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Abstract

The current work assessed the preventive and therapeutic potential of Hibiscus
sabdariffa “HS” aqueous extract (HSE) on thioacetamide (TAA)-induced hepatic
encephalopathy (HE) associated with the acute liver injury. Method: guinea pigs were
divided into: Group 1 (Control group n=24) which was further subdivided into 4
subgroups; Group “I-a” (non-treated); Group “I-b” given HSE for 3 days and sacrificed
on the 4™ day; Group “I-c” given TAA for 3 days and sacrificed on the 4" day; Group “I-
d” given the TAA doses for 3 days and sacrificed on the 7" day; Group 2 (Preventive)
given TAA and HSE doses concurrently for 3 days and sacrificed on the 4" day. Group 3
(Therapeutic) given 3-days TAA followed by 3-days HSE doses and sacrificed on the 7™
day. Results: Preventive and therapeutic HSE resulted in significant amelioration of the
TAA-induced hepatic encephalopathy with faster recovery of animals on the 7™ day
associated with significant improvement in the biochemical parameters of liver injury
including the ammonia extraction ratio indicating functional hepatic improvement. In
addition, there was a significant improvement in brain edema. Conclusion: HSE has both
preventive and therapeutic effects on TAA-induced hepatic encephalopathy and liver injury
in guinea pigs
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Introduction

Hepatic encephalopathy (HE) is one of the most serious complications of hepatic
failure, either acute or chronic. Most patients with cirrhosis show a spectrum of reversible
neuropsychiatric symptoms during the course of their disease, with up to 25% developing
overt HE within 5 years after cirrhosis diagnosis and up to 80% developing minimal HE
(Ridola et al. 2018). Overall, in addition to death risk, hepatic encephalopathy is associated
with poor quality of life, impaired daily activity, decreased work productivity and frequent
hospitalization for the treatment of recurrent episodes (Munoz, 2008).

The pathogenesis is multifactorial. Overall, ammonia is the best characterized
neurotoxin that precipitates HE and it is generally accepted that ammonia plays the major
role in brain dysfunction through many neurotoxic effects. Furthermore, treatment that
lowers blood ammonia level can improve symptoms of hepatic encephalopathy (Munoz,
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2008). However, many other factors have been mentioned including oxidative stress,
endogenous benzodiazepine-like ligands, astrocyte swelling, abnormal neurotransmission,
neurosteroids and y-aminobutyric acid—like molecules, inflammatory cytokines and others
(Butterworth 2015).

Thioacetamide (TAA) is a fungicidal agent commonly used for its hepatotoxic
effects in experimental studies to induce hepatic failure followed by HE (Koblihova et al.
2014). By biotransformation in the body into toxic reactive species it induces acute
centrilobular liver necrosis through covalent binding with liver macromolecules (Koen et
al. 2013). Hibiscus sabdariffa (HS) is a shrub (belonging to the family Malvaceae) that was
used in traditional medicine. Its native origin is Asia or Tropical Africa. The flower of HS
calyx contains many acids and alkaloids as polyphenolic acids, protocatechuic acid (PCA),
anthocyanins and flavonoids (Mahadevan et al. 2009). HS had been involved in many
studies that demonstrated its various beneficial medical effects including antihypertensive
(McKay et al. 2010), antioxidant (Oboh and Rocha, 2008), hepatoprotective (Dahiru et
al. 2003 and Liu et al. 2010), nootropic (Joshi and Parle, 2006), CNS depressant Khatun
et al. 2011), antipyretic and anti-inflammatory actions (Dafalla and Al-Mustafa, 1996;
Kao et al. 2009; Ali et al. 2011 and Ali et al 2014). Essa and Subramanian (2007),
demonstrated that oral administration of alcoholic extract of HS significantly normalizes
the levels of ammonia, urea, uric acid, creatinine and non-protein nitrogen in the blood in
ammonium chloride-induced hyperammonemic rats, that may suggest a role for the extract
in management of hepatic encephalopathy. The present study was designed to investigate
the possible preventive and/or therapeutic effect of Hibiscus sabdariffa flower aqueous
extract on thioacetamide-induced hepatic encephalopathy and liver injury in guinea pigs.

