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ABSTRACT

The arena of anticancer drug research has identified xanthine derivatives as intriguing
molecules with diverse antimutagenic capabilities against a variety of cancer disorders.
Xanthines are purine bases, which are known to act as non-selective and multitargeting agents of
several cellular proteins. Natural xanthine analogues were reported to inhibit adenosine and
phosphodiesterase subfamilies. Additionally, the effect toward several biochemical and signal
transduction changes were studied to observe the efficiency of xanthine derivatives as anticancer
agents and/or adjuvants. Several xanthine-based compounds were synthesized and introduced to
obtain more selective and potent agents, which are demonstrated as research tools and possible
therapeutic agents. The present minireview article illustrates the potential searching for
efficacious rule of xanthine derivatives regarding several malignancies covering leukemia,
melanoma, colon, CNS, ovarian, renal, prostate, non-small cell lung carcinoma and breast
cancers. Further, an attempt to explain the biochemical effect of xanthines toward the complex
signaling network of tumor cells was highlighted.
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1. Introduction

The increasing complexity of cancer diseases prompted an increase in the development of
diverse anticancer agents with varied modes of action. Regarding the biochemical changes of
tumor circumferences, the extensive available data of existed drugs represent a pivotal base for
the design of novel promising candidates. Xanthines are purine bases, which are known to act as
non-selective and multitargeting agents of several cellular proteins [1]. Some xanthines play a
role as bronchodilators [2], diuretics [3], natriuretic [4], analgesic adjuvants [5] lipolytic agents
[6], cognition enhancers [7], and for treatment of cerebral ischemia [8], Parkinson’s disease [9],
renal failure [10]. Furthermore, xanthines were studied for their activity as cancer chemotherapy
adjuvants [11, 12]. Numbers of xanthine analogs have been synthesized and introduced to obtain
more selective and potent agents for use as research tools and as possible therapeutic agents [12].
The adopted substitutions (methyl or alkyl) at several positions and chemical spaces around the

xanthine motif played a major involvement in the tumor microenvironment (Figure 1).

2. Antitumor activity of methylxanthine derivatives
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Figure 1. Representation of xanthine derivatives chemical structures.

850



ERURJ 2024, 3, 1, 849-870

Caffeine 1 is a methylxanthine with several biological actions. Caffeine regulates both
innate and adaptive immunological responses by inhibiting cCAMP-phosphodiesterase, according
to a number of in vitro and in vivo investigations. Another set of effects was mediated by
caffeine via its inhibitory action on adenosine receptors, which could have a direct impact on
human tumour neovascularization. Numerous studies have proved that caffeine affects the
antitumor activity of DNA-intercalating drugs [13]. During the last decades, there have been
extensive researches into the different mechanisms that are responsible for the previous actions
of caffeine [14, 15].

Theophylline 2 is an old drug with narrow therapeutic index that has been used in
bronchial asthma and COPD [16]. However, as a research tool, theophylline showed inhibition of
the Bcl-2 oncogene expression, and an increased expression of c-myc (regulator gene) in chronic
lymphocytic leukemia and lymphoma cells. Further, no effect on the oncogene expression and

rate of apoptosis were demonstrable in the control normal B lymphocytes [17, 18].

Lentini et. al. [19] demonstrated that caffeine 1 and theophylline 2 possess the capacity to
inhibit not only cell proliferation, but also the metastatic behavior of melanoma cancer cells.
Pentoxifylline 3 (Trental) is a hemorheological drug that is used in the treatment of peripheral
vascular disease and other conditions with insufficient regional microcirculation [20-22].
Pentoxifylline 3 works primarily by enhancing erythrocyte flexibility, lowering blood viscosity
and decreasing the risk of platelet aggregation and thrombus formation [23]. Further, it prevents
shunt thrombosis formation in dialysis patients [24]. Moreover, pentoxiphylline 3 is an
oxohexyl-substituted analogue of theobromine 4, and it has gained wide clinical use for the
treatment of intermittent claudication [25, 26]. Caffeine 1 and pentoxifylline 3 inhibited the
antigen-elicited proliferation of lymphocytes at concentration 100-300 mM [27]. Similarly, a
variety of xanthine derivatives were found to block the antigen-induced activation of tumor mast
cell line, apparently by inhibiting the antigen-binding to immunoglobulin E [28]. The topical
application of caffeine 1 was reported to inhibit the formation of UVB-induced skin tumors in
mice, where, the induction of apoptosis was suggested as one of the responsible mechanisms
[29]. Studies showed that various concentrations of caffeine 1 induce apoptosis in several cell
lines, including 10 mM in human neuroblastoma cells [30], 4 mM in human pancreatic

