a flavonoid expressed as
quercitrin have previously been demonstrated in the AE of
L. divaricata (Davicino et al. 2011). It is known that NDGA
and the flavonoids possess antioxidant activity (Siddique et
al. 2006). Flavonoids exert their antioxidant activity by a
variety of mechanisms including direct scavenging of reac-
tive oxygen species, inhibition of enzymes responsible for
superoxide anion production, chelation of transition metals
involved in the generation of free radicals and prevention of
the peroxidation process by reducing alkoxyl and peroxyl
radicals (Peng et al. 2003; Veitch and Grayer 2008).

Based on this information, the aims of this work were:
to study the stability of an aqueous extract of L. divaricata
under different temperatures and air oxygen, and to analyze
its chemical composition by HPLC, mainly the presence
and amount of NDGA and flavonoid, expressed as quer-
citrin. The antioxidant activity under the same conditions
was also evaluated.

This study was performed in view to establish suitable
conditions for extract storage and handling, considering its
potential use as an antioxidant supplement in food.

MATERIALS AND METHODS
Reagents

Six mg of 2,2-diphenyl-1-picrylhydrazyl ( DPPH) was diluted on
30 ml of absolute ethanol, protected from light and freshly pre-
pared each time. TRISMA (SIGMA) was prepared at 1.2 % w/v in
Tris-HCL buffer pH 7.4. Water employed to prepare working solu-
tion was of ultrapure quality (MilliQ). Methanol (HPLC grade J.T.
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Baker) and acetic acid (Merck, Argentine) were used. Pure stan-
dards were purchased from SIGMA USA: NDGA lot 19C-0504
and Quercitrin lot 14H 0957.

Plant material

Leaves of Larrea divaricata Cav., identified by employing mor-
phological, anatomical and histochemical techniques, were used in
this study (Anesini et al, 1996). One voucher specimen was depo-
sited at CEFYBO-CONICET and another at the Museum of Phar-
macobotany, School of Pharmacy and Biochemistry, University of
Buenos Aires. The aqueous extract (AE) was prepared from air-
dried leaves. Briefly, 750 mg were infused with 10 ml of sterilized
boiling distilled water and heated with stirring for 45 min at 56°C.
After maceration at 5°C for 72 h and centrifugation (20 min at
1500 rpm), the supernatant was lyophilized (Anesini ef al. 1996).

Incubation conditions

The lyophilized AE was dissolved in distilled water to a concen-
tration of 1 mg/ml. The incubations were performed under dif-
ferent temperatures (5, 45 and 100°C) and air oxygen amount to
mimic storage conditions. For 5°C samples were placed in glass
containers hermetically sealed and kept in a refrigerator. For 45 or
100°C samples were maintained in glass containers hermetically
closed and kept in stove set at the selected temperature. When air
oxygen was studied, samples were placed into glass containers at
room temperature. All the samples were protected from light.
Samples were analyzed after 2, 7 and 10 days of incubation
(Micucci et al. 2011).

Measurement of DPPH free radical-scavenging
activity

The antioxidant activity of the samples was determined by ana-
lyzing the scavenger activity of the free radical diphenylpicryl-
hydrazyl (DPPH) (SIGMA, St Louis, Mo, USA) according to
Wang et al. (2007). The absorbance of DPPH diluted in water was
considered as control. The capacity of AE to scavenge the DPPH
radical was calculated by the following equation: Scavenging ef-

fect (%): [(1- absorbance of sample/ absorbance of control) x 100].

Results were expressed as Mean £ SEM of three experiments car-
ried out in triplicate.

