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Effect of Partially Purified Sub-fractions from Pterocarpus mildbraedi Extract on Carbon Tetrachloride

Intoxicated Rats

Abstract

Background: This study was designed to determine the hepategioe effect of partially purified fractions from

P. mildbraedii extract on carbon tetrachloride (Gdhtoxicated rats

Methods: The methanol extract &. mildbraedii was subjected to solvent partitioning using n-inexahloroform,
ethylacetate and water. Separation of fractions wibven antioxidant activity was achieved by chatomgraphic
techniques. Acute toxicity and hepatoprotectiveligts of the methanol sub-fraction 6 (Me 6), metthanb-fraction
7 (Me 7) and methanol sub-fraction 8 (Me 8) frenmildbraedii extract on carbon tetrachloride (Gdhtoxicated

Wister rats.

Results: Intoxication of rats with CGlresulted in significant (p < 0.05) increase in Hwivities of Aspartate
Transferase (AST), Alanine Transferase (ALT), Alkal Phosphatase (ALP), level of Malondialdehyde @D
while glutathione (GSH) concentration, superoxiienutase (SOD), catalase (CAT) and glutathionexease
(GPx) activities were decreased. AdministrationM#6, Me7 and Me8 sub-fractions Bf mildbraedii caused a
significant reduction (p > 0.05) in the activitiekthe liver enzymes, MDA level, total and dirédirubin in dose-
dependent mannefhere were significant (p < 0.05) increases in @BHcentration, SOD, CAT, and Gpx activities

in the treated groups. The subfractions also redttre damaged hepatic-architecture in the tregrmaps.

Conclusions:. Therefore, Me6, Me7 and Me8 leaf sub-fractionsPoimildbraedii extracthave hepatoprotective
effect. Therefore, this vegetable can further bpla@ted as a source of drug/supplement developnrerihe
prevention and treatment of liver damage.

Keywords: Pterocarpus mildbraedi, Carbon Tetrachloride, Intoxicated Rats, Sub-Fracions, Hepatoprotective.
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1. Introduction

The liver is the central organ of metabolism inemhvin bile production, storage of iron, vitamingce elements
and detoxification of drugs These crucial roles make the liver susceptiblditferent injury leading to several
disease$. These diseases are mainly caused by toxic chésrika carbon tetrachloride, acetaminophen, excess
consumption of alcohol, infections and autoimmurs®idier in which excess reactive oxygen speciésiicated

3, Liver diseases are still serious health problemtsth developed and developing wotld

The effectiveness of orthodox medicines is incdesisin the treatment of liver diseases and moshe$e drugs
often accompanied by devastating adverse reactioos as renal dysfunction, poor tolerance and amelost
often, the treatment is worse than the dis€éaddese drugs only provide symptomatic relief, withsignificant

changes to the progression of the diséaSaey are laden with high relapse rate and aremsipe.

Therefore, the search for natural antioxidants tfe prevention and treatment of liver diseasesingri$rom
oxidative stress becomes very necessary in drugodesy and formulation of neutraceuticals. It Haeen
established that some vegetables and fruits coraatioxidants that could be harnessed in the rtreat and
management of diseases arising from oxidative ssash as cancer, liver diseases, diabetes, algeing process,

arthritis, asthma, inflammation, ischemia, monguliseurodegeneration, Parkinson's disédsad fungal diseases

9

P. mildbraedii belong to the family Papilionaceae and is foungomiyain some West African countries like Nigeria,
Ghana, Liberia, Cameroun, and Cot devoire. It mmonly called paduk and with different local nan{f&ha” in
Igbo, “Madobiyar rafi” in Hausa, “Urube” in Edo,“@eghar” in ljaw and “Kakupupu” in Urhob8. The leaves of

P. mildbraedii are used as cooked vegetable in southern Nigeri@hana the trees have been planted in cocoa
plantation to provide shade?. mildbraedii is widely exploited for its timber in Tanzania atheé® wood which is
whitish are widely used for carving cutlass hangdtesrod and mortar makintf. Apart from their food value,
traditional vegetables are useful for other purppseich as medicine, cash income and in cultursémince In
Eastern and Southern Nigeria ,the leave extraota R. mildbraedii are usedn the treatment of headaches, pains,
fever, convulsions, respiratory disorders and asraerobial agents®. Despite the extensive use of this plant as
vegetable and herbal medicine there are very felidatad scientific reports regarding the pharmagmal

activities, therefore, this study evaluates thealgprotective properties of Rildbraedii.
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2.0 Materials and Methods

2.1 Collection of Samples and Identification of saples

P. mildbraedii vegetable was collected from a farm in AnambraeStdigeria and identified by Dr. Ugbabe, G. of
National Institute of Pharmaceutical Research, ApuNigeria (NIPRD). The vegetable was assigned a
Voucher/Specimen number of NIPRD/H6713 and depositdNIPRD herbarium.

