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The present study aims at the quantification of phenolic compounds of Tunisian carob (Ceratonia
siliqua L.) pods and the study of their in vitro and in vivo antioxidant activities in different extraction
solvents. In this respect, we used 50 rats divided into five groups: Control and Carob-treated groups
(100, 200, 600 and 1000 mg/kg, b.w.). Our results showed that the carob polar extracts are richer in total
polyphenols, total flavonoids and condensed tannins than the nonpolar extracts with quantitative
variation of phenolic compounds between seeds and pulp. In vitro, the determination of antioxidant
capacity by 2,2'-azino-bis[3-ethylbenzthiazoline-6-sulphonic acid] (ABTS) method showed that carob
extracts present high antioxidant potency in a solvent-compartment-dependent way compared to
Trolox, an antioxidant reference molecule. In vivo, the subacute treatment within 7 days with aqueous
extract of carob pods (AECP) decreased significantly and doses dependently the cerebral and
myocardial lipid peroxidation as well as the level of hydrogen peroxide (H,O,) in kidney, liver and brain
but not in heart. These data suggest that carob fruit presents an in vitro an in vivo antioxidant effects

and might be proposed as a food additive to protect against oxidative stress damage.
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INTRODUCTION

Several years scientists are interested in the reactive
oxygen species (ROS) that are implicated in many
human diseases (Lobo et al., 2010). Increased ROS lead
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to oxidative stress and a degenerative signalling cascade
triggered by oxidation of vital cellular components, which
induced cellular damage and cell death (Farrugia and
Balzan, 2012).

Oxidative stress status is characterized by depletion
from intracellular stores of endogenous antioxidants or by
rapid alteration in antioxidant enzymes as superoxide
dismutase (SOD), catalase (CAT) and glutathione
peroxidase (GPx), resulting in increased lipoperoxidation
(Ikeda et al., 2004). To protect against these harmful
species we use a synthetic or natural antioxidants
molecules (Jacobo-Velazquez et al., 2009; Nabavi et al.,
2012) which are able to scavenge ROS and to up-
regulate endogenous antioxidant defences (Migdal and
Serres, 2011).

The carob tree (Ceratonia siliqua L. Leguminosae



86 J. Med. Plants Res.

family) has been widely -cultivated for years in
Mediterranean countries including Tunisia (Rejeb, 1995).
The carob fruit, brown pod 10 to 25 cm in length, contain
two major components; the pulp and the seeds (Turnbull
et al., 2006). The important ingredient in the seeds is
galactomannan which is known for thickening effects and
widely used in food industry (Marakis, 1996). The carob
pods are used for the production of animal feed or in
human foods as a substitute for cocoa (Kumazawa et al.,
2002). However, carob pods contain a large amount of
condensed tannins (Bravo et al., 1994) compared to
leaves (Silanikove et al., 2001). Importantly, carob
extracts have several beneficial effects on health such us
cholesterol lowering activities in humans suffering from
hypercholesterolemia (Zunft et al., 2001, 2003) and
antioxidant properties in different in vitro test systems
(Custodio et al., 2011). Recent studies discovered that
Tunisian leaf carob extract presents some ameliorative
effects against CCls-induced oxidative damage in rats
tissues (Hsouna et al., 2011).

The present study aimed to investigate the in vitro and
in vivo antioxidant properties of carob pods by the
determination of phenolic compounds content and
antioxidant capacity in different extraction solvents as
well as the effects of AECP on tissue lipid peroxidation
and H,O: levels in healthy rats.

MATERIALS AND METHODS
Chemicals

2-Thio-barbituric acid (TBA), Trolox, Folin-Ciocalteu reagent, gallic
acid, vanillin, catechin and quercetin were from Sigma chemicals
Co (Germany). All other chemicals were of analytical grade.

Preparation of carob extract for in vitro and in vivo
examinations

Immature carob pods (Ceratonia siliqua L.) were cultivated from the
region of Tabarka (NW-Tunisia) during june-2011. Pulp and seeds
were separately dried in an incubator at 50°C during 48 h and
powdered in an electric blender. Powders were extracted with
water, methanol, ethanol, acetone, ether petroleum and hexane at
room temperature and centrifuged 10 min at 10 000 g to eliminate
insoluble materials. The extracts were evaporated to dryness in
vacuo, weighed and stored at -80°C until use. For in vivo
examination, powder mixture containing carob pulp (90%) and
seeds (10%) was used and followed the same route of extraction.

