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Summary

In recent years, due to a sharp increase of antibiotic resistance, synthesized derivative com-
pounds have been considered as a superseded source for new drugs. With regard to the high
therapeutic behavior of isatin derivatives from many aspects of drug discovery, in this study,
the antibacterial effects of newly synthesized derivatives of pyranopyrazole, pyrazolo[1,2-b]ph-
talazine and bis-pyrazole against Bacillus cereus, Escherichia coli, Pseudomonas aeruginosa,
Staphylococcus aureus and Enterococcus faecaliswere examined.
Twelve individual compounds were weighted and prepared at a final concentration of 1 mg/mL
in dimethyl sulfoxide (DMSO). Bacterial test organisms were maintained in nutrient agar slants
at 4ºC and subcultured in Petri plates prior to use. The tested compounds are randomly added
into the wells with a 100 μl volume on the plate under sterile condition and then were incu-
bated at 37ºC for 24 hours. All experiments were repeated three times and the mean values
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Introduction

Each year many people die because of Gram-positive
and Gram-negative bacterial infections. These bacte-
ria mostly result in rheumatic diseases, salmonellosis,
food poisoning, and diarrhea.1 Regardless of the kind
of microbial infections, antibiotics are considered as
the main basis for treatment, although overuse of an-
tibiotics induced a problematic antibiotic resistance
situation in recent years.2,3 This problem will become
more pronounced if the alarming number of life-th-
reatening infectious disease caused by multiple drug
resistant pathogen bacteria in recent years are taken
into account.4

Lipopeptides, oxazolidinones, and streptogramins
are the only three classes of antibiotics which have
been discovered in the past four decades.5 Because
older antibiotics are losing their effectivenes, second
or third line drugs are being used even in spite of pos-
sible side effects.2 Hence, considering the mentioned
facts about the resistant clinical isolates, it can be seen
that the discovery of new antimicrobial agents will
pave a bright future for treating infectious diseases
caused by drug resistant pathogen bacteria.

The metabolically versatile bacterium, Pseudomo-
nas aeruginosa, normally inhabits the soil and surfaces

in aqueous environments,6 infections caused are
often nosocomial and frequently are associated with
compromised host defenses.7 It is among the most
common hospital pathogens and is the second most
common pathogen isolated from patients with venti-
lator-associated pneumonia.8 Staphylococcus aureus
which can be transmitted among hospital personnel
and hospitalized patients, is one of the most common
nosocomial bacteria of infectious diseases9 posses-
sing many mechanisms of pathogenicity.10 Bacillus ce-
reus is a Gram-positive bacterium which can cause
diarrhea, emesis, fatal meningitis, and spoilage of dif-
ferent food products.11 This bacterium can transmit
through processed, pasteurized, sterilized, and heat-
treated food products.12 Escherichia coli is commonly
found in the digestive system, particularly intestine of
humans and animals. Drug resistant E. coli can be tran-
sferred from animals to people.13 As normal human
commensals which are adapted to the nutrient-enri-
ched, oxygen-depleted and ecologically complex en-
vironments, Enterococci can cause a wide variety of
diseases in humans, infecting the urinary tract, blood-
stream, endocardium and indwelling foreign devi-
ces.14 Enterococcus faecalis causes 80 to 90% of human
enterococcal infections.15

Isatin (2,3-dioxindole) is an important class of he-
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are reported as the results. The antibacterial effects of the compounds that produced ≥ 8mm
zone of inhibition were tested quantitatively by Micro broth dilution method for determination
of minimal inhibitory concentration (MIC) value. After incubation overnight, the first tube with
clean appearance determined the MIC.
According to the results, the MIC of the compounds defined as c and d against S. aureus is 64
(μg/ml). It is found that the synthesized compounds are only effective against S. aureus.
The comparison of the maximum zone of inhibition (22±0.4) and MICs between the present
study and those in literature, shows the privilege of using compound c and d against S. aureus.



terocyclic compounds16 and a core component of nu-
merous natural products and drugs. In recent years,
isatin derivatives have attracted interest in organic
and medicinal chemistry because of their potent bio-
logical and pharmacological activities, like antitumor,
anti-inflammatory and analgesic, antimicrobial, anti-
mycobacterial, anticonvulsant, antiviral, anthelmintic,
anti-HIV, antioxidant, CNS depressant ones.16 There-
fore, many research teams focused on the synthesis
and study of isatin compounds, like pyranopyrazole,
pyrazolo[1,2-b]phtalazine and bis-pyrazole. 

