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ARTICLE INFO ABSTRACT

Handling Editor: Dr. L.H. Lash Ziziphus abyssinica root bark is widely used in folk medicine to manage liver diseases, particularly, jaundice but

its effect on paracetamol-induced liver toxicity (PILT) has not yet been validated. This study explored the

Keywords: ameliorative effect of ethanolic root bark extract of Ziziphus abyssinica (ZAE) against PILT in rats. The flavonoid
Hepatoprotection and phenolic content of ZAE was evaluated using Folin-Ciocalteau and aluminium trichloride colorimetric
iﬂ:g;?ﬁiiien methods, respectively. Antioxidant activity of ZAE was determined in vitro by evaluating its ferrous reducing
Liver injury antioxidant capacity (FRAC) as well as DPPH and nitic oxide (NO) radicals scavenging activities. Sprague-Dawley
Antioxidant rats were assigned to six groups (n = 6) and administered with normal saline (10 mL/kg, p.o.), N-acetylcysteine

(50 mg/kg, i.p.) and ZAE (30, 100, and 300 mg/kg, p.o.) respectively for seven days after which they received
paracetamol (PCM, 3000 mg/kg, p.0.). Animals were sacrificed 48 h after paracetamol administration under light
anaesthesia and assessed for liver toxicity and oxidative stress. Total flavonoid and phenolic contents of ZAE
were 1313.425 pg/mL quercetin equivalence and 268.31 pg/mL gallic acid equivalence respectively. ZAE
exhibited marked FRAC as well as DPPH and NO radical scavenging activities with ICsgs of 80.41 + 1.56, 67.56
+ 1.11 and 7.11 + 1.48 pg/mL respectively. ZAE and N-acetylcysteine significantly (p < 0.05) reduced the
paracetamol-mediated elevation of serum total bilirubin, proteins and activity of liver enzymes (AST, ALP, and
ALT). Similarly, ZAE increased hepatic glutathione, total thiols and catalase activity of the paracetamol
intoxicated rats. Morphological changes associated with the paracetamol hepatotoxicity were also ameliorated
by ZAE. Overall, the hepatoprotective effect of ZAE may be related to its antioxidant property.

Ziziphus abyssinica

1. Introduction

One of the largest and most important internal organs of the body
which plays a crucial role in metabolism, and regulation of essential
biochemical and physiological processes is the liver [1]. It is involved in
the synthesis of important biomolecules that are implicated in the fight
against infections as well as detoxification of xenobiotics [2]. These

processes predispose the liver to damage by hepatotoxic agents which
include inflammatory mediators, toxins, and drugs such as paracetamol
[1]. These substances contribute to the disruption of the normal archi-
tecture of liver, thus leading to a disruption of its functional capacity [3].

Paracetamol (PCM) is an extensively consumed analgesic and anti-
pyretic agent. It is a well-known risk factor for acute liver failure and
hepatotoxicity [4]. Paracetamol is also known to be a leading cause of

Abbreviations: DPPH, 1,1-diphenyl-2-picrylhydrazyl; DTNB, 5,5-dithiobis-(2-nitrobenzoic acid); TCA, Trichloroacetic acid; CA, Catechin; AA, Ascorbic acid; GA,
Gallic acid; DMSO, Dimethyl sulfoxide; EDTA, Ethylenediamine tetraacetic acid; PCM, Paracetamol; NAC, N-acetylcysteine, PILT, Paracetamol-induced liver hep-
atotoxicity; ZAE, Ethanolic root bark extract of Ziziphus abyssinica; NO, Nitric oxide; GSH, Gluthathione; CAT, Catalase; DRSA, DPPH radical scavenging assay; ALT,
alanine aminotransferase; AST, Aspartate aminotransferase; ALP, alkaline phosphatase.
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drug-induced liver injury worldwide, and its toxicity is dose-dependent
[5,6]. It accounted for 44% of self-poisoning in the adult population of a
hospital’s emergency department [7].

