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ABSTRACT
Introduction: Liver fibrosis is one of themost common clinical manifestations of hepatic diseases.
However, though many synthetic drugs exist for the treatment and prevention of liver diseases,
liver injuries still persist. The present study, therefore, sought to investigate the subacute protec-
tive effects of Acalphya wilkesiana against carbon tetrachloride (CCl4)-induced toxicity in animals.
Methodology: Liver injury was induced in experimental animals by administering CCl4 (1:1 v/v
in olive oil, intraperitoneally (i.p.), twice weekly for 8 weeks) after pre-treatment with extract of A.
wilkesiana (AWE). AWE (250 mg/kg) and Silymarin (120 mg/kg) were administered orally (daily for 8
weeks). The hepatoprotective effect was studied by assaying the activity of liver enzymes, such as
alanine aminotransferase (ALT), aspartate aminotransferase (AST), alkaline phosphatase (ALP), and
alpha-fetoprotein. The effect of the treatments on liver prooxidants (e.g. malondialdehyde [MDA])
and antioxidants (e.g. superoxide dismutase [SOD], reduced glutathione [GSH], glutathione perox-
idase [GPx], and glutathione transferase [GST]), as well as inflammatory cytokines (e.g. interleukin
[IL]-17, IL-23, nuclear factor kappa beta [NF-kB], and cycloxygenase-1 [COX-1]) and the histology
of the liver were also examined. Results: The activity of liver function biomarkers changed sig-
nificantly upon CCl4 administration; increases in ALT, total and direct bilirubin, and some fibrosis
indices (e.g. alpha-fetoprotein and APRI [p<0.05-0.001, compared with normal]) were observed.
Co-administration of AWE with CCl4 restored these to normal levels. The intensity of structural al-
terations revealed that the AWE treatment has protective potential against subacute liver injury.
AWE treatment also reduced the expression of IL-17, 1L-23, NF-kB and COX-1, underscoring its anti-
inflammatory properties. Conclusion: The results of the current study generally suggest that hy-
droethanolic leaf extracts of A. wilkesiana inferno possess some subacute protective activity by im-
proving liver function and inhibition of inflammation, and could be developed as a potent anti-
fibrotic agent.
Key words: Acalypha wilkesiana inferno, carbon tetrachloride, hepatoprotective effect, medicinal
plants, interleukins

INTRODUCTION
The liver serves as the main hub for important activi-
ties such as metabolism, secretion, detoxification and
storage. When any of these functions is distorted, liver
damage is said to have occurred1. Although many
synthetic drugs exist for the treatment and prevention
of ailments, even for liver diseases, liver injuries still
persist2. According to the WHO, nearly 2.4 million
deaths are associated with liver injury and damage an-
nually1.
Liver fibrosis is one of the most common clinical
manifestations of hepatic diseases. It is the excessive
amassing of the extracellular protein matrix, includ-
ing collagen, elastin, fibronectin, laminin and proteo-
glycans in the liver3. These proteins are generated