In that respect, we have attempted to evaluate the
antibacterial activity of some newly synthesized deri-
vatives of pyranopyrazole, pyrazolo[1,2-b]phtalazine17

and bis-pyrazole18 against five bacteria, Pseudomonas
aeruginosa, Staphylococcus aureus, Bacillus cereus,
Escherichia coli and Enterococcus faecalis is investiga-
ted by disk diffusion and minimum inhibitory concen-
tration (MIC) methods.

Materials and Methods

Synthesis and characterization of the compounds
Synthesis and characterization of the compounds
used in this study has been reported in previous
works.17,18 Twelve individual compounds were weigh-
ted and prepared at a final concentration of 1 mg/mL
in Dimethyl sulfoxide (DMSO).

Bacterial culture
Bacterial strains used in the present study were taken
from Bahar Afshan Company, Tehran, Iran, and inclu-
ded B. cereus ATCC11778, S. aureus ATCC25923, E. fae-
calis ATCC29212, E. coli ATCC25922 and P. aeruginosa
ATCC27853. Bacterial test organisms were maintained
in nutrient agar (Merck, Germany) slants at 4°C and
subcultured in Petri plates prior to use. From the petri
plates, bacterial suspension was prepared at a final
concentration of 0.5 McFarland standards (1.5 x 108

cfu/mL).

Diffusion disc agar and minimal inhibitory concentra-
tion (MIC) methods
Antimicrobial sensitivity was tested by disk diffusion
method and minimum inhibitory concentration (MIC)
according to Clinical and Laboratory Standards Insti-
tute (CLSI) guideline.19

Briefly, the 0.5 McF suspension of bacteria was
spread over Muller-Hinton Agar plates, and a 100 μl
volume of the tested compounds were randomly
added into 9.6 mm paper disks on the plate under ste-
rile condition and then were incubated at 37°C for 24
hours. DMSO was used as a negative control, which

has no antimicrobial activity. All experiments were re-
peated in triplicate and the mean values are reported
at the results. 

The antibacterial effects of the compounds that
produced a zone of inhibition larger than 8mm were
further tested quantitatively by broth microdilution
method for determination of MIC value (that was de-
fined as the lowest concentration of the compound
inhibiting the growth of tested bacteria). Overall com-
pounds concentration of 512, 256, 128, 64, 32, 16, 8
μg/mL were prepared and tested under the same in-
cubation conditions. One tube without inoculation
was used as a negative control, while one that contai-
ned gentamicin antibiotic was used as a positive con-
trol. After incubation overnight, the first tube without
any growth determined the MIC.

Results and discussion 

In total four compounds (designated a, b, c and d)
were tested in the present work. Their chemical cha-
racteristics and the disk diffusion results are presented
in Table 1. It can be observed that activity was detec-
ted only against S. aureus. More specifically, compo-
unds a and b demonstrated low activity (zones of 11
and 16 mm) whereas compounds c and d demonstra-
ted higher activity against S. aureus. In that respect,
only S. aureus was tested using the broth microdilu-
tion method. The MIC of the four compounds against
S. aureus is presented in Table 2, where it is shown that
compounds a and b exhibited high MIC values (512
and 128 μg/ml, respectively), whereas compounds c
and d demonstrate lower MIC values (64 μg/ml), thus
indicating a possible antibacterial activity against S.
aureus. 

