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Abstract

Background: The liver is the main metabolic organ involved in disposal and detoxification of various molecules. Plantago psyllium L. seed
has been reported to exert positive effects in some pathological conditions. The current study aims to assess the hepatoprotective effect
of Plantago psyllium L. seed extract against carbon tetrachloride-induced hepatotoxicity.

Methods: Male albino Wistar rats were randomly divided into five groups of 10 rats each. Hepatotoxicity was induced by orally administered
carbon tetrachloride (CCl,) for nine weeks with or without the different treatments which were utilized daily for the whole nine weeks.
Serum and tissue samples were then withdrawn and different liver biomarkers were investigated.

Results: Treatment of rats with Psyllium seed ethanolic extract significantly alleviated the toxic effects of CCl,. This was evidenced by its
ability to restore liver biomarkers levels. Moreover, treatment with Psyllium seed extract normalized levels of oxidative biomarkers such
as lipid peroxidation, hepatic content of reduced glutathione and catalase activity, as well as the expression level of the inflammatory
marker TNF-a. Histopathological examination reflected the protective effect of the extract on liver architecture and confirmed the
observed biochemical data.

Conclusions: The presented data demonstrates a potential hepatoprotective effect of Psyllium seed extract compared to the standard
hepatoprotective drug silymarin. This effect can be attributed to the antioxidant and anti-inflammatory effects of Psyllium extract.
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Highlights:

+ CCl, induced a hepatotoxic effect on the biochemical and the histological level.

+ Psyllium seed extract (PSE) exerted a hepatoprotective effect.

+ It restored catalase activity and reduced glutathione content, and ameliorated lipid peroxidation.
« It alleviated the histopathological signs of CCl,-induced hepatotoxicity.

+ PSE effects can be regarded to its antioxidant properties.

+ PSEis a good candidate as a phytotherapeutic agent to protect the liver.
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CCl,, carbon tetrachloride; RE, Rutin equivalent; GAE, gallic acid equivalent; DPPH, 2, 2*-diphenyl-1-picrylhydrazyl; TNF-a, Tumor
necrosis factor alpha; AST, Aspartate transaminase; ALT, Alanine transaminase; GSH, glutathione; LDH, Lactate dehydrogenase;
MDA, malondialdehyd; ALP, Alkaline phosphatase; TG, triglyceride; CAT, catalase; PSE, Psyllium seed extract; ROS, reactive oxygen
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Introduction

Despite the fact that various hepatic issues are in charge of
a remarkable number of liver transplantations and deaths re-
corded around the world, accessible therapeutic alternatives
are extremely limited. This provoked an extraordinary interest
in the improvement of new powerful drugs (Eidi et al., 2012).

Plantago psyllium L. (Plantaginaceae), popularly known as
‘Psyllium’, is a plant native to tropical regions (Devesh et al.,
2014). Its seeds were used as a thickening agent for manufac-
turing tablets as they contain pentoses, hexoses, and uronic
acids (Gelissen et al., 1994). Some earlier studies reported
antioxidant activity and a positive effect in the treatment of
inflammatory bowel disease for Plantago (Kardosova and Ma-
chova, 2006; Rodriguez-Cabezas et al., 2003). Recently, phyto-
chemical studies have attributed these biological activities to
the content of fixed oils, flavonoids, tannin, aucubin glycoside
(iridoid), sugars, sterols and proteins as well as the presence of
hydrocolloidal polysaccharide (mucilage) in the outer seed coat
(Devesh et al., 2014).

Oxidative stress that results from free radicals overburden-
ing the endogenous antioxidant mechanisms can lead to cel-
lular damage and tissue injury representing a main cause for
various disorders including liver dysfunction (Li et al., 2015).
There is an increasing amount of evidence that natural antiox-
idants such as polyphenols and flavonoids have a crucial role
in protecting cells against oxidative damage. Their free radical
scavenging abilities support the concept of using these prod-
ucts in the treatment of a wide range of disorders (Pandey and
Rizvi, 2009).