A well-known antioxidant mostly used in attenuating PCM-induced
hepatotoxicity is N-acetyl cysteine (NAC) [8]. NAC exerts its protec-
tive effects by preventing hepatocellular glutathione (GSH) depletion at
the oxidative injury phase, thus inhibiting the production of peroxyni-
trite and other reactive oxygen species in mitochondria [8]. Treatment
with NAC has been associated with nausea, vomiting, and anaphylactoid
reactions [7]. Another major limitation of NAC is its ineffectiveness,
particularly, when the therapy is initiated eight-hour post PCM
poisoning [9]. This, therefore, underscores the need for the pursuit of
new drugs as replacement for or alternative to NAC, and plants have
been known from time immemorial to be a dependable source of novel
therapeutic agents.

Plants are known to have the potential to protect the liver against
injuries and hepatotoxicity. Ziziphus abyssinica (Hochst Ex A. Rich) from
the Rhamnaceae family is an example of such plants. It is also known in
the English language as ‘Catch thorn plant’ and in the Sissala language of
Ghana and Burkina Faso as ‘Larukluror’. Traditionally, the plant has
been used in treating jaundice and other related live diseases [10]. The
plant has also been shown to possess several other pharmacological
properties including anti-ulcerogenic [11], anti-inflammatory [12], and
anti-nociceptive [13,14, 15], antioxidant [16], antidiarrheal [17], and
antimalarial [18] activities in different experimental studies. In our
previous study, we isolated two triterpenoid compounds, polpunonic
acid and p-amyrin (BA), from the root bark of the plant and reported
their anti-arthritic [19] and analgesic [15] properties. We have also
reported on the protective effect of the plant against multi-organ injury
induced by phenyl hydrazine in rats [20]. Despite the fact that the plant
has been well-documented for its herbal-based therapeutic effect against
jaundice and its related liver diseases in traditional medicine [10], its
effect on paracetamol-induced liver injury has not yet been validated.

This study aimed at exploring the ameliorative effect of the ethanolic
root bark extract of Ziziphus abyssinica in paracetamol-induced liver
hepatotoxicity (PILT) in rats. This will afford an evidence-based support
for the folkloric use of the plant to treat jaundice and other liver dis-
eases. It will also pave the way for the search for new small molecules
that could be alternatives or complementary to NAC in the pharmaco-
logical management of paracetamol poisoning.

2. Method and materials
2.1. Reagents

Reagents used in the study comprised: 5,5-dithiobis-(2-nitrobenzoic
acid) (DTNB), Potassium ferricyanide, Trichloroacetic acid (TCA), 1,1-
diphenyl-2-picrylhydrazyl (DPPH), ferrous ammonium sulphate, cate-
chin (CA), ascorbic acid (AA), gallic acid (GA), quercetin, Tris-HCl
buffer, AlCl3, FeClz ammonium molybdate, sodium phosphate, tannic
acid, DMSO, acetyl acetone, EDTA, paracetamol (PCM), Folin-Ciocalteu
reagent and N-acetylcysteine (NAC). All other chemicals and reagents
used in the study were of analytical grade and were procured from
Merck KGaA, Darmstadt, Germany.

2.2. Plant collection and preparation

Ziziphus abyssinica root bark was harvested from Ejura
(7°23'00.16"N, 1°22'00.00"W) in the Ejura-Sekyedumase Municipality
of the Ashanti region in November 2020. The plant sample was
authenticated by a botanist in the herbarium unit of the University of
Cape Coast, Ghana, with voucher ID. FAA/DR/20/002. The collected
plant material was dried under shade for 21 days after it had been
washed under running tap water. One [1] kg of the plant sample was
milled into a fine powder.
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2.3. Plant extraction

Powdered root bark (0.5 kg) was extracted with 1 L of 70% Y/,
ethanol for 72 h using the cold maceration method. The filtrate obtained
was concentrated under reduced temperature (45 °C) and pressure using
a rotary evaporator (RotavaporR-215 model, BUCHI Labortechnik AG,
Flawil, Switzerland). The extract obtained was labelled Ziziphus abys-
sinica extract (ZAE) and it was kept in a desiccator half-filled with
activated silica up to the point of use. The percentage yield was 12.75%

