Available online at www.derpharmachemica.com

ISSN 0975-413X
CODEN (USA): PCHHAX

Der Pharma Chemica, 2016, 8(8):86-91

(http://derpharmachemica.com/archive.html)

Phytochemical Screening and Teratogenic Effect of Lyophilized Water
Extracts from Ocimum sanctum L. (Holy Basil) and Tamarindus indica L.
(Tamarind) Leaves in Danio rerio Embryos
Jocelyn S. De Vera1, Ma. Ellenita G. De Castro2 and Rich Milton Dulay3
1

College of Teacher Education, Pangasinan State University, Bolaney, Alaminos City, Pangasinan, Philippines
2
Department of Biology, College of Science, De La Salle University, Manila, Philippines
3
Department of Biological Sciences, College of Arts and Sciences, Central Luzon State University, Science City of
Munoz, Nueva Ecija, Philippines
_____________________________________________________________________________________________
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 medicines which are used to cure a wide range of diseases due to their
powerful bioactive secondary metabolites and phytochemicals. Plants contain alkaloids, flavonoids, tannins,
saponins, glycosides, phenols, sterols, quercetin, anthocyanidins, lignans, and among others. In the Philippines, a
number of medicinal plants have been identified and utilized as natural remedy for jaundice, skin diseases, anemia,
dyspepsia, fever, bacterial infection, inflammation, urinary diseases and other health problems. Some of these
medicinal plants include holy basil and tamarind.
Ocimum sanctum L. (Lamiaceae), also known as holy basil, is an erect shrub of 35-70 cm tall with simple opposite
green and purple leaves and with strong scent and hairy stem. Its different parts have been traditionally used for the
treatment of diarrhea, arthritis, eye diseases, dysentery, skin disease, bronchitis, malaria, insect bites and exhibits
antimicrobial, cardioprotective, analgesic, antispasmodic, anti-fertility, anticancer, antidiabetic, antifungal, and
adaptogenic actions [1]. On the other hand, Tamaridus indica L. (Caesalpinaceae) or tamarind, as it commonly
called, is a medium-sized tree with pinnately compound yellow green to dark green leaves and sour taste fruit. All
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parts of this plant have medicinal properties. The leaves are the most valuable part which has been reported to
exhibit hepatoprotective and antibacterial properties [2, 3].
Danio rerio (zebrafish) assay is a sensitive test used to assess the toxic and teratogenic effects of certain compounds
or substances. Zebrafish embryo is considered as a suitable and reliable animal model for evaluation of the
teratogenicity due to their small size, transparency, rapid development, high fecundity, and developmental similarity
to human development [4, 5]. This is also used in various toxicological researches such as safety assessment of new
pharmaceutical drugs and in the preliminary screening of new toxic compounds with potential anticancer properties
[6].
Considering the remarkable biological activities of O. sanctum and T. indica, their teratogenic effects were not yet
investigated, hence, this study. The toxic and teratogenic effects of the two medicinal plants were assessed in the
developing embryos of zebrafish. The phytochemical constituents were also investigated.
MATERIALS AND METHODS
Source of Plant Samples
Plant leaves were collected from Barangay Bolaney, Alaminos City, Pangasinan, Philippines. Samples were washed
three times and air-dried in a shaded condition for 7 days. These were pulverized and processed for phytochemical
analysis and extraction for teratogenic assay.
Phytochemical Analyses
The chemical screening of the aqueous extracts of the plants were carried out following the procedures described by
Sofowora [7]. The different mycochemicals namely; alkaloids, cardiac glycoside, flavonoids, saponins, tannins, and
terpenoids were analyzed. Results were compared with distilled water as control and determined based on the
color/intensity of the reaction. Three replicates were laid out for each test parameter.
Extraction of Functional Components for Teratogenic Assay:
The functional components of the air-dried plant samples were obtained following the hot water extraction following
the protocol of Eguchi et al. [8]. The pulverized plant sample (10 g each part) was extracted individually in 300 ml
hot water at 80 - 90ºC in a water bath for 2 hours. Extracts were filtered using Whatman filter paper No. 2 and the
extract filtrates were prepared for the different treatment concentrations for toxicity assay by diluting the extract to
embryo water medium [9].
Spawning of Zebrafish
The protocol of this study was based on that of Nagel [10]. A non-treated stock of tap water in a glass aquarium with
oxygen saturation was used for spawning of zebrafish where mature females and males were present at 1:2 ratio.
The condition was 26 ± 1°C at a 12 hour day/night light regime. The fish were fed with dry flakes twice a day. To
ensure optimum water quality excess food was removed daily. In order for the zebrafish to spawn, the aquarium was
covered with black plastic for 12 hours. Adult zebrafish were localized in a plastic mesh to prevent the released eggs
from cannibalism. After incubation in the dark, eggs were exposed to lighted condition for another 12 hours.
Fertilization occurs within 30 minutes after light was turned on. Twelve hour after fertilization, the adult fish
localized in the plastic mesh were transferred into another aquarium, and the embryos were siphoned out of the
aquarium using a hose. They were placed in a watch glass and observed under the dissecting microscope to examine
uniformity and normal condition of embryos.
Evaluation of Toxicity and Teratogenicity
The protocol on the toxicity and teratogenicity using zebrafish embryos established by Dulay et al. [11] was
followed. Ten ml of each treatment concentration of the extracts was prepared using embryo water as diluent (50
ppm, 100 ppm, 500 ppm, 1000 ppm, 5000 ppm, and 10000 ppm) and control (embryo water) and placed into each
well of the 12-well ELISA plate. Four embryos at segmentation phase were transferred into each well containing the
different treatments. The plate was incubated at 26°C ± 1°C. Teratogenic activity was examined using a dissecting
microscope after 12, 24, 36, and 48h of incubation. Morphological endpoint evaluation of zebra fish was based on
the parameters established by Nagel [12]: Lethal (coagulation, tail not detached, no somites, and no heart-beat),
Teratogenic (malformation of head, tail and heart, scoliosis, deformity of yolk, and growth retardation), and Normal.
Percentage hatchability, heartbeat rate, and mortality were determined. A test was classified as valid, if 100% of the
embryos in the control (embryo water) show normal conditions. Data were analyzed using Analysis of Variance
(ANOVA) and Least Significant Difference (LSD) was used to compare the means at 5% level of significance.
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RESULTS AND DISCUSSION
Phytochemical Constituents
Medicinal plants are rich in chemical substances with potential therapeutic benefits. These chemical substances are
also known as phytochemicals. In the present study, the phytochemical compositions of O. sanctum and T. indica
leaves were screened and the results are presented in Table 1. Out of the six phytochemicals screened, each plant
sample contained four phytochemicals. O. sanctum contained flavonoids, terpenoids, saponins, and tannins while T.
indica had flavonoids, terpenoids, saponins, and alkaloids. These results indicate that these two plants hold chemical
substances that are associated in the treatment of many diseases.
Table 1. Phytochemical composition of O. sanctum and T. indica
Phytochemicals
O. sanctum
Flavonoids
+
Terpenoids
+
Cardiac Glycosides
0
Saponins
+
Alkaloids
0
Tannins
+
+ positive, 0 negative.