2.2 Plant Preparation and Extraction

The extraction was done according to the methdd3jf The debris were removed from the vegetabkshed and
air-dried at room temperature with adequate veitita The dried sample was pulverized using a Rinatblender
(Binatone model BLG- 555, China). Fifty grammes @0of the powdered sample was weighed into 400iml o
methanol in a reflux flask and refluxed for 2 haurbe extract was filtered with a muslin cloth aubsequently
evaporated using a rotary evaporator (Bibby Sterlitd, Stone Staffordshire ST 150SA, UK). The dreedract

was weighed, placed in sterile sample bottles éored in a refrigerator until required for use.

The crude extract dP. mildbraedii (100 g) was dissolved in 100ml of distilled watera beaker and was poured
into a liter of separatory funnel and partitionesdng n-hexane, chloroform, ethyl acetate to giwe fioactions (n-
hexane, chloroform, ethyl acetate and aqueousidrait The aqueous fraction Bf mildbraedii with the highest
invitro antioxidant properties was then subjected to vacliquid chromatography (VLC). The methanol fractio
obtained from VLC that was observed to have highestro-antioxidant activity were further subjedtéo column
chromatography to give eight subfractions (Mel -8Mélhe partially purified active sub-fractions (e Me8)
were chosen for this study.

2.3 Experimental Animals

Wistar albino rats weighing between 120-180 g vadrtined from the Animal house, Department of Baafstry,
Ahmadu Bello University, Zaria, Kaduna. They weeel fon standard rat pellet diet (Ladokun Feeds, idigend
water was providedd libitum and the animals were allowed to adapt to the kEtboy environment for two weeks

in order to acclimatize.
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2.4 Laboratory Animal Ethics

The principles governing the use of laboratory aigwere followed as approved by the Ethical Coneaibn the
use of laboratory animals of Federal Universitye€hnology, Minna which is also in accordance ®®&uidelines
of National Research Council Guide for the Care &ls& of Laboratory Animals* and principles of Good
Laboratory Procedur®.

2.5 Acute Toxicity Test

The acute toxicity study of sub-fractions Me6, Mawtl Me8 ofP. mildbraedii was performed by the method of
Organization of Economic Co-operation and Developn(®ECD) guideline 42%.

2.6 Experimental Design andAnimal Groupings

The effect of purified sub-fractions; Me6, Me7 aid8 on carbon tetrachloride induced hepatotoxicitsats were
determined as described by Forty five rats weighing between 120-180 g wekeded randomly into nine groups
of five rats each. The 2ml/kgbw of Carbon tetracidle (CCL) in olive oil (1:1) was used to induce hepatdaday

in rats at intraperitoneal region (i.p) every 72itsofollowed by the treatments for 10 days daily.

Group I: received normal saline (2 ml/kgbw, i.@roup Il: CClL only, Group lll: 50 mg/kgbw of silymarin +
CCly, Group 1V: 50 mg/kgbw of Me6 sub-fraction Bf mildbraedii + CCl,, Group V: 100 mg/kgbw of Me6 sub-
fraction of P. mildbraedii + CCl,, Group VI: 50 mg/kgbw of Me7 sub-fraction Bf mildbraedii + CCl,, Group

VII: 100 mg/kgbw of Me7 sub-fraction ¢¥. mildbraedii + CCl, Group VIII: 50 mg/kgbw of Me8 sub-fraction of

P. mildbraedii + CCl,, Group IX: 100 mg/kgbw of Me8 sub-fractionfmildbraedii + CCl,

Twenty four hours after the last administration @I, which signify the end of the experimette rats were
euthanized by cervical dislocation and blood sasplere collected by cardiac puncture from the inferena cava
of the heart into serum bottlé& The blood samples were allowed to clot at roompierature and sera were

obtained by centrifuging at 3000 rpm for 10 rfin

2.7 Assessment of Liver Function
Biochemical parameters such as AST, AETALP %, albumin®, total bilirubin and total proteiff were analyzed

using Randox diagnostics kits (United Kingdom) adaay to individual kits manual.
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2.8. Preparation of Liver Homogenate and Assessmenbf oxidative stress

The preparation of liver homogenate was done asriep by*®. A section of the rat’s liver was rinsed in iasle
1.15% KClI, blotted and weighed. They were then hgemized in four volumes of ice-cold isotonic phaosgeh
buffer (L00mM, pH 7.4) in pre-cooled laboratory naorand pestle placed in a bowl of ice chips. Thmbgenates
were centrifuged at 12,500G for 15minutes %@ # a high speed refrigerated ultra-centrifuge ¢iloLR10-2.4A,
Shendi, and Shangahai). The supernatants wergaissgay for superoxide dismutdSecatalasé’ and glutathione
peroxides®® enzyme activity. The homogenate was also usethibassay of determination of lipid peroxidation
(LPO) by measuring the release of malondialdehyd®AMby the method of® and the estimation of reduced
glutathione enzym@&

2.9. Histopathological studies

A section of the liver tissues were fixed in 10%nfialin and embedded in paraffin wax. Sections &f ficrons
thickness were made using rotary microtome andhathivith hematoxylin-eosin. Histological observatovere

made under light according to the method descrityed.

