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ABSTRACT

This work highlighted the preliminary chemical smeng and toxic and teratogenic effects of lyophili extracts of
leaves of Bixa orellana and Piper betle in devaigpzebrafish, Danio rerio, embryos. Chemical analysvealed
that both B. orellana and P. betle contained flamidis, cardiac glycosides, and saponins in varyingoant while
the former has an addition of terpenoids and théefahas tannins as additional compounds presentokicity
assay, a 100% mortality of embryos was observedD@00 pg/ml concentration after 36 hours and at®Ag/ml
concentration after 48 hours of exposure in bo#mgd. Plant extracts affect the hatchability of eyols, which can
be accounted to the observed delayed developmeagulated embryo was the most distinct toxic effeute
delayed development and tail malformation werentlost observed teratogenic effects of both plamaets.
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INTRODUCTION

Plant is one of the most diverse groups of organidany plants are considered medicinal which casdece of
plant-derived substances with versatile applicatiddue to the presence of several bioactivitiesfandtionalities

of plants, considerable attention was given to splaet groups. They can be valuable resource afrabtirugs of
traditional systems of medicine, modern medicinesitraceuticals, food supplements, folk medicines,
pharmaceutical intermediates and chemical enfibiesynthetic drugs [1]. Medicinal plants are pdaiaity toxic that
could lead to a serious health risks and sometfata[2]. Some of the medicinal plants used inRindippines are
achuete Bixa orellang and ikmo Piper betle.

Bixa orellana L.(Bixaceae), commonly known ashuete is a profusely fruiting tall shrub to small evesgn tree,
reaching 6-10 meter high at maturity. The fruits ar clusters with prickly heart shaped pods consanall reddish-
orange seeds. It is a folk herbal medicine; théiteased to treat headache and hematoma andatstiten is used
to cure skin diseases and burns and as a purgatd/én the treatment of dysentery. Ayurveda priactirs in India
use it as an astringent and mild purgative andcarsidered as a good remedy for treating dysermtedykidney
diseases. The root bark is anti-parasitic and wrgfjz.

Piper betleL. (Piperaceae), also known #&sno, is a perennial dioceious, semi woody climber, eodwollen,
papillose when young, glabrous at maturity, leas#isrnate, simple, bright green in color, berries earely
produced, cocresent into a fleshy spadix. The ke&awe a strong pungent aromatic flavor and arelwidsed as
ngangaby the native communities in the Philippines. hssh crushed leaves are used as antisepsis of wauntd
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cuts. Pharmacologically, this plant is effectivetimicrobial, antidiabetic, gastroprotective, immumadulatory,
platelet inhibitory, antioxidant, antifertility, pato-protective, and anticancer [3].

Zebrafish Danio rerig), a vertebrate animal, is currently one of thedieg models for studying development and
diseases. The embryos and larvae are transpasxeiog rapidly, and similar to mammalian developtnés such,
this animal model is used to assess toxic andogeaic effects of the substances tested and is umséhe
preliminary screening of new toxic compounds witbtgmtial anticancer properties [4]. Teratogenediy
characterized by the malformation or abnormal dgwelent of the shapes and forms on the body of ¢lreldping
embryo.

Several findings have been reported regarding tia@rpacological and folkloric uses of these two roedil plants.
However, their teratogenic and embryotoxic effdtase not been studied yet. Thus, this study hipkdig the
effects of lyophilized extracts &. orellanaandP. betlein the developing embryos of zebrafish as animadieh
The important phytochemical attributes responditiieéhe different bioactivities were likewise eldated.

MATERIALS AND METHODS

Source of Plant Samples

Leaves oB. orellanawere collected from Brgy. Tanaytay while leave®obetlewere acquired from Brgy. Lecsab
Poblacion, Alaminos City, Pangasinan, PhilippinBamples were washed three times and air-dried fdays.
These were pulverized and processed for phytoclamialysis and extraction for teratogenic assay.

Phytochemical Analyses

The chemical screening of the aqueous extractseoplants were carried out following the procedutescribed by
Sofowora [5]. Among the phytochemicals considenmeclude alkaloids, cardiac glycoside, flavonoidspasans,

tannins, and terpenoid. Distilled water was usedrarol and was used as a gauge in the changesdasfintensity

of the reaction. Three replicates were laid outefach test parameter.

