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ABSTRACT:

Background: Hair follicle biology is influenced by inflammatory signaling and androgen metabolism. JAK3-related
signaling and So-reductase type II (SRD5A2) therefore represent mechanistically distinct targets relevant to hair-loss
research. Objective: To comparatively characterize the predicted binding of four phytoconstituents quercetin,
kaempferol, chlorogenic acid and caffeic acid to JAK3 and SRD5A2, using tofacitinib and finasteride as reference
compounds, and to assess the supplied pkCSM ADMET profiles. Methods: AutoDock Vina docking outputs were
analyzed for JAK3 (PDB 3LXK) and SRD5A2 (PDB 7BW1), followed by 2D/3D interaction analysis. ADMET values
were taken from the supplied pkCSM dataset. Results: For JAK3, quercetin showed the most favorable predicted affinity
(—9.147 kcal/mol), followed by kaempferol (—8.833), tofacitinib (—8.140), chlorogenic acid (—=7.937) and caffeic acid
(—6.555). For SRD5A2, finasteride showed the most favorable score (=7.797), followed by quercetin (—6.414),
kaempferol (—6.308), caffeic acid (—5.869) and chlorogenic acid (—=5.616). Quercetin and kaempferol were predicted to
have skin permeability values of —2.735 and —3.493 log Kp, respectively. Kaempferol was predicted positive for AMES
mutagenicity, whereas quercetin, chlorogenic acid and caffeic acid were predicted negative. Conclusion: The combined
dataset identifies quercetin and kaempferol as the strongest JAK3-scoring phytoconstituents, while finasteride remains the
strongest SRD5A2 reference ligand. These results are hypothesis-generating and require experimental target-inhibition,
dermal-delivery, safety and hair-growth validation.
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INTRODUCTION:

Hair growth is a cyclic biological process involving
anagen, catagen and telogen phases. Dysregulation of
inflammatory signaling, follicular signaling pathways
and androgen metabolism can contribute to hair loss.
Recent reviews emphasize that phytochemicals may
influence follicular signaling and hair-growth biology,
but translation to therapeutic use requires mechanistic
and delivery validation. [1-3]

JAK/STAT signaling has attracted attention in
inflammatory hair disorders, whereas Sa-reductase-
mediated conversion of testosterone to
dihydrotestosterone is central to androgen-dependent
follicular miniaturization. Tofacitinib and finasteride
were therefore selected as pharmacological reference
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compounds for JAK3 and SRD5A2, respectively. [4—8]
The present study expands the supplied dataset by
comparing four phytoconstituents across both targets
rather than restricting the analysis to two flavonoids.

A recent 2025 computational study also evaluated
phytochemicals against So-reductase in the context of
hair-growth research and used molecular docking
together with additional computational analyses,
supporting the relevance of structure-based screening to
this research question. [9]

The objective of this work was to integrate the supplied
molecular docking, interaction-map and ADMET
datasets into a publication-oriented comparative
analysis, while explicitly distinguishing computational
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predictions  from demonstrated
biological activity.

MATERIALS AND METHODS:

Ligand and reference-drug selection

Quercetin, kaempferol, chlorogenic acid and caffeic acid
were evaluated as phytoconstituents. Tofacitinib was
used as the JAK3 reference drug and finasteride as the
SRDS5A2 reference inhibitor.

Protein targets

JAK3 kinase was represented by PDB ID 3LXK and
SRD5A2 (Sa-reductase type 1I) by PDB ID 7BWI,
based on the supplied docking-results report. These
identifiers should be checked against the original
downloaded PDB files before submission.

Molecular docking

Molecular docking was performed with AutoDock Vina.
For the supplied JAK3 workflow, the grid center was X
= —4.95575, Y = 13.0804, Z = 17.0951; grid size was
22.5 x 22.5 x 22.5 A; grid spacing was 0.375 A; and
exhaustiveness was 8. The supplied JAK3 outputs used
the same displayed grid settings. The best-ranked pose
was used for subsequent interaction interpretation.
AutoDock Vina is an established open-source docking
platform. [10,11]

Binding-interaction analysis

The supplied 2D and 3D interaction maps were
interpreted using the interaction labels shown in the
source figures, including van der Waals, m-alkyl, =-
sigma, alkyl, carbon-hydrogen and aromatic
interactions. The interaction maps were treated as
structural support for the predicted poses rather than
direct evidence of enzyme inhibition.

