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A B S T R A C T

The look for benefits antioxidant agents has attracted much attention from consumers, health and food in-
dustries. Certainly, the interactions occurring between different compounds affect the antioxidant efficiency. The
current study aims the investigation of the antioxidant combined effect of Rhamnus alaternus fractions using
DPPH (2,2-diphenyl-1-picryl-hydrazyl-hydrate) assay. The three most active fractions were subject for binary
and ternary combinations using the augmented simplex-centroid design. Two known compounds emodin (1) and
kaempferol (2) were identified from the ethanolic extract of the leaves of Rhamnus alaternus. Their structures
were elucidated using spectroscopy data. The antioxidant potent of the crude extract and the mixture was
compared with the antioxidant activity of the fractions separately. Important synergetic effects were observed in
binary mixture between the most active fractions, besides the response optimizer allowed us to optimize the
mixture presenting the highest antioxidant activity at 82.54 %. The results from the present work could have
interesting applications in both medical formulations and functional food design.

1. Introduction

The use of antioxidants is a widespread interest in both pharma-
ceutical and food science. However, this use requires deeply studies and
measurements of the antioxidant capacities (Shahidi and Zhong, 2015)
-whatever their source- knowing that antioxidant agents may occur in
plants (Embuscado, 2015), animals (Rocha et al., 2018), microorgan-
isms (Guo et al., 2010) and marine organisms (Cavalcante Alencar
et al., 2019) or may be synthesized chemically (Xue et al., 2018). These
antioxidants have numerous biological and pharmacological benefits as
combating oxidative stress (Zheng and Wang, 2001) which is a major
challenge for many fields. The oxidative stress could be defined as the
lack of balance between the occurrence of ROS or RNS (Reactive
Oxygen or Nitrogen species) and the organism’s capacity to act contrary
to their action by the antioxidant defenses system (Poprac et al., 2017)
leading to the development of many diseases because the oxidative
stress can initiate a disease, and be an important but secondary factor or
a major contributing factor in the development of the disease (Spector,

2000). The oxidative damage can be generated by free radicals known
as molecules or molecular fragments containing one or more unpaired
electrons or ROS/RNS which are presented by both free radical and
non-free radical oxygenated molecules (Sies, 1997), this damage makes
the look for efficient antioxidants a necessity. Higher plants and their
compounds present a rich source of natural antioxidants (Larson,
1988), Rhamnus alaternus belonging to Rhamnaceae family is an in-
teresting representative example for the identification and character-
ization of antioxidant substances (Ben Ammar et al., 2009; Moussi
et al., 2015), it is a good example of plant species having a high phy-
tochemical value due to diversity of its active metabolites (Zeouk et al.,
2019). Nowadays, a new conception becomes to be a trend in anti-
oxidant studies, due to its spectacular results, which is combining effect
that affect the characterization and subsequent medicinal activities in
many drug combination studies (Chou, 2007) and nutrition fields (Çelik
et al., 2018). The evaluation of the effect of such mixtures may provide
different outcomes: an additive, a synergistic or an antagonistic effect.
These different effects are related to the types, natures and
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concentration of various natural compounds as well as their interaction
or co-existence in different plants or either in the same plant species.

Among methods used to carry out these studies, no one has been
standardized, but they were almost statically significant. We cite the
most known: Checkerboard assay, where the interaction is identified
using simple linear regression (Bag and Chattopadhyay, 2015), and
mixture design method using a multiple linear regression (Baj et al.,
2018). The mixture design is a class of the response surface experiments
in which the independent variables are the proportions of the compo-
nents under investigation (Myers et al., 1989). The mixture design
studies aims are creating in the first time a general conception about
responses and interactions between independent factors, there, devel-
oping efficient formulations providing optimal requests (Maia et al.,
2011).

In this paper, we have evaluated the antioxidant activity of the
crude ethanolic extract of Rhamnus alaternus and twelve fractions of it.
Then, the combination of the most three active fractions have been
analyzed using the mixture design method to identify the optimum
ratio. Additionally, the phytochemical profile of the three active frac-
tions of R. alaternus was investigated and the molecules structure was
elucidated.