Carbon tetrachloride (CCly) is a known hepatotoxin that
is biotransformed by hepatic microsomal CYP450 produc-
ing highly reactive free radicals. These metabolites induce a
state of lipid peroxidation and oxidative stress (Brautbar and
Williams, 2002). It has been shown before that antioxidants
protect against CCl, induced-hepatotoxicity via enhancing
endogenous antioxidant capacity and inhibiting lipid peroxi-
dation (Singal et al., 2011). Although the antioxidant activity
of P. psyllium seeds had been reported earlier, its hepatoprotec-
tive effects have not yet been investigated (Patel et al., 2016).
In this current work we aimed at investigating the hepato-
protective effects of P. psyllium seeds extract against CCl, in-
duced-hepatotoxicity.

Materials and methods

Source of Plantago psyllium L. seed

P psyllium seeds (batch No.: 11315302000471, gluten-free,
pesticide-free, GMO-free and raw) used in this study were pur-
chased from a local supplier in Cairo, Egypt.

Source of animals
Male albino Wistar rats (200 + 5 g) were purchased from Facul-
ty of Veterinary Medicine, Minia University.

Institutional animal care and use committee

Animal experiments were conducted following the guidelines
for the care and use of laboratory animals of the National
Institutes of Health (NIH publication No. 85-23, revised
1985). All experimental procedures of the study were approved
by the Animal Care and Use Committee of Biotechnology de-
partment, Faculty of postgraduates for advanced sciences,
Beni-Suef University.

Chemicals

All chemicals were of analytical grade. Chemicals and solvents
were purchased from Sigma (USA) and Merck (Germany) re-
spectively. Different parameters evaluated in the present study
were assessed using commercial kits following the manufac-
turer’s instructions.

Extract preparation

Dried seeds (500 g) were suspended in two liters of 70% eth-
anol at 25 °C with continuous shaking for 48 h. The process
was repeated two times and the pooled extract was then con-
centrated under reduced pressure in order to yield P. psyllium
seeds ethanolic extract (PSE); a semi-solid residue that was
used for the experiments (Kil et al., 2009).

DPPH radical scavenging activity assay

Free radical scavenging activity of PSE was measured using
DPPH (Brand-Williams, 1995). The concentration of the ex-
tract that provided 50% inhibition (ECsg) was then calculated.
Percentage of DPPH inhibition was calculated using the for-
mula:

% of inhibition = 100 x [1- (Absorbance with compound / Ab-
sorbance of the blank)].

Estimation of total phenolic and flavonoids content

The content of total phenolic compounds in PSE was evaluated
by Folin-Ciocalteu method (Singleton et al., 1999) using gallic
acid as a standard. Briefly, 500 pl (25 mg/ml) of PSE extract
were added to 2.5 ml of Folin—Ciocalteu reagent (0.2 M) and
allowed to stand for 4 min. After that, the volume was filled
up to 5 ml with saturated sodium carbonate and the absorb-
ance was measured after 2 h incubation at RT at 760 nm. As a
standard, gallic acid was used and the results were expressed
as mg gallic acid equivalents/g dry weight. Evaluation of total
flavonoids was conducted following the method of Park et al.
(2008), using rutin as a standard.

Animals and treatment

Toxicity study for PSE

A group of 60 Wistar male and female rats were assigned into
6 groups of 10 rats each (5 males and 5 females). The first
group received olive oil per oral gavage for 28 days. The remain-
ing groups received 50, 100, 200, 500 and 1000 mg/kg of PSE
in olive oil daily for the same period to test the safety of the
extract.

Experimental design
Male albino Wistar rats were housed in the animal house of
the faculty of Pharmacy, Beni-Suef University. The rats were
kept in plastic cages and supplied with standard animal chow
and water ad libitum at 25 + 2 °C and 12 h dark/light cycle.
Fifty rats were categorized into five groups of 10 rats per
group. Carbon tetrachloride (CCly) as well as the drugs used
for treating the rats were administered for a period of 9 weeks
as follows:

Group I (Normal healthy control): rats received olive oil per
oral gavage twice a week for the whole period of the experi-
ment.

Group II (CCly-intoxicated group): rats received 0.8 ml/kg
body weight CCly/olive oil per oral gavage twice a week to in-
duce hepatic injury.

Group III (silymarin-treated group): rats received 0.8 ml/kg
body weight CCl,/olive oil per oral gavage twice a week along
with a daily oral dose of silymarin (100 mg/kg of bodyweight).
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Group IV (PSE-treated group): Rats were given CCly as in
group II and a daily dose of PSE (100 mg/kg bodyweight, in
olive oil).

