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ABSTRACT

The ameliorative effects of Zingiber officinale ragts against paracetamol induced hepatotoxicityrats was
experimentally investigated. Fifty- four (54) adultale albino rats comprising of nine normal and tyefive
paracetamol hepatotoxic rats were used. Paracetahegatotoxicity was induced by single administratiof
paracetamol at 750mg/kg ip on the first day of theriment. The biochemical parameters assessed wer
determined before the start of the study and swsgty monthly for the duration of the study. Bleadnples were
collected from the rat through the retro orbitaleglis for analysis and serum was obtained by cegtdfon
(5000rpm for 10mins) and stored at 220prior to analysis. The ameliorative effects ofalion and increasing
dosages (200, 300 and 450mg/kg) of Z. officinateaets produced a duration dependent significant(.05)
reductions in the alanine aminotransferase (ALBpatate aminotransferase (AST), alkaline phospg®i@LP),
lactate dehydrogenase (LDH) and total serum bilinuprSB) of paracetamol hepatotoxic rats after doeation of
study when compared with those of the paracetammimal and silymarin control rats. Z. officinale checed
alanine aminotransferase, total serum bilirubin alzttate dehydrogenase levels in a dose dependshioh
whereas it reduced aspartate aminotransferase dkdline phosphatase levels in a dose independeminera It
was evident that Z. officinale showed potent hgpatective properties as it ameliorated signifidgnall the
elevated biochemical parameters due to paracetamephtotoxicity. Given the findings of this studye tlinical
relevance of Z. officinale in hepatoprotection atsl nutraceutical role in human nutrition could Ipeirsued in
future studies.

Key words: Zingiber officinale paracetamol, ameliorative effects, alanine amamstferase, aspartate
aminotransferase, alkaline phosphatase, lactatgddedenase, total serum bilirubin.

INTRODUCTION

In spite of tremendous strides in modern medidinese are few drugs that stimulate liver functioffer protection
to hepatotoxicity or help regeneration of hepatiisc[1]. Natural resources such as plants are y@wansidered
and used in the search for new molecules to be asdtkpatoprotective agents. Numerous medicinatglkand
their formulations are used for hepatotoxicity thremedical practice as well as traditional systémedicine [2].
Plant-based therapeutic agent like silymarin fi8itybum marianungmilk thistle) is accepted and used worldwide
as hepatoprotective agents [3, 4, Z]. officinale is one of the most widely used members of the famil
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Zingiberaceare and is a common condiment for varifmods and beverages. officinalehas a long history of
medicinal use for conditions such as headacheseaauheumatism and cold [6].H&s been reported warm the
body and treat cold extremities, improve a weak tardhy pulse, address a pale complexion and strenghe
body after blood loss [7]. The compounds 6-gingamd 6-shogaol frord. officinalehave been shown to have a
number of pharmacological activities, includingipptetic, analgesic, antitussive and hypotensifect$ [8]. Z.
officinale extracts exhibit inhibition of platelet aggregatiand thromboxane synthesisvitro [9, 10] which has led
to concern. officinaleextracts may prolong bleeding, however, severabpeen studies using officinaleorally
did not find any significant anticoagulant effedts vivo [11]. It has been established that officinale has
antidiabetic and hypolipidaemic effects in rats,[13], closely related spices like cepaandA. sativumhas been
established by previous works to be hepatoprotediivt, 15]. The management of hepatotoxicity witant-
derived compounds which are accessible and doegptine laborious pharmaceutical synthesis is higltisactive
and hence the need to embark on this study. Thisept study was designed to determine the amelierafifects of
increasing dosage . officinale (ginger) extracts against paracetamol induced tb&pdcity in rats viz-a- viz
biochemical parameters such as alanine aminotrassfe(ALT), aspartate aminotransferase (AST), m&al
phosphatase (ALP), lactate dehydrogenase (LDH)tatad serum bilirubin (TSB) levels of paracetammdliiced
hepatotoxic rats.

EXPERIMENTAL SECTION

Plant Materials

Z. officinaleused for the study was bought from the Ogige maifketikka, Enugu state, Nigeria. The plants were
identified to species level [16] at the HerbariumityDepartment of Plant Science and Biotechnol&dyiversity of
Nigeria, Nsukka, Enugu State, Nigeria.

