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Rhodiola rosea: A Phytomedicinal Overview
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Rhodiola rosea L., also known as "golden root" or "roseroot" belongs to the plant
family Crassulaceae.' R. rosea grows primarily in dry sandy ground at high altitudes
in the arctic areas of Europe and Asia.”> The plant reaches a height of 12 to 30
inches (70cm) and produces yellow blossoms. It is a perennial with a thick
rhizome, fragrant when cut. The Greek physician, Dioscorides, first recorded
medicinal applications of rodia riza in 77 C.E. in De Materia Medica.” Linnaeus
renamed it Rhodiola rosea, referring to the rose-like attar (fragrance) of the fresh cut
rootstock.*

For centuries, R. rosea has been used in the traditional medicine of Russia,
Scandinavia, and other countries. Between 1725 and 1960, various medicinal
applications of R. rosea appeared in the scientific literature of Sweden, Norway,
France, Germany, the Soviet Union, and Iceland.”*"* Since 1960, more than 180
pharmacological, phytochemical, and clinical studies have been published.
Although R. rosea has been extensively studied as an adaptogen with various
health-promoting effects, its properties remain largely unknown in the West. In part
this may be due to the fact that the bulk of research has been published in Slavic
and Scandinavian languages. This review provides an introduction to some of the
traditional uses of R. rosea, its phytochemistry, scientific studies exploring its
diverse physiological effects, and its current and future medical applications.

Phytochemistry of Rhodiola rosea

The investigation of the phytochemistry of R. rosea root has revealed the presence
of six distinct groups of chemical compounds:

* Phenylpropanoids: rosavin, rosin, rosarin (specific to R. rosea;
* Phenylethanol derivatives: salidroside (rhodioloside), tyrosol;
* Flavanoids: rodiolin, rodionin, rodiosin, acetylrodalgin, tricin;
* Monoterpernes: rosiridol, rosaridin;



* Triterpenes: daucosterol, beta-sitosterol;
* Phenolic acids: chlorogenic and hydroxycinnamic, gallic acids.

The standardization of R. rosea root extracts has gone through two distinct phases.
Initially, in the 1970s, the compound responsible for its unique pharmacological
properties was believed to be salidroside (rhodioloside).>******” Therefore, the first
generation of R. rosea tincture/extracts approved by the Russian Pharmacopoeia
Committee was standardized to a minimum of 0.8 percent salidroside content.”

In the late 1980s, demand for R. rosea-based phytomedicines dramatically
increased. The wild-crafted raw material was over-harvested, resulting in a steady
decline in the quality and effectiveness of "Rhodiola" preparations. Scientific
investigation revealed that other species of genus Rhodiola (which also contained
salidroside) were being substituted for R. rosea. While some of these mixed batches
were highly variable in quality, others had no pharmacological effect. Logically,
the suspicion arose that the salidroside standard was inadequate. Based on
comparative analysis, the obvious hypothesis was that the original high potency
product contained other active compounds specific to R. rosea that had not yet
been identified.

Specific compounds set Rhodiola rosea apart from other Rhodiola species

After more than a decade of research, Kurkin and colleagues presented evidence in
1986 that the chemical composition of R. rosea root is, in fact, different from the
other species of genus Rhodiola.”> Using newly developed methods of analysis,
Dubichev and colleagues demonstrated that R. rosea root contains three cinnamyl
alcohol-vicianosides — rosavin, rosin, and rosarin — that are specific to this
species.”®*” The term rosavins can be used to include rosavin, rosin, and rosarin
(see chemical figures).

It became evident that salidroside is present in all chemically analyzed plants in the
genus Rhodiola, and in a wide variety of species outside the genus.**>”* The term
salidroside is derived from Salix, the genus name for the willows. Salidroside was
first isolated in 1926 from Salix triandra L. (Salicaceae).>® Since then it has been
detected in Vaccinium vitis-idaea L. (Ericaceae) and in Rhododendron®-® (plants
not belonging to the genus Rhodiola) in concentrations that can be higher than
levels found in Rhodiola species, including R. rosea. Therefore, salidroside alone is
not a useful marker compound for differentiating true R. rosea from other Rhodiola
species; nor should it be used as the only marker compound for the standardization
of R. rosea root extracts.

