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Abstract :

The present study investigated the effects of chia seeds on CCl:
induced hepatotoxicity in rats . Thirty male albino rats were divided into
(5) groups (6) rats in each group. Two groups were controls, one fed on
basal diet only as a negative control and the other one fed on basal diet
after injection with CCl: as a positive control. The other groups were
injected by CCIl: then received basal diet containing chia seeds at the
levels of 2.5, 5 and 10 % . Liver damage was assessed by estimation of
plasma concentration of enzymes activities of aspartate amino
transferase (AST), alanine amino transferase (ALT), lipid fraction (total
cholesterol and triglyceride), cholesterol fraction (HDL-c, LDL-c,
VLDL-c), Uric acid, Urea nitrogen and glucose. Results showed an
improvement in case of tested seeds at the level of 5% followed by the
level of 10% for the above parameters. So, this study concluded that
CCl¢ induced liver damage in rats can be ameliorated by administration
of 5% chia seeds.
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Introduction

Liver diseases are among the most serious aliment. They may be
classified as acute or chronic hepatitis (inflammatory liver diseases),
hepatosis (non inflammatory diseases) and cirrhosis (degenerative
disorder resulting in fibrosis of the liver) (Kumar et al., 2011).

Carbon tetrachloride (CCl:) has been widely used in animal models to
investigate chemical toxin-induced liver damage. The most remarkable
pathological characteristics of CCl: induced hepatotoxicity are fatty
liver, cirrhosis and necrosis (Rencknagel et al., 1989). CCl: is a well-
known hepatotoxic agent (Ilavarasan et al., 2003). A single dose of
CCl: (20 micro 1/kg) induced hepatotoxicity, manifested biochemically
by significant elevation of serum enzymes activities, such as alanine
trasaminase (ALT), aspartate aminotransferase (AST), and lactate
dehydrogenase (LDH) (Mansour, 2000).

Phytotherapy is the treatment and prevention of diseases using
plants or plants part, such as leaves, flowers, roots, fruits, seeds, and
rhizomes. Preparation made from them called medicinal plants, or herbs
(Weiss and Fintelmann, 2000). Today we are witnessing a great deal of
interest in the use of herbal remedies. Some consumers have become
dissatisfied with conventional medicine. They perceive it as impersonal
and expensive, and conventional drug therapy often has undesirable side
effects. For many Americans, the medicinal use of plant extracts seems
to be a more natural, less expensive way, and involving therapies that are
more gentle and largely without side effects. Plants have always played a
significant role in maintaining the health and improving the quality of
human life; many western drugs owe their origin to plant extracts. The
American Indians also utilized a number of native herbs for medicinal
purposes. Self-prescribed herbal preparations are commonly consumed
today for a whole list of common ailments or conditions, while these
herbs are generally consumed in small amounts, it is interesting to note
that they contain similar health- promoting photochemical as do fruits
and vegetables. There is clearly a botanical and chemical similarity
between many of the herbal seasonings and conventional vegetables in
human dietary. Chia (Salvia hispanica L.) is one of the oldest crops
cultivated for centuries by the Aztec tribes in Mexico. Chia seeds are
high in dietary fiber (34.6%), protein (24.6%), and oil contents (32.2%).
The dietary fiber content of the seed is around 35%, which also has
implications on its functional characteristics in food applications.
Functional properties impacted by the dietary fiber include fat-binding
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and gel-forming. They found that the addition of dietary fiber into fish-
based products improved their water binding, emulsion activity, and
texture. It means that the addition of similar dietary fiber-based
ingredients such as chia can improve the sensory perception of food
products. At the same time, the major fatty acids of the chia oil are a-
linolenic (ALA) (64% of total oil), linoleic (LA) (21% of total oil), oleic,
stearic, and palmitic acids. Chia oil contains the highest a-linolenic acid
content of any known vegetable source. The use of chia in food can help
increase the availability of food products that contain omega-3
(Ayerza, 2010 and Ixtaina, etal., 2010).limiteapplications which are in
drinks such as .

The effect of aqueous suspension of chia on carbon tetrachloride
induced liver damage , CCl4 induced toxicity induced liver damage
antagonize aqueous dose of 250-500 mg/kg suspension of chia seeds by
raising the level of LDH ( Lactate dehydrogenase) and lowering of chia
seeds by raising the level of AST (aspartic transaminases) and ALT ( L-
alanine amino transfers) 5% seed given to albino mice to evaluate
hepatro protective action against dimethyl lami-noaze-benzen induced
liver carcinogenesis was studied and the results showed significant
changes in the plasma level of alanine ( AST) alkaline phosphate ( ALP)
, total protein and serum albumin which analyzed by malondialdehyde
but there is no harmful effect of chia seeds on the liver moreover , it
exerts hepatoprotective effect against hepatobiliary carcinogens because
of their antioxidant property. So, the present study was carried out to
investigate biological effects of different levels of chia seedss on serum
parameters of liver intoxication in rats.

