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ABSTRACT 

Traditional antidepressants are associated with side effects that lead to treatment 

discontinuation. Natural alternatives have been studied, such as Rhodiola rosea (RR), for 

treating depression. This integrative review investigated the effects of RR in animals with 

induced depression to assess its effectiveness in alleviating depressive symptoms and 

improving learning and memory. The PubMed, Scopus, Web of Science, and 

ScienceDirect databases were searched for relevant studies using the terms “Salidroside,” 

“Rhodioloside,” “Rhodiola rosea,” “depression,” “depressive disorder,” “depression, 

chemical,” and “animal.” The RR extract and salidroside were evaluated in six and eight 

studies, respectively. RR extract and salidroside improve cognitive function, 

neuroplasticity, and serotonin and corticosterone levels in rats. Using Rhodiola rosea 

extract or salidroside improves learning and memory and reduces neuronal damage 

caused by depression. 

Keywords: Antidepressant agent; neurogenesis; “golden root”. 

 

INTRODUCTION  

Approximately 5% of adults suffer from depression, and Brazil ranks first and 

second in prevalence in Latin America and the Americas, respectively1,2, following the 

United States, with 32,237 individuals admitted to hospitals in 20223. 

Depression is associated with reduced neurotransmitter levels and deficits in 

attention, learning, memory, concentration, and decision-making ability. The 

hippocampus is involved in the control of memory and emotion. Reduced hippocampal 

volume has been observed in major depressive disorders and is considered a diagnostic 

marker of depression. Hippocampal atrophy results from neuronal and glial cell loss, 

inhibited neurogenesis, or diminished neurotrophic factors,⁷ correlating with the severity 

of depression. Synaptic plasticity in the hippocampus is crucial for memory formation.⁸ 

Chronic stress is a risk factor of depression and may induce neuroinflammation. 

Microglial activation leads to the release of pro-inflammatory cytokines (PICs), which 

are correlated with the severity of depressive symptoms. Selective serotonin reuptake 

inhibitors exert anti-inflammatory effects by reducing PIC production. Several studies 
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have associated reduced monoaminergic neurotransmitter levels with the etiology of 

depression. Serotonin deficiency may exacerbate negative emotions.¹³,¹⁴ Reduced 

norepinephrine levels in patients with depression are associated with negative emotions, 

such as lack of pleasure, interest, energy, and loss of confidence. The same effect is 

observed with reduced dopamine levels¹⁶, and according to Dubol et al.¹⁷, healthy 

individuals exhibit greater presynaptic dopaminergic function than patients with 

depression. 

Stress may induce persistent hyperactivity of the hypothalamic–pituitary–adrenal 

(HPA) axis, increasing corticotropin-releasing hormones and cortisol, and hypoactivity 

of the hippocampus. Adrenal steroids may cause hippocampal neuronal atrophy, resulting 

in learning and memory impairment. 

Traditional antidepressants have several side effects, and natural alternatives have 

been studied, such as the use of Rhodiola rosea L. or its component, salidroside (SAL), 

in the treatment of depression. R. rosea L. contains >140 different compounds, with SAL 

being the main bioactive component, and its properties include anti-inflammatory, 

antioxidant, antidepressant, and neuroprotective activities. Phytotherapy is included in 

the National Policy on Integrative and Complementary Practices implemented within the 

Brazilian Unified Health System. 

Rats with memory deficits treated with R. rosea extract (RRE) show 

improvements in cognitive function. Vasileva et al. observed that RRE improved 

locomotor activity and reduced PIC levels in rats with depression. Liu et al.23 revealed in 

vitro the neuroprotective effects of SAL. The authors reported greater proliferation and 

viability of the nerve cells. Jin et al. evaluated the use of SAL in young and aged rats and 

found that aged rats exhibited mental performance (learning and memory) comparable to 

young rats. 

This integrative review of the effects of RRE and SAL in animals with induced 

depression was conducted to determine their effectiveness in alleviating depressive 

symptoms and improving learning ability and memory formation. 
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METHODS 

Search strategy and eligibility criteria: The search was conducted on July 20, 2022, 

and updated on July 16, 2025, using the PubMed, Scopus, Web of Science, and 

ScienceDirect databases and terms, such as “Salidroside,” “Rhodioloside,” “Rhodiola 

rosea,” “depression,” “depressive disorder,” “depression, chemical,” and “animal.” The 

search strategy was (Salidroside OR rhodioloside OR Rhodiola rosea) AND (depression 

OR depressive disorder OR depression, chemical) AND animal. The PICO acronym was 

used to determine the eligibility criteria for the studies, as follows: 

Patients: Laboratory animals with induced depression 

Intervention: Salidroside or RRE 

Comparison between placebo and traditional antidepressants 

Outcome: Improved learning and memory, hippocampal neuroplasticity, 

hormone and neurotransmitter levels, and reduced production of 

proinflammatory cytokines (PICs). 