ADMET prediction

Absorption, distribution, metabolism, excretion and
toxicity parameters were taken from the supplied
pkCSM outputs. The dataset included water solubility,
Caco-2 permeability, human intestinal absorption, skin
permeability (log Kp), P-glycoprotein status,
distribution ~ parameters, CYP-related predictions,
clearance and toxicity endpoints. pkCSM values are
computational predictions rather than experimental
measurements. [12]

RESULTS:

Comparative docking performance

The combined docking dataset is summarized in Table
1. A more negative AutoDock Vina score represents a
more favorable predicted affinity within the same
docking protocol; scores should not be interpreted as
experimentally measured binding constants.

Table 1. Comparative best-ranked docking affinities
firom the supplied AutoDock Vina outputs.

experimentally
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Figure 1. Comparative JAK3 docking scores for
quercetin, kaempferol, tofacitinib, chlorogenic acid
and caffeic acid. More negative values indicate more
favorable predicted affinity within the same protocol.
Quercetin produced the most favorable JAK3 score
(—9.147 kcal/mol), 1.007 kcal/mol more negative than
tofacitinib. Kaempferol was also more negative than
tofacitinib by 0.693 kcal/mol. Chlorogenic acid was
slightly less negative than tofacitinib (difference 0.203
kcal/mol), whereas caffeic acid showed the weakest
JAK3 score among the five compounds.

JAKS3 interaction analysis

A Tofacitinib B Quercetin C Kaempferol

Figure 2. Supplied AutoDock Vina docking outputs for
tofacitinib, quercetin and kaempferol against JAK3
(3LXK).

A Quercetin B Kaempferol C Tofacitinib

Flgure 3. Sup})lted 3D/2D interaction maps for
quercetin, kaempferol and tofacitinib at JAK3. The
maps show the interaction environments described in
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Figure 4. Caffeic acid and chlorogenic acid docking
outputs against JAK3 and SRD5A2 from the supplied
docking-results report.

The JAK3 interaction maps showed van der Waals and
n-alkyl interactions for quercetin and kaempferol,
whereas tofacitinib showed carbon—hydrogen, van der
Waals and alkyl interactions. The detailed caffeic-
acid/JAK3 map showed van der Waals contacts
involving CYS A:909, PRO A:906, TYR A:904, LEU
A:905, VAL A:884, GLY A:829 and carbon-hydrogen
bonding involving GLY A:908, with n-sigma/mn-alkyl
contacts involving ALA A:853, LEU A:828, VAL
A:836 and LEU A:956. Chlorogenic acid/JAK3 showed
van der Waals contacts involving ALA A:966, LYS
A:855, ASP A:967, SER A:835, LYS A:830, GLY
A:829, ARG A:953 and ASN A:954, with an alkyl
contact involving VAL A:836. These residue-level
observations support the poses but do not establish
inhibition.

SRD5A2 docking and interaction analysis

A Finasteride B Quercetin C Kaempferol

Figure 5. Supplied AutoDock Vina docking outputs for
finasteride, quercetin and kaempferol against SRD5A2

Figure 6. Supplied 3D/2D interaction maps for
finasteride, kaempferol and quercetin at SRD5A2.

Figure 7. Caffeic acid and chlorogenic acid
interaction maps at JAK3 and SRD5A2 from the
supplied docking-results report.
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Finasteride showed the most favorable SRD5A?2 affinity
(=7.797 kcal/mol). Quercetin (—6.414 kcal/mol) and
kaempferol (—6.308 kcal/mol) were weaker than
finasteride but showed moderately negative predicted
affinities. Caffeic acid (—5.869 kcal/mol) and
chlorogenic acid (—5.616 kcal/mol) were weaker than
the reference and flavonoids in the supplied protocol.
Finasteride showed van der Waals contacts with LEU
A:68, CYS A:88 and VAL A:89. Kaempferol showed 7-
sigma/n-alkyl interactions involving LEU A:68, a
carbon—hydrogen interaction with the carbonyl oxygen,
and van der Waals contacts involving GLY A:85, THR
A:81, SER A:74, PRO A:72, GLN A:71 and LEU A:73;
the supplied map also indicated a carbon-hydrogen
interaction involving VAL A:82. Quercetin showed =-
sigma/n-alkyl interactions involving LEU A:68 and
ALA A:69 and van der Waals contacts involving ALA
A:65, GLN A:71 and LEU A:73.

