
Malaysian Journal of Chemistry, 2018, Vol. 20(1), 1 – 23

Molecular Mechanics and Quantum Chemical Study 
on Sites of Action of Sanguinarine Using Vibrational 

Spectroscopy Based on Molecular Mechanics and 
Quantum Chemical Calculations

Ricardo Gobato1 and Alireza Heidari2*

1Laboratory of Biophysics and Molecular Modeling Genesis, State Secretariat for Education 
of Parana, Bela Vista do Paraiso, Parana, 86130-000, Brazil

2Faculty of Chemistry, California South University, 14731 Comet St. Irvine,
CA 92604, USA

*Corresponding author: (e-mail: Scholar.Researcher.Scientist@gmail.com; Alireza.
Heidari@calsu.us)

Sanguinarine is an alkaloid studied in the treatment of cancer cell proliferation. Found in several plants 
with Argemone mexicana Linn, the plant is used in traditional medicine from several countries with 
Mexico and India in the natural treatment of wounds, conjunctivitis and as hallucinogen. Due to these 
studies of this alkaloid, a study was made on a molecular structure of the sanguinarine, through quantum 
chemistry, via computational methods such as molecular mechanics, PM3, Hartree-Fock, density 
functional theory and Møller-Plesset. The main site of molecular interaction was determined to be the 
hydrogen atoms. This has a strong antioxidant potential in its structure. It probably interacts with free 
radicals reducing their carcinogenic effect on cells. A study of the infrared spectrum complemented the 
paper.
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Graphical Abstract
Figures (a) and (b) represent the structure of 
sanguinarine, obtained via molecular mechanics Mm+ 
optimized [16 – 20] obtained for computer programs 
HyperChem 7.5 Evaluation [51]. Below the Figures 
(c) and (d) representation of the molecular structure 
of sanguinarine via PM3 [43 – 47] obtained using 
computer programs HyperChem 7.5 and received 
using computer programs GAMESS [37]. Images 
obtained were from the softwares HyperChem 7.5 
Evaluation [51] and Avogadro [109].

INTRODUCTION

Sanguinarine has been shown to inhibit proliferation 
of several types of human cancer cell including 
multidrug-resistant cells, whereas it has minimal 
cytotoxicity against normal cells such as neutrophils 
and keratinocytes [1].

Sanguinarine is an alkaloid studied in the 
treatment of cancer cell proliferation [1]. Found in 
several plants with Argemone mexicana Linn, the plant 
is used in traditional medicine from several countries 
including Mexico and India in the natural treatment 
of wounds, conjunctivitis and as hallucinogen [2].

Sanguinarine (13-methyl-[1,3]-benzodioxolo[5,6-
c]-1,3-dioxolo-[4,5-i]-phenanthridinium chloride) 
(Figure 1), a benzophenan-thridine alkaloid derived 
from the plant Sanguinaria canadensis, found on 
Argemone mexicana Linn [2] has been shown to have 
antimicrobial, anti-inflammatory, antioxidant, and 
anticancer activities [3 – 13].

It was reported to inhibit proliferation of 
different types of cancer cell, including human 
prostate carcinoma cells (LNCaP, PC-3 and DU145), 
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multidrug-resistant uterine cervical carcinoma cells, 
human epidermoid carcinoma A431 cells, human 
erythroleukemia K562 cells, and the premalignant 
cell-line HaCaT [8, 9]. However, sanguinarine was 
found to be less toxic towards normal cells such as 
normal human epidermal keratinocytes [5].

Alkaloids occupy an important position in 
chemistry and pharmacology. Among the various 
alkaloids, berberine and coralyne of the protoberberine 
group, sanguinarine of the benzophenanthridine 
group, and aristololactam-b -d-glucoside of the 
aristolochia group have potential to form molecular 

Figure 1. Above the Figures (a) and (b) representation of the structure of sanguinarine,
obtained via molecular mechanics Mm+ optimized [16 – 20] obtained

for computer programs HyperChem 7.5 Evaluation [51]. Below the Figures (c) and (d)
represents of the molecular structure of sanguinarine via PM3 [43 – 47]
obtained using computer programs HyperChem 7.5 and obtained using

computer programs GAMESS [37]. Images were obtained in the softwares HyperChem 7.5
Evaluation [51] and Avogadro [109].
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complexes with nucleic acid structures and have 
attracted recent attention for their prospective clinical 
and pharmacological utility [14].

Dihydrosanguinarine (DHSA), a benzophenanthri-
dines sanguinarine  (SA) biosynthetic precursor 
and a less toxic benzophenanthridine, was also 
identified, based on chromatographic properties and 
further confirmed by gas chromatography coupled 
to mass spectrometry. The SA and DHSA display 
antimicrobiae and cytotoxic activities. These alkaloids 
are accumulated in roots and mature seeds, whereas 
berberine, a protoberberine alkaloid with antiviral 
properties, is accrued both in aerial and underground 
tissues [15].

The alkaloids allocryptopine, dihydrosanguinarine, 
protopine and sanguinarine have densities of similar 
negative and positive charges. Already the main local 
density of positive charges are the hydrogens atoms 
distributed by molecular contours, and the negative 
oxygens atoms in its longitudinal ends, and cross for 
allocryptopine and protopine [2].

Due to these studies of this alkaloid, a study was 
made on a molecular structure of the sanguinarine, 
through quantum chemistry, via computational 
methods such as molecular mechanics, and ab initio 
methods, as PM3 Hartree-Fock, density functional 
theory and Møller-Plesset [16 – 22]. A study of the 
infrared spectrum complemented the work.

METHODS

Classical molecular dynamics [16 - 20] using Equation 
1:

Ese = Estr + Ebend + Estr-bend + Eoop + Etor + EVdW + Eqq            (1)

where, the steric energy Ese was defined as bond 
stretching, bending, stretch-bend, out of plane, 
and torsion interactions and Van der Waals and 
electrostatic [18 – 23].

The Hartree-Fock self-consistent method, [24] 
and one of the approaches to electron correlation is 
the Møller-Plesset (MP) perturbation [16, 24].

The density functional theory (DFT) [25 - 29]. 
A hybrid exchange-correlation functional is usually 
constructed as a linear combination of the Hartree–
Fock exact exchange functional, given by Equation 2:                                                                                                                                      

                                                                        (2)

and any number of exchange and correlation explicit 
density functionals. The parameters determining the 
weight of each individual functional are typically 
specified by fitting the functional’s predictions to 
experimental or accurately calculated thermochemical 
data, although in the case of the ‘adiabatic connection 
functionals’ the weights can be set a priori [30].

The B3LYP (Becke, three-parameter, Lee-Yang-
Parr) [31, 32] exchange-correlation functional is:

                                                                        
(3)
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are generalized gradient approximations: the Becke 
88 exchange functional [33] and the correlation 
functional of Lee, Yang and Parr [34] for B3LYP, and 
Ec

DA is the VWN local-density approximation to the 
correlation functional [35].

The three parameters defining B3LYP have been 
taken without modification from Becke’s original 
fitting of the analogous B3PW91 functional to a set 
of atomization energies, ionization potentials, proton 
affinities, and total atomic energies [36].

The first principles methods (i.e. HF and DFT) 
discussed above can be implemented with the aid of 
the GAMESS set of programs to study the electronic 
structure and to determine the various physical 
properties of many-electron systems [37]. A basis 
set is the mathematical description [38] 3-21G, 
6-31G, 6-311G, 6-311G** are the basis sets used 
in the calculations. The functional Becke-style one 
parameter functional using modified Perdew-Wang 
exchange and Perdew-Wang 91 correlation is used 
for DFT Calculations [29, 39].

The vast literature associated with these methods 
suggests that the following is a plausible hierarchy:
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HF << MP2 < CISD < CCSD < CCSD(T ) < FCI

The extremes of ‘best’, FCI, and ‘worst’, HF, are 
irrefutable, but the intermediate methods are less clear 
and depend on the type of chemical problem being 
addressed [40, 41].

A cluster of six computers were used to perform 
the calculations from the Laboratory of Biophysics 
and Molecular Modeling Genesis [22, 42].

The dynamics was held in molecular mechanics 
force field (Mm+), Equation 1, after the quantum 
computation was optimized via PM3 [22, 43 – 47] and 
then by DFT, [16, 29] functional B3LYP [48] and base 
6-311G** [22, 29, 37]. It was applied algorithm Polak-
Ribiere [49], conjugate gradient, at the termination 
condition: RMS gradient of 0.1 kcal/A.mol or 405 
maximum cycles in vacuum [22, 50].

The first principles calculations have been 
performed to study the equilibrium configuration of 
sanguinarine molecule using the Hyperchem 7.5 in 
trial version [51], Gaussview v.5 a general molecular 
and electronic structure processing program, an 
advanced semantic chemical editor, visualization, 
and analysis platform [52] and GAMESS is a 
computational chemistry software program [110–250].

FUNDAMENTALS

Geometry Optimization

The dynamics was held in molecular mechanics force 
field (Mm+), Equation 1 [22, 50]. Molecular properties: 
electrostatic potential 3D mapped isosurface, mapped 
function range, minimum 0.144 at maximum 0.734 
and minimum –0.008 at maximum +0.216, Mm+ 
and PM3 methods, respectively. For display range 
legend, from positive colour lime green to negative 
colour pink, total charge density contour value of 0.05, 
gourand shaded surface.

Chemical Formula and Physico-chemical of 
Sanguinarine

Sanguinarine is a toxic quaternary ammonium salt 
from the group of benzylisoquinoline alkaloids. It 

is extracted from some plants, including bloodroot 
(Sanguinaria canadensis), Mexican prickly poppy 
Argemone mexicana [53], Chelidonium majus and 
Macleaya cordata. It is also found in the root, stem 
and leaves of the opium poppy but not in the capsule. 
Sanguinarine is a toxin that kills animal cells through 
its action on the Na+-K+-ATPase transmembrane 
protein [54]. Epidemic dropsy is a disease that results 
from ingesting sanguinarine [55]. If applied to the 
skin, sanguinarine kills cells and may destroy tissue. 
In turn, the bleeding wound may produce a massive 
scab, called an eschar. For this reason, sanguinarine 
is termed an escharotic [56].

CAS No. 2447-54-3

Chemical Name: Sanguinarine

Synonyms:13-Methyl-[1,3]benzodioxolo[5,6-c]-1,3-
dioxolo[4,5-i]phenanthridinium

Molecular Formula: C20H14NO4

Molar Mass: 332.3295 

Density: 0.0184 g/mol

Melting Point: 205–215ºC

Ecotoxicology: LD50; 19.400 mgDkg–1 (mouse, 
intravenous) [57]; 80 mgDkg–1 (mouse, subcutaneous) 
[58]; 18 mgDkg–1 (mouse, intraperitoneal) [59]

Solubility: soluble in alcohol, chloroform, acetone, 
ethyl acetate

UVmax: 234, 283, 325 nm in methyl alcohol [23, 
60, 61]

DISCUSSIONS AND CONCLUSIONS

The Figures 1-b and 1-d show the distribution of 
charges in the sanguinarine molecule. The Figure 
1-b represents the molecular dynamics by the Mm+ 
method, according to Equation 1. The charges range 
from 0.144, in pink, to 0.734, in lime green, to the 
distribution of charges in the molecule.
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The Figure 1-d represents the molecular dynamics 
by the PM3 method. The load distribution in the 
molecule ranges from –0.008 negative, in pink, to 
+0.216 positive, in lime green, respectively.

By the Mm+ method, Figure 1-b, this indicates 
that the molecule has a positive potential, having a 
positive variation of charge distribution, Δδ = +0.59, 
being strongly antioxidant. Likewise in Figure 1-d, 
by the PM3 method, a positive charge distribution 
variation, Δδ = + 0.224, of lesser intensity, but 
more suitably distributed, occurs. This method 
represents the most appropriate displacement of 
charges in the molecule. As a result we have a better 
view of the action sites of the molecule. The Mm+ 
method is inappropriate for the representation of the 
displacements of charges in the molecule, but efficient 
in the deduction of an antioxidant molecule.

In Figure X-d it can be verified that the sites of 
antioxidant action are localized and distributed in the 
hydrogen atoms throughout the length of the molecule, 
presenting a strong electric potential of interaction 
in these sites. The nitrogen atom at the center of the 
molecule exerts the potential for moderate interaction 
compared to the hydrogens. Already the four oxygen 
atoms, located at both ends of the molecule, distributed 

two by two, have a negative potential, –0.008, 
represented in pink, also providing an antioxidant 
interaction, free radicals.

