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ABSTRACT 

Reserpine, an indole alkaloid isolated from the Rauwolfia serpentina has been around since the 1950s. This compound, used for 
hypertension treatment, had undesirable side effects in patients. The most notable side effect is the induction of depression. 
Reserpine works by binding irreversibly to the VMAT2 receptor on biogenic amine storage vesicles. This, in turn, causes the storage 
vesicles to leak their contents into the neuronal cytosol. Cytosolic enzymes such as monoamine oxidases then catabolize and 
degrade neurotransmitters including Serotonin (5-HT), Dopamine (DA), and Norepinephrine (NE). The depletion of these biogenic 
amines leads to an increase in depressive-like behavior in various rodents. In addition to the induction of a depressive state, traits 
associated with pain were also observed in rodent models. Pain is an important characteristic that is co-morbid in patients with 
major depressive disorder and often referred as the pain-depression dyad. The extent of the induced-depressive state can be 
determined by several proven tests such as the forced swimming test, open field test, and mechanical allodynia test. Reserpine 
also induced visible and empirical changes in rodent behavior such as akinesia, ptosis, and hypothermia to name a few. Current 
researches utilizing reserpine ranging from drug discovery to pathogenesis of diseases such as fibromyalgia are also summarized. 
Reserpine has been proved the efficacy as a suitable inducer for depression animal model to further the studies at the molecular 
and systemic levels. 
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INTRODUCTION 

Reserpine is a former alkaloid hypertensive drug isolated 

from the Rauwolfia serpentina, a plant native to an 

expansive region including India. This indole alkaloid is a 

diester compound possessing six methoxy groups, 

nitrogen with base properties and the ability to 

quaternize and a weak base NH group. Molecular studies 

have revealed that Reserpine irreversibly binds to the 

vesicular monoamine transporter 2 proteins (VMAT2), 

leading to inefficient storage of biogenic amines                      

and causing the neurotransmitters: Serotonin (5-HT), 
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Dopamine (DA), and Norepinephrine (NE) to seep into 

the cytoplasm [1]. As this storage failure progresses, the 

increase in monoamine concentration in the cytosol of 

the neurons leads to an increase in Monoamine oxidase 

(MAO) enzymatic activity. Thus, increasing the 

catabolism of the vulnerable monoamines leads to their 

depletion. This molecular action affects the rodent’s 

behavior, and therefore, causes the signs of a 

depressive-like state, which makes it a potential model 

to study the molecular mechanism behind depression. 

Other studies have found a shared co-morbid expression 

of depression and pain in rodent models, such as 

C57BL/6 mice, induced by Reserpine [2]. Patients 

suffering from Major Depressive Disorder (MDD) have 

been recorded to express a lower pain threshold; this is 

known as the pain-depression dyad [2]. 

Reserpine’s physical appearance is that of a colorless, 

crystalline powder that has low solubility in water at 
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neutral pH and is generally dissolved using organic acids 

such as acetic, ascorbic, or citric acids [3]. Reserpine, in 

addition to those organic compounds, can also be 

dissolved using commercially available solvent mixtures 

such as benzyl alcohol, polyethylene glycol, and water. In 

the previous experiment, Minor and Hanff [4] investigated 

the potential involvement of Reserpine on adenosine 

signaling leading to the depressive state. Reserpine was 

dissolved in 10% dimethyl sulfoxide (DSMO) in 

physiological saline and administered via intra-peritoneal 

injection. This variety of chemicals in which Reserpine 

can be dissolved and administered by allows the 

compound to possess traction in an experimental 

setting.  

The drug has been around since the 1950’s in the 

medical community, however, its scientific history dates 

back to the 1930’s when its pharmacological capabilities 

were studied. In “Pharmacology of Reserpine” [5], there 

were studies already beginning to explore this exotic 

drug in numerous areas, such as its interactions in the 

central nervous system (CNS) to lower blood pressure. 

