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Abstract: Objective: This study aims to investigate the mechanisms underlying reserpine-induced hypotension. 
Methods: A rat model of hypotension was established by reserpine administration, followed by levodopa (L-DOPA) 
intervention. Arterial blood pressure, histopathologic changes in the heart and kidneys, the levels of norepinephrine 
(NE), the renin-angiotensin-aldosterone system (RAAS), and endothelial function markers were systematically evalu-
ated. Results: Reserpine significantly lowered blood pressure and caused myofibrillar disarray, tubular epithelial 
degeneration, and elevated biomarkers of cardiac and renal injury. These pathologic changes were attributable 
primarily to depletion of NE and dysregulation of vasoactive regulatory systems. L-DOPA treatment restored NE and 
vasoactive mediator levels and markedly ameliorated hypotension and cardiorenal injury. Conclusion: Reserpine 
induces hypotension and cardiorenal injury through suppression of the catecholamine system, accompanied by 
dysregulation of the RAAS and nitric oxide/endothelin (NO/ET) system, whereas L-DOPA attenuates these pathologic 
changes.
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Introduction

Hypotension is generally defined as a systolic 
blood pressure (SBP) below 90 mmHg and a 
diastolic blood pressure (DBP) below 60 mmHg 
[1]. Neurogenic hypotension is a distinct sub-
type of hypotension defined by decreased 
blood pressure resulting from dysfunction of 
the autonomic nervous system, particularly the 
sympathetic nervous system [2]. Neurogenic 
hypotension is commonly observed in elderly 
individuals and patients with autonomic dys-
function. Compared to primary hypotension, 
this condition features a far more intricate 
pathogenesis. Consequently, its clinical conse-
quences are inherently more severe, frequently 
culminating in the hypoperfusion of critical tar-
get organs such as the heart, brain, and kid-
neys. Reduced cardiac perfusion may result in 
palpitations, fatigue, and even myocardial in- 
farction, whereas cerebral ischemia can cause 
dizziness, headache, and severe cases of isch-
emic stroke [3, 4]. Reduced renal blood flow 
can also impair kidney function, leading to sys-

temic edema, oliguria, and proteinuria [5]. Co- 
llectively, these findings highlight neurogenic 
hypotension as a public health concern that 
warrants greater clinical attention.

Blood pressure regulation is highly complex and 
involves multiple interconnected systems, in- 
cluding the sympathetic nervous system (SNS), 
RAAS, NO/ET system, as well as inflammatory 
and immune systems [6]. Current therapeutic 
strategies for neurogenic hypotension focus pri-
marily on the sympathetic nervous system, 
including norepinephrine reuptake inhibitors  
[7, 8], α1-adrenergic receptor agonists and  
norepinephrine precursors. Although these  
agents exhibit favorable short-term efficacy, 
their long-term efficacy remains suboptimal, 
and their use is often associated with substan-
tial adverse effects and poor patient adher-
ence, thereby limiting their clinical applicability 
[9, 10]. Therefore, the development of safer 
and more effective therapeutic agents remains 
an urgent priority. However, the underlying 
pathophysiologic mechanisms of neurogenic 
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hypotension remain incompletely understood, 
which has substantially hindered the progress 
of novel drug development. In this context, a 
comprehensive investigation of the mecha-
nisms involved in neurogenic hypotension may 
provide important mechanistic insight for the 
development of new therapeutic strategies.

Reserpine is a well-established antihyperten-
sive agent that exerts antihypertensive effects 
by targeting the vesicular monoamine trans-
porter (VMAT). By inhibiting the transport of cat-
echolamine neurotransmitters, including nor-
epinephrine and dopamine, into synaptic ve- 
sicles, reserpine suppresses their storage in 
sympathetic nerve terminals. This reduction in 
peripheral sympathetic activity subsequently 
promotes vasodilation and ultimately results  
in blood pressure reduction [11]. Reserpine-
induced hypotension closely mimics the clinical 
manifestations of neurogenic hypotension. Pre- 
vious studies have demonstrated that reser-
pine can successfully establish a stable hypo-
tensive rat model [12]. Building upon these 
findings, the present study systematically in- 
vestigated the mechanisms underlying reser-
pine-induced hypotension from multiple per-
spectives, including the SNS, RAAS, and NO/ET 
system. This research provides a robust foun-
dation for preclinical efficacy evaluation.