Although the Mm+ and PM3 methods are 
less sophisticated with others, with more accurate 
calculations, they give us an adequate vision for what 
the study proposed, and to determine the main sites of 
action of sanguinarine.

Analyzing the infrared spectrum, Figure 2, 
sanguinarine has absorption peaks at the frequencies 
3009.4, 2984.3 (cm–1) and 1501.1, 1471.0, 1275.5 and 
1060.6 (cm–1) for the method/base, MP2/6-31G [94, 
95, 96, 97, 98, 99, 62, 63].

Analyzing the infrared spectrum, Figure 3, 
sanguinarine has absorption peaks at the frequencies 
3115.3, 3109.7 (cm–1) and 1484.6, 1295.4 (cm–1) and 
1027.5, 991.1 (cm–1) for the method/base, B3LYP/6-
311G** [17, 20, 28, 37, 49, 72, 91, 92] .

Therefore the found principal sites of interactions 
of the molecule. This has a strong antioxidant potential 
in its structure. It probably interacts with free radicals 
reducing their carcinogenic effect on cells.

Figure 2. The figure represents the transmittance (%) in function with
wavelength (cm-1) for the infrared spectrum of the sanguinarine molecule,

after optimization of the geometry with the method/base, B3LYP/6-311G** [17, 20, 28, 37, 49, 72, 91, 92]
obtained using computer programs GAMESS [37]. The image was generated using the

Avogadro program [109].
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Table 1. Thermochemical parameters of the sanguinarine obtained.

 Thermochemistry parameters 

Methods and base EThermal CV S 

(Kcal/mol) (cal/mol.K) (cal/mol.K) 

B3LYP/6-311G 198.375 76.505 143.845 
B3LYP/6-311G** 198.160 76.253 144.017 
HF/6-21G 212.458 70.198 137.874 
MP2/6-31G 200.357 76.830 144.219 
B3LYP/STO-3G 207.813 74.557 142.422 

Table 2. Table containing the dipole moments of the sanguinarine obtained.

Methods and base 

 Dipole moment (Debye) 

 X Y Z Total 

UHF/6-31G [49, 72, 17, 20, 28, 91, 92, 37]  0.5075 –0.1448 0.9548 1.0910 

UBLYP/STO-3G [49, 72, 17, 20, 28, 91, 92, 37]  1.7949 –2.0135 0.7058 2.7882 

UB3LYP/6-311** [49, 72, 17, 20, 28, 91, 92, 37]  1.9087 –1.5920 –0.0810 2.4868 

UHF/3-21G [49, 72, 17, 20, 28, 91, 92, 37]  0.5075 –0.1448 0.9549 1.0910 

UHF/6-311G** [49, 72, 17, 20, 28, 91, 92, 37]  –1.2776  –1.6030 –0.2325 2.0630 

UMP2-FC/STO-3G [94, 95, 96, 97, 98, 99, 62, 63]  –1.8508  –1.4547 –0.1789 2.3609 

UMP2-FC/6-31G [94, 95, 96, 97, 98, 99, 62, 63]  0.6840 –0.6053 0.8109 1.2214 

B3LYP/STO-3G [49, 72, 17, 20, 28, 91, 92, 37, 62, 63]  1.7949 –2.0135 0.7058 2.7882 

Figure 3. The figure represents the transmittance (%) in function with wavelength (cm-1) for the infrared
spectrum of the sanguinarine molecule, after optimization of the geometry with the method/base,

MP2/6-31G [62, 63, 94 – 99] obtained using computer programs GAMESS [37].
The image was generated using the Avogadro program [109].
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Table 3. pdb file sanguinarine (PM3 Methods).

HETATM 1 O 1 4.662 4.965 –0.264 
HETATM 2 O 2 2.711 5.931 0.420 
HETATM 3 O 3 5.744 –4.852 1.084 
HETATM 4 O 4 3.970 –5.914 0.105 
HETATM 5 N 5 5.145 0.433 –0.378 
HETATM 6 C 6 3.986 –0.337 –0.105 
HETATM 7 C 7 2.783 0.367 –0.026 
HETATM 8 C 8 2.754 1.729 0.168 
HETATM 9 C 9 3.941 –1.723 –0.046 
HETATM 10 C 10 3.883 2.481 –0.093 
HETATM 11 C 11 2.821 –2.401 –0.381 
HETATM 13 C 13 3.792 3.963 –0.026 
HETATM 14 C 14 1.549 –0.316 –0.553 
HETATM 15 C 15 1.594 –1.621 –0.879 
HETATM 16 C 16 4.946 –2.426 0.575 
HETATM 17 C 17 1.502 2.410 0.694 
HETATM 18 C 18 2.520 4.602 0.423 
HETATM 19 C 20 4.935 –3.906 0.580 
HETATM 22 C 22 6.470 –0.096 –0.716 
HETATM 23 C 23 1.372 3.754 0.792 
HETATM 24 C 24 4.030 6.203 –0.007 
HETATM 25 C 25 5.178 –6.121 0.811 
HETATM 26 H 26 5.920 2.453 –0.568 
HETATM 27 H 27 0.670 0.230 –0.733 
HETATM 28 H 28 0.739 –2.095 –1.267 
HETATM 29 H 30 0.692 1.814 1.001 
HETATM 31 H 31 1.822 –4.219 –0.950 
HETATM 32 H 32 6.370 –0.862 –1.514 
HETATM 33 H 33 6.951 –0.556 0.173 
HETATM 34 H 34 7.154 0.695 –1.094 
HETATM 35 H 35 0.485 4.186 1.151 
HETATM 36 H 36 4.580 6.752 0.789 
HETATM 37 H 37 4.010 6.820 –0.932
HETATM 38 H 38 5.880 –6.724 0.195 
HETATM 39 H 39 4.972 –6.657 1.764 
CONECT 1 13 24    
CONECT 2 18 24    
CONECT 3 20 25    
CONECT 4 21 25    
CONECT 5 6 12 22   
CONECT 6 5 7 9   
CONECT 7 6 8 14   
CONECT 8 7 10 17   
CONECT 9 6 11 16   
CONECT 10 8 12 13   
CONECT 11 9 15 19   
CONECT 12 5 10 26   
CONECT 13 1 10 18   
CONECT 14 7 15 27   
CONECT 15 11 14 28   
CONECT 16 9 20 29   
CONECT 17 8 23 30   
CONECT 18 2 13 23   
CONECT 19 11 21 31   
CONECT 21 4 19 20   
CONECT 22 5 32 33 34  
CONECT 23  17  18  35
CONECT 24  1 2  36 37 
CONECT 25  3 4  38 39 
CONECT 26  12 
CONECT 27  14 
CONECT 28  15 
CONECT 29  16 
CONECT 31  19 
CONECT 32  22 
CONECT 33  22 
CONECT 34  22 
CONECT 35  23 
CONECT 36  24 
CONECT 37  25 
CONECT 39  25 
END 
 



8 Ricardo Gobato and
Alireza Heidari

Molecular Mechanics and Quantum Chemical Study on Sites of Action of Sanguinarine Using 
Vibrational Spectroscopy Based  on Molecular Mechanics and Quantum Chemical Calculations

REFERENCES

1. M a n u  L o p u s  a n d  D u l a l  P a n d a .  T h e 
benzophenanthridine alkaloid sanguinarine 
perturbs microtubule assembly dynamics through 
tubulin binding. A possible mechanism for its 
antiproliferative activity. The FEBS Journal. 
Federation of European Biochemical Societies, 
273(10):2139 2150, May 2006.

2. R. Gobato; D. F. G. Fedrigo and A. Gobato. 
Molecular geometry of alkaloids present in seeds 
of mexican prickly poppy. Cornell University 
Library. Quantitative Biology, 15 Jul 2015. 
arXiv:1507.05042.

3. K. C. Godowski. Antimicrobial action of 
sanguinarine. J. Clin. Dent., (1):96–101, 1989.

4. T. K. Beuria; M. K. Santra and D. Panda. 
Sanguinarine blocks cytokinesis in bacteria 
by inhibiting FtsZ assembly and bundling. 
Biochemistry, (44):16584–16593, 2005.

5. N. Ahmad; S.Gupta; M. M. Husain; K. M. 
Heiskanen and H. Mukhtar. Differential 
anti-proliferative and apoptotic response of 
sanguinarine for cancer cells versus normal cells. 
Clin. Cancer Res., (6):6, 1424–1428, 2000.

6. J. Slaninova; E.Taborska; Bochorakoa and J. 
Slanina. Interaction of benzophenanthridine and 
protoberberine alkaloids with animal and yeast 
cells. Cell Biol. Toxicol., (17):51–63, 2001.

7. P. Weerasinghe; S. Hallock and A. Liepins. 
Bax, [b]cl-2, and [nf]-kappa[b] expression in 
sanguinarine induced bimodal cell death. Exp. 
Mol. Pathol., (71):89–98, 2001.

8. Z. Ding; S. C. Tang; P. Weerasinghe; X. Yang; A. 
Pater and A. Liepins. The alkaloid sanguinarine 
is effective against multidrug resistance in human 
cervical cells via bimodal cell death. Biochem. 
Pharmacol., (63):1415–1421, 2002.

9. V. M. Adhami; M. H. Aziz; H. Mukhtar and N. 
Ahmad. Activation of prodeath Bcl-2 family 
proteins and mitochondrial apoptosis pathway 
by sanguinarine in immortalized human HaCaT 
keratinocytes. Clin. Cancer Res., (9):3176–3182, 
2003.

10. V.M Adhami; M. H. Aziz; S. R. Reagan-[S]
haw; M. Nihal; H. Mukhtar and N. Ahmad. 
Sanguinarine causes cell cycle blockade and 
apoptosis of human prostate carcinoma cells via 
modulation of cyclin kinase inhibitor-cyclin-
cyclin-dependent kinase machinery. Mol. Cancer 
Ther., (3):933–940, 2004.

11. A. Vogt;  A. Tamewitz;  J .  Skoko; R. P. 
Sikorski; K. A. Giuliano and J. S. Lazo. The 
benzocphenanthridine alkaloid, sanguinarine, 
is a selective, cell-active inhibitor of mitogen-
activated protein kinase phosphatase-1. J. Biol. 
Chem., (280):19078–19086, 2005.

12. J. P. Eun and G. Y. Koh. Suppression of 
angiogenesis by the plant alkaloid, sanguinarine. 
Biochem. Biophys. Res. Commun., (317):618–
624, 2004.

13. Maurel P & Ulrichova J Dvorak Z, Vrzal 
R. Differential effects of selected natural 
compounds with anti-inflammatory activity on 
the glucocorticoid receptor and [nf]-kappa[b] in 
[h]e[l]a cells. Chem. Biol. Interact., (159):117–
128, 2006.

14. Motilal Maiti and Gopinatha Suresh Kumar. 
Molecular aspects on the interaction of 
protoberberine, benzophenanthridine, and 
aristolochia group of alkaloids with nucleic acid 
structures and biological perspectives. Medicinal 
Research Reviews, 27(5):649–695, September 
2007.

15. Miriam Monforte-Gonzalez´ Cecilia Gu´ızar-
Gonzalez;´ Karen Trujillo-Villanueva and 
Felipe Vazquez´-Flota. Sanguinarine and 
Dihydrosanguinarine Accumulation in Argemone 
mexicana (l) Cell Suspension Cultures Exposed 
to Yeast Extract. J. Mex. Chem. Soc., 56(1):19–
22, 2012. Sociedad Qu´ımica de Mexico´. ISSN 
1870-249X.

16. I. N. Levine. Quantum Chemistry. Pearson 
Education (Singapore) Pte. Ltd., Indian Branch, 
482 F. I. E. Patparganj, Delhi 110 092, India, 5th 
ed edition, 2003.

17. E. Eliav. Elementary introduction to Molecular 
Mechanics and Dynamics, Jun 2013.



9 Ricardo Gobato and
Alireza Heidari

Molecular Mechanics and Quantum Chemical Study on Sites of Action of Sanguinarine Using 
Vibrational Spectroscopy Based  on Molecular Mechanics and Quantum Chemical Calculations

18. Thomas W. Shattuck. Colby College Molecular 
Mechanics Tutorial. Department of Chemistry, 
Colby College, Waterville, Maine 04901., 
September 2008.