from activated hepatic stellate cells (HSCs). Activa-
tion of HSCs is associated with increased mRNA ex-
pression of collagen, tumor growth factor-β (TGF-
β ), and alpha-smooth muscle actin (α-SMA)4. Liver
fibrosis is caused by chronic hepatic injury and is
associated with inflammation-associated conditions,
such as alcoholic and non-alcoholic steatohepatitis,
viral hepatitis, and even autoimmune diseases 3. Sev-
eral anti-fibrotic therapies, therefore, target either the
activated HSCs or are anti-inflammatory in action3.
Meanwhile, cirrhosis is the end stage of several liver
diseases and is an irreversible form of liver fibrosis.
Togetherwith liver fibrosis, cirrhosis is responsible for
several mortalities and morbidities worldwide, espe-
cially in developing countries4.
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Hepatotoxins are agents that cause liver damage.
There are several examples of hepatotoxins, and these
are grouped into intrinsic and idiosyncratic hepato-
toxins. Some common hepatotoxins include ethanol,
carbon tetrachloride, and acetaminophen, among
others. Agents that protect the liver from deleterious
effects of hepatotoxins are said to be hepatoprotec-
tive1. Carbon tetrachloride (CCl4) is a well-known
intrinsic hepatotoxin, first reported as a cause of liver
injury in 19365. It is widely used for the study of liver
inflammation, fibrosis and cirrhosis. It belongs to a
group of hepatotoxins which needs to be metabolized
by the mixed-function oxidases in the liver. Once
metabolized by cytochrome P450 oxidases, CCl4 gen-
erates trichloromethyl radical (CCl3O.), a very reac-
tive free radical which results in primary and sec-
ondary bond formation (a covalent bond formation
with DNA, proteins, lipids and carbohydrates, and
generation of free radicals, lipid peroxidation, etc., re-
spectively)6. Thus, CCl3O. is responsible for the sev-
eral toxic effects following carbon tetrachloride ad-
ministration.
The numerous side effects of synthetic drugs spur the
growing interest of medical researchers in the evalu-
ation of traditional herbal formulations2. These for-
mulations are relatively safer7. Medicinal plants also
have the advantages of being cheaper and more read-
ily available.
Acalypha wilkesiana Mull Arg ‘Inferno’ (family Eu-
phorbiaceae) is an ornamental plant grown as a hedge.
It is commonly called the copperleaf and is widely dis-
tributed in the tropics. Few pharmacological and
phytochemical assessments have been done on the
species. According to Larbie et al.8, the hydroethano-
lic extract of the plant contains triterpenoids, alka-
loids, flavonoids, glycosides, coumarins, sterols, and
hydrolysable tannins. The study also revealed high
antioxidant and significant bactericidal activities of
A. wilkesiana. The species has also been demon-
strated to improve the clearance of glucose and is
toxicologically safe in animals9,10. A recent study
also demonstrated the nephroprotective activity of the
plant in gentamicin- and cisplatin-induced nephro-
toxicity 11, while the 250 mg/kg dose was demon-
strated to possess the highest acute hepatoprotective
activity 12. Furthermore, the protective effect of aque-
ous leaf extracts of A. wilkesiana ’Godseffiana’, a re-
lated cultivar, has been reported 13. The present study,
thus, sought to investigate the subacute hepatoprotec-
tive effects ofA.wilkesiana against CCl4-induced tox-
icity in animals based on biochemical and histological
assessment, non-invasive anti-fibrotic evaluation, and
inflammation.

MATERIALS - METHODS

Drugs and chemicals

Formalin, ethylene diamine tetraacetic acid (EDTA),
and sodium dihydrogen phosphate were obtained
from Sigma (St. Louis, MO), and Silymarin (Legalon
70, Bukwang Param, Seoul, Korea). Assay kits for bio-
chemical parameters were obtained from ELITECH
(Paris, France). All reagents and solvents were of an-
alytical grade.

Animals

The animals used in the study, Sprague-Dawley rats
(14-week old males, 170-230 g in weight), were ob-
tained from the University of Ghana Medical School,
Korle-Bu, Ghana and maintained in the animal hold-
ing facility of the Department of Biochemistry and
Biotechnology, KNUST, Kumasi. They were kept in
metal cages comfortably bedded with wood shavings
and at a constant temperature of 22-25 oC, with 12 h
light and 12 h dark cycle. The animals had free access
to standard feed (Mash, AGRICARE, Kumasi-Ghana)
and tap water ad libitum except in an overnight fast
before the first treatment and sacrifice. In the exper-
imental grouping of the animals, their body weights
were taken into consideration to achieve approxi-
mately equal conditions among the groups. The an-
imals were given color codes on their tails using per-
manent markers for easy identification. All animals
were humanely handled during the experiment and
conducted following the guidelines of the Committee
for the Purpose of Control and Supervision of Exper-
iment on Animals (CPCSEA, New Delhi, India) and
the National Research Council’s Guide for Care and
Use of Laboratory Animals14. The study protocol was
reviewed and approved by a veterinarian on the re-
search team.

