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Abstract

The study investigated the effect of ethyl acetate pod extract of Tetrapleura tetraptera on biochemical
markers of liver damage, 77 vivo and iz vitro antioxidant properties using acetaminophen-injured female rats as
model. Thirty-five (35) rats assigned into seven groups (A-G) of five rats per group were used for the study.
Rats in groups C, D, E and F were pretreated with 100, 200, 400 and 200 mg/kg of the extract while group G
rats received Silymarin (100 mg/kg). Distilled water (10 ml/kg) was administered to groups A and B rats. All
pretreatments were via the oral route and lasted for seven days. Following pretreatments, acetaminophen (2000
mg/kg) was used to induce liver injury in groups B, C, D, E and G while rats in group A served as normal
control. Blood samples were collected 48 h post acetaminophen administration for analyses of the following
parameters: Alanine aminotransferase (ALT), alkaline phosphatase (ALP), serum bilirubin, reduced
glutathione and superoxide dismutase. Liver tissues were collected for histopathology studies. I wvitro
antioxidant profile of the extract was evaluated. Results indicated decreases in the activities of ALT and ALP
of the extract-treated groups compared to the negative control group. The liver section of the rats treated with
400 mg/kg of the extract showed no lesions and was comparable to that of the normal control rats. The iz vivo
and iz vitro antioxidant activities were in dose and concentration-dependent manner respectively. It was
concluded that Tetrapleura tetraprera ethyl acetate extract possesses both hepatoprotective and antioxidant

properties.
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Introduction

Tetrapleura tetraptera also known in English language as Aidan tree, botanically belongs to the family
Fabaceae. It is widely distributed in the tropical African countries cutting across Mauritania through Tanzania
(Blay, 1997). Ghananians call it “Prekese” while it is known as “Kikangabakimu” in Uganda (Kemigisha ez 4/,
2018). In Nigeria, the Igbos (Southeastern Nigerians), refer to it as “Uhikiriho/Oshorisho”. The Hausas
(Northeastern and Northwestern Nigerians) call it “Dawo” while the yorubas (southwestern Nigerians) named

it “Aridan tree”. The Igala (Northcentral Nigerians) people call it “Abogolo” (Okwu, 2003). The tree can grow
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as high as 25 m and it is seen mainly in savanna woodlands, riverine areas, dense and dry forests (Kemigisha ez
al., 2018)

It is both nutritionally and medically important (Adesina ez 4/, 2016). Researchers claim that
Tetrapleura tetraptera has anti-diabetic, anti-arthritis and anti-inflammatory properties (Ojewole and
Adewunmi, 2004). Tetrapleura tetraptera is used locally for the management of gastro-intestinal,
cardiovascular, skin disorders, anaemia, diabetes, pains and as body cleanser (Kemigisha ez 4/, 2018). Akin-
Idowu ez 4l. (2011) demonstrated that the dry fruit of Tesraplenra tetraprera posesess micronutrient such as
zinc and iron. It is used culinarily in the southeastern part of Nigeria (Odesanmi, ez 4/., 2009).

Phytochemical studies on the ethanol extracts of Tetraplenra tetraptera demonstrated the presence of
tannin, flavonoids, saponins, alkaloids, terpenes, phenol, phlobatannin and steroids (Erukainure ez 4/, 2017).
Phytochemicals are usually responsible for biological activities of plants (Aba and Asuzu, 2018). Flavonoids for
instance possess tremendous antioxidant properties (Odesanmi ez al., 2009). Oxidative processes have been
fingered in the pathogenesis of many diseases including hepatitis (Svegliati-Baroni ez 4/., 2001).

Acetaminophen overdose also precipitates hepatic disorders due to oxidative effects of N-acetyl-p-
benzoquinone imine (NAPQI), a highly toxic intermediate product of acetaminophen hepatic metabolism
(Vermeulen e al., 1992). This toxic metabolite (NAPQI) under normal circumstance is made harmless by
glutathione, a master antioxidant that is ubiquitous in the liver. However, following overdose, glutathione is
overwhelmed and thus depleted giving room for the manifestation of the effects of NAPQI on the hepatocytes.
Acetaminophen, an over-the counter analgesic and antipyretic drug, is one of the most abused drugs especially
in the developing countries (Aba ez a/., 2014).

