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Abstract:

The second-largest organ in the human body is the liver. Numerous causes
might harm the liver, including genetic conditions and environmental
toxins. Because of its numerous pharmacological advantages, carob is a
plant with significant relevance in traditional medicine. The current
investigation aimed to determine that carob seeds (Ceratonia silique, L.) in
powder and aqueous extract affected CCl4-induced liver damage in rats. In
this investigation, thirty mature male albino rats weighing (150+10g) were
divided into six groups with five rats each. The (+ve) group and the other
four groups were fed the food plus 0.2 ml/100 g body weight of 40 ml/I
CCl4 for 14 days to induce liver fibrosis, while one of them was kept as a
control (-ve) group. Carob seeds (powder and aqueous extract) were
introduced to the main diet at 5 and 10%, respectively. Body weight gain,
food intake, feed efficiency ratio, glucose level, renal function tests
(creatinine, uric acid, and urea levels), serum liver enzymes (ALT et al.), and
lipid profile (TG, TC, HDL-c, LDL-c, and VLDL-c) have all been determined.
According to the results, eating carob seeds (powder and aqueous extract)
increased HDL-c levels significantly (P<0.05) but also significantly
decreased body weight gain compared to the control (+ve) group,
improved liver and kidney functions, and returned serum glucose and
blood lipid levels to normal, reflecting the potent nutraceutical therapeutic
effect for eating carob seeds (powder and aqueous extract).

Keywords: Carob seeds, Fibrosis, Rats, Biochemical analysis

Liver is the second largest organ in human body, more than 5,000 separate bodily functions
including helping blood to clot, cleansing the blood of toxins to converting food into nutrients
to control hormone levels, fighting infections and illness, regenerating back after injury and
metabolizing cholesterol, glucose, iron and controlling their levels. Most people never give
their liver a thought until something goes wrong, yet liver diseases on rise, affecting one in
ten. Liver diseases can be inherited or caused by a variety of factors that damage the liver.
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In fact, there are many types of liver diseases that can be caused by a virus, damage from
drugs or chemicals, obesity, diabetes or an attack from own immune system, when the
condition is left untreated, it can become life threatening and can permanently damage the
liver or the bile duct (1).

Liver disease accounts for approximately 2 million deaths per year worldwide, 1 million due
to complications of cirrhosis and 1 million due to viral hepatitis and hepatocellular carcinoma
(HCC) (2).

Previous studies proved that carbon tetrachloride (CCls4) has some toxic effects on the liver,
as CCla creates free radicals that cause liver damage (3).

Carob as a plant bears a great significance in the traditional medicine because of its various
pharmacological benefits (4).

Carob tree (Ceratonia siliqua L.) belongs to legume family, and it is native to the
Mediterranean region (5). Carob fruit is a non-cracking pod, long and flattened, straight or
curved. It is composed of two major parts, pulp (90%) and seed (10%). They are widely used
as raw material in food, pharmaceutical and cosmetic industries (6).

Carob pulp contains numerous bioactive compounds such as sugars, cyclitols, polyphenols,
amino acids, fibers and minerals, while the composition of carob seeds includes gum,
polyphenols and proteins (7). Meanwhile, the seed consists of three main components: gum,
polyphenols and protein (8). Also Dakia et al. reported that The composition of the carob
seed includes approximately 9% moisture, 1% ash, 1% protein, 1.1% fat, 0.4% sucrose, 0.1%
D-glucose, fructose, 0.1% starch, and a total phenols content of 0.661 mg/g(9).

Seeds and pods are a particularly rich source of flavonoids such as proanthocyanidin,
ellagitannin and gallotannin. These phytochemicals exhibited scavenging activities against
numerous diseases caused because of free radical attack (10). Due to the chemical
composition, carob exhibits a powerful antioxidant activity and possesses many valuable
therapeutic functions, such as lipid-lowering, anti-cardiovascular and nephroprotective
properties (11).

Furthermore, it was suggested that carob pods extract exhibited a potential gastro-
protective effect and ameliorative effects against oxidative damage in different tissues
induced by alcohol or carbon tetrachloride in rats (12).

carob seeds have a hepatoprotective effect and antioxidant activity in rats with ethanol
toxicity (13).

This study aimed to study the effect of carob seeds as aqueous extract and powder on liver
damage in rats injected by CCls.

