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Abstract

Context: Potentilla alba L. (Rosaceae) rhizomes have anti-inflammatory, antioxidant, and adaptogenic effects and are
used for the treatment of diarrhea and intestinal colic. However, the data concerning the adaptogenic and central
nervous system activities of P. alba are fragmentary.

Objectives: To determine the effect of oral administration of dried P. alba extract on the swimming endurance, light/
dark exploration, and open-field tests for mice.

Materials and methods: The mice were orally administered Rhodiola rosea extract (RR group); dry extract of P. alba
at doses of 12, 36, or 72mg/kg (groups: PA12, PA36, and PA72); or distilled water (control group) for 7 consecutive
days.

Results: The swimming times of the RR, PA36, and PA72 groups were significantly longer than those of the control
group. The administration of P. alba significantly increased the light time, latency time, and the number of rearings
in a dose-dependent manner. In the open-field test, the P. alba extract at a dose of 12 mg/kg produced a significant
increase in the frequency of head dipping and the number of squares crossed and a significant decrease in grooming
compared with the control treatment.

Conclusion: The current findings demonstrate that P. alba extracts significantly increased swimming endurance time

and have anxiolytic-like action with a predominant locomotor component.

Keywords: Light/dark exploration, open-field test, Potentilla alba, swimming to exhaustion

Introduction

Potentilla species have been used for several hundred
years. In medieval Europe, physicians and botanists such
as H. Bock, L. Fuchs, Paracelsus, Tabernaemontanus,
and C. Bauhin described and depicted Potentilla spe-
cies in their herbal books (Tomczyk and Latté, 2009).
L. Fuchs mentioned five Potentilla species in his “New
Kreuterbuch” (1543), including Potentilla alba L.,
Potentilla reptans L. and Potentilla neumanniana RCHB
(underground parts and leaves); Potentilla anserina L.
(stems and leaves); and Potentilla erecta (underground
parts and stems and leaves).

There is a lack of information about white cinque-
foil—P. alba L. (Rosaceae)—in the scientific literature.

The anti-inflammatory, antioxidant, and antimicrobial
activities of P. alba have been described (Pilipov¢ et al.,
2005; Gruji¢-Vasic et al., 2006; Oszmianski et al., 2007).
Phytotherapists recommend P. alba for the treatment
of heart diseases, as a stimulator of the central nervous
system (CNS), and as an adaptogen (Gritsenko and Smik,
1977; Shymko and Khishova, 2010).

Adaptogens are medicinal plants that enhance an
organism’s state of nonspecific resistance to stress, aug-
menting resistance to physical, biological, chemical, and
psychological stresses. Adaptogens also increase concen-
tration, performance, and endurance during periods of
fatigue (Brekhman and Dardymov, 1969; Panossian and
Wagner, 2005). The interest in adaptogenic plants has
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grown markedly, and there is great demand to identify
new adaptogenic plants.

It has been reported that P. alba contains a high
amount of hydrolysable and condensed tannins (proan-
thocyanidins), flavonoids (kaempferol and quercetin),
polyprenols, phenolcarbonic acids, triterpenes, and
polysaccharides (Gritsenko and Smik, 1977; Oszmianski
et al.,, 2007; Tomczyk and Latté, 2009; Shikov et al., 2009;
Tomczyk et al., 2010; Shymko and Khishova, 2010).

As a continuation of our studies of medicinal plants
with adaptogenic activities (Shikov et al., 2008, 2010), the
purpose of the current work was to determine the effect
of oral administration of P. alba dry extract on the swim-
ming endurance, light/dark exploration, and open-field
tests for mice.

Materials and methods

Plant material and preparation of the extracts
Rhizomes of 4-year-old P. alba plants were obtained from
Ginseng Ltd., Russia. The samples were air dried, ground
to a powder using an excelsior mill, and stored in closed
vessels. The plant was identified by Dr. Vera Kosman, and
voucher specimens (PA409) have been deposited in the
herbarium of the St. Petersburg Institute of Pharmacy
(St. Petersburg, Russia). The dried sample of P. alba was
ground in a coffee grinder and then extracted with water
(medicinal plant:water=1:15, w/v) at 90°C in water bath
for 1.5h. The extract was concentrated under reduced
pressure at 50+5°C and lyophilized to obtain a powder,
which was used as the test sample. The powder was dis-
solved in distilled water before oral administration to the
mice.

