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ABSTRACT

Curcuma xanthorrhiza Roxb. known as ‘Temu Lawal¥alaysia, is widely used in South East Asian coestn
the traditional treatment of many ailments incluglimigraines, constipation, liver complaints andlanimatory
conditions. The present study was designed to tigats the toxicity effects of the standardizedaptiic extract of
Curcuma xanthorrhiza in experimental animals. Brgtgimp lethality test and acute oral toxicity werenducted
to evaluate the toxicity effects of this plant. Etkeanolic extract of Curcuma xanthorrhiza screem@dtoxicity
against brine shrimps showed lethal concentratio@s) values of more than 1.0 mg/ml confirming thatek&act
was not toxic and bioactive. Oral administratiohstandardized ethanolic extract of Curcuma xanthiza at the
doses 300, 2,000 and 5,000 mg/kg resulted in neatitars or evidence of adverse effects, indicatimgt Curcuma
xanthorrhiza is non-toxic. This is further proveithathe normal behavioral pattern, clinical signg animals and
histopathology analysis of the vital organs. Theesimental results suggest that the standardizedc@ua
xanthorrhiza ethanolic extract is non-toxic witthiggh margin of safety.
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INTRODUCTION

Medicinal plants constitute a source of raw materfar both traditional systems of medicine (e.gwévedic,
Chinese, Unani, Homeopathy, and Siddha) and modeedicine. Nowadays, plant materials are employed
throughout the industrialized and developing watlhome remedies, over-the-counter drugs, anddiegrs for
the pharmaceutical industry. As such, they repitesasnbstantial proportion of the global drug mafké

Curcuma xanthorrhiza&Roxb.is a member of the ginger family (Zingiberaceae) amative Indonesian plant. It is
grown in Thailand, Philippines, Sri Lanka and Maiay It is commonly known as ‘Temu Lawak’ in Malays
Curcuma xanthorrhizas low growing plant with a root (rhizome) whick $imilar to ginger with aromatic, pungent
odor and bitter tasteCurcuma xanthorrhizais reported to be useful for hepatitis, liver cdanmts, diabetes,
rheumatism, cancer, hypertension and heart diser@arcuma xanthorrhizdhas also shown diuretic, anti-cancer,
anti-inflammatory, anti-oxidant, anti-hypertensivanti-rheumatic, anti-hepatotoxic, anti-dysmenoatheanti-
spasmodic, anti-leucorrhoea, anti-bacterial andfumgfal effects [2]. It reduces cholesterol, treatmstipation,
migraines and increases flow of milk during brefastding. The traditional benefits @urcuma xanthorrhizare
further supported by the isolation and identifioatof several active chemical constituents inclgdianthorrhizol,
curcumin and few volatile substances. Xanthorrhizbe major component of the essential oil @ircuma
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xanthorrhiza is a bisabolane-type sesquiterpenoid. This compmoakes up nearly 46.3% of the total component of
essential oil through hydrodistillation techniglrezestigations on functional plants provide evidepa the presence
of substances that are potential for human healtiefits. However, there should be a vital requirgne determine
the toxicity effects of some substances containdtie plants [3].

Toxicity is an expression of being poisonous, iatlitg the state of adverse effects led by the @ctéon between
toxicants and cells [4]. Traditionally, herbs arettial products have been considered to be nonémdchave been
used by the general public and traditional medicilzctors worldwide to treat a range of ailmentheTact that
something is natural does not necessarily makafé er effective. The active ingredients of plantracts are
chemicals that are similar to those in purified foations, and they have the same potential to ceeiseus adverse
effects [5]. Hence, evaluation of toxic propertigsa substance is crucial when considering for ipubkalth

protection. In practice, the evaluation typicaltgludes acute, sub-chronic, chronic, carcinogend r@productive
effects [4].

In the present study of tltandardize€urcuma xanthorrhiz&thanolic extract rhizome, both the acute oraicitx
test in animal model and brine shrimp test werdiagpo determine its toxic properties.

MATERIALS AND METHODS

Plant material identification

Curcuma xanthorrhizgplants were obtained from Johor Plantation, MatayA voucher specimen (11022) was
authenticated and deposited at the Herbarium Urthe School of Biological Sciences, Universiti igaiMalaysia
by a botanist, Mr Shanmugam.