2.10. Statistical Analysis

All values were expressed as Mean + SEM. Statistinalysis was performed by one-way Analysis ofisface
(ANOVA) and individual comparisons of the group mealues were performed using post hoc Duncan pielti

range test. SPSS software was used in the dalgsena

3.0. Results
3.1. Acute Toxicity (LDsg)

No lethality was observed in rats administered sitigle dose of subfractions Me6, Me7 and Me®8.afildbraedi
extract at 2000 mg/kgbw. Animals did not show aigyniicant changes in behavioral, physiological qiysical

activities. There were also no signs of late tdyioi rats when observed up to 14 days as showialre 1

3.2. Marker Enzymes of Liver Damage

The effect of Me6, Me7 and Me8 subfractiondPofmildbraedii leaf extract on the activities of marker enzymes o

liver damage is presented in Table 2. Significdenvations (p < 0.05) were observed in the actigitiéserum ALT,
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AST and ALP in the group induced with G@&hen compared with control. However, simultaneadiinistration
of standard drug (silymarin) and different sub-fiaas of leaves of. mildbraedii with CCl, significantly (p < 0.05)

reduced the activities of these enzymes when cosdpaith the toxic group.

3.3 Biochemical Parameters in Normal and CGlinduced Hepatotoxic rat.

Treatment of rats with C¢hlone significantly (p < 0.05) reduced serum tgtaitein when compared with control
(Table 3). However, group treated with G@lith a simultaneous administration of 50 mg/kghvd 400 mg/kgbw

of sub-fractions significantly (p < 0.05) increagke protein concentration. A significant decregse& 0.05) in
albumin concentration was also observed in ratge¢tewith CCJ when compared with control. The change effected
on albumin by the treatment with CGlas significantly (p < 0.05) reversed by the adstmtion of 50 mg/kg and
100 mg/kgbw of sub-fractions of leaf & mildbraedii. The dose of 100 mg/kgbw however caused a more
significant increase in the concentration of setatal protein and albumin than the 50 mg/kgbw fibttee treated

groups.

A significant (p < 0.05) increase in the levelstofal bilirubin and direct bilirubin in the hepatedc group was
observed when compared with control. However, ladl groups treated with subfractions Me6, Me7 and Me
significantly (p < 0.05) reduced the total biliraband direct bilirubin concentration when compavéth group
treated with CCl The groups treated with subfractions Me6 (1.6¥ umol/L) and Me8 (1.70 £+ 0.32 umol/L) at
100 mg/kg showed a better decrease in direct biliraoncentration than the standard drug silymézit0 + 0.10

pmol/L).

3.4 Superoxide Dismutase (SOD) Activity

A significant reduction by 71% in SOD activity wabserved in hepatotoxic group compared to normatrob
(Figure 1). An increase in SOD activity was obserin rats that received either silymarin or Me@&MNand Me8
subfractions of. mildbradii at 50 and 100 mg/kgbw compared with the hepatotgsoup. The subfractions Me6
(24.00%) and Me8 (24.00%) at 50mg/kgbw showed timaeseffect as the standard drug (24.05%) while the
groups treated with the sub-fractions at 100 mgikgkhowed a significant (p < 0.05) increase in S&zfvity of

34.67 - 38.02% compared to the standard drug (24)0
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3.5. Catalase Activity

All the treatment groups showed an increase inlasgaactivity significantly (p < 0.05) compared hwithe
hepatotoxic group (Figure 2). Subfractions Me7 &eB of P. mildbradii at a dose of 100 mg/kgbw were more
effective in  enhancing the activity of this enzayoy 60 and 62.37% respectively in comparisoin wie CC}
hepatotoxic group. The standard drug, silymariowsd only 58.82% increments in enzyme activity caneg to

the toxic group.

3.6. Glutathione Activities

Figure 3 showed that Me6, Me7 and Me8 subfractafiia midbraedii at a dose of 50 and 100 mg/kgbw were able
to increase GSH concentration significantly (p 85).when compared with the hepatotoxic group. Sutefraction
Me8 at both doses of 50 and 100 mg/kg body weigbtved a more significant increase by 97 and 98%es/ely
when compared to hepatotoxic control group. Thyeicant increase in GSH concentration by MeS@tand 100

mg/kg body weight was observed to be better thahahSilymarin by 12 and 13%

3.7. Glutathione Peroxidase Activity

The effect of sub- fractions Me6, Me7 and Me8Poimidbraedi on glutathione peroxidase activity is presented in
(Figure 4). A significant (p < 0.05) decrease ie #nzymatic activity of glutathione peroxidasehre hepatotoxic
group (1.80 umoles NADPH oxidized/mg protein) waserved when compared to the normal group (5.68lgsno
NADPH oxidized/mg protein). All the treatment greupffered some protection at 50 and 100 mg/kgbvinaga
CCly- induced but not treated group. However, the sabtion Me7 at 100 mg/kg body weight showed thénéag

increment in glutathione peroxidase activity conagiaio other treatment groups.