Plant preparation and extraction

A. wilkesiana leaves were collected and prepared
as previously described 8–10. Briefly, the leaves
were identified as A. wilkesiana inferno, previ-
ously described as A. inferno (voucher number
KNUST/HM/2017/L018), air-dried under shade, and
milled. The 50% hydroethanolic extract was prepared
(100 g in 1000 ml, repeated twice), concentrated (at
45oC under pressure using Buchi R205, Switzerland),
freeze-dried (Labconco, England), and designated as
the hydroethanolic extract of A. wilkesiana (AWE,
yield of 11.5%).
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Experimental design
Subacute liver injury was achieved in animals by a
slightly modified method of Tipoe et al.15. The ani-
mals were sorted into four groups (n = 5): Group 1,
the control group was given the vehicle (1 ml distilled
water and 1 ml/kg b.wt. olive oil on respective days
of CCl4 administration); Group 2 was given 1 ml/kg
of CCl4 (1: 1 v/v in olive oil, ip); Group 3 was ad-
ministered with CCl4 + Silymarin (120 mg/kg in nor-
mal saline by oral route); and Group 4 was adminis-
tered with CCl4 + AWE (250 mg/kg in normal saline
by the oral route which was previously determined
to be a safe dose with hepatoprotective activity) 9,15.
The CCl4 alone was administered twice a week (ev-
ery Wednesday and Friday) for 8 weeks. Silymarin
and AWE were administered once daily throughout
the entire duration of the experiment. Rats were anes-
thetized and sacrificed at the end of the 8 weeks after
an overnight fast.

Effect of treatment on hematology andbio-
chemical parameters
At termination, animals were fasted overnight and
exposed to light ether anesthetization. Incisions were
then made at the cervical regions using a sterile blade
and blood collected into EDTA tubes for hematology
analyses using the Sysmex Hematology System
(USA). The following parameters were assayed:
hemoglobin concentration (HGB), red blood cell
(RBC) count, red cell indices [mean corpuscular
volume (MCV), mean corpuscular hemoglobin
(MCH), mean corpuscular hemoglobin concen-
tration (MCHC), and red cell distribution width
(RDW)], platelet count, white blood cells (WBC),
lymphocytes, hematocrit, plateletcrit, platelet dis-
tribution width (PDW), and platelet large cell ratio
(P-LCR).
Part of the blood was collected into gel-activated
tubes, allowed to clot, and centrifuged at 3500 rpm
for 10 minutes. The serum obtained was analyzed for
liver function parameters [i.e. alanine aminotrans-
ferase (ALT), aspartate aminotransferase (AST), al-
kaline phosphatase (ALP), and bilirubin (total, di-
rect and indirect)], lipids [total cholesterol (TChol),
triglycerides (Trig), very low-density lipoproteins
(VLDL), and high-density lipoproteins (HDL)], and
alpha-fetoprotein using the Selectra E (Vital Scien-
tific, Japan) and reagents from ELITECH (France).
The animals were dissected, and the livers were re-
moved, cleared of fat, washed with normal buffered
saline and blotted to dry. They were weighed to ob-
tain the absolute liver weight (ALW).The relative liver
weight (RLW)was calculated as a function of the body
weight at sacrifice.

Histology and liver antioxidant assays
A tissue section of the liver (right lobe) was stored
in 10% buffered formalin and processed for histolog-
ical assessment using standard methods. The speci-
mens were stained with hematoxylin and eosin. Pho-
tomicrographs were taken and analyzed by a pathol-
ogist. Part of the liver was stored in phosphate-
buffered saline (PBS) and 5 g was homogenized sep-
arately in 10 ml of 100 mM KH2PO4 buffer contain-
ing 1 mM EDTA (pH 7.4), and centrifuged at 12,000
rpm for 30 min at 4◦C. The supernatant was col-
lected and used for liver pro- and anti-oxidant param-
eters, including total protein, superoxide dismutase
(SOD)16, malondialdehyde (MDA)17, reduced glu-
tathione (GSH)18, glutathione peroxidase (GPx)19,
and glutathione transferase (GST)20.

Immunohistochemical analysis
The immunohistochemical staining was performed
using the Streptavidin-biotin peroxidase complex kit
(M IHC Select Detection System, HRP/DAB, Merck,
Germany LOT: 2775482) with a slight modification of
the procedure, as previously described by Jarikre and
Emikpe21 and previously used 22. Rabbit monoclonal
to NF-kB (2A12A7), COX-1 (19999, Lot # L1113), IL-
17 (SAB3701439, Lot R127357), and IL-23 (Cat. # 06-
1079, Lot # 2914943) were used as primary antibod-
ies. Goat Anti-Rabbit IgG (HRP, ab6721) was used
as the secondary antibody. Tissue sections from the
control rats served as negative controls. The photomi-
crographs were taken with the aid of a digital cam-
era (Amscope MU900) attached to the microscope.
The images were quantified for staining intensity us-
ing the reciprocal intensity of the stained markers on
the open-source Fiji (ImageJ) software. The optical
density of the staining intensities was calculated us-
ing the formula:

