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The total mass attenuation coefficients (𝜇
𝑡
) (cm2/g) and atomic, molecular, and electronic effective cross sections have been

calculated for nonessential amino acids that contain H, C, N, and O such as tyrosine, aspartate, glutamine, alanine, asparagine,
aspartic acid, cysteine, and glycine in the wide energy region 0.015–15MeV. The variations with energy of total mass attenuation
coefficients and atomic, molecular, and electronic cross sections are shown for all photon interactions.

1. Introduction

The totalmass attenuation coefficients and atomic,molecular,
and electronic effective cross sections are basic quantities
required in determining the penetration of X-ray and gamma
photons in matter [1]. The knowledge of mass attenuation
coefficients of X-rays and gamma photons in biological and
other important materials is of significant interest for indus-
trial, biological, agricultural, and medical applications [2].

Reliable data on the transmission and absorption of X-
rays and gamma rays in biological, shielding, and dosimetric
materials are needed inmedical physics and radiation biology
as well as in many other fields of medicine, biological studies,
and industry. Since amino acids are the building blocks of
proteins, which are essential to all living matter, data on
the total attenuation cross sections of amino acids are quite
useful.

Being the most abundant macromolecules that exist in
living cells; amino acids constitute the largest living matter
in all types of cells. The human body consists of 20 different
amino acids. Out of the 20 amino acids, humans can produce
11, which are called essential amino acids.Nonessential amino
acids (alanine, arginine, aspartic acid, cysteine, glutamic acid,
glutamine, glycine, proline, serine, tyrosine, and asparagine)
are those which can be produced from other amino acids and

substances in the metabolism. The metabolism can shift into
producing the amino acids that it requires for synthesizing
proteins essential to our survival. Various diseases in human
organism are related to amino acids. Phenylketonuria (PKU),
caused by a deficiency of phenylalanine hydroxylase, is the
most common clinically encountered inborn error of amino
acid metabolism. Biochemically, it is characterized by accu-
mulation of phenylalanine (and a deficiency of tyrosine).
Albinism refers to a group of conditions in which a defect in
tyrosine metabolism results in a deficiency in the production
of melanin. These defects result in the partial or full absence
of pigment from the skin, hair, and eyes. Albinism appears
in different forms, and it may be inherited by one of sev-
eral modes: autosomal recessive (primary mode), autosomal
dominant, or X-linked. Homocystinurias are a group of dis-
orders involving defects in the metabolism of homocysteine.
The diseases are inherited as autosomal recessive illnesses,
characterized by high plasma and urinary levels of homo-
cysteine and methionine and low levels of cysteine. Alkap-
tonuria is a rare metabolic condition involving a deficiency
in‘homogentisic acid oxidase, resulting in the accumulation
of homogentisic acid. In addition, this reaction occurs in the
degradative pathway of tyrosine [3].

The frequent and vital applications of radiation and its
sources in medical and biological field requires detailed
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knowledge of photon mass attenuation coefficients and
atomic, molecular, and electronic effective cross sections of
amino acids. Investigation of radiation effects on biologically
important molecules has the potential to offer insights into
applications in the field of medical physics and radiation
biology. For instance, electron densities are different in each
tissue and they interact with external parameters such as
diet, medication, environment, age, hormonal status, and
genetics [4]. It has been found that normal tissue in human
body exhibits the lowest values of effective electron density
whereas malignant tissue the highest [4, 5]. The biologically
important molecules, composed mainly of H, C, N, and O
elements, carry out various physiological functions inside
living systems and support production and storage of energy.
Yet, depending on the quantity of the radiation absorbed
by the biological matter, the extent of radiation damage is
observed. In biological materials (proteins, nucleic acids,
cells, and multicell organisms) very low doses are sufficient
to modify and inactivate the biomolecules [6]. As seen in
the literature, atomic cross sections and total dissociative
electron attachment cross sections have been studied for the
amino acids, glycine, alanine, proline, phenylalanine, and
tryptophan, at energies below the first ionization energy by
Scheer et al. [7]. Also, cross sections have been measured
for two-photon absorption of aromatic amino acids by
Meshalkin et al. [8].