adenocarcinoma cells [31], 5 mM in human A549 lung adenocarcinoma cells [32], and 450 uM
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in mouse epidermal JB6 CI 41 cells. The treatment with caffeine 1 for 24 h was demonstrated to
induce apoptosis in JB6 cells after 72 h of serum starvation [33]. Caffeine 1 (5 mM) has been
reported to induce TP53-independent G1 phase arrest in a human lung adenocarcinoma cell line
[32].

Hashimoto et. al. [34] showed that caffeine 1 (5 mM) seems to cause GO/G1 phase arrest
through inhibition of CDK2 activation, which is a key kinase in the G1 to S transition. Caffeine 1
at 1 mM inhibited cell proliferation (75%) in response to fetal bovine serum. The pretreatment
with caffeine 1 was reported to significantly inhibit the activation of cyclin D1-CDK4 in a dose
dependent manner. Thus, it was suggested that not only the induction of apoptosis, but also the
inhibition of proliferation in the Go (quiescent) cells could explain the anticarcinogenic effect of

caffeine 1.

3. Methylxanthine derivatives as cancer chemotherapy adjuvants

Several studies were reported to provide better understanding toward the mechanism
whereby methylxanthines enhance the lethality of alkylating agents, DNA-intercalating agent
and radiation in human tumor cells. According to Fingert et. al. [35], an enhanced cytotoxicity of
alkylating agents was observed when T24 human bladder tumor cells in culture were exposed to
nontoxic concentrations of methylxanthines such as caffeine 1 or pentoxifylline 3. The tumor cell
lethality of alkylating agents such as nitrogen mustard and thiotepa was increased up to 10-folds
by using caffeine 1 or pentoxifylline 3 (1 mM) during the first cell cycle (16-24 h). Interestingly,
cycloheximide, a protein synthesis inhibitor, abolished the enhanced lethality produced by
methylxanthine. This finding suggested the role of methylxanthine in mediating particular
cellular proteins that are responsible for enhancing the chemotherapeutic activity of anticancer
agents. These methylxanthines produced no significant cell lethality in control plates without
thiotepa [35].

Moreover, the extension of G2 phase of the cell cycle has been generally observed in
many normal or malignant cells exposed to radiation, alkylating agents, or other antineoplastic
drugs [36-38]. According to this model, methylxanthines do not necessarily hinder biological
DNA repair processes per se; rather, they act by shortening the time available for repair,
presumably through a protein that is affected directly or indirectly by DNA damage and controls
the transition from G2 to mitosis [36, 39]. In BHK cells, methylxanthines allowed G2-delayed
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cells to reach mitosis without finishing the repair process. Consequently, they resulted in
shattered chromosomes, nuclear fragmentation, and cell death [40]. In vivo treatment of
combination of thiotepa and pentoxiphylline 3 showed greater antitumor effect against human
cancer cells compared to thiotepa alone [41]. Additionally, pentoxiphylline 3 enhanced the
systemic therapy of human cancer xenografts, and acted selectively to decrease the recovery
capacity of cancer versus normal cells. These results demonstrated potentiality for applications in

clinical therapy of metastatic disease.

In a study of biochemical modulators, caffeine 1 showed a specific strong enhancement
of the cytotoxic effect of cisplatin toward tumor cells [42]. It was found that caffeine 1 inhibited
adriamycin (doxorubicin) efflux from tumor cells. Consequently, caffeine 1 enhanced the
antitumor effect of adriamycin by inducing specific increase of drug concentration in tumor cells
[43]. This effect has been clearly observed both in vivo and in vitro, and could be aspect of
mechanisms whereby caffeine 1 enhances the antitumor activity of adriamycin. The effect of the
methylxanthine derivatives on adriamycin induced changes in tumor weight, where the
combination of both of them enhanced by 2.1-folds the efficacy of adriamycin. Additionally,
combination of both pentoxiphylline 3 and theobromine 4 with adriamycin have an increased

potency by 3.1-folds and 3.2-folds, respectively [44].

