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Abstract

J. Gutiérrez-Tlahque, C.L. Aguirre-Mancilla, J.C. Raya-Pérez, J.G. Ramirez-Pimentel,
R. Jiménez-Alvarado, and A.D. Herniandez-Fuentes. 2018. Effect of climate conditions
on total phenolic content and antioxidant activity of Jatropha dioica Cerv. var. dioica.
Cien. Inv. Agr. 45(1): 70-81. The aim of this work was to determine the antioxidant activity,
total phenolic content (TPC) and total flavonoid content (TFC) in the rhizomes and stems of
Jatropha dioica and their relation to collection season, collection location, extraction solvent
and their interactions to understand the effect of climate conditions on the synthesis of the
antioxidant compounds in J. dioica. Plants were collected during different seasons at two
locations in Mexico. A 3-factorial experimental design was used for the stems and rhizomes,
using the extraction solvent, collection location and season as sources of variation. A Tukey’s
test with a P<0.05 significance level was used to perform the comparison of the means.
Significant differences were found when comparing the three sources of variation separately
for TPC and antioxidant activity in the stems and rhizomes. In terms of the interactions for the
stems, there was a significant difference between the Morelos x 70% ethanol x dry interaction
and Tetepango x water X rain interaction for the TPC and the antioxidant activity; however, no
significant difference was found for the TFC. In terms of the rhizomes, a significant difference
was found among the 4 variables analyzed. These results indicate that collection location,
collection season and extraction solvent affect the TPC and antioxidant activity. In addition, the
rhizomes presented higher antioxidant activity and TPC than that of the stems.

Keywords: Antioxidants, drought stress, flavonoids, rhizomes, Sangre de drago, stems.

Introduction

Jatropha dioica, commonly known as “Sangre de
drago”, is a plant endemic to Mexico. This plant
grows in the wild in arid and semi-arid regions
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(Silva-Belmares et al., 2014). It is well known
that several factors can affect the concentration of
secondary metabolites in plants. An accumulation
of metabolites often occurs in plants subjected
to stresses including various elicitors or signal
molecules. Depending on the biotic and abiotic
stresses suffered during growth and development,
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plants can produce several compounds that act
as chemical defenses. These chemicals have
biological activities that can be used to prevent
or alleviate several diseases. J. dioica rthizomes
and stems have been used in Mexican traditional
medicine. The sap of stems is applied directly
on the eyes to treat some eye diseases such as
pterygium or irritation (Fresnedo-Ramirez and
Orozco-Ramirez, 2013), and the aqueous dilu-
tion of the sap is used as a beverage to prevent
different types of cancer (Lopez-Gutiérrez et al.,
2014). Similarly, the stems are eaten fresh to treat
diarrhea and hemorrhoids (Silva-Belmares et al.,
2014), and its decoction is applied topically for the
control of alopecia (Razo-Rodriguez and Alvarado-
Barcenas, 2015). In addition, the aqueous extract
of the stems has demonstrated antifungal activity
(Oliveira-Simone et al., 2013). To the best of our
knowledge, the only compound identified in stems
of J. dioica has been ellagic acid (Aguilera-Carbo
et al., 2008). This phenolic compound has been
attributed to different medicinal properties such
as being antiatherosclerotic (Aviram et al., 2000),
anticancer (Carrawey et al., 2004), antibacterial
(Machado et al., 2002), and antiparasitic (Elkhateeb
et al., 2005). On the other hand, the rhizomes of
J. dioica are chewed raw to alleviate toothaches
(Villarreal et al., 1988), and its decoction has been
demonstrated as having anti-genotoxic effects in
kidneys, liver, and bone marrow (Martinez et al.,
2014). The ethanolic extract of the rhizomes of J.
dioica has been demonstrated as having antifungal
and antibacterial properties, while the methanolic
extract has been shown as having anti-viral prop-
erties (Silva-Mares et al., 2013), and the hexanic
extract of the rhizomes of J. dioica has been
demonstrated as having antibacterial properties
(Silva-Belmares et al., 2014). In addition, studies
have been conducted on the antioxidant activity,
total flavonoid content (TFC), and total phenolic
content (TPC) in J. dioica by mixing the two
parts of the plant, i.e., without separating stems
and roots (Wong-Paz et al., 2014). Additionally,
several studies have been conducted related to
their antioxidant properties, TFC, and TPC, but
without considering the collection season or the