Group V (Normal Feed): rats received PSE only (100 mg/kg of
bodyweight) beside their normal diet without CCl, (El-Sayed
etal., 2015).

Sample collection

By the end of the experiment, animals were sacrificed by cer-
vical decapitation after light ether anesthesia, and blood was
collected by cardiac puncture method. Blood samples were per-
mitted to clot for 20-30 minutes at room temperature, then
serum was separated by centrifugation at 2000x g for 20 min,
and stored at —20 °C until needed. Liver from animals of the
different groups were promptly collected. From each liver, a
part was snap-frozen for tissue homogenization and another
part (from the right distal lobe) was rinsed in saline and fixed
in formalin solution and processed for further histological ex-
amination.

Biochemical analysis

The collected serum samples were used for the estimation
of the biochemical parameters (aminotransferases (ALT and
AST), alkaline phosphatase (ALP), serum albumin, triglycer-
ides (TG), cholesterol, total bilirubin, urea and creatinine) us-
ing commercial assay kits (Biodiagnostics, Egypt).

Estimation of lipid peroxidation, reduced glutathione
and catalase activity

Lipid peroxidation measured as malondialdehyde equivalent
(MDA), reduced glutathione (GSH) content and catalase (CAT)
activity were estimated using commercially available kits fol-
lowing the manufacturer’s instructions.

Assessment of TNF-«a serum level

Analysis of serum samples for their content of TNF-a was per-
formed using a commercially available ELISA kit (ORiGENE,
cat: EA100366) as per manufacturer’s instructions.

Histopathological studies

Formalin fixed liver tissues were dehydrated in a series of in-
creasing alcohol concentrations and cleared in xylol before be-
ing embedded in paraffin wax. A rotary microtome was used to
cut 5 pm-thick sections which were then stained with hema-
toxylin and eosin (H&E). Liver specimens were anonymous-
ly examined under a light microscope-joined Nikon camera
(E400). A scoring system was used for assessing the effect of
the different treatments (Desmet, 2003; French et al., 1988).
The scoring followed the following scale:

Score 0 = no visible cell damage

Score 1 = focal hepatocyte damage on less than 25% of the
tissue

Score 2 = focal hepatocyte damage on 25-50% of the tissue

Score 3 = extensive, but focal, hepatocyte lesions

Score 4 = global hepatocyte necrosis

Statistical analysis of the data

Data are expressed as mean + SEM, and analyzed by one-way
analysis of variance (ANOVA) test followed by Dunnett and
Tukey post-hoc test. P-value < 0.05 was considered to show
significant differences for all parameters using the Graph Pad
Prism 6 software followed by Tukey-Kramer test (Version
6.00 for Windows, GraphPad Software, San Diego, California,
USA).

Results

Toxicity study for PSE

Animals receiving variable doses of PSE did not show morbid-
ity, signs of toxicity or changes in animal behavior compared
to the healthy control animals. Analysis of serum hepatic and
renal biomarkers (ALT, AST, bilirubin and albumin, urea and
creatinine) showed that a dose up to 1000 mg/kg of PSE is safe
and can be administered without any side effects (data not
shown).

In vitro DPPH radical scavenging activity of PSE

DPPH radical scavenging activity is a widely used assay to eval-
uate the antioxidant activity of natural drugs, where a direct
correlation between the antioxidant capacity and the reduc-
tion in DPPH absorbance is evaluated (Wahid et al., 2016). In
this study, the free radical scavenging activity of different con-
centrations of PSE was estimated based on diminished DPPH
absorbance, using ascorbic acid as a standard antioxidant.
Antioxidant activity of 1 mg/ml PSE was 88.33%, whereas the
antioxidant activity of the same concentration of ascorbic acid
was 92.78% (Fig. 1).
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Fig. 1. DPPH scavenging activity of different concentrations of
P. psyllium seed ethanolic extract compared to ascorbic acid as a
standard DPPH radical scavenger (n = 3)

Total phenolic and flavonoid contents

Using the constructed calibration curves (R? = 0.998), total
phenolic content of PSE was calculated as 16.17 + 0.03 mg
gallic acid equivalent/g dried weight, and the total flavonoid
content (R? = 0.999) was calculated as 1.9 + 0.1 mg rutin equiv-
alent/g dried weight.

