
J Nanostruct 10(3): 509-517, Summer 2020

 RESEARCH PAPER

Evaluation of Biological Activity of 5-Fluoro-Isatin 
Thiosemicarbazone Derivatives
Mohamed Abdulhamid Ganim Ramadan1, Mehmet Cengiz Baloglu1*, Yasemin Celik Altunoglu1,
Fatma Kandemirli2, Hakan Burhan3, Ayşenur Aygün3, Hakan Sezgin Sayiner4, Filiz Ozyigit5, Fatih Şen3*

1 Department of Genetics and Bioengineering, Faculty of Engineering and Architecture, Kastamonu University
2 Department of Biomedical Engineering, Faculty of Engineering and Architecture, Kastamonu University
3 Sen Research Group, Department of Biochemistry, Faculty of Arts and Science, Dumlupınar University, 
Evliya Çelebi Campus, 43100 Kütahya, Turkey 
4 Department of Infectious Diseases, Faculty of Medicine, Adiyaman University, Adiyaman, Turkey
5 Department of Medical Sciences, Faculty of Medicine, Kutahya University of Health Sciences

* Corresponding Author Email: mcbaloglu@gmail.com 
                                                      fatihsen1980@gmail.com

ARTICLE  INFO 

Article History:
Received 03 March 2020
Accepted 29 April 2020    
Published 01 July 2020

Keywords:
5-Fluoro-Isatin 
Antimicrobial activity 
DNA protection 
Thiosemicarbazone 

ABSTRACT

How to cite this article
Abdulhamid Ganim Ramadan M, Cengiz Baloglu M, Celik Altunoglu Y, Kandemirli F, Burhan H, Aygün A, Sezgin Sayiner 
H, Ozyigit F, Şen F. Evaluation of Biological Activity of 5-Fluoro-Isatin Thiosemicarbazone Derivatives. J Nanostruct, 2020; 
10(3): 509-517. DOI: 10.22052/JNS.2020.03.007

Isatin based materials can exhibit a wide range of biological activities 
including antimicrobial, antiviral, antifungal, anthelmintic, antitumor, 
anti-HIV, anti-inflammatory, antidepressant, antioxidant, anticonvulsant, 
antitubercular, analgesic, and central nervous system depressant 
activities. In this study, four compounds containing 5-Fluoro-isatin 
thiosemicarbazone with methoxyphenyl or methoxyphenyl in different 
positions and zinc complexes were evaluated based on their biological 
activities. Compound 2 was the strongest compound affecting gram-
negative bacteria compared to the other compounds. Also, this compound 
indicated better antimicrobial activity than positive control antibiotics. 
Besides, compound 3 was the only compound that inhibited the growth 
of Salmonella spp. such as Salmonella enteritidis ATCC 13076 and 
Salmonella typhimurium NRRLE 4463. 5-Fluoro-Isatin thiosemicarbazone 
and its derivatives also showed DNA protection property from moderate to 
good protections. Among them, compound 4 displayed the highest DNA 
binding affinity. These compounds possessed a capacity for utilization as 
drugs or drug additives based on their effects on bacteria strains and DNA 
binding affinity.

INTRODUCTION
Bacterial infections, antibiotic resistance, 

and cancer cases are increasing nowadays, and 
researchers are working on developing new drug 
therapies to reverse this. Isatin (2,3-dioxindole) 
which is a derivative of indole is among the 
substrates which can be used as raw material in 

drug treatment. It is also a synthetic substance 
which can be utilized for obtaining some other 
derivatives [1,2]. Isatin material is found in some 
plant species such as Couroupita guianensis 
and Calanthe discolor (Lindl.). Joaquim et al. 
showed that the mammalian tissues and bufo 
frogs were secreted in the parotid glands. Also, 
they detected the metabolic adrenal of isatin 
derivatives in humankind [2]. Further, indigo 
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dye was oxidized by some acid derivatives and 
discovered isatin material [3]. Because of the 
highly reactive property of the carbonyl group at 
C-3 position, isatin is essential and is preferred in 
organic synthesis studies [4,5]. This group of isatin 
generally binds to the prochiral center [5]. Isatin 
has a unique feature for acetylcholine regulation in 
the brain. This is achieved by raising the dopamine 
level under stress conditions [6].

