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Abstract

Background—We performed a proof of concept trial to evaluate relative safety and efficacy of
Rhodiola rosea (R. rosea) versus sertraline for mild to moderate major depressive disorder.

Hypothesis—We hypothesize that R. rosea would have similar therapeutic effects as sertraline
but with less adverse events.

Study Design—Phase Il randomized placebo controlled clinical trial

Methods—57 subjects were randomized to 12 weeks of standardized R. rosea extract, sertraline,
or placebo. Changes over time in Hamilton Depression Rating (HAM-D), Beck Depression
Inventory (BDI), and Clinical Global Impression Change (CGI/C) scores among groups were
examined using mixed-effects models.

Results—Modest, albeit statistically non-significant, reductions were observed for HAM-D,
BDI, and CGI/C scores for all treatment conditions with no significant difference between groups
(p=0.79, p=0.28, and p=0.17, respectively). The decline in HAM-D scores was greater for
sertraline (=8.2, 95% confidence interval [CI], —12.7 to —3.6) versus R. rosea (-5.1, 95% CI: —-8.8
to —1.3) and placebo (-4.6, 95% CI: —8.6 to —0.6). While the odds of improving (versus placebo)
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were greater for sertraline (1.90 [0.44-8.20]; odds ratio [95% CI]) than R. rosea (1.39 [0.38-
5.04]), more subjects on sertraline reported adverse events (63.2%) than R. rosea (30.0%) or
placebo (16.7%) (p=0.012).

Conclusions—Although R. rosea produced less antidepressant effect versus sertraline, it also
resulted in significantly fewer adverse events and was better tolerated. These findings suggest that
R. rosea, although less effective than sertraline, may possess a more favorable risk to benefit ratio
for individuals with mild to moderate depression.

Keywords

Rhodiola rosea; Sertraline; Depression; Complementary & Alternative medicine; Botanical
psychopharmacology

Introduction

Depression is one of the most common and debilitating psychiatric conditions. With a
lifetime prevalence rate of about 16%, depression is associated with a high risk of suicide
and much medical co-morbidity (Kessler et al., 2003). Nearly 70% of patients with
depression have incomplete response to initial therapy with conventional antidepressants
(Rush et al., 2006). In addition, conventional antidepressants have substantial side effects
and often result in premature treatment discontinuation. Furthermore, many individuals with
more mild depressive symptoms weigh concerns over side effects alongside the limited
benefits and costs of conventional antidepressant therapy (Zimmermann et al., 2013). Thus,
it is not surprising that depressive symptoms are among the most common reasons cited by
consumers to choose alternative therapy (Barnes et al., 2004).

Rhodiola rosea (R. rosea), also known as roseroot or golden root, belongs to the family
Crassulaceae (Darbinyan et al., 2000). Traditional folk medicine used R. rosea to promote
work endurance, increase longevity, and to promote resistance to high altitude sickness,
fatigue, depression and other health conditions. R. rosea may enhance mood and affect via
its complex effect on central biogenic amines and p-endorphins. For example, R. rosea
appears to stimulate noradrenalin, serotonin, dopamine, and acetylcholine receptors in brain
regions involved in mood and affect (Brown R, 2002; Lazarova et al., 1986; Petkov et al.,
1986; Saratikov et al., 1968). In in-vitro bioassay studies, R. rosea has also been shown to
inhibit monoamine oxidase A and B enzymes (van Diermen et al., 2009). Further, studies
suggest that R. rosea may have antidepressant activity via its ability to increase endogenous
-endorphin levels while preventing stress-induced elevation of B-endorphin (Lishmanov lu
et al., 1987), and via its action in prolonging the ‘forced swim test’ in rats (Abidov et al.,
2003; Panossian et al., 2007).

To inform the design of a definitive study of R. rosea for major depressive disorder (MDD),
the primary aim of the current study is to gain preliminary safety and efficacy data on the
relative antidepressant action of R. rosea versus sertraline in outpatients with mild to
moderate MDD.
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Materials and methods

Study Design

We performed a randomized, double-blind, placebo-controlled, 12-week, proof of concept
study of R. rosea versus sertraline among patients with mild to moderate MDD. This study
was approved by the Institutional Review Board (IRB) of the University of Pennsylvania.
All participants provided written informed consent. The study was conducted using the
Principles of Good Clinical Practice Guidelines, with oversight by the local Office of
Human Research and by an independent Data & Safety Monitoring Board. A complete
description of the study protocol has been published (Mao et al., 2014).

