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Abstract 
The greatest challenge facing the pharmacological use of phytochemicals is the fact that they are subject to 

modifications by the several processes they may be exposed to. Thus, pharmacological activities of the new 

compounds become a matter of scientific interest. Scientists are further faced with the challenge of not 

knowing the direction of research since the activity of some modified products can differ greatly from the 

primary compounds. In this study, in silico approach was used to determine the pharmacological and 

biochemical activity of ascorbic acid and its oxidation products. The probable activity (Pa) was set at equal to 

or greater than (≥) 0.900 and probable inactivity (Pi) was set at equal to or less than (≤) 0.03. The oxidation 

products of ascorbic acid were observed to have lesser antioxidant activity. Other possible pharmacological 

activities such as antidiabetic and respiratory analeptic were revealed. This approach could guide research on 

new compounds and their processing induced modified products that will greatly enhance drug discovery and 

formulation of functional foods.  
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Introduction 

Phytochemicals have severally been reported to 

have antioxidant property making them useful in 

the management of oxidative stress (Danesi and 

Bordoni, 2008; Halliwell, 2008; Zhang et al., 

2013; Jegadeewari et al., 2014). Oxidative stress is 

implicated in the onset and amplification of 

pathological conditions such as cancer, 

cardiovascular disease, neurological disorders, 

diabetes, ischemia/reperfusion as well as ageing 

(Dhalla et al., 2000; Jenner, 2003; Dalle-Donne, 

2006). The use of products of oxidative damage as 

biomarkers in the monitoring and management of 

oxidative stress related diseases substantiates this 

fact (Valko et al., 2007).  

The mechanism of action of antioxidants may be 

direct, making them extremely important in 

defense against reactive oxygen species [ROS] or 

indirect including such action as binding to redox 

active metals to prevent initiation of free radical 

reactions (Nimse and Pal, 2015). As a result, 

antioxidants have the capacity to stabilize or 

deactivate free radicals to protect cells even at low 

concentrations hence their relevance in biological 

systems (Monaghan et al., 2009; Zhang et al., 

2013; Jegadeewari et al., 2014).  

The toxic effect of synthetic antioxidants has 

resulted in the increased focus on the antioxidant 

potential of herbs and vegetables that are 

commonly part of our diet and also used in 

traditional medicine. These phytochemicals have 

complex organic structures that are subject to 

modifications when exposed to various reactions 

especially during processing. Such structural 

modifications can lead to loss or enhanced 

antioxidant activity that may be attributed to either 

the primary compounds or their modification 

products (Ebhohimen et al., 2017). 
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Ascorbic acid, a non-enzymatic antioxidant with broad 

biological activity and essential role in human health, is 

an example of phytochemical that is readily oxidized 

during processing and storage (Lee and Labuza, 1975; 

Steskova et al., 2006; Herbig and Renard, 2017). This 

water soluble antioxidant is easily oxidized to 

dehydroascorbic acid and then to 2,3-diketogulonic acid, 

oxalic acid and threonic acid with reduction of 

antiscorbutic or reducing properties (Steskova et al., 

2006; Lloyd, 2011; Herbig and Renard, 2017). It must be 

stated further that the availability of several studies on 

vitamin C have not been able to provide a complete 

understanding of its degradation (Herbig and Renard, 

2017). 

The inability of in vitro and in vivo methods to clearly 

decipher the possible pharmacological relevance of such 

derived compounds underscores the need for new 

approaches. The use of computational methodologies in 

the study of diverse biological activities of 

phytochemicals and the discovery of potential 

pharmaceuticals and nutraceuticals as well as predicting 

their possible activity and reaction mechanisms is 

becoming a useful tool with several public databases of 

phytochemicals available (Sharma and Sarkar, 2012; 

Tung, 2014; Surakha et al., 2015; Powers and Setzer, 

2016; Yi et al., 2017). These processes have been 

introduced into the Nigerian research space with only 

modest accomplishments (Setzer and Ogungbe, 2012; 

Fatumo et al., 2014). 

