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The richness in soluble sugars and polyphenols, especially condensed tannins, vitamins, minerals and other
phytochemicals, recommends Ceratonia siliqua L. species for use in therapeutic practice, especially in
terms of neurotoxicity - a major public health problem. Neurodegenerative disorders arise from various
metabolic dysfunctions or from the administration of chemicals such as 6-hydroxydopamine (6-OHDA), a
catecholaminergic neurotoxin that induces oxidative stress and, implicitly, cellular apoptosis. The results
obtained after the administration of the methanolic extract of carob in Danio rerio highlights a phenomenon
of prevention of short-term memory deficits, as well as a significant antioxidant activity.
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Carob is the sweet and edible fruit of a tree of the family
Fabaceae (Ceratonia siliqua L.) grown in the Mediterranean
region, usually in dry places with poor soil [1], which has
the form of a pod with hard walls, dark-brown color with
many seeds, having a high food role in the countries of the
Mediterranean renowned for edible products of vegetable
nature. This species of ecological and economic
importance [2] is mainly used for the production of carob
gum, widely used in the food industry, both as a thickening
agent, and as a stabilizer [3].

Ceratonia siliqua is characterized by a rich content of
soluble sugars and polyphenols, especially condensed
tannins, and less proteins and lipids [4], and the flour
contains dietary fibers, minerals (Fe, Ca, Na, K , P and S),
and vitamins among which we can mention vitamins E, D,
C, B6, folic acid and niacin [5, 6]. At the same time, the
pods carob are used in animal and human food [7, 8], and
the bark and leaves of this species are used in traditional
medicine as anti-inflammatory and anti-ulcer [9], laxative,
diuretic, antidiarrhoeal [10], hypoglycemic and in
gastroenteritis at infants sugari [9, 11, 12].

In addition, scientific literature [13, 14] reveals the
richness in phenolic compounds of C. siliqua leaves and
pods that have potential anxiolytic and sedative properties
[15], antimicrobial and nephroprotective [16, 17], but too
antioxidant and antiproliferative activity against human
cancers lines (cervical and prostate adenocarcinoma,
breast and colon cancer etc.) or against oxidative damage
caused by carbon tetrachloride in tissues [8, 18].

The present paper summarizes the results on the
influence of Ceratonia siliqua methanolic extract (CSME)
on antioxidant activity and behavioral manifestations on
Danio rerio specimens subjected to 6-hydroxydopamine
(6-OHDA) administration.

Experimental part
Biological material

It has been worked on Danio rerio raised in guided
system, fed with Norvitall (fish flour, cereal flour, yeast,
vegetable protein, crustaceans, shrimp, plankton, spirulina,
seaweed, lecithin, vegetable oils, aromatic herbs, flatumin,
astaxanthin and vitamins A, D3, E, B1, B2 and C). The fish
were kept for 10 days to accommodate laboratory
conditions, after which they were divided into 5 batches,
one control, negative control (treated with 6-OHDA only),
and 3 variants with Ceratonia siliqua methanolic extract in
concentrations of 0.1 mg/mL, 0.3 mg/mL and 1 mg/mL
water (administered in three consecutive steps, from 3 to
3 days).

At the end of the treatment period, before starting the
behavioral tests, both negative control and experimental
variants treated with Ceratonia extract were introduced
for 60 minutes into an aquarium containing 160 µM 6-
OHDA. After conducting spatial memory test, the fish were
used to determine the activity of superoxide-dismutase,
catalase and glutathione-peroxidase, respectively the
malon-dialdehyde concentration.

Behavioral tasks
In our studies, zebrafish behaviors were recorded by a

Philips Webcam SPC900NC camera and the videos
analyzed using ANY-maze® software (Stoelting CO, USA).

Y-maze (spatial memory test)
The Y-maze task is a specific and sensitive test of spatial

recognition memory similar with rodents [19]. Fish were
transferred individually in a Y-maze tank with three arms
measuring 25 × 8 × 15 cm (length × width × height) and
filmed for 8 min. The Y-maze center was considered a
neutral area, and therefore, it was not counted in the
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analysis. The percent spontaneous alternation and the
locomotor activity (the number of arm entries) was
explored.