collection location, which can vary the concen-
tration of antioxidant compounds in plants. Our
hypothesis is that climate conditions affect the
synthesis of antioxidant compounds in J. dioica
due to drought stress and to UV-B radiation in
the dry seasons and in locations where rainfall
decreases, but it is not clear to what extent the
antioxidant compounds are affected. Thus, the
aim of this work was to evaluate the antioxidant
activity, the TPC, and the TFC in the rhizomes
and stems of J. dioica, and their relationship with
the season of collection, the location of collection,
the solvent for extraction and their interactions
to understand the effect that climate conditions
have on the synthesis of antioxidant compounds
in J. dioica.

Materials and methods
Plant material

Specimens of Jatropha dioica Cerv. var. dioica
were collected during two different seasons (the
rainy season in September 2014, and the dry
season in February 2015) from two locations
in Mexico: the town of Tetepango located in
the state of Hidalgo (20°06°38” N, 99°09°11”
W, 2100 MASL) that has a cumulative rainfall
of 543 mm and a mean annual temperature of
16.3 °C, and the town of Morelos, located in the
state of Zacatecas (22°53°12” N, 102°36’45” W,
2300 MASL) that has a cumulative rainfall of
415 mm and a mean annual temperature of 15.2
°C. The climate at both locations is classified as
BSk according to Kdppen (Garcia, 2004). The
specimens were identified and preserved in the
herbarium at the Autonomous University of Hi-
dalgo (voucher number AD Hernandez Fuentes
01). The rhizomes and stems were washed with
distilled water to eliminate the residues of soil
and dust and were separated using hand shears
(Felco F2, Flisch Holding S.A., Switzerland),
and then, the samples were stored in an ultra-low
temperature freezer ( Thermo Scientific FORMA
703) at -71 °C. Subsequently, the samples were
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lyophilized in a freeze drier system (Labconco
FREEZONE 6). The lyophilized samples were
separated into eight batches: rhizomes from
Morelos collected during the rainy season, stems
from Morelos collected during the rainy season,
rhizomes from Tetepango collected during the
rainy season, stems from Tetepango collected
during the rainy season, rhizomes from Morelos
collected during the dry season, stems from Morelos
collected during the dry season, rhizomes from
Tetepango collected during the dry season and
stems from Tetepango collected during the dry
season, and each batch was stored in a resealable
bag (Ziploc, SC Johnson, USA) and kept in dark-
ness at 4 °C in a refrigerator (Shel Lab HC30R,
Sheldon Manufacturing, Inc., USA).

Extraction method

Maceration was carried out using distilled water
or ethanol (70% v/v; Macron, USA) at 25 °C in
darkness. The solvent to sample ratio was 15/1
mL g! based on Wong-Paz et al. (2014). The
extraction time was standardized using two h
for all the samples. The aqueous and ethanolic
extracts were codified adding W or E, respectively,
as a subscript for each of the batches previously
described. These extracts were filtered through
Whatman filter paper number 5. The aqueous
extracts were lyophilized in a freeze dryer system
(Labconco FREEZONE 6). The ethanol in the
extracts was evaporated under reduced pressure
at 50 mbar and 60 °C using a rotary evaporator
until a dry extract was obtained. A standardized
time of 2 h was used to evaporate the ethanol. All
dried extracts were stored in Eppendorf tubes in
the darkness at 4 °C until they were needed for
the study. All extractions were done in triplicate.

Antioxidant activity

The ABTS*" and DPPH assays were performed
following the procedures described by Re ef al.
(1999) and Brand-Williams et al. (1995), respec-

tively. These two assays were included because J.
dioica extracts do not absorb in the range of the
monitored wavelengths (734 nm for ABTS and
515 nm for DPPH). The results were expressed as
percentage inhibition of ABTS** and percentage
inhibition of DPPH according to equations 1 and
2, respectively.

Percentage inhibition of DPPH = [(C, —~ S, )/
(C,,)] % 100 (M)

Percentage inhibition of ABTS™ =[(C, — S ,)/
(c,)1 > 100 )

where C , is the absorbance of the control and

S ., is the absorbance of the sample.

