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ABSTRACT. The series of pyrazolyl-phthalazine-dione derivatives (PPDs) was 

subjected to evaluation of their in vitro lipoxygenase (LOX) inhibition and antimicrobial 

activities. Results obtained for LOX inhibition activities of PPDs showed that all 

compounds exhibit good to excellent activity, whereby compounds with eudesmic, 

syringic, vanillic or toluic moiety are the most active. Molecular modelling study was 

performed to investigate the possible mechanism of action and binding mode of 

compounds within the LOX active site. Docking results revealed that activity of the 

examined compounds depends on the functional group ability to create hydrogen bond 

accepting (HBA) and hydrophobic features (Hy) in the LOX-Ib active site. In addition, all 

substances were tested for their antibacterial and antifungal activities. The investigated 

compounds showed better antifungal than antibacterial activity. The highest antifungal 

activity was on Aspergillus fumigatus ATTC 204305 and Trichoderma viridae ATCC 

13233. 

 

Keywords: pyrazolyl-phthalazine-dione derivatives, anti-inflammatory activity, 

molecular docking, antimicrobial activity. 

 

 

 

INTRODUCTION 

 

Heterocycles with pyrazole and phthalazine moiety have been the topic of research 

because of their large number of biological properties. These compounds exert activities such 

as, antibacterial (LV et al., 2010), anticonvulsant (GRASSO et al., 2000), antiviral (GENIN et 
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al., 2000), cardiotonic (NOMOTO et al., 1990), antitumor (WEI et al., 2006), anti-

inflammatory (NAKAMURA et al., 2003), vasorelaxant (WATANABE et al., 1998), antifungal 

(RYU et al., 2007), cytotoxic (KIM et al., 2008), anticancer (EL-SAKKA et al., 2009) and 

anticoagulant (XIA et al., 2007). The pyrazolo and phthalazine derivatives have found 

applications in biologically active pharmaceuticals, functional materials as well as in 

agrochemicals (BERGSTROM, 1944; LICHTENTHALER, 2002; NABID et al., 2010). In addition, 

tacrine-like pyrazolo[1,2-b]phthalazine compounds are reported as selective and potent 

inhibitors of acetylcholinesterase (AChE), and could be effective drugs for Alzheimer 

therapy (JALILI-BALEH et al., 2017). It is important to emphasize that there are commercially 

available drugs which contain phthalazine or pyrazole moiety, such as Vatalanib (PTK-787) 

(ASIF, 2015), Zopolrestat (MYLARI et al., 1991), Hydralazine (GROVES et al., 1985), 

Imonabant (CURIONI and ANDRÉ, 2006), CDPPB (USLANER et al., 2009), Betazole (SEGAL et 

al., 1959) (Fig. 1). 

 

 
 

Figure 1. Commercially available drugs with phthalazine or pyrazolo moiety. 

 

Lipoxygenases (LOXs) present a group of oxidative enzymes which can be found in 

plants and mammalian. The mammalian LOX catalyzes the oxygenation of arachidonic acid, 

while linoleic acid is the primary substrate of the plant LOX (VINAYAGAM et al., 2017; 

WISASTRA and DEKKER, 2014). The active site in soybean LOX is non-heme Fe(III)-ion 

coordinated by three histidines, asparagine, isoleucine, and a hydroxy group. The LOX active 

site with part of linoleic acid, as substrate, is presented in Fig. 2 (PHATAK et al., 2012). 

Soybean LOX is a homologue of mammalian LOX and most of studies have used 

soybean LOX to find efficient LOX inhibitors. Very often LOX inhibitors are antioxidants or 

free radical scavengers (PETROVIĆ et al., 2009; PONTIKI and HADJIPAVLOU-LITINA, 2018). 

LOXs are responsible for the synthesis of leukotrienes, potent inflammatory mediators, that 

cause various pathological processes such as bronchial asthma, epithelial cancers-prostate, 

human colon cancer and allergic rhinitis (PETROVIĆ et al., 2018). For these reasons, finding 

efficient LOX inhibitors present challenge for many scientists. In literature, several types of 
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inhibitors have been reported, such as: redox inhibitors, non-redox inhibitors, FLAP inhi-

bitors, iron-chelator inhibitors, and leukotriene antagonist (SIMIJONOVIĆ et al., 2018; WISA-

STRA and DEKKER, 2014). Literature is scarce with data that relate to in vitro LOX inhibitory 

activity and docking study of pyrazoles and phthalazines derivatives, and there are a few such 

papers ( ABDELALL et al., 2016; ABD EL RAZIK et al., 2017; HU and MA, 2018). 

 

 

 
 

Figure 2. The active site in soybean LOX. 

 

Recently, synthesis of pyrazolyl-phthalazine-dione derivatives (PPDs) was reported 

(Fig. 3), (SIMIJONOVIĆ et al., 2018) as well as their antioxidative effects.  

