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ABSTRACT

The toxic and teratogenic effects of lyophilized water extracts of Ocimum sanctum and Tamarindus indica in Danio
rerio embryos and their active phytochemicals were assessed and analyzed in this study. Analysis revealed that O.
sanctum contained flavonoids, terpenoids, saponins, and tannins while T. indica had flavonoids, terpenoids,
saponins, and alkaloids. In D. rerio assay, a 100% mortality was observed in embryos exposed to 5000 ppm and
10000 ppm of O. sanctum and to 10000 ppm of T. indica after 12 hours of exposure. At 48 hours of exposure, O.
sanctum extract-treated embryos showed 25.00% and 58.33% mortality while T. indica had 8.33% and 33.33%
mortality at 100 and 500 ppm concentrations of each extract, respectively. Embryos at 100 ppm or higher
concentrations significantly recorded lower heartbeat rate while no heartbeat was observed in embryos at 1000 ppm
or higher concentrations of O. sanctum and at 5000 ppm or higher concentrations of T. indica. Embryos exposed to
100 ppm and 500 ppm significantly recorded lower hatchabilities (66.67% and 16.67% for O. sanctum and 91.67%
and 58.33% for T. indica, respectively) when compared to the control embryos. No hatched was noted in 1000 ppm
of both plant extracts. Growth retardation, yolk deformity, and tail malformation were the most observed
teratogenic effects of both plant extracts.
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INTRODUCTION

Medicinal plants are important source of medicimdgch are used to cure a wide range of diseasegaltheeir

powerful bioactive secondary metabolites and phyaotcals. Plants contain alkaloids, flavonoids,nias,

saponins, glycosides, phenols, sterols, quercatithocyanidins, lignans, and among others. In thiéppines, a
number of medicinal plants have been identified atilized as natural remedy for jaundice, skin d&ss, anemia,
dyspepsia, fever, bacterial infection, inflammatiaminary diseases and other health problems. Soimthese

medicinal plants include holy basil and tamarind.

Ocimum sanctum L. (Lamiaceae), also known as holy basil, is ateshrub of 35-70 cm tall with simple opposite
green and purple leaves and with strong scent aimgl stem. Its different parts have been traditilynased for the
treatment of diarrhea, arthritis, eye diseasesemtgsy, skin disease, bronchitis, malaria, inséetsband exhibits
antimicrobial, cardioprotective, analgesic, antspadic, anti-fertility, anticancer, antidiabeticntidungal, and
adaptogenic actions [1]. On the other hahamaridus indica L. (Caesalpinaceae) or tamarind, as it commonly
called, is a medium-sized tree with pinnately commbyellow green to dark green leaves and soue fasit. All
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parts of this plant have medicinal properties. Tdeves are the most valuable part which has begortesl to
exhibit hepatoprotective and antibacterial propsri2, 3].

Danio rerio (zebrafish) assay is a sensitive test used tsaske toxic and teratogenic effects of certainmounds
or substances. Zebrafish embryo is considered asitable and reliable animal model for evaluatidntioe
teratogenicity due to their small size, transpayerapid development, high fecundity, and developtalesimilarity
to human development [4, 5]. This is also usedainous toxicological researches such as safetysssmnt of new
pharmaceutical drugs and in the preliminary scragiof new toxic compounds with potential anticanoeaperties

[6].

Considering the remarkable biological activitiesObfsanctum andT. indica, their teratogenic effects were not yet
investigated, hence, this study. The toxic andtégenic effects of the two medicinal plants werseased in the
developing embryos of zebrafish. The phytochentoaktituents were also investigated.

MATERIALSAND METHODS

Source of Plant Samples

Plant leaves were collected from Barangay BolaAdaminos City, Pangasinan, Philippines. Samplessweashed
three times and air-dried in a shaded condition7falays. These were pulverized and processed fgogemical
analysis and extraction for teratogenic assay.

Phytochemical Analyses

The chemical screening of the aqueous extractseoplants were carried out following the procedutescribed by
Sofowora [7]. The different mycochemicals nameliabids, cardiac glycoside, flavonoids, sapontasnins, and
terpenoids were analyzed. Results were comparel avittilled water as control and determined basedhe
color/intensity of the reaction. Three replicatesreviaid out for each 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. [8]. The pulverizddmi sample (10 g each part) was extracted indallgin 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 prepared for the differesaitment concentrations for toxicity assay by dilyithe extract to
embryo water medium [9].

