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Ex situ conservation of Bulgarian endemic species Achillea thracica offers a chance for development of a new antitumor
drug. The aim of this study was to evaluate the anticancer effects of water extracts of ex vitro established A. thracica
grown in Bulgaria against fibrosarcoma cells. In our preliminary study, cytotoxicity of hot and cold water extracts was

determined using 7riticum root elongation test and Allium cepa assay. In vitro cytotoxicity and pro-apoptotic activity of
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hot extract (HE) were estimated using HT1080 cell line fibrosarcoma cells. Cytotoxicity was determined by the change
in the cell number, the cell viability, and the cell population growth. Pro-apoptotic activity was assessed by the score of
cell nuclei with morphological changes. The result of the root elongation test showed that the HEs exerted a stronger
inhibitory effect in comparison with the cold extracts (CEs). Respectively, EC50 value of the hot water extract is 9.85 g/I
and of the CE — 12.71 g/l. The extracts tested at concentration equal to > EC50 and EC50 values showed a significant
mitodepressive effect on 4. cepa meristematic cells. The in vitro tests revealed a significant negative impact on cancer

cell viability and a promising pro-apoptotic activity of hot water extract.

INTRODUCTION

For centuries, the species of the genus Achillea
(Asteraceae) have been used in traditional medicine.
Phytochemical investigations have revealed that Achillea
species contain a broad range of highly bioactive compounds
[1]. In medicine, current studies are focused on secondary
metabolites as a source of new effective anticancer agents [2—4].

The plant assays are used for preliminary screening of
the plant extracts for their cytotoxic activity: Allium cepa root tip
bioassay is an adequate system for assessing mitotic repressant
activity [5]. In vitro studies using different cancer cell lines are
useful tools to investigate the mechanism of plantsextracts
cytotoxic action [6-9]. Cytotoxic and pro-apoptotic effects of
water extracts of Achillea species in vitro have been reported [10].
Nowadays, medicinal plants’ chemical compounds are largely
explored by humans. They are based on the therapeutic use of plants
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by indigenous people. Traditional medicines usually are prepared
as whole water extracts of plants. Current studies have established
different biological activity of cold and hot water extracts [11,12].

Achillea thracica is a critically endangered Bulgarian
endemic species [13]. The aerial parts of A. thracica contain
numerous secondary metabolites [14]. In modern society, a
lot of valuable plant species are at risk of extinction. Ex situ
conservation through the use of in vitro cultures may preserve
the threatened plants [15,16]. In order to preserve 4. thracica,
a team from Sofia University provided a system for ex situ
conservation through in vitro cultivation and ex vitro adaptation
[17]. The chemical composition of plants depends on different
factors. However, the constituents and properties of propagated
plants should be studied.

The aim of this study was to evaluate the anticancer
effects of water extracts of ex vitro established A. thracica
Velen. grown in Bulgaria against fibrosarcoma cells.

MATERIALS AND METHODS

Water extracts

Ex vitro established plants were grown in the
experimental field in Lozen mountain, Bulgaria [18]. Aerial
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parts of plants, cut about 30 cm from the top, were collected
during the flowering period and dried at room temperature.
Water extracts were prepared: 1) Hot extract (HE) - the air-
dried and finely ground aerial parts were covered with boiling
distilled water for 60 minutes. 2) Cold extract (CE) - the air-
dried and finely ground aerial parts were placed in distilled
water and left to stay for 24 hours at room temperature. Then,
the aqueous extracts were filtered and evaporated at 50°C to
obtain a dry extract.

Root elongation assay

The HEs were prepared at concentrations 8, 10, 12,
14, 16, 18 and 20 g/1, and the CEs - at concentrations 5, 10, 15,
20, 25 and 30 g/l using the corresponding dry extract. Seeds
of Triticum aestivum L. were used. Five ml of each extract
or distilled water as a control were applied to the seeds. The
dishes were sealed and incubated at 25°C + 1°C for 72 hours.
The length of the roots of germinated seeds was measured. The
percentage of root growth inhibition in relation to the control for
each extract was determined. From the root growth curve, EC50
values were obtained: the effective concentration that decreased
root growth about 50% when compared to the negative control
group (distilled water, 100%) [19].