OD = log10
Maximum Reciprocal Intensity

Mean Reciprocal Intensity

Data analysis
Results were analyzed with GraphPad Prism 7
(GraphPad Software Inc., La Jolla, CA, USA). The re-
sults (bodyweights, hematological parameters, serum
biochemistry, and antioxidants) were recorded as
mean ± standard error of mean (SEM). Data were
subjected to one-way ANOVA and Tukey’s multi-
ple comparison test at a significance value of 5%.
Indices of fibrosity including AST/ALT, aspartate
aminotransferase to platelet ratio index (APRI), and
AST/PLT ratios were calculated.
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RESULTS

Effect of treatment on liver weight

Figure 1 shows the effect of treatment on the abso-
lute and relative liver weights. CCl4 and AWE treat-
ment resulted in significant increases in absolute but
not relative liver weight.

Effect of treatment on some hematological
parameters

Table 1 shows the effect of treament on some hemato-
logical parameters of animals. Treatment had no sig-
nificant effect on the haematological parameters, ex-
cept for a decrease in platelet (PLT) levels in CCl4-
only treated group (p < 0.05). AWE and Silymarin
treatment restored PLT levels to near normal.

Effect of treatment on serum biochemical
parameters and liver oxidative stress status

Table 2 shows the effect of treatment on the biochem-
ical and antioxidant profiles of animals. CCl4 treat-
ment resulted in significant increases in ALT, AST,
ALP and bilirubin levels. Silymarin and AWE treat-
ment resulted in decreases in these functions to near-
normal levels. No significant changes were observed
for the pro- and anti-oxidant status of the liver, ex-
cept for an increase in the levels of reduced GSH in
Silymarin co-treated group.

Effect of treatment on some indices of liver
fibrosis

Table 3 shows the effect of the treatment on some
non-invasive indices of liver fibrosis. CCl4 resulted
in significant increases in AFP and AST/PLT ratio
and decreases in AST/ALT ratio and APRI. Silymarin
and AWE prevented fibrosis based on observations
with AFP. APRI was significantly lower in the Sily-
marin group compared with CCl4-only group, while
the AST/PLT ratio was reduced in the AWE group.

Effect of Treatment on Liver Histology

Figure 2(A-D) shows representative liver sections of
normal and treated groups. CCl4 treatment resulted
in severe hepatocellular vacuolar degenerations with
extensive coagulation necrosis of hepatocytes, inflam-
mation, and fibroblast proliferation (Figure 2B). Sily-
marin and AWE treatment reversed these injuries to
near normal architecture, especially as it relates to the
necrosis of hepatocytes, as there were a few regenera-
tive hepatocytes.

Effect of treatment on expression of pro-
inflammatory cytokines
Figure 3 shows the micrograph of liver sections of
normal and treated groups for the expression of in-
terleukin (IL)-17 and 23, nuclear factor kappa-light-
chain-enhancer of activated B cells (NF-kB) and
cyclooxygenase-1 (COX-1). Figure 4 shows the per-
cent intensity of the expression of the cytokines. CCl4
treatment resulted in the overexpression of these cy-
tokines while AWE treatment suppressed these to
near-normal levels.

