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Cancer, the uncontrolled growth of abnormal cells called cancer 
cells, malignant cells or tumor cells anywhere in the body, is the second 
most common cause of death worldwide, killing more than 8 million 
people each year. The most common types of cancer that cause death 
are lung, stomach, liver, colon and breast cancer. With an estimated 13.1 
million deaths (an increase of about 70%) in 2030, cancer deaths are 
projected to continue to rise worldwide.

Many natural and synthetic compounds have been used in cancer 
treatment for years. Coumarin compounds are also one of the compounds 
used (Borges et al., 2013). Psoralen (or 7H-furo [3,2-g]chromen-7-one) 
is a furanocoumarin that exhibits anti-arthritic, antimicrobial and anti-
inflammatory effects (Asif, 2015). On the other hand, esculetin the 
IUPAC name of which is 6,7-dihydroxy-2H-chromen-2-one has been 
reported to protect single-cell DNA from oxidative attack (Aneko 
et al., 2007). Esculetin is propitious to regulate vasoconstriction by 
diminishing the release of nitric oxide (Liang et al., 2017), it overcomes 
the Sp1 transcription factor (Liang et al., 2017) and binds with β-catenin 
proteins resulting in the inhibition of β-catenin–Tcf signaling pathway 
of gastrointestinal tumorigenesis (Lee et al., 2013) and it also inhibits 
melanin biosynthesis (Sollai et al., 2008). New coumarin compounds are 
added to the literature every year as anticancer agents. Coumarins are 
heterocyclic compounds belonging to the class of benzopyrone and the 
breakdown of them results in the formation of active metabolites with 
therapeutic activity, such molecules are called  as pro-drugs (Stefanachi 
et al., 2018). Therefore they have a lot of bioactive properties such as 
anticoagulant, antibacterial, anti-inflammatory, antioxidant, antitumor, 
antiviral, and enzyme inhibition. Higher doses of coumarin are found 
to be hepatotoxic (Iwata et al., 2016). However they  reduce the risk of 
cancer and other neuronal and cardiovascular ailments. These effects 
are due to their free radical scavenging effects. Coumarins such as 
umbelliferone, esculetin and quercetin show antioxidant properties and 
protect the cellular DNA from oxidative damage. The dicumarol shows 
anticoagulant properties by inhibiting the action of vitamin K, whereas 
angelmarin has been reported to be cytotoxic in pancreatic cancer. 
Coumarins also reduce edema and inflammation by inhibiting the 
prostaglandins biosynthesis. Hydroxyl aromatic substituted derivatives 
such as 5-hydroxycoumarin or vicinal dihydroxy coumarins have also 
been found to be potent antiinflammatory agents. Some coumarins are 
approved by the FDA as drugs, and warfarin is one such example. It 
blocks the Vitamin K reductase enzyme thus disrupting the clotting 
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mechanism. In conclusion, the coumarin class of phytomolecules has 
a lot of potential to be used as drugs for various diseases (Garga et al., 
2020).

In one study, Six fluorescent half-sandwich iridium(III) coumarin-
salicylaldehyde Schiff base (O^N) compounds ([(η5- Cp*)Ir(O^N)Cl]) 
[Ir1-Ir6] were synthesized and stated to have high anticancer activity (IC50: 
9.9 ± 0.1 μM–40.7 ± 12.9 μM) with dual functions: lysosomal damage 
and anti-metastasis (Liu et al., 2020). Lysosomes, organelles present in 
eukaryotic cells, have significant features in acidic environments (pH: 4.5–
5.5), which are conducive to maintaining the activity of a large number of 
lysosomal hydrolases (Savini et al.,2019; Minchew and Didenko, 2017). 
Compared with normal cells, tumor cells have high lysosomal contents. 
Recent studies have demonstrated that weakly basic antitumor drugs can 
effectively accumulate in the lysosomes, leading to partial lysosomal 
membrane permeabilization (LMP) ( Luzio and Pryor, 2007). Therefore, 
lysosomes may be potential targets for the selective killing of tumor cells, 
and the development of lysosome-targeting drugs is expected to become 
a novel antitumor therapy.

             

Fig.1: Ir1 – Ir6 compounds synthesized by Liu et al.

In a study by Kumari et al., WR (Warfarin) and organotin (IV) 
complexes [[Me3Sn (WR)] and [Bu3Sn (WR)]] screened for counter 
cytotoxicity by in vitro MTT assay to HCT-15 (colon adenocarcinoma), 
MCF-7 (breast cancer), HeLa (cervical cancer), DU145 (prostate cancer) 
and LNCaP (androgen-sensitive prostate adenocarcinoma). When IC50 
values   were examined, it was seen that the complexes did not show 
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cytotoxicity against MCF-7, HeLa and LNCaP cell lines. However, it has 
been found to cause good cytotoxicity against colon cancer (HCT-15).
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[Me3Sn(WR)]                                                  [Bu3Sn(WR)]

Fig. 2:  [Me3Sn (WR)]   and    [Bu3Sn (WR)]

There have been many in vitro and in vivo studies showing that 
Murrayone, a compound containing coumarin and extracted from the 
plant called Murraya paniculata (L.), which is widely grown in China 
and used to terminate pregnancy, may be an anticancer reagent. This 
work will lead the pharmacodynamic studies of the herb (Zhai et al., 
2020).

OO O

O

Fig. 3: Murrayone

In the study of Mohler et al., a lot of  coumarin-modified androgens  
were prepared and tested for treatment of prostate cancer .Examples; 
Acetamide, 2- [[(3α, 5α, 17β) - 3- hydroxyandrostan- 17- yl] oxy] - N- [2- (2, 3, 6, 
7- tetrahydro- 11- oxo- 1H, 5H, 11H- [1] benzopyrano[6, 7, 8- ij] quinolizin- 9- 
yl) ethyl] -,

Acetamide, 2- [[(5α, 17β) - 3- oxoandrostan- 17- yl] oxy] - N- [2- (2, 3, 6, 7- 
tetrahydro- 11- oxo- 1H, 5H, 11H- [1] benzopyrano[6, 7, 8- ij] quinolizin- 9- yl) 
ethyl] -, Acetamide, 2- [[[(5α) - 3- oxoandrostan- 17- ylidene] amino] oxy] 
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- N- [2- (2, 3, 6, 7- tetrahydro- 11- oxo- 1H, 5H, 11H- [1] benzopyrano[6, 7, 8- ij] 
quinolizin- 9- yl) ethyl] -, Spiro[androstane- 3, 4’- [4H, 7H, 11H] pyrido[3’, 
4’:3, 4] [1] benzopyrano[6, 7, 8- ij] quinolizin] - 5’(1’H) - one, 2’, 3’, 8’, 9’, 12’, 13’- 
hexahydro- 17- hydroxy- , (3α, 5α, 17β) -, Spiro[androstane- 3, 4’- [4H, 7H, 11H] 
pyrido[3’, 4’:3, 4] [1] benzopyrano[6, 7, 8- ij] quinolizine] - 5’(1’H) , 17- dione, 
2’, 3’, 8’, 9’, 12’, 13’- hexahydro- , (3α, 5α) , Acetamide, N- [2- (7- amino- 2- oxo- 
2H- 1- benzopyran- 4- yl) ethyl] - 2-, [[(5α, 17β) - 3- oxoandrostan- 17- yl] oxy] -, 
2H- 1- Benzopyran- 2- one, 7- amino- 4- [2- [[2- [[(5α, 17β) - 3- oxoandrostan- 
17- yl] oxy] ethyl] amino] ethyl] -, 2H- 1- Benzopyran- 2- one, 7- methoxy- 
4- [2- [[2- [[(5α, 17β) - 3- oxoandrostan- 17- yl] oxy] ethyl] amino] ethyl] -, 
2H- 1- Benzopyran- 2- one, 7- (dimethylamino) - 4- [2- [[2- [[(3α, 5α, 17β) - 3- 
hydroxyandrostan- 17- yl] oxy] ethyl] amino] ethyl] -, and  others (Mohler et 
al., 2020).

O

N

O

S

H

OO

Cl

O

Fig. 4: Compound 13

Recent studies have shown that substances derived from natural 
products are promising in cancer treatment. In this study , reports of 
studies applying different virtual screening methods to select natural 
products with potential anticancer activity were presented. Coumarin, 
quinone, tannins, alkaloids, flavonoids and terpenes are based as natural 
products (Cavalcanti et al., 2019).

In this study, three new Ru (II) complexes, (RuCl2 [La] [DMSO] 
2) * H2O (Ru1), (RuCl2[Lb] [DMSO] 2) (Ru2) and (RuCl2 [Lc][DMSO] 
2) (Ru3), respectively contains 3-(2’-benzimidazolyl)coumarin (La), 
3-(2’-benzimidazolyl)-7-fluoro-coumarin(Lb) and 3-(2’-benzimidazolyl)-
7-methoxyl-coumarine (Lc) were firstly  synthesized. Of these 
compounds, Ru2, in particular, was found to show higher activity even 
than cisplatin, the reference compound. (inhibition rate Ru2 [IR] = 
61.3%)  and cisplatin (IR= 25.5%) (Qin et al, 2019).
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Peihong  et al. declared that synthesized six new compounds, 
(2,6-dihydro-8-hydroxy-9-methoxy-2,6-dioxo-4H-Pyrano[3,4,5-de]-1-
benzopyran-3-acetic acid methyl ester (1), 2,6-dihydro-8-hydroxy-9-
methoxy-2,6-dioxo-4H-Pyrano[3,4,5-de]-1-benzopyran-3-acetic acid (2), 
2,6-dihydro-8-hydroxy-4,9-dimethoxy-2,6-dioxo-,(-)-4H-Pyrano[3,4,5-
de]-1-benzopyran-3-acetic acid methyl ester (3) , 2,6-dihydro-8-hydroxy-
4,9-dimethoxy-2,6-dioxo-, (-)-4H-Pyrano[3,4,5-de]-1-benzopyran-3-
acetic acid (4), 2,6-dihydro-4,8-dihydroxy-9-methoxy-2,6-dioxo-,(-
)-4H-Pyrano[3,4,5-de]-1-benzopyran-3-acetic acid methyl ester (5), 
2,6-dihydro-4,8-dihydroxy-9-methoxy-2,6-dioxo-, (-)-4H-Pyrano[3,4,5-
de]-1-benzopyran-3-acetic acid , could be used as antitumor reagents 
(Peihong et al., 2019).
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Fig. 6: Synthesized compounds by Peihong  et al.

This study states that two new substances . (4-(2,5-dihydroxy-
4-methylphenyl)-6 -hydroxy-8-methyl-2H-1-Benzopyran-2-one 
and 4-(2,5-dihydroxy-3-methylphenyl)-6-hydroxy-8-methyl-2H-1-
Benzopyran-2-one) were extracted from Japanese cockroach beetle and 
showed antitumor activity (Yongxian et al, 2019).

In this study, it was stated that six compounds (7- [[(2Z) - 3, 7- dimethyl- 
2, 6- octadien- 1- yl] oxy] - 4- methyl- 8- nitro-2H- 1- Benzopyran- 2- one,7- 
[[(2Z) - 3, 7- dimethyl- 2, 6- octadien- 1- yl] oxy] - 5- hydroxy- 4- methyl-2H- 1- 
Benzopyran- 2- one, 5, 7- bis[[(2Z) - 3, 7- dimethyl- 2, 6- octadien- 1- yl] oxy] 
- 4- methyl-2H- 1- Benzopyran- 2- one,7- [[(2Z) - 3, 7- dimethyl- 2, 6- octadien- 
1- yl] oxy] - 4- hydroxy- 5- methyl-2H- 1- Benzopyran- 2- one, 8- [(2Z) - 3, 7- 
dimethyl- 2, 6- octadien- 1- yl] - 7- [[(2Z) - 3, 7- dimethyl- 2, 6- octadien- 1- yl] 
oxy] - 4- hydroxy- 5- methyl-2H- 1- Benzopyran- 2- one,  and 6- [(2Z) - 3, 7- 
dimethyl- 2, 6- octadien- 1- yl] - 7- [[(2Z) - 3, 7- dimethyl- 2, 6- octadien- 1- yl] 
oxy] - 4- hydroxy- 5- methyl-2H- 1- Benzopyran- 2- one ) were synthesized 
for the first time and  had a good anti-gastric cancer cell proliferation 
effect and high selectivity (Jianyong et al., 2019).

In the other study, 2-(3-substituted-4-methyl-2-oxo-2H-chromen7-
yloxy)-2-methylpropanoic acid derivatives (5a-5f) were synthesized 
and their structures were identified by mass, 1H NMR, 13C NMR and 
IR for the first time. Cytotoxic activities of these compounds against 
MCF-7, MDA-231 (human breast cancer) and HT29 (human colon 
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adenocarcinoma) cell lines was examined by MTT assay. The results 
proved these compounds to be potent and selective cytotoxic agents 
(Venkata et al., 2016).
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N
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N
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N
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N

S
N

5f

Fig. 7: 5a -5f

Venkata et al., in this study, Lipophilicity (log P) parameter of 
the above compounds (5a-5f) was calculated by RP-UFLC method. 
A good correlation and very close values were obtained between the 
experimentally determined log P values and values obtained from 
Chemdraw.  These close values found indicate that these compounds 
have good anticancer activity. The anticancer activity results of these 
compounds also proved the accuracy of this study. This method is 
important in terms of providing preliminary information about the 
biological activities of the compounds to be synthesized (Venkata et al, 
2017).

