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Background: Doxycycline, a tetracycline antibiotic known for inhibiting matrix metalloproteinases, has shown potential
antihypertensive effects. However, its role in modulating the renin—angiotensin system remains poorly understood. This
study aims to specifically evaluate Doxycycline’s effects on key RAS components and blood pressure responses to clarify its
underlying mechanism and support its development as a targeted antihypertensive therapeutic candidate.

Materials and methods: This study integrated an in-silico and experimental approach to assess the antihypertensive effects
of doxycycline. Bioinformatics analyses were first conducted, including target prediction, gene ontology enrichment, hub-
gene identification, PPl network construction, and KEGG pathway analysis, followed by molecular docking and molecular
dynamics simulations to predict doxycycline’s interactions with key RAS targets. To validate these computational findings,
gRT-PCR was performed to measure the expression of selected genes in kidney tissues from hypertensive rats.

Results: Bioinformatics analysis identified six key target genes, including AGT, AGTR1, AGTR2, REN, ACE, and ACE2.
Molecular docking showed that doxycycline exhibited stronger binding affinity to AGTR1 (-8.346 kcal/mol) than its native
ligand. Molecular dynamics confirmed the stability of the doxycycline~AGTR1 complex at 20 ns. Gene expression analysis
of kidney tissues from hypertensive rats revealed a significant reduction in AGTR1 expression in the group treated with
doxycycline 15 mg/kg (p<0.05), while no significant change was observed at 30 mg/kg.

Conclusion: Low-dose doxycycline may modulate the renin—angiotensin pathway through AGTR1 inhibition, indicating its
potential as a candidate for further antihypertensive research and warranting more comprehensive in vivo evaluation.
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Introduction

Hypertension is closely associated with dysregulation of the
renin-angiotensin system (RAS), which plays a central role
in blood pressure regulation and the progression of renal
injury. Pharmacological modulation of RAS components
remains a cornerstone of antihypertensive therapy, however
not all mechanisms governing RAS regulation have
been fully elucidated. Emerging evidence suggests that
doxycycline, a tetracycline antibiotic primarily known for
its matrix metalloproteinase-inhibitory properties, may
exert antihypertensive effects beyond its anti-inflammatory
actions, although its direct involvement in RAS modulation
remains unclear.!? Despite the high burden in Indonesia,
important aspects of its underlying pathophysiology
RAS
insufficiently explored in translational and preclinical

particularly  pathways involving the remain
research.’

Hypertension is a chronic condition characterized by
persistently elevated arterial blood pressure, commonly
assessed through systolic and diastolic measurements.*
The development of hypertension is closely associated
with excessive activation of the RAS, which regulates
blood pressure and vascular homeostasis. The RAS plays
a central role in blood pressure regulation and vascular
remodeling. Activation of the classical ACE/Ang II/AT R
axis promotes vasoconstriction, inflammation, oxidative
stress, and fibrosis, whereas the alternative ACE2/Ang-
(1-7)/Mas axis exerts cardiovascular protective effects. An
imbalance between these two axes has been widely reported
in hypertension and cardiometabolic diseases, making the
key RAS molecules (ACE, renin, AT R, and ACE2) rational
therapeutic targets.>”’

The discovery of new, safe, and selective drugs
remains crucials.® One potential candidate is doxycycline
(DOX), a tetracycline antibiotic, and a broad inhibitor of
matrix metalloproteinases (MMPs) is of particular interest
for drug repurposing since MMPs are induced by Ang 11 and
contribute to arterial stiffness as well as target organ damage
in hypertension. Recent reviews have highlighted the
involvement of MMPs in hypertension and the therapeutic
potential of their inhibition (including DOX) in improving
blood pressure, reducing fibrosis, and alleviating vascular
dysfunction.’