T. indica
+
+
0
+
+
0

Both plants have flavonoids, terpenoids, and saponins. Flavonoids are polyphenolic compounds that have been
reported to exhibit antiviral, anti-allergic, antiplatelet, anti-inflammatory, antitumor, and antioxidant [12].
Terpenoids, on the other hand, are good expectorants which also act as antioxidant, modify hormones, cholesterol
absorption blocker, and protect cellular differentiation [13]. Saponins are compounds that possess antiinflammatory, antibiotic, antioxidant, anticholesterolemic, immune boosters, and prevent cancers and heart diseases
[14, 15]. Alkaloids are detected in T. indica but not in O. sanctum while tannins are present in O. sanctum but absent
in T. indica. Alkaloids are powerful chemicals known to treat some types of cancer, reduce spasms, and relieve
pains and inflammation [16]. Important alkaloids of plant origin include caffeine, nicotine, cocaine, and the
synthetic O,O-acetylated morphine derivative heroin and those currently in clinical use that include the analgesics
morphine and codeine; the anticancer agents vinblastine and taxol; the gout suppressant colchicine; the muscle
relaxant (+)-tubocurarine; the antiarrythmic ajmaline; the antibiotic sanguinarine, and the sedative scopolamine [17].
Tannins possess anti-inflammatory, antifungal, antioxidant and healing properties [18] and act on arachidonic acid
metabolism in leucocytes with important roles in reversing inflammations [19] and they are used in treatments
fostering wound healing.
Table 2. Mortality of D. rerio embryos after 12, 24, 36 and 48 hours of exposure to varying concentrations of O. sanctum and T. indica
lyophilized water extracts
Extract