 

 
 

Figure 3. General structural formula of the investigated compounds PPD-1-10 with atom labeling 

used in Structure-based activity relationships section. 

 

Excellent antioxidant activities of compounds with catechol and syringic moiety (2-

acetyl-1-(3,4-dihydroxyphenyl)-3-methyl-1H-pyrazolo[1,2-b]phthalazine-5,10-dione (PPD-

7) and 2-acetyl-1-(4-hydroxy-3,5-dimethoxyphenyl)-3-methyl-1H-pyrazolo[1,2-b] phthala-

zine-5,10-dione (PPD-9) exerted IC50 values of 4.1 and 14.6 µM against 1,1-diphenyl-2-

picryl-hydrazyl (DPPH) radical motivated us to examine anti-inflammatory activities of these 

compounds. Namely, it is known that antioxidants may behave as effective LOX inhibitors 

(PETROVIĆ et al., 2009; PONTIKI and HADJIPAVLOU-LITINA, 2018). On the other hand, 

literature data regarding the antimicrobial activity of compounds with pyrazo-phthalazine 
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moiety documents that these substances exhibit good antibacterial and antifungal activities. 

According to this, these compounds target microbial growth and could be a good starting 

material to find new more active compounds (SHAH et al., 2012; SANGANI et al., 2016). 

Therefore, the aim of this study was to continue with investigation of the biological activities 

of recently synthetized PPDs. 

 

 

MATERIALS AND METHODS 

 

General procedure for the synthesis of pyrazolyl-phthalazine-dione 
 

The procedure for synthesis of the pyrazolyl-phthalazine-dione (PPD-1-10), as well 

as their corresponding spectral characterization are given in reference (SIMIJONOVIĆ et al., 

2018).  

Biological experiments 
 

In vitro study of soybean lipoxygenase inhibition  

The determination of the soybean lipoxygenase inhibition of the PPDs was performed 

according to the previously described methodology. (PONTIKI and HADJIPAVLOU-LITINA, 

2007) The tested PPDs were dissolved in DMSO and incubated at room temperature with 

sodium linoleate (100 μl) and 200 μl of enzyme LOX type Ib solution (1/9×10−4w/v in saline) 

and buffer tris pH 9. The conversion of sodium linoleate to 13-hydroperoxylinoleic acid at 

234 nm was recorded and compared with the NDGA as standard inhibitor. The results 

presented as mean values  standard deviation (SD) of three independent measurements. The 

standard deviation was calculated in Office 365 Excel program 2104 by using equation: 

 

                                                                                                             (1) 

 

 

In vitro antimicrobial assays 
 

Test microorganisms 

Antimicrobial activity of methanol and ethyl acetate extract was tested against eight 

strains of bacteria and 10 strains of fungi. The list of tested microorganisms is presented in 

Tabs. 2 and 3. All clinical isolates were a generous gift from the Institute of Public Health, 

Kragujevac. The other microorganisms were provided from a collection held by the Micro-

biology Laboratory, Faculty of Science, University of Kragujevac. 
 

Suspension preparation 

The suspensions were prepared by the direct colony method (ANDREWS, 2005). The 

turbidity of the initial suspension was adjusted using 0.5 McFarland standard whit densito-

meter (DEN-1, BioSan, Latvia). The initial bacterial and yeast suspensions were addition-

nally diluted in 1:100 ratio in sterile 0.85% saline. The resulting bacterial suspension contains 

about 106 colony forming unites (CFU)/mL and suspension of yeast contains 104 CFU/mL. 

The suspensions of fungal spores were prepared from 3- to 7-day-old cultures that grew on a 

potato dextrose agar. The spores were prepared by gentle stripping of spores from slopes with 

growing mycelia with sterile 0.85% saline, used to determine turbidity spectrophoto-

metrically at 530 nm according to NCCLS (NCCLS, Wayne, PA, USA). The resulting sus-

pensions were approximately 104 CFU/mL. 
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Microdilution method 

The antimicrobial activity was tested by determining the minimum inhibitory 

concentration (MIC) and the minimum microbicidal concentration (MMC) using the 

microdilution method with resazurin (SARKER et al., 2007). The stock concentration of tested 

substances was 2000 μg/mL. The tested compounds were dissolved in DMSO and then 

diluted into a nutrient liquid medium to achieve a concentration of 10%. Twofold serial 

dilutions of tested substances were made in sterile 96-well plates containing Mueller-Hinton 

broth (Torlak, Beograd) for bacteria and Sabouraud dextrose broth (Torlak, Belgrade) for 

fungi. The tested concentration range was from 1000 μg/mL to 7.81 μg/mL. After that, the 

plates were inoculated with the suspensions to give a final concentration of 5×105 CFU/mL 

for bacteria and 5×103 CFU/mL for fungi. The growth of bacteria and yeasts was monitored 

by adding resazurin (67.5 mg/10 mL). Resazurin is a blue non-fluorescent dye that becomes 

pink and fluorescent when reduced to resorufin by oxidoreductases within viable cells. The 

inoculated plates were incubated at 37 °C for 24 h for bacteria, 28 °C for 48 h for yeasts and 

28 °C for 72 h for molds. 

