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ABSTRACT

In view of the increase in liver toxicity caused by acetaminophen overdose in the past few decades, this present
study was designed to compare the restorative effects of three plant extracts against acetaminophen-induced liver
toxicity in rats. One hundred and eight (108) adult male albino rats comprising of nine normal and ninety-nine
acetaminophen hepatotoxic rats were used for the study and acetaminophen liver toxicity was induced by single
administration of acetaminophen at 750mg/kg ip on the first day of the experiment. The summary of comparative
restorative effects of A. cepa, A. sativum and Z. officinale extracts showed that Z. officinale at 450mg/kg produced
the best cumulative percentage decrease (-212.34) on all the restorative parameters assessed and ranked 9 on a 10
points scale, followed by Z. officinale at 300mg/kg (-206.79), ranked 8 and then Z. officinale at 200mg/kg (-191.79)
and ranked 7. They were closely followed by A. sativum at 450mg/kg (-190.3), ranked 6, A. sativum at 300mg/kg (-
184.86), ranked 5 and A. cepa at 300mg/kg (179.28), ranked 4. Smilarly A. cepa at 450mg/kg (-179.05) ranked 3, A.
sativum at 200mg/kg (-170.33) ranked 2 and A. cepa at 200mg/kg (-164.56) ranked 1 on a 10 points scale. Normal
control did not have significant percentage change; acetaminophen control had a cumulative percentage increase of
about 57.05 whereas silymarin decreased the parameters cumulatively with -250.46 percent. Zingiber officinale
produced the best significant restorative effect when compare to Allium cepa and Allium sativum extracts.

Keywords. Comparative, restorative effects|lium cepa, Allium sativum, Zingiber officinale, Acetaminophen,
Liver toxicity.

INTRODUCTION

Acetaminophen (also known as paracetamol) is a ammhnused, effective analgesic and antipyretic agenthe
relief of mild and moderate pain. Drug induced flit@xicity (DILT) is a health problem worldwide arngl expected
to increase as the number of drugs being consunuedases, both prescription and non-prescriptiogIrDILT is
the most commonly cited reason for withdrawal oéatly approved drugs from the market [1]. In théédhStates,
drug-induced liver toxicity accounts for more tHe0%6 of acute liver failures, with liver toxicity aaed by overdose
of acetaminophen accounting for 39% [2]. DILT aausufor approximately half of the cases of acuterlifailure
and mimics all forms of acute and chronic liveredise [3]. Despite the frequency of DILT being tie&y low, data
from the Centers for Disease Control and Preventiothe United States reported approximately 166@ acute
cases of liver failure annually, of which acetangihen liver toxicity accounts for approximately 414%. Many
research efforts have been directed towards theigioa of empirical proof to back up the use of madropical
plants in trado-medicinal practices [5, 6]. Extsaof 50 plants have been reported to amelioratr lioxicity in
animal models [7, 8, 9, 10]. There are few drugd gtimulate liver function, offer protection toethiver from
toxicity or help regeneration of hepatic cells [1lf] the face of the paucity of reliable liver prctige drugs in
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modern medicine, herbs will play a good role in th@nagement of various liver toxicity most of whigieeds up
the natural healing processes of the liver. Tooredize the use of herbs in management of liveiciyx a
comparative scientific study on them is necessapin point the strength and weakness of each plenacts in the
management of liver toxicity. This present studyswelesigned to compare the restorative effects akeasing
dosage ofAllium cepa (onions), Allium sativum (garlic) and Zingiber offticinale (ginger) extracts against
acetaminophen induced liver toxicity in rats vizda-alanine aminotransferase (ALT), aspartate atramsferase
(AST), alkaline phosphatase (ALP) and total serulirubin (TSB).

EXPERIMENTAL SECTION

Experimental Animals

One hundred and eight (108) adult white wistariistraale albino ratsR. norvegicus) weighing 200 to 250g were
used for the study. They were fad libitum with 18% crude protein (Guinea feed) commercialdfeThey were
allowed to acclimatize for two weeks under standardtoperiodic condition in a clean rat cage witree rats per
cage in the research laboratory. Analyses weréechaut at Physiology and Biochemistry Laboratqrfesculty of
Veterinary Medicine, University of Nigeria, NsukkAll animals were maintained under the standarddatory
condition for temperature (26 £@), humidity (50+£5%) and light (12 hours day lengtmd were allowed free
access to food and water.