Nevertheless, several limitations remained in 
previous studies. First, conventional reserpine-
induced hypotension models generally require 
a relatively long induction period of 3-7 weeks, 
resulting in relatively low modeling efficiency. 
Second, most studies have focused primarily 
on alterations in the SNS, whereas the interac-
tions among multiple blood pressure regulatory 
systems, including the RAAS and NO/ET sys-
tem, have not been systematically investigated. 
In addition, assessment of cardiac and renal 
injury secondary to hypotension remains insuf-
ficient. To address these limitations, the pres-
ent study established a reserpine-induced hy- 
potensive rat model characterized by a shorter 
induction period and improved stability. The 
possible mechanisms underlying reserpine-
induced hypotension were systematically inves-
tigated from multiple perspectives, including 
the SNS, RAAS, and NO/ET system. Furth- 
ermore, histopathologic examination combined 
with evaluation of cardiac and renal function 

was performed to comprehensively character-
ize organ injury associated with hypotension. 
These findings provide a more comprehensive 
experimental basis for mechanistic studies of 
neurogenic hypotension and for the develop-
ment of novel therapeutic agents.

Materials and methods

Animals

Eight-week-old male SPF Wistar rats [Shanghai 
BK Laboratory Animal Co., Ltd., Shanghai, 
China], weighing 190 ± 10 g, were housed  
at 20-26°C with a relative humidity of 50%-
60% under a 12 h light/dark cycle, with free 
access to food and water. The experimental 
protocol was approved by the Bioethics Co- 
mmittee of the East China University of Sci- 
ence and Technology (Ethics Approval: ECUST- 
2026-110).

Animal grouping and model establishment

After one week of acclimatization, the rats 
underwent 7 days of tail-cuff blood pressure 
training. Animals were then randomly assigned 
to a control group, model group, and L-DOPA 
group, with no significant differences in base-
line blood pressure or heart rate among the 
groups. From days 1 to 7, rats in the model  
and L-DOPA (HY-N0304; MedChemExpress, 
USA) groups received reserpine (H12020905, 
Tianjin KingYork Pharmaceutical Co., Ltd., Ch- 
ina) suspension by oral gavage at a dose of 5 
mg/kg/day to induce hypotension. Beginning 
on day 8, the modeling protocol was changed to 
intraperitoneal injection of reserpine (0.5 mg/
kg) once every 2 days. During this period, rats 
in the control and model groups were adminis-
tered daily gavage of distilled water, whereas 
rats in the L-DOPA group received L-DOPA at 30 
mg/kg/day by gavage. The administration vol-
ume was maintained at 5 mL/kg. Baseline 
blood pressure was measured one day before 
model induction, and subsequent measure-
ments were performed on days 7, 11, and 15 
during the experimental period. All rats were 
sacrificed for sample collection on day 16. Prior 
to euthanasia, the animals were deeply anes-
thetized with isoflurane until the complete loss 
of reflex activity was achieved, followed by cer-
vical dislocation to minimize animal suffering 
as much as possible.



Mechanisms of reserpine-induced hypotension

5293	 Am J Transl Res 2026;18(6):5291-5302

Tail-cuff blood pressure measurement

Blood pressure was measured primarily using 
the tail-cuff method, which is based on occlu-
sion and release of the tail artery in conscious 
rats. Prior to measurement, the environment 
was kept quiet and comfortable. Rats were 
placed in a restrainer with their tails threaded 
through the tail cuff to ensure a relaxed pos-
ture, and the sensor was positioned at the base 
of the tail. The device was then activated to 
automatically inflate and measure blood pres-
sure. Each rat was measured five times at 
30-second intervals, and the average of the 
five readings was recorded as the blood pres-
sure value for that session.

