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ABSTRACT

The methanolic extract and fractions (ethyl acetatd butanol) of Senna alata, a major medicinahpla
used in traditional medicine in Nigeria were evahka for possible hepatoprotective activity against
carbon tetrachloride (CG) — induced hepatotoxicity in wistar albino rat®2hytochemical screening
indicates the presence of tannins, phlobatannin&alaids, anthraquinones, flavonoids, cardiac
glycosides and saponins in the senna alata ledA@sinistration of 2000mg/kg body weight of the erud
methanolic extract did not produce any death in thts within the observable period of 14 days.
Treatment of rats with C¢linduced a significant decrease €©.05) in serum total protein and albumin
and a significant increase (p 0.05) in total and direct bilirubin associated wia marked elevation in
the activities of serum marker enzymes namely mdafiansaminase (ALT), aspartate transaminase
(AST) and alkaline phosphatase (ALP) when compaitidthe control group. Lipid peroxidation in CCl

— intoxicated rats was evidenced by a marked irsgeim the levels of thiobarbituric acid reactive
substances (TBARS). However, simultaneous treatofe@Cl, with methanolic extract and fractions
(EtOAc and BuOH) significantly (g 0.05) restored total protein and albumin to nearmal level while
the activities of ALT, AST, ALP, total and direitiriibin and liver TBARS were significantly decreds

(p <0.05) as compared to CGl treated rats. The protective effects of methammliracts and fractions
(EtOAc and BUOH) of leaves of Senna alata werdéursubstantiated by histopathological examination
of the liver hepatocytes. Our findings suggestadl tfethanolic extract and fractions (EtOAc and BYOH
of leaves of Senna alata possess hepatoprotedfaet against CGl— induced liver damage in rats and
the methanolic extract at 2000mg/kg body weighteapgd to be safe and non toxic when administered
orally.

Key words. Senna alataextract and fractions, carbon tetrachloride, oxidastress, hepatoprotective
effect.
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INTRODUCTION

The liver plays a crucial role in regulating vamophysiological processes in the body such as
metabolism, secretion and storage. Liver diseas®egin serious health problems and are caused
among others by various chemicals, drugs, alcohd! taxins. Identification of a successful
hepatoprotective agent will provide a useful tom the treatment of hepatic diseases. In the
absence of reliable liver-protective drugs in moderedicine, a large number of medicinal
preparations are recommended for the treatmeniverf tisorders and quite often claimed to
offer significant relief (1). Exposure to variousganic compounds including a number of
environmental pollutants and drugs can cause eeldldmages through metabolic activation of
those compounds to highly reactive substancesasiobactive oxygen species (ROS).

Carbon tetrachloride (Cglis a well known hepatotoxin and exposure to thismical is known
to induce oxidative stress and cause liver injyryie formation of free radicals (2). It has been
found that metabolism of C&hvolves the production of free radicals throughattivation by
drug-metabolizing enzymes located in the endoplaseticulum (3).

Senna alata(L.) Roxb) belongs to the Fabaceae family (subfiandaesalpinioideaepnd
commonly known as candle bush, with reference ¢ostiape of its inflorescences, or ringworm
tree because of a traditional Use (4). It is commaaferred to as “Asuwon oyinbo” by the
Yoruba ethnic group in Southwestern Nigeria (5, I6)s widely available in the tropics and has
very important applications in folkloric medicin@)(In the northern part of Nigeria, particularly
in Adamawa and Taraba States, the root, stem awkdeare used by practitioners of herbal
medicines to treat burns, skin and wound infectiotigrrhea, gastrointestinal and upper
respiratory tract infections (8). In Ghana and Ww@oast, decoctions of the leaves and roots are
used to treat diarrhea, dysentery and other gastsiinal problems. The leaves are well known
for their laxative property and due to the high tem of chysophanic acid. The leaf extract is
also used for skin diseases. In addition, leavesalo used for various diseases of the liver (9,
10). The macerated juices of the young fresh leavesised to treat eye infections and parasitic
diseases (11). The decoction of the stem bark aois are used to treat urinary tract infections,
bronchitis and asthma (12).

