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ABSTRACT

Human Serum Albumin (HSA) is one of the most abundant proteins in the blood
vascular system which regulates the transportation of many chemical compounds and molecules. The
purpose of this study is to review the studies about the effects of three groups of pesticides (Insecticides,
herbicides and fungicides) on the molecular structure of HSA protein.

This systematic review covers 35 studies of biophysical studies of the effect of pesti-
cides on HSA protein. These papers were searched in PubMed, Science Direct, Web of Science databases
and using Google Scholar search engine among those published from 1980 to 2019.

In this study, all ethical principles were considered.

2 Given the close relationship between biological activities of HSA and its secondary structure, the
most of the reviewed articles analyzed the secondary structures of the HSA using various biophysical
methods such as Fourier Transform Infrared (FTIR), Circular Dichroism (CD) and computational analysis.
In general, HSA-pesticides interactions can cause a reduction in a-helix structure and an increase in other
secondary structures including B-sheet, B-anti, and random coils. In the most reports, it has been proven
that the pesticides interact with HSA through hydrophobic and electrostatic interactions and hydrogen
bonding. These interactions take place in the IIA subdomain (Site 1) of HSA. The binding constants of these
interactions were in the range of 103 to 10° M™.

The changes around the single important tryptophan residue of HSA (Trp-214) induce con-
formational deformity in the IIA subdomain of this protein which causes the loss of its native structure
and leads to a decrease in free HSA concentrations which subsequently interrupt the transport of the
essential compounds like drugs and hormones in the blood vascular system.
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1. Introduction

uman Serum Albumin (HSA) is one of the

most abundant proteins in the blood circula-

tion, which regulates the transportation of

numerous chemical compounds and mol-

ecules. Many investigations have indicated
that the presence of the remnants of pesticides in soil, water
and agricultural products can intoxicate humans and upon
the entrance to the bloodstream, they easily bind to circu-
lating serum proteins.The purpose of this systematic review
is to evaluate the biological effects of three groups of pesti-
cides, namely insecticides, herbicides, and fungicides, on the
molecular structure of the HSA protein.

Materials and Methods

This systematic review assessed 35 studies published in the
field of biophysics in which the impact of 39 pesticides was
examined on the HSA protein (Table 1). These pesticides
were further divided into 11 insecticides, 11 fungicides and
17 herbicides (Table 2). The collected publications were se-
lected from comprehensive databases, such as PubMed, Sci-
ence Direct, Web of Science, and Google Scholar, between
1980 and 2019.

Results

The results indicated that 21 out of 35 articles selected from
databases used the UV-Vis spectroscopy method. The UV-
Vis spectroscopy analysis assessed the decrease/increase of
the absorbance of the HSA protein in parallel with the in-
crease in the concentration the presence of pesticides. The
most studies have employed different fluorescence methods
to analyze the effect of pesticides on the structure of the HSA
protein. The obtained extinction coefficient, along with a de-
crease in the fluorescence intensity of HSA, indicates that
pesticides are bound to tryptophan or one of the residues lo-
cated at the proximity of this amino acid.

The biological effects of Diazinon, methyl Thiophonate,
Glycophosphate, Permethrin, Diuron, and 2,4 D were evalu-
ated by the Fourier-Transform Infrared Spectroscopy (FTIR)
method, while 26 out of 35 articles applied the Circular Di-
chroism (CD) method for analyzing the secondary structures
of the HSA protein. Upon the interaction of Thiophanate
Methyl and Atrazine with HSA, the percentages of the B-turn
structure were decreased by 4.3% (from 30.9 to 26.6) and
1.9% (from 28.2 to 26.3), respectively. On the other hand,
the interaction of Tebuconazole and Pyrazosulfuron Ethyl
with HSA increased the percentages of the a-helix structure
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by 5% (from 55 to 60) and 5.89% (from 45.38 to 51.27),
respectively. In the rest interactions of pesticides with HSA
caused a marked reduction in the structure of a-helices, as
well as a substantial increase in the number of other second-
ary structures, including B-sheet, B-anti, B-turn, and random
coils. The binding constants of these interactions were at a
range of 103 to 10¢ M (Table 1). According to previous
reports, it has been demonstrated that pesticides interact with
HSA by hydrophobic, electrostatic, and hydrogen bonding
interactions. 25 out of 32 studies that assessed the binding of
pesticides to the HSA protein showed that the site of interac-
tion by pesticides is located at the subdomain ITA (Based on
references [12-46].

