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Abstract
This study explores the aldose reductase (AR) inhibitory potential of dinaphthodiospyrol H, a compound 
isolated from Diospyros kaki (Japanese persimmon). Aldose reductase plays a crucial role in the polyol 
pathway, a key factor in the progression of diabetic complications such as neuropathy and retinopathy. 
The isolated compound demonstrated the maximum AR inhibitory effect followed by the tested extract 
such as 87.34% and 49.09%, respectively. The AR inhibitory effect was supported by molecular docking 
studies highlighting its strong binding affinity to the AR active site. Complementary Density Functional 
Theory (DFT) analysis further elucidated the compound's electronic properties, confirming its stability 
and effectiveness as an AR inhibitor. Docking studies carried out on the 3D crystallographic structure 
of Aldose Reductase; ALR2 (PDB ID = 2FZB) showed significant hydrophilic interactions with amino 
acid residues Ala299, Leu301, Ser302 and hydrophobic interactions with the Trp219. The findings 
suggest that dinaphthodiospyrol-H holds significant promise as a lead compound for developing novel 
therapeutic agents targeting diabetic complications through AR inhibition.
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INTRODUCTION

 Diabetes research has long focused on 
understanding the mechanisms driving diabetic 
complications, with hyperglycemia recognized as 
a primary factor affecting various tissues, sensory 
organs, the nervous system, circulation, and 
renal function.1-3 A key pathway contributing to 
these complications is the polyol pathway, where 
the enzyme aldose reductase (AR) catalyzes the 
conversion of glucose into sorbitol, which is further 
metabolized into fructose. This pathway serves 
as an alternative route for nonphosphorylated 
glucose metabolism.4-6

 The polyol pathway is directly linked to the 
development of chronic diabetic complications such 
as neuropathy, cataract formation, nephropathy, 
and retinopathy. Consequently, inhibiting aldose 
reductase has become a focal point in therapeutic 
strategies to mitigate these complications. ARIs 
have gained significant attention as potential 
therapeutic agents that could prevent or reduce 
long-term diabetic complications.7-9 Despite 
the emphasis on tight blood glucose control as 
the main approach for diabetes management, 
achieving stable glucose levels is challenging for 
many patients. This has heightened interest in 
AR inhibition as a complementary strategy for 
managing diabetic complications. Current research 
increasingly focuses on developing and evaluating 
ARIs as effective treatments for these conditions.10

 In our study, we explored the inhibition 
of aldose reductase by Dinaphthodiospyrol-H, a 

bioactive compound isolated from Diospyros kaki, 
also known as Japanese or Oriental persimmon, 
belongs to the Ebenaceae family, which comprises 
around 500 species predominantly found in 
tropical and subtropical regions.11,12 The genus 
Diospyros which includes persimmons and 
ebony boasts over 249 species of considerable 
economic and medicinal value. Among them, D. 
kaki is particularly significant for its historical use in 
traditional medicine, especially in China, and is one 
of the high-yield fruit species,13,14 widely cultivated 
in Korea, China, Japan, and India.15,16 Persimmon 
leaves and fruits have garnered attention for their 
diverse biological and pharmacological properties, 
making them valuable in medicinal, nutritional, 
and cosmetic applications.17

 Traditional Chinese medicine (TCM) 
has documented the medicinal properties of 
persimmon leaves for centuries. For instance, 
the Ming dynasty text Diannan Bencao by Lan 
Mao (1556) discusses using persimmon leaves 
for treating chronic lower leg ulcers, while 
Bencao Zaixin, a Qing dynasty materia medica 
(1841), highlights their efficacy in treating cough, 
hematemesis, and excessive thirst.18 More 
recently, TCM has incorporated persimmon leaves 
in formulations targeting heart disease, cerebral 
arteriosclerosis, hypertension, and internal 
bleeding.19 The Naoxinqing pill, a patented TCM 
included in the 2010 Chinese Pharmacopeia, is 
derived from persimmon leaf extract and used 
to treat cerebral arteriosclerosis.20 In Japan, 
persimmon leaf tea is popular for its high vitamin C 



  www.microbiologyjournal.org430Journal of Pure and Applied Microbiology

Rauf et al | J Pure Appl Microbiol. 2025;19(1):428-437. https://doi.org/10.22207/JPAM.19.1.32

content and is known for its anti-aging and health 
benefits.21,22 The flavonoids in persimmon leaves, 
metabolized by intestinal bacteria, are absorbed 
into the bloodstream, providing antioxidant 
effects.23,24