DISCUSSION
Liver damage is associated with a significant increase
in the serum levels of some enzymes which are nor-
mally segregated in the parenchymal cells of the liver.
Examples of these enzymes include AST, ALP and
ALT3. CCl4 administration increased the serum lev-
els of the aforementioned enzymes, indicative of liver
damage. CCl4, an intrinsic liver toxin, is known to
mediate its toxic activity by the generation of free rad-
icals and induction of oxidative stress5. Once metab-
olized, CCl4 results in primary and secondary bond
formation (a covalent bond formation with DNA,
proteins, lipids, and carbohydrates), which results in
cell damage. Damage to the hepatocytes then leads to
the leakage of these enzymes into the serum 6. Pre-
vious studies revealed the presence of flavonoids and
hydrolysable tannins in the hydroethanolic extracts
of A. wilkesiana, and these possess high antioxidant
activity8. This explains the observed decrease in the
ALT, AST and ALP levels upon administration of
CCl4 and AWE. In the case of AST and ALP, the levels
were near normal.
Consistent with results from a previous study, admin-
istration of 1 ml/kg b.wt. CCl4 intraperitoneally for
8 weeks resulted in a marked increase in the serum
bilirubin levels (direct and indirect) and a decrease in
total cholesterol and triglyceride levels23. This is in-
dicative of liver damage. However, administration of
plant extract did not have any significant effect on the
serum cholesterol and triglyceride levels.
There is a common association between hepatic fibro-
sis and oxidative stress. Free radicals result in per-
oxidation of membrane lipids, thereby leading to cell
damage. Thus, antioxidants may help in reducing the
progression of liver fibrosis24. Results from this study
showed no significant effects of CCl4 on MDA lev-
els; however, there was some decrease in the GSH lev-
els. Decreased GSH levels upon CCl4 administration
was also observed in the previous studies25. High an-
tioxidant activity evident by high concentrations of
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Figure 1: Effect of treatment on absolute and relative liver weights. Each bar is amean± SEM of 5 animals.
Statistical difference: a: different from Normal at p < 0.05 –0.001; b: different from CCl4 only at p < 0.05 – 0.001; c :
different from CCl4 + Sily at p < 0.05 – 0.001

Table 1: Effect of treatment on some haematological parameters

Parameters Normal CCl4 only CCl4 + Sily CCl4 + AWE

WBC (x 1000/µL) 10.30± 1.04 12.30± 1.55 8.48± 0.62 9.10±0.79

RBC (x 106/µL) 8.61± 0.19 8.96± 0.14 8.62± 0.21 8.56±0.23

HGB (g/dL) 14.60± 0.26 15.78± 0.23 14.58± 0.34 14.75±0.15

HCT (%) 51.27± 0.64 54.43± 1.27 51.10± 1.28 51.85±1.19

MCV (fL) 59.53± 0.73 60.75± 0.70 59.33± 1.09 60.60±0.58

MCH (pg) 16.93± 0.23 17.60± 0.10 16.93± 0.19 17.28±0.43

MCHC (g/dL) 28.47± 0.18 29.00± 0.28 28.50± 0.19 28.48±0.54

PLT (x 103/µL) 887.67± 34.17 732.50± 58.35a 884.00± 30.48b 832.50±72.66b

LYM (%) 78.50± 6.26 73.43± 5.78 72.35± 1.52 64.28±7.14

NEUT (%) 21.50± 6.26 26.58± 5.78 27.65± 1.52 32.75±6.55

LYM (x 103/µL) 8.17± 1.37 9.13± 1.55 6.15± 0.51 5.80±0.71

NEUT (x 103/µL) 2.13± 0.62 3.18± 0.56 2.33± 0.16 3.08±0.75

RDW-SD (fL) 31.37± 0.44 32.00± 0.67 31.30± 0.47 32.58±0.71

RDW-CV (%) 13.00± 0.44 13.00± 0.30 13.33± 0.50 14.65±0.42

PDW (fL) 7.33± 0.03 7.95± 0.23 7.85± 0.13 8.25±0.73

MPV (fL) 6.53± 0.03 6.95± 0.13 6.80± 0.07 7.10±0.40

P-LCR (%) 4.30± 0.32 5.95± 0.51 5.35± 0.27 7.35±2.46

PCT (%) 0.58± 0.02 0.62± 0.03 0.50± 0.03 0.59±0.05

Statistical difference: a: different from Normal at p < 0.05 – 0.001; b: different from CCl4 only at p < 0.05 – 0.001.
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Table 2: Effect of treatment on serum biochemistry and liver antioxidant parameters

Normal CCl4 CCl4 + Sily CCl4 + AWE

Liver Function Parameters

ALT (U/L) 117.70± 11.65 566.68± 46.58a 154.05± 22.70b 330.18±20.19abc

AST (U/L) 396.35± 38.00 463.98± 21.83 327.35± 21.04b 326.18±20.89b

ALP (U/L) 160.15± 12.92 230.45± 33.43 311.73± 23.33a 180.05±18.44c

TBil (µmol/L) 3.84± 0.35 6.86± 1.24a 5.78± 0.63 4.81±0.51

DBil (µmol/L) 1.99± 0.27 3.20± 1.21a 2.30± 0.33 2.21±0.30

IBil (µmol/L) 2.27± 0.25 3.08± 0.69 3.18± 0.08 2.42±0.44

Lipids Profile

TChol (mmol/L) 2.32± 0.25 1.79± 0.17a 2.07± 0.38b 1.41±0.12a

TRIGs (mmol/L) 2.42± 0.47 1.62± 0.27a 1.34± 0.24a 1.35±0.24a

VLDL-Chol
(mmol/L)