Materials and Methods:
Drug Preparation:

e Aqueous suspension of Hibiscus sabdariffa (HS) flower powder (Hybisc
300mg/caplet; Pharma Egypt Net, Egypt, Batch No. 92973): It was provided in the
form of caplets (tablets). The tablets were prepared from dried powder spray of natural
aqueous extract of simply macerated flowers of Hibiscus sabdariffa L. at room
temperature. The tablets were crushed and the powder was dissolved in distilled water so
as to form a suspension of 250 mg/4mL (Dahiru et al. 2003). It was given orally in a
dose of 250 mg/kg/d for three consecutive days.

e Thioacetamide (TAA) (Luba, India, Batch No. G446708): It was provided in the form
of brownish powder and dissolved in saline. It was given intraperitoneally (i.p.) in a dose
of 300 mg/kg/d for three consecutive days.

e Reagents and Kits for biochemical measurements (Biodiagnostic, Egypt).
Animal Model:

Thirty-six healthy adult Dunkin-Hartley guinea pigs weighting 450-500g were
purchased from the experimental animal house of Faculty of Medicine, Cairo University.
The animals were handled according to the guidelines of local ethics committee which
comply with the international laws for use and care of laboratory animals. The animals
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were put in plastic cages maintained under standardized conditions (temperature 25+2°C,
12:12 h light-dark cycle and 50+5% relative humidity and were allowed a week for
acclimatization before starting the study. All animals had free access to food and water and
were given daily subcutaneous supportive fluids (0.9% saline and 5% dextrose with
20mEqg/l KCI (10 ml/kg/tid) (Zimmermann et al. 1989) through the study days. They were
divided into the following groups: Group 1 (Control group, n=24) which was further
subdivided into 4 subgroups; each consisted of 6 guinea pigs: Group “I-a” (non-treated
control) given only the supportive fluid and were sacrificed on the 4" day; Group “I-b”
(HSE control) were given HSE only and were sacrificed on the 4™ day; Group “I-¢”
(TAA 4-days control) were given TAA only and were sacrificed on the 4" day; Group “I-
d” (TAA 7-days control) were given TAA and were sacrificed on the 7™ day; Group 2
(Preventive group) were given both TAA and HSE for 3 days and were sacrificed on the
4™ day. Group 3 (Therapeutic group) were given TAA for 3 days followed by HSE for
another 3 days and were sacrificed on the 7" day. Water vehicle and the aqueous HSE were
given orally in 4 ml volume for each kg per animal.

Induction of Hepatic encephalopathy:

In the current study, guinea pigs were chosen for their large size. The dose of
thioacetamide was modified to be 300 mg/kg/day for three consecutive days through a pilot
study to establish the best dose for induction of acute hepatic encephalopathy in guinea pigs
instead of 2 days in rats (Zimmermann et al. 1989). Gupta (1956) demonstrated that TAA
produces its maximal effect within 30 hours of dose injection. Therefore, conscious level
assessment was done daily while biochemical and histopathological examinations were
postponed for at least 24 hours after the last injected dose of TAA. In addition,
thioacetamide could lead to hypoglycemia, hypotension, weight loss and renal failure
(Butterworth et al. 2009), while Hibiscus sabdariffa has a blood pressure lowering effect
(McKay et al. 2010). Therefore, all animals in the present study received the supportive
fluids and external heating in addition to blood pressure and creatinine level monitoring
(Zimmermann et al. 1989).

Evaluation of Hepatic Encephalopathy:

Conscious level was assessed before and every day during this study according to
the experimental animals' grades of hepatic encephalopathy that was described by Cauli et
al., (2008) (Table 1).

Table 1: Experimental animals grading system of hepatic encephalopathy (Cauli et al.
2008).