A series of novel coumarin-based hydroxamate derivatives (10a-10e; 
11a-11e; 12a-12b) were synthesized as histone deacetylase inhibitors 
(HDACis). Because, HDAC is one of the hot topics in the field of 
antitumor research. The experimental results showed that these coumarin 
derivatives synthesized were anticancer agents (Yang et al., 2019).



Hülya Çelik Onar10 .

OR

X
()n NHOH

O

O

10a:  R=H        X=NH  n=2             11a:  R=0CH3  X=O  n=4                         
10b:  R=H        X=NH  n=5             11b:  R=0CH3  X=O  n=5
10c:  R=0CH3  X=NH  n=5             11c:  R=0CH3  X=O  n=6
10d:  R=0CH3  X=NH  n=6             11d:  R=0CH3  X=O  n=7
10e:  R=0CH3  X=NH  n=7             11e:  R=0CH3  X=O  n=8

O

R1

Y O()nHOHN

O
12a:  R1=H      Y=O  n=7
12b:  R1=CH3   Y=O  n=7

Fig. 8: 10a – 10e ,  11a – 11e,  12a – 12b

Methyl substituted umbelliferone selenocyanate (MUS) was 
synthesized and examined as  anticancer agent against two murine 
cancers (Dalton’s Lymphoma and Sarcoma-180) in vivo. The results were 
very good (Patra et al., 2018).

O O

CH3

ONCSe ()5

Fig. 9: MUS

Clauselenisin A and  its five known analogues were isolated from 
the stems and leaves of plant of Clausena lenis in China. This study 
suggests that these substances are antitumor agents (Liu et al., 2018).
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Fig. 10: Clauselenisin A

In this study a new synthetic hybrid compound (AD-013) was 
synthesized which integrates a coumarin moiety and an α-methylene-δ-
lactone motif. The cytotoxic activity of this new compound was studied 
against MCF-7 and HL-60 cancer cells, and the results were compared 
with novobiosin, a coumarin-based antibiotic. AD-013 was observed to 
have higher cytotoxic activity (Dlugosz et al., 2018).   

 

O O

O

OMe

Fig. 11: AD-013

Some new alkenylcumarins were synthesized and their anticancer 
activity against Taq DNA polymerase was investigated. Of the 
alkenylcumarins synthesized, the most active was 6-(pent-4-enyloxy)-
coumarin (Bruna-Haupt et al., 2018).

O

O

O
Fig. 12: 6-(pent-4-enyloxy)-coumarin
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Coumarin derivatives synthesized in this study (8-13; 17a-i; 18a-
i) were observed to be an inhibitor against human CA IX and CA XII 
carbonic anhydrases (De Luca et al., 2018).  

O O
R2

HO

R1

R2=H;     17a- i
R2=Me ;  18a-i

O O

R2

R1

8:    R1=OAc   R2=H
9:    R1= R2=OAc
10:  R1=H  R2=OAc
11:  R1=OBz  R2=H
12:  R1= R2=OBz
13:  R1=H     R2=OBz

R1:  a=H
       b=2-Cl
       c=3-Cl
       d=4-Cl
       e=2-F
       f=3-Me
      g=4-Me
      h=4-NO2
       i=4-NH2

  
Fig. 13: 8-13,  17a–i,   18a -i

A series of 6-methyl-4-substituted coumarin and 4-substituted 
benzocoumarine was synthesized and evaluated in vitro for antitumor 
activity against MCF-7 and HepG-2 cell line. 5h, 7d, 7h, 9a, 13a and 13d 
showed strong activity against both MCF-7 and HepG-2 cell line (Morsy 
et al., 2017).
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Fig. 14: 5h, 7d, 7h, 9a, 13a

A series of novel coumarin–1,2,3-triazole hybrids (16a–16e, 17a–17e, 
18a–18e, 19a–19d, 20a–20d) was synthesized by the copper(I)-catalyzed 
Huisgen 1,3-dipolar cycloaddition reaction. these compounds showed 
unselective cytostatic activities against all tested tumor (HeLa, CaCo-2, 
K562) and normal (MDCK1) cells (Bistrovic et al., 2017).

O

NN
N

O
R2
R3

R4

16a-16e;  R2=OCH3   R3=H

16a 16b 16c 16d 16e
R4 H p-OCH3 m-OCH3 o-OCH3 m-OH

17a-17e;  R2=H   R3=OCH3

17a 17b 17c 17d 17e
R4 H p-OCH3 m-OCH3 o-OCH3 m-OH
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18a-18e;  R2=OH   R3=H

18a 18b 18c 18d 18e
R4 H p-OCH3 m-OCH3 o-OCH3 m-OH

19a-19d;  R2=H   R3=OH

19a 19b 19c 19d
R4 H p-OCH3 m-OCH3 o-OCH3

20a-20d;  R2=OH   R3=OH

20a 20b 20c 20d
R4 H p-OCH3 m-OCH3 o-OCH3

Fig. 15: 16a–16e, 17a–17e, 18a–18e, 19a–19d, 20a–20d

In the other study; Raj and Bahulayan synthesized twelve new 
coumarin tagged peptidomimetic macrocycles (3a-3l) and they observed 
the excellent cytotoxicity against human breast cancer cell line (MCF-7) 
(Raj and Bahulayan, 2017).

N
H

R

R1

O

N N
N

O

( )n11-18

Fig. 16: Compounds 3a-3l

Two new dicoumarins (1, 2) and a new tricoumarin (3) have been 
isolated from Chimonanthus salicifolius by Wang et al.  These compounds 
showed modest cytotoxicity against Hela and HL-60 cell lines, while 
only  (3) had the cytotoxicity against PC-3 cell line (Wang et al., 2016).
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Fig. 17: Compounds 1 - 3

The anticancer activities of benzimidazole compounds in general, 
especially 2-arylbenzimidazoles, are well known (Keri et al., 2015).  
In this study, Eight coumarine-benzimidazole hybrids (7-14) were 
synthesized and examined in vitro anticancer activity against leukemia 
cancer cells (CCRF-CEM, HL60(TB), K562, RPMI8226), HCT116, 
HCT15, melanoma cancer cells (LOX IMVI, UACC257) and breast 
cancer cells (MCF7, T47D) (Kamaldeep et al., 2013).

O OR2R1N

N
H

N

 

  7;  NR1R2= Ethylenediamine
  8;  NR1R2= Ethanolamine
  9;  NR1R2= n.Butylamine
10;  NR1R2= Cyclohexylamine
11;  NR1R2= 4-Fluoroaniline
12;  NR1R2= Morpholine
13;  NR1R2= Methylpiperazine
14;  NR1R2= 2-Aminoethylmorpholine

Fig. 18: Coumarin-benzimidazole hybrids (7-14)

In the other study, Bana et al. synthesized coumarin-quinone 
derivative and declarated that it has good CDC25 phosphatase inhibitory 
activity (Bana et al., 2015).
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Fig. 19: Coumarin-quinone derivative
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1. Introduction 

There are some pathogens more lethal than others and for that 
reason, a lot number of factors come into play such as immunity, 
infecting dose, host genetics, medical treatments. However, some 
pathogens are genuinely more dangerous than others. This subject is 
easily seen in animal diseases where it is possible to experimentally infect 
animals with different strains and compare the outcome. For instance, 
Marek’s disease [1], which is caused by a virus. When it was discovered 
in 1900s, was a relatively lethal mould disease, killing unvaccinated birds 
easily. Today’s strains of this virus kill unvaccinated birds even faster [2]. 
Alongside with that, the high-path bird flu is as lethal as that. 

Experimental infection studies usually find that pathogen 
populations contain strains that are more or less harmful to the hosts they 
infect, meaning that there is a genetic variation on which natural selection 
could act. In other words, pathogens could evolve to be nice or 
dangerous. The question then becomes, why is natural selection favored 
dangerous strains in some species and nicer strains in others [3]. For 
instance, the factor in the answer of question stops even more dangerous 
malaria strains from spreading or conversely, stops milder malaria strains 
from spreading. 

When SARS came into the human population in 2002, it killed 
approximately ten percent of the infected people [4]. If that disease 
become pandemic in humans, would it have evolved to kill more or fewer 
people? The former answer was an evolution, eventually produces 
infectious diseases that do not harm their hosts. The thought was that 
pathogen strains killing the hosts also kill themselves and so become 
evolutionary impasses. Nice strains come to dominate because they keep 
their hosts and therefore themselves alive, and so could transmit on to 
other hosts. In the manner of this old theory, dangerous diseases are 
explained as being relatively new and are on their way to become nicer. 
For instance, HIV would be said to be dangerous, because a while ago 
has it jumped from chimpanzees to humans [5]. Given enough time this 
old thought goes, recent HIV strains that kill would be replaced by new 
strains that do not. 

Now, it is known that this theory is useless. Infectious diseases 
would not all eventually evolve to be nicer. The first reason is that we 
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have seen diseases evolved to become dangerous just mentioned in 
Marek’s disease example. Scientists debate about how many thousands of 
years people have been getting malaria, but even one thousand years is 
enough time for nicer malaria strains to replace dangerous ones, and 
malaria still kills hundreds of thousands of people in a year [6]. The idea 
that pathogens always evolved to be nicer could also be wrong in theory. 
In the limit, it must be true that pathogens’ instantly killing their hosts 
would have no evolutionary future. However, there are no diseases at that 
limit. Even pretty dangerous diseases could get a lot of transmission 
process of killing the host. For instance, while a person is dying from 
malaria they could infect a horde of mosquitos which would pass the 
disease to other humans [7]. The idea that diseases evolved to be nice that 
well adaptive pathogens do not kill their hosts assumes transmission to a 
new host is maximized only if the host lives, which is not true. If one 
considers the opoosite, it is easy to imagine a pathogen that does not kill 
its host because does not replicate well. No wonder it would not do the 
host much harm, but also would not transmit much either. Nice pathogens 
do not need to win the competition. 

In the 1980s, people began to realize this case, and the old idea that 
everything evolved to be nice got replaced by a more complicated one. 
Pathogens could evolve to be nice, but they could also evolve to be 
dangerous. This idea is known by biologists as the trade-off hypothesis of 
virulence evolution [8], which is a cost-benefit argument. Evolutionary 
costs and benefits are in the infectious disease context measured in terms 
of new infected hosts. If there are strains more or less dangerous, which 
would be favored by evolution? It would be the one that leaves more 
secondary cases. If the nicer strain affects more people it would win, 
otherwise the dangerous would. It is easy to say the next step is hard to 
figure out what would happen in any particular disease. One needs to 
know a lot about the natural history of the system. To explain how this 
way of thinking works, it is needed to be a focus on a single disease. For 
instance, the possible cause of Malaria being virulent. It is a disease of 
human blood caused by single-cell parasites, which are transmitted 
between humans by mosquitoes. By thinking of the evolutionary cost of 
virulence, mosquitoes do not bite people who are dead. More virulent 
malaria strains would have a greater likelihood of killing their hosts and 
doing so more quickly [9]. This means infections caused by really 
virulent strains would on average be infectious for less time than 
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infections caused by nicer strains, and this is the evolutionary cost of 
virulence and because of that cost natural selection would favor less 
virulent strains. 

If one thinks about the evolutionary benefits of virulence, 
experimental works on mouse malaria [10, 11] have found that virulent 
strains out-compete less virulent strains, they evade immunity better and 
make more transmission stages per day. They are also debilitating the 
host which probably makes it an easier target for mosquitoes because a 
healthy person could easily kill mosquitoes whereas a sick person does 
not care. Therefore, virulent strains have evolutionary advantages as well 
as evolutionary disadvantages. Those evolutionary costs and benefits 
generate a selection in opposing directions. The trade-off hypothesis says 
that the level of being dangerous we see in any disease is where those 
costs and benefits balance out. The reason for malaria’s dangerousness is 
that strains, which are nicer than those we see in nature, losing the head-
to-head competition, rapidly cleared by immunity, and produce fewer 
transmission stages per day. The reason why malaria is not even more 
dangerous is that dangerous strains have shorter infectious periods 
because they kill their hosts. Consequently, that is how the trade-off 
hypothesis of virulence evolution [12] works. 

This hypothesis held up well since it was first proposed in the 1980s 
[13, 14]. It remains the key theory but is controversial as there are some 
compelling data, which support it for some diseases undoubtedly [8]. 
However, those diseases are of water fleas, chickens, rabbits, mice, or 
plants. For many diseases of humans, it is not known enough about the 
evolutionary costs and benefits to know if the model applies, which may 
certainly would not in many cases. For instance, rabies is a spillover 
disease in humans, which is not transmitted from person to person, but 
rather from dog to dog or bat to bat. Thus, humans get this disease when a 
dog or a bat accidentally bites them. That means the evolutionary reaction 
is happening in dogs or bats, not humans. The model could not explain 
why it almost always kills humans. Evolutionary forces shaping virulence 
is of more than academic interest. For most known diseases, there are 
variant strains, which are rare. Some evolutionary forces keeping those 
strains down. When we start to use vaccines, drugs, sewage systems, or 
airplanes, where we crowd animals onto farms or ourselves into cities, 
changing the natural history of the disease system. In some cases that 
might make the new strains even rarer. Diseases, which are under control 
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in the short term could years or decades later evolve back and infect us. 
We need to understand what keeps dangerous strains rare, encouraging us 
to keep them rare. 