Allium cepa L.-test

Potential cytotoxicity and genotoxicity of water
extracts were estimated using A. cepa L. (2n = 16) as a test
object. The bulbs were kept for root germination in distilled
water for 24 hours. Bulbs with new roots with a length of 1.5
cm were treated with HE and CE at concentrations 2 EC50
and EC50 of corresponding dry extract. Treatments were for
24 hours at 25°C + 1°C. Temporary slide preparations were
prepared [19]. The microscopic analysis included assessment
of the mitotic index and aberrant cells.

In vitro cytotoxicity and pro-apoptotic activity of HE of
A. thracica

Cell lines and culture conditions

The adherent HT1080 cell line fibrosarcoma cells were
maintained in controlled environment: Dulbecco’s Modified
Eagle Medium, supplemented by 10% Fetal calf serum at 37°C
and 5% CO,.

Test-object and treatment

HT1080 cells were treated with dry extract from HE at
concentrations of 50, 100, 200, 400 and 600 pg/ml for 48 hours.
5-Fluorouracil at a concentration of 50 pg/ml was used as a
positive control. After treatment the cells were harvested from
cell culture, and in vitro cytotoxicity and pro-apoptotic activity
of A. thracica HE were evaluated.

In vitro cytotoxicity

Cells were stained with trypan blue dye and analyzed
in a Biirker chamber. The cytotoxic effect of the extracts was
evaluated by the change in the total number of cells, viability,
and population growth rate [20]. The growth rate constant was
calculated as follows:

o (InN —InN,) . where

t
K - growth rate constant;
N, - number of cells at the start of the treatment;
N - number of cells after the treatment;
T - time of treatment.

Pro-apoptotic activity

HE-treated cells were harvested and fixed in Clarke’s
fixative. The cell suspension was spread on a microscope
slide and after drying was stained with Giemsa dye.
Microscopic preparations were examined for the presence of
cells undergoing apoptosis. As indicators of apoptosis, cell
nuclei with morphological changes were used - pyknosis
(irreversible condensation of chromatin causing the nuclei to
decrease in size), karyorrhexis (destructive fragmentation of a
pyknotic nucleus) and karyolysis (nuclear fading caused by the
dissolution of chromatin) [21].

Data processing and statistics

Student’s #-test was performed with p < 0.05 taken as
a significance level.

RESULTS AND DISCUSSION

Influence on root growth of Triticum aestivum L.

The potential antimitotic effect of ex vitro established
A. thracica on root growth of T. aestivum was evaluated. There
are data about differences between extracts obtained at different
temperatures [22]. Based on these observations, in the present
study, we used HE and CE.

The results showed that both extracts caused similar
effects on root growth (Fig. 1). An inhibitory effect on root growth
as compared with controls was observed. Other studies also noticed
that root elongation is a sensitive growth marker [23,24].

The Effective Concentration for 50% growth
inhibition was estimated: EC50 = the effective concentration
that decreased root growth by about 50% when compared to the
negative control group [25,26]. EC50 value represents not only
the degree of influence of extracts, but also usually is the first
step in cytogenetic study of medicinal plants [27-29]. As can be
seen from Figure 1, the HE exerted a stronger inhibitory effect
on root growth in comparison with the CE. Respectively, the
EC50 value of the hot water extract is 9.85 g/l and of the CE -
12.71 g/1. It can be speculated that the two extracts tested contain
different bioactive compounds and/or different concentrations.

Allium cepa L.-test

Cytotoxic compounds could disturb the cell division
[30]. Potential cytotoxicity of plant extracts was tested at
concentration equal to 2 EC50 using 4. cepa-test. The extracts
tested showed a significant mitodepressive effect - the mitotic
indices were extremely low (Table 1). In such a case it is not
recommended to score chromosomal aberrations [26].

The decline of the mitotic index indicates the
occurrence of a cytotoxic effect [31]. The findings of this study
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Figure 1. Effect of 4. thracica water extracts on root lenght of 7" aestivum L. seeds. *p < 0.05.

showed the possibility of use ex vitro adapted A. thracica as an
anticancer drug.

In vitro cytotoxicity and pro-apoptotic activity of HE of
ex vitro established A. thracica on human fibrosarcoma cell
line HT 1080

It is well known that conventional medicine uses
different plant-derived compounds to treat cancer [24]. The
secondary metabolites in medicinal plants are widely studied as
new potential anticancer agents. Cytotoxic effects of different
Achillea species have been reported [10].