2. Materials and methods

2.1. Chemicals and reagents

All solvents used were analytical grade from Sigma-Aldrich.
Silicagel 60 F254 (Merck -Darmstadt, Germany) plates (20× 20 cm)
supported on aluminium sheet was used for thin-layer chromatography
(TLC) separations. Silicagel 60 [Fluka-chemie GmbH] for Column

chromatography was obtained from Sigma-Aldrich. 2.2-dyphenyl-1-pi-
crylhydrazyl (DPPH) and Butylhydroxytoluene (BHT) were purchased
from Sigma-Aldrich and used without further purification.

For the purification procedure, Silica gel 60 (particle size 15–40 and
63−200 μm, Macherey-Nagel) was used for column chromatography
(CC), while silica gel 60 F254 was used for analytical TLC. The devel-
oped TLC plates were visualized by UV light and then spraying with
HOAc-H2SO4-H2O (80:16:4) system, followed by heating at 100 °C
during 3min. 1H NMR spectrum was carried out on a Bruker Avance
600 spectrometer, with the pulse sequences given by Bruker. The
electron impact mass spectrometry (EIMS) and high-resolution electron
ionization mass spectrometry (HREIMS) were measured on an LCT
Premier XE Micromass Electrospray Spectrometer.

2.2. Plant material identification and extraction

R. alaternus leaves were collected in the Atlas Mountains of
Imouzzer region-Morocco in July 2017 (34°1’8”N, 5°0’26’’W). The plant
material was identified by Pr EL OUALIDI. J. and Pr IBN TATTOU. M. A
voucher specimen (RAB107343) has been deposited in the Herbarium
of the Scientific Institute, Rabat, Morocco.

To obtain the crude extract of R.alaternus, cleaned leaves were shade
dried at room temperature and subsequently milled with a simple
commercial electric grinder. Powdered material was extracted by ma-
ceration in ethanol (1:10 w/v) for 6 h at room temperature with con-
tinuous stirring at 500 rpm (Revolutions per minute). The resulting
mixture was filtered through Whatman filter n°1 and the solvent con-
centrated under vacuum in a rotary evaporator at 45 °C, dried extracts
were stored in a refrigerator at 4 °C until further use.

Fig. 1. Diagram of the fractionation process of R. alaternus leaves ethanolic extract. Antioxidant assay; Positive: interesting antioxidant potent- Negative: no anti-
oxidant has been observed.
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2.3. Fractionation of R. Alaternus leaves

The active extract was fractionated by column chromatography
using different mixtures of solvents selected from a preliminary study of
polarity to get the optimal eluent system, and then a TLC was checked
up on chromatogram under visible-ultraviolet (UV) to look for condi-
tions that give the optimal separation. The best separation was obtained
with a mixture of (ethyl acetate: methanol: distillated water) (8:1:1).
Consequently, 8 g of the crude extract were subjected to silica gel
column chromatography eluted with gradients of the selected solvents.
Forty six fractions were collected, and combined into twelve fractions
on the basis of the TLC profiles, coded from F1 to F12. The fractionation
process is illustrated in Fig. 1. After that, all the fractions obtained were
submitted to antioxidant screening.

2.4. Evaluation of antioxidant activity using DPPH assay

The scavenging activity of the studied extract was evaluated using
2.2-dyphenyl-1-picrylhydrazyl (DPPH) assay (Blois, 1958) (Fumio
Nanjo et al., 1996). The method described by (Ouedrhiri et al., 2015)
was performed with slight modifications. Briefly, the crude extract and
the twelve fractions were serially diluted (62.50, 125, 250, 500 and
1000 μg/mL (w/v)) in methanol, and a solution of DPPH (0.004% (w/
v)) was prepared in the same solvent. Then 2mL of each dilution were
mixed with 2mL of DPPH solution. Absorbance of the reaction mixture
was measured after 30min incubation in the dark at room temperature
at 517 nm. The absorbance was measured in triplicate at 517 nm using
BK-UV 1000 UV/VIS Spectrophotometer. BHT was used as standard.
The antioxidant activity was calculated as follow:

Antioxidant activity % =[(Abs (control) – Abs (sample)) / Abs
(control)] × 100

The half inhibitory concentrations (IC50) were determined graphi-
cally.