Throughout the 1950s and early 1960s there was a rise in 

other studies for Reserpine such as studying its effects 

on the development of embryos at varying stages, 

serotonin release during induced convulsions, and then 

early studies on its effects concerning 5-HT 

concentrations in rabbit serum [6-8]. Within this time 

period, Reserpine was also found to have no inhibitory 

effects on acetylcholine, adrenaline, histamine, or nor-

adrenaline, or blocking cellular transmission in 

autonomic ganglia cells. Weil-Malherbe and Bone 

studied the effects of Reserpine regarding the change of 

catecholamine concentration in the brain stem of rabbits 

and found that the disappearance of biogenic amines 

occur the most in the supernatant than the 

mitochondrial fractions [9]. The broad effects of 

Reserpine demonstrate an efficacy for a 

pharmacologically induced depressive animal model, 

which can be used for multidisciplinary research 

activities (Table 1).  
 

Table 1: Potential Applications and Molecular Mechanisms of Reserpine-Induced Animal Models 
 

Research Application Molecular Mechanism Relied Upon References 

Alternative Depression Treatment 

(Non-Pharmacological) 

Utilization of different means of non-

pharmacological treatment for 

depression using Reserpine’s mode 

of action 

Mohammed [39] 

Alzheimer’s and Major Depressive 

Disorder Pathology 

Promotion of inflammatory response 

leading to malformed proteins 

involved with Alzheimer’s Disease 

Lee et al. [26] 

Depression-Pain Dyad The comorbid expression of pain 

pathology through increasing 

Substance P levels in addition to 

monoamine depletion using 

Reserpine 

Hanff et al. [1], Liu et al. [2], Minor and 

Hanff [4], Freitas et al. [16], Ponzio et al. 
[18], Arora and Chopra [22], Li et al. [32], 

Sheppard and Zimmerman [46] 

Drug Discovery Utilizing the depletion of 

monoamines for a depressive model 

that could be reversed by potential 

antidepressants 

Liu et al. [2], Khadrawy et al. [17], 

Antkiewicz-Michaluk et al. [21], Xu et 

al. [24], Klein et al. [25], Gao et al. [31], Li 

et al. [32], Ozerov et al. [35], Arora et al. 
[36], Dhir et al. [37], Mahesh et al. [38], 

Mao et al. [40], Mao et al. [41], Cui et al. 
[42], Gao et al. [43], McGrath et al. [44], 

Tian et al. [45] 
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Fibromyalgia Model Developing a Fibromyalgia model 

that encompasses the depression-

pain expression that is observed in 

fibromyalgia patients 

Munro [30], Nagakura et al. [33],                

Blasco-Serra et al. [34] 

Gene Expression Examining Reserpine’s ability to 

affect gene expression from its 

induced oxidative stress and vesicle 

storage disruption 

Vilpoux et al. [19], Urigüen et al. [20], 

Lee et al. [23], Lee et al. [26] 

Irritable Bowel Syndrome Model Developing an IBS model that relies 

on the addition of the depression 

exhibited in patients suffering from 

IBS to study its pathogenesis and 

treatment 

Ghia et al. [27], Minaiyan et al. [28] 

 

Reserpine began to draw attention based upon its ability 

to affect serotonin levels in the small intestine, and a 

connection between its ability to affect serotonin and 

the observable improvements of mental disturbances [10]. 

However, there were five detailed clinical cases of 

patients being treated with Reserpine for hypertension 

over a prolonged period developing severe depression 
[11]. In each case, the patients developed the following 

symptoms including lethargy, unhappiness, withdrawal 

from the environment, and considering life not worth 

living. However, anorexia and weight loss did not occur. 

In addition to the common emotional reaction, two of 

the patients contemplated suicide. The dosage levels in 

four of the patients were above the suggested dose limit. 

However, even when the dose was lowered, the 

symptoms of induced depressive state persisted until 

complete withdrawal of Reserpine. The other comparing 

studies using Losulazine, a hypertensive medication with 

the similar effects of Reserpine on the depletion of 

dopamine and norepinephrine, but not as severe, 

showed that Reserpine is a uniquely potent biogenic 

amine depleting drug [12]. 
 

Molecular mechanisms- Dose-dependency for side 

effects of Reserpine has been observed in large-scale 

studies in humans and laboratory experimental animals. 

Thomas et al. [13] found that there was a trend toward 

reduced side effects with the lower doses of Reserpine. 

