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Rhodiola rosea L. is one of the most popular adaptogen and anti-stress

plants in European and Asiatic traditional medidne. Its pharmacological

properties appear to depend on its ability to modulate the activation of

several components of the complex stress-response system. Exposure to

both physical and psychological stress reduces feeding in rodents. The

aim of this work was thus to determine whether in rats an hydroalcoholic

R. rosea extract standardized in 3% rosavin and 1% salidroside (RHO)

reverses hypophagia induced by (1) physical stress due to GOmin

immobilization; (2) intracerebroventricular injection of corticotrophin

releasing factor (CRF,0.2 f..l.g/rat), the major mediator of stress responses

in mammals; (3) intraperitoneal injection of Escherichia coli

lipopolysaccharide (LPS, 100 f..l.g/kg);(4) intraperitoneal administration

of fluoxetine (FLU, Brng/kg). The effect of the same doses of the plant

extract was also tested in freely-feeding and in 20 h food-deprived rats.

Introduction

It is well known that stress conditions caused by physiological and
environmental factors can induce marked behavioural alterations

due to a release of glucocorticoids and activation of a brain stress
network (Dallman et al., 2003). The neurobiologic mechanisms
involved in such stress activation certainly involve activation of
both the pituitary adrenal axis and the autonomic sympathetic
system (Koob and Heinrichs, 1999). The activation of the hypo
thalamic-pituitary-adrenal axis by stress has long been known to
involve the action of corticotrophin-releasing factor (CRF), that is
a key regulator in the overall response of an organism to stress
(Dunn and Benidge, 1990; De Souza and Grigoriadis, 1994; Koob
and Heinrichs, 1999). CRF functions as a neurotransmitter in the
central nervous system and has a critical role in coordinating the
autonomic, electrophysiological and behavioural responses to
stress (Heinrichs and Richard, 1999; Zonilla and Koob, 2004).
However, evidences suggest a neurotropic role for extrahypothalamic

RHOwas administered acutely by gavage to male Wistar rats 1 h before

the experiments. The results show that at 15 and 20mg/kg, RHOreversed

the anorectic effects induced both by immobilization and by

intracerebroventricular CRFinjection. Moreover, at the same doses, RHO

failed to reduce the anorectic effect induced both by LPSand FLU,and

did not modify food intake in both freely-feeding and food-deprived rats.

These findings strongly demonstrated that RHOis able selectively to

attenuate stress-induced anorexia, providing functional evidence of

claimed adaptogen and anti-stress properties of Rhodiola rosea L.
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CRF systems for mediating behavioural responses to stressors and
its contribution to the behavioural state of stress in addition to the

classic activation of adrenal steroids (Schulkin et al., 1994).
Particularly the locus coeruleus, the paraventricular nucleus of the
hypothalamus, the bed nucleus of the stria tenuinalis and the
central nucleus of the amygdala seem to be predominantly impli
cated in the behavioural actions of CRF (Erb and Stewart, 1999;
Koob and Heinrichs, 1999). In addition to the effects on stress
responses, hypersecretion of CRF in these brain areas may con
tribute to the symptomatology that is seen in neuropsychiatric dis
orders, such as depression, anxiety-related disorders and anorexia
nervosa. In particular, a large body of evidence suggests a role for
the endogenous brain CRF system in appetite regulation and in the
aetiology of eating disorders (Heinrichs and Koob, 1992; Richard,
1993). In humans, the concentration of CRF is increased in the
cerebrospinal fluid of patients suffering from anorexia nervosa,
and a greater salivary cortisol response is induced by CRF in
anorectic humans, compared to normal volunteers (Morley, 1987;
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Gross et a/., 1994). When administered centrally in rats and
mice, CRF and urocortin, a CRF-family neuropeptide,can induce
aIL'(iogenic-likebehaviour and reduced food intake (MOl'ley and
Levine, 1982; Levine et al., 1983; Heinricks and Koob, 1992;
Spina et al., 1996; Hotta et al., 1999; Koob and Heinrichs,
1999; Swiergiel and Dunn, 1999; Ciccocioppo et al., 2001).
Similarly, stress-induced anorexia can be reversedby treatment
with selective CRF-receptor antagonists (De Souza, 1995; Koob
and Heinrichs, 1999).

Some pharmacologically active plants that have been defined
as 'adaptogens' are able to increasethe ability of an organism to
adapt to environmental stressfactors and to avoid damagefrom
such, mainly by regulating various elementsof the stresssystem
and by modulating stimulus-responsecoupling (Wagner et al.,
1994; Panossian et al., 1999; Panossian, 2003; Panossianand
Wagner,2005).