2.4.1. Screening of the antioxidant activity of the fractions
To screen the most active fractions, the antioxidant activity of the

studied fractions was tested at the same IC50 of the crude extract
(Table 1 and 2). Fractions F3, F5 and F6 with the most considerable
antioxidant activity were subjected to a binary and ternary antioxidant
combined effect using mixture design analysis and a phytochemical
identification in order to elucidate the structures of the active mole-
cules.

2.5. Purification of the active sub-fractions

In order to isolate and then identify the bioactive compounds, the
active sub-fractions F3, F5 and F6 were further chromatographed, using
column chromatography on silica gel eluted with CH2Cl2/ Me2CO of
increasing polarity. Sub-fraction F3A yielded compound 1, sub-fraction
F5B yielded compound 1 and F5E yielded compound 2. F6B yielded
compound 2, which were identified as emodin (1) and kaempferol (2)
by comparison of their spectroscopy and spectrometric data with those
previously reported.

2.6. Mixture design and statistical analysis

To evaluate the interaction effects between R. alaternus fractions,
augmented simplex-centroid design was performed as described pre-
viously (Ouedrhiri et al., 2016). Based on Table 3, the complete ex-
perimental design for fraction consisted on 10 experiments in triplicate.
The experiments were performed in random order (Table 3). Fig. 2
shows the points of designed experiments. The vertices of the triangle
(1, 2, 3) correspond to the three fractions alone. The midpoints of the
three sides of the triangle (4, 5, 6) consist of the binary combinations

Table 1
Antioxidant activity of the ethanolic crude extract of R. alaternus
leaves.

R. alaternus leaves IC50 (μg/ml)

Crude ethanolic extract 58.00 ± 0.007
BHT 31.00 ± 0,003

Antioxidant screening using DPPH assay.
In comparison with the standard BHT: Butylated hydroxytoluene.

Table 2
Preliminary screening of the antioxidant activity of R. alaternus fractions.

R. alaternus fractions AA% of fractions at IC50 of the crude extract of R.
alaternus

F1 21.44
F2 08.03
F3 32.76
F4 14.87
F5 27.01
F6 38.87
F7 11.04
F8 15.51
F9 07.76
F10 09.22
F11 (1) 18.70
F11 (2) 09.03
F12 09.31

% of the antioxidant screening of the obtained fractions.
IC50 is expressed in %.

Table 3
Original components of the design matrix and experimental responses for the
three analyzed fractions.

N° Exp F3 F5 F6 CI50 (μg/ml)

1 1.0000 0.0000 0.0000 45.00 ± 0.003
2 0.0000 1.0000 0.0000 164.00 ± 0.039
3 0.0000 0.0000 1.0000 36.00 ± 0.003
4 0.5000 0.5000 0.0000 58.00 ± 0.005
5 0.5000 0.0000 0.5000 41.00 ± 0.001
6 0.0000 0.5000 0.5000 48.00 ± 0.000
7 0.3333 0.3333 0.3333 53.00 ± 0.004
8 0.6667 0.1667 0.1667 38.00 ± 0.001
9 0.1667 0.6667 0.1667 57.00 ± 0.007
10 0.1667 0.1667 0.6667 38.00 ± 0.001

Matrix of the three most active fractions.
using antioxidant assay through 10 experiments.

Fig. 2. An overview of the augmented simplex-centroid design for a three-
component mixture.
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and the central point (centroid) and the three augmented points (8, 9,
10) ascribed to the ternary combinations.

The factors X1, X2, and X3 represent fractions F3, F5 and F6 re-
spectively in the mixtures, which range from 0 to 1 without constraints.