Hematoxylin and eosin staining

After deparaffinization, tissue sections were 
stained in hematoxylin solution for 8 minutes, 
followed by a 10-minute wash under running 
tap water. The sections were then differentiat-
ed with 0.5% acid alcohol for 10 seconds and 
washed under running water for an additional 
10 minutes. Subsequently, the sections were 
counterstained in eosin solution for 10 sec-
onds. After dehydration and clearing, the sec-
tions were mounted using neutral resin and 
coverslipped for microscopic analysis.

Enzyme-linked immunosorbent assay

Rat plasma samples collected from the abdom-
inal aorta were centrifuged at 3200 rpm for 15 
min at 4°C, and the supernatants were collect-
ed for analysis. Cardiac and renal tissues were 
minced, homogenized in sterile PBS, and cen-
trifuged at 5000×g for 10 min at 4°C, after 
which the supernatants were harvested. Ac- 
cording to the ELISA kits, myocardial injury 
markers, including brain natriuretic peptide 
(H166-1-2, Nanjing Jiancheng Bioengineering 
Institute, China), creatine kinase-MB (H197-1-2, 
Nanjing Jiancheng Bioengineering Institute, 
China), and cardiac troponin T (H149-2-2, 
Nanjing Jiancheng Bioengineering Institute, 
China) were quantified using ELISA kits accord-
ing to the manufacturer’s instructions. Renal 
injury was assessed by measuring cystatin C 
(H336-1-2, Nanjing Jiancheng Bioengineering 
Institute, China). Vasoactive factors including 
Angiotensin II (E-EL-H0326, Elabscience, Ch- 
ina), aldosterone (E-EL-0070, Elabscience, Ch- 
ina), and endothelin-1 (E-EL-R1458, Elabsci- 

ence, China), were determined using ELISA kits 
following the recommended protocols.

Assessment of blood urea nitrogen and serum 
creatinine levels

Plasma urea nitrogen (BUN) levels were mea-
sured using a commercial kit (C013-2-1, Nan- 
jing Jiancheng Bioengineering Institute, China) 
based on the diacetyl monoxime method. 
Chromogenic reagent was added to the plasma 
samples. Then the mixtures were precisely 
heated in a boiling water bath to develop color. 
After cooling to room temperature, absorbance 
was measured at 520 nm. The BUN concentra-
tions were calculated using a standard curve. 
Plasma creatinine levels were determined us- 
ing a commercial kit (C011-2-1, Nanjing Jian- 
cheng Bioengineering Institute, China) following 
the Jaffe reaction. Plasma samples were first 
treated with a protein precipitant to remove 
interfering substances. The supernatants were 
mixed with alkaline picrate reagent at room 
temperature to induce color development. 
Absorbance was subsequently measured at 
510 nm, and creatinine concentrations were 
quantified using a standard curve.

LC-MS/MS analysis of NE levels

Collected plasma samples were processed by 
protein precipitation and derivatization prior to 
LC-MS/MS analysis. For tissue samples, the 
heart and kidneys were minced and homoge-
nized in sterile PBS. Tissue homogenates were 
centrifuged at 5,000×g for 10 minutes at 4°C. 
After centrifugation, the supernatants were 
harvested. These supernatants were then sub-
jected to the same protein precipitation and 
derivatization procedures as the plasma sam-
ples. Following sample preparation, the pre-
pared samples were injected into the LC-MS/
MS system. Chromatographic separation was 
achieved using a C18 column (2.1 × 100 mm, 
1.7 μm) maintained at 40°C with a flow rate of 
0.3 mL/min. Mobile phase A consisted of 0.1% 
formic acid in water, while mobile phase B con-
sisted of acetonitrile, and gradient elution was 
applied. Mass spectrometric detection was 
performed in positive electrospray ionization 
mode using multiple reaction monitoring. The 
transition ion for norepinephrine was moni-
tored at m/z 170.1→152.1. The spray voltage 
and ion source temperature were set at 4500 V 
and 550°C, respectively.
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Western blot assay