MIC was defined as the lowest concentration of tested substances that prevented 

resazurin color change from blue to pink. For molds, MIC values of the tested substances 

were determined as the lowest concentration that visibly inhibited mycelia growth. MMC 

was determined by plating 10 mL of samples from wells, where no indicator color change 

was recorded, on nutrient agar medium. At the end of the incubation period the lowest 

concentration with no growth (no colony) was defined as MMC. 

Doxycycline and fluconazole, dissolved in nutrient liquid medium, were used as 

positive controls, 10% DMSO was used as a negative control. It was observed that 10% 

DMSO did not inhibit the growth of microorganisms. Each test included growth control and 

sterility control. All tests were performed in duplicate, and MICs were constant. 

 

Molecular modeling experiments 
 

The structure crystal preparation soybean lipoxygenase  

To the best of our knowledge, there are no crystal structures containing co-

crystallized structures of compounds investigated in this study with soybean lipoxygenase. 

Therefore, molecular docking was performed on soybean lipoxygenase-Ib (PDB ID: 5T5V) 

(SRIVASTAVA et al., 2016; TORRES et al., 2013). Initially, the protein was prepared for 

molecular modelling after being loaded into the UCSF Chimera v1.10.1 software (PETTERSEN 

et al., 2004) for Linux 64 bit architecture and visually inspected. Protein was then energy 

minimized as follows: through the leap module of the Amber suite (CASE et al., 2012) they 

were solvated with water molecules (TIP3 model, SOLVATEOCT Leap command) in a box 

extending 10 Å in all directions, neutralized with either Na+ or Cl- ions, and refined by a 

single point minimization using the Sander module with maximum 1000 steps of the 

steepest-descent energy minimization followed by maximum 4000 steps of conjugate-

gradient energy minimization, with a non-bonded cut off of 5 Å. 
 

Generation of 1H-pyrazolo[1,2-b]phthalazine-5,10-dione derivatives 

All of the 1H-pyrazolo[1,2-b]phthalazine-5,10-dione derivatives were modelled by 

applying the Chemaxon’s msketch module, (BEANS, 2015) by means of molecular 

mechanics’ optimization upon which the hydrogen atoms appropriate to pH 7.4, were 

assigned,  
 

Molecular docking protocol 

The active site definition was performed upon the 5T5V crystal had been aligned to 

soybean lipoxygenase-3 co-crystallized with 13(s)-hydroperoxy-9(Z),11(E)-octadecadienoic 

acid (PDB ID: 1IK3) (SKRZYPCZAK-JANKUN et al., 2001), by means of UCSF Chimera 
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MatchMaker module. The protein part of 1IK3 crystal was prepared similarly to the 5T5V 

one. Thus, an 1IK3 inhibitor was extracted from the complex after which either protein or 

ligand were improved by assigning the hydrogen atoms at pH of 7.4 and Amber parameters 

(CASE et al., 2012) using Antechamber semi-empirical QM method. Upon the thorough 

examination, the A chain of each complex was retained for further manipulation and aligned 

to obtain common relative coordinates. The prepared structures of 5T5V and 1IK3 were 

imported into AutoDockTools graphical user interface. Nonpolar hydrogen atoms were 

removed while Gasteiger charges and solvent parameters were added. All of the tested 

compounds were used as ligands for docking. The rigid root and rotatable bonds were 

defined using AutoDockTools. The docking on 5T5V was performed with AutoDock 4.2 

(MORRIS et al., 2009) by applying the cuboid docking grid coordinates provided from 1IK3 

complex as follows: the xyz coordinates (in Ångströms) for the computation were 

Xmin/Xmax = 8.328/31.096, Ymin/Ymax = −15.291/15.029, Zmin/Zmax = 3.579/31.555; 

the coordinates setup was performed in a manner to embrace the minimized inhibitor 

spanning 10 Å in all three dimensions. The Lamarckian Genetic Algorithm was used to 

generate orientations or conformations of ligands within the binding site. The procedure of 

the global optimization started with a sample of 200 randomly positioned individuals, a 

maximum of 1.0 × 106 energy evaluations and a maximum of 27 000 generations. A total of 

100 runs were performed with RMS Cluster Tolerance of 0.5 Å. 
 

 

RESULTS AND DISCUSSION 
 

In vitro lipoxygenase inhibition 
 

The UV absorbance-based soybean lipoxygenase assay is often used as an analysis 

model for indication of compounds anti-inflammatory activity (MÜLLER, 1994). Therefore, 

the soybean LOX was selected for evaluation of anti-inflammatory potential of PPDs. 