/e

2.4. Total phenolic content (TPC) of ZAE

The TPC of ZAE was quantified according to the Folin-Ciocalteau’s
method [21]. The reaction mixture contained 375 pL of 1 in 10 dilution
of Folin-Ciocalteu reagent and 125 pL of ZAE (1 mg/mL). After keeping
the mixture at 25 °C for 5 min, 375 pL of 7% NayCO3 was then added.
The volume of the reaction mixture was increased to 2.5 mL with
distilled water and then kept for 2 h at 25 °C, when a change in colour
was observed. The TPC in GA equivalence (GAE) was measured spec-
trophotometrically (PG T70 Instruments, Leicestershire - UK) at 765 nm
optical density, against a reaction blank. A GA standard curve was
drawn in the range of 0 — 300 pg/mL. At each concentration, the test was
done three times and the average computed.

2.5. Total flavonoid content (TFC) of ZAE

The TFC of ZAE was quantified based on an earlier described pro-
tocol [21,22] using the AICl3 colorimetric procedure with quercetin
being utilised as the standard. Specifically, 200 pL of 1 mg/mL ZAE was
added to 50% ethanol (800 mL), followed by addition of 5% sodium
nitrite (60 pL), and incubated for 5 min at 25 °C. Subsequently, 60 pL of
10% AlCl3 was added, and kept for 6 min 25 °C before the addition of 1
M NaOH (400 pL). The resulting solution was dissolved in 660 pL of
distilled water. A coloured complex generated was measured at 510 nm
wavelength using PG T70 Instruments, Leicestershire - UK. The esti-
mated TFC was presented in quercetin equivalence (QE), with varying
amounts of quercetin in ethanol as the benchmark.

2.6. Invitro antioxidant assays

2.6.1. DPPH radical scavenging assay (DRSA)

The test is based on the principle that H donating ability of test
agents with antioxidant properties causes decolourisation of DPPH in
methanol solution from purple/violet colour to shades of yellow [23].
The test comprised a reaction mixture containing 2.4 mL of 0.1 mM
DPPH in methanol solution mixed with 1.6 mL of ZAE/ascorbic acid in
methanol at various concentrations (1.95-500 mg/mL), mixed thor-
oughly by vortexing and kept at 25 °C for 30 min in the dark. The
absorbance of the final product was determined spectrophotometrically
(PG T70 Instruments, Leicestershire - UK) at 517 nm. The experiments
were conducted in triplicates at each concentration.

The % DRSA of ZAE was estimated using the equation:

>><100

In this equation, Ag and A; are the absorbances of control and tests
respectively. From the graph of % DRSA versus concentration, the ICsgs
were estimated.

%DRSA = (M
Ao

2.6.2. Ferrous reducing antioxidant capacity (FRAC)

Rahman’s method [23] was used in determining the FRAC of ZAE. In
the test, Fe?" concentration was obtained by measuring the generation
of Perl’s Prussian blue at 700 nm. The test tubes were filled with
0.25mL of samples/standard solution in different concentrations
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(1.95-500 mg/mL), 0.62 mL of potassium buffer (0.2 M) and 0.62 mL of
1% KsFe (CN)g. The reaction mixture was incubated for 20 min at 50 °C
to complete the reaction. Afterwards, to each test tube was added a
0.625% trichloroacetic acid (TCA) solution. After centrifuging the entire
mixture for 10 min at 3000 rpm, 1.8 mL of the supernatant was taken
and combined with distilled water (1.8 mL) of and 0.1% FeCl3
(0.36 mL). The absorbances of the reaction mixtures were measured at
700 nm (PG T70 Instruments, Leicestershire - UK) against a blank. An
identical reaction combination was used in the blank solution, but
without the plant extracts or standards. The reducing capacity of the test
agent is said to increase when the absorbance of the reaction mixture
increases. At every concentration, the experiment was repeated three
times.

2.6.3. Nitric oxide scavenging activity (NOSA)

The Griess-Ilosvay reagent was used to evaluate ZAE’s nitric oxide
scavenging ability [21]. Separate test tubes were prepared with 0.25 mL
of various concentrations (1.95-500 g/mL) of ZAE or ascorbic acid.
After the addition of sodium nitroprusside (10 mM), 0.125 mL of sodium
phosphate buffer (pH 7.4) was added. After incubating the reaction
mixture at 25 °C for 180 min, 0.25 mL of sulfanilic acid reagent (0.33%
in 20% glacial acetic acid) was added to terminate the diazotization
reaction. This was finally accomplished by adding 0.25 mL of 0.1%
naphthyl ethylenediamine dihydrochloride to create a pink solution.