Extraction of Functional Components for Teratogenic Assay

The functional components of the air-dried plamhgkes were obtained following the hot water eximacfollowing
the protocol of Eguchi et al. [6]. The pulverizddri sample (10 g each part) was extracted indallguin 300 ml
hot water at 80 - 90°C in a water bath for 2 hoHsdracts were filtered using Whatman filter papler. 2 and the
extract filtrates were lyophilized in a freeze-dryer 2 days. The lyophilized extracts were usedtfe different
treatment concentrations for toxicity assay bytdil the extract to embryo water medium [7].

Spawning of Zebrafish

The protocol of this study was based on that ofdél§&]. A non-treated stock of tap water in a glagsarium with
oxygen saturation was used for spawning of zelirafisere mature females and males were preseng attio.
The condition was 26 + 1°C at a 12 hour day/nigdtitiregime. The fish were fed with dry flakes tevia day. To
ensure optimum water quality excess food was recholadly. In order for the zebrafish to spawn, theaium was
covered with black plastic for 12 hours. Adult z#ish were localized in a plastic mesh to previkatreleased eggs
from cannibalism. After incubation in the dark, eggere exposed to lighted condition for anotherhbrs.
Fertilization occurs within 30 minutes after lighias turned on. Twelve hour after fertilization, tadult fish
localized in the plastic mesh were transferred emother aquarium, and the embryos were siphonéeafotine
aquarium using a hose. They were placed in a wgleds and observed under the dissecting microstcopeamine
uniformity and normal condition of embryos.

Evaluation of Toxicity and Teratogenicity

The protocol on the toxicity and teratogenicityngszebrafish embryos established by Dulay et alwgss followed.

Ten ml of each treatment concentration of the eidravas prepared using embryo water as diluenuénl, 100

pa/ml, 500 pg/ml, 1000 pg/ml, 5000 pg/ml, and 100@0ml) and control (embryo water) and placed sdoh well

of the 12-well ELISA plate. Four embryos at segradoh phase were transferred into each well comgithe

different treatments. The plate was incubated &C261°C. Teratogenic activity was examined usingjssecting
microscope after 12, 24, 36, and 48h of incubatMarphological endpoint evaluation of zebra fishsweased on
the parameters established by Nagel [8]: Lethahduotation, tail not detached, no somites, and rertHeeat),

Teratogenic (malformation of head, tail and hesagliosis, deformity of yolk, and growth retardafipand Normal.
Percentage hatchability, heartbeat rate, and nitgrtaére determined. A test was classified as valid00% of the
embryos in the control (embryo water) show norn@iditions. Data were analyzed using Analysis ofidMare

(ANOVA) and Least Significant Difference (LSD) wased to compare the means at 5% level of signifiean
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RESULTS AND DISCUSSION

Phytochemical Compositions

Plants are valuable source of new chemical entityorder to elucidate these active chemicals, ttesent study
screened the phytochemical compositionsBoforellana and P. betleleaves. The results of the phytochemical
screening are presented in Table 1. Among thelsjxoghemicals, five were found presenBnorellanawhile P.
betle had four phytochemical®3. orellana contained flavonoids, terpenoids, cardiac glycesidsaponins, and
tannins. On the other hanl, betlehad flavonoids, cardiac glycosides, saponins, tandins. Alkaloids was not
detected in both plants while terpenoids was abiseit betle The results clearly indicate that the two plamid
essential biochemicals with effective functionaltidattes and provide evidences supporting the wusio
ethnobotanical uses.

Table 1. Phytochemical compositions dB. orellana and P. betle

Phytochemicals B.orellana  P. betle

Flavonoids + +
Terpenoids + 0
Cardiac Glycosides + +
Saponins + +
Alkaloids 0 0
Tannins + +

+ positive, 0 negative.

The two plants contain appreciable amounts flavdsocardiac glycosides, saponins, and tannins.oRtzids are
one of the principal physiologically active constihts of folkloric medicinal plants. They exhibiblad spectrum of
biological activities including cardio-protectioantioxidant, anticancer, anti-inflammatory and @ntrobial [10].

Flavonoid from the extracts of seeds and callséis ofGossypiunspecies showed antibacterial activity agaBist
cereus P. aeruginosaS. typhimuriumandS. aureuq11]. Saponins are steroid or triterpenoid glydesi common
in a large number of plants and plant products.r@tae several biological effects that have beemitsed to

saponins including immunostimulant, hypocholesteolic, anticarcinogenic, antioxidant, antifungadl amtiviral

properties [12]. On the other hand, in the reviemducted by Serrano et al. [13], tannins are auaigroup of
phenolic metabolites, which are widely distribui@dalmost all plant foods and beverages. Highlyyparised

tannins exhibit low bioaccessibility in the smaitdstine and low fermentability by colonic micrafio They also
reported that the biological properties of tanréine antioxidant, antimicrobial, antiviral, and abetic effects.
Cardiac glycosides are class of steroid-like complgu which are effective in the treatment of cotigesheart

failure and as anti-arrhythmic agents. It was aéseealed that these compounds are involved in cexnell-signal

transduction mechanisms, resulting in selectiverobof human tumor but not normal cellular protddon [14].

