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Abstract: In 2018, the author identified a previously unknown/unreported association between dex-

razoxane and poly(ADP-ribose) (PAR). Interestingly, PAR is a close structural analogue of the pol-

yadenine nucleotide polymer, polyadenosine monophosphate (poly(A)). In this report, subsequent 

in silico modelling of the interaction between dexrazoxane and poly(A) reveals some notable differ-

ences from the previously reported interaction between dexrazoxane and PAR. Significantly, the 

supramolecular self-assembly of dexrazoxane and poly(A) is distinguished by vertically-orientated 

nonelectrostatic forces comparable to the stabilizing interactions between stacked bases within 

DNA. Notably, the vertical separation of 3.4 Å between each stack is consistent with solvent entropy 

as a dominant driving force in stabilising the interaction. Additionally, concomitant conformational 

analysis by the author reveals the existence of low energy planar conformers of dexrazoxane. This 

analysis enables an explanation for the considerable discrepancies and conflicts that exist within the 

reported pharmacokinetic data for dexrazoxane. Exploring the significance of the interaction 

between dexrazoxane and poly(A), the author illustrates that survival, translation and replication 

of the severe acute respiratory syndrome virus 2 (SARS-CoV-2) is absolutely dependent upon the 

mature and unhindered poly(A) tail of the SARS-CoV-2 genome. The proposition herein, that dex-

razoxane, as a chameleonic agent sequesters the poly(A) tail of the SARS-CoV-2 genome by the ca-

talysis of a supramolecular hybrid assembly establishes SARS-CoV-2 infected cells as deep compart-

ments for the accumulation of dexrazoxane. Taken together, dexrazoxane or its demethylated ana-

logue, represent a novel treatment to kill the SARS-CoV-2 virus by irreversible destabilization of the 

SARS-CoV-2 poly(A) tail. 

Key Points:  

 Survival and replication of the SARS-CoV-2 virus are critically dependent upon an intact re-

petitive sequence of adenine nucleotides at the 3’ terminus, known as the poly(A) tail. 

 In silico modelling by the author of stacking of planar conformational isomers of dexrazoxane, 

and non-covalent interactions between dexrazoxane and the poly(A) tail suggests that SARS-

CoV-2 infected cells represent a deep compartment for the accumulation of dexrazoxane mol-

ecules.  

 The author shows that non-covalent forces that include canonical and non-canonical base pair-

ing, and base stacking between dexrazoxane molecules and adjacent poly(A) tails of individual 

SARS-CoV-2 viruses result in the self-assembly of a thermodynamically favoured supramolec-

ular construct which, the author proposes destabilizes the poly(A) tail rendering the SARS-

CoV-2 virus incapable of normal function and replication. 
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1. Introduction to dexrazoxane 

Historical aspects 

Readers interested in the clinical development of dexraxoxane are referred to publi-

cations by Hasinoff [1] and Herman [3-7]. 
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Physical properties and clinical application 

Under the rules of IUPAC nomenclature, dexrazoxane (ICRF-187) is described as 4-

[(2S)-2-(3,5-dioxopiperazin-1-yl)propyl]piperazine-2,6-dione (Figure 1). Using non-sys-

tematic nomenclature dexrazoxane is also classified as a bis(2,6-diketopiperazine) or a 

bisdioxopiperazine. Each of these classifications is subsumed more generally within the 

category of cyclic dipeptides. Dexrazoxane is < 2% bound to plasma proteins, and at phys-

iological pH levels in the region of pH 7 or thereabouts, the pKa values shown in figure 1 

for each ionizable/protonatable group are consistent with the description of dexrazoxane 

as a lipophilic drug [2]. 

 
Figure 1. Dexrazoxane (ICRF-187) 4-[(2S)-2-(3,5-dioxopiperazin-1-yl)propyl]piperazine-2,6-dione. 

pKa values are shown adjacent to each ionizable/protonable group. 

In the UK, dexrazoxane (Cardioxane) is indicated for use…. “in adults for the pre-

vention of chronic cumulative cardiotoxicity caused by anthracycline use”… “in advanced 

and/or metastatic breast cancer patients” (emc Section 4.1) [8].  

2. About dexrazoxane 

Part I of IV 

How does dexrazoxane transfer acoss cell membranes?   

Contradictions and conflicts in the pharmacokinetic characterization of dexrazoxane 

Following intravenous administration of 500 mg m-2, dexrazoxane distributes rapidly 

into tissue fluids with an estimated mean steady-state volume of distribution of 25 L m-2 

which, it is claimed, is consistent with distribution primarily within the total body water 

[8-11]. But is this a reasonable claim? 

The mean peak plasma concentration of dexrazoxane is reported as 36.5 μg ml-1 at 

fifteen minutes following intravenous administration of a 500 mg m-2 dose [9-12]. The total 

body water of a 70 kg middle-aged man is approximately 42 L. Accordingly, with a plasma 

concentration of dexrazoxane of 36.5 μg ml-1, and assuming rapid distribution within the 

total body water compartment, the absolute number of dexrazoxane molecules within a 

total body water volume of 42 L is approximately 1020. Administration of a dose of dexra-

zoxane of 500mg m-2 in a man with a body surface area of 1.8 m2 is equal to 1021 molecules. 

Taken together, these calculations show close approximation between the number of mol-

ecules of dexrazoxane administered and the number that is presumed to distribute within 

the total body water of 42 L.  

Thus, given that the apparent volume of distribution of dexrazoxane is reported as 

25 L m-2 then the above calculations support the consensus that the distribution of dexra-

zoxane is primarily within the total body water [8-11]. 

Physically, pure dexrazoxane is sparingly/poorly soluble in water [9,13]. Paradoxi-

cally, reports of macroscopic log P values calculated using various atom-additive algo-

rithms, yield values of -1.0, -1.4, -2.14, -2.6 and -2.7 [9, 14-17]. Accordingly, rapid distribu-

tion of dexrazoxane within the total body water, of which 23 L is intracellular water, ap-

pears to be incompatible with negative values of log P of this magnitude that typically 

characterize membrane impermeable molecules [18]. In isolation, these results suggest 
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that dexrazoxane is very hydrophilic, which is difficult to reconcile with the empirical 

observation of dexrazoxane as a sparingly/poorly soluble drug in water.  

However, substantial hydrophilic character as suggested by the above log P values 

does accord with the empirical observation that dexrazoxane is insoluble in non-polar 

solvents [9-11]. Lack of solubility in non-polar solvents makes it is difficult to understand 

how dexrazoxane can rapidly distribute across cell membrane lipids and gain access to 

the intracellular water compartment. 

For most small molecules, size and polarity determine the rate of transmembrane 

diffusion, whereby membrane permeability is inversely related to topological polar sur-

face area (TPSA). For example, the TPSA value of 20.2 Å² for ethanol is entirely consistent 

with this molecule’s high permeability [19-22]. However, with a small increase in size, 

polar molecules such as urea and glycerol with TPSA values of 69.1 Å² [27] and 60.7 Å² [24] 

respectively, both demonstrate reduced permeability [25,26] (Yang and Hinner, 2015) [71].  

