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Summary. Theophylline-7-acetic acid (7-TAA) derivatives with several amino acids were screened for an-
tiproliferative effects on acute (HL-60) and chronic (K-562) myeloid leukemia cells as well as on non-ma-
lignant cells derived from embryonic human kidney (HEK 293T). The anti-proliferative effects (IC50) were 
revealed at relatively high concentrations, between 330.4 and 1051.9 μM, but the tested compounds proved 
to be devoid of cytotoxicity on HEK 293T in the evaluated concentration range (50-1200 μM). The amino 
acid esters demonstrated higher cytotoxicity towards the myeloid leukemia cells compared to the carbox-
ylic acid derivatives.
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Introduction
Methylxanthine derivatives are known to in-

crease cAMP, by virtue of multiple mechanisms 
including antagonism at adenosine receptors and 
inhibition of phosphodiesterase [1]. Non-selective 
phosphodieterase inhibitors such as theophylline 
can effectively kill cancer cells in vitro by elevating 
intracellular cAMP and by modulating the DNA-re-
pair enzymatic machinery. Both caffeine and theo-
phylline have been found to induce apoptosis, and 
to enhance doxorubicin-induced cytotoxicity [2]. 
Likewise theophylline (at 15–25 ng/ml) was found 
to synergize with gemcitabine or cisplatin to induce 
programmed cell death in 4 different carcinoma cell 
lines derived from human ovarian, prostate and lung 
cancer and in a malignantly transformed granulosa 
cell line. The mechanism of the apoptogenic effect 
of theophylline has been found to involve reduction 
of intracellular levels of the antiapoptotic media-
tor Bcl2. Therefore, theophylline-based structures 
comprise an attractive scaffold for structural modifi-
cation in search of innovative antineoplastic agents 
with multimodal pharmacodynamics [3, 4].

Besides theophylline and its congeners other 
methylxanthines have been also evaluated for an-
ticancer and chemosensitivity-modulating agents. 
Thus pentoxifylline (Fig. 1) has been shown to in-
crease the effectiveness of both radiotherapy and 
chemotherapy [5, 6]. A combination regimen of 
pentoxifylline with liposomal doxorubicin, exhib-
ited synergistic activity and inhibited cellular pro-
liferation to a greater extent with regard to each 
drug used alone [7].

Among the abundance of methylxanthines 
promising purine-based lead compound is theo-
phylline-7-acetic acid (7-TAA) (Fig. 1), also called 
acefylline,which is characterized by an beneficial 
safety profile as compared to theophylline, but suffers 
from poor absorption [8]. Creating an amino acid-
linked molecule is an approach for designing analogs 
with higher bioavailability. Hence peptides and pro-
teins are involved in numerous biological processes 
and play important roles in the development and 
progression of various diseases, important biological 
processes such as kinase activation and inhibition can 
be mimicked with peptide-based drugs [9].

The aforementioned biological relevance prompt-
ed us to probe the amino acid conjugates with 7-TAA 
as potential antiproliferative agents. 

Materials and Methods
Cell lines and culture conditions
The cell lines used in this study, namely HL-60 

(acute myelocyte leukemia) and K-562 (chronic-
myelocyte leukemia) were obtained from the Ger-
man Collection of Microorganisms and Cell Cultures 

Figure 1.Structures of pentoxifylline and theophylline-
7-acetic acid.
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(DSMZ GmbH, Braunschweig, Germany). They 
were cultured in controlled environment – RPMI-
1640 liquid medium supplemented with 10% fetal 
bovine serum (FBS) and 2 mM L-glutamine, in cell 
culture flasks, housed at 37 ºC in an incubator ‘BB 
16-Function Line’ Heraeus (Kendro, Hanau, Ger-
many) with humidified atmosphere and 5% CO2. 
Cell cultures were maintained in logarithmic growth 
phase by supplementation with fresh medium two or 
three times weekly. Heraeus (Kendro, Hanau, Ger-
many) with humidified atmosphere and 5% CO2. 
Cell cultures were maintained in logarithmic growth 
phase by supplementation with fresh medium two or 
three times weekly.

Cytotoxicity assessment (MTT-dye 
reduction assay)

The cell viability, after continuous exposure to the 
tested compounds was assessed using the standard 
MTT-dye [10] with minor modifications [11]. The 
method is based on the biotransformation of the yel-
low tetrazolium salt MTT to a violet formazan by 
the mitochondrial succinate dehydrogenase in viable 
cells. For the MTT-assay exponentially growing cells 

Scheme 1. Synthesis of the tested compounds.

were seeded in 96-well flat-bottomed microplates af-
ter 24 h incubation at 37 ºC they were exposed to 
various concentrations of the tested extracts for 72 
h. For each concentration a set of at least 8 wells 
were used. After the treatment 10 ml MTT solution 
(10 mg/ml in PBS) aliquots were added to each well. 
The microplates were further incubated for 4 h at 
37 ºC and the MTT-formazan crystals formed were 
dissolved through addition of 100 ml/well 5% for-
mic acid (in 2-propanol). The absorption was read 
on a microprocessor controlled Labexim LMR-1  
microplate reader at 580 nm.
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Table 1.Antiproliferative activity,IC50 (μM)
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Cell cultures
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Results and Discussion
The synthesis and characterization of the 7-TAA 

derivatives with amino acids have been described 
earlier [12]. The amide bond was created viacoupling 
reactionscarried out using 1-ethyl-3-(3-dimethylami-
nopropyl)carbodiimide and hydroxybenzotriazole 
(EDC/HOBt) in dichloromethane. Consequent hy-
drolysis of the ester function to carboxylic group of 
the amino acid moiety was achieved with aqueous 
LiOH (Scheme 1).