According to the revised 1989 Soviet Pharmacopeia,’” the extracts of R. rosea —




primarily in the form of water/alcohol tinctures or dried root extract — are now
standardized for both rosavins and salidroside. Although rosavins are now the
accepted marker for genetically pure R. rosea (and its extracts), they are not
necessarily the only pharmacologically active ingredients responsible for the
efficacy observed in clinical studies. In fact, precise identification of the
compounds responsible for the numerous health benefits of R. rosea remains to be
confirmed.

R. rosea extracts used in most human clinical studies were standardized to
minimum 3 percent rosavins and 0.8-1 percent salidroside because the naturally
occurring ratio of these compounds in R. rosea root is approximately 3:1.

Rhodiola rosea in Modern Medicine

Since 1969, R. rosea has been included in official Russian medicine. The
Pharmacological and Pharmacopoeia Committee of the Soviet Ministry of Health
recommended medicinal use and industrial production of liquid R. rosea extract. In
1975, the Soviet Ministry of Health approved and registered preparation No.
75/933/14 as a medicine and tonic, allowing large-scale production under the
name Rhodiola Extract Liquid, an alcohol-based extract (40 percent ethyl alcohol).
Medical and pharmacological texts describe its use as a stimulant for asthenia
(fatigue), for somatic and infectious illnesses, in psychiatric and neurological
conditions, and in healthy individuals to relieve fatigue and to increase attention
span, memory, and work productivity. The common dose is 5-10 drops 2-3 times a
day, 15-30 minutes before eating for a period of 10-20 days. In psychiatric
disorders with fatigue, a starting dose of 10 drops 2-3 times a day is gradually
increased up to 30-40 drops for 1-2 months.

In Sweden, R. rosea was recognized as an Herbal Medicinal Product in 1985 and
has been described as an antifatigue agent in the Textbook of Phytomedicine for
Pharmacists.” In the textbook of pharmacology for dispenser training in Sweden, R.
rosea is mentioned as a plant with a stimulant action. Also, the Pharmaceutical
Book (Lakemedelsboken 97/98) mentions R. rosea as one of the most commonly
used psychostimulants in the group of officially registered herbal medicinal
products.”’ In Denmark, R. rosea is registered as a medical product in the category
of botanical drugs. Registered preparations are extensively used in Sweden and
other Scandinavian countries to increase mental work capacity during stress, as a
psychostimulant, and as a general strengthener.

Pharmacological and Clinical Studies

The traditional use of R. rosea as a tonic in Siberian and Russian medicine



stimulated extensive research leading to identification of R. rosea as an adaptogen
— a substance that nonspecifically increases the resistance of an organism and
does not disturb normal biological parameters. Studies in cell cultures, animals,
and humans have revealed antifatigue, anti-stress, antihypoxic (protection against
damaging effects of oxygen deprivation), anticancer, antioxidant, immune
enhancing and sexual stimulating effects.'®***** Since the Russian and Bulgarian
literature is so extensive, this discussion will highlight seminal studies and major
reviews. The authors were fortunate to gain access to original reviews, articles, and
doctoral theses. This overview relies heavily on monographs and peer-reviewed
publications. The research data contained in these documents are helpful for
understanding recent human studies in normal and pathological conditions.

Effects upon the Central Nervous System

The systematic study of the pharmacological effects of R. rosea, begun in 1965,
found that small and medium doses had a simulating effect, such as lengthening
the time mice swim and remain on vertical perches to the limit of their abilities. In
contrast, larger doses were found to have more sedative effects. Small doses
increased the bioelectrical activity of the brain, presumably by direct effects on the
brainstem ascending and descending reticular formation.?2%**3%*! Further studies
showed that medium range doses, unlike tranquilizers, enhanced the development
of conditioned avoidance reflexes in rats and facilitated learning based on
emotionally positive reinforcement.'®***® Qverall, in small and medium doses, R.
rosea_stimulated norepinephrine (NE), dopamine (DA), serotonin (5-HT), and
nicotinic cholinergic effects in the central nervous system (CNS). It also enhanced
the effects of these neurotransmitters on the brain by increasing the permeability of
the blood brain barrier to precursors of DA and 5-HT.>?%#246-49