Consequently, the TPSA value for dexrazoxane of 98.8 Å² [9] appears inconsistent 

with rapid uptake and distribution in tissues given that, as discussed above, the volume 

of distribution for dexrazoxane is consonant with distribution within the total body water 

of 40 to 42 L of which approximately 23 L is intracellular water. 

Collectively, the most parsimonious explanation, as argued below, is that in a con-

text-dependent manner dexrazoxane can assume conformations with varying degrees of 

lipid solubility. As elegantly overviewed by Batista and coworkers [28] and Matsson and 

Kihlberg [72] the concept of environment-dependent conformations, also known as cha-

meleonic behaviour [73] is characterised by molecules with the capacity to assume con-

formations with differing degrees of lipid-permeability and aqueous-solubility. Lipid-

permeable conformations display lower TPSA values and aqueous-soluble conformation 

display higher TPSA values (Matsson and Kihlberg, 2015) [72]. 

3. About dexrazoxane 
Part II of IV 

Conformational analysis of dexrazoxane 

What are conformational isomers? 

Conformational isomers exist when atoms rotate about single bonds. Interconversion 

from one conformer to another requires that rotations need to overcome an energy barrier. 

Importantly, molecules with rotatable bonds must not be considered as a static entity, but 

rather it is necessary to embrace the burgeoning concept that these so-called “flexible” 

molecules occupy a space within which there exists wide-ranging and dynamic confor-

mational freedom   

Quantifying conformational isomers 

In the presence of conformers, a single log P value represents macroscopic or appar-

ent lipophilicity [29]. In a 1979 publication, Davies and coworkers at the Pharmaceutical 

Division of ICI in Alderly Park, United Kingdom recognised that in the presence of mul-

tiple conformers, the dominant conformer is not necessarily the active agent. Accordingly, 

the contribution of minor conformers in determining pharmacological activity must be 

incorporated into a unifying model of “micropartition coefficients” (Davies et al, 1979 p. 

397)[30]. Notably, that such micropartition coefficients underscore chameleonic behaviour 

was eruditely illustrated by the labours of Testa and co-workers in the Institut de Chimie 

Therapeutic at the Universite de Lausanne in Switzerland [31,32], who examined a range 

of conformers of morphine glucuronides and concluded that the behaviour of morphine 

glucuronide in different liquid phases could be appropriately defined as “chameleonic” 

(David et al, 2021) [73]. That is, they propose that their results support the existence of an 

equilibrium between hydrophilic conformers of morphine glucuronide in water, and 

more lipophilic conformers within lipid structures such as cell membranes [31,32]. 
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Conformational isomerism translates into pharmacological activity 

In the clinic, dexrazoxane is available in powder form as the water-soluble proto-

nated hydrochloride salt for reconstitution prior to intravenous administration. The pH 

of the reconstituted product is 1.6, which is further diluted before administration [8], 

yielding infusion solutions with a pH in the range of 3.5 to 5.5 [15]. Within the systemic 

circulation at the higher pH 7.4, dexrazoxane rapidly becomes deprotonated and circu-

lates as a wholly unionized species. However, given the considerable dilution factor 

within a plasma volume of several litres, then dexrazoxane remains in solution despite 

the limited aqueous solubilty demonstrated in a laboratory setting. But as the author now 

illustrates, it is the equilibrium between circulating free (< 2% bound to plasma proteins) 

monomeric unionized dexrazoxane, and stacked conformers of dexrazoxane that confer 

pharmacological activity given the enhanced lipid solubility of stacked dexrazoxane (dis-

cussed below). It is the existence of stacked conformers that provides considerable insight 

in reconciling the discrepancies and conflicts apparent within the reported pharmacoki-

netic data for dexrazoxane. 

Dexrazoxane has three rotatable bonds 

Dexrazoxane is a flexible molecule that possesses three rotatable bonds [9]. 

Conformational analysis of dexrazoxane by the author demonstrates energy barriers 

to free rotation that are low resulting in a highly dynamic and rapidly equilibrating mix-

ture of multiple low-energy conformational isomers (Figure 2). Indeed, the conforma-

tional free energy landscape of dexrazoxane illustrates the complexity in low molecular 

weight organic molecules that possess multiple rotatable bonds. 

To the author’s knowledge there are no reports evident within the available literature 

of conformational analysis of dexrazoxane other than that performed by the author in 2014 

and briefly reported in 2018 [33]. That this feature of dexrazoxane has been overlooked, at 

least within the published literature, is noteworthy given that the rotatable bond content 

of dexrazoxane is documented and publicly available within the National Library of Med-

icine of the National Center for Biotechnology Information [9]. 

Taken together, this analysis suggests that, as discussed below, it is stacked planar 

dexrazoxane conformers that is the most membrane permeable form.  
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Figure 2. Dexrazoxane is a flexible molecule that possesses three rotatable bonds resulting in nu-

merous conformational isomers (conformers). A few examples of low-energy conformers are illus-

trated above. 

4. About dexrazoxane 
Part III of IV  

The case for stacked parallel conformers of dexrazoxane as the membrane permeable 

form 

Why is stacking an energetically favoured process? 

Generally, the driving force for supramolecular assembly does not result from any 

favourable interaction between stacked hydrophobic surfaces, as it is commonly argued, 

but rather from their thermodynamically unfavourable interaction with water [45-49].  

Indeed, stability of the DNA double helix is more dependent upon base stacking than 

base pairing [39]. Free bases (adenine, thymine, cytosine and guanine) in water stack 

vertically in preference to forming horizontally-orientated hydrogen-bonded pairs [40-

43]. Using a Monte Carlo algorithm, the computational simulations of Danilov and co-

workers at the Institute of Molecular Biology and Genetics at the National Academy of 
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Sciences of Ukraine, in Kyiz [40] show that stacked base dimers (adenine-thymine; 

adenine-uracil; guanine-cytosine) are thermodynamically preferable by comparison with  

the corresponding Watson-Crick hydrogen-bonded base pairs.  

Importantly, solvent molecules (water) and solute molecules cannot occupy the same 

space and a solute excludes solvent molecules from the volume that it occupies. The 

elegant simulations of Mak and co-workers [45] in the Department of Chemistry and 

Center of Applied Mathematical Sciences at the University of Southern California, USA 

show that as two bases approach each other to form a vertical stack there is a maximum 

release of energy as described by a minimum value of Gibbs free energy at a distance 

between the bases of 3.4 Å. This of course is the distance between stacked bases within 

DNA, and Mak’s simulations [45] confirm that base stacking is a spontaneous process 

with maximum stability between bases at a distance of 3.4 Å. Mak and co-workers also 

demonstrate that stacked bases can only be separated with an input of energy.  

