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Abstract

The current study aimed to investigate the possible effect of Ceratonia siliqua (carob) pods and
Ficus carica (fig) fruits ether extracts against lead toxicity on hematological, biochemical
parameters, growth performance and mortality % in Nile Tilapia (Oreochromis niloticus). One
hundred and forty fish were divided into 7 groups. The first group was left as a control and fed a
control diet, while, the second and third groups were exposed to 1/2 96 h LCso (77.5 mg/L) and
1/4 96 hLCsp (38.7 mg/L) of Lead (Pb), respectively and provided with a control diet. The fourth
and fifth groups were exposed to 1/2 96 h LCso and 1/4 96 h LCsp of Pb, respectively and fed diet
with 600 mg carob extract/kg diet. The sixth and seventh group were exposed to 1/2 96 h LCso
and 1/4 96 h LCsg of Pb, respectively and provided with diet contain 600 mg fig extract/kg diet.
The hematological, biochemical parameters and growth performance was significantly decreased
after exposure to 1/2 96 h LCsp and 1/4 96 hLCso of Pb for 30, 60 and 90 days, while plasma
glucose and mortality % were increased significantly. There were no significant changes in
RBCs, Hb and PCV of O. niloticus exposed to 1/2 96 h LCso and 1/4 96 h LCso of Pb that fed
diet enriched with carob extract 600 mg/kg diet for 90 days. The fish exposed to 1/2 96 h LCsg
and 1/4 96 h LCso of Pb and fed diet enriched with 600 mg/kg diet carob or fig for 90 days
revealed no significant changes in plasma albumin, total protein, glucose and growth parameters
with a reduction of mortality %. The current study highlighted the importance of carob and fig
ether extract in the protection of Nile tilapia against the lead acetate toxicity.

Keywords: Carob, Fig, Lead, Oreochromis niloticus

Introduction

activities such as growth promotion, appetite
stimulation, immunostimulant and
antimicrobial Herbal

Lead is a persistent contaminant in the
natural environment that can enter water

through geologic weathering and volcanic
action, or by various anthropogenic activities
including burning of coal, effluents from
storage  battery industries, automobile
exhausts, metal coating and finishing
operations, fertilizers, pesticides and from
additives in pigments and gasoline [1].

Exposure to lead is a major health problem;
therefore, researchers give lead toxicity more
attention. This heavy metal was found to
induce a wide range of behavioral,
biochemical and physiological effects. The
target organs for lead toxicity is liver, kidneys
and brain [2,3]. Plants act as store house for
many safer and cheaper chemicals such as
alkaloids, pigments, phenolic, steroids and
essential  oils. Which promote various

in fish culture [4].
medicines were characterized by acceptable
quality, safety and efficacy that became an
integral part of health care science [5].
However, the continuing expansion of
aquaculture requires converting from chemical
drugs to natural plant. Medicinal plants that
were once considered of no value are now
being investigated, evaluated and developed
into drugs with little or no hazard effects on
animals [6]. Carob (Ceratonia siliqua) and fig
(Ficus carica) contain active principles with
curative characters against several diseases
such as monoterpenes, carotinoids, glycosides,
flavonoids, organic acids and xanthenes [7].
Carob interfered with the absorption of lead
[8]. Also, fig is a chelating agent for lead ions

[9].
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Effects of Ficus carica extracts on
hematological parameters were investigated in
albino rats received a daily 200 mg/k/g per 0s
body weight of extract respectively for 14
days. Results showed that the hemoglobin
concentration, hematocrit (PCV) and red blood
cell count were increased in when compared
with the control group. These results thus
justify the ethnobotanical use of this plant as
blood building herbs [10]. Hydro alcoholic
seed extract of Ceratonia siliqua can bring
about a decline in blood glucose and lipids
levels in diabetic male rats [11].

The present study was designed to evaluate
the possible positive impact of Ceratonia
siliqgua and Ficus carica ether extracts against
lead induced toxicity via evaluation of
hematological,  biochemical  parameters,
growth performance indices and mortality %
in Oreochromis niloticus.