Materials and methods

Materials:

The used of carob seeds (Ceratonia siliqua L.):

Carob seeds (Ceratonia siliqua L.) were obtained from the local market at Menoufia
Governorate in March 2021.
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Rats:

A total of 30 adult normal male albino rats Sprague Dawley strain weighting 150+10g were
obtained from Vaccine and Immunity Organization, Ministry of Health, Helwan Farm, Cairo,
Egypt.

Basal diet components:

Casein, cellulose, choline chloride and DL methionine powder were obtained from Morgan
Co. Cairo, Egypt.

Chemicals and kits:

Carbon Tetra Chloride (CCLs) and all chemical kits used in this study were obtained from El-
Gomhoryia company for Trading Chemicals, Drugs and Medical Instruments, Cairo, Egypt.
CCLs was used as a toxic chemical for liver poisoning according to (14).

Methods:

Preparation of carob seeds powder:

The dried carob seeds were ground in a grinder (Braun Biotech International GMBH. D.34212
Melsungen, Germany) to pass through a 1.6 mm sieves and stored at - 12°C until used.
Preparation of el carob seeds extract:

Exactly 200g of the fine powder was soaked in 1000 ml (IL) of distilled water in a conical flask,
the mixture allowed to stand the laboratory bench for 30 minutes, there after shaken and
boiled four 1 hour. It was then cooled and filtered (15).

The induction of liver experimental:

Rats were injected subcutaneously at a dose of 0.2 ml/100 g body weight of 40 ml/l CCl,
(Morgan Chemical Factory, Egypt) dissolved in paraffin oil (Morgan Chemical Factory, Egypt).
Carbon tetrachloride was injected two times per week for 2 consecutive weeks. Liver fibrosis
was determined at the end of experimental by killing rats (16).

Animals:

Thirty adult normal male albino rats weighting 150£10g. Rats were housed in wire cages
under the normal laboratory condition and were fed on basal diet for a week as an
adaptation period. Diet was offered to rats in special food cups to avoid loses conditions of
feed, water was provided to the rats by glass tubes supported to one side of the cage, feed
and water provided ad-labium and checked daily.

Biological experiments:

Basal diet composition (standard diet)

The standard diet was formulated according to AIN guidelines (17, 18). Minerals mixture and
vitamins mixture were prepared according to (19, 20).

Experimental design:

The experiment was done in the Faculty of Home Economics, Menoufia University, Shebin
El-Kom. Rats were housed in wire cages at a room temperature of 25°C and kept under
normal healthy condition.

All rats were fed on standard diet according to American Institute of Nutrition (AIN) for 7
days for adaptation (17). Rats were randomly divided into two main groups.

The first group, negative control group (n = 5), fed standard diet only.
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The second main group hepatic rats (n=25). In this group rats were injected by CCL4 by 2 mg

per kg of rat’s body weight.

Hepatic rats were divided into 5 sub-groups (5 rats each) according to the following:

Sub-group 1: Hepatic rats fed on standard diet only, used as positive control.

Sub-group 2: Hepatic rats fed on standard diet replaced with 5% of el carob seeds extract.

Sub-group 3: Hepatic rats fed on standard diet replaced with 10% of el carob seeds extract.

Sub-group 4: Hepatic rats fed on standard diet replaced with 5% of el carob seeds powder.

Sub-group 5: Hepatic rats fed on standard diet replaced with 10% of el carob seeds powder.

During the experimental period, the body weight gain and feed intake were estimated

weekly, and the general behavior of rats was observed.

Blood sampling:

At the end of experimental period (28 days) each rat weight separately then, rats are

slaughtered and collect blood samples after 12 hours of fasting. Blood samples were

centrifuged at (4000 rpm) for ten minutes to separate blood serum, then kept in deep freezer

till using.