Preparation and Extraction

Fresh healthy each oA cepa, A. sativum and Z. officinale (2000g) were washed, cut into small pieces and
homogenized in a warring blender. The resultingtanix was soaked in two litres of 80% methanol. Teture
was allowed to stand for twenty four hours witheimittent shaking. Following filtration, the filtte& obtained was
concentrated to dryness at’@0using a rotary evaporator under reduced pres$me=dried extracts were weighed
and then stored in a refrigerator.

Acetaminophen-induced Liver Toxicity in Rats

The minimum dose of acetaminophen that causes deattis is 1060mg/kg and the median lethal do$2sd)Lis
765mg/kg [12]. Acetaminophen liver toxicity was uwetd by single administration of solution of acedtaphen at
750mg/kg intraperitoneally. After 4 days only ratgh ALT levels above 65U/l were considered hepatat and
used for the study. Several researchers have iddiies toxicity in rats by single administratiori solution of
acetaminophen on rats at 750mg/kg ip [13]

Experimental M ethodology
The study was carried out on acetaminophen- indbegatotoxic rats for three months. The experimedgaign
was the three by three Latin square design. Ondrbdrand eight rats used were divided into two mgjoups:

Group I: Nine non hepatotoxic rats (non-hepatotaxiatrol).
Group II: Ninety-nine acetaminophen induced hepedatrats.

The group | rats were three rats each in threerdifft cages and each received 1ml/kg of 5% methsoiotion
daily throughout the duration of the study.

The Group Il rats (acetaminophen induced hepatotmatis) were divided into 5 subgroups (lla, Ik, llid, lle).
The subgroups lla was the acetaminophen hepatotoxitrol (three rats) and were replicated thricé had three
rats each which received 750mg/kg of acetaminommiy [15, 16]. Subgroups llb, lic and Ild were died into 3
replicates (lll, by, Ilbs, llcy, lic,, llcs andlly,, g, llg3) respectively each replicate had 3 rats and redeiv
200mg/kg, 300mg/kg or 450mg/kg Af cepa, A. sativumand Z. officinale extracts daily. The subgroups lla and
lle was the acetaminophen hepatotoxic control daddsrd (nine rats each) and were each replicatécet had
three rats each and received 750mg/kg of acetam@rofl4, 15] and 100mg/kg of antihepatotoxic drigsarin
[16]. The different biochemical parameters assessete determined first before the start of the tachd
subsequently monthly for the duration of the stuBlipod samples were collected from the rat throtigh eye
monthly for analysis. Serum was obtained by ceamggfion (5000rpm for 10 mins) and stored at’@@rior to
analysis.

Biochemical Studies

Serum alanine aminotransferase and aspartate aemstdrase levels were determined by colorimetiéthod of
[17] and absorbance was read at 505nm using spéctiemeter. Alkaline phosphatase level in serum was
determined by the method of [18]. Serum was inetbatith disodium phenylphosphate as substrate tadfat P

10 for 15 minutes at 3C. The hydrolytic products, phenol was condenseth Wiamino antipyrine and then
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oxidized with alkaline ferrcyanide and the red ctewpdeveloped was read at 510nm using spectropteiesm
Total serum bilirubin was determined following tmethod of [19] Diazotised sulphonilic acid reacts with bilirubin
in diluted serum and forms purple colored azohilinuwhich was read at 540nm using spectrophotometer

Statistical Analysis

The data collected was pooled and analyzed for dagitral tendencies using descriptive statisédy@s were given
as mean * standard deviation of the observationalysis of variance and LSD was employed to tessipnificant
differences (P < 0.05) among treatment means. Adlyses were performed using SPSS for windowssttal
software package version 16. The resulting outpet® presented in figures and table.

RESULTSAND DISCUSSION

A. cepa reduced alanine aminotransferase level in a deperient fashion across the duration of study Aittepa

at 200mg/kg reducing alanine aminotransferase leydl5.79%, at 300mg/kg it was reduced by 20.67%rads at
450mg/kg it was lowered by 21.99% after the doratf treatments when compared to acetaminophemotat
week 4.A. sativum reduced alanine aminotransferase level in a dedependent fashion across the duration of
study withA. sativum at 200mg/kg reducing alanine aminotransferasd lew@3.77%, at 300mg/kg it was reduced
by 24.28% while at 450mg/kg it was lowered by 1961 after the duration of treatments compared with
acetaminophen control at week 4 (Figure Z).officinale reduced alanine aminotransferase level in a dose
dependent fashion across the duration of study ®itbfficinale at 200mg/kg reducing alanine aminotransferase
level by 20.58% at 300mg/kg it was reduced by 2% 3hereas at 450mg/kg it was reduced by 22.23% tfee
duration of treatments. Silymarin at 100mg/kg remthalanine aminotransferase level by 30.15% dfeduration