In comparing studies of R. rosea, Asian ginseng (Panax ginseng C.A. Mey.,
Araliaceae), meclofenoxate (centrophenoxine), piracetam, citicholine, and other
nootropics (substances that enhance cognition, protect the brain, and have low
toxicity and few side effects), Petkov and colleagues noted that all of these agents
enhance learning and memory in animal models and increase 5-HT levels in the
frontal cerebral cortex.**® Diagram 1 illustrates the possible effects of R. rosea on
neurotransmitters in multiple neuronal pathways.”' Starting in the brain stem, R.
rosea promotes release of NE, 5-HT, and DA in ascending pathways that activate
the cerebral cortex and the limbic system.**° Consequently, the cognitive
(thinking, analyzing, evaluating, calculating, and planning) functions of the
cerebral cortex and the attention, memory, and learning functions of the prefrontal
and frontal cortex are enhanced. Other neuronal systems also contribute to the
many aspects of memory: encoding, sorting, storage, and retrieval. For example,
the cholinergic system wuses the neurotransmitter acetylcholine (Ach) and
contributes to memory function via pathways ascending from the memory storage




systems of the limbic system to various areas of the cerebral cortex (memory
retrieval). Agents that block Ach suppress the activity of these ascending pathways
and interfere with memory. R. rosea reverses this blockade.**° The deterioration of
these systems with age results in age-associated memory loss.”> R. rosea may
prevent or ameliorate some age-related dysfunction in these neuronal systems.

As an antioxidant,”* R. rosea may help protect the nervous system from oxidative
damage by free radicals. Stress interferes with memory functions and, over time,
causes deterioration in memory systems. In addition to enhancing cognitive
functions, learning, and memory by stimulating NE, DA, 5-HT, and Ach neuronal
systems, R. rosea may exert positive effects on memory and cognition by improving
resistance to physical and emotional stress. Thus, the dual action of cognitive
stimulation and emotional calming creates benefits for both immediate cognitive
and memory performance and for the long-term preservation of brain functions.

The psychostimulant effects of R. rosea were studied in 53 healthy subjects and
412 patients with neuroses and asthenic syndromes (of both functional and organic
origin).”**® Symptoms of asthenia (fatigue, decline in work capacity, trouble falling
asleep, poor appetite, irritability, and headaches) responded favorably to R. rosea
50 mg three times a day. Treatment durations ranged from 10 days to 4 months.
The asthenic states included both psychiatric and physical causes, for example,
following influenza or other illness. In an open study of 128 patients aged 17-55
vears, R. rosea alleviated fatigue, irritability, distractibility, headache, weakness and
other vegetative symptoms in 64 percent of cases.”” Improvement was assessed by
psychological testing and work productivity.

In an open study 27 healthy students, physicians, and scientists aged 19-46 years
were given 10 drops of R. rosea tincture (equivalent to 100-150 mg R. rosea
extract) once or twice a day for 2-3 weeks, beginning several days before intense
intellectual work, such as final exams.”® The extract improved the amount and
quality of work and in all cases prevented asthenic decompensation (loss of work
capacity due to fatigue). A series of studies using a proof-reading test showed that a
one-time dose of R. rosea did not significantly increase the number of symbols
corrected, but very significantly decreased the percent of errors made, particularly
over an 8-hour period.®>* Positive results found in the studies of proof-reading tests
were based on 300 mg/day or more. In medical treatments, the usual doses are
200-600 mg/day. R. rosea increased intellectual capacity (particularly by improving
perception and processing of information) to a greater degree than an extract of
eleuthero, formerly called Siberian ginseng (Eleutherococcus senticosus Rupr. et
Max., Araliaceae)."®