 Our research focused on isolating and 
characterizing active compounds from D. kaki, with 
particular emphasis on Dinaphthodiospyrol H as 
an aldose reductase inhibitor. We investigated the 
structure-activity relationships of these compounds 
to understand their potential as ARIs. Additionally, 
we applied Density Functional Theory (DFT) 
analysis to evaluate the electronic properties and 
reactivity of these compounds, providing insights 
into their inhibitory mechanisms. The combination 
of traditional medicinal knowledge and modern 
scientific techniques offers a comprehensive 
approach to exploring the therapeutic potential of 
D. kaki and its constituents in combating diabetic 
complications.
 This integration of ancient wisdom with 
contemporary scientific research highlights the 
multifaceted value of D. kaki in both traditional 
and modern medicine. Beyond their medicinal 
applications, persimmon leaves have cosmetic 
and nutritional benefits, such as brightening the 
complexion and serving as a rich source of vitamin 
C. This versatile plant continues to be explored for 
novel applications, solidifying its relevance in both 
traditional practices and cutting-edge therapeutic 
developments.

MATERIALS AND METHODS

Plant collection
 In December 2018, a D. kaki specimen was 
meticulously collected from the Toormang region 
of Lower Dir, located in Khyber Pakhtunkhwa, 
Pakistan. Dr. Muhammad Ilyas, a distinguished 
expert at the University of Swabi, KP, Pakistan, 
carried out the botanical identification and 
authentication of the plant. To ensure proper 
documentation and future reference, a voucher 
specimen, designated as UOS/Bot, 43, was 
carefully deposited in the botanical garden 
maintained by the University of Swabi, Pakistan, 
where it remains preserved for scientific study and 
verification.

Extraction and isolation of the compound
 To acquire the plant material, 5 kg of D. 
kaki was carefully shade-dried and subsequently 
pulverized into a fine powder. This powdered 
material was introduced to a cold extraction 
process with chloroform for 14 days. The resulting 
reddish extract was concentrated using a rotary 
evaporator, yielding a crude extract with a mass 
of 56.12 grams.
 To further purify the extract, the 
chloroform fraction underwent defatting using 
hexane in a Soxhlet extractor, which resulted in a 
refined chloroform extract weighing 48.87 grams.
 For fractionation, 14 grams of the 
chloroform extract was employed in normal-
phase column chromatography utilizing silica 
gel. The elution process was carried out with a 
gradient solvent system of n-hexane and ethyl 
acetate (ranging from 100:0 to 40:60), producing 
16 distinct fractions labeled DK-1 through DK-
17. Each fraction was analyzed via thin-layer 
chromatography (TLC) to assess its composition. 
Based on the TLC results, fraction DK-8 was selected 
for further purification. This fraction underwent 
repeated normal-phase chromatography with a 
solvent mixture of n-hexane and ethyl acetate 
(88:12), which resulted in the formation of red 
needle-like crystals. These crystals were further 
purified by washing with hexane and acetone, 
leading to the isolation of compound 1.
 The isolated compound was identified 
as a naphthoquinone derivative, specifically 
1',4'-dihydroxy-1,4-dimethoxy-3,7'-dimethyl-[2,2'-
binaphthalene]-5,5',8,8'-tetraone. The chemical 
structure of this compound was confirmed 
by comparing its physical and spectroscopic 
properties with previously published data.25 The 
structure of the isolated compound is given in 
Figure 1.

Aldose reductase inhibitory 
 The assay was carried out following the 
methodology described by Imran et al.26 A reaction 
mixture totaling 100 μL was prepared, containing 20 
μL of buffer solution (100 mM sodium phosphate, 
pH 6.2), 30 μL of bovine aldose reductase enzyme, 
20 μL of the substrate DL-glyceraldehyde (10 mM), 
20 μL of the cofactor NADPH (0.1 mM), and 10 
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μL of the test compounds at a concentration of 
up to 0.2 mM. Initially, the mixture was prepared 
without the cofactor and incubated at 32 °C for 10 
minutes to allow pre-incubation. The enzymatic 
reaction was subsequently initiated by adding 
NADPH, and the reaction progress was monitored 
continuously for 5 minutes. D-Saccharic acid 
1,4-lactone was employed as a reference inhibitor 
to validate the assay. The IC50 value, representing 
the concentration required to inhibit the enzyme 
by 50%, was determined using a similar procedure.