Obtained results revealed that all examined compounds exhibit IC50 anti-LOX activity in 

range of 24-49 µM, Tab. 1. Namely, the compounds PPD-2 and PPD-10 provided the 

highest LOX inhibition (IC50 = 24.42 and IC50 = 24.10 µM), followed by PPD-8 and PPD-9 

with activities of IC50 = 28.36 and IC50 = 27.84 µM. Compounds PPD-1, PPD-4, and PPD-5 

exhibit activities in the range of 33-38 µM, while compounds PPD-3, PPD-6, and PPD-7 

exert low activities. 
 

Table 1. Compounds PPD-1-10 estimated and energies of binding (ΔGbind) predicted inhibition 

constants (Ki). 
 

Compounds IC50 (µM) ΔGbind (kcal/mol) Ki (μM) 

PPD-1 38.01±0.15 -5.6 106.64 

PPD-2 24.42±0.94 -5.3 127.49 

PPD-3 33.97±0.11 -5.6 101.34 

PPD-4 33.10±0.35 -5.7 100.79 

PPD-5 36.29±0.72 -5.7 102.78 

PPD-6 49.01±0.63 -5.0 139.54 

PPD-7 41.97±0.14 -5.0 134.24 

PPD-8 28.36±0.09 -5.6 117.64 

PPD-9 27.84±0.15 -5.8 102.41 

PPD-10 24.10±0.48 -6.1 99.53 

Results of IC50 values represent mean values ± standard deviation (SD) of three independent measurements. 



   41 

 

Structure-based activity relationships 
 

As the tested compounds have been experimentally confirmed as LOX-Ib inhibitors, 

their activity profile was further on fulfilled on the structure-based level. Compounds calcu-

lated free energies of binding (ΔGbind) and predicted inhibition constants (Ki) are reported in 

Tab. 1. Thus, in the best-docked conformation of PPD-10, as the most active LOX-Ib 

inhibitor (Tab. 1), the 1,2,3,4-tetrahydro-phthalazine core of 1H-pyrazolo[1,2-b]phthalazine-

5,10-dione basic scaffold is oriented towards the T-shaped hydrophobic clashes with Phe553 

and Ile747, respectively, while the 2,3-dihydro-1H-pyrazole ring is located in a hydrophobic 

pocket made of Ile548, Ile549, and Val746 (Fig. 4A). The precise orientation of the basic 

scaffold is also conditioned with the additional stabilization within the active site by means of 

C7 carbonyl oxygen (Figs. 3 and 4) involvement in strong hydrogen bonding with Gln491 

(dHB = 1.886 Å) and Gln693 (dHB = 2.859 Å), respectively. Although located at the outer rim 

of the active site, the C10 carbonyl group also contributes to the overall PPD-10 alignment, 

by virtue of weak hydrogen bonding with the side-chain hydroxy group of Thr552 (dHB = 

3.368 Å). Moreover, the C12’s acetyl moiety and a C13 methyl group are trapped in a 

hydrophobic cage made of Thr255, Leu542, Ile548, and Val746. The bioactive conformation 

of PPD-10 is greatly influenced by the presence of the m, m, p-trimethoxyphenyl moiety, 

glued to the main core at C11. Thus, within the C11 substituent, the methyl group of the p-

methoxy moiety is immersed in the hydrophobic pocket complied of Ala538, Trp496, Ile534, 

and Ile543. Moreover, p-methoxy’s oxygen in narrow to a weak hydrogen bond with the 

His500’s imidazole (dHB = 3.336 Å) and faces the Fe(III) ion. In such manner, the discussed 

functional group bearing both, hydrogen bond accepting (HBA) and hydrophobic features 

(Hy), emphasize that the HBA-Hy features combination forms the LOX-Ib active site 

interior. On the other hand, the first m-methoxy group of PPD-10 represents the second 

HBA-Hy features, since it targets the hydrophobic interference with Ile492, Ile549, and 

Trp496 while its oxygen atom is HB-attracted by Gln491 side-chain amide group carbonyl 

(dHB = 3.066 Å). Finally, the second m-methoxy group of PPD-10 is oriented toward the 

hydrophobic pocket compiled of Leu542, Ile534, and the side chain methyl group of Thr255. 

However, the nature of interactions with Thr255 is just an electrostatic, so the second m-

methoxy group cannot be considered as the third HBA-Hy feature. Distinct alignment of 

PPD-10 is characterized with relatively low estimated value of free energy of binding 

(ΔGbind) of -6.1 kcal/mol and the predicted inhibition constant (Ki) equal to 99.53 μM, which 

may be considered in agreement with the exerted potency. 

