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ABSTRACT: Introduction: The pathophysiology of depression 
has been associated with hippocampal atrophy, neural inflammation, 
lower activity of monoaminergic neurotransmitters, and high cortisol 
levels. Traditional antidepressants have side effects, which lead patients 
to abandon treatment. Studied natural alternatives include the use of 
Rhodiola rosea L. (RR) for treating mild to moderate depression. This 
systematic review was performed to verify the effectivity of RR in 
humans with mild to moderate depression. Methods: The PubMed, 
Scopus, Web of Science, Lilacs, Embase, and Science Direct databases 
were used to search for studies. The terms used were “Salidroside”; 
“Rhodioloside”; “Rhodiola rosea”; “depression”; “depressive disorder”; 
“depression, chemical”; and “human”. Studies which met the eligibility 
criteria, as well as their methodological quality, were assessed by two 
reviewers. Results: The RR extract was evaluated in three studies and 
reduced the intensity of symptoms in humans with mild to moderate 
depression based on Hamilton Scale and Beck’s Depression Inventory. 
Conclusion: The use of Rhodiola rosea extract reduces the severity of 
depression symptoms.

KEY WORDS: Antidepressive agents; Crassulaceae; Depressive 
disorder.

RESUMO: Introdução: A patofisiologia da depressão tem sido 
associada com a atrofia do hipocampo, inflamação neural, baixa 
atividade de neurotransmissores monoaminérgicos e altos níveis de 
cortisol. Antidepressivos tradicionais têm efeitos colaterais, os quais 
levam pacientes a abandonar o tratamento. Alternativas naturais 
estudadas incluem o uso de Rhodiola rosea L. (RR) no tratamento 
de depressão leve a moderada. Esta revisão sistemática foi realizada 
para verificar a efetividade da RR em humanos com depressão leve 
a moderada. Métodos: As bases de dados PubMed, Scopus, Web of 
Science, Lilacs, Embase e Science Direct foram utilizadas para a busca 
dos estudos. Os termos “Salidroside”; “Rhodioloside”; “Rhodiola 
rosea”; “depression”; “depressive disorder”; “depression, chemical” 
e “human” foram utilizados. Estudos que atenderam aos critérios 
de elegibilidade, bem como suas qualidades metodológicas, foram 
avaliados por dois revisores. Resultados: O extrato de RR foi avaliado 
em três estudos e reduziu a intensidade dos sintomas em humanos com 
depressão leve a moderada com base na escala Hamilton e Inventário 
de Depressão de Beck. Conclusão: O uso de extrato de Rhodiola rosea 
reduz a severidade dos sintomas da depressão.
 
PALAVRAS-CHAVE: Antidepressivos; Crassulaceae; Transtorno 
depressivo.
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INTRODUCTION 

Approximately 280 million people in the world have 
a depressive disorder, and women are more affected 

than men1. Depression is a health public problem which has been 
growing each year, especially since the COVID-19 pandemic2, 
and it is a heterogeneous condition with a great variety of clinical 
symptoms3. Depression pathophysiology has been associated 
with hippocampal atrophy4,5, neural inflammation6,7, lower 
activity of monoaminergic neurotransmitters8, and high cortisol 
levels9, among other factors.  

An increase in the production of pro-inflammatory 
cytokines is common in depression patients, such as interleukin 
IL-1β and IL-6, tumoral necrosis factor (TNF-α), as well as 
higher nitric oxide synthase and cyclooxygenase levels10. IL-1β, 
TNF-α, and IL-6 cytokines may also activate the hypothalamic-
pituitary-adrenal axis (HPA)11 and increase cortisol levels9. 

The hypothesis of depression due to a deficiency or 
imbalance of monoaminergic neurotransmitters has been 
considered for a long time. A serotonin (SER) deficiency in the 
brain may exacerbate negative emotions, such as depressive 
mood, displeasure, fear, anxiety, hostility, and isolation12. 
According to Liu et al.13, depressive patients present lower SER 
levels compared to healthy individuals. Low SER synthesis may 
occur in depression, or depression may cause a reduction in the 
SER synthesis and cause depressive behavior14. 

