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Abstract
The antagonistic potentials of aqueous extract of Talinum triangulare (Tt) against Acetaminopheninduced damage in the hepatic cells were concisely studied in randomly grouped female Wistar albino
rats. The dosage of the extract received by the various groups was based on the average weight of each
group. Negative control group received normal animal feed and water ad libitum, the Control group
(Positive) received 200 mg/ml Acetaminophen without Tt while group 1 received 200 mg/ml
Acetaminophen with 100 mg/kg Tt. On the other hand, based on average weight, group 2 received 200
mg/kg Tt with 200 mg/ml Acetaminophen and group 3 received 200 mg/ml Acetaminophen alongside
with the counter dose of 300 mg/kg of the extract. The levels of liver marker enzymes, malondialdehyde
(MDA) and reduced glutathione (GSH) in the tissue of the animals (both the treated and untreated) were
estimated after the experiment. The result showed a significant (p < 0.05) increase in the level of ALT,
ALP and AST in both the liver and serum. Also, a significant (p < 0.05) decrease was observed in the
GSH level in the serum of the tested groups when compared to the control group (positive). Severe liver
impairment was observed in the Control group (Negative) based on histophotographic analysis and
ameliorating effects were observed in the Tt treated groups significantly.
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1. Introduction
Liver is a vital organ of vertebrates and some other animals with wide range of functions
which include detoxification of various metabolites, production of biochemicals necessary for
digestion etc [1]. Damage to the liver or hepatotoxicity is as a result of many factors [2], but
Drug-induced liver injury accounts for approximately 10 percent of all cases of acute liver
diseases chronicled and it is the most common cause of acute liver failure [3]. Hepatotoxicity
induced by excess acetaminophen is the most common cause of death by acute liver failure [4].
Paracetamol structurally figured below (Fig. 1) was firstly introduced as an analgesic by von
Mering in 1893 [5]. Paracetamol chemically named N-acetyl-p-aminophenol is a widely used
pain reliever and antipyretic, it’s a principally abused drug that causes hepatotoxicity when
used in overdose, this was first established by Davidson and Eastham, 1966 [6, 7, 8]. Also,
studies have suggested the possibility of a moderately increased risk of upper gastrointestinal
complications such as stomach bleeding when high doses are taken chronically [9, 10].
Avalanche of factors also influence the risk of liver injury e.g. dose ingested, dietary habit
among others [11, 12]. In case of overdose, the toxic dose of paracetamol is highly variable,
higher doses that are not attended to cause increasing risk of toxicity and death within days [13].
In adults, singular dose above 10 g or 200 mg/kg of bodyweight, which however is lower have
a reasonable likelihood of inducing toxicity [14]. Following a regular dose of one gram
paracetamol four times a day for two consecutive weeks, patients can always expect an
increase in the activities of alanine transaminase in the liver to typically about three times the
normal value [9]. Increased oxidative stress that is traced to calcium homeostasis changes and
initiation of signal transduction responses, leading to mitochondrial permeability and loss of
the ability of the mitochondria to produce ATP which subsequently leads to necrosis has been
associated with acetaminophen-induced hepatotoxicity.
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Fig 1: Paracetamol metabolism (acetaminophen or Tylenol)

Waterleaf (Talinum triangulare) is predominantly one of the
commonest nutritious annual vegetable; a smooth herbaceous
plant found in most Nigerian markets, it has succulent leaf and
stem that are edible among the folks with a pink flower at
fruition [26]. According to a research on its phytochemical
composition, it was revealed that Talinum triangulare is rich
in considerable amount of alkaloids, flavonoids, saponins and
appreciable amount of bioactive compounds among others [27].
It has also been shown to have therapeutic potentials in
traditional medicine due to its nutritional supplement with
minimal level of oxalic acid compare to some other plants
supplements with severe adverse effect [22, 28, 29]. Cognoscible
research into its chemotherapeutic ability revealed that it can
reduce injury to the liver that is associated with impaired liver
function caused by paracetamol which at higher dose has
extreme effect on the hepatic cells [30].
The present study was designed to show how aqueous extract
of Talinum triangulare in different dosages can effectively
ameliorate the effect of acetaminophen overdose in matured
female albino rats.