Spawning of Zebrafish

The protocol of this study was based on that ofNlfD]. A non-treated stock of tap water in a glaguarium 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 teia 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 previeatreleased eggs
from cannibalism. After incubation in the dark, eggere exposed to lighted condition for anotherhbirs.
Fertilization occurs within 30 minutes after lighias turned on. Twelve hour after fertilization, tadult fish
localized in the plastic mesh were transferred emother aguarium, and the embryos were siphonedfothne
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 teratogenicity ngsizebrafish embryos established by Dulay et dl] [das
followed. Ten ml of each treatment concentratiorthaf extracts was prepared using embryo waterlasrdi(50
ppm, 100 ppm, 500 ppm, 1000 ppm, 5000 ppm, and A@Pen) and control (embryo water) and placed irtohe
well of the 12-well ELISA plate. Four embryos agseentation phase were transferred into each waliagoing the
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 [12]: Lethahdalation, tail not detached, no somites, and eartkoeat),
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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RESULTSAND DISCUSSION

Phytochemical Constituents

Medicinal plants are rich in chemical substance wotential therapeutic benefits. These chemigbs&nces are
also known as phytochemicals. In the present stthgyphytochemical compositions ©f sanctum andT. indica
leaves were screened and the results are presenteable 1. Out of the six phytochemicals screemadh plant
sample contained four phytochemicals.sanctum contained flavonoids, terpenoids, saponins, anditg whileT.

indica had flavonoids, terpenoids, saponins, and alkalditiese results indicate that these two plants ¢tleémical
substances that are associated in the treatmemhf diseases.

Table 1. Phytochemical composition of O. sanctum and T. indica

Phytochemicals O.sanctum  T.indica
Flavonoids +
Terpenoids
Cardiac Glycosides
Saponins

Alkaloids

Tannins

+o+o0+ +
o+ +o0+

+ positive, 0 negative.

Both plants have flavonoids, terpenoids, and sagsorfrlavonoids are polyphenolic compounds that Hasen
reported to exhibit antiviral, anti-allergic, artifelet, anti-inflammatory, antitumor, and anticed [12].
Terpenoids, on the other hand, are good expectoranich also act as antioxidant, modify hormoném|esterol
absorption blocker, and protect cellular differatitin [13]. Saponins are compounds that possess ant
inflammatory, antibiotic, antioxidant, anticholestiemic, immune boosters, and prevent cancers aad diseases
[14, 15]. Alkaloids are detected Tnindica but not inO. sanctum while tannins are present@ sanctum but absent

in T. indica. Alkaloids are powerful chemicals known to treatme types of cancer, reduce spasms, and relieve
pains and inflammation [16]. Important alkaloids gint origin include caffeine, nicotine, cocairemd the
synthetic O,0-acetylated morphine derivative helaid those currently in clinical use that include ainalgesics
morphine and codeine; the anticancer agents vitibdagsnd taxol; the gout suppressant colchicine; fuscle
relaxant (+)-tubocurarine; the antiarrythmic ajmalithe antibiotic sanguinarine, and the sedatiepalamine [17].
Tannins possess anti-inflammatory, antifungal,caitiant and healing properties [18] and act on ladamic acid

metabolism in leucocytes with important roles inemsing inflammations [19] and they are used irattrents
fostering wound healing.

Table 2. Mortality of D. rerio embryos after 12, 24, 36 and 48 hour s of exposur e to varying concentrations of O. sanctum and T. indica
lyophilized water extracts

Extract Concentration Mortality (%)
(ppm) 12hours 24hours 36hours 48 hours
O. sanctum 10000 100.00 100.06 100.06  100.00
5000 100.00 100.06  100.00  100.00
1000 66.67 91.67 100.06  100.08
500 33.38 33.33 50.00 58.33
100 8.38 8.33 16.67 25.00
50 0.00 0.00 0.00 0.00'
Control 0 0.00 0.00 0.00 0.00'
T. indica 10000 100.00 100.06 100.060  100.00
5000 66.67  100.06 100.00  100.00
1000 41.6% 41.67 58.33 83.33
500 8.38 25.00 25.00 33.33
100 0.00 0.00 0.00 8.3%
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 the same letter of superscript are not significantly different from each other at 5% level of
significance using LSD.

