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Abstract

 Nanoparticle mediated drug delivery is becoming a widely used therapeutic approach in present days. 

Studies on interaction between nanoparticles and drug molecules are also attracting the eyes of scientists. 

Bioflavonoids are being used as medicinal drugs to treat quite a big range of diseases. Here we are studying 

about the interaction of gold atoms with three drug molecules namely Baicalein, Morin and Daidzein by 

using Avogadro software for windows system. One gold nanoparticle contains huge amount of gold atoms; 

hence a representative structure of a total gold nanoparticle cannot be established in silico. For that reason 

we chose one gold atom to be interacted with –OH groups present in the drug molecules to formulate drug-

gold nanocomposite model structures. After formation, every model structures were subjected to energy 

minimization for getting the maximum stable structure. From these studies, it was observed that the –OH 

groups present in ‘B’ ring of any flavonoid is more susceptible to bind with metal atoms and after interacting 

with metal, the composite reaches less energy level than the free drug molecule. We formulated a 

representative nanocomposite structure how it should be formed in vitro, i.e. one gold atom interacted with 

two drug molecules and to the other free –OH groups, more gold atoms were again attached. These 

representations of gold nanocomposite model structures have been formulated for all three flavonoids and 

they were characterized by the bond angles and bond lengths between their interacting atoms. 

Article History 

Received : 05.07.2020  

Revised :   12.07.2020                              

Accepted:  15.08.2020 

Keywords: Flavonoids, Nanoparticles, 
Nanocomposite and Avogadro Software. 

1. Introduction 

The application of metal nanoparticles in 

various fields like antimicrobial (Moritz and 

Moritz, 2013), sensing (Chen et al., 2013), drug 

delivery (Zhang et al., 2010) and bio-imaging 

(Wolfbeis, 2015) have increased many folds 

nowadays. Metal nanoparticles have many,  
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physical, chemical, electronic, electrical, 

mechanical, thermal, optical and biological 

characteristic features (Schmid, 1992; Daniel and 

Astruc, 2004). For these properties, nanoparticles 

can be used in vast areas of biology and medicine 

such as fluorescent labeling (Bruchez et al., 1998; 

Chan and Nie, 1998; Wang et al., 2002), drug and 

gene delivery (Mah et al., 2000; Panatarotto et al., 

2003), detection of pathogens (Edelstein et al., 

2000) and proteins (Nam et al., 2003), probing of 
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DNA structure (Mahtab et al., 1995), tissue 

engineering (Ma et al., 2003; Isla et al., 2003), 

MRI contrast enhancement (Weissleder et al., 

1990), phagokinetic studies (Parak et al., 2002) 

and many more. For being used in these 

application fields, nanoparticles must interact with 

drug molecules or any other Ligand. Amongst the 

most widely used metallic nanoparticles, gold 

nanoparticles (Rada et al., 2011) attracted 

attention of many scientists and research groups. 

Although gold has some adverse effect on human 

body but the toxic effect can be reduced by 

manipulating the dosage of the nanoparticles 

synthesized by gold. This metal is inert, hence can 

be used as a vehicle for any drug to be 

administered in the body.  

Flavonoids are abundantly available in 

plant products having many therapeutic and 

biomedical applications. These poly phenol 

molecules are now being used for treatment 

against many diseases for a long time. They have 

anticancer (Chahar et al., 2011), antioxidant 

(Pietta, 2000), antimicrobial (Cushnie and Lamb, 

2005), anti-diabetic (Vinayagam and Xu, 2015) 

and lots more activities which make them an 

attractive component for medical use or medicinal 

purposes. The major problem of these flavonoid 

molecules is that, they get metabolized very easily 

in our body when administered decreasing their 

efficacy. To retain for more time in the 

physiological condition, a carrier could be better 

choice for them instead ofdrug molecule alone. 

Here nanoparticle comes to play a role as a vehicle 

for these drugs. To be acted as carrier, 

nanoparticles must interact with drug molecules. 