For caffeic acid/SRD5A2, the supplied interaction map
showed van der Waals contacts involving THR A:16,
GLY A:13, LEU A:125, ALA A:117, LEU A:20 and
ASN A:122, with n—n T-shaped interaction at GLY
A:121 and amide-m stacking at PHE A:118.
Chlorogenic acid/SRD5A2 showed van der Waals
contacts with LEU A:214, ALA A:217, ILE A:202 and
LEU A:221, together with a m-alkyl interaction
involving PHE A:218.

ADMET profiling

Table 2. Selected ADMET predictions from the
supplied pkCSM datasets. Values are model
predictions, not experimental measurements.

P-
& Yes Yes Yes No
substrate
VDss (log —-1.09
+1.559 —0.985 +0.581
L/kg) 8
Fraction
0.206 0.242 0.658 0.529
unbound
BBB
- —0.64
permeabilit | —1.098 —0.886 —1.407 .
y (log BB)
CNS
- —2.60
permeabilit | —3.065 —2.249 —3.856 g
y (log PS)
CYP1A2
Yes Yes No No
inhibitor
Total
clearance
(log 0.407 0.529 0.307 0.508
mL/min/kg
)
AMES
mutagenici No Yes No No
ty
hERG I
No No No No
inhibitor
hERG II
No No No No
inhibitor
Hepatotoxi
No No No No
city
Skin
sensitisatio No No No No
n

Caffe
Querce | Kaempfe | Chloroge
Parameter ic
tin rol nic acid
acid
Water
solubility —2.33
-2.925 -3.251 —2.449
(log 0
mol/L)
Caco-2
+0.63
permeabilit | —0.229 +0.270 —0.840 4
y
Human
intestinal 69.40
] 77.207 79.391 36.377
absorption 7
(%)
Skin
- =2.72
permeabilit | —2.735 —3.493 —2.735 5
y (log Kp)
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Quercetin and kaempferol showed predicted skin
permeability values of —2.735 and —3.493 log Kbp,
respectively. Chlorogenic acid and caffeic acid showed
—2.735 and —2.722 log Kp. All four compounds were
predicted negative for hepatotoxicity, skin sensitization
and hERG UII inhibition in the supplied dataset.
Quercetin, kaempferol and chlorogenic acid were
predicted as P-gp substrates, whereas caffeic acid was
not. Quercetin and kaempferol were predicted as
CYP1A2 inhibitors; chlorogenic acid and caffeic acid
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CONCLUSION:

The integrated computational dataset identified
quercetin (—9.147 kcal/mol) and kaempferol (—8.833
kcal/mol) as the strongest JAK3-scoring
phytoconstituents, both more negative than tofacitinib
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is an important computational alert. Overall, the study
supports quercetin and kaempferol as candidates for
further experimental investigation, particularly in
relation to JAK3-associated hair-growth mechanisms,
while emphasizing that docking and ADMET
predictions do not establish efficacy or clinical safety.

IJDDT Volume 16 Issue 77s 2026

1.

10.

11.

Kesika P, Sivamaruthi BS, Thangaleela S. Role and
Mechanisms of Phytochemicals in Hair Growth and
Health. Pharmaceuticals. 2023;16(2):206.
doi:10.3390/ph16020206.

Choi JY, Boo MY, Boo YC. Can Plant Extracts
Help Prevent Hair Loss or Promote Hair Growth? A
Review Comparing Their Therapeutic Efficacies,
Phytochemical Components, and Modulatory
Targets. Molecules. 2024;29(10):2288.
doi:10.3390/molecules29102288.

Onikola R, Mohammed A, Shittu R, Nazir H, Wang
L. Enhancing hair growth through phytochemicals:
mechanisms, supporting evidence, and future
directions. J Pharm Pharmacol. 2025;77(7):897—
910. doi:10.1093/jpp/rgaf023.

Legrand JMD, Roy E, Ellis JJ, Francois M, Brooks
AJ, Khosrotehrani K. STATS Activation in the
Dermal Papilla Is Important for Hair Follicle
Growth Phase Induction. J Invest Dermatol.
2016;136(9):1781-1791.
doi:10.1016/5.jid.2016.04.014.