Crucially, the study by Mak and co-workers reveals that the magnitude of the solvent 

entropy-driven base stacking force is directly related to the size (volume) of a cavity 

within the solvent, and that the stability of the base stack is proportional to the size of the 

bases (the relevance of this finding to dexrazoxane is discussed below).  

Dexrazoxane is a chameleonic molecule  

Although the number of polar groups in a molecule is directly related to aqueous 

solubility, an inverse relationship exists between the content of polar groups and mem-

brane permeability. Consequently, polarity is an important consideration in traditional 

assessments of a molecule’s candidacy for usefulness as a therapeutic agent [34].  

Chameleonic behaviour is eruditely defined by David and workers [73] as “the ca-

pacity of a molecule to hide polarity in non-polar environments (such as when traversing 

lipid membranes) and expose it in water” (David et al 2021,) [73]. That is, surface polarity 

as measured by TPSA, is environment dependent.  

These new teachings provide an opportunity to reconcile conflicts between physical 

properties and pharmacokinetic parameters for selected molecules. 

The author proposes that dexrazoxane is a chameleonic molecule whereby the mon-

omeric structure with hydrogen bond donors fully exposed exhibits extensive solvation 

in an aqueous environment. This “open” structure is in equilibrium with stacked dexra-

zoxane (Figure 3) whereby polar groups are buried rendering the stacked assembly lipo-

philic and more able to diffuse across a plasma membrane. That is, since TPSA is a surface 

area phenomenon, then a low ratio of TPSA to stack size characterizes an efficient assem-

bly for the consolidated transport of several molecules of dexrazoxane through a lipidic 

environment.   

Dexrazoxane is a structural analogue of bis-thymine 

Interestingly, consonant with the observations reported above, Luo and coworkers 

[41] have demonstrated stacking of adenine bases when joined by a three carbon atom 

linker (bis-adenyl) (Figure 4). This is noteworthy, given the striking figurative similarity 

between bis-adenyl, dexrazoxane, and two thymine bases linked symmetrically by a 1-

methyl-1,2-ethanediyl linker at carbon atom 6 of each thymine base (bis-thymine) (Figure 4) 

[44].  

Absolute planarity of a nucleobase is not a prerequisite for parallel stacking 

Importantly, conformational analysis of dexrazoxane also reveals that at methylene 

carbon atoms 3 and 5, each piperazine structure occupies a half-chair conformation result-

ing in an elevated tertiary amine nitrogen atom (previously reported by the author in [33] 

(Figure 2). This observation raises the important question whether this lack of planarity 

within each piperazine structure compromises the chameleonic equilibrium for dexrazox-

ane presented above? 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 9 December 2022                   doi:10.20944/preprints202212.0175.v1

https://doi.org/10.20944/preprints202212.0175.v1


 

 

In addressing this issue, it is instructive to review the work by Olexandr Isayev and 

coworkers at the Computational Center for Molecular Structure and Interactions at Jack-

son State University in Mississippi, USA [35]. These workers challenged the prevailing 

view that isolated nucleic acid bases exist as planar conformations. Using ab-initio Car-

Parrinello molecular dynamics simulations of the flexibility of isolated DNA bases they 

demonstrated that all nucleic acid bases are highly flexible molecules and that cytosine, 

thymine and uracil possess a non-planar conformation of the pyrimidine ring with the 

boat-like and half-chair conformations representing the most populated conformations. 

This is an illuminating observation by Isayez and coworkers, given that paradoxically, it 

is the planar geometry that occupies a minimum value on the potential energy surface. 

The assumption that nucleic acid bases are absolutely planar and conformationally rigid 

structures has been challenged by other groups [36-38]. Indeed, the historical concept of 

base planarity is not consistent with recent experimental observations [38], and moreover, 

the consensus today is that base stacking within nucleotide polymers is contingent upon 

flexibility of nucleic acid bases. Accordingly, it is not unreasonable to accept that the half-

chair conformation of each of the piperazine structures of dexrazoxane does not conflict 

with the concept expressed herein of chameleonic behaviour of dexrazoxane, that includes 

stacking of parallel conformers of dexrazoxane. Consequently, the definition of “planar” 

dexrazoxane used by the author incorporates the caveat that each piperazine structure 

occupies a half-boat conformation. 

 

 

 

 

 

 

 

 

 

 

Figure 3. Dexrazoxane is a chameleonic molecule. Polar groups (oxygen in red and nitrogen in blue) 

are buried within planar stacks resulting in an increase in lipophilicity. 
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Figure 4. Bis-adenyl consists of two adenine bases separated by a flexible aliphatic linker. 

Dexrazoxane is analogous to a bis-thymine construct whereby two thymine bases are separated by 

a 1-methyl-1,2-ethanediyl aliphatic linker, similar to that in dexrazoxane. 

Summary  

Taken together, it is the author’s view that stacking of planar dexrazoxane results in 

an energetically favourable process that accords with current teachings, especially those 

that describe the behaviour of nucleic acid bases in water, whether as free structures or 

dimers. 

5. About dexrazoxane 
Part IV of IV   

Mechanism of action of dexrazoxane 

Historically, the mechanism(s) of action of dexrazoxane have been the subject of con-

siderable debate, that notably have focussed upon the ethylenediaminetetraacetic acid 

(EDTA)-like metabolite of dexrazoxane, ADR-925 with the proposal that as a strong iron 

chelator, ADR-925 exerts a cardioprotective effect through displacing iron bound to car-

diotoxic anthracyclines. However, this theory has not been supported by rigorous scien-

tific scrutiny (For review see [33]). 

In recent times, the outcomes of in vitro and in vivo studies have given rise to the 

claim, that dexrazoxane protects the heart from the effects of anthracyclines by depleting 

levels of topoisomerase 2β (Top2β) within cardiomyocytes (For review see [33]). 

However, an exhaustive review and analysis by the author reported in 2018 resulted 

in the conclusion that the evidence does not support this claim [33]. As the author reported 

in that earlier publication [33]…….“At best, the in vivo results show that the lowering of 

Top2β protein level by dexrazoxane is transient and short-lived (hours) with a rapid re-

covery by newly synthesised Top2β protein” (McCormack, 2018) [33].  

The author concludes [33]: 

 

“Within the context of persistently elevated levels of doxorubicin over a period of days 

and weeks, it is difficult to understand how in a clinical setting lowering of Top2β protein 

levels following a single 15-minute infusion of dexrazoxane, with a mean half-life of 2.2 

hours, can translate into a cardioprotective effect. 

Bis-adenyl 

Dexrazoxane 

Thymine     

Bis-Thymine 
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Moreover, such a reductionist notion of Top2β protein lowering also fails to explain the 

long-term (years) cardioprotective effects of dexrazoxane [50] or the quantifiable differ-

ences in cell biology between long-term survivors who received doxorubicin by compar-

ison with those who received doxorubicin plus dexrazoxane [51]” [McCormack, 2018) 

[33]. 