Computational methodology
DFT
 With the final optimized structure, 
analyses including Electrostatic Potential (ESP), 
Frontier Molecular Orbitals (FMO), and Density of 
States (DOS) were conducted. Figure 2 illustrates 
two distinct fragments of the optimized structure: 
Fragment A and Fragment B. These fragments are 
separated by a C-C bond with a bond length of 1.49 
Å.

Molecular docking studies
 The isolated compounds were docked 
utilizing the MOE into the binding pocket of 2FZB 
enzymes to investigate their binding mechanisms. 

The protein data bank obtained the crystal 
structure of human ALR2 with PDB codes 2FZB. 
The protein structure was created using the MOE 
preparation module, followed by 3-D protonation 
and energy minimization. For molecular docking, 
the MOE default parameters placement, the top-
ranked conformations were chosen for protein-
ligand interaction profile analysis based on docking 
score. Through the use of Discovery Studio, ligand 
interaction and visualization were performed.27

RESULTS

Aldose reductase inhibitory of Diospyros kaki
 The inhibitory effects of the chloroform 
extract and dinaphthodiospyrol H, isolated from 
D. kaki, on aldose reductase are detailed in  
Table 1. The chloroform extract exhibited a 
moderate inhibition of 49.09% at a concentration 
of 0.2 µg, indicating its potential but relatively 
lower effect in comparison to dinaphthodiospyrol 
H which demonstrated a substantial aldose 
reductase inhibition (87.34%) at a concentration 
of 0.2 µM, with an IC50 value of 1.34 ± 0.38 
µM, suggesting its strong inhibitory potential. 
For comparative purposes, D-Saccharic acid 
1,4-lactone, a standard aldose reductase inhibitor, 

Table 2. HOMO-LUMO values (eV) and their energy gap

Complex HOMO LUMO EH-L
 (eV) (eV) (eV)

dinaphthodiospyrol H -8.05 -1.66 6.38

Table 1. Aldose Reductase Inhibitory Potential of Chloroform Extract and Dinaphthodiospyrol H Isolated from 
Diospyros kaki

Sample  Concentration % Inhibition IC50 ± SEM 
   (μM)

Extract 0.2 µg 49.09 -
Dinaphthodiospyrol H 0.2 µM 87.34 1.34 ± 0.38
D-Saccharic acid 1,4-lactone 0.2 µM 89.34 0.87 ± 0.31

Figure 1. Chemical structure of dinaphthodiospyrol H 
extracted from chloroform fraction of D. kaki

showed an even greater inhibition of 89.34% 
at the same concentration of 0.2 µM, with a 
lower IC50 value of 0.87 ± 0.31 µM. These results 
highlight the significant inhibitory potential 
of dinaphthodiospyrol H and D-Saccharic acid 
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1,4-lactone, while underscoring the chloroform 
extract's moderate effectiveness.

Electrostatic potential (ESP)
 The ESP maps presented in Figure 3 were 
derived from an optimized molecular structure. 
Figure 3 illustrates that the red areas, representing 
negative electrostatic potential, are concentrated 
on the oxygen atoms in both Fragment A and 
Fragment B. This suggests that these oxygen 
atoms are susceptible to electrophilic or cationic 
attack. Conversely, the blue regions, indicating 
positive electrostatic potential, are primarily 
associated with the carbon and hydrogen atoms 
in both fragments. These areas are potential sites 

for nucleophilic attack, highlighting their role in 
molecular reactivity and interaction dynamics.

Frontier molecular orbital (FMO) analysis
 FMO analysis gives information into 
the optical and electronic properties of organic 
compounds. This analysis is particularly useful for 
understanding charge transfer processes within a 
molecule. The key components of FMO analysis are 
the HOMO and the LUMO. The HOMO, possessing 
the highest energy, can donate electrons to the 
LUMO, which has the lowest energy. The energy 
difference between the HOMO and LUMO is 
critical as it influences the stability and interaction 
characteristics of the compound under study.28 

Figure 2. Optimized geometry of dinaphthodiospyrol H

Figure 3. ESP map of dinaphthodiospyrol H
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FMO analysis was carried out utilizing the same 
level of theory as the structure optimization 
(wB97XD/6-31G(d,p)). Figure 4 displays the HOMO 
and LUMO surfaces of the compound, while Table 
2 lists their respective energy values. The results 
indicate that the isodensities are predominantly 

concentrated on Fragment 2 of the compound. The 
HOMO and LUMO energies are -8.05 eV and -1.66 
eV, respectively, yielding an energy gap of 6.38 eV. 
This significant energy gap suggests substantial 
electronic interactions and stability within the 
molecule, reflecting its potential reactivity and 
electronic behavior. 