Despite the significant differences in bio-poses between the LOX-Ib inhibitors, 

compound PPD-2 (Fig. 4B) surprisingly exhibits the activity comparable to the most active 

compound, PPD-10 (Tab. 1). However, the ΔGbind and Ki of PPD-2 are 1.15-fold lower and 

0.78-fold higher than PPD-10, the values that cannot be associated with the high value of 

potency of compound. Still, distinct disparity between the IC50 and either ΔGbind or Ki was not 

a surprise and revealed the inevitable limitation of the scoring function, proving that no 

docking program can predict at the same the binding mode and ΔGbind or Ki (RAGNO et al., 

2005, MLADENOVIĆ et al. 2017). At the same time, this does not imply the inaccuracy of the 

obtained bioactive conformations, insofar as for all the reported conformations the best 

docked, and best clustered conformation (data not shown) were identical and were 

biochemically meaningful by means of the established interactions. Thus, the 1H-

pyrazolo[1,2-b]phthalazine-5,10-dione scaffold of PPD-2 is subjected to the major 

movement out from the conformity provided by Phe553 and Ile747, after which two main 

cores are orthogonally aligned to each other. Thus, the main core’s benzyl moiety is now 

encircled with Phe553, Val746 and Ile747, in a pyramidal structure. In comparison with 

compound PPD-10, the PPD-2’s C7 carbonyl oxygen is not stabilized as before; it is directed 

toward the hydrophobic cage made of Thr255, Leu542, Ile548, and Val746. Instead, the C10 
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carbonyl oxygen is narrow to a medium intensity hydrogen bond with the side chain NH2 

group of Gln491 (dHB = 3.090 Å). The latter amino acid side chain carbonyl group establishes 

additional electrostatic interactions with the main core’s N9. Moreover, as a result of 

significant conformational change, the carbonyl group within the C12’s acetyl moiety, as an 

HBA feature, forms a weak hydrogen bond with His500 (dHB = 3.099 Å), an amino acid 

coordinatively bounded to Fe ion. The origin of the high activity of PPD-2 maybe strictly 

found in the particular hydrogen bond formation, inasmuch as the C11 p-methyl scaffold is 

protruding the area normally occupied by the first m-methoxy group (i.e. the first HBA-Hy 

feature) of PPD-10.  
 

 
 

Figure 4. The bioactive conformation of PPD-10 (A); PPD-2 (B); PPD-9 (C); PPD-8 (D). 

The LOX-Ib amino acids are presented in white, the LOX-Ib ribbon is colored in blue.  

For the clarity purpose, only polar hydrogen atoms are presented. 

 

The decreased activity of compound PPD-9 (Fig. 4C), in relation to the most active 

PPD-10, appears to be a consequence of the replacement of PPD-10’s p-OCH3 with p-OH 

group, likewise resulting in the increase of ΔGbind (-5.8 kcal/mol) and lowering the Ki (102.41 

μM). Here, ΔGbind and Ki agreed with the experimentally determined potency. Otherwise, 

PPD-9 adopts comparable bioactive conformation to the one of PPD-10. Thus, the p-OCH3 

replacement with the p-OH group, as a hydrogen bond donor (HBD), has a great impact on 

the alignment of the PPD-9 C11-aromatic substituent since it is positioned 45° in comparison 

to PPD-10’s one. Consequently, the newly established p-OH group is narrow to a very weak 

HB with His500 (dHB = 3.851 Å), reminding that the HBD to HBA-Hy changeover is 

mandatory, while the connection of the second HBA-Hy feature with Gln491 is lost. On the 

other hand, the second m-methoxy group this time becomes an HBA-Hy feature since it 

establishes strong hydrogen-bonding with His495 (dHB = 2.886 Å), providing a basis for a 

reputable activity of PPD-9 (Tab. 1). 
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Furthermore, the comparable activities of compounds PPD-9 and PPD-8 (Fig. 4D) 

are understandable since PPD-8 adopts bioactive conformation similar to the previously 

depicted compounds. The only structural change in the structure of PPD-8 related to PPD-9 

is the absence of the m-OCH3 portion that would be in PPD-10 considered as a second HBA-

Hy feature. Therefore, all the advantageous interactions with Ile492-Trp496-Ile549 and 

Gln491 are absent. The distinct lack of methoxy group most certainly affects the activity: 

there are no HBs between the p-OH and His495 and His500, respectively, and only medium-

strength hydrogen-bonding between (dHB = 2.886 Å) the His495 and the existing m-methoxy 

group (i.e. an HBA-Hy feature) provides the PPD-8 notable activity (Tab. 1). Likewise, 

distinct structural alternation increased significantly the ΔGbind (-5.1 kcal/mol) and lowered 

the Ki (117.65 μM), confirming the suboptimal performance of the scoring function. 
 