One of the side effects that was referred in that study 

was depression with 8.2% of patients (n=73) at a dosage 

of Reserpine of 0.25 mg daily. Brodie et al. [14] reported a 

potential relationship between dose administered and 

NE content in the brain stem of rabbits. A dosage as little 

 

 

as 0.1 mg/kg was effective in lowering norepinephrine 

content while a dose of 1 mg/kg was able to deplete NE 

content [14]. 

Reserpine’s ability to deplete monoamines was related 

to its known tranquilizing effect on the specific decrease 

in 5-HT levels in rats [15]. Freitas et al. [16] examined the 

dosage effects of Reserpine on mice vacuous chewing 

movements (VCMs). A negative correlation was observed 

significantly during the open field test, in which the 

number of square crossings occurring in a 5 minute 

period was recorded with the dosage of Reserpine and 

time elapsed. The control group (after 2 and 20 days) 

exhibited the most crossed squares, where the number 

of crossings decreased as the dosage increased from 0.1 

to 1 mg/kg. Upon an elapsed time of 60 days, the 

locomotor activity for the treated mice recovered to that 

of the control. This is due to the reformation of new 

monoamine storage vesicles by the cell and a recovery of 

the biogenic amine concentrations. 

Khadrawy et al. [17] suggested that the mechanism of 

Reserpine is attributed to the fact that it is highly lipid 

soluble and can penetrate cell membranes. This 

characteristic of Reserpine explains why in low 

concentrations over an extended period of time that it 

can accumulate within cells and bind irreversibly to the 

protein VMAT2. Ponzio et al. [18] performed an age-based 

experiment for the effects of Reserpine’s mechanism on 

young and old rats, and the recovery of biogenic amines 

after Reserpine-induced depletion. Based on the lipid 

solubility properties of Reserpine, they expected to see a 

significant difference between the younger, slimmer 

mice than the older, fatter mice. However, the results 

demonstrated that a dosage of 5 mg/kg during their pilot 
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experiment was the minimum amount required to affect 

both groups equally. This pharmacological effect is due 

to the Reserpine causing depletion of biogenic amines in 

the same area by binding to VMAT2 irreversibly. The 

restoration of monoamines was shown to be age 

independent in this experiment and the mechanism of 

restoration was not altered. 

The effects of Reserpine on the expression of VMAT2 

protein were examined to determine if a reduction in 

serotonin (or enhancement via paroxetine) had effects 

on the overall gene expression [19]. The results of this 

study found that an acute subcutaneous dosage of 5 

mg/kg Reserpine did not alter the gene expression, and 

serotonin level had no effect on the gene expression. 

The Reserpine model of depression was compared with 

the olfactory bulbectomy (OB) and chronic 

corticosterone treatment (CORT) depression models on 

the basis of gene expression [20]. The data from this study 

showed that the analyzed genes related to DNA-

dependent apoptosis, regulation of transcription, 

regulation of programmed cell death, neuron 

differentiation, negative regulation of transcription, and 

transcription from RNA polymerase II promoter. 

However, in comparison to those two animal models of 

depression, Reserpine animal model showed only two 

gene expression level changes in common genes shared 

with the other two models, 55 genes with OB, and 38 

genes with CORT. This result illustrates that gene 

expression level change induced by Reserpine are not 

the only factor in its depressive-like state, but that it 

does share some similarities in gene expression with 

other proven models of depression. 

The research performed by Antkiewicz-Michaluk et al. [21] 

applied chronic low-dosage Reserpine as opposed to a 

large acute dose. This approach led to a distinct 

depressive-like behavior (increased immobility time) in 

rats during the forced swim test. In addition, the chronic 

Reserpine treatment produced a significant decrease in 

DA, NE, and 5-HT levels in the hypothalamus, nucleus 

accumbens, and ventral tegmental area (VTA). The other 

study completed by Arora and Chopra observed that the 

decrease in these neurotransmitters coincided with an 

increase in the lipid peroxide levels in the cerebral cortex 
[22]. This heightened concentration of lipid peroxides is 

caused by the increased action of monoamine oxidases 

that degrade the biogenic amines affected by Reserpine. 