Rhodiola rosea L. (Crassulaceae) liquid extract
(Kamelia, Moscow region, Russia), standardized by
salidroside (0.6%), was dealcoholized and then made
up to the volume in a 100ml volumetric flask and used
as a reference extract with known adaptogenic activity
(Panossian et al., 2010).

Animals

Male Balb/c mice weighing 21-24 g were obtained from
the Russian Academy of Medical Sciences (Rappolovo,
Russia). Mice were housed in groups of eight per stan-
dard cage and were maintained under standard labora-
tory conditions (temperature 19-25°C, relative humidity
50-70%, 12h light/12h dark cycle) with free access to
a solid pellet (Volosovo, Russia) diet and water ad libi-
tum throughout the study. All procedures used in the
current study were approved by the Institutional Ethics
Committee on the Use of Animals, complied with the
National Institutes of Health Guide for Care and Use of
Laboratory Animals (Publication No. 85-23, revised 1985)
and follows the Principles of Good Laboratory Practice
(GOST R 53434-2009, identical to OECD GMP). Each
animal was used just once, and all efforts were made to
use the minimum number of animals required to obtain
consistent experimental data. All studies were recorded

using a video camera. The video recordings were later
evaluated by an observer, who had no knowledge of the
treatment that each animal had received, and the dose
responses were evaluated.

Adaptogenic activity: swimming to exhaustion test
The ability of adaptogens to increase work capacity and
physical performance in rodents has often been assessed
using the swimming test under different experimental
conditions (Panossian et al., 1999; Perfumi and Mattioli,
2007; Panossian and Wikman, 2008).

After an adaptation period of 2 weeks, the mice were
randomly divided into five groups (n=6 per group) that
received i.g. administration once daily for 7 consecutive
days of vehicle, R. rosea extract or P. alba extract at 12,
36, or 72 mg/kg body weight (BW). The forced swimming
capacity of mice was measured 40 min after drug admin-
istration on day 7 using a glass cylinder (45 cm in height,
20 cm in diameter) filled 25 cm high with water (26 +2°C).
The mice were loaded with a steel washer weighing
approximately 5% of their body weight, which was
attached to the tail. It has been reported that this arrange-
ment forces the mouse to maintain continuous rapid leg
movement (Jung et al., 2004). The swimming to exhaus-
tion time was used as the measure of forced swimming
capacity. The mice were assessed to be exhausted when
they failed to rise to the surface of the water to breathe
within a 7-s period. Kamakura et al. (2001) reported that
a period of longer than 7 s resulted in frequent drowning,
and a period of less than 5 s reduced the reproducibility
of the test. Each animal was used only once.

Within 5min from completion of the test, blood
samples were collected from the tail tip. After restrain-
ing the mouse, 1.5 pl of blood for glucose estimation was
collected from the tail vein and placed directly on a strip
placed in the glucometer (One Touch Horizon, Life Scan
Inc., Milpitas, CA; Johnson and Johnson Company). The
lactate concentration was measured using an Accutrend
Lactate Portable Analyzer and BM Lactate strips (Roche
Diagnostics GmbH, Mannheim, Germany). Immediately
after the blood had been collected, the liver was
removed, frozen in liquid nitrogen, and stored at —-70°C
until analysis for glycogen content. The glycogen content
was measured spectrophotometrically using the glucose
oxidase method as described elsewhere (Chun and Yin,
1998).