19. W. D. Cornell; P. Cieplak; C. I.Bayly; I. R. 
Gould; K. M. Merz Jr.; D. M. Ferguson; D. 
C. Spellmeyer; T. Fox; J. W. Caldwell and P. 
A. Kollman. A Second Generation Force Field 
for the Simulation of Proteins, Nucleic Acids, 
and Organic Molecules. J. Am. Chem. Soc., 
117:5179–5197, 1995.

20. W. J. Hehre. A Guide to Molecular Mechanics and 
Quantum Chemical Calculations, Wavefunction. 
Inc., Irvine, CA, 2003.

21. R. Gobato. Benzocaína, um estudo computacional. 
Master’s thesis, Universidade Estadual de 
Londrina (UEL), 2008.

22.  R. Gobato, A. Heidari, Calculations Using 
Quantum Chemistry for Inorganic Molecule 
Simulation BeLi2SeSi, Science Journal of 
Analytical Chemistry. Vol. 5, No. 5, 2017, pp. 
76-85. doi: 10.11648/j.sjac.20170505.13.

23. R. Gobato; D. F. G. Fedrigo and A. Gobato. 
Allocryptopine, Berberine, Chelerythrine, 
Copsitine, Dihydrosanguinarine, Protopine 
and Sanguinarine. Molecular geometry of the 
main alkaloids found in the seeds of Argemone 
Mexicana Linn. PJSE, 1(2):7–16, December 
2015.

24. A. Szabo and N. S. Ostlund. Modern Quantum 
Chemistry. Dover Publications, New York, 1989.

25. K. Ohno; K. Esfarjani and Y. Kawazoe. 
Computational Material Science. Springer-
Verlag, Berlin, 1999.

26. K. Wolfram and M. C. Hothausen. Introduction 
to DFT for Chemists. John Wiley & Sons, Inc. 
New York, 2nd ed edition, 2001.

27. P. Hohenberg and W. Kohn. Inhomogeneous 
Electron Gas. Phys. Rev., (136):B864–B871, 
1964.

28. W. Kohn and L. J. Sham. Self-Consistent 
Equations Including Exchange and Correlation 
Effects. Phys. Rev., (140):A1133, 1965.

29. J.  M. Thijssen. Computational Physics. 
Cambridge University Press, Cambridge, 2001.

30. J. P. Perdew; M. Ernzerhof and K. Burke. 
Rationale for mixing exact exchange with density 
functional approximations. J. Chem. Phys, 
105(22):9982–9985, 1996.

31. K. Kim and K. D. Jordan. Comparison of 
Density Functional and MP2 Calculations on 
the Water Monomer and Dimer. J. Phys. Chem., 
40(98):10089–10094, 1994.

32. P.J. Stephens; F. J. Devlin; C. F. Chabalowski and 
M. J. Frisch. Ab Initio Calculation of Vibrational 
Absorption and Circular Dichroism Spectra 
Using Density Functional Force Fields. J. Phys. 
Chem., 45(98):11623–11627, 1994.

33. A. D. Becke. Density-functional exchange-energy 
approximation with correct asymptotic behavior. 
Phys. Rev. A., 38(6):3098–3100, 1988.

34. C. Lee; W. Yang and R. G. Parr. Development of 
the Colle-Salvetti correlation-energy formula into 
a functional of the electron density. Phys. Rev. B, 
37(2):785–789, 1988.

35. S. H. Vosko; L. Wilk and M. Nusair. Accurate 
spin-dependent electron liquid correlation 
energies for local spin density calculations: a 
critical analysis. Can. J. Phys, 58(8):1200–1211, 
1980.

36. A. D. Becke. Density-functional thermochemistry. 
The role of exact exchang. J. Chem. Phys., 
98(7):5648–5652, 1993.

37. M. S. Gordon et al. General Atomic and Molecular 
Electronic Structure System (GAMESS). J. 
Comput. Chem., 14:1347–1363, 1993.

38. J. B. Foresman and Æleen Frisch. Exploring 
Chemistry with Electronic Structure Methods. 
Gaussian, Inc. Pittsburgh, PA, 2nd ed edition, 
1996.

39. L. Mainali; D. R. Mishra and M. M. Aryal. First 
Principles Calculations to Study the Equilibrium 
Configuration of Ozone Molecule. Department of 
Biophysics. Medical College of Wisconsin. 8701 
Watertown Plank Road. Milwaukee, WI 53226.



10 Ricardo Gobato and
Alireza Heidari

Molecular Mechanics and Quantum Chemical Study on Sites of Action of Sanguinarine Using 
Vibrational Spectroscopy Based  on Molecular Mechanics and Quantum Chemical Calculations

40. J. P. Lowe and K. A. Peterson. Quantum 
Chemistry. Elsevier Inc., third edition edition, 
30 Corporate Drive, Suite 400, Burlington, MA 
01803, USA; 525 B Street, Suite 1900, San 
Diego, CA 92101-4495, USA; 84 Theobalds 
Road, London WC1X 8RR, UK. 2006.

41. J. J. W. McDouall. Computational Quantum 
Chemistry. Molecular Structure and Properties in 
Silico. The Royal Society of Chemistry, Thomas 
Graham House, Science Park, Milton Road, 
Cambridge CB4 0WF, UK, 2013.

42. CC BY-NC-SA 3.0. Creative commons. 
Wikipedia, The Free Encyclopedia, May 2016.

43. M. J. Frisch; G. Scalmani; T. Vreven and 
G. Zheng. Analytic second derivatives for 
semiempirical models based on MNDO. Mol. 
Phys, 2009.

44. W. Thiel and A. A. Voityuk. Extension of MNDO 
to d orbitals: Parameters and results for the 
second-row elements and for the zinc group. J. 
Phys. Chem., (100):616–26, 1996.

45. W. Thiel and A. A. Voityuk. Extension of 
the MNDO formalism to d orbitals: Integral 
approximations and preliminary numerical 
results. Theor. Chem. Acc., (81):391–404, 1992.

46. J. J. P. Stewart. Optimization of parameters for 
semiempirical methods. I. Methods. J. Comp. 
Chem., (10):209–20, 1989.

47. J. J. P. Stewart. Optimization of parameters 
for semiempirical methods. II. Applications. J. 
Comp. Chem., (10):221–64, 1989.

48. W. Yang C. Lee and R.G. Parr. Phys. Rev. B, 
37:785–789, 1988.

49. E. Polak. Computational Methods in Optimization, 
volume 77. Elsevier, 111 Fifth Avenue, New 
York, New York 10003, 1971.

50. Anthony K. Rappe´ and Carla J. Casewit. 
Molecular Mechanics Across Chemistry. 
University Science Books, 55D Gate Five Road, 
Sausalito, CA 94965, 1952(1997).

51. Computational Chemistry Software. Hyperchem 
7.5 Evaluation. Hypercube, Inc., 2003.

52. R. Dennington; T. Keith and J. Millam. Gaussview, 
Version 5, 2009.

53. A. C. Santos and P. Adkilen. The Alkaloids of 
Argemone Mexicana. Journal of the American 
Chemical Society, 54(7):2923–2924, 1932.

54. B. J. R. Pitts and L. R.Meyerson. Inhibition of 
Na,K-ATPase Activity and Ouabain Binding 
by Sanguinarine. Drug Development Research, 
1(1):43–49, 1981.

55. Das M. and S. K. Khanna. Clinicoepidemiological, 
Toxicological, and Safety Evaluation Studies on 
Argemone Oil. Critical Reviews in Toxicology, 
27(3):273–297, 1997.

56. J .  J .  Cienki  and L.  Zaret .  An Internet 
Misadventure: Bloodroot Salve Toxicity. The 
Journal of Alternative and Complementary 
Medicine, 16(10):1125–1127, 2010.

57. Farmakologiya i Toksikologiya, volume 29. 
PMID, 1966. p. 76.

58. Arzneimittel-Forschung. Drug Research, volume 
10. PMID, 1960. p.135.

59. J. Berdy´ et al. Handbook of Antibiotic 
Compounds, volume I-X. Boca Raton, Florida, 
USA, 1980-1982. p.195.

60. NCBI. PubChem. PubChem Compound. NCBI. 
National Center for Biotechnology Information. 
http://pubchem.ncbi.nlm.nih.gov.

61. The Merck Index. The Merck Index. Number p. 
65. Rahway: Merck & Co, 10th ed. edition, 1983.

62. W. J. Hehre; R. F. Stewart and J. A. Pople. Self-
Consistent Molecular Orbital Methods. Use 
of Gaussian expansions of Slater-type atomic 
orbitals. J. Chem. Phys., (51):2657–64, 1969.

63. J. B. Collins; P. v. R. Schleyer; J. S. Binkley; and 
J. A. Pople. Self-Consistent Molecular Orbital 
Methods. Geometries and binding energies of 
second-row molecules. A comparison of three 
basis sets. J. Chem. Phys., (64):5142–51, 1976.

64. T. H. Dunning Jr. Gaussian basis sets for use in 
correlated molecular calculations. The atoms 
boron through neon and hydrogen. J. Chem. 
Phys., (90):1007–23, 1989.



11 Ricardo Gobato and
Alireza Heidari

Molecular Mechanics and Quantum Chemical Study on Sites of Action of Sanguinarine Using 
Vibrational Spectroscopy Based  on Molecular Mechanics and Quantum Chemical Calculations

65. R. A. Kendall; T. H. Dunning Jr. and R. J. 
Harrison. Electron affinities of the first-row 
atoms revisited. Systematic basis sets and wave 
functions. J. Chem. Phys., (96):6796–806, 1992.

66. D. E. Woon and T. H. Dunning Jr. Gaussian-basis 
sets for use in correlated molecular calculations. 
The atoms aluminum through argon. J. Chem. 
Phys., (98):1358–71, 1993.

67. K. A. Peterson; D. E. Woon and T. H. Dunning 
Jr. Benchmark calculations with correlated 
molecular wave functions. The classical barrier 
height of the H+H2 –¿ H2+H reaction. J. Chem. 
Phys., (100):7410–15, 1994.

68. A. K. Wilson; T. van Mourik and T. H. Dunning 
Jr. Gaussian Basis Sets for use in Correlated 
Molecular Calculations. Sextuple zeta correlation 
consistent basis sets for boron through neon. J. 
Mol. Struct. (Theochem), (388):339–49, 1996.

69. W. J. Stevens; H. Basch and M. Krauss. Compact 
effective potentials and efficient shared-exponent 
basis-sets for the 1st-row and 2nd-row atoms. J. 
Chem. Phys., (81):6026–33, 1984.

70. W. J. Stevens; M. Krauss; H. Basch and P. G. 
Jasien. Relativistic compact effective potentials 
and efficient, shared-exponent basis-sets for the 
3rd-row, 4th-row, and 5th-row atoms. Can. J. 
Chem., (70):612–30, 1992.

71. T. R. Cundari and W. J. Stevens. Effective core 
potential methods for the lanthanides. J. Chem. 
Phys., (98):5555–65, 1993.

72. T. H. Dunning Jr. and P. J. Hay. in Modern 
Theoretical Chemistry, volume 3. Plenum, New 
York, 1977.

73. P. Fuentealba; H. Preuss; H. Stoll and L. 
v. Szentpaly´. A Proper Account of Core-
polarization with Pseudopotentials - Single 
Valence-Electron Alkali Compounds. Chem. 
Phys. Lett., pages 418–22, 1982.

74. D. M. Silver; S. Wilson and W. C. Nieuwpoort. 
Universal basis sets and transferability of 
integrals. Int. J. Quantum Chem., (14):635–39, 
1978.

75. D. M. Silver and W. C. Nieuwpoort. Universal 
atomic basis sets. Chem. Phys. Lett., (15):421–
22, 1978.

76. J. R. Mohallem; R. M. Dreizler and M. Trsic. A 
griffin-Hill-Wheeler version of the Hartree-Fock 
equations. Int. J. Quantum Chem., 30(S20):45–
55, 1986. Quant. Chem. Symp.

77. J. R. Mohallem and M. Trsic. A universal 
Gaussian basis set for atoms Li through Ne based 
on a generator coordinate version of the Hartree-
Fock equations. J. Chem. Phys., (86):5043–44, 
1987.