 

2. Virulence as the pathogen evolution 

The main point of the pathogen evolution is that pathogens have 
their own agenda and they respond rapidly to things that they encounter, 
since they have short generation times, vast numbers, and fairly high 
mutation rates [15]. Many of them also have horizontal gene transfer that 
makes them extraordinarily evolutionary flexible. In order to investigate 
how that flexibility affects their virulence, the central idea in the 
evolutionary theory of virulence evolution is that there is a trade-off 
between virulence and transmission. Other things that affect the virulence 
of pathogens are whether they are transmitted vertically, horizontally, or 
by vectors, whether they infect their hosts singly or in the presence of 
other pathogens that are also infecting the hosts. 

The paradigm for virulence transmission trade-off is myxoma virus 
infecting rabbits. Myxoma is transmitted by mosquitoes, fleas, lice, ticks, 
and mites, and it causes tumors, but it does not immediately kill cottontail 
rabbits in North and South America [16]. However, in European rabbits, 
it causes a disease called myxomatosis that has an initial hundred percent 
lethality rate. 

In 1950, myxoma was introduced to Australia to control a 
devastating outbreak of rabbits, which have escaped from captivity [17]. 
There are no native predators of rabbits in Australia and they had 
reproduced explosively. Also, they were eating the continent right down 
to the dust. Then both the pathogen and the host are evolved. There was 
less virulence in the pathogen and there was better resistance in the host 
[18]. The virulence evolves to an intermediate point and then stops there, 
where it is still being lethal. Steps of the evolutionary working principle 
are written below: 

 If the rabbit dies quickly, there is little opportunity for fleas and 
other biting insects to transmit the disease. 

 Less virulent strains then outcompete more virulent ones because 
of their superior transmission. 
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 They do worse in a single host but better in the population as a 
whole. 

 Hosts also evolve genetic resistance and adaptive immunity. 

The main idea of the virulence transmission trade-off is that it often 
exists and from the pathogens’ point of view, it is a major problem if the 
pathogen is only living in this host. If the pathogen does not solve this 
problem, then it is going to go locally extinct, considering it is specific to 
the host. 

Vertical transmission is between parent and offspring, then it is 
going what we are thinking of reproduction as being vertical, and that is a 
direct way of getting the parasite from one host into the other. It would 
select for low virulence and eventually for commensalism there. Because 
the genetic interests of the host and the pathogen are completely identical 
in this case. There is no reason for the pathogen to do anything to disturb 
the reproduction and survival of the host. Strictly horizontal transmission 
selects for high virulence. The thing that would break that would simply 
be the virulence transmission trade-off. If there is a vector involved, then 
the impact of the vector’s presence depends on the efficiency of the 
vector to transmitting that given different virulences of the disease. In this 
case, the disease is evolving both with the vector and the host that 
scientists are focused on [19, 20]. 

The virulence evolution is also affected by whether or not the 
infection is single or multiple. If one looks at it from the pathogens’ point 
of view, multiple infection that is being in there with a competition 
selects for increased virulence if the impact of the parasites on the host is 
through lethality [21]. Different pathogen strains are competing to be 
represented in transmission, and that is changing the virulence 
transmission trade-off in the following way: To be transmitted, the 
pathogen has to win the competition and make itself more frequent. But 
in doing so, it has to damage the host more. Therefore, virulence 
increases and the host dies sooner. However, there is another way that 
this kind of interaction could be mediated and that is through sub-lethal 
effects on growth or anything else that has a sub-lethal effect on the host. 
If those effects feedback to the parasites to reduce their rate of 
development, meaning that a more slowly growing host is less able to 
support rapidly growing parasites, then a multiple infection would 
generally lead to lower virulence. Therefore, one could not say multiple 
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infection (after a seroconversion it is called superinfection) means higher 
virulence. It all depends upon whether the impact is on lethality or some 
sub-lethal effects like growth [22]. 

One of the most medically interesting evolutionary considerations 
about the evolution of virulence has to do with how many hosts are being 
used and what happens in a new host. The idea behind this is a master of 
everything is not actually a master of anything. A pathogen that does very 
well in one host would do poorly in another [23], since they adapt locally 
to that host. The more host species that are regularly infected the less well 
adapted the pathogen is to any one of them. A pathogen that evolves to be 
good at exploiting one host would lose efficiency to others. It turns out 
this is how attenuated live viruses are used for or produced. 

An attenuated live vaccine such as the yellow fever vaccine or the 
saving oral polio vaccine is produced by serial passage [24]. 
Microbiologists have used serial passage for a long time to study 
pathogen virulence, and it works because pathogens evolve quickly. The 
fact that it works demonstrates that there are widespread trade-offs in 
performance on different hosts. Those trade-offs limit host ranges that are 
how many different kinds of things could this pathogen infect, and they 
also constrain the emergence of new diseases, since they make it hard for 
a disease that specialized, such as on an animal reservoir to jump into the 
human population. 

There is a bit more theoretical factor, which is the level of extrinsic 
risk that the host faces. Thus, things that are not the pathogen that might 
kill it would affect the virulence evolution of the pathogen. The idea here 
is that if the host is going to die anyway for some other reason, there is 
less reason for the pathogen to limit its impact. This means virulence 
should increase in pathogens infecting hosts whose lifespan is reduced for 
several reasons that have nothing to do with the virulence [25, 26]. In 
other words, the disease should be a more serious problem in species and 
populations that are getting hammered for other reasons. There are lots of 
species in a population that get hammered for other reasons and many of 
them seem to have solved this problem since they do not necessarily 
seem to be more susceptible to disease than populations are not. 
However, there are no any controlled experiments done to test this idea 
directly, and the effect may be real. 
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There is a lot of virulence evolution that goes on in other 
circumstances. For example, there are obligate parasites [27, 28]. Some 
of them are specialists on humans such as Plasmodium falciparum, HIV, 
influenza virus (A, B, and C), Mycobacterium tuberculosis, and the 
recent SARS-CoV-2. They have to complete their life cycle in humans. 
Some of them are also generalists, which are opportunists such as 
Borrelia burgdorferi (Lyme disease) or rabies, salmonella, bartonella 
viruses. And there are facultative parasites [29] including specialist and 
generalist ones. Commensal opportunists, which are Staphylococcus 
aureus living in our bodies all the time, then break out when they move 
between tissues, are specialists. There are also generalists, which are 
environmental opportunists such as Pseudomonas aeruginosa or 
mycobacterium. Obligate and facultative parasites are shown in more 
detail in table 1. The important point about where the parasite is that if it 
is not in the human whole time, the human may not be that important to 
its life cycle and may not be shaping the evolution of its virulence. It is 
known that responses to sources are stronger than responses to sinks. If 
the source is another animal population, then the pathogen would be 
responding very strongly to that and not very much to humans. In a 
human, it always goes extinct as Ebola and rabies, which could not 
evolve. The significance of effects depends on the frequency of 
encounters. Therefore, it is quite natural to think that the more time 
something happens the bigger the response to it would be, and if most of 
the experiences that pathogens are having their frequency of interaction is 
with some other species and not with humans, then their virulence 
evolution in humans is going to be trivial, and it would be mostly a 
byproduct of stuff happening elsewhere. 

Table 1. Examples of pathogens and their ecological classification 

 Obligate parasites Facultative parasites 
Specialists Plasmodium falciparum, 

HIV, inluenza (A, B, C), 
Mycobacterium 
tuberculosis, SARS-CoV-2 

Staphylococcus aureus, 
Enterococcus faecalis, 
Haemophillus influenza, 
Streptococcus pneumoniae 
Candida albicans [30] 

Generalists Borrelia burgdorferi, 
rabies virus, Salmonella 
spp., Bartonella henselae 

Pseudomonas aeruginosa, 
Burkholderia cepacia, 
Rhodoccus equi, 
Mycobacterium marinum 
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If we intervened, we could trigger the evolution of greater virulence. 
Anything we do that shifts transmission from vertical towards horizontal 
would increase virulence. Anything that increases the frequency of 
multiple infections with more impact on lethality than growth would 
increase virulence. Anything that reduces hosts’ lifespan for some non-
pathogen reason would probably increase virulence, and anything that 
selects for survival is more virulent strains within the host would increase 
virulence. They are all we do that would cause pathogens to react to what 
we are up to. 

3. The new coronavirus 

Coronaviruses are a large family of common viruses that are found 
in humans and animals. Many cases of the common cold are due to 
pathogenicity of a coronavirus. They have caused two large-scale 
outbreaks in the past two decades. The SARS (Severe Acute Respiratory 
Syndrome) virus in 2002 and the MERS (Middle East Respiratory 
Syndrome) virus in 2012 [31, 32]. It is generally been considered that 
these coronaviruses could cause future disease outbreaks because they are 
known to be able to evolve within animals and then jump to humans. In 
SARS palm civets and raccoon dogs were identified as the intermediate. 
Covid-19 is an example of this which is believed to have jumped from 
bats to pangolins to humans in a local seafood market in Wuhan China 
during 2019. Covid-19 refers to the coronavirus infectious disease found 
in 2019. 

The actual disease itself is referred to as Covid-19, but the virus is 
called the SARS-CoV-2, which stands for severe acute respiratory 
syndrome coronavirus 2, and was named because its structure very 
closely resembles that of the SARS virus from 2002. This is the seventh 
known coronavirus to infect humans [33]. Two of which were similarly 
highly pathogenic (MERS and SARS), the other four are of low 
pathogenicity and endemic in humans. 

A high level of infectiousness of the new coronavirus is enabled by 
its virulence factors, which are being studied in detail. One of the famous 
ones is the health of the host, indicating older people and people with 
immune dysfunctions appear to be more susceptible to worse effects of 
Covid-19. Another potential virulence factor of the disease is the 
nutritional status of the host. This is not uncommon among viruses since 
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the immune defenses that need to be mounted against viral infections 
could be energetically expensive. In many coronaviruses, the intestine is 
a common location for viral proliferation. If this is the case for Covid-19, 
nutritional status could be even more important as a virulence factor. 
Another postulated virulence factor is related to T cells. In many patients 
with Covid-19, there is a decrease in CD4 T cells following infection as 
conditions become critical. This is believed to be an important virulence 
factor, but the working principles of its mechanism are not well 
understood yet. Some postulate this is linked to nutrition, as some 
evidence exists showing reduced iron and zinc lead to decreases in CD4 
T cells in mice [34]. 

Based on all these, one could understand that the SARS-CoV-2 is an 
obligate and specialist parasite. It needs to enter a plant or animal cell in 
order to reproduce. Its RNA or DNA encodes for various proteins that are 
made by the host cell. Spike protein of SARS-CoV-2 binds to receptors 
on human cells (acetylcholine-esterase-2, ACE2) with a much higher 
affinity than other coronaviruses [35]. Another reason is that due to the 
higher lethality rate in SARS disease compared to Covid-19, it has been 
observed that its spread is limited at the epidemic level and does not 
cause a pandemic [36]. 

 

4. Mathematical model of virulence dynamics 

When examining virulence dynamics by creating a mathematical 
model, two basic assumptions are required. First, any host could not 
evolve on the evolutionary timescale of the virus. Because, as in all 
parasites, viruses evolve much faster than their hosts. Second, viruses 
have small sizes, short generation times, and high rates of direct 
reproduction in comparison with their hosts [37]. 

Case I: A virus as an infectious agent in a population of hosts 

Here, the case where only one virus is present in the population is 
examined. In the basic model of infection dynamics, some parameters are 
needed to describe the host-virus interaction. Those are: 

𝑘𝑘: rate of uninfected hosts’ entering into the population, 
𝑢𝑢: the natural death rate of uninfected hosts, 
𝑣𝑣: virulence (disease-induced mortality), 
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𝑢𝑢 + 𝑣𝑣: the death rate of infected hosts, 
𝛽𝛽: infectivity (rate constant of infection), 
𝑆𝑆: uninfected (susceptible) hosts, 
𝐼𝐼: infected hosts, 
𝛽𝛽𝑆𝑆𝐼𝐼: the rate that infected hosts transmit the virus to uninfected. 

Therefore, host-virus interaction could be described by those 
ordinary differential equations below. 

 𝑑𝑑𝑆𝑆
𝑑𝑑𝑑𝑑 = 𝑘𝑘 − 𝑢𝑢𝑆𝑆 − 𝛽𝛽𝑆𝑆𝐼𝐼 (1) 

 
 𝑑𝑑𝐼𝐼

𝑑𝑑𝑑𝑑 = 𝛽𝛽𝑆𝑆𝐼𝐼 − 𝐼𝐼(𝑢𝑢 + 𝑣𝑣) (2) 

 
Moreover, 1

𝑢𝑢+𝑣𝑣 is the average lifetime of an infected host and 𝛽𝛽𝑆𝑆 is 
the rate at which one infected host produces new infections. The product 
of these two is the average number of new infections caused by a single 
infected host in its lifetime if there are 𝑆𝑆 uninfected. This is called the 
reproductive ratio (𝑅𝑅0). 

