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Short Communications

Most importantly, our special interest in the pesticides 
of different classes allows us to describe the interaction 
of acephate, glyphosate, monocrotophos and phorate 
with bovine serum albumin (BSA).

All reagents and solvents used were of the commercial 
quality and were used without purification. Technical 
grade level acephate, glyphosate, monocrotophos and 
phorate were obtained as gift samples from Gautami 
Ltd., Andhra Pradesh, India and BSA was purchased 
from Loba Chemie Pvt. Ltd., Mumbai, India. 

The absorption spectra were recorded on a Shimadzu 
1800S double beam spectrophotometer with quartz 
cuvettes of 1 cm. The UV absorption of BSA, complexes 
of acephate-BSA, glyphosate-BSA, monocrotophos-
BSA and phorate-BSA solutions were measured at pH 
7.2 by keeping the concentration of BSA constant (0.05 
mM), while varying the concentration of the pesticides 
(0.010, 0.0075, 0.0050, 0.0025, 0.00125 mM), in 
the range of 230-400 nm. The binding constants 
of the pesticides-BSA complexes were calculated 
by using previously employed method of Abdi et 

Crop protection has become necessary in order to 
increase the food production and use of pesticides 
has become unavoidable act for that purpose[1-5]. 

Pesticides are considered as an integral part of modern 
agriculture[6-10]. At the same time, food safety issues 
have gained considerable attention due to its effects 
on environment and human health. Pesticides used to 
protect the crops or foods at various stages like sowing 
to storage, and these synthetic chemicals are allow 
to enter into human body through different modes of 
applications of pesticides[1-13]. Binding of chemicals to 
serum albumin significantly influence their absorption, 
distribution, metabolism and excretion mechanisms. 
Therefore, basic understandings of interactions of 
pesticides to serum albumins are also very important 
with respect to human health[2,14-17].

Acephate, glyphosate, monocrotophos and phorate 
are widely used organophosphate pesticides (OPs) 
for agricultural applications worldwide[1-13]. OPs 
inhibit the reversible hydrolysis of acetylcholine and 
therefore the persistence of OPs for longer time in the 
environment is a problem[2-10]. The physiochemical and 
biological behavior of OPs are well exposed with a 
number of available literatures, whereas relatively less 
information is available on their behavior and impact 
on serum proteins. Interactions of few pesticides with 
macromolecules and serum proteins, and their mode 
of binding are also available in recent literature[14-19]. 
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al.[19]. FTIR spectrophometric analyses qualitatively 
and quantitatively were performed as reported by  
Abdi et al.[19].

Interactions of acephate, glyphosate, monocrotophos 
and phorate were analyzed with BSA by employing 
the UV/Vis spectrometric method. The interactions 
were reported in terms of binding constant. The 
double reciprocal plot of 1/(A-A0) versus 1/(ligand 
concentration) is linear and the binding constant (K) can 
be estimated from the ratio of the intercept to the slope. 
A0 is the initial absorbance of the free BSA at 275 nm 
and A is the recorded absorbance at different product 
concentrations (fig. 1). An increase in the absorbance 
was resulted with an increase in OPs concentration 
level (0.010, 0.0075, 0.0050, 0.0025, 0.00125 mM) of 
OPs, and shifting of 5-10 nm of BSA band at 275 nm 
was observed due to OP(s)-BSA complex formation 
(fig. 1). 

The observed binding constant for individual pesticide 
to BSA complex was as: 3.93(±0.04)×104 M-1 

(acephate-BSA), 1.31(±0.03)×104 M-1 (glyphosate-
BSA), 1.12(±0.05)×104 M-1 (monocrotophos-BSA) 
and 1.85(±0.04)×107 M-1 (phorate-BSA). In present 
study, it was observed that the binding constant for the 
acephate-BSA, glyphosate-BSA and monocrotophos–
BSA complexes suggest a low affinity for complex 