Phan K, Sebaratnam DF. JAK inhibitors for
alopecia areata: a systematic review and meta-
analysis. J Eur Acad Dermatol Venereol.
2019;33(5):850-856. doi:10.1111/jdv.15489.
Dhurat R, Sharma A, Rudnicka L, et al. 5-Alpha
reductase inhibitors in androgenetic alopecia:
Shifting paradigms, current concepts, comparative
efficacy, and safety. Dermatol Ther.
2020;33(3):e13379. doi:10.1111/dth.13379.
Kaufman KD, Olsen EA, Whiting D, et al
Finasteride in the treatment of men with
androgenetic alopecia. J Am Acad Dermatol.
1998;39(4 Pt 1):578-589.

Yim E, Baquerizo Nole KL, Tosti A. Sa-Reductase
inhibitors in androgenetic alopecia. Curr Opin
Endocrinol Diabetes Obes. 2014;21(6):493-498.
doi:10.1097/MED.0000000000000112.
Hasannejad-Asl B, Pooresmaeil F, Azadi S, Najafi
A, Esmaeili A, Bagheri-Mohammadi S, Kazemi B.
Computational drug discovery of potential So-
reductase phytochemical inhibitors and hair growth
promotion using in silico techniques. Front
Bioinform. 2025;5:1570101.
doi:10.3389/fbinf.2025.1570101.

Trott O, Olson AJ. AutoDock Vina: Improving the
speed and accuracy of docking with a new scoring
function, efficient optimization, and multithreading.
J Comput Chem. 2010;31(2):455-461.
doi:10.1002/jcc.21334.

Eberhardt J, Santos-Martins D, Tillack AF, Forli S.
AutoDock Vina 1.2.0: New Docking Methods,
Expanded Force Field, and Python Bindings. J
Chem Inf Model.  2021;61(8):3891-3898.
doi:10.1021/acs.jcim.1c00203.

Page: 1503



COMPARATIVE IN SILICO EVALUATION OF QUERCETIN, KAEMPFEROL, CHLOROGENIC ACID AND
CAFFEIC ACID AGAINST JAK3 KINASE AND 5A-REDUCTASE TYPE II: MOLECULAR DOCKING AND
ADMET ASSESSMENT FOR HAIR-GROWTH RESEARCH

12.

13.

14.

15.

16.

17.

18.

Pires DEV, Blundell TL, Ascher DB. pkCSM:
Predicting Small-Molecule Pharmacokinetic and
Toxicity Properties Using Graph-Based Signatures.
J Med Chem. 2015;58(9):4066-4072.
doi:10.1021/acs.jmedchem.5b00104.

Xiao Q, Wang L, Supekar S, Shen T, Liu H, Ye F,
Huang J, Fan H, Wei Z, Zhang C. Structure of
human steroid So-reductase 2 with the anti-
androgen drug finasteride. Nat Commun.
2020;11:5430. doi:10.1038/s41467-020-19249-z.
Guo T, Li W, Zheng W, Lin Y, Wen S. Quercetin
rescues dihydrotestosterone-treated human dermal
papilla cells via SHP2/AKT signaling to suppress
autophagy and apoptosis. Naunyn Schmiedebergs
Arch Pharmacol. 2025;398(6):7155-7170.
doi:10.1007/s00210-024-03742-z.

Zhao C, Jia L, Luo R, Yan H, Li Z, Jiang H, Li Y.
Kaempferol stimulates dermal papilla cells and
upregulates Wnt/B-catenin signaling pathway for
androgenetic alopecia treatment. J Nutr Biochem.
2026;149:110214.
doi:10.1016/j.jnutbio.2025.110214.

Ntshingila S, Oputu O, Arowolo AT, Khumalo NP.
Androgenetic alopecia: An update. JAAD Int.
2023;13:150-158. doi:10.1016/.jdin.2023.07.005.
Durrant JD, McCammon JA. Molecular dynamics
simulations and drug discovery. BMC Biol.
2011;9:71. doi:10.1186/1741-7007-9-71.

Ramirez D, Caballero J. Is It Reliable to Take the
Molecular Docking Top Scoring Position as the
Best Solution without Considering Available
Structural Data? Molecules. 2018;23(5):1038.
doi:10.3390/molecules23051038

IJDDT Volume 16 Issue 77s 2026

Page: 1504