Preparation of the extracts

The rhizome portion o€Curcuma xanthorrhizavas purchased in powder form from Chemical EngingePilot
Plant (CEPP), UTM, Skudai, Johor, Malaysia. Therselg powdered material (800g) was macerated witiof8
ethanol (99.5%) for 72 hours with occasional shakirhe maceration was repeated thrice. The exivastfiltered
and concentrated at reduced pressure on rotaryoeatap resulting in dark yellow colored semisolicsa (yield
5.2%).

Standardization of Curcuma xanthorrhiza ethanolic extract
The standardization o€urcuma xanthorrhizeethanolic extract was performed based on the ualidanethod
described by Devaraj et al [6].

Brine Shrimp Toxicity Assay

Brine shrimp Artemia salind lethality bioassay technique referring to the ified method of Meyeet al [8] was
conducted for the determination of general toxicfystandardized ethanolic extract @fircuma xanthorrhizaln
brief, brine shrimp eggs were hatched in a glasskdrefilled with artificial seawater on the day qrito the
experiment. Stock solution @urcuma xanthorrhiza&thanolic extract at 10 mg/ml was prepared by tligsgp the
extract in 5% DMSO solution. From the stock solatidifferent concentrations @urcuma xanthorrhizathanolic
extract (0.5-10 mg/ml) were added into separatettdres containing artificial seawater. Subseqyerid newly
hatched shrimps were added to each test tube aobdted at room temperature for 24 h. The finalwva of each
test tube was 5 ml. The percentage of mortality eedsulated after 24 h. Lethality concentratiorerfract that kills
50 % of the shrimps (L§g) was calculated. The same procedure using potasdichromate served as positive
control was conducted. All the experiments werdquared in triplicate.

Acute Oral Toxicity Study

Experimental animals

Female Swiss mice (20-25g) were obtained from thenal House, Universiti Sains Malaysia. The animaése
acclimatized to laboratory conditions for seven dgyior to the experiments. Five rats were housed p
polycarbonate cage, with free access to food (nbka@ratory chow, Gold Coin) and tap wated libitum The
animals were maintained at room temperature undegh#ddark cycle of 12 h. All experiments were foemed
between 9.00 a.m. to 2.00 p.m. in order to preeenfrontation with circadian rhythm. Experimentabipcols and
procedures employed in this study were approvethéyAnimal Ethics Committee of the Universiti SaMalaysia
with the reference number USM/PPSF/50(054) Jid 2.
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Acute toxicity evaluation

An acute toxicity study was carried out by usingGDE(2001) Guidelines 423 [9]. Standardized ethanextract of
Curcuma xanthorrhizavas administered orally to Swiss albino mice (nabyloses of 300, 2000 and 5000 mg/kg.
Co solvent was used as control. The behavioralgdgg(abdominal constriction, hyperactivity, sedatigrooming),
mortality and body weight 14 were observed for sl On the day 14, necropsy was carried out oratimaals
under diethyl ether anesthesia and organs as Kidney, spleen, heart and lung were withdrawrtlier histological
procedures. The organ body index and relative orgeaight of tested groups was calculated and condpaiith
control group as follows:

Absolute organ weight (Q)
Body weight of mice on sacrifice day (Q)

ROW = x100

Histopathological studies

After the animals were sacrificed, postmortem exaton was performed according to Tsuetgal [20]. All the
organs were sliced into small pieces and preservédo formalin before further treatment. Then thigams were
dehydrated using solvents followed by waxing anebighg process. Thereafter, the tissues were ersbdettd
paraffin and processed into 4-5 pum thick sectiond fixed in slides. Finally, samples were staineing
hematoxylin-eosin (H&E) and assessed for any tislsueage under photomicroscope.

Statistical analysis

Data were expressed as mean + SEM for brine sHathplity evaluation and acute oral toxicity stiedi®ata were
analyzed in Probit analysis (SPSS version 12.0ftyvare programme for brine shrimp lethality evdiom. One
way ANNOVA followed by Tukey's test using Sigma ®&aversion 3.5 Software were performed for acutécity
studies. Data were expressed as mean + SEM fortbgritity studies. A difference was considered Bigant at
p<0.05. LC50 values were calculated from regreski@nobtained from Probit analysis.

RESULTS

Standardization of Curcuma xanthorrhiza ethanolic extract
Xanthorrhizol was identified and quantified at 9rBBute retention time. 0.1238 mg of xanthorrhiaals quantified
in 1 mg ofCurcuma xanthorrhiz&thanolic extract [6].