Depending on the mode of interaction, 

compatibility among the drug and the nanoparticle 

can be determined. In this study we have taken 

three flavonoids such as Baicalein, Morin and 

Daidzein. Baicalein has three –OH groups 

concentrated on a single six-member ring in its 

structure (Tu et al., 2016), Morin contains five –

OH groups distributed all three rings (Mendoza 

Wilson et al., 2011) whereas Daidzein has only 

two –OH groups just opposite to each other in its 

structure (Liang et al., 2008). These three 

flavonoids may represent almost every probable 

interacting environment with gold nanoparticles 

for the synthesis of nanocomposites. As 

nanoparticle contains huge number of metal atoms 

(gold in our study), the nanoparticle model 

structure cannot be generated with that much of 

atoms in siloco. So, we took only one gold atom 

for our studyto interact with –OH groups of 

flavonoids.  

2. Methods 

 In the present study, we selected Baicalein, 

Morin and Daidzein as drug molecules to be 

interacted with gold atoms. The molecular 

structures were designed first using Avogadro 

software for windows (Hanwell et al., 2012). After 

designing the structures, they were subjected to 

energy minimization so that actual structural 

representation can be shown. The chemical 

structures along with their model structure drawn 

by Avogadro have been depicted in Figure - 1.  

Here, we performed our experiments in four 

segments. At first we performed the interaction of 

gold atoms with all –OH groups present in the 

drug molecules separately. Baicalein has three –

OH groups, Morin has five and Daidzein has two. 

Hence we could form three, five and two drug–

nanocomposite model structures respectively.  

 In next level of study, we tried to attach 

two drug molecules with a single gold atom. Here 

one gold atom holds two individual molecules of 

same drug. Therefore from each type of drug, one 

drug–nanocomposite structure was generated.  

In the third level of study, gold atoms were 

attached to all –OH groups present in the drug 

molecule at a time. When we added three gold 

atoms to all three –OH groups in Baicalein, all 

gold atoms were concentrated surrounding only 

one six-membered ring in the structure as the drug 

contain all –OH groups in a single ring. In case of 

Morin, all five gold atoms were distributed 

throughout the surface of drug molecule as all –

OH groups are spread over the molecule. Lastly in 

Daidzein, two gold atoms were attached exactly 

on the opposite position of the molecule as the –

OH groups are present just opposite to each other. 
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Figure - 1: A) chemical structure of Baicalein, B) model structure of Baicalein, C) chemical structure 

of Morin, D) model structure of Morin, E) chemical structure of Daidzein and F) model structure of 

Daidzein 

At the fourth and final level we combine the 

second and third levels of study, i.e., one gold 

atom has been interacted with two molecules of 

same drug and also the other free –OH groups of 

the molecule were interacted with gold atoms. By 

doing this model, we tried to mimic the actual 

drug–nanocomposite model structure.In 

experimental condition, drug–nanocomposite 

structures may have multiple drug molecules to be 

interacted with multiple metal atoms. That means, 

one metal atom can be interacted with two drug 

molecules and each drug molecules may be 

interacted with more than one metal atom. Hence 

from our fourth level of study, we formulated the 

drug–nanocomposite model structure which may 

represent the experimentally synthesized drug–

nanocomposite structures. After the formation of 

all drug–nanocomposite model structures, they 

were subjected for energy minimization. After that 

the model structure with lowest energy levelwas 

considered for the most stable structure.  

 

 

3. Results and Discussions:  

Interaction of gold atom with different –OH 

groups of drug molecule:  

 As Baicalein has three –OH groups in its 

structure, we formulated three nanocomposite 

structures by interaction of gold atom with three 

different –OH groups present at 5, 6 and 7 position 

of ‘A’ ring in its structure. These nanocomposites 

were named as Au-B_1 (Figure 2A), Au-B_2 

(Figure 2B) and Au-B_3 (Figure 2C). In case of 

Morin, there are five –OH groups present at 3, 5, 

6, 2’ and 4’ in its structures. Hence five gold–

Morin nanocomposites were designed and named 

accordingly as Au-M_1 (Figure 2D), Au-M_2 

(Figure 2E), Au-M_3 (Figure 2F), Au-M_4 

(Figure 2G) and Au-M_5 (Figure 2H). Daidzein is 

a drug which contains two –OH groups at 7 and 5’ 

position, so we formulated two model structures as 

nanocomposite for this drug molecule and named 

as Au-D_1 (Figure 2I) and Au-D_2 (Figure 2J). 