Previous studies have provided in vivo evidence that
DOX prevents the development of hypertension and vascular
abnormalities in deoxycorticosterone acetate—salt (DOCA-
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salt) models by restoring gut dysbiosis and improving
endothelial function. In renovascular hypertension (two-
kidney, one-clip (2K1C); a RAS-dependent model), DOX
suppresses MMP-2 activity, protects key contractile
proteins such as sarcoplasmic/endoplasmic reticulum Ca?'-
ATPase (SERCA), and limits collagen proteolysis and
vascular smooth muscle cell proliferation. Although the
antihypertensive effect is not always consistent, structural
and functional vascular benefits have been repeatedly
observed. These findings support the hypothesis that DOX
may modulate the RAS axis directly or indirectly through
the MMP-Ang II network.'%-!2

Although the renin—angiotensin system (RAS) is a key
regulator of hypertension, integrated evidence combining
molecular docking and in vivo RAS gene expression analysis
to assess doxycycline (DOX) as an antihypertensive agent
is still lacking. This knowledge gap limits understanding
of the potential mechanistic role of DOX in RAS-mediated
blood pressure regulation. Accordingly, this study aimed
to evaluate the antihypertensive effects of DOX using
hypertensive rat models supported by renal gene expression
analysis. Bioinformatics-based approaches were employed
to identify relevant molecular targets and pathways,
followed by molecular docking to predict interactions
between DOX and key RAS proteins, including ACE
and AT R. In addition, expression analysis of major RAS
components (ACE, ACE2, REN, AGTR1/AGTR2, and
MASI) was conducted to assess whether DOX alters the
balance between the classical ACE/Ang II/AT R axis and
the protective ACE2/Ang-(1-7)/Mas pathway.

Materials and methods

Study Design

The study employed an experimental laboratory design
combining insilico analysis and in vivo based gene expression
profiling using stored kidney tissues from hypertensive rats
induced by deoxycorticosterone acetate (DOCA), salt, and
uninephrectomy. All procedures performed in this study
were conducted in accordance with the ethical approval as
stated in the ethical statement subsection.

Animal Treatment

This study utilized stored biological samples consisting of
kidney tissues from three groups of rats (n=5 per group).
Hypertension was induced using a DOCA-salt model. In the
DOCA group(control group),ratsunderwentuninephrectomy
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followed by subcutaneous administration of DOCA at a
dose of 20 mg/kg twice per week, and received 1% NaCl in
their drinking water daily for five weeks to establish chronic
hypertension. The DOXY 15 group received doxycycline
at 15 mg/kg orally via gavage once daily for five weeks in
addition to undergoing uninephrectomy, DOCA induction
(20 mg/kg, subcutaneous, twice weekly), and daily 1% NaCl
administration. Similarly, the DOXY 30 group received
doxycycline at 30 mg/kg orally once daily for five weeks,
along with uninephrectomy, DOCA induction, and daily 1%
NaCl exposure.

Blood Pressure Measurement

Blood pressure was measured weekly using a fully automated
CODA tail-cuff system (Kent Scientific, Torrington, USA).
Rat tails were warmed to 37°C to optimize blood flow before
placement of the occlusion and volume-pressure recording
cuffs. Systolic and diastolic pressures were automatically
recorded, and the mean of ten readings was used for
analysis. All measurements were performed between 08:30
and 12:30, consistent with procedures described in previous
studies."?

Data Collection and Processing

Predictive target genes related to hypertension were
identified through two publicly available databases: the
Comparative Toxicogenomics Database (CTD; https://
ctdbase.org/) and the Gene Expression Omnibus (GEO)
database, specifically the GSE37460 dataset (https://www.
based
on keywords and biological annotations relevant to the

ncbi.nlm.nih.gov/geo/).'*!7 Data selection was
pathophysiology of hypertension. GSE37460 was chosen
because it contains gene expression profiles from tissues
involved in blood pressure regulation and has been widely
utilized in hypertension-related studies. The analysis results
from both sources were then used to generate a list of target
genes. The analysis results were used to obtain the target
genes. Subsequently, Draw Venn Diagram was employed to
determine the intersection between predictive target genes
derived from CTD and GEO, resulting in the identification
of 47 overlapping genes.'®

Protein-Protein Interaction (PPI) Analysis

The protein—protein interaction (PPI) network was
constructed using the STRING database (https://string-db.
org/) with a confidence score threshold 0of 0.900.!° The data
were visualized in Cytoscape v3.8 with the cytoHubba
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plugin.® The top 10 hub genes were identified using the
maximal clique centrality (MCC) method, which provides
higher accuracy in predicting essential proteins.”'