Participants

Participants were referred from the Department of Family Medicine & Community Health
outpatient clinics at the University of Pennsylvania and from self-referrals via
advertisements in radio and newspapers. All were > 18 years old and had a DSM IV Axis |
diagnosis of MDD that was ascertained using the Structured Clinical Interview for DSM IV
(SCID) interview format (First, 2001). Patients had a minimum baseline total Hamilton
Depression Rating (HAM-D)(Williams, 1988) score = 10 and a baseline Clinical Global
Impression Severity (CGI/S)(Guy, 1976) rating of 3 (‘mild’) or 4 (‘moderate’). Patients
were excluded from the trial if they had a current diagnosis of severe MDD, bipolar
disorder, psychosis, substance abuse or dependence disorder within the preceding 3 months,
primary anxiety disorder (e.g., panic disorder), or dementia. Other exclusion criteria
included: currently receiving antidepressant treatment; actively suicidal or requiring
hospitalization; uncontrolled medical condition (e.g., diabetes); pregnant or nursing women;
women of child-bearing potential not using a medically acceptable form of contraception;
use of concurrent herbs, remedies or mineral supplements (except mineral supplements
prescribed for medical purposes — e.g., osteoporosis); use of chemotherapy or other
medication known to produce mood changes; sensitivity to R. rosea or sertraline; history of
non-response to sertraline; MAOQ inhibitor use within 14 days of starting study drug; or use
of antidepressant, mood stabilizer, or antipsychotic drug within = 5 elimination half-lives of
starting study drug.

Randomization and Masking

Permuted blocked randomization with varying block sizes was used to assign participants to
each of the three groups using Stata software. The PI, participants, clinical assessors, data
manager, and statisticians were blinded to treatment assignment.

Interventions

Identically appearing capsules containing either pharmaceutical grade R. rosea SHR-5
powdered extract 340 mg (standardized to a content of rosavin 3.07%/rhodioloside 1.95%)
(Swedish Herbal Institute, Gothenburg, Sweden), sertraline 50 mg HCI (North Star
Pharmaceuticals, Memphis, TN), or placebo (i.e., lactose monohydrate NF) (Spectrum®
Quality Products, New Brunswick, NJ) was prepared. All SHR-5 product was administered
under IND #105,063 issued by the US Food and Drug Administration.
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Outcome evaluation

At baseline visit, a psychiatric history was obtained using the SCID interview format (First,
2001). A medical history, physical examination, and laboratory evaluation was performed
that included complete blood count, electrolytes, hepatic, renal and thyroid panel, pregnancy
test (in women of child-bearing potential), urinalysis, and urine drug screen. Structured
symptom ratings were obtained by a clinician at each study visit using the 28-item Hamilton
Depression (HAM-D) rating (Williams, 1988), which was used to determine the primary
outcome of 17-item HAM-D score. Clinician-rated Clinical Global Impressions of Change
(CGI/C) (Guy, 1976), and patient-reported Beck Depression Inventory (BDI) scores (Beck,
1988; Beck et al., 1961) were secondary outcomes. A standardized treatment emergent side
effects profile was used to evaluate adverse events (Anonymous, 1985). Blood pressure,
pulse, and weight were obtained at each study visit. All evaluations took place at the
Depression Research Unit at the University of Pennsylvania.

Treatment Procedures

Study drug was administered in a dose-escalation fashion. Dosage was initiated at one
capsule daily for the first 2 weeks. Patients with < 50% reduction in the 17-item HAM-D
score (versus baseline) after 2 weeks of therapy had their dose increased to 2 capsules daily
during weeks 3 and 4 of therapy. Patients who continued to have < 50% reduction in HAM-
D score (versus baseline) after 4 weeks of therapy had their dose increased to 3 capsules
daily during weeks 5 and 6 of therapy. Patients who continued to have < 50% reduction in
HAM-D score (versus baseline) after 6 weeks of therapy had their dose increased to 4
capsules daily during study weeks 6 through 12 of therapy. Patients who were unable to
tolerate the assigned dose of study drug had their dosage reduced to a minimum of 1 capsule
daily. Patients who were unable to tolerate 1 capsule daily were discontinued from the trial.
Outcome measurements were obtained at baseline and after 2, 4, 6, 8 and 12 weeks of
treatment.

Sample Size

Although not specifically powered to detect small, statistically significant differences, the
study was powered to detect relatively large differences between treatment groups, as well
as trends in the data that may inform future study design. For the proposed sample size of 48
subjects, (16 per treatment condition), a one-way analysis of variance (ANOVA) would
have 80% power to detect (at the 0.05 level) an effect size of 0.46. This effect size is
expressed as the standard deviation (SD) of the means across three groups in the alternative
hypothesis relative to the within group SD. In addition, the detectable between-group mean
difference from a two-sample t-test at the 0.05 level was 1 within group SD for 16 subjects
per group (Mao et al., 2014).