After performing energy minimization, the 

calculated energy levels of all these structures are 

listed in table 1.  



Debraj Hazra/Life Science Archives (LSA), Volume – 6, Issue – 5, Page - 1953 to 1962                          1956 

©2020 Published by JPS Scientific Publications Ltd. All Rights Reserved 
 

 
Figure - 2: Model structure of gold nanocomposites with Baicalein molecule [A) Au-B_1, B) Au-B_2, 

C) Au-B_3], Morin molecule [D) Au-M_1, E) Au-M_2, F) Au-M_3, G) Au-M_4, H) Au-M_5] and 

Daidzein molecule [I) Au-D_1, J) Au-D_2]. 

 

 When gold atom attached with the –OH 

groups at 7 position of Baicalein, it showed 

minimum energy (192.859 KJ/Mol) with respect 

to other positions. This result suggests that Au-

B_1 is the most stable structure among all 

Baicalein–nanocomposite structures. Attachment 

of gold atom with Morin molecule showed 

interesting result. The –OH groups present at 7, 2’ 

and 4’ possess almost similar energy levels 

(238.991 KJ/Mol, 238.969 KJ/Mol and 238.941 

KJ/Mol respectively) when attached with gold 

atoms. Other two positions i.e. 5 and 3 possess 

little higher energy levels. Hence for Morin, Au-

M_1, Au-M_4 and Au-M_5 may be considered as 

stable structures, although Au-M_5 being the most 

stable one. In case of Daidzein, among two 

nanocomposite structures Au-D_2 showed much 

lower energy level (169.805 KJ/Mol) than that of 

Au-D_1 (223.861 KJ/Mol) suggesting Au-D_2 

most stable structure. Hence from this experiment 

we can say that –OH group at 7 position in 

Baicalein and 5’ position of Daidzein is most 

suitable for metal atom binding. The –OH groups  

present at either of 7, 2’ and 4’ positions can act as 

favorable binding site with metal atoms for 

nanocomposite formulation. For this reason we 

selected these positions for the interaction of metal 

atom for next level of experiments where one  

 

metal atom interacted with two drug molecules at 

its most suitable binding sites (-OH groups).   

Interaction of one gold atom with two drug 

molecules  

 As concluded from study of previous 

section, one gold atom has been interacted with 

two –OH groups present at 7 position of two 

Baicalein molecules forming a nanocomposite 

named B-Au-B (Figure 3A) having energy level of 

412.18 KJ/Mol. Though Morin has three probable 

sites (-OHgroups) for attachment of gold atom, we 

took 4’ and 7 positioned –OH group of two 

different Morin molecules for binding with one 

gold atom which leads to the formation of 

nanocomposite named as M-Au-M (Figure 3B) 

having energy level of 475.272 KJ/Mol. In 

Daidzein structure only two –OH groups are 

present at opposite to each other among them 5’ –

OH showed less energy level than the other one, 

hence gold atom has been attached to that –OH for 

two different Daidzein molecules forming 

nanocomposite named D-Au-D (Figure 3C) 

having energy level of 477.727 KJ/Mol. 
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Table 1: List of energy levels of different nanocomposite model structures where one gold atom is attached with                 

one –OH group at a time. Bond angles and bond lengths among interacting atoms are also listed 

Drug 

Molecule  

Nanocomposite Energy 

(KJ/Mol) 

Au-O-C bond 

angle (
O

) 

Bond Length (Å) 

Au – O O – C 

Baicalein  Au-B_1 192.895 121.0 1.860 1.347 

Au-B_2 195.463 122.8 1.861 1.351 

Au-B_3 193.268 123.0 1.861 1.352 

Morin Au-M_1 238.991 120.9 1.860 1.346 

Au-M_2 239.024 121.1 1.860 1.348 

Au-M_3 240.920 123.1 1.862 1.348 

Au-M_4 238.969 120.9 1.860 1.346 

Au-M_5 238.941 121.3 1.860 1.348 

Daidzein  Au-D_1 223.861 120.9 1.860 1.346 

Au-D_2 169.805 120.9 1.860 1.346 

  