HPLC analysis

The amount of NDGA and flavonoid express as quercitrin present
in the AE of L. divaricata leaves was determined by HPLC. The
HPLC analysis was performed in a Varian Pro Star Instrument
equipped with a Rheodyne injection valve (20 pl) and a Photo-
diode array detector set at 260 nm A Phenomenex — C18 (2)
reverse-phase column Luna (250 mm x 4.6 mm and 5 pm) was
used. The mobile phase A consisted of water and acetic acid (98:
2), phase B: Methanol and acetic acid (98:2). The elution gradient
was from 15% B to 40% B in 30 min, 40% B to 75% B in 10 min;
75% B to 85% B in 5 min and 100% B in 5 min, and 100% B
during 10 min and back to initial conditions. The mobile phase
was delivered at a flow rate of 1.2 ml/min. The chromatographic
procedure was performed at room temperature (18-25°C). Samples
were analyzed with a Varian Cromatography deviced equipped

with 9012 pumps, 9050 UV detector and 9065 diode array detector.

Data were processed with Varian Star 5.5 (USA). Lyophilized AE
(1 mg/ml) and pure standards were dissolved in methanol: water
(70:30). Retention times for pure NDGA and pure quercitrin were
41.9 and 36.2 min, respectively. Stability was determined mea-
suring the integrated peak area of each compound (Davicino et al.
2011).

Statistical analysis

The Student’s #-test for unpaired samples was used to determine
the level of significance. When multiple comparisons were neces-
sary, the Dunnett’s test was applied after ANOVA. Differences
between means were considered significant when P < 0.05.
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Fig. 1 Antioxidant activity of the aqueous extract (AE) of L. divaricata
(A) and Vitamin C (Vit C) (B). The AE and Vit C were analyzed at dif-
ferent concentrations (from 0.01 to 1500 pg/ml). Results represent mean +
SEM (n = 3).

RESULTS AND DISCUSSION

In this work the stability of the AE of L. divaricata was
studied in relation to its chemical composition and its anti-
oxidant activity evaluated under different environment con-
ditions. These conditions were chosen to mimic the storage
conditions, mainly 5°C (refrigerator temperature), 45°C
(tropical temperature), 100°C was used to mimic food
cooking temperature or thermal pasteurization. The direct
effect of air oxygen was also studied.

Firstly, the antioxidant activity of different concentra-
tions of the AE was evaluated by the free radical DPPH
scavenger test. This was done in order to select the concen-
tration of the AE, with maximum antioxidant activity, to be
used in subsequent studies. As it can be seen in Fig. 1A, the
AE presented free radical scavenging activity that was
dose-dependent. It is noteworthy that this activity was com-
parable to that exerted by Vit C, a positive control for anti-
oxidant activity (Fig. 1B). The antioxidant activity of the
AE of L. divaricata is well known, as it was demonstrated
that it possesses a dose-dependent DPPH scavenger activity
(Micucci et al. 2011). This extract is also capable of indu-
cing the secretion of peroxidase in submandibulary glands
of rats (Anesini et al. 2004). Moreover, the antioxidant
activity of a L. divaricata methanolic extract was reported
by Pedernera et al. (2006), who detected antioxidant acti-
vity mainly DPPH scavenging activity.

It has previously been determined that the DPPH sca-
venger activity exerted by L. divaricata AE is partially
related to the presence of NDGA (Schreck et al. 1992;
Turner et al. 2011). This extract was also proved to possess
antioxidant and inhibitory activity on inflammation medi-
ators (Franchi Micheli et al. 1986).

On the other hand, a flavonoid expressed as quercitrin
was identified in the AE of the plant (Davicino et al. 2011).
It is known that flavonoids can act as scavengers of free
radicals such as reactive oxygen species (ROS), and also
prevent their formation by chelating metals (Santos-Buelga
and Scalbert 2000). Moreover, these compounds exert their
antioxidant activity by means of enzyme inhibition, and/or
induction of the expression of protective enzymes in biolo-
gical samples (Erlund 2004).
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Fig. 2 HPLC analysis of AE. (A) HPLC of NDGA and quercitrin stan-
dards. (B) HPLC of the AE.