Gene Ontology (GO) and Kyoto Encyclopedia of Genes
and Genomes (KEGG) Pathway Analysis

Enrichr (https://maayanlab.cloud/Enrichr/) was employed
to perform gene ontology (GO) analysis, including
biological processes, molecular functions, and cellular
components, as well as KEGG pathway enrichment.?>%
A significance threshold of p< 0.05 was applied. KEGG
enrichment results were visualized using ShinyGO 0.81
(http://bioinformatics.sdstate.edu/go/). An FDR-adjusted

p-value of <0.05 was considered statistically significant.>*

Molecular Docking Analysis

Protein structures for AGT (PDB ID: 6RV0), AGTR1 (PDB
ID: 4ZUD), AGTR2 (PDB ID: 5UNH), REN (PDB ID:
2V0Z), ACE (PDB ID: 6WF2), and ACE2 (PDB ID: 1R4L)
were obtained from the Protein Data Bank (PDB: https://
www.resb.org/).” The structure of the doxycycline ligand
was retrieved from PubChem (https://pubchem.ncbi.nlm.
nih.gov/).?¢ Molecular docking simulations were performed
using Maestro Schrodinger. Ligand preparation was carried
out with the following parameters: target pH 7.0+2.0,
desalt, and tautomer generation, selecting the ligand with
the lowest ionization penalty. Protein preparation included
assigning bond orders, adding hydrogen atoms, filling in
missing chains and loops using Prime, and removing water
molecules beyond 5.00 A with the system set at pH 7.0 +2.0.
Docking was initiated by defining the grid area using the fit
auto ligand option, followed by active site selection via grid
receptor generation. The docking parameters applied were
a van der waals scaling factor of 1.00 and a partial charge
cutoff of 0.25.7 Additionally, the native ligand of each
respective protein structure was used as a positive control to
validate the docking protocol.

Molecular Dynamic Analysis

Molecular dynamics (MD) simulations were conducted
using Maestro Schrédinger (Schrodinger Inc). System
preparation was performed with the System Builder module,
including solvation minimization and the addition of ions
(9 CI', Na/Cl" salt at 0.15 M). The fully solvated system
was equilibrated and simulated under the NPT ensemble
(constant number of particles, pressure, and temperature)
with parameters set to 310 K, 1.01325 bar, a total simulation
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time of 50 ns, a trajectory recording interval of 9.6 ps, and
energy output every 1.2 ps. Prior to simulation, the system
was relaxed to ensure stability. Output parameters included
root mean square deviation (RMSD) and root mean square
fluctuation (RMSF).”’

Gene Expression Analysis

Total RNA was extracted from 100 mg of kidney tissue
using the Direct Zol RNA MiniPrep Plus kit with TRI
Reagent (Zymo Research, California, USA), and RNA purity
(1.8-2.0) was verified using a NanoDrop spectrophotometer
at 260 nm. cDNA was synthesized from 100 ng of total RNA
using the HiScript III dRT SuperMix (Cat No. R323-01,
Vazyme Biotech, Nanjing, China) protocol and qRT-PCR
was performed using Taq Pro Universal SYBR qPCR
Master Mix (Cat No. Q712-02, Vazyme Biotech, Nanjing,
China). Actin beta (ACTB) served as the housekeeping gene
for normalization. Each qRT-PCR reaction was conducted
with two technical replicates, and samples represented
the biological replicates of each experimental group.
Thermocycling conditions consisted of denaturation at
95°C for 10 s, annealing at primer-specific t emperatures
for 30 s, and elongation at 72°C for 30 s over 40 cycles.
Relative gene expression was calculated using the Livak
method (27-AACt), where ACt values were obtained
between target and reference genes and normalized to the
non-hypertensive control group. Fold changes in mRNA
expression were then determined to evaluate differences
in target gene expression among samples.?®%