Data Analysis

Analysis was conducted under blinded conditions using STATA (Version 13; College
Station, TX: STATA Corp LP) on an intention-to-treat basis. Testing was 2-sided with a
significance level set at p < 0.05. Analysis of variance (ANOVA) or Pearson’s chi-squared
test was used to compare baseline variables across 3 treatment groups. Our primary outcome
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was the change over time in 17-item HAM-D scores. A piece-wise linear mixed-effects
model (Laird and Ware, 1982) was used to assess differences in the change over time of
HAMD-17 from baseline to week 12. Time was considered as a continuous variable with
two time segments corresponding to the 2 linear terms: 0 to 6 weeks and 6 to 12 weeks since
baseline. Treatment condition, time, and an interaction term “visit week*treatment group”
were included in the model. We also adjusted for baseline HAM-D value by including it as a
covariate in the model. The test of intention-to-treat differences in HAM-D between
treatment conditions over time was conducted by a joint Wald test for significance of the
time by treatment group interaction terms in the model. Change in BDI over time between
treatment conditions was also examined using mixed-effects models similar to the primary
outcome variable. We examined the CGI/C binary outcome of improvement (i.e., CGI/C
score of 1 = “very much improved” or 2 = “much improved” was considered
“improvement”) using a generalized estimating equations (GEE) model, treating time as a
continuous variable. The joint Wald test for significance of the treatment x time interaction
term was conducted to assess for differences in improvement over time between treatment
conditions. Odds ratios and 95% confidence intervals (Cl) of change in CGI/C score at 12
weeks for sertraline versus placebo and for R. rosea versus placebo were calculated using
model parameter estimates. Diagnostic plots were generated for model checking and no
violations of model assumptions were found. Sensitivity analyses were conducted to explore
the impact of missing values by performing completers analysis and last observation carried
forward (LOCF) analyses.

Between December 2010 and April 2013, we screened 271 patients (Fig. 1). Of those, 195
(72%) were not eligible and 19 (7%) declined participation. Fifty-seven patients were
consented and randomized: R. rosea (n=20), sertraline (n=19), or placebo (n=18). By week
8, thirteen patients (22.8%) discontinued treatment: 2 (3.5%) were due to adverse events,
both were in the sertraline group; 1 (1.7%) withdrew consent, 6 (10.5%) were lost to follow-
up and 4 (7.0%) ended participation due to lack of efficacy. Study participant characteristics
are seen in Table 1. Overall, 26(45.6%) were female, 18 (31.6%) were of non-White race/
ethnicity. No statistically significant differences were found in baseline characteristics
among treatment groups.

Efficacy Outcomes

There was no statistically significant difference in change over time in HAM-D 17 scores
among treatment groups (p=0.79) (Fig. 2). Overall, the decline in HAM-D 17 scores by
week 12 of treatment was somewhat greater for sertraline (-8.2, 95% confidence interval
[CI], —12.7 to —-3.6) versus R. rosea (-5.1, 95% CI: -8.8 to —1.3) and placebo (—4.6, 95%
Cl: -8.6 to —0.6). There was no statistically significant difference in change over time in
BDI (Fig. 3) or CGI/C scores among treatment conditions (p=0.28 and p=0.17,
respectively). However, there were clinically meaningful odds ratios (95% CI) of global
improvement by week 12 (versus placebo) of 1.39 (0.38-5.04) and 1.90 (0.44-8.20) for R.
rosea and sertraline, respectively. This indicates that patients taking R. rosea had 1.4 times
the odds of improvement, and patients on sertraline had 1.9 times the odds of improvement,
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by week 12 of treatment versus those taking placebo. Both completers-only and LOCF
sensitivity analyses provided similar results as in original analyses.

There were no treatment-related serious adverse events. More patients reported study-related
adverse events using sertraline (63.2%) versus R. rosea (30.0%) or placebo (16.7%)
(p=0.012) (Table 2). Two patients discontinued sertraline treatment because of adverse
events: one for palpitations and one for headache, insomnia, and sexual dysfunction. No
patient prematurely discontinued R. rosea or placebo therapy. There were no clinically
meaningful differences in changes in systolic and diastolic blood pressure, pulse rate, or
weight in either R. rosea or sertraline groups. No significant changes were observed in any
laboratory values for any treatment group.