Material and Methods
Plants extraction

Ceratonia siliqua pods (carob) and Ficus
carica (fig) fruits (one kg of each) were
collected from market and then separately
crushed with seeds removal. Consequently,
they were dried and grinded to a fine powder.
The powder was solved in two liters of ethyl
alcohol (100%) for 48 h with periodical
shaking and then the extract was filtered using
gauze and funnel. Subsequently, the ethyl
alcohol was evaporated by rotatory evaporator
and then the extract was lyophilized. The
lyophilized sample semisolid mass (10%) was
collected, stored in airtight containers and kept
in refrigerator at 4°C. The extraction process
was done according to Mokhtari et al. [12].

Determination of 96 h LCsxo

Determination of 96 h LCso was carried out
according to Behreus and Karbeur [13]. Sixty
apparently healthy Oreochromis niloticus (O.
niloticus) (30£10 g) were collected from fish
farm of Central Laboratory for fish research.
Fish were acclimatized for two weeks and
were fed on normal basal diet at rate of 3% of
body weight daily. Fish were divided into 5
groups each group contain two aquaria each
one contains 6 fish. Each group exposed to
different dose of lead acetate for 96 h.
Mortality was reported daily for calculation of
96 h LCsqo.

Experimental design

One hundred and forty O. niloticus (30+10
g) free from diseases were collected from fish
farm belonging to the Central Laboratory for
Aquaculture Research. Fish were left two
weeks for acclimatization before the beginning
of the experimental study. Fish was fed on
normal basal diet at 3% of body weight daily
during the acclimation period. They were
divided into 7 groups each contain two aquaria
with 10 fish/aquarium. The first group was left
as a control and fed a control diet, while the
second and third groups were exposed to 1/2
96 h LCso (77.5 mg/L) and 1/4 96 h LCso (38.7
mg/L) of Pb, respectively and provided with a
control diet. The fourth and fifth groups were
exposed to 1/2 96 h LCso (77.5 mg/L) and 1/4
96 h LCsp (38.7 mg/L) of Pb, respectively and
fed diet with 600 mg carob extract/kg diet dose
of carob [11]. The sixth and seventh groups
were exposed to 1/2 96 h LCso (77.5 mg/L)
and 1/4 96 h LCso (38.7 mg/L) of Pb,
respectively and provided with diet contain
600 mg fig extract/kg diet dose of fig [14].
Feeding was performed one time daily for 90
days at rate of 3% of the total body weight
each 15 days after taking the body weight of
each group. The dose of carob and fig extracts
600 mg/kg applied in several studies in small
rats and we used the same dose in this study
for first time in O. niloticus due to nearly the
same size of small rats and O. niloticus used in
this study.

Hematological parameters and biochemical
analysis

Blood samples were collected from caudal
vein of fish using sterile syringe with EDTA
solution (anticoagulant) at 30, 60 and 90 days
post exposure for determining erythrocyte
count (RBCs) [15], hemoglobin content (Hb)
[16] and packed cell volume (PCV) [17]. Then
the plasma was obtained by centrifugation at
3000 rpm/15min and stored in -20°C until the
biochemical analysis. Glucose concentration
[18], plasma total protein [19] and albumin
[20] were determined using the Kits.
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Growth performance and mortality percent

The growth performance and mortality %
were determined at 90 days as the follows:

Body weight gain (WG) = Final weight -
Initial weight.

Specific growth rate (SGR) = [(In final
weight - In initial weight)/number of
experimental days] X 100.

Mortality % = (No of dead fish at the end of
experiment/Total number of fish at the
beginning of the experiment) X100.

Statistical analysis

Statistical analysis was done using SPSS
(version 22, IBM Corp., Armonk, NY, USA).
One-way analysis of variance (ANOVA) was

used and followed by Tukey's Honestly
Significant Difference test (Tukey’s HSD), to
clarify the significant differences among the
experimental groups. Results were reported as
means + SE (Standard Error of Mean). The
value of P < 0.05 was used to indicate
statistical significance.