Effect of PSE treatment on serum ALT, AST and ALP

As observed in Table 1, treating animals with CCl, resulted
in a significant elevation of liver aminotransferases and ALP
activity compared to healthy control. Interestingly, co-admin-
istration of PSE with CCl, protected against CCly-induced
hepatocellular damage as observed in the form of a significant
reduction of enzyme activities compared to CCl, group. The
effect of PSE was comparable to that achieved by silymarin
which also resulted in a significantly lower levels of ALT, AST
and ALP enzymes compared to CCly-treated group. Animals
receiving PSE showed a non-significant difference in the levels
of ALT, AST and ALP compared to the normal healthy control

group.
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Table 1. Effects of the different treatments (100 mg/kg) on serum and liver biochemical indices in CCl,-induced hepatotoxicity in rats

Control CcCly, CCl,+ silymarin CCl,+ PSE PSE
AST (U/) 22.25+1.74 299.3 + 30.68° 236.6 + 14.95¢ 110.5 + 7.97¢ 25.86 +1.94
ALT (U/1) 25.55 +2.20 298.5 + 20.14 155.8 + 13.70° 63.37 + 6.99¢ 25.08 +1.18
ALP (U/)) 7.04 + 0.52 9.52 + 0.25% 8.69 + 0.32¢ 7.46 + 0.39° 7.09 + 0.47
Bilirubin (mg/dl) 0.44 + 0.04 0.77 + 0.05 0.75 + 0.04¢ 0.48 + 0.02° 0.40 + 0.02
Albumin (mg/dl) 4.92+0.17 3.73+0.20° 4.32 +0.304 4.65 +0.13° 4.79 +0.11
Cholesterol (mg/dl) 115.0 + 18.59 236.8 + 6.50 228.9 + 8.76° 204.3 + 20.58° 117.9 +13.52
Triglycerides (mg/dl) 97.84 + 8.78 143.9+9.91° 134.7 + 8.98¢ 121.5 +11.574 99.82 +7.17
Urea (U/1) 31.77+2.14 54.06 + 3.97* 46.38 + 1.85¢ 32.00 + 2.46°¢ 31.78 +1.75
Creatinine (mg/dl) 0.84 + 0.07 1.85 + 0.05° 1.43 +0.16° 0.84 + 0.07° 0.81+0.06

Experiments were done in triplicates, and the standard deviation was then calculated (n = 10); * p < 0.01; b p < 0.001 compared to healthy control;
€p <0.01; 4p < 0.001 compared to CCl,-treated. Statistically significant in the Duncan test.

Effect of PSE on serum lipid profile, albumin and total
bilirubin levels

Table 1 shows the effect of PSE on serum levels of cholesterol,
TG, total bilirubin and albumin. CCl, intoxication significantly
increased the serum lipids and total bilirubin (P < 0.0001). In
contrast, albumin level was found to decrease significantly in
this group compared to the healthy control group of rats (P <
0.001). Interestingly, similar to silymarin, PSE treatment sig-
nificantly prevented CCls-induced alterations of these serum
parameters compared to CCl,-treated group.
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Effect of PSE on GSH, catalase activity and lipid
peroxidation (MDA)

Liver homogenates of CCly intoxicated group showed a signif-
icantly decreased GSH level and catalase activity (Fig. 2A, C,
p < 0.0001), whereas a significant increase in lipid peroxidation
measured as MDA was observed (Fig. 2B, p < 0.05). Interest-
ingly, CCly-induced GSH and catalase depletion and increased
lipid peroxidation were significantly alleviated upon treatment
with PSE (p < 0.0001, p < 0.0001 and p < 0.05, respectively) or
silymarin.
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Fig. 2. Effect of the different treatments on the hepatic antioxidant capacity measured as (A) total hepatic glutathione content, (B) lipid
peroxidation and (C) catalase activity in liver tissue (n = 10). CCl, induced lipid peroxidation measured as MDA and depleted GSH and catalase
activity compared to healthy group. PSE treatment significantly restored GSH stores and catalase activity and normalized MDA levels compared
to CCl, group. ## p < 0.001; ### p < 0.0001 compared to healthy control; * p < 0.05; *** p < 0.0001 compared to CCl,.
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Effect of PSE on the expression level of serum TNF-«