3.8. Lipid peroxidation

The extent of lipid peroxidation was measured tsagimg thiobarbituric acid reactive substances (MDB# all

groups (Figure 5). A significant (p < 0.05) increas lipid peroxidation was observed in the ¢tpatotoxic rats
group. Treatment with sub-fractions Bf midbraedii (50 and 100 mg/kgbw) significantly (p < 0.05) dease the
MDA level to almost normal. Specifically, the efteof sub-fraction Me6 at both doses were comparalith that

of standard
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3.9. Histopathology

Histopathology profile of Control showed normal k&p architecture. However, Cdhduced non treated animals
exhibited severe hepatotoxicity indicated by massivfiltration (fatty liver) caused by marked hepetliular
necrosis and vascular degeneration. All sub-frastiand silymarin treated groups showed reductiohepatic
damage in line with biochemical analysis resulfgeatment with the subfractions Bf mildbraedii reduced the

severity of hepatic damage in a dose dependentengdRiates 1- VI).

4. DISCUSSIONS

Toxicity studies are useful parameters in the itigasion of therapeutic index of drugs and xenadb®t? The
acute toxicity test showed that oral administratainMe6, Me7 and Me8 caused no death in the tehals.
Therefore, it is inferred that oral Ispof the sub-fractions was greater than 2000 mg/kdbive tested sub-fractions
can be categorized as having high safety marginsessubstances possessingsdRigher than a minimum
allowable dose of 2000 mg/kgbw are considered &cuntntoxic®*’. According to guidelines of the Organization
for Economic Cooperation and Developméhtsubstances possessingssBose of 2000 mg/kgbw or higher are
categorized as unclassified nontoxic.

The significant increase (p < 0.05) in the actestiof liver marker such as serum ALT, AST and Alt®vged
hepatotoxicity in the experimental animals. Incezhtevels of serum ALT, AST, ALP have been repotiede
sensitive indicators of liver injurlf. The leakage of these enzymes from the cells gir@eroxidative damage of
the membrane into the bloodstreams usually causgddse in their activities. ALT is specificallyogiluced in the
hepatocytes to catalyze the transfer of amino groam L-alanine toa-ketoglutarate to form L-glutamate and
oxaloacetate thus making it relatively a betteedratnant of hepatic injury than AST, which is ohgat in other
tissues™. AST elevation indicate cellular leakage as wellass of functional ability of cell membrane iudi °.
Alkaline phosphatase increase gives an assessuofetfite integrity of the plasma membratieand diagnosis of

hepatobiliary effects for instance high serum Alfassociated with biliary disorder such jauedind cirrhosis

38

Sub-fractions Me6, Me7 and Me8 of tRemildbraedii leaf extract significantly decreased the leveAbfl, AST

and ALP in a dose dependent manner. Sub-frabie® at 100 mg/kg body weight reduced these enz\stieitées
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better than all others including the standard dsilymarin. The lowering of enzyme levels or adiag is in
agreement with results of a previous study in whidbutanol fraction o6Gongronema latifolium showed a similar
effect®. The present finding may represent a pioneerifepebf sub-fractions d®. mildbraedii leaf extract to offer
protection against the toxicity of CCIThese protective effects may be due to the hgafrhepatic parenchyma
and regeneration of hepatocyte by the presencepbftochemicals such as flavonoids and phenolseptes P.
mildbraedii “° these secondary metabolites may be acting alonsymergistically in quenching free radicals

generated in the toxic groups.

The low serum levels of total proteins and albudhie to CCJ-intoxication may be attributed to the initial dagea
of the endoplasmic reticulum resulting in the lo$<Cyt P-450 leading to fatty livef8. This decrease in serum
protein levels observed in CQhtoxication correspond to extensive liver damagea result of impaired protein
turnover. Albumin is a useful indicator of hepatimthetic functiorf?. Liver injury is associated with a decrease in
the concentration of serum albumin, and hypoalbemia has also been considered to be significarthén
decreased rate of hepatic synthesis of essent#iprin both humans and animé&fs Concomitant treatment with
sub-fractions oP. mildbraedii leaf extract remarkably increased the concentradiototal protein and albumin in
the serum. Values obtained in this study are higihwen those obtained from a previous stffdyThe higher dose
was generally more effective and similar to thendgad drug, silymarin. Me7 and Me8 sub-fractiorerevmuch
better than the standard drug in terms of totalgdincand albumin levels respectively. Therefoudy-Factions from
P. mildbraedii extract possess the ability to promote proteirttssis and this plays significant role in the ollera

hepato-protective effect.

