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In Vitro and In Silico Study of 5-[(4-Methylpiperazin-1-yl)
methyl]dehydrozingerone and 5-(Morpholin-4-ylmethyl)
dehydrozingerone as Lipoxygenase and Xanthine Oxidase 
Inhibitor
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The present study was to evaluate the two aminomethyl derivatives of dehydrozingerone: 
5-[(4-methylpiperazin-1-yl)methyl]dehydrozingerone and 5-(morpholin-4-ylmethyl)dehydrozingerone 
as lipoxygenase and xanthine oxidase inhibitors. Nordihydroguaiaretic acid, allopurinol and the 
parent compound dehydrozingerone were used as comparative compounds. Results indicated that 
5-[(4-methylpiperazin-1-yl)methyl] dehydrozingerone and 5-(morpholin-4-ylmethyl) dehydrozingerone 
inhibited the lipoxygenase enzyme with half-maximal inhibitory concentration of 219.13 and 269.39 μM, 
respectively. Their activities were comparable to nordihydroguaiaretic acid with a half-maximal inhibitory 
concentration of 216.84 μM. The compounds were also found to inhibit the xanthine oxidase enzyme with 
half-maximal inhibitory concentration of 102.34 and 230.52 μM, respectively, but their activities were 
lower than allopurinol with half-maximal inhibitory concentration of 34.09 μM. Dehydrozingerone was 
found inactive both as a lipoxygenase inhibitor and xanthine oxidase inhibitor. Besides, in silico study 
was carried out to predict the binding interaction between the enzymes and the compounds compared 
to each of positive controls. In conclusion, 5-[(4-methylpiperazin-1-yl)methyl] dehydrozingerone has 
lipoxygenase inhibitory activity comparable to nordihydroguaiaretic acid, but they have lower xanthine 
oxidase inhibitory activity than allopurinol.
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The prevention of potent inflammatory mediators, 
Leukotrienes (LTs) production by Lipoxygenase (LOX) 
inhibitors may be more useful for inflammation therapy 
than the prevention of prostanoids by cyclooxygenase 
inhibitors[1]. LOX converted arachidonic acid into LTs 
(LT-A4, LT-B4, LT-C4, LT-D4 and LT-E4) known to be 
involved in the formation of various diseases associated 
with inflammation and allergies, such as gastric ulcer, 
atherosclerosis and asthma[2-4]. Intensive research in 
this area has been conducted and some drugs were 
found, such as zafirlukast, montelukast, zileuton and 
Nordihydroguaiaretic acid (NDGA). The first three 
compounds have been approved for prophylaxis and 
chronic treatment of asthma[5]. NDGA has been shown 
to have potential medical uses in treating various 
diseases such as cardiovascular disease, neurological 
disorders and cancer[6]. However, there is no report 
about its clinical applications. Likewise, the inhibition 
of uric acid overproduction by Xanthine Oxidase (XO) 
inhibitor has been useful for gout arthritis therapy. XO 
catalyzes the hydroxylation of hypoxanthine to xanthine 
and then of xanthine to uric acid. Its overproduction 
causes hyperuricemia and deposition of the compound 
in the tissues around the joints, ultimately leading to 
chronic inflammation with severe pain, namely gout 
diseases[7]. Allopurinol is the only currently available 
XO competitive inhibitor for use in the clinic. However, 
the treatment often causes side effects such as allergic 