The Prediction Activity Spectra for Substances [PASS] 

software is used to predict biochemical and 

pharmacological activities of simple molecules. PASS 

predictions are presented with appropriate probability 

values. The value that defines the probability of an 

activity to be observed in the laboratory is Pa. The 

probability for the compound to be inactive is reported 

as Pi. The higher the Pa the higher the probability for the 

activity to be demonstrated (Sadym et al., 2003; Lagunin 

et al., 2010). 

Materials and Methods 

In this study, the Prediction Activity Spectra for 

Substances [PASS] software (Sadym et al., 2003; 

Lagunin et al., 2010; Iqbal et al., 2015) was used to 

analyze L – ascorbic acid and some of its oxidation 

products to reveal possible biochemical and 

pharmacological activities as well as their mechanism of 

action.   

External files of chemical compounds 

Chemical structures (2D) of L-ascorbic acid, 

dehydroascorbic acid, dehydroascorbic acid dimer, 2,3-

L-diketogulonic acid and threonic acid were obtained 

with .SDF extension from PubChem Database 

[https://pubchem.ncbi.nlm.nih.gov] and Sigma Aldrich 

[http://www.sigmaaldrich.com/catalog]. Perkin Elmer 

Chem3D software was used to re-orient chemical 

structures of ascorbic acid derivatives to enhance view. 

The biochemical and pharmacological spectra for the 

compounds were obtained in silico using PASS 2014 

Refined.   In this study, the PASS prediction results were 

set at Pa>0.900 and Pi<0.300 to obtain highest probable 

activity (Sadym et al., 2003; Lagunin et al., 2010; Iqbal 

et al., 2015).  

Results and Discussion 

L-ascorbic acid is the L-enantiomer of ascorbic acid and 

conjugate acid of L-ascorbate, commonly called Vitamin 

C. In this study, the predicted pharmacological effects of 

L – ascorbic acid was obtained at Pa > Pi; with Pa set at 

0.900. This is a high probable limit compared to the 

default limit of demonstrable Pa>0.500 of this software 

(Sadym et al., 2003; Lagunin et al., 2010). The analysis 

revealed ascorbic acid to have a probable respiratory 

analeptic, antioxidant, and antiarthritic potency (Table 

1). These possible pharmacological activities have been 

previously reported (Arrigoni and De-Tullio, 2002; 

Nimse and Pal; 2015). This antioxidant property is of 

immense biological significance in cells including 

animals where it is an important exogenous non-

enzymatic antioxidant; it has also been reported to be a 

suitable standard for antioxidant studies in aqueous in 

vitro assays (Simpson and Ortwerth, 2000; Wilson, 

2002). 

Table 1: Predicted Pharmacological Activities of 

Ascorbic Acid 

Pa>0.900 Pi<0.300 Activity 

0.975 0.002 Respiratory analeptic 

0.959 0.002 Antioxidant 

0.925 0.004 Acute neurologic 

disorders treatment 

0.919 0.003 Analeptic 

0.905 0.004 Antiarthritic 

 

https://pubchem.ncbi.nlm.nih.gov/
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Ascorbic acid is modified upon oxidation (Kennedy et 

al., 1989; Lloyd, 2011). In our previous study on the 

effect of heat treatment on phytochemicals in 

Aframomum angustifolium (Ebhohimen et al., 2017),
 

ascorbic acid used as standard in the in vitro antioxidant 

assay was not thermally treated due to the fact that 

thermal treatment reduces this activity (Nwanchi, 2013). 

The derivatives of such treatment as thermal and 

metabolic processes include mainly dehydroascorbic 

acid, and dehydroascorbic acid dimer. Dehydroascorbic 

acid can further undergo irreversible hydrolysis to 2,3-

diketogulonic acid, threonic acid, L-erythrulose and 

oxalic acid (Simpson and Ortwerth, 2000).  Oxalate and 

l-erythrulose have been reported to contribute to the 

formation of kidney stones in susceptible individuals and 

to the glycation as well as crosslinking of proteins 

respectively (Steskova et al., 2006; Herbig and Renard, 

2017). 