Similarly, theophylline 2, pentoxifylline 3 and theobromine 4 inhibited adriamycin efflux
in Ehrlich ascites carcinoma cells and P388 leukemic cells. Noteworthy, the previous findings
were selective only to tumor tissue, without any effect on normal healthy cells. However, the
study also clarified that inhibition of chemotherapy efflux from tumor cells alone is not sufficient

to explain the enhancement in antitumor activity [44-47].

Iliakis et. al. [48] reported that caffeine 1 seems to inhibit the effect of DNA repair, and Tsuchiya
et. al. [42, 49] suggested that this agent is a potential enhancer of antitumor agents. The antagonism of
mitotic arrest in the G2 checkpoint by caffeine 1 or a less toxic xanthine analogue suggests that they could
be useful as an adjuvant for cancer chemotherapy [50, 51]. Cancer cells that lack P53 cannot utilize the
G1 checkpoint and, thus, only the G2 checkpoint is available for DNA repair. Pentoxifylline 3 has the
same effect, as caffeine [52, 53], and the basis for the ability of methylxanthines to prevent G2 arrest is
unknown. It has been proposed that they activate the regulatory P34 cdc protein kinase, which is involved

in induction of cancer cells apoptosis [54].

853



ERURJ 2024, 3, 1, 849-870

Different xanthine derivatives have been assessed for their effect toward P53-defective tumor
cells relative to prevention of G2 arrest and thus DNA repair. Caffeine 1 and nine other xanthine
derivatives showed activity with 1Cs values less than 2 uM. Among them, compounds 3, 5 and 6 were
the most active [12, 55]. Particularly, compound 3 was found to inhibit DNA biosynthesis in combination
with vincristine, in vitro [56]. Moreover, in clinical trials, caffeine 1 potentiated the effect of
chemotherapy regarding induction of a high-rate complete response in patients with osteosarcoma, as well
as a high rate of good local response in patients with high-grade soft tissue sarcomas [57-59].

Furthermore, it produced a good response in metastatic carcinoma and lymphoma [60].

4. Methylxanthine derivatives as radiosensitizer agents

Several methylxanthine-derived drugs, including caffeine 1, theophylline 2 and
pentoxifylline 3, were found to sensitize cancer cells prior radiation at low millimolar
concentrations [50, 54, 61, 62]. Although the exact mechanism remains unclear, the radio-
sensitizing effect of these drugs could be related to inhibition of one or more components of the
DNA damage-response (DDR) and cell cycle checkpoint machinery [63]. Other studies were
carried out to determine the effect of methylxanthines as enhancers of the cellular radiation
response. Thus, Kim et. al. [64] suggested that methylxanthines could be considered as a
potential adjuvant agents for clinical radiotherapy. Kelland and Steel [65] found that caffeine 1
modified the initial slope of the acute survival curve in a human cervical carcinoma cell line. The

result was a reduced survival. Wolloch et. al. [66] got similar results in an ovarian cell line.

The precise mechanism is still under debate, but reports have shown that the radio-
sensitizing effect of caffeine 1 is associated with the disruption of multiple DDR cell cycle
checkpoints and DNA repair [67-69]. Undoubtedly, the effect of caffeine is to a great extent cell-
type dependent. Sarkaria et. al. [63] also stated that the radio-sensitizing effects of caffeine 1 are
related to the inhibition of ATM (Ataxia—telangiectasia mutated) and ATR (Ataxia—
telangiectasia and Rad3 related) protein kinases, which has been proposed as a key mechanism
for prevention of arrest in G2 phase. Both proteins ATM and ART are relevant targets for the

development of novel anticancer agents.

ATM and ATR act as apical regulators of DNA double strand breaks and replication
stress responses, respectively, with overlapping but non-redundant activities [70]. Highly
selective small molecule inhibitors of ATM and ATR are currently in preclinical and clinical

development. Wherein, preclinical data have provided a strong rationale for clinical testing of
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these compounds both in combination with radio- or chemotherapy, and in synthetic lethal

approaches to treat tumors with deficiencies in certain DDR components [71].