The aim of our study is to establish a correlation between
nonessential amino acids and atomic, molecular, and elec-
tronic effective cross sections and the total mass attenua-
tion coefficients. This study is concerned with establishing
whether the variations among them produce a noticeable
variation in the nonessential amino acid.These cross sections
also find its utilization in the computation of some other
useful parameters, namely, the absorbed dose and buildup
factor.

2. Computational Procedures

𝜇
𝑡
is the total mass attenuation coefficient and it can be given

as follows:

𝜇
𝑡
=
𝜇linear
𝜌
= (
1

𝜌 ⋅ 𝑥
) ln(
𝐼
0

𝐼
) . (1)

In this equation, 𝐼
0
and 𝐼 are the initial andfinal intensities

of the beam passing through an absorber, 𝑥 is the thickness,
and 𝜌 is the density of material, respectively. For the partial
interaction processes (photoelectric absorption, pair produc-
tion, Compton scattering, etc.), the index 𝑡 is replaced with
another, which is followed by the total (𝑡). After determining
the total mass attenuation coefficients (𝜇

𝑡
) in terms of any

composite (𝜇
𝑡
)comp theoretically and experimentally, they can

be used to define the total mass attenuation coefficients of the
mixture 𝜇

𝑡,mix by the following relation:

𝜇
𝑡,mix = ∑

𝑖

(𝜇
𝑡,comp )

𝑖
× 𝑤
𝑖
. (2)

Here, (𝜇
𝑡,comp )𝑖 and 𝑤𝑖 are the total mass attenuation

coefficients and fractional weight of 𝑖th compound in the

mixture. The total molecular effective cross section of the
mixture 𝜎

𝑡,𝑚
can be written as

𝜎
𝑡,𝑚
=
1

𝑁
𝜇
𝑡,mix∑
𝑖

(∑

𝑗

𝑛
𝑗
𝐴
𝑗
)

𝑖

. (3)

Here,𝑁 is Avogadro’s number and 𝑛
𝑗
and𝐴

𝑗
are the num-

ber of atoms and molar mass of the 𝑗th constituent element
in 𝑖th compound, respectively. 𝑖 is over the all kind of com-
pounds found in the mixture.Then, the total atomic effective
cross section 𝜎

𝑡,𝑎
can be easily calculated from 𝜎

𝑡,𝑚
as

𝜎
𝑡,𝑎
=
𝜎
𝑡,𝑚

𝑛total
. (4)

Here, 𝑛total is the total number of atoms in the mixture
chemical formula. The total electronic effective cross section
𝜎
𝑡,𝑒
can be expressed in the form of the following formula:

𝜎
𝑡,𝑒
=
1

𝑁
∑

𝑖

(∑

𝑗

𝑓
𝑗
𝐴
𝑗

𝑍
𝑗

(𝜇
𝑡
)
𝑗
)𝑤
𝑖
. (5)

Here 𝑓
𝑗
is the molar fraction, 𝑍

𝑗
is the atomic number,

and (𝜇
𝑡
)
𝑗
is the total mass attenuation coefficient of the 𝑗th

element in 𝑖th molecule, respectively. 𝑖 is the same as in (3).
The effective atomic numbers, effective electron density,

and the total mass attenuation coefficients for nonessential
amino acids can be found in the detailed formulation in the
study conducted by Kavanoz et al. [9].

3. Results and Discussion

The totalmass attenuation coefficients (cm2/g) of gamma rays
in materials and atomic, molecular, and electronic effective
cross sections are of great interest for industrial, biological,
agricultural, and medical studies [10]. The determined total
mass attenuation coefficients of nonessential amino acids at
photon energies ranging from 0.015 to 15MeV calculated by
using mixture rule from WinXCOM are shown in Figure 1
and Table 1. The total mass attenuation coefficient values of
nonessential amino acids decrease with increasing photon
energy. The atomic, molecular, and electronic effective cross
sections are given Tables 2, 3, and 4, respectively. The atomic,
molecular, and electronic effective cross sections are an
important parameter in the distribution of photon flux in
every object.Many researchers have studied the effective elec-
tron densities of different materials in the wide energy ranges
[11–14]. Also decreasing trend with increasing photon energy
is confirmed with study of Pawar and Bichile [15]. It is seen
that atomic, molecular, and electronic effective cross sections
of nonessential amino acids are absent in literature.