Isatin and its derivatives can exhibit a wide 
range of biological activities. They can be listed as 
antimicrobial, antiviral, anthelmintic, antitumor, 
anti-HIV, anti-inflammatory, antioxidant, 
anticonvulsant, analgesic and central nervous 
system depressant activities [3,6,15,7–14]. 
Thiosemicarbazones are a compound produced 
by the condensation of thiosemicarbazone with 
suitable ketones or aldehydes. Thiosemicarbazones 
can be linked to many complex metals using 
hydrazine nitrogen and sulfur atoms [16]. 
Thiosemicarbazones are among the therapeutic 
agents for human diseases. Also, antiviral 
compounds are employed against DNA and RNA 
viruses because they are a large spectrum against 
antiviral agents [17].

Thiosemicarbazones have been utilized for 
antimicrobial, antiviral, antifungal and antitumor 
activity as well as blocking sodium channels 
[18]. Today, one of the most important threats 
to human health in the world is accepted as 
antimicrobial resistance. The best example of 
this is Staphylococcus aureus (MRSA) which has 
developed resistance to methicillin. This bacterium 
causes many people to die every year. Also, as a 
result of the misuse of antibiotics, this wrong use 
of antibiotics rather than disease agents is seen as 
the most important public health problem to be 
treated. In addition to these problems, resistance 
against antibiotics has increased, not only among 
the public but also in hospital settings.

Furthermore, this situation causes an increase 
in mortality and morbidity rates [19]. Anti-

microbial agents lose their effectiveness in the 
formation and spread of antibiotic resistance 
compared to other pharmaceutical compounds 
[20]. Therefore, no class of antibiotics could not 
move away from this negative effect. Besides, the 
effects of this condition on gram-positive bacteria 
are more common than gram-negative bacteria 
[21].

Fluorinated heterocyclic compounds are 
important intermediates in the synthesis of various 
pharmaceuticals and therefore play an important 
role in these and similar technological developments. 
Al-Romaizan (2014) had reported that the 
combination of fluorine atoms with a heterocyclic 
nitrogen molecule frequently give properties of 
pharmacological interest when compared with their 
non-fluorinated analogs. The molecular formula of 
5-Fluoro isatin is C8H4FNO2 as shown in Fig. 1 with a 
molecular weight = 165.12 Mol. 

Numerous reports have been carried out 
to search the biological properties of isatin, 
thiosemicarbazones and their different derivatives. 
However, the examination of some biological 
features of 5-Fluoro-isatin thiosemicarbazone 
its derivatives has been limited. For this 
purpose, we performed different biological 
activity studies including antimicrobial and DNA 
protective properties of these compounds. These 
compounds may be beneficial for toxicity testing 
and therapeutic targets in the future.

MATERIAL AND METHODS
Chemical compounds

All isatin derivative compounds utilized in this 
research were re-synthesized [22] and controlled 
their chemical structure again before starting 
biological activity analyses. Four compounds 
namely 5-Fluoro-isatin thiosemicarbazone with 
methoxyphenyl or methoxyphenyl in different 
positions and zinc were used in this study and 
their properties were indicated in Table 1.

Antimicrobial activity
The antibacterial activity of four different 

compounds was investigated. A total of 21 
bacterial strains including gram-positive and gram-
negative bacteria strains were utilized in this study. 
The strains were obtained from the Department 
of Genetics and Bioengineering at Kastamonu 
University and the Department of Microbiology 
at Gazi University. These strains and their gram 
staining properties are seen in Table 2.

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 1. Chemical structure of 5– Fluoro-isatin.



511J Nanostruct 10(3): 509-517, Summer 2020

M. Abdulhamid Ganim Ramadan et al. / Biological Activity of 5-Fluoro-Isatin Thiosemicarbazone Derivatives

Preparation of stock solutions
Stock solutions of the four compounds 

were set according to their molecular weight by 
dissolving the compounds in 1 ml of Dimethyl 
Sulfoxide (DMSO) in sterile test tubes to give a 
final concentration of 0.4 M. For the minimum 
inhibitory concentrations (MICs) analysis, DMSO 
was used for dilution of chemical compounds to 
prepare a series of descending concentrations 
down. We performed MIC analysis as previously 
indicated in our different study [22]. It was found 
that 0.4 M of each compound was more suitable for 
MIC analysis. First, 50 µl of the stock solution was 
added to the sterile filter paper. The filter papers 
loaded with the solution were then dried at 30 °C 
for 3 hours to dry under constant temperature 
and sterile conditions. DMSO was directly used as 
a negative control to see if there is any effect on 
these types of bacteria. Filter paper discs loaded 