The significant rise in the levels of total andedir bilirubin observed in C@lintoxication may be attributed to
hepatic dysfunction induced. Bilirubin is the mafple pigment that is formed from the breakdowrhefn in red
blood cells. It is transported to the liver andrséed into the bilé°. Elevated bilirubin level may also be associated
with reduced hepatocyte uptake of bilirubin, impdiconjugation of bilirubin and impaired hepatocsgeretion of
bilirubin “°. The significant reduction (p < 0.05) in the lewefl serum total and direct bilirubin following
administration of sub-fractions of leaves ”f mildbraedii is indicative of the hepatoprotective potentialtiofs

vegetable. The reduction in bilirubin concentratiiiver marker enzymes, elevation of protein arzliadin levels in
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serum is in agreement with views that their levelgert to normal with the healing of hepatic patgmea cells as

well as the regeneration of hepatocyte&®

Oxidative stress resulting from enhanced free eddimrmation and/or defects in antioxidant defeogese severe
tissue damage which have been implicated in a numbdiseases, like liver diseases, coronary artiésgases,
atherosclerosis, cancer and diab&teantioxidant enzymes SOD, CAT and GPx are theehrajor scavenging

enzymes that represent protection against oxidégsee-injury™.

SOD catalyzes the dismutation of superoxide anéoa hydrogen peroxide. CAT and GPx converi®Ho non-
toxic products HO and Q. The CC} induction of rats lead to reduced antioxidant céfgaas evident in the
decreased activity of the antioxidant enzymes. &hesults are consistent with earlier repdtts. Treatment with
sub-fractions ofP. mildbraedii leaf restored the antioxidant enzyme profiles aenersed the oxidative hepatic
damage. The higher dose was generally more eftedlian the standard drug. These positive effectddcoe
associated with the phytoconstituents in thesditmas as it has earlier been reported that som&phgmicals like
tannins, terpenoids, phenols steroids and flavaneithance antioxidant enzyme activitiasvivo **. Enhanced
antioxidant activity as enumerated by these enzym#®e sub-fractions d?. mildbraedii may be attributed to their

phytochemical constituents.

This study also showed an evidence of oxidativesstby the reduced level of glutathione in the,@@uced rats.
This is in agreement with reports from hepatotdyistudies which show that decreased levels of GBPD and
CAT in the liver suggests hepatic damage Glutathione is a major non- enzymatic antioxidaapable of
regulating intracellular redox homeostasis in all types®. It scavenges free radical directly or acts ashssate
for GPx, glutathione-S-transferase (GST) duringoxiéication of HO,, lipid hydroperoxides and maintains
membrane protein thiol. The present results shavall sub-fractions at 100 mg/kgbw treatmentaesxt the GSH
level better than the standard drug, silymarin.réfare, the ability of this extract to restore tB8H level will help
in maintaining the body's antioxidant defense me@da thus protecting cell membrane integrity. Thaat
mechanism by which the sub-fractions enhanced GSEl is not clear but could be attributed to thespnce of
phytochemicals. Marked increase in MDA level, ateixi of lipid peroxidation observed in the liver@€l, induced

rats is indicative of membrane damage. Treatmenh wubfractions Me6, Me7 and Me8 &f mildbraedii
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significantly reversed these changes. Stigmasteresent in bark oButea monosperma exhibited decrease in
hepatic lipid peroxidation and increase in the\atitis of catalase, superoxide dismutase and gliata¢ thereby
suggesting its antioxidant properfy Therefore, inhibition of lipid peroxidation  mildbraedii sub-fractions may

be attributed to their various phytochemicals.

Histopathological examination of the liver sectianfscontrol animals showed normal hepatic cellshwitell-
preserved lobular pattern and visible central veiger sections of CGl-treated rats showed severe distortion in
liver histoarchitecture with massive fatty changescrosis, congested central vein, severe infiliratiof
inflammatory cells and vacuolar degeneration. Thsssigns of toxicity of CGteported by other researchéts®
Necrosis is pathological death that occurs afteroaial stress by chemical injury or toxins. Nearatells are
unable to maintain membrane integrity thus leakthair contents and thus eliciting inflammationsurrounding
tissues®. Inflammation is fundamentally a protective resgmrthe ultimate goal of which to rid of the orgamiof

both the initial cause of the cell injury (e.gxitws) and the consequences of such inffiry

Histological architecture of liver sections of tres treated sub-fractions Bf mildbraedii leaf extract as well as
silymarin showed mild hepatotoxic change with adndiégree of fatty material, necrosis and lymphouyfitration
comparable to the control and silymarin treatedugso Histoarchitectural preservation or protectmthe
hepatocytes was more effective with the 100 mg/kghwses. This result further validates the resultthoef

biochemical studies showing the hepatoprotectifecebf theP. mildbraedii vegetable.