Grade Description

0 Normal

Decreased motor activity, poor gesture control and mild ataxia

Severe ataxia, and sedation but righting reflex is present

1
2
3 No righting reflex to painful stimuli (precoma stage)
4

No reaction to painful stimuli and no corneal reflex (coma stage)
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A B
A: portal vein. B: hepatic vein

Invasive Blood Pressure Measurement:

Under anesthesia with ketamine (100 mg/kg) + diazepam (5 mg/kg)
intramuscularly, the trachea was cannulated and connected to a respirator (Miniature Ideal
Pump, Searle BioScience, UK). The animals were artificially ventilated with a constant
volume respiration at a tidal air volume of 10 mL/kg and a frequency of 37 strokes/min.
The carotid artery was exposed and cannulated by a 20-gauge cannula filled with
heparinized saline and connected to a BP sensitive transducer connected to the power lab
device (PL4/35 ADInstruments) for recording systolic (SBP) and diastolic (DBP) and
mean arterial blood pressure (ABP).

Biochemical Studies (colorimetric method):

After recording blood pressure, the hepatic and portal veins were exposed and
cannulated (figures A & B) to withdraw blood samples for measuring portal and hepatic
veins ammonia (Reitman and Frankel, 1957) and to calculate the hepatic extraction ratio
(HER) of ammonia using the formula:

HER% = 100 x (portal vein NH3- hepatic vein NH3) / portal vein NH;

This was followed by exsanguination to estimate levels of serum alanine aminotransferase
(ALT) and aspartate aminotransferase (AST) (Reitman and Frankel, 1957) to confirm the
presence of liver injury. Serum creatinine was measured to evaluate the kidney function
(Schirmeister, 1964).

Histopathological Study:

Liver and brain specimens taken from sacrificed guinea pigs were fixed in 10%
formalin immediately after removal, then processed and embedded in paraffin. The paraffin
blocks were cut with rotary microtome at 4-micron thickness. The sections were stained
with hematoxylin and eosin for routine histopathological examination by light microscopy.
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Statistical Analysis:

Results were presented as Mean + Standard deviation (SD) for all variables in the
studied groups. Statistics were done using Statistical Package for Social Sciences (SPSS)
12 for data analysis. ANOVA test was used for comparing more than two groups and
Tukey’s test was used when ANOVA test was significant. Differences were considered
significant when P value is < 0.05.

Results:

Administration of HSE to normal animals in group “l-b” showed comparable
results to that of the animals of the non-treated control group “l1-a” without significant
differences denoting no apparent effect of HSE (250 mg/kg/d) on the normal guinea pigs’
liver and brain.

Intraperitoneal “TAA” injection in groups “l1-c¢” and “1-d” resulted in development
of HE as indicated by the experimental animals grading system of “HE” (table 1) (Cauli et
al. 2008). All animals of the two groups had normal (Grade “0” HE) conscious level for the
1% and 2™ day. On the 3" day, all animals developed decreased motor activity, poor gesture
control and mild ataxia (Grade “1” HE). On the 4™ day, all animals developed severe ataxia
and sedation with presence of righting reflex (Grade “2” HE) (Figure 1). On the 5" day, all
animals of group “1-d” developed precoma stage with absence of righting reflex to painful
stimuli (Grade “3” HE). All animals then reverted to grade “2” on 6" day and grade “1” on
7" day (Figure 1). This deterioration of conscious level in both groups was significant
compared to negative control group (gp. “1-a”) in which all animals had normal (Grade “0”
HE) conscious level throughout the study duration.

Associated with the “HE” development, the hepatic biochemical parameters (ALT,
AST, portal and hepatic veins ammonia, and liver ammonia extraction ratio) measured on
the 4™ and 7" days in groups “1-¢” and “1-d” for the animals respectively, also significantly
deteriorated compared to group “l1-a”. However, the final deteriorations were significantly
less in group “1-d” than that in group “I-c” denoting spontaneous partial recovery of the
hepatic injury on the 7" day (Table 2). Furthermore, mean plasma levels of portal and
hepatic ammonia significantly increased with reduction in ammonia extraction ratio in
groups “l1-¢” and “1-d” compared to group “1-a”.