The test tubes were incubated at 25 °C for another 30 min after a
thorough mixing. The concentration of nitrite was measured at 546 nm
against a control setup which had a similar content with the exception of
replacing the extract/standard with a buffer. NO scavenging ability of
ZAE and ascorbic acid were calculated using the formula below:

of of test
Absorbance ) x 100

%NOSA = control — Absorbance

Absorbance
of control

2.7. Experimental animals

Male Sprague-Dawley rats (180-250 g) were obtained from the An-
imal House of the University of Cape Coast. They were given normal feed
from Agricare in Kumasi, Ghana, as well as unlimited access to water.
Throughout the investigation, the NIH’s Guide for the Care and Use of
Laboratory Animals were followed. Ethical approval was obtained from
the Research and Ethics Committee of the School of Pharmacy and
Pharmaceutical Sciences, University of Cape Coast, on the 25th
September, 2020 with the certification number UCCSoPPS/REC/20/
011.

2.8. Experimental design

The experiment was conducted using an earlier described protocol
[24]. Six groups of rats (n = 6) were fasted for 24 h before treatment
was initiated. The animals were subsequently treated once a day for
seven days. Group I (naive control) and Group II (negative control)
received normal saline (NS 10 mL/kg, p.o.), Group III (positive control)
received N-acetylcysteine (NAC) 50 mg/kg, i.p., Groups IV, V, and VI
received 30, 100, and 300 mg/kg, p.o. of ZAE respectively. With the
exception of Group I animals which received additional normal saline
(10 mL/kg. p.o.), the rest of the animals were additionally dosed with
3000 mg/kg p.o. of paracetamol (PCM) 3 h after the last dose of ZAE or
NAC had been administered on the 7th day. All the animals were sub-
sequently fasted for 48 h. after PCM administration. Afterwards, the
animals were administered with a light anaesthesia (pentobarbitone
50 mg/kg, i.p.) and blood was collected by cardiac puncture into
gel-separator vacutainer tubes for biochemical analysis. The animals
were then humanely sacrificed by cervical dislocation and their liver
harvested for further investigation. The treatment schedule is presented
in Table 1.

The lethal dose of the extract has been found to be beyond 5000 mg/
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Table 1
Treatment schedule of the various groups.

Groups  Description Pre-treatment for 7 Induction of
days hepatotoxicity
I Naive Control NS (10 mL/kg, p.o.) NS (10 mL/kg, p.o.)
I Negative NS (10 mL/kg, p.o.) PCM (3000 mg/kg, p.o.)
Control

I Positive Control NAC (50 mg/kg, i.p.) PCM (3000 mg/kg, p.o.)
I\ Low Dose ZAE (30 mg/kg, p.o.) PCM (3000 mg/kg, p.o.)
A Medium Dose ZAE (100 mg/kg, p.o.) PCM (3000 mg/kg, p.o.)
VI High Dose ZAE (300 mg/kg, p.o.) PCM (3000 mg/kg, p.o.)

kg according to our previous study [15]. This is because, no adverse
effect or dearth was recorded at doses as high as 5000 mg/kg of the
extract. Also, selection of the doses for NAC, PCM and ZAE were based
on previous studies [15, 20, 24] as well as preliminary investigations in
our laboratories.

2.8.1. Evaluation of serum biochemical markers

Blood samples were collected by cardiac puncture into gel separator
tubes for biochemical analysis. The biochemical parameters that were
evaluated in both the control and test groups were total bilirubin,
aspartate aminotransferase (AST), alanine aminotransferase (ALT) and
alkaline phosphatase (ALP).