Among nonessential amino acids, tyrosine, alanine, and
cysteine are known as hydrophobic. The atomic, molecu-
lar, and electronic effective cross sections decrease as the
hydrophobicity increases. Cysteine is both hydrophobic and
has the smallest atomic, molecular, and electronic effective
cross sections. This state is confirmed by Gowda et al. [1].
Cysteine has the biggest value of atomic, molecular, and
electronic effective cross sections.
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Figure 1: The total mass attenuation coefficients (𝜇
𝑡
) of the nones-

sential amino acids for energy range (0.015–15 MeV).

Warberg first observed in 1930 that cancer cells have
a fundamentally different energy metabolism from normal
cells [16]. Anaerobic glycolysis causes a buildup of lactic
acid to occur within the tissue. Increased tumor cell causes
increasing glucose consumption, thus increase production of
lactic acid (CH

3
–CH(OH)–CO(OH)). The lactic acid has a

high atomic,molecular, and electronic effective cross sections
compared to that in the host tissue of 8.2 × 1023 electrons/cm3
and therefore could be responsible for the increase in mea-
sured atomic, molecular, and electronic effective cross sec-
tions.There is also an increase of ketones and glutamine [17],
whichmay also increase the overall electron density of tumor
tissues. This may account for the finding that this tissue clas-
sification had a higher electron density than any other type
of tissue. For nonessential amino acids with low-atomic,
molecular, and electronic effective cross sections values,
photons are retained; that is, they exist for a longer period
of time, resulting in larger buildup value.

4. Conclusions

We reported new data on the total mass attenuation coeffi-
cient (𝜇

𝑡
) and atomic,molecular, and electronic effective cross

sections for nonessential amino acids such as tyrosine, aspar-
tate, glutamine, alanine, asparagine, aspartic acid, cysteine,
and glycine in the energy range of 0.015 to 15MeV. In medical
applications, values of the total mass attenuation coefficient
and atomic, molecular, and electronic effective cross sections
depend on photon energy and chemical content of amino
acids in the energy regime.There is a need for more sensitive
experiments to study the effect of chemical bonding on
physical parameters of amino acids [18]. The novelty of
the work is that the nonessential amino acids have been

investigated using the total mass attenuation coefficients and
the atomic, molecular, and electronic effective cross sections
in the energy region 0.015–15MeV.

The present study has been undertaken to obtain infor-
mation on the total mass attenuation coefficient (𝜇

𝑡
) values

and atomic, molecular, and electronic effective cross sections
for nonessential amino acids. It has been found that the (𝜇

𝑡
)

is a useful and sensitive physical quantity to determine the
atomic, molecular, and electronic effective cross sections for
H, C, N, and O based biological compounds.

In the interaction of photon with matter, the total mass
attenuation coefficient (𝜇

𝑡
) values are dependent on the phys-

ical and chemical environments of the samples.The totalmass
attenuation coefficient (𝜇

𝑡
) values were found to decrease

with increasing photon energies. Results of the study help
to understand how 𝜇

𝑡
values change with variation of atomic,

molecular, and electronic effective cross sections values in the
case of H, C, N, and O based biological compounds like
nonessential amino acids.

It can be seen in Figures 2(a), 2(b), and 2(c) that atomic,
molecular, and electronic effective cross sections depend
on energy in 0.015 to 15MeV energy range. There is some
research which confirms this dependence [12, 13, 19, 20].
These parameters gradually decrease with increasing photon
energies.

As seen in Figure 3, the distributions of electronic
effective cross sections were presented and correlated with
nonessential amino acid types and this revealed different elec-
tronic effective cross sections values for different amino acid
types. Tyrosine and cysteine have the slowest and the highest
values of electronic effective cross sections, respectively.