There is a dearth of information on the studies of ethyl acetate pod extract of Tetraplenra tetraptera wich
regards to its effects on the liver. Ethyl acetate extracts have been documented to possess hepatoprotective
properties by researchers (Panovska ez al., 2007). The main aim of this study was to investigate the possible
ameliorative effects of the ethyl acetate pod extract of Tetrapleura tetraptera on acetaminophen-induced

hepatotoxicity in rats.

Materials and Methods

Plant material
The pods of Tetraptera tetrapleura were purchased from a local market in Umuahia town, Abia state,

Nigeria. They were identified by a botanist in the Department of Plant science and Biotechnology, University
of Nigeria, Nsukka (Figure 1).

Figure 1. Tetraptera tetrapleura pods
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Animals

Female albino Wistar rats weighing between 100-110 g were obtained from the Department of
Veterinary Medicine, University of Nigeria, Nsukka. The rats were randomly assigned to groups and then
acclimatized for two weeks prior to the commencement of the experiment. They were kept in a stainless wire
mesh cage, provided with good clean water and fed ad libitum with Chikun Feed (Finisher).

Experimental design

Thirty-five (35) female albino Wistar rats were assigned into seven groups (A-G) of five rats cach. The
rats were pretreated with distilled water, extract or silymarin as the case may be prior to intoxication with
acetaminophen as shown in the Table 1.

Table 1. Treatment regimen for various groups

Group Treatment

A Treated with distilled water throughout the duration of the study (normal control)
B Pretreated with distilled water + 2000 mg/kg acetaminophen (negative control)

C Pretreated with 100 mg/kg Terraptera tetrapleura + 2000 mg/kg acetaminophen

D Pretreated with 200 mg/kg Terraptera tetrapleura + 2000 mg/kg acetaminophen

E Pretreated with 400 mg/kg Tetraptera tetrapleura + 2000 mg/kg acetaminophen

F Treated with 200 mg/kg Tetraptera tetrapleura throughout the duration of study

G Pretreated with 100 mg/kg Silymarin + 2000 mg/kg acetaminophen (standard control)

All treatments were through the oral route using gastric tube. The pretreatments lasted for 7 days. On
the 8" day, 2000 mg/kg acctaminophen was administered. Forty-cight (48 h) post acetaminophen
administration, blood samples were collected via the retrobulbar plexus in the eyes of the rats into a sample
bottle devoid of anticoagulants and sera obtained for serum biochemical assays. Liver section was removed for
histopathology assessment.

Preparation of plant extract

The pods of Tetrapleura tetraptera were crushed into smaller pieces and then pulverized into powder.
About 500 g of the pulverized pods were immersed in 2,500 litres of ethyl acetate in an air tight container. This
mixture was shaken after every 2 h for 48 h, thereafter; it was filtered using No. 1 Whatman filter paper. The
filtrate was concentrated following evaporation and stored in refrigerator.

Serum biochemical assays

Serum alanine aminotransferase (ALT) activity was determined by the Reitman-Frankel
spectrophometric method (Reitman and Frankel, 1957; Colville, 2002). Serum alanine aminotransferase
catalyzes the reversible transamination of L-alanine and a-ketoglutarate to pyruvate and L-glutamate. The
pyruvate is then reduced to lactate in the presence of lactate dehydrogenase (LDH) with the concurrent
oxidation of NADH to NAD". The system monitors the rate of change in absorbance at 340 nm over a fixed
time interval. The rate of change in absorbance is directly proportional to the ALT activity in the sample.

The alkaline phosphatase (ALP) activity was determined by the phenolphthalein monophosphate
method (Klein ez 4/., 1960; Colville, 2002). The alkaline phosphatase reacts with p-nitrophenyl phosphate to
form p-nitrophenol. The rate of formation of this p-nitrophenol is directly proportional to the level of ALP
activity. Both total and conjugated bilirubins were assayed according to Doumas ez a/. (1971). Direct bilirubin
(conjugated) reacts with diazotized sulphanilic acid in alkaline medium to form a blue colored complex. Total
bilirubin is determined in the presence of caffeine, which releases albumin bound to bilirubin by the reaction
with diazotized sulphanilic acid. Superoxide dismutase (SOD) activity was assayed by the method of Kakkar
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and Viswanathan (1984). The assay is based on the inhibition of the formation of NADH- phenazine
methosulphate-nitroblue tetrazolium formazan. The activity of catalase was assayed by the method of Sinha
(1972). Dichromate in acetic acid was reduced to chromic acetate, when heated in presence of hydrogen
peroxide with the formation of per chromic acid as an unstable intermediate. The chromic acetate formed was
measured at 590 nm. Catalase was allowed to split H,O, for different periods of time. The reaction was stopped
at different time intervals by the addition of dichromate acetic acid mixture and the remaining H,O, was
determined by measuring chromic acetate colorimetrically after heating the reaction mixture.