Results
Lead 96 h LCsoin Nile tilapia

The results showed that 96 h LCxo of lead in
Nile tilapia was 155 mg/L (Table, 1). Fish
showed abnormal movements in aquarium,
presence of dark and yellow spots on fish,
severe congestion of dorsal area and caudal
peduncle and severe congestion of all internal
organs.

Table 1: Actual estimation of 96 h LC50 in Nile tilapia exposed to different levels of lead acetate

Groups Concentration No of dead fish at b a axb Yaxb
(n=6) (mg/L) 96 hours
1 60mg/L 1 60 mg/L
2 120mg/L 2 15 60 mg/L 90
3 180mg/L 4 3 60 mg/L 180
4 240mg/L 4 4 60 mg/L 240 510

The formula of calculation was: 96 h LC50=highest dose- X axb/n (a=Constant factors between two successive dose,
b=the mean of dead fish in each group, Zaxb=sum of axb, n=Number of fish in each groups)= 240- 510/6=155mg/L.

Hematological parameters

Erythrocyte count, hemoglobin content and
packed cell volume of O. niloticus in all
groups are illustrated in Table 2. It shows that
O. niloticus of the second and third groups
revealed a significant decrease (p<0.05) in
erythrocyte count, Hb and PCV when
compared with the control group at the day 30,
60 and 90. On the other hand, RBCs count, Hb
and PCV of O. niloticus in the fourth and fifth

groups showed non-significant changes
(p<0.05) when compared with the control
group at the day 30, 60 and 90. While,
erythrocyte count, Hb and PCV in blood of O.
niloticus in the six and seventh groups was
decreased significantly except the seventh
group at the day 60 revealed no significant
changes (p<0.05) when compared with the
control group.
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Biochemical parameters

The plasma glucose concentration in O.
niloticus of the control group was 24.57+1.25,
23.38+2.74 and  28.55+2.82  mg/dL,
respectively for the day 30, 60 and 90. O.
niloticus of the second and third groups
revealed a significant increase in plasma
glucose concentration when compared with the
control group at the day 30, 60 and 90. On the
other hand, groups 4, 5, 6 and 7 showed non-
significant changes (p<0.05) in plasma glucose
level when compared with the control group at
the day 30, 60 and 90. In the current study the
values of albumin and total protein content in
the plasma of O. niloticus were significantly
decreased (p<0.05) after exposure to 1/2 and
1/4 96 h LCso of Pb and fed a control diet
when compared with the control group at the
day 30, 60 and 90. However, the plasma
albumin and total protein content of O.
niloticus exposed to 1/2 and 1/4 96 h LCsp of
Pb and fed a diet contain 600 mg of carob or
fig extract/kg diet showed no significant
changes (p<0.05) when compared with the
control group for the day 60 and 90,
respectively (Table 3).

Growth parameters and mortality (%)

The weight gain of O. niloticus in the
control group was 17.7£2.30 g/fish. The

weight gain of O. niloticus in the second and
third groups were significantly decreased
(p<0.05) to 11.3+4.0land 12.8+3.33 g/fish,
respectively when compared with the control
group. While, groups 4, 5, 6 and 7 revealed no
significant changes (p<0.05) when compared
with the control group (Table 3). Specific
growth rate of Nile tilapia in control group was
1.3+£0.08. O. niloticus of the second and third
groups revealed a significant decrease
(p<0.05) in specific growth rate (0.84+0.05
and 0.95+0.05, respectively) when compared
with the control group. Also, this value of O.
niloticus exposed to 1/2 and 1/4 96h LCso of
lead acetate and fed a diet enriched with 600
mg carob or fig extract/kg diet was no
significant changes (p<0.05) when compared
with the control group (Table 3).