of treatment compared with acetaminophen controlesgk 4 (Figure 1). Normal control had no significeffect on
alanine aminotransferase level whereas the acetg@imém treated control raised alanine aminotranséelevel by
8.19%. Among the extracts studied, after the domatf treatmentA. sativum at 300mg/kg bw ip was the most
potent in reducing alanine aminotransferase legdlicing it by 24.28%A. sativum at 200mg/kg followed with
23.77%,Z. officinale at 450mg/kg was next with 22.23% afidcepa at 450mg/kg with 21.98%. The comparative
restorative effects of plant extracts studied, carag with normal control, acetaminophen control aitginarin,
indicated thatA. sativum at 300mg/kg bw ip caused significant percentagkiaton in alanine aminotransferase
level quite comparable to that of silymarin stadarug at 100mg/kg
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Figure 1: comparative restorative effects of plant extracts on alanine
aminotransferase

ME = 5% Methanol solution represents the Non- hepatotoxic control, PARA = Acetaminophen negative control, AC = Allium cepa, AS= Allium
sativum, ZO = Zingiber officinale and SL= Slymarin representing hepatotoxic control.

A. cepa reduced aspartate aminotransferase level in aiddependent fashion across the duration of stuitlty Av
cepa at 200mg/kg reducing aspartate aminotransferass ey 41.77% at 300mg/kg it was reduced by 39.57%
whereas at 450mg/kg it was lowered by 38.59% after duration of the treatments when compared to
acetaminophen control at week 4A. sativum reduced aspartate aminotransferase level in a tholgpendent
fashion across the duration of study wh sativum at 200mg/kg reducing aspartate aminotransferags ey
44.93% at 300mg/kg it was reduced by 43.75% whild5Hmg/kg it reduced it by 44.79% after the damatof
treatments compared with acetaminophen control etkw4 (Figure 2).Z. officinale reduced aspartate
aminotransferase level in a dose independent fasiiooss the duration of study with officinale at 200mg/kg
reducing aspartate aminotransferase level by 52 a2800mg/kg it was reduced by 59.60% whereas @ing#kg it
reduced it by 51.38% after the duration of treatin&ilymarin at 100mg/kg reduced aspartate amansferase
level by 62.26% after the duration of treatment pamed with acetaminophen control at week 4 (Fi@)réNormal
control had no significant effect on aspartate amansferase level whereas the acetaminophen dreatetrol
raised aspartate aminotransferase level by 8.97%0ng the extracts studied, after the duration edttnent,Z.
officinale at 200mg/kg was the most effective in reducingaaspe aminotransferase level, reducing it by 5%.,72
Z. officinale at 300mg/kg followed with 59.60%, officinale at 450mg/kg was next with 51.38% afvdsativum at
200mg/kg with 44.93%. The comparative effects @ iticreasing dosage of the plant extracts studiechpared
with normal control, acetaminophen control and redyin, indicated thaZ. officinale at 200mg/kg caused
significant percentage reduction in aspartate atransferase level quite comparable to that of siiymstandard

drug at 100mg/kg.
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Figure 2: comparative restorative effects of plant extracts on aspartate
aminotranferase level

ME = 5% Methanol solution represents the Non- hepatotoxic control, PARA = Acetaminophen negative control, AC = Allium cepa, AS= Allium
sativum, ZO = Zingiber officinale and SL= Slymarin representing hepatotoxic control.

A. cepa reduced alkaline phosphatase level in a dose erdignt manner across the duration of study Wittepa

at 200mg/kg reducing alkaline phosphatase levebh@4%, at 300mg/kg it was reduced by 53.77% wliseeta
450mg/kg it was lowered by 50.68% after the duratib treatments when compared to acetaminophematcatt
week 4. A. sativum reduced alkaline phosphatase level in a dose depe¢manner across the duration of the study
with A. sativum at 200mg/kg reducing alkaline phosphatase levél$7%, at 300mg/kg it was reduced by 54.08%
while at 450mg/kg it was reduced by 54.75% afterdhration of treatments compared with acetaminogioatrol