Animal Model

Fifty- four (54) adult white wistar strain male alb rats R. norvegicusweighing 180 to 200g were used for the
study. They were fedd libitumwith 18% crude protein (Guinea feed) commerciabifand allowed to acclimatize
for two weeks under standard photoperiodic conditio a clean rat cage with three rats per cagéeénrésearch
laboratory. All animals were maintained under thandard laboratory condition for temperature (26°€),
humidity (50 + 5%) and light (12 hours day lengtimd were allowed free access to food and water.

Preparation of Extracts

Fresh healthy. officinalewere washed, cut into small pieces and homogeriizadvarring blender. The resulting
mixture was soaked in two litres of 80% methandle Tnixture was allowed to stand for twenty four fsowith
intermittent shaking. Following filtration, the tfiate obtained was concentrated to dryness ¥ 48ing a rotary
evaporator under reduced pressure. The dried ¢éxtnaare weighed and then stored in a refrigerator.

Induction of Paracetamol Hepatotoxicity in Rats
The minimum dose of paracetamol that causes deatht$s is 1060mg/kg and the median lethal dosesd)LI3
765mg/kg [17]. Paracetamol hepatotoxicity was iredldy single administration of solution of paracsté at
750mg/kg intraperitoneally. After 4 days only ratgh ALT levels above 65U/l were considered hepatit and
used for the study. Several researchers have idduepatotoxicity in rats by single administrationsolution of
paracetamol on rats at 750mg/kg ip [18, 19, 20].

Experimental Design
This study was carried out on paracetamol- indumgzhtotoxic rats for twelve weeks. The experimetdsign was
the three by three Latin square design. Fifty-fais used were divided into two major groups:

Group I: Nine non-hepatotoxic rats (Normal control)
Group II: Forty-five paracetamol induced hepatotasts.

The group | rats were three rats each in threedifft cages and each received 1ml/kg of 5% mettsniotion
daily throughtout the duration of the study. Theo@r Il rats (paracetamol induced hepatotoxic raes)e divided
into three subgroups (lla, llb, lic). The subgrdig was the paracetamol control, three rats in gecand was
replicated thrice and had 3 rats each which redeiR&0mg/kg of paracetamol only [21, 22]. Subgrolipwas
divided into 3 replicates (lib IIb,, and 1Ily) respectively each replicate had 3 rats and redeR00 mg/kg, 300
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mg/kg or 450 mg/kg oZ. officinaleextracts orally daily. The subgroup lic, three m@sh in a cage, and replicated
thrice received the standard drug silymarin at 1§@m [23]. The biochemical parameters (alanine
aminotransferase, aspartate aminotransferasejraiaiosphatase, lactate dehydrogenase and tatah $@irubin)
assessed were determined first before the stahteoéxperiment and subsequently monthly for thatitam of the
study. Blood samples were collected from the redugh the retro-orbital plexus monthly for analys&rum was
obtained by centrifugation (5000rpm for 10 mins)l atored at -2 prior to analysis.

Evaluation of Biochemical Parameters

Serum alanine aminotransferase and aspartate aanstgrase levels were determined by colorimetrithed of
[24] and absorbance was read at 505nm using spéct@meter. Alkaline phosphatase level in serum was
determined by the method of [25]. Serum was incbatith disodium phenylphosphate as substrate fmaffat P

10 for 15 minutes at 3C. The hydrolytic products, phenol was condenseith wiamino antipyrine and then
oxidized with alkaline ferrcyanide and the red ctempdeveloped was read at 510nm using spectropleiym
Lactate dehydrogenase level was estimated by thleoohef [26],the reduction of nucleoside derivedirmmacids
(NAD) was coupled with the reduction of tetrazoliusalt and the produced formazan was measured using
spectrophotometer at 503nm. Total serum bilirubias vdetermined following the method of [27]. Diagetd
sulphonilic acid reacts with bilirubin in dilutecermm and forms purple colored azobilirubin whichswaad at
540nm using spectrophotometer.

Data Analysis

The data collected was pooled and analyzed for tegitral tendencies using descriptive statisédy&s were given
as mean + standard deviation of the observationalyais of variance and LSD was employed to tessthnificant
differences (P < 0.05) among treatment means. Adllyses were performed using SPSS for windowssttati

software package version 20. The resulting outpet® presented in Tables and Figures.