However, serum creatinine levels showed insignificant difference in between the
three groups. In addition, the mean systolic (SBP) and mean diastolic (DBP) blood
pressures measured on the 4™ day in group “1-¢” and on the 7" day in group “1-d” showed
insignificant changes compared to group “1-a” (Table 2). However, the mean arterial blood
pressure was significantly lower in group “l1-¢” compared to group “l-a” but was not
significantly lower in group “1-d” which might reflect some recovery.

Histopathological examination of the livers from sacrificed animals on the 4™ day
in group “1-c¢” and on the 7" day in group “1-d” revealed significant injury in all animals
compared to the normal hepatic sections in group “l-a”. This was evidenced by
hemorrhagic necrosis, bridging necrosis, lymphocytic infiltration and blood vessels
thickening in all animals (Figure 2). In addition, histopathological examination of the brain
revealed Alzheimer type 11 astrocytosis and brain edema in all animals both on the 4™ and
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the 7™ da%/s. However, gliotic bands developed in 2 animals on the 4™ day and in 3 animals
on the 7" day (Figure 3). All these changes were significant when compared to normal
findings in group “1-a”.

Preventive effect of Hibiscus sabdariffa aqueous extract:
A) Conscious level evaluation and Biochemical Markers:

As in group “1-c”, all the 6 animals of group 2 had normal conscious level (grade 0
HE) for the 1% and 2™ days, then they developed grade “1” HE on the 3" day (Figure 1).
On the 4" day, in contrast to group “1-c¢” where all the animals developed grade “2” HE,
only one animal in “group 2” deteriorated to suffer from grade “2” HE, while the remaining
5 animals had only grade “1” HE. This indicated a significant prophylactic effect of HSE in
preventing deterioration of conscious level from grade “1” to grade “2” HE in about 83% of
animals within group “2” compared to group “1-c”.

Meanwhile, the animals of group “2” showed significantly better results of the
hepatic biochemical parameters measured on the 4™ day compared to group “1-¢” with mild
elevation in AST, ALT, portal and hepatic veins ammonia, and more hepatic ammonia
extraction ratio. Similarly, mean serum creatinine, SBP and DBP were not significantly
changed compared to that in groups “l-a” and “l-c”. However, the mean ABP was
significantly lower compared to that of group “1-a”, but insignificantly different from that
in group “1-¢” (Table 2).

Hepatic histopathological examination of the sacrificed animals in group 2 on the
4 day revealed hepatic injury similar to that in group “1-c¢” with no significant differences
in between them (Fig. 2). In addition, histopathological examination of the brain revealed
similar picture to that in group “1-c”, but there was brain edema in only 5 animals (83%)
compared to 6 animals in group “1-¢” (100%) and only one animal developed gliotic bands
(17%) compared to 2 animals in group “l1-c¢” (34%) and 3 animals on the 7" day in group
“1-d”. All these changes were significant compared to normal findings in group “1-a” (Fig.
3).
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Figure 1: Changes in conscious level throughout the study

Group “I-a” (Nontreated control) sacrificed in the 4™ day; Group “I-b” (HS-treated
control) and sacrificed on the 4™ day; Group “I-¢” (TAA 4-days control) given
thioacetamide and sacrificed on the 4™ day; Group “I-d” (TAA 7-days control) given
thioacetamide and sacrificed on the 7" day; Group 2 (Preventive group) given both TAA
& HSE for 3 days and sacrificed on the 4" day. Group 3 (Therapeutic group) given TAA
for 3 days followed by HS treatment for the next 3 days and sacrificed on the 7" day
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Table 2: Blood pressures and biochemical changes in all animal groups throughout
the study.

Control Groups Gp. «“2” Gp. “3”
G Gp. “1-a” Gp. “1-b” Gp. “1-¢” Gp. “1-d” Preventive Therapeutic
roup