Material and Methods
Materials:

The tested seeds of chia were purchased from herbalist of
Alexandria, Egypt.

Carbon tetra choloride (CCl:) was used as an inducer for liver
cirrhosis. It was purchased from El-Gomhorya Company, Cairo, Egypt
as 10% liquid solution. Reagent kits were purchased from Diamond
Diagnostics (Egypt).

Thirty white male albino rats weighing about 180 + 5g were used as
experimental animals in the present investigation. They were obtained
from the animal house of Research Institute of Ophthalmology, El-Giza,
Egypt. They were kept under observation for one week (as adapted
period) before the onset of the experiment. The animals were housed in
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stainless steel cages at normal atmospheric temperature (25 £ 5°C) and
had a 12 h light-dark cycle. Food and water were consumed ad libitum.
Methods:

Induction of liver intoxication in rats

Thirty rats were treated subcutaneous injection of carbon tetra
chloride in paraffin oil 50% V/V (2ml/kg b.wt) twice a week for two
weeks ( Jayashankar et al., 1997).

Preparation of seeds powder

These seeds were washed and dried in drying oven at ©+°C for 3
days, then crushed and milled as a dried powder.
Animals diet

The basal diet was prepared according to AIN (1993). The vitamin
mixture was prepared according to Campbell (1963), while salt mixture
was prepared according to Hegsted et al. (1941).

Experimental design

Thirty male albino rats (180 = 5g) were randomly divided into 5
equal groups (six rats each). All rats were fed on basal diet for one week
before starting the experiment for acclimatization. After the adapted
period, the initial weight was 205 + 5g. Groups of rats were as the
follows:

Group (1): Rats (n=6) were fed on basal diet only as control negative
group.

Group (2) :Rats (n=6) were kept without any treatment as positive

control group and fed on basal diet after injection with CCI¢.

Group (3): Rats (n=6) were injected by CCIl¢ then fed on basal diet

containing 2.5% chia seeds .

Group (4): Rats (n=6) were injected by CCIl¢ then fed on basal diet

containing 5% chia seeds.

Group (5): Rats (n=6) were injected by CCI¢ then fed on basal diet

containing 10% chia seeds.

By the end of the experimental periods (28 days), rats were
scarified using diethyl ether anesthesia at fasting state . Part of the blood
was taken to determine the level of serum glucose and other portion of
blood samples was collected and allowed to coagulate at room
temperature; other portion of blood was added to it, EDTA (ethylene
diamine tetracetic acid) and centrifuged at 3000 r.p.m for 15 minutes.
Serum was carefully aspirated and transferred into clean covet tubes and
stored frozen at -20°C until the time of analysis.
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Biochemical analysis:

Serum Alkaline phosphatase (ALP) was determined according to the
procedure of (IFCC methods., 1983). Aspartate aminotransferase (AST)
or (GOT) glutamic -oxaloacetic transaminase and glutamic pyruvic
transaminase (GPT) or Alanine aminotransferase (ALT) were carried out
according to the method of Henry (1974) and Yound (1975). Serum
uric acid was determined according to the method described by Fossati
et al. (1980). Serum urea in plasma was determined according to the
enzymatic method of Patton and Crouch (1977). Glucose was
determined by enzymatic test according to Tietz (1976) and Yound
(1975). Enzymatic colorimetric determination of triglycerides was
carried out according to Fassati and Prencipe (1982). Total Cholesterol
was determined by colorimetric method according to Allain (1974).The
determination of HDL was carried out according to the method of
Fnedewaid (1972) and Gordon and Amer (1977). The determination of
VLDL (very low density lipoproteins) and LDL (low density
lipoproteins) was carried out according to the method of Lee and
Nieman (1996) .

Statistical analysis:

Statistical analysis were done using the Statistical Package for the
Social Sciences (SPSS for WINDOWS, version 11.0; SPSS Inc,
Chicago). Comparative analyses were conducted using the general linear
models procedure (SPSS Inc). Values of P<0.05 were considered
statistically significant.