Concentration
Mortality (%)
(ppm)
12 hours 24 hours 36 hours 48 hours
O. sanctum
10000
100.00a
100.00a
100.00a
100.00a
5000
100.00a
100.00a
100.00a
100.00a
1000
66.67b
91.67a
100.00a
100.00a
b
b
b
500
33.33
33.33
50.00
58.33b
100
8.33c
8.33c
16.67b
25.00c
50
0.00c
0.00c
0.00c
0.00d
c
c
c
Control
0
0.00
0.00
0.00
0.00d
T. indica
10000
100.00a
100.00a
100.00a
100.00a
5000
66.67b
100.00a
100.00a
100.00a
1000
41.67b
41.67b
58.33b
83.33a
500
8.33c
25.00b
25.00c
33.33b
100
0.00c
0.00c
0.00d
8.33c
c
c
d
50
0.00
0.00
0.00
0.00c
Control
0.00
0.00c
0.00c
0.00d
0.00c
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 Effects in Extract Treated D. rerio Embryos
Coagulated and no heartbeat embryos were the basis of determining the toxic effect of the extracts. The percentage
mortality of D. rerio embryos after 12, 24, 36, and 48 hours of exposure in varying concentrations of lyophilized
water extract of O. sanctum and T. indica is shown in Table 2. The embryo-toxic effects of both extracts were found
dependent on dose and time of exposure. After 12 hours of exposure, mortality was observed in embryos exposed to
100 ppm or higher concentrations of O. sanctum extract and to 500 ppm or higher concentrations of T. indica
extract. 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 24 and 36 hours, percentage mortality of embryos was continually increased at the
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different concentrations that showed mortality after 12 hours of treatment application. 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 after 48 hours of exposure, respectively. However, no mortality was noted in
embryos exposed at 50 ppm concentrations of both extract in all observation periods. The results of the present study
indicate that both plant leaves extracts possess toxic effects against D. rerio at specific level or concentrations.
These strong embryo-toxic activities significantly dictate the anticancer, antitumor and apoptotic properties of these
two important medicinal plants.
The toxic effect of both plant extracts could be due to their various biologically active compounds. The O. sanctum
leaves contain eugenol (1-hydroxy-2-methoxy-4-allylbenzene), euginal, urosolic acid (2,3,4,5,6,6a, 7,8,8a,,10,11,12,
13,14b-tetradecahydro-1H-picene-4a-carboxylic acid), carvacrol (5-isopropyl-2-methylphenol), linalool (3,7dimethylocta-1,6-dien-3-ol), limatrol, caryophyllene (4,11,11-trimethyl-8-methylene-bicyclo[7.2.0] undec-4-ene,
methyl carvicol (also called Estragol: 1-allyl-4-methoxybenzene) while the seed volatile oil have fatty acids and
sitosterol [1, 20, 21]. These compounds are responsible to the toxic effect O. sanctum against other cellular model
and organisms. The aqueous and ethanolic extracts of O. sanctum significantly reduced the incidence of papillomas
and squamous cell carcinomas in 7,12-dimethylbenzaanthracene (DMBA) induced (0.5%) hamster buccal pouch
[22]. The eugenol derived from O. sanctum exhibited putative anthelmintic activity with an ED50 value of 62.1
µg/ml against Caenorhabditis elegance [23]. Moreover, aqueous extract of O. 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 against Vibrio cholera [24]. T. indica, on the other hand, has phenol and
flavonoids as active compounds with inhibitory effect. The α and β-pinene, linalool and nerol have proven activity
against E. coli and other bacteria [25]. In addition, the combination of root extracts of T. indica and Carica papaya
and the pure root extract of T. indica significantly increased the larvae mortality of Meloidogyne incognita [26].
Effect of Extracts on the Heartbeat Rate of Embryos
The heart is the first functional organ developed in zebrafish and other vertebrates. In zebrafish embryo assay,
heartbeat is an important endpoint in assessing embryo toxicity and considered as one of the parameters established
by Nagel [10]. This endpoint was therefore determined in the present study. The heartbeat rates of extract treated
embryos are shown in Table 3. Apparently, 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. This is due to the early arrested
development of embryos as toxic effect of the two extracts. Among the different concentrations of both extracts, the
heartbeat rate of embryos at 50 ppm was found statistically comparable to the control embryos. However, embryos
at 100 ppm or higher concentrations significantly recorded lower heartbeat rate, which strongly indicate cardiotoxicity. The abnormal function of the heart could be originated from the lesion of the yolk sac, which may block the
supply of nutrients, thus, heart function is greatly affected due to the limited energy source [27]. Heart function
impairment such as low heartbeat rate could lead to the failure of organogenesis. In the present study, since
heartbeat rates were significantly decreased by the two plant extracts, exposed embryos were anticipated to show
different morphological abnormalities.
Table 3. Hatchability and heartbeat rate of D. rerio after 48 hours of exposure to varying concentrations of O. sanctum and T. indica
lyophilized water extracts
Concentration Hatchability Heartbeat rate
(ppm)
(%)
(/min)
O. sanctum
10000
0.00d
0.00c
5000
0.00d
0.00c
1000
0.00d
0.00c
500
16.67c
119.00b
100
66.67b
121.33b
a
142.33a
50
100.00
Control
0
100.00a
145.33a
c
T. indica
10000
0.00
0.00d
5000
0.00c
0.00d
1000
0.00c
105.33c
130.00b
500
58.33b
100
91.67a
137.67b
141.67a
50
100.00a
Control
0
100.00a
145.67a
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.
Extract