In view of the numerous uses of the leaves, tteeerneed to conduct more studies on the plant.
The primary objective of this investigation waset@amine the phytochemical constituents, acute
toxicity and hepatoprotective effect of the crudetmanolic extract and fractions (EtOAc and
BuOH) of leaves 08. alatausing carbon tetrachloride intoxicated rats aserpental model.

MATERIALS AND METHODS

Plant Materials:

Chemicals and reagents

All the chemicals and reagents used in the study wé analytical grade and they include : 2-
thiobarbituric acid (TBA) (Sigma Chemical Co.), lsan tetrachloride (Fluka Chemica 87031),
sodium lauryl sulphate (Sigma), Olive oil (Borg&pain), Vitamin E (Sigma T3251), Ultra-
Turrax T25 basic homogenizer, Spectra max plus -384blecular devices, USA)
spectrophotometer, Hitachi-902 -Roche- Japan audtyzer.
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Collection and Authentication of plant materials

The leaves of ringworm plantS( alatg were collected from the Orchard near the Vice
Chancellor's Lodge, Delta Park, University of Pdtarcourt, Port Harcourt, Rivers State
Nigeria. The plant was identified by Mr. N.L EdwMdesu (a curator) in the Department of Plant
Science and Biotechnology, University of Port Hamt@nd Voucher specimens were deposited
with the Herbarium in the Department.

Extraction of plant

The sun dried leaves &. alatawere pulverized into a fluffy mass. Five hundredmgs of the
powdered leaves were extracted with 8 litres oP801eOH using Soxhlet extractor for 24 h.
The extract was evaporated to dryness under redpieessure (below 40 °C) using a rotary
evaporator. The yield was 36 g (23.12% w/w) of pered methanol extract, which was stored
in the refrigerator for further us&€his methanolic extract (MeE) was used for thedibxtest.

Phytochemical Screening
Freshly prepared crude methanolic extract of thgds ofS. alatawas subjected to preliminary
phytochemical screening for the detection of thespnce of major chemical constituents (13).

Fractionation of the extract

The crude methanolic extract 8f alatawas diluted with distilled water to 200 ml and het
fractionated by successive solvent extraction wéthyl acetate (EtOAc) (2 x 100 ml) and
butanol saturated with H20 (3 x 100 ml). Each exttmas evaporated to dryness under reduced
pressure to yield EtOAc fraction (4.28 g), butafrattion (5.33 g) and remaining,@ fraction
(5.86 g).

Experimental animals

Healthy male wistar albino rats weighing 120-186gnf the Central Animal House of HEJ
Research Institute of Chemistry, University of Kdma Pakistan were used through out the
study. They were kept under standard environmeatadlitions at 25 °C with 12:12 h light—dark
cycle in ventilated plastic cages. Animals werevetth a standard rat diet and waget libitium.
The experiment was performed in accordance withgthidelines established by the European
Community for the Care and Use of Laboratory Ansnahd were approved by Institutional
Animal Ethical Committee (IAEC) of University of Kachi.

Experimental Procedure

Acute toxicity test

Healthy male wistar albino rats weighing 120-180@intained under standard laboratory
conditions were used for acute toxicity test accmydto Organisation for Economic Co-
operation and Development (OECD) guidelines 425QODEguideline, 2000). A total of five
animals were used which received a single oral-dufs2000mg/kg body weight of crude
methanolic extract (MeE) of. alata. Animals were kept overnight fasting prior to drug
administration of crude extracts by oral gavagee”ddministration 08. alataextract, food was
withheld for further 3-4 h. Animals were observedividually at least once during first 30 min
after dosing, periodically during first 24 h (wiipecial attention during the first 4 h) and daily
thereafter for a period of 14 days. Daily obseadion the changes in skin and fur, eyes and
mucus membrane (nasal), respiratory rate, circiylasigns (heart rate and blood pressure),
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autonomic effects (salivation, lacrimation, perapan, piloerection, urinary incontinence and
defecation) and central nervous system (ptosiswslress, gait, tremors and convulsion)
changes were noted (14).