Pyrazole derivatives which are extensively studied
and used as antimicrobial agents,20,21 possess wide
spectrum of biological activities, such as antifungal,22

herbicidal,23 anti-inflammatory,24 cytotoxic25 and A3
adenosine receptor antagonists.26 In some pharmace-
utical drugs such as celecoxib27 and rimonabant28 py-
razole is the core molecular entity.28,29 In addition,
5-chloropyrazole derivatives show antimicrobial30 and
anti-inflammatory activities.31

In the present study we showed that new synthe-
sized pyrazole derivatives exhibited activity against S.
aureus, but not against B. cereus, E. coli, P. aeruginosa,
or E. faecalis. This has been shown in other studies of
similar comounds with comparable chemistry as well,
as indicated in Table 3. Nevertheless, inhibition zones
against S. aureus in the present study (compounds c
and d) are higher than those reported in the compa-
rable studies,32-34 although the actual difference is mi-
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               Compound                                                                                                            D i s k  d i a m e t e r s  ( m m )

                                                                          Name                              B. cereus        E. coli     P. aeroginosa    S. aureus   E. faecalis

                                                     3,3-bis(5-hydroxy-3-methyl-1-               No                No                 No                                     No
                                                            phenyl-1H-pyrazol-4-                  activity         activity         activity           11±0.6        activity
                                                               yl)indolin-2-oney

                                                     1-benzyl-3,3-bis(5-hydroxy-3-               No                No                 No                                     No
                                                      methyl-1-phenyl-1H-pyrazol-            activity         activity         activity           16±0.4        activity
                                                               4-yl)indolin-2-one

                                                          6'-amino-3'-methyl-1-(3-
                                                    (naphthalen-2-yloxy)propyl)-2-              No                No                 No                                     No
                                                              oxo-1'-phenyl-1'H-                     activity         activity         activity           22±0.1        activity
                                                     spiro[indoline-3,4'-pyrano[2,3-
                                                         c]pyrazole]-5'-carbonitrile

                                                      3'-amino-1-(3-(naphthalen-2-
                                                      yloxy)propyl)-2,5',10'-trioxo-                No                No                 No                                     No
                                                       5',10'-dihydrospiro[indoline-             activity         activity         activity           22±0.4        activity
                                                               3,1'-pyrazolo[1,2-
                                                      b]phthalazine]-2'-carbonitrile                  

Gentamicin (Positive Control)                                                                 18±0.6         16±0.5          18±0.6           18±0.4        17±0.7

                                                                                                                     No                No                 No                                        
                  DMSO                                                                                   activity         activity         activity                –                  –

Antibacterial activity of chemical compounds; zone of inhibition in mmTable 1

DMSO: Dimethyl sulfoxide (negative control)

   Compound               S. aureus MIC (mg/L)
           a                                       512
           b                                       128
           c                                        64
           d                                        64
      DMSO                            No activity

Minimum inhibitory concen-
tration of the chosen chemical
compounds against S. aureus
ATCC25923 (μg/ml)

Table 2

DMSO: Dimethyl sulfoxide (negative control)



nimal34 and MIC values are either lower or within one
dilution difference. Finally based on comparison bet-
ween our results and other similar studies working on
synthesis of newly derivatives of pyranopyrazole, py-
razolo [1,2-b]phtalazine and bis-pyrazole, isatin pre-
sence in our compounds can increase antibacterial
activity. A possible explanation for this might be that
isatin and its derivatives have a good antimicrobial
and antibacterial activity.16,35

Conclusions

In conclusion, the comparison of the maximum zone
of inhibition and MICs between the present study and

those in literature, shows the privilege of using two
compound against S. aureus. Further studies for the
application of these compounds in vivo should be per-
formed.
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 Max. zone of inhibition (mm)        MIC (µg/ml)            Reference
                   22±0.4a                                   64                   Present study
                        –                                        200                         (32)
                   21±0.17                                    –                           (33)
                      21.3                                      32                          (34)

A quantitative comparison of
antibacterial activity against
S. aureus; maximum zone of
inhibition and minimum inhi-
bition concentration (MIC).

Table 3

a Values are means of three replicates
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Περίληψη

Μελέτη της αντιβακτηριακής δράσης νέων παραγώγων πυρανοπυραζό-
λης: pyrazolo[1,2-b]phtalazine και bis-pyrazole

Masoud Hamidi1,2, Nahid Ramezanpour2, Fatemeh Karimitabar1,2,*, Ardeshir Khazaei3,
Mohammad Ali Zolfigol3, Iraj Nikokar2, Rasool Mirzaei2, Afshin Vanak Araghian2