 𝑅𝑅0 =
𝛽𝛽

𝑢𝑢 + 𝑣𝑣
𝑘𝑘
𝑢𝑢 

(3) 

 
If 𝑅𝑅0 < 1, the virus could not spread, the transmission chain would 

die out. The chain reaction is sub-critical. If 𝑅𝑅0 > 1, there would be an 
exponential increase in infected hosts. A pandemic would occur and the 
chain reaction is super-critical. After some time the number of infected 
would peak and then decline, finally leading to a stable state. A graph for 
a relatively high value of the 𝑅𝑅0 (5.7 for SARS-CoV-2) [38] is shown 
below (Figure 1). 
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Figure 1. Graph of uninfected and infected populations over time (days) 
for an 𝑅𝑅0 value of 5.7, indicating a situation where the pandemic would 

be dangerous. Here 𝑆𝑆(0) = 500 and 𝐼𝐼(0) = 10. 

As seen in figure 1, after some time the number of infected people would 
peak and then decline. Finally, lead to a stable state given by 

 𝐼𝐼∗ = 𝛽𝛽𝛽𝛽 − 𝑢𝑢(𝑢𝑢 + 𝑣𝑣)
𝛽𝛽(𝑢𝑢 + 𝑣𝑣)  

(4) 

 
Also, the 𝑆𝑆 has a stable state which is 𝑢𝑢+𝑣𝑣𝛽𝛽 . The overall reproductive ratio 

of SARS-CoV-2 is greater than common influenza. However, estimates 
for both Covid-19 and influenza viruses are very context and time-
specific, making direct comparisons more difficult. 

Case II: Two viruses competing in a population of hosts 

If there are two viruses competing for the same hosts, equations (1) and 
(2) could be extended to obtain 

 𝑑𝑑𝑆𝑆
𝑑𝑑𝑑𝑑 = 𝛽𝛽 − 𝑢𝑢𝑆𝑆 − 𝑆𝑆(𝛽𝛽1𝐼𝐼1

+ 𝛽𝛽2𝐼𝐼2) 

(5) 
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 𝑑𝑑𝐼𝐼1
𝑑𝑑𝑑𝑑 = 𝛽𝛽1𝑆𝑆𝐼𝐼1 − 𝐼𝐼1(𝑢𝑢

+ 𝑣𝑣1) 

(6) 

 
 𝑑𝑑𝐼𝐼2

𝑑𝑑𝑑𝑑 = 𝛽𝛽2𝑆𝑆𝐼𝐼2 − 𝐼𝐼2(𝑢𝑢
+ 𝑣𝑣2) 

(7) 

 
Two viruses would differ in their virulences (𝑣𝑣1 and 𝑣𝑣2) and infectivities 
(𝛽𝛽1 and 𝛽𝛽2). Therefore, their reproductive ratios are 

 𝑅𝑅0,1 = 𝛽𝛽1
𝑢𝑢 + 𝑣𝑣1

𝑘𝑘
𝑢𝑢,   𝑅𝑅0,2

= 𝛽𝛽2
𝑢𝑢 + 𝑣𝑣2

𝑘𝑘
𝑢𝑢 

(8) 

 

Their coexistence is only possible in 𝑅𝑅0,1 = 𝑅𝑅0,2. At equilibrium time 
derivatives of 𝐼𝐼1 and 𝐼𝐼2 must be zero. 

 𝑑𝑑𝐼𝐼1
𝑑𝑑𝑑𝑑 = 0 ⟹ 𝑆𝑆 = 𝑢𝑢 + 𝑣𝑣1

𝛽𝛽1
 

(9) 

 
 𝑑𝑑𝐼𝐼2

𝑑𝑑𝑑𝑑 = 0 ⟹ 𝑆𝑆 = 𝑢𝑢 + 𝑣𝑣2
𝛽𝛽2

 
(10) 

 
Those equations prove that their ratios are equal. Also, 𝑑𝑑𝑑𝑑

𝑑𝑑𝑑𝑑 = 0. This 
condition where the reproductive ratios are equal is non-generic. It is 
even a condition that has never been encountered. Generally 𝑅𝑅0,1 ≠ 𝑅𝑅0,2, 
where coexistence is not possible. Here are the possible scenarios of 
competition: 

If 𝑅𝑅0,1 < 1 and 𝑅𝑅0,2 < 1, then the stable states are 

 𝑆𝑆 = 𝑘𝑘
𝑢𝑢,   𝐼𝐼1 = 0,   𝐼𝐼2 = 0 

(11) 

 
indicating the population become uninfected. 

If 𝑅𝑅0,1 > 1 > 𝑅𝑅0,2, then the stable states are 
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 𝑆𝑆∗ = 𝑢𝑢 + 𝑣𝑣1
𝛽𝛽1

,   𝐼𝐼1
∗

= 𝛽𝛽1 − 𝑢𝑢(𝑢𝑢 + 𝑣𝑣1)
𝛽𝛽1(𝑢𝑢 + 𝑣𝑣1)  

(12) 

indicating virus 2 (2nd strain) becomes extinct. 

If 𝑅𝑅0,1 < 1 < 𝑅𝑅0,2, then the stable states are 

 𝑆𝑆∗ = 𝑢𝑢 + 𝑣𝑣2
𝛽𝛽2

,   𝐼𝐼2
∗

= 𝛽𝛽2 − 𝑢𝑢(𝑢𝑢 + 𝑣𝑣2)
𝛽𝛽2(𝑢𝑢 + 𝑣𝑣2)  

(13) 

 
indicating virus 1 becomes extinct. 

If both reproductive ratios exceed one (𝑅𝑅0,1 > 1 and 𝑅𝑅0,2 > 1), then 
the higher one would out-compete the lower. For instance, in the case of 
𝑅𝑅0,2 > 𝑅𝑅0,1 the system would converge to the stable state of 𝑅𝑅0,1 < 1 <
𝑅𝑅0,2 scenario. Virus 2 would out-compete virus 1. 

If there is a competition between coronavirus and influenza in the 
current time, the final scenario, 𝑅𝑅0,1 > 1 and 𝑅𝑅0,2 > 1, could be expected 
to occur. Because while the 𝑅𝑅0 values of both viruses are greater than 1, 
the reproductive ratio of coronavirus is also greater than that of influenza. 
When the necessary calculations are made by accepting the 𝑅𝑅0,1 value of 
influenza as 1.3 [39] and the 𝑅𝑅0,2 value of the coronavirus as 5.7, and 
when 10 infected from each in the sample population of 500 in case I 
were determined as the initial condition, the resultant graphic is shown in 
figure 2. 
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Figure 2. The coronavirus strain (with the number of infected is 𝐼𝐼2) with 
the higher reproductive ratio is out-competing the influenza strain (with 

the number of infected is 𝐼𝐼1). In this diagram, all infected individuals 
would eventually carry the SARS-CoV-2, while influenza becomes 

extinct. The system would converge to the stable states of equation (13). 

Note that this also indicates the evolution would tend to increase its 
reproductive ratio. If there is no constraint between virulence and 
infectivity, 𝛽𝛽 would increase and 𝑣𝑣 would decrease. However, they have 
an association between them in general. Selection would always favor the 
more virulent virus. 

Case III: The coexistence of two viruses with superinfection 

In this case an infected host could be infected again by other virus. 
Selection no longer maximizes the reproductive ratio. But anyways, more 
virulent viruses out-compete less virulent ones within an infected 
individual, keeping the less virulent ones out of extinction. For a 
superinfection of 𝑛𝑛 viruses, these equations could be written below. 

 𝑑𝑑𝑑𝑑
𝑑𝑑𝑑𝑑 = 𝑘𝑘 − 𝑢𝑢𝑑𝑑 − 𝑑𝑑∑𝛽𝛽𝑖𝑖

𝑛𝑛

𝑖𝑖=1
𝐼𝐼𝑖𝑖 

(14) 
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𝑑𝑑𝐼𝐼𝑖𝑖
𝑑𝑑𝑑𝑑 = 𝐼𝐼𝑖𝑖 (𝛽𝛽𝑖𝑖𝑆𝑆 − 𝑢𝑢 − 𝑣𝑣𝑖𝑖 + 𝑟𝑟𝛽𝛽𝑖𝑖∑𝐼𝐼𝑗𝑗 −

𝑖𝑖−1

𝑗𝑗=1
𝑟𝑟 ∑ 𝛽𝛽𝑗𝑗𝐼𝐼𝑗𝑗

𝑛𝑛

𝑗𝑗=𝑖𝑖+1
) ,

𝑖𝑖 = 1,2,… , 𝑛𝑛 

(15) 

 
where 𝑣𝑣𝑖𝑖 is the virulence of 𝑖𝑖th virus, 𝑟𝑟 is the superinfection rate 

relative to uninfected hosts’ infection (could be 𝑟𝑟 < 1 or 𝑟𝑟 > 1 for 
biological robustness of hosts against infections). 

In superinfection one may assume a functional relation between 
overall virulence and infectivity, which could be 

 𝛽𝛽𝑖𝑖 =
𝛼𝛼𝑣𝑣𝑖𝑖
𝑐𝑐 + 𝑣𝑣𝑖𝑖

 (16) 

 
For a low virulence, infectivity increases with it, and for high, there 

is a saturation at maximum level. Therefore, the reproductive ratio could 
be written as 

 𝑅𝑅0.𝑖𝑖 =
𝛼𝛼𝛼𝛼𝑣𝑣𝑖𝑖

𝑢𝑢(𝑐𝑐 + 𝑣𝑣𝑖𝑖)(𝑢𝑢 + 𝑣𝑣𝑖𝑖)
 

(17) 

 
where 𝛼𝛼 and 𝑐𝑐 are constants. The optimal virulence, which 

maximizes the 𝑅𝑅0 is then 𝑣𝑣𝑜𝑜𝑜𝑜𝑜𝑜 = √𝑐𝑐𝑢𝑢. By considering the initial 
parameters in the previous cases, the change of virulence according to the 
overall reproductive ratio is shown in Figure 3. 



Emir Haliki 38 .

 

Figure 3. Virulence-𝑅𝑅0 graph in the coexistence of multiple viruses (here 
𝛼𝛼 = 8 and 𝑐𝑐 = 1). In case of a coexistence between the coronavirus and 
influenza, this should be an expected behavior. When the coronavirus 

was handled individually, that is, when the pandemic was the strongest, 
the 𝑅𝑅0 value increased up to 7.8 in Shanghai [40]. 

 

5. Conclusion 

Since the first days of the pandemic, there have been many studies 
on the contagiousness parameters of the coronavirus, which were also 
cited in the previous sections. Even in the mathematical epidemiology 
model of the disease, entropy-based metric and global transmission have 
been tried to be predicted [41]. The distribution and consequences of the 
epidemic vary according to various factors such as: the number of 
households, humidity, temperature, season, hygiene, access to health 
facilities and isolation capacity, demographic population characteristics, 
smoking, the host's ability to transmit infection, immunity, nutritional 
status, accompanying diseases, prevalence, pathogenicity, route of 
transmission, transmission characteristics and virulence factors [42]. 
Moreover, in this study, a virulence model for influenza, which may be 
one of the accompanying diseases, has been tried to be created. It is still 
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not completely clear what would happen when two viruses encounter 
each other on the same host. 

Both the coronavirus and influenza have similar transmission 
characteristics and clinical manifestations. But , a statistics from Turkey 
shows that their coinfection may be limited. In a two month period, only 
6 of 1103 Covid-19 cases were diagnosed with influenza, indicating the 
coexistence (coinfection) seems to be rare [43]. However, some of them 
could be undiagnosed. There are some other coexistence reports from 
other countries as well. Alongside with that, influenza coexist with some 
other respiratory pathogens like mycoplasma, legionella CMV, 
parainfluenza, RSV, EBV, rhinovirus and other coronavirus strains. In 
short, since coexistence between coronavirus and influenza is rarely seen 
in certain cases, it does not seem possible to talk about a competition 
between them much. 

Within the scope of all these data, the superinfection scenario, that 
is, if a patient with influenza or coronavirus is infected by another, seems 
a more likely situation. It is now known that the measures taken against 
Covid-19 and the examinations performed cause a decrease in respiratory 
diseases such as influenza [44]. This is proof that the two viruses would 
coexist with each other. Coronavirus is also known to coexist with other 
respiratory viruses. Therefore, it is predicted that, like other members of 
the coronavirus family, SARS-CoV-2 will naturally avoid competition 
with other viruses, but would increase virulence on hosts. 
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1  Introduction 

            Let  be a function in  we write  in  obtained by 
forming the composition of  and  so that 

 (1.1) 

Thus, if a point  has induced coordinates  then 

    (1.2) 

We called  the vertical lift of the function  [9]. 

Let  be such that  for all  

Then,  is a vertical vector field. Let  be components of  

according to the induced coordinates. Then  is vertical if and only if its 
components in  satisfy 

 (1.3) 

Let  be such that  for all 
 Then,  is a vertical form in  We define the  

of the form  by 

 (1.4) 

in each open set . The  of  with local expression 
  has components 

 (1.5) 

according to the induced coordinates in . The  of an element 
 with local components  has components [9] 

 (1.6) 

If  is a function in  we write  in  defined by 

 (1.7) 
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and call  the complete lift of the function  The  of a function   
has the local expression 

 (1.8) 

according to the induced coordinates in  

           Let . We define a vector field  in  by 

 (1.9) 

  being an arbitrary function in ,  is called as the complete lift of 
 in  [2,9]     

 of  with components  in  has components of the form 

 (1.10) 

according to the induced coordinates in  [2]. 