Figure 4. FMO plots of dinaphthodiospyrol H

Figure 5. DOS spectra of dinaphthodiospyrol H
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Density of state (DOS) analysis
 DOS analysis provides valuable insights 
into the distribution of molecular orbitals and the 
occupation of these orbitals by electrons across 
different energy levels. This analysis helps to 
understand the electronic transitions between the 
valence and conduction bands, with the Fermi level 
serving as a reference point for these transitions.29 
By examining the DOS spectra, one can study the 
formation and arrangement of energy levels within 
the molecule. Figure 5 presents the DOS spectra of 
the compound. The spectra reveal that the HOMO 
is located at -8.05 eV, while the LUMO is situated at 
-1.66 eV. These findings are in agreement with the 
results obtained from the FMO analysis, further 
validating the consistency and reliability of the 
compound electronic structure. The alignment 
of these results underscores the accuracy of the 
electronic property assessments and provides a 
comprehensive understanding of the compound's 
electronic behavior. 

Docking studies
 To evaluate the binding affinities and 
profile of inhibition of the compounds with the 
target including Aldose Reductase (ALR2). There 
are four ligands (L1-L4), and this work investigates 
how different ligand stoichiometry influences the 
formation of protein-ligand complexes, resulting 
in cooperative structural changes. Ligand L2 is 

arranged perpendicularly, creating hydrogen 
bonds with Leu301 and Ser302 and π–π stacking 
with L1's naphthalene moiety. Ligands L3 and L4 
occupy a tiny pocket at the interface of crystal 
packing, where L3 forms a salt bridge with Lys194 
and L4 takes up an H-bond from Asn292. 

Binding mode of dinaphthodiospyrol H (a) and 
standard drug (b) in the active site of 2FZB 
 The visual inspection of the binding 
mode of compound (a) within the active site of 
ALR2 revealed significant hydrophilic interactions. 
Specifically, one of the methoxy moieties formed a 
hydrophilic interaction with Leu301. Additionally, 
a dione group attached to a cyclohexene ring, 
which possesses a dimethoxy substituent on 
the adjacent chain, established a hydrogen 
bond interaction with Ala299. Both the dione 
and the dimethoxy-substituted rings exhibited 
hydrophobic interactions with Trp219. Moreover, 
another dione group attached to a cyclohexene 
ring with a dihydroxy group on the adjacent chain 
formed a hydrogen bond with Ser302. Notably, the 
hydrophilic interactions with Leu301 and Ser302 
mirrored those observed in the native ligand (L2).
 In comparison, the co-crystallized 
selective inhibitor, the native ligand (b) of ALR2, 
demonstrated binding affinities with key residues. 
This included significant hydrophilic interactions 
with Leu300, Leu301, and Ser302 (Figure 6).

Figure 6. 2D interaction plot of compounds dinaphthodiospyrol H (a) and standard drug tolrestat (b) in the active 
site of Aldose Reductase ALR2 (2FZB), modeled by using Discovery Studio visualizer
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DISCUSSION

