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Given the growing ethical questioning regarding the use of animal testing in the analysis of
toxicity research and in vitro assay validation is a viable alternative to animal replacement. In this
sense, this study evaluated the hemolytic activity of four essential oils extracted from
Syzygiumjambolanum, Lippiagracilis, Myracrodruonurundeuva and Bixaorellanaplants, by
applying the red blood cell hemolytic assay, since it is a simple technique, low cost, and effective
to screening natural extracts cytotoxicity. With this purpose, a hemolytic assay was carried out in
micro-centrifuge tubes containing 10% sheep erythrocytes suspension using samples in different
concentrations previously established, at 37 °C/60 min. The hemolysis percentage was
determined by spectrophotometer reading at 540 nm. Assays were performed in triplicate. The
results showed values below 10% indicating that the essential oils did not show any hemolytic

activity against the erythrocytes suspension, i.e. no toxicity was observed. These promising
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relevance of the test.

results are important for the use of the substances as well as to confirm the applicability and
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INTRODUCTION

The constant reports of microbial resistance to antibiotics has
led the pharmaceutical industry to search for new sources to
develop new antibiotics(Tacconelli; Carrara; Savoldi;
Harbarth; Mendelson; Monnet; Carmeli, 2018). Essential oils
from plant materials such as leaves and flowers are known for
possessing  antimicrobial  activity = against  various
microorganisms, therefore, they may be an alternative for
effective new antibiotics (Buckova; Puskarova; Kaldszova;
Kisova; Pangallo, 2018; Lingan, 2018). However, before
releasing a new product for human use it is necessary to
determine its efficacy and safety, and for that it must go
through a few steps of pharmacological and toxicological
analysis (Bowes, Brown, Hamon, & Jarolimek, 2012). Such
analyses are performed in a series of preclinical and clinical
trials.

The first tests are based on in vivo and in vitro models and the
other ones are performed in humans (Anvisa, 2010; FDA,
2018). The safety assessment includes toxicity tests that guide
regulatory agencies about the risks to health from exposure to
these substances. Despite the fact that in vivo tests are essential
for future research in human beings, these still causes death
and suffering for a large number of laboratory animals, making
it necessary to search for alternative practices in non-clinical
studies (Jain; Singh; Dubey; Maurya; Mittal; Pandey, 2018;
Moura et al., 2012; Brasil, 2013). In vitro cytotoxicity assays
are accepted as the first toxicological tests in the
biocompatibility evaluation of any material for biomedical or
cosmetic use; some known alternatives are Dbacteria,
crustaceans, tissue culture, cells and cell suspensions. Current
research and discussions are intended to develop and validate
alternative in vitro methods, which along with existing
methods, may create an association that would allow a
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Table 1. Hemolytic activity (% hemolysis + standard deviation) of the four tested essential oils

Concentrations (pg/ml) Syzygiumjambolanum

Lippiagracilis

Myracrodrunurundeuva Bixaorellana

%Hemolysis+SD %Hemolysis+SD %Hemolysis+SD %Hemolysis+SD
25 0.00+0.005 0.00+0.001 ¥ 1.65+0.001
50 0.16+0.001 0.00+0.005 0.50+0.002 1.42+0.001
100 0.66+0.001 0.00+0.001 1.01£0.002 1.18+0.001
250 0.66+0.001 1.84+0.004 3.03+0.002 1.89+0.002
500 0.66+0.002 2.04+0.003 4.54+0.002 3.08+0.006
1000 1.33+0.004 2.25+0.006 6.56+0.005 4.50+0.008

*No significant activity were observed in this concentration (p<0,05).

Table 2. Essential oils concentrations capable of causing 50% of red blood cell death (HCs)

Essential Oils Syzygiumjambolanum

Lippiagracilis

Myracrodrunurundeuva Bixaorellana

HCS50 (mg/ml) 45.25 19.91

6.68 14.77

reduction in the number of experimental animals (Jain; Singh;
Dubey; Maurya; Mittal; Pandey, 2018; Bednarczuk; Verdam,;
Miguel, 2011; Kandarova & LetasSiova, 2011). Easily assessed
by spectrophotometry, a simple and low cost in vitro
alternative is the test of hemolytic activity or hemolysis test.
Since blood cells are exposed to any substance absorbed
and/or injected intravenously, the determination of hemolysis
caused after contact with such agents represents a potential for
assessing the toxicity of new compounds (Bednarczuk et al.,
2011; Bloom, 1993). Therefore, this test is used as a predictive
toxicology screening method for different types of surfactants
with the power to cause damage to the erythrocyte membrane
(Alves, 2003; Selin et al., 2015). Thus, by evaluating the
hemolytic potential of essential oils of Syzygiumjambolanum,
Lippiagracilis, Myracroduonurundeuva, and Bixaorellana,
known as possessors of some antimicrobial activity, this study
aimed to use and assess the hemolytic test as an applicable and
alternative method forin vivo screening assays of new
substances for biomedical application thereby resulting in
possible reduction of these tests.