reactions and nephropathy[8]. Therefore, the discovery 
of new LOX and XO inhibitory agents is still needed. 
Some studies demonstrated that the Dehydrozingerone 
(DHZ) derivatives showed higher activity as anti-
inflammation[9], antimicrobial[10] and cytotoxic[11,12]. Our 
research group recently reported that some DHZ 
derivatives substituted an aminomethyl (Mannich base) 
in the aromatic ring exhibited anti-inflammatory 
activity by inhibition against protein denaturation[13]. 
However, there are no reports of the inhibitory activity 
mechanisms against the pro-inflammatory enzymes 
that play a role in the inflammation process. The present 
study aimed to evaluate two synthesized Mannich base 
derivatives of DHZ: 5-[(4-methylpiperazin-1-yl)
methyl]dehydrozingerone (MPM-DHZ) and 
5-(morpholin-4-ylmethyl)dehydrozingerone (MM-
DHZ) (fig. 1) as LOX and XO inhibitor. In addition, the 
compounds molecular docking studies were performed 
to estimate the binding interactions of the LOX and 
XO/tested compounds complex. The reagents and 
solvents used were analytical grades. Soybean LOX 
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enzyme(enzyme commission number (EC number) 
1.13.11.12) type I-B, linoleic acid, NDGA, XO 
microbial (EC number 1.17.3.2), xanthine and 
allopurinol were purchased from Sigma Aldrich, USA. 
Other reagents were purchased from Merck, Germany. 
Distilled water purchased from IKA Pharmindo, 
Indonesia; MPM-DHZ, MM-DHZ and DHZ, were 
obtained via synthesis as reported previously[13]. The 
LOX inhibition assay was performed spectrometrically 
according to the method previously reported[14] with 
little modifications. To the mixture of solvent or various 
concentrations of NDGA/test compound solutions and 
a borate buffer (0.2 M, pH 8.5, 1600 µl), a LOX enzyme 
solution (300 µl of 5000 units/ml) was added and then 
incubated at 25° for 10 min. After that, the reaction was 
initiated by the addition of 1000 μl of linoleic acid 
solution (substrate, 150 μM). The mixture was re-
incubated at 25° for 10 min and methanol (1000 µl) was 
added to stop the enzyme reaction. The absorbance 
values of the product, (9Z, 11E)-(13S)-13-
hydroperoxyoctadeca-9,11-dienoate, were measured 
spectrophotometrically at 234 nm using a similar 
solution without solvent, test compounds and the 
enzyme as a blank solution for 100 % initial activity 
(IA) and using a similar solution without the enzyme as 
a blank solution for standard/test compounds inhibition. 
The percentage of the inhibition was calculated using 
the formula: Percentage (%) inhibition=(1–As/Aia) 
×100 %, where Aia is the absorbance of initial activity 
and As is the absorbance of standard or test compound 
inhibition, respectively. The XO inhibition assay was 
performed spectrometrically according to the method 
previously reported[8,14,15] with little modifications. To 

the mixture of 1000 μl of solvent or allopurinol/test 
compound with various concentrations solutions and 
1000 μl of phosphate buffer solution (0.05 M, pH 7.5), 
1000 μl of XO enzyme solution was added and then 
incubated at 25° for 10 min. After that, the reaction was 
initiated by the addition of 2000 μl of xanthine solution 
(substrate). The mixtures were re-incubated at 25° for 
10 min and 1000 μl of stop solution (HCl 1 N) was 
added to stop the reaction. The enzymatic conversion of 
xanthine to form uric acid was measured by observing 
the changes in absorbance at 295 nm 
spectrophotometrically using a similar solution without 
solvent, test compounds and the enzyme as a blank 
solution for 100 % IA and using a similar solution 
without the enzyme as a blank solution for standard/test 
compounds inhibition. The percentage of the inhibition 
was calculated using the formula: % inhibition=(1–As/
Aia)×100 %, where Aia is the absorbance of initial 
activity and As is the absorbance of standard or test 
compound inhibition, respectively. In silico study was 
done utilizing the Protein-Ligand ANT System 
(PLANTS v1.1) docking software (http://www.tcd.uni-
konstanz.de/research/plants.php) according to a 
previous procedure[16,17]. The crystal structure of 
soybean LOX-3 in complex with epigallocatechin 
(PDB code: 1JNQ, http://www.pdb.org/)[18] and bovine 
XO in complex with quercetin (Protein Data Bank 
(PDB) code: 3NVY, http://www.pdb.org/)[19], were used 
as the protein target in this study. The PDB format of 
the enzymes was converted into SYBYL mol2 format 
using Yet Another Scientific Artificial Reality 
Application (Yasara) software (http://www.yasara.org/)
[20]. The compounds structures were prepared for 