RESULTS

1-Effect of feeding different levels of chia seeds on ALP,
AST and ALT levels of CCl¢-intoxicated rats.

The results in table (1) indicated that mean value of ALP enzyme,
rats injected with CCl¢ (C +ve group) was 231.7+£Y.¢YU\L while in
normal rats (C -ve) was 98.3+1.32U\L. These results denote that there
was a significant increase in the mean value of ALP enzyme of rats
poisoned by CCIl¢ as compared to normal rats. The mean values of
(ALP) of diets from groups 3, 4 and 5 were significantly higher than
control negative group. Also, it could be noticed that there is no
significant differences between the values of ALP enzyme of groups 2
and 3. Meanwhile, rats given CCl¢ then fed on diet of group 4 (rats fed
on basal diet with 5% chia seeds ) showed the lowest mean value in ALP
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enzyme level in the serum which was 198+ 13.11U\L and recorded the
best result of all treatment. It could be observed that due to
intoxicated rats the serum levels of AST in table (1) showed a

significant increase in control positive group as compared to normal rats
represents 98.25+5.82 and 32.06+1.07 U/L, respectively. There is no
significant differences between groups 3 and 5. Meanwhile, group 4 (rats
fed on basal diet with 5% mixture ) showed the lowest level in serum
AST and recorded the best results as compared to all treatments. For
ALT ,in rats given CCI¢ then fed on all treatments groups 3, 4, and 5
were showing a significant differences when compared to control
negative group .There is no significant difference between groups 2 and
3. The obtained results showed that serum levels of ALT in group 4 as
compared to positive group and treatment groups recorded the highest
effect.

Table (1): Effect of feeding different levels of chia seeds on ALP, AST and

ALT levels of CCl:-intoxicated rats.

. Liver function
Animal Groups
ALP Mean SD AST Mean SD ALT Mean SD
_ q
Group (1) Control — ve IAF Y P 3Y . 11y avd 3 _do
+Y. 40
YYYVY
Group (2) Control + ve . 05 AY4A Yo 8
4y sv? YAYEY Y2
Group (3
P YYAY 20 010 90.%, +),vib gr.va
. . RVE AR LYy
Group (4) 198.). 70.0Y. 6°.A-
+Y Vof 4. 0Y° +8¢4°
Group (5) VYOV LY AP 81V e £ 4vP \ Zf;f“'

Non significant differences between the values had the same letter. Significant at

p=<0.05.

2- Effect of feeding different levels of chia seeds

on total

cholesterol and triglyceride levels (mg/dl) of CCl: intoxicated

rats.

Data in table (2)revealed that Injection of CCl¢ led to significantly

(P<0.05) increased serum total cholesterol level in hepatotoxic rats. The
mean value = SD of serum cholesterol in hepatotoxic group control
(+ve) was 193.55+£12.38 mg/dl compared to 89.78 + 5.25 mg/dl in the
negative control (- ve) group.
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The mean values of total cholesterol in rats given CCl¢ then fed on
all diets of groups 3 , 4 and 5 were significantly lower than positive
control group .There is no significant differences in total cholesterol
between groups 3 and 5. Concerning triglycerides, (Table 2) data
revealed that rats injected with CCl¢ (control positive group) had higher
value (P<0.05) of serum levels triglycerides compared to normal rats
control negative group. There were significant differences among groups
3,4 ,5 and both control groups. Meanwhile, group 4 (rats fed on diet
contained 5% seeds) showed the lowest level in the mean value of serum
triglycerides which showed 100.10 + 0.92 mg/dl as compared to all
treatment and recorded the best result.

Table (2): Effect of feeding different levels of chia seeds on total cholesterol
and triglyceride levels (mg/dl) of CCl: intoxicated rats.

Lipid Fraction
Animal Groups Total cholesterol Triglyceride
Mean SD Mean SD

Group (1) Control — ve AQ YA 40 Yol 74 44647 °
Group (2) Control + ve YOY 00 L)Y YA® Y5 Va4 V)2
Group (3) V7Y Y4 £1.4YP 13Y.7 +10.£¢°
Group (4) VYA CA£)(. £ ° 10+ )« £+ 4avd
Group (5) 160 ¥) £1 V00 L1V, e £Y . A0C

Non significant differences between the values had the same letter. Significant at
p=<0.05.

3- Effect of feeding different levels of chia seeds on HDL-c,
LDL-c, VLDL-c¢ and the ratio between LDL-¢/ HDL-c levels
(mg/dl) of CCl-intoxicated rats.