Total phenolic content (TPC)

The Folin-Ciocalteu method was employed to
estimate the TPC (Waterman and Mole, 1994).
A sample of 1 mL was mixed with 5 mL of an
aqueous solution of a 1:10 Folin-Ciocalteu reactant
(Sigma-Aldrich, USA) in water. This mixture was
left for 7 min at room temperature, and subse-
quently, 4 mL of an aqueous solution of sodium
carbonate (7.5% w/w; Sigma-Aldrich) was added
and reacted during 2 h at room temperature in
darkness. The absorbance was measured at 760
nm using a spectrophotometer (Jenway 6715,
Bibby Scientific Ltd. U.K.). A calibration curve
was prepared using concentrations of gallic acid
(Sigma-Aldrich) that ranged between 0 and 100
mg L. The results were expressed as milligrams
of gallic acid equivalents (mg GAE) per gram of
dry weight (DB).

Total flavonoid content (TFC)

TFC was determined according to Chang ef al.
(2002). An extract of 1 g was mixed with 10 mL of
methanol and vortexed for 10 min. Then, 0.5 mL
of extract was mixed with 0.15 mL of NaNO, (5%
w/w; Reasol, Mexico). This mixture was left for 5
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min in darkness. Then, 0.15 mL of a methanolic
solution of AICI,*6H,0 (2% w/w) and 1 mL of
NaOH (Reasol) were added, and the mixture was
left for 15 min. The absorbance was measured
using a spectrophotometer (Jenway 6715) at a
wavelength of 415 nm. A calibration curve was
prepared using quercetin (Sigma-Aldrich) as a
standard. The results were expressed as milligrams
of quercetin equivalents (mg QE) per gram of DB.

Statistical methods

A 3-factorial experimental design was used to
determine the effect of season, location, and
solvent on the antioxidant activity, TPC, and
TFC in the rhizomes and stems. The data were
expressed as the mean of the three independent
experiments =+ standard deviation. The statisti-
cal comparisons of the results were subjected to
two-way ANOVA using SAS 9.0 software. The
significant differences (P<0.05) were analyzed
by the Tukey test.

Results

Antioxidant activity, total phenolic and flavonoid
content

Figure 1 A) and Figure 2 A) show the effect of the
collection location on the TPC and the TFC of the
stems and rhizomes of J. dioica and on the free
radical scavenging activity by the ABTS** and

200

DPPH assays. This effect was significant on the
TPC and the ABTS"* and DPPH radical scavenging
activity and not significant on the TFC. Morelos
displayed the highest values of these variables.
This behavior was displayed by both parts of the
plant (thizomes and stems).

The effect of the collection season (Figure 1 B and
Figure 2 B) was significant on the four variables,
with significantly higher values (P<0.05) obtained
during the dry season. The same behavior was
displayed by both parts of the plant.

The effect of the extraction solvent on the four
variables is shown in Figure 1 C and Figure 2 C.
For the stems, the solvent used for the extrac-
tion had a significant effect on the antioxidant
activity (ABTS** and DPPH) and on the TPC,
with higher values obtained when 70% ethanol
was used. Nevertheless, the differences in the
TFC were not significantly different between
the extraction solvents used. Meanwhile, for the
rhizomes, a significant effect was identified on
the four variables, with higher values (P<0.05)
obtained when 70% ecthanol was used as the
extraction solvent.

The collection location x collection season in-
teraction is shown in Figure 3 A and Figure 4
A. These results highlight the effect of the dry
season on the DPPH radical scavenging activity
and on the TPC of the stems, displaying statisti-
cally significant differences among all the pos-
sible interactions. With respect to the TFC of the
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Figure 1. Effect of A) collection location, B) collection season and C) extraction solvent on total flavonoid content (TFC)
and on total phenolic content (TPC) of J. dioica stems (S) and rhizomes (R). Different letters between each pair of bars
means significant differences between the treatments (Tukey, P<0.05).
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Figure 2. Effect of A) collection location; B) collection season and C) extraction solvent on the ABTS and DPPH radical
scavenging activity of J. dioica stems (S) and rhizomes (R). Different letters between each pair of bars means significant

differences between the treatments (Tukey, P<0.05).

stems, the Morelos x dry interaction displayed
a statistically significant difference only when
compared with the Tetepango x raining inter-
action. In the case of the rhizomes, the results
showed statistically significant differences among
all the interactions on the radical scavenging
activity, either by ABTS"* or DPPH. Statistically
significant differences were also found for the
TPC values, and the Morelos x dry interaction
displayed significantly higher values (P<0.05). In
relation to the TFC of the rhizomes, the Morelos x
dry interaction displayed statistically significant
differences when compared with the Morelos
x raining interaction and with the Tetepango
X raining interaction. A statistically significant
difference was also found in the rhizomes when
the Tetepango x dry interaction was compared
with the Tetepango x raining interaction.