Biological evaluation:

Biological Evaluation of the different diets were carried out by determination of body weight

gain % (BWG), feed efficiency ratio (FER) according to (22), using the following formulas:
Body weight gain (g) = Final weight — Intinal weight

Final weight — Intinal weight _

BWG % = 100

Intinal weight

Gain in body weight (g)

FER
Food intake (g)

Biochemical analysis:

Alanine amino transferase (ALT), aspartate amino transferase (AST) enzymes and alkaline
phosphatase (ALP) were measured according to the methods described by (23, 24, 25),
respectively. Serum glucose was estimated according to (26). Urea, uric acid, and creatinine
levels were determined in serum according to the method described by (27). Total
cholesterol (TC), Triglycerides (TG) and High density lipoprotein (HDL-c) lipid were
determined according to (28, 29, 30, 29), respectively. Low density lipoprotein (LDL-c) and
very low density lipoprotein (VLDL-c) were calculated according to the methods of (31), as
follows:

VLDL=TG/5.

LDL=Total cholesterol (HDL+VLDL).

Statistical analysis:

Statistical analysis was performed by using computer program (Costate) one-way ANOVA
when a significant main effect was detected, the means were separated with the student
new man-keuls test. Differences bet ween treatments (P< 0.05) were considered significant
(33).
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Results and Discussion

Data presented in Table (1) showed the effect of carob aqueous seeds extract and powder
on body weight gain, feed intake and feed efficiency ratio of CCls injected rats. In case of
body weight gain the highest value recorded for negative control group, while positive
control group recorded the lowest value with significant differences(P<0.05). The mean
values were 3.81 and 2.45 g/28 days, respectively. For treated groups the highest body
weight gain value recorded for 5% carob seeds powder, while 10% carob aqueous seeds
extract group recorded the lowest value with significant differences(P<0.05). The mean
values were 3.02 and 2.63 g/28 days, respectively. These results agree with, (34) who found
that the soluble fiber in carob powder had shown a potential benefit for enhancing weight
loss

As for feed intake there were no significant differences (P<0.05) between negative control,
positive control and all treated groups.

In case of feed efficiency ratio, the highest value recorded for control group, while control
group recorded the lowest value with significant (P<0.05) differences. The mean values
were 0.208 and 0.146, respectively. For treated groups the highest feed efficiency ratio
value recorded for 5% carob seeds powder, while 10% carob aqueous seeds extract group
recorded the lowest value with significant differences (P<0.05). The mean values were 0.167
and 0., respectively.

Table (1): The effect of carob aqueous seeds extract and powder on body weight gain, feed
intake and feed efficiency ratio of CCl4 injected rats.

Parameters Body weight gain Feed intake Feed efficiency ratio
Groups (8/28 day) (g/day) %
G1: Control positive 2.45+0.19 16.80°t0.32  0.146°+0.009
Ga: Control negative 3.81°10.76 18.20°+0.75  0.208°t0.033
G3:(5%) carob aqueous seeds extract  2.98%+0.21 17.90°+0.80  0.166¥+0.004
Ggs: (10%) carob aqueous seeds extract  2.63°+0.49 17.10°+0.36  0.154°+0.026
Gs:(5%) carob seeds powder 3.02%+0.28 18.00%+0.50  0.167%+0.011
Ge:(10%) carob seeds powder 2.80%+0.35 17.50°+0.16  0.16%+0.02
LSD (P <0.05) 0.76 0.95 0.035

Each value represents mean # standard deviation. Mean under the same column bearing different superscript letters are
different significantly (P < 0.05).

Data presented in Table (2) showed the effect of carob seeds as aqueous extract and powder
on serum liver functions levels (ALP, AST, and ALT) of hepatic rats. The obtained results
indicated that the highest value of serum ALP levels recorded for positive control group,
while negative control group recorded the lowest value with significant (P<0.05) differences.
The mean values were 127.50 and 65.20 U/L, respectively. For treated groups the highest
value of serum ALP levels recorded for 5% carob seeds powder, while 10% carob aqueous
seeds extract group recorded the lowest value with significant (P<0.05) differences. The
mean values were 102.60 and 69.33U/L, respectively.
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In case of serum AST, it could be concluded that the highest value of serum AST levels
recorded for positive control group, while negative control group recorded the lowest value
with significant (P<0.05) differences. The mean values were 173.50 and 98.46 U/L,
respectively. For treated groups the highest value of serum AST levels recorded for 5% carob
seeds powder, while 10% carob aqueous seeds extract group recorded the lowest value with
significant (P<0.05) differences. The mean values were 161.20 and 115.08 U/L, respectively.
Data also indicated that the highest value of serum ALT levels recorded for positive control
group, while negative control group recorded the lowest value with significant (P<0.05)
differences. The mean values were 95.62 and 50.13 U/L, respectively. For treated groups the
highest value of serum ALT levels recorded for 5% carob seeds powder, while 10% carob
aqueous seeds extract group recorded the lowest value with significant (P<0.05) differences.
The mean values were 80.91 and 53.02 U/L, respectively. These results agree with (35) who
reported that liver function parameters (serum aspartate aminotransferase, serum alanine
aminotransferase, and serum alkaline phosphatase) were significantly increased in the
positive control group due to induced hypercholesterolemia, compared with the negative
control, treatment this rat with carob legume methanol extract for 8 weeks significantly
improved the liver functions by decreasing the liver enzymes activity.