Hepatoprotective Study

Healthy and mature male Wister albino rats weigHii§-200g were equalized with respect to
body weight and randomly divided into six groupsiafanimals each.

Group | (Control) received normal saline (5ml/kg) paily for 7 days. Group Il received normal
saline (5ml/kg, po) daily and C£lolive oil (1:1 v/v) (1ml, ip) on alternate days for sevengiay
Group Il was administered methanolic extract (4Qtkg) daily and CGl olive oil (1:1 v/v)
(Iml, ip) on alternate days for seven days. GroMpwas administered EtOAc fraction
(400mg/kg) daily and C@l olive oil (1:1 v/v) (1ml, ip) on alternate days for sevengagroup
V was administered BuOH fraction (400mg/kg po) yaihd CCJ: olive oil (1:1 v/v) (Iml, ip) on
alternate days for seven days while Group VI wdsninistered vitamin E (100mg/kg, po) daily
and CCJ: olive oil (1:1 v/v) (Iml, ip) on alternate daysrf7 days.

The animals were sacrificed under light ether ath@ssa 24 h after the last treatment of £Cl
On the 8th day, blood was collected by cardiac pure¢ allowed to coagulate at 3¢ for 30
min and serum separated by centrifugation at 2p@0for 10 min and stored at@. The serum
was used to estimate serum ALT, AST, ALP, total ahmebct bilirubin and total protein
concentration using a Hitachi-902 -Roche- JaparoAnalyzer. After collection of blood, the
liver was immediately excised and rinsed in icedambrmal saline and divided into two parts.
The first was kept at -2G for TBARS analysis, while the second part wasduser
histopathological studies.

Estimation of Thiobarbituric Acid Reactive Substanes (TBARS):

The product of the reaction between malondialdehijdiBA) and thiobarbituric acid reactive
substances (TBARS) were measured by the methodhkdéwizaet al (15). The reaction mixture
consisted of 0.2 ml of 8.1% sodium lauryl sulphdt® ml of 20% acetic acid solution adjusted
to pH 3.5 with sodium hydroxide and 1.5 ml of 0.8%ueous solution of thiobarbituric acid was
added to 0.2 ml of 10% (w/v) of liver homogenatédeTmixture was brought to 4.0 ml with
distilled water and heated at“@sfor 60 min. After cooling with tap water, 1.0 diktilled water
and 5.0 ml of the mixture of n-butanol and pyrid{#&:1 v/v) was added and centrifuged at 3000
rpm for 10 min. The organic layer was taken out ahdorbance of the clear upper (n-butanol)
layer was measured using Spectra Max Plus -384gdutdr devices, USA) spectrophotometer
at 532 nm. TBARS were quantified using an extinctoefficient of 1.56 x TOM™ Cm* and
expressed as nmol of TBARS/mg tissue protein.

Histopathological Study

A portion of liver tissue of all animal groups wdneed in 10% buffered neutral formalin for 48
h and then with bovine solution for 6 h and theocpssed for paraffin embedding. By using a
microtome, sections of 5 um thickness were takesggssed in alcohol-xylene series and were
stained with alum-haematoxylin and eosin (16) argexted to histopathological examination.
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Statistical analysis

All the values are expressed as means * standaod @ mean (S.E.M). The results were
analyzed statistically by one way Analysis of Vada (ANOVA) followed by the Turkey
Multiple Comparison Test. Significance was acceatieal P- value of 0.05.

RESULTS

The results of the preliminary screening 8f alata showed the presence of secondary
metabolites such as tannins, phlobatannins, alisloanthraquinones, flavonoids, cardiac
glycosides and saponins (Table 1). Observatioms fiee results of acute toxicity studies showed
no mortality or physical changes such as changeskim and fur, eyes and mucus membrane
(nasal), respiratory rate, circulatory signs (heate and blood pressure), autonomic effects
(salivation, perspiration, piloerection, urinarycamtinence and defecation) and central nervous
system (ptosis, drowsiness, gait, tremors and deion) among rats administered 2000mg/kg
BW of crude methanolic extract (MeE) $f alata.