~
(=]
[

A O O
o O o
1 1 1

w
o
[

activity (%)

N
o
[

Free radical scavenger

-
(=}
[

(=]
L

4 v LJ
2 7 10

Incubation time (days)

Incubation time Derivated NDGA
(days) at expressed as (%)

5°C quercitrin (%)

0 100 + 8 100 = 8
2 100 + 7 100 =7
7 93+ 8 90+ 8
10 857 504~

Fig. 3 Effect of low temperature on the AE antioxidant activity (A)
and on compounds content (inserted table). The extract was incubated
at 5°C during different time periods. Results represent mean + SEM (n =
3). * P<0.05, ** P <0.01 significant differences between time 0 and dif-
ferent incubation times (ANOVA and Dunnet’s test).

Taking into account these considerations, it was inter-
esting to evaluate the extract at which, the oxidation of
NDGA and the flavonoid could influence the overall anti-
oxidant activity of the AE. A HPLC analysis was done in
order to identify and quantify NDGA and the flavonoid, ex-
pressed as quercitrin, under room temperature and then
under different conditions. Fig. 2B shows the level of
NDGA and the flavonoid expressed as quercitrin in the ex-
tract in comparison with NDGA and quercitrin standards
(Fig. 2A).

The control of storage conditions and the determination
of physical and chemical parameters are suitable tools to
deal with unstability of natural products. It is known that
temperature, moisture and air oxygen are the major factors
affecting the quality and stability of naturally occurring
antioxidants which could be significantly lost during pro-
cessing and storage (Jonsson 1991). Among the various pro-
cessing methods currently used (blanching, slicing sterili-
zation, dehydration, freezing and storage) thermal treat-
ments have been reported to influence the antioxidant acti-
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Fig. 4 Effect of the incubation at 45°C on AE antioxidant activity (A)
and on compounds content (inserted table). The extract was incubated
at 45°C during different times. Results represent mean = SEM (n = 3). * P
< 0.05, ** P < 0.01 significant differences between time 0 and different
incubation times (ANOVA and Dunnet’s test).

70+
60+

A
(=]
L

*%*

W B
(=2
1 1

N
(=]
L

Free raaical scavenger
activity (%)
—
o
[l

(=]
L

0 1
Incubation time (h)

Incubation time Derivated NDGA (%)
(hour) at expressed as

100 °C quercitrin (%)

0 100 + 8 100 + 8

1 4403 = 2 * Traces

Fig. 5 Effect of the incubation at 100°C on AE antioxidant activity (A)
and on compounds content (table inserted). The extract was incubated
at 100°C during 1 h. Results represent mean + SEM (n = 3). * P <0.05, **
P < 0.01 significant differences between time 0 and different incubation
times (ANOVA and Dunnet’s test).

vity. Moisture absorbed onto the surface of solid drugs
often increases the rate of decomposition of susceptible
compounds. Fig. 3 and the inserted table show that the
antioxidant activity decreased significantly after 10 days of
incubation at 5°C. The latter effect was observed for the
NDGA content, but not for the flavonoid, which presented a
slight and not significant decrease. At 45°C, the activity of
the AE decreased significantly after 7 and 10 days of incu-
bation, the same was observed with the NDGA content,
whereas the flavonoid content only decreased in a signifi-
cant manner after 10 days of incubation (Fig. 4 and inserted
table). When samples were incubated 1 h at 100°C, the anti-
oxidant activity decreased significantly as well as the level
of both compounds (Fig. 5 and inserted table).
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Fig. 6 Effect of air oxygen on AE antioxidant activity (A) and on com-
pounds content (inserted table). The extract was exposed to air oxygen
during different times. Results represent mean + SEM (n = 3). * P < 0.05,
** P < 0.01 significant differences between time 0 and different incu-
bation times (ANOVA and Dunnet’s test).

Finally, under air oxygen, the antioxidant activity also
decreased after 7 and 10 days of incubation, as well as the
content of NDGA and the flavonoid which began to de-
crease significantly on day 2 (Fig. 6 and inserted table).