1.13± 0.23 0.70± 0.07a 0.58± 0.10a 0.63±0.11a

HDL-Chol (mmol/L) 0.73± 0.14 0.46± 0.03a 0.54± 0.13a 0.50±0.07a

Oxidative Stress

TP (mg/dL) 0.97± 0.09 1.02± 0.05 0.96± 0.08 0.98±0.09

MDA (mM/mg prot) 0.79± 0.11 0.77± 0.09 0.76± 0.07 0.74±0.11

GPx (U/mg prot) 35.63± 0.90 38.57± 4.01 36.47± 1.64 34.13±1.14

GSH (mM/mg prot) 169.48± 15.78 157.99± 7.11 186.06± 15.69b 164.91±15.10

GST (mM/mg prot) 1.78± 0.34 3.43± 0.41 3.29± 0.45 3.94±0.57

SOD (U/mg prot) 7.89± 0.53 7.34± 0.33 8.25± 0.74 7.97±0.71

Statistical difference: a: different from Normal at p < 0.05 – 0.001; b: different from CCl4 only at p < 0.05 – 0.001.

Table 3: Effect of treatment on some indices of liver fibrosis

Normal CCl4 CCl4 + Sily CCl4 + AWE

AFP (ng/mL) 3.85± 0.15 5.29± 0.07a 4.72± 0.33 4.17± 0.32

AST/ALT 3.67± 0.64 0.83± 0.07a 2.27± 0.36ab 0.99± 0.06a

APRI (%) 0.09± 0.01 0.13± 0.01a 0.076± 0.01b 0.08± 0.01b

AST/PLT Ratio 44.86± 4.31 64.63± 6.35a 45.82± 5.64b 40.69± 6.12b

Statistical difference: a: different from Normal at p < 0.05 – 0.001; b: different from CCl4 only at p < 0.05 – 0.001.

flavonoids and tannins in the hydroethanolic extract
of A. wilkesiana8 explains the increase in GSH levels
in the CCl4+AWE group. The increase was, however,
very prominent in the Silymarin-treated group, con-
firming the high degree of hepatoprotection.
Biopsy of the liver remains the ultimate technique for
assessing hepatopathies 26, such as for example, de-
tecting and determining the stage of fibrosis in non-
alcoholic steatohepatitis27. The procedure is inva-
sive, however, and has risks of serious complications.
Other cost-effective and useful means that are easy to

measure and handle include platelet count, AST/ALT
ratio, AST-to-platelet ratio index (or APRI), etc.26 An
increase in the APRI was seen in the CCl4 control
group. Administration of Silymarin and AWE re-
sulted in a decrease in the APRI. Blood platelet lev-
els and AST levels are known to decrease and in-
crease respectively with fibrosis progression26. Thus,
an increase in APRI is shown to be an index of the
severity of hepatic disease 28, even in animal mod-
els. Though the APRI alone is likely not sufficiently
sensitive to rule out significant disease, the lower the
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Figure 2: Micrographs of liver sections of normal and treated rats. (A) Normal group showing no observable
lesion. (B) CCl4 only showing bridging hepatocellular vacuolar degeneration (blue arrow), spotty necrosis (red
arrow) within flammation (black arrow) and fibroblasts response (white arrow). (C) CCl4 + Sily showing moderate
centrilobular hepatocellular vacuolar degeneration (blue arrows) and regenerative hepatocytes (green arrows).
(D) CCl4 + 250 mg/kg AWE showing moderate centrilobular vesicular hepatocellular degeneration (blue arrows),
regenerative hepatocytes (green arrows) and Kupffer cell hyperplasia (black arrow) (HE stain, X400; scale bar = 20
µm)