The decrease in physical and mental performance of physicians on prolonged night
call is well known. Low dose (170 mg/day) R. rosea extract was given to 56 young,




healthy physicians on night call."® The effect was measured as total mental
performance calculated as "Fatigue Index." The tests reflected an overall level of
mental fatigue involving complex cognitive functions, such as associative thinking,
short-term memory, calculation, concentration, and speed of audio-visual
perception. These parameters were tested before and after night duty during three
periods of two weeks each in a double-blind crossover trial. A _statistically
significant improvement in mental performance tests was observed in the treatment
group (R. rosea) during the first two-week period. However, at 6 weeks the effect
appeared to be lost. No side effects were reported. These results suggest that R.
rosea extract can reduce fatigue under certain stressful conditions for some period
of time. Possible reasons for the loss of efficacy over time may be the low dose
used, the crossover design, or the overall length of night duty with increased fatigue
by weeks 5 and 6.

Spasov and colleagues compared 100 mg/day R. rosea extract (SHR-5, Swedish
Herbal Institute, Goteborg, Sweden; standardized to 3 percent rosavin and 0.8
percent salidroside) with placebo in a double-blind 20-day study of 60 Indian
medical students studying in Russia during their final exam period.”® Despite the
low dosage, investigators found significant improvements in_general well-being,
physical fitness, mental fatigue, final exam grades, and coordination, but not in
some aspects of cognitive functioning in students taking R. rosea extract compared
to placebo.

In a double-blind placebo-controlled study of 60 foreign students at a Russian high
school, administration of a R. rosea extract (660 mg/day of a preparation named
Rodaxon) resulted in an increase in physical (velergometric) work capacity,
coordination, kinesthetic sensitivity, and general well-being along with a decrease
in psychic fatigue and situational anxiety.” Unfortunately, this study provides no
information on the amount of R. rosea in the Rodaxon preparation.

R. rosea was beneficial in posttraumatic and vascular lesions of the brain. It was
especially effective in _combination with piracetam for patients with marked
cognitive dysfunction.’® However, it did not reduce manic symptoms and could
worsen paranoid states. In one study of more clearly depressed patients, R. rosea in
combination with tricyclic antidepressants (TCAs) produced significant
improvement in the majority of cases and decreased side effects of the TCAs.”
Ultimately, some of these patients were able to respond to R. rosea alone.

Antipsychotic medications used in large doses over many vyears to treat
schizophrenic patients sometimes affect the dopaminergic nerves in the basal
ganglia, the same nerves that are damaged in patients with Parkinson's Disease.
When these nerves are compromised, patients develop a constellation of
"Parkinsonian" symptoms, including stiffness, tremors, bradykinesia (slowed
movements), and others. Anticholinergic medications have been used to relieve
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these symptoms when they are caused by antipsychotic medication; however, they
sometimes fail to help. In schizophrenic patients whose anticholinergic
medications had failed to relieve Parkinsonian symptoms, R. rosea was found to be
of benefit.”**

R. rosea may affect emotional tone by influencing neurotransmitter monoamine
levels (NE, DA, 5-HT) in nerve tracts involved in the regulation of mood, anxiety,
and emotion in the amygdala, hippocampus, hypothalamus, and midbrain. The
stimulation of nicotinic cholinergic activity in the emotional circuits of the limbic
system (in the temporal lobe) may also contribute to these effects. Alterations in
monoamine levels underlie this complex spectrum of psychotropic activity:
stimulating, tranquilizing, anti-stress, and antidepressant.

The authors have found that R. rosea can help patients with depressive syndromes,
mental and physical fatigue (secondary to psychiatric and medical conditions),
memory loss and cognitive dysfunction from a variety of causes, sexual
dysfunction, and menopausal-related disorders. Dr. Brown and Dr. Gerbarg have
successfully treated more than 150 individuals with R. rosea extract (3 percent
rosavin and 1 percent salidroside) and have supervised the treatment of more than

Toxicity, Side Effects, and Contraindications

R. rosea has a very low level of toxicity. In rat toxicity studies, the LD, (lethal dose
at which 50 percent of animals die) was calculated to be 28.6 ml/kg, approximately
3,360 mg/kg.” The equivalent dosage in a 70 kg man would be about 235 gm or
235,000 mg. Since the usual clinical doses are 200-600 mg/day, there is a huge
margin of safety.®’