Also, (36) reported that CCls caused a significant increase in the AST and ALT levels in
comparison to those of control rats whereas carob supplementation caused a significant
decrease in these serum enzymes in comparison to those of CCl, treated rats, the reasons
for such effect of the carob addition may be due to antioxidant activity.

(37) reported that carob powder improved liver functions by reducing serum AST, ALT and
ALP levels.

Table (2): The effect of carob seeds as aqueous extract and powder on serum liver
functions levels (ALP, AST, and ALT) of hepatic rats.

Parameters ALP AST ALT
Groups u/L u/L u/L
G1: Control negative 65.20+0.21 98.46/+0.36 50.137+0.84
Ga: Control positive 127.50%+0.69 173.50%+0.08 95.62%+0.30
G3:(5%) carob aqueous seeds extrai 90.15%40.30 150.16¢0.99 72.4840.77
Gs: (10%) carob agueous seeds exti 69.33%40.71 115.08%+0.56 53.02%40.15
Gs:(5%) carob seeds powder 102.60°+0.58 161.20°+0.28 80.91°+0.43
Ge:(10%) carob seeds powder 75.42940.11 133.709+0.40 60.209+0.60
LSD(P<0.05) 0.88 0.94 1.02

Each value represents mean # standard deviation. Mean under the same column bearing different superscript letters are
different significantly (P<0.05). ALP: Alkaline phosphatase. AST: Aspartate transaminase. ALT: Alanine aminotransferase.

Data presented in Table (3) showed the effect of carob aqueous seeds extract and powder
on serum glucose levels of hepatic rats. The obtained results indicated that the highest value
of glucose levels recorded for positive control group, while negative control group recorded
the lowest value with significant (P<0.05) differences. The mean values were 195.60 ? and
104.23 mg/dl, respectively. For treated groups the highest value of glucose levels recorded
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for 5% carob seeds powder, while 10% carob aqueous seeds extract group recorded the
lowest value with significant differences(P<0.05). The mean values were 161.44 and 109.12
mg/d|, respectively. These results agreed with. (38) who reported that methanolic extract of
dry carob pods was active against STZ-nicotinamide-induced hyperglycemia in rats by
inhibiting a-amylase and a-glucosidase (38).

Table (3): The effect of carob aqueous seeds extract and powder on serum glucose levels
of hepatic rats.

Parameters Glucose

Groups mg/dl

Gi: Control negative 104.23f+0.92
Gy: Control positive 195.60°+0.70
G3:(5%) carob aqueous seeds extract 150.70°¢0.18
Gs: (10%) carob agueous seeds extract 109.12840.25
Gs:(5%) carob seeds powder 161.44°+0.63
Ge:(10%) carob seeds powder 132.609+0.41
LSD 1.030

Each value represents mean * standard deviation. Mean under the same column bearing different superscript letters are
different significantly (P< 0.05).

Data presented in Table (4) showed the effect of carob aqueous seeds extract and powder
on serum total cholesterol levels (TC) and triglycerides (TG) hepatic rats. The obtained results
indicated that the highest value of serum cholesterol levels recorded for positive control
group, while negative control group recorded the lowest value with significant
differences(P<0.05). The mean values were 165.20 and 98.05 mg/dl, respectively. For
treated groups the highest value of serum cholesterol levels recorded for 5% carob seeds
powder, while 10% carob aqueous seeds extract group recorded the lowest value with
significant differences(P<0.05). The mean values were 140.35 and 105.60 mg/dl,
respectively.