The clinical impact of this study is the possessibhepatoprotective effect by Rildbraedii leaf extract which is
attributed to its ability to: reduce the rate gfidi peroxidation, enhance the antioxidant defematis and guard
against the pathological changes of the liver irduby CCJ intoxication. The strong in vivo antioxidant adtjy

also suggests that a dietary supplemerit. ofildbraedii may confer a beneficial effect against oxidatitress.

As far as we observed, the hepatoprotective op#rgally purifiedP. mildbraedii is being reported in this research
for the first time. As such, the most promising $rdztion (Me8) as well as Me6 and Me7 that alstivacat 100
mg/kgbw can be purified further to obtain non-toxieadily available and less expensive hepatoptiotec
compound(s) that can be used for drugs productidature.

5. Conclusion
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Conclusively P. mildbraedii vegetable can be exploited as a naturally avalalternative for drug/supplement

development in the prevention and treatment of ldemage.
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Figure 1: Effect of Me6, Me7 and Me8 Subfractions oP. milbraedii on Superoxide Dismutase Activity in
Normal and CCl, Induced Rats.

Results are mean of five determinations + SEM. Bawith different superscripts are significantly different
(p<0.05).

Key: Normal=Control, CCE Toxic and not treated, Silymarin= Treated withnstard drug, Mefz= Treated with
sub-fraction Me6 at 50mg/kgbw, Mgg=Treated with sub-fraction Me6 at 100mg/kgbw, MeTreated with sub-
fraction Me7 at 50mg/kgbw, Meg=Treated with sub-fraction Me7 at 100mg/kgbw, Me8Treated with sub-
fraction Me8 at 50mg/kgbw, Me&= Treated with sub-fraction Me8 at 100mg/kgbw.
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Figure 2: Effect of Me6, Me7 and Me8 Subfractions oP. milbraedii on Catalase Activity in Normal and CCl,
Induced Rats.

Results are mean of five determinations + SEM. Bawith different superscripts are significantly different
(p<0.05).

Key: Normal=Control, CCE Toxic and not treated, Silymarin= Treated withnstard drug, Mefz= Treated with
sub-fraction Me6 at 50mg/kgbw, Mg@=Treated with sub-fraction Me6 at 100mg/kgbw, MgTreated with sub-
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fraction Me7 at 50mg/kgbw, Meg=Treated with sub-fraction Me7 at 100mg/kgbw, Mg8Treated with sub-
fraction Me8 at 50mg/kgbw, Me@= Treated with sub-fraction Me8 at 100mg/kgbw.
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Figure 3: Effect of Me6, Me7 and Me8 Subfractions ©oP. milbraedii on Glutathione Concentration in Normal
and CCl, Induced Rats.

Results are mean of five determinations £ SEM. Bawith different superscripts are significantly different
(p<0.05).

Key: Normal=Control, CCF Toxic and not treated, Silymarin= Treated withnstard drug, Mef= Treated with
sub-fraction Me6 at 50mg/kgbw, Mgg=Treated with sub-fraction Me6 at 100mg/kgbw, MeTreated with sub-
fraction Me7 at 50mg/kgbw, Meg=Treated with sub-fraction Me7 at 100mg/kgbw, Mge8Treated with sub-
fraction Me8 at 50mg/kgbw, Me&= Treated with sub-fraction Me8 at 100mg/kgbw.
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Figure 4: Effect of Me6, Me7 and Me8 Subfraction®f P. milbraedii on Glutathione Peroxidase Activity in
Normal and CCl, Induced Rats.

Results are mean of five determinations + SEM. Bawith different superscripts are significantly different
(p<0.05).

Key: Normal=Control, CCE Toxic and not treated, Silymarin= Treated withnstard drug, Mef= Treated with
sub-fraction Me6 at 50mg/kgbw, Mgg=Treated with sub-fraction Me6 at 100mg/kgbw, MeTreated with sub-
fraction Me7 at 50mg/kgbw, Meg=Treated with sub-fraction Me7 at 100mg/kgbw, Mg8Treated with sub-
fraction Me8 at 50mg/kgbw, Me&= Treated with sub-fraction Me8 at 100mg/kgbw.
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Figure 5: Effect of Me6, Me7 and Me8 Subfractions PP. milbraedii on MDA Level in Normal and CCl,
Induced Rats.