Evaluation of the antimitotic effect of plant extracts
on Allium root tips is a part of preliminary anticancer studies
[5]. Positive results disclose the possibility to be used as
an antineoplastic drug [32]. In vitro cell test systems are
widely used to establish the specific properties of chemical
compounds [33]. The human cell lines of pathogenic origin
offer the opportunity to evaluate the therapeutic effectiveness
of potential new drugs directly on cancer cells [34]. The results
of the phytotoxicity test of 4. thracica water extracts revealed
stronger growth inhibitory effect of the HE. However, we tested
the possible cytotoxicity of the HE on cancer cells in vitro. In
the present study, human fibrosarcoma cell line HT 1080 was
used as a test-object.

In vitro cytotoxicity effect on the cell population

The results of the treatment with HE of 4. thracica
on the total cell number, the cell viability and the population
growth rate are summarized in Table 2. The cell number was
reduced to a great degree after treatment with extracts at
concentrations of 400 and 600 pg/ml - respectively 2.7 and 4.8
fold as compared to the untreated control. The extracts tested
significantly inhibited the proliferation/viability of cells. The
growth rate constant was lowered. The control cell population
increased by 8.18% every hour. After treatment with extracts
at concentrations of 400 and 600 pg/ml, this value was
respectively 6.09% and 4.91% hourly.

Pro-apoptotic activity

The cancer cells can be eliminated by induction of
apoptosis [35]. The morphological changes in the cell nucleus

Table 1. Effect of treatment with 4. thracica water extracts at
concentrations %2 EC50 and EC50 (for 24 hours) on root tip
meristematic cells of 4. cepa L.

Mitotic index Abnormal cells

Sample

Mean (% £ SD) Mean (% £ SD)
Control 4.81 +0.71 5.10 +3.82
CE
¥ EC50 (6.35 g/1) <1.00* - - -
EC50 (12.71 g/1) <1.00* - - -
HE
Y2 EC50 (4.93 g/l) <1.00* - - -
EC50 (9.85 g/l) <1.00* - - -

Data are presented as mean + SD; *p < 0.05.

Table 2. In vitro cytotoxicity effect of treatment with 4. thracica
hot water extract (for 48 hours) on human fibrosarcoma cell line

HT 1080.
Total number of Viability Growth rate

(;?g(/):l) cells (n x 10%) (%) constant (%/hour)

mean +SD mean +SD mean +SD
0 50.96 +4.85 97.77 +0.75 8.18 +0.196
50 51.00 +4.04 96.01* +0.96 8.19 +0.159
100 58.32% +3.94 97.11* +1.36 8.47* +0.143
200 46.44%* +2.48 96.10%* +1.90 7.99* +0.112
400 18.68%* +2.24 95.62%* +1.47 6.09* +0.266
600 10.60* +1.13 70.99%* +7.04 491* +0.216
50* 9.64* +1.28 89.85% +2.93 4.71%* +0.283

Data are presented as mean + SD; #—positive control (5-Fluorouracil);
*p <0.05.

serve as signs of apoptosis [36-38]. The ability of studied
extracts to induce apoptosis was assessed by the evaluation of
nuclear morphology changes in Giemsa-stained cells. Three
stages of the nucleus at the early stage of apoptosis were
established - pyknosis, karyorrhexis and karyolysis.
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Table 3. Proapoptotic effect of treatment with 4. thracica hot water extract (for 48 hours) on human
fibrosarcoma cell line HT 1080.

Dose Nuclear morphology changes Total
(ng/ml) Analised cells Pyknosis Karyorrhexis Karyolysis (% +SD)
0 613 26 6 0 537+1.13
50 638 114 3 2 17.30 £2.16*
100 696 89 0 22 15.95 + 1.89*
200 669 158 0 22 23.62 + 1.75*%
400 656 98 2 56 23.78 +£1.92*
600 615 86 2 112 32.52 +£2.34*
507 639 21 0 3 3.69 +£0.48
Data are presented as mean = SD; #—positive control (5-Fluorouracil); *p < 0.05.
Treatment with extracts increased significantly CONFLICTS OF INTEREST

(three- to fivefold) the percent of the cells with nuclear
morphology changes in comparison with the negative and the
positive control (Table 3). It should be noted that pyknosis
was established after treatment with all extracts. Treated with
extract cells revealed also a sign of karyorrhexis. The nucleus
alterations could be a reason for these results [38]. Karyolysis
have been observed only in the treated cells and in the positive
control. The frequency of induction of karyolysis is dose-
dependent.