 
Figure - 3: Nanocomposite model structures of one Gold atom with A) two Baicalein molecules [B-Au-B], B) two 

Morin molecules [M-Au-M] and C) two Daidzein molecules [D-Au-D] 

We calculated O–Au–O bond angles for all these 

structures. To distinguish between the O atoms of 

different drug molecules, OL and OR has been used 

for the O atom present in drug molecule situated  

in the left side and right side of the figure 

respectively. The bond angles and bond lengths 

along with energy levels of all nanocomposite 

model structures are listed in Table - 2.  

Table - 2: List of energy levels on nanocomposite model structures where two drug molecules are attached with a single 

gold atom. Bond angles and bond lengths between interacting atoms are also listed 

Drug 

Molecule  

Nanocomposite Energy 

(KJ/Mol) 

OL – Au – OR  

bond angle (
O

) 

Bond Length (Å) 

OL–Au  Au–OR 

Baicalein B-Au-B 412.180 89.9 1.860 1.860 

Morin M-Au-M 475.272 90.0 1.859 1.859 

Daidzein D-Au-D 477.727 90.9 1.863 1.867 

Interaction of gold atoms with every –OH 

groups of a single drug molecule  

 Baicalein has all its –OH groups at ‘A’ 

ring only, hence all the gold atomswere bound 

surrounding the ‘A’ ring leaving the other rings  

 

(‘B’ and ‘C’ ring) unattached with any gold atoms. 

We named this nanocomposite as Au-B-Au which 

possesses energy level of 193.268 KJ/Mol. In case 

of Morin, five –OH groups are present surrounded 



Debraj Hazra/Life Science Archives (LSA), Volume – 6, Issue – 5, Page - 1953 to 1962                          1958 

©2020 Published by JPS Scientific Publications Ltd. All Rights Reserved 
 

all over the molecule providing a distributed metal 

atom attachment sites. Hence gold atoms were 

attached to all –OH groups present at 7, 5, 3 3’ 

and 5’ positions of the molecule. This 

nanocomposite structure namely Au-M-Au has 

energy level of 230.768 KJ/Mol. Lastly Daidzein, 

which contains two –OH groups where gold atoms 

were bound to form a structure named Au-D-Au 

which possesses energy level of 221.341 KJ/Mol. 

Energy levels of all nanocomposite model 

structures along with bond angles and bond 

lengths of interacting atoms are listed in Table - 3. 

 
Figure - 4: Nanocomposite model structures of Gold atoms attached with all –OH groups present in A) 

Baicalein [Au-B-Au], B) Morin [Au-M-Au] and C) Daidzein [Au-D-Au] 

 

Table - 3: List of energy levels of gold nanocomposite model structures with different drug molecules. Bond length and 

bond angles between interacting atoms of the nanocomposites are also listed 

Drug 

Molecule  

Nanocomposite Energy 

(KJ/Mol) 

Bond angle (
O
) Bond Length (Å) 

Baicalein  Au-B-Au 193.268 Au–O–C7  = 121.1 Au – O = 1.860 

O – C7 = 1.346 

Au–O–C6 = 122.8 Au – O =1.861 

O – C6 = 1.349 

Au–O–C5 = 123.0 Au – O = 1.861 

O – C5 = 1.352 

Morin Au-M-Au 203.768 Au–O–C7 = 120.9 Au – O = 1.860 

O – C5 = 1.346 

Au–O–C5 = 121.1 Au – O = 1.860 

O – C5 = 1.348 

Au–O–C3 = 123.1 Au – O = 1.862 

O – C3 = 1.347 

Au–O–C4’ = 120.9 Au – O = 1.860 

O – C4’= 1.346 

Au–O–C2’ = 121.3 Au – O = 1.860 

O – C2’ = 1.348 

Daidzein  Au-D-Au 221.341 Au–O–C7 = 120.9 Au – O = 1.860 

O – C7 = 1.346 

Au–O–C5’ = 120.9 Au – O = 1.860 

O – C5’ = 1.346 

Formation of gold–drug nanocomposite with all 

possible attachment sites  

 At this level of study we tried to formulate 

the actual model structure of gold–drug 

nanocomposite structures. At first one gold atom 

has been attached with two drug molecules and  

 

 

 

then more gold atoms were also attached to the 

other free –OH groups of the drug molecules.  