It is obvious that in rats injected with CCl: (control+ ve) the mean
value of serum levels HDL-c was 29.38+°.¥3 mg/dl. In normal rats
(control-ve) the mean value of serum levels the HDL-c was 59.00£Y.7Y
mg/dl in table (3). These finding denote that there was a significant
decrease in HDL-c in the serum of rats poisoned by CCl: as compared to
normal rats in table Y. There were non significant differences between

rats given CCl; then fed on diet of groups 3, and 5 . Finally group
¢(rats fed on diet contained 5% seeds ) showed the highest increase in
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serum level of HDL-c and recorded the best treatments. It could be
noticed that the data in table 3 evidence that, LDL-c levels was
significantly elevated in control positive group to 105.03+8.07 from
21.86+2.74 mg/dl in control negative group. All rats intoxicated with
CCl: then fed on all tested seed materials showed significant decrease in
LDL-c as compared to control positive group. Group 4 showed the
lowest value of serum LDL-c and recorded the best results as compared
to all treatments. Data presented in table Y indicated the effect of
feeding CCl: intoxicated rats with different levels of seeds on the serum
levels of VLDL-c. There were nonsignificant differences between group
3 and group 5. Group 4 showed the lowest decrease in serum level of
VLDL-c and recorded the best results as compared to all groups in table
3. As regards to rats injected with CCl: without treatment (control
positive ), the serum LDL-c/HDL-c increase dramatically from 0.37 +
0.04 for control negative group to 3.57+1.03 for control positive group in
table (3). Rats fed on based diet contained 5% seeds showed the lowest
level in the serum LDL-c/HDL-c and recorded the best results as
compared to all treatments.
Table (3): Effect of feeding different levels of chia seeds on HDL-c, LDL-
¢, VLDL-c and the ratio between LDL-c/ HDL-c levels (mg/dl) of CCly-
intoxicated rats.

Lipid fraction
Animal G
TR oL Meane sp | EPLC | vipLc [ LpL-cmprc
Mean+ SD | Mean+ SD | Mean+ SD
Group (1) o4 v Y1.A% AAY YT+ v te
Control — ve +V.IYA +Y Vie ++ ViE
Group (2) YA YA o ¥Yd Yoo u¥ 59.14 v.5v
Control + ve +A VA + EA +), VA
Group (3) 3V.r0xi vAc av.ayv €18y 3.0
+A_£AD ++.4¢D ++. YYD
Group (4) v9.£1, ©4.54 YA A 1.51+
+Y.+¢b ++.d ++.YAd Y4
Group (5) V.Y i e 8AAA 43.4 2.69+
+A OAc ++.YADb A Y )

Non significant differences between the values had the same letter.
Significant at p<0.05.

. _______
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4- Effect of feeding different levels of chia seeds on glucose
levels (mg/dl) of CCl-:intoxicated rats.

It could be observed that, the mean value +£SD of glucose in table (4)
of control positive group significantly increase, as compared to normal
rats, it was being 141.14+0.02 and 81.05+2.11 mg/dl, respectively. In
rats given CCl: then fed on all treatments, there were significant
increases in the glucose levels as compared to normal group which were
126.79+0.72, 118.14+0.59, and 131.12+0.85 mg/ dl for groups 3, 4, and
5 respectively. There is no significant difference between groups 3and 5.
Finally, group 4 showed the lowest increase in glucose level which were
118.14+0.59 and recorded the best treatment.

Table (4): Effect of feeding different levels of chia seeds on glucose
levels (mg/dl) of CCl-:intoxicated rats.

Animal Groups Glucose Mean £SD
Group (1) Control — ve AL, YVzxoP
Group (2) Control + ve YEY Y643 YA
Group (3) YY1,V +4 VYB
Group (4) VYA N7+ ¢ 04C
Group (5) VYV V54 Y.B

**Non significant differences between the values had the same letter. Significant
at p<0.05

5- Effect of feeding different levels of chia seeds on Uric
acid and Urea nitrogen levels (mg/dl) of CCl: intoxicated rats.

Results revealed that, treated rats with CCl; -intoxicated diet control
positive group led to a significant increase (P<0.05) in serum uric acid
when compared with control negative group. The mean values of uric
acid of groups 4, and 5 were significantly lower than positive control
group (Table 5). Nonsignificant differences were observed between
groups 3 and control positive group. Meanwhile, group 4 showed the
lowest level in serum uric acid among all treatment and recorded the best
results compared to normal group .