We have investigated the variation in the expression level of
TNE-a among the different test groups. As shown in Fig. 3,
intoxication with CCly resulted in a significant up-regulation
of TNF-a expression compared to healthy control groups (***,
p < 0.0001). Administration of PSE or silymarin in CCly-in-
toxicated rats resulted in a significant reduction of TNF-a ex-
pression compared to its expression after CCl, treatment (###,
p < 0.0001). No significant difference could be detected between
silymarin and PSE treatment after CCl, intoxication. Also no
significant difference in TNF-a expression was observed be-
tween control animals and animals that received PSE alone
(p > 0.05).
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Fig. 3. Serum TNF-a levels after the different treatments.
Values are presented as mean + SEM, n = 10 per group.

*** Significantly different (p < 0.0001) from the control group.
### Significantly different (p < 0.0001) from CCl,-treated group.

Histopathological examination

Histopathological investigations were performed for H&E-
stained liver sections of animals from the different test groups
to assess the effect of the different treatments. As can be ob-
served in Fig. 4A, healthy control animals as well as those treat-
ed with PSE alone showed normal hepatic architecture with no
marked histopathological manifestations (Fig. 4A, E), where-
as, liver specimens from CCl,-treated animals showed marked
hepatocellular damage in the form of centrilobular and vacu-
lar degeneration along with lymphocyte invasion, disruption
of hepatic cords and necrosis (Fig. 4B). Treating CCl-intoxi-
cated animals with PSE effectively protected against CCly-in-
duced damage, where the hepatic tissue showed absence of
lymphocytes and minimal signs of degeneration and necrosis
(Fig. 4D). The sections from PSE group were comparable to
those of silymarin treated animals (Fig. 4C). Fatty degenera-
tion, necrosis, inflammation and cell swelling were evaluated
in sections from the different groups and scored as shown in
Fig. 4F. CCl, treatment induced a significant increase in the
score of all four parameters compared to the healthy control
administering PSE (p < 0.001), whereas treating CCl, intox-
icated animals with PSE or silymarin significantly improved
the signs of tissue damage as observed by reduced scoring
(p < 0.001).

Discussion

Carbon tetrachloride is a commonly used substance to induce
experimental liver toxicity that is comparable to human hepa-
totoxicity. It becomes basically metabolized in the endoplas-
mic reticulum of hepatocytes via CYP450 enzymes producing
free radicals. These radicals covalently bind to polyunsaturat-

necrosis inflammation

fatty degeneration

cell swelling

MPSE EBCCI4 BCCl4+Silymarin @ CCl4+ PSE

Fig. 4. Histopathological investigation of H&E-stained liver sections from the different test groups. (A) Liver section of normal control showing
normal central vein and hepatocytes. (B) Liver section of CCl4 animals showing centrilobular necrosis and extensive fatty changes. (C) Liver
section from CCl,-silymarin-treated animals showing mild congestion and swelling of liver cells with minimal necrosis. (D) Liver section from
CCl,-psyllium extract-treated animals reflecting minimal lobular inflammation and mild congestion. (E) Liver section from P. psyllium seed-
treated animals showing normal unaffected architecture. Scale bar is 20 um. (F) Scoring of liver damage parameters, n = 10.
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ed fatty acids and induce oxidative damage to hepatic cellu-
lar membranes. They also attack a wide range of biomolecules
leading to DNA strand breaks and lipid peroxidation, which is
one of the standard causes of biomembrane degradation (Diao
et al., 2011). It has been reported that free radical scavenging
is one of the main mechanisms that protect against oxidative
degradation of lipids (Singal et al., 2011; Umamaheswari and
Chatterjee, 2008).

In the current study, we were able to show that oral ad-
ministration of PSE possesses a hepatoprotective potential
that was confirmed by biochemical and histopathological in-
vestigations as well. The extract of P. psyllium seed showed a
strong antioxidant capacity which could be regarded to the
high phenolic and flavonoid content. These active constituents
are known to contribute to the antioxidant potential of natu-
ral drugs (Fernandez-Panchon et al., 2008).