Results in figure 1 show the effects of methanehktract and fractions (EtOAc and BuOH) of
leaves ofS. alataon the activities of liver marker enzymes ALT, AShd ALP. There was
significant increase (g 0.05) in the activities of serum ALT, AST and ALPn the group
treated with CCJ alone when compared with control. However, silmétaus administration of
methanolic extract and fractions (EtOAc and BuOHIpaves ofS. alatawith CCl, significantly

(p < 0.05) reduced the activities of these enzymes wdoempared with the group treated with
CCl, alone. Treatment of rats with CGllone significantly (p< 0.05) increased serum total and
direct bilirubin when compared with control. Howeyvesimultaneous administration of
methanolic extract and fractions (EtOAc and BuOHIpaves ofS. alatawith CCl, significantly

(p < 0.05) reduced serum total and direct bilirubimats when compared with the group treated
with CCl, alone (Table 2). Treatment of rats with ¢@lbne significantly (< 0.05) reduced the
total protein concentration in serum when compasgti control (Table 2). However, group
treated with CGlwith a simultaneous administration of 400mg/kg bagight of methanolic
extract and fractions (EtOAc and BuOH) significgn{p < 0.05) reversed the change. A
significant decrease (P 0.05) in albumin concentration was observed is teated with CGl
alone when compared with control (Table 2). Thange effected on albumin by the treatment
with CCl, alone was significantly (g 0.05) reversed by the simultaneous administratioa
fixed dose of 400mg/kg body weight methanolic esttrand fractions (EtOAc and BuOH) of
leaves ofS. alatawith CCl,.

There was significant (g 0.05) increase in the levels of thiobarbituricdaactive substances
(TBARYS) in rat group treated with C{alone when compared with control. However, theugro
treated with CGland simultaneously administered 400mg/kg body weafiimethanolic extract
and fractions (EtOAc and BuOH) significantly €00.05) reduced the TBARS level in the liver
when compared with group treated with ¢&lbne.

Histopathological examination of liver tissues ohtrol group showed normal hepatic cells with
well-preserved cytoplasm and prominent nucleus.(B@). Group treated with CLChlone

showed severe hepatic lesions characterized bysiswf hepatocytes around the central vein,
collapsed central vein with signs of necrosis sashkaryolysis, karyorrhexis, pyknosis and
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eosinophilia of the cytoplasm (Fig. 3b). Adminisiba of a fixed dose of 400mg/kg BW of
methanolic extract and fractions (EtOAc and BuOH)leaves ofS. alatafollowed by a
simultaneous treatment with C@&howed the appearance of normal hepatocytes andosis
with well defined central veins with no evidenceamly granuloma or malignancy (Fig. 3c — e).
Section of liver taken from group administered \Htshowed a near normal architecture (Fig.
3f).

Table 1: Phytochemical screening

Phytochemicals | Occurrence
Tannins ++
Phlobatannins +
Saponins +
Alkaloids +
Anthraquinones +
Flavonoids ++
Cardiac glycosides +

+ = Present; ++= Presentin appreciable quémyt

Figure 1: Effect of methanol extract and fractionsof S. alata on various biochemical parameters in rats

450 - )
400 - T
350 4 %
300 - R
250 % @ALT
S %?’ @AST
2 500 | 7
/ 7 ALP
// .
150 %%
100 - / /
50 1 4 %Z
. 7
Control CCH4 Me EtF BuF Vit. E
GROUPS
Values are expressed as means +S.E.M (n=6). Me&hdifferent superscripts (a-d) are significandifferent at
the 0.05 level

Me = methanolic extract, EtF = ethyl acetate fractj BuF= butanol fraction, Vit.E = Vitamin E
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Table 2: Effect of methanolic extract and fractiong EtOAc and BUOH) of S. alata on selected biochemical
parameters in wistar albino rats