The possible pharmacological property of these 

compounds as predicted by the PASS software is 

different from that of ascorbic acid, the primary 

compound (Table 2). The antioxidant property of 

dehydroascorbic acid was lower than that observed for 

ascorbic acid [Pa:Pi; 0.728:0.003,  antioxidant activity]. 

Dehydroascorbic acid is commonly called oxidized 

ascorbic acid (Cisternas et al., 2014). It has been 

reported to play important function in many cell types 

because it can be used to generate ascorbic acid (Wilson, 

2002). The structural similarity with ascorbic acid (Figs. 

1 and 2) may suggest that the antioxidant property of 

ascorbic acid is attributed to the hydrogen bonding at C-

6 and C-7 positions (Chloe and Min, 2009). 

Table 2: Predicted Pharmacological Activity of 

Dehydroascorbic Acid 

Pa>0.900 Pi<0.300  Activity 

0.981 0.002 Neurodegenerative 

diseases treatment 

0.975 0.002 Alzheimer's disease 

treatment 

0.970 0.003 Antidiabetic 

0.942 0.002 Stroke treatment 

0.902 0.004 Respiratory analeptic 

Dehydroascorbic acid dimer is an organic 

heteropentacyclic compound obtained by 

cyclodimerisation of ascorbic acid [Fig. 3]. It currently 

does not have any indication as a pharmaceutical 

compound. PASS analysis revealed a Pa=0.728 which is 

below the standard set for this study. However, 

pharmacological activity that may be of interest in the 

laboratory for this compound include use as an agent to 

treat neurodegenerative diseases, Alzheimer’s disease, 

diabetes, stroke and respiratory disorders since Pa>0.700 

indicate probable activity (Iqbal et al., 2015). 

Table 3: Predicted Pharmacological Activity of 2,3-

Diketogulonic Acid 

Pa>0.900 Pi<0.300 Activity 

0.953 0.002 Gluconate 2-dehydrogenase 

(acceptor) inhibitor 

0.946 0.001 D-xylulose reductase inhibitor 

0.943 0.002 Feruloyl esterase inhibitor 

0.936 0.001 Transketolase inhibitor 

0.923 0.002 Mucinaminylserine 

mucinaminidase inhibitor 

0.920 0.003 Fucosterol-epoxide lyase 

inhibitor 

0.911 0.002 Peptide agonist 

0.910 0.004 Glucose oxidase inhibitor 

0.905 0.002 Manganese peroxidase 

inhibitor 

0.903 0.001 Quinoprotein glucose 

dehydrogenase inhibitor 

0.907 0.009 Membrane integrity agonist 

 

2,3-diketogulonic acid is non-enzymatic hydrolysis-

product of dehydroascorbate and is devoid of 

antiscorbutic activity (Steskova et al., 2006).
 

The 

structural difference between ascorbic acid and 2,3-

diketogulonic acid may account for the variance in the 

predicted activity. 

 

Table 4: Predicted Pharmacological Activity of 

Threonic Acid 

Pa>0.900 Pi<0.300 Activity 

0.961 0.002 Feruloyl esterase inhibitor 

0.958 0.001 Manganese peroxidase inhibitor 

0,952 0.000 Levansucrase inhibitor 

0.950 0.001 Mucinaminylserine 

mucinaminidase inhibitor 

0.950 0.002 Fucosterol-epoxide lyase 

inhibitor 

https://pubchem.ncbi.nlm.nih.gov/compound/oxalate
https://pubchem.ncbi.nlm.nih.gov/compound/l-erythrulose
https://pubchem.ncbi.nlm.nih.gov/compound/dehydroascorbate
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0.943 0.001 Transketolase inhibitor 