The inclusion and exclusion criteria are presented in Table 1.  

 

Table 1. Inclusion and exclusion criteria adopted in the integrative review of the effects 

of RRE and SAL in animals with induced depression 

Inclusion criteria Exclusion criteria 

Studies: Studies: 

1. Studies involving animals with induced 

depression. 

2. Use of SAL or RRE in the treatment of 

the animals. 

3. Inclusion of a control group. 

4. Original, peer-reviewed research. 

5. No restriction on language or year of 

publication. 

1.  Studies that were not original research. 

2. Duplicate studies. 

3. Studies involving clinical conditions 

other than depression. 

4. Studies involving other plant species or 

substances other than R. rosea or SAL. 

5. Studies involving healthy animals. 

 

Study selection: The studies were exported to the Rayyan platform.²⁵ Two reviewers 

identified eligible titles and abstracts. Selected studies were read in full and assessed using 

the same criteria. Duplicates were detected by comparing the authors’ names and 
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excluded from the platform. Discrepancies were identified and resolved via reviewer 

discussions. 

Data extraction process: The following data were extracted and analyzed; authorship, 

year of publication, intervention, duration of the intervention, main outcomes obtained in 

behavioral tests, hippocampal neuroplasticity, brain-derived neurotrophic factor (BDNF) 

expression, serotonin and norepinephrine levels in the brain, levels of PICs in the 

hippocampus, serum corticosterone (CORT) levels, and corticotropin-releasing hormone 

(CRH) levels. 

 

RESULTS 

Study selection: After searching, 758 references were identified, of which 502 were not 

research articles. After screening, 256 potentially eligible studies were exported to the 

Rayyan platform. After excluding duplicates and evaluating the titles, abstracts, and full 

texts, 11 studies²⁶–³⁶ met the eligibility criteria (Figure 1). 

Study characteristics: RRE and SAL were evaluated in three and eight studies, 

respectively. The animals were induced to develop depression via stress resulting from 

corticosterone³⁶ or lipopolysaccharide³¹ injections, food and water deprivation,²⁸,²⁹,³⁴,³⁵ 

changes in handling,³⁴,³⁵ exhaustive physical activity,²⁶,²⁷ or olfactory bulbectomy.³⁰,³³ 

Amitriptyline²⁹,³⁰,³³ imipramine,²⁷ and fluoxetine²⁸,²⁹,³¹,³⁴,³⁶ were used in the control groups 

(Table 2). 
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Figure 1. Flowchart of the study selection process for the integrative review on the effects 

of RRE or salidroside in rats with induced depression. 
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Table 2. Characteristics of the studies on the effects of RRE and SAL in rodents 

Reference Type of extract and 

content of active 

compounds 

Intervention Duration (days) 

Perfumi and Mattioli26 Dry hydroalcoholic 

extract 

Rosavin 3% and 

salidroside 1% 

RRE - 10, 15, and 20 mg/kg 

Placebo 

1 

Panossian et al.27 Type of extract not 

reported 

Rosavin: 6%; tirosol: 

0.8%, and 

salidrosídeo: 2.7% 

REE - 10, 20, and 50 mg/kg 

AMI - 3 mg/kg 

IMI - 30 mg/kg 

3 

Chen et al. 28 

 

- SAL – 60, 120, and 240 

mg/kg 

FLU - 2.2 mg/kg 

21 

Mattioli et al. 29 

 

Dry hydroalcoholic 

extract 

Rosavin 3% and 

salidroside 1% 

RRE – 10, 15, and 20 mg/kg 

FLU - 10 mg/kg 

21 

Yang et al. 30 - SAL - 20 and 40 mg/kg 

AMI - 10 mg/kg 

14 

Zhu et al. 31 - SAL - 12 and 24 mg/kg 

FLU - 20 mg/kg 

5 

Palmeri et al. 32 - SAL - 25 mg/kg 

Placebo 

3 

Zhang et al. 33 - SAL - 20 and 40 mg/kg 

AMI - 10 mg/kg 

14 

Vasileva et al. 34 - SAL - 5 mg/kg 

FLU - 2.5 mg/kg 

8 

Fan et al. 35 - SAL - 10 mg/kg 

Placebo 

14 

Chai et al. 36 - SAL - 20 and 40 mg/kg 

FLU - 20 mg/kg 

21 

AMI, amitriptyline; IMI, imipramine; FLU, fluoxetine.  