2.8.2. Histopathology of liver tissues

The rats were sacrificed under light anaesthesia, dissected, and the
liver was harvested for gross necropsy and histopathological examina-
tion. The liver organs harvested from the rats were divided into two and
one-half of each liver was fixed in 10% neutral buffered formalin (NBF)
immediately after collection for 24 h. The liver was trimmed into cas-
settes and re-fixed. The tissue cassettes were processed for routine his-
topathology in a series of graded ethanol and xylene. The tissues were
embedded in paraffin wax and a semi-automated rotary microtome
(Bright 5040, Japan) was used to cut sections of 5 um thickness from the
tissue blocks. The sections mounted on glass slides were processed for
routine haematoxylin and eosin staining. The tissue slides were observed
using a binocular light microscope (Olympus, Japan) connected with a
digital camera, Amscope (MD500, USA), and a computer. Further
analysis was carried out on the tissue micrographs that were taken.

2.8.3. Estimation of liver antioxidant activity

2.8.3.1. Preparation of tissue homogenate and supernatant. The remain-
ing one-half of each liver organ removed from the sacrificed rats were
individually washed with 0.9% normal ice-cold saline, weighed, and
stored at — 80 °C. The tissues were homogenised using a homogenizer
(WiseTis® HG-15D, China). The homogenate was centrifuged for 30 min
at 4 °C at 800 g. The supernatant containing fractions of the liver was
used for the antioxidant assay.

2.8.3.2. Total tissue protein. The total protein content of 10% liver ho-
mogenate was estimated using the modified Lowry’s method [25].

2.8.3.3. Catalase (CAT). Catalase activity, was determined using a
previously described method [26]. Catalase activity represents the
amount of enzyme required to remove 1 umol of H2O5 per unit per gram
of tissue. To do this, 0.1 mL of the liver homogenate was added to 1 mL
of 4% ammonium molybdate and 2 mL of 0.03% H3O5 solution. The
reaction mixture was measured spectrophotometrically (Lasany, China)
at 410 nm.

2.8.3.4. Glutathione (GSH). Glutathione levels were determined by
precipitating proteins with 50% TCA. The mixture was then centrifuged
for 15 min at 3000 rpm. Supernatant from the centrifugation was mixed
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with 4.0 mL of 0.4 M Tris buffer solution (pH=8.0) and 0.1 mL of DTNB.
Subsequently, the new reaction mixture was incubated for 10 min. This
was followed by the addition of DNTB and within 5 min, the absorbance
was recorded at 412 nm [27].

2.8.3.5. Total thiol (TSH). To estimate total thiols levels in the liver
tissues of the rats, the procedure outlined by Sedlack and Lindsay [27]
was used. To 0.5 mL of tissue homogenate, 0.1 mL of 0.01 M DTNB and
1.5 mL of 0.2 M Tris buffer (pH=8.2) were added mixed together. Ab-
solute methanol (7.9 mL) was added to the mixture to obtain 10 mL. An
absorbance measurement was taken at 412 nm between the mixture and
appropriate blanks after 10 min of incubation. By using &€ =13,
600 cm/M ! the amount of TSH in the reaction mixture was computed
and analysed.

2.9. Statistical analysis

Group means + SEM (standard error of the mean) were used in
presenting the results. For all tests, statistical significance of p < 0.05
was considered. Graphpad Prisms® version 8.0 for Windows® 10
(GraphPad Software, San Diego, CA, USA) was used to plot all graphs. To
determine the differences between treatment groups, one-way ANOVA
plus a Dunnet’s post hoc test was used.

3. Results
3.1. Total flavonoid and phenol content

Using the standard graphs as shown in Fig. 1a and Fig. 1b respec-
tively, the total flavonoid content of ZAE in QE was found to be
1313.425 pg/mL, whereas the total phenolic content in GAE was found
to be 268.31 pg/mL.