0.941 0.001 Polygalacturonase inhibitor 

0.940 0.002 Glucose oxidase inhibitor 

0.938 0.001 D-xylulose reductase inhibitor 

0.938 0.001 Peptide agonist 

0.936 0.004 Membrane integrity agonist 

0.932 0.001 Shikimate O-

hydroxycinnamoyltransferase 

inhibitor 

0.932 0.002 Sulfite oxidase inhibitor 

0.931 0.001 Glycopeptide alpha-N-

acetylgalactosaminidase 

inhibitor 

0.928 0.001 Quinoprotein glucose 

dehydrogenase inhibitor 

0.927 0.001 Galacturan 1,4-alpha-

galacturonidase inhibitor 

0.927 0.001 Aspartate 4-decarboxylase 

inhibitor 

0.924 0.001 Endo-1,3(4)-beta-glucanase 

inhibitor 

0.926 0.003 NADPH peroxidase inhibitor 

0.926 0.004 Sphinganine kinase inhibitor 

0.923 0.002 Alcohol dehydrogenase 

(NADP+) inhibitor 

0.920 0.003 Lipid metabolism regulator 

0.917 0.003 Fragilysin inhibitor 

0.916 0.003 Alkylacetylglycerophosphatase 

inhibitor 

0.911 0.001 Mannonate dehydratase inhibitor 

0.914 0.004 Acrocylindropepsin inhibitor 

0.914 0.004 Chymosin inhibitor 

0.914 0.004 Saccharopepsin inhibitor 

0.909 0.002 Xylan endo-1,3-beta-xylosidase 

inhibitor 

0.904 0.001 Trehalose-phosphatase inhibitor 

0.905 0.002 3-Phytase inhibitor 

0.904 0.002 Pyruvate decarboxylase inhibitor 

0.906 0.004 Beta-adrenergic receptor kinase 

inhibitor 

0.906 0.004 G-protein-coupled receptor 

kinase inhibitor 

0.902 0.003 2-Dehydropantoate 2-reductase 

inhibitor 

 

 

 

 

 

 

 

 

 

 

 

 

Fig 1: Ascorbic 

acid 

 

Source: 

https://pubchem.ncbi.nlm.nih.gov/compound/54670067 

 

 
Fig. 2: Dehydroascorbic acid 

 

Source:  

https://pubchem.ncbi.nlm.nih.gov/compound/440667 

 

 
Fig. 3: Dehydroascorbic acid dimer 

Source: 

http://www.sigmaaldrich.com/catalog/product/sigma/d81

32?lang=en&region=NG 

 

 

https://pubchem.ncbi.nlm.nih.gov/compound/54670067
https://pubchem.ncbi.nlm.nih.gov/compound/440667
http://www.sigmaaldrich.com/catalog/product/sigma/d8132?lang=en&region=NG
http://www.sigmaaldrich.com/catalog/product/sigma/d8132?lang=en&region=NG
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Fig. 4: 2,3-L-diketogulonate 

Source: 

https://pubchem.ncbi.nlm.nih.gov/compound/21145097 

 

 

 
 

Fig. 5: Threonic acid 

Source: 

https://pubchem.ncbi.nlm.nih.gov/compound/151152 

Other predicted biochemical activicites such as the 

transport related actions, gene expression regulation, 

metabolism related action, antitargets and toxicity of the 

derivatives of ascorbic acid returned values of Pa<0.900 

except for the antitarget activity of dehydroascorbic acid 

as a peroxidase inhibitor [Pa>0.941] which is slightly 

lower than the Pa value for ascorbic acid as a peroxidase 

antitarget [Pa>0.975]..  

The overall result of this computer – aided study agrees 

with the reported reduction of the antioxidant capacity of 

ascorbic acid when oxidized (Steskova et al., 2006; 

Herbig and Renard, 2017). The information on the 

possible pharmacological and biochemical properties of 

phytochemicals is important in discovery of novel drugs. 

The lead provided will drastically reduce the overall cost 

and time involved in the drug discovery process (Sharma 

and Sarkar, 2012; Tung, 2014). This will also enhance 

the efficiency  and expand the application of these 

medicinal plants. 

Conclusion 

The introduction of computer-aided appraoches to the 

drug discovery process in Nigeria with diverse flora 

holds great hope for the future especially in a time when 

the global trend is geared towards increasing awareness 

and use of plant resources. This approach will also 

enhance understanding and use of modification products. 

Increased focus on the characterization of the bioactive 

components of crude extracts from plants is suggested.  
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