 The search for safe, effective, and 
economical drug candidates for the treatment of 
management of DM is currently a big challenge 
to the medicinal chemist. In this regard, ample 
medicinal plants and their isolated constituents30 
have been studied for the said health concerns.31,32 
Among the medicinal plants, the genus pistasia is 
one leading plants as antidiabetic.33 The juice of D. 
kaki is used for the treatment of DM in alternative 
systems of medicines.34 Different triterpenoids 
isolated from D. kaki have been tested with a 
significant pharmacological effect.35 The current 
study tested a dihydroxylated compound isolated 
for D. kaki for anti-DM potential. The tested 
compound significantly inhibited AR. The AR 
inhibitors such as alrestatine have been discovered 
for the treatment of secondary complications 
of DM. These enzymes are present in almost 
all cells and create diabetic complications so 
the AR inhibitors are the best drug candidates 
that attenuate the chances of diabetes-related 
complications such as retinopathy. The chloroform 
extract of D. kaki exhibited moderate inhibition of 
aldose reductase (49.09%) compared to the strong 
inhibitory effect of dinaphthodiospyrol H (87.34%) 
at similar concentrations. Dinaphthodiospyrol 
H showed a high degree of inhibition, almost 
comparable to the standard drug D-saccharic acid 
1,4-lactone (89.34%). ESP maps and FMO analyses 
further highlighted the electronic and reactivity 
features of dinaphthodiospyrol H. At the same 
time, docking studies revealed strong binding 
affinities with key residues in the aldose reductase 
enzyme's active site. The aldose reductase 
inhibition results suggest that dinaphthodiospyrol 
H has significant potential as a therapeutic 
inhibitor, given its high inhibition percentage and 
IC50 value (1.34 ± 0.38 µM). The chloroform extract 
showed moderate efficacy, which may be due to 
a lower concentration of active constituents. The 
FMO analysis, which revealed an energy gap of 
6.38 eV, suggests strong electronic stability and 
reactivity, correlating well with the observed 
biological activity. The ESP map, with negative 
potential localized around oxygen atoms, indicates 
potential sites for electrophilic attack, further 

explaining the molecular interactions observed 
during the docking studies. The hydrophilic and 
hydrophobic interactions of dinaphthodiospyrol H 
with residues such as Leu301 and Ser302, similar 
to the native ligand, support its strong binding 
affinity to aldose reductase. The results have 
significant implications for the development of 
aldose reductase inhibitors from natural sources. 
Dinaphthodiospyrol H, with its strong inhibitory 
potential and stable electronic properties, 
could serve as a lead compound for further 
drug development aimed at treating diabetic 
complications like cataracts and neuropathy, 
where aldose reductase plays a critical role. The 
insights gained from ESP and FMO analyses can aid 
in understanding how the compound’s electronic 
properties affect its biological activity, providing a 
framework for designing more effective inhibitors. 
The molecular docking results reinforce the 
therapeutic potential of dinaphthodiospyrol H, 
which, with further modifications, could achieve 
even higher binding affinities than the standard 
drug. The results of the study are limited to in 
vitro evaluation of the aldose reductase inhibition 
by dinapthodiospyrol and would need further 
validation through in vivo studies, for confirmation 
of the biological activity of dinaphthodiospyrol 
H. The molecular docking analysis, though 
insightful, is based on a static model and does not 
account for the dynamic nature of the enzyme or 
solvent effects. Additionally, while the FMO and 
DOS analyses provide valuable information on 
electronic structure, their relationship to biological 
activity is indirect and requires further validation 
through experimental studies.
 Future studies should focus on conducting 
in vivo testing of dinaphthodiospyrol H to 
validate its aldose reductase inhibitory activity 
in biological systems. Structural modifications 
of dinaphthodiospyrol H could be explored to 
enhance its binding affinity and pharmacokinetic 
properties. Additionally, more comprehensive 
studies incorporating molecular dynamics 
simulations would provide a deeper understanding 
of the enzyme-ligand interactions in a dynamic 
environment. Expanding this research to other 
flavonoids or related compounds in Diospyros kaki 
may reveal other potential inhibitors.



  www.microbiologyjournal.org436Journal of Pure and Applied Microbiology

Rauf et al | J Pure Appl Microbiol. 2025;19(1):428-437. https://doi.org/10.22207/JPAM.19.1.32

CONCLUSION

 This study demonstrates the significant 
aldose reductase inhibitory potential  of 
dinaphthodiospyrol H isolated from D. kaki. 
The compound exhibited strong inhibitory 
activity (87.34%) with an IC50 value of 1.34 µM, 
comparable to the standard inhibitor, D-saccharic 
acid 1,4-lactone. In contrast, the chloroform 
extract showed moderate inhibition, suggesting 
that dinaphthodiospyrol H is likely the active 
component responsible for the observed effects. 
Molecular docking studies revealed strong binding 
interactions with key residues in the aldose 
reductase active site, reinforcing its potential as 
a therapeutic agent. Additionally, the ESP, FMO, 
and DOS analyses provided valuable insights 
into the compound’s electronic structure and 
reactivity, highlighting its stability and interaction 
potential. Despite the promising findings, further 
in vivo studies and molecular modifications are 
recommended to optimize its efficacy and explore 
its broader pharmacological applications. This 
work supports the use of natural compounds from 
D. kaki as potential therapeutic agents in managing 
diabetic complications.
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