 
 

Figure 5. The bioactive conformation of PPD-4 (A); PPD-3 (B); PPD-5 (C); PPD-1 (D); PPD-7 (E); 

PPD-6 (F). The LOX-Ib amino acids are presented in white, the LOX-Ib ribbon is colored in blue. 

For the clarity purpose, only polar hydrogen atoms are presented. 
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The triad of compounds containing p-F, p-Cl, and p-NO2 substituents (PPD-4, PPD-

3, and PPD-5, Tab. 1, Figs. 5A, 5B, and 5C, respectively) at position C11, were challenging 

to explain from the activity point of view. Adopting the same biorientation as the PPD-10, 

the discussed compounds prove that the functionalities bearing both hydrogen bond accepting 

(HBA) and hydrophobic features (Hy) (like methoxy ones, see the discussion for PPD-10) 

are more preferred in the active site that the ones characterized only by HBA characteristics 

(p-F, p-Cl, and p-NO2). Hence, the HBA-related groups like p-F, p-Cl, and p-NO2 (as in 

PPD-4, PPD-3, and PPD-5, respectively) are simply not enough to provide higher activity, 

despite establishing weak HBs with His500 (dHB = 3.653, 3.321, and 3.174 Å, Figs. 5A, 5B, 

and 5C, individually), weak electrostatic interactions/HBs with His495 (only PPD-5 establi-

shes the particular HB, dHB = 3.885 Å) (Figs. 5A, 5B, and 5C, separately), or only electrosta-

tic interactions with Fe(III) ion Figs. 5A, 5B, and 5C, correspondingly). Paradoxically, PPD-

5 (Fig. 5C) is the only compound within the triad capable of making the HBs with both 

Fe(III)-related His residues, by means of p-NO2 as a double HBA feature, but, at the same 

time, is of the worst activity, once again emphasizing the importance of HBA-Hy feature 

instead of HBA alone. While the obtained bioactive conformations somehow succeeded to 

differentiate the distinct triad by means of potency, the obtained ΔGbind values were identical 

for the triad of compounds. Still, there was a correlation between the drop in potency and 

drop in binding affinity (viz. Ki values). 
 

However, if the C11-occupying benzene is not substituted at all (as in PPD-1), the 

best-docked conformation is still comparable with the bioactive conformation of the com-

pound PPD-10, although with the significantly decreased activity (Tab. 1, Fig. 5D). The rea-

son of the alleviated activity is the very absence of the m,m,p-trimethoxyphenyl moiety, after 

which all of the favorable interactions with the LOX-Ib Fe(III) -delimited active site seen in 

the bioactive conformation of PPD-10 are irrevocable lost. Interestingly, the scoring function 

was sensitive to distinct structure-activity alteration, as both ΔGbind and Ki were higher and 

lower than the ones of PPD-4, PPD-3, and PPD-5. Nevertheless, despite significant 

difference in the potency between the PPD-1 and PPD-2 their ΔGbind values were identical, 

emphasizing the ΔGbind as not a good parameter for estimating the potency of the herein 

compounds.  
 

The importance of the m-, m-, p-trimethoxyphenyl moiety is more deeply understood 

after its structural modification within the least active compounds PPD-7 and PPD-6 (Tab. 1, 

Figs. 5E and 5F, respectively). Thus, the total elimination of the p-methoxy moiety equiva-

lent to the PPD-10’s second HBA-Hy feature, as well as the oxidation of the remaining m- 

and p-methoxy groups towards the m- and p-OHs influenced the 45° rotation of the PPD-7’s 

C11-aromatic scaffold in comparison with the PPD-10, where only p-OH behaves as a HBD 

to either His495 (dHB = 3.189 Å) or His500 (dHB = 3.707 Å), while the m-OH moiety is lost in 

an active site hydrophobic pocket. Still, besides the advantageous interactions with the active 

site amino acids, the absence of the Hy contribution of PPD-7 inside the active site (i.e. the 

HBD feature conversion to HBA-Hy) makes the compound virtually inactive in comparison 

with PPD-10. On the other hand, the corresponding p-OH portion of PPD-6 is oriented 

towards the induced dipole interaction with Trp495. Consequently, PPD-6 is labelled as the 

leas active. Compounds’ low potencies were associated with the highest ΔGbind values and the 

lowest Ki values, which were whatsoever, despite showing some correlation with the obser-

ved IC50s, poor indicators of the potencies. 

 

 



 

 

 

 

 

Table 2. Antibacterial activity of tested compounds. 
 