78. H. F. M. da Costa; M. Trsic and J. R. Mohallem. 
Universal Gaussian and Slater-type basis-sets for 
atoms He to Ar based on an integral version of the 
Hartree-Fock equations. Mol. Phys., (62):91–95, 
1987.

79. A. B. F. da Silva; H. F. M. da Costa and M. Trsic. 
Universal Gaussian and Slater-type bases for 
atoms H to Xe based on the generator-coordinate 
Hartree-Fock method. Ground and certain low-
lying excited-states of the neutral atoms. Mol. 
Phys, (68):433–45, 1989.

80. F. E. Jorge; E. V. R. de Castro and A. B. F. da 
Silva. A universal Gaussian basis set for atoms 
Cerium through Lawrencium generated with the 
generator coordinate Hartree-Fock method. J. 
Comp. Chem., (18):1565–69, 1997.

81. F. E. Jorge; E. V. R. de Castro and A. B. F. da 
Silva. Accurate universal Gaussian basis set for 
hydrogen through lanthanum generated with 
the generator coordinate Hartree-Fock method. 
Chem. Phys, (216):317–21, 1997.

82. E. V. R. de Castro and F. E. Jorge. Accurate 
universal gaussian basis set for all atoms of the 
periodic table. J. Chem. Phys., (108):5225–29, 
1998.

83. J. A. Pople; M. Head-Gordon and K. Raghavachari. 
Quadratic configuration interaction - a general 
technique for determining electron correlation 
energies. J. Chem. Phys., (87):5968–75, 1987.

84. J. Gauss and D. Cremer. Analytical evaluation 
of energy gradients in quadratic configuration-
interaction theory. Chem. Phys. Lett., (150):280–
86, 1988.



12 Ricardo Gobato and
Alireza Heidari

Molecular Mechanics and Quantum Chemical Study on Sites of Action of Sanguinarine Using 
Vibrational Spectroscopy Based  on Molecular Mechanics and Quantum Chemical Calculations

85. E. A. Salter; G. W. Trucks and R. J. Bartlett. 
Analytic Energy Derivatives in Many-Body 
Methods. I. First Derivatives. J. Chem. Phys., 
(90):1752–66, 1989.

86. P. J. Hay and W. R. Wadt. Ab initio effective core 
potentials for molecular calculations - potentials 
for the transition-metal atoms Sc to Hg. J. Chem. 
Phys., (82):270–83, 1985.

87. W. R. Wadt and P. J. Hay. Ab initio effective core 
potentials for molecular calculations - potentials 
for main group elements Na to Bi. J. Chem. Phys., 
(82):284–98, 1985.

88. P. J. Hay and W. R. Wadt. Ab initio effective core 
potentials for molecular calculations - potentials 
for K to Au including the outermost core orbitals. 
J. Chem. Phys., (82):299–310, 1985.

89. F. Weigend and R. Ahlrichs. Balanced basis sets 
of split valence, triple zeta valence and quadruple 
zeta valence quality for H to Rn: Design and 
assessment of accuracy. ,Phys. Chem. Chem. 
Phys., (7):3297–305, 2005.

90. F. Weigend. Accurate Coulomb-fitting basis 
sets for H to Rn. Phys. Chem. Chem. Phys., 
(8):1057–65, 2006.

91. M. S. Gordon and M. W. Schmidt.  Advances in 
electronic structure theory: GAMESS a decade 
later. Theory and Applications of Computational 
Chemistry: the first forty years. Elsevier. C. 
E. Dykstra, G. Frenking, K. S. Kim and G .E. 
Scuseria (editors), pages 1167–1189, 2005. 
Amsterdam.

92. R. G. Parr and W. Yang. Density Functional 
Theory. 1989.

93. J. B. Foresman; M. Head-Gordon; J. A. Pople 
and M. J. Frisch. Toward a Systematic Molecular 
Orbital Theory for Excited States. J. Phys. Chem. 
(96):135–49, 1992.

94. C. Møller and M. S. Plesset. Note on an 
approximation treatment for many-electron 
systems. Phys. Rev., (46):0618–22, 1934.

95. M. J. Frisch; M. Head-Gordon and J. A. Pople. 
Direct MP2 gradient method. Chem. Phys. Lett., 
(166):275–80, 1990.

96. M. J. Frisch; M. Head-Gordon and J. A. Pople. 
Semi-direct algorithms for the MP2 energy and 
gradient,. Chem. Phys. Lett., (166):281–89, 1990.

97. M. Head-Gordon; J. A. Pople and M. J. Frisch. 
MP2 energy evaluation by direct methods. Chem. 
Phys. Lett., (153):503–06, 1988.

98. S. Saebø and J. Almløf. Avoiding the integral 
storage bottleneck in LCAO calculations of 
electron correlation. Chem. Phys. Lett., (154):83–
89, 1989.

99. M. Head-Gordon and T. Head-Gordon. Analytic 
MP2 Frequencies Without Fifth Order Storage: 
Theory and Application to Bifurcated Hydrogen 
Bonds in the Water Hexamer,. Chem. Phys. Lett., 
(220):122–28, 1994.

100. R. J. Bartlett and G. D. Purvis III. Many-body 
perturbation-theory, coupled-pair many-electron 
theory, and importance of quadruple excitations 
for correlation problem. Int. J. Quantum Chem., 
(14):561–81, 1978.

101. J. A. Pople; R. Krishnan; H. B. Schlegel and J. S. 
Binkley. Electron Correlation Theories and Their 
Application to the Study of Simple Reaction 
Potential Surfaces. Int. J. Quantum Chem., 
(14):545–60, 1978.

102. J. C´ıvzek. in Advances in Chemical Physics, 
volume 14. Wiley Interscience, New York, 35, 
1969.

103. G. D. Purvis III and R. J. Bartlett. A full 
coupled-cluster singles and doubles model - the 
inclusion of disconnected triples. J. Chem. Phys., 
(76):1910–18, 1982.

104. G. E. Scuseria; C. L. Janssen and H. F. Schaefer 
III. An efficient reformulation of the closed-shell 
coupled cluster single and double excitation 
(CCSD) equations. J. Chem. Phys, (89):7382–87, 
1988.

105. G. E. Scuseria and H. F. Schaefer III. Is coupled 
cluster singles and doubles (CCSD) more 
computationally intensive than quadratic 
configuration-interaction (QCISD)? J. Chem. 
Phys., (90):3700–03, 1989.



13 Ricardo Gobato and
Alireza Heidari

Molecular Mechanics and Quantum Chemical Study on Sites of Action of Sanguinarine Using 
Vibrational Spectroscopy Based  on Molecular Mechanics and Quantum Chemical Calculations

106. J. A. Pople; R. Seeger and R. Krishnan. 
Variational Configuration Interaction Methods 
and Comparison with Perturbation Theory. Int. 
J. Quantum Chem., Suppl.(Y-11):149–63, 1977.

107. K. Raghavachari; H. B. Schlegel and J. A. Pople. 
Derivative studies in configuration-interaction 
theory. J. Chem. Phys., (72):4654–55, 1980.

108. K. Raghavachari and J. A. Pople. Calculation 
of one-electron properties using limited 
configuration-interaction techniques. Int. J. 
Quantum Chem., (20):1067–71, 1981.

109. M. D. Hanwell; D. E. Curtis; D. C. Lonie; T. 
Vandermeersch; E. Zurek and G. R. Hutchison. 
Avogadro: an advanced semantic chemical 
editor, visualization, and analysis platform. J 
Cheminform, 17(4), August 13 2012.

110. Alireza Heidari, Christopher Brown, “Study of 
Composition and Morphology of Cadmium Oxide 
(CdO) Nanoparticles for Eliminating Cancer 
Cells”, Journal of Nanomedicine Research, 
Volume 2, Issue 5, 20 Pages, 2015.

111. Alireza Heidari, Christopher Brown, “Study 
of Surface Morphological, Phytochemical and 
Structural Characteristics of Rhodium (III) 
Oxide (Rh2O3) Nanoparticles”, International 
Journal of Pharmacology, Phytochemistry and 
Ethnomedicine, Volume 1, Pages 15–19, 2015.

112. A l i r e z a  H e i d a r i ,  “ A n  E x p e r i m e n t a l 
Biospectroscopic Study on Seminal Plasma in 
Determination of Semen Quality for Evaluation 
of Male Infertility”, Int J Adv Technol 7: e007, 
2016.

113. Alireza Heidari, “Extraction and Preconcentration 
of N–Tolyl–Sulfonyl–Phosphoramid–Saeure–
Dichlorid as an Anti–Cancer Drug from Plants: A 
Pharmacognosy Study”, J Pharmacogn Nat Prod 
2: e103, 2016.

114. Alireza Heidari, “A Thermodynamic Study on 
Hydration and Dehydration of DNA and RNA−
Amphiphile Complexes”, J Bioeng Biomed Sci 
S: 006, 2016.

115. Alireza Heidari, “Computational Studies 
on Molecular Structures and Carbonyl and 
Ketene Groups’ Effects of Singlet and Triplet 
Energies of Azidoketene O=C=CH–NNN and 
Isocyanatoketene O=C=CH–N=C=O”, J Appl 
Computat Math 5: e142, 2016.

116. Alireza Heidari, “Study of Irradiations to Enhance 
the Induces the Dissociation of Hydrogen Bonds 
between Peptide Chains and Transition from Helix 
Structure to Random Coil Structure Using ATR–
FTIR, Raman and 1HNMR Spectroscopies”, J 
Biomol Res Ther 5: e146, 2016.

117. Alireza Heidari, “Future Prospects of Point 
Fluorescence Spectroscopy, Fluorescence 
Imaging and Fluorescence Endoscopy in 
Photodynamic Therapy (PDT) for Cancer Cells”, 
J Bioanal Biomed 8: e135, 2016.

118. Alireza Heidari, “A Bio–Spectroscopic Study of 
DNA Density and Color Role as Determining 
Factor for Absorbed Irradiation in Cancer Cells”, 
Adv Cancer Prev 1: e102, 2016.

119. Alireza Heidari, “Manufacturing Process of Solar 
Cells Using Cadmium Oxide (CdO) and Rhodium 
(III) Oxide (Rh2O3) Nanoparticles”, J Biotechnol 
Biomater 6: e125, 2016.

120. Alireza Heidari, “A Novel Experimental and 
Computational Approach to Photobiosimulation 
of Telomeric DNA/RNA: A Biospectroscopic 
and Photobiological Study”, J Res Development 
4: 144, 2016.

121. A l i r e z a  H e i d a r i ,  “ B i o c h e m i c a l  a n d 
Pharmacodynamical Study of Microporous 
Molecularly Imprinted Polymer Selective 
for Vancomycin, Teicoplanin, Oritavancin, 
Telavancin and Dalbavancin Binding”, Biochem 
Physiol 5: e146, 2016.

122. Alireza Heidari, “Anti–Cancer Effect of UV 
Irradiation at Presence of Cadmium Oxide 
(CdO) Nanoparticles on DNA of Cancer Cells: 
A Photodynamic Therapy Study”, Arch Cancer 
Res. 4: 1, 2016.



14 Ricardo Gobato and
Alireza Heidari

Molecular Mechanics and Quantum Chemical Study on Sites of Action of Sanguinarine Using 
Vibrational Spectroscopy Based  on Molecular Mechanics and Quantum Chemical Calculations

123. Alireza Heidari, “Biospectroscopic Study on 
Multi–Component Reactions (MCRs) in Two 
A–Type and B–Type Conformations of Nucleic 
Acids to Determine Ligand Binding Modes, 
Binding Constant and Stability of Nucleic Acids 
in Cadmium Oxide (CdO) Nanoparticles–Nucleic 
Acids Complexes as Anti–Cancer Drugs”, Arch 
Cancer Res. 4: 2, 2016.

124. Alireza Heidari, “Simulation of Temperature 
Distribution of DNA/RNA of Human Cancer 
Cells Using Time–Dependent Bio–Heat Equation 
and Nd: YAG Lasers”, Arch Cancer Res. 4: 2, 
2016.

125. Alireza Heidari, “Quantitative Structure–
Activity Relationship (QSAR) Approximation 
for Cadmium Oxide (CdO) and Rhodium (III) 
Oxide (Rh2O3) Nanoparticles as Anti–Cancer 
Drugs for the Catalytic Formation of Proviral 
DNA from Viral RNA Using Multiple Linear and 
Non–Linear Correlation Approach”, Ann Clin 
Lab Res. 4: 1, 2016.