RESULTSAND DISCUSSION

Alanine Aminotransferase L evel

Z. officinale extracts treatment produced a duration dependgntfisant (p < 0.05) reductions in the alanine
aminotransferase levels of paracetamol hepatotaxicafter the duration of the study when compavith those of
paracetamol and silymarin control rats. Alanine rastriansferase levels were significantly higher arggetamol
control groups throughout the duration of the studynpared to all other treatment groups whereasais
significantly higher in all groups at the same pdrcompared to the normal groug. officinalereduced alanine
aminotransferase level in a dose dependent fastdmrss the duration of the study with officinaleat 200mg/kg
reducing alanine aminotransferase level by 20.58%800mg/kg it was reduced by 21.94% whereas andB@ it
was lowered by 22.23% after the duration of treatim@hen compared to paracetamol control at we&ilyimarin
reduced alanine aminotransferase level by 30.15%r die duration of treatment compared with paenel
control at week 4 (Table 1). Normal control hadsignificant effect on alanine aminotransferase llevereas the
paracetamol treated control raised alanine aminstezase level by 8.19%.

Table 1: Améliorative Effects of Z. officinale extracts on alanine aminotransferase level of paracetamol induced hepatotoxic rats

Alanine Aminotransferase Level (U/L)
TREATMENTS | DOSAGE WEEK 0 WEEK 4 WEEK 8 WEEK 12 Yarfge after 12weeks
ME 1.0mlkg | 49.70+ 3.27 | 48.77+3.16° 51.00+ 2.5%° 50.63+ 3.36° -
PARA 750mg/kg| 49.27+3.15 | 72.41+4.08% | 75.36+ 4.53%" 78.34+ 5.406° 8.19

Z0 200mg/kg| 51.62+3.24 | 65.31+2.09'° | 59.27+ 3.88>™ 57.51+ 2,318 T -20.58
70 300mg/kg| 51.69+2.95 [ 51.74+ 270 | 62.33+ 4.78'°%" | 56.52+ 3.5819 N -21.94
e} 450mg/kg| 51.01+2.49 | 58.41+ 420" | 58.50+ 3.4&°M | 56.31+ 2 459Fdefan -22.23
SL 100mg/kg| 50.57+3.88 | 52.41+3.62'F7 | 51.94+2.18° 50.58+ 2.56° -30.15

Values given represents the Mean + SD of 9 obsienvatmean values labeled with the same numbersenas (1 — 4) along the same row are
not significantly different at 5% significance léfe < 0.05). Mean values labeled with the saménalyets superscripts (a —I) on the same
column are not significantly different at 5% sigeahce level (p < 0.05). ME = 5% Methanol soluti@presents the Non- hepatotoxic control,
PARA = Paracetamol negative control, ZO = Z. offale and SL= Silymarin representing hepatotoxictoain% change = % change from para
treated at weeks 4 compared to all treatments gsaipveek 12. Negative % change denotes decre@ssitive % change denotes an increase.
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Aspartate Aminotransferase L evel

Z. officinale extracts produced a duration dependent significgnt< 0.05) reductions in the aspartate
aminotransferase level of paracetamol hepatot@ti after the duration of treatment when comparigid those of
the paracetamol and silymarin control rats. Aspertaminotransferase level were significantly higher
paracetamol control groups throughout the durabiothe study compared to all other treatment groupereas it
was significantly higher in all groups at the saperiod compared to the normal grouf. officinale reduced
aspartate aminotransferase level in a dose indepe¢ridshion across the duration of study withofficinale at
200mg/kg reducing aspartate aminotransferase ewéR.72% at 300mg/kg it was reduced by 59.60% wadeit
450mg/kg it was lowered by 51.38% after the duratibthe study when compared to paracetamol coatraleek
4. Silymarin at 100mg/kg reduced aspartate anansferase level by 62.26% after the duration odttnent
compared with paracetamol control at week 4 (Ta)jleNormal control had no significant effect on adpte
aminotransferase level whereas the paracetamaeétteantrol raised aspartate aminotransferase bavgl97%.