Species/Substances 
PPD-1 PPD-2 PPD-3 PPD-4 PPD-5 PPD-6 

MICa MMCb MIC MMC MIC MMC MIC MMC MIC MMC MIC MMC 

Bacillus subtilis >1000 >1000 >1000 >1000 >1000 >1000 >1000 >1000 >1000 >1000 >1000 >1000 

Bacillus subtilis ATCC 6633 1000 >1000 1000 >1000 1000 1000 1000 >1000 1000 >1000 1000 >1000 

Staphylococcus aureus ATCC 25923 >1000 >1000 1000 >1000 1000 >1000 >1000 >1000 >1000 >1000 >1000 >1000 

Proteus mirabilis ATCC 12453 500 500 >1000 >1000 >1000 >1000 >1000 >1000 >1000 >1000 1000 >1000 

Pseudomonas aeruginosa ATCC 27853 >1000 >1000 >1000 >1000 >1000 >1000 >1000 >1000 >1000 >1000 >1000 >1000 

Escherichia coli ATCC 25922 1000 1000 >1000 >1000 >1000 >1000 1000 1000 >1000 >1000 >1000 >1000 

Escherichia coli  1000 1000 >1000 >1000 >1000 >1000 >1000 >1000 >1000 >1000 >1000 >1000 

Salmonella enterica >1000 >1000 >1000 >1000 >1000 >1000 >1000 >1000 >1000 >1000 >1000 >1000 
     a Minimal inhibitory concentration (MIC) values are given as μg/mL; 
     b Minimum microbicidal concentration (MMC) values are given as μg/mL 

 
Table 2. continue 

 

Species/Substances 
PPD-7 PPD-8 PPD-9 PPD-10 Doxycycline 

MIC MMC MIC MMC MIC MMC MIC MMC MIC MMC 

Bacillus subtilis >1000 >1000 >1000 >1000 250 500 >1000 >1000 0.112 1.953 

Bacillus subtilis ATCC 6633 1000 >1000 1000 >1000 125 125 1000 >1000 1.953 31.25 

Staphylococcus aureus ATCC 25923 1000 >1000 >1000 >1000 125 250 1000 >1000 0.224 3.75 

Proteus mirabilis ATCC 12453 >1000 >1000 1000 >1000 >1000 >1000 >1000 >1000 15.625 62.5 

Pseudomonas aeruginosa ATCC 27853 >1000 >1000 >1000 >1000 1000 1000 >1000 >1000 62.5 125 

Escherichia coli  >1000 >1000 1000 1000 1000 1000 >1000 >1000 15.625 31.25 

Escherichia coli ATCC 25922 >1000 >1000 1000 1000 1000 1000 >1000 >1000 7.81 15.625 

Salmonella enterica >1000 >1000 >1000 >1000 >1000 >1000 >1000 >1000 15.625 31.25 
 

 

 

 



 

 

 

 

Table 3. Antifungal activity of tested compounds. 
 

Species/Substances 
PPD-1 PPD-2 PPD-3 PPD-4 PPD-5 PPD-6 

MICa MMCb MIC MMC MIC MMC MIC MMC MIC MMC MIC MMC 

Rhodotorula mucilaginosa 500 >1000 >1000 >1000 500 >1000 500 >1000 500 >1000 500 >1000 

Candida albicans ATCC 10231 1000 1000 250 1000 250 >1000 1000 >1000 1000 >1000 >1000 >1000 

Saccharomyces boulardii 250 1000 125 1000 500 >1000 500 1000 250 1000 500 >1000 

Penicillium italicum 1000 1000 500 500 >1000 >1000 >1000 >1000 >1000 >1000 1000 >1000 

Penicillium chrysogenum 250 1000 125 1000 250 1000 250 1000 250 1000 >1000 >1000 

Mucor mucedo ATTC 52568 250 500 250 >1000 1000 1000 1000 1000 250 1000 1000 >1000 

Trichoderma viridae ATCC 13233 500 1000 500 1000 500 1000 500 1000 500 1000 500 1000 

Aspergillus flavus ATCC 9170 1000 1000 500 1000 500 >1000 1000 >1000 1000 >1000 500 1000 

Aspergillus fumigatus ATTC 204305 500 1000 500 1000 250 1000 250 1000 500 1000 500 1000 

Aspergillus niger ATCC 16404 1000 1000 500 >1000 500 1000 500 >1000 500 1000 1000 >1000 
   a Minimal inhibitory concentration (MIC) values are given as μg/mL; 
   b Minimum microbicidal concentration (MMC) values are given as μg/mL; 

 

Table 3. continue 
 

Species/Substances 
PPD-7 PPD-8 PPD-9 PPD-10 Fluconazole 

MIC MMC MIC MMC MIC MMC MIC MMC MIC MMC 

Rhodotorula mucilaginosa >1000 >1000 500 >1000 500 1000 >1000 >1000 31.25 500 

Candida albicans ATCC 10231 500 1000 250 >1000 1000 >1000 >1000 >1000 31.25 62.5 

Saccharomyces boulardii 250 >1000 250 >1000 500 1000 500 >1000 7.81 31.25 

Penicillium italicum 1000 1000 1000 1000 1000 1000 1000 >1000 250 500 

Penicillium chrysogenum 250 1000 1000 >1000 500 1000 250 1000 1000 1000 

Mucor mucedo ATTC 52568 500 1000 1000 1000 1000 1000 1000 >1000 250 250 

Trichoderma viridae ATCC 13233 1000 1000 500 1000 500 1000 1000 1000 500 1000 

Aspergillus flavus ATCC 9170 1000 >1000 1000 1000 1000 >1000 1000 >1000 500 500 

Aspergillus fumigatus ATTC 204305 500 1000 500 1000 1000 1000 1000 1000 1000 1000 