126. Alireza Heidari, “Biomedical Study of Cancer 
Cells DNA Therapy Using Laser Irradiations 
at Presence of Intelligent Nanoparticles”, J 
Biomedical Sci. 5: 2, 2016.

127. Alireza Heidari, “Measurement the Amount 
of Vitamin D2 (Ergocalciferol), Vitamin D3 
(Cholecalciferol) and Absorbable Calcium 
(Ca2+) ,  I ron  ( I I )  (Fe2+) ,  Magnes ium 
(Mg2+), Phosphate (PO4–) and Zinc (Zn2+) 
in Apricot Using High–Performance Liquid 
Chromatography (HPLC) and Spectroscopic 
Techniques”, J Biom Biostat 7: 292, 2016.

128. Alireza Heidari, “Spectroscopy and Quantum 
Mechanics of the Helium Dimer (He2+), Neon 
Dimer (Ne2+), Argon Dimer (Ar2+), Krypton 
Dimer (Kr2+), Xenon Dimer (Xe2+), Radon 
Dimer(Rn2+) and Ununoctium Dimer (Uuo2+) 
Molecular Cations”, Chem Sci J 7: e112, 2016.

129. Alireza Heidari, “Human Toxicity Photodynamic 
Therapy Studies on DNA/RNA Complexes as 
a Promising New Sensitizer for the Treatment 
of Malignant Tumors Using Bio–Spectroscopic 
Techniques”, J Drug Metab Toxicol 7: e129, 
2016.

130. Alireza Heidari, “Novel and Stable Modifications 
of  In te l l igen t  Cadmium Oxide  (CdO) 
Nanoparticles as Anti–Cancer Drug in Formation 
of Nucleic Acids Complexes for Human Cancer 
Cells’ Treatment”, Biochem Pharmacol (Los 
Angel) 5: 207, 2016.

131. Alireza Heidari, “A Combined Computational 
and QM/MM Molecular Dynamics Study on 
Boron Nitride Nanotubes (BNNTs), Amorphous 
Boron Nitride Nanotubes (a–BNNTs) and 
Hexagonal Boron Nitride Nanotubes (h–BNNTs) 
as Hydrogen Storage”, Struct Chem Crystallogr 
Commun 2: 1, 2016.

132. Alireza Heidari, “Pharmaceutical and Analytical 
Chemistry Study of Cadmium Oxide (CdO) 
Nanoparticles Synthesis Methods and Properties 
as Anti–Cancer Drug and its Effect on Human 
Cancer Cells”, Pharm Anal Chem Open Access 
2: 113, 2016.

133. Alireza Heidari, “A Chemotherapeutic and 
Biospectroscopic Investigation of the Interaction 
of Double–Standard DNA/RNA–Binding 
Molecules with Cadmium Oxide (CdO) and 
Rhodium (III) Oxide (Rh2O3) Nanoparticles as 
Anti–Cancer Drugs for Cancer Cells’ Treatment”, 
Chemo Open Access 5: e129, 2016.

134. Alireza Heidari, “Pharmacokinetics and 
Experimental Therapeutic Study of DNA and 
Other Biomolecules Using Lasers: Advantages 
and Applications”, J Pharmacokinet Exp Ther 1: 
e005, 2016.

135. Alireza Heidari, “Determination of Ratio and 
Stability Constant of DNA/RNA in Human 
Cancer Cells and Cadmium Oxide (CdO) 
Nanoparticles Complexes Using Analytical 
Electrochemical and Spectroscopic Techniques”, 
Insights Anal Electrochem 2: 1, 2016.

136. Alireza Heidari, “Discriminate between 
Antibacterial and Non–Antibacterial Drugs 
Artificial Neutral Networks of a Multilayer 
Perceptron (MLP) Type Using a Set of 
Topological Descriptors”, J Heavy Met Toxicity 
Dis. 1: 2, 2016.



15 Ricardo Gobato and
Alireza Heidari

Molecular Mechanics and Quantum Chemical Study on Sites of Action of Sanguinarine Using 
Vibrational Spectroscopy Based  on Molecular Mechanics and Quantum Chemical Calculations

137. Alireza Heidari, “Combined Theoretical 
and Computational Study of the Belousov–
Zhabotinsky Chaotic Reaction and Curtius 
Rearrangement for Synthesis of Mechlorethamine, 
Cisplatin, Streptozotocin, Cyclophosphamide, 
Melphalan, Busulphan and BCNU as Anti–
Cancer Drugs”, Insights Med Phys. 1: 2, 2016.

138. Alireza Heidari, “A Translational Biomedical 
Approach to Structural Arrangement of Amino 
Acids’ Complexes: A Combined Theoretical 
and Computational Study”, Transl Biomed. 7: 2, 
2016.

139. Alireza Heidari, “Ab Initio and Density Functional 
Theory (DFT) Studies of Dynamic NMR 
Shielding Tensors and Vibrational Frequencies 
of DNA/RNA and Cadmium Oxide (CdO) 
Nanoparticles Complexes in Human Cancer 
Cells”, J Nanomedine Biotherapeutic Discov 6: 
e144, 2016.

140. Alireza Heidari, “Molecular Dynamics and 
Monte–Carlo Simulations for Replacement 
Sugars in Insulin Resistance, Obesity, LDL 
Cholesterol, Triglycerides, Metabolic Syndrome, 
Type 2 Diabetes and Cardiovascular Disease: A 
Glycobiological Study”, J Glycobiol 5: e111, 
2016.

141. Alireza Heidari, “Synthesis and Study of 5–
[(Phenylsulfonyl)Amino]–1,3,4–Thiadiazole–2–
Sulfonamide as Potential Anti–Pertussis Drug 
Using Chromatography and Spectroscopy 
Techniques”, Transl Med (Sunnyvale) 6: e138, 
2016.

142. Alireza Heidari, “Nitrogen, Oxygen, Phosphorus 
and Sulphur Heterocyclic Anti–Cancer Nano 
Drugs Separation in the Supercritical Fluid 
of Ozone (O3) Using Soave–Redlich–Kwong 
(SRK) and Pang–Robinson (PR) Equations”, 
Electronic J Biol 12: 4, 2016.

143. A l i r eza  He ida r i ,  “An  Ana ly t i ca l  and 
Computational Infrared Spectroscopic Review 
of Vibrational Modes in Nucleic Acids”, Austin 
J Anal Pharm Chem. 3(1): 1058, 2016.

144. Alireza Heidari, Christopher Brown, “Phase, 
Composition and Morphology Study and Analysis 
of Os–Pd/HfC Nanocomposites”, Nano Res Appl. 
2: 1, 2016.

 145.  Alireza Heidari, Christopher Brown, “Vibrational 
Spectroscopic Study of Intensities and Shifts of 
Symmetric Vibration Modes of Ozone Diluted 
by Cumene”, International Journal of Advanced 
Chemistry, 4 (1) 5–9, 2016.

146.Alireza Heidari, “Study of the Role of Anti–
Cancer Molecules with Different Sizes for 
Decreasing Corresponding Bulk Tumor Multiple 
Organs or Tissues”, Arch Can Res. 4: 2, 2016.

147. Alireza Heidari, “Genomics and Proteomics 
Studies of Zolpidem, Necopidem, Alpidem, 
Saripidem, Miroprofen, Zolimidine, Olprinone 
and Abafungin as Anti–Tumor, Peptide 
Antibiotics, Antiviral and Central Nervous 
System (CNS) Drugs”, J Data Mining Genomics 
& Proteomics 7: e125, 2016.

148.Al i reza  Heidar i ,  “Pharmacogenomics 
a n d  P h a r m a c o p r o t e o m i c s  S t u d i e s  o f 
Phosphodiesterase–5 (PDE5) Inhibitors and 
Paclitaxel Albumin–Stabilized Nanoparticles as 
Sandwiched Anti–Cancer Nano Drugs between 
Two DNA/RNA Molecules of Human Cancer 
Cells”, J Pharmacogenomics Pharmacoproteomics 
7: e153, 2016.

149. Alireza Heidari, “Biotranslational Medical and 
Biospectroscopic Studies of Cadmium Oxide 
(CdO) Nanoparticles–DNA/RNA Straight and 
Cycle Chain Complexes as Potent Anti–Viral, 
Anti–Tumor and Anti–Microbial Drugs: A 
Clinical Approach”, Transl Biomed. 7: 2, 2016.

150. Alireza Heidari, “A Comparative Study on 
Simultaneous Determination and Separation 
o f  A d s o r b e d  C a d m i u m  O x i d e  ( C d O ) 
Nanoparticles on DNA/RNA of Human Cancer 
Cells Using Biospectroscopic Techniques and 
Dielectrophoresis (DEP) Method”, Arch Can Res. 
4: 2, 2016.

151. Alireza Heidari, “Cheminformatics and System 
Chemistry of Cisplatin, Carboplatin, Nedaplatin, 
Oxaliplatin, Heptaplatin and Lobaplatin as Anti–
Cancer Nano Drugs: A Combined Computational 
and Experimental Study”, J Inform Data Min 1: 
3, 2016.



16 Ricardo Gobato and
Alireza Heidari

Molecular Mechanics and Quantum Chemical Study on Sites of Action of Sanguinarine Using 
Vibrational Spectroscopy Based  on Molecular Mechanics and Quantum Chemical Calculations

152. Alireza Heidari, “Linear and Non–Linear 
Quantitative Structure–Anti–Cancer–Activity 
Relationship (QSACAR) Study of Hydrous 
Ruthenium (IV) Oxide (RuO2) Nanoparticles 
as Non–Nucleoside Reverse Transcriptase 
Inhibitors (NNRTIs) and Anti–Cancer Nano 
Drugs”, J Integr Oncol 5: e110, 2016.

153. Alireza Heidari, “Synthesis, Characterization 
and Biospectroscopic Studies of Cadmium Oxide 
(CdO) Nanoparticles–Nucleic Acids Complexes 
Absence of Soluble Polymer as a Protective 
Agent Using Nucleic Acids Condensation and 
Solution Reduction Method”, J Nanosci Curr Res 
1: e101, 2016.

154. Alireza Heidari, “Coplanarity and Collinearity 
of 4’–Dinonyl–2,2’–Bithiazole in One Domain 
of Bleomycin and Pingyangmycin to be 
Responsible for Binding of Cadmium Oxide 
(CdO) Nanoparticles to DNA/RNA Bidentate 
Ligands as Anti–Tumor Nano Drug”, Int J Drug 
Dev & Res 8: 007–008, 2016.

155. Alireza Heidari, “A Pharmacovigilance Study on 
Linear and Non–Linear Quantitative Structure 
(Chromatographic) Retention Relationships 
(QSRR) Models for the Prediction of Retention 
Time of Anti–Cancer Nano Drugs under 
Synchrotron Radiations”, J Pharmacovigil 4: 
e161, 2016.

156. Alireza Heidari, “Nanotechnology in Preparation 
of Semipermeable Polymers”, J Adv Chem Eng 
6: 157, 2016.

157. Alireza Heidari, “A Gastrointestinal Study on 
Linear and Non–Linear Quantitative Structure 
(Chromatographic) Retention Relationships 
(QSRR) Models for Analysis 5–Aminosalicylates 
Nano Particles as Digestive System Nano Drugs 
under Synchrotron Radiations”, J Gastrointest 
Dig Syst 6: e119, 2016.

158. Alireza Heidari, “DNA/RNA Fragmentation 
and Cytolysis in Human Cancer Cells Treated 
with Diphthamide Nano Particles Derivatives”, 
Biomedical Data Mining 5: e102, 2016.

159. Alireza Heidari, “A Successful Strategy for the 
Prediction of Solubility in the Construction of 
Quantitative Structure–Activity Relationship 
(QSAR) and Quantitative Structure–Property 
Relationship (QSPR) under Synchrotron 
R a d i a t i o n s  U s i n g  G e n e t i c  F u n c t i o n 
Approximation (GFA) Algorithm”, J Mol Biol 
Biotechnol 1: 1, 2016.

160. Alireza Heidari, “Computational Study on 
Molecular Structures of C20, C60, C240, 
C540, C960, C2160 and C3840 Fullerene Nano 
Molecules under Synchrotron Radiations Using 
Fuzzy Logic”, J Material Sci Eng 5: 282, 2016.