Stress is common in depression and can activate the 
HPA, thereby causing an increase in glucocorticoid secretion 
and decreasing the hippocampal neurogenesis15. Liu et al.16 
showed that adrenalectomy can promote neurogenesis in the 
hippocampus in adults, demonstrating the relationship between 
adrenal function and neurogenesis. 

Traditional antidepressants have several side effects 
which lead many patients to abandon treatment17,18. Non-
adherence to treatment results in a higher risk of relapse19,20, 
and according to Sansone and Sansone21, the non-adherence rate 
is about 52% at six months of treatment with antidepressants. 
Thus, natural alternatives have been studied, such as the use of 
Rhodiola rosea L. or its components in treating mild to moderate 
depression. 

R. rosea L. (RR) is a plant known as gold root and has 
circumpolar distribution in the northern hemisphere from the 
low-Artic to high-temperature regions of Asia, Europe, and 
North America22, and its extract (RRE) increases mental capacity 
and reduces fatigue23. Salidroside (SAL) is the main component 
of RR and shows numerous pharmacological properties24. 

Adaptogens are a pharmacological group of herbal 
preparations that improve attention and fatigue resistance, 
in addition to reducing stress-induced cognitive failures and 
disorders related to the neuroendocrine and immune systems25. 
RR is considered an adaptogenic plant, and RRE and SAL are 
associated with neuroprotective and antioxidant effects26,27. The 
positive effects of plants on cognitive functions and the reduction 
of mental and physical fatigue are well-known in humans, as 
demonstrated by Ishaque et al.28; Cropley et al.29; Dimpfel et 
al.30, and Koop et al.31. 

Approximately 140 different compounds have been 

isolated from RR25, and its main compounds include: SAL, 
rosavin, rosin, rosarin, tyrosol, and rosiridin32. According 
to Amsterdam and Panossian33, SAL and tyrosol are active 
substances, while the others are inactive. The commercial 
products based on RR are generally standardized to 1% SAL 
and 3% rosavin30,34. 

Brown et al.35 mentioned that RR can centrally stimulate 
noradrenergic, adrenergic, and serotoninergic receptors, 
improving mood. R. rosea  roots may inhibit MAO-A, acting 
as a potent antidepressant, and MAO-B may aid in controlling 
dementia36. In a study with students, Cropley et al.29 demonstrated 
that the use of 400 mg RR/day reduced anxiety, stress, anger, 
confusion, depression, and sleepiness levels, as well as improved 
mood at 14 days of treatment. 

This systematic review of the effects of RR in humans 
with mild to moderate depression was performed to verify its 
effectivity and possible action mechanisms and safety.  

METHODOLOGY

Search strategy and eligibility criteria

The PubMed, Scopus, Web of Science, Lilacs, Embase, 
and Science Direct databases were used to search for studies on July 
30, 2023. Clinical studies in humans were included in the search. 
The following terms were used: “Salidroside”; “Rhodioloside”; 
“Rhodiola rosea”; “depression”; “depressive disorder”; 
“depression, chemical”; and “human”, and the search strategy 
was (Salidroside OR rhodioloside OR Rhodiola rosea) AND 
(depression OR depressive disorder OR depression, chemical) 
AND human. The question was “What is the effectiveness of 
Rhodiola rosea in reducing depression symptoms?” 

The PICO acronym (which stands for: patients, 
intervention, comparison, and outcomes) was used to determine 
the eligibility criteria for the systematic review, as follows:

-	 Patients – humans with mild to moderate depression.
-	 Intervention – Rhodiola rosea L. extract (RRE).
-	 Comparison – placebo or traditional antidepressant.
-	 Outcomes – an improvement in depressive symptoms.  