The reduced glutathione level was determined by the method of Beutler ez 4/ (1963). This method was
based on the development of yellow colour when 5,5’- dithio-bis-2-nitrobenzoic (DTNB) is added to
compound containing sulphydryl groups. The colour developed was read at 412 nm in spectrophotometer. The
2, 2-diphenyl-1- picrylhydrazyl (DPPH) photometric assay was determined by the method of Mensor ez 4/.
(2001). The DPPH is a stable purple colored compound which gets decolorized to yellow by antioxidants in
the presence of methanol within 30 mins. The ferric reducing antioxidant power (FRAP) of the extract was
assessed by the method of Benzie and Strain (1999). The assay quantifies the ability of the extract to reduce
ferric (Fe**) to ferrous (Fe**) states. The histopathological studies of the liver tissues were done using the

method of Drury ez al. (1967).

Statistical analyses

Data obtained from this study were analyzed using One-way Analysis of Variance (ANOVA). Duncan’s
Multiple Range post hoc test was used to separate variant means. Probability values less than 0.05 were
considered significant. The results were presented as Mean + Standard Error of the Mean.

Resulrs

The results of the effects of ethyl acetate pod extract of Terraptera tetrapleura on serum biochemical
markers of liver damage in acetaminophen-induced hepatotoxicity in female albino rats is presented in Table
2. The mean alanine aminotransferase (ALT) activity of the rats administered acetaminophen (Group B) was
significantly (P<0.05) higher than those of the other groups while the mean alkaline phosphatase (ALP)
activities of groups B, C and D rats were significantly (P<0.05) higher than those of the groups A, E, F and G.
The ALP activities of groups E, F and G were comparable but significantly (P<0.05) higher than that of the
normal control group (group A). The mean direct bilirubin value of group B rats was significantly (P<0.05)
lower than those of the other groups including that of the normal control group. The mean direct bilirubin
value of group F rats was comparable to those of groups C, D and E but significantly higher than those of groups
A, B and G. The mean total bilirubin levels of groups A and D rats were significantly lower than those of the
groups B and G but comparable to those of groups C, E and F (Table 2).
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Table 2. Effects of ethylacetate extract of Tetraptera tetrapleura on serum biochemical markers of liver

damage in acetaminophen-induced hepatotoxicity in female albino rats

P “(r;‘:lf;“ ALT (iu/L) ALP (iu/L) DBIL (mg/dL) TBIL (mg/dL)
A 39.66 +1.20° 69.33 +3.17® 0.40 + 0.01° 0.89 + 0.04*
B 117.33 + 11.25° 114.66 + 3.524 0.21 £ 0.04* 1.21 + 0.09°
C 45.00 +3.21° 104.00 + 3.06¢ 0.59 + 0.05% 1.02 + 0.04%
D 49.66 +2.72° 105.00 + 1.524 0.62 + 0.05% 0.96 + 0.05
E 44.00 + 3.46" 88.33 + 4.40¢ 0.60 + 0.04< 1.04 + 0.05®
F 51.66 + 0.88 79.00 + 4.51% 0.72 + 0.04¢ 1.07 + 0.06®
G 39.67 + 4.17° 59.95 + 5.66° 0.54 + 0.04 1.21 + 0.09

Different letter superscripts along the same column indicate significant difference at p<0.05.