Statistical Analysis

The results were presented as relative gene expression
values to allow clear comparison between experimental
groups. All measurements were performed in duplicate
to improve data reliability, and the resulting data were
subjected to statistical analysis. Normality was assessed
using the Shapiro—Wilk test, normally distributed data
were analyzed by ANOVA followed by Tukey’s HSD test
with a significance threshold of p<0.05, whereas data
that non-normally distributed were evaluated using the
Kruskal-Wallis test to indentify overall differences among
the study groups, followed by the Mann—Whitney test for
pairwise group comparisons at the same confidence level.
All statistical analyses were performed using IBM SPSS
Statistics version 29.0.0.0.
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Results

Data Collection and Prossesing

Predictive target genes associated with hypertension were
identified using two online databases, yielding 10924
potential target genes. The Comparative Toxicogenomics
Database (CTD) contributed 10920 genes, while the
GSE37460 dataset from the Gene Expression Omnibus
(GEO) provided 51
constructed to determine the overlapping targets among

genes. A Venn diagram was
these hypertension-related genes. Cross-referencing of
the datasets revealed 47 overlapping genes, which were
identified as potential targets (Figure 1).

Protein-Protein Interaction (PPI)

A total of 47 target genes were analyzed for protein—protein
interactions (PPI) using STRING-DB, followed by k-means
clustering. The analysis identified a cluster containing 12
genes with strong interactions, primarily involved in blood
volume regulation through the renin—angiotensin pathway.
The top 10 hub genes based on MCC degree values were
AGT, AGTR1, AGTR2, ACE, ACE2, REN, EDNRA, ALB,
C3, and PLG (Figure 2). These associations indicate that
the proteins function cooperatively to contribute to shared
biological processes, although this does not necessarily
imply direct physical binding among them. Based on their

CTD

GSE37460

AACS, DBH, PCCB, MAS], IL10, PLG, ALB, EHHADH, GSTA1, HK1, ACTN2, ACSSI,
FAH, DLAT, GOTI, C3, EDNRA, PFKFBI, TNF, ENO2, GGTI, AKRIBI, COMT,
AGTRI1, ICAMI, MET, DPYD, AGT, ACADM, ACTNI, ACE, SDCI, ALOXI12B,
CYP3A4, EGF, ACE2, CD14, F2R, FBP1, COL4AI, REN, AGTR2, HGF, VWF, FMOI,
CCL2, KDR.

Figure 1. The prediction of potential hypertensive
nephropathy genes. The diagram illustrates the overlap
between the predicted target genes of hypertensive
nephropathy, yielding 47 overlapping genes as potential
targets.
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Figure 2. Results of protein-protein interaction analysis.
A: Protein-protein interaction of 34 protein nodes. B: Top
10 key genes associated with hypertension.

established functions, these hub genes are recognized to
play critical roles in human biology.

Gene Ontology (GO) and KEGG Pathway Analysis

Gene Ontology (GO) analysis categorized the 10 potential
hub genes into three groups: biological processes, cellular
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components, and molecular functions. The key pathways
identified included regulation of systemic arterial blood
pressure by the renin—angiotensin system, blood vessel
diameter maintenance, and regulation of vasoconstriction
(Table 1). KEGG pathway analysis further revealed
that these genes are involved in multiple hypertension-
related pathways (Figure 3). Specifically, the GO results
demonstrated that the target genes regulate biological
processes through mechanisms associated with the renin—
angiotensin pathway. These genes were also localized
to the secretory granule lumen and were associated with
endopeptidase activity in molecular functions. Collectively,
these findings suggest that doxycycline (DOX) may exert
antihypertensive effects by modulating key pathways and
cellular processes.

Functional enrichment analysis was performed to
identify signaling pathways related to the expressed genes.
Pathways associated with hypertensive nephropathy were
determined using KEGG enrichment with the Enrichr
database. The top 10 enriched KEGG pathways were
obtained (Figure 3), all of which were related to hypertensive
nephropathy, with p-values <0.01 considered significant.
The renin-angiotensin system was the most significant
pathway with a p-value of 2.378x10¢, and visualization
with ShinyGO 0.81 revealed six expressed genes in this
pathway: AGT, AGTR1, AGTR2, ACE, REN, and ACE2.
Based on the enrichment results, the renin-angiotensin
system (RAS) pathway was selected with a -logl0 (FDR)
value of 10, indicating strong significance in hypertensive
nephropathy, and all identified genes were further subjected
to molecular docking with doxycycline.