Dexrazoxane sequesters poly(ADP-ribose) polymer 

In 2018, using a customised association rule learning algorithm the author reports a 

previously-unknown association between dexrazoxane and poly(ADP-ribose) polymer 

[33]. From that analysis the author concluded that the mechanism of action of dexrazoxane 

involves an interaction with poly(ADP-ribose) polymer (McCormack, 2018) [33]. Subse-

quently, in silico modelling together with in vitro investigations allowed the conclusion by 

the author that dexrazoxane catalyses the “hybrid self-assembly” (McCormack, 2018) of 

the nucleic acid biopolymer, poly(ADP-ribose) [33], whereby……”this assembly depicts 

an antiparallel orientation of canonical Watson-Crick base pairing of dexrazoxane with 

adenine bases” (McCormack, 2018) [33]; additional stabilising forces were also proposed 

[33].  

Poly(A) is closely related to poly(ADP-ribose) 

Given the structural similarity between poly(ADP-ribose) and the polyadenine nu-

cleotide structure of the SARS-CoV-2 genome, known as the poly(A) tail (Figure 5), then 

dexrazoxane has the capacity to functionally dismantle the virus. This is discussed next. 

 
Figure 5. Poly(A) is closely related to poly(ADP-ribose). 
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6. Dexrazoxane targets the Achille’s heel of SARS-CoV-2 

SARS-CoV-2  
Coronavirus disease 19 (COVID-19) is elicited by severe acute respiratory syndrome 

coronavirus 2 (SARS-CoV-2). In common with other coronaviruses, SARS-CoV-2 is an en-

veloped virus with a positive-sense, single-stranded polyadenylated RNA genome of ap-

proximately thirty kilobytes that encodes multiple viral proteins.  

Introducing polyadenylation and the poly (A) tail  

Within the nucleus of eukaryotic cells, the process of transcription results in the novel 

synthesis of a mRNA copy of a gene sequence from a strand of DNA. Following this, 

modifications to this nascent mRNA structure are required before the mRNA can be ex-

ported to the cytoplasm where ribosomes read the genetic information. A critical modifi-

cation in the maturation process involves cleavage of the 3’ terminus of the mRNA fol-

lowed by the addition of a series of adenosine monophosphate units to form a polyad-

enine nucleotide polymeric (poly(A)) tail (Figure 6) by a process known as polyadenyla-

tion. The resulting poly(A) tail enhances stability of the mRNA, protects it from degrada-

tion and facilitates transcript stability, nuclear export, and translation.  

The mechanism of polyadenylation and the length of the resultant poly(A) tail is a 

complex process that is modulated by interactions between polyadenylation polymerase, 

cleavage and polyadenylation specificity factor, and nuclear poly(A)-binding protein (fur-

ther discussion below). 

Most eukaryotic genes contain multiple polyadenylation sites, and a conserved hex-

americ sequence AAUAAA (A=adenosine, U=uridine) within the 3’-untranslated region 

that typically directs the addition of adenosine residues that become the poly(A) tail at the 

3’ terminus of the mRNA transcript.  

In summary, for eukaryotic mRNAs, polyadenylation occurs in the cell nucleus, 

which is where the mRNA is formed. In addition to its essential function in protecting 

mRNA from degradation and ensuring its stability, the poly(A) tail is essential for efficient 

protein production following export from the cellular nucleus to the ribosomal transla-

tional and protein synthesis machinery, located within the cytoplasm.  

 

 

 

 

 

 

 

 

 

Figure 6. The polyadenine nucleotide structure. Poly(A) is a polymer of adenosine monophosphate 

(AMP). AMP consists of a phosphate group, ribose, and the nucleobase adenine. 

Adenine Phosphate 

Ribose 
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Polyadenylation of coronavirus RNA  

In common with eukaryotic mRNA, coronavirus RNA has a poly(A) tail. However, 

because the life cycle of a coronavirus takes place in the host cytoplasm, and it does not 

enter the cell nucleus, the temporal and spatial origins of the coronavirus poly(A) tail re-

main uncertain.  

There are few reports that describe SARS-CoV-2 RNA polyadenylation. By combin-

ing nanopore-based direct RNA sequencing, and DNA nanoball sequencing, researchers 

led by Narry Kim and Hyeshik Chang at the Center for RNA Research within the Institute 

for Basic Science (IBS) in Seoul, present a high-resolution map of the SARS-CoV-2 tran-

scriptome [57]. Using this methodology, they confirm that like other coronaviruses, SARS-

CoV-2 RNA carries a poly(A) tail and that the full-length genomic RNA has a relatively 

longer tail than the shorter subgenomic RNAs.  

In common with other coronaviruses, the 3′ untranslated region of SARS-CoV-2 has 

no canonical polyadenylation signal sequence AAUAAA. However, it has been proposed 

by Yu-Hui Peng and co-workers at the Graduate Institute of Veterinary Pathobiology at 

the National Chung Hsing University in Taichung in Taiwan that the AGUAAA (G=gua-

nosine) hexamer motif could be an important element in bovine coronavirus polyadenyl-

ation and that its function is position-dependent [52].  

In a 2019 publication, Jana Tvarogova and co-workers at the Institute of Medical Vi-

rology within the Justus Liebig University of Giessen in Germany report that the human 

coronavirus HCoV-229e nonstructural protein 8 (nsp8) has metal ion-dependent RNA 3’ 

terminus adenylyltransferase activity [53]. Tvarogova and co-workers speculate that that 

the nsp8-mediated adenylyltransferase activity is involved in the 3′ polyadenylation of 

viral positive-strand RNAs. Using partially double-stranded RNAs, in the presence of di-

valent metal ions Mg2+ or Mn2+, very efficient adenylyltransferase activity was observed if 

the template strand contained a short 5′ oligo uridine sequence opposite the 3’ polyad-

enylation site. Notably, such uridine sequences exist in all isolated SARS-CoV-2 genomes 

[54].  

The poly(A) tail mediates survival of coronavirus RNA 

Despite the limited understanding of the SARS-CoV-2 polyadenylation process, crit-

ically, the author of this communication argues that survival of a coronavirus, that in-

cludes SARS-CoV-2, is dependent absolutely upon a patent and functioning poly(A) tail. 

The corollary of this argument is that functional immobilisation by therapeutic interven-

tion of the SARS-CoV-2 poly(A) tail will kill all variants of SARS-CoV-2 at all stages in its 

life cycle. 