Synergistic model of the third degree was undertaken for variation
of all studied responses as function of significant interaction effects
between variables applying the least squares regression to estimate the
unknown coefficients in the following equation:

= + + + + + +Y b X b X b X b X X b X X b X X b X X X1 1 2 2 3 3 12 1 2 13 1 3 23 2 3 123 1 2 3

Where Y is the predicted response; b1, b2 and b3 are the regression
coefficients for each linear effect terms; b12, b13 and b23 are the
binary interaction effect terms; b123 is the ternary interaction term;
X1, X2 and X3 are the proportions of the fractions in the mixture. This
analysis was performed using NEMRODW software package (Mathieu,
Nony and Phan-Tan-Luu, version 2000, Marseille-France).

3. Results and discussion

3.1. Antioxidant activity of R. Alaternus ethanolic extract and fractions

The oxidative stress has been identified as a possible cause of the
progression of different diseases. Therefore, discovering new efficient
antioxidant agents is of great importance. In the present study, the
antioxidant activity of the crude ethanolic extract of R. alaternus and its
fractions were assessed in vitro using DPPH assay. The crude extract has
shown a very good antioxidant activity with an IC50 of
58.00 ± 07.00 μg/mL (Table 1), this result was encouraging to con-
duct a fractionation assay in order to isolate more active pure com-
pounds and to optimize the combined effect. Significant differences
were observed between the evaluated elements, based on Table 2 the
preliminary screening of the antioxidant effects has shown that the IC50
of R. alaternus leaves fractions varied between 07.67% and 38.87%. The
fractions exhibiting the highest antioxidant activity were F3, F5 and F6
with an AA% of 32.76%, 27.01% and 38.87% respectively. As high-
lighted by previous studies, the crude extract and fractions of R. ala-
ternus showed an interesting antioxidant activity (Bhouri et al., 2011;
Ben Ammar et al., 2011; Boussahel et al., 2013). Indeed, (Moussi et al.,
2015) have demonstrated that the methanol extract and fractions of R.
alaternus leaves have exhibited antioxidant effect with percentage
ranging between 90.81 ± 02.46% and 12.60 ± 01.24% for fractions
and 66.83 ± 03.88% for the crude extract. In the current work, this
important result was a starting test for further development and opti-
mization of the antioxidant power. Thus, the active fractions were
subject to phytochemical characterization, binary and ternary mixture
analysis.

3.2. Phytochemistry

The results achieved in the characterization process of the three
active fractions lead to the isolation of emodin from F3, kaempferol
from F6 (Fig. 3), while F5 has been analyzed as a mixture of emodin as
main compound and kaempferol. Their structures have been elucidated

on the basis of spectroscopic analysis and mass spectrometry, and
comparison with values reported in the literature (Mari et al., 2019)
(Demmak et al., 2019). This finding corroborate previous phytochem-
ical investigations of R. alaternus which report that the leaves of R.
alaternus contains active compounds belonging to the anthraquinones
and flavonoids families (Ben Ammar et al., 2009). Emodin has been
widely reported as the most abundant metabolite in R. alaternus with
multiple ecological functions such as preventing this plant from biotic
stress (Abou-chaar et al., 1982) (Tsahar et al., 2002). As highlighted by
numerous researchers emodin is endowed with interesting antioxidant
potency in other plant species such as Rheum emodi rhizomes (Mishra
et al., 2014), Polygonum cuspidatum root (Zhuang et al., 2008) and
Cassia tora L. seed (Kim et al., 2004). Moreover, the ex vivo and phar-
macokinetics antioxidant potent of emodin has been confirmed (Mishra
et al., 2014). Regarding kaempferol, it is too expensive to be used in
commercial products. In the present study, we have shown that R.
alaternus is rich in this compound. Similar to these results, numerous
studies have confirmed the abundant of kaempferol in R. alaternus
species (Moussi et al., 2015) (Boussahel et al., 2013). The interesting
antioxidant potency of this species has been also demonstrated (Bhouri
et al., 2011) (Ben Ammar et al., 2009).