Discussion

This study represents the first randomized, double-blind, placebo-controlled, comparison
trial of oral R. rosea extract versus conventional antidepressant therapy of mild to moderate
MDD. Although the study was not specifically powered to detect small statistically
significant differences between treatment groups for the primary outcome measure, we
nonetheless found clinically meaningful (albeit non-significant) reductions over time in
HAM-D scores for both R. rosea extract and sertraline. While overall efficacy did not differ
from that of placebo, there were significantly more side effects reported with sertraline
(p=0.012) and more premature treatment discontinuation with sertraline, resulting in a
potentially more favorable benefit to risk ratio for R rosea.

Our study adds to a very small body of research of R. rosea in humans (Panossian et al.,
2010). Olsson (Olsson et al., 2009) et al. examined the effect of R. rosea on stress-induced
fatigue in 30 subjects taking R. rosea extract versus 30 subjects on placebo. Significant
reductions in fatigue, depression, and performance ratings occurred in both groups; while
significant group differences favoring R. rosea occurred for the fatigue and performance
ratings. In an open-label study of 10 subjects, Bystritsky et al. (2008) reported a positive
anxiolytic benefit for R. rosea (Rhodax®) after 10 weeks, with a significant reduction in
mean depression rating score (p=0.001). In a 6-week randomized trial, Darbinyan et al.
(2007) studied the safety and efficacy of R. rosea SHR-5 extract in mild to moderate major
depressive episode in 31 subjects taking SHR-5 340 mg/day, 29 taking SHR-5 680 mg/day,
and 29 taking placebo. SHR-5 was reported to produce significant reductions in depressed
mood as compared to placebo.

Several caveats should be considered in the interpretation of the present findings. This study
was designed to generate preliminary efficacy and safety data to determine sample size
estimates for a future, fully-powered study. As a result, we anticipated that we would not be
able to detect small, statistically significant differences between groups. The limited sample
size also affected the equal distribution of clinical covariates among treatment groups during
the randomization process. For example, the sertraline group had slightly higher HAM-D
scores at baseline. This difference in symptom severity may have contributed to the greater
efficacy of sertraline versus R. rosea (compared to placebo). In this regard, several prior
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studies have shown conventional antidepressants to be more effective in more severely ill
patients (Elkin et al., 1995). Thus, sertraline may have produced greater efficacy than R.
rosea because the subjects in the sertraline group were more severely ill. To partially
address this difference, we adjusted for baseline HAM-D and BDI scores in our main
analyses.

One might interpret our data as showing that neither study drug was efficacious relative to
placebo. Conversely, one could also conclude that sertraline and R. rosea were both
relatively effective (albeit R. rosea to a much lesser extent). In this regard, we would note
that by week 12, sertraline produced a 3.6 point more reduction in the HAM-D 17 score than
placebo whereas R. rosea produced only a 0.5 point more reduction than placebo. We would
further acknowledge that, while the difference in HAM-D 17 reduction between treatments
favored sertraline, it would be difficult to extrapolate from the small sample size and the
limited power whether or not R. rosea would ultimately demonstrate a clinically relevant
difference from placebo in more mildly depressed individuals.

The inclusion of a placebo control was necessary for assessing the relative benefit to risk
ratios among study drugs.

Several large scale clinical trials have suggested that conventional antidepressants may be
less effective in mild (versus more severe) forms of depression and produce more side
effects (Fournier et al., 2010). In the current trial, we believe that we may have shown a
potentially more favorable benefit to risk ratio for R. rosea subjects (even though sertraline
demonstrated a greater efficacy), and others have shown similar results for hypericum and
other botanicals in mild to moderate depression (Roder et al., 2004; Sayyah et al., 2006;
Schrader, 2000).

For the large population of patients with mild to moderate depressive symptoms, a better
risk/benefit ratio will not only be an important factor in a patient’s decision to initiate
treatment, but also in their ability to maintain adherence sufficiently to experience sustained
benefit (Zimmermann et al., 2013). For example, the two subjects in the sertraline group
withdrew due to intolerable adverse events despite experiencing clinical benefit.

R. rosea may have produced a more robust antidepressant response if we had employed a
larger dose of the extract. The selection of the R. rosea dose was based upon prior studies of
healthy volunteers treated for short durations (Shevtsov et al., 2003; Walker et al., 2007) and
one prior antidepressant trial (Darbinyan et al., 2007). The paucity of pharmacokinetic and
pharmacodynamic profiles of R. rosea (or its constituents), made it difficult to determine the
optimal dosing strategy. Furthermore, because we used a dose-escalation design, we were
unable to determine whether or not there might be a dose-response relationship for R. rosea
extract in reducing depression.