Molecular Docking Analysis

Molecular docking simulations demonstrated that
doxycycline (DOXY) effectively interacts with the AGTR1
target protein, exhibiting a higher binding affinity than the
native ligand, which suggests strong and stable ligand—
receptor interactions (Table 2). DOXY engages the same 11
amino acid residues as the native ligand Argl67, Serl05,
Val108, Tyr35, Trp84, 1le31, Tyr87, Thr88, 11e288, Tyr92,
and Pro285 thereby enhancing binding stability (Figure
4). Based on amino acid residue interactions, the native
ligand forms more hydrogen bonds compared to DOXY.
Specifically, non-hydrogen residues (Serl05, VallO08,
Trp84, Ile31, Tyr87, Thr88, 11e288, Tyr92, and Pro285) and
hydrogen-bonding residues (Argl67, Tyr35) interact with
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Table 1. Top five potential target genes of hypertension and their associated

pathways.
Term p-value Gene
Biological Process
Regulation of systemic arterial
blood pressure by renin- 4,77E-10 AGTR1, ACE2, AGTR2,REN

angiotensin (GO:0003081)

Blood vessel diameter

AGTRI1,ACE2, AGTR2,

3,54E-0
maintenance (GO: 0097746) ’ ? EDNRA
Regulation of vasoconstriction
2,33E-04 AGTR1, ACE2,RE
(G0O:0019229) ,33E-0 GIRI, ACE2, REN
Regulation of blood sirculation
(GO:1903522) 5,34E-04 AGTR1, ACE2,REN
Regulation of reactive oxygen
species metabolic process 0.000002460 AGTR1, ACE2
(GO:2000377)
Celluler Component
Secretory granule lumen
000431 PL
(GO:0034774) 0.0004318 G C3
Platelet alpha granule lumen
(GO:0031093) 0.0004745 3
Platelet alpha granule
0.0008609 PLG
(GO:0031091)
Intracelluler organelle lumen
.0074 PLG, ACE2,RE
(GO:0070013) 0.007479 G, ACE2, REN
Endoplasmic reticulum lumen
(GO:0005788) 0.008387 ACE2,C3
Molecular Function
Endopepridase activity 0.0005121 AGTR1, ACE, ACE2, REN
(GO:0004175) ’ ? ’ >
Transition metal ion binding
(GO:0046914) 0.001254 AGTR2, ACE2
Aspartic-type peptidase activity
0.006979 EDNRA, AGTR2, ACE2
(GO:0070001) ’ ’
Aspartic-type endopeptidase
0.008966 PLG, ACE
Activity (GO: 0004190) G, AC
Phosphatidylinositol
phospholipase C activity 0.009957 EDNRA
(GO:0004435)

the native ligand, whereas hydrogen bonding at Tyr184 is
observed with DOXY. According to the literature, key amino
acids in the AGTR1 receptor (PDB ID: 4ZUD), including
Argl67, Tyr35, and Trp84, play a pivotal role in ligand
recognition. These findings indicate that DOXY and the
native ligand bind at the same active site and are predicted
to exhibit comparable affinity in inhibiting AGTR1 activity.

Molecular Dynamics Analysis

Molecular dynamics (MD) simulations were conducted
for 50 ns to evaluate the stability of the DOXY-AGTRI1
complex. The backbone RMSD reached stability after
approximately 20 ns and maintained an average deviation
of ~3 A, indicating that the complex attained a stable
conformational state and preserved its structural integrity
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Figure 3. Results of functional enrichment analysis of KEGG pathways. A: Visualization of KEGG pathways based on
enrichment. B: Visualization of enrichment results using ShinyGO 0.81. Genes highlighted in red represent the key targets
identified in this study that are involved in the renin—angiotensin system and associated with antihypertensive mechanisms.

throughout the simulation (Figure 6A). The root means
square fluctuation (RMSF) profile revealed that most amino
acid residues exhibited fluctuations below 2 A, reflecting
limited local flexibility. Higher fluctuations were observed
in loop regions, which are generally more dynamic, whereas
the binding pocket residues remained relatively stable
(Figure 6B).