Heart and kidney tissues were excised, minced, 
and homogenized, followed by lysis in RIPA buf-
fer for protein extraction. Protein concentra-
tions were quantified using a BCA assay kit. 
Equal amounts of protein were separated on 
12% SDS-PAGE gels at 120 V and subsequently 
transferred onto PVDF membranes. The mem-
branes were blocked with skimmed milk for 2 
hours and then incubated overnight at 4°C with 
tyrosine hydroxylase (58844, Cell Signaling 
Technology, USA), dopa decarboxylase (13561, 
Cell Signaling Technology, USA), dopamine β- 
hydroxylase (abs116197, Absin, China), the  
norepinephrine transporter (ab41559, Abcam, 
USA), endothelial nitric oxide synthase (32027S, 
Cell Signaling Technology, USA), endothelin-1 
(14069S, Cell Signaling Technology, USA), and 
GAPDH (60004-1-Ig, Proteintech, USA). After 
washing with TBST, membranes were incubat-
ed at room temperature for 2 hours with the 
corresponding HRP-conjugated secondary anti-
bodies (RGAM001, Proteintech, USA; RGAR001, 
Proteintech, USA) on a shaker. Protein bands 
were detected using chemiluminescent rea- 
gents.

NO detection

The nitric oxide (NO) levels were measured 
using a commercial colorimetric assay kit (E- 
BC-K035-M, Elabscience, China). Nitrates were 
first completely reduced to nitrites using a 
reduction agent. Griess reagent was subse-
quently added, and diazotization was perfor- 
med at room temperature, yielding a pink azo 
dye complex. Absorbance was measured at 
540 nm, and total NO concentrations were cal-
culated using a standard calibration curve.

Statistical analysis

Data analysis and graphing were performed 
using GraphPad Prism 10.0. All experimental 
results are presented as mean ± SD. Statistical 
comparisons among groups were conducted 
using one-way ANOVA in IBM SPSS 26, followed 
by LSD post hoc tests for multiple comparisons. 
Values with P<0.05 were defined as being 
significant.

Results

Reserpine successfully induced a hypotension 
model in Wistar rats

The changes in blood pressure during reser-
pine-induced hypotension modeling are shown 
below. Starting from day 11, a significant 
decrease in SBP was observed in the model 
group relative to the control group (P<0.01). In 
contrast, intervention with L-DOPA significantly 
reversed this trend, increasing both SBP and 
DBP compared to the model group (P<0.01; 
P<0.01) (Figure 1). On day 15, SBP, DBP, and 
HR (heart rate) were significantly reduced in the 
model group compared to the control group, 
with SBP decreased by approximately 20 mmHg 
(P<0.01) and DBP decreased by approximately 
15 mmHg (P<0.05) (Figure 2). L-DOPA adminis-
tration significantly restored SBP and DBP 
toward baseline levels (P<0.01; P<0.05). Th- 
ese results indicate that a 15-day reserpine-
induced hypotension model in Wistar rats was 
successfully established.