In this study, serum level was assessed in the different
groups for AST, ALT and ALP, which are widely used biomark-
ers to assess liver functions. They are cytosolic enzymes that
become released into the systemic circulation upon injury to
cell membranes, indicating hepatocellular damage (Gowda et
al., 2009). Intoxication with CCl, caused a significant increase
of these enzymes’ levels compared to control animals, which
coincides with previous studies reporting similar findings
(Huang et al.,, 2012). In addition, CCl, administration nega-
tively altered the lipid profile of the corresponding animals in
the form of increased serum cholesterol and triglycerides. Ad-
ministration of PSE effectively protected against CClg-induced
damage and kept the levels of these enzymatic markers com-
parable to control animals and normalized the level of serum
lipids. This protective effect of PSE can be attributed to the
antioxidant effect of the extract which provides enough mem-
brane stabilization for the hepatocytes, hence antagonizing
leakage of liver enzymes into the cytosol (Anosike et al., 2018).
These results are in line with those reported by other groups
indicating the effectiveness of antioxidants in such cases (Feng
etal., 2011; Hung et al., 2006).

Tissue damage is initiated soon after depletion of GSH,
which is supposed to provide protection against free radicals
and oxidative stress. Therefore, the decreased levels of GSH
in liver tissues of CCly-intoxicated rats in the current study
reflect oxidative damage to liver tissues. On the other hand,
the antioxidant capacity of P. psyllium seed extract scavenged
CCly-induced free radicals and protected against depletion of
GSH level. These results are in line with previous reports that
showed significant depletion of hepatic GSH content upon
CCl, intoxication and restoration of its content after admin-
istration of different extracts with antioxidant properties
(Huang et al., 2012; Hung et al., 2006).

Thiobarbituric acid reactive substance (TBARS) is used as a
biomarker for estimation of lipid peroxidation. Lipid peroxida-
tion indicates damage to cellular membranes and the disabil-
ity of the antioxidant defense system. CCly-induced oxidative
stress results in the production of massive amounts of free
radicals that interact with polyunsaturated fatty acids (PUFAs)
in hepatic tissues, leading to their peroxidation that is detect-
ed by the up-regulated TBARS levels (Chang et al., 2009). In
agreement with this, CCl, administration induced lipid peroxi-
dation in animals’ hepatic tissues, whereas concurrent admin-
istration PSE significantly ameliorated lipid peroxidation as
observed in the form of normalized MDA levels. This positive
effect of the extract on lipid peroxidation can be ascribed to
the powerful antioxidant and free radical scavenging activities
of the extract. These results are in concurrence with previous
reports that proved the ability of antioxidants to alleviate

CCly-induced hepatotoxicity by inhibiting lipid peroxidation
(Elgawish et al., 2015; Teselkin et al., 2000).

Catalase (CAT) is a widely distributed enzyme that de-
composes hydrogen peroxide and hence protects the tissues
from profound damaging hydroxyl free radicals (Chance et al.,
1952). Excessive exposure to free radicals, as in case of CCly
intoxication, diminishes the activity of CAT and consequent-
ly brings about various harmful impacts in the hepatic tissue.
These results are in agreement with Abouzied et al., who re-
ported a decreased catalase activity upon CCl, administration
(2016). Interestingly, PSE restored catalase enzyme activity as
observed in the current study. This effect of the extract can be
regarded to its antioxidant capacity, which scavenges CCly-in-
duced free radicals and hence saves catalase activity from be-
ing depleted.

TNEF-a is a pro-inflammatory cytokine that plays a crucial
role in regulating many physiological events, and is considered
as a marker for the inflammatory condition. It is produced
by Kupffer cells upon CCly-mediated tissue damage inducing
the expression of further cytokines as reported earlier (Diao
et al., 2011). In agreement with this and other reports, CCl,
intoxication in the present study leads to severe inflammation
and hence an over expression of TNF-a gene (Abouzied et al.,
2016). Fortunately, P. psyllium extract effectively ameliorated
CCly-induced inflammation and hence TNF-a expression, in-
dicating a healing effect for the PSE on liver cells via modulat-
ing the cytokine expression and the underlying inflammatory
process.

Conclusions

The data presented in the current study present a proof for the
hepatoprotective activity of P. psyllium seed extract. This effect
can be regarded to the high content of flavonoids and phenolic
compounds which possess a strong antioxidant, radical scav-
enging and anti-inflammatory effects, protecting the hepatic
tissue against CCly-induced damage. This introduces P. psylli-
um seed extract as a promising therapeutic candidate against
oxidative stress-mediated liver disorders.
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