Figure 3 B and Figure 4 B show the effect of
the collection location % extraction solvent in-
teraction on the four response variables. For the
stems, no statistically significant differences in
the TFC among the interactions were identified,
nevertheless, significant differences were found
in the TPC and radical scavenging activity by
DPPH and ABTS*" when the Morelos x 70%
ethanol interaction was compared with the Mo-
relos x water interaction. Similar results were
obtained when the Tetepango x 70% ethanol
interaction was compared with the Tetepango x
water interaction. Meanwhile, for the rhizomes,
statistically significant differences were found in
the TPC values for all the interactions. Like the
results for the stems, the results for the rhizomes
showed statistically significant differences in the
TPC and DPPH and ABTS'* activity when the
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Figure 3. Effect of the interactions of the pairs of variables: A) collection location X collection season; B) collection
location x solvent and C) collection season X solvent on total flavonoid content (TFC) and on total phenolic content (TPC)
of J. dioica stems (S) and rhizomes (R). Collection locations are represented as M (Morelos) and T (Tetepango). Collection
seasons are represented as D (dry) and F (raining). Solvents are represented as W (water) and 70E (70% ethanol). Different
lower-case letters between each group of four bars means significant differences between the interactions for the stems
(Tukey, P<0.05). Different capital letters between each group of four bars means significant differences between the
interactions for the rhizomes (Tukey, P<0.05).



VOLUME 45 N°1 JANUARY —APRIL 2018 75

Morelos % 70% ethanol interaction was compared
with the Morelos x water interaction and when
the Tetepango x 70% ethanol interaction was
compared with the Tetepango x water interaction.

Considering the Collection season X extraction
solvent interaction, significant differences were
found in the TPC (Figure 3 C and Figure 4 C).
Meanwhile, no statistically significant differences
were found in the TFC for the stems. In terms of
the ABTS"* and DPPH radical scavenging activity,
statistically significant differences were found for
the stems when the dry x 70% ethanol interaction
was compared with the fry x water interaction.
Significant differences were also found for the
stems when the dry X 70% ethanol interaction
was compared with the raining x water interaction
and when the raining x 70% ethanol interaction
was compared with the raining x water interac-
tion. Nevertheless, no significant difference was
found in the stems for the ABTS** and DPPH
methods when the dry x water interaction was
compared with the raining x 70% ethanol. On the
other hand, the rhizomes displayed statistically
significant differences in the TPC and ABTS**
values among the interactions, with the dry x
70% ethanol interaction displaying significantly
higher values. Statistically significant differ-
ences were found in the DPPH values when the
dry x 70% ethanol interaction was compared to
the dry x water interaction, and when the dry x

70% ethanol interaction was compared with the
raining X water interaction. Nevertheless, no
statistically significant difference in the DPPH
values was found in the rhizomes when the dry
x water interaction was compared to the rain-
ing x 70% ethanol interaction. Meanwhile, the
TFC values in the rhizomes showed statistically
significant differences only when the dry x 70%
ethanol interaction was compared to the raining
X water interaction.