The poly(A) tail is conditional for coronavirus RNA replication 
Jeannie Spagnolo and Brenda Hogue in the Department of Molecular Virology and 

Microbiology at the Baylor College of Medicine in Houston in USA investigated the im-

portance of the poly(A) tail in coronavirus replication [55]. Using the bovine coronavirus 

defective genome BCV Drep (DNA-launched self-replicating) and the murine corona-

virus, mouse hepatitis virus (MHV) strain MHV-A59 defective interfering (DI) genome 

MHV MIDI-C, together with several mutants, they demonstrate that the poly(A) tail is an 

important cis-acting signal for coronavirus RNA replication. Notably, these studies 

showed that a bovine coronavirus defective RNA replicon without a poly(A) tail was un-

able to replicate. They acknowledge that their results accord with the results of a previous 

study by Lin and co-workers that showed that MHV defective genomes in which the 

poly(A) tail was deleted were incapable of serving as templates for negative-strand syn-

thesis [56].  

Spagnolo and Hogue state that the results of their study demonstrate that host pro-

teins, that include poly(A) binding protein (PABP) specifically interact with the 3′-un-

translated region of bovine coronavirus genomic RNA. They propose that RNAs with ab-

breviated poly(A) tails demonstrated diminished in vitro PABP binding, and that 
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attenuated interactions with PABP may affect RNA replication. Notably, retarded kinetics 

of replication were observed in all mutants. 

They conclude that their results support the view whereby positive-strand RNA vi-

rus replication…. “has evolved to depend on elements of the host cell translation machin-

ery” (Spagnolo and Hogue, 2000) [55] and that critically, their results provide additional 

evidence that the coronavirus poly(A) tail represents an important cis-acting signal for 

coronavirus replication. 

Minor changes in poly(A) tail length exert significant effects upon gene expression and 

replication of coronavirus 

Silvestri and coworkers in the Department of Biochemistry and Molecular Biology at 

the University of Florida in Gainsville, USA investigated the effect of changes in the length 

of the poly(A) tail upon poliovirus negative-strand RNA synthesis [59]. In their hands, 

they observed that increasing the poly(A) tail length by a single nucleotide resulted in an 

increase of negative-strand synthesis by approximately an order of magnitude, suggesting 

that minor changes in viral poly(A) tail length exert a significant effect on viral replication. 

Similar results have also been obtained with the Sindbis virus whereby for example, de-

creasing the poly(A) tail length by five nucleotides resulted in a greater than 70% decrease 

in negative-strand RNA synthesis [60].  

Similarly, for coronavirus, small alterations in poly(A) tail were observed to mark-

edly affect the efficiency of viral replication [55] and translation [58]. 

Consistent with the above reports of the effects of minor changes in poly(A) tail 

length upon virus propagation, Kim and Chang [57] propose that nsp8-mediated ade-

nylyltransferase activity of human coronavirus HCoV-229e may extend the poly(A) tail of 

coronaviruses, including SARS-CoV-2 as a counter measure against the erosive attack by 

host deadenylases. Moreover, they additionally speculate that regulation of the length of 

the viral poly(A) tail is important for the maintenance of genome integrity and facilitation 

of translation mediated by interaction with poly(A) binding proteins, that in turn interact 

with translation factors to allow translation. They conclude that the viral poly(A) tail fa-

cilitates and/or mediates multiple roles in translation, decay, and replication. 

The SARS-CoV-2 poly(A) tail changes length during infection 

Following infection by bovine coronavirus, the length of the coronaviral poly(A) tail 

has been shown to vary by up to an order of magnitude throughout the infection period 

[52].  

In a 2013 study, Hung-Yi Wu and coworkers in the Graduate Institute of Veterinary 

Pathobiology at National Chung-Hsing University in Taiwan observed that coronaviral 

poly(A) length varies throughout a the study period of one hundred and forty-four hours 

from viral entry [58]. Although they report that the mechanisms regulating the change in 

poly(A) tail length remain unknown, they propose a positive link between regulation of 

poly(A) tail length and coronaviral translation and replication, whereby a longer poly(A) 

tail is a critical determinant of successful replication.  

In a later study by the same group investigated the mechanisms for synthesis of the 

poly(A) tail and subsequent variation in length during the infection period [52]. These 

new observations enable novel insights into this process whereby small changes in 

poly(A) tail length can affect viral replication and translation during infection [52]. Inter-

estingly, their data additionally suggest that in the early stages of infection, poly(A) tail 

length below a critical number (they propose five to nine nucleotides) may attenuate the 

subsequent efficiency of lengthening, that in turn may compromise gene expression dur-

ing infection. The corollary of these observations gives rise to an interesting speculation 

by the author whereby coronavirus with short “embryonic” poly(A) tails may be exquis-

itely vulnerable to the effects of dexrazoxane (discussed later).  
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Do RNA modifications regulate poly(A) tail length? 

Intriguingly, Kim and Chang [57] report that they identified at least forty-one poten-

tial RNA modification sites (changes to the chemical composition of molecules post-syn-

thesis that have the potential to alter function or stability) on SARS-CoV-2 viral tran-

scripts. Among these modification sites, the most frequently observed motif is AAGAA. 

Notably, modified RNAs were shown to carry shorter poly-A tails than unmodified 

RNAs, suggesting an association between the internal modification and the poly(A) tail. 

Kim and Chang surmise that by an unknown mechanism the relationship between mod-

ification and the length of the poly(A) tail confers stability to the RNA. Moreover, they 

extend their reasoning to include the possibility that RNA modifications may confer ad-

ditional benefit upon viral survival. That is, modifications enable evasion by virus RNA 

in infected tissues given that it has been reported by Karikó and coworkers that nucleoside 

modifications suppress the potential of RNA to activate dendritic cells. Consequently, the 

host cell’s innate immune system may fail to adequately recognise the threat posed by 

viral RNA that incorporates nucleoside modification [74]. While the modifications ob-

served in their study remain to be characterised (for example, N6-methyadenosine, 5-

methylcytosine, 2′-O-methylation, deamination) they conclude that viral RNA modifica-

tions may represent an additional layer of coronavirus stability and survival that in some 

way is dependent upon a functional poly(A) tail. 

The coronavirus poly(A) tail is a coincidence detector that regulates  

translation  

Tsung-Lin Tsai and co-workers at the Graduate Institute of Veterinary Pathobiology 

at the National Chung Hsing University in Taiwan investigated whether the coronavirus 

poly(A) tail functions as a so-called “coincidence detector” whereby temporally close sig-

nal inputs are interrogated providing an output that controls the functional mode of the 

genome as an effector of either translation or replication [61]. During coronavirus infec-

tion, the positive-strand genome must coordinate both translation and replication 

whereby ribosomes travel along the viral RNA in the 5′-to-3′ sense and the viral RNA 

polymerase travels in the opposite 3′-to-5′ sense.  

Tsai and co-workers studied the interactions between the poly(A) tail, bovine coro-

navirus nucleocapsid protein, and poly(A) binding protein using human rectum tumour 

(HRT-18) cells, and human embryonic kidney (HEK-293) cells infected with bovine coro-

navirus. 