APRI score (less than 0.5), the greater the negative
predictive value (and ability to rule out cirrhosis); the
higher the value (greater than 1.5), the greater the pos-
itive predictive value (and ability to rule in cirrho-
sis)29. CCl4 was, therefore, confirmed to have caused
hepatotoxicity, which was reversed in the AWE and
Silymarin-treated groups.
The current study showed that Silymarin and AWE
improved PLT levels comparedwithCCl4-only group.
Cirrhotic rats induced with dimethylnitrosamine and
70% hepatectomy were demonstrated to have im-
proved platelet levels by a single intravenous injec-
tion of thrombopoietin which correlated with the in-
hibition of HSC activation and decrease of the fibrotic
area in the liver, while antiplatelet serum attenuated
hepatic regeneration30. It has been suggested that
platelets may promote hepatocyte proliferation by se-
creting hepatocyte growth factor (HGF), a potent mi-
togen for hepatocytes. HGF is known to activateMET
receptor essential for organogenesis and wound heal-
ing. Further, HGF may contribute to the resolution

of fibrosis by modulating levels of TGF-β and matrix
metalloproteinases (MMPs), which are themainECM
enzymes degrading collagen 31. Platelets are known
to induce hepatic regeneration by directly interacting
with hepatocytes by promoting cell cycle progression
and metabolic pathways in hepatocytes32.
Furthermore, as mentioned earlier, AWE and Sily-
marin treatments restored the histology of the liver
after CCl4 damage to near normal architecture. Also,
the high expression of IL-17, IL-23, NF-κB and
COX-2 in the CCl4 treated group shows the necrotic
and inflammatory reactions in CCl4-induced toxic-
ity. NF-κB and COX-1 as pro-inflammatory signals
and their roles in liver fibrosis have been well estab-
lished33,34. IL-17 has been shown to directly pro-
mote the production of IL-6 and IL-8 in human der-
mal fibroblasts35 with in vitro studies showing an
increased proliferation of fibroblasts in vascular en-
dothelial cells, suggesting the pivotal role of IL-17 in
fibrosis and endothelial inflammation36,37. IL-17 is
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Figure 3: Effect of treatment on the expression of IL-17, IL-23, NF-κB and COX-1 in liver cells. Streptavidin-
biotin complex Horseradish immunoperoxidase with Haematoxylin counterstain (x 400; scale bar = 20 µm)

Figure4: Effect of treatmentonpercent expressionof IL-17, IL-23, NF-κBandCOX-1. CCl4 treatment included
over-expression of pro-inflammatory cytokines while Silymarin and AWE down-regulated these to near-normal
levels. Eachbar is ameanof 5 animals. Statistical difference: a : different fromNormal at p< 0.05 –0.001; b : different
from CCl4 only at p < 0.05 – 0.001; c : different from CCl4 + Sily at p < 0.05 – 0.001.
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a major pro-inflammatory cytokine involved in neu-
trophil recruitment38. IL-23 is a pro-inflammatory
heterodimeric cytokine composed of an IL12B (IL-
12p40) subunit (that is shared with IL12) and the
IL23A (IL-23p19) subunit39. In psoriasis, IL-23 ex-
pression is markedly upregulated, compared to nor-
mal skin40, and also in chronic bowel inflamma-
tion41. Thus both IL-17 and 23 are significantly
involved in inflammation, leading to fibrosis. In
the current study, AWE was observed to signifi-
cantly downregulate the expression of these pro-
inflammatory molecules, underscoring the healing
properties of the extract.
It can be suggested that the subchronic protective ef-
fect of A. wilkesiana ‘inferno’ leaf extracts on the liver
of animals against CCl4-induced toxicty is by pro-
tecting tissuesmembranes fromperoxidation, leakage
of enzymes, and improvement of the microstructure.
Also, the extracts protect against the overexpression
of pro-inflammatory cytokines and related activities
leading to cell death.

CONCLUSION
This study indicates thatAcalypha wilkesiana ‘inferno’
possesses subacute protection against CCl4-induced
toxicity by reducing the levels of ALT, ALP and AST,
as well as AFP, AST/PLT ratio and APRI. The protec-
tive effect of this extract was supported by histological
and immunohistochemistry observations. Thus, 50%
hydroethanolic extract of A. wilkesiana inferno can
be developed as an effective hepatoprotective agent
which brings about the functional improvement of
liver function and can be exploited as a therapeutic
agent against liver fibrosis.
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