Effect of Extracts on the Hatchability of Embryos
Hatching process is another sensitive endpoint of D. rerio assay because extract may influence the hatching. The
effect of the two plant extracts on the hatchability of exposed embryos was determined and the results are also
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presented in Table 3. In both extract, embryos at 50 ppm of extract showed 100% hatchability. 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. These results clearly indicate that the two extracts affect the hatching process of the embryos.
The low hatchability or no hatched could be due to the delayed growth and very limited movement which possibly
attributed to the abnormalities of extract treated embryos. Hatching process is also prevented by embryos because
chorion is served as an important defense shield of not having directly exposed to extract. Chorion acts as a barrier
for exposure to chemicals, thus, it can reduce toxic effects.
Teratogenic Effect in Extract Treated D. rerio Embryos
The different morphological endpoints of embryos exposed to the varying concentrations of the two plant extracts
were observed after 48 to 72 hours of extract exposure. Figure 1 shows the different morphological endpoints which
are considered as the toxic and teratogenic effects of the extracts tested. It can be noticed that teratogenic effects
appeared at the lower concentrations due to the early arrested development of embryos at higher concentrations of
both extracts. Embryos exposed at 100, 500, and 1000 ppm concentrations of O. sanctum extract showed loop-like
tail, bent wavy tail tip, yolk deformity, growth retardation or underdeverloped as morphological endpoints. On the
other hand, in T. indica extract, hook-like tail, bump back, and growth retardation of embryos were the observed
morphological endpoints. Moreover, coagulated embryos, the most marked toxic effect, were apparent at 1000 ppm
or higher concentrations of both extracts. Therefore, these two medicinal plants could exhibit teratogenic effects in
the developing embryos of zebrafish.
In conclusion, the presence of bioactive phytochemicals and functional activities such as embryo-toxicity and
teratogenicity in medicinal plant samples strongly signify their anticancer, antitumor and apoptotic properties. In this
work, it was found that O. santum and T. indica contain valuable phytochemicals which are related or associated in
the treatment of several diseases. Bothe plant extracts exhibit lethal and teratogenic effects against zebrafish
embryos. Coagulated embryos was the most marked lethal effect while growth retardation, yolk deformity, and tail
malformation were the most observed teratogenic effects of both medicinal plant extracts.
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Figure 1. Toxic and teratogenic effects of varying concentrations lyophilized water extracts of 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 underdeveloped 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, I) non-hatched normal embryo at 100 ppm, J) normal hatched at embryo water

REFERENCES
[1] Pattanayak P, Behera P, Das D, Panda SK. Pharmacogn Rev., 2010, 4(7):95–105.
[2] Escalona JC, Dehesa MA, Boizzan ML. Etnomedicina, 1995, 1:147–56.