meanxSD meanxSD meanxSD meanxSD meanxSD meanxSD
Time of th th th th th th
measurement 4" Day 47 Day 4" Day 7" Day 47 Day 7" Day
SBP (mmHg) | 68.3+2.79 67.7+2.95 67.7+2.35 68.2+1.79 67.2+2.53 68.3+2.08
DBP (mmHg) | 41.1+1.59 | 40.1+0.94 39.1+1.69 40.8+1.62 38.9+1.04 39.4+0.99
?r"ner?qu‘_';':’ 5024133 | 49.3+1.35 48.7+0.67* 50.1+1.15 48.3+0.75* 49+0.88
(Puor;tj‘l'“')\”"3 279.7+13.2 | 276.4+11.02 | 339.8+17.28* 307.2+14.02* 328.7+19.52* 294.6+17.86*
Z'ﬁﬁg‘ltl'l‘; ek 78.1+8.13 | 74.3+12.31 165.5+13.88* 139.7+12.64* 136.3+16.25* 103.5+12.41*¥
HER% 72.1+5.61 73.1+8.71 51.3+7.01* 54.5+6.01* 58.5+6.71* 64.1+9.71*%
AST (U/L) 47.3+7.69 41.2+5.19 416.8+55.49* 172.8+40.57*F | 211+54.12** 104.8+15.19%%
ALT (U/L) 40.5+8.96 | 35.3+4.89 390.5452.23* | 156.8439.34** | 197.3+42.01** | 86.5+15.45*%
g;gj‘é'lg“”e 0.75+0.11 | 0.78+0.09 0.75+0.14 0.77+0.11 0.7740.11 0.72+0.12

Group “I-a” (Nontreated control) sacrificed in the 4™ day; Group “I-b” (HS-treated
control) and sacrificed on the 4™ day; Group “I-¢” (TAA 4-days control) given
thioacetamide and sacrificed on the 4™ day; Group “I-d” (TAA 7-days control) given
thioacetamide and sacrificed on the 7" day; Group 2 (Preventive group) given both TAA
& HSE for 3 days and sacrificed on the 4" day. Group 3 (Therapeutic group) given TAA
for 3 days followed by HSE treatment for the next 3 days and sacrificed on the 7 day.
SBP: systolic blood pressure, DBP: diastolic blood pressure, Mean BP: mean blood
pressure, HER: hepatic extraction ratio of ammonia, ALT: alanine aminotransferase, AST:
aspartate aminotransferase

" Significant compared to group “1-a”
¥, Significant compared to group “1-c”
£ :Significant compared to group “1-d”
Therapeutic effect of Hibiscus sabdariffa aqueous extract

The conscious level of the animals in group 3 followed that in group "1-d" till the
4™ day - as mentioned above - but from the 5™ day there was significant improvement
evidenced by less deterioration in the conscious level and faster and complete recovery of 3
animals (50%) to normal conscious level (grade 0 HE) (Figurel). On the 5™ day, in contrast
to group “1-d” where all the animals developed precoma stage (grade 3 HE), H. sabdariffa
prevented deterioration of consciousness in 4 animals to grade 3 so that only 2 animals
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developed "grade 3 HE". In addition, starting from the 6™ day, there was faster recovery in
group 3 than in group “1-d” evidenced by reversion of the animals to a one grade less in the
hepatic encephalopathy scale which means improvement in conscious level i.e. 4 animals
suffered from grade 1 HE while only 2 animals had grade 2 HE compared to development
of grade 2 HE in all animals of group “1-d”. Furthermore, on the 7™ day, 3 animals reverted
to normal (Grade 0 HE) while the remaining 3 animals had grade 1 HE in contrast to
reversion to grade one in all the animals of group “l1-d”. This indicated a significant
therapeutic effect of Hibiscus sabdariffa in treating deterioration of conscious level starting
from the 5™ day (2" day of starting H. sabdariffa).

Along with better HE scores, the biochemical parameters (ALT, AST, portal and
hepatic veins ammonia, and hepatic ammonia extraction ratio) significantly improved
compared to group “l1-d”. However, mean serum creatinine, mean SBP, DBP and ABP
were not significantly changed compared to that in groups “1-a” and “1-d”. (Table 2).

‘=4.
% iy

Group “1-b” Group 2 Group 3

Figure 2: Sections of livers taken from guinea pigs on the 4™ day in groups “1-a”, “1-
b”, “1-c” and “2” and on the 7" day in groups “1-d” and «3”
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Group “1-b” Group 2 Group 3

Figure 3: Sections of brains taken from guinea pigs on the 4™ day in groups “1-a”, “1-
b”, “1-c” and “2” and on the 7" day in group “1-d” and “3”.