Anxiolytic-like activity

A relevant test system to detect anxiety-related behav-
ior in mice is the light/dark exploration test, which uses
the aversion of rodents to large brightly lit spaces. The
apparatus consisted of a Perspex box (20 x50 x20cm)
divided into a light and a dark chamber of the same size;
the chambers were connected by a small door. The dark
chamber was entirely black and covered with a solid
black plastic top. The light chamber was entirely white
and open and was illuminated by a 60-W light bulb. The
mice (n=30) were divided into five groups that received
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i.g. administration once daily for 7 consecutive days of
vehicle, R. rosea extract or P. alba extract at 12, 36, or
72mg/kg BW. On day 7, 1h after the administration of
extract/vehicle, each animal was placed at the center of
the illuminated chamber, facing the dark area, and was
allowed to explore the whole apparatus for 5min. The
time spent in the light compartment, the latency time
until the first passage from the light chamber into the
dark chamber, and the number of entries into each com-
partment were registered.

Locomotor and anxiolytic-like activities

The open-field test is a classical system that is rou-
tinely used to evaluate general locomotor activity and
anxiety-related behavior of animals (Prut and Belzung,
2003). Open-field activity was measured in a Plexiglas
cage (20 x 40 x 40 cm) that was divided into nine squares
with 18 holes (two holes in each square). Mice (n=30)
were divided into five groups that received i.g. adminis-
tration for 7 consecutive days of vehicle, R. rosea extract
or P. alba extract at 12, 36, or 72mg/kg BW. On day 7,
1h after the administration of extract/vehicle, the test
was initiated by placing a single mouse in the middle
of the arena and letting it move freely for 3 min. The
observed behavioral parameters were as follows: hori-
zontal activity (the number of squares crossed) and the
vertical activity (rearing). The central time, grooming,
and in holes head dips were indicators of the emotional
reactivity of the mouse (Meyer et al., 2006). Therefore,
these behaviors were taken as measures of anxiety. The
apparatus was cleaned with a detergent and dried after
occupancy by each mouse. The animals were used only
once in this test.

Statistical analysis

Data were analyzed using Statistica version 6.0 (Statsoft,
Moscow, Russia). The results are expressed as the mean
values + standard error of the mean. The significance of
the difference in the mean between the control group and
each treatment group was determined using Student’s
t-test. A P value of less than 0.05 was considered statisti-
cally significant.

Results

The body weight of the animals was recorded before
the experiment and after 7 days, and the weight gain
was computed. There was no significant difference with
respect to body weight between the control group and
each treatment group in all experiments. In the current
study, P. alba extracts and R. rosea extract had no signifi-
cant effect on the body weight or weight gain compared
with the control group.

Adaptogenic activity: swimming to exhaustion test

The forced swimming capacities are shown in Figure 1.
Statistical analysis revealed that the effect of P. alba
extracts on the swimming to exhaustion times of

© 2011 Informa Healthcare USA, Inc.
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mice was dose dependent. The swimming to exhaus-
tion times for the RR, PA36, and PA72 groups were
1880+677 s, 1255+ 144 s, and 1974 + 140 s, respectively;
these times were significantly longer than those of the
control group (P<0.05). The swimming times of the
PA12 group was 1107+120 s, and the difference with
respect to the control group was not statistically signifi-
cant (P>0.05).

The biochemical parameters of blood are shown in
Table 1. The serum glucose level was significantly higher
in the RR, PA12, and PA36 groups than in the control
group (P<0.05), although the difference between the
control group and the PA72 group was not significant.
The blood lactate level of the RR group was lower than
that of the control group, whereas in the P. alba groups,
the lactate levels were slightly higher. However, the differ-
ence in the blood lactate level between the control group
and each of the other treatment groups was not statisti-
cally significant.

The liver glycogen content tended to be lower in the
RR, PA12, and PA36 groups. These groups also showed a
small increase in the swimming time; the swimming time
was significantly higher in the PA72 group, which showed
the longest swimming time.
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Figure 1. Effect of extracts on the swimming endurance of mice.
RR, Rhodiola rosea; PA12, Potentilla alba at 12mg/kg; PA36, P.
alba at 36 mg/kg; and PA72, P. alba at 72mg/kg. Values with an
asterisk are significantly different from those of the control group
as assessed by Student’s ¢-test at P<0.05.

Table 1. Effect of extracts on the biochemical parameters of the
blood.