The mortality was 10% in O. niloticus of
the control group at the day 90. Mortality
recorded 50% and 45% in O. niloticus of
groups two and three at the day 90,
respectively. O. niloticus of the fourth and
fifth groups recorded mortality of 40% and
30% at the day 90, respectively. Fish in the six
and seventh groups recorded 10% mortality at
the day 90 (Table 4).
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Table 2: Erythrocyte count (108/mma), hemoglobin content (g/dL) and packed cell volume (%0)of Oreochromis niloticus blood exposed to two doses of lead acetate and
fed on a diet enriched with carob or fig ether extract for 90 days (n = 4)

Erythrocyte count Hemoglobin content Packed cell volume

Group Experimental days
30d 60d 90d 30d 60d 90d 30d 60d 90d
Gl 3.78+0.222 3.89+0.36° 3.92+0.292 4.6+0.35? 3.58+0.372 3.6+0.442 25.5+1.442 27.75+£2.27° 27.25+2.85%
G2 1.11+0.34° 1.7+0.25P 1.62+0.22° 2.13+0.49° 1.91+0.53° 0.71+0.19° 17.5+1.33° 18.1+3.85° 17.15+2.39°
G3 1.42+0.44° 1.6+0.18° 1.97+0.20° 2.5+0.56° 1.33+0.7° 0.75+0.24° 19.75+1.37° 20+1.87° 18.25+2.19°
G4 2.88+1.07° 3.05+0.32° 3.58+0.252 3.75+0.672 2.96+0.55? 3.35+0.22 21.25+£3.072 23.25+1.072 24.5+3.072
G5 2.91+1.02° 3.17+0.282 3.38+0.392 4.45+0.58% 3.15+0.642 3.93+0.3? 24.75+4.532 25.5+1.222 26.5+3.752
G6 1.03+0.66° 1.41+0.19° 1.57+0.11° 1.23+0.37° 1.5+0.79° 0.5+0.1° 19.0+1.58° 17.05+2.22° 18.44+1.01°
G7 1.62+0.23° 2.88+0.322 1.69+0.21° 1.58+0.55P 2.89+0.45? 0.58+0.11° 16.5+1.66° 26.8+2.61? 16.75+4.03°

G1: Control; G2: 1/2LCs Pb; G3: 1/4LCsg Pb; G4: 1/2LCso+C; G5: 1/4LCso+C; G6: 1/2LCso+F and G7: 1/4LCso+F. (Pb: lead, C: Carob and F: Fig).
Means within the same column carrying different superscripts were significantly different at P < 0.05.

Table 3: Glucose (mg/dL), albumin (g/dL) and total protein levels (g/dL) in the plasma of Oreochromis niloticus exposed to two doses of lead acetate and fed on a diet
enriched with carob or fig ether extract for 90 days (n = 4)

Glucose Albumin Total protein
Group Experimental days
30d 60d 90d 30d 60d 90d 30d 60d 90d
G1 24.57+1.25° 23.38+2.74° 28.55+2.82° 0.44+0.042 0.42+0.032 0.37+0.082 2.82+0.492 2.63+0.172 2.66+0.112
G2 40.29+0.882 58.06+4.082 73.01+2.462 0.29+0.06° 0.28+0.06° 0.15+0.07° 1.7+0.19° 1.42+0.18° 1.19+0.11°
G3 38.92+4.322 50.52+3.242 67.64+3.492 0.33+0.01° 0.25+0.04° 0.22+0.05° 1.48+0.22° 1.39+0.15° 1.12+0.37°
G4 21.93+2.2° 27.9+1.48° 55.05+1.75° 0.34+0.042 0.42+0.012 0.41+0.012 2.61+0.272 2.22+0.262 2.76+0.232
G5 27.97+2.27° 28.28+3.99° 29.33+2.62° 0.34+0.022 0.45+0.012 0.38+0.092 2.55+0.282 2.62+0.182 2.72+0.172
G6 27.12+3.4° 28.39+0.92° 31.03+1.49° 0.19+0.03° 0.40+0.012 0.39+0.072 1.45+0.24° 2.48+0.232 1.95+0.342
G7 27.04+10.2° 25.91+4.31° 26+0.33° 0.40£0.092 0.41+0.062 0.42+0.082 2.65+0.122 2.83+0.062 1.97+0.182

G1: Control; G2: 1/2LCso Pb; G3: 1/4LCsp Pb; G4: 1/2LCso+C; G5: 1/4LCs0+C; G6: 1/2LCsotF and G7: 1/4LCso+F (Pb: lead, C: Carob and F: Fig).