The  of an element  with local components  has the 
components 

 (1.11) 

The  of  to  is given by 

 

where 

 (1.12) 

           Let . Then the  of  is defined by 

 (1.13) 

in  

             Let  with affine connection  Then,  of  is 
defined by 



49.Research & Reviews in Science and Mathematics

            (1.14) 

on  where  

 

Proposition 1.1 For any ,  and  is the 
complete lift of the  to  [9] 

  

         (1.15) 

 

Proposition 1.2 For any  and  is the complete lift of 
the  to  [9] 

                                     (1.16) 

 

Proposition 1.3 The horizontal lift of an affine connection  in  to 
 denoted by  defined by 

                                               (1.17) 

 

for any  [9]  

 
 
2.  Main Results 
 

Let  be a tensor field of type  on a manifold  of 
dimension . If there exists on  the vector fields  and the 
1- forms  such that 





r

rIFoFF
1

22 ,,0,0)(,)(









                      (2.1) 
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then the structure  is also called a Lorentzian almost -
paracontact structure, where  and  denotes 
Kronecker delta. 

2.1  Complete Lifts and Covarient Derivatives 

From (2.1) and lifts of the paracomplex tensor fields, we obtain  

 

 

 (2.2) 

 

 (2.3) 

and 

 (2.4) 

 

 (2.5) 

 

 (2.6) 

Theorem 2.1  Let   be differentiable  manifold endowed  with almost 
Lorentzian -paracontact structure  for any 

, then a structure  of  
defined by  

 (2.7) 

is an almost paracomplex structure in  

Proof.  For  and  are the vertical and complete lifts 
of  respectively. 
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By means of (2.1),(2.3),(2.4),(2.5) and (2.6), we have 

 (2.8) 

So,   is an almost paracomplex structure in  the proof is 
completed. Similarly  is proved. Considering lift 
properties of tensor fields and the equation (2.7), we get 

 (2.9) 

 (2.10) 
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 where . 

If  we have 

 (2.11) 

If we put , i.e.  and  has the conditions of 
(2.1), then we have 

 (2.12) 

Theorem 2.2 Let the  tangent bundle of the manifold  admits  
defined by (2.7). For any vector fields  such that , we get 

 

 

 

 

where , , , a form  a vector 
field  and  is the complete lift of the  to  

Proof. For  defined by (2.7), we have 
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where  and .  

Corollary 2.1 If we put , i.e.  and  has the 
conditions of (2.1), we get 

 

 

 

 
 

  

 

 

 

2.2  Horizontal Lifts and Covarient Derivatives  

From (2.1) and lifts of the paracomplex tensor fields, we obtain  
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 (2.13) 

 (2.14) 

and 

 (2.15) 

 (2.16) 

 (2.17) 

Theorem 2.3  Let  be differentiable  manifold endowed  with almost 
Lorentzian -paracontact structure  for any 

, then a structure  of  
defined by 

 (2.18) 

is an almost paracomplex structure in . 

Proof.  For  and  are vertical and horizontal lifts of 
 respectively, we have 
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By means of (2.1),(2.14),(2.15),(2.16),(2.17) and (2.18), we have  

 

 

So,  is an almost paracomplex structure in  the proof is 
completed. Similarly  is proved. Considering lift  
properties of tensor fields and the equation (2.18), we get 

 (2.19) 

 (2.20) 

 where  

If  we have 

 (2.21) 

If we put , i.e.  and  has the conditions of 
(2.1), then we have 

 (2.22) 

Theorem 2.4 Let the tangent bundle  of the manifold  admits  
defined by (2.18). For any vector fields  such that , we 
have 
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where , , a tensor field , a vector field , a 
form  and  is the horizontal lift of  to  

Proof.  For  defined by (2.18) and , we get 
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where  and .  

Corollary 2.2 If we put , i.e.  and  has the 
conditions of (2.1), we obtain 
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1. Introduction 
 
Soft sets which are firstly defined by Molodtsov [1] are integral to solve 
the problems contain uncertainties that are not successfully modelled in 
classical mathematics. Hereupon, the properties and applications of soft 
sets have been studied increasingly ([2] - [11], [26] - [28]). The first 
interference to soft set operations was done by Maji et al. (2003) [12]. In 
the studies on [12], most of the attention was devoted to analysing the 
robustness of soft operations on various models whose parameters carry 
uncertainties induced by different sources. This development has shifted 
the perspective of soft sets to introduce the soft topological structure. The 
application of soft sets to topology is not a new endeavour; there is a long 
history of mathematical descriptions of valuable scientists. Successful 
applications include Shabir and Naz [13]’s description in which soft 
topological space over an initial universe with a fixed set of parameters is 
illustrated. The shift toward to this perspective was gradual; it passed a 
turning point at the first quarter of the 21st century when newly developed 
theories provided observations of applications of soft set in soft 
topological spaces in the works of ([14] - [19]). It is obvious that soft set 
theory is becoming an increasingly valuable tool for topology from the 
works on this section. Thanks to the improvement of the theory and the 
application of soft topology, the question of whether or not there is any 
additional topology on the soft set has occurred. As a result of which, soft 
bitopological and soft ditopological (SDT) space on a soft set were 
introduced in the works of ([20] - [21] - [22]).  The concept of SDT - 
space on a soft set consists of with two structures on it - a soft topology 
and a soft subspace topology. The first one is used to describe soft 
openness properties of a soft topological space while the second one deals 
with its sub-soft openness properties. In the course of writing this paper, I 
learned that several authors in [23] and [24] has simultaneously obtained 
results on soft sets in soft bitopological spaces similar to soft set 
structures defined in SDT-space in certain respects. In consideration of 
the foregoing, -soft sets in SDT- spaces proposed in [25]. This present 
study builds on previous analysis by defining their different 
characterizations and properties by theorems and examples. Also, the 
qualitative analysis of -soft sets has been carried out; in particular, the 
structure of -soft semi closure ( -sscl), -soft semi interior ( -ssint), -
soft pre-closure ( -spcl) and -ssoft pre-interior ( -sspint) has been 
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identified. The main threshold theorems which are sufficient and 
necessary to analyse the structure of all defined -soft sets have been 
provided. Moreover, some additional remarks have been reported, 
regarding the role of characterization -soft sets with respect to the 
threshold results. 
 
This paper is organised as follows: The second section covers the basics 
of soft sets, soft topology and soft ditopology. These should be read 
sequentially. In Section 3, the key features of -soft sets have been 
presented. In Section 4, theorems and examples which are sufficient and 
necessary to analyse the structure of all defined -soft sets have been 
provided. Moreover, some additional remarks have been reported, 
regarding the role of characterization -soft sets with respect to the 
threshold results. I hope that, after studying this article, the reader will be 
prepared to engage with published works of SDT-spaces. By ‘engage’, I 
mean not only to understand these -soft sets but also to analyse them 
critically (both their construction and their interpretation). Readers should 
also be in a position to construct and analyse their own -soft sets, given 
appropriate experimental data.  
 
Definition  2.1. ([1]; [3]) A soft set  on the universe  is a set defined 
by  such that  if  .  
Here  is also called an approximate function and if , then we use 

 instead of . A soft set over  can be represented by the set of ordered 
pairs  . We will identify any soft set  with the 
function  and we shall use that concept as interchangeable. Soft sets 
are denoted by the letters ... and the corresponding functions by 

, ...  
Throughout this paper, the set of all soft sets over  parameterized by  
(briefly over ) will be denoted by .  
Definition 2.2. ([3]) Let . Then, if  for all , then  is 
called an empty set, denoted by  and if  for all , then  is 
called universal soft set, denoted by . 
Definition 2.3. ([3]) Let . Then,  is a soft subset of , denoted 
by , if  for all , and  and  are equal, denoted 
by , if  for all . 
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Definition 2.4. ([3]) Let . Then, the intersection of  and , 
denoted , is defined by  for all , 
and the union of  and , denoted , is defined by 

 for all . 
Definition 2.5. ([3]) Let . Then, the soft complement of , denoted 

, is defined by  for all . 
Definition 2.6. ([3]) Let . The power soft set of  is defined by 

 and its cardinality is defined by 
 where  is the cardinality of . 

Example 2.7. ([3]) Let , , , and 
. Then, 

 

 

(8) 

are all soft subsets of . So, . 
Definition 2.8. ([13]) Let . A soft topology on , denoted by , is a 
collection of soft subsets of  having following properties: 
i.   , 
ii.   , 
iii.  . 
The pair  is called a soft topological space. 
Example 2.9. Refer example Example 2.7., ,  and 

 are soft topologies on . 
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Definition 2.10. ([13]) Let  be a soft topological space. Then, every 
element of  is called soft open set. Clearly,  and  are soft open sets. 
Definition 2.11. (Şenel, 2016) Let  be a nonempty soft set over the 
universe , ,  be a soft topology on  and  be a soft subspace 
topology on . Then,  is called a soft ditopological space which 
is abbreviated as SDT-space. 
A pair  is called a soft ditopology over  and the members of  
are said to be -soft open in . The complement of -soft open set is 
called -soft closed soft set. 
Example 2.12. ([18]) Let us consider all soft subsets on  in the example 
Example 2.7. Let  be a soft topology on . If 
, then , and  is a soft topological subspace of 

. Hence, we get soft ditopology over  as 
. 

Definition 2.13. ([18]) Let . Then, - soft interior ( ) of , 
denoted by , is defined by . The - 
soft closure ( ) of , denoted by , is defined by 

.  

Note that  is the biggest -soft open set that contained in  and  
is the smallest -soft closed set that containing . 
 
3. - Soft Sets in SDT-Spaces 
Soft set theory can be used for developing SDT-spaces by using -b-open 
set, -b-closed set, -b-dense set, -regular- open set, -preopen set, -
semi open set,  - -open set and -- open set which are first mentioned 
in the work (Şenel, n.d.). In this section, properties of these - soft sets 
and their relationship which are fundamental for research on soft 
ditopology are analysed. 
Definition 3.1. ([25]) Let  be an SDT-space, . Then  is 
called -soft-b-open set (briefly -sb-open) if 

. The set of all - soft b-open 

sets are denoted by -SbO . 
The complement of - soft b-open set is called - soft b-closed set. 



67.Research & Reviews in Science and Mathematics

Example 3.2. ([25]) Consider the SDT-space  and the Example 2.7, 
, .  Then, we get soft 

ditopology over  as  =  and -closed set are 
 -soft b-open sets are 

 and -soft b-closed sets are 
 . 

Definition 3.3. ([25]) Let  be an SDT-space and . Then, 

i.  is -soft regular open ( -sr-open) set if  and -

soft regular closed -sr-closed) set if . 

ii.  is -soft -open ( -s-open) set if  and 

is -soft -closed ( -s-closed) set if . 

 
iii.  is -soft preopen ( -sp-open) set if  and is -

soft preclosed ( -sp-closed) set if . 
 
iv.  is -soft semi open ( -ss-open) set if  and is -

soft semi closed ( -ss-closed) set if . 

v.  is -soft -open ( -s-open) set if  and is 

-soft -closed ( -s-closed) set if . 

 
Theorem 3.4. ([25]) Let  be an SDT-space. Then, the -soft sets 
have the following properties: 
i. Every -soft preopen set is -soft  -open.  
ii. Every -soft semi open set is -soft  -open.  
iii. Every -soft  open set is -soft preopen.  
PROOF. Let  be an SDT-space and . Then, 
i. Let  be a -soft preopen set. This implies, 

 
Thus,  is -soft  -open set. 
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ii. Let  be a -soft semi open set. This implies, 

 
Thus, is -soft  -open set. 
iii. Let  be a -soft -open set. This implies, 

 
Thus,  is -soft preopen set. 
Remark 3.5. ([25]) The converse of the above theorem is need not be 
true as seen in the following example: 
Example 3.6. ([25]) Consider the SDT-space  and the Example 2.7, 

, , . Then, we get soft 
ditopology over  as  =  and -closed set are

  
(i)  is -soft  open but not -soft preopen.  
For proving the converse of the (ii) and (iii), we need to generate new 
SDT-spaces: 
Example 3.7. ([25]) Let us consider the soft subsets of  that are given in 
Example 2.7.  is an SDT-space, where  ,  

. Then, - soft open sets are , -soft closed 
set are  
ii. The soft subset  is -soft -open set but not -soft semi open.  
Example.3.8.. ([25]) Let , , and 

 
.  

Then,    
and . Where, 
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Then, the pair  is an SDT-space over . Let . Then,  

 
, 

and  

 
Hence   is -soft preopen set but not -soft  -open.  
 