Studies have shown that potentially acetaminophen-induced
hepatic damage is not directly caused by the drug but its
2. Materials and Methods
metabolic product- N-acetyl-pbenzoquinoneimine (NAPQI)
Plant materials and preparation
also known as N-acetyliminoquinone (NAIQ) in the primary
Fresh water leaves of Talinum triangulare were bought in
glucuronidation metabolic pathway in adult (Fig 1). It is
Ado-Ekiti, Ekiti State, Nigeria. A sample was taken to the
normally produced only in small amounts by Cytochrome P450
Department of Plant Science in Ekiti State University, Ado(CYP450) and then almost immediately detoxified in the liver
Ekiti, Ekiti State, Nigeria for identification. It was identified
and subsequently converted to an inactive product through
by a taxonomist (Mr Omotayo) in the department and after
additional metabolic processes involving phase II detoxifying
proper taxonomic investigations from the data base with
enzymes, which eliminate toxic metabolites [15]. The isoforms
herbarium number UHAE 2013/76.
of CYP450 importantly involved in the acetaminophen
metabolism have been shown to include: CYP2E1, CYP1A2,
3. Chemical
CYP3A4, and CYP2D6 [16, 17]. Under normal circumstances,
All the chemicals used were of analytical grades and prepared
N-acetyl-p-benzoquinoneimine is detoxified by conjugating
using sterilized distilled water.
with glutathione in phase 2 reaction, however, under some
conditions in which NAPQI is not effectively detoxified,
4. Preparation of Sample
usually in case of paracetamol overdose or where a large
Preparation of Aqueous extract of Talinum triangulare.
amount of NAPQI is generated thereby overwhelming the
50 g of the powdered sample was extracted in 500 ml distilled
detoxification process, N-acetyl-p-benzoquinoneimine, the
water for 48 hrs. The extract was then re-concentrated and
electrophile
interferes
with
the
liver's
natural
later subjected to bioassay analysis.
antioxidant integrity by depleting glutathione where the
reactive N-acetylimidoquinone specie will directly react with
nucleophilic thiol (-SH) groups that are present on hepatic
5. Experiment Design
proteins by conjugation to form 3-glutathion-S-ylAlbino rats of weights ranging between 100-200 g were used
acetaminophen and by reduction to acetaminophen [18, 19]. This
for this experiment. The rats were randomly distributed into
results in the formation of covalent adducts which produce
four treatment groups of four rats each while the experiment
hepatic necrosis and in the end damages the cells in the liver
lasted for a period of 14 days. Positive control group received
leading to liver impairment and subsequently leads to acute
normal animal feed and water ad libitum, throughout the
liver failure (ALF) [20, 21]. However, N-acetylcysteine, a
experiment window, whereas negative control group
precursor of GSH, is still the leading and well known
(untreated), group 1, 2 and 3 received 200 mg/ml
therapeutic treatment for acetaminophen overdose [22], a low
acetaminophen for the first7 days to establish hepatic damage
therapeutic window and critical timing of N-acetylcysteine
in the rats. In the second phase of the experiment, negative
involvement is a limiting factor for the treatment
control group (untreated) received normal animal feed and
acetaminophen poisoning because the GSH level alone is not
water ad libitum, for the rest of the experiment period while
enough to protect against it [23]. Currently, treatment with Ngroup 1, 2 and 3 received counter doses of 100, 200and 300
acetylcysteine (NAC) has been the normal therapy used for
mg/kg body weight aqueous extract of Tt respectively for
acetaminophen overdose [24]. NAC is actively transported into
another 7 days.
hepatocytes, being the precursor of glutathione, against the
potential pathological reactive metabolite N-acetyl-pPreparation of animal serum
benzoquinoneimine (NAPQI), it also helps in replenishing the
The animals were dissected after treatment with di-ethyl ether
lost glutathione and itself react with the N-acetylimidoquinone
and the whole blood taken using cardiac puncture method.
to neutralize the risk imposes and eliminate it safely from the
More so, blood samples were collected into plain sample
body. It is also believed that the N-acetylcysteine can help
bottles and were allowed to stand at room temperature for 30
reduce the formation of the N-acetylimidoquinone metabolite
mins and thereafter centrifuged at 3000 g (gravity) for 10
itself [20, 25].
~9~
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mins, after which the supernatant which is the serum was
collected using a Pasteur’s pipette.
Preparation of tissue homogenates
After the animals have been sacrificed and dissected, tissues of
interest (i.e. liver) was removed and washed with 0.25 M
sucrose solution. The isolated tissues were weighed and
immediately stored on ice-cold 0.25 M sucrose solution. The
tissues were cleaned and were homogenized using Teflon
homogenizer in ice-cold 0.25 M sucrose solution (1:5 w/v).
The supernatants were stored in the freezer at -5oC.
Lipid Peroxidation assay
Levels of lipid peroxidation were estimated by the
thiobarbituric acid reaction as essentially described by Buege
and Aust [31]. The determination of the values for thiobarbituric
acid reactive substances (TBARS) was reported as
malondialdehyde (MDA) equivalents [31]. MDA formation was
quantified using a molar extinction coefficient of 1.56 × 105
cm M−1 and expressed as nmol/ml MDA.
Determination of enzyme activities
The activities of the enzymes in the serum and tissues were
estimated from the standard calibration curves using standard
Randox kits with spectrophotometric method as described by
Reitman and Frankel [32].
Determination of Alanine Aminotransferase Activity
A standard calibration curve for ALT was first prepared by
dispensing various volumes (0.0, 0.1, 0.2, 0.3, 0.4, 0.5, 0.6 and
0.7 ml) of 2 mM sodium pyruvate solution (as standard) into
different test-tubes. The mixtures was shaken and incubated
for 30 mins at 37 oC. 0.001M 2, 4-dinitrophenylhydrazine
(DNPH) (1 ml) was added to each of the test-tubes. The
mixture was allowed to stand for 20 mins at 25 oC after which
5ml of 0.4 N NaOH was added. The mixture was shaken and
after 5 mins, the absorbance was read at 546 nm against a
reagent blank. The values obtained were plotted against the
corresponding concentration of pyruvate.
The ALT activity in the serum and tissue homogenate was
determined using appropriate dilution factors. ALT buffered
substrate solution (1 ml) was dispensed into test-tube followed
by the 0.2 ml of the enzyme source (i.e. serum diluted tissue
homogenate). This was mixed and incubated for 30 mins at 37
o
C after which 1ml of 0.001 M 2, 4-dinitrophenylhydrazine
solution was added and allowed to stand for 20 mins at 20- 25
o
C. 0.4 N NaOH (5 ml) was thereafter added and the
absorbance was read at 546 nm after 5 mins. The blank was
constituted as described above except that distilled water was
used to substitute for the enzyme source. The absorbance value
obtained from the spectrophotometer was used to obtain the
equivalent activity of ALT by extrapolation from the standard
curve.
Determination of Aspartate Aminotransferase Activity
The procedure for the calibration of AST standard curve and
the determination of AST activity in the serum and tissue
homogenate of rats as described in ALT except that AST