In general overview of cell cycle checkpoint signaling that are induced by ATM- and
ATR-dependent DNA damage, cell cycle progression is halted primarily through their
phosphorylation of P53, CHK1 (checkpoint kinasel) and CHK2 (checkpoint kinase 2).
Subsequently, G1/S cell cycle arrest is primarily mediated through a P53-dependent increase in
P21, a cyclin-dependent kinase inhibitor. Key targets of CHK1/2 include the cdc25 (cell division
cycle 25) phosphatases that control the activity of specific cyclin-CDK complexes, which in turn
regulate progression through S-phase and entry into mitosis. Phosphorylation of cdc25
phosphatases by CHK1 or CHK?2 inhibits their activity ensuring that CDK—cyclin complexes are
not activated. This leads to cell cycle arrest either in S-phase or at the G2/M boundary [71]. In
this regard, it was revealed that caffeine 1 suppresses ATM/P53 signaling pathway in gamma-
irradiated human T-lymphocyte leukemic MOLT-4 cells. P21 up-regulation was repressed as a
result of inhibited P53 phosphorylation on Serl5 and, interestingly, ATM-independent Ser392
residue phosphorylation, implying that caffeine 1 may have another physiological target (protein
kinase) [72]. Notably, they observed a significant P53-independent decrease in anti-apoptotic
Mcl-1 (myeloid cell leukemia-1) expression. Thus, caffeine 1 is suggested to increase the G2/M
block override, diminish repair of gamma-irradiation induced DNA damage. Subsequently, it
contributes to induction of apoptosis. Ultimately, caffeine 1 and similar methylxanthines
promote the cytotoxic effect of ionizing radiation and provide a platform for the development of

anticancer therapeutics known as radio-sensitizers [72].

Interestingly, the therapeutic efficacies of certain DNA-damaging anticancer drugs are
causally related to the loss of normal DNA damage checkpoint controls during the process of
carcinogenesis [73, 74]. Thus, agents that interfere with checkpoint related proteins may show
selectivity for tumor cells bearing intrinsic defects in specific checkpoint pathways. Indeed, this
prediction is supported by observation of the P53-deficient cells, which are preferentially
sensitized to radiation-induced killing by methylxanthines [54, 61, 62]. Therefore, P53 mutation
status may provide a potential strategy for treatment with ATM or ATR inhibitors, but P53 status
remains a complex biomarker to interpret [75]. Despite these positive results in various tumor

model systems, the clinical use of methylxanthines such as caffeine, theophylline etc., is
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severely limited by their neurological and cardiac toxicities [76, 77]. The performed studies in
cell culture have predicted that the 0.4-1 mM concentrations are needed to enhance tumor cell
lethality, which exceeds the maximally tolerated serum levels by 20-fold, and it override the
border of lethal serum level in humans [35, 41, 76-78].

5. Methylxanthine derivatives as antitumor agents

Rogozin et. al. [79] investigated the potential chemo-preventive activities of 50 different
1,3,7-trialkylxanthines, which resemble caffeine in their structures but differ in the length of
alkyl side chains. Results of this study indicated that various trialkyl-substituted xanthine
derivatives inhibited epidermal growth factor (EGF) induced neoplastic transformation of JB6
P+ cells. Wherein, The JB6 P+ cell system is a well-developed model for studying the tumor
promotion process and the potential effect of antitumor promoting agents [80-82]. Xanthine
derivatives 7-11 (Figure 1) were substantially more effective than caffeine 1 or theophylline 2 in
suppressing AP-1 (activator protein 1) transactivation in JB6 P+ cells, which may account for
their antitumor-promoting activity. Interestingly, the inhibitory activity toward cell
transformation increases proportional to the increased number of carbons in the alkyl chain at R
and R1. The most effective xanthines for inhibiting cell transformation are compounds 8 and 11,
which involved a hexyl group at R, in addition to compound 10 that has a hexyl group at R1 [79].
Although the study used xanthine derivatives with a small variation in the number of carbons at
R2 (zero to four), whereas the number of carbons at R or R: varied from zero to six, it gives a
glimpse about enhancing the antitumor activities of xanthine analogues. In another study aimed
to evaluate the effect of 8-alkyl xanthine derivatives as potential cytotoxic agents, compound 12
showed anticancer activity against prostate cancer cell line DU145 with growth inhibition 64 %
at 1.0 mM concentration. While compound 13 showed growth inhibition 42 % on the same cell

line at the same dose level [83].