Experimental .TOtaI. .D_irecf[ Serum ‘I_'otaJ . Globulin Al bumi_n
Group bilirubin bilirubin Protein Albumin /Glob_ulm
(mg/dL) (mg/dL) Ratio
Control 0.38+0.05 0.12+0.01 6.39+0.17 5.43+0.12 3.1M068  1.75+0.03
CCl, Only 1.09+0.09 0.76+0.08 4.11+0.03 261+03 350+0.05 0.75+0.068
Me +CCl, 0.43+0.08 0.14+0.04 7.02+0392 367+007 335+0.28 1.13+0.1%
EtF + CCl, 0.67+0.08 0.27+0.04 7.21+0.22 3.56+0.17 3.65+0.18 0.98+0.07
BuF + CCl, 0.63+0.0f 0.22+0.0f 6.64+0.19 3.96+022 268+0.38% 1.70+0.43
Vit. E + CCl, 0.32+0.0f 0.13+0.01 7.28+0387 426+02% 3.02+0.38 1.48+0.18

Values are expressed as Means +S.E.M (n=6). Meatis&e same column with different superscript lsttare
significantly different at the 0.05 level
Me = methanolic extract, EtF = ethyl acetate fractj BuF= butanol fraction, Vit.E = Vitamin E

350

300 -
250 -+
200 -+

150 -

100 -

TBARS (nmol/mg protein X10-6)

Control CCl4 Me EtF BuF Vit. E

Group

Fig 2: Effect of Methanolic extract and fraction (EOAc and BuOH) of leaves ofS. alata on thiobarbituric
acid reactive substances (TBARS)

Values are expressed as means +S.E.M (n=6). Me&hdifferent superscripts (a-d) are significandifferent at
the 0.05 level
Me = methanolic extract, EtF = ethyl acetate fractj BuF= butanol fraction, Vit.E = Vitamin E
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Figure 3. Photomicrographs of Hematoxylin and Eosinstained histological sections of rat liver. Contl (3a);
rats treated with CCl, alone (3b); rats administered 400mg/kg of MeOH fration of S. alata and CCl, (3c);
rats administered 400mg/kg of EtOAc fraction ofS. alata and CCl, (3d); rats administered 400mg/kdgBuOH
fraction of S. alata and CCl, (3e); rats administered 100mg/kg of Vit E (3f).

DISCUSSION

Preliminary phytochemical study showed the preseoicéannins, phlobatannins, alkaloids,
anthraquinones, flavonoids, cardiac glycosides sapbnins in the methanolic extract of leaves
of S. alata.However, flavonoids (17, 18, 19), alkaloids (19psnins (19, 20), glycosides (21)
are reported to have hepatoprotective activity.ddethe presence of secondary metabolites such
as flavonoids, alkaloids, saponins and glycosideshe crude methanolic extract may be
responsible for the observed antioxidant and hepatective activity of leaves &. alata

The result of the acute toxicity test suggests thatcrude extract of the plant was non-toxic to
rats and hence one fifth of this dose i.e., 400kmgp.o. of crude Methanolic extract and
fractions (EtOAc and BuOH) @&. alatawas selected for in-vivo study.

In this study, hepatotoxicity was evidenced bygmigicant increase §0.05) in the activities of
serum marker enzymes namely serum alanine tranaam{\LT), serum aspartate transaminase
(AST) , serum alkaline phosphatase (ALP), total divdct bilirubin in the group treated with
CCl, only when compared with control. Increased lev#lserum ALT, AST, ALP, total and
direct bilirubin in plasma have been reported tosbssitive indicator in liver injury (22). This
may be due to leakage from the cells through pdatixie damage of the membrane. However,
the reduction in the levels of the marker enzymegroups administered with methanolic extract
and fractions (EtOAc and BuOH) is suggestive ofereggation process and repair of hepatic
damage induced by C£AP3, 24). Our findings corroborate the work of Treatb et al. (25) who
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reported that serum transaminases returned to hantaities with the healing of hepatic
parenchyma and regeneration of hepatocytes.