Patients enrolled in the study had more mild MDD symptoms and may have qualitatively
differed from populations of more severely ill patients included in other MDD trials of
conventional antidepressant agents. It is possible that the beneficial effect of R. rosea seen in
this study is limited to individuals with mild to moderate MDD, and patients with more
severe MDD would not benefit from R. rosea therapy. We would note, however, that the
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improvement in MDD symptoms in the present study was not limited to patients with milder
MDD. Finally, the treatment duration of the current study was limited to 12 weeks, and
future studies of longer duration will be needed to more fully assess the durability of R.
rosea’s antidepressant effect.
Conclusion

The identification of a safe and effective alternative therapy for mild to moderate MDD
would be of public health relevance for many individuals unable, or unwilling, to use
conventional antidepressant therapy. The current double-blind, placebo-controlled study
represents the first controlled efficacy and tolerability study of R. rosea extract versus a
conventional antidepressant for mild to moderate MDD. Despite the limitations of this
preliminary study, the present findings suggest that R. rosea may possess modest
antidepressant effects in some patients with mild to moderate MDD. R.rosea may be better
tolerated than sertraline, which suggests its potential as a treatment alternative for patients
who are intolerant to the adverse effects of conventional anti-depressants.
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Figure 1.

Screening, Randomization and Completion of 12-Week Evaluations
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Mean change in HAM-D 17 scores among treatment groups
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Mean change in BDI scores among treatment groups
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Table 1
Baseline characteristics of the study participants?
Placebo Sertraline  R.rosea  P-values
Variables (N=18) (N=19) (N=20)
Gender- # of subjects (%) 0.73
Male 10 (56) 9 (47) 12 (60)
Female 8 (44) 10 (53) 8 (40)
Race — # of subjects (%)2 0.58
White 14 (78) 12 (63) 13 (65)
Non-white 4 (22) 7(37) 7 (35)
Age (years) 46.7#152  41.4+146 46.9+16.9 0.48
Age at onset MDD (years) 22.7413.0 19.6+11.3 28.4+14.9 0.11
lIness duration (years) 23.9+20.2  21.8+15.3 18.4+14.2 0.59
Episode duration (months) 87.24181.2  12.2+9.3  33.0+40.1 0.077
- # (%) < 2 years 12 (67) 16 (84) 10 (50)
- # (%) >= 2 years 6 (33) 3(16) 10 (50)
# (%) of subjects with secondary diagnosis 10 (56) 16 (84) 16 (80) 0.10
Prior exposure to antidepressant- # of subjects (%) 0.31
- # (%) Never used 6 (33) 6 (32) 9 (45)
- # (%) Used 1 antidepressant 2(11) 7(37) 4(20)
- # (%) Used 2 antidepressants 6 (33) 2 (10) 2 (10)
- # (%) Used >=3 antidepressants 4 (22) 4(21) 5 (25)
Family history of mood disorder- # of subjects (%) 13(72) 14 (74) 13 (65) 0.82
Baseline HAM-D 17 14.4+2.1 15.4+3.9 14.4+3.7 0.59
Baseline HAM-D total 19.4+2.6 20.8+4.1 19.0+4.2 0.30
Baseline CGI-S 0.064
- #(%) Mild 1(5) 3(16) 7(35)
- #(%) Moderate 17 (95) 16 (84) 13 (65)
Baseline BDI 19.4+8.0 24.61+8.8 23.747.9 0.13

Abbreviations: HAM-D (Hamilton Depression Rating Scale); CGI-S (Clinical Global Impression Symptom Severity); BDI (Beck Depression

Invenotry)

1 . .
Plus-minus values are means + SD unless otherwise noted.

2Race was reported by the subjects.
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Table 2
Adverse events profiles among treatment groups
Placebo  Sertraline R.rosea P-value
(N=18)  (N=19)  (N=20)
# (%) of subjects experienced AE 3 (17) 12(63) 6 (30) 0.012
Total # of AEs experienced* 14 52 12
-Nausea 0 10 0
-Sexual dysfunction 0 7 0
-Appetite change 0 4 0
-Insomnia 0 4 0
-Palpatations 0 3 0
-Gastrointestinal disturbance 0 3 0
-Yawning 0 3 0
-Dry mouth 0 2 0
-Fatigue 0 2 0
-Headache 0 2 0
-Nervousness 2 2 2
-Dizziness 0 0 2
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*
Only adverse events experienced by more than 1 subject were listed in the table.
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