Overall, R. rosea has very few side effects. Most users find that it improves their
mood, energy level, and mental clarity. Some individuals, particularly those who
tend to be anxious, may feel overly activated, jittery, or agitated. If this occurs, then
a smaller dose with very gradual increases may be needed. R. rosea should be
taken early in the day because it can interfere with sleep or cause vivid dreams (not
nightmares) during the first few weeks. It is contraindicated in excited states.
Because R. rosea has an activating antidepressant effect, it should not be used in
individuals with bipolar disorder who are vulnerable to becoming manic when
given antidepressants or stimulants. Until this has been further studied, the authors
advise caution in patients with bipolar spectrum disorders. The herb does not
appear to interact with other medications, though it may have additive effects with
other stimulants. It is best absorbed when taken on an empty stomach 30 minutes
before breakfast and lunch. As with any herbal preparation, patients should inform
their primary healthcare practitioner when taking R. rosea.




Richard P. Brown, M.D., is Associate Clinical Professor of Psychiatry at Columbia
University College of Physicians and Surgeons in New York City. He received his
M.D. in 1977 from Columbia University College of Physicians and Surgeons in New
York. Dr. Brown completed his Residency in Psychiatry and a Fellowship in
Psychobiology and Psychopharmacology at New York Hospital. Dr. Brown is the
recipient of numerous awards, including a Mead-Johnson
Neuropsychopharmacology Travel Fellowship, a Mallinckrodt Scholar award, and a
Fellowship in Neurosciences and Brain Imaging from the Dana Foundation

Patricia L. Gerbarg, M.D., is Assistant Clinical Professor in Psychiatry at New York
Medical Center. She graduated from Harvard Medical School in 1975 and
completed her Psychiatry Residency at Beth Israel Hospital in Boston in 1979. She
finished psychoanalytic training at the Boston Psychoanalytic Society and Institute
in 1992 and has maintained a private psychiatric practice for 23 years.

Zakir Ramazanov, Ph.D., D.S., was Professor of Biochemistry at Las Palmas
Technological Institute, Spain He has served as Senior Scientist and Chief of the
Department of Biotechnology at the Soviet Academy of Science and as Chairman of
Algal Biotechnology Development. In 1991 he accepted a research fellowship at
Louisiana State University. He has published more than 140 scientific studies and
co-authored two books: Arctic Root (Rhodiola rosea) — The powerful new Ginseng
Alternative (1998) and Effective Natural Stress and Weight Management Using
Rhodiola Rosea and Rhododendron Caucasicum (7999). Dr. Ramazanov was
President and CEO of National Biosciences Corporation, Chester, NY.

References

1.Engler A. Syllabus der Pflanzenfamilien. Vol. 2. Berlin, Germany: Borntraeger;
1964. p. 199-200.

2.Saratikov AS, Krasnov EA. Rhodliola rosea is a valuable medicinal plant (Golden
Root). Tomsk, Russia: Tomsk State University Press; 1987.

3.Linnaeus C. Materia Medica. Liber |. De Plantis. Stockholm, Sweden: Lars
Salvius; 1749. p. 168.

4.Linnaeus C. Flora Oeconomica eller Hushalls-Nyttan af de i Swerige, Wildt
waxande ...rter. Stockholm, Sweden: Lars Salvii; 1748. p. 399.

5.Sandberg F, Bohlin L. Fytoterapi: vaxbaserade lakemedel [Remedies based on
herbs]. Stockholm, Sweden: Halsokostradets farlag AB; 1993. p. 131.

6.Commission Nationale de la Pharmacopee Fran: aise. Pharmacopee Franeaise. 1X
ed. Table alphabetique revisee des drogues vegetales. Paris, France: French
Agence du Medicament-Direction des French Laboratoires et des
Contr™les, Unite Pharmacopee; 1974. p. Il A214-101.

7.Sandberg F. Herbal Remedies and Herb Magic. Stockholm, Sweden: Det Basta;
1998. p. 223.



8.Hoppe H. Drogen kunde. Band 1, Angiosperm 8.Berlin, Germany: Walter de
Gruyter; 1975. p. 986-7.