ALT= Alanine aminotransferase; ALP= Alkaline phosphatase; DBIL= Direct bilirubin; TBIL= Total bilirubin
A=Normal control rats administered with distilled water @10ml/kg),

B= Negative control rats pretreated with distilled water for 7 days, then administered 2000 mg/kg acetaminophen
C= Rats group pretreated with 100 mg/kg of extract for 7 days then administered with 2000 mg/kg acetaminophen
D= Rats group pretreated with 200 mg/kg of extract for 7 days then administered with 2000 mg/kg acetaminophen
E= Rats group pretreated with 400 mg/kg of extract for 7 days then administered with 2000 mg/kg acetaminophen
F= Rats group treated with 200 mg/kg of extract alone without acetaminophen administration

G= Rats group pretreated with 100 mg/kg of Sylimarin for 7 days then administered with 2000 mg/kg acetaminophen

The results of iz vivo antioxidant profile of acetaminophen-injured female albino rats pretreated with
ethyl acetate pod extract of Tetraptera tetrapleura are presented in Table 3. Reduced glutathione levels of
groups B and C were statistically similar (P>0.05) to that of group A rats but significantly (P<0.05) higher than
those of groups D-G. The reduced glutathione value of group A rats was comparable to those of the groups D-
G (Table 3). The catalase activities of groups A-C were significantly (P<0.05) lower than those of the other
groups while the catalase activity of group G rats was statistically higher (P<0.05) than those of groups A-F.
Groups E and F catalase activities were comparable but significantly (P<0.05) higher than those of groups A-
D (Table 3). The mean Superoxide dismutase activity of group B rats was significantly lower than those of
groups C and F but comparable (P>0.05) with those of groups A, D, E and G while the mean superoxide
dismutase activity of group F rats was significantly (P<0.05) higher than those of the other rat groups including
group C rats (‘Table 3).

Table 3. In vivo antioxidant profile of acetaminophen-injured female albino rats pretreated with
cthylacetate pod extract of Tezraptera tetraplenra

Pa(l;:;r::}t)cr Reduced glutathione (mg/dl) (Cljt/a;:; Sup erozcll;i/cncll;mutasc
A 0.16 £0.01® 3.28 +£ 0.33° 11.48 + 0.03®
B 0.08 £ 0.01° 2.65 +0.12° 11.19 + 0.03
C 0.09 + 0.02* 3.11 + 0.07 11.41 +0.12°
D 0.20 + 0.03° 4.59 + 0.24° 11.49 + 0.02®
E 0.20 + 0.05° 642 +0.72¢ 11.49 + 0.02
F 0.20 + 0.01° 6.99 + 0.06° 11.49 + 0.02®
G 0.24 + 0.03 9.22 + 0.35¢ 11.44 + 0.03®

Different letter superscripts along the same column indicate significant difference at p<0.05.

A=Normal control rats administered with distilled water @10ml/kg)
B= Negative control rats pretreated with distilled water for 7 days, then administered 2000 mg/kg acetaminophen
C= Rats group pretreated with 100 mg/kg of extract for 7 days then administered with 2000 mg/kg acetaminophen

D= Rats group pretreated with 200 mg/kg of extract for 7 days then administered with 2000 mg/kg acetaminophen
E= Rats group pretreated with 400 mg/kg of extract for 7 days then administered with 2000 mg/kg acetaminophen

F= Rats group treated with 200 mg/kg of extract alone without acetaminophen administration

G= Rats group pretreated with 100 mg/kg of Sylimarin for 7 days then administered with 2000 mg/kg acetaminophen
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Results of the iz vitro antioxidant activity of ethyl acetate pod extract of Tesraplenra tetraptera and
ascorbic acid using DPPH model are shown in Figure 2. The extract demonstrated concentration-dependent
antioxidant activities with optimum activity of 86.62% at the concentration of 400 ug/ml against 98.54%
activity exhibited by the reference standard (ascorbic acid) at the same concentration of 400 pg/ml.
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Figure 2. Iz vitro antioxidant activity of echylacetate extract of Tetrapleura tetraptera pod and ascorbic acid

using DPPH model
ETT= Ethyl acetate extract of Tetraplenra tetraptera pod; AA= Ascorbic Acid; DPPH= 2,2-diphenyl-1-picrylhydrazyl