formation with BSA protein, compared to strong 
complexation of phorate-BSA complex. As per 
literature, molecules with binding constants ranging 
from 10-6 to 10-8 M were considered as strong binding 
with BSA[20-22], hence phorate could show strong 
complexation or interactions with BSA. Here, 
interaction behavior (in terms of binding constant) of 
four pesticides was observed (Table 1 and fig. 1 to 3). 
The average values of protein binding constants are 
mentioned above and shown under fig. 1. All these 
results suggested average to very strong interaction of 
various pesticides with BSA. Acephate, glyphosate, 
monocrotophos and phorate and BSA interactions 
were characterized by infrared spectroscopy and its 
derivative methods. Since, there was major spectral 
shifting was observed for the protein amide I band at 
1653 cm-1 (mainly C=O stretch) and amide II band at 
1541 cm-1 (C–N stretching coupled with N–H bending 
modes) upon pesticide interactions with BSA[20-25]. 

The difference spectra [(protein solution+pesticide 
solutions)+(protein solution)] were obtained, in order to 
monitor the intensity variations of these vibrations and 
the results are shown in fig. 2. Similarly, the infrared 
self-deconvolution with second derivative resolution 
enhancement and curve-fitting procedures were used 
to determine the protein secondary structures in the 
presence of pesticides-BSA complexes (fig. 2). 

Fig. 1: UV/Vis interactions of organophospates with BSA
UV/Vis interactions of (A) acephate, (G) glyphosate, (M) monocrotophos and (P) phorate with BSA



www.ijpsonline.com

Indian Journal of Pharmaceutical Sciences 1153November-December 2018

In literature, quantitative analysis of the protein 
secondary structure for the free BSA in hydrated films 
has been carried out[18-25]. The observed FTIR peaks for 
the free protein were as: α-helix (1656 cm-1), β-sheet 
(1618 and 1628 cm-1), turn structure (1670 cm-1), 
β-antiparallel (1693 and 1680 cm-1) and random coil 
(1638 cm-1). The β-sheet structure is composed of two 
components at 1618 (inter β-strand) and 1628 cm-1 

(intra β-strand, hydrated) that are consistent with the 
spectroscopic current studies of BSA. In current study, 
with the addition of individual pesticide (0.01 mM) to 
BSA, a decrease in intensity as well as shifting (4 cm-1 

to 20 cm-1) of the amide I band at 1658 cm-1 (BSA) 
was observed with features at 1654 cm-1. In the spectra 
of pesticide(s)-BSA complexes, negative features are 
due to the reduction of intensity due to loss of protein 

structure (fig. 2) of the amide I band and suggest a major 
reduction of protein α-helical structure. Similar infrared 
spectral changes were observed for the protein amide I 
band in several ligand-protein complexes, where 
major protein conformational changes occurred[22-25]. 
The present results are consistent with the decrease 
in intensity of the protein amide I band discussed 
above. The decrease in α-helix structure and increase 
in β-sheet and turn structures is indicative of protein 
destabilization upon pesticide(s)-BSA interactions and 
results are very consistent with literature[20-25].

A quantitative analysis of the protein secondary 
structure for the free BSA and its OPs analogues 
adducts (acephate-BSA, gl-637 cm-1; figs. 2 and 3;  
Table 1). The results are consistent with the spectroscopic 
studies of BSA previously reported[20-25]. Upon OPs 
analogues interactions (acephate-BSA, glyphosate-
BSA, monocrotophos-BSA and phorate-BSA), a 
major decrease of α-helix from 69 % (free BSA) to 
7.4 % (acephate-BSA,1 mM), 14 % (glyphosate-BSA,  
1 mM), 3.7 % (monocrotophos-BSA, 1 mM) and 4.7 % 

Quantitative % change in BSA by FTIR spectroscopy

Complexes α-Helix 1656 cm-1 β-Sheet 1626 cm-1 Turn structure
1674 cm-1

β-anti parallel
1695 cm-1

Random coil
1633 cm-1

BSA-A 7.4 14.6 7.4 5.4 4.4
BSA-G 14.7 11.7 3.1 2.7 2.4
BSA-M 3.7 4.3 1.4 2.3 13.4
BSA-P 4.7 3.9 1.2 17.6 5.1
BSA-SA 1.2 12.5 1.8 3.2 1.9

TABLE 1: QUANTITATIVE FTIR INTERACTIONS OF ORGANOPHOSPHATES WITH BSA

Quantitative analysis (%) of FTIR interactions of acephate (A), glyphosate (G), monocrotophos (M) and phorate (P) with BSA