161. A l i r eza  He ida r i ,  “Graph  Theo re t i c a l 
Analysis of Zigzag Polyhexamethylene 
Biguanide, Polyhexamethylene Adipamide, 
Polyhexamethylene Biguanide Gauze and 
Polyhexamethylene Biguanide Hydrochloride 
(PHMB) Boron Nitride Nanotubes (BNNTs), 
Amorphous Boron Nitride Nanotubes (a–BNNTs) 
and Hexagonal Boron Nitride Nanotubes (h–
BNNTs)”, J Appl Computat Math 5: e143, 2016.

162. Alireza Heidari, “The Impact of High Resolution 
Imaging on Diagnosis”, Int J Clin Med Imaging 
3: 1000e101, 2016.

163. Alireza Heidari, “A Comparative Study of 
Conformational Behavior of Isotretinoin (13–Cis 
Retinoic Acid) and Tretinoin (All–Trans Retinoic 
Acid (ATRA)) Nano Particles as Anti–Cancer 
Nano Drugs under Synchrotron Radiations Using 
Hartree–Fock (HF) and Density Functional 
Theory (DFT) Methods”, Insights in Biomed 1: 
2, 2016.

164. Alireza Heidari, “Advances in Logic, Operations 
and Computational Mathematics”, J Appl 
Computat Math 5: 5, 2016.

165. Alireza Heidari, “Mathematical Equations in 
Predicting Physical Behavior”, J Appl Computat 
Math 5: 5, 2016.

166. Alireza Heidari, “Chemotherapy a Last Resort 
for Cancer Treatment”, Chemo Open Access 5: 
4, 2016.



17 Ricardo Gobato and
Alireza Heidari

Molecular Mechanics and Quantum Chemical Study on Sites of Action of Sanguinarine Using 
Vibrational Spectroscopy Based  on Molecular Mechanics and Quantum Chemical Calculations

167. Alireza Heidari ,  “Separat ion and Pre–
Concentrat ion of  Metal  Cations–DNA/
RNA Chelates Using Molecular Beam Mass 
Spectrometry with Tunable Vacuum Ultraviolet 
(VUV) Synchrotron Radiation and Various 
Analytical Methods”, Mass Spectrom Purif Tech 
2: e101, 2016.

168. Alireza Heidari, “Yoctosecond Quantitative 
Structure–Activity Relationship (QSAR) and 
Quantitative Structure–Property Relationship 
(QSPR) under Synchrotron Radiations Studies 
for Prediction of Solubility of Anti–Cancer 
Nano Drugs in Aqueous Solutions Using Genetic 
Function Approximation (GFA) Algorithm”, 
Insight Pharm Res. 1: 1, 2016.

169. Alireza Heidari, “Cancer Risk Prediction and 
Assessment in Human Cells under Synchrotron 
Radiations Using Quantitative Structure Activity 
Relationship (QSAR) and Quantitative Structure 
Properties Relationship (QSPR) Studies”, Int J 
Clin Med Imaging 3: 516, 2016.

170. Alireza Heidari, “A Novel Approach to Biology”, 
Electronic J Biol 12: 4, 2016.

171. Alireza Heidari, “Innovative Biomedical 
Equipment’s for Diagnosis and Treatment”, J 
Bioengineer & Biomedical Sci 6: 2, 2016.

172. Alireza Heidari,  “Integrating Precision 
Cancer Medicine into Healthcare, Medicare 
Reimbursement Changes and the Practice of 
Oncology: Trends in Oncology Medicine and 
Practices”, J Oncol Med & Pract 1: 2, 2016.

173. Alireza Heidari, “Promoting Convergence in 
Biomedical and Biomaterials Sciences and 
Silk Proteins for Biomedical and Biomaterials 
Applications: An Introduction to Materials in 
Medicine and Bioengineering Perspectives”, J 
Bioengineer & Biomedical Sci 6: 3, 2016.

174. Alireza Heidari, “X–Ray Fluorescence and X–
Ray Diffraction Analysis on Discrete Element 
Modeling of Nano Powder Metallurgy Processes 
in Optimal Container Design”, J Powder Metall 
Min 6: 1, 2017.

175. Alireza Heidari, “Biomolecular Spectroscopy 
and Dynamics of Nano–Sized Molecules and 
Clusters as Cross–Linking–Induced Anti–Cancer 
and Immune–Oncology Nano Drugs Delivery in 
DNA/RNA of Human Cancer Cells’ Membranes 
under Synchrotron Radiations: A Payload–Based 
Perspective”, Arch Chem Res. 1: 2, 2017.

176. Alireza Heidari, “Deficiencies in Repair 
of Double–Standard DNA/RNA–Binding 
Molecules Identified in Many Types of Solid 
and Liquid Tumors Oncology in Human Body 
for Advancing Cancer Immunotherapy Using 
Computer Simulations and Data Analysis”, J 
Appl Bioinforma Comput Biol, 6: 1, 2017.

177. Alireza Heidari, “Electronic Coupling among 
the Five Nanomolecules Shuts Down Quantum 
Tunneling in the Presence and Absence of an 
Applied Magnetic Field for Indication of the 
Dimer or other Provide Different Influences 
on the Magnetic Behavior of Single Molecular 
Magnets (SMMs) as Qubits for Quantum 
Computing”, Glob J Res Rev. 4: 2, 2017.

178. Alireza Heidari, “Polymorphism in Nano–Sized 
Graphene Ligand–Induced Transformation of 
Au38–xAgx/xCux(SPh–tBu)24 to Au36–xAgx/
xCux(SPh–tBu)24 (x = 1–12) Nanomolecules 
for Synthesis of Au144–xAgx/xCux[(SR)60, 
(SC4)60, (SC6)60, (SC12)60, (PET)60, (p–
MBA)60, (F)60, (Cl)60, (Br)60, (I)60, (At)60, 
(Uus)60 and (SC6H13)60] Nano Clusters as 
Anti–Cancer Nano Drugs”, J Nanomater Mol 
Nanotechnol, 6: 3, 2017.

179. Alireza Heidari, “Biomedical Resource Oncology 
and Data Mining to Enable Resource Discovery 
in Medical, Medicinal, Clinical, Pharmaceutical, 
Chemical and Translational Research and Their 
Applications in Cancer Research”, Int J Biomed 
Data Min 6: e103, 2017.

180. Al i reza  Heidar i ,  “Study of  Synthesis , 
Pharmacokinetics, Pharmacodynamics, Dosing, 
Stability, Safety and Efficacy of Olympiadane 
N a n o m o l e c u l e s  a s  A g e n t  f o r  C a n c e r 
Enzymotherapy, Immunotherapy, Chemotherapy, 
Radiotherapy, Hormone Therapy and Targeted 
Therapy under Synchrotorn Radiation”, J Dev 
Drugs 6: e154, 2017.



18 Ricardo Gobato and
Alireza Heidari

Molecular Mechanics and Quantum Chemical Study on Sites of Action of Sanguinarine Using 
Vibrational Spectroscopy Based  on Molecular Mechanics and Quantum Chemical Calculations

181. Alireza Heidari, “A Novel Approach to Future 
Horizon of Top Seven Biomedical Research 
Topics to Watch in 2017: Alzheimer’s, Ebola, 
Hypersomnia, Human Immunodeficiency 
Virus (HIV), Tuberculosis (TB), Microbiome/
Antibiotic Resistance and Endovascular Stroke”, 
J Bioengineer & Biomedical Sci 7: e127, 2017.

182. Alireza Heidari, “Opinion on Computational 
Fluid Dynamics (CFD) Technique”, Fluid Mech 
Open Acc 4: 157, 2017.

183. Alireza Heidari, “Concurrent Diagnosis 
o f  O n c o l o g y  I n f l u e n c e  O u t c o m e s  i n 
Emergency General Surgery for Colorectal 
Cance r  and  Mul t i p l e  Sc l e ros i s  (MS) 
Treatment  Using Magnet ic  Resonance 
Imaging (MRI) and Au329(SR)84, Au329–
xAgx(SR)84, Au144(SR)60, Au68(SR)36, 
Au30(SR)18, Au102(SPh)44, Au38(SPh)24, 
Au38(SC2H4Ph)24 ,  Au21S(SAdm)15 , 
Au36(pMBA)24 and Au25(pMBA)18 Nano 
Clusters”, J Surgery Emerg Med 1: 21, 2017.

184. Alireza Heidari, “Developmental Cell Biology in 
Adult Stem Cells Death and Autophagy to Trigger 
a Preventive Allergic Reaction to Common 
Airborne Allergens under Synchrotron Radiation 
Using Nanotechnology for Therapeutic Goals in 
Particular Allergy Shots (Immunotherapy)”, Cell 
Biol (Henderson, NV) 6: 1, 2017.

185. Alireza Heidari, “Changing Metal Powder 
Characteristics for Elimination of the Heavy 
Metals Toxicity and Diseases in Disruption of 
Extracellular Matrix (ECM) Proteins Adjustment 
in Cancer Metastases Induced by Osteosarcoma, 
Chondrosarcoma, Carcinoid, Carcinoma, 
Ewing’s Sarcoma, Fibrosarcoma and Secondary 
Hematopoietic Solid or Soft Tissue Tumors”, J 
Powder Metall Min 6: 170, 2017.

186. Alireza Heidari,  “Nanomedicine–Based 
Combination Anti–Cancer Therapy between 
Nucleic Acids and Anti–Cancer Nano Drugs 
in Covalent Nano Drugs Delivery Systems for 
Selective Imaging and Treatment of Human 
Brain Tumors Using Hyaluronic Acid, Alguronic 
Acid and Sodium Hyaluronate as Anti–Cancer 
Nano Drugs and Nucleic Acids Delivery under 
Synchrotron Radiation”, Am J Drug Deliv 5: 2, 
2017.

187. Alireza Heidari, “Clinical Trials of Dendritic Cell 
Therapies for Cancer Exposing Vulnerabilities 
in Human Cancer Cells’ Metabolism and 
Metabolomics: New Discoveries, Unique 
Features Inform New Therapeutic Opportunities, 
Biotech’s Bumpy Road to the Market and 
Elucidating the Biochemical Programs that 
Support Cancer Initiation and Progression”, J 
Biol Med Science 1: e103, 2017.

188. Alireza Heidari, “The Design Graphene–
Based Nanosheets as a New Nanomaterial 
in Anti–Cancer Therapy and Delivery of 
Chemotherapeutics and Biological Nano Drugs 
for Liposomal Anti–Cancer Nano Drugs and 
Gene Delivery”, Br Biomed Bull 5: 305, 2017.

189. Alireza Heidari,  “Integrative Approach to 
Biological Networks for Emerging Roles of 
Proteomics, Genomics and Transcriptomics 
in the Discovery and Validation of Human 
Colorectal Cancer Biomarkers from DNA/RNA 
Sequencing Data under Synchrotron Radiation”, 
Transcriptomics 5: e117, 2017.

190. Alireza Heidari, “Elimination of the Heavy 
Metals Toxicity and Diseases in Disruption of 
Extracellular Matrix (ECM) Proteins and Cell 
Adhesion Intelligent Nanomolecules Adjustment 
in Cancer Metastases Using Metalloenzymes and 
under Synchrotron Radiation”, Lett Health Biol 
Sci 2 (2): 1–4, 2017.

191. Alireza Heidari, “Treatment of Breast Cancer Brain 
Metastases through a Targeted Nanomolecule 
Drug Delivery System Based on Dopamine 
Functionalized Multi–Wall Carbon Nanotubes 
(MWCNTs) Coated with Nano Graphene Oxide 
(GO) and Protonated Polyaniline (PANI) in Situ 
During the Polymerization of Aniline Autogenic 
Nanoparticles for the Delivery of Anti–Cancer 
Nano Drugs under Synchrotron Radiation”, Br J 
Res, 4(3): 16, 2017.

192. Alireza Heidari, “Sedative, Analgesic and 
Ultrasound–Mediated Gastrointestinal Nano 
Drugs Delivery for Gastrointestinal Endoscopic 
Procedure, Nano Drug–Induced Gastrointestinal 
Disorders and Nano Drug Treatment of Gastric 
Acidity”, Res Rep Gastroenterol, 1:1, 2017.