From their observations, they construct a model whereby following infection, the 

poly(A) tail of the coronavirus genomic RNA interacts with poly(A) binding protein, and 

the translation factors eukaryotic initiation factor 4G (eIF4G) and eIF4E. This assembly 

results in translation. As the infection progresses there is an increase in nucleocapsid pro-

tein, which upon binding to the poly(A) tail results in a destabilisation of the above as-

sembly and a termination of translation. With an increase in the levels of nucleocapsid 

protein the coronaviral RNA switches from translation to replication. 

Most importantly, the results of Tsai and coworkers suggest that coronavirus nucle-

ocapsid protein also inhibits host mRNA translation [61]. The net result is an accumula-

tion of viral proteins with a concomitant substantial reduction by the host of protein syn-

thesis, a phenomenon often termed “host shutoff”. 

In summary, the model proposed by Tsung-Lin Tsai and co-workers shows a coordi-

nating role of the coronavirus poly(A) tail as a “coincidence detector” in harmonizing 

coronavirus replication and translation, together with the concomitant inhibition of host 

mRNA translation. 

Does SARS-CoV-2 poly(A) tail form an intrinsic helical structure? 

Seminal studies by Terence Tang together with Lori Passmore at the MRC Laboratory 

of Molecular Biology in Cambridge in the UK, suggest that eukaryote poly(A) forms an 
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intrinsic base-stacked, single-stranded helical conformation that is recognized by the 

highly conserved Pan2 exonuclease [62]. Their work suggests that regulation of the 

poly(A) tail length by exonuclease-mediated deadenylation is critically dependent upon 

this helical conformation. The corollary of their finding is that disruption of this structure 

blocks the interaction of poly(A) with Pan2. If this work can be extrapolated to the poly(A) 

tail of SARS-CoV-2 then any intervention that disrupts this conformation-dependent in-

teraction may have a deleterious impact upon the SARS-CoV-2 life cycle. 

Destabilization of the poly(A) tail of the SARS-CoV-2 virus as a novel approach for the 

management of Covid-19 

Reprogramming poly(A)  

Hanadi Sleiman and co-workers in the Department of Chemistry and Centre for Self-

assembled Chemical Structures at McGill University in Quebec, Canada studied the 

interaction between cyanuric acid (Figure 7) and poly(adenine), in both its DNA and RNA 

forms [63]. These workers showed that cyanuric acid can “reprogramme poly(A) interac-

tions and induce the assembly of a higher-order supramolecular structure” (Avakyan et 

al, 2016 p. 368) [63] via both canonical and non-canonical base pairs. Because cyanuric acid 

contains three 2,4-dione assemblies of thymine (Figure 7) (dexrazoxane contains two 2,4-

dione assemblies), these workers propose that their observations are consistent with the 

self-assembly of cyanuric acid with poly(adenine) strands to yield a coiling triplex for-

mation as determined by circular dichroism and UV-visible spectroscopy.  

The association between cyanuric acid and poly(adenine) studied by Sleiman and co-

workers is illustrated in figures 8A, 8B, and 9. Cross-sectional plan views (Figures 8A and 

8B) depict the basic units of two different self-assemblies. For comparative purposes, ca-

nonical Watson–Crick base pairing is shown in Figure A, and the proposed hexameric 

self-assembly that combines both canonical and non-canonical Hoogsteen base pairing as 

a coiling triplex formation is shown in Figure 8B. A three-dimensional plan view of the 

coiling triplex formation is illustrated in figure 9 (for clarity, only a single strand of 

poly(adenine) shown). Figure 9 depicts stacking of the adenine-cyanuric base pairs with 

the adenine bases (black), showing only one “full” strand with individual adenine bases 

mapping the positions of the other two poly(adenine) strands in the triplex.  

In more recent times, Ramanarayanan Krishnamurthy and coworkers in the Depart-

ment of Chemistry at the Scripps Research Institution in California, USA [70] have pro-

posed a helicene-based supramolecular structure as an alternative to the hexameric as-

sembly (Figure 8B) proposed by Sleiman and coworkers [63]. However, for the purposes 

of the present discussion it is not necessary to give undue attention to the exact nature of 

this interaction. Rather, what is critically important, is the observation that a nucleobase-

mimicking small molecule can induce the assembly of a higher order structure with a nu-

cleic acid in water. 
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Figure 7. Each dioxopiperazine moiety of dexrazoxane contains the 2,4-dione assembly of thymine 

(dotted box in thymine structure), and cyanuric acid has three 2,4-dione assemblies. Reproduced 

under the terms of a Creative Commons Attribution License from McCormack Keith (2018) The car-

dioprotective effect of dexrazoxane (Cardioxane) is consistent with sequestration of poly(ADP-ribose) by self-

assembly and not depletion of topoisomerase 2B ecancer 12 889. 

 

 

                                                                                                     

 

 

 

 

                A                                        B 

Figure 8. Cyanuric acid monomers self-assemble with poly(adenine) strands. Canonical Watson–

Crick base pairing is shown in A and the proposed hexameric assembly formed by both canonical 

and non-canonical base pairing is shown in B. Reproduced under the terms of a Creative Commons 

Attribution License from McCormack Keith (2018) The cardioprotective effect of dexrazoxane (Cardiox-

ane) is consistent with sequestration of poly(ADP-ribose) by self-assembly and not depletion of topoisomerase 

2B ecancer 12 889. 
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Figure 9. A three-dimensional plan view of the cyanuric acid (red)-catalysed self-assembly of a 

poly(adenine) triplex depicts stacking of the adenine-cyanuric base pairs with the adenine bases 

(black). For clarity, only a single strand of poly(adenine) is shown with individual adenine bases 

mapping the position of the other two strands. Reproduced under the terms of a Creative Commons 

Attribution License from McCormack Keith (2018) The cardioprotective effect of dexrazoxane (Cardiox-

ane) is consistent with sequestration of poly(ADP-ribose) by self-assembly and not depletion of topoisomerase 

2B ecancer 12 889. 

Dexrazoxane and the SARS-CoV-2 poly(A) tail  

Solvent entropy is a dominant driving force in stabilising the interaction beteeen dexrazoxane and 

poly(A) 

As discussed above, in an earlier report [33], the author presented in silico and in vitro 

evidence in support of an association between dexrazoxane and Poly(ADP-ribose) (PAR). 