From the results it can be concluded that, the antioxi-
dant activity of the AE decreased with high temperatures
regardless of the incubation time but the antioxidant activity
was more sensitive to air oxygen for an important decrease,
about 42% was observed after 7 days of incubation. The
fact that the extract decreased its activity under refrigerator
temperature could be related to the presence of oxygen in
the container.

When the amount of flavonoid and NDGA were deter-
mined, it was observed that they were affected not only by
high temperature, but also by air oxygen. NDGA appeared
to be affected not only by high temperature, as a decrease
about 44 to 66% was observed, but also by air oxygen. It is
noteworthy that NDGA was more sensitive to air oxygen
than to temperature, as a decrease about 90-100% was ob-
served under this condition. The flavonoid was more stable
at high temperatures. The latter compound presented a de-
crease of about 66%, this value was observed after a long
incubation time. Moreover, at 100°C the flavonoid exerted a
decrease of 56% in comparison with NDGA which exerted
a decrease of 100%. Therefore it can be deduced that the
flavonoid was also more sensitive to air oxygen than to
temperature, for the presence of oxygen, the decrease was
observed from day 2 on (about 62%) to reach 100% after
ten days of incubation. Besides, the flavonoid appeared to
be more sensitive to air oxygen than NDGA for the de-
crease began early in time.

It is known that, phytoformulations often suffer deg-
radation during storage by different reactions such as oxi-
dation, hydrolysis, crystallization, emulsion breakdown,
enzymatic degradation, etc. It has been demonstrated that,
pasteurization of grapefruit at 95°C produces a degradation
of flavonoids (Igual ez al. 2011). Boiling, frying, and cook-
ing may also result in the loss of flavonoids in foods (Cro-
zier et al. 1997).

In order to correlate the antioxidant activity of the
whole AE with the levels of compounds under different
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Fig. 7 Correlation between extract antioxidant activity and the com-
pounds content. A correlation study was performed using antioxidant val-
ues and compounds content obtained at different conditions. NDGA (m);
Flavonoid (A).

conditions, a regression analysis was done between NDGA
and flavonoid content and the antioxidant activity of the AE.
A good correlation was obtained between NDGA and anti-
oxidant activity (Fig. 7). Therefore, the antioxidant activity
of the AE can be attributed to the presence of NDGA as a
good correlation (r* = 0.90) was obtained between anti-
oxidant activity and the NDGA content. On the contrary, no
good correlation was found between the antioxidant activity
of the whole extract and the flavonoid content (r* = 0.65). It
could be speculated that, the flavonoid could contribute to
the antioxidant activity of the AE, once, the NDGA was
completely degraded. At 100°C, the whole AE retained its
antioxidant activity, when only traces of NDGA remained,
however, a 44% of the flavonoid could be detected. Like-
wise, at 7 days of incubation at 45°C, the antioxidant acti-
vity decreased only 14% whereas the level of NDGA de-
creased 44%.

The fact that the extract still maintained its antioxidant
activity when NDGA and flavonoid were degraded by air
oxygen, could be related to the presence of other antioxi-
dant compounds.

CONCLUSIONS

It is noteworthy that the activity of the compounds eval-
uated was not equally affected by temperature and air oxy-
gen, reaching a balance between these two parameters could
allow the modulation of the antioxidant activity of the
whole extract. As demonstrated elsewhere, under the same
environment conditions, such as those used in this study, the
AE L. divaricata was able to prevent Vit C oxidation
(Micucci et al. 2011).

In conclusion, the NDGA was not the only antioxidant
compound present in the extract. The deleterious effect of
temperature and air oxygen on the antioxidant activity of
these compounds could be overcome by the presence in the
extract of others antioxidant (e.g. flavonoids). Finally, as a
phytoformulation is a mixture of more than one natural
active ingredient, with the potential use as antioxidant sup-
plement, care should be taken to the determination of the
stability profile to establish suitable conditions for storage
and handling.
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