Many antitumor drugs are known to be effective
only against certain tumor cells. Therefore, the first step in
the investigation of new antitumor drugs is to establish their
activity against tumor cells of different cell lines [39]. In
the present study, hot water extract of A. thracica showed
cytotoxic and pro-apoptotic effects on human fibrosarcoma
cell line HT1080.

CONCLUSION

Achilea thracica hot and cold water extracts have
cytotoxic effect. The HE showed a stronger inhibitory effect
on root growth in comparison with the CE. Both extracts
exerted mitodepressive effect on 4. cepa meristematic cells
at concentrations equal to %2 EC50 and EC50 values. Achilea
thracica hot water extract exerted a significant dose-dependant
negative impact on HT 1080 cell viability and showed promising
pro-apoptotic activity.

ACKNOWLEDGMENT

This work has been supported by the Bulgarian Ministry
of Education and Science, grant no. RD-08-113/20.02.2023.

AUTHOR CONTRIBUTIONS

All authors made substantial contributions to
conception and design, acquisition of data, or analysis and
interpretation of data; took part in drafting the article or revising
it critically for important intellectual content; agreed to submit
to the current journal; gave final approval of the version to be
published; and agree to be accountable for all aspects of the
work. All the authors are eligible to be an author as per the
International Committee of Medical Journal Editors (ICMJE)
requirements/guidelines.

The authors report no financial or any other conflicts
of interest in this work.

ETHICAL APPROVALS

This study does not involve experiments on animals
or human subjects.

DATA AVAILABILITY

All data generated and analyzed are included in this
research article.

PUBLISHER’S NOTE

This journal remains neutral with regard to
jurisdictional claims in published institutional affiliation.

REFERENCES

1. Saeidnia S, Gohari A, Mokhber-Dezfuli N, Kiuchi F. A review on
phytochemistry and medicinal properties of the genus Achillea.
DARU J Fac Pharm Tehran Univ Med Sci. 2011;19(3):173-86.

2. Kinghorn AD. Plant secondary metabolites as potential anticancer
agents and cancer chemopreventives. Molecules. 2000;5(3):285-8.
doi: https://doi.org/10.3390/50300285

3. Pan L, Chai HB, Kinghorn AD. Discovery of new anticancer agents
from higher plants. Front Biosci (Scholar Edition). 2012;4:142-56.

4. RainaH, Soni G, Jauhari N, Sharma N, Bharadvaja N. Phytochemical
importance of medicinal plants as potential sources of anticancer
agents. Turk J Bot. 2014;38(6):1027-35. doi: https://doi.org/10.3906/
bot-1405-93

5. Ilbas Al, Gonen U, Yilmaz S, Dadandi MY. Cytotoxicity of Aloe vera
gel extracts on Allium cepa root tip cells. Turk J Bot. 2012;36(3):263—
8. doi: https://doi.org/10.3906/bot-1102-5

6. Reddy L, Odhav B, Bhoola KD. Natural product for cancer
prevention: a global perspective. Pharmacol Ther. 2003;99(1):1-13.
doi: 10.1016/50163-7258(03)00042-1

7. Niu N, Wang L. In vitro human cell line models to predict clinical
response to anticancer drugs. Pharmacogenomics. 2015;16(3):273—
85. doi: https://doi.org/10.2217/pgs.14.170

8.  Karade PG, Jadhav NR. In vitro studies of the anticancer action of
Tectaria cicutaria in human cancer cell lines: GO/G1 p53-associated
cell cycle arrest-Part 1. J Tradit Complement Med. 2018;8(4):459—
64. doi: http://dx.doi.org/10.1016/j.jtcme.2017.07.003

9.  Gordon JL, Brown MA, Reynolds MM. Cell-based methods for
determination of efficacy for candidate therapeutics in the clinical
management of cancer. Diseases. 2018;6(4):85. doi: https://doi.
org/10.3390/diseases6040085


https://doi.org/10.3390/50300285
https://doi.org/10.3906/bot-1405-93
https://doi.org/10.3906/bot-1405-93
https://doi.org/10.3906/bot-1102-5
https://doi.org/10.2217/pgs.14.170
http://dx.doi.org/10.1016/j.jtcme.2017.07.003
https://doi.org/10.3390/diseases6040085
https://doi.org/10.3390/diseases6040085

1.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

Koleva et al. / Journal of Applied Pharmaceutical Science 14 (04); 2024: 171-175 175