Aspergillus niger ATCC 16404 500 >1000 1000 1000 1000 >1000 500 >1000 1000 1000 
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Antimicrobial activity 
 

The results of in vitro testing of antibacterial and antifungal activities of the synthe-

tized substances and positive controls (doxycycline and fluconazole) are shown in Tabs. 2 

and 3. The tested substances did not affect the growth of clinical isolates and standard strains 

of bacteria, or their activities were very low (MICs and MMCs ranged from 1000 to >1000 

μg/mL). P. mirabilis ATCC 12453 was slightly more sensitive to the compound PPD-1 with 

unsubstituted phenyl moiety (MIC and MMC was at 500 μg/mL). The exception are gram-

positive bacteria (Bacillus subtilis, Bacillus subtilis ATCC 6633 and Staphylococcus aureus 

ATCC 25923) that showed moderate susceptibility to compound PPD-9 with syringic moiety 

(MICs values were between 125-250 μg/mL and MMCs values were between 125-500 

μg/mL). The previous research of antimicrobial activity of different PPDs provides diverse 

conclusions. Compared to the activity of the standard drug ampicillin, some of them act on 

bacteria almost equipotent or more potent (SANGANI et al., 2016). Many PPDs are found to 

be more active against B. subtilis than to the rest of the tested species: Streptococcus pneumo-

nia, Clostridium tetani, Salmonella typhi, Vibrio cholera, Escherichia coli (SHAH et al., 

2012). 

The fungi showed higher sensitivity to the tested substances. MICs values were 

mostly in the range from 125 to 1000 μg/mL, and MMCs values were in range from 500 to 

>1000 μg/mL. Saccharomyces boulardii and Penicillium chrysogenum were the most sensi-

tive to compound PPD-2 with toluic moiety, with MICs value at 125 μg/mL. Tested substan-

ces expressed slightly better antifungal activity on Aspergillus fumigatus ATTC 204305 than 

on positive control (fluconazole), while on Trichoderma viridae ATCC 13233 activity is si-

milar to the activity of fluconazole. 

Antifungal activity of the PPDs shows that many of them are found to be potent 

against C. albicans. (SHAH et al., 2012) Against this fungal pathogen, some PPDs possess 

excellent activity (MIC at 100 μg/mL), while other moderate (MIC at 250 μg/mL), but still 

higher than the standard drug griseofulvin (MIC at 500 μg/mL). It is important to emphasize 

that, unlike our research, previously reported compounds were found to be inactive against A. 

fumigates (SANGANI et al., 2016). Our study points out compounds PPD-3 and PPD-4 with 

p-Cl and p-F substituents on phenyl moiety as compounds with pronounced activity towards 

this pathogen (MIC at 250 μg/mL), much higher than activity of control probe fluconazole. 

 

 

CONCLUSION 
 

Pyrazolyl-phthalazine-dione derivatives (PPDs) were tested for their in vitro anti-

LOX and antimicrobial activity. Generally, all examined compounds exhibit good to exce-

llent anti-LOX activity. Compounds PPD-2 and PPD-10 provided the highest LOX inhibi-

tion with IC50 values at about 24 µM, as well as PPD-8 and PPD-9 with IC50 values at about 

28 µM. Other compounds exhibit slightly lower activity. To get the insight in structure-based 

activity relationship and bioactive conformations of PPDs during the LOX-Ib inhibition, 

molecular modeling study was done. On the basis of docking results it can be concluded that 

activity of PPDs is significantly influenced by the orthogonal spatial arrangement between 

the 1H-pyrazolo[1,2-b]phthalazine-5,10-dione basic core and with substituents on the phenyl 

group attached to C11. The presence of substituents bearing both, hydrogen bond accepting 

(HBA) and hydrophobic features (Hy), allows the formation of HBA-Hy features which are 

mandatory structural motif of the LOX-Ib active site interior. The results of antimicrobial 

activity revealed that investigated compounds exhibited low antibacterial activity, and better 

antifungal activity. Compounds containing Cl and F as substituents, PPD-3 and PPD-4, 
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expressed pronounced activity towards A. fumigates, much higher than positive control flu-

conazole, as well as compounds of this type. Based on the obtained results one can conclude 

that PPDs can be candidates for the further examination of their in vitro and in vivo anti-

inflammatory activity. 
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