The depletion of serotonin in the cerebral cortex leads to 

an increase in the 5-HT2 receptor on the cell surface, 

which creates a hypersensitivity effect for serotonin. The 

neural cells were self-regulated to counteract the low 

concentration of the neurotransmitters by increasing the 

sensitivity of the cell to a low concentration of 5-HT [23]. 

Besides the depressive state, Reserpine can also induce 

characteristics of pain [24]. The pain-depression dyad 

involves several pathological alterations in the organism. 

The key changes are the disruption of neuroendocrine 

and immunologic systems [24]. Pain and depression share 

the same neurotransmitters (5-HT and NE) as well as 

biological pathways. Although the exact mechanisms are 

still unknown, this field has been widely studied. Klein, et 

al. investigated a fibromyalgia model, induced by 

Reserpine, characterized by chronic widespread pain, 

fatigue, depression, cognitive dysfunctions, and sleep 

disturbances [25]. In their research, compounds 

possessing analgesic effects improved the pain threshold 

as well as ameliorating depressive behavior, which 

indicated that the obscure mechanisms shared by pain 

and depression could be tackled by compounds 

possessing analgesic and antidepressant properties. 

This pharmacological animal model has been shown to 

share similarities to major depressive disorder (MDD) 

related diseases on the molecular level in humans. 

Alterations of gene expression levels for neurotrophic 

factors and neuronal inflammation have been known in 

MDD and Alzheimer’s disease. The cleavage of the 

amyloid precursor protein, one of the genetic factors of 

Alzheimer’s disease, was suppressed due to γ-secretase 

expression that was inhibited by Reserpine-induced-

MDD in mice [26]. The Reserpine animal model of 

depression has been shown to have additive effects for 

the severity of inflammatory bowel disease (IBD) models, 

as the concentrations of key inflammatory proteins like 

IL-1β, TNF, and IL-6 were elevated in the IBD-induced 

rodents, including an increase in severity of their 

inflammation [27,28]. These pro-inflammatory proteins are 

also present in the major depressive disorder, illustrating 

that Reserpine is inducing a depressive-like 

pathophysiology, which is similar to the other observed 

human diseases, showing its efficacy of being a suitable 

human disease animal model. 
 

Observation of Depressive behavior and Experimental 

model tests- Depression is characterized as changes in 

mood, sleeping patterns, loss of energy, hopelessness, 

unexplained aches and pains, changes in appetite, 
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unusually slow or fast movements, and/or digestive 

problems [29]. The majority of these changes in behavior 

can be observed in a controlled laboratory environment. 

Reserpine has demonstrated ability in inducing many of 

these behavioral alterations in rodent models. In the 

conclusion of Munro’s study, he pointed out the fact that 

any of such induced depression experiment should not 

rely on a single behavior test such as forced swimming 

test (FST), as this would not be sufficient to solidify a 

depression model [30]. Gao et al. [31] observed that the 

rats treated with Reserpine traveled the shortest 

distance in comparison to the control group (saline) in 

the open field test. Xu et al. [24] examined the depression-

pain dyad in mice induced by Reserpine and found a 

substantial increase in the Substance P levels of the 

Reserpine treated groups in comparison to that in the 

control group. In addition, mechanical allodynia was 

tested and found to have a reduced paw-withdrawal 

threshold, a test to determine the pain threshold in a 

model animal, which indicated an exaggerated pain 

response with depression. This test has been utilized in 

many experiments using mechanical allodynia as a 

means to observe the differences in drug treatments 
[25,32]. 

The muscle pressure and tactile response thresholds 

were examined in rats treated with Reserpine. In these 

experiments male and female rats were used to perform 

a comparison in a fibromyalgia model, in which 

depression is a co-morbid symptom for individuals 

experiencing the disorder [33]. In both sexes of rats, the 

thresholds were drastically reduced in a dose-dependent 

manner, while the elapsed time between the day one 

and day seven post injection exhibited the greatest 

threshold change with 1 mg/kg dosing. The levels of 

biogenic amine concentrations in the spinal cord, 

thalamus, and prefrontal cortex were compared from 

the day one to seven. However, the concentrations 

began to recover around the seventh-day post-injection. 