Given that poly(A) is closely related to PAR (Figure 5) then an interaction between 

dexrazoxane and poly(A) is entirely consistent with expectation. However, the model of 

a hybrid dexrazoxane and poly(A) supramolecular structure demonstrates an important 

difference to that reported for the interaction between dexrazoxane and PAR. Notably, 

with the dexrazoxane and poly(A) interaction, in addition to the  effects of the canonical 

Watson-Crick base pairing (Fig 10 Upper) it is the vertical adenine-dexrazoxane-adenine 

stacking forces that confer robust stabilisation to the assembly (Fig 10 Middle) with 

solvent entropy being the dominant driving force. 
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Vertical stacks within the dexrazoxane-poly(A) supramolecular self-assembly are maximally-

stabilized at a distance of 3.4 Å 

As discussed earlier, the simulations of Mak and co-workers [45] show that as two 

bases approach each other to form a vertical stack there is a maximum release of energy 

as described by a minimum value of Gibbs free energy at a distance between the bases of 

3.4 Å. This of course is the distance between stacked bases within DNA, and simulations 

of Mak and coworkers confirm that base stacking is a spontaneous process with maximum 

stability between bases at a distance of 3.4 Å. Modelling of the interaction between 

dexrazoxane and poly(A) shows that the distance between each vertical stack (Figure 10 

Middle) is approximately 3.4 Å, affording maximal stability. 

Upon entering a SARS-CoV-2-infected cell stacked parallel conformers of dexrazoxane form a 

symmetrical anti-parallel base pair with a complementary series of adenine bases within a poly(A) 

tail 

Assembly within plasma of planar stacks of dexrazoxane with a vertical separation 

of 3.4 Å between adjacent stacks enables efficient transfer across cell membranes. Upon 

reaching the aqueous and charged cell interior the equilibrium shifts in favour of 

monomeric dexrazoxane, which, the author proposes sequesters poly(A) (Figure 10) to 

form a hybrid supramolecular assembly. Consumption of dexrazoxane by this interaction 

with SARS-CoV-2 results in a steep gradient for dexrazoxane into the cell. Moreover, the 

author additionally proposes that this deep compartment for the accumulation of dexra-

zoxane non-linearly augments the extracellular equilibrium between monomeric dexra-

zoxane and the lipophilic stacked dexrazoxane by a mass action shift toward the stacked 

structure and finally terminating in the intracellular formation of the energetically fa-

voured hybrid supramolecular assembly between dexrazoxane and poly(A).  

Conformational analysis of dexrazoxane confirms alignment between dexrazoxane and poly(A) is 

consistent with base pairing 

Conformational analysis of dexrazoxane also reveals that at methylene carbon atoms 

3 and 5 (Figure 2), each piperazine structure occupies a half-chair conformation resulting 

in an elevated tertiary amine nitrogen atom. Importantly, the keto group at the carbon 

atom in position 2 of each piperazine structure is in alignment with the tautomeric nitro-

gen of the primary amine group of the adenine base of each adenosine monophosphate 

unit of poly(A) (using the orientation depicted in Figure 10 Upper).  

Base expansion within the dexrazoxane-poly(A) supramolecular self-assembly augments the 

stabilizing forces between stacks 

The earlier ab initio quantum mechanics calculations and molecular modelling 

studies by McConnell and Wetmore in the Department of Chemistry at Mount Allison 

University in New Brunswick, Canada [64] provide support for Mak’s observation [45] 

that the stability of a base stack correlates with the size of the bases. They modelled the 

effect upon stacking interactions in DNA attributable to an increase in the size of natural 

bases by covalently including a benzene ring within one or both bases within a Watson 

Crick pair. Interestingly, they observed that stacking interactions between base dimers 

were increased by up to fifty percent upon expansion of one base and by up to ninety 

percent upon expansion of both bases. These observations accord with the meticulous 
thermodynamic measurements of Guckian and co-workers in the Department of Chemistry at the 
University of Rochester in New York, USA who showed that in a self-complementary DNA duplex, 
the plot of stacking energy versus stacking surface area was robustly correlated, whereas plots of 
stacking energy versus either log P or dipole moment suggested little, if any association [66]. 

Taken together, the studies of Mak and co-workers[ 45], Danilov and co-workers [40] 

and McConnell and Wetmore [64] enable a novel insight into the self-assembly of 

dexrazoxane with poly(A). For the purpose of illustration, using the method of Girolami 

[65], the molar volume of a double-stranded adenine-uracil base pair (it is the 
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demethylated form of thymine, uracil, that base pairs with adenine in RNA) (Figure 10 

Lower) is approximately 192 cm3 mol-1. By contrast, using the same method, the molar 

volume of the adenine-dexrazoxane-adenine unit within the dexrazoxane-poly(A) 

supramolecular canonical structure (Figure 10 Upper and Middle) is approximately 404 

cm3 mol-1, which is more than twice that of the adenine-uracil base pair within double-

stranded RNA. Consequently, given that the stability of a base stack correlates with the 

size of the bases, then we may confidently predict the existence of significant stabilizing 

forces between vertically-orientated adenine-dexrazoxane-adenine stacks within the 

dexrazoxane-poly(A) supramolecular self-assembly (Figure 10 Upper and Middle).   

A note on Hoogsteen base pairing 

Additionally, dexrazoxane may catalyse the self-assembly of supramolecular struc-

tures with poly(A) through a combination of both canonical base pairing, and non-canon-

ical Hoogsteen base pairing leading to the formation of assemblies of increased complex-

ity (Figure 11), beyond that shown in figure 10. However, further discussion on Hoogsteen 

base pairs is beyond the scope of this document. 
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Figure 10. Dexrazoxane (red) catalyses the hybrid self-assembly of SARS-CoV-2 poly(A) tails (UP-

PER). Three adenine-dexrazoxane-adenine stacks with vertical inter-stack distance of approxi-

mately 3.4Å (MIDDLE). For comparison, canonical adenine-uracil base pairing is shown. It is the 

demethylated form of thymine, uracil, that base pairs with adenine in RNA (LOWER). 
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Figure 11. Dexrazoxane may additionally self-assembly with poly(A) through a combination of both 

canonical base pairing, and non-canonical Hoogsteen base pairing; the adenine moieties of poly(A) 

are shown in black. Reproduced under the terms of a Creative Commons Attribution License from 

McCormack Keith (2018) The cardioprotective effect of dexrazoxane (Cardioxane) is consistent with 

sequestration of poly(ADP-ribose) by self-assembly and not depletion of topoisomerase 

2B ecancer 12 889. 

An assessment of the stoichiometry between dexrazoxane and the SARS-CoV-2 virus 

Targeting the pneumocyte 

The mean peak plasma concentration of dexrazoxane is reported as 36.5 μg ml-1 at 

fifteen minutes following an intravenous administration of a 500 mg m-2 dose. Within the 

age range of nineteen to forty years, using morphometric analysis, Crapo and co-workers 

[67] report that a human alveolar type I epithelial cell has a mean volume of 1,764.0 μm3, 

and that an alveolar type II cell has a mean volume that is half that of the type I pneumo-

cyte.  

Estimating the absolute number of molecules of dexrazoxane within a pneumocyte 

Applying Avogadro’s number with a molecular weight for dexrazoxane of 268.27, 

and assuming a steady state exists, within the absolute intracellular volume of a type II 

pneumocyte (a primary target of SARS-CoV-2), there are approximately 108 dexrazoxane 

molecules. This figure is an overestimate to within one order of magnitude since the avail-

able cytosol volume in the pneumocyte is less than the intracellular volume by approxi-

mately 30%. 