19 Ricardo Gobato and
Alireza Heidari

Molecular Mechanics and Quantum Chemical Study on Sites of Action of Sanguinarine Using 
Vibrational Spectroscopy Based  on Molecular Mechanics and Quantum Chemical Calculations

193. Alireza Heidari, “Synthesis, Pharmacokinetics, 
Pharmacodynamics, Dosing, Stability, Safety 
and Efficacy of Orphan Nano Drugs to Treat 
High Cholesterol and Related Conditions 
and to Prevent Cardiovascular Disease under 
Synchrotron Radiation”, J Pharm Sci Emerg 
Drugs 5: 1, 2017.

194. Alireza Heidari, “Non–Linear Compact Proton 
Synchrotrons to Improve Human Cancer 
Cells and Tissues Treatments and Diagnostics 
through Particle Therapy Accelerators with 
Monochromatic Microbeams”, J Cell Biol Mol 
Sci 2(1): 1–5, 2017.

195. Alireza Heidari, “Design of Targeted Metal 
Chelation Therapeutics Nanocapsules as 
Colloidal Carriers and Blood–Brain Barrier 
(BBB) Translocation to Targeted Deliver Anti–
Cancer Nano Drugs into the Human Brain to 
Treat Alzheimer’s Disease under Synchrotron 
Radiation”, J Nanotechnol Material Sci 4(2): 1–5, 
2017.

196. Ricardo Gobato, Alireza Heidari, “Calculations 
Using Quantum Chemistry for Inorganic 
Molecule Simulation BeLi2SeSi”, American 
Journal of Quantum Chemistry and Molecular 
Spectroscopy, Vol. 2, No. 3, Pages 37–46, 2017.

197. Alireza Heidari, “Different High–Resolution 
Simulations of Medical, Medicinal, Clinical, 
Pharmaceutical and Therapeutics Oncology of 
Human Lung Cancer Translational Anti–Cancer 
Nano Drugs Delivery Treatment Process under 
Synchrotron and X–Ray Radiations”, J Med 
Oncol. Vol. 1 No. 1: 1, 2017.

198. Alireza Heidari, “A Modern Ethnomedicinal 
Technique for Transformation, Prevention and 
Treatment of Human Malignant Gliomas Tumors 
into Human Benign Gliomas Tumors under 
Synchrotron Radiation”,   Am J Ethnomed, Vol. 
4 No. 1: 10, 2017.

199. Alireza Heidari, “An Investigation of the Role of 
DNA as Molecular Computers: A Computational 
Study on the Hamiltonian Path Problem”, 
International Journal of Scientific & Engineering 
Research, Vol. 5, Issue 1, Pages 1884–1889, 
2014.

200. Alireza Heidari, “Active Targeted Nanoparticles 
for Anti–Cancer Nano Drugs Delivery across 
the Blood–Brain Barrier for Human Brain 
Cancer Treatment, Multiple Sclerosis (MS) 
and Alzheimer’s Diseases Using Chemical 
Modifications of Anti–Cancer Nano Drugs or 
Drug–Nanoparticles through Zika Virus (ZIKV) 
Nanocarriers under Synchrotron Radiation”, J 
Med Chem Toxicol, 2(3): 1–5, 2017.

201. Alireza Heidari, “Investigation of Medical, 
Medicinal, Clinical and Pharmaceutical 
Applications of Estradiol, Mestranol (Norlutin), 
Norethindrone (NET), Norethisterone Acetate 
(NETA), Norethisterone Enanthate (NETE) 
and Testosterone Nanoparticles as Biological 
Imaging, Cell Labeling, Anti–Microbial Agents 
and Anti–Cancer Nano Drugs in Nanomedicines 
Based Drug Delivery Systems for Anti–Cancer 
Targeting and Treatment”, Parana Journal of 
Science and Education (PJSE)–V.3, n.4, (10–19) 
October 12, 2017.

202. Alireza Heidari, “A Comparative Computational 
and Experimental Study on Different Vibrational 
Biospectroscopy Methods, Techniques and 
Applications for Human Cancer Cells in Tumor 
Tissues Simulation, Modeling, Research, 
Diagnosis and Treatment”, Open J Anal Bioanal 
Chem 1(1): 014–020, 2017.

203. Alireza Heidari, “Combination of DNA/RNA 
Ligands and Linear/Non–Linear Visible–
Synchrotron Radiation–Driven N–Doped 
Ordered Mesoporous Cadmium Oxide (CdO) 
Nanoparticles Photocatalysts Channels Resulted 
in an Interesting Synergistic Effect Enhancing 
Catalytic Anti–Cancer Activity”, Enz Eng 6: 1, 
2017.

204. Alireza Heidari, “Modern Approaches in 
Designing Ferritin, Ferritin Light Chain, 
Tr a n s f e r r i n ,  B e t a – 2  Tr a n s f e r r i n  a n d 
Bacterioferritin–Based Anti–Cancer Nano Drugs 
Encapsulating Nanosphere as DNA–Binding 
Proteins from Starved Cells (DPS)”, Mod Appro 
Drug Des. 1(1). MADD.000504. 2017.



20 Ricardo Gobato and
Alireza Heidari

Molecular Mechanics and Quantum Chemical Study on Sites of Action of Sanguinarine Using 
Vibrational Spectroscopy Based  on Molecular Mechanics and Quantum Chemical Calculations

205. Al i r eza  He ida r i ,  “Po tency  o f  Human 
Interferon β–1a and Human Interferon β–1b in 
Enzymotherapy, Immunotherapy, Chemotherapy, 
Radiotherapy, Hormone Therapy and Targeted 
Therapy of Encephalomyelitis Disseminate/
Multiple Sclerosis (MS) and Hepatitis A, B, C, D, 
E, F and G Virus Enter and Targets Liver Cells”, 
J Proteomics Enzymol 6: 1, 2017.

206. Alireza Heidari, “Transport Therapeutic Active 
Targeting of Human Brain Tumors Enable Anti–
Cancer Nanodrugs Delivery across the Blood–
Brain Barrier (BBB) to Treat Brain Diseases 
Using Nanoparticles and Nanocarriers under 
Synchrotron Radiation”, J Pharm Pharmaceutics 
4(2): 1–5, 2017.

207. A l i r eza  He ida r i ,  Chr i s topher  Brown, 
“Combinatorial Therapeutic Approaches to 
DNA/RNA and Benzylpenicillin (Penicillin 
G), Fluoxetine Hydrochloride (Prozac and 
Sarafem), Propofol (Diprivan), Acetylsalicylic 
Acid (ASA) (Aspirin), Naproxen Sodium (Aleve 
and Naprosyn) and Dextromethamphetamine 
Nanocapsules with Surface Conjugated DNA/
RNA to Targeted Nano Drugs for Enhanced Anti–
Cancer Efficacy and Targeted Cancer Therapy 
Using Nano Drugs Delivery Systems”, Ann Adv 
Chem. 1(2): 061–069, 2017.

208. Alireza Heidari, “Vibrational Spectroscopy 
of Nucleic Acids”, Wahid Ali Khan (Editor), 
“Basic Biochemistry”, Austin Publishing Group 
(APG)/Austin Publications LLC, ISBN: 978–
0–9971499–2–0, Pages 1–18, Jersey City, New 
Jersey, USA, 2016.

209. Alireza Heidari, “High–Resolution Simulations of 
Human Brain Cancer Translational Nano Drugs 
Delivery Treatment Process under Synchrotron 
Radiation”, J Transl Res 1(1): 1–3, 2017.

210. Alireza Heidari, “Investigation of Anti–Cancer 
Nano Drugs’ Effects’ Trend on Human Pancreas 
Cancer Cells and Tissues Prevention, Diagnosis 
and Treatment Process under Synchrotron and X–
Ray Radiations with the Passage of Time Using 
Mathematica”, Current Trends Anal Bioanal 
Chem, 1 (1): 36–41, 2017.

211. Alireza Heidari, “Pros and Cons Controversy on 
Molecular Imaging and Dynamics of Double–
Standard DNA/RNA of Human Preserving Stem 
Cells–Binding Nano Molecules with Androgens/
Anabolic Steroids (AAS) or Testosterone 
Derivatives through Tracking of Helium–4 
Nucleus (Alpha Particle) Using Synchrotron 
Radiation”, Arch Biotechnol Biomed. 1 (1): 
067–0100, 2017.

212. Alireza Heidari, “Visualizing Metabolic Changes 
in Probing Human Cancer Cells and Tissues 
Metabolism Using Vivo 1H or Proton NMR, 13C 
NMR, 15N NMR and 31P NMR Spectroscopy 
and Self–Organizing Maps under Synchrotron 
Radiation”, SOJ Mater Sci Eng 5 (2): 1–6, 2017.

213. Al i reza  Heidar i ,  “Cavi ty  Ring–Down 
Spectroscopy (CRDS), Circular Dichroism 
Spectroscopy, Cold Vapour Atomic Fluorescence 
Spectroscopy and Correlation Spectroscopy 
Comparative Study on Malignant and Benign 
Human Cancer Cells and Tissues with the 
Passage of Time under Synchrotron Radiation”, 
Enliven: Challenges Cancer Detect Ther 4 (2): 
e001, 2017.

214. Alireza Heidari, “Laser Spectroscopy, Laser–
Induced Breakdown Spectroscopy and Laser–
Induced Plasma Spectroscopy Comparative 
Study on Malignant and Benign Human Cancer 
Cells and Tissues with the Passage of Time 
under Synchrotron Radiation”, Int J Hepatol 
Gastroenterol, 3 (4): 079–084, 2017.

215. Alireza Heidari, “Time–Resolved Spectroscopy 
and Time–Stretch Spectroscopy Comparative 
Study on Malignant and Benign Human 
Cancer Cells and Tissues with the Passage of 
Time under Synchrotron Radiation”, Enliven: 
Pharmacovigilance and Drug Safety 4 (2): e001, 
2017.

216. Alireza Heidari, “Overview of the Role of 
Vitamins in Reducing Negative Effect of 
Decapeptyl (Triptorelin Acetate or Pamoate 
Salts) on Prostate Cancer Cells and Tissues 
in Prostate Cancer Treatment Process through 
Transformation of Malignant Prostate Tumors 
into Benign Prostate Tumors under Synchrotron 
Radiation”, Open J Anal Bioanal Chem 1 (1): 
021–026, 2017.



21 Ricardo Gobato and
Alireza Heidari

Molecular Mechanics and Quantum Chemical Study on Sites of Action of Sanguinarine Using 
Vibrational Spectroscopy Based  on Molecular Mechanics and Quantum Chemical Calculations

217. Alireza Heidari, “Electron Phenomenological 
Spectroscopy, Electron Paramagnetic Resonance 
(EPR) Spectroscopy and Electron Spin Resonance 
(ESR) Spectroscopy Comparative Study on 
Malignant and Benign Human Cancer Cells 
and Tissues with the Passage of Time under 
Synchrotron Radiation”, Austin J Anal Pharm 
Chem. 4 (3): 1091, 2017.

218. Alireza Heidari, “Therapeutic Nanomedicine 
Different High–Resolution Experimental Images 
and Computational Simulations for Human Brain 
Cancer Cells and Tissues Using Nanocarriers 
Deliver DNA/RNA to Brain Tumors under 
Synchrotron Radiation with the Passage of Time 
Using Mathematica and MATLAB”, Madridge J 
Nano Tech. Sci. 2 (2): 77–83, 2017.

219. Alireza Heidari, “A Consensus and Prospective 
Study on Restoring Cadmium Oxide (CdO) 
Nanoparticles Sensitivity in Recurrent Ovarian 
Cancer by Extending the Cadmium Oxide (CdO) 
Nanoparticles–Free Interval Using Synchrotron 
Radiation Therapy as Antibody–Drug Conjugate 
for the Treatment of Limited–Stage Small Cell 
Diverse Epithelial Cancers”, Cancer Clin Res 
Rep, 1: 2,  e001, 2017.

220. Alireza Heidari,  “A Novel and Modern 
Experimental Imaging and Spectroscopy 
Comparative Study on Malignant and Benign 
Human Cancer Cells and Tissues with the 
Passage of Time under White Synchrotron 
Radiation”, Cancer Sci Res Open Access 4 (2): 
1–8, 2017.

221. Alireza Heidari, “Different High–Resolution 
Simulations of Medical, Medicinal, Clinical, 
Pharmaceutical and Therapeutics Oncology of 
Human Breast Cancer Translational Nano Drugs 
Delivery Treatment Process under Synchrotron 
and X–Ray Radiations”, J Oral Cancer Res 1 (1): 
12–17, 2017.