Rhodiola roseaL. (fam. Crassulaceae),which is alsoknown as
'golden root' or 'rose root', is one of the most important adapto
gens, and it is a popular plant in traditional medicine in Eastern
Europe and Asia, with a reputation for alleviating emotional,
mental andphysical disorders(Germanet al., 1999;Spasovet al.,
2000; Shevtsovet al., 2003; PanossianandWagner, 2005). In tra
ditional folk medicine, R. rasea is used to stimulate the nervous
system, decrease depression, enhance work performance,
longevity and resistanceto high altitude sickness,and treat fatigue
and symptomsof astheniasubsequentto intensephysical andpsy
chological stress (Kelly, 2001; Brown et al., 2002; Zhu et al.,
2003). The adaptogenicand anti-stresspropertiesof R. raseahave
beenattributed primarily to its ability to modulatethe activation of
several components of the stress-responsesystems, such as the
sympatho-adrenalsystem (Lishmanov et al., 1987; Panossian
et al., 1999;PanossianandWagner, 2005) and the hypothalamic
pituitary-adrenal axis (Burchfield, 1979;Lishmanov et a/., 1987;
Saratikov et a/., 1987; Panossian et al., 1999; Panossian and
Wagner, 2005). Moreover, R. rasea moderates the release of
opioid peptides that occurs as part of the pituitary-adrenal axis
response to stress (Lishmanov et al., 1987; Lishmanov et al.,
1993).

Furthermore, the ability of R. rosea to increasethe non-specific
resistance in animals may be related to its ability to reduce the
secretion of CRF, the major physiological mediator of stress
(Lishmanov et al., 1987;Maslova et al., 1994).

With 'regard to the main componentsdetermining pharmaco
logical characteristicsof R. rosea, it is known that R. rosea roots
containa range of biologically active substancesincluding organic
acids, flavonoids, tannins and high amounts of phenolic com
pounds, particularly phenylpropane derivatives such as rosavins
(rosavin, rosine, rosarin) which are specific components of R.
rasea, andphenylethanederivatives, suchas salidroside,which is
contained in all species of the Rhodiola genus and in a wide
variety of speciesoutside the genus (Kurkin and Zapesochnaya,
1986; Wang et a/., 1992; Yoshikawa et al., 1996). According to
revised 1989 Sovietic Pharmacopeia (Brown et al., 2002) the
extractsof R. raseaare standardizedfor both rosavinsand salidro

side. Rosavin, salidroside and additional phenolic compounds
such as p-thyrosol and triandrin are thought to be critical for the
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adaptogcnic and anti-stress properties of the plant. Moreover
R. rasea extracts used in severalpre-clinical and clinical studies
were standardizedto minimum 3% rosavins and 0.8-1% salidro
side (Darbinyan et al., 2000; KeIly, 2001; Brown et al., 2002;
Abidov et al., 2003; PanossianandWagner,2005).

Therefore, the purpose of the present study was to investigate
whether an hydroaIcoholic R. raseaL. extract standardizedin 3%
rosavin and 1% salidrosidecanprevent anorexiathat is inducedby
different stress conditions, such as rcstraint-stressand intracere
broventricular injection of CRF.

In addition, to determine the selectivity of the effects of this
R. raseaextracton stress-inducedsuppressionof food intake, it was
also testedin food-deprived rats in which anorexiawas evokedby
injection of two different anorectic agents: E. coli lipopolysac
caride, a pathogenic agent, and fluoxetine, a selective serotonin
reuptake inhibitor. Finally we tested the effects of this R. rasea
extract both in non-stressedfood-deprived ratsand in non-stressed
freely-feeding rats.

Material and methods

Animals

Male Wistar rats (200-250g; Harlan SRC,Milan, Italy) were indi
vidually housed in a room with an artificial 12:12h light/dark
cycle (lights off at 7.00PM), at constant temperature (20-22°C)
and humidity (45-55%). The rats were given free accessto food
pellets (4RF; Mucedola, Settimo Milanese, Italy) and tap water,
except when otherwise detailed. All of the animals were handled
once a day for 5min during the first week after their arrival.
Animals wereusedonly once.

All of the procedureswere conductedin adherenceto the Euro
pean Community Council Directive for Care and Use of Labora
tory Animals (86/609/EEC).

Drugs

A dry hydroalcoholic extract from roots of Rhodiola rosea L.
(RHO), provided by EPO S.r.I.,Milan, Italy, was used.The HPLC
analysisreport showeda content of3% total rosavinsexpressedas
rosavin and 1% saIidroside. The ratio of rosavin and salidroside

(3:I) is in line with published data (Kurkin and Zapesochnaya,
1986; Abidov et al., 2003). The extract was dissolved in ethanol
absoluteand diluted in tap water in order to obtain a final ethanol
concentration of 2% v/v in all treatment conditions. Then it was

administeredby intragastric administration (IG) at dosesof 10, IS
and 20mg/kg/l 0ml. The samevehicle was administeredto control
group.

CRF (rat/human; RBI/SIGMA, Natick, MA, USA) was dis
solved in sterile isotonic saline prior to intracerebroventricular
injection (ICV) at the doseof 0.2\-Lg!\-LI/rat.

Lipopolysaccharide from E. coli (LPS; 0111:B4, No. L-2630;
SIGMA, Milan, Italy) was dissolved in pyrogen-free isotonic
saline and given by intraperitoneal injection (IP) at the dose of
l00\-Lg/kg.
