Group “I-a” (Nontreated control) sacrificed in the 4™ day; Group “I-b” (HS-treated
control) and sacrificed on the 4™ day; Group “I-¢” (TAA 4-days control) given
thioacetamide and sacrificed on the 4™ day; Group “I-d” (TAA 7-days control) given
thioacetamide and sacrificed on the 7" day; Group 2 (Preventive group) given both TAA
& HSE for 3 days and sacrificed on the 4" day. Group 3 (Therapeutic group) given TAA
for 3 days followed by HSE treatment for the next 3 days

Liver histopathology showed similar injury as that of group "1-d" with
insignificant differences. In addition, brain histopathology showed Alzheimer type Il
astrocytosis in all animals and gliotic bands in 50% of animals in both groups. However,
there was a significant improvement of brain edema in about 50% of animals in group 3
compared to group “1-d” (Fig. 2 & 3).

Discussion

The results of the current study demonstrate that HSE treatment has both protective
and therapeutic effects evidenced by attenuating the manifestations of hepatic
encephalopathy induced by i.p. thioacetamide injection in guinea pigs and hastening their
recovery. This amelioration is accompanied by better liver function tests and some
improvement in the hepatic and brain histology. Furthermore, its effect is most probably
due to increased hepatic ammonia extraction.

HE has been largely studied in different animals as murine models (Rahman and
Hodgson, 2000). To the best of our knowledge, no studies have used guinea pig as an
experimental model of HE. However, we used guinea pigs because of its larger size and
ease of their handling after pilot experiments to confirm development of TAA-induced
hepatic injury and HE. In the present study, induction of hepatic encephalopathy in control
groups; group “1-c¢” (TAA 4-days control) and group “1-d” (TAA 7-days control), resulted
in significant progressive development of liver injury (evidenced biochemically) and
hepatic encephalopathy (evidenced by the experimental animals grading system of HE) up
to the 5" day followed by gradual improvement starting from the 6" day denoting
spontaneous partial recovery. Furthermore, histopathological examination of the livers and
brains from sacrificed animals showed significant hepatic injury, brain edema and
Alzheimer type Il astrocytosis in all animals with no significant difference between those
sacrificed on 4" and those sacrificed on 7™ day except for development of gliotic bands in 2
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animals on the 4™ day and in 3 animals on the 7" day. All these changes were significant
compared to the normal findings in group “1-a”.

The TAA-induced hepatic injury and HE have been established in many studies
biochemically and histologically with increased blood ammonia levels (Zimmermann et
al. 1989; Abdel-hameed et al. 2014; Stefanello et al. 2015 and Lebda et al. 2018). They
reported oxidative damage in liver and brain tissues indicated by increased intracellular
reactive oxygen species (ROS) production (Bruck et al. 2004; Fazal et al. 2015 and
Stefanello et al. 2015). These “ROS” interfere with energy utilization by exerting toxic
effects on the liver mitochondria (Chu et al. 2001) and bind covalently to liver
macromolecules leading to leakage of destructive hydrolytic proteases as calpains from
dying cells (Chilakapati et al. 2005). In addition, the “ROS” play a basic role in the
pathogenesis of TAA-induced HE, where inhibition in the antioxidant defenses is
accompanied by a higher rate of lipid peroxidation and induction of cellular dysfunction
and cell-membrane—protein degradation. Thus, the activities of several important
membrane-bound enzymes are disturbed with Na*/K*-ATPase inhibition which may lead to
the fulminant HE (Zarros et al 2008). Along with the oxidative stress, secondary
inflammatory mechanisms lead to further progression of injury as TAA-associated NF-kB
activation and increased iINOS production are involved in the pathogenesis of acute
hepatocellular injury and dysfunction (Chen et al. 2008). Moreover, TAA increases plasma
levels of TNF-a and endotoxin that correlate with the severity of HE (Apte et al. 2003). In
summary, endotoxin and TNF-a in association with glutamine accumulation induced by
elevated serum ammonia produce a state of central neuroinflammatory response and
astrocyte swelling leading to alterations of the morphology of neuroglial cells and
microglial activation. These factors may cause dysfunction of the cerebral endothelium that
leads to alteration in the permeability of the blood brain barrier with formation of brain
edema. In addition, TNF-a induces cerebral endothelial nitric oxide synthase to synthesize
nitric oxide that further affect the cerebral circulation and neuronal function (Chu et al.
2001). Ammonia, in addition, has multiple actions on CNS function that include direct
effects of the ammonium ion (NH4") on both excitatory and inhibitory neurotransmission,
inhibition of glucose (pyruvate) oxidation and stimulation of glycolysis, altered
mitochondrial function and impairment of key cellular transport systems. Moreover, there
are alterations in expression of genes coding for neuroglial proteins involved in cell volume
regulation and brain metabolism as well as in the transport of amino acids and in the
synthesis of pro-inflammatory cytokines (Butterworth, 2015).