Table 2: Ameliorative Effects of Zingiber officinale extracts on aspartate aminotransferase level of paracetamol induced hepatotoxic rats

Aspartate Aminotransferase Level (U/L)
TREATMENTS | DOSAGE WEEK 0 WEEK 4 WEEK 8 WEEK 12 Y%arige after 12weeks

ME 1.0mllkg | 86.76x 2.84 | 86.62+ 2.4%° 86.32+2.68° 87.10+ 2.58° -
PARA 750mg/ke | 87.17+ 2.4%° | 659.97+12.0%F | 688.42+ 20.8°F | 725.01+ 12.0°F 8.97

Z0 200mg/kg| 86.42+ 2.70 | 388.71+ 13.83 | 373.79+ 1357 | 265.84+ 11.48" -59.72

Z0 300mg/kg| 87.17+ 2.60 | 409.94 +9.8Y | 391.78+ 12.6¥* | 266.60 + 7.91" -59.60

Z0 450mg/kg| 86.84+ 2.64 | 428.84+ 11.24 | 398.91+ 14.75 | 320.88+ 63.8F" -51.38

SL 100mg/kg| 86.53+ 2.88 | 278.68+ 17.63 | 257.12+ 10.08 | 249.09+ 7.6% -62.26

Values given represents the Mean + SD of 9 obsemnvatmean values labeled with the same numbersenas (1 — 4) along the same row are
not significantly different at 5% significance léye < 0.05). Mean values labeled with the saménalgets superscripts (a —I) on the same
column are not significantly different at 5% sigeahce level (p < 0.05). ME = 5% Methanol soluti@presents the Non- hepatotoxic control,
PARA = Paracetamol negative control, ZO = Z. offale and SL= Silymarin representing hepatotoxictoain% change = % change from para
treated at weeks 4 compared to all treatments gs@ipveek 12. Negative % change denotes decreasiive % change denotes an increase.

Alkaline Phosphatase L evel

Z. officinale extracts produced a duration dependent signifiGant 0.05) reductions in the alkaline phosphatase
level of paracetamol hepatotoxic rats after theation of treatment when compared with those ofgtaecetamol
and silymarin control rats. Alkaline phosphataseelewere significantly higher in paracetamol cohtgooups
throughout the duration of the study compared ltotakr treatment groups whereas it was signifigemgher in all
groups at the same period compared to the normalpge. officinalereduced alkaline phosphatase level in a dose
independent manner wifh officinaleat 200mg/kg reducing alkaline phosphatase levéd4g3%, at 300mg/kg it
was reduced by 56.90% whereas at 450mg/kg it waerkd by 56.85% after the duration of the study whe
compared to paracetamol control at week 4. Silymatr 100mg/kg reduced alkaline phosphatase ley&1570%
after the duration of treatment compared with pateamol control at week 4 (Table 3). Normal contnad no
significant effect on alkaline phosphatase levekmlas paracetamol treated control raised alkalresghatase
level by 6.00%.

Table 3: Ameliorative Effects of Z. officinale extracts on alkaline phosphatase level of paracetamol induced hepatotoxic rats

Alkaline Phosphatase Level (U/L)
TREATMENTS | DOSAGE WEEKG WEEKA4 WEEKE WEEK12Z % change after 12wee
ME 1.0mlike | 112.44 £1.9'¢ 112.64+ 1.8%¢ 112.07 £ 1.6 112.40+ 1.7%¢ -
PARA 750mg/kg| 112.16+ 2.62| 904.34+ 13.3% 941.61 + 13.8% 958.60 + 19.67 6.00

Z0 200mg/kg| 112.22+ 2.64 | 417.64+ 13.60M9¢ | 410.29+ 11.35™"9C [ 410.29+ 11.387""9¢ -54.63
Z0 300mg/kg| 112.69+ 1.59| 408.06+ 6.8% 389.78+ 13.2% 389.78+ 13.2%" -56.90
Z0 450mg/kg| 112.42+ 1.46| 400.97 + 7.899 400.97+ 7.98%%" 390.19+ 7.85% -56.85
SL 100mg/ke | 112.33+ 1.8 | 249.69 + 15.3 249.69+ 15.25% 219.78 £10.2% -75.7(