Based on literature, the reported phytochemical studies could con-
firm the richness of R. alaternus in different active compounds, (Bhouri
et al., 2012) have isolated two antioxidant flavonoids namely Kaemp-
ferol 3-O-beta isorhamninoside and Rhamnocitrin 3-O-beta iso-
rhamninoside which had capacities to transfer electron leading to an
attack against free radicals and then combating cellular damage. In a
recent study reported by Ben Ammar et al. (2018), one new alaterno-
side (1,6 dihydroxy-3 methyl 6 [2’-Me (heptoxy)] anthraquinone) and
two known isolated compounds (physcion-8-O-rutinoside and Kaemp-
ferol-7-methyl-lether) from leaves and bark roots of R. alaternus have
shown an important antioxidant activity with an IC50 of 09.46 μg/ml,
27.68 μg/ml and 02.35 μg/ml respectively. Moreover, the high-perfor-
mance liquid chromatography with a diode-array detector (HPLC-DAD)
analysis of this species confirms the presence of anthraquinones as
noticed in the previous cited investigations and other compounds
namely luteolin, quercetin-3-rhamnoside, p-coumaric acid, ferulic acid,
gallic acid, and rutin. These phytochemical families have been de-
monstrated to play a role in antioxidant mechanism of action due to
their molecular structures (Huang and Frankel, 1997; (Montoro et al.,
2005). Flavonoids as putative example were considered as good elec-
tron and hydrogen donors, this character brings to the end of radical
chain through converting free radicals and ROS to more stable com-
pounds (Kelly, 2010).

3.3. Establishment of response prediction models

Based on Table 3, the coefficient of determination (R2), the adjusted
R2 values and the statistical significance of the regression models using
ANOVA (Analysis of variance) confirm that the selected model is sui-
table to provide a significant data. As can be seen from Table 4, coef-
ficient values ranges between -0.19 and 0.15. Knowing that the sign
plays a role in the factor ability to increase (+) or decrease (-) the
response of variable. Obviously, our survey aims to increase the anti-
oxidant combined effect of the three selected fractions, hence the ne-
gative coefficient value could present the ability of its associated factor
to increase the antioxidant activity. In fact, based on Table 5, F6 was
the most efficient fraction with IC50 of 36.00 μg/mL followed by F3
with IC50 of 45.00 μg/mL and F5 with 164.00 μg/mL (p < 0.01).
Hence, in comparison to the crude extract (IC50= 58.00 μg/mL), F3
and F6 have noticed more interesting antioxidant effect in opposition
with F5 that has shown an IC50 of 164.00 μg/mL. The combined anti-
oxidant power of the studied fractions was as follow F3/F5 > F5/F6,
while F3/F6 was not significant. F3/F5 has exhibited a significant sy-
nergistic antioxidant effect with coefficient of -0.19 representing the
low one, followed by that of F6/F5 (coefficient -0.14)

Fig. 3. Chemical structures of the antioxidant compounds isolated from R.
alaternus ethanolic extract: emodin (1), kaempferol (2).
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(p < 0.05) which were all statistically significant. However, the
binary combination of F3/F6 and the ternary one did not exhibit any
significant interaction (p > 0.05) (Table 5). Correlating the anti-
oxidant activity with the phytochemical characterization, we can note
that the pure compounds emodin and kaempferol are more active than
the complex mixture which may explain the antagonistic effect ob-
served in the binary combination of F3/F6 and the ternary one. This
result highlighted how much important is attached to the combined
effect in increasing antioxidant activity and eliminating the other non
active fractions which leads to a favorable orientation of the anti-
oxidant assessment.

Similar to our purpose, the comparison of the scavenging activity of

plant crude extracts and fractions has been widely reported (Li et al.,
2009) have demonstrated higher antioxidant activity in fractions when
compared to the total crude extract of Lysimachia foenum gracum, which
has been explained by the accordance between the total phenols and
flavonoids amounts and the antioxidant potency. Similar to this study
(Anagnostopoulou et al., 2006) have also evaluated the antioxidant
effect of crude extract and different fractions of Citrus sinensis, the
fractions have stronger antioxidant activity than the total extract but
there was no well correlation between total phenolic content and the
antioxidant capacity regarded that the both analysis do not follow the
same mechanisms. The different magnitude of the observed antioxidant
activity in fractions as compared to the total extract may due to the
interferences between many compounds present in the crude extracts,
taking into consideration that the crude extract is a complex mixture of
molecules.