Assay of oxidative stress parameters
Biochemical tests consisted in the determination of

catalase activity (CAT- by the method based on the
spectrophotometric measurement of the resulting
chromate acetate by reduction of potassium dichromate
by residual hydrogen peroxide after stopping the action of
this oxidoreductase), superoxide dismutase (SOD - by the
method based on the ability of the enzyme to inhibit the
reduction of Nitro-Blue-Tetrazolium by superoxide radicals
generated in the reaction medium by photoreduction of
riboflavin), glutathione peroxidase (GPX - by spectro-
photometric dosing of the compound resulting from the
reaction between reduced glutathione excess after
reaction with hydrogen peroxide with 5,5'-dithiobis-2-
nitrobenzoic acid at a wavelength of 412 nm) and the
malon-dialdehyde concentration (MDA - dosed with the 2-
thiobarbituric acid method) [20 - 23].

Results and discussions
Neurodegenerative disorders are incurable and madness

disorders caused by progressive destruction of neurons
resulting in neurological dysfunctions due to nerve cell
death causing movement or mental functioning problems
such as Parkinson’s and Alzheimer’s and Huntington’s
diseases [24].

As shown in figure 1B, 6-OHDA significantly impaired
the spatial memory in Y-maze task, as evidenced by
significant decrease (p < 0.001) of the spontaneous
alternation percentage, when compared to control group
(fig. 1B). Administration of the CSME, especially at the dose
of 1-mg/mL, prevented the effects induced by 6-OHDA on
memory (p < 0.01). The improvement of memory in the
CSME groups cannot be attributed to locomotor activity, as
evaluated by number of arm entries in the Y-maze test,

because no significant differences between groups were
noticed. In the figure 1A, Y-maze tracking pattern of the 6-
OHDA group showed wrong entries in the Y-maze arms,
which were improved following administration of the CSME
extract.

Our data are in line with previous reports, demonstrated
that Ceratonia siliqua methanolic extract prevented short-
term memory deficits [25]. The authors attributed the
observed effects to flavonoids and polyphenolic
compounds via their antioxidative activity in protected
against neurodegeneration.

In vitro various studies have shown that the extracts of
Ceratonia siliqua have a strong antioxidant effect [26, 27],
the antioxidant capacity of this species due to its strong
cleaning and removal effect of reactive oxygen and free
radicals, as well as inhibition of myeloperoxidase activity
in a manner dependent of concentration [28, 29].

Therefore, another objective of our study was to
determine the activity of oxidative stress enzymes by first
evaluating SOD - the enzyme involved in the fight against
reactive oxygen species by converting the superoxide
radicals into hydrogen peroxide and oxygen [30]. The
analysis of experimental results in Danio rerio highlights
the existence of significant differences between the
reference group, the negative control and the three
experimental variants.

Thus (fig. 2), if in the case of the sample treated with 6-
OHDA only, the SOD activity showed average values  of
0.109±0.009 USOD/mg protein, at the reference group the
enzyme showed an average activity of almost twice as
high (0.198±0.023 USOD/mg protein), while in the variants
treated with Ceratonia siliqua methanolic extract, the
enzymatic activity recorded increasing values from the
lowest to the highest concentration of extract used, in the
group treated with 0.1 mg of extract/mL of water the mean
value being of 0.271±0.024 USOD/mg protein, and those
containing 0.3 mg of extract/mL of water, respectively 1
mg of extract/mL of water, the activity ascends to levels of
0.333±0.013 USOD/mg protein and 0.363±0.014 USOD/
mg protein.

In addition, the literature highlights the fact that
Ceratonia siliqua has important pharmacodynamic
properties due to the high antioxidant capacity, the latter
being due to the ability to remove radicals and inhibit lipid
peroxidation [31].