buffered substrate was used instead of ALT buffered substrate.
The absorbance value obtained from the spectrophotometer
was used to obtain the equivalent activity of AST by
extrapolation from the standard curve.
Determination of Alkaline Phosphatase Activity
Alkaline phosphatase (ALP) was assayed using the method
described by Wright et al., 1972 [33].
0.1 M carbonate buffer (pH 10.1) (2.2 ml) was dispensed into
clean test-tube 0.1 ml of 0.1 M MgSO4 and 0.2 ml of the
enzyme source (serum or tissue homogenate) were added. The
mixture was equilibrated in water bath for 10 mins. An aliquot
(0.5 ml) of 19 mM ρ-nitrophenyl phosphate was added and the
mixture incubated at 37 oC for 10 mins. The reaction was
stopped with 2.0 ml of 1 N NaOH and the absorbance read at
400 nm. Blank was prepared by adding enzyme source to the
test tube labelled blank immediately after stopping the reaction
with NaOH. Enzyme activity was calculated using the
following expression:
Enzyme activity (nM/min/ml) = ΔOD/min × 1000 × TV × F
9.9 × SV × L
Where:
ΔOD/min = Change in optical density of reaction mixture per
minute, TV = Total volume of the reaction mixture, F = Total
dilution factor, SV = Volume of enzyme source, L = Light
path length (1cm), 9.9 = Extinction co-efficient of 1 μm of ρnitrophenol in an alkaline solution of 1 ml and 1 cm path
length, 1000 =The factor introduced to enable the enzyme
activity to be expressed in nM/min/mg protein.
Therefore, Specific activity (nM/min/mg protein) is given by
=