at week 4 (Figure 3)Z. officinale reduced alkaline phosphatase level in a dose emmt manner across the
duration of the study witl. officinale at 200mg/kg reducing alkaline phosphatase leve4$3%, at 300mg/kg it
was reduced by 56.90% whereas at 450mg/kg it whscesl by 56.85% after the duration of treatmenyn&irin at
100mg/kg reduced alkaline phosphatase level by O0Pb.7after the duration of treatment compared with
acetaminophen control at week 4 (Figure 3). Noroaailtrol had no significant effect on alkaline phostase level
whereas the acetaminophen treated control raisadired phosphatase level by 6.00%. Among the etdrsitidied,
after the duration of treatmez, officinale at 300mg/kg was the most potent in reducing alkatihosphatase level
reducing it by 56.90%Z. officinale at 450mg/kg followed with 56.85%. sativum at 450mg/kg was next with
54.75% andZ. officinale at 200mg/kg with 54.63%. The comparative effedtthe increasing dosage of the plant
extracts studied, compared with normal controltam@ophen control and silymarin, indicated tAaofficinale at
300mg/kg caused significant percentage reductioalkaline phosphatase level that is close to thagilgmarin
standard drug at 100mg/kg.
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Figure 3: comparative restorative effects of plant extracts
on alkaline phosphatase

ME = 5% Methanol solution represents the Non- hepatotoxic control, PARA = Acetaminophen negative control, AC = Allium cepa, AS= Allium
sativum, ZO = Zingiber officinale and SL= Slymarin representing hepatotoxic control.

A. cepa reduced total serum bilirubin level in a dose dejgmt manner across the duration of study witbepa at
200mg/kg reducing total serum bilirubin level by.@8R6, at 300mg/kg it was reduced by 65.27% whesgas
450mg/kg it was lowered by 67.79% after the duratd treatments when compared to acetaminophenataatt
week 4. A. sativum reduced total serum bilirubin level in a dose def@mt manner across the duration of the study
with A. sativum at 200mg/kg reducing total serum bilirubin levgl48.46%, at 300mg/kg it was reduced by 62.75%
while at 450mg/kg it was reduced by 71.15% afterdhration of treatments compared with acetaminomioatrol

at week 4 (Figure 4Y. officinale reduced total serum bilirubin level in a dose dej@at manner across the duration
of study withZ. officinale at 200mg/kg reducing total serum bilirubin levgl36.86%, at 300mg/kg it reduced it by
68.35% whereas at 450mg/kg it was reduced by 73.8666 the duration of treatment. Silymarin at 1@0kg
reduced total serum bilirubin level by 82.35% aftex duration of treatment compared with acetantieapcontrol

at week 4 (Figure 4). Normal control had no sigaifit effect on total serum bilirubin level wherehe
acetaminophen treated control raised total serdinulliin level by 33.89%. Among the extracts studliatter the
duration of treatmeng. officinale at 450mg/kg was the most potent in reducing alim bilirubin, reducing it by
73.95%,A. sativum at 450mg/kg followed with 71.15%. officinale at 300mg/kg was next with 68.35% aAd
cepa at 450mg/kg followed with 67.79%. The comparatéféects of the increasing dosage of the plant etdra
studied, compared with normal control, acetaminaplentrol and silymarin, indicated that officinale at
450mg/kg caused significant percentage reductidotal serum bilirubin level similar to that ofiharin standard
drug at 100mg/kg.
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Figure 4: Comparative restorative effects of plant extracts on total serum
bilirubin

ME = 5% Methanol solution represents the Non- hepatotoxic control, PARA = Acetaminophen negative control, AC = Allium cepa, AS= Allium
sativum, ZO = Zingiber officinale and SL= Slymarin representing hepatotoxic control.

The summary of comparative restorative effectshefincreasing dosages (200, 300 and 450mg/kd).afepa, A.
sativum and Z. officinale extracts showed that officinale at 450mg/kg produced the best cumulative percentage
decrease (-212.34) on all the restorative parametesessed and ranked 9 on a 10 points scale (Trbtdlowed

by Z. officinale at 300mg/kg (-206.79), ranked 8 and tEenfficinale at 200mg/kg (-191.79) and ranked 7 after the
study. They are closely followed By sativum at 450mg/kg (-190.3), ranked &, sativum at 300mg/kg (-184.86),
ranked 5 and\. cepa at 300mg/kg (179.28), ranked 4. Similaflycepa at 450mg/kg (-179.05) ranked 3, sativum

at 200mg/kg (-170.33) ranked 2 aAdcepa at 200mg/kg (-164.56) ranked 1 on a 10 pointsesddbrmal control

did not have significant percentage change; acetphien control had a cumulative percentage increhsbout
57.05 whereas silymarin decreased the parametarslatively with -250.46 percent.