MATERIALS AND METHODS

For the purpose of this paper, four essential oils extracted
from Syzygium jambolanum (Department of Microbiology and
Parasitology, UFRN), Lippia gracilis (Plant Physiology and
Biochemistry Laboratory, UERN), Myracrodruon urundeuva
and Bixa orellana (Laboratory of Isolation and Synthesis of
Organic Compounds, UFRN) were kept in the molecules
collection of the Immunologic, Antimicrobial and Cytotoxicity
Assays Laboratory of Federal University of Rio Grande do
Norte. The methodology used, with some modifications, is an
integration of some techniques (Selin et al., 2015) (Tariku,
Hymete, Hailu, & Rohloff, 2011) according to some
recommendations of the World Health Organization (WHO,
2011). Thus, it was initially prepared a 10% sheep erythrocytes
suspension was prepared initially by centrifuging 500 pL of
blood at 4000 rpm / 5Smin followed by three washes with
removal of the buffy coat followed by addition of 1 ml PBS.
After repeated centrifugations, when no hemolysis was visible,
the red blood cells precipitate was suspended in PBS to 5 ml to
obtain a 10% suspension. Subsequently, into 1.5 mL
polypropylene microtubes containing the samples extract in
varying concentrations (25 pg/ml, 50 pg/ml, 100 pg/ml, 250
pg/ml, 500 pg/ml, 1000 ug/ml) were added 200 uL of the
erythrocytes suspension, which were then incubated at 37
°C/1h. As positive control, corresponding to 100% hemolysis,
incubation was carried out under the same conditions with 1%
Triton-X; as negative control PBS was used.

As solvent control, varying concentrations of DMSO were
used. Each sample and control were done in triplicate. After
incubation, the samples were cooled on ice (5 min) and
subsequently centrifuged at 4000 rpm / 5 min. Then 100 pL of
supernatant were transferred to a 96 well plate and the
absorbance was measured at 540 nm on an ELISA reader
(Spectra Max 340PC384, Molecular Devices). To determine
the hemolysis percentage the control solution absorbance was
subtract from the sample absorbance and the total was divided
by the positive control absorbance. The final result was
multiplied by 100. Dose-response curves were calculated as
concentrations causing 50% hemolysis (HCsp) by linear
regression.

RESULTS

To determine hemolytic activity of the four tested samples, the
results obtained in this study were compared to the values
determined by some authors(Kannan, Arumugam, Iyapparaj,
Thangaradjou, & Anantharaman, 2013; Nofiani, Kurniadi, &
Ardiningsih, 2011). Thus, the values that coincide with the
range of 5-10% hemolysis were rated as low hemolytic activity
and the ones above 40% as high activity. The four tested oils
did not show any hemolytic activity against sheep erythrocytes
at the used concentrations, 25 pg/ml, 50 pg/ml, 100 pg/ml, 250
pg/ml, 500 pg/ml, 1000 ug/ml. Table 1 shows that the average
percentage of hemolysis caused by the substances in the higher
concentration (1000 ug/ml), was below 10%, which is
considered a non-significant reduced hemolytic activity
(Nofiani et al., 2011). When charts were plotted in the dose-
response curves (Figure 1), it was possible predict that the
concentrations capable of causing 50% of cells death (HCs)
were low, as shown in Table 2 and visible in the charts as the
outlier value.