Oral administration of the TAA with the HSE doses (preventive) to the animals of
group "2" and after TAA doses (therapeutic) to the animals of group “3” significantly
ameliorated the HE scores of “HE” with faster and complete recovery of 50% of animals on
the 7" day. In addition, there were similar significant improvements in the biochemical
parameters of liver injury; ALT, AST, hepatic vein ammonia, and ammonia extraction ratio
indicating functional hepatic improvement. However, there were no significant hepatic
histopathological differences between the treated groups (group 2 and 3) and the
corresponding control groups (group 1-c and “1-d” respectively). Meanwhile, brain
histopathology showed small but significant improvement in one animal in group “2” and
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in 3 animals (50%) in group 3 in the form of elimination of edema and gliotic bands
compared to groups “1-c¢” and “1-d”, respectively.

Previous studies on different dried HSE reported direct antioxidant and
hepatoprotective activity in different experimental models. In rat primary hepatocytes
cultures, HSE significantly inhibited the unscheduled DNA synthesis (UDS), the leakage of
lactate dehydrogenase (LDH) and the formation of malondialdehyde (MDA) (Tseng et al.
1997) and reduced liver inflammation and necrosis (Wang et al. 2000). Other studies also
reported the antioxidative hepatoprotective activity of HSE against CCls-induced fibrosis
(Liu et al. 2006), gamma radiation-induced (Adaramoye et al. 2008), and paracetamol-
induced liver damage in rats (Ali et al. 2003) and in mice (Orji BO and Obi, 2017). These
studies documented lowered serum levels of hepatic enzyme markers (ALT, AST & GGT)
and restored significantly SOD, CAT, GSH and GSH-Px and inhibited the formation of
lipid peroxidative products leading to reduced oxidative liver damage. Along with these
effects, a nootropic has been reported against the scopolamine-induced amnesic deficit in
mice (Joshi and Parle, 2006). They attributed the CNS activity enhancement of the extract
to its antioxidant, neuroprotective, procholinergic and anti-cholinesterase properties. Oboh
and Rocha (2008), attributed the neuroprotective activity to its inhibitory effect on lipid
peroxidation and pro-oxidant-induced lipid peroxidation in the rat’s brain homogenates in a
dose-dependent manner and had the ability to chelate Fe (Il) and scavenge OH radical.
However, Khatun et al. (2011), reported CNS depressant activity of HSE with reduction in
spontaneous motor activity and exploratory behavior and prolongation of pentobarbital
induced sleep in rats (Amos et al. 2003). Moreover, the anti-inflammatory activity of the
HSE has been reported in liposome peroxidation and COX enzyme inhibition assays
(Christian et al. 2006), in mice model of xylene-induced ear edema that indicated
inhibitory effect of the extract on prostaglandins (mainly PGIl, and PGE) in a dose-related
manner (Ali et al. 2011) and in acute (carrageenan induced paw edema and acetic acid-
induced vascular permeability) and chronic (cotton pellet-induced granuloma) models of
inflammation. This effect indicated the ability of the extract to inhibit different
inflammatory mediators as prostaglandins, histamine, leukotrienes and proliferation of
microphages, neutrophils, fibroblasts and collagen formation (Ali et al. 2014).

