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Abstract
Cardiac glycosides are used for treatment of irregular heartbeats, cardiac arrhythmia and congestive
heart failures. In this research, digitoxin as a cardiac glycoside was identified and isolated for the first
time in the world from Adonis aestivalis and investigated for its cytotoxic activity against cervical
cancer cell (HeLa) lines and human lymphocytes by MTT test. Digitoxin extracted from the aerial
parts of the plant collected from west of Iran and purified by column and thin layer chromatographic
techniques. The structure of isolated cardiac glycoside was identified by IR, H NMR and C NMR
methods and so the presence of digitoxin was established. The half maximal inhibitory concentration
values for cervical cancer and lymphocyte cells were obtained to be 5.62 and 412.94 μg/mL. The
results of this study introduced the new resource of digitoxin which has considerable cytotoxic effects
against HeLa cancer cells but did not damage normal human lymphocyte cells.
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ABSTRACT
Cardiac glycosides are used for treatment of irregular heartbeats, 
cardiac arrhythmia and congestive heart failures. In this research, 
digitoxin as a cardiac glycoside was identified and isolated for the 
first time in the world from Adonis aestivalis and investigated for its 
cytotoxic activity against cervical cancer cell (HeLa) lines and human 
lymphocytes by MTT test. Digitoxin extracted from the aerial parts of 
the plant collected from west of Iran and purified by column and thin 
layer chromatographic techniques. The structure of isolated cardiac 
glycoside was identified by IR, 1H NMR and 13C NMR methods and so 
the presence of digitoxin was established. The half maximal inhibitory 
concentration values for cervical cancer and lymphocyte cells were 
obtained to be 5.62 and 412.94  μg/mL. The results of this study 
introduced the new resource of digitoxin which has considerable 
cytotoxic effects against HeLa cancer cells but did not damage normal 
human lymphocyte cells.
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1. Introduction

Adonis aestivalis L. is an annual medicinal plant of Buttercup (Ranunculaceae) family distrib-
uted in the Middle East and Mediterranean area. Iran is the centre of diversity for the annual 
species of the genus such as A. aestivalis (Ghorbani Nohooji et al. 2008, 2011). Different Adonis 
species are rich sources of secondary metabolites and mostly known for containing of cardiac 
glycosides (Kopp et al. 1992). The most important usage of A. aestivalis is returning to treat-
ment of cardiac arrhythmia and congestive heart failures due to their cardiac glycosides 
(Al-Snafi 2016). Also some traditional usage of the species was reported from Iran in treat-
ment of Rheumatism and heart diseases (Dolatkhahi et al. 2012).

Cardiac glycosides are a famous group of natural compounds which are used for treatment 
of some heart maladies. They have various effects on the cancer cells death, proliferation, 
migration, invasion and blocking effect on growth of tumour cells in both in vivo and in vitro 
aspects (Yang et al. 2013; Calderon-Montano et al. 2014). A considerable cytotoxic effect of 
traditional plants of Egypt (Urginea maritima) was reported and it seems that the effect is 
related with its cardiac glycosides content (El-Seedi et al. 2013).The main mechanism on 
cancer cells is related on their effects on Na+/K+ ATPas activity (Mijatovic et al. 2007; Simpson 
et al. 2009; Cerella et al. 2013; Mijatovic and Kiss 2013). Also some anti-inflammatory effects 
are reported by using the glycoside cardenolides. Most famous glycoside cardenolide com-
ponents which are found in different plants are digoxin, digitoxin, oabalin and oleanderin 
which are commonly present in Digitalis, Strophanthus and Nerium, respectively. Also one 
of the natural resources of cardionadis glycosides are the plants of buttercup family especially 
Adonis and Cimicifuga genera. (Calderon-Montano et al. 2014). Also noticeable cytotoxic 
effects of phytochemical compounds in various Clematis species (other genus of family) 
were reported in distinct research projects (Rana et al. 2015; Chang et al. 2017).

Previous investigations have proved the inhibitory effects of sesquiterpene lactones 
against human carcinoma cells (Fernandes et al. 2008). Chemical researches showed that 
the cytotoxic activity is due to the reaction of α,β-unsaturated carbonyl structures of the 
sesquiterpene lactones with thiols (Fernandes et al. 2008). Digitalis purpurea and Digitalis 
lanata are the commercial sources of the cardiac glycosides digitoxin and digoxin (Winnicka 
et al. 2006). Commonly Digitalis spp. are using in the cancer therapy due to presence of 
digitoxin which is the most abundant cardiac glycosides. Although the effect mechanism 
of digitoxin on the malignant cells is not clearly understood but its effect on the tumour cell 
lines is well established (Khan et al. 2009). Probably the cardiac glycosides resembling dig-
itoxin are able to reduce c-MYC expression (Yang et al. 2013). The structure of digitoxin is 
valued for the α,β-unsaturated carbonyl group in γ-lactone ring, it may undergo many 
nucleophilic reactions. Based on previous researches, Sesquiterpene lactones can be toxic 
towards cancer cells (Fischedick et al. 2013). Hence, the digitoxin with γ-lactone can be a 
candidate as anti-cancer agent.