Means within the same column carrying different superscripts were significantly different at P < 0.05.
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Table 4: Body weight gain (g), specific growth rate (%) and mortality % of Oreochromis niloticus exposed to two doses of lead acetate and fed on a diet enriched with
carob or fig ether extract for 90 days (n = 4)

Group Initial weight (g/fish) Final weight (g/fish) Body weight gain (g/fish) Specific growth rate (% day) Mortality %
Gl 29.8+11.12 47.5+04.018 17.7+2.302 1.3+0.08°2 10%
G2 31.7+10.314 43.0+06.1° 11.3+4.01¢ 0.84+0.05¢ 50%
G3 30.8+13.224 43.6+04.1° 12.8+£3.33¢ 0.95+0.05°¢ 45%
G4 31.8+11.01 46.7+04.052 14.9+3.012 1.1+0.052 40%
G5 29.6+9.112 47.4+5.052 17.8+04.572 1.3+0.092 30%
G6 29.4+10.132 43.9+06.332 14.5+02.72# 1.1+0.062 10%
G7 29.9+9.552 44.2+07.18 14.3+£01.62 1.1+0.052 10%

G1: Control; G2: 1/2LCs Pb; G3: 1/4LCsq Pb; G4: 1/2LCso+C; G5: 1/4LCs+C; G6: 1/2LCso+F and G7: 1/4LCso+F(Pb: lead, C: Carob and F: Fig).
Means within the same column carrying different superscripts were significantly different at P < 0.05.



Discussion

Phytochemicals in the form of herbal
medicine play an important role in treatment
of infectious fish diseases, enhancing fish
health and food safety and quality while
conserving  aquatic  environment  and
considered a promising source for therapeutics
in fish culture [21]. Our study in O. niloticus
fed diet enriched with carob or fig at 600
mg/kg diet and exposed to 1/2 and 1/4 96h

LCso of Pb for 90 days showed an
improvement  in  some  hematological
parameters, glucose level, albumin, total

protein, growth parameters and mortality %.
Hematological parameters

The present study on O. niloticus of the
second and third groups showed a significant
decrease in erythrocyte count, hemoglobin
content and PCV after the 30, 60 and 90 days
of exposure. The reduction of these parameters
might be attributable to the destruction of
mature RBCs and inhibition of erythrocyte
production as a result of reducing the
haemsynthesis that affected by pollutants [22]
and the haematopathology or acute hemolytic
crisis that resulted in severe anemia in most
vertebrates including fish species when
exposed to different environmental pollutants
[23]. The current results were in agreement
with Mahmoud et al. [24] who stated that lead
(Pb) toxicity on fish caused significantly
decline in hemoglobin content, RBCs count
and PCV. Results of this study clearly showed
an improvement in activities of erythrocyte
count, hemoglobin content and PCV in fish
exposed to 1/2 and 1/4 96h LCso of Pb and fed
diet supplemented with 600 mg of carob /kg
diet after 30, 60 and 90 days of exposure.
Moreover, showed an improvement in
activities of erythrocyte count, hemoglobin
content and PCV in fish exposed to 1/4 96h
LCso of Pb and fed diet supplemented with 600
mg of fig /kg diet after 60 days of exposure
only. The current study was comparable with
Carolina and Mestrado [25] who reported that
carob meal contains flavonoids and 45 to 50%
protein similar to soybean meal to meagre fish
diets with graded levels augmented the RBCs
counts. Our study supported by the study of
Nebedum et al. [10] who investigated the
effect of the ethanolic extracts of Ficus carica
on albino rats that received a daily extract dose

of 200 mg/kg for 14 days. They detected an
increase in the hemoglobin content, RBCs
count and PCV compared with the control
group.  These  results  justified the
ethnobotanical use of fig as blood building
herbs due to the presence of huge amounts of
flavonoids, protein and small amounts of iron.