In case of serum triglycerides, it could be concluded that the highest value of serum
triglycerides levels recorded for positive control group, while negative control group
recorded the lowest value with significant differences(P<0.05). The mean values were
170.30and 104.00 mg/dl, respectively. For treated groups the highest value of serum
triglycerides levels recorded for 5% carob seeds powder, while 10% carob agueous seeds
extract group recorded the lowest value with significant differences(P<0.05). The mean
values were 143.10 and 122.25° mg/dl, respectively. These results agreed with (39) reported
that aqueous carob extract had the ability to reduce total cholesterol and T.G. This might be
due to presence of an insoluble dietary fiber which comprised of 80% insoluble polyphenol
in the carob pod extract.

Also, (40) examined the effects of carob fiber on fat digestion and postprandial lipemia in
healthy rats. The result proved that carob fiber could lower triglycerides, total cholesterol,
because carob contains a large amount of insoluble dietary fiber and polyphenols.
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Table (4): The effect of carob aqueous seeds extract and powder on serum total cholesterol
levels (TC) and triglycerides (TG) hepatic rats.

Parameters Total cholesterol Triglycerides

Groups mg/dl mg/dl

Gi: Control negative 98.057+0.62 104.007+0.18
Gy: Control positive 165.20% £ 0.80 170.302+0.98
G3:(5%) carob aqueous seeds extract 136.81¢+0.75 134.56 ¢+ 0.72
Ga: (10%) carob aqueous seeds extract 105.60¢€ £ 0.33 122.25¢+0.64
Gs:(5%) carob seeds powder 140.35° +0.28 143.10° +0.53
Gs:(10%) carob seeds powder 123.989+0.67 125.90 4 +0.88
LSD (P <0.05) 1.081 1.250

Each value represents mean # standard deviation. Mean under the same column bearing different superscript letters are
different significantly (P < 0.05).

Data presented in Table (5) showed the effect of carob aqueous seeds extract and powder
on serum lipid profile levels; high-density lipoprotein cholesterol (HDL-c), low-density
lipoprotein cholesterol (LDL—c) and very low-density lipoprotein cholesterol (VLDL—c) of
Hepatic rats. It’s clear to notice that the highest high density lipoprotein cholesterol levels
recorded for negative control group, while positive control group recorded the lowest value
with significant differences(P<0.05). The mean values were 67.20 and 47.34 mg/d],
respectively. On the other hand, the highest high density lipoprotein cholesterol levels of
treated groups recorded for 10% carob aqueous seeds extract group, while 5% carob seeds
powder group recorded the lowest value with significant differences(P<0.05). The mean
values were 65.12 mg/dl and 57.30 mg/dI, respectively.

Data also indicated that the highest low density lipoprotein cholesterol levels recorded for
positive control group, while negative control group recorded the lowest value with
significant differences(P<0.05). The mean values were 83.80 mg/dl and 10.05 mg/dl,
respectively. For treated groups the highest value of serum low density lipoprotein
cholesterol levels recorded for 5% carob seeds powder, while 10% carob aqueous seeds
extract group recorded the lowest value with significant differences (P<0.05). The mean
values were 54.43 and 16.03 mg/dI, respectively.

In case of very low-density lipoprotein cholesterol the highest value recorded for positive
control group, while negative control group recorded the lowest value with significant
(P<0.05) differences. The mean values were 34.06 and 20.80 mg/dl, respectively.

For treated groups the highest value of very low-density lipoprotein cholesterol levels
recorded for 5% carob seeds powder, while 10% carob aqueous seeds extract group
recorded the lowest value with significant differences (P<0.05). The mean values were 28.62
and 24.45 mg/dl, respectively. These results agreed with (41) who reported that
consumption of hydro-alcoholic seed extract of Ceratonia siliqua, L. can reduce blood lipids
levels in diabetic male rats, because of its high of fibre, phytosterols and tocopherol in the
extract, these compounds could prevent the absorption of lipids and increase the
concentration of bile acids, there by declining the blood lipids levels (41).
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Also, (42) reported that feeding rats with 10 and 20% carob powder improved lipid profile
parameters by reducing LDL-c and VLDL-c and increasing HDL-c levels.

Table (5): The effect of carob aqueous seeds extract and powder onserum lipid profile
levels (HDL-c, LDL-c and VLDL-c) of Hepatic rats.