Up to now many reports has proven the presence of flavonoids (Komissarenko et al. 1973), 
tetraterpenoids, phenolic glycosides, cardenolides and cardiac glycosides (Pauli et al. 1993; 
Li et al. 2010), in the various species of the genus Adonis. In a separate study on the A. aes-
tivalis two new cardenolide and strophantidin along with two new glycoside components 
were reported in the seeds of plant using NMR method. These new components were exam-
ined for cytotoxicity in some tumour cell lines and the effects were different in examined 
lines (Kubo et al. 2012). In other research three compound of A. amurensis namely cymarin, 
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cymarol and cymarinic acid were isolated and identified. These constituents have a diverse 
cytotoxic effect on some tumour cell lines. But their strongest effect was observed against 
HUVE (human umbilical venous endothelial) cells (You et al. 2003). Ferric reducing power 
properties along with total phenolic and flavonoid content of methanol and ethyl acetate 
extracts of A. aestivalis were evaluated in our research by spectrophotometric methods pre-
viously. The results showed that the methanol extract of A. aestivalis has a high content of 
phenol, flavonoids and antioxidant activity (Taherkhani and Rustaiyan 2016).

So evaluation of in vitro anticancer effect of digitoxin extracted from A. aestivalis was 
subjected as the aim of this study using MTT (3-(4,5-di methyl thiazol-2-yl)-2,5-di phenyltetra-
zolium bromide) assay on HeLa cancer cells and human lymphocytes. This study is the first 
report in presence of digitoxin in A. aestivalis and so this species is a suitable case to being 
regarded as the new source of digitoxin for medical purposes.

2. Results and discussion

2.1. Separation and identification of digitoxin

Digitoxin was isolated in crystalline form in fraction 8, 9 and 10. The molecular structure of 
digitoxin was elucidated by FT-IR, 1H NMR and 13C NMR (Figure S1).

2.2. Cytotoxicity test

The cytotoxic effects of digitoxin were determined on HeLa and lymphocyte cells via MTT 
test (Table S1). At a concentration of 20 μg/mL, digitoxin inactivated HeLa cells by 74.47%, 
with a 50% cytotoxicity concentration of 5.62 μg/mL (y = 1.8184x + 39.783, r2 = 0.90) (Figure 
S2). Digitoxin was toxic to human carcinoma HeLa cells at low concentrations. At a concen-
tration of 200 μg/mL, digitoxin inactivated lymphocytes by 60% (y = 0.1792x + 26.001, 
r2 = 0.92) (Figure S3). The IC50 values for HeLa and lymphocyte cells were obtained to be 5.62 
and 412.94 μg/mL, respectively (Table S1). Digitoxin showed a highly significant cytotoxic 
effect on the human carcinoma HeLa cell line.

The obtained results show that the cytotoxicity of digitoxin on cancer cells is much higher 
than that seen in human lymphocytes. These results prove low adverse side effects of digi-
toxin on the human lymphocytes. Some studies have pointed that natural products inhibit 
tumour growth (Taherkhani and Rustaiyan 2016). Depending on kind and concentration of 
natural products, they show cytotoxic activities on living cells but are generally non geno-
toxic (Bakkali et al. 2008). In the present study, digitoxin was found to be cytotoxic to HeLa 
human carcinoma cells. Based on previous study, cytotoxicity of proscillaridin A, ouabain 
and digoxin in the breast cancer cells was investigated. Proscillaridin A, ouabain and digoxin 
induced apoptosis in MDA-MB-231 cells by increasing free calcium concentration and via 
activating caspase-3 (Winnicka et al. 2007). Li and coworkers showed that asclepin had the 
strongest cytotoxic activity (IC50 = 0.02 μM) against the two cancer cell lines and the com-
pound 12beta-hydroxycalotropin had significant cytotoxic activity (IC50 = 0.69 and 1.46 μM), 
respectively (Li et al. 2009). Digitoxin and its analogues are able to suppress chemically 
induced tumours in mice, or the growth of variety of human tumour cells, either in culture, 
or when xeno grafted into SCID mice (Yang et al. 2013). Upon previous investigation, carcino 
toxic activities have been observed in mice for chemically induced skin papillomas and 
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pulmonary tumours with digitoxin (Inada et al. 1993) or oleandrin (Afaq et al. 2004). Cardiac 
glycosides have been reported to show cytotoxic effect against colorectal cancer cell lines 
(Felth et al. 2009). The cytotoxic actions of cardiac glycosides such as oleandrin and digitoxin 
have been investigated in different types of cancer cells. Oleandrin, digitoxin and ouabain 
have been reported to induce apoptosis in androgen independent PC cells, although the 
specific mechanism of drug action has not yet been identified (Raghavendra et al. 2007; 
Fretz et al. 2008; Lefranc and Kiss 2008; Zhang et al. 2008).

3. Conclusion

Based on this study, digitoxin (A Cardiac Glycoside Extracted from A. aestivalis L.,) showed a 
high cytotoxicity against carcinoma HeLa cells but it was not so toxic to lymphocyte.

Definition of abbreviations

FTIR Fourier-transform infrared spectroscopy

NMR Nuclear Magnetic Resonance
MTT 3-(4,5-Dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide
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