6. Phosphodiesterase inhibition and xanthine derivatives

Methylxanthines, such as the previously mentioned along with isobutyl methylxanthine
(IBMX, 14), can inhibit cell proliferation presumably through inhibition of Phosphodiesterase
(PDE), resulting in elevation of cAMP [12, 84, 85]. The basic role of PDE family can be
simplified by demonstration of its roots (Figure 2).
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Figure 2. Overview of PDE involvement in the regulation of second messengers cCAMP and
cGMP.

Adenosine triphosphate (ATP) is a potent and long-lasting inhibitor of human tumor cell
development, with the impact appearing to require permeabilization of the tumor cell membrane
via Ca*? and Na* channel activation. [86]. ATP has a wide range of effects, including cytostatic,
cytotoxic, anti-cachexic, tumor blood flow modulation, and enhancement of superoxide
production. The duration of cytotoxic effect of ATP appears to involve in the ability of
nucleotide to facilitate its own localized release [86, 87], and it could be mechanistically related
to P2X7 receptor-mediated apoptosis [88]. In vitro, ATP can transform leukemia cells into white
blood cells and has been proposed as an adjunct therapy to retinoic acid in the treatment of breast
and prostate cancer. A phase Il clinical trial of ATP for the treatment of small cell lung cancer
showed increasing weight gain, improving performance status and quality of patient life [89].
Cyclic adenosine monophosphate (CAMP) is important in many biological processes. It is
derived from ATP and used for intracellular signal transduction in many different organisms.
The main target of CAMP action in cell is CAMP-dependent protein kinase, which exists as two
different isozymes, designated as type 1 (PKA-1) and type 2 (PKA-2). PKA-1 acts as a positive
growth regulator, while PKA-2 inhibits cell division [90].
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CAMP is a positive intracellular signal for cell proliferation in many differentiated cells.
However, in many tumor cells, it is a negative messenger for proliferation, showing a much
lower basal level than in normal cells [91]. In malignant tissues, concentration of CAMP is lower
in transformed cells by oncogenic viruses than in untransformed cells, and is lower in certain
tumors grown than in the corresponding normal tissue [92]. The growth of four tumorigenic cell
lines (Flamnion, HEp-2, HeLa line 229 and strain L; NCTC clone 929) were inhibited (70-89 %)
by cAMP (0.3 mM), whereas a non-malignant cell line (W1-38) was affected only slightly (13
%) [93]. Thus, the action of cAMP shows sort of selectivity toward tumor cells. Exogenous
cAMP or agents that increase the intracellular concentration of this cyclic nucleotide (i.e., PDE
inhibitors) decrease the rate of tumor growth and induce morphological and biochemical
differentiation [92]. High intracellular levels of cAMP can effectively kill the cancer cells in
vitro but substances elevating cCAMP (CAMP analogues) are not recommended to be used as

anticancer drugs as they are highly cytotoxic [94].

Thus, PDEs are connected to a wide range of physiological functions and continue to be a
major target for drug development. Phosphodiesterase hydrolyzes the second messenger CAMP,
as mentioned previously, and cGMP (cyclic guanosine monophosphate, Figure 2) that are
formed by adenylate cyclase (AC) and guanylate cyclase (GC), respectively. Both are involved
in a variety of cellular responses and extracellular agents such as hormones and
neurotransmitters control [95, 96]. There are at least, 11 families of PDEs, some of which
(PDE4, 7, and 8) are specific for cAMP and others (PDE5, 6, and 9) for cGMP. Additional
family members (PDE1-3, 10, and 11) have a dual specificity. Additionally, PDE subtypes that
occur within the same isoform, such as the five subtypes PDE4A, PDE4B, PDE4D2, PDE4D3,
and PDE4DS5 for PDE4, induce further complexity to the nature of this pathway [95, 96]. The
induction of apoptosis by PDE inhibitors is selective toward malignant cells without effecting
normal ones. Results of an in vitro study have revealed that the proportional apoptosis of
pretreated malignant B-Cell with methylxanthine derivative (72 h) increases by 87 % compared
to 16 % in normal B-cells [97, 98]. The selective toxicity of PDE inhibitors towards malignant
cells is further confirmed by Sarfati et. al. [99], who showed that the normal B cells isolated
from control donors were totally resistant to PDE-induced apoptosis, while it was selective for

the leukemic B cells. Furthermore, Inhibitors of PDE7 have been suggested to reveal a broad
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application in the treatment of lymphoid malignancies, in addition to T cell-dependent diseases
such as asthma, rheumatoid arthritis [100, 101]