Values given represents the Mean + SD of 9 obsenvatmean values labeled with the same numbersenas (1 — 4) along the same row are
not significantly different at 5% significance léfe < 0.05). Mean values labeled with the saménalyets superscripts (a —I) on the same
column are not significantly different at 5% sigedince level (p < 0.05). ME = 5% Methanol soluti@presents the Non- hepatotoxic control,
PARA = Paracetamol negative control, ZO= Z. offalmand SL= Silymarin representing hepatotoxic coin®6 change = % change from para
treated at weeks 4 compared to all treatments ggaipveek 12. Negative % change denotes decreasiéivE % change denotes an increase.
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L actate Dehydrogenase L evel
Z. officinaleextracts produced a duration dependent signifi¢art 0.05) reductions in the lactate dehydrogenase
level of paracetamol hepatotoxic rats after theation of the study when compared with those ofggthmcetamol
and silymarin control rats. Lactate dehydrogenasel$ were significantly higher in paracetamol coingroups
throughout the duration of the study compared ltotakr treatment groups whereas it was signifigdnigher in all
groups at the same period compared to the normapgr. officinalereduced lactate dehydrogenase level in a dose
dependent manner with. officinaleat 200mg/kg reducing lactate dehydrogenase lewy@4b02%, at 300mg/kg it
was reduced by 37.47% whereas at 450mg/kg it waerkd by 40.25% after the duration of the study mwhe
compared to paracetamol control at week 4. Silymaril00mg/kg reduced lactate dehydrogenase lgvéB198%
after the duration of the study compared with peta@mol control at week 4 (Table 4). Normal contrad no
significant effect on lactate dehydrogenase levieérgas paracetamol treated control raised lactttgdiogenase
level by 6.79%.

Table 4: Ameliorative Effects of Z. officinale extracts on lactate dehydrogenase level of paracetamol induced hepatotoxic rats.

Lactate Dehydrogenase Level (IU/L)
TREATMENTS | DOSAGE WEEKO WEEK4 WEEKS WEEK12 % charaféer 12weeks
ME 1.0ml/kg | 103.78+ 554 | 105.00+ 5.15° 104.56 + 5.2b° 103.44 £5.1% -
PARA 750mg/ke | 104.67+ 55 | 390.89 + 18.2°F 409.67+ 10.7°F 417.44 +9.2%° 6.7¢

Z0 200mg/kg| 103.00 +5.96 | 260.78+ 6.99° 260.78 + 6.9%"< 257.89 + 11.77 -34.02
Z0 300mg/kg| 103.67+ 6.62 | 244.22 + 13.50"% | 244.22 + 13 58P19¢ 244.44 + 15.0% -37.47
Z0 450mg/kg| 104.22 +5.89 | 238.67 £ 16.61™ | 238.67 + 16.612 1970 [ 233 56 + 16.58° -40.25
SL 100mg/kg| 103.22+5.26| 165.11 +18.15 165.11 + 18.15 144.33 + 13.10 -63.08

Values given represents the Mean + SD of 9 obsemnvatmean values labeled with the same numbersenas (1 — 4) along the same row are
not significantly different at 5% significance léye < 0.05). Mean values labeled with the saménalgets superscripts (a —I) on the same
column are not significantly different at 5% sigeahce level (p < 0.05). ME = 5% Methanol soluti@presents the Non- hepatotoxic control,
PARA = Paracetamol negative control, ZO = Z. offale and SL= Silymarin representing hepatotoxictoain% change = % change from para
treated at weeks 4 compared to all treatments gg@ipveek 12. Negative % change denotes decreas#ie % change denotes an increase.

Total Serum Bilirubin Level

Z. officinale extracts produced a duration dependent signifiGant 0.05) reductions in the total serum bilirubin
level of paracetamol hepatotoxic rats after theation of treatment when compared with those of geteamol and
silymarin control rats. Total serum bilirubin legelvere significantly higher in paracetamol contgsbups
throughout the duration of the study compared Itotakr treatment groups whereas it was signifigemgher in all
groups at the same period compared to the normalpge. officinalereduced total serum bilirubin level in a dose
dependent manner across the duration of the stuidy Zv officinaleat 200mg/kg reducing total serum bilirubin
level by 56.86%, at 300mg/kg it was reduced by 8% 3vhereas at 450mg/kg it was lowered by 73.95%r dlfte
duration of treatments when compared to paracetaordtol at week 4. Silymarin at 100mg/kg reduagtditserum
bilirubin level by 82.35% after the duration of teeidy compared with paracetamol control at wedKable 5).
Normal control had no significant effect on totakem bilirubin level whereas paracetamol treatectrod raised
total serum bilirubin level by 33.89%.