DISCUSSION

In the search for newer alternative methodologies the
hemolytic assay was used to assess the toxicity potential of
some plant extracts (JambolanumSyzygium, Lippiagracilis,
Myracrodruonurundeuva, Bixaorellana) known for their
antimicrobial potential (Dantas et al., 2015; Loguercio,
Battistin, Vargas, Henzel, & Witt, 2005; Michelin, Moreschi,
Lima, Paganelli, & Chaud, 2005). Many aspects of this assay
supported its use as an alternative for assessing in vitro
toxicology. First, the variety of different methodologies, as the
blood agar plates assay(D. M. S. Oliveira et al., 2013), the tube
based hemolytic assay where hemolysis is detect by visual
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Figure 1. Percentage of Hemolytic activity dose-response (p<0,05). (A) Hemolytic activity dose-response in curve graph of
Mpyracrodrunurundeuvaoil.(B) Hemolytic activity dose-response in curve graph of Lippiagracilisoil. (C) Hemolytic activity dose-response
in curve graph of Bixaorellanaoil. (D) Hemolytic activity dose-response in curve graph of Syzygiumjambolanumoil

Reading (D. M. S. Oliveira et al., 2013) (D. M. S. Oliveira et
al., 2013), thehemolyticassay in micro tubes based on
spectrophotometricreading (Selin et al., 2015), and the
microplate technique (Tariku et al., 2011). This test diversity
allowedchoosing the best method suitable to the laboratory
material resource. Another facet is that this test can be used as
an screening method for different types of agents, as some
cosmetics  (Alves, 2003; Oliveira et al., 2013),
drugs(Yamamoto, Tsurumaki, Takei, Hosaka, & Oomori,
2001), synthetic substances (Selin et al., 2015), nanoparticles
(Dobrovolskaia et al., 2009), heavy metals (Ribarov & Benov,
1981), and especially plant extracts (DE Oliveira et al., 2009;
Manetti et al., 2010; Desoti et al., 2011; Carvalho; Oliveira,
2012). Sensitivity is also a characteristic that make the
hemolysis test a great option, for red blood cells are typically
sensitive to the slightest toxic actionwhich would leads to
disruption of the cell, due to their membrane fragility, resulting
in hemolysis (Alves, 2003; Barreiro, 2009; DE Oliveira et al.,
2009). Additionally, since red blood cells have direct contact
with any substance absorbed and / or injected intravenously,
they can be primary targets of toxicological actions
(Bednarczuk ef al., 2011; Bloom, 1993). Similar to the assay
sensitivity is the simple technical process, which is based on
the tested sample incubating with a blood suspension and
subsequent measurement of released hemoglobin by
spectrophotometry (Alves, 2003; Selin et al., 2015). Other
points that may be considered in the technique choice as a
solution for screening toxicity is the rapid execution,
especially in this methodology where the test took an average
time of 60 minutes in which the samples that present toxicity
front red blood cells could be discarded, avoiding the
unnecessary use of more refined technical resources
(Blaauboer, 2002); the low cost, unlike some alternative in

vitro tests as Artemia salina, Caenorhabditis elegans tests, and
even some cell cultures, that are relatively simple and quick
but require more refined care, the hemolytic assay has a simple
and low cost maintenance requirements. Regarding the
technical relevance and reliability of the results for the tested
samples in this study, is important to notice that the plant
samples used are commonly identified by having compounds
called saponins, surfactants and responsible for the toxic action
of most plants. Although the presence of these compounds
may produces erythrocyte plasma membrane solubilisation,
and subsequent cell lysis (Pequeno; Soto-Blanco, 2006; DE
Oliveira et al., 2009; Carvalho; Oliveira, 2012), there are
examples where some plant samples presenting saponins in
their chemical composition, when evaluated by hemolysis test,
showed no hemolytic activity. This fact was reported before
when researchers assessed the hemolytic activity of different
concentrations of Myracrodruonurundeuva(mastic of the
hinterland), which was similar to the results obtained in our
study for the same plant species(Carvalho & Oliveira, 2012).
Another aspect showing the reproducibility and relevance of
the test is present in the hemolysis values obtained for the
Bixaorellanaoil (Urucum/Annatto). Here, the Urucum (in
English: annatto) sample, despite having presented the higher
hemolytic activity percentage among other samples at the
highest concentration (6.56% (+0.005)), it did not produce
toxicity comparable to the values set as low hemolytic activity
(<10%).These results of no toxic effect matches the data
reported by some authors who when whensearching for data
available about Urucum (annatto) found no record of
genotoxic or carcinogenic related to it, and no toxicity was
possible to be elucidate by acute toxicological studies (Silva;
Braga; Da Silva, 2006). Some of the oils tested here when
evaluated by other cytotoxicity methods showed similar results
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to those observed in this study, for example, when the toxicity
of Syzygiumjambolanumfruits was assessed frontdrtemia
salinalarvae, and no significant toxic effects at 1000 pug/ml
were found (Barbosa et al., 2016). To establish the relevance
of the technique it is essential to highlight its main strengths,
by considering the graphical analysis (Figures 1-4) or
concentration versus percentage of hemolysis.The test
employed in this study was able to generate a forecast of the
concentration capable to cause hemolysis in 50% of red blood
cells. This prediction can help design further cytotoxicity
preclinical tests by excluding potential harmful concentrations
and / or molecules (Dobrovolskaia et al., 2009). Certainly, so
far the evaluation of hemolytic activity is presented as an easy
and reproducible technique, however this may have some
limitations, such as the presence of substances with color and /
or turbidity, which can interfere with the reading; the mixture
of components with different toxic potential; different type of
erythrocyte donors, such as rabbit, sheep or human, which
make difficult the comparison of results. Nonetheless, the
hemolysis test has been shown effective in routine use as a
screening test for toxicity in pre-clinical evaluations, which
means a significant reduction and refinement of animal testing
(Pape et al., 1999; Alves, 2003; DE Oliveira et al., 2009).