Reserpine-induced myocardial injury in Wistar 
rats

Dysregulated blood pressure can induce struc-
tural injury in cardiac and renal tissues. Exce- 

Figure 1. Effect of reserpine on blood pressure and heart rate of Wistar rats. A. SBP (systolic blood pressure); B. 
DBP (diastolic blood pressure); C. HR (heart rate). mean ± SD, n=8. #P<0.05, ##P<0.01 vs. Control group; *P<0.05, 
**P<0.01 vs. Model group.
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Figure 2. Effect of reserpine on blood pressure and heart rate of Wistar rats 
on day 15. A. SBP (systolic blood pressure); B. DBP (diastolic blood pres-
sure); C. HR (heart rate). mean ± SD, n=8. #P<0.05, ##P<0.01 vs. Control 
group; *P<0.05, **P<0.01 vs. Model group.

ssive reductions in blood pressure have been 
reported to impair myocardial contractility and 
reduce perfusion to the heart and kidneys, ulti-
mately resulting in injury and apoptosis of car-
diomyocytes and renal tubular epithelial cells 
[13]. Hematoxylin and eosin (H&E) staining 
showed that myocardial cells in the control 
group were regularly arranged, with well-defined 
striations and evenly distributed cytoplasm 
(Figure 3A). In contrast, the model group dis-
played pronounced myofibrillar disorganization, 
loss of striations, nuclear pyknosis, and indis-
tinct nucleoli. L-DOPA treatment partially res- 
tored myocardial architecture, with more order-
ly striations and largely preserved nuclear mor-
phology. These findings indicate that reserpine-
induced hypotension caused structural damage 
to cardiac tissue in Wistar rats, whereas L-DOPA 
treatment effectively alleviated these patho-
logic alterations. Structural alterations in the 
heart and kidney are often accompanied by 
functional impairment, thereby exacerbating 
disease progression [14]. After L-DOPA admin-
istration, plasma Brain natriuretic peptide 
(BNP) and creatine kinase-MB (CK-MB) concen-
trations were significantly reduced (P<0.05; 
P<0.05) (Figure 3B and 3C). BNP, CK-MB, and 
cardiac troponin T (cTn-T) are well-established 
biomarkers of cardiac dysfunction. Compared 
to the control group, plasma BNP and cTn-T lev-
els were significantly elevated in the model 
group (P<0.01; P<0.05) (Figure 3B and 3D). 
These findings indicate that reserpine-induced 

tubular epithelial cells, nuclear loss, and cellu-
lar desquamation. After L-DOPA treatment, 
these structural abnormalities were markedly 
alleviated, and both glomerular and tubular 
morphology appeared largely preserved. These 
findings indicate that reserpine-induced hypo-
tension leads to renal structural injury in Wistar 
rats, whereas L-DOPA treatment effectively 
attenuates these changes. Renal structural 
injury is often associated with impaired glomer-
ular filtration function. BUN and creatinine (Cre) 
are commonly used biomarkers of renal func-
tion, and elevated levels generally reflect 
reduced glomerular filtration rate. However, sig-
nificant changes in these indices typically occur 
only after substantial renal injury. No significant 
differences in plasma BUN or Cre levels were 
observed among the groups, possibly due to 
insufficient duration of model establishment to 
cause severe renal dysfunction (Figure 4B and 
4C). In comparison with BUN and Cre, cystatin 
C (Cys-C), which is exclusively cleared by the 
kidneys, is regarded as a more sensitive bio-
marker of early renal dysfunction. Plasma Cys-C 
levels were significantly increased in the model 
group compared to the control group (P<0.01), 
indicating impaired renal filtration function in 
hypotensive rats (Figure 4D). Notably, L-DOPA 
treatment significantly decreased plasma Cys- 
C levels (P<0.01), suggesting that it effectively 
alleviated hypotension-induced renal dysfun- 
ction.

hypotension leads to myocar-
dial injury and impaired cardiac 
contractile function, both of 
which were effectively attenu-
ated following L-DOPA admini- 
stration.