 

 

Assessment of learning and memory ability: The behavioral test results are presented 

in Table 3. Exploratory and locomotor abilities were evaluated using the Open Field Test 

(OFT).37 Animals with induced depressive-like behavior exhibited reduced locomotor 

activity in the tests. As demonstrated by Ozcan et al.,³⁸ animals subjected to olfactory 

bulbectomy showed abnormal behavior, such as hyperactivity in novel environments. 

RRE (15–20 mg/kg) or SAL (5–40 mg/kg) administration increased horizontal and 
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vertical motor activities, total distance traveled, and time spent in the central zone. 

Additionally, they reduced hyperactivity in bulbectomized rodents, indicating reversed 

induced behavior. These effects were similar to those obtained with fluoxetine²⁹,³⁴,³⁶ and 

amitriptyline.³⁰ 

The Sucrose Preference Test (SPF) is used to assess anhedonia, a main symptom 

of depression,³⁹ and based on rodents’ preference for sweet substances, assuming that this 

preference is proportional to the pleasure experienced in consuming them.⁴⁰ Animals with 

induced depression consumed less water and sucrose/glucose, suggesting reduced 

pleasure associated with drinking the solution. Using SAL (5–60 mg/kg) or RRE (10–20 

mg/kg) increased beverage consumption similarly to fluoxetine²⁸,²⁹,³⁴,³⁶ or amitriptyline.³³ 

The Forced Swim Test (FST) is based on the premise that if an animal is placed 

in a container filled with water, it attempts to escape or exhibits immobility as a measure 

of behavioral despair. RRE (10–50 mg/kg) or SAL (5–40 mg/kg) increased swimming 

time and reduced the time the animal took to find the escape platform and decreased 

immobility time, similarly to the effects observed with imipramine,²⁶ amitriptyline,²⁶,³⁰ 

and fluoxetine.³¹,³³,³⁶ 

 

Effect of SAL in animals with induced depression on: 

a) Neurogenesis and BDNF expression in the hippocampus: SAL (20–60 mg/kg) 

promotes neurogenesis in the hippocampus of rodents. SAL administration at 12–40 

mg/kg resulted in greater BDNF gene expression in the animals’ hippocampus, an effect 

similar to that obtained with fluoxetine³³,³⁶ and superior to that observed with 

amitriptyline³⁰ (Table 4). 

b) Serotonin (5-HT) levels: SAL (24–120 mg/kg) in rodents increased serotonin levels 

in the hippocampus²⁸ and frontal and prefrontal cortex,³¹,³³ with results similar to those 

observed with fluoxetine²⁸ and amitriptyline³³ (Table 4). 

c) Expression of PICs in the hippocampus: Reduced PIC levels and neuroinflammation 

was observed following SAL administration (5–40 mg/kg). This effect was superior to 

that obtained with amitriptyline³¹ and similar to that noted with fluoxetine³³,³⁴,³⁶ (Table 4). 
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Table 3. Results obtained in rodents with induced depression treated with SAL or RRE 

in behavioral tests 
Reference Main results 

 OFT SPT FST 

Perfumi and 

Mattioli26 

↑ distance traveled, 

ambulation time, and 

number of rearings (times 

the animal stood on its hind 

legs) 

RRE (15 mg/kg) 

NR ↓ immobility time and ↑ 

swimming time 

Panossian et 

al. 27 

NR NR ↓ immobility time, with 

RRE producing a greater 

effect than that obtained 

with IMI or AMI 

Chen et al. 

28 

 

NR ↑ consumption with 

SAL (60 mg/kg) 

and FLU 

NR 

Mattioli et 

al. 29 

 

↑ ambulation time with RRE 

(20 mg/kg) and FLU 

↑ consumption with 

RRE (20 mg/kg) 

and with FLU 

NR 

Yang et al. 