9.Narr H. Phytochemical and pharmacological investigation of the adaptogens:
Eleutherococcus senticocus, Ocimum sanctum, Codonopsis pilosula,
Rhodiola crenulata [dissertation]. Munich, Germany: Faculty of Chemistry
and Pharmacy, Ludwig-Maximilians-Universitat MYnchen; 1993.

10.Krylov GV. Herbs for Life. Novosibirsk, Russia: Academic Press; 1969. p. 264.

11.Darbinyan V, Kteyan A, Panossian A, Gabrielian E, Wikman G, Wagner H.
Rhodiola rosea in stress induced fatigue: a double blind cross-over study of a
standardized extract SHR-5 with a repeated low-dose regimen on the mental
performance of healthy physicians during night duty. Phytomedicine
2000;7(5):365-71.

12.Saratikov AS, Krasnov EA. Chapter I: Chemical composition of Rhodiola rosea.
In: Saratikov AS, Krasnov EA. Rhodiola rosea is a valuable medicinal plant
(Golden Root). Tomsk, Russia: Tomsk State University; 1987. p. 3-39.

13.Kurkin VA, Zapesochnaya GG. Chemical composition and pharmacological
properties of Rhodiola rosea. Chemical and Pharmaceutical Journal
(Moscow) 1986;20(10):1231-44.

14.Saratikov AS. Golden Root (Rhodiola rosea). Tomsk, Russia: Tomsk State
University Press; 1974.

15.Kurkin VA, Zapesochnaya GG. Chemical composition and pharmacological
characteristics of Rhodiola rosea [review]. Journal of Medicinal Plants,
Russian Academy of Science, Moscow 1985;1231-445.

16.Saratikov AS, Krasnov EA, Khnikina LA, Duvidson LM. Isolation and chemical
analysis of individual biologically active constituents of Rhodiola rosea.
Proceedings of the Siberian Academy of Sciences. Biology 1967;1:54-60.

17.The Russian Federation Ministry of Health and Medical Industry. Russian
National Pharmacopoeia. Pharmacopoeia article: PA 42-2126-83, liquid
extract of Rhodiola rosea root and rhizome. Moscow, Russia: The Russian
Federation Ministry of Health and Medical Industry; 1983.

18.Dubichev AG, Kurkin BA, Zapesochnaya GG, Vornotzov ED. Study of Rhodiola
rosea root chemical composition using HPLC. Cemico-Parmaceutical Journal
1991;2:188-93.

19.Ganzera M, Yayla Y, Khan IA. Analysis of the marker compounds of Rhodiola
rosea L. (golden root) by reversed phase high performance liquid
chromatography. Chem Pharm Bull (Tokyo) 2001;49(4):465-7.

20.The Russian Federation Ministry of Health and Medical Industry. Russian
National Pharmacopoeia. Moscow, Russia: The Russian Federation Ministry
of Health and Medical Industry; 1989.

21.Spasov AA, Wikman GK, Mandrikov VB, Mironova IA, Neumoin VV. A double-
blind, placebo-controlled pilot study of the stimulating and adaptogenic
effect of Rhodiola rosea SHR-5 extract on the fatigue of students caused by
stress during an examination period with a repeated low-dose regimen.
Phytomedicine 2000;7(2):85-9.



22.Spasov AA, Mandrikov VB, Mironova IA. The effect of the preparation rhodiosin
on the psychophysiological and physical adaptation of students to an
academic load. Eksp Klin Farmakol 2000;63(1):76-8.

23.Saratikov AS, Krasnov EA. Chapter VII: Adaptogenic properties of Rhodiola
rosea. In: Saratikov AS, Krasnov, editors. Rhodiola rosea is a valuable
medicinal plant (Golden Root). Tomsk, Russia: Tomsk State University Press;
1987. p. 194-215.

24.Petkov VD, Stancheva SL, Tocuschieva L, Petkov VV. Changes in brain biogenic
monoamines induced by the nootropic drugs adafenoxate and
meclofenoxate and by citicholine (experiments on rats). Gen Pharmacol
1990;21(1):71-5.