Reserpine-induced renal injury 
in Wistar rats

H&E staining revealed normal 
renal histology in the control 
group, with clear glomerular 
structures and regularly arr- 
anged renal tubules (Figure 
4A). In contrast, rats in the 
model group exhibited marked 
pathologic alterations, includ-
ing dilation of the proximal 
tubular lumen, degeneration of 
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Figure 3. Effect of reserpine on myocardial injury of Wistar rats. A. H&E staining results of cardiac tissue (200×); 
Black arrows indicate disordered arrangement of myofibrils and disappearance of striations; Blue arrows indicate 
pyknotic nuclei and unclear nucleoli. B. Plasma BNP level; C. Plasma CK-MB level; D. Plasma cTn-T level. mean ± 
SD, n=3, scale bar=50 μm. #P<0.05, ##P<0.01 vs. Control group; *P<0.05 vs. Model group.

Reserpine inhibits norepinephrine synthesis 
and reuptake in Wistar rats

Previous studies have demonstrated that reser-
pine depletes NE in sympathetic nerve termi-
nals, thereby inhibiting sympathetic neurotr- 
ansmission, promoting vasodilation, and ulti-
mately reducing blood pressure [15]. NE levels 
in the plasma as well as in cardiac and renal 
tissues were significantly decreased in the 
model group compared to the control group 
(P<0.05; P<0.01; P<0.01). L-DOPA administra-
tion significantly restored NE levels in both 
plasma and tissues (Figure 5).

Relative to the control group, tyrosine hydroxy-
lase (TH) expression in the cardiac and renal 
tissues of rats in the model group was signifi-
cantly increased, whereas L-DOPA administra-
tion markedly reduced TH levels (Figure 6A and 
6B). As the rate-limiting enzyme in NE biosyn-
thesis, TH is subject to negative feedback regu-

lation by NE. Therefore, the elevated TH expres-
sion observed in the model group may represent 
a compensatory response to NE depletion. 
Conversely, the expression levels of dopa 
decarboxylase (DDC) and dopamine β-hydro- 
xylase (DBH), two key enzymes involved in NE 
synthesis, were significantly decreased in the 
cardiac and renal tissues of the model group 
compared to the control group (Figure 6A and 
6B).

In physiologic states, most NE released into the 
synaptic cleft is transported back into the cy- 
toplasm through the norepinephrine transport-
er (NET) and subsequently repackaged into 
synaptic vesicles for storage. To further investi-
gate NE reuptake, NET expression was evalu-
ated in cardiac and renal tissues. NET expres-
sion in the model group was reduced to varying 
degrees relative to the control group. After L- 
DOPA administration, NET expression was par-
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Figure 4. Effect of reserpine on renal injury of Wistar rats. A. H&E staining results of renal tissue (400×); Black 
arrows indicate the enlargement of the proximal convoluted tubule lumen; Blue arrows indicate renal tubular cell 
degeneration, loss of cell nuclei, and cell detachment; B. Plasma BUN level; C. Plasma Cre level; D. Plasma Cys-C 
level. mean ± SD, n=3, scale bar=25 μm. ##P<0.01 vs. Control group; **P<0.01 vs. Model group.

Figure 5. Effect of reserpine on NE level of Wistar rats. A. Plasma NE lev-
el; B. Cardiac tissue NE level; C. Renal tissue NE level. mean ± SD, n=3. 
#P<0.05, ##P<0.01 vs. Control group.

tially restored in both cardiac and renal tissues 
(Figure 7).

Reserpine inhibits the activa-
tion of the RAAS system in 
Wistar rats

Considering the interaction 
between sympathetic regula-
tion and renal endocrine func-
tion, we further evaluated ch- 
anges in the RAAS. RAAS is 
one of the major mechanisms 
involved in blood pressure reg-
ulation. Short-term activation 
of the RAAS contributes to the 
maintenance of cardiac output 
during hypotension by promot-
ing sodium and water retention 
as well as vasoconstriction 
[16]. Angiotensin II (Ang II) and 
aldosterone (ALD), two key 
components of the RAAS, are 

widely recognized as classic biomarkers of its 
activation [17, 18]. The results showed that 
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Figure 6. Effect of reserpine on NE synthetase level in cardiac and renal tissues of Wistar rats. A. Immunoblotting 
of TH, DDC and DBH in heart tissue; B. Immunoblotting of TH, DDC and DBH in kidney tissue. mean ± SD, n=3. 
#P<0.05, ##P<0.01 vs. Control group; *P<0.05, **P<0.01 vs. Model group.