Bali EB, A¢ik L, El¢i P, Sarper M, Avcu F, Vural M. In vitro anti-
oxidant, cytotoxic and pro-apoptotic effects of Achillea teretifolia
Willd extracts on human prostate cancer cell lines. Pharmacogn
Mag. 2015;11(Suppl 2):S308-15. doi: https://doi.org/10.4103/0973-
1296.166060

Khan UA, Rahman H, Niaz Z, Qasim M, Khan J, Tayyaba, et al.
Antibacterial activity of some medicinal plants against selected
human pathogenic bacteria. Eur J Microbiol Immunol (Bp).
2013;3(4):272-4. doi: https://doi.org/10.1556/EuJMI1.3.2013.4.6
Chingwaru C, Bagar T, Chingwaru W. Aqueous extracts of Flacourtia
indica, Swartzia madagascariensis and Ximenia caffra are strong
antibacterial agents against Shigella spp., Salmonella typhi and
Escherichia coli O157. S Afr J Bot. 2020;128:119-27. doi: https://
doi.org/10.1016/j.sajb.2019.10.022

Stanev S. Plants & fungi. In: Peev D, Vladimirov V, Petrova AS,
Anchev M, Temniskova D, Denchev CM, et al. editors. Red data
book of the republic of Bulgaria. Sofia, Bulgaria: Bulgarian Academy
of Sciences & Ministry of Environment and Water; 2011. pp 170.
Saukel J, Anchev M, Guo YP, Vitkova A, Nedelcheva A, Goranova
V, et al. Comments on the biosystematics of Achillea (Asteraceae-
Anthemideae) in Bulgaria. Phytol Balc. 2003;9:361-400.
Yordanova ZHP, Rogova MA, Zhiponova MK, Georgiev MI,
Kapchina-Toteva VM. Comparative determination of the essential
oil composition in Bulgarian endemic plant Achillea thracica
Velen. during the process of ex situ conservation. Phytochem Lett.
2017;20:456-61. doi: https://doi.org/10.1016/j.phytol.2017.03.011
Engelmann F. Use of biotechnologies for the conservation of plant
biodiversity. /n vitro cell. Dev Biol Plant. 2011;47:5-16.

Rogova AM, Dragolova TD, Dimitrova AM, Yordanova PZH,
Mantovska D, Zhiponova M, et al. Micropropagation and ex situ
conservation of Achillea thracica Velen. Sci Technol. 2015;5(1):
38-41.

Rogova M, Ganeva TS, Stefanova M, Koleva D, Kapchina-Toteva V.
Morphoanatomical study of in vitro propagated and ex vitro adapted
Achillea thracica Velen. plants. Bulg J Agric Sci. 2015;21(5):
947-50.

Dragoeva A, Nanova ZH, Kalcheva V. Allelopathic activity of
micropropagated Origanum vulgare ssp. hirtum and its effect on
mitotic activity. Allelopathy J. 2008;22(1):131-42.

Draganov M. Cell cultures. Plovdiv, Bulgaria: Publishing Complex
VAP; 2004. 285 p.

Naipal KAT, Verkaik NS, Sanchez H, van Deurzen CHM, den Bakker
MA, Hoeijmakers JHJ, et al. Tumor slice culture system to assess
drug response of primary breast cancer. BMC Cancer. 2016;16(1):1—
3. doi: https://doi.org/10.1186/s12885-016-2119-2

Economou G, Travlos IS, Folinas A, Karamanos AJ. Greek oregano
(Origanum vulgare ssp. hirtum) as allelopathic plant. J Food Agric
Environ. 2007;5(1):348-51

Haugland E, Brandsaeter LO. Experiments on bioassay sensitivity in
the study of allelopathy. J Chem Ecol. 1996;22:1845-59. doi: https://
doi.org/10.1007/BF02028508

Kakati B, Baruah A. Allelopathic effect of aqueous extract of some
medicinal plants on seed germination and seedling length of Mung
Bean (Vigna radiata (L.) Wilczek. Indian J Plant Sci. 2013;2:8-11.
Fiskesjo G. The Allium test as standart in enviromental monitoring.
Hereditas. 1985;102:99—-112.

Rank J. The method of Al/lium anaphase-telophase chromosome
aberration assay. Ekologija (Vilnius). 2003;1:38-42.

Akyil D, Oktay S, Liman R, Eren Y, Konuk M. Genotoxic and
mutagenic eff ects of aqueous extract from aerial parts of Achillea
teretifolia. Turk J Biol. 2012;36:441-8.