3.2. In vitro antioxidant assay

ZAE exhibited a notable DPPH radical scavenging activity with an
ICsp of 7.11 + 1.48 pg/mL, which was comparable to the ICsq of 3.10
+ 1.10 pg/mL for ascorbic acid used as a reference drug (Fig. 2a and d).
Again, ZAE produced an NO radical scavenging activity with an ICsq of
67.56 + 1.11 pg/mL whereas ascorbic acid, used as a standard reference
drug, produced an ICsq value of 7.45 + 2.14 pg/mL (Fig. 2b and d). With
respect to ferrous reducing antioxidant capacity, ZAE produced a ferric
reducing power with an ICsy of 80.41 + 1.56 pg/mL as compared to
19.48 + 1.45 pg/mL for the ascorbic acid used as the positive control
drug (Fig. 2c and d).

a
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3.3. Effect of ZAE on ALT, AST, ALP, and TB

Oral administration of PCM (3000 mg/kg) caused significant
(p < 0.01) elevations in serum biochemical marker activities such as
ALP, ALT, and AST, as well as increased total bilirubin levels compared
to naive control groups. However, rats that received additional treat-
ments with ZAE (100 and 300 mg/kg) or NAC (50 mg/kg) recorded
significant (p < 0.05) decreases in biochemical marker levels (Fig. 3).

3.4. Antioxidant activity

The activities of in vivo antioxidant enzymes and total proteins
following the administration of a toxic dose of paracetamol and subse-
quent treatment with ZAE or NAC. Total protein, GSH, CAT, and TSH
levels increased significantly (p < 0.05) in the treatment groups
compared to rats treated with paracetamol only (Fig. 4).

3.5. Histopathological observation

Fig. 5 shows micrographs of the liver sections of paracetamol-
induced toxicity in rats. A photomicrograph of the naive control group
(Fig. 5 A) showed a normal parenchymal structure of the liver. However,
in the negative control group (Fig. 5B) that was treated with only PCM
(3000 mg/kg), single-cell hepatocellular necrosis (yellow arrowhead)
characterised by a condensed, dark stained nucleus with some degen-
eration in the cytoplasm (ballooning degeneration) were observed. Also,
the hepatocytes’ sinusoidal dilatations were observed in the negative
control group more than in normal hepatocytes as observed in the naive
control group. However, reduced hepatocellular damage was observed
in the groups treated with ZAE 30 mg/kg (5D), 100 mg/kg (5E) and
300 mg/kg (5 F) as well as the group treated with NAC. Also, uniform
and normal sinusoidal spaces were observed in the groups treated with
the extract and NAC.

4. Discussion

Paracetamol is a popular over-the-counter medication used in the
management of pyrexia and pain. It is also known to cause liver toxic-
ities when taken above the normal therapeutic dose [28]. Paracetamol is
converted to a reactive metabolite called N-acetyl-para-benzoquinone
immine (NAPQI) by the liver isoform enzymes cytochrome P450
CYP2E1 and CYP2A6 [29]. Higher levels of NAPQI causes oxidative
stress and cellular damage in the liver. The resultant effect is the accu-
mulation of reactive oxygen species that affect the membrane of hepa-
tocytes, induce lipid peroxidation, and cause liver necrosis [24].

The first part of the study was conducted to determine ZAE’s anti-
oxidant and radical scavenging potential in light of the role free radicals
and reactive oxygen species play in PCM-induced liver injury as
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Fig. 1. Standard graphs of (a) quercetin for the estimation of the flavonoid content of ZAE and (b) gallic acid for the estimation of phenolic content of ZAE.
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described earlier [30], and the importance of antioxidant restoration in
attenuating PCM-induced hepatotoxicity. To determine the antioxidant
capacity of test substances, it’s been established that a single assay
approach is insufficient as different antioxidant tests differ in terms of
assay principle and experimental outcomes [31]. For instance, DPPH as
uses organic radical generators whereas the FRAC assay technique uses
metallic ions for oxidation. In this study, ZAE exhibited remarkable
antioxidant properties which included a high DPPH scavenging activity,
nitric oxide reducing property, and ferrous reducing antioxidant ca-
pacity (Fig. 2).

It is important to mention that antioxidant capacity of extracts has
been shown to be correlated with their total phenolic [32] and flavonoid
[21] capacities. The phenolics and flavonoids have been documented to
possess hepatoprotective properties [33,34] and previous study indi-
cated [15] the presence of these phytochemicals in Ziziphus abysinnica,
thus confirming the potential of ZAE to reverse liver injury induced by
phenylhydrazine. In this study, ZAE was found to have high levels of
phenolic and flavonoid content. Plants that contain high levels of fla-
vonoids and phenolic compounds have been shown to contain high
exogenous antioxidant properties and are naturally beneficial in the
prevention of liver diseases [35].