with DMSO were kept drying 3 hours at 30 °C in 
sterile conditions to evaporate the solvent and left 
at room temperature with the same ways of the 
compounds. A wide spectrum of antibiotics, such 
as Zosyn and Levofloxacin, were used as positive 
controls [22]. 

Inoculation procedures 
The four compounds, positive control 

Levofloxacin and Zosyn antibiotics and negative 
control DMSO were tested against the 21 types 
of bacterial strains, using a disk-diffusion method 
[23]. All bacterial strains were transferred to 5 
ml of prepared broth media and then allowed to 
incubate at 37 °C for 18-24 hours. Preparation 
and sterilization of sterile saline solution were 
performed in 5 ml test tubes. Suspension of each 
bacterial strain was poured on the sterile saline 
solution tube drop by drop. The visible turbidity 

Compound No Compound name Abbreviations Molecular weight (g/mol) 

1 5-Fluoro-isatin 3-[(N-4-methoxyphenyl)- 
thiosemicarbazone] 5-F-I3-[(N-4-MXP)-TSC] 344,3634 

2 5-Fluoro-isatin 3-[(N-2-methoxyphenyl)- 
thiosemicarbazone] 5-F-I3-[(N-2-MP)-TSC] 344,3634 

3 5-Fluoro-isatin 3-[(N-3-methoxyphenyl)- 
thiosemicarbazone] 5-F-I3-[(N-3-MXP)-TSC] 344,3634 

4 5-Fluoro-isatin 4-(3-methoxyphenyl)3-thiosemicarbazone) 
zinc (II) 5-F-I4-(3MXP)-3-TSC)Z(II) 735.1084 

 
 
 
 
 
  
 
 
 
 
 
 
  

Table 1. Properties and abbreviations of 5-Fluoro-isatin 3 derivatives.

 
 
 
 
 
 
 
 

Bacterial Strains Abbreviations G. Stain 
1 Klebsiella pneumoniae K. pneumoniae - 
2 Staphylococcus aureus ATCC 25923 S. aureus ATCC 25923 + 
3 Staphylococcus aureus S. aureus + 
4 Proteus vulgaris P. vulgaris - 
5 Escherichia coli E. coli - 
6 Serratia  marcescens  S.  marcescens  - 
7 Staphylococcus epidermis S. epidermis + 
8 Alpha haemolytic Streptococcus Alpha h. Streptococcus + 
9 Enterococcus faecium E. faecium + 

10 Pseudomonas aeruginosa P. aeruginosa - 
11 Listeria monocytogenes ATCC 7644 L. monocytogenes ATCC 7644 + 
12 Enterococcus durans E. durans + 
13 Enterococcus aerogenes ATCC 13048 E. aerogenes ATCC 13048 - 
14 Staphylococcus aureus ATCC 43300 S. aureus ATCC 43300 + 
15 Salmonella enteritidis ATCC 13076 S. enteritidis ATCC 13076 - 
16 Streptococcus pneumoniae ATCC 10015 S. pneumoniae ATCC 10015 + 
17 Sarcina lutea ATCC 9341 S. lutea ATCC 9341 + 
18 Salmonella typhimurium NRRLE 4463 S. typhimurium NRRLE 4463 - 
19 Yersinia enterocolitica ATCC 1501 Y. enterocolitica ATCC 1501 - 
20 Proteus mirabilis ATCC 25933 P. mirabilis ATCC 25933 - 
21 Enterococcus faecalis ATCC 25212 E. faecalis ATCC 25212 + 

Table 2. Bacterial strains used in this study.
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was adjusted to 0.5 McFarland standards which 
approximately equal to 108 cells forming unit 
(CFU). The accuracy of the density of McFarland 
Standards was used by a spectrophotometer with 
a 1-cm light path, and a 0.5 McFarland. Standard 
had an absorbance reading of (0.08 to 0.1 at 625-
nm). Muller Hinton Media Agar was sterilized and 
poured into 100 mm sterile Petri dishes [24].  In 
sterile Petri dishes, the medium was ready for 
the cultivation of bacteria. Bacteria were cultured 
with sterile cotton swabs to transfer them on 
plate. After bacterial cultivation, sterile antibiotic 
discs were placed in the required areas, and 
chemical compounds were absorbed into these 
discs. Incubation was left for 18-24 hours at 37 
°C to be left to incubation. The incubation period 
was achieved for 18-24 hours at 37 °C. Finally, the 
data of the antibacterial activity was calculated by 
comparing inhibition sites. 