Conclusion

The hemolysis test has many steps to achieve to be validating
for regulatory purposes. However this technique has emerged
as an excellent toxicological screening tool giving an initial
guidance on the risk assessment of potential biomedical
products. The technique has advantages that go beyond its
limitations, and the results obtained to date confirm its
promising role in the replacement and reduction in the number
of animals used in scientific research.

Conflict of interest: The authors declare no conflict of interest
regarding this work.

Acknowledgements: This work was supported by Rio
Grande do Norte Research Support Foundation (FAPERN)
[grant number 005/2011 FAPERN — PPP], and Pro Rectory of
Research from the Federal University of Rio Grande do Norte
(PROPESQ-UFRN) [Grant Number 07/2015 -
PROPESQ NUPLAM 2015-2016].

REFERENCES

Alves, E. N. (2003). Red Blood Cell (RBC) - Teste de
hemolise: Uma alternativa ao Teste de Draize-Irrita¢do
Ocular na avaliagdo do poder toxico de produtos
cosméticos no Controle de Qualidade. Journal of
Chemical Information and Modeling. FIOCRUZ.
http://doi.org/10.1017/CB0O9781107415324.004

Anvisa. (2010). Guia para a conducado de estudos ndo clinicos
de seguranca necessdarios ao desenvolvimento de
medicamentos. Brasilia, Brasil.

Barbosa, L. R. F., Alves, S. L. M., Teles, Y. C. F. T., Borges,
N. H. P. B., Teixeira, N. A. de M., & Paulo, M. de Q.
(2016). Avaliagdo da atividade toxicoldgica dos frutos de

Syzygyum jambolanum (MYRTACEAE). In
Anais/Resumos  da  58°  Reunido  Anual da
SBPC:publicagdo  eletronica.  Floriandpolis,  SC:

Sociedade Brasileira para o Progresso da Ciéncia.
Retrieved from http://www.sbpcnet.org.br/livro/58ra/

Barreiro, E. J. (2009). Medicinal Chemistry and the paradigm
of the lead compound. Revista Virtual de Quimica, 1(1),
26-34. http://doi.org/10.5935/1984-6835.20090005

Bednarczuk, V. O., Verdam, M. C. S., Miguel, M. D., &
Miguel, O. G. (2011). TESTES IN VITRO E IN VIVO
UTILIZADOS NA TRIAGEM TOXICOLOGICA DE
PRODUTOS NATURAIS. Visao Académica, 11(2), 43—
50. Retrieved from
http://ojs.c3sl.ufpr.br/ojs/index.php/academica/article/vie
w/21366

Blaauboer, B. J. (2002). The necessity of biokinetic
information in the interpretation of in vitro toxicity data.
Alternatives to Laboratory Animals : ATLA, 30 Suppl 2(3),
85-91. Retrieved from
http://www.ncbi.nlm.nih.gov/pubmed/12513656

Bloom, J. C. (1993). Principles of hematotoxicology:
laboratory assessment and interpretation of data. Toxicol
Pathol, 21(2), 130-134.
http://doi.org/10.1177/019262339302100203

Bowes, J., Brown, A. J., Hamon, J., & Jarolimek, W. (2012).
Reducing safety-related drug attrition: the use of. Nature
Reviews, 11(December), 909-922.