Figure 5 and Figure 6 show the effect of the
collection location x extraction solvent X col-
lection season interaction on the four response
variables. In terms of the TPC and the DPPH
radical scavenging activity of the stems (Figure
5 A and Figure 6 A), the Morelos x 70% ethanol
x dry interaction showed statistically significant
differences when compared with the Tetepango
x 70% ethanol x dry interaction. A similar be-
havior was found in stems when the Morelos
water X dry interaction was compared with the
Tetepango x water X dry interaction. Meanwhile,
significant differences were found in the DPPH
and ABTS"* radical scavenging activity and in
the TPC of the stems when the Morelos x 70%
ethanol x raining interaction was compared with
the Tetepango x 70% ethanol X raining interaction
and when the Morelos x water x raining interac-
tion was compared with the Tetepango x water x
raining interaction. In the case of the rhizomes,
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Figure 4. Effect of the interactions of pairs of variables: A) collection location x collection season; B) collection location
x solvent and C) collection season x solvent on the ABTS and DPPH radical scavenging activity of J. dioica stems (S) and
rhizomes (R). Collection locations are represented as M (Morelos) and T (Tetepango). Collection seasons are represented
as D (dry) and F (raining). Solvents are represented as W (water) and 70E (70% ethanol). Different lower-case letters
between each group of four bars means significant differences between the interactions for the stems (Tukey, P<0.05).
Different capital letters between each group of four bars means significant differences between the interactions for the

rhizomes (Tukey, P<0.05).
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statistically significant differences were found in
the TPC values among all the interactions (Fig. 5
B), except when the Tetepango % 70% ethanol x
raining interaction was compared with the Mo-
relos x water X raining interaction. Statistically
significant differences were also found when the
Morelos x 70% ethanol x dry interaction was
compared with the Tetepango x 70% ethanol x
raining interaction, the Morelos x water x raining
interaction and the Tetepango x water x raining
interaction. Statistically significant differences were

also found in the rhizomes when the Tetepango
x 70% ethanol x dry interaction was compared
with the Tetepango X water X raining interaction.
Meanwhile, for the DPPH and ABTS** values
(Fig. 6 B), statistically significant differences
were found when the Morelos % 70% ethanol
x dry and the Tetepango x 70% ethanol x dry
interactions were compared with the Tetepango
x water x dry, Tetepango x 70% ethanol x rain-
ing, Morelos x water x raining and Tetepango
water X raining interactions.
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Discussion

Although the climate classifications of both col-
lection locations are equal, a lower amount of
precipitation occurred in Morelos during the year.
This factor could have influenced the results of the
antioxidant activity and TPC, which were found to
be significantly higher in Morelos (Figure 1A and
Figure 2 A) for both parts of the plant. Moreover,
when the collection seasons were compared, the
dry season displayed significantly higher values for
the four variables studied (Figure 1B and Figure
2 B). The collection season was the unique fac-
tor influencing the TFC among the three factors
assessed in this study for both parts of the plant.
These results can be explained based on the ac-
cumulation of secondary metabolites, including
phenolic compounds, and flavonoids, which can be
used as a strategy for tolerance towards ultraviolet-B
(UV-B) radiation and drought stress (Wolf ef al.,
2010; Varela et al., 2016), since this plant grows
wild in unshaded habitats that are exposed to high
levels of light and UV-B radiation intensities. It is
well known that ultraviolet radiation is one of the
main free radical generators, and plants synthesize
secondary metabolites that act as UV-B absorb-
ing compounds and accumulate in the vacuoles
of epidermal cells. These compounds are mostly
phenolic compounds, including flavonoids (Wolf
et al., 2010); therefore, it is also probable that the
higher production of antioxidant compounds
found in stems is related to UV-B radiation. Fur-
thermore, as the level of drought increases, the
level of oxidative stress in the cells and tissues of
plants also increased, which implies the initiation
of lipid peroxidation. Therefore, the increase in
antioxidant levels is attributed to its free radical
scavenging capacity, which avoids lipid peroxida-
tion, thus maintaining a cell membrane free of
injury (Jaafar et al., 2012). As can be observed
in Figures 1 and 2, the results of the TPC, TFC
and radical scavenging activity were higher in the
rhizomes than in the stems. This result is because
in plants the roots are the first tissue to sense a
water-deficit condition and induce stress signals
(Selote and Khanna-Chopra, 2006).