plasma levels of Ang II in the model group were 
significantly lower than those of the control 
group (P<0.01), whereas L-DOPA treatment 
markedly restored Ang II levels (P<0.01) (Figure 
8). Consistently, plasma ALD levels also exhib-
ited a similar downward trend in the model 
group and were partially reversed after L-DOPA 
administration. These findings suggest that 
reserpine-induced hypotension may be associ-
ated with suppression of the RAAS activity.

Reserpine induces a homeostatic imbalance in 
the NO/ET system in Wistar rats

In addition to alterations in RAAS activity, vas-
cular endothelial regulatory systems may also 
contribute to the maintenance of hypotension. 
The NO/ET system plays a critical role in vascu-
lar and cardiovascular regulation by balancing 
the effects of nitric oxide (NO) and endothelin-1 
(ET-1) to maintain blood pressure stability [19, 
20]. NO levels were elevated in cardiac and 
renal tissues in the model group compared to 
controls (P=0.057; P<0.05) (Figure 9A). After 

L-DOPA administration, NO levels were signifi-
cantly reduced relative to the model group 
(P<0.05; P<0.05) (Figure 9D). In contrast, ET-1 
levels in the cardiac and renal tissues of the 
model group were significantly decreased com-
pared to controls (P<0.01; P<0.05), whereas 
L-DOPA administration significantly increased 
ET-1 expression (P<0.05) (Figure 9B and 9E). 
Endothelial nitric oxide synthase (eNOS) is the 
rate-limiting enzyme responsible for NO pro-
duction [21]. eNOS expression was significantly 
upregulated in cardiac and renal tissues in the 
model group compared to the control group 
and was markedly downregulated after L-DOPA 
administration (Figure 9C and 9F). Western 
blot further confirmed that ET-1 expression was 
significantly decreased in the model group and 
partially restored after L-DOPA administration. 
Collectively, these findings suggest that reser-
pine increases eNOS expression and NO pro-
duction while decreasing ET-1 levels, leading to 
vasodilation and a subsequent reduction in 
blood pressure.
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Figure 7. Effect of reserpine on NET level in cardiac and renal tissues of 
Wistar rats. A. Immunoblotting of NET in heart tissue; B. Immunoblotting of 
NET protein in kidney tissue. mean ± SD, n=3. #P<0.05, ##P<0.01 vs. Con-
trol group; **P<0.01 vs. Model group.

Figure 8. Effect of reserpine on Ang II and ALD levels 
of Wistar rats. A. Plasma Ang II level; B. Plasma ALD 
level. mean ± SD, n=3. ##P<0.01 vs. Control group; 
**P<0.01 vs. Model group.

system activity. Reserpine in- 
hibits vesicular monoamine tr- 
ansporter, thereby blocking NE 
storage in synaptic vesicles 
and promoting rapid degrada-
tion of cytoplasmic NE by mo- 
noamine oxidase, ultimately 
leading to depletion of NE in 
sympathetic nerve terminals 
[22]. Decreased NE levels 
directly decrease peripheral 
vascular tone and cardiac  
output, leading to a reduction  
in blood pressure [23]. Alth- 
ough compensatory mecha-
nisms may be activated, such 
as upregulation of TH expres-
sion to enhance NE biosynthe-
sis, the downregulation of DDC, 
DBH, and NET indicates that 
overall NE synthesis and reup-
take remain suppressed, ther- 
eby further exacerbating the 
hypotensive state [24].