Therefore, these plants studied can be seen asitipbsource of useful drugs.

Toxic Effects of the Plant Extracts

Mortality is the measure of toxicity. The toxicigssay confirmed the toxic effects of the two plaxtracts on
zebrafish embryos. The results of the study strsosgiggest that at higher certain concentrationdath plant
extracts are toxic as it affects the survival diradish embryos and these effects are dependetidbsmand time of
exposure. The percentage mortality @f rerio embryos after 12, 24, 36, and 48 hours of exposurearying
concentrations of lyophilized water extractBforellanaandP. betleis shown in Table 2. Apparently, in both plant
extracts, mortality was only observed at the higlesicentration after 12 hours of exposure and0@D5.1g/ml
concentration after 24 hours of exposure. Howeaethese periods, significant difference on pergatmortality
was only noted betweeB. orellanaexposed embryos and control embryos. A 100% nitrtaf embryos was
observed at 10000 pg/ml concentration after 36 hofiexposure and at 50Q@/ml concentration after 48 hours of
exposure in both plants. At 48 hours post treatrapplication, no mortality was observed in embrgsposed at
100 pg/ml or lower concentrations Bf orellanaextract and in embryos at 500 pg/ml or lower cotregions ofP.
betleextract. ThusB. orellanaextract is more toxic to embryos th@nbetleextract.

The toxic effects of both plants could be attrilute their strong bioactive compounds. The actingreédients oP.
betle leaves are primary a class of allyl benzene comgsu chavibetol (betlephenol; 3-hydroxy-4-
methoxyallylbenzene), chavicol (p- allyl-phenolaldylphenol), estragole (p-allylanisole; 4-methcadfylbenzene),
eugenol (allylguaiacol; 4-hydroxy-3-methoxyallyllzeme; 2-methoxy-4-allyl-phenol), methyl eugenol geuol
methyl ether; 3,-dimethoxy-allylbenzene) and hyguatechol (2,4-dihydroxy-allylbenzene)[15]. Amonkese
compounds, hydroxychavicol and eugenol are the masbrtant phytochemicals which are reported totigoute
to various bioactivities such as antimutagenicjcantinogenic, antidiabetic, anti-inflammatory aadtibacterial
activities [16]. However, an aqueous extract of/ésaofP. betleshowed potent cytotoxicity with a mean GpC
value of 96.25 pg/ml against Hep-2 cell line sugiggsa potential anticancer property [17]. On tlleeo hand, the
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seed ofB. orellanahas four major active components including (Z &)ésyl acetate (11.6%), occidentalol acetate
(9.7%), spathulenol (9.6%), and ishwarane (9.198) Mhereas its leaves have ishwarane, phytol, pehd,
stigmasterol, and sitosterol [19]. The ethanolitaot ofB. orellanaexhibits cytotoxic effect human lung carcinoma
cell at concentrations below 1Q6/ml [20].

Table 2. Mortality of D. rerio embryos after 12, 24, 36 and 48 hours of exposui@varying concentrations ofB. orellana and P. betle
lyophilized water extracts

Extract Concentration Mortality (%)
(png/ml) 12 hours 24 hours 36 hours 48 hours

B. orellana 10000 16.67 66.67 100.06  100.00
5000 0.0 16.67 66.67 100.00

1000 0.08 0.00 25.00 58.33

500 0.06 0.00 0.0¢ 16.67

100 0.06 0.00 0.00 0.00

50 0.06 0.00 0.00' 0.00

Control 0 0.0 0.00 0.00 0.00
P. betle 10000 8.33 41.67 100.06  100.08
5000 0.00 16.67 83.33 100.06

1000 0.09 0.00 33.33 50.00

500 0.00 0.00 0.00 0.00

100 0.00 0.00 0.00 0.00

50 0.00 0.00 0.00 0.00

Control 0.00 0.00 0.00 0.00 0.00

Treatment means of each plant extract having tineesatter of superscript are not significantly eiéint from each other at 5% level of
significance using LSD.