Parameter<HDL-c LDL-c VLDL-c
Groups mg/dl mg/dl mg/dl
Gi: Control negative 67.20%+0.05 10.057+0.53 20.80/+0.04
Gy: Control positive 47.3470.18 83.8210.42 34.06%10.20
G3:(5%) carob aqueous seeds extract ~ 60.829+0.31 49.0840.30 26.90°¢0.15
Gs: (10%) carob aqueous seeds extract 65.12°+0.44 16.03%+0.24 24.45%40.13
Gs:(5%) carob seeds powder 57.30%40.21 54.43°+0.04 28.62°+0.11
Ge:(10%) carob seeds powder 62.50°+0.69 36.309+0.2 25.189+0.18
LSD(P<0.05) 0.671 0.580 0.260

Each value represents mean * standard deviation. Mean under the same column bearing different superscript letters are
different significantly (P<0.05). HDL-c= High-density lipoprotein cholesterol. LDL-c = Low-density lipoprotein cholesterol.
VLDL -c = Very low-density lipoprotein cholesterol.

Data presented in Table (6) showed the effect of carob aqueous seeds extract and powder
on kidney functions levels (urea, uric acid and creatinine) of hepatic rats. It’s clear to notice
that the highest serum urea levels recorded for positive control group, while negative control
group recorded the lowest value with significant differences (P<0.05). The mean values were
49.27 and 22.50 mg/dl, respectively. For treated groups the highest value of serum urea
levels recorded for 5% carob seeds powder, while 10% carob aqueous seeds extract group
recorded the lowest value with significant differences(P<0.05). The mean values were 38.78
and 25.41 mg/dI, respectively.

Data also showed that the highest serum uric acid levels recorded for positive control group,
while negative control group recorded the lowest value with significant differences(P<0.05).
The mean values were 5.32 mg/dl and 2.10 mg/dl, respectively. On the other hand, for
treated groups the highest value of serum uric acid levels recorded for 5% carob seeds
powder, while 10% carob aqueous seeds extract group recorded the lowest value with
significant differences(P<0.05). The mean values were 3.65 and 2.50 mg/dl, respectively.

In case of serum creatinine, it could be concluded that the highest value recorded for positive
control group, while negative control group recorded the lowest value with significant
differences(P<0.05). The mean values were 1.72 and 0.60 mg/dl, respectively. On the other
hand, for treated groups the highest value of serum creatinine levels recorded for 5% carob
seeds powder, while 10% carob aqueous seeds extract group recorded the lowest value with
significant (P<0.05) differences. The mean values were 1.25 and 0.71 mg/d|, respectively.
Our results agreed with (43) who reported that carob play an important role in improving
the renal dysfunction induced in rats by the cyclosporine, because of its anti-inflammatory
effect. (44) reported that carob honey had a protective effect against lead-induced kidney
damage in rats; it ameliorated the elevation of serum creatinine and blood urea induced by
lead.
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Table (6): The effect of carob aqueous seeds extract and powder on kidney functions levels
(urea, uric acid and creatinine) of hepatic rats.

Parameters Urea Uric acid Creatinine
Groups mg/dl mg/dl mg/dl
Gi: Control negative 22.500.10 2.10°¢0.05 0.60°¢0.03
Gz: Control positive 49.27%10.48 5.32°10.71 1.723+0.36
G3:(5%) carob aqueous seeds extract 31.08°+0.36 3.02°¢+0.65 1.06+0.27
Ga: (10%) carob aqueous seeds extract ~ 25.41°+0.70 2.50°40.27 0.71°¢+0.08
Gs:(5%) carob seeds powder 38.78°+0.59 3.65°+0.40 1.25°+0.33
Ge:(10%) carob seeds powder 29.629+0.82 2.88°¢40.13 0.83°°+0.11
LSD (P < 0.05) 0.990 0.791 0.420

Each value represents mean # standard deviation. Mean under the same column bearing different superscript letters are
different significantly (P < 0.05).

Conclusion

In conclusion, a strong therapeutic effect of feeding carob seeds as powder and aqueous
extract for the treatment of hepatic rats induced by CCls, revealed that feeding experimental
animals with carob seeds as powder and aqueous extract significantly increased (P<0.05)
HDL-c levels and decreased liver and kidney functions, glucose level, and serum lipid profile
compared to the positive control group (+ve).
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