With respect to the effect of the extraction solvent
on the antioxidant activity and TPC, 70% ethanol
had higher results (Figure 1 C and Figure 2 C)
for both parts of the plant. This result can be
explained based on the polarity of the extraction
solvent. Other studies have used 70% ethanol in
water and demonstrated good extraction yields,
since ethanol facilitates the diffusivity of phenolic
compounds when mixed with water (Wong-Paz
et al.,2015a). Moreover, it has been demonstrated
by other studies that water is not the best solvent
for extracting phenolic compounds (Upadrasta et
al.,2011). On the other hand, it has been reported
that phenolic compounds are more potent DPPH
scavengers than flavonoids (Ali et al., 2010), which
explains why the extracts obtained with 70%
ethanol displayed the highest antioxidant activity,
even when TFC was not significantly different
between the extraction solvents. The results of
the TPC and antioxidant activity in this study
were higher than those reported for the mixture
of roots and stems of J. dioica by Wong-Paz et al.
(2015b). These differences in the literature can
be explained by the gentle treatment of the plant
parts used in this work, since the literature reports
a convective drying at 60 °C for 48 h of the plant
and a heat-reflux extraction, while lyophilization
and maceration at 25 °C were used in this work.

The comparisons between collection location
x collection season interactions highlighted
the effect of drought stress and UV-B radiation
(Figures 3 A and 4 A) for both parts of the plant.
The TFC (which did not show changes as a func-
tion of location or season, separately) displayed
statistically significant differences when the
location with the lowest accumulated rain value
(Morelos) during the dry season was compared
with the location that had the highest accumu-
lated rain value (Tetepango) during the raining
season. According to these results, Morelos x dry
was the best interaction, presenting the highest
values for all the response variables studied. A
similar trend between UV-B radiation or drought
and high levels of TPC and antioxidant activity
has been reported in other studies (Stracke et al.,
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2010; Gharibi et al., 2016). Varela et al. (2016)
showed that the accumulation of polyphenols is
an important feature in the mechanisms employed
by xerophytic species to avoid oxidative damage.
Moreover, the effect of climate variations on TPC
and antioxidant activity has been reported by
Sivaci and S6kmen (2004).

Figures 3 B and 4 B, are useful for identifying the
best collection location X solvent interaction for
the TPC and antioxidant activity. As discussed
above, Morelos was the location that produced
the highest concentration of phenolics in both
parts of the plant due to the UV-B radiation and
drought stress, since this was the location with
lower levels of precipitation and therefore less
clouds in the sky. When the plants collected in
this location were combined with the use of 70%
ethanol, which was the best extraction solvent,
the best collect location x solvent interaction was
found. Figures 3 C and 4 C demonstrate that the
best collection season X solvent interaction was
obtained when 70% ethanol was used as for the
solvent extraction in the samples collected dur-
ing the dry season. These results confirm our
understanding about the effect of the climate
conditions ultraviolet radiation and drought stress
on the increase in TPC and antioxidant activity.

Finally, the best interaction among the three
factors tested in this study (collection location,
extraction solvent, and collection season) is shown
in Figures 5 and 6. The Morelos x 70% ethanol
x dry interaction displayed the highest TPC and
antioxidant activity in both parts of the plant, and
this result was expected, since this interaction was
formed by the factors that promote the synthesis
of phenolic compounds in the plant (Morelos
and dry season) and the factor that allows the
best extraction of phenolic compounds (70%

ethanol). Moreover, the increase in TPC under
drought stress is attributed to the accumulation of
soluble carbohydrates in the plant cells due to the
diminishing transport of soluble sugars (Ibrahim
and Jaafar, 2011). Thus, phenolic compounds are
biosynthesized by the shikimate pathway, which is
the responsible for converting simple sugars into
aromatic amino acids (Ghasemzadeh et al., 2010).
The results of the DPPH radical scavenging activity
are consistent with those reported by Wong-Paz
et al. (2014) for a mixture of roots and stems. The
results of the ABTS"* radical scavenging activity
are higher than those reported by Wong-Paz et al.
(2015b) for a mixture of roots and stems, where
an inhibition of 24.40% was found.

In conclusion, this study confirmed that abiotic
factors such as UV-B radiation due to sunlight
and drought stress have a significant effect on the
synthesis of antioxidant compounds in Jatropha
dioica. Ultraviolet-B radiation contributes to the
production of phenolics mainly by its incidence
on the stems, and drought stress promotes the
production of these types of compounds that
mainly affect the rhizomes of the plant. On the
other hand, ethanol (70% v/v) demonstrated that
it could extract more of these antioxidant com-
pounds from the plant in comparison to water.
Further studies are required to isolate, quantify
and identify the antioxidant compounds produced
by J. dioica and to assess other bioactivities dif-
ferent from antioxidant activity.
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