Fig. 1: Chemical structure of MPM-DHZ and MM-DHZ[13]
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docking as a combination of 10 conformations structure 
in SYBYL mol2 format using Chemaxon’s Marvin 
software (http://www.chemaxon.com)[21]. Yasara 
v10.1.8 software was utilized to visualize molecular 
docking results and analyze binding interaction in the 
protein/ligand complex. To validate the docking 
protocol, 1JNQ protein-bound ligand (epigallocatechin) 
and 3NVY protein-bound ligand (quercetin) were re-
docked into their binding pocket to obtain the docked 
poses and the Root Mean Square Deviations (RMSD) 
values of all atoms of the docked compounds and their 
references. The results of titled compounds in vitro 
evaluation as LOX and XO inhibitor agents were 
presented in fig. 2. All the compounds showed LOX 
and XO inhibitory activities in a concentration-
dependent way. The Half-Maximal Inhibitory 
Concentration (IC50) values extrapolated from the linear 
regression curve obtained between percentage (%) 
inhibition and log10 concentration of the test solution 
using Probit analysis[22]. The IC50 values obtained were 
presented in Table 1. Among the compounds evaluated, 
MPM-DHZ showed the highest ability to inhibit LOX 
activity with IC50 219.13 μM. Its action is almost the 
same as NDGA, which is used as a standard (IC50 
216.84 μM). The results for NDGA are not too different 
from those earlier reported[14]. NDGA (2,3-dimethyl-l, 
4-bis (3,4-dihydroxyphenyl) butane) is a plant lignan 
derived from creosote bush leaves and twigs, Larrea 
tridentata[23]. The compound also has antioxidant and 
free radical scavenging properties[24]. The LOX 
inhibitory activity of MPM-DHZ, MM-DHZ and DHZ 
indicated to correlate their protein denaturation 
inhibitory activity reported earlier[13]. DHZ did not 
show denaturation activity in the previous report; the 

compound showed no activity to inhibit LOX activity. 
While the two aminomethyl derivatives exhibited 
denaturation activity in the previous report, the 
compounds showed the LOX inhibitory activity. The 
XO inhibitory activity of the titled compounds was 
found lower than allopurinol used as a positive standard. 
Among the compounds evaluated, MPM-DHZ 
exhibited the highest ability to inhibit XO with IC50 of 
102.34 μM. However, their action is only about 33 % 
compared to allopurinol activity with IC50 of 34.09 μM. 
The inhibitory activity of allopurinol obtained is almost 
the same as the results previously studied[25]. The results 
indicated that DHZ did not inhibit XO. This result is 
similar to the results previously reported[26]. The XO 
inhibitory activity of the two aminomethyl derivatives 
of DHZ was higher than DHZ. It is consistent with 
aminomethyl derivatives in general, which show higher 
biological activity compared to the parent 
compound[27,28]. In order to support the inhibitory 
activity resulted from the in vitro experiment, the 
binding interaction between LOX and XO with tested 
compounds was predicted by molecular docking using 
PLANTS software. The results of the docking protocol 
validation showed that the values of the RMSD for the 

Fig. 2: The percent (%) inhibition of the titled compound against (A) LOX and (B) XO. The presented value is mean±standard 
deviation (SD) from triplicate experiments

Compound
IC50±SD (μM)

LOX XO
MPM-DHZ 219.13 102.34
MM-DHZ 269.39 230.52
DHZ - 1540.73
NDGA 216.84 -
Allopurinol - 34.09

