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Introduction
The twenty standard amino acids and their peptide protein-forming 

combinations represent in a unique way a complete range of molecular 
interactions, molar masses, solubility in aqueous and non-polar 
solutions, surface properties and a number of other features of chemical 
compounds. Amino acids and polypeptides, their low-molecular 
weight compounds, are distributed through every living organism as 
components of various molecules from structural ones to reaction 
catalysts and metabolites. They all have evolutionary usefulness and 
bioactivity resulting from environmental factors. Food is for animals 
an important source of amino acids and peptides.

According to some theories [1-3] food processing by hominids 
contributed to the rapid evolutionary brain development. Is it therefore 
possible that metabolic peptide concentrations protect us naturally 
against pathogenic microorganisms, their metabolites and proteins? 
Are the folk beliefs in the beneficial power of bouillon and other foods 
with highly hydrolysed protein justified? Most importantly, how to 
demonstrate in the simplest way possible therapeutic, physical and 
chemical similarities?

Humans have always pursued their need for helping and saving 
health and life at risk and used mixtures and substances in whose 
therapeutic power they believed.

The present-day pharmaceutical industry has developed thousands 
of compounds with defined bioactivity in order to inhibit many 
bacterial and viral proteins. The compounds compete for active sites 
with metabolites, thus inducing the desired therapeutic effect. It then 
seems natural to ask how similar and how different artificial inhibitors 
are from natural polypeptides. QSAR analysis is one of the current 
methods for the comparison of and search for compounds with desired 
therapeutic activity. Using QSAR, we can characterize and compare 
many compounds and select potential inhibitors in a cost-effective 
manner. 8000 tripeptides were selected within the present study, that is, 
all the possible combinations of amino acids encoded by nucleic acids, 
and a drug database with 4886 chemical compounds: >1,350 FDA-
approved small molecule drugs, 123 FDA-approved biotech (protein/

peptide) drugs, 71 nutraceuticals and >3,243 experimental drugs; (data 
for May 2010). We expect that through the comparison of tripeptides 
and drugs, it will be possible to determine similarities which affect their 
therapeutic efficacy. We found that several xenobiotics and tripeptides 
characterized in our calculations have a well-defined and similar 
therapeutic applications [4-7].

Experimental Procedures
The manuscript uses descriptor analysis (MW, AlogP, Topological 

PSA, hydrogen bond donors and hydrogen bond acceptors) generated 
by PADEL-Descriptor software (http://padel.nus.edu.sg/software/
padeldescriptor/) for the Drug Bank database [8, 9] and for 8000 
tripeptides (combinations of 20 amino acids). The tripeptide database 
was generated in the SMILE format using the Chem Axon Software 
molconvert application. Marvin was used for drawing, displaying 
and characterizing chemical structures, substructures and reactions, 
Marvin 2.5.1 , 2009, ChemAxon, http://www.chemaxon.com.)

Another stage was to transfer data to the MySQL database using 
our proprietary Perl programme to facilitate efficient selection and data 
analysis on a further stage. Furthermore, statistical analysis between 
selected DrugBank descriptors and tripeptides was possible.

The data from the database were grouped by value ranges with 
defined accuracy; subsequently, descriptor value histograms were 
generated separately for the Drug Bank compounds and tripeptides. 
(Figures 1, 2).
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Figure 1: Histogram of AlogP distribution for all 8000 of considered tripeptides.
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Figure 2: Histogram of AlogP distribution for all 4886 Drug Bank molecules.
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Values from both databases were correlated by calculating a 
difference matrix between Drug Bank and tripeptides. The similarity 
matrix contains 39088000 similarity values for each of the five individual 
descriptors (4886 molecules from “All Drug Structures” of Drug Bank 
*8,000 tripeptides).

Based on the lowest descriptor value differences between the 
compounds in both databases, we selected the most similar compounds 
for further QSAR 2D analysis (Figure 3,).

The range of differences determining similarity values within 
limits according to the Lipiński rule or within a wide value range for 
tripeptides was determined from histograms generated previously for 
each descriptor.

The value range for the selected descriptors used for the selection of 
compounds with the highest similarity (highest topological similarity) 
is shown in (Table 1). The last stage of our calculation involved the 
generation of intersection for a group with the highest similarity 
among Drug Bank compounds and tripeptides specified by selected 
descriptors.

Results Analysis and Discussion 
The AlogP values for 95% of tripeptides are within a range of -5.43, 

-0.76 (median value -3.10). According to the Lipiński rule, distribution
ratio values for drugs are below 5. As for the Drug Bank compounds,
95% compounds are within a range of AlogP values of between -6.90
and 2.60 (median value -2.15). The values prove higher contribution
of polar compounds in the xenobiotic group than among tripeptides.
This results from the fact that drugs should have high solubility, and

we know that many of them are taken orally and absorbed from the 
gastrointestinal tract.

The analysis of TPSA calculations shows that drugs show a much 
wider distribution of values than the tripeptides. 27% of drugs are 
within a range for all the tripeptides; however, all tripeptides are within 
a range for the drugs. By assuming a criterion of difference in TPSA 
values according to (Table 1), 1.14% correlation between drugs and 
tripeptides was obtained. It follows from the calculation that statistically 
Drug Bank drugs are more polar than tripeptides. This is consistent 
with the AlogP calculations.