Gene Expression Analysis

The gene expression analysis using qRT-PCR produced
cycle threshold (Ct) values, which were reported as the
relative expression levels of the target genes compared to
an internal control. In this study, the B-actin (ACTB) gene
was used as the reference for normalization. The relative
expression levels of AGTRI1 in kidney tissue were evaluated
across three groups: hypertension, DOXY 15 mg/kg BW,
and DOXY 30 mg/kg BW. The doxycycline doses of 15 mg/
kg and 30 mg/kg were selected based on previous study, who
demonstrated that these dose ranges exert pharmacological
activity relevant to modulating inflammatory and renin—
angiotensin system pathways, making them appropriate
for assessing potential antihypertensive effects.13 The
hypertensive group showed an average relative expression
of 0.31, which decreased to 0.19 in the DOXY 15 mg/kg
group, indicating that low-dose doxycycline effectively
suppressed AGTR1 expression in kidney tissue. Conversely,
the DOXY 30 mg/kg group exhibited a relative expression
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level of 0.34, slightly higher than the hypertensive group,
suggesting a dose-dependent variation in doxycycline’s
regulatory effect (Figure 7). These results highlight that the
15 mg/kg BW dose of doxycycline demonstrated a stronger
inhibitory effect on AGTR1 gene expression in kidney
tissue compared to the higher dose.
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Hydrophobic Hydration site
J Metal X Hydration site (displaced)
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~—— Metal coordination
s PI-Pi stacking

Solvent exposure

Figure 4. Two-dimensional visualization of amino acid
residues involved in the docking interactions of DOXY
with AGTRI.



Fajarido A, et al.

™
oH—F } ;.5)
o "jE.U :;L
Sk
ey ;;_;)
A€\ &
105 )
sen
i
) I
i
m) L
85 A, i
@ B )
o Charged {negative} Palar
o Charged {positive) J Unspecified residue
Glycine Water
Hydrophoblic Hydration site
o Metal X Hydration site (displaced)
----- Distance —s Pi-cation
= H-bond ~— Salt bridge
—= Halogen bond Salvent exposure
— Metal coordination
= Pi-Pi stacking

Figure 5. Two-dimensional visualization of amino acid
residues involved in the docking interactions of native
ligand with AGTRI.

The relative expression levels of AGTRI1 in kidney
tissue were evaluated across the hypertension, DOXY
15 mg/kg BW, and DOXY 30 mg/kg BW groups. The
hypertensive group showed elevated AGTR1 expression
(0.31), consistent with the activation of the renin angiotensin
system in hypertension. Treatment with doxycycline
at 15 mg/kg resulted in a marked reduction of AGTRI
expression (0.19), indicating a potential suppressive effect
on vasoconstrictive signaling pathways. However, the 30
mg/kg dose did not further enhance this suppressive effect
and instead showed an increased AGTR1 expression (0.34),
exceeding the hypertensive group.

Discussion

In this study, doxycycline demonstrated a dose-dependent
but non-linear effect on hypertension, with the 15 mg/kg BW
dose showing a clearer antihypertensive response compared
to the 30 mg/kg BW dose. The reduction in AGTRI
gene expression at 15 mg/kg supports the hypothesis that
moderate doxycycline exposure may more effectively
modulate the renin—angiotensin system. This finding

Doxycycline Suppresses Hypertension through RAS Regulation

aligns with recent evidence that doxycycline, beyond its
antimicrobial properties, exhibits vascular protective effects
through anti-inflammatory and anti-remodeling mechanisms
that intersect with RAS signaling.3%-!

The bioinformatics analysis identified 47 overlapping
genes associated with hypertension, with enrichment in
pathways central to RAS regulation. This pathway-level
coherence strengthens the biological relevance of the
selected gene targets. Importantly, our data showed that
AGTRI emerged as a key node, consistent with reports
identifying AGTR1 overactivity as a major driver of
vasoconstriction, sodium retention, and pro-fibrotic changes
in hypertension.*?