30 

↓ hyperactivity with SAL 

and AMI 

NR ↓ immobility time with 

SAL and AMI 

Zhu et al. 31 NR NR ↓ immobility time with 

SAL and FLU 

Palmeri et 

al. 32 

↑ time spent in the central 

area and ↑ number of 

crossings 

NR NR 

Zhang et al. 

33 

NR ↑ consumption with 

SAL and AMI 

NR 

Vasileva et 

al. 34 

↑ horizontal and vertical 

locomotion with SAL and 

FLU 

↑ consumption with 

SAL and FLU 

↓ time spent to find the 

escape platform with 

SAL and FLU 

Fan et al.35 ↑ mobility and ↓ rest time No difference 

between treatments 

↑ swimming time with 

SAL 

Chai et al. 36 ↑ mobility, time spent in the 

central arena, and average 

movement speed with SAL 

(40 mg/kg) and FLU 

↑ consumption with 

SAL (20 and 40 

mg/kg) and FLU 

↓ immobility time with 

SAL and FLU 

OFT, Open Field Test; TSP, Sucrose Preference Test; FST, Forced Swim Test; NR, not reported; AMI, 

amitriptyline; FLU, fluoxetine; IMI, imipramine. 
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Table 4. Neurogenesis, hippocampal BDNF expression, serotonin (5-HT) levels, pro-inflammatory cytokines (PICs) in the hippocampus, 

serum corticosterone (CORT), and corticotropin-releasing hormone (CRH) in the hypothalamus of rodents with induced depression treated 

with SAL 

 

Authorship 

Neurogenesis BDNF SER PICs CORT CRH 

Chen et al. 28 

 

↑ with SAL (60 

mg/kg) and 

FLU 

NR ↑ with SAL at 60 and 

120 mg/kg and with 

FLU 

NR NR NR 

Yang et al. 30 NR ↑ with SAL, 

with the effect 

being superior 

to that obtained 

with AMI 

NR ↓ with SAL and AMI 

 

Effect more 

pronounced with 

SAL use 

↓ with SAL and 

AMI 

 

Effect more 

pronounced 

with SAL use 

(20 mg/kg) 

↓ with SAL and 

AMI 

 

Effect more 

pronounced with 

SAL use (20 

mg/kg) 

Zhu et al. 31 NR ↑ with SAL and 

FLU 

 

↑ with SAL (24 

mg/kg) and FLU  

↓ with SAL and FLU NR NR 

Zhang et al. 33 NR NR ↑ with SAL (40 

mg/kg) and AMI  

↓ with SAL and AMI NR NR 

Vasileva et 

al. 34 

NR NR NR ↓ with SAL and FLU 

 

 

NR NR 

Fan et al.35 NR NR NR ↓ with SAL NR NR 

Chai et al. 36 ↑ with SAL ↑ with SAL (40 

mg/kg) and 

FLU 

NR ↓ with SAL and FLU NR NR 

NR, not reported; AMI, amitriptyline; FLU, fluoxetine.  
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d) CORT and CRH levels: Lower serum levels of CORT and CRH were observed in 

rats treated with SAL (20 mg/kg) or amitriptyline³⁰ (Table 4). 

 

DISCUSSION 

Behavioral tests can analyze learning and memory parameters in rodents. 

Learning abilities and memory can be affected by depression and other mental disorders. 

RRE (200 and 400 mg/kg) in rats with induced Alzheimer’s disease improved learning 

and memory deficits. SAL was administered by Jin et al.²⁴ to rats aged four and 16 

months; older rats had shorter escape times and traveled shorter distances to reach the 

escape platform in the FST than younger animals, indicating improved learning and 

memory capacity in older rats. 

Hippocampal plasticity contributes to memory acquisition and retention, whereas 

neurogenesis is important for hippocampal function. Oxidative stress influences memory 

and learning because it can cause neuronal deterioration over time; thus, the antioxidant 

action of R. rosea helps maintain cognitive function by enhancing antioxidant enzyme 

activity. 

Moreover, acetylcholine (ACh) is crucial in learning and memory formation in the 

hippocampus.⁴⁵,⁴⁶ Acetylcholinesterase (AChE) inhibition increases ACh levels at 

neuronal synapses and improves these functions. Polumackanycz et al. evaluated 15 

commercial RREs and observed AChE inhibition rates ranging from 58.47–93.29%. A 

similar effect was reported by Wang et al.. According to Kim et al., SAL, rosavin, tyrosol, 

and rosin inhibited AChE by 11.5%, 11.2%, 9%, and 6.6%, respectively. 