 

 

N

N
N

N

O

O

O

O

H

H

N

N

N
N

N

H

H

N

N N

N

N
H H

N

N

N

N

O O

O O

H

H

H

H

N

N

N

N

N

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 9 December 2022                   doi:10.20944/preprints202212.0175.v1

https://doi.org/10.20944/preprints202212.0175.v1


 

 

Estimating the number of individual SARS-CoV-2 RNA molecules within infected cells 

Jeffrey Lee and co-workers in the Department of Biochemistry at the University of 

Oxford in the United Kingdom used single-molecule fluorescence in situ hybridisation to 

explore the spatial and temporal quantification of positive sense SARS-CoV-2 RNA ge-

nomes, while simultaneously visualising negative sense genomes, subgenomic RNAs, 

and viral proteins [68].  

Using Vero E6 cells (derived from the kidney of the African green monkey and highly 

susceptible to SARS-Cov-2), A549-hACE2 cells (derived from human lung cancer cells that 

express angiotensin-converting enzyme 2 (ACE2)), and Calo-3 cells (a non-small-cell lung 

cancer cell that has constitutively active ErbB2/Her2) they demonstrated that single mol-

ecule fluorescence in situ hybridization is an efficient and sensitive assay with the power 

to detect single molecules of RNA from cells innoculated with the SARS-CoV-2 variant 

B.1.1.7. Importantly, the sensitivity of the assay enabled unprecedented insights into the 

dynamics of viral replication in infected Vero E6 cells during the first ten hours of infec-

tion.  

The infected cell population showed varying gRNA levels that were classified by Lee 

and co-workers into three groups. The first group of ‘partially resistant’ cells with 

<102 positive sense SARS-CoV-2 RNA genome copies that showed no increase in copies 

burden between two and eight hours post infection (sixty percent of the population). The 

second group of ‘permissive’ cells with approximately 102–105 copies per cell showing a 

modest increase over time (thirty percent of the population), and the third group of ‘su-

per-permissive’ cells with >105 copies per cell showing a sharp increase in gRNA copies 

(ten percent of the population).  

Interestingly, at six hours post infection Lee and co-workers observed a high abun-

dance of SARS-CoV-2 subgenomic RNA (that provide templates for the production of 

various structural and accessory proteins) compared to levels of genomic SARS-CoV-2 

RNA. This rapid expansion of subgenomic RNA peaked at eight hours post infection (ap-

proximately 107 counts per cell) followed by a shift towards the production of genomic 

RNA. They interpret the high generation of subgenomic RNA as being consistent with 

fulfilling a critical need for an adequate supply of structural proteins in anticipation of the 

later appearance of genomic RNA, and the subsequent generation of new viral particles 

(Lee et al, 2022) [68]. 

Accepting that the findings by Lee and co-workers can be extrapolated to the clinical 

situation, then at all time points the intracellular content of dexrazoxane either matches 

or outnumbers the counts of both genomic and subgenomic SARS-Cov-2 counts. How-

ever, the number of individual dexrazoxane molecules needed to effectively inactivate 

two adjacent SARS-CoV-2 poly(A) tails remains unknown. 

7. Analogues of dexrazoxane 

Is dexrazoxane the most appropriate bisdioxopiperazine to target SARS-CoV-2? 

ICRF-154 (Figure 12) is the demethylated analogue of dexrazoxane [69]. Although 

widely available for research purposes, ICRF-154 is not approved for any clinical indica-

tion. However, the absence of the methyl group results in a conformational landscape that 

is heavily populated with low energy linear conformers. Arguably, relative to dexrazox-

ane, the absence of the methyl group increases the capacity of ICRF-154 to form parallel 

stacks. The corollary of this assumption is that on a molar basis ICRF-154 is more potent 

than dexrazoxane in destabilizing the SARS-CoV-2 poly(A) tail. However, in the absence 

of more data, this assertion remains purely speculative. 
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Figure 12. ICRF-154    4-[2-(3,5-dioxopiperazin-1-yl)ethyl]piperazine-2,6-dione. 

8. Concluding remarks 

SARS-Cov-2-infected cells represent a deep compartment for the accumulation of dexrazoxane 

As proposed by the author herein, spontaneous catalysis by intracellular dexrazox-

ane of the formation of a hybrid self-assembly with SARS-Cov-2 poly(A) tails within in-

fected cells, renders the virus incapable of normal function and replication. Consumption 

of dexrazoxane by this interaction with SARS-CoV-2 results in a steep gradient for dexra-

zoxane into the cell. Moreover, the author additionally proposes that this deep compart-

ment for the accumulation of dexrazoxane non-linearly augments the extracellular equi-

librium between monomeric dexrazoxane and the lipophilic stacked dexrazoxane by a 

mass action shift toward the stacked structure and finally terminating in the formation of 

the energetically favoured hybrid supramolecular assembly between dexrazoxane and 

poly(A). Destabilisation of the SARS-Cov-2 poly(A) tail kills the virus. 

The relationship between dose of dexrazoxane or ICRF-154 and response remains to 

be explored. 

Can dexrazoxane target other viruses? 

Destabilisation of the poly(A) tail by dexrazoxane merits further attention as an in-

tervention that may have more general application for the immobilization of viruses other 

than the SARS-CoV-2 virus. 

9. Materials and methods 

Some of the methods described below were also used in McCormack, 2018 [33] and 

accordingly some of the wording in the Methods section from that article have been re-

produced in part [33]. 

Development of the association rule learning algorithm incorporating the use of an-

tecedent surrogate variables algorithm (coded as CEME) was pioneered by McCormack 

Pharma in the early 1980s [75]. CEME displays exquisite sensitivity in probing natural 

language text for the discovery of new and interesting associations that otherwise would 

remain lost [33, 75].  

The conformational relationship of the non-covalent interaction between dexrazox-

ane and poly(A), and energy minimization was explored using a modified version of Al-

linger’s Molecular Mechanics MM2 force field. Conformational analysis with a dihedral 

driver was performed and minimum energy conformations were computed for dexrazox-

ane and ICRF-154 using Chem3D 16.0 with a minimum root mean squared gradient set to 

0.1. Semi-empirical molecular orbital calculations were also undertaken using the 

Chem3D 16.0 tool MOPAC to eliminate unstable high energy conformers and for geome-

try optimisation. Conformational analysis and energy minimisation was additionally sup-

ported by the Chem3D 16.0 tool, CONFLEX (CONFLEX Corporation). Intermolecular dis-

tances were estimated using the distance measuring tool within Chem3D. Dissociation 

constants as pKa that were not evident within the literature were calculated using meth-

ods provided within Chemaxon (MarvinSketch).  
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