1933

Since oxidative stress plays a key role in the development of liver
diseases [8], any substance with antioxidative potential should also
possess protective effects against liver damage. On the basis of this
assertion, it might also be plausible to suggest that ZAE may exhibit in
vivo antioxidant and hepatoprotective properties hence the need to
investigate these effects using PCM-induced hepatotoxicity in rats.
Notably, an essential event in PCM-induced hepatotoxicity is mito-
chondrial oxidative stress [8]. As a result, research into treatment
techniques for PCM-induced hepatotoxicity has mostly focused on ways
to mitigate this occurrence. Based on the foregoing, several natural
substances have been identified to have the ability to cure PCM-induced
liver impairment via antioxidant pathways [31]. The antioxidant ac-
tivities of these natural compounds were reported to be attributable to
increased levels of endogenous enzymes superoxide dismutase, GSH,
catalase, as well as their exogenous antioxidant properties as discussed
earlier.

One of the most important endogenous antioxidant that is involved
in hepatoprotection is Glutathione (GSH). It is one of the most abundant
non-enzyme free radical scavengers produced by the liver. It eliminates
free radicals like hydrogen peroxides, superoxide radicals, and alkoxy
radicals, while also stabilising membrane proteins. GSH also serves as a
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Fig. 3. Effect of ZAE on serum biochemical parameters in paracetamol-induced hepatotoxicity in rats. The results are presented as mean + SEM. **p < 00.01 and *p
< 0.05 compared to the PCM +NS treatment group. One-way ANOVA followed by Dunnet’s post hoc test.

substrate for glutathione peroxidase [36]. In this study, the adminis-
tration of PCM caused a significant reduction in the levels of liver GSH.
However, treatment of rats with ZAE and NAC caused a significant el-
evations in the levels of GSH as observed in Fig. 4b.

Catalase (CAT), on the other hand, is an essential superoxide and
hydrogen peroxide scavenger found in animal tissues, including the liver
and red blood cells. It protects cells from oxidative stress caused by the
generation of hydroxyl radicals in cells [37]. In this study, the concen-
tration of CAT decreased in the liver tissues of the PCM only treated
group, indicating an increase in the production of free radicals due to the
activities of paracetamol metabolic product, NAPQI. However, the
administration of ZAE, as well as NAC, ameliorated the
paracetamol-induced hepatotoxicity by increasing the levels of CAT.
This agrees with previous studies that reported on the hepatoprotective
effects of gallic acid [38], 6-gingerol [39], and methanol extract of
Fagonia olivieri DC [40] in rodent models through amelioration of
oxidative stress. An elevated CAT levels resulting from ZAE adminis-
tration indicates that superoxide radicals generated from PCM were be
effectively disabled.

In this study, it was also realised that reduced levels of total thiols
(-SH group) caused by PCM-induced toxicity was reversed by both ZAE
and NAC as observed in Fig. 4c. It is important to note that antioxidant
defense of cells relies heavily on total thiols for the detoxification of
extracellular and intracellular reactive oxygen species. Protein thiols
involved in DNA synthesis and repair depend on total thiols concen-
tration for maintaining redox equilibrium [41].

A prerequisite for the synthesis of serum proteins is a non-
compromised liver. This study found hypoproteinemia in the PCM-
treated group compared to the nave control. This is possibly due to
decreased protein synthesis, which is a common sign of hepatotoxicity
[42]. However, treatment of the animals with ZAE and NAC reversed the
hypoproteinemia. This emphasizes the hepatoprotective effect of the
extract and the NAC.