SAL (20–60 mg/kg) promotes neurogenesis in the hippocampus of rodents. BDNF 

is a neurotrophin responsible for the neuronal differentiation, maturation, and 

proliferation. Its gene expression is highly regulated by factors, such as neuronal 

activity,⁵¹ exercise,⁵² antidepressant use,⁵³ stress level,⁵⁴ and hormones.⁵⁵ 

In in vitro studies, Liu et al. demonstrated that SAL promoted growth and 

increased Schwann cell viability, while stimulating BDNF gene expression. Several 

studies have shown the neurotrophic and neuroprotective effects of SAL⁵⁶ or RRE⁴³,⁵⁷ in 

vitro, with neuroprotection attributed to increased neurotrophic factor expression. 
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A neuroprotective mechanism involves the antioxidant activities of R. rosea and 

its components. Oxidative stress can damage the cellular DNA, resulting in apoptosis. 

SAL, tyrosol, rosin, rosavin, and rosarin can reduce intracellular oxidative stress in nerve 

cells⁴⁸ by increasing the activity of superoxide dismutase, glutathione, glutathione 

peroxidase, and catalase enzymes and reducing lipid peroxidation.⁴⁴ 

Higher 5-HT levels were observed in rats treated with SAL. Antidepressants, such 

as fluoxetine, imipramine, and venlafaxine, inhibit serotonin reuptake and increase its 

levels in synapses. SAL and RRE can increase the cerebral levels of serotonin and 

norepinephrine. A possible mechanism for this effect is the inhibition of monoamine 

oxidase (MAO) enzymes A and B, which degrade serotonin, norepinephrine, and 

adrenaline. The methanolic and aqueous extracts of R. rosea inhibited MAO-A activity 

by 92.5% and 84.3%, respectively. Compounds in the RRE may enhance the transport of 

serotonin precursors to the brain, thereby improving neurotransmitter levels. 

Reduced neuroinflammation has been observed following SAL administration. 

Studies suggest that high levels of PICs, such as TNF-α, IL-1β, and IL-6, are common in 

depression,⁶² and antidepressants can reduce the production of these cytokines.⁶³ Rats 

challenged with endotoxins and treated with SAL (30, 60, and 120 mg/kg) or RRE (500 

mg/kg) showed lower TNF-α, IL-1β, and IL-6 levels.⁶⁴ 

The effects of R. rosea on PICs can be attributed to its anti-inflammatory 

properties. RRE (250 mg/kg) inhibited cyclooxygenase 1 and 2 activity similarly to 

acetylsalicylic acid in rats. Additionally, dexamethasone and SAL at 40 mg/kg can reduce 

IL-6 and TNF-α levels in a similar manner.⁶⁶ 

Lower serum CORT and CRH levels in the hypothalamus of SAL-treated rats. 

Neurons express receptors for PICs, which cause neuroinflammation and induce 

activation of the HPA axis.⁶⁷ Exposure to stress activates the HPA axis, initiating CRH 

production in the hypothalamus. This hormone acts on the pituitary gland, causing ACTH 

secretion, which stimulates the adrenal gland to release corticosterone.⁶⁸ However, RRE 

(5 g/kg) administration in rats subjected to stress for two weeks resulted in lower 

hypothalamic corticosterone and CRH levels and serum corticosterone levels compared 
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to non-stressed animals, demonstrating that R. rosea can help restore the HPA axis 

balance. 

 

STUDY LIMITATIONS 

The small number of available studies on the use of RRE and SAL makes it 

challenging to determine the exact dose for each because different doses and 

methodologies were evaluated in each study. Another limitation was the duration of RRE 

and SAL administration, ranging from 1–21 days. This variability hinders the comparison 

of results across selected studies and may compromise the quality of studies, in which 

treatments were administered for short periods, and the reliability of the review itself. 

 

CONCLUSIONS 

The use of RRE (dose; 15–20 mg/kg) or salidroside (dose; 20–60 mg/kg) was 

effective in improving learning and memory and reducing neuronal damage caused by 

depression by enhancing neurogenesis and increasing serotonin levels. 

Further research should be conducted to deepen our understanding of the use of 

medicinal plants in the treatment of mental disorders, particularly Rhodiola rosea and its 

components. Besides their beneficial effects on mental disorders, these compounds may 

be used to enhance physical endurance, reduce stress and cholesterol levels, and slow the 

aging process. 
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