Key: Normal=Control, CCE Toxic and not treated, Silymarin= Treated withnstard drug, Mef= Treated with
sub-fraction Me6 at 50mg/kgbw, Mgg=Treated with sub-fraction Me6 at 100mg/kgbw, MeTreated with sub-
fraction Me7 at 50mg/kgbw, Meg=Treated with sub-fraction Me7 at 100mg/kgbw, Me8Treated with sub-
fraction Me8 at 50mg/kgbw, Me@= Treated with sub-fraction Me8 at 100mg/kgbw.
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Plate 1: Liver section of a. Control group (Norma), b. untreated group, c. Standard
drug (Silymarin) group, d. Subfraction Me6 (50mgkg)

Liver section of control group | (Normal) showingrmal liver histoarchitecture. (b) Liver
section of CQGinduced untreated group (group Il) showing distbiteer histoarchitecture and
severe inflammation; fatty change, congested cent; infiltration of inflammatory cells,
necrosis, vascular degeneration. (c) Liver seabisilymarin treated (group Ill) showing mild
distortion of the liver histoarchitecture; moderdtdty change, macro and micro vesicles,
hepatocytes, Central vein, and sinusoids with fexeratic cells (d ) Liver section of Me6
(50mg/kg) treated group showing mild distortiontlbé liver histoarchitecture; Micro vascular
fatty change, Infiltration of inflammatory cells.
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Plate 1I: Liver section of a. Control group (Norma), b. Untreated group, c. Standard drug
(Silymarin) group, e. Subfraction Me6 (100mg/kg)

(a) Liver section of control group | (Normal) shayginormal liver histoarchitecture. (b) Liver
section of CCJinduced untreated group (group 1) showing distbiteer histoarchitecture and
severe inflammation; fatty change, congested cent; infiltration of inflammatory cells,
necrosis, vascular degeneration. (c) Liver seabibsilymarin treated (group I1ll) showing mild
distortion of the liver histoarchitecture; moderdtdty change, macro and micro vesicles,
hepatocytes, Central vein, and sinusoids with fexgratic cells. (e Liver section of Me6
(100mg/kg) treated group showing mild distortiortloé liver histoarchitecture, mild to moderate
bridged inflammation.
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Plate 1lI: Liver section of a. Control group (Normd), b. Untreated group, c. Standard drug
(Silymarin) group, f. Subfraction Me7 (50mg/kg)

(a) Liver section of control group | (Normal) shayginormal liver histoarchitecture. (b) Liver
section of CQGinduced untreated group (group Il) showing distbiteer histoarchitecture and
severe inflammation; fatty change, congested centm; infiltration of inflammatory cells,
necrosis, vascular degeneration. (c) Liver seabisilymarin treated (group Ill) showing mild
distortion of the liver histoarchitecture; moderdtdty change, macro and micro vesicles,
hepatocytes, Central vein, and sinusoids with feagratic cells. (f) Liver section of Me7
(50mg/kg) treated group showing mild distortion thfe liver histoarchitecture, moderate
inflammation and bridging with bile ductular reaxctj Infiltration of inflammatory cells.
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Plate IV: Liver section of a. Control group (Normal), b. Untreated group, c. Standard drug
(Silymarin) group, g. Me7 (100mg/kg).

(a) Liver section of control group | (Normal) shayginormal liver histoarchitecture. (b) Liver
section of CQinduced untreated group (group 1) showing distbiteer histoarchitecture and
severe inflammation; fatty change, congested centm; infiltration of inflammatory cells,
necrosis, vascular degeneration. (c) Liver seatibsilymarin treated (group Ill) showing mild
distortion of the liver histoarchitecture; moderdtdty change, macro and micro vesicles,
hepatocytes, Central vein, and sinusoids with fexratic cells. (g). Liver section of Me7
(100mg/kg) treated group showing mild distortion tbé liver histoarchitecture, subtle fatty
change, and mild bridging inflammation with ductuleaction
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Plate V : Liver section of a. Control group (Norma), b. Untreated group, c. Standard drug
(Silymarin) group, h. Subfraction Me8 (50mg/kg).

(a) Liver section of control group | (Normal) shayginormal liver histoarchitecture. (b) Liver
section of CCJinduced untreated group (group 1) showing distbiteer histoarchitecture and
severe inflammation; fatty change, congested centn; infiltration of inflammatory cells,
necrosis, vascular degeneration. (c) Liver seabibsilymarin treated (group Illl) showing mild
distortion of the liver histoarchitecture; moderdtdty change, macro and micro vesicles,
hepatocytes, Central vein, and sinusoids with feagrotic cells. (h) Liver section of Me8
(50mg/kg) treated group showing very mild distantiof the liver histoarchitecture almost
normal; subtle bile ductular reacti
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Plate VI: Liver section of a. Control group (Normal), b. Untreated group, c. Standard drug
(Silymarin) group, i. Subfraction Me8 (100mg/kg)