Animals and treatment

Adult male Wistar rats (weighing 220 to 240 g and housed five per
cage) were purchased from Pasteur Institute of Tunis and used in
accordance with the local ethic committee of Tunis University for
use and care of animals in conformity with the NIH
recommendations. They were provided with standard food (ALMES,
TN) and water ad libitum and maintained in animal house at
controlled temperature (22 + 2°C) with a 12 h light-dark cycle. Rats
were divided into 5 groups of 10 animals each: Control and Carob-
treated groups (100, 200, 600 and 1000 mg/kg, b. w.). Animals

were daily intraperitoneally (i. p.) injected during 7 days with vehicle
(control, bidistilled water) or various doses of AECP (injection
volume was 1 ml/kg b.w.). Twenty four hours after the last carob
injection animals were sacrificed, their Brain, liver, kidney and heart
were rapidly excised and homogenized in phosphate buffer saline
pH 7.4. After centrifugation at 10000 g for 10 min at 4°C,
supernatant was used for biochemical determination of protein,
MDA and HzO5.

Total polyphenols determination

The determination of total polyphenols was conducted according to
the method of Haseeb et al. (2006). Briefly, in alkaline medium,
polyphenols reduce phosphomolybdic acid of Folin Ciocalteu, this
reduction leads to the appearance of a blue color measured at 765
nm. Gallic acid was used as standard.

Total flavonoids determination

The content of total flavonoids was performed according to
(Bahorun et al., 1996). Briefly, the flavonoids have a free hydroxyl
group (OH), in position 5 which is capable of reacting with the CO
group and giving a colored complex with aluminum chloride.
Flavonoids form by chelation of aluminum a yellow complex
measured at 430 nm. Quercetin was used as standard.

Condensed tannins determination

Condensed tannins are determined by the method of vanillin in
acidic medium (Price et al., 1978). This method is based on the
ability of vanillin to react with condensed tannin units in the
presence of acid to produce a colored complex measured at 500
nm. Catechin was used as standard.

Antioxidant assay

The antioxidant capacities of organic solvent- and water-soluble
fractions were evaluated using the Trolox equivalent antioxidant
capacity (TEAC) method (Re et al., 1998), which measured the
abilty of a compound to scavenge the 2,2'-azino-bis[3-
ethylbenzthiazoline-6-sulphonic acid] (ABTS) radical.

Lipid peroxidation measurement

Tissue lipid peroxidation was determined by MDA measurement
according to the double heating method (Draper and Hadley, 1990).
Briefly, aliquots from tissue homogenates were mixed with BHT-
TCA solution containing 1% BHT (w/v) dissolved in 20% TCA (w/v)
and centrifuged at 1000 g for 5 min at 4°C. Supernatant was
blended with 0.5 N HCI 120 mM TBA in 26 mM Tris and then
heated at 80°C for 10 min. After cooling, absorbance of the
resulting chromophore was determined at 532 nm using a UV-
visible spectrophotometer (Beckman DU 640B). MDA levels were
determined by using an extinction coefficient for MDA-TBA complex
of 1.56 10° M'em™.

H,O. determination

The tissue H;O. level was performed according to Dingeon et al.
(1975). Briefly, in the presence of peroxidase, the hydrogen
peroxide reacts with p-hydroxybenzoic acid and 4-aminoantipyrine
leading to a quantitative formation of a quinoneimine which has a
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Table 1. The content in total polyphenols, total flavonoids and condensed tannins for different tested carob extracts.

Compound Ether
(mg/kg) Pulp seed Water Methanol Ethanol Acetone petroleum Hexane
Total bolvohenols Pulp 28.07 £ 0.99 8.36 +0.48 22.27+0.80 1.27+0.15 0.27 £ 0.04 2.58 +0.27
polyp Seeds 18.16 + 1.01 6.79 +0.04 13.16 £0.04 2.41+0.17 0.48 +0.09 4.66+0.18
Total flavonoids Pulp 6.14 +1.03 2.49+0.28 6.78+0.94 0.68+0.09 0.12+0.03 1.58 £ 0.14
Seeds 8.63 +1.27 3.66 £ 0.35 5.81£0.43 1.2+0.18 0.19+0.05 2.83+0.23
Condensed Pulp 6.71 +0.71 1.71 £0.21 3.49+0.64 0.16 £0.03 0.05 £ 0.01 0.28 £0.08
tannins Seeds 6.97 + 0.91 2.34+£0.94 6.59+1.06 0.53+0.12 0.08 +0.02 0.63 +0.11

Table 2. The percentage of ABTS reduction for different tested carob extracts.