DNA Protection Test
The DNA protection analysis was carried 

out using pUC19 isolated from E. coli, and 
the DNA concentration was confirmed 
spectrophotometrically. Fenton’s reagent was 
prepared by using 80 mM FeCI3, 50 mM ascorbic 
acid, and 30 mM H2O2 then adding distilled water 
up to the final be 10 ml [24]. Horizontal agarose 
gel electrophoresis method was used to obtain 
DNA fragments which were illuminated with 
ethidium bromide. Every compound was prepared 
in 1 mL of absolute ethanol at two concentrations 
0.0165 M and 0.102 M and kept for 24 hours, then 
centrifuged at 600 rpm for 5 minutes and the 
supernatant was collected.

The concentration of the pDNA was 230 ng/
µl. The plasmid was prepared according to the 
purification protocols of the Gene JET Plasmid 
Miniprep Kit (Thermo Scientific, USA Company). 
The mixture formed for the preparation of the 
samples contains 3 µl Fenton’s reagent, 4 µl pDNA, 
3 µl chemical and 10 µl distilled water.  Also, only 
4 µl pDNA and 16 µl distilled water were used for 
the negative control. The mixture prepared for 
a positive control sample contains 3 µl Fenton 
reagent, 4 µl pDNA and 13 µl distilled water. In 
the next step, all samples were left at 37 ° C for 
30 minutes to be incubated, and then 4 µl loading 
dye (Thermo Scientific, USA) was added. DNA was 
run on 1% agarose gels for 45 minutes and then 
visualized under ultraviolet light. All experiments 
were repeated three times, and band density 

was determined by gel image analysis software 
(Quantum, Vision-Capt., Vilber Lourmat SAS, and 
France).

 
Statistical Analysis

All experiments were performed in triplicate 
with technical replicates. Standard error of mean 
(SEM) analysis was performed using Minitab 
version 17.

RESULTS AND DISCUSSION
Antimicrobial property of compounds

In the levofloxacin’s positive control study, E. 
faecium and K. pneumonia species were found to 
be resistant to Levofloxacin, while other bacterial 
strains had different inhibition regions. Zosyn 
had also lethal effect on some of the bacteria 
except for P. vulgaris, E. coli, S. marrescens, E. 
aerogenes ATCC 13048, P. aeruginosa, E. durans, 
L. monocytogenes ATCC 7644, S. Enteritidis ATCC 
13076, S. lutea ATCC 9341, P. mirabilis ATCC 25933, 
S. pneumonia ATCC 10015 (Fig. 2). 

Levofloxacin is one of the group of antibiotics 
called  fluoroquinolones. Zosyn is a combination 
of piperacillin and tazobactam that are broad-
spectrum antibiotics. Levofloxacin is an effective 
agent against gram-positive and gram-negative 
bacteria. It is also preferred because it has a 
broad antimicrobial activity. It is first used in the 
treatment of many bacterial infections compared 
to ciprofloxacin. However, it is better than 
ciprofloxacin thanks to proven clinical effects such 
as the low incidence of adverse gastrointestinal 
reactions. DMSO was used as a negative control 
because it did not show any effect on all strains 
of bacteria used in this study. To clarify any 
participating role of DMSO in the biological 
screening, separate studies were carried out with 
the solutions alone of DMSO, and they showed no 
activity against any bacterial strains.

Compound 1 which contains N-4-
methoxyphenyl with fluoro isatin and 
thiosemicarbazone did not show any effect on all 
types of bacteria strains, and no inhibition zone 
appear.