25.Baranov VB. Experimental trials of herbal adaptogen effect on the quality of
operation activity, mental and professional work capacity. Contract 93-11-
615 Stage 2 Phase I. Moscow, Russia: Russian Federation Ministry of Health
Institute of Medical and Biological Problems; 1994.

26.Komar VV, Kit SM, Sischuk LV, Sischuk VM. Effect of Rhodiola rosea on the
human mental activity. Pharmaceutical | 1981;36(4):62-4.

27.Stancheva SL, Mosharrof A. Effect of the extract of Rhodiola rosea L. on the
content of the brain biogenic monoamines. Medecine Physiologie Comptes
Rendus de ['Academie Bulgare des Sciences 1987;40(6):85-7.

28.Lazarova MB, Petkov VD, Markovska VL, Petkov VV, Mosharrof A. Effects of
meclofenoxate and extr. Rhodiolae rosea L. on electroconvulsive shock-
impaired learning and memory in rats. Methods Find Exp Clin Pharmacol
1986,8(9):547-52.

29.Petkov VD, Yonkov D, Mosharoff A, Kambourova T, Alova L, Petkov VV, et al.
Effects of alcohol aqueous extract from Rhodiola rosea L. roots on learning
and memory. Acta Physiol Pharmacol Bulg 1986;12(1):3-16.

30.Saratikov A, Marina TF, Fisanova LL. Effect of golden root extract on processes
of serotonin synthesis in CNS. Journal of Biological Sciences 1978;6:142.

31.Marina TF, Alekseeva LP. Effect of Rhodiola rosea extract on
electroencephalograms in rabbit. In. Saratikov AS, editor. Stimulants of the
Central Nervous System. Tomsk, Russia: Tomsk State University Press; 1968.
p. 22-6.

32.Marina TF. Effect of Rhodiola rosea extract on bioelectrical activity of the
cerebral cortex isolated to a different extent from the brain. In. Saratikov AS,
editor. Stimulants of the Central Nervous System. Tomsk, Russia: Tomsk
State University Press; 1968. p. 27-31.

33.Brown RP, Gerbarg PG, Muskin PR. Alternative Therapies in Psychiatry. In:
Tasman A, Lieberman J, Kay J, editors. Psychiatry. 2nd ed [in press]. West
Sussex, England: Wiley & Sons, Ltd.; 2002.

34.Lupien SJ, de Leon M, de Santi S, Convit A, Tarshish C, Nair NP, et al. Cortisol
levels during human aging predict hippocampal atrophy and memory
deficits. Nat Neurosci 1998;1(1):69-73.

35.Furmanowa M, Skopinska-Rozewska E, Rogala E, Malgorzata H. Rhodiola rosea

10



in vitro culture: phytochemical analysis and antioxidant action. Acta Societis
Botanicorum Poloniae 1998;76(1):69-73.

36.Durany N, Munch G, Michel T, Riederer P. Investigations on oxidative stress
and therapeutical implications in dementia. Eur Arch Psychiatry Clin
Neurosci 1999;249 Suppl 3:68-73.

37.Joseph JA, Shukitt-Hale B, Denisova NA, Bielinski D, Martin A, McEwen ), et
al. Reversals of age-related declines in neuronal signal transduction,
cognitive, and motor behavioral deficits with blueberry, spinach, or
strawberry dietary supplementation. / Neurosci 1999;19(18):8114-21.

38.Saratikov AS, Krasnov EA. Chapter VIII: Clinical studies of Rhodiola. In:
Saratikov AS, Krasnov EA, editors. Rhodiola rosea is a valuable medicinal
plant (Golden Root). Tomsk, Russia: Tomsk State University Press; 1987. p.
216-27.

39.Krasik ED, Morozova ES, Petrova KP, Ragulina GA, Shemetova LA, Shuvaev VP.
Therapy of asthenic conditions: clinical perspectives of application of
Rhodiola rosea extract (golden root). In. Proceedings Modern problems in
psycho-pharmacology. Kemerovo-city, Russia: Siberian Branch of Russian
Academy of Sciences: 1970. p. 298-330.