As for pharmacokinetics, TPSA [10] and AlogP are highly important 
for the determination of ADME (Absorption, Distribution, Metabolism, 
and Excretion) parameters which describe xenobiotic behavior in the 
body. It follows from the calculation that the distribution ratio values for 
all the 8000 tripeptides are within a range determined for drugs. 68.83% 
(3,363/4,886) of Drug Bank compounds have molar masses within 160-
500 [11], while 99.11% tripeptides are within this range (7,929/8,000). 
It follows from the analysis of molar mass differences between the 
compounds in the databases that 3.94% correlations, or 1,539,329 of 
39,088,000 possible similarities between drugs and tripeptides, are 
within a difference range of <-10; 10 a.m.u.>. However, the molar 
mass criterion refers only to low-molecular weight compounds, being 
pointless when searching for correlations between small tripeptides 
and compounds with extended structures (polysaccharides or large 
polypeptides). For simple chemical substances, molar mass depends on 
the number of non-hydrogen atoms in the molecule and only combined 
with selected atom classes (number of hydrogen bond acceptor or donor 
atoms), it provides a consistent and qualitative picture of molecules. 
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Figure 3: Histogram of differences of AlogP distribution between Drug Bank molecules and tripeptides.
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84% drugs fulfill the Lipinski rule (not more than 10 hydrogen bond 
acceptors) and 96% have not more than 5 hydrogen bond donors. 

As for tripeptides, the values are 69% for hydrogen bond acceptors 
and 42% for donors.

The phrase “not more than 10 hydrogen bond acceptors” refers 
to the process of inhibitor molecule seizing by protein molecules. 
“Not more than 5 hydrogen bond donors” contributes to the sticking 
of molecules to active sites and/or protein surface. Hydrogen bonds 
are the most vital group of protein-ligand interactions; however, 
large accumulation of acceptors and donors on one molecule is not 
favorable for the transport of the system which strongly interacts with 
its environment. It follows from our calculation that the Drug Bank 
compounds are more consistent with the Lipinski rule. It is noted that 
being natural metabolites, tripeptides are metabolized more rapidly and 
transported more easily; from an evolutionary perspective they are thus 
likely to have higher potential for interacting with other metabolites 
and proteins.

Correlation between tripeptides and drugs shows that the 
correlation value is 12.37% at a level of one acceptor and one donor 
differences (4,833,500 correlations between the databases) for acceptors 
and 4.49% (1,754,086 correlations between the databases) for donors.

Through generation of intersection which would fulfil all the criteria 
defined by the value ranges from Table 1, we found that 163 Drug Bank 
compounds are topologically similar with 1,617 tripeptides (Table S1, 
Supplemental Material). Even though 263,571 similarities between 
drugs and tripeptides is not much (0.67% of all possible similarities), 
it is obvious that competing metabolites (tripeptides) exist for many 
drugs absorbed into the body. 

The most important conclusion from our calculation is to note that 
xenobiotics introduced into the body compete with natural metabolites 
(tripeptides in this case). It is expected that this may be one of the 
natural defense mechanisms against toxins in the body. Competition 
for active sites of bacterial and viral proteins is a natural consequence 
of the similarities between the small molecules from Drug Bank and 
natural tripeptides. 

A comparison of GGL tripeptide (commercial name: Diapine) 
and DB00428 compound (streptozotocin) shows that both 
compounds stimulate blood glucose level by increasing insulin 
concentration in male diabetes II [4,5]. Likewise, tripeptide GHK and 
DB05475 (gamma-D-glutamyl-L-tryptophan) have demonstrated 
efficacy in treating various viral and bacterial infections [6,7] (See 
supplementry material). 

It is obvious that many drugs might be replaced by proper diet, or 
in other words, proper diet supports the treatment of many bacterial 
and viral diseases [12].

The calculation results and literature analysis confirms the 
hypothesis that highly processed food is a natural antibacterial and 
antiviral barrier, the first line of body defense which has ensured 
evolutionary development of human beings [2]. 

Summary
The paper presents results of calculation of topological descriptor 

value correlation between the Drug Bank database (chemical 
compounds with known bioactivity) and all the possible tripeptide 
molecules composed of the 20 amino acids encoded by nucleic acids. 
Proprietary software for the analysis of extensive computational data 
was developed to generate histograms of descriptor distribution for 
the molecules from both databases. This paper shows that similarities 
between selected descriptors include the whole range of values seen for 
tripeptides and drugs. In other words, drugs used in pharmacy have all 
the features of tripeptides: similar molar masses, significant similarity in 
the number of donor and acceptor atoms, AlogP range (albeit broader 
for the Drug Bank compounds) and Topological PSA.

The first direct conclusion from our calculation is that highly 
processed food may be a source of high concentrations of tripeptides 
introduced into the body which may compete with artificially developed 
drugs for protein active sites.

As the intersection of the properties under the descriptors between 
both databases was determined, a large group of drugs whose molecules 
are highly similar to tripeptides in the defined descriptor value range 
was revealed. The resulting intersection which fulfils the criteria (Table 
S1) contains 263 571 similarities between the Drug Bank compounds 
and tripeptides. It is noted that a number of Drug Bank compounds are 
similar to more than one tripeptide and many tripeptides are similar 
to more than one drug. In particular, 1617 tripeptides are similar to 
163 drugs. This results in much higher competitiveness of tripeptides 
than drugs at much higher metabolic concentrations. On the other 
hand, drug therapeutic concentrations are much lower than tripeptide 
concentrations. The present study shows that the folk beliefs that 
bouillon is one of the most efficient “drugs” which support cold or flu 
treatment are not without a reason.
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