The compounds were screened for antiprolif-
erative effects against 2 human leukemic cell lines, 
namely HL-60 and K-562. Table 1 lists the data from 
the cytotoxic assays on the 2 malignant cells. For the 
purpose of a comparison, the antiproliferative effects 
against non-malignant cells derived from embryonic 
human kidney – HEK 273T, documented in our pre-
vious study [12], are also included. 

The tested compounds exhibited concentration-
dependent reduction in the proliferative activity and 
the viability of the malignant cells. The anti-prolifer-
ative effects were revealed at relatively high concen-
trations, between 330.4 and 1051.9 μM. In general, 
the amino acid esters demonstrated higher cytotox-
icity compared to the carboxylic acid derivatives. 
Higher chemosensitivity has been observed towards 
the acute myeloid leukemia (HL-60), compared to 
the chronic myeloid leukemia (K-562). The tested 
compounds did not achieve their IC50 towards the 
non-malignant cell line HEK-293T in the concentra-
tion range tested (50 - 1200μM). This is indicative for 
the selective cytotoxic activity against the malignant 
transformed cells used in this study. 

Conclusion 
Amino acid derivatives of 7-TAA were evaluated 

for their antiproliferative activity against 2 human 
leukemic cell lines. The data indicate that the anti-
proliferative effects (IC50) are achieved at relatively 
high concentrations. The tested compounds were not 
toxic to the embryonic human kidney cells.

Acknowledgement
Financial support of Medical University – So-

fia, Medical Science Council (Grant No 35/2013) is 
gratefully acknowledged.

References

1.	 Wa n g  H, Guan W, Yang W, Wang Q, Zhao H, 
Yang F, Lv X, Li J. Caffeine Inhibits the Activa-
tion of Hepatic Stellate Cells Induced by Acetal-
dehyde via Adenosine A2A Receptor Mediated 
by the cAMP/PKA/SRC/ERK1/2/P38 MAPK 
Signal Pathway. PloS one 2014; 9(3): e92482.

2.	 M o t e g i  T, Katayama M, Uzuka Y, Okamu-
ra Y. Evaluation of anticancer effects and en-
hanced doxorubicin cytotoxicity of xanthine 
derivatives using canine hemangiosarcoma cell 
lines. Res. Vet. Sci. 2013; 95: 600-605.

3.	 H i r s h a  L, Ada D, Suhb B-S, Yoshidac Y, Ho-
sokawac K, Tajimac K, Kotsujic F, Merimskyd 
O, Amsterdam A. Phosphodiesterase inhibi-
tors as anti-cancer drugs. Biochem. Pharmacol. 
2004; 68(6): 981-988.

4.	 B e n o e h r  P, Krueth P, Carsten B, Grenz A, 
Osswald H, Hartmann J. Nephroprotection by 
Theophylline in Patients with Cisplatin Chemo-
therapy: A Randomized, Single-Blinded, Place-
bo-Controlled Trial. J. Am. Soc. Nephrol. 2005; 
16: 452-458.

5.	 M i s i r l i o g l u  C, Demirkasimoglu T, Kucuk-
plakci B, Sanri E, Altundag K. Pentoxifylline 
and alpha-tocopherol in prevention of radiation-
induced lung toxicity in patients with lung can-
cer. Med. Oncol. 2007; 24: 308–311.

6.	 B r a v o - C u e l l a r  A, Hernandez-Flores G, 
Lerma-Diaz J, Dominguez-Rodriguez J, Jave-
Suarez L, De Celis-Carrillo R. Pentoxifylline 
and the proteasome inhibitor MG132 induce ap-
optosis in human leukemia U937 cells through a 
decrease in the expression of Bcl-2 and Bcl-XL 
and phosphorylation of p65. J. Bio. Sci. 2013; 
20: 1-13.

7.	 G o e l  P, Gude R. Pentoxifylline regulates the 
cellular adhesion and its allied receptors to ex-
tracellular matrix components in breast cancer 
cells. Biomed Pharmacother. 2014; 68: 93-99.

8.	 O w e n  J, Nakatsu K. Spectrophotometry of 
theophylline-7-acetic acid and theophylline. 
Clin. Chem. 1978; 24(2): 367-368.

9.	 E l d a r -Finkelman H, Eisenstein M. Peptide in-
hibitors targeting protein kinases. Curr. Pharm. 
Des. 2009; 15(21): 2463-2470.



16 PHARMACIA, vol. 61, No. 2/2014 Y. Voynikov, G. Momekov, Pl. Peikov, G. Stavrakov

10.	 M o s m a n n  T. Rapid colorimetric assay for 
cellular growth and survival: application to pro-
liferation and cytotoxicity assays. J. Immunol. 
Methods 1983; 65(1): 55-63.

11.	 K o n s t a n t i n o v  SM, Eibl H, Berger MR. 
BCR-ABL influences the antileukaemic effi-
cacy of alkylphosphocholines. Br.J.Haematol. 
1999; 107(2): 365-374.

12.	 Vo y n i k o v  Y, Valcheva V, Momekov G, Pei-
kov P, Stavrakov G. Theophylline-7-acetic acid 
derivatives with amino acids as anti-tubercu-
losis agents. Bioorg. Med. Chem. Lett. 2014. 
DOI:10.1016/j.bmcl.2014.05.026

Corresponding author
G. Stavrakov
Medical University of Sofia,
2 Dunav str., Sofia 1000, BULGARIA
Tel: +359 2 9236 516 
E-mail address: gstavrakov@pharmfac.net