As seen in Figure 4, linear correlation is confirmed
between the total mass attenuation coefficient (𝜇

𝑡
) and elec-

tronic effective cross sections. In this correlation, cysteine has
more higher electronic effective cross sections than others.
The photon interaction parameters would be investigated to
confirm the applicability of mixture rule at different energies.
It is expected that the new data on atomic, molecular, and
electronic effective cross sections presented here will be
useful, particularly in the energy region of interest, in view of
their importance in dosimetry. Furthermore, to the best
knowledge of the authors, these findings are the first of their
kind at these energy levels. Because atomic, molecular, and
electronic effective cross sections has the highest value among
the other nonessential amino acids, cysteine shows the largest
variations in the atomic, molecular, and electronic effective
cross sections in the selected energy (5MeV). Tyrosine shows
the smallest variations in the atomic, molecular, and elec-
tronic effective cross sections in the selected energy (5MeV).
Therefore, atomic, molecular, and electronic effective cross
sections may work as the best gamma-ray sensor from the
selected nonessential amino acids [21].

As seen in Figure 5, a correlation between electronic
effective cross sections and molar mass has been established.
Cysteine shows the largest variations in both electronic
effective cross sections and molar mass.

In view of atomic, molecular, and electronic effective
cross sections it appears that atomic, molecular, and elec-
tronic effective cross sections alone are likely to be a rather
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Figure 2: The typical plots of (𝜎
𝑡,𝑚
), (𝜎
𝑡,𝑎
), and (𝜎

𝑡,𝑒
) versus photon energy for nonessential amino acid: (a) 𝜎

𝑡,𝑚
, (b) 𝜎

𝑡,𝑎
, and (c) 𝜎

𝑡,𝑒
.

poor clinical parameter for nonessential amino acids [4, 5].
However, the most important part of this study is that effec-
tive electronic cross sections ( ) may account for the finding
that this amino acid classification had a higher effective
electronic cross sections (𝜎

𝑡,𝑒
) than any other type of amino

acid. A study in the futuremight investigate the possible inter-
action between atomic, molecular, and electronic effective
cross sections and food consumption [22].

With this calculation study on nonessential amino acids,
we hope to diagnose protein-based diseaseswithout having to

use a harmful component such as radiation. Departing from
these calculations, we aim at establishing foundations related
to mathematical modeling, which can be used in the diagno-
sis of diseases.

Highlight

(i) The effective electronic cross sections and the total
mass attenuation coefficients may account for nones-
sential amino acid classification.
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(ii) The effective electronic cross sections and the total
mass attenuation coefficients may shed light on clini-
cal parameter.

(iii) The energy absorption in the protein may be con-
trolled with determining parameters.
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nation of photon energy absorption parameters for pellet waste,
trommel sieve waste and original tincalconite,” Annals of
Nuclear Energy, vol. 47, pp. 38–45, 2012.



10 Journal of Amino Acids

[12] S. R. Manohara and S. M. Hanagodimath, “Studies on effective
atomic numbers and electron densities of essential amino acids
in the energy range 1 keV–100 GeV,” Nuclear Instruments and
Methods in Physics Research, Section B: Beam Interactions with
Materials and Atoms, vol. 258, no. 2, pp. 321–328, 2007.

[13] S. R. Manohara, S. M. Hanagodimath, K. S. Thind, and L.
Gerward, “On the effective atomic number and electrondensity:
a comprehensive set of formulas for all types of materials and
energies above 1 keV,” Nuclear Instruments and Methods in
Physics Research, Section B: Beam Interactions with Materials
and Atoms, vol. 266, no. 18, pp. 3906–3912, 2008.

[14] M.Kurudirek,M.Aygun, and S. Z. Erzeneoǧlu, “Chemical com-
position, effective atomic number and electron density study of
trommel sieve waste (TSW), Portland cement, lime, pointing
and their admixtures with TSW in different proportions,”
Applied Radiation and Isotopes, vol. 68, no. 6, pp. 1006–1011,
2010.

[15] P. P. Pawar and G. K. Bichile, “Molar extinction coefficients
of some amino acids,” Journal of Chemical and Pharmaceutical
Research, vol. 3, no. 5, pp. 41–50, 2011.

[16] O. Warberg, The Metabolism of Tumours, Constable, London,
UK, 1930.

[17] P. Vaupel, F. Kallinowski, and P. Okunieff, “Blood flow, oxy-
gen and nutrient supply, and metabolic microenvironment of
human tumors: a review,” Cancer Research, vol. 49, no. 23, pp.
6449–6465, 1989.
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