(a) Liver section of control group | (Normal) showginormal liver histoarchitecture. (b) Liver
section of CQlinduced untreated group (group Il) showing distbiteer histoarchitecture and
severe inflammation; fatty change, congested centm; infiltration of inflammatory cells,
necrosis, vascular degeneration. (c) Liver seabisilymarin treated (group Ill) showing mild
distortion of the liver histoarchitecture; moderdtdty change, macro and micro vesicles,
hepatocytes, Central vein, and sinusoids with feagraotic cells. (i) Liver section of Me8
(100mg/kg)reated group showing moderate fatty change,nfi@ero vesicles, numerous micro
vesicles and no inflammation.
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Table 1: LDsy of Me6, Me7 and Me8 Subfractions oP. mildbraedii

Samples No of Dose Toxicity signs
Animal Used
Mortality
Me6 5 0 2000mg/kgbw No observable sigtoafcity
Me7 5 0 2000mg/kgbw  Heavy breathing and inactive between 1-
30mins
Me8 5 0 2000mg/kgbw Inactive withiff 130mins

Key: Normal=Control, CCE Toxic and not treated, Silymarin= Treated withnstard drug, Mefz= Treated with
sub-fraction Me6 at 50mg/kgbw, Mg@=Treated with sub-fraction Me6 at 100mg/kgbw, MgTreated with sub-
fraction Me7 at 50mg/kgbw, Meg=Treated with sub-fraction Me7 at 100mg/kgbw, Mg8Treated with sub-
fraction Me8 at 50mg/kgbw, Me&= Treated with sub-fraction Me8 at 100mg/kgbw.

LD5o>2000mg/kgbw if 3 animals survived. ThereforeskBf Me6, Me7 and Me8 is greater than 2000mg/kgbw.

Treatment AST(U/L) ALT(U/L) ALP(U/L)
Normal 19.89+0.18" 20.33+0.88 117.87+1.18
ccl, 82.06+2.08 51.2641.77 206.28+1.4%
Silymarin 24.31+2.2%° 40.66+176° 122.87+8.49
Me6s, 35.99+2.1%° 25.64+0.88 162.67+1.94
Me6,0o 17.69+2.2% 20.20+0.12 61.91+0.042
Me7so 55.46x1.56 44.99+0.88 129.06+1.18
MeT7100 41.99+2.21° 23.5420.7%° 117.28+3.33
Me8s, 26.52+1.06" 36.75+3.70 121.41+5.01
Me8i0o 19.02+0.0%" 21.2820.48° 76.02+3.54

Table 2: Effect of Me6, Me7 and Me8 Subfractions oP. milbraedii on Liver Enzymes

Results are presented as mean of five determinatiex SEM. Values with different superscripts down tle
same column are significantly different (p<0.05).

Key: Normal=Control, CCE Toxic and not treated, Silymarin= Treated withnstard drug, Mef= Treated with
sub-fraction Me6 at 50mg/kgbw, Mgg=Treated with sub-fraction Me6 at 100mg/kgbw, MeTreated with sub-
fraction Me7 at 50mg/kgbw, Meg=Treated with sub-fraction Me7 at 100mg/kgbw, Mg8Treated with sub-
fraction Me8 at 50mg/kgbw, Me&= Treated with sub-fraction Me8 at 100mg/kgbw.
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Table 3: Effect of Me6, Me7 and Me8 Subfractions oP. milbraedii on Biochemical Parameters in Normal
and CCl, induced Hepatotoxic rats.

Treatment Total Albumin(g/dl) Total Direct bilirubin
Protein(mg/dl) Bilirubin(umol/L)
(umol/L)

Normal Control ~ 17.45+0.13 4.03+0.19 4.93+0.72° 2.10+£0.58"
ccl, 13.87+0.2% 2.730.12 16.87+1.03 5.03% 0.47
Silymarin 15.75+0.28" 3.67+0.13 4.93+0.27° 2.10+0.16°
Me6z, 15.28+0.17° 3.70+0.08 9.63+1.61 2.45+0.258°
Me610o 15.1440.1%° 3.50+0.08 4.000.28 1.60+0.27
MeT7so 16.44+0.28 3.130.44 5.3020.56" 2.700.16
MeT7100 17.16+0.3%2 3.50+0.0% 4.70+0.68" 2.30x0.8%°
Me8s, 14.60+0.21° 3.70+0.29 7.40+2.36° 2.000.11°
Me8100 15.01+0.18° 4.30+0.56 4.60+0.5%° 1.70+0.32°

superscripts down the same column are significantlgifferent (p<0.05).
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Key: Normal=Control, CCE Toxic and not treated, Silymarin= Treated withnstard drug, Mefz= Treated with
sub-fraction Me6 at 50mg/kgbw, Mg@=Treated with sub-fraction Me6 at 100mg/kgbw, MgTreated with sub-
fraction Me7 at 50mg/kgbw, Meg=Treated with sub-fraction Me7 at 100mg/kgbw, Mg8Treated with sub-

fraction Me8 at 50mg/kgbw, Me@= Treated with sub-fraction Me8 at 100mg/kgbw.
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