Table 1: Summary of Restorative Effects of Plant Extracts on Acetaminophen Induced Hepatotoxic Rats

Dosage ALTRea(XgEllve Pa';ﬁr;etersTSB Total % Change Rank Restorative Effects (R. E)
ME 1.0ml/kg - - - - - - -

PARA 750mg/kg | 8.19 8.97 6.00 33.89 57.05 -ve contol -Ve control
AC 200mg/kg -15.79 | -41.77| -52.94 -54.0p -64.56 1 Poor R. E
AC 300mg/kg -20.67 | -39.57| -53.71 -65.2f -179.28 4 Poor R. E
AC 450mg/kg -21.99| -38.59] -50.6§ -67.79 -179.05 3 Poor R. E
AS 200mg/kg -23.77 | -44.93] -53.17 -48.4p -170.33 2 Poor R. E
AS 300mg/kg -24.28 | -43.75| -54.08 -62.7p -184.86 5 Good R. E
AS 450mg/kg -19.61 | -44.79| -54.7§ -71.1p -190.3 6 Good R. E
Z0 200mg/kg -20.58 | -59.72| -54.63 -56.8p -191.79 7 Good R. E
Z0 300mg/kg -21.94| -59.60] -56.90 -68.3p -206.79 8 V. Good R. E
Z0 450mg/kg -22.23| -51.38] -56.8 -73.9p -212.34 9 V. Good R. E
SL 100mg/kg -30.15| -62.26] -75.7Q -82.3p -250.46 standafd standa

Values represent the percentage change on each parameter after the duration of the study. Total represents the summation of the percentage
change for each parameter after the duration of the study. Rank = grading of the hepatoprotective effects on a 10 points scale. Hepatoprotective
effects were assessed as poor = (-183 & below), good = (-184 to -194), very good = (-200 to -220), Excellent = (-220 to -250), exceptional =
(above -270). ME = 5% Methanol solution represents the Non- hepatotoxic control, PARA = Acetaminophen negative control, AC = Allium cepa,
AS= Allium sativum, Z0 = Zingiber officinale and S_.= Slymarin representing hepatotoxic control. Negative % change denotes decrease,
Positive % change denotes an increase.
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The liver is the largest solid organ, the largdand and the main metabolic organ of the body [tg primary
function is to control the flow and safety of substes absorbed from the digestive system befotgbditon of
these substances to the systemic circulatory syf26in The liver is expected not only to performyptological
functions but also to protect against the hazafdsmonmful drugs and chemicals. A total loss of tienction could
leads to death within minutes, demonstrating thers great importance. Acetaminophen-induced liesicity is
commonly used as an experimental model for theystifichepatoprotective effects of medicinal plantrasts and
drugs [21; 22] The significant increase observed in the levetexum aminotransferase in acetominophen treated
rats compared to the normal rats in this studyadad due to hepatocellular damage because theyeeszre
normally located in the cytoplasm and released theocirculation after cellular damage [28ilymarin and the
plant extract¢reatment reduced the level of aminotransferasgrneez in the serum. The mechanism of action of the
plant extracts could be by prevention of intradeHuenzyme release through its membrane staliliznd
antioxidant effects [24]The reduction in ALP levels by plant extracts nsaggest repairing of rat’s liver by plant
extracts and the possible mechanism responsiblthéoprotection of acetaminophen induced liver dganaay be

by its ability to act as a free radical scavenderdby intercepting those radicals involved in ag®bophen
metabolism. Elevated total serum bilirubin obseniadacetaminophen hepatotoxic rats suggested atahorm
conjugation of bilirubin by the liver due to genlé&ad hepatocellular damage [25]. Decrease in s#alm bilirubin
observed in this study was reported by previouska/f26] The possible mechanism of action of plant extréwis
decreased total serum bilirubin may be throughrthatioxidative effects, because plant extrdtéve active
ingredients that are capable of free radical sogimgnin living system [27]Among the three plant extracts used at
different dosages 200, 300 and 450mg/kigngiber officinale extracts at 450mg/kg produced the best restorative
effect on acetaminophen induced hepatotoxic rdkswed by Zingiber officinale at 300mg/kgZingiber officinale

at 200mg/kgAllium sativum at 450mg/kgAllium sativum at 300mg/kgAllium cepa at 300mg/kgAllium cepa at
450mg/kg Allium sativum at 300mg/kg and finalbllium cepa at 200mg/kg respectively.

CONCLUSION

Overall, the result of the present study indicathdt Allium cepa, Allium sativum and Zingiber officinale
demonstrated a significant restorative effect agjaaicetaminophen induced liver toxicity in rats. risieer Zingiber
officinale showed the best significant restorative effeatdmparison tllium cepa andAllium sativum.
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