Biochemical parameters

This study revealed a significant increase in
plasma glucose level in O. niloticus of the
second and third group after 30, 60 and 90
days of exposure. This increase may be
resulted from an increase in plasma
catecholamine and corticosteroid hormones
[26,27]. Moreover, the stress caused by Pb led
to hypersecretion of adrenaline, which
stimulated the breakdown of glycogen to
glucose [27,28]. Results of this study clearly
showed an improvement in plasma glucose in
O. niloticus exposed to lead 1/2 and 1/4 96 h
LCso and fed diet enriched with carob or fig
ether extract 600 mg/kg diet after 30, 60 and
90 days of exposure. The present study
supported by Mokhtari et al. [11] who stated
that ether extract of carob (Ceratonia siliqua)
caused a decline in blood glucose level of
diabetic male rats. Perez et al. [29] mentioned
that the extract of Ficus carica has an obvious
hypoglycemic activity in oral diabetic rats.
The presence of fiber, phytosterols and
tocopherol in the extract of carob and fig
probably cause reduction in blood glucose
level and stimulated the pancreatic beta cells
to secret more insulin in blood circulation.

The liver synthesizes not only the protein
but also produces serum albumin the most
important one. In this study, O. niloticus of the
second and third group showed a significant
decrease in plasma albumin and total protein
after 30, 60 and 90 days of exposure. This is a
damage marker for hepatic cells and synthetic
function of liver cell. The current reduction
resulted from deleterious effect of the toxin on
the hepatic synthesis of these proteins. This
study supported by Elgaml et al. [30] who
found decrease in the levels of the total
protein, Ca, P and Mg due to hepatic toxicity
of lead acetate in O. niloticus. Mahmoud et al.
[24] who reported that lead toxicity on fish
exposed for 15 and 30 days significantly
caused a decline in serum total protein and
albumin. Results of this study clearly showed
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an improvement in plasma albumin and total
protein in O. niloticus exposed to 1/2 and 1/4
96h LCso of Pb and fed a diet enriched with
carob or fig ether extract 600 mg/kg diet after
60 and 90 days of exposure.

Growth parameters and mortality (%)

In this study, O. niloticus of the second and
third groups revealed a significant decrease in
body weight gain after 90 days of exposure.
This decrease may be attributed to reduction of
food intake, poor food conversion efficiency
and inhibition of digestive enzymes. Similarly,
lead exposure at all concentrations reduced
body weight gain in fish [31]. The current
results clearly showed an improvement in
body weight gain of O. niloticus exposed to
1/2 and 1/4 96h LCso of Pb and fed diet
enriched with carob or fig extract 600 mg/kg
diet when compared with the control group
after 90 days. O. niloticus in the groups 2 and
3 showed a significant decrease in specific
growth rate after 90 days of exposure. Very
low concentrations of heavy metals like lead
caused an effect on growth of fresh water fish
meant for human consumption [32]. O.
niloticus in this study that exposed to 1/2 and
1/4 96h LCsp of Pb and fed diet enriched with
carob or fig extract 600 mg/kg diet revealed an
improvement of specific growth rate. The
improvement in growth parameters may be
due to the presence of fiber in carob and fig
extract which improved the feed digestion and
stimulated the digestive enzymes that reduced
by lead toxicity.

The mortality % in this study decreased in
O. niloticus exposed to 1/2 and 1/4 96h LCso
of Pb and fed diet enriched with carob or fig
extract 600 mg/kg diet for 90 days. Carolina
and Mestrado [24] found no mortality as a
result of adding the carob meal which
provided about 45 - 50% of protein similar to
soybean meal to meagre fish diets with graded
levels during the course of the study, which
attributable  to  the  hepatoprotective,
hypoglycemic and ethnobotanical effect of
those extracts.

Conclusion

The results of this study supported the idea
that carob (Ceratonia siliqua) pods and fig
(Ficus carica) fruits ether extracts have
possible positive impact against lead toxicity

in Nile tilapia (Oreochromis niloticus).
Summing up our observation, carob
(Ceratonia siliqua) improved hematological
parameters, keep the protein synthetic function
of liver and improved growth performance.
While, fig (Ficus Carica) improved growth
performance and decreased the mortality %.
Therefore, our study recommended addition of
carob and fig ether extracts to fish diet as
herbal medicine to keep and improve their
physiological processes.
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