Fig. 2: FTIR interactions of organophoaphates with BSA
FTIR interactions of (A) acephate, (G) glyphosate, (M) 
monocrotophos and (P) phorate with BSA (▬▬) free BSA; 
(▬▬) A-BSA; (▬▬) G-BSA; (▬▬) M-BSA and  (▬▬) P-BSA

Fig. 3: Interactions of OPs with BSA at five main FTIR 
frequencies
Quantitative analysis of interactions of BSA complexes at 
five main FTIR frequencies for (A) BSA-acephate, (G) BSA-
glyphosate, (M) BSA-monocrotophos and (P) BSA-phorate.  
1656 cm–1;  1626 cm–1;  1674 cm–1;  1695 cm–1;  
1633 cm–1
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(phorate-BSA, 1 mM) with changes in β-sheet from  
12 % (free BSA) to 14.6 % (acephate-BSA,1 mM),  
11.6 % (glyphosate-BSA, 1 mM), 4.3 % 
(monocrotophos-BSA, 1 mM) and 3.9 % (phorate-
BSA) were observed (fig. 3). A similar change 
was observed for the turn structure from 14 % 
(free BSA) to 7.4 % (acephate-BSA, 1 mM),  
3.1 % (glyphosate-BSA, 1 mM), 1.4 % (monocrotophos-
BSA, 1 mM) and 1.2 % (phorate-BSA, 1 mM; 
fig. 3). A similar change was also observed for the 
β-antiparallel from 3 % (free BSA) to 5.4 % (acephate-
BSA, 1 mM), 2.7 % (glyphosate-BSA, 1 mM), 2.3 % 
(monocrotophos-BSA, 1 mM), and 17.6 % (phorate-
BSA, 1 mM) and random coil from 2 % (free BSA) 
to 4.4 % (acephate-BSA, 1 mM), 2.4 % (glyphosate-
BSA, 1 mM), 13.4 % (monocrotophos-BSA, 1 mM), 
and 5.1 % (phorate-BSA, 1 mM; fig. 3). These results 
are consistent with the decrease in intensity of the 
protein amide I band discussed above. The decrease 
in α-helix structure, β-sheet (except acephate) and turn 
structure and increase in β-antiparallel and random coil 
is indicative of protein destabilization upon OPs and 
its derivatives interaction. It was found that binding 
constant of complexes of acephate-BSA, glyphosate-
BSA, monocrotophos-BSA and phorate-BSA was 
almost vary linearly with β-antiparallel FTIR frequency 
at 1695 cm-1 (°1).

In pharmaceutical industry, protein binding studies are 
most common studies to check the influence of drugs 
with respect to absorption, metabolism, distribution 
and excretion. Strong interactions or biding of drugs 
may alter the effect and alter the efficacy of drug. Very 
strong interactions may leads to toxicity consequently 
such molecule is not used as drug[24-28]. Basically, drug 
delivery is a complex mechanism. It is assumed that 
drugs show their interactions to various proteins before 
reaching to target. Mode of interactions may define 
the toxicity, potency and efficacy of a drug. Generally, 
strong interactions of any medicine with proteins with 
binding constant (k) ranging from 106-1011 M-1 is not a 
good thing for the proper drug delivery[18,19,24-28]. 

The observed order of binding constants of the four 
pesticides with BSA was; phorate (1.85×107 M-1) 
>>>acephate (3.93×104 M-1)>glyphosate (1.31×104 M-1) 
>monocrotophos (1.12×104 M-1). Current study 
highlighted the fact that due to strong binding ability 
of phorate with BSA, it might severely affect the living 
organisms. The remaining three pesticides have not 
shown stronger binding constant so these could be 
considered as less toxic in terms of protein binding. 

Binding of pesticides or drugs to serum albumins 
significantly influence their absorption, metabolism, 
distribution and excretion. Strong interactions or biding 
of drugs may alter the effect and alter the efficacy of 
drug. In case of pesticides strong binding might lead 
to high toxicity. Future work will address the effect of 
mixed pesticides on BSA interactions in the presence 
of metal ions and most probable mechanism involved 
for these interactions.
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