In contrast to compound 1, compound 2 
indicated very good antimicrobial activity when 
compared to Levofloxacin and Zosyn which were 
used for positive control. Also, compound 2 
caused the formation of wide inhibition zones for 
nine strains of gram-positive and gram-negative 
bacteria which ranged between 11 and 30 mm in 



513J Nanostruct 10(3): 509-517, Summer 2020

M. Abdulhamid Ganim Ramadan et al. / Biological Activity of 5-Fluoro-Isatin Thiosemicarbazone Derivatives

diameter. The affected bacteria were P. vulgaris, S. 
aureus ATCC 25923, E. faecium, Alpha hemolytic 
Streptococcus, E. coli, S. aureus, L. monocytogenes 
ATCC 7644, S. marrescens, and E. aerogenes ATCC 
13048. Compound 2 gave better inhibition zones 
than Levofloxacin for gram-negative bacteria P. 
vulgaris, E. coli and S. marrescens with inhibition 
zones 30, 20, and 23 respectively. Also, compound 
2 was better than Levofloxacin on gram-positive 
bacteria strains including E. faecium, E. aerogenes 
ATCC 13048 and L. monocytogenes ATCC 7644. 
Compound 2 also indicated better antimicrobial 
activity than Zosyn antibiotic because Zosyn did 
not give any action on five strains of bacteria (Fig. 
3). 

Compound 2 was the strongest compound 
affecting gram-negative bacteria (about 44.4% 
of the total bacteria) compared to the other 
compounds. Compound 2 nearly resembles 
compound 1 on its structure which did not display 
any bacterial actions or inhibition zone in all 

bacteria. The only difference between them that 
the first one is composed of methoxyphenyl on 
the second position instead of methoxyphenyl 
on the fourth position. It can be concluded that 
the type and position of derivatives might directly 
affect the antimicrobial activity of the compound. 

Compound 3 share the same chemical 
structure except that the methoxyphenyl is present 
in the position of three. Compound 3 showed 
inhibition zones for both gram-positive and gram-
negative bacteria strains including K. pneumonia, 
S. Enteritidis ATCC 13076, S. marrescens, S. 
epidermis, E. coli, S. aureus ATCC 25923, S. aureus 
ATCC 43300, S. lutea ATCC 9341, S. typhimurium 
NRRLE 4463. On the other hand, the inhibition 
zone of compound 3 indicated mild inhibition 
zones with 6-9 mm in diameter compared with 
compound 2 whose inhibition zones were 
ranged between 11 to 30 mm in diameter. This 
situation can be explained by the presence of 
methoxyphenyl instead of methoxyphenyl groups. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 2. Antimicrobial activity of Levofloxacin and Zosyn antibiotics against the different bacterial strains.
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Also, compound 3 is more affecting gram-negative 
than gram-positive bacteria and is the only 
compound that inhibited Salmonella spp. such 
as S. enteritidis ATCC 13076 and S. typhimurium 
NRRLE 4463. Although some bacteria strains 
were not affected by Zosyn, compound 3 affected 
them even if it had a mild effect on these bacteria 

including E. coli, S. marrescens, S. enteritidis ATCC 
13076 and S. lutea ATCC 9341 (Fig. 4).

In this study, one metal complex of 5-Fluoro-
isatin thiosemicarbazone was also created by 
adding zinc to the complex. It was called Although 
many articles suggest that the addition of some 
metals caused an increase in their effect on 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 3. Antibacterial property of compound 2.

Fig. 4. Antibacterial property of compound 3.
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bacteria and inhibition zones, Compound 4 with 
zinc (II) did not show a wide range of antimicrobial 
activity. Compound 4 affected only one strain of 
gram-positive bacteria (E. faecium) with 9 mm 
diameter of inhibition zone and gave a better 
result than Levofloxacin based on their effect on E. 
faecium bacteria as shown in Fig. 5. 