Fig. 1. Effects of Ceratonia siliqua methanolic extract (CSME, 0.1, 0.3
and 1 mg/mL) on the spontaneous alternation percentage (B) and
number of arm entries (C) in 6-OHDA (160 µM) zebrafish model in

the Y-maze test. Data are expressed as mean ± S.E.M. (n=10).
Representative locomotion tracking patterns of all groups (A)

Fig.2. SOD activity in Danio rerio under the influence of methanolic
extract of Ceratonia siliqua

Concerning CAT activity, oxidoreductase involved in cell
detoxification processes by converting hydrogen peroxide
into water and oxygen [32, 33], an average activity of
14.697±0.948 UCAT/mg protein in the control group was
observed (fig. 3), so that in the variant treated with 6-OHDA
it decreased to 9.463±0.383 UCAT/mg protein, while in
the samples treated with 0.1 mg of carob extract/mL,
respectively 1 mg of carob extract/mL of water, the
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thresholds of activity are of 15.34±0.678 UCAT/mg protein,
respectively 15.11±1.062 UCAT/mg protein, the highest
mean being observed in the treated group with 0.3 mg of
carob extract/mL of water (17.533±0.678 UCAT/mg
protein).

of administered extract (fig. 5). Thus, if on the sample
treated with 0.1 mg of carob extract/mL water MDA
recorded an average concentration of 0.679±0.032 nmol/
mg of protein, in the group treated with 0.3 mg of
carobextract/mL water the values decreased to
0.57±0.029 nmol/mg protein, so in the case of the last
experimental variant (treated with 1 mg of carob extract/
mL of water) to reach the lowest level (0.482±0.034 nmol/
mg protein).

Fig.3. CAT activity in Danio rerio under the influence of methanolic
extract of Ceratonia siliqua

Another component of the antioxidant system is GPX,
an enzyme with primary role in maintaining cellular
homeostasis, being in the same time one of the most useful
biomarkers of oxidative stress for a wide variety of aquatic
organisms from polluted environments [23, 34, 35].

From figure 4 it is observed that in lot 2 (treated with 6-
OHDA only) GPX recorded the lowest value threshold
(0.0159±0.002 UGPX/mg protein), while in the reference
and treated groups with 0.1 mg of carob extract/mL of
water enzyme exhibits mean values  of 0.043±0.002
UGPX/mg protein, respectively 0.049±0.003 UGPX/mg
protein. Also, with increasing the concentration of Ceratonia
siliqua methanolic extract, is observed an increase in the
mean values of the activity of this oxidoreductase in the
groups treated with 0.3 mg of carob extract/mL of water
and 1 mg of carob extract/mL of water, respectively
(0.056±0.003 UGPX/mg protein, respectively 0.073±0.003
UGPX/mg protein).

Literature field [36, 37] mentions that when fish are
exposed to oxidative stress conditions, peroxidation of
polyunsaturated fatty acids can occur, a product of
oxidation of these acids which indicates the level of
peroxidation the lipid being MDA, an indicator that
influences the integrity of cell membranes.

In the control group, MDA recorded the lowest value of
0.043±0.001 nmol/mg protein, while the highest threshold
was highlighted in the variant treated with 6-OHDA only
(0.736±0.054 nmol/mg protein). Applying the treatment
with methanolic extract of carob resulted in the decrease
of the MDA concentration, as compared to the values
recorded in the negative control, regardless of the amount

Fig.4. GPX activity in Danio rerio under the influence of methanolic
extract of Ceratonia siliqua

Fig.5. MDA concentration in Danio rerio under the influence of
methanolic extract of Ceratonia siliqua

Conclusions
The experimental results on the effects of CSME and 6-

OHDA on Danio rerio allowed us to formulate the following
general conclusions:

- the carob extract has prevented short-term memory
damage, in close correlation, probably, as other speciality
studies suggest, with the richness of this species in
phytochemical compounds with high pharmacodynamic
and therapeutic action;

- Ceratonia siliqua species has an appreciable
antioxidant capacity, due to the ability to remove radicals
and inhibit lipid peroxidation, the activity of oxidative stress
enzymes being clearly superior to the reference lot, closely
related to the concentration of the methanolic extract used.
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