Toxic Effectsin Extract Treated D. rerio Embryos

Coagulated and no heartbeat embryos were the bladetermining the toxic effect of the extracts eTpercentage
mortality of D. rerio embryos after 12, 24, 36, and 48 hours of exposukarying concentrations of lyophilized
water extract oD. sanctumandT. indica is shown in Table 2. The embryo-toxic effects oftbextracts were found
dependent on dose and time of exposure. After L2shaf exposure, mortality was observed in embepgmsed to
100 ppm or higher concentrations ©f sanctum extract and to 500 ppm or higher concentrationg.ahdica
extract. A 100% mortality was observed in embryggosed to 5000 ppm and 10000 ppmQObdfsanctum and to
10000 ppm ofT. indica. After 24 and 36 hours, percentage mortality obgmos was continually increased at the

88



Jocelyn S. DeVeraet al Der Pharma Chemica, 2016,8 (8):86-91

different concentrations that showed mortality mft@ hours of treatment applicatioD. sanctum extract-treated
embryos showed 25.00% and 58.33% mortality whiléndica had 8.33% and 33.33% mortality at 100 and 500
ppm concentrations of each extract after 48 hotisxposure, respectively. However, no mortality wased in
embryos exposed at 50 ppm concentrations of bathebin all observation periods. The results &f phesent study
indicate that both plant leaves extracts possess &ffects againsD. rerio at specific level or concentrations.
These strong embryo-toxic activities significardigtate the anticancer, antitumor and apoptotiperies of these
two important medicinal plants.

The toxic effect of both plant extracts could be do their various biologically active compoundieD. sanctum
leaves contain eugenol (1-hydroxy-2-methoxy-4-bkylzene), euginal, urosolic acid (2,3,4,5,6,6a84,8.0,11,12,
13,14b-tetradecahydro-1H-picene-4a-carboxylic acidarvacrol (5-isopropyl-2-methylphenol), linaloq(3,7-
dimethylocta-1,6-dien-3-ol), limatrol, caryophylken(4,11,11-trimethyl-8-methylene-bicyclo[7.2.0] ewdd-ene,
methyl carvicol (also called Estragol: 1-allyl-4-thexybenzene) while the seed volatile oil haveyfatids and
sitosterol [1, 20, 21]. These compounds are resplento the toxic effecO. sanctum against other cellular model
and organisms. The aqueous and ethanolic extr&€s sanctum significantly reduced the incidence of papillomas
and squamous cell carcinomas in 7,12-dimethylberthe@cene (DMBA) induced (0.5%) hamster buccal pouc
[22]. The eugenol derived from. sanctum exhibited putative anthelmintic activity with arbDBO value of 62.1
ng/ml againstCaenorhabditis elegance [23]. Moreover, agueous extract Of sanctum at 60 mg/kg inhibited the
growth of Klebsiella, Escherichia coli, Proteus, Staphylococcus aureus and Candida albicans while its alcoholic
extract showed inhibitory activity againsibrio cholera [24]. T. indica, on the other hand, has phenol and
flavonoids as active compounds with inhibitory effeThea andp-pinene, linalool and nerol have proven activity
againstE. coli and other bacteria [25]. In addition, the comhkorabf root extracts of. indica andCarica papaya
and the pure root extract of indica significantly increased the larvae mortalityMé oidogyne incognita [26].

Effect of Extracts on the Heartbeat Rate of Embryos

The heart is the first functional organ developedzébrafish and other vertebrates. In zebrafishrgmhbssay,
heartbeat is an important endpoint in assessingyantbxicity and considered as one of the pararsedstablished
by Nagel [10]. This endpoint was therefore deteadiin the present study. The heartbeat rates ohaixtreated
embryos are shown in Table 3. Apparently, no heattbhvas observed in embryos at 1000 ppm or higher
concentrations oD. sanctum and at 5000 ppm or higher concentration3.ahdica. This is due to the early arrested
development of embryos as toxic effect of the twivaets. Among the different concentrations of bextracts, the
heartbeat rate of embryos at 50 ppm was foundsstatily comparable to the control embryos. Howeeenbryos
at 100 ppm or higher concentrations significantdigarded lower heartbeat rate, which strongly indiczrdio-
toxicity. The abnormal function of the heart cobkel originated from the lesion of the yolk sac, whicay block the
supply of nutrients, thus, heart function is gneatffected due to the limited energy source [27¢aH function
impairment such as low heartbeat rate could leath¢ofailure of organogenesis. In the present stusilyce
heartbeat rates were significantly decreased bywoeplant extracts, exposed embryos were antietp&d show
different morphological abnormalities.