Through lipid peroxidation, the reactive species (NAPQI) produced
by paracetamol overdose causes damages to hepatic cells, resulting in
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elevated serum levels of ALT and AST. ALT, in particular, is an important
biomarker for hepatotoxicity. This is because the liver has the highest
amount of the enzyme compared to the heart, brain, and skeletal mus-
cles, hence making ALT. On the other hand, due to its presence in other
organs, AST has a lower specificity for liver damage despite the fact that
its importance in hepatotoxicity cannot be overlooked. As such, when
the liver is stressed, these enzymes leak into the blood in direct pro-
portions to the extent of liver damage [43,44]. The evaluation of the
levels of ALT and AST in the liver is, therefore, indispensable especially
in the assessment of paracetamol toxicity. In the present study, the
administration of 3000 mg/kg of PCM caused a marked increase in
serum ALT and AST levels as observed in Fig. 3. This was expected as
similar results were obtained in earlier studies that used animal models
to explore paracetamol-induced hepatotoxicity [45-47]. It is critical to
note that injured hepatocytes can be identified based on the alterations
in alanine aminotransferase (ALT) and aspartate aminotransferase (AST)
enzymes in plasma. However, the pre-treatment of the rats with ZAE
(100 and 300 mg/kg) produced a significant reduction in AST and ALT.
This gives an indication that ZAE may reduce transaminase enzyme
activity while producing regeneration and stabilisation of the mem-
branes of liver cells.

Another liver enzyme worth investigating is the alkaline phosphatase
(ALP). ALP is a hydrolysable enzyme produced in the membranes that
line the bile duct and canaliculi, and are found in high concentrations in
the blood, especially, in the presence of hepatobiliary damage [21,42].
Hepatotoxicity is known to cause biliary congestion, thus leading to the
inability of the body to excrete ALP, resulting in its elevation as seen in
the PCM group (Fig. 3). However, treatment of the animals with ZAE
reversed the ALP levels to normal. This suggests that ZAE exhibited
hepatoprotective properties possibly via the reduction in the obstruction
of the bile duct.

Also, low serum levels of total bilirubin was reversed to normal. The
level of total bilirubin could be attributed to the ability of ZAE to reverse
the injury caused by PCM. Again, the groups pre-treated with ZAE saw a
marked increase in hepatocyte regeneration and a decreased
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Fig. 4. Effect of ZAE on protein (a), CAT (b), GSH (c) and TSH (d) in paracetamol-induced liver toxicity in rats. ***p < 0.001, **p < 0.01 and *p < 0.05 compared to

the PCM group. One-way ANOVA followed by a Dunnet’s post hoc test.

cytoplasmic degeneration. This is supported by a previous study con-
ducted by Henneh et al. [19] in which ZAE offered protection against
multi-organ injury induced by phenyl hydrazine administration in rats.

The alterations in liver enzyme levels following paracetamol
administration were confirmed by histopathological changes observed
in liver tissues. Administration of paracetamol overdose caused patho-
logical changes in the liver such as the presence of degeneration of he-
patocytes, haemorrhagic necrosis with widened and congested
sinusoids, which is consistent with previous reports [1,28]. The presence
of necrosis could be attributed to the stimulation of the innate immune
response that recruits neutrophils and other inflammatory cells through
the release of mediators that trigger the pro-inflammatory cytokine
pathway by Kupffer cells, resulting in their accumulation in the sinu-
soids [48]. The extract ameliorated this effect possibly through its
membrane stabilising and inhibitory effect against protein denaturation,
neutrophil degranulation and pro-inflammatory cytokines expression
[12,15].

5. Conclusion

The study demonstrates that ethanolic root bark extract of Ziziphus
abyssinica ameliorates paracetamol-induced hepatic injury. These pro-
tective effects may, at least in part, be attributed to the extract’s
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antioxidant properties. This is due to the fact that exogenously, ZAE
exhibited marked ferrous reducing antioxidant capacity as well as DPPH
and NO radical scavenging activities in a similar manner as ascorbic
acid. Compared to the standard reference drug, NAC, the extract was
able to significantly increase the levels of endogenous antioxidants such
as catalase, gluthathione and total thiols. ZAE and N-acetylcysteine
significantly reduced the paracetamol-mediated elevation of serum total
bilirubin, proteins and activity of liver enzymes (AST, ALP, and ALT).
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Fig. 5. (A-F) shows photomicrographs of the liver tissue of all the treated and control groups at a magnification of x 400 (H & E). Dilatable sinusoidal spaces (black
arrow in 5B), normal sinusoidal spaces (blue arrows in A), hepatocellular necrosis (yellow arrowhead in B), ballooning degeneration of hepatocytes

(black arrowhead).
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