Brasil. RESOLUCAO N° 466, DE 12 DE DEZEMBRO DE
2012, Diario Oficial da Unido - DOU 59 (2013).
http://doi.org/10.1007/s13398-014-0173-7.2

Buckova, M., Puskarova, A., Kalaszova, V., Kisova, Z., &
Pangallo, D. (2018). Essential oils against multidrug
resistant gram-negative bacteria. Biologia.
doi:10.2478/s11756-018-0090-x

Carvalho, M. da S., & Oliveira, D. A. De. (2012). Estudo da
atividade citotoxica de Myracrodrun urundeuva FR.
Allemao. Revista Eletrénica de Biologia, 5(3), 1-7.

Cruz, A. S., Figueiredo, C. A., Ikeda, T. I., Claudia, A.,
Vasconcelos, E., Batista, J., & Floréncio, L. (1998).
Comparacao de métodos para testar a citotoxicidade “ in
vitro ” de materiais biocompativeis. Rev. Saude Publica,
32(2), 153-159. http://doi.org/10.1590/S0034-
89101998000200008

Dantas, L. 1. S., Aratjo, G. M., Ribeiro, N. M., Andrade, V. S.,
Oliveira, F. F. M., Albuquerque, C. C., & Rocha, F. A. G.
(2015). Antibacterial Potential of Lippia Gracilis Schauer
Essential Oil Against a Salmonella Sp . Strain Isolated in
Tilapia  Fillet-Fish (  Oreochromis Niloticus ).
International Journal of Scientific Research, 4(6), 500—
503.

De Oliveira, V. M. A., Carneiro, A. L. B., Cauper, G. S. de B.,
& Pohlit, A. M. (2009). In vitro screening of Amazonian
plants for hemolytic activity and inhibition of platelet
aggregation in human blood. Acta Amazonica, 39(4), 973—
980.

Desoti, V. C., Maldaner, C. L., Carletto, M. S., Heinz, A. A.,
Coelho, M. S., Piati, D., & Tiuman, T. S. (2011). Triagem
Fitoquimica E Avaliagdo Das Atividades Antimicrobiana
E Citotoxica De Plantas Medicinais Nativas Da Regido
Oeste Do Estado Do Parana. Arg.Ciénc.Saude UNIPAR,
15(1), 3-13.

Dobrovolskaia, M. a, Clogston, J. D., Neun, B. W., Hall, J. B,,
Anil, K., & Mcneil, S. E. (2009). Method for Analysis of
Nanoparticle Hemolytic Proporties in vitro. Nano Letters,
8(8), 2180-2187.
http://doi.org/10.1021/n10805615.Method

FDA, Food and Drug Administration (2018). The Drug
Development Process: Step 2: Preclinical Research.
Retrieved  from:  https://www.fda.gov/patients/drug-
development-process/step-2-preclinical-research



34569

International Journal of Development Research, Vol. 10, Issue, 03, pp, 34565-34569, March, 2020

Jain, A. K., Singh, D., Dubey, K., Maurya, R., Mittal, S., &
Pandey, A. K. (2018). Models and Methods for In Vitro
Toxicity. In Vitro Toxicology, 45—65. d0i:10.1016/b978-0-
12-804667-8.00003-1

Kandarova, H., & Letasiova, S. (2011). Alternative methods in
toxicology: pre-validated and validated methods.
Interdisciplinary Toxicology, 4(3), 107-113.
http://doi.org/10.2478/v10102-011-0018-6

Kannan, R. R. R., Arumugam, R., Iyapparaj, P., Thangaradjou,
T., & Anantharaman, P. (2013). In vitro antibacterial,
cytotoxicity and haemolytic activities and phytochemical
analysis of seagrasses from the Gulf of Mannar, South
India.  Food  Chemistry, 136(3-4), 1484-1489.
http://doi.org/10.1016/j.foodchem.2012.09.006

Lingan, K. (2018) A Review on Major Constituents of Various
Essential Oils and its Application. Transl Med
(Sunnyvale) 8: 201. doi:10.4172/2161-1025.1000201

Loguercio, A. P., Battistin, A., Vargas, A. C. De, Henzel, A.,
& Witt, N. M. (2005). Atividade antibacteriana de extrato
hidro-alcodlico de folhas de jamboldo (Syzygium cumini
(L.) Skells). Ciéncia Rural, 35(2), 371-376.
http://doi.org/10.1590/S0103-84782005000200019

Manetti, L. M., Turra, A. F., Takemura, O. S., & Laverde JR,
A. (2010). Avaliacdo da atividade hemolitica de Bromelia
antiacantha Bertol. (Bromeliaceae). Arg.Ciénc.Saude
UNIPAR, 14(1), 42-47.