Theorem 3.9. ([25]) Let  be an SDT-space. Then, 
i. Every -soft preopen set is -soft b-open set.  
ii. Every -soft b-open set is -soft  -open set.  
iii. Every -soft semi open set is -soft b-open set.  
PROOF. Let  be an SDT-space and  and  is a -soft preopen 
set. Then,  

 
Thus (i) proved.  
Let  be a -soft b-open set. Then, 

 
Thus (ii) proved.  
Let  be a -soft semi open set. This implies 

 
Thus (iii) proved.  
Remark 3.10. ([25]) The converse of the Theorem 3.9 is need not be true 
as seen in the following example:  
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Example 3.11. ([25]) us consider the soft subsets of  that are given in 
Example 2.7.  is an SDT-space, where  , 

 Then, - soft open sets are 
, -soft closed set are  
(i) The soft set  in  is -soft b-open set but not -soft preopen set.  
(ii) The soft set  in  is -soft  -open set but not -soft b-open set. 
(iii) The soft set  in  is -soft b-open set but not -soft semi open set. 
The following remark gives the relationship between -soft sets: 
Remark 3.12. (Şenel, n.d.) The above discussions are summarized in the 
following diagrams:  
 

 

 
 

 
 

 
  

 
 

 
 

 
 

   
 

 
 

 
4. Sufficient and Necessary Conditions to Analyse the Structure of -
soft sets 
In this section, the qualitative analysis of -soft sets has been carried out; 
in particular the structure of -soft semi closure ( -sscl), -soft semi 
interior ( -ssint), -soft pre-closure ( -spcl) and -ssoft pre-interior ( -
sspint) has been identified. The main threshold theorems which are 
sufficient and necessary to analyse the structure of all defined -soft sets 
have been provided. Also, some additional remarks have been reported, 
regarding the role of characterization -soft sets with respect to the 
threshold results.  
Theorem 4.1. Let  be an SDT-space, . Then, an arbitrary 
union of -soft-b-open sets are -soft-b-open set.  
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PROOF. Let  be a collection of -soft-b-open sets. Then, for each 
  .  

 

 

 

 
Remark 4.2. The intersection of two -soft b-open sets need not be -
soft b-open set. In Example 3.2,  which is not -soft b-open 
set.  
Theorem 4.3. Let  be an SDT-space. Then, 
i.  The intersection of -soft open set and -sb-open set is -sb-open set.  
ii.  The intersection of -s  -open set and -sb-open set is -sb-open set.  
PROOF. Let  be an SDT-space and .  is a -soft open set 
and  is a -sb-open set. Then,  

 

 

 

 
Thus (i) proved.  
Let  be an SDT-space and .  is a -soft  -open set and -
sb-open set. Then, 
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Thus (ii) proved.  
Theorem 4.4. Any -sb-open set  in an SDT-space,  is a -sr-
closed set.  
PROOF. Let  be a -sb-open set. This implies, 

 
Also, 

 
and  

 

Therefore,  So,  is a -sr-closed 

set.  
Theorem 4.5. Let  be an SDT-space,  and  is a -sb-open 
set. Then, 
i.  If  then  is a -ss-open set.  
ii.  If  then  is a -sp-open set.  
PROOF. Let  be a -sb-open set. This implies,  

 
Since ,  Thus (i) proved. Since 

,  Thus (ii) proved.  

Theorem 4.6. Let  be an SDT-space,  and  is a -sb-open 
set. Then, 
(i)  If  is a -sr-closed set, then  is a -sp-open set.  
(ii)  If  is a -sp-open set, then  is a -ss-open set.  
PROOF. Since  is a -sb-open set. Then, 

 Let  be a -sr-closed set, 

 Then,  which implies, 

 Thus (i) proved.  Let  be a -sp-open set, 
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  which implies, 

 Thus (ii) proved.  

Theorem 4.7. Let  be an SDT-space,  and  is a -sb-closed 
set. Then,  is a -sr-open set.  
PROOF. Let  is a -sb-closed set. This implies,  

 
Moreover,  

 
Thus,  

 
Furthermore,  

 

Therefore,  So,  is a -sr-open 

set.  
 The following lemma is used in the sequel.  
Lemma 4.8. Let  be an SDT-space, . Then,  

i.   

ii.   

iii.   

iv.   

Theorem 4.9. Let  be an SDT-space, . Then, 

i.   

ii.    

PROOF. Proof is obvious.  
Theorem 4.10. Let  be an SDT-space, . Then, 
i.   
ii.   
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iii.   
iv.   
PROOF. Since   or . This implies 

 or .  
Thus,  
(ii) Similar to that of (i). 
Since   or . This implies  
or .  
Thus,   
(iv) Similar to that of (iii).  
Theorem 4.11. Let  be an SDT-space, . Then, 
i.   
ii.   
PROOF.  

(i)  

 
 

(ii)  

 
 

 
 
4. Conclusion 
This study addresses the properties and characterizations of -soft sets by 
defining sufficient and necessary theorems and examples. The 
mathematical prerequisite for this text is a working knowledge of soft set 
and soft topology. In addition to this knowledge a brief review of some 
fundamental soft ditopological notions is included in Section 2. 
Properties of - soft sets and their relationship which are fundamental for 
research on soft ditopology are analysed in Section 3. The qualitative 
analysis of -soft sets has been carried out; in particular the structure of 
-soft semi closure ( -sscl), -soft semi interior ( -ssint), -soft pre-
closure ( -spcl) and -ssoft pre-interior ( -sspint) has been defined in 
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Section 4. To encourage interaction with the -soft sets, exercises are 
included throughout the manuscript. I hope that interested researchers at 
all levels will find this manuscript useful for self-study and a deeper 
understanding of these residues will help establish new results about the 
distribution of soft set theory. 
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Drugs having an effect of the changing volume and position of bodily 
fluids and which are used in hypertension, acute and chronic heart failure, 
acute and chronic renal failure, nephrotic syndrome, and cirrhosis, have 
great importance in medicine and pharmacology. Furosemide is one of 
these drugs and one of the most used drug molecules in hypertension 
treatment (Figure 1).  
 
Despite its importance in medicine and pharmacology, furosemide’s 
molecular structure, and experimental and theoretical methods to 
investigate the vibrational spectrum and molecular structure, are rare 
(Lamotte et al., 1978; Latosińska et al., 2006).  
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Figure 1. Molecular structure of furosemide. 

 
In basic media, furosemide loses the carboxylic acid proton and forms an 
anion, thereby its solubility is greatly enhanced (Scheme 1). In a study 
about the furosemide-silver complex (Ag-FSE), the complex formation 
was reported, and biological properties were examined in vitro. The 
molecular formula of AgC12H10ClN2O5S and 1:1 metal/ligand 
composition were proposed after elemental analysis, thermal studies, and 
mass spectrometry (Figure 2).  
 
 

Cl NH

H2NO2S COOH

O Cl NH

H2NO2S COO-

O

 
 

Scheme 1.  Proton dissociation of free ligand Furosemide. 
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Figure 2. Molecular depiction and ball-and-stick model of Ag-
furosemide complex (Ag-FSE). 

 
Infrared spectroscopy and nuclear magnetic resonance studies showed 
that the carboxylate moiety coordinated to the silver ion. Density 
functional theory (DFT) included the Ag-FSE complex structure in a 
detailed manner. The antibacterial activity of the complex was assessed 
by antibiogram analyses by using minimum inhibitory concentration 
(MIC) and disc diffusion method. The Ag-FSE complex was found to be 
significantly effective against Gram-positive bacteria Staphylococcus 
aureus, Gram-negative bacteria Escherichia coli, Pseudomonas 
aeruginosa, and the yeast Candida albicans. In Ames experiment, the 
observation that Ag-FSE did not have a mutagenic activity against 
Salmonella typhimurium bacterial strain is a very important finding of the 
molecule for projections of a drug in the medical sector (Lustri et al., 
2017). 
 
Furosemide as an endogenous candidate molecule was tested within silico 
docking simulations and anti-pro-inflammatory activity. Furosemide has 
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a suppressing effect on M1 polarization. Furosemide also promoted the 
production of anti-inflammatory cytokine products and causing the 
polarization of M2. The authors have concluded that furosemide is a safe, 
inexpensive, and well-studied agent. Against COVID-19, furosemide 
should be considered as a repurposed inhaled therapy with the help of 
preclinical data (Wang et al., 2020). 
 
Spectral studies 
In a study by Bölükbaşı and Yılmaz, furosemide’s FT-IR (between 4000 
and 650 cm-1), FAR-IR (700 and 150 cm-1), and FT-Raman (between 
4000 and 150 cm-1) spectra were recorded. The single crystal X-ray 
structure of this molecule was also determined. The X-ray analysis 
revealed E and Z forms constituting a dimeric structure through OH…...O 
hydrogen bonds. Theoretical analysis of furosemide’s probable stable 
conformers was performed by the DFT method with the 6-31G(d,p) basis 
set. DFT/B3LYP method was run with 6-31G(d,p), 6-31G(d), and Sadlej 
PVTZ as the worked basis sets for quantum chemical calculations of the 
geometric structure and wavenumbers of vibration. What is more, the 
same theory with 6-31G(d,p) as the basis set was employed for the 
calculation of the anharmonic wavenumbers. Total energy distribution 
(TED) was used to provide a detailed interpretation of the infrared and 
Raman spectra of furosemide. NBO analysis was performed to examine 
the probable donor–acceptor interactions of E and Z forms. X-ray 
crystallography provided E- and Z-furosemide by experimental means. 
Gas-phase theoretical calculations helped obtain the stable E- and Z-
furosemides in the solid phase. Different conformers and energy barriers 
linking them were examined by the authors. The stability of the dimeric 
structure is supplied by the intermolecular hydrogen bonding effects. The 
theoretical and experimental results were in remarkable harmony 
(Bolukbasi & Yilmaz, 2012). 
 
 
 
Complex formation 
Raymoni et al. have studied zinc complexes of furosemide in which there 
were two furosemide molecules in the complex, along with some 
auxiliary ligands like 2-aminopyridine, 2-aminomethylpyridine, 2,2’-
bipyridine, 4,4’-bipyridine, 1,10-phenanthroline, and quinoline. A 
standard set of characterization techniques was applied to shed light on 
the structure. Single-crystal X-ray diffraction and antibacterial activity 
were also reported (Raymoni & Abu Ali, 2019).  
 



Berat İlhan Ceylan 84 .
 

O

S NH2

O

O
O

OH

NH

Cl

+ ZnCl 2

MeOH /  NaOH 

rt

O

S NH2

O

O
O

O

NH

Zn

O

SNH2

O

O O

O

NH

MeOH

HOMe

Cl

Cl

 
 

Figure 3. Proposed synthesis of [Zn(fur)2(MeOH)2]. 
 

Li and co-workers have prepared the 1:1 Pd:furosemide anionic chelate 
complex in pH 4.5 to 7.0 Britton-Robinson buffers. Basic 
triphenylmethane dyes like ethyl violet and such were reacted with this 
chelate for 1:1 ion-association complexes. The absorption spectra had a 
drastic change, but Rayleigh scattering, second-order scattering, and 
frequency doubling scattering also changed. According to the 
concentration of furosemide, the RRS, SOS, and FDS intensities were 
detected directly proportional to it. These methods could be used for 
detecting trace amounts of furosemide.          
The research allows for determining furosemide in tablets, injection 
forms, human serums, and urine samples (Li et al., 2010).  
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Figure 4. The structure of an ion-association complex of [Fur·PdCl2]·EV. 
 

Hondrellis and co-workers have prepared a series of furosemide 
complexes with Co, Ni, Cd, Mn, Hg, Pd, and Rh. The furosemide anion 
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binds to the metals in a chelated bidentate fashion through carboxylato 
and imino groups.  

 
 

M(fur)2.3H2O   →   M(fur)2.2H2O    +   H2O↑    
Pd(fur)Cl.H2O → Pd(fur)Cl +   H2O↑ 

 
Scheme 2. Furosemide hydrate complexes lose a molecule of water; M: 

Co, Ni, Cd 
 

The bis(furosemide) trihydrate complex loses one molecule of water to 
become the corresponding dihydrate for M = Co, Ni, and Cd. The 
furosemide monohydrate complex loses a molecule of water to be 
converted into the anhydrous complex for M = Pd.  
 
The closed formulas for complexes obtained were as follows: 
 
Mn(fur)2.2H2O, Co(fur)2.3H2O, Ni(fur)2.3H2O, Cu(fur)2.2H2O, 
Zn(fur)2.2H2O, Cd(fur)2.3H2O 
Hg2(fur)3Cl.2H2O, Pd(fur)Cl.H2O, Rh(fur)3.3H2O (Hondrellis et al., 
1988) 
 
Analytical procedures 
A potentiometric study between furosemide and amino acids as secondary 
ligands in the mixed ligand complexes in 80% (v/v) ethanol-water 
medium was reported (Khade et al., 2011). 
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Figure 5. Proposed structure of binary complex formation of furosemide. 
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Silva Semaan and Cavalhero described a fast flow-injection procedure 
with spectrophotometric detection for furosemide’s complex formation 
with iron(III) ions in ethanol. Four commercial samples were subjected to 
the proposed method. Tablets, ampoules, and synthetic urine samples that 
were spiked with the analyte, posing no ill effects by the presence of the 
other substances in the formulation. 95 measurements per hour were 
achieved with the proposed procedure. The results obtained were in 
harmony with the label and the spectrophotometric comparative 
procedure. For the commercial formulations and synthetic urine matrixes, 
the recoveries were reported up to 100% (Silva Semaan & Cavalheiro, 
2006).  
 