Enzyme activity (nM/min/ml)
Protein concentration (mg/ml)

Determination of Reduced Glutathione (GSH)
The method of Beutler et al., 1963 [34], was adopted in the
estimation of the level of reduced glutathione (GSH) in the
liver homogenate. Enzyme source (0.2 ml) was added to 1.8
ml of distilled water and 3 ml of the precipitating agent,
sulphosalicylic acid was mixed with the sample. This was
centrifuged at 3,000 g for 4 mins. Thereafter, 0.5 ml of the
supernatant was added to 4.5 ml of Ellman’s reagent. A blank
was prepared with 0.5 ml of the diluted precipitating agent and
4 ml of phosphate buffer and 0.5 ml of Ellman’s reagent. The
absorbance of the reaction mixture was taken within 30 mins
of colour development at 412 nm against a reagent blank. The
concentration of the GSH was extrapolated from the GSH
standard curve.
Data analysis
One way analysis of variance was used to analyse the results
and Duncan multiple tests was applied for the post hoc [35].
Statistical package for Social Science (SPSS) was used for the
analysis. The p value < 0.05 was considered statistically
significant in the analytical data.

~ 10 ~
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6. Results
Table 1: Shows different mean results of assays carried out on the liver tissue homogenate and the serum of both the treated and untreated
Albino Rats after the 14 days study, n= 4 with their different ± S.E
Groups
Control
(+ve)
Control (ve)
Group 2
Group 3
Group 4