For urea nitrogen, there is no significant difference between group 3
and control positive group. Group 4 showed lower (P<0.05) in urea
nitrogen than both control groups. Finally, group 4 showed the lowest
level of urea nitrogen among all treatment groups.

Table (5): Effect of feeding different levels chia seeds on Uric acid and Urea
nitrogen levels (mg/dl) of CCl: intoxicated rats.
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Kidney functions
Animal Groups
Uric acid Urea Nitrogen
Mean = SD Mean+ SD
Group (1) - R V¢V 4. 4B
Control — ve ' ' ' '
Group (2) R L Yol Y YA
Control + ve
Group (3) YT £ )08 Yo T 4y ¢A
Group (4) AL Vo)) ¥E
Group (5) YY) 48 VYA L. Qb

Non significant differences between the values had the same letter.Significant at
p=<0.05

Discussion:

The reactive electrons species from CCl: induces rat liver cirrhosis
that resembles the human disease, and it can serve as a suitable animal
model for studying human liver cirrhosis (An et al., 2006).

Toxicity experienced by the liver during CCl: poisoning results
from the production of a metabolite, CCl: which is a direct hepatotoxin
responsible for change in cell permeability and it inhibits mitochondrial
activity followed by cell death (Ambrose et al., 2009). It has also been

reported that chronic CCl: exposure produced cirrhosis in rats (Chieli
and Malvadi, 2008).

An obvious sign of hepatic injury is the leakage of cellular enzyme
into plasma (Schmidt er al, 1975). When the liver cell plasma
membrane is damaged, a variety of enzymes normally located in the
cytosol are released into blood stream. Their estimation in the serum is a
useful quantitative marker for the extent and type of hepatocellular
damage (Ansari et al., 1991). ALT and AST are the most often used and
most specific indicators of hepatic injury and represent markers of
hepatocellular necrosis. These liver enzymes catalyze transfer of alpha-
amino group aspartate and alanine to the alpha-ketoglutaric acid.
Whereas ALT is primarily localized to the liver, AST is present in a
wide variety of tissue, including heart, skeletal, kidney, brain, and liver.
AST is present in both the mitochondria and cytosol of hepatocytes, but
ALT is found only in the cytosol. In an asymptomatic person with
isolated elevation of AST or ALT level, diagnostic clues can be garnered
from the degree of elevation (Rosen and Keeffe, 1998).
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Results of the current study revealed that administration of CCl:
caused significant increases in the levels of aspartate aminotransferase,
alanine aminotransferase, glucose levels, lipid profile and kidney
enzymes and these are in agreement with Tunez et al. (2005). On the
other hand, the current study demonstrated that the treatment with chia
seeds caused marked ameliorations of transaminase enzymes activity
(ALT and AST). The results are in accordance with Tapiero et al
(Y« » Y)who showed the effect of chia extracts on carbon tetrachloride—
induced hepatotoxicity in rats.

The mechanism by which the chia seeds induces its hepatoprotective
activity is not certain. However, it is possible that B-sitosterol, a
constituent of chia, which is at least partly responsible for the protective
activity against CCl: hepatotoxicity (Tesoriere et al., 2004). An
additional and important factor in the hepatoprotective activity of any
drug is the ability of its constituents to inhibit the aromatase activity of
cytochrome P-450, thereby favoring liver regeneration. On that basis, it
is suggested that flavonoids in cactus pear could be a factor contributing
to its hepatoprotective ability through inhibition of cytochrome P-450
aromatase (Kowalska ez al., 1990). In addition, the recorded content of
vitamin C in the chia (35 —38 mg per 100 g) may also play a role in
hepatoprotection. Previous in vivo studies indicate that hepatic
microsomal drug metabolism decreases in ascorbic acid deficiency and
is augmented when high supplements of the vitamin are given to guinea
pigs (Burtis and Ashwood, 2001).

Blood glucose concentration is known to depend on the ability of the
liver to absorb or produce glucose. The liver performs its glucostatic
function owing to its ability to synthesize or degrade glycogen according
to the needs of the organism, as well as via gluconeogenesis (Ahmed et
al., 2006). The blood sugar level after overnight fasting in cirrhotic
patients is believed to decrease only in severe hepatic failure
(Kruszynska and MclIntyre, 1991). This is confirmed by our data that
indicate that glucose levels in cirrhosis decreased.

Conclusions :

The study clearly demonstrates that 5% of tested seeds have
potential for treatment and prevention of CCl4: -induced hepatic
cytotoxicity. This study, along with other research, targets seeds as a
potentially safe and effective plant seeds that has important medicinal
values and benefits.
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