Furosemide was complexed with copper(II) ions at pH 3.2 in a Mclivaine 
buffer, producing a green-colored adduct to give way to a sensitive, 
simple, and accurate spectrophotometric method. Within 5-30 µg/mL, the 
system displays a maximum absorbance at 790 nm and shows obedience 
to Beer’s law. A correlation coefficient of r = 0.9997 was obtained by the 
regression analyses; the maximum detection limit was 0.23 µg/mL. The 
procedure was applied successfully to the drug in tablet form. The 
structure of the copper complex was revealed to be Cu(fur)2(MeOH)2 
with spectral data and stability constant measurements (Gölcü, 2006).  
 

O

S
NH2

OO

O

O

NH
Cl

Cu

O

S
NH2

OO

O

O

NHCl

OO
CH3

CH3

 
 

Figure 6. The structure of Cu(Fur)2(MeOH)2 
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Mishra and co-workers investigated the complex behavior of furosemide 
with copper ions in dosage forms. The complex had maximum 
absorbance at 742 and 730 nm in ethanol and ethyl acetate, respectively 
(Mishra et al., 1989).  
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Figure 7. Proposed structure of the Furosemide-copper complex. 
 
Khade conducted a potentiometric study in which Cr(III) reacted with 
furosemide in the presence of several amino acids in 80% (v/v) ethanol-
water mixture at 27 °C at fixed ionic strength supplied by 0.1 M sodium 
perchlorate. No complex structure was provided (Khade, 2015).  
 
Agatonovic-Kustrin et al. studied the spectrophotometric determination 
of the palladium(II) complex of furosemide. The standard solution of 10-2 
M furosemide (3.3 mg of furosemide per milliliter) and the solution, with 
2 M sodium hydroxide, was made alkaline to pH 9. 0.4 mg mL-1 
furosemide-containing sample solution was also prepared and made 
alkaline to pH 9.0. A PdCl2 solution (5 x 10-2 M) was prepared by heating 
the compound and adding 2 mL of 2 M HCl and diluting up to 50 mL 
with water. The ionic strength was rendered constant with 2 M KCl 
solution. Britton-Robinson buffer solutions were prepared by including 
0.8 M orthophosphoric acid, boric acid, and acetic acid and 0.4 M sodium 
hydroxide and an adequate amount of 2 M KCl to keep the ionic strength 
constant. The complex has a maximum absorption at 527 nm and is 
soluble in Britton-Robinson buffer within the pH range of 9 to 13. Job’s 
constant changes method revealed that the complex had a 1:2 formation 
ratio. The spectrophotometric method was applied to Lasix tablets and 
ampoules, and is suitable for routine and control analyses (Agatonovic-
Kustrin et al., 1990). 
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Malik and Wankhede attempted to synthesize and characterize 
furosemide and its Fe(III) and Co(II) complexes. Furosemide behaved as 
a bidentate N, O donor ligand. The complexes had 1:2 M:L content. The 
synthesized ligand, as well as their metal complexes was screened for 
diuretic activity. According to the results, the complexes were more 
active than the ligand (Malik & Wankhede, 2015). 
 
Liu and co-workers described a furosemide determination method with 
spectrofluorimetry. Zinc complex with 1,4-bis(imidazol-1-
ylmethyl)benzene led to an enhancement of the fluorescent emission of 
furosemide. Optimal conditions tell that fluorescent intensity has a linear 
relationship with furosemide concentration. The presence of furosemide 
in pharmaceutical products was demonstrated. The possible mechanism 
was briefly related to the fluorescent spectroscopy, UV-Vis 
spectrophotometry, and FTIR (Liu et al., 2013).  
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Figure 8. Chemical structure of Zn(II)–bix–FUR ternary complex. 
 

Ksenofontov and co-workers describe the sensitivity of zinc(II) 
bis(dipyrromethenate) to the presence of furosemide in organic media. 
The instantaneous spectral response of the zinc complex was shown to be 
due to the fluorescent quenching effect by furosemide. This fluorescent 
quenching was ascribed to the formation of stable supramolecular system 
containing dipyrromethene and furosemide ligands of the zinc(II) 
complex, which is able to perform photoinduced electron transfer. The 
detection limit for furosemide with this dipyrromethene system was about 
67-78 µg per liter. The authors describe potential use of this proposed 
sensor in areas like forensic medicine, clinical medicine, and sports 
medicine (Ksenofontov et al., 2019). 
 
Furosemide was used as an extracting agent for mercury(II), from 
aqueous buffered solution, in benzyl alcohol. The method is economical, 
efficient, and simple. Various anions and cations and various parameters 
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on the extraction process were tested. In the presence of several 
transitions and rare earth metals at pH 3.5, the separation factor of 
mercury was quite high. Sodium thiosulfate was the most efficient 
stripping agent among others, and the recovery of mercury was 98%. M:L 
(1:2) stoichiometry was found as the composition of the extracted species 
(Abbasi et al., 2019).  
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Figure 9. Purification of furosemide. 
 

For poorly soluble drugs, nanosuspending technology is widely used and 
it increases the solubility of them. In this study, the aim was to develop 
and characterize nano-suspensions containing furosemide. 
Nanosuspending furosemide with Tween 80 was realized by high-
pressure homogenization using ultrasonic probe or ultra turrax, ball 
milling, and a combination of them. According to FT-IR analyses, the 
characteristic peaks of furosemide were seen in every formulation. X-ray 
analysis revealed that the crystalline structure of furosemide was intact. 
Using nanosuspension method, the particle size of furosemide was 
decreased in a significant manner. Furosemide’s solubility is dependent 
on pH value and the effect of nanosuspension on solubility was more 
pronounced at acidic area (for example, at pH 1.2). Furosemide’s 
permeability is seemingly influenced by the nanosuspension method. 
Nanosuspension technology seems to be an excellent method to solubilize 
poorly water-soluble compounds and it increases the bioavailability of 
them (Gulsun et al., 2018). 

 
Indipamide is another drug like furosemide and was subjected to 
computational studies as well. In this study, FT-IR and UV-Vis spectra 
were recorded and potential energy surface scans and molecular 
geometries, vibrational spectra, NBO analysis, UV spectral analysis, 
solvatochromism, and frontier HOMO-LUMO were covered. This article 
is recommended to readers who wish  to gain more information about 
spectral studies of drugs (Bolukbasi et al., 2020). 
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BIOLOGICAL PROPERTIES OF FUROSEMIDE 
 

Furosemide is a BCS (Biopharm. Class. System) class IV drug. 
Furosemide has a poor oral bioavailability owing to its low solubility and 
permeability. More soluble and permeable multi-component solid 
furosemide forms were sought to overcome and minimize the undesirable 
bio-pharmaceutical attributes. As a crystallization method, solvent 
evaporation was used, the authors prepared successfully the furosemide-
imidazole and furosemide-5-fluorocytosine conformers as co-crystalline 
adducts. Imidazole and 5-fluorocytosine-containing furosemide adducts 
displayed superb solubility, intrinsic dissolution, and permeability 
properties as compared to the pure furosemide molecule. These new solid 
forms demonstrate the potential to increase furosemide’s limited 
bioavailability (Diniz et al., 2020). 
 
Another use of furosemide is to reduce pulmonary hemorrhage in 
racehorses. Furosemide is known to impair the calcium balance, therefore 
there are long-term implications for bone health. The horses were divided 
into two groups, the treatment group and control group. Both groups were 
assayed in terms of bone mineral content, bone metabolism biomarkers, 
and weight loss after administration. The horses in the treatment group 
were administered with furosemide weekly at 1 mg per kg of bodily 
weight weekly for seven weeks and blood was collected before and 24 
hours after administration for biomarker analysis. Weight determinations 
were performed before and at 2nd, 4th, 8th, 24th, and 48th hours after 
administration. The left third metacarpal was radiographed every 28 days 
of bone mineral content determination. Furosemide group lost more 
bodily weight than the control group even 2 hours after administration. 
These losses were greater than control group at 4 and 8 hours. 
Furosemide group lost more bodily weight at day 0 than the controls, but 
at 28th day and 49th day, furosemide bodily weight losses were not greater 
than the control group. Bone mineral content nor pyridinoline and 
osteocalcin concentrations did not tell about an effect of treatment. 
Reduced bodily weight changes, over time in furosemide (but not control) 
group needs additional exploration of frequent furosemide administration 
over long times (Pritchard et al., 2019). 
 
Furosemide is a loop diuretic, helping the body not absorb too much salt 
and instead, pass it to the urine. It is used to treat edema in people having 
congestive cardiac failure, or a disease of the liver or kidney (like 
nephrotic syndrome). Furosemide is also a medicine for hypertension. 
Furosemide should not be used in the case of no urination. It is highly 
discouraged to take more than the dose recommended. High doses of 
furosemide may lead to hearing loss that might be irreversible. 
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Before use, the patients should consult to their doctor if they have 
problems of the kidney, prostate, difficulty of urination, problems about 
the liver, electrolytic imbalance, hypercholesterolemia, diabetes mellitus, 
gout, allergy to sulfa drugs (as the compound contains sulfa moiety), or 
lupus. 
 
If the patients have recently had magnetic resonance imaging, before 
which a dyestuff was administered into their veins, or a radioactive 
dyestuff administered, they should immediately inform their doctors. 
Renal damage might occur when both the radioactive dye and furosemide 
are together. Taking more of furosemide than is recommended is 
discouraged. 
 
High blood pressure patients should continue using furosemide (if they 
are prescribed) even if they feel fine. Often, high blood pressure does not 
have significant symptoms. It is generally unknown whether furosemide 
will harm a fetus or not. Patients should consult to their doctors if they 
are pregnant or planning to be. Breastfeeding, while using this medicine, 
may not be safe. For any risk, the patients should ask their doctors. 
Furosemide may make breast milk production slower. 
 
Furosemide will make the takers urinate in a higher frequency and they 
may easily get dehydrated. Doctor's instructions should be followed about 
either potassium supplements should be used or enough salt and 
potassium should be placed their diet. 
 
The medicine should be stored at room temperature and saved from heat, 
light, and moisture. Unused after 90 days, any oral liquid should be 
disposed of. If the patient has brought an reaction of allergic to 
furosemide (difficulty in breathing, appearance of hives, or if their face or 
throat is swollen up), or a severe dermal response (sore throat, fever, 
dermal pain, burning in the eyes, dermal rash red or purple in color, 
which causes peeling and blistering), an immediate consultation to the 
doctor is needed. 
 
To make sure furosemide is safe for the patient, the doctor must be told to 
exercise the following conditions: 
    • passing out-like light-headed feeling; 
    • hearing loss and ring sounds in their ears; 
    • muscular spasms, contractions; 
    • easy bruising, pale skin, unusual bleeding; 
    • increased urination, fruity breath odor, hyperglycemia, featuring 
increased thirst and/or dry mouth; 
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    • problems of the kidney- urination, either little or not at all, swelling 
on the feet or ankles, short of breath or feeling tired; 
   • Hepatic or pancreatic problems - upper stomach pain (it may affect the 
back too), loss of appetite, vomiting, nausea, dark appearance of urine, 
jaundice that is, yellowish color of the skin or eyes; or  
• Electrolyte imbalance-showing findings, which are dryness of the 
mouth, being thirsty, general weakness, a sign of drowsiness, unsteady or 
jittery feel, heartbeats in an irregular shape, vomiting, fluttering sensation 
in the chest, tingling or numbness, muscular cramps or weakness or a 
feeling of limpness. 
 
What other drugs will affect furosemide? 
 
Using certain medicines simultaneously is sometimes not good and safe. 
Some medications might affect the blood levels, making the them less 
effective or increasing the side effects. For example, sucralfate users 
should take furosemide 2 hours before or 2 hours later when they took the 
former. The patients should inform all other medicines, especially the 
following: 
 
    • ethacrynic acid or other diuretics; 
    • chloral hydrate; 
    • lithium; 
    • phenytoin; 
    • an antibiotic that is administered by injection; 
    • cisplatin and other medicines that are used to treat cancer; 
    • cardiac medicines or those to treat high blood pressure,  
    • aspirin or other salicylates (Thornton, 2020). 
 