Extract Pulp (% inhibition)  Seeds (% inhibition)
Water 40.03 13.45
Methanol 23.68 64.26
Carob Ethanol 10.32 14.42
Acetone 9.04 3.21
Ether petroleum 0.19 0.66
Hexane 6.32 1.76
Reference solution  Trolox 79.41

pink color detected at 505 nm.

Protein determination

Protein concentration was determined according to Hartree (1972)
which is a slight modification of the Lowry method. Serum albumin
was used as standard.

Statistical analysis

Data were analyzed by unpaired Student's ttest or one-way
analysis of variance (ANOVA) and are expressed as means *
standard error of the mean (SEM). Data are representative of ten
independent experiments. All statistical tests were two-tailed, and a
p value of 0.05 or less was considered significant.

RESULTS

Determination of total polyphenols, total flavonoids
and condensed tannins from carob pulp and seeds
using various solvent systems

Data from Table 1 showed a higher rate of total poly-
phenols in the aqueous, methanol and ethanol extracts
compared to other organic solvents used (acetone, ether
petroleum and hexane) with a higher concentration in the
pulp relative to the seeds. The same diagram of solubility
was observed for total flavonoides with more concen-

tration in the seeds. In contrast, the condensed tannins
are more present in aqueous, methanol and ethanol
extracts compared to acetone, ether petroleum and
hexane extracts, with a higher concentration in the seeds.

Determination of pulp and seeds antioxidant potency

We also studied the variation of antioxidant power
between the pulp and seeds in different extraction
solvents (Table 2). Our result indicated a higher rate in
scavenging the ABTS radical. The highest inhibition was
observed for pulp in water extract and for seeds in
methanol extract (40.03 and 64.26%, respectively)
compared to 79.41% of inhibition for trolox, a well-known
antioxidant molecule.

Effects of aqueous extract on tissue lipid
peroxidation and H,O, content
To test the in vivo effect of carob on tissue

lipoperoxidation and H>O, content, rats were treated with
AECP for 7 consecutive days. The subacute treatment
with various doses of AECP significantly and dose
dependently decreased the cerebral and myocardial lipid
peroxidation. However, the same treatment did not affect
the hepatic and renal levels of MDA (Figure 1). ACPE
administration also indicated a significant dose-
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Figure 1. Dose-response effect of aqueous extract of carob pods (AECP) on kidney (A), liver (B), brain (C) and heart (D)
MDA levels. Rats were treated during 7 days with indicated doses of AECP or vehicle (bidistilled H>O). Assays were
carried out in triplicate. Data are expressed by Mean + SEM for n = 10 rats *indicated P < 0.05 and ** P < 0.01 versus

control group.

dependently decrease of hydrogen peroxide in kidney,
liver and brain but not in heart even with the highest dose
(Figure 2).

DISCUSSION

We studied in the present paper the antioxidant
properties of carob pulp and seeds by the quantification
of phenolic compounds in different solvent extracts as
well as the evaluation of their antioxidant capacity. We
also examined the effects of selected fraction (AECP) on
tissues lipid peroxidation and H,O, contents in healthy
rats.

We first found that the total polyphenols content was
higher in the water fraction (28.07 mg/kg) compared to
other organic solvents in the pulp relative to the seeds.
The quantity of total flavonoids was also higher in
aqueous and ethanol fractions in pulp (6.14 and 6.78
mg/kg, respectively) and also in seeds (8.63 and 5.81
mg/kg, respectively). The condensed tannins were

elevated in the aqueous and ethanol fractions with a
larger concentration in the seeds. Previous study
indicated that carob pods contain 19.2% of total
polyphenols and 4.37% of total flavonols (Kumazawa et
al., 2002). Another examination of carobs showed 1.9
mg/g of total polyphenols, 0.28 mg/g of
proanthocyanidins, and 0.1 mg/kg of hydrolysable tannins
(Avallone et al., 1997). However, when other organic
solvents as acetone (80%) were used, the levels of total
polyphenols and total flavonols are not very far
respectively 9.28 and 1% (Makris and Kefalas, 2004). To
our knowledge we are the first who quantified phenolic
compounds with different extraction solvents and in both
compartments (pulp and seeds) simultaneously.
However, this variability in polyphenols content is mainly
related to the climatic conditions as well as the mode of
extraction (Papagiannopoulos et al., 2004). Indeed, the
slight modifications in the extracting medium may have a
prominent impact on the amount and nature of the
compounds recovered and therefore particular emphasis
should be given to the selection of solvent system



(A)

Renal H,O, (umol/mg protein)

*kk

1000

I *
I i
100 200 600

Carob (mg/kg, b.w.)