To reveal the molecular mechanism of HSE as hepatoprotective and anti-
inflammatory, Kao et al. (2009), reported that the extract, beside the improvement in liver
and oxidative markers, reduced the NO and PGE;, production, and reduced COX-2/iNOS
protein expression in lipopolysaccharide (LPS)-treated macrophages. Moreover, Liu et al.
(2010) documented decreased expression of pJNK, Bax and tBid in the liver that indicates
cell apoptosis reduction via mitochondrial intrinsic pathways beside its anti-oxidative
activity. Furthermore, HS-pretreatment inhibited the LPS-induced activation of hepatic
JNK which plays a crucial role in many signaling pathways of cell death and p38 MAPK
(key regulator of pro-inflammatory cytokines biosynthesis). The authors suggested that by
inhibiting this activation, it can suppress NFkB translocation and subsequently decrease the
protein levels of COX-2. The suggestion that HSE can affect NFxB was recently reported
by Chiu, (2015), who found that HSE can down-regulate Akt/NFkB/MMP-9 Pathway



Az. J. Pharm Sci. Vol. 58, September, 2018. 31

while Shen, (2017), extracted new polysaccharides from HS that have immune-enhancing
activity via MAPK and NFkB signaling pathways in RAW264.7 cells.

In contrast to the present results, Dafallah and Al Mustafa, (1996), found that HS
was devoid of any anti-inflammatory activity as shown in a rat model of carrageenan-
induced paw edema, however, the extract had an analgesic and antipyretic effect. Yin et al.
(2010), reported that pre-treatment but not post-treatment of the cultured hepatocytes of
Cyprinus carpio fish with different doses of HSE has protective effect against CCl,-induced
damage regarding LDH, AST, ALT, SOD and GSH-Px. This lack of effect may be due to
different extraction method of HS or may be due to different model.

In contrast to the present results, Yin et al. (2010), stated that post-treatment of the
hepatocytes but not pre-treatment with different doses of HSE did not show any protective
effect regarding LDH, AST, ALT, SOD and GSH-Px against CCl,-induced hepatocyte
damage in Cyprinus carpio fish. Dafallah and Al Mustafa, (1996), found that HS is devoid
of any anti-inflammatory as shown by the Carrageenan induced edema. however, the
extract has an analgesic and antipyretic effect. This lack of effect may be due to different
extraction method of HS or may be due to different model.

On the other hand, the results of the current study revealed an increase in the hepatic
ammonia extraction ratio despite unchanged portal ammonia level that can be an additional
factor in the improvement of both hepatic encephalopathy and hepatic damage. Previous
studies linked elevated blood ammonia with hepatic encephalopathy and oxidative stress
through increased production of NO by induction of iINOS (Schliess et al. 2002). In
support of this finding is the study of Essa and Subramanian, (2007), who found that
induction of hyperammonemia per se by daily IP injection of ammonium chloride in Wistar
rats, resulted in increase in the levels of urea, AST, ALT, ALP, TBARS and
hydroperoxides (HP). These changes were significantly decreased by treatment with HSE.
They attributed this effect to the antioxidative activity of HS beside its lowering effect of
the toxic hyperammonemia.

There was insignificant decrease in average systolic, diastolic and mean blood
pressure compared to group “1-a” in contrast to previous studies (McKay et al. 2010 and
Wahabi et al 2010). These controversies may be due to different models and different
method of HSE extraction. Also, all these studies investigated, were used hypertensive
models where the present study used a normotensive model and all animals were given
supportive fluids.

Conclusions: Hibiscus sabdariffa has both preventive and therapeutic effects in
thioacetamide-induced hepatic encephalopathy in guinea pigs. Beside its antioxidative and
anti-inflammatory activity in hepatoprotection, the HSE can improve the hepatic
encephalopathy by increasing the hepatic ammonia extraction through ameliorating the
dysfunctional activity of the liver. These activities may suggest a clinical role in the
prophylaxis and management of hepatic encephalopathy associated with liver injury and
cirrhosis
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