The molecular docking analysis further supported
AGTRI as a plausible target of doxycycline. Doxycycline
demonstrated stable binding interactions with critical
AGTRI1 residues Argl67, Tyr35, and Trp84 which are
known to contribute to ligand specificity and receptor
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Figure 6. Molecular dynamic analysis. A: RMSD plot of
the DOXY—-AGTRI1 complex showing stabilization after
20 ns. B: RMSF profile indicating low flexibility of most
residues, with higher fluctuations in loop regions.

28



Molecular and Cellular Biomedical Sciences, Vol.10 No.1, March 2026, p. 1-70

Print ISSN: 2527-4384, Online ISSN: 2527-3442
DOI: 10.21705/mcbs.v10n1.744

Table 2. Docking score of doxycycline with native ligand.

Docking Score Grid Box
Gene Protein ID

Native Ligand Doxycycline Grid X Grid Y GridZ
AGT 6RVO -7.079 -3.328 15.11 09.01 -13.75
AGTR1 4ZUD -6.295 -8.346 -41.62  63.07.00 28.43.00
AGTR2 SUNH -9.928 -6.722 105.14.00 -73.85 06.01
REN 2V0zZ -14.075 -5.473 07.57 46.06.00  68.85
ACE 6WF2 -8.424 -3.881 10.22 25.44.00 13.15
ACE2 1R4L -12.756 -5.388 40.61 0,26528 27.85

activation. Although native ligands exhibited stronger
affinity, doxycycline’s interaction profile suggests partial
antagonistic potential, consistent with recent structural
studies indicating that non-classical small molecules
can modulate AGTRI1 via allosteric or semi-competitive
mechanisms. >

A key finding of this study is the difference in
response between the two doxycycline doses. While 15
mg/kg significantly reduced AGTRI1 expression, the 30
mg/kg dose resulted in a rebound increase, exceeding
hypertensive controls. This paradoxical effect may reflect
dose-related shifts in doxycycline pharmacodynamics.
Several recent studies have shown that higher doxycycline
doses may activate stress-related signaling pathways,

0.45- ns
0.40
0.35 |
0.30- |
0.25+
0.20

0.15+
0.10
0.05
0.00 -

Average of 2-AACt

Figure 7. Relative expression levels of AGTR1 genes.
Data were presented as mean = SEM, * p<0.05.
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increase mitochondrial oxidative burden, or interfere with
extracellular matrix remodeling, indirectly diminishing
benefit.** This suggests that
doxycycline’s antihypertensive effect may occur within

cardiovascular pattern
a therapeutic window, beyond which compensatory
mechanisms reduce efficacy.

The findings imply that doxycycline may influence
RAS signaling through both transcriptional and structural
mechanisms. Inhibition of AGTRI has been shown to
downregulate PI3K/AKT, ERK/MAPK, and oxidative
stress—related  pathways, contributing to  reduced
vasoconstriction and improved endothelial function.’**
The expression data from this study are consistent with
these mechanistic predictions and help explain the observed
blood pressure improvements at the 15 mg/kg dose. Despite
these promising findings, several limitations should be
acknowledged. This study has several limitations. qRT-PCR
analysis was restricted to a limited set of RAS genes, which
may constrain pathway-level interpretation; inclusion of
additional markers such as AGT, REN, ACE, and ACE2
would strengthen mechanistic conclusions. The modest
sample size and use of duplicate technical replicates may
affect statistical robustness. Although molecular docking
suggested AGTRI

at the protein or signaling level was not performed. In

interaction, functional validation
addition, blood pressure changes were not quantitatively
correlated with molecular outcomes across doses, limiting
translational interpretation.

Conclusion

Doxycycline at a dose of 15 mg/kg BW showed a potential
antihypertensive effect, although the current data are not
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sufficient to conclude a statistically significant reduction
in hypertension. The molecular docking and molecular
dynamics analyse further indicate that AGTRI is closely
linked to the RAS pathway, supporting its relevance as a
therapeutic target. Overall, these findings suggest that
doxycycline may modulate key molecular components of
hypertensive pathology. However, additional evidence is
needed to confirm its antihypertensive efficacy and to fully
align the conclusions with the study’s broader objectives.
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