Inclusion criteria for study selection were: studies (1) 
with humans with mild to moderate depression; (2) with R. rosea 
extract in the treatment; (3) containing a control group (placebo or 
traditional depressants); (4) original research and peer-reviewed 
study; and (5) no language or publication year restriction. 
Exclusion criteria were: (1) studies which did not correspond to 
original research; (2) duplicate studies found in more than one 
database; (3) studies involving a clinical condition different from 
depression; (4) studies involving another plant (different from 
Rhodiola rosea); and (5) studies involving healthy human beings. 

Study selection

Titles and abstracts were exported to the Rayyan platform37, 
where they were assessed by two reviewers to identify the studies 
that potentially meet the inclusion criteria. In the next phase, the 
selected studies were entirely read and evaluated based on the 
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eligibility criteria. Discrepancies were identified and resolved 
through discussion between the reviewers or with a third reviewer, 
if necessary. 

Duplicates were detected by juxtaposition of the author’s 
name and excluded in the first phase (assessment of title and 
abstracts).  

Data extraction process 

Two reviewers independently extracted data from each 
study. The following data were obtained and analyzed from 
the selected studies: authorship; publication year; intervention, 
duration, and main results obtained with Hamilton Depression 
Rating Scales and with Beck’s Depression Inventory.

The methodological quality of the studies

Two authors independently evaluated the methodological 
quality of all the included studies. To evaluate the risk of bias 
in the studies, it was used the NICE tool38. Discrepancies were 
identified and resolved through discussion between the authors. 

There was substantial heterogeneity among the studies, 
which was detrimental to a meta-analysis. Therefore, narrative 
synthesis was performed without statistical or sensitivity analysis.

This study was registered in Prospero with the registration 
number CRD42022339894. 

RESULTS 

Study selection

A total of 489 references were obtained after running the 
search algorithms with Boolean operators and free language terms. 
Next, 152 potentially eligible studies were exported to the Rayyan 
platform after the screening process of the publications found 
using the database filters for research articles. Finally, 3 studies 

met the requirements of this systematic review after filtering out 
duplicates and evaluating the titles (first screening), abstracts 
(second screening), and full texts (third screening) (Figure 1). 

Characteristics of the studies

Three studies about the effect of the Rhodiola rosea extract 
on depression treatment were included in the review (Table 1). The 
studies were conducted with depressed humans of both sexes, aged 
between 18 and 70 years, and diagnosed with mild to moderate 
depression with an initial score ≥ 13 on Beck’s Inventory and ≥ 21 
on the Hamilton scale39; ≥ 18 years, a score ≥ 10 in Hamilton scale 
and a score of 3-4 on General Clinical Impression Scale40; 18-50 
years of age, a score > 12 in Hamilton scale and a score of 3-4 on 
the General Clinical Impression Scale41. The drug used as positive 
control was sertraline39,41. 

Main effects of RRE administration in humans with mild to 
moderate depression

RRE effects on the treatments of humans was evaluated 
using the Hamilton Depression Rating Scales and Beck’s 
Depression Inventory. The Hamilton scale is mostly used to 
evaluate depression severity in patients who have already been 
diagnosed with depressive disorder42. Beck’s Depression Inventory 
is mostly used to evaluate depressive symptoms and their severity 
in a normal population or with psychiatric disorders43. 

There was a more significant reduction in the severity of 
depression symptoms in two of the three studies due to the use of 
RRE (300-680 mg/d) by the HAM-D and BDI scales compared 
to the use of SER or placebo39,41. There was no difference among 
the RRE and SER treatments in the study by Mao et al.40, possibly 
due to bad distribution of the patients with mild to moderate 
depression among the experimental groups; however, patients 
taking RRE and sertraline had 1.4 and 1.9 times improvement 
odds, respectively, compared to the placebo group (Table 2). 