Brine Shrimp Lethality Test

Brine shrimp lethality assay is a preliminary takicscreening that enables determination of mediethal
concentration (L&) values for the extract [7]. The kgvalues of the standardiz&tlircuma xanthorrhizathanolic
extract were recorded in Table 1. Based on thdtseshtained, the respective extract showed noittaxdicating
that the samples are biologically active [8] .Crusldracts resulting in L§ values of less than 1 mg/ml are
considered significantly active which, 4.17 mg/mti&.16 mg/ml at 6 and 24 hours respectively, fzalmv toxicity
and considered safe for consumption in comparisgotassium dichromate standard. Potassium dicheseved
as the positive control for this brine shrimp lditlyaassay and exhibit toxic expressions gléss than 1.0 mg/ml)
against brine shrimp.

Table 1 Brine shrimp toxicity expressed as the Lgvalues of the standardizedCurcuma xanthorrhiza ethanolic extract.

Sample LGso
(mg/ml)
Curcuma xanthorrhiz#&6h) 4.17
Curcuma xanthorrhiza 2.16
(24h)
Potassium dichromate (24h) 0.014

Acute Oral Toxicity

Lethality and Behavioral analysis

Oral administration of standardiz&tlrcuma xanthorrhizathanolic extract showed no mortality at dosesaup
g/kg in mice as shown in Table 2. There were nicity signs observed for skin, fur or eyes of #tm@mals. No
noticeable behavioral changes in salivation, stegpattern, diarrhea or lethargy were spotted énttbated animals
as shown in Table 3. This result indicates @w&cuma xanthorrhizathanolic extract is non-toxic, safe at 300
mg/kg, 2000 mg/kg and 5000 mg/kg. This explainsritional usage of this extract in folk medicinagtices.
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Table 2. Potential toxic effects of the standardizCurcuma xanthorrhiza ethanolic extract in mice.

Female mice
Control Crude
a extract®
0/5° 0/5

2 Control group (treatment without crude extralfJest group (treatment with 5000 mg/kg crude extratNumber
of dead mice/number of mice used.

Table 3: General appearance and behavioural obsertians for control and treated groups.

Control group Test group
Observations 6h 14 6h 14
days days

Skin and fur Normal Normal Normal Normal
Eyes Normal Normal Normal Normal
Behavioral Normal Normal Normal Normal
patterns

Salivation Normal Normal Normal Normal
Lethargy Normal Normal Normal Normal
Sleep Normal Normal Normal Normal
Diarrhea Normal Normal Normal Normal

Organ and body weight statistical analysis
The body weight and relative organ weight of thalvbrgans of the animals were recorded in Tabémd Table 5
respectively. Based on the results obtained, there no significant changes observed in the bodwedsas the

organ weight compared to the control indicating $tandardizedCurcuma xanthorrhizathanolic extract is non-
toxic.

Table 4. Effect of standardizedCurcuma xanthorrhiza ethanolic extract on body weight of mice.

Groups Day 0 Day 14 Weight
gained

Control 28.6 = 30.6 = 2.2+0.68
0.60 0.43

300 mg/kg 25.7 % 29.1+ 3.4+0.94
0.44 1.23

2000 24.7 £ 283+ 3.6 +1.02
mg/kg 0.44 0.94

5000 23.2 % 28.0 = 48+132
mg/kg 0.34 1.64

Table 5. Effect of standardizedCurcuma xanthorrhiza ethanolic extract on relative organ weight of mice

Groups Organ

Liver Kidney Spleen Lung Heart

Control 6.89 + 1.20 + 0.69 + 1.06 + 0.47 £0.02
0.40 0.07 0.03 0.05

300 mg/kg 6.80 + 1.26 + 0.73 £ 1.08 + 0.54 £0.02
0.36 0.08 0.08 0.05

2000 7.09 + 1.44 + 0.70 £ 1.06 + 0.61 +

mg/kg 0.45 0.07 0.11 0.09 0.04

5000 6.84 + 141+ 0.97 1.06 + 0.56 £ 0.02

mg/kg 0.33 0.03 0.13 0.10

Histopathology analysis of Heart, Liver, Kidneys, lung and Spleen

The microscopic examination of internal organs tigio Figure 1 shows unnoticeable differences betwben
control and test groups. There were no abnormsiell degradation or any unfavorable defects wéiserved in
the organs under the light microscope. Microsc@gisessment in the lower dose was not performedraement
with the OECD guidelines that consider the micrgscevaluation of organs in low dose group asegessary
when no histopathological abnormalities are founthe high dose group [9].
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Figure 1. Histological examination of heart (a), kiineys (b), liver (c), lung (d) and spleen (e) of ntrol and 5000 mg/kg standardized
Curcuma xanthorrhiza ethanolic extract treated groups.
Control Treated
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DISCUSSION