Many factors could explain the findings of this work because the
interactions occurring between different compounds certainly affect the
antioxidant efficiency either positively or negatively. (Peyrat-Maillard
et al., 2003) have evaluated the synergetic and antagonistic effects
between phenolic antioxidants in a binary mixture and the confirma-
tion of structure–activity relationships; they have demonstrated that the
efficiency increases with the number of OH (Hydroxy groups) or the
presence of a methoxy group and also depending on the chemical
structure of molecules. For instance, it was reported that R. alaternus
contains 3.4% of a-Tocopherol in hexane extract and 442 ppm (parts-
per-million) in dry leaves (Corporation and View, 1993) and according
to another study, this compound has shown different mixture effects:
antagonism with cinnamic acids and synergism with ferulic acid
(Peyrat-Maillard et al., 2003). Moreover, in the same study the ferrulic
acid has no mixture effect with a group a flavonoids, and for the fla-
vonoids themselves the glycosylation of quercetin in rutin has de-
creased its efficacy (Peyrat-Maillard et al., 2003).

3.4. The mixture optimization

In order to generate the optimal zone of the fractions combination
to meet the expectations of all the responses (Fig. 4) an optimizer of
response has been used following the formula:

= + +Y X X X X X X X0.0462 0.1575 0.0376 0.1941 0.14191 2 3 1 2 2 3

The most important antioxidant activity with an IC50 of 37.00 μg/
mL was given by a mixture containing 651 μg of F3, 207.00 μg of F5 and
142.00 μg of F6 towards the total crude extract of R. alaternus with a

Table 4
Analysis of variance for the different models fitted to response.

Source of variation Sum of
squares

Freedom
degree

Mean
squares

Ratio Signif

Linear regression 0.0368 6 0.0061 32.5603 <0.0***
Residues 0.0061 23 0.0003
Validity 0.0023 3 0.0008 4.1443 1.94*
Error 0.0038 20 0.0002
Total 0.0429 29
R2 0.858
R2 Adj 0.820

Level of statistical significance:
Adj: Adjusted.
* P < 0.05.
*** P < 0.001.

Table 5
Coefficients’estimates and statistics of the response.

Elements Coefficient Statistical significance

F3 0.0462 <0.01***
F5 0.1575 <0.01***
F6 0.0376 0.0106***
F3/F5 −0.1941 < 0.01***
F3/F6 0.0089 81.5
F5/F6 −0.1419 0.155 **
F3/F5/F6 −0.0641 79.9

Level of statistical significance:
*P < 0.05.
** P < 0.02.
*** P < 0.001.

Fig. 4. 3D surface plots for (a) the IC50 variations of different combinations of the studied fractions (b) Optimal design regions of IC50 of the mixture of fractions.
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percentage of 82.54% to predict the highest antioxidant activity of the
three fractions. F5 has noticed an antioxidant activity lower than the
crude extract, however when it was added to F3 then F6 the combi-
nation has noticed a very interesting antioxidant potency which may be
explained by the dose-dependent remembering that F5 is a complex
mixture and the main compound of F5 was emodin. The binary com-
bination of emodin and kaempferol has shown antagonistic effect but
when adding F5, the emodin concentration becomes more important
leading to more interesting antioxidant potent. Previous studies re-
ported that higher ration of phytochemical compounds can obtain
higher antioxidant potent and that the hydroxyl radical scavenging
activity can be concentration dependent (Wang et al., 2009).

4. Conclusion

To the best of our knowledge, the present survey is the first to in-
vestigate the intra-combined antioxidant effect between fractions from
Rhamnus alaternus leaves ethanolic extract. In general, the obtained
results indicated that the separate fractions are more active than the
crude extract and the binary mixture of the most active fractions has
shown higher significant antioxidant activity than crude extract, frac-
tions separately and ternary mixture. Moreover, the response optimizer
allowed us to optimize the mixture presenting the highest antioxidant
activity at 82.54%. Data in this work may orient scientific assessment in
both food and health applications and worth further in vivo studies and
evaluation of the structure- activity relationship of emodin and
kaempferol as pure active compounds.
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