These results support the facts that Reserpine can induce 

depression through monoamine depletion accompanied 

by pain, which allows Reserpine to be a putative method 

for modeling the depression-pain dyad. 

Similar results were found by Blasco-Serra et al. [34], 

where the pain thresholds in Reserpine treated rats were 

significantly lowered in comparison to that in the control 

groups over a seven-day period. In that study, the 

researchers performed a novelty suppressed feeding test 

that the rats underwent a food restriction period and 

were placed in an open field that was illuminated in only 

the center with a food source. The rats were tested 

based on how many of them approached the center 

touched or smelled the food, and the elapsed time for 

the first feeding event. In each category, the Reserpine 

treated rats showed the low frequency in approaching 

the center, inspecting the food, and demonstrated a 

prolonged period until feeding comparing to that in the 

control group. Upon being returned to their cages, the 

rats in both groups had no statistical difference in the 

time until the first feeding event in the cage or the 

amount of food consumed. Additional experiment for 

appetite test to evaluate the degree of the depressive-

like state includes sucrose water consumption test, 

which has also been used to test the effects of 

antidepressants in increasing the sucrose water 

consumption by comparing to the induced depression 

groups without treatment [35]. 

Another method that is used to test for degree of 

depression, and commonly used in Reserpine models is 

the forced swim test (FST). In this test, rodents (rats or 

mice) are forced to swim in a tank filled with water and 

the degree of depression is determined by the 

immobility time of the animal. In comparison to the 

control, the Reserpine treated animals have drastically 

prolonged periods of immobility time that signifies a 

hopelessness behavior in which the animals give up 

trying to escape from the tank and float [25]. The forced 

swim test has been utilized in several experiments that 

are screening for potential antidepressant drugs 

reversing the effect of Reserpine [25,36-39]. The tail 

suspension test (TST) was another proven test for the 

degree of depression, similar to the FST, the TST tests for 

the helplessness of the rat and immobility period as it 

realizes it cannot escape. Just as the FST has been used 

to screen new antidepressant drugs, the TST can also be 

utilized in this field [40,41]. 

Reserpine is also used in testing the frequency of 

akinesia and ptosis alongside the degree of hypothermia 

experienced by rodent models. Hypothermia is the 

condition that the body temperature is lower than 

normal range. Akinesia is the impairment of the power 

for one to move voluntarily and results from a decreased 

level in dopamine that affects the ability of an individual 

to control the muscles. Ptosis is characterized by the 

dropping of the upper eyelids and is related to 
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depressive-like states. All these physical characteristics 

can be induced by Reserpine and have been compared 

amongst control groups for statistical differences in 

several antidepressant-screening experiments [42-45]. The 

onset of Ptosis was observed to occur at the 2-hour post-

injection of Reserpine by Sheppard and Zimmerman [46]. 

The intensity of Reserpine’s effects was progressive 

overtime as ptosis signs to peak at the 8-hour                         

post-administration. 
 

CONCLUSIONS 

Reserpine is an alkaloid indole isolated from the Indian 

plant Rauwolfia serpentina, which is known to induce 

depressive-like state in human and animal models. The 

molecular mechanism involves the irreversible binding to 

the VMAT2 protein on cellular storage vesicles. This 

binding causes the vesicles to ‘leak’ their monoamine 

contents into the cytosol and exposes them to be 

degraded by MAO enzymes. This depletion leads to 

depressive-like symptoms of ptosis, change in appetite, 

hopelessness, and akinesia to name a few. The degree of 

the depressive state induced by Reserpine can be 

determined in controlled laboratory settings by proven 

tests such as mechanical allodynia (for pain threshold), 

FST and TST for hopeless- like behavior and monitoring 

observable ptosis, akinesia, and hypothermia in rodents.  

Additional research applications using Reserpine induced 

animal model are being investigated in our laboratory 

now, which include the studies on Reserpine’s potential 

inflammatory effects that may interact with the                 

neuro-endocrinological systems in depressive animals. 

With such promised depressive animal model, it 

provided effective tools for anti-depressive drug 

discovery and the development of alternative treatments 

in the realm of translational medicine.   
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