40.Krasik ED, Petrova KP, Rogulina GA, Shemetova LYa, Shuvayeva. New data on
the therapy of asthenic conditions (clinical prospects for the use of Rhodiola
extract). Proceedings of All-Russia Conference: Urgent Problems in
Psychopharmacology 1970 May 26-29. Sverdlovsk, Russia: Sverdlovsk
Press; 1970. p. 215-7.

41.American Psychiatric Association. Diagnostic and Statistical Manual of Mental
Disorders. 4th ed (DSM-IV). Washington, DC: American Psychiatric
Association; 1994.

42.Hickie 1, Davenport T, lIssakidis C, Andrews G. Neurasthenia: prevalence,
disability, and healthcare characteristics in the Australian community. Br J
Psychiatry 2002;181:56-61.

43.Merikangas K, Angst J. Neurasthenia in longitudinal cohort study of young
adults. Psychological Medicine 1994;24(4):1013-24.

44.Lin TY. Neurasthenia revisited: its place in modern psychiatry. Psychiatric
Annals 1992;22(4):173-87.

45.U.S. Department of Health and Human Services. The International Classification
of Diseases. 10th Revision (ICD-10). Washington, DC: U.S. Department of
Health and Human Services; 1992.

46.Zatova MI, Krilov GV, Saratikov AS. Golden root: new stimulative and
adaptogenic drug. Proceedings of Siberian Academy of Sciences. Biological
and Medical Sciences. 1965;2:111-9.

47.Saratikov AS. Screening for natural central nervous system stimulants. In:
Saratikov AS, editor. Stimulants of the Central Nervous System. Vol. 1.
Tomsk, Russia: Tomsk State University Press; 1966 p. 3-23.

48.Brichenko VS, Kupriyanova IE, Skorokhova TF. The use of herbal adaptogens
with tricyclic antidepressants in patients with psychogenic depression. In:

11



Saratikov AS, editor. Modern Problems of Pharmacology and Search for
New Medicines. Tomsk, Russia: Tomsk State University Press; 1986. p. 58-
60.

49.Mattson MP, Pedersen WA, Duan W, Culmsee C, Camandola S. Cellular and
molecular mechanisms underlying perturbed energy metabolism and
neuronal degeneration in Alzheimer's and Parkinson's diseases. Ann N Y
Acad 5¢i 1999;893:154-75.

50.Saratikov AS, Krasnov EA. Chapter Ill: Stimulative properties of Rhodiola rosea.
In: Saratikov AS, Krasnov EA, editors. Rhodiola rosea is a valuable medicinal
plant (Golden Root). Tomsk, Russia: Tomsk State University; 1987. p. 69-90.

51.Panossian A, Wikman G, Wagner H. Plant adaptogens. Ill. Earlier and more
recent aspects and concepts on their mode of action. Phytomedicine
1999;6(4):287-300.

52.Porsolt RD, Anton G, Blavet N, Jalfre M. Behavioral despair in rats: a new
model sensitive to antidepressant treatments. Eur | Pharmacol
1978;47(4):379-91.

53.Borsini F, Meli A. Is the forced swimming test a suitable model for revealing
antidepressant activity? Psychopharmacology (Berl) 1988;94(2):147-60.

54.Willner P. The validity of animal models of depression. Psychopharmacology
(Berl) 1984;83(1):1-16.

55.Maimeskulova LA, Maslov LN, Lishmanov IuB, Krasnov EA. The participation of
the mu-, delta- and kappa-opioid receptors in the realization of the anti-
arrhythmia effect of Rhodiola rosea. Eksp Klin Farmakol 1997;60(1):38-9.

56.Baranov VB. The response of cardiovascular system to dosed physical load
under the effect of herbal adaptogen. Contract 93-11-615 Phase | and Phase
[I. Moscow: Russian Federation Ministry of Health Institute of Medical and
Biological Problems; 1994.

57.Bolshakova IV, Lozovskaia EL, Sapezhinskii Il. Antioxidant properties of a series
of extracts from medicinal plants. Biofizika 1997;42(2):480-3.

*CAUTION-DISCLAIMER: This information is for informational and educational purposes only. It has
not been reviewed or approved by the Food & Drug Administration. It does not constitute
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or other actions, based on this information, especially if you are currently taking prescription
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