90

Jocelyn S. De Vera et al
Der Pharma Chemica, 2016,8 (8):86-91
_____________________________________________________________________________
[3] Meléndez PA, Carriles VA. Phytomedicine, 2006, 13:272–6.
[4] Dahm R, Geisler R. Mar Biotechnol., 2006, 8:329–45.
[5] Busquet F, Nagel R, Landenberg F, Mueller S, Huebler N, Broschard T. Toxicol Sci., 2008, 104(1):177–88.
[6] Blagoskonny MV. Cell Cycle, 2005, 4(11):1518-1521.
[7] Sofowara A. Medicinal plants and traditional medicine in Africa. Spectrum Books. Ltd, Ibadan, Nigeria. 1993,
PP. 289.
[8] Eguchi F, Watanabe Y, Zhang J, Miyamoto K, Yoshimoto H, Fukuhara T, Higaki M. Journal for Traditional
Medicine, 1999, 16:201-207.
[9] Thomas J. The Zebrafish Book, 4th edition, University of Oregon. USA 2000.
[10] Nagel R. ALTEX, 2002, 19 Suppl. 1:38-48.
[11] Dulay RMR, Kalaw SP, Reyes RG, Alfonso NF, Eguchi F. International Journal of Medicinal Mushrooms,
2012, 14(5):507-512.
[12] Buhler DR, Miranda C. Antioxidant activities of flavonoids. http://lpi.oregonstate.edu. 2000.
[13] Broadhurst CL. Phytochemicals: the ties that bind.
http://www.chiro.org/nutrition/ FULL/Phytochemicals_The_Ties_That_Bind.shtml. 2001.
[14] Aggarado MTS. Phytochemicals and pulp from vegetable crop waste. Department of Science and Technology,
Philippines. 2008.
[15] Stephan P. Saponin- medical definition of saponin. http://breastcancer.about.com. 2010.
[16] Chevalier A. The encyclopedia of medicinal plants. Dorling Kindersely Limited London. 1996.
[17] Facchini PJ. Annual Review of Plant Physiology and Plant Molecular Biology, 2001, 52:29–66.
[18] Santos SC, Mello JCP. Taninos. In: Farmacognosia: da planta ao medica-mento. Simões, C.M.O., Guerra, M.P.
et al. (Orgs.) 5 (ediç ão, revisada, ampliada, primeira reimpressão – Porto Alegre/Florianópolis: Editora da
UFRGS/Editora da UFSC, 2004, PP 1096.
[19] Okuda T. Phytochemistry, 2005, 66:2012-2031.
[20] Shishodia S, Majumdar S, Banerjee S, Aggarwal BB. Cancer Res. 2003, 63: 4375–4383.
[21] Kelm MA, Nair MG, Strasburg GM, DeWitt DL. Phytomedicine, 2000, 7:7–13.
[22] Karthikeyan K, Ravichandran P, Govindasamy S. Oral Oncol., 1999, 35:112–119.
[23] Asha MK, Prashanth D, Murali B, Padmaja R, Amit A. Fitoterapia, 2001, 72: 669–670.
[24] Geeta, Vasudevan DM, Kedlaya R, Deepa S, Ballal M. Indian J Med Sci., 2001, 55:434–438.
[25] Arranz JCE, Roses RP, Laffita IU, Pozo MIC, Amado JR, Jiménez IL. Pharmacogn Mag., 2010, 6(23):242–
247.
[26] Belloa LY, Chindob PS, Oyewalea RO, Mamuda AY, Oluwatosina O. Archives of Phytopathology and Plant
Protection, 2014, 47(15):1788-1796.
[27] Kodde IF, Stock J, Smolenski RT, Jong JW. Comparative Biochemistry and Physiology-Part A, 2007, 146: 2639.

91