TABLE 1: THE IC50 VALUES OF INHIBITORY 
ACTIVITY OF THE TITLE COMPOUNDS AGAINST 
LOX AND XO ENZYMES
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docked compounds (epigallocatechin and quercetin) to 
their reference ligands at the crystal structures 
considering all heavy atoms were 2.7284 Å (between 
2.0 and 3.0 Å) and 0.8778 Å (less than 2.0 Å), indicating 
that the protocol found the acceptable and good binding 

mode of the ligands[29-31]. The protein-ligand interaction 
scores (total PLANTSCHEMPLP score) obtained during 
docking for 1JNQ and MPM-DHZ, MM-DHZ, DHZ, 
NDGA and epigallocatechin were -56.3845, -63.2693, 
-64.2494, -82.6026 and -50.3060, respectively. While 
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Fig. 3: The ligand-molecular target position visualized using Yasara v10. 1.8 software: (A) NDGA; (B) MPM-DHZ; (C) DHZ in the 
active site of LOX (PDB: 1JNQ); (D) Allopurinol; (E) MPM-DHZ and (F) DHZ in the active site of XO (PDB: 3NVQ)
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the scores for 3NVY and MPM-DHZ, MM-DHZ, DHZ, 
allopurinol and quercetin were -82.4776, -62.3261, 
-78.0477, -68.3600 and -82.4984. The most negative of 
the score indicates a better binding affinity of a ligand 
with a molecular target. Nevertheless, the in silico study 
results indicated that the binding scores did not show a 
good correlation with the in vitro experiment obtained. 
The comparative study found that the binding affinity’s 
predictive power is relatively low than a structure-
based feature[32]. Fig. 3 showed the protein-ligand 
complex obtained from the molecular docking study. 
Analysis of binding prediction between NDGA and 
LOX was found that two hydrogen bonds are formed: 
between the phenolic groups of the compound with 
amino acid residues N-Ser856 (0.917 Å) and HN-
Asn713 (2.657 Å). The distance between OH phenolic 
groups of NDGA and His-518 and Gln716 was 3418 
and 3317 Å, respectively. Analysis of binding prediction 
between MPM-DHZ and LOX was found that two 
hydrogen bonds formed between N-4 from piperazine 
moiety of the compound with amino acid residue HO-
Thr554 (1.057 Å) and the carbonyl group of alkyl chain 
with HN-Gln716 (2.375 Å), while DHZ and LOX 
without hydrogen bonding formation. The amino acid 
residues for hydrogen bonding interaction between 
epigallocatechin with LOX were HN-Gln716 and HN-
His518[18]. Analysis of binding prediction between 
allopurinol and XO was found that five hydrogen bonds 
are formed: between HN-pyrazole moiety of the 
compound with amino acid residue O=C-Phe798 (2.335 
Å), N-pyrazole moiety with HN-Arg912 (1.186 Å), 
HN-pyrimidine moiety with O-Glu1261 (2.618 Å), 
N-pyrimidine with HN-Phe911 (2.689 Å) and carbonyl 
of pyrimidine moiety with HN-Gly913 (1.754 Å). 
Analysis of binding prediction between MPM-DHZ 
and XO was found that three hydrogen bonds are 
formed between N-1 from piperazine moiety of the 
compound with amino acid residue HN-Arg912 (2.157 
Å), the phenolic group with O-Phe911 (1.392 Å) and 
the carbonyl group of alkyl chain with HN-Gln799 
(2.659 Å), while DHZ and XO by one hydrogen bond 
formed between O-methoxy group of the compound 
with amino acid residue HN-Phe911 (2.663 Å). The 
amino acid residues for hydrogen bonding interaction 
between quercetin with XO were Thr-1010, Glu802 
and Arg880[19]. The results of the molecular docking 
study found by the indication that there was a correlation 
between the IC50 values experimentally obtained and 
the number of predicted hydrogen bonding formed in 
the protein-ligand complex. In conclusion, the 
compound MPM-DHZ was found to have LOX 

inhibitory activity comparable to NDGA but has lower 
XO inhibitory activity than allopurinol. The activities 
correlate with its binding prediction of the enzyme-
ligand complex. Further study should be performed to 
evaluate the compound’s in vivo activity and toxicity as 
LOX inhibitors.
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