Figure 3 shows the results of iz vitro ferric reducing antioxidant power (FRAP) of the ethyl acetate
extract of Tetrapleura tetraptera pod at varying concentration. The extract, at the concentrations of 25-200
ug/ml, did not exhibit any antioxidant activities (Figure 3). However, at 400 pg/ml, the extract showed 0.04
umol/L antioxidant activities as against 0.4 umol/L activity shown by ascorbic acid, the reference standard.
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Figure 3. Ferric Reducing Antioxidant Power (FRAP) of ethylacetate extract of Tetraplenra tetraptera and

ascorbic acid at varying concentrations
ETT= Ethyl acetate extract of Tetrapleura tetraptera pod; AA= Ascorbic Acid
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Figure 5. Photomicrograph of the liver of group B rats (intoxicated with 2000 mg/kg acetaminophen)
showing severe diffuse hepatocellular necrosis and infiltration by the inflammatory cells (white arrows),
central veins (CV) and few normal hepatocytes (black arrows). H&E, x 400
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Figure 6. Photomicrograph of the liver of group C rats (pretreated with 100 mg/kg of ethyl acetate extract
of Tetrapleura tetraptera pod for 7 days and intoxicated with 2000 mg/kg of acetaminophen) showing mild

diffuse hepatocellular degeneration (arrows) and portal triad (PT). H&E, x 400

Figure 7. Photomicrograph of the liver of group D rats (pretreated with 200 mg/kg of ethyl acetate extract
of Tetraplenra tetraptera pod for 7 days and intoxicated with 2000 mg/kg of acetaminophen) showing few

degenerate hepatocytes (arrows) and central vein (CV). H&E, x 400
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Figure 8. Photomicrorap f the liver of group E rats (preteated with 400 mg/kg of ethyl acetate extract
of Tetrapleura tetraptera pod for 7 days and intoxicated with 2000 mg/kg of acetaminophen) showing
densely populated normal hepatocytes (black arrows), bile duct (white arrow) and portal vein (PV). H&E,

x 400

Figure 9. Photomicrograph of the liver of group F rats (treated with 200 mg/kg of ethyl acetate extract of
Tetrapleura tetraptera pod alone) showing densely populated normal hepatocytes similar to that of the
normal control (black arrows), bile duct (white arrow) and portal vein (PV). H&E, x 400
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Figure 10. Photomicrograph of the liver of group G rats (pretreated with 100 mg/kg of silymarin for 7 days
and intoxicated with 2000 mg/kg of acetaminophen) showing normal binucleate hepatocytes (black

arrows) and central vein (CV). H&E, x 400

Discussion

This study investigated the effects of ethyl acetate extract of Tesrapleura retraptera pod on the liver
damage markers of acetaminophen-induced hepatotoxicity in female rats.

The significantly higher activity of ALT in group B rats (group induced with 2000 mg/kg of
acctaminophen alone) when compared to other groups (Table 2) implies that the hepatocytes of the group B
rats were damaged. Researchers have noted that acetaminophen toxicity is capable of causing hepatocyte
necrosis and increased serum ALT activity (Jarsiah ez 4/., 2019). The mean ALT activities in all the groups
pretreated with the extract (C, D, E and F) were statistically comparable with the normal control (group A)
and the standard control (group G). This probably suggests that pretreatment with the extract significantly
ameliorated the damaging effect of acetaminophen on the hepatocytes. Johnkennedy ez 4/. (2010) noted that
ALT activity is a very good biochemical parameter for liver function test. Whenever there is injury or necrosis
of the hepatocytes, enzymes (such as ALT) that are resident in the hepatocytes ooze out into the extracellular
fluid (Gill ez 4l., 2014).

Similarly, the significant clevations in the serum ALP activities in groups B, C and D (Table 2) indicate
liver damage of hepatobiliary origin as noted by Burtis and Ashwood (1999). Alkaline phosphatase, a
dephosphorylating enzyme is ubiquitous in the liver particularly in the biliary epithelium. It therefore implies
that injury to the cells lining the endothelium of the biliary ducts certainly will cause a rise in the ALP activity.
Acetaminophen has been documented to cause increased serum activities of ALP (Aba et 4., 2014). Increase
in the mean ALP activity of group B rats (intoxicated with 2000 mg/kg of acetaminophen only) is not unrelated
with acetaminophen administration. Increased ALP activities in the groups pretreated with lower doses of the
extract (groups C and D) when compared to the group pretreated with the higher dose of the extract (Table 2)
(group E) indicates that the highest dose of the extract offered a better hepatobiliary protection compared to
the lower doses.