Table 3. Hatchability and heartbeat rate of D. rerio after 48 hour s of exposureto varying concentrations of O. sanctum and T. indica
lyophilized water extracts

Concentration Hatchability Heartbeat rate

Extract (ppm) (%) (/min)
O. sanctum 10000 0.08 0.00
5000 0.06 0.00
1000 0.08 0.00

500 16.67 119.00

100 66.67 121.33

50 100.00 142.33

Control 0 100.00 145.33
T. indica 10000 0.06 0.00"
5000 0.00 0.00'

1000 0.00 105.33

500 58.33 130.00

100 91.67 137.67

50 100.06 141.67

Control 0 100.00 145.67

Treatment means of each plant extract having the same letter of superscript are not significantly different from each other at 5% level of
significance using LSD.

Effect of Extracts on the Hatchability of Embryos
Hatching process is another sensitive endpoird.oferio assay because extract may influence the hatchimg.
effect of the two plant extracts on the hatchapitf exposed embryos was determined and the reardtsalso
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presented in Table 3. In both extract, embryoDabiEm of extract showed 100% hatchability. Embrg®gosed to
100 ppm and 500 ppm significantly recorded lowdckhabilities (66.67% and 16.67% for. sanctum and 91.67%
and 58.33% foif. indica, respectively) when compared to the control embrido hatched was noted in 1000 ppm
of both plant extracts. These results clearly iattichat the two extracts affect the hatching mea# the embryos.
The low hatchability or no hatched could be dughdelayed growth and very limited movement wipolssibly
attributed to the abnormalities of extract tread@tbryos. Hatching process is also prevented by yshvecause
chorion is served as an important defense shieftbbhaving directly exposed to extract. Choriotsas a barrier
for exposure to chemicals, thus, it can reducecteXects.

Teratogenic Effect in Extract Treated D. rerio Embryos

The different morphological endpoints of embryogased to the varying concentrations of the two tpéatracts
were observed after 48 to 72 hours of extract exgog-igure 1 shows the different morphologicalpmmidts which
are considered as the toxic and teratogenic effefctee extracts tested. It can be noticed thatdgenic effects
appeared at the lower concentrations due to tHg amested development of embryos at higher camatons of
both extracts. Embryos exposed at 100, 500, anf ppéh concentrations @. sanctum extract showed loop-like
tail, bent wavy tail tip, yolk deformity, growth tagdation or underdeverloped as morphological eimdpoOn the
other hand, ifT. indica extract, hook-like tail, bump back, and growthardation of embryos were the observed
morphological endpoints. Moreover, coagulated emmbryhe most marked toxic effect, were apparet®80 ppm
or higher concentrations of both extracts. Theesftiiese two medicinal plants could exhibit teratog effects in
the developing embryos of zebrafish.

In conclusion, the presence of bioactive phytoclealsi and functional activities such as embryo-tibxiand

teratogenicity in medicinal plant samples strorgignify their anticancer, antitumor and apoptotioperties. In this
work, it was found tha®. santum andT. indica contain valuable phytochemicals which are relatedssociated in
the treatment of several diseases. Bothe plant@strexhibit lethal and teratogenic effects agameirafish

embryos. Coagulated embryos was the most markkdl leffect while growth retardation, yolk deformignd tail

malformation were the most observed teratogenacesfof both medicinal plant extracts.

Figure 1. Toxic and teratogenic effects of varying concentrations lyophilized water extractsof O. sanctum: A) loop-like tail and yolk
deformity at 500 ppm, B) bent wavy tail tip and yolk deformity at 100 ppm, C) dead under developed embryo at 1000 ppm, D) coagulated
embryo at 5000 ppm, and T. indica: E) hook-like tail at 500 ppm, F) bump back at 100 ppm, G) growth retardation at 500 ppm, H)
coagulated embryo at 5000 ppm, 1) non-hatched normal embryo at 100 ppm, J) normal hatched at embryo water
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