Caffeine 1 and theophylline 2 are non-selective and relatively weak PDE inhibitors with
ICso values greater than 500 uM and 100 puM, respectively. Although IBMX 14 showed more
potent activity against PDE (ICso = 10 uM)), it is relatively non-selective [102]. IBMX 14 at non-
cytotoxic concentrations (10# M) inhibits the tumor colony formation of cloned line LL1 (Lewis
lung carcinoma) cells. In an animal study using C57BL/6J mice, the administration of IBMX 14
resulted in a dose-dependent decrease (2- to 10-folds) in formation of lung nodules and 10-fold
reduction in the number and size of lung metastases [103]. Moreover, PDE5 inhibitors are
suggested to be multitargeting agents that have promising results in the treatment of several
tumors. However, the distinct role of PDES inhibitors against cancer is not fully understood. The
increased apoptosis in different tumor cell types following treatment with PDE5 inhibitors was
reported [104]. Mediating caspase dependent apoptosis, and therefore cell growth arrest are the
possible mechanisms for the anticancer effect via PDES5 inhibition, which could be linked to the
concomitant increase in modulation of downstream pathways through the increased cGMP-PKG
levels [104]. Interestingly, PDE5 inhibitors alter the tumor microenvironment by augmenting
endogenous antitumor immunity via reduction of myeloid derived suppressor cell function [105].
It was suggested that PDE5 inhibitors could interfere with the efflux functions of ABC
transporters.

Consequently, PDE inhibitors sensitize cancer cells toward cytotoxic agents that are
substrates to ABC transporters [106-108]. These novel functions of PDES5 inhibitors could
explain the effect sildenafil and vardenafil, the FDA approved PDE5 inhibitors, on brain tumor
models. Wherein, doxorubicin and Herceptin (trastuzumab, monoclonal antibody) were
transported efficiently across the blood brain tumor barrier after the addition of sildenafil and
vardenafil, respectively [109]. Furthermore, the combination chemotherapy with PDE5 inhibitors
was found to produce reactive oxygen species that led to apoptosis, which proves the beneficial
treatment of broad range of cancers [110-112]. Interestingly, compound 15 represents a potent
and selective ethylxanthine based PDES5 inhibitor (PDE5 ICso = 0.6 nM, PDE6/PDE5 = 101)
[113] compared to sildenafil 1Cso value of 3.6 nM (platelets) and 3.0 nM (corpus cavernosum)
[114].
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7. Recent methylxanthine anticancer candidates

Despite the fact that no methylxanthine-based medications have received clinical
approval for the treatment of cancer disorders to date, the exceptional biochemical
manifestations of these chemicals stimulate ongoing research to develop more effective and
selective anticancer prospects. [115]. Figure 3 illustrates several methylxanthine based

candidates that show promising anticancer activity.
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Figure 3. Representative chemical structure of recent methylxanthine derivatives, with

illustration of their available protein activity.