S

0.16 _

0.12

Cerebral H,O, (umol/mg protein)

Carob (mg/kg, b.w.)

0.08 | ** = **
- . ' l
0

0 100 200 600 1000

Sebai et al. 89

(

2

09

0.75

0.6

0.45

0.3

0.15

Liver H,O, (umol/mg protein)

o

)

0.3

Myocardial H,O, (umol/mg protein)
© © ©
- [N

Carob (mg/kg, b.w.)

Figure 2. Dose-response effect of aqueous extract of carob pods (AECP) on kidney (A), liver (B), brain (C) and heart (D)
H>O:; levels. Rats were treated during 7 days with indicated doses of AECP or vehicle (bidistilled H>0). Assays were carried
out in triplicate. Data are expressed by Mean + SEM for n = 10 rats * indicated P < 0.05; ** P < 0.01 and ** P < 0.001

versus control group.

(Makris and Kefalas, 2004). This variability may be also
due to the varieties of carob tree as recently described by
El-Hajaji et al. (2010).

On the other hand, the ABTS free radical scavenging
activity of different solvent extract was investigated. Our
result clearly indicated that the methanol and water
fractions presented an inhibition percentage of (64.26%
in the seeds and 40.03% in the pulp, respectively), quite
higher than other fractions (0.19 to 23.68%), but lesser
than that of Trolox (79.41%). The antioxidant capacity of
carob extracts is mainly related to their higher level of
phenolic compouds in this fraction. These latter are well
known for their ability of scavenging free radicals such as
superoxide radical (Oy), hydroxyl radical (OH') and others
ROS (Rodrigo and Bosco, 2006; Seifried et al., 2007).
However, a positive correlation between phenolic
compounds and antioxidant capacity is common in the
majority of natural extracts (Chon et al., 2009; Hamad et
al., 2010).

Based on previous results and knowing that carob pod
is formed by 90% of pulp and 10% of seeds, we selected
the aqueous fraction, which appears richer in phenolic
compounds to investigate the antioxidant effects of carob

on healthy rat. Our results showed that subacute (7 days)
treatment with AECP is able of alleviating lipid
peroxidation as indicated by decreased MDA levels in the
brain and heart. Our results fully corroborated recent
study which demonstrated that carob polyphenols
protected against decreased lipid peroxidation induced by
cisplatin administration (Ahmed, 2010). On the other
hand, it has recently been shown by Hasouna et al.
(2011) that the ethyl acetate fraction (EACs) of carob
leaves prevented against CCl, induced hepatic oxidative
damage and renal failure in rats. We and others well
demonstrated the polyphenols richness in carob fruit
(Papagiannopoulos et al., 2004) or leaf (Hsouna et al.,
2011). These molecules are the primal source of
antioxidant ability of carob, by scavenging free radicals
as hydroxyl radical (OH’) which is the major cause of lipid
peroxidation (Kumazawa et al., 2002).

More importantly, we further showed that aqueous
extract of carob induced a depletion of hydrogen peroxide
in kidney, liver and brain but not in heart tissues.
Hydrogen peroxide is an important reactive oxygen
species because of its ability to penetrate biological
membranes. However, it may be more toxic if converted
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to hydroxyl radical in the cell leading to lipid peroxidation
(Gulcin et al.,, 2003) and oxidative DNA damage
(Umemura et al., 1990; Khan and Sultana, 2005).

Scavenging of H.O. by the plant extracts may be
attributed to their phenolic compounds, which donate
electron to H,O,, and reducing it to water (Rice-Evans et
al., 1997).

In conclusion, our findings clearly demonstrate the
richness in phenolic compounds as well as the large
antioxidant capacity of carob fruit extracts (pulp and
seeds). We also showed that the AECP presented
antioxidant properties in healthy rats by decreasing the

tissues lipid peroxidation and hydrogen peroxide
contents.
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