1Food and Drug Research Center, Vice-Chancellery of Food and Drug, Guilan University of Medical Sciences,
Rasht, Iran; 2Medical Biotechnology Research Center, Faculty of Paramedicine, Guilan University of Medical
Sciences, Rasht, Iran; 3Faculty of Chemistry, Bu-Ali Sina University, Hamedan, Iran

Τα τελευταία χρόνια, λόγω των αυξανόμενων αντοχών στα αντιβιοτικά, συνθετικά παραγόμενες
νέες ουσίες μελετώνται ως υποψήφια νέα αντιμικροβιακά φάρμακα. Στην παρούσα μελέτη εξε-
τάζεται η δράση νέων παραγώγων πυρανοπυραζόλης, συγκεκριμένα pyra-zolo[1,2-b]phtalazine
και bis-pyrazole, έναντι στελεχών Bacillus cereus, Escherichia coli, Pseudomonas aeruginosa, Staphy-
lococcus aureus και Enterococcus faecalis. Συνολικά μελετήθηκαν 12 ουσίες. Τέσσερεις από αυτές,
a, b, c και d* σε τελική συγκέντρωση 1 mg/mL σε dimethyl sulfoxide (DMSO) με τη μέθοδο διά-
χυσης δίσκων και μέθοδο αραιώσεων σε ζωμό (σύμφωνα με το CLSI), βρέθηκαν δραστικές. Συγ-
κεκριμένα, εναιώρημα 0,5 McF εκάστου μικροβιακού στελέχους επιστρώθηκε σε Muller Hinton
άγαρ και προστέθηκε δισκίο χαρτιού 9.6 mm εμποτισμένο με 100μl της υπό εξέταση ουσίας.
Μετά από επώαση 24 ωρών σε 37ºC έγινε μέτρηση των διαμέτρων αναστολής ανάπτυξης των
υπό μελέτη μικροβιακών στελεχών. Ως αρνητικός μάρτυρας χρησιμοποιήθηκε δισκίο εμποτι-
σμένο με DMSO και ως θετικός δισκίο γενταμικίνης. Όλα τα πειράματα έγιναν τρεις φορές και
αξιολογήθηκαν οι μέσες τιμές. Αποτελέσματα με διάμετρο αναστολής ανάπτυξης μικροβίου ≥
8mm μελετήθηκαν περαιτέρω ποσοτικά με μακρομέθοδο αραιώσεων σε ζωμό για καθορισμό
της Ελάχιστης Ανασταλτικής Συγκέντρωσης (MIC). Ως τιμή MIC καθορίστηκε η ποσότητα ουσίας
στο σωληνάριο χωρίς ορατή μικροβιακή ανάπτυξη. Σύμφωνα με τα αποτελέσματα, η MIC για τις
ουσίες c και d έναντι S. aureus ήταν 64 μg/ml. Οι μελετούμενες ουσίες ήταν δραστικές μόνο έναντι
του S. aureus. Σύγκριση των τιμών ζωνών αναστολής (22±0.4) και MIC μεταξύ της παρούσας με-
λέτης και αυτών από τη βιβλιογραφία έδειξε την αξία των ουσιών c και d έναντι στελεχών S. au-
reus, αλλά όχι έναντι των λοιπών υπό μελέτη στελεχών B. cereus, E. coli, P. aeruginosa, και E. faecalis.

*a: 3,3-bis(5-hydroxy-3-methyl-1-phenyl-1H-pyrazol-4-yl)indolin-2-oney
b: 1-benzyl-3,3-bis(5-hydroxy-3-methyl-1-phenyl-1H-pyrazol-4-yl)indolin-2-one
c: 6'-amino-3'-methyl-1-(3-(naphthalen-2-yloxy)propyl)-2-oxo-1'-phenyl-1'H-spiro[indoline-3,4'-pyrano[2,3-c]pyra-
zole]-5'-carbonitrile
d: 3'-amino-1-(3-(naphthalen-2-yloxy)propyl)-2,5',10'-trioxo-5',10'-dihydrospiro[indoline-3,1'-pyrazolo[1,2-b]phtha-
lazine]-2'-carbonitrile

Λέξεις κλειδιά
Αντιβακτηριακή δράση, αντιβιοτική αντοχή, μέγιστη ζώνη αναστολής,
ελάχιστη ανασταλτική συγκέντρωση, ισατίνη
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