Herbal medicines are gaining popularity in devablgpcountries. Such remedies are often believedetbaimless,
since these treatments are ‘natural’ and commosdyl dor self-medication without supervision. Altigbumedicinal
plants may cause several biological activities imhns, very little is known regarding the potent@licity for
many of these bioactive substances, such as Curcanthorrhiza [10]. The present extraction methfidre several
advantages. Firstly, this method closely resemthestraditional bioactive dosage form [10]. Pregiostudies
indicated that the important bioactive ingredieats present in ethanolic extract [11]. Second,etkteact can be
freeze-dried to produce a lyophilized form that ¢enstandardized in terms of constituents (markenpounds)
,which it easily converted into other high quafityarmaceutical dosage forms [12].

Brine shrimp lethality assay is an in vivo lethaliést using simple zoologic organisArtemia salinaas to screen
and monitor the toxicity level of bioactive natupabducts [13]Artemia salinais an invertebrate component of the
fauna of saline aquatic and marine ecosystemsarithe used in laboratory bioassay in order to deter the
toxicity by estimation of the medium lethality camtration (LGg) [14] ,which have been reported for a series of
toxins and plant extracts [15].This brine shrimpasisay is an efficient, rapid and inexpensivettegtrequires only

a relatively small amount of sample. This bioadsay a good correlation with cytotoxicity and gemnatidy, and has
led to the discovery of the new classes of nafpeaticides and active antitumor agents [16]. Acoaydo Meyer et
al. [8], extracts derived from natural products ethhave LGy> 1.0 mg/ml are known to be no toxic and bioactive.
In this study,Curcuma xanthorrhizathanolic extract is not toxic since the x€alues are more than 1.0 mg/ml
indicating this plant is bioactive and can be fartexplored for the biological screening tests ¢odeveloped as
pharmaceutical products.

The acute oral toxicity study indicated that staddad Curcuma xanthorrhizathanolic extract at a dose of 5,000
mg/kg caused neither visible signs of toxicity nmrtality. Generally, the reduction in body weigjatin and internal
organ weight is a simple and sensitive index ofditk after exposure to potentially toxic substam¢&7]. In the
present study, standardiz€lircuma xanthorrhizaethanolic extract (300 mg/kg, 2000 mg/kg and 5@@Pkg)
showed no significant changes in the body or ongaight as compared to the control group, which sstgthe
extract, did not hinder mice growth as well as rajanimpact on the general metabolic status of atsrfi8]. This
analysis is based on the toxicity classificatioremehsubstances with an Efbetween 500-5,000 and 5,000 — 15,000
mg/kg body weight are categorized as slightly taad practically non-toxic respectively [19]. Thiere, according
to the chemical labeling and classification of acslstemic toxicity recommended by OECD , standedli
Curcuma xanthorrhizathanolic extract is assigned in class 5 statilzgk 5,000 mg/kg) which considered to be
non-toxic.

Based on histopathology analysis, standardectuma xanthorrhizathanolic extract did not adversely affect the
morphology of mice organs. The tissues presentastl gnorphological structures with no cell degradatar
distortion being observed as compared to the cbgtaup. This suggests that this extract did nttract with the
target cells or change the biological systems efahimals [20]. Extrapolation of these results tonaAn suggests
that Curcuma xanthorrhizaethanolic extract should be relatively safe foages at the dose of 5,000 mg/kg and
suitable for the development of pharmacologicahat treat various types of ailment.
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CONCLUSION

The experimental evidences acquired in this stusyply that standardized ethanolic extract Gtircuma
xanthorrhizais non-toxic and suggest no potential health fiskhuman consumption. It can be concluded that thi
extract may has high level of safety margin, thustifying its wide application in various commuagicoupled with
lack of any reported serious side effects withttiaglitional use of this plant. However, furtheritoty studies are
required in order to justify the safety margin litrespective extract.
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