Although many articles suggest that the 
addition of some metals caused an increase in their 
effect on bacteria and inhibition zones, Compound 
4 with zinc (II) did not show a wide range of 
antimicrobial activity. These groups of compounds 
contained 5 Fluoro-Isatin thiosemicarbazones 
with methoxyphenyl or methoxyphenyl on 
different positions of their chemical structures as 
well as zinc. They displayed different antimicrobial 
activities except compound 1 which did not show 
any inhibition zone for all tested bacteria strains. 
Although there is no certain explanation for this 
situation, it may arise from the position of the 
N-4- methoxyphenyl. Patela et al. (2006) reported 
an antimicrobial study in which substitution in 
the 5th position of isatin with fluorine, chlorine, 
and bromine produced more active compounds 
in a series [25]. These compounds provided good 
action compared to positive control antibiotics 
against some bacteria strains. For example, 
compound 2 brought about the formation of 30 
mm in diameter inhibition zones in P. vulgaris. 
Other compounds also formed great inhibition 
zones against L. monocytogenes ATCC 7644, E. 
aerogenes ATCC 13048, S. marrescens, E. coli and 
E. faecium. Also, this group of compounds was 
mostly affected by gram-negative bacteria strains. 
Saito et al. (2007) reported that P. vulgaris is often 

persistent nosocomial microorganism and difficult 
to treat due to its resistance to many antibiotics. 
It was also detected that progressive increase 
in resistance to fluoroquinolones and broad-
spectrum cephalosporin had been seen in clinical 
isolates of this species [26].  However, 5-Fluoro-
isatin thiosemicarbazone derivatives provided 
very good action against P. vulgaris. S. enteritidis 
ATCC 13076 and S. typhimurium NRRLE 4463, 
which are considered one of the world problems 
as antibiotics resistance were also affected by 
these groups of compounds.  Compound 4 was 
the weakest one in this group and inhibited only 
one gram-positive bacteria E. faecium with a small 
inhibition zone. This outcome is contrary to that of 
Varkey et al. (2013) and Vaidya et al. (2017) who 
found that the compounds with metal had more 
effects on bacterial actions [27,28]. Surprisingly, it 
was consistent with a study reported by Hobman 
and Crossman (2014) who indicated metal ion 
resistance on antimicrobial activity [29]. It is 
difficult to explain this result, but it might be 
related to the chemical structure of compounds 
and the position of derivatives. 

DNA protection activity
The DNA protection test was conducted 

to indicate the protection feature of various 
compounds against hydroxyl radical damage 
generated by Fenton Reagents. DNA protection 
capacity of the 5-Fluoro-Isatin thiosemicarbazone 
and its derivatives were examined in this study. 
Although there were some variations, it was 
observed that compounds indicated average DNA 
protection activity. The compound 4 gave the best 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 5. Antibacterial property of compound 4.
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DNA protection activity with 54% followed by 
compound 3 with 46.8% (Fig. 6). 

Because of the presence of zinc metal in 
compound 4, it might tightly bind to DNA and 
protected from Fenton’s reagent.

Contrary to expectations, compound 3 
performed better protection activity at low 
concentration rather than higher concentration. 
Also, compound 1 which was the only compound 
that did not have antimicrobial activity also showed 
the lowest DNA protection percentage. Although 
there was no significant relationship between 
the antimicrobial and DNA protection activities, a 
similar study indicated the same correlation. Şener 
et al. (2018) reported that 2,4-dihydroxyquinoline 
derived disazo dyes had the same effect on both 
activities [30]. The compounds which possessed 
lower DNA binding capacity also displayed limited 
antimicrobial activity. A possible explanation 
for these results may be the binding affinity of 
compounds to biomolecules. The lower binding 
capacity to macromolecules or biomolecules may 
result in reduced antimicrobial activity.

CONCLUSIONS
In the fight against bacterial infections, 

antibiotic resistance occurs are especially 
important. The prevalence of the diseases caused 

by these infections is evaluated urgently for medical 
research in the treatment process. Therefore, 
the different biological effects of 5-fluoro-isatin 
thiosemicarbazone and its derivatives were 
examined in this study to find out combating 
bacterial infections. Compound 2 possessed 
a promising effect on both Gram-positive and 
negative bacteria strains. Besides, DNA protective 
activity of these compounds was also investigated 
and found that Compound 4 had high DNA binding 
affinity. A possible explanation for these results 
may be the presence of different functional groups 
and their positions in compounds. Furthermore, 
some in vivo tests should be performed for further 
evidence of their antimicrobial activity or DNA 
binding property. Also, it is necessary to examine 
more structure-activity relationships on derivatives 
of isatin-thiosemicarbazone. Thus, more efficient 
drugs might be improved for both bacterial 
infections and cancer treatments.
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