Among a small library of methylxanthines featuring thiazolidine moiety at C-8,
compounds 15 and 16 (Figure 3) showed potent anticancer activity in NCI-60 cell line screening
against colon HCT-15 cancer cell line with Glsp of 0.47 and 0.8 puM, respectively. Compound 15
retained further Glso of 0.78 uM against renal CAKI-1 cancer cell line, and compound 16
achieved highly potent anticancer activity against leukemia K-562 cell line with Glso value of
less than 0.01 pM [116]. Compound 17 was discovered among novel dimethylxanthine
derivatives that were hybridized with chalcones, which shows a potent anticancer activity against
pancreas Panc-1, breast MCF-7, colon HT-29 and epithelial A-549 cancer cell lines (ICso = 1.7-
1.7 uM) [117]. Afifi et. al. synthesized a series of xanthine derivatives that were hybridized with
variety of heterocyclic rings. Although all the synthesized derivatives retained moderate
anticancer activity against lung A549, colon Caco-2, prostate PC3, breast MCF-7, and liver
HepG-2 cell lines, they revealed interesting in vitro antioxidant activity. Compounds 18 and 19
are representative examples of these derivatives. The former displayed twice the activity of
ascorbic acid (reference standard) as NO scavenger. Compound 19 showed an enhanced activity
over the reference standard against 15-lipoxygenase enzyme (LOX) with ICso of 1.76 vs. 3.98
uM of Zileuton (Figure 3) [118]. Methylxanthine as a scaffold was explored by introducing a
large substituted 1,2,3-triazole featuring nucleoside moieties at N-7, which unfolds an efficient
antiproliferative activity of compounds 20 and 21 (Figure 3) against several cell lines; lung
A549, colon HT-29, breast MCF-7 and melanoma A375, with ICso of 1.89-5.81 uM [119].
Among methylxanthine-oxadiazole hybridized derivatives, compound 22 revealed thrombolytic
activity, in addition to anticancer activity (Figure 3) [120].

The further activities that are exerted by methylxanthine derivatives suggest the scaffold
suitability to achieve multiprotein targeting with efficient poly pharmacology profile [115, 121].
Furthermore, different design approaches were utilized to gain much more potencies against
wide spectrum of malignancies. Compounds 23, 24 and 25 were discovered among a series of
methylxanthines that were designed using an advanced structure- and ligand-based approaches to
achieve multi-kinase targeting (Figure 3). Their anticancer results revealed mean GI of 40.92,
79.32 and 53.45 %, respectively, in NCI-60 screening program that involves 60 different tumor
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cell lines belonging to nine subpanels. Compounds 23 and 24 exerted a promising in vitro
activity against several oncoproteins such as PI3K, B-Raf, EGFR, and VEGFR-2, which
accounts for their potent anticancer activities. compound 23 showed NSCLC HOP-92, CNS
SNB-75, renal A498 Glso of 7.51, 12.5 and 7.97 uM, respectively. Whilst, compound 24
surpassed the FDA approved sorafenib activity regarding several cell lines such as CNS SNB-75
(Glsp = 1.43 vs. 2.96 UM of sorafenib), Ovarian OVCAR-3, OVCAR-4 and SK-OV-3 (Glsg =
2.31, 2.1 and 2.15 vs. 2.94, 3.51 and 2.57 uM of sorafenib, respectively) and Renal 786-0, A498,
TK-10, UO-31 (Glso = 2.32, 2.01, 2.29 and 2.13 vs. 3.36, 2.26, 2.37 and 2.57 uM of sorafenib)
[122].

Hisham et. al. achieved the synthesis of new 1-methyl and 1,3-dimethyl-8-
alkylthioxanthine with promising anticancer activity. Among the them, compounds 26-28
showed superior activity than their non-oxime congeners and their 1-methyl derivatives against
the human tumor Panc-1, MCF-7, HT-29 and A-549 cell lines (ICso = 0.80-1.80 uM). This
activity was found correlating with EGFR inhibition (Figure 3).

8. Conclusion

The immense potential of purine in drug discovery of anticancer agent puts xanthine-
based derivatives among the scope of investigation in this regard. Although the primary natural
xanthines; caffeine, theobromine and theophylline were unable to achieve anti-carcinogenic
effect at reasonable phycological concentration, several promising and potent activities were
revealed by higher substitutions at positions 7 and/or 8 of xanthine ring. The emerging of
focused understanding toward methylxanthine derivatives’ basic roles has opened up an exciting
opportunity to develop potent anticancer compounds with promising targeting profile. There is
urgent need for more clarification regarding the molecular mechanism that is responsible for the
molecular action of xanthines toward tumor cells. The available research results are incapable to
answer deeper questions regarding the diverse antimutagenic effect against various tumor
phenotypes. Ultimately, xanthine scaffold represents a general framework that can be utilized to
modulate specific protein targets, and subsequently, could result in more satisfactory treatment of

several diseases including cancer.
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