Table5: Ameliorative Effects of Z. officinale extracts on total serum bilirubin of paracetamol induced hepatotoxic rats

Total Serum Bilirubin Level (mg/dl
TREATMENTS [ DOSAGE |  WEEKC WEEKA4 WEEKS WEEK12Z % change after 12wee

ME 10mlikg | 0.52+0.1¢¢ | 0.53+0.1%¢ | 0.54+ 0.1+ 0.51+0.12¢ -

PARA 750mg/kg| 0.55+0.1% [ 3.57+0.37F | 4.19+0.36° 4,78+ 0.48" 33.89
Z0 200mg/kg| 0.55+ 0.8 | 2.94+ 0.45' 2.44+ 0,28 1.54+ 0.28"9¢ -56.86
Z0 300mg/kg| 0.51+0.46 | 2.58+ 0.33""° | 1.86+0.43197 | 1.13+ 0.37"e¢ -68.35
Z0 450mg/kg| 0.57+0.78 | 2.21+0.38%" | 1.35+ 0.48%" | 0.93+ 0.26*° -73.95
SL 100mg/ke | 0.52+ 0.11% | 0.93+0.287 | 0.75+0.212¢ 0.63x 0.4 -82.3¢

Values given represents the Mean + SD of 9 obsienvatmean values labeled with the same numbersenas (1 — 4) along the same row are
not significantly different at 5% significance léfe < 0.05). Mean values labeled with the saménalyets superscripts (a —I) on the same
column are not significantly different at 5% sigedice level (p < 0.05). ME = 5% Methanol soluti@presents the Non- hepatotoxic control,
PARA = Paracetamol negative control, AC = AlliunpagAS = Allium sativum, ZO = Z. officinale and S&itymarin representing hepatotoxic
control. % change = % change from para treated aélts 4 compared to all treatments groups at weeklégative % change denotes

decrease, Positive % change denotes an increase.

601



Ozougwu J.C. et al J. Chem. Pharm. Res., 2016, 8(2):597-603

The aminotransferases (ALT and AST) are the masjuently utilized and specific indicators of hegaltular
necrosis [28]. The significant increase observedthia level of serum aminotransferase (AST and ALT)
paracetamol treated rats compared to the normglimahis study could be due to hepatocellular dgerizecause
these enzymes are normally located in the cytoplasthreleased into the circulation after cellulamadge [29].
Silymarin andZ. officinale treatment reduced the level of aminotransferasgymes in the serunk. officinale
mechanism of action could be by the preventiorhefibtracellular enzyme release and its membraigliging and
antioxidant effects [30]. This is more soAfficinaleis rich in strong antioxidant and are well docutedmagainst
reactive oxygen species-mediated damage [31, 3@.réduction in ALP levels by extracts may suggeptiring
of rats liver byZ. officinaleextracts. Possible mechanisms that may be redperst the protection of paracetamol
induced liver damage by. officinalemay be by its ability to act as a free radicalveoger thereby intercepting
those radicals involved in paracetamol metaboliBecause they trap oxygen related free radicalfficinale
could prevent their interaction with polyester yaticids and would stop the enhancement of lipidexyeative
processes [33, 34, 35]. The active ingredientZ.imfficinale 6- gingerol could also possibly have increased the
levels of glutathione which binds to the toxic nietiites of paracetamol such as N- acetyl- p- benzmme imine
(NAPQI) and increased its rate of excretion from ltody.

Lactate dehydrogenase level was decreased in airtbeygendent fashion B%. officinale after the duration of the
study. Previous researchers reported decreasepatibhedDH after carbon tetrachloride intoxicatiorhich is
supportive of this study [36, 37]. Elevated totafsm bilirubin observed in paracetamol hepatotoats suggested
abnormal conjugation of bilirubin by the liver die generalized hepatocellular damage [38]. Decréadetal
serum bilirubin observed in this study was repotiggrevious works, [39]. The possible mechanisraation ofZ.
officinale on decreasing total serum bilirubin may be throtlgtir antioxidative effects, becauZe officinalehas
active ingredients that are capable of free radicalenging in living system [40].

It was evident thaZ. officinaleshowed potent hepatorestorative properties, itatses to reduce significantly all the
elevated biochemical parameters due to paracethepatotoxicity. This result could be pursued fog diinical
importance ofZ. officinalein hepatoprotection and its nutraceutical rolduman diet, because of the increased use
of natural herbs worldwide and Nigeria in particula
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