The elevation in the levels of total and directrbbin observed in the group treated with ¢CI
alone may be attributed to hepatic dysfunction aedliby CCJ. Bilirubin is the main bile
pigment that is formed from the breakdown of haémthe red blood cells. It is transported to
the liver from where it is secreted into the bilde significant reduction §9.05) in the level of
serum total and direct bilirubin following treatmiesith CCl, and simultaneous administration
of methanolic extract and fractions (EtOAc and By@Hleaves ofS. alatais suggestive of the
hepatoprotective potential of the leaves in cleabilirubin from the serum when it is elevated
(26). The mechanism of action may be the actimatib the constitutive androstane receptor
(CAR), a key regulator in bilirubin clearance irtliver (27).

It is well established that C&£administration causes a significant decreaserimséotal protein
and albumin levels (28). In the present investaygtireatment of rats with C{dlone caused a
significant decrease £0.05) in the concentrations of serum total proteafhumin and
albumin/globulin ratio. This is an indication thatotein metabolism may have been adversely
affected probably by inhibiting the synthesis obtpins such as albumin in the liver (29).
However, the administration of methanolic extrawd &actions (EtOAc and BuOH) of leaves of
S. alataat a fixed dose of 400mg/kg body weight signifityar(p<0.05) restored the serum
protein levels close to control values. This obagon may be due to increased protein synthesis.
It has been reported that stimulation of proteintlsgsis has been advanced as a contributing
hepatoprotective mechanism which accelerates reggme of cells (30).

Estimation ofthiobarbituric acid reactive substances (TBARSEasnmonly used as index of
lipid peroxidation.Elevated levels of TBARS observed in rats treateth \£Cl, only may
indicate excessive formation of free radicals antivation of the lipid peroxidation system,
resulting in hepatic damage. The significant declmthe concentration of these constituents in
the liver homogenate of vitamin E and methanolitaet and fractions (EtOAc and BuOH) of
leaves ofS. alataadministered rats indicates anti-lipid peroxidateffect of methanolic extract
and fractions (EtOAc and BuOH) of leavesSfalata Lipid peroxidation has been postulated as
the mechanism of free radical- induced tissue ynjand hence, free radical scavenging is
established as the means by which antioxidant®iinlipid peroxidation.

CCls-induced hepatic injuries are commonly used moftelshe screening of hepatic drugs and
the extent of hepatic damage is assessed by tleé déwreleased cytoplasmic transaminases
(ALT and AST) and alkaline phosphatase (ALP) ircaiation (31, 32, 33). The hepatotoxic
effects of CCJ depends largely on its reductive dehalogenatidéalyzed by cytochrome g in
the hepatic endoplasmic reticulum, leading to tlemegation of an unstable complex of
trichloromethyl peroxy radicalSGCls). Trichloromethyl peroxy radical has been repottete a
highly reactive species (34, 35, 36). This freeigadattacks membrane lipids, causing their
peroxidation, and may also covalently bind to lgphd proteins, thereby initiating deleterious
processes that ultimately lead to cell damage. Muailic extract and fractions (EtOAc and
BuOH) of leaves ofS. alatamay have protected the cell by impairing ¢@lediated lipid
peroxidation, thus preventing the generation of fiaical derivatives (37).
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Our observation in the histological examinatiorhepatic tissues further validated the result of
the biochemical studies. The near normal architectd liver tissues of rats treated with GCI
and simultaneously administered 400mg/kg body wedfiMeOH extract and fractions (EtOAc
and BuOH) ofS. alatais suggestive of the hepatoprotective nature efldaves investigated.
This result is comparable to the group administevigd a known antioxidant Vit. E.

In conclusion, data obtained from this study sugdbat methanolic extract and fractions
(EtOAc and BuOH) of leaves db. alatahave significant antioxidant and hepatoprotective
effects on CClinduced hepatic damage in rats. These results yewendicate that the
hepatoprotective effects of the leavesSofalataon CCl-induced liver injury may be attributed
to the antioxidant properties exhibited by theavfinoids, alkaloids, saponins and glycosides
contents. A possible mechanism of hepatoproteetoton of leaves o6. alatamay be that the
antioxidant effect impairs the activation of carltetrachloride into the reactive form. Further
studies are underway to isolate and elucidate tbivea principle responsible for the
hepatoprotective and antioxidant effects.
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