Iwalokun BA, Oyenuga AO, Saibu GM, Ayorinde J. Analyses of
cytotoxic and genotoxic potentials of Loranthus micranthus using
the Allium cepa Test. Cur Res J Biol Sci. 2011;3(5):459-67.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

Rathnasamy S, Mohamed KB, Sulaiman SF, Akinboro A. Evaluation
of cytotoxic, mutagenic and antimutagenic potential of leaf extracts
of three medicinal plants using A//ium cepa chromosome assay. Int
Curr Pharm J. 2013;2(8):131-40. doi: https://doi.org/10.3329/icp;.
v2i8.15588

Mohamed FI, El-Ashry ZM. Cytogenetic effect of allelochemicals
Brassica nigra L. extracts on Pisum sativum L. World Appl Sci J.
2012;20:344-53.

Leme DM, Marin-Morales MA. Allium cepa test in environmental
monitoring: a review on its application. Mutat Res. 2009;682:71-81.
doi: https://doi.org/10.1016/j.mrrev.2009.06.002

Raj GG, Varghese HS, Kotagiri S, Vrushabendra Swamy BM,
Swamy A, Pathan RK. Anticancer studies of aqueous extract of roots
and leaves of Pandanus odoratissimus f. ferreus (Y. Kimura) Hatus:
an in vitro approach. J Tradit Complement Med. 2014;4(4):279-84.
doi: https://doi.org/10.4103/2225-4110.129199

Chen JC, Chan YC, Hwang JH. Effects of tetrandrine and caffeine
on cell viability and expression of mammalian target of rapamycin,
phosphatase and tensin homolog, histone deacetylase 1, and histone
acetyltransferase in glioma cells. Tzu Chi Med J. 2015;27(2):74-8.
doi: https://doi.org/10.1016/j.tcmj.2015.03.002

Wobus AM, Loser P. Present state and future perspectives of
using pluripotent stem cells in toxicology research. Arch Toxicol.
2011;85:79—-117. doi: https://doi.org/10.1007/s00204-010-0641-6
Xu G, Shi Y. Apoptosis signaling pathways and lymphocyte
homeostasis. Cell Res. 2007;17:759-71. doi: https://doi.org/10.1038/
¢r.2007.52

da Mota MF, Benfica PL, Valadares MC. Synadenium umbellatum
Pax. promotes cell cycle arrest and induces apoptosis in K-562
leukemia cells. Braz J Pharm Sci. 2012;48(3):497-505.

Mahdi JG, Mahdi AJ, Mahdi EJG, Abdulsatar A, Mahdi AJ, Manning
AJ, et al. Morphological modulation of human fibrosarcoma HT-
1080 cells by hydroxybenzoate compounds during apoptosis. Adv
Mod Oncol Res. 2015;1(1):68-75. doi: https://doi.org/10.18282/
amor.vl.i1.34

Fischer EG. Nuclear morphology and the biology of cancer cells.
Acta Cytol. 2020;64:511-9.

Zips D, Thames HD, Baumann M. New anticancer agents: in vitro
and in vivo evaluation. In Vivo. 2005;19(1):1-7.

How to cite this article:
Koleva V, Dragoeva A, Dimitrova Z, Toshkova S,
Rogova M. Anticancer activity of ex vitro established
Achillea thracica Velen. water extracts. ] Appl Pharm Sci.
2024;14(04):171-175.



https://doi.org/10.3329/icpj.v2i8.15588
https://doi.org/10.3329/icpj.v2i8.15588
https://doi.org/10.1016/j.mrrev.2009.06.002
https://doi.org/10.4103/2225-4110.129199
https://doi.org/10.1016/j.tcmj.2015.03.002
https://doi.org/10.1007/s00204-010-0641-6
https://doi.org/10.1038/cr.2007.52
https://doi.org/10.1038/cr.2007.52
https://doi.org/10.18282/amor.v1.i1.34
https://doi.org/10.18282/amor.v1.i1.34
https://doi.org/10.4103/0973-1296.166060
https://doi.org/10.4103/0973-1296.166060
https://doi.org/10.1556/EuJMI.3.2013.4.6
https://doi.org/10.1016/j.sajb.2019.10.022
https://doi.org/10.1016/j.sajb.2019.10.022
https://doi.org/10.1016/j.phytol.2017.03.011
https://doi.org/10.1186/s12885-016-2119-2
https://doi.org/10.1007/BF02028508
https://doi.org/10.1007/BF02028508