FIGURE 1 - Flow diagram of 
the selection process of studies 
for the systematic review 
on using Rhodiola rosea or 
salidroside in depression 
treatment
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TABLE 1 - Characteristics of the included studies on the effects of Rhodiola rosea extract (RRE) in humans with mild to moderate depression

Authors Design Participants, 
age

Level of 
evidence1

Duration 
(ds)

Darbinyan et al.39 Randomized, double blind,  
placebo-controlled

Males and females,
18 – 70 years IB 42

Mao et al.40 Randomized, double blind,
placebo-controlled Males and females, > 18 years IB 84

Gao et al.41 Randomized, double blind,
placebo-controlled Males and females, 18 – 50 years IB 84

1IB – Evidence level I; good quality B. According to Johns Hopkins Nursing Evidence Based Practice (2023)

TABLE 2 - Main results obtained with depressed humans treated or not with Rhodiola rosea extract  

Authors Intervention Level of depression by Hamilton Scale Level of depression by BDI

Darbinyan et 
al.39

Placebo (n=31)
RRE – 340 mg/d (n=30)

680 mg/d (n=30)
↓ RRE (340 and 680 mg/d)

↓ RRE (340 and 680 mg/d)

Higher effect with RRE at 680 mg/d

Mao et al. 40
Placebo (n=18)

RRE - 300 mg/d (n=20)
SER - 50 mg/d (n=19)

There was no difference between the 
treatments

There was no difference between the 
treatments

Gao et al. 41
Placebo + SER – NR (n=33)

SER + RRE – 300 mg/d (n=34)
SER + RRE – 600 mg/d (n=33)

↓ with RRE (300 and 600 mg/kg) and 
with SER

↓ with RRE (300 and 600 mg/kg) and with 
SER

BDI – The Beck Depression Inventory; SER – sertraline; NR – not reported

Safety of Rhodiola rosea use

The data suggest that RR administration is safe. In the 
study by Mao et al.40, 63.2% of the patients reported adverse 
effects using sertraline, compared to 30% and 16.7% of patients 
reporting adverse effects due to the use of RRE or placebo, 
respectively. No patient prematurely discontinued RRE or placebo 
therapy. Two patients discontinued sertraline treatment because 
of palpitations (n=1), and one each for headache, insomnia, and 
sexual dysfunction (n=1). In the studies by Darbynian et al.39 
and Gao et al.41, no patients reported serious adverse effects of 
the medication, and none discontinued treatments due to non-
compliance with the prescribed treatments. The study by Gao 
et al.41 mentioned that more patients reported related adverse 
events using sertraline + placebo than sertraline + RR capsule. 

DISCUSSION

Two studies40,41 did not mention if the groups received 
the same care apart from the intervention studied. According to 
the Nice tool38, none of the studies reported if the investigators 
were kept blind to other important confounding and prognostic 
factors. All of the included studies described the details of 
the intervention preparation (quantity of active or inactive 
constituents per dosage unit form). Insufficient description of 
the intervention preparation is a common shortfall, preventing a 
future comparison of the results between the randomized clinical 
trials. 

According to Lu et al.44, the use of RRE at doses varying 
from 100 to 1500 mg/d showed no adverse effects when used for 
183 individuals. The lack of adverse effects due to RR use was 

also reported by Bernatoniene et al.45. 
The pathogenesis of depression is a complex process, and 

it has been associated with neuronal atrophy or loss of neuronal 
plasticity in the pre-frontal cortex and hippocampus46, as well 
as low levels of brain derived neurotrophic factor (BDNF)47. 
Chronic stress causes an increase in cortisol levels9 and activates 
the immune system, resulting in increased levels of pro-
inflammatory cytokines48. Activation of the immune response 
in the central nervous system, mainly through of microglia 
and astrocyte activation, plays a role in the development of 
degenerative processes in the brain49,50. 

High cortisol levels may cause atrophy in the 
hippocampus51 and reduction in the serotoninergic reserves52,53, 
and according to Tafet et al.54, high cortisol levels augment 
serotonin recapture, reducing the serotonin levels in synapses. 