Bilirubin is a byproduct of red blood cell metabolism. Unconugated bilirubin is taken to the liver for
conjugation into direct bilirubin. Both unconjugated and direct bilirubin make up total bilirubin. In the cases
of injury to the liver, total bilirubin increases due to increases in unconjugated bilirubin occasioned by inability

10
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of the liver to perform its conjugation function (Boris ¢z 4/, 2001). On the other hand, elevated direct bilirubin
may be a consequence of post hepatic pathology such as biliary obstruction (Fevery, 2008). In this study, the
elevated level of total bilirubin values in the groups intoxicated with acetaminophen compared to the normal
control group most probably indicates damage to the hepatocytes (Table 2). It appears the extract were not able
to facilitate bilirubin excretion.

Significantly decreased value of mean reduced glutathione (GSH) in group B rats (intoxicated with
acetaminophen alone) (Table 3) corroborates the submission by Sun ez 4/ (2002) that NAPQ], a toxic
metabolite of acetaminophen depletes hepatic GSH. However, the groups that were pretreated with higher
doses of the extract (groups D and E) prior to acetaminophen intoxication showed significantly higher values
of GSH when compared with the group that was not pretreated (group B). This indicates that the extract, at
higher doses, either increased GSH production or prevented acetaminophen metabolite from depleting GSH.
The GSH is a master antioxidant saddled with the responsibility of guarding the cells from oxidative damages
by scavenging reactive oxygen species and nitrogen radicals (Yuan ez al., 2009).

The catalase activities of the rats pretreated with the extract especially at the higher doses were
significantly higher than that of the negative control (Table 3) (group B) indicating the ability of the extract to
increase antioxidant activity of the system. Sundaram ez a/. (2014) noted that catalase protects organ damage
by decomposing hydrogen peroxide (a potent radical) to water and oxygen.

Superoxide dismutase (SOD), on the other hand, catalyzes the dismutation of a free radical, superoxide
anion. When SOD is deficient, the superoxide reacts with nitric oxide to produce peroxynitrite which is a
potent oxidant and a nitrosating agent capable of causing damages to DNA, lipids and protein (Pacher e 4/.,
2007). In the present study, the SOD activity was highest in the group administered the extract alone without
acetaminophen intoxication compared to every other group (Table 3). This probably implies that the extract
on its own, is capable of boosting SOD activity.

Assessment of the iz vitro antioxidant activities of the plant extract using DPPH and FRAP indicated
that the extract possesses antioxidant properties which was seen to be concentration-dependent in DPPH
model (Figure 2). The FRAP model only detected antioxidant activity of the extract at 400 ug/ml (Figure 3).
The DPPH assess the ability of the extract to scavenge free radicals while FRAP measures power of the extract
to reduce ferric (Fe**) to ferrous (Fe?*) states (Mensor ez 4/., 2001; Benzie and Strain 1999). The DPPH model
appears to be more sensitive than the FRAP model.

Photomicrographic representations of group B rats (intoxicated with 2000 mg/kg acetaminophen only)
showed diffuse hepatocellular necrosis with massive infiltration of inflammatory cells (Figure 5). This finding
is in agreement with the studies of Laskin (1992) who also reported hepatocellular necrosis following
acctaminophen intoxication. The liver histomorphology of rats in groups A (Normal control) is similar to that
of the group that received the extract alone (group F) and to that of the rats that received silymarin as
pretreatment (group G). They show normal hepatic cells with well-defined cytoplasm, prominent nucleus and
central vein which are features consistent with normal hepatocytes (Jane ez al, 2014). Mild hepatocytes
degenerations were seen in the rats pretreated with lower doses of the extract (groups C and D) while the group
pretreated with the highest dose of the extract (group E) showed normal histomorphological architecture
(Figures 4-10). The finding indicates that the extract, at highest dose of 400 mg/kg pretreatment offered

significant hepatoprotective ability against acetaminophen injury.
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Conclusions

The ethyl acetate extract of Terrapleura tetraptera pod possesses hepatoprotective potentials. The
extract also demonstrated both 7z vive and in vitro antioxidant activities. Both hepatoprotective effects and

antioxidant activities of the extract were dose and concentration dependent respectively.
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