222. Alireza Heidari, “Vibrational Decihertz (dHz), 
Centihertz (cHz), Millihertz (mHz), Microhertz 
(μHz), Nanohertz (nHz), Picohertz (pHz), 
Femtohertz (fHz), Attohertz (aHz), Zeptohertz 
(zHz) and Yoctohertz (yHz) Imaging and 
Spectroscopy Comparative Study on Malignant 

and Benign Human Cancer Cells and Tissues 
under Synchrotron Radiation”, International 
Journal of Biomedicine, 7 (4), 335–340, 2017.

223. Alireza Heidari, “Force Spectroscopy and 
Fluorescence Spectroscopy Comparative Study 
on Malignant and Benign Human Cancer Cells 
and Tissues with the Passage of Time under 
Synchrotron Radiation”, EC Cancer, 2 (5), 
239–246, 2017.

224. Alireza Heidari, “Photoacoustic Spectroscopy, 
Photoemission Spectroscopy and Photothermal 
Spectroscopy Comparative Study on Malignant 
and Benign Human Cancer Cells and Tissues 
with the Passage of Time under Synchrotron 
Radiation”, BAOJ Cancer Res Ther, 3: 3, 045–
052, 2017.

225. Alireza Heidari, “J–Spectroscopy, Exchange 
Spectroscopy (EXSY), Nucle¬ar Overhauser 
Effect Spectroscopy (NOESY) and Total 
Correlation Spectroscopy (TOCSY) Comparative 
Study on Malignant and Benign Human Cancer 
Cells and Tissues under Synchrotron Radiation”, 
EMS Eng Sci J, 1 (2): 006–013, 2017.

226. Alireza Heidari, “Neutron Spin Echo Spectroscopy 
and Spin Noise Spectroscopy Comparative Study 
on Malignant and Benign Human Cancer Cells 
and Tissues with the Passage of Time under 
Synchrotron Radiation”, Int J Biopharm Sci, 1: 
103–107, 2017.

227. Alireza Heidari, “Vibrational Decahertz (daHz), 
Hectohertz (hHz), Kilohertz (kHz), Megahertz 
(MHz), Gigahertz (GHz), Terahertz (THz), 
Petahertz (PHz), Exahertz (EHz), Zettahertz 
(ZHz) and Yottahertz (YHz) Imaging and 
Spectroscopy Comparative Study on Malignant 
and Benign Human Cancer Cells and Tissues 
under Synchrotron Radiation”, Madridge J Anal 
Sci Instrum, 2 (1): 41–46, 2017.

228. Alireza Heidari, “Two–Dimensional Infrared 
Correlation Spectroscopy, Linear Two–
Dimensional Infrared Spectroscopy and Non–
Linear Two–Dimensional Infrared Spectroscopy 
Comparative Study on Malignant and Benign 
Human Cancer Cells and Tissues under 
Synchrotron Radiation with the Passage of 
Time”, J Mater Sci Nanotechnol 6 (1): 101.



22 Ricardo Gobato and
Alireza Heidari

Molecular Mechanics and Quantum Chemical Study on Sites of Action of Sanguinarine Using 
Vibrational Spectroscopy Based  on Molecular Mechanics and Quantum Chemical Calculations

229. Alireza Heidari, “Fourier Transform Infrared 
( F T I R )  S p e c t r o s c o p y,  N e a r – I n f r a r e d 
Spectroscopy (NIRS) and Mid–Infrared 
Spectroscopy (MIRS) Comparative Study on 
Malignant and Benign Human Cancer Cells and 
Tissues under Synchrotron Radiation with the 
Passage of Time”, Int J Nanotechnol Nanomed, 
Volume 3, Issue 1, Pages 1–6, 2018. 

230. Alireza Heidari, “Infrared Photo Dissociation 
Spectroscopy and Infrared Correlation Table 
Spectroscopy Comparative Study on Malignant 
and Benign Human Cancer Cells and Tissues 
under Synchrotron Radiation with the Passage 
of Time”, Austin Pharmacol Pharm, 3 (1): 1011, 
2018. 

231. Alireza Heidari, “Novel and Transcendental 
Prevention, Diagnosis and Treatment Strategies 
for Investigation of Interaction among Human 
Blood Cancer Cells, Tissues, Tumors and 
Metastases with Synchrotron Radiation under 
Anti–Cancer Nano Drugs Delivery Efficacy 
Using MATLAB Modeling and Simulation”, 
Madridge J Nov Drug Res, 1 (1): 18–24, 2017. 

232. Alireza Heidari, “Comparative Study on 
Malignant and Benign Human Cancer Cells 
and Tissues with the Passage of Time under 
Synchrotron Radiation”, Open Access J Trans 
Med Res, 2 (1): 00026–00032, 2018. 

233. Marcia Regina Risso Gobato, Ricardo Gobato, 
Alireza Heidari, “Planting of Jaboticaba Trees for 
Landscape Repair of Degraded Area”, Landscape 
Architecture and Regional Planning, Vol. 3, No. 
1, 2018, Pages 1–9, 2018. 

234. Alireza Heidari, “Fluorescence Spectroscopy, 
P h o s p h o r e s c e n c e  S p e c t r o s c o p y  a n d 
Luminescence Spectroscopy Comparative Study 
on Malignant and Benign Human Cancer Cells 
and Tissues under Synchrotron Radiation with 
the Passage of Time”, SM J Clin. Med. Imaging, 
4 (1): 1018, 2018. 

235. Alireza Heidari, “Nuclear Inelastic Scattering 
Spectroscopy (NISS) and Nuclear Inelastic 
Absorption Spectroscopy (NIAS) Comparative 
Study on Malignant and Benign Human Cancer 
Cells and Tissues under Synchrotron Radiation”, 
Int J Pharm Sci, 2 (1): 1–14, 2018. 

 236.  Alireza Heidari, “X–Ray Diffraction 
(XRD), Powder X–Ray Diffraction (PXRD) 
and Energy–Dispersive X–Ray Diffraction 
(EDXRD) Comparative Study on Malignant 
and Benign Human Cancer Cells and Tissues 
under Synchrotron Radiation”, J Oncol Res; 2 
(1): 1–14, 2018. 

 237.  A. Heidari, “Correlation Two–Dimensional 
Nuclear Magnetic Resonance (NMR) (2D– NMR) 
(COSY) Imaging and Spectroscopy Comparative 
Study on Malignant and Benign Human Cancer 
Cells and Tissues under Synchrotron Radiation”, 
EMS Can Sci, 1–1–001, 2018.

 238.  Alireza Heidari, “Thermal Spectroscopy, 
Pho to the rma l  Spec t ro scopy,  The rma l 
M i c r o s p e c t r o s c o p y ,  P h o t o t h e r m a l 
Microspectroscopy, Thermal Macrospectroscopy 
and  Photo thermal  Macrospec t roscopy 
Comparative Study on Malignant and Benign 
Human Cancer Cells and Tissues with the 
Passage of Time under Synchrotron Radiation”, 
SM J Biometrics Biostat, 3 (1): 1024, 2018. 

 239.  Alireza Heidari, “A Modern and Comprehensive 
Experimental Biospectroscopic Comparative 
Study on Human Common Cancers’ Cells, 
Tissues and Tumors before and after Synchrotron 
Radiation Therapy”, Open Acc J Oncol Med. 1 
(1), 2018. 

 240.  Alireza Heidari, “Heteronuclear Correlation 
Experiments such as Heteronuclear Single– 
Quantum Correlation Spectroscopy (HSQC), 
Heteronuclear Multiple–Quantum Correlation 
Spectroscopy (HMQC) and Heteronuclear 
Multiple–Bond Correlation Spectroscopy 
(HMBC) Comparative Study on Malignant and 
Benign Human Endocrinology and Thyroid 
Cancer Cells and Tissues under Synchrotron 
Radiation”, J Endocrinol Thyroid Res, 3 (1): 
555603, 2018. 

 241.  Alireza Heidari, “Nuclear Resonance 
Vibrational Spectroscopy (NRVS), Nuclear 
Inelastic Scattering Spectroscopy (NISS), 
Nuclear Inelastic Absorption Spectroscopy 
(NIAS) and Nuclear Resonant Inelastic X–Ray 
Scattering Spectroscopy (NRIXSS) Comparative 



23 Ricardo Gobato and
Alireza Heidari

Molecular Mechanics and Quantum Chemical Study on Sites of Action of Sanguinarine Using 
Vibrational Spectroscopy Based  on Molecular Mechanics and Quantum Chemical Calculations

Study on Malignant and Benign Human Cancer 
Cells and Tissues under Synchrotron Radiation”, 
Int J Bioorg Chem Mol Biol. 6 (1e): 1–5, 2018. 

242. Alireza Heidari,  “A Novel and Modern 
Experimental Approach to Vibrational Circular 
Dichroism Spectroscopy and Video Spectroscopy 
Comparative Study on Malignant and Benign 
Human Cancer Cells and Tissues with the 
Passage of Time under White and Monochromatic 
Synchrotron Radiation”, Glob J Endocrinol 
Metab. 1 (3). GJEM. 000514–000519, 2018. 

243. Alireza Heidari, “Pros and Cons Controversy 
on Heteronuclear Correlation Experiments such 
as Heteronuclear Single–Quantum Correlation 
Spectroscopy (HSQC), Heteronuclear Multiple–
Quantum Correlation Spectroscopy (HMQC) 
and Heteronuclear Multiple–Bond Correlation 
Spectroscopy (HMBC) Comparative Study on 
Malignant and Benign Human Cancer Cells and 
Tissues under Synchrotron Radiation”, EMS 
Pharma J. 1 (1): 002–008, 2018. 

244. Alireza Heidari, “A Modern Comparative and 
Comprehensive Experimental Biospectroscopic 
Study on Different Types of Infrared Spectroscopy 
of Malignant and Benign Human Cancer Cells 
and Tissues with the Passage of Time under 
Synchrotron Radiation”, J Analyt Molecul Tech. 
3 (1): 8, 2018. 

245. Alireza Heidari, “Investigation of Cancer Types 
Using Synchrotron Technology for Proton Beam 
Therapy: An Experimental Biospectroscopic 
Comparative Study”, European Modern Studies 
Journal, Vol. 2, No. 1, 13–29, 2018. 

246. Alireza Heidari, “Saturated Spectroscopy and 
Unsaturated Spectroscopy Comparative Study 
on Malignant and Benign Human Cancer Cells 

and Tissues with the Passage of Time under 
Synchrotron Radiation”, Imaging J Clin Medical 
Sci. 5 (1): 001–007, 2018. 

247. Alireza Heidari, “Small–Angle Neutron 
Scattering (SANS) and Wide–Angle X–Ray 
Diffraction (WAXD) Comparative Study on 
Malignant and Benign Human Cancer Cells 
and Tissues under Synchrotron Radiation”, Int J 
Bioorg Chem Mol Biol. 6 (2e): 1–6, 2018. 

248. Alireza Heidari, “Investigation of Bladder Cancer, 
Breast Cancer, Colorectal Cancer, Endometrial 
Cancer, Kidney Cancer, Leukemia, Liver, Lung 
Cancer, Melanoma, Non– Hodgkin Lymphoma, 
Pancreatic Cancer, Prostate Cancer, Thyroid 
Cancer and Non– Melanoma Skin Cancer Using 
Synchrotron Technology for Proton Beam 
Therapy: An Experimental Biospectroscopic 
Comparative Study”, Ther Res Skin Dis 1 (1), 
2018. 

249. Alireza Heidari, “Attenuated Total Reflectance 
Fourier Transform Infrared (ATR– FTIR) 
Spectroscopy,  Micro–Attenuated Total 
Reflectance Fourier Transform Infrared (Micro–
ATR–FTIR) Spectroscopy and Macro–Attenuated 
Total Reflectance Fourier Transform Infrared 
(Macro–ATR–FTIR) Spectroscopy Comparative 
Study on Malignant and Benign Human Cancer 
Cells and Tissues under Synchrotron Radiation 
with the Passage of Time”, International Journal 
of Chemistry Papers, 2 (1): 1–12, 2018. 

250. Alireza Heidari, “Mössbauer Spectroscopy, 
Mössbauer Emission Spectroscopy and 57 Fe 
Mössbauer Spectroscopy Comparative Study 
on Malignant and Benign Human Cancer Cells 
and Tissues under Synchrotron Radiation”, Acta 
Scientific Cancer Biology 2.3: 17–20, 2018.