Brain derived neurotrophic factor (BDNF) modulates 
neuronal growth and survival, and according to Tang et al.55 
and Agapouda et al.56, RRE increases BDNF expression in the 
hippocampus of rats, indicating the neuroprotective effect of RR. 
In addition, Lee et al.57 and Wang et al.58 demonstrated the anti-
inflammatory effect of RR or of salidroside, its major bioactive 
component, with inhibition of IL-6 and TNF-α expression and 
nitric oxide generation, reducing neuroinflammation, which in 
turn may lead to neurodegenerative disorders59,60. The mechanism 
of action of RRE is based on its constituent components, primarily 
salidroside. Salidroside has neuroprotective effects and mitigates 
depression symptoms in humans due to improvement in neuronal 
functions, the integrity and proliferation of hippocampal cells, 
in addition to reduced neuroinflammation processes, increased 
serotonin levels, and reduced cortisol levels61,62.

Neuroprotective activity is attributed to decreased 
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oxidative stress and increased antioxidant enzymes63. Decreased 
inflammation through suppression of proinflammatory factors 
inducing nitric oxide synthase (iNOS), IL-1β, and TNF-α  in 
the brain was seen in mice after oral administration of Rhodiola 
rosea crude extract64. 

Chronic stress is associated with neuroinflammation 
and dysregulation of the hypothalamic-pituitary-adrenal 
(HPA) axis, resulting in elevated secretion of glucocorticoids65, 
predominantly cortisol in humans. Furthermore, evidence from 
rodent models indicates that Rhodiola rosea and its bioactive 
constituents may enhance serotonin concentrations in the cortex, 
brainstem, and hypothalamus. This effect appears to be mediated 
by the inhibition of enzymatic pathways involved in serotonin 
degradation66.

Other medicinal plants with antidepressant properties 
exhibit similar mechanisms of action, such as Bacopa monnieri 
and Curcuma longa which inhibit the activity of MAO enzymes 
and modulate the BDNF expression in the hippocampus; 
or Hypericum perforatum which inhibits the reuptake of 
monoamine neurotransmitters, thereby increasing their synaptic 
availability⁶⁷-⁷³.

Rhodiola rosea has been safely used in studies lasting 6 
to 12 weeks and rarely causes adverse events such as: dizziness, 
dry mouth or excessive saliva production74, agitation, insomnia, 
or irritability75. Edwards et al.76 reported that the adverse events 
from RR use were mild, and no serious adverse events were 
reported during the treatment period (4 weeks), since the extract 
was considered safe and well tolerated by the patients.

 
Evaluation of the included studies

Evaluations of the methodological quality of the included 

studies are found in Supplementary Table 1. All 3 studies 
generally presented good methodological quality and were of 
low risk of bias. All the studies were categorized as evidence 
level IB (Supplementary Table 1), according to Johns Hopkins 
Nursing Evidence Based Practice77. This means they reasonably 
presented consistent results; sufficient sample size for the 
study design; some control and fairly definitive conclusions; 
and reasonably consistent recommendations based on fairly 
comprehensive literature review that includes some reference to 
scientific evidence. 

LIMITATIONS

This study presents some limitations. First, it was not 
possible to determine a dosage recommendation for humans due 
to the small number of studies involving human beings. Another 
limitation is the fact that there were no studies found involving 
children or lactating or pregnant women with some depression 
level. The age variation among the participants in studies (18-70 
years in Darbinyan et al.39, 18-50 years in Gao et al.41, and above 
18 years in Mao et al. 40) may be a limitation because different 
effects can occur in people with such different ages. It was not 
possible to evaluate the effect of Rhodiola rosea in combination 
with another intervention type. Finally, non-inclusion of the 
Embase database may have influenced the small number of 
obtained studies. 

CONCLUSION

Using Rhodiola rosea extract reduces the severity 
of depression symptoms and the conditions which trigger 
depression.
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