Suppression of the sympathet-
ic nervous system may lead to 
secondary inhibition of RAAS 
activity. Sympathetic activa-
tion stimulates renin release, 

Discussion

Reserpine-induced hypotension is attributed 
primarily to inhibition of sympathetic nervous 

thereby facilitating the generation of Ang II and 
ALD to maintain blood pressure homeostasis 
[25]. In a hypotensive state, the reduction in NE 
levels decreases renal sympathetic nerve activ-
ity, leading to inhibition of RAAS activation and 
thereby reducing compensatory vasoconstric-
tion and sodium and water retention [26].

In addition, an imbalance of the NO/ET system 
represents another important mechanism con-
tributing to blood pressure reduction. NO, a 
major vasodilatory mediator, promotes vascu-
lar relaxation when excessively produced, 
whereas ET-1, a potent vasoconstrictor, further 
weakens vasoconstrictive capacity when its 
levels decline [26]. The reserpine-induced upre- 
gulation of eNOS and NO, accompanied by 
reduced ET-1 expression, indicates an en- 
hanced vasodilatory state. This alteration may 
represent both a compensatory response to NE 
depletion and a direct contributor to the further 
decline in blood pressure [27].

Chronic hypotension can lead to inadequate 
tissue perfusion, resulting in both cardiac and 



Mechanisms of reserpine-induced hypotension

5300	 Am J Transl Res 2026;18(6):5291-5302

Figure 9. Effect of reserpine on the levels of NO, eNOS, and ET-1 in the heart and kidney tissues of Wistar rats. 
A. Heart NO level; B. Heart ET-1 level; C. Immunoblotting of eNOS and ET-1 in cardiac tissue; D. Renal NO level; E. 
Renal ET-1 level; F. Immunoblotting of eNOS and ET-1 proteins in renal tissue. mean ± SD, n=3. #P<0.05, ##P<0.01 
vs. Control group; *P<0.05 vs. Model group.

renal dysfunction. The kidneys are particularly 
susceptible to hypoperfusion, which may in- 
duce early tubular epithelial injury character-
ized by cellular degeneration, nuclear loss, and 
epithelial detachment [28]. Notably, in the 
present study, no significant differences were 
detected in BUN or Cre levels, whereas Cys-C 
was significantly elevated. These findings sug-
gest that BUN and Cre are relatively insensitive 

indicators of early renal injury and generally 
increase only after significant renal impairment 
has developed, whereas Cys-C is more sensi-
tive to alterations in glomerular filtration rate 
[29]. Therefore, renal injury induced by early-
stage hypotension may not yet have progressed 
to a degree detectable by BUN or Cre, while the 
elevation of Cys-C may already reflect mild im- 
pairment of renal function, highlighting differ-
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Figure 10. Possible pathologic mechanism of reserpine-induced hypoten-
sion: insight into multiple blood pressure regulatory systems.

ential sensitivities of renal biomarkers for the 
detection of early renal injury.

After L-DOPA administration, the levels of NE 
and vasoactive factors were restored, accom-
panied by improvements in blood pressure, car-
diac and renal function. These findings suggest 
that restoration of sympathetic nervous system 
activity can partially reverse the imbalance of 
the RAAS and NO/ET system. Collectively, these 
results further support the hypothesis that inhi-
bition of sympathetic nervous system function 
represents a primary upstream mechanism dri- 
ving reserpine-induced hypotension, whereas 
alterations in the RAAS and NO/ET system are 
more likely secondary adaptive responses [30].

Conclusion

Collectively, the study successfully established 
a simple and efficient rat model of reserpine-
induced hypotension that closely mimics clini-
cal neurogenic hypotension. Furthermore, the 
study demonstrated that reserpine reduces 
blood pressure through coordinated mecha-
nisms involving suppression of NE synthesis 
and reuptake, inhibition of the RAAS, and dys-
regulation of NO/ET system homeostasis. Th- 

ese findings provide an impor-
tant experimental framework 
for mechanistic investigations 
and therapeutic development 
for neurogenic hypotension 
(Figure 10).
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