ALT

ALP

AST

MDA
Liver

Liver

Serum

Liver

Serum

Liver

Serum

GSH
Liver

150.75±39.53a

37.08±3.11a

12.96±1.34a

44.85±8.76a

153.18±38.27a

81.71±4.49ab

9.123±2.82a

190.35±24.04a

43.80±0.49b

13.80±1.00a

54.51±34.60a

220.11±19.33a

100.01±12.35b

3.51±2.13a

3.47±0.13b

245.25±42.62a

39.07±1.76b

13.84±1.11a

31.74±11.30a

158.70±59.94a

86.84±5.77ab

5.53±3.44a

3.27±0.06b

162.00±19.98a
172.58±38.89a

38.75±0.70a
37.64±0.91a

15.00±0.98a
13.01±1.08a

42.09±16.42a
22.08±5.63a

269.10±46.53a
188.37±7.72a

87.76±10.40ab
70.13±9.55a

11.05±2.40a
6.05±2.08a

3.01±0.29ab
2.45±0.06a

4.13±0.28c

depletion may predictably lead to an increased intracellular
7. Discussions
Lipid peroxidation produces a wide variety of oxidation
peroxide levels and increased oxidative stress through a
products in which the primary ones are lipid hydroperoxides
Fenton reaction [43]. This mechanism involves the reduction of
(LOOH) with malondialdehyde (MDA) being one of many
peroxide by ferrous ions forming the highly reactive hydroxyl
different aldehydes which can be formed as secondary
radical which may in turn oxidize lipids and initiate lipid
products during lipid peroxidation [36]. MDA which is a lipid
peroxidation [44]. Loss of glutathione with an increased
peroxidation biomarker, appears to be the most mutagenic
formation of reactive oxygen (ROS) in hepatocytes which
product of lipid peroxidation and its content has been
induce necrotic changes in the hepatocytes has been implicated
researched to be unstable due to the presence of aldehyde
in hepatotoxicity [43]. In the table 1 above, there showed
[37]
oxidase which catalyses it in the tissue cells
marked reduction in glutathione (GSH) levels in liver tissues,
. However,
indicating oxidative stress has been induced with considerable
studies on hepatocytes suggested that acetaminophen toxicity
amount of MDA being generated. Studies have shown that
may induce the formation of MDA through iron-mediated
diethyl maleate also depletes hepatic glutathione without
oxidative stress by Fenton reaction and other nitrosativecausing toxicity, It has been postulated that glutathione
routes; also, the importance of iron in the toxicity of
depletion ordinarily is not the mechanism of toxicity [43],
acetaminophen has been shown by researchers [38].
Considering table 1 above, the data showed a remarkable
studies has shown that drugs that deplete GSH or influence the
increase in MDA levels in the group treated with
activity of any of the GSH-dependent enzymes may result in
acetaminophen alone when compared with the normal group
toxic response(s), while the formation of 3-glutathion-S-ylindicating an induced oxidative stress in the hepatic tissue, this
acetaminophen in the liver increases the risk of hepatotoxicity
[38, 42]
suggests that, the increase observed in the level of MDA above
.
the normal group could have followed the literature described
by Adamson and Harman, 1993 [38]. Also, there was significant
8. Histological Pictures of the Liver Tissues
(p < 0.05) reduction observed in the levels of MDA within the
treated groups compare to that of the untreated control
(negative) group with noticeable increase in the MDA as
mentioned above and observable reduction when compare to
that of control group (positive).
The appearance of acetaminophen-protein adducts in serum
correlated with increases of ALT and AST in serum [39]. These
data indicated that the presence of acetaminophen-protein
adducts in serum was a biomarker for the formation of hepatic
acetaminophen-protein adducts and acetaminophen toxicity. In
Control group: Positive
the table above, there were significant (p > 0.05) increase in
the level of ALT and AST in the tissue homogenate signalling
hepatic necrosis in correlation with Prescott et al, 1977 [40],
that summarized the clinical and biochemical changes to be an
intense increase in serum alanine aminotransferase (ALT) and
asparatate aminotransferase (AST) levels just as observed in
the above table 1.
In the presence of increasingly amount of MDA, the carbonyl
group of MDA covalently binds with proteins and
subsequently depletes glutathione, the amount of covalent
binding correlated with the relative hepatotoxicity [41, 42]. Even
Control group: Negative without Tt
though there is an excellent correlation between covalent
binding of acetaminophen to protein and development of
hepatotoxicity, there is significant evidence that suggest that
covalent binding only is not the majorly mechanism of toxicity
but subsequently depletes glutathione, nucleic acids and as
well as amino groups of phospholipids [41]. Glutathione
~ 11 ~
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Group 1: Acetaminophen + 100 mg/kg Tt

Group 2: Acetaminophen + 200 mg/kg Tt

Group 3: Acetaminophen + 300 mg/kg Tt

Photographs of the Histological alterations in the liver after the
administration of acetaminophen with and without aqueous
extract of Talinum triangulare (Tt) (H&E 100×).
9. Histological analysis
Photomicrograph of a liver in the control group (positive) where no visible lesions seen. Control group negative
(Acetaminophen without Tt)- There is a severe portal
congestion; the bile duct is hyperplasic. Group 1:
(Acetaminophen + 100 mg/kg Tt)- There is a moderate to
severe portal congestion; there is a moderate periportal cellular
infiltration by mononuclear cells. Group 2: (Acetaminophen +
200 mg/kg Tt)- There is a mild portal congestion; there is a
moderate diffuse vacuolar degeneration of hepatocytes. Few
hepatocytes are necrotic. Group 3: (Acetaminophen + 300
mg/kg Tt)- There is a moderate to severe periportal cellular
infiltration and periportal fibrosis; there is a mild diffuse
vacuolar degeneration of hepatocytes.
10. Conclusion
In the present study, it has been clearly shown that aqueous
extract of Talinum triangulare leave part demonstrated
amelioration properties in Acetaminophen hepatotoxicity as
implicated in the rat subjects used for the experiment.
Hepatotoxicity induced by excess acetaminophen being the
most common cause of death through acute liver failure
(ALF), could therefore be ameliorated and managed in the
future through dietary intake of Talinum triangulare in
moderately engaged amount as it has been demonstrated in this
work.
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