Michelin, D. C., Moreschi, P. E., Lima, a C., Paganelli, M. O.,
& Chaud, M. V. (2005). Avaliagdo da atividade
antimicrobiana de extratos vegetais. Revista Brasileira de
Farmacognosia, 15(4), 316-320.
http://doi.org/10.1590/S0102-695X2005000400010

Moura, N. S., Carolina, A., Vasconcelos, M., Bernabé, B. M.,
José, L., Teixeira, Q., ... Santo, E. (2012). Ensaios
toxicologicos: um estudo sobre a utilizagdo in vivo e in
vitro. Enciclopédia Biosfera, 8(15), 1945-1959.

Nofiani, R., Kurniadi, R., & Ardiningsih, P. (2011).
Antimicrobial , Antioxidant , Hemolytic Activities and
Toxicity of Ethyl Acetate Extract From an Unidentified
Coral-Associated Fungus, Aspergilus brevipes RKO6.
Indonesian Journal of Cancer Chemoprevention, 2(2),
211-215.

Oliveira, D. M. S., Ocampos, F. M. M., Moreira, T. F,,
Miguel, O. G., Miguel, M. D., Rosa, A. R., & Rosa, R. T.
(2013). Analises fisico-quimicas, atividade hemolitica e
antimicrobiana dos extratos e fragdes de Buddleja
stachyoides Cham. & Schltdl. (Scrophulariaceae). Visdo
Académica, 14, 14-25.

Pape, W. J., Pfannenbecker, U., Argembeaux, H., Bracher, M.,
Esdaile, D. J.,, Hagino, S., ... Lewis, R. W. (1999).
COLIPA validation project on in vitro eye irritation tests
for cosmetic ingredients and finished products (phase I):
the red blood cell test for the estimation of acute eye
irritation potentials. Present status. Toxicology in Vitro,
13(2), 343-54. http://doi.org/10.1016/S0887-
2333(98)00085-X

Pequeno, N. F., & Soto-Blanco, B. (2006). Toxicidade in vitro
de plantas toxicas: avaliacdo do teste de agdo hemolitica.
Acta Scientiae Veterinariae, 34(1), 45-48.

Ribarov, S., & Benov, L. (1981). Relationship between the
hemolytic action of heavy metals and lipid peroxidation.
Biochim Biophys Acta, 640,721 — 726.

Selin, C., Stietz, M. S., Blanchard, J. E., Gehrke, S. S.,
Bernard, S., Hall, D. G., ... Cardona, S. T. (2015). A
Pipeline for Screening Small Molecules with Growth
Inhibitory Activity against Burkholderia cenocepacia.
Plos One, 10(6), e0128587.
http://doi.org/10.1371/journal.pone.0128587

Silva, C. A. N., Braga, S. F. P., & da Silva, A. G. (2000).
Urucum , Bixa orellana L . ( Bixaceae ) - um agente
importante na regula¢do de dislipidemias ? Natureza on

Line, 4(2), 72-76. Retrieved from
http://www.naturezaonline.com.br
Tacconelli, E., Carrara, E., Savoldi, A., Harbarth, S.,

Mendelson, M., Monnet, D. L., ... Carmeli, Y. (2018).
Discovery, research, and development of new antibiotics:
the WHO priority list of antibiotic-resistant bacteria and
tuberculosis. The Lancet Infectious Diseases, 18(3), 318—
327. doi:10.1016/s1473-3099(17)30753-3

Tariku, Y., Hymete, A., Hailu, A., & Rohloff, J. (2011). In
vitro evaluation of antileishmanial activity and toxicity of
essential oils of Artemisia absinthium and Echinops
kebericho. Chemistry and Biodiversity, 8(4), 614-623.
http://doi.org/10.1002/cbdv.201000331

Valadares, M. C. (2006). Avaliacdo De Toxicidade Aguda:
Estratégias Apdés a “ Era Do Teste DI 50. Revista
Eletronica de Farmacia Vol, 3(2), 93-98.

WHO, W. H. O. (2011). Quality control methods for herbal
materials. WHQO Library Cataloguing-in-Publication
Data. Geneva, Switzerland.

Yamamoto, T., Tsurumaki, Y., Takei, M., Hosaka, M., &
Oomori, Y. (2001). In vitro method for prediction of the
phototoxic potentials of fluoroquinolones. Toxicology in
Vitro, 15(6), 721-727. http://doi.org/10.1016/S0887-
2333(01)00089-3

kst sk sk skoskook