Among three possible metal binding sites in 

Baicalein, the site which showed lowest energy 

while formation of nanocompositewas engaged in 

binding with gold atom and to that gold atom; -

OH group present at same position of another 

Baicalein molecule was attached. Rest two –OH 
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groups were also interacted with gold atoms to 

make a nanocomposite structure where one gold 

atom was attached with two Baicalein molecules 

and to its other free –OH groups, other gold 

atoms. We named the structure as Au-B* and 

possessed energy level of 492.312 KJ/Mol.  

 Morin has five free –OH groups amongst 

which three energetically favorable for binding 

with gold, hence amongst them 7 and 4’ 

positioned –OH were interacted with one gold 

atom and other free –OH groups on the drug 

molecules in the composite also attached with 

gold atoms forming a structure named Au-M*. 

This nanocomposite has energy level of 461.993 

KJ/Mol.  In Daidzein, most suitable position for 

binding withgold was 5’, this is why gold atom 

was attached with –OH group at 5’ position of one 

Daidzein molecule and the same gold atom was 

also attached with 5’ –OH group of another 

Daidzein molecule. The –OH groups present at 7 

position of both Daidzein molecule were again 

attached with two more gold atoms to form a 

complete nanocomposite structure designated as 

Au-D* which contains 504.041 KJ/Mol energy.  

 
Figure 5: Nanocomposite model structures of one gold atom attached with two drug molecules having gold 

atoms attached with other free –OH groups. The drug molecules in the composites are A) Baicalein, B) Morin 

and C) Daidzein 

The energy levels were also listed in the 

table. The bond angles and bond lengths were 

found to be similar with the earlier designed 

structures hence these data were not shown in the 

Table - 4.  

Table - 4: List of energy levels of Gold nanocomposite 

model structures with Baicalein, Morin and Daidzein 

molecules 

Drug 

Molecule  

Nanocomposite Energy 

(KJ/Mol) 

Baicalein  Au-B* 492.312 

Morin Au-M* 458.814 

Daidzein Au-D* 440.036 

 

 As we mentioned before in our study, Gold 

nanoparticles are being used as a vehicle for 

several drug molecules to apply in medicine to 

retain the drug molecule in the physiological 

condition. Baicalein fabricated gold nanoparticle  

 

has been synthesized by Lee et al. (2016) and 

Rajkumari et al. (2017). Gold nanoparticle has 

also been conjugated with Morin (Yue et al., 

2014). Although gold nanocomposite formulation 

with Daidzein has not been reported yet, this drug 

molecule has the capacity to be incorporated in 

PLGA nanoparticles (Ma et al., 2012).  All these 

studies were done in vitro to synthesize, 

characterize and to estimate their application 

efficacy in vitro. But, the study of interaction 

between the nanoparticle and drug molecule is not  

addressed well. Hence our study may put some 

light on this field of research and researchers in  

this area may have some idea about the selection 

of proper vehicle for a specific drug molecule.  
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4. Conclusion 

 From this study, we can conclude that the 

–OH groups present in the ‘B’ ring are most 

preferably the suitable binding site for any metal 

atom to bind during the formation of drug–metal 

nanocomposite structure. The gold atom binding 

makes the composite structure more stable 

because it was found that the nanocomposite in 

which gold is attached in all probable binding sites 

(-OH group) possess less energy level than the 

composite structure where a single gold atom was 

bound with a single –OH group. Finally we made 

the model structure which mimics the structure 

synthesizedin vitro where one gold atom 

wasbound to two drug molecules and to that drug 

molecules, many other gold atoms were interacted 

with rest of the free –OH groups.  
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