Effect of Plant Extracts on the Hatchability of Embryos

During normal hatching process, the chorion is sligeg by the hatching enzyme, chorionase secreted fhe
hatching gland cells of the embryo which in turcwoulated in the perivitelline space, reaches tharion and
induces its breakdown releasing the free-livingydarThe effect of the two plant extracts on thechability of
exposed embryos was determined and the resultsalace presented in Table 3. Apparently, the varying
concentrations of plant extracts affected the radidity of embryos: as the extract concentratiooréased the
percent hatchability decreased. Control embryoseantryos treated with 50 pg/ml of both plant exsahowed
100% hatchability. Significantly lower percentagedhability was noted in embryos at 100 pg/ml cotregion of

B. orellanaextract having 66.67%. Although lower, the 91.6f&tchability of embryos at 100 pg/ml concentration
of P. betlewas found statistically comparable with the cohembryos. However, no hatched was observed in
embryos exposed at 500 pg/ml concentration of platht extracts. The results strongly suggest tiatwo extracts
interrupt the normal hatching process of the zédlnafThis could be due to the delayed developmert a
morphological abnormalities of the embryos.

Table 3. Hatchability and heartbeat rate ofD. rerio after 48 hours of exposure to varying concentratias of B. orellana and P. betle
lyophilized water extracts

Concentration Hatchability = Delayed development

Extract (ug/mi) (%) (%)

B. orellana 10000 0.00 100.00
5000 0.00 100.006
1000 0.00 100.006
500 0.00 100.006

100 66.67 33.3%

50 100.00 0.00

Control 0 100.00 0.00
P. betle 10000 0.0 100.00
5000 0.0 100.00
1000 0.08 100.006
500 0.06 100.00

100 91.67 8.33

50 100.06 0.00

Control 0 100.00 0.0G

Treatment means of each plant extract having tineesatter of superscript are not significantly eifint from each other at 5% level of
significance using LSD.

Delayed Development of Embryos Treated with the Plant Extracts

Delayed growth is one of the most remarkable tgexi@ effects of the two plant extracts (Table Bnbryos at
500 pg/ml or higher concentrations in both plantramots significantly recorded the 100% delayed tspment.
However, at 100 pg/ml concentration, 33.33% of gimbishowed delayed developmenBinorellanaextract while
8.33% of embryos were delayed fh betleextract. No delayed development was noted in easbat 50 pug/mi
concentration of both plant extracts and controbems. These results clearly indicate that the kbgveent of
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embryos is greatly affected by the varying conaitins of the planextracts. This delayed growth could be
accounted to the active components of the extthatspossibly interrupt the embryonic physiologipebcesses by
inhibiting substances or enzymes responsible fer growth and development of the embryos. This ofeskr
delayed development could induce the different molpgical abnormalities.

Teratogenic Effects of the Plant Extracts

Teratogenic effect is considered sub-lethal eféddhe compound or substance being tested. In tbgept study,
the different morphological abnormalities of emtsyweated with the varying concentrations of the tplant
extracts were observed after 72 hours of extrappsure. The different morphological endpoints drews in
Figure 1. It can be seen that most marked abnaiesadire tail malformations. THe betleextract showed bent tail
tip embryo at 500 pg/ml and curved tail embryodath 500 pg/ml and 100 pg/ml. On the other hamah; lbail
embryos at 500 pg/ml and 100 pg/ml and L-shapéahalbryo at 500 pg/ml were observedBnorellanaextract.
Comparing the severity of abnormalities, embryoposed toB. orellana extract showed a more severe
malformation tharP. betleextract. Moreover, teratogenic effects appearetthe@tiower concentrations due to the
early arrested development of embryos at higheceatnations of both extracts. Therefore, these mvedlicinal
plants could exhibit teratogenic effects in theeleping embryos of zebrafish.

Figure 1. Teratogenic effects of varying concentrans lyophilized extracts of P. betle: A) bent taitip embryo at 500 pg/ml, B) curved
tail embryo at 500 pg/ml, C) curved tail embryo atLl00 pg/ml, and of B. orellana: D) bent tail embryat 500 pg/ml, E) L-shaped tail
embryo at 500 pg/ml, F) bent tail tip embryo at 10Qug/ml, and G) normal hatched at embryo water

In the present study, the phytochemical componantsthe toxic and teratogenic activitiesBforellanaandP.
betleleaves extracts against zebrafish are highlightée. results showed the pharmacological importarfidhese
two plants, which can provide a direction in diseong bioactive compounds with great functional &nalogical
activities.
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