Discussion

The changes in the absorption and emission of the HSA
protein denote the occurrence of structural changes as a
result of the presence of pesticides, exposing the trypto-
phan residue to the hydrophobic/hydrophilic milieu or
changing the charge of the protein, leading to the improper
conformational changes and protein instability [66]. Gen-
erally, a vast majority of the interactions of compounds
with HSA occur at the subdomain IIA because it has a big
hydrophobic cavity enabling this pocket to hold multiple
compounds simultaneously [5]. Therefore the alteration
at the vicinity of Trp-214 is capable of inducing confor-
mational changes at the subdomain ITA and causing loss
of function that can lead to a decrease in the concentra-
tion of free HSA and interruption of the transport of the
essential compounds in the systemic circulation, such as
drugs and hormones. Our data indicated that the concen-
tration of free HSA would be declined when exposed to
pesticides, due to partial changes in the structure of HSA.

These conformational alterations affect the secondary and
tertiary structure of the HSA protein, and they are propor-
tional to the time of the presence of pesticides in the human
body. HSA is one of the crucial proteins having myriad bio-
logical functions, implying that the detrimental role of pesti-
cides in the functional impairment of this protein should not
be underestimated.

The authors had writing standards based on the recommen-
dations of the International Committee of Medical Journal
Publishers.
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Table 1. The values of binding constants derived from different interactions of HSA-pesticides

No.

The Binding Constant

Number

The Binding Constant

HSA-pesticide (K ) HSA-Pesticide (K )
1 KGlyphosate-HSA= 1.42x10°M* 2 KDeltamethrin-HSA=2.28x10*M!
T:310 k), Herbicide (T:308k), Insecticide
2 KTriadimefon-HSA=1.79x10°M* 2 K2,4D-HSA=2.50 x10*M?, 8x10°M*
(T:310k), Fungicide (T:310k), Herbicide
3 KCarbofuran-HSA=2.01x10°M* 23 K Chlorantraniliprole- HSA=2.6 0 x10*M*
(T:310k), Insecticide (T:309k)
4 KDiquatDibromide-HSA=2.80x103M* 2 KDifenoconazole-HSA=2.83 x10*M*
(T:310k), Herbicide (T:310k), Fungicide
5 K Edifenphos-HSA=5.96x10°M* 25 KPhorate-HSA=2.96x10*M*
(T:298Kk), Fungicide (T:310k), Insecticide
6 Kimazalil-HSA=6.02x10*M* 2% KDiclofop-methyl-HSA=3.36 x10*M™*
(T:310k), Fungicide (T:313k), Herbicide
7 KDichlorprop-HSA= 6.36x10°3LM* 27 K Diazinon-HSA=3.37 x10*M!
(T:313k), Herbicide (T:310k), Insecticide
3 KPenconazole-HSA=6.54 x10°M* 28 KParaquat-HSA=3.43 x10*M*
)T:310k), Fungicide (T:309k), Herbicide
9 KMyclobutanil-HSA=6.90 x103M* 29 KRotenone-HSA=5.15 x10*M™*
(T:310k), Fungicide (T:310k), Insecticide
10 KPrometryn-HSA=7.14 x10°M* 30 Ks-Metalaxyl-HSA=5.16 x10*M*
(T:310k), Herbicide (T:298 k), Fungicide
1 KPropiconazole- HSA=8.47 x10°M* 31 KAtrazine -HSA=5.31 x10*M!
(T:310k), Fungicide (T:307 k), Herbicide
1 KTebuconazole-HSA=8.51 x10°M* 3 KDichlorprop-HSA=1.08 x10°M*
(T:298 k), Fungicide (T:310 k), Herbicide
13 KNicosulfuron-HSA=0.44 x10*M* 33 KMetsulfuron-HSA=1.20x10°M*
(T:309k), Herbicide (T:309 k), Herbicide
14 KBensulfuronmethyl HSA= 1.06x10*M* 3 KCarbendazim-HSA=1.25x10°M*
(T:309k), Herbicide (T:313 k), Fungicide
15 KMethylParathion-HSA= 1.08x10*M* 35 KChlorpyrifos-HSA=1.36 x10°M*
(T:310k), Insecticide (T:310 k), Insecticide
16 KThiacloprid-HSA= 1.35x10*M! 36 KPendimethalin-HSA=1.39 x10°M*
(T:310k),Insecticide (T:308 k), Fungicide
17 KThiophanate Methy-HSA=1.46 x10*M* 37 KPentachlorophenol-HSA=2.11 x10°M!
(T:310k), Insecticide (T:310 k), Insecticide
18 KDiuron-HSA= 1.47x10*M* 38 KPyrazosulfuron-Ethyl-HSA=3.31 x10°M*
(T:310k), Herbicide (T:309 k), Herbicide
19 Kimidacloprid-HSA= 2.19x10*M* 39 KAmitro-HSA=0
(T:309k), Insecticide There was no intraction
-] = | = -1
20 KSulfometuron-methyl-HSA= 2.20x10*M 20 )

(T:309k), Herbicide
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Table 2. Brief biophysical information about the interaction of 39 pesticides with HSA protein
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