Akbari and his colleagues investigated the drug loading of furosemide 
onto poly (glycidyl methacrylate-alt-maleic anlydride) P (GMA-alt-MA) 
by isopropylamine and ethylenediamine with different molar ratios of 
blending. Furosemide loading on the hydrogels and slow release in 
phosphate-buffered saline pH 7.41 at 37 °C were examined. The sample 
having the lowest amount of crosslinking agent was found to be the 
highest swollen one as compared with the others. When the rigidity of 
carrier increased, the crosslinker density increased too, and the amount of 
the released drug had a decrease. The release rate however for all samples 
were similar. A pH-dependent behavior was observed for all carriers and 
the maximum rate of release was seen in basic media. The release rate 
was dependent upon temperature and increasing it causes the release rate 
to be faster. Release data was compared with different mathematical 
models and Higuchi model, for all samples, proved to be the convenient 
one (Akbari et al., 2020). 
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INTRODUCTION 

Proteins are polypeptides containing carbon, hydrogen, oxygen, 
nitrogen atoms as well as sulfur atoms and whose structural units are 
amino acids. Proteins are structurally expressed in four different ways. 
These are primary, secondary, tertiary and quaternary structures. 
Straight chain structures formed by linking of amino acids to each other 
by forming peptide bonds form the primary structures of proteins. One 
end of the polypeptide chain in the protein structure has a free -NH3

+ 
and the other end have a free -COO-. These two free amino acid residues 
are defined the C-terminal and N-terminal end (Solomons and Fryhle, 
2004). The -NH3

+ and -COO- groups of all other amino acids, except the 
C-terminal and N-terminal end, are linked by covalent bonds to form 
peptides. Secondary structures are the structures formed by the bending 
and folding of the polypeptide chains in the structure of proteins. The 
structure defined as the three-dimensional state of the protein structure 
is the secondary structure of proteins (Geraldine and Takeuchi, 2011). 
It has been determined that the secondary structures of proteins whose 
three-dimensional structures are determined by X-ray diffraction method 
include α-helix, β-sheet and random rotation structures (Eckersall, 2008). 
Secondary structures are formed by the formation of H-bonds from 
amino acids in proteins. The α-helix structure is formed by the formation 
of H-bonds on the same polypeptide chain. The tertiary structures of 
proteins are formed by folding as a result of the interaction of the side 
chains of amino acids that make up the polypeptide chain in the protein 
structure. The tertiary structures of proteins are folding created by 
secondary structures. Thanks to these folds and twists, an amino acid in 
any region of the polypeptide chain can interact with an amino acid located 
in a distant region on the polypeptide chain.Intermolecular interactions 
are very important in the formation of the tertiary structure of proteins. 
There are covalent and non-covalent interactions that determine the 
structure and stability of proteins. Covalent interactions are peptide and 
disulfide bonds, while non-covalent interactions are ionic bond, H-bond, 
hydrophobic and van der Waals interactions. The covalently bonded 
C-N bonds formed between the carboxyl groups of another amino acid 
and the amino group of an amino acid by leaving 1 mole of water are 
peptide bonds. Peptide bonds formed by covalent bonds between amino 
acids enable the polymerization of amino acids to peptides and proteins. 
Another covalent bond observed in proteins is the disulfide bond formed 
between two sulfur atoms. Disulfide bonds are made up of cysteine   
monomers bearing the –SH (thiol) group in the amino acid side chain 
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that converges as a result of protein folding (Sewald, 2002). Hydrogen 
bonds are formed between α-helix and β-layered structures that form the 
secondary structures of proteins. Hydrophobic interactions are one of the 
factors that cause proteins to fold their structures to be stable in aqueous 
solution (Patthy, 1999). Proteins can be negatively charged (glutamic acid 
and aspartic acid) or positively charged (histidine, arginine and lysine) 
depending on the functional groups in amino acids. They also carry 
positive and negative charges due to the C-terminal and N-terminal ends 
of the polypeptide chains. Both situations allow electrostatic interactions 
to occur in the protein structure. These charged groups in the structure 
of proteins are located on the surface of the proteins in order to enable 
the protein to interact with water (Solomons and Fryhle, 2004). All 
these interactions are very important in the formation and stability of 
protein structure. The macromolecular structures formed by proteins 
with tertiary structures form the quaternary structure. The quaternary 
structures of proteins can be formed as a result of the interaction of the 
same or different polypeptide chains. An example of a quaternary protein 
is hemoglobin, which has 4 polypeptide side chains.
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Figure 1. Interactive diagram of protein structure (Gulbis et.al, 1996)

Bovine Serum Albumin (BSA)

Serum albumin is one of the most studied proteins for many years. 
It is the most plentiful protein in blood plasma and functions as transport 
protein. It also plays a significant role in regulating the osmotic pressure of 
blood (Carter and Ho, 1994). Many researchers have examined functions, 
structures, and properties of serum albumin in order to research the 
interactions of proteins with biomolecules such as drugs, drug active 
substances and organic ligands. Serum albumin has been a model protein 
for physiological studies for many years. BSA (Brown, 1975) and HSA 
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(Behrens et al. 1975) are the first serum albumin structures. The primary 
structure of BSA was presented in the same year as HSA. The amino acid 
sequence proposed by Brown shows that BSA consists of three domains. 
Each domain can be divided into two subdomains, A, B and C. Each 
subdomain can be further subdivided into three helix structures, X, Y, 
and Z. The helices are interconnected by disulfide bridges. While almost 
all hydrophobic amino acid residues are found inside the cavity and 
between the helices, polar amino acid residues are mostly observed on 
the outer wall of the structure. Two subdomain grooves adhere towards 
each other, forming a field, and three such areas eventually form a serum 
albumin molecule (Kragh-Hansen 1981).

Tryptophan numbers of BSA and HSA are different. BSA has two 
tryptophan tips. One of the ends is in subdomain IA (Trp-134) and the 
other is in subdomain IIA (Trp-212). HSA has one tryptophan end and it 
is located in subdomain IIA (Trp-214). Trp-134 is located on the surface 
of BSA structure, while Trp-212 is located in the hydrophobic binding 
region inside BSA (Lu et al. 2007).

Figure 2. Three-dimensional structures of HSA and BSA with tryptophan 
residues in green color (Belatik et al. 2015)

The most interesting feature of serum albums is the high binding 
affinity of amino acid residues in different binding sites in serum 
albumin. The most striking feature of albumin-ligand interactions is the 
structural regions with high binding tendency and low binding tendency 
(Kragh-Hansen, 1981).
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Investigation of BSA Binding Activities of Metal Complexes

Different spectroscopic techniques such as electronic absorption 
and fluorescence spectroscopy, X-ray crystallography, ESI-MS, 
NMR, electrophoresis and FT-IR can be used to investigate BSA-
complex interactions. With the interaction of BSA and complexes, 
the microenvironments of the fluorescent amino acid residues in BSA 
structure and the secondary structure of BSA can change, causing a 
change in the conformation of BSA. The absorption and fluorescence 
properties of proteins are because of the amino acids phenylalanine, 
tryptophan and tyrosine. 

Tryptophan, tyrosine and phenylalanine absorb UV rays in the 
wavelength range of 260-280 nm and give their unique peak. Tryptophan, 
an aromatic amino acid, gives fluorescence to proteins as it absorbs 
UV light at 280 nm. The amount of absorption and quantum yield of 
aromatic amino acids phenylalanine and tyrosine are less than the amino 
acid tryptophan. Emission of the amino acid tryptophan excited at 280 
nm at 340 nm is obtained. The emission of the amino acid tryptophan 
is strongly dependent on its environment. Because the spectral changes 
in the emission of tryptophan amino acids occur as a result of their 
interaction with the complexes (İnci et al. 2017).
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Figure 3. Electronic absorption and fluorescence spectra of phenylalanine, 
tyrosine and tryptophan amino acids in protein structure (Wünsch et al.2015)

The quenching in the fluorescence intensity as a result of interactions 
between BSA and the metal complexes provides information about 
the BSA. The reason for the quenching in the fluorescence intensity 
of BSA is molecular interactions. Fluorescence quenching takes place 
in two ways, dynamic and static. Dynamic quenching take places as a 
consequence of collisions between BSA and the metal complexes, while 
one of the molecules turns into an excited state, while the other turns into 
a non-radiative state. In static quenching, the BSA + metal complexes 
structure, which does not have fluorescence property, is formed between 
BSA and the metal complexes. Dynamic and static quenching; could be 
distinguished from each other by temperature, viscosity and lifetime 
measurements.
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By using electronic absorption spectroscopy, the fluorescence 
quenching mechanism can be determined as a consequence of the 
interaction of metal complexes with BSA by making use of changes in 
absorbance and wavelength. The absorbance and wavelength of the BSA 
solution alone and the BSA+metal complexes containing solution are 
compared. If differences are observed in the absorbance and wavelength of 
the solution containing BSA+metal complexes, there is static quenching, 
if no difference is observed, dynamic quenching is in question. With 
fluorescence spectroscopy, the fluorescence quenching mechanism can 
be determined depending on the temperature and using the Stern-Volmer 
equation (Wang et al. 2006). In static quenching, as the temperature 
rises, the Stern-Volmer curves obtained for each temperature decline. In 
dynamic quenching, as the temperature rises, the Stern-Volmer curves 
rises. When static and dynamic quenching is observed at the same time, 
it is observed that it forms an upward concave curve (Lakowicz, 1983). 
To learn more about the BSA binding parameters of metal complexes, the 
modified Stern-Volmer binding constants of BSA+the metal complexes 
systems can be calculated (İnci et al. 2019). After determining that the 
fluorescence quenching mechanism is static quenching as a consequence 
of the interaction of BSA with the metal complexes, the binding constants 
of metal complexes to BSA and the number of binding sites are calculated 
(Guo et al. 2009). 

Figure 3. Temperature dependent changes of static quenching and dynamic 
quenching graphics (Lakowicz, 2002)

The type of interaction between BSA and metal complexes 
(hydrophobic, van der Waals, hydrogen bonds or electrostatics) and 
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thermodynamic parameters are calculated (Qin et al.2010). The 
determined ΔH and ΔS values provide information about the interaction 
type of BSA with the metal complexes. The following comments can be 
made:

(i) hydrophobic interaction; the positive values for both ΔH° and ΔS° 

(ii) van der Waals and hydrogen bonding interactions; the negative 
values for both ΔH° and ΔS°

(iii) electrostatic interaction; the negative value of ΔH° and the 
positive value of ΔS°.

Ni(II) complex interacts with the Thr526, Lys523 and Ser109 residues 
by means of van der Waals interaction and is almost to hydrophobic 
residues in of IIe 525, Leu 112, Val 423 and Lys114. Additionally, there 
is an electrostatic interaction between the side chain carboxyl group of 
Glu424 residue and Ni(II) complex and is formed a hydrogen bonding 
interaction with Leu112 and a π-π interaction with Pro420. Consequently, 
these interactions play an important role in stabilizing of the Ni(II) 
complex intercalative mode (Yueqin et. al, 2017).

Figure 4. ((a) The Ni(2-acetonaphthone salicylylhydrazone)2phen·CH3CN 
complex was docked in the binding pocket of BSA (b) representation of 2D 

interactions (Yueqin et. al, 2017)
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BSA and the metal complexes must interact with each other in order 
to have an efficient energy transfer. Therefore, the distance between 
the metal complexes and BSA is very important. In order for energy 
transfer to occur between BSA and the metal complexes, the distance 
between them must be less than 8 nm. For an efficient energy transfer, the 
fluorescance spectrum of BSA and the electronic absorption spectrum of 
the metal complexes must partially overlap. The overlap area obtained 
as a result of overlapping the fluorescance spectrum of the BSA with 
the electronic absorption spectrum of the metal complexes could be 
determined (Lakowicz, 2002). The energy transfer efficiency between 
the metal complexes and BSA in fluorescence resonance energy transfer 
is important and transfer efficiency can be calculated (Lakowicz, 2002).

Figure 5. Overlap between metal complexes and BSA where FRET takes place 
schematic representation of the area (overlap) (Broussard and Green, 2017)

As a consequence of the interaction of BSA with the metal complexes, 
conformational changes caused by the metal complexes in tryptophan and 
tyrosine residues in BSA structure could be determined by synchronous 
fluorescence method. Synchronous fluorescence method is performed 
by applying the wavelength difference determined using emission and 
excitation wavelength of the BSA to fluorescence spectroscopy. When 
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the determined wavelength difference is Δλ = 15 nm, information about 
the microenvironment of the tyrosine amino acid residues in the BSA 
structure, and when Δλ = 60 nm, the microenvironment of the tryptophan 
amino acid residues can be obtained (Miller, 1979).

Figure 6. Synchronous fluorescence spectra of trans-resveratrol–BSA mixture 
at  

a) λ = 15 nm b) λ = 60 nm (Cao et al, 2009)

In Figure 6 shows that a gradual decline of the fluorescence intensity 
of BSA is observed with rising concentration of trans-resveratrol at λ = 
60 nm and λ = 15 nm (Cao et al, 2009).

Three-dimensional (3D) fluorescence spectroscopy is one of the 
analysis techniques that can provide a comprehensive and detailed 
analysis of conformational changes in the structure of the BSA. In this 
technique, the fluorescence properties of the metal complexes whose 
interactions with BSA are investigated are shown as a function of both 
excitation and emission wavelengths simultaneously. Two-dimensional 
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(2D) fluorescence spectroscopy ensures comprehensive knowledge about 
the environmental curve of the results obtained by three-dimensional 
(3D) fluorescence spectroscopy (Hantelmann et al. 2006).

FT-IR spectroscopy has been recognized as a powerful tool for 
analysising the interaction between the metal complexes and BSA. 
Because of the presence of characteristic functional groups of BSA, it 
has vibrational fingerprints at certain frequencies. Thus, the structure 
and composition of these groups can be estimated by evaluating the 
width of the spectral bands, intensity and position in FT-IR (Alhazmi, 
2019).

CONCLUSIONS 

In this study we have reviewed experimental methods used to 
investigate BSA binding activities of metal complexes. The structural 
characterization of the interaction between complexes and BSA is 
important and provides insight into what changes could be made to 
increase affinity and specificity for BSA. Structure-function relationships 
could also provide a significant information. It is clear that combinations 
of BSA interaction modes can be used to improve the binding affinity and 
selectivity of the metal complexes, but there are many more examples. 
What is clear is that the inherent physicochemical diversity of transition 
metals and the design flexibility provided by the virtually unlimited 
range of ligands for coordination makes metal complexes powerful 
biologically active agents that could be used to investigate the structural 
diversity of BSA.
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