Glucose Lactate Glycogen
Group (mmol/L) (mmol/L) (mg/g)
Control 7.4+0.5 5.0+0.6 0.45+0.38
RR 9.3+£0.8*% 4.4+1.0 0.17+0.11
PA12 8.9+0.8*% 6.5+1.0 0.17+£0.04
PA36 10.4+0.7% 5.4+2.4 1.31£0.50
PA72 8.2+0.8 6.7+2.5 9.00+3.10*

Data are expressed as the mean + SEM. RR, R. rosea; PA12, P. alba
at 12mg/kg; PA36, P. alba at 36 mg/kg; and PA72, P. alba at 72mg/
kg.

*Values are significantly different from that of the control group
as assessed by Student’s ¢-test at p<0.05.
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Anxiolytic-like activity

The results of the light/dark test are shown in Table 2. The
administration of P. alba increased the time spent in the
light compartment (light time), the latency time until the
first passage from the light compartment into the dark
compartment (latency time), and the number of entries
in a dose-dependent manner. For all parameters, the post
hoc analysis revealed a statistically insignificant effect at
all the doses tested.

Locomotor and anxiolytic-like activities

The overall effects of per os administration of P. alba on
the spontaneous motor activity of the mice in the open-
field test are summarized in Table 3. Statistical analysis
revealed that the P. alba extract induced an increase in
the central time, the number of squares crossed, and
the frequency of head dipping. The post hoc analysis
revealed a statistically significant effect only at a dose of
12mg/kg (P<0.05), whereas no significant effects were
seen for the medium and high doses (36 and 72mg/
kg; P>0.05). A statistically significant dose-dependent
decrease in the number of groomings was registered
for all P alba—treated groups. The number of rearings
displayed by mice was not different among the various
groups of animals, except for the significant decrease (in
1.9 times) in R. rosea-treated group compared with the
control group.

Discussion

P alba rhizomes have been used in traditional medi-
cine for several hundred years. However, data on the
adaptogenic and CNS effects of this plant are rare and
fragmentary. In this study, we examined the effects of P
alba on the CNS and its adaptogenic activity. Typically,

Table 2. Effect of extracts on the behavioral parameters in the
light/dark test.

Group Light time (sec)  Latency time (sec) Entries
Control 84.8+36.5 43.3+£6.9 2.6x1.4
RR 122.7+42.1 30.9+11.1 1.6+0.8
PA12 78.4+23.5 22.0+7.3 3.9+1.1
PA36 82.9+31.8 31.5+16.3 3.3+1.8
PA72 99.2+29.7 25.1+10.0 2.6+1.6

Data are expressed as the mean + SEM.
RR, R. rosea; PA12, P. alba at 12mg/kg; PA36, P. alba at 36 mg/kg;
and PA72, P. alba at 72mg/kg.

the pharmacological assessment of adaptogens includes
the evaluation of stimulation, tonic, and stress-protective
activities. The most important feature in the pharma-
cological profile of adaptogens is that they increase the
resistance of animals to physical exhaustion and other
stresses, such as anxiety (Panossian and Wikman, 2005;
Panossian and Wagner, 2005). The results of the current
study provide evidence that the dried P. alba extract is
able to induce adaptogenic, stimulating, and anxiolytic-
like effects in mice.

The current data demonstrate that, after 7 days of
consecutive oral administration, P. alba can signifi-
cantlyincrease the swimmingtime in a dose-dependent
manner. Generally, it is assumed that a decrease in the
glucose level indicates the consumption of energy and
that an increase in the lactate level indicates a fatigued
condition during prolonged exercise (Jung et al., 2004).
The blood lactate level was determined primarily as
an index of anaerobic metabolism during swimming
(Dawson et al., 1971). The rapid increase in the blood
lactic acid level may be a reflection of an oxygen debt
thatis mounting at a high rate. Swimming to exhaustion
induces a significantly increased blood lactate level,
and the rate at which lactate accumulates in the blood
showed an inverse relationship with the swimming
time of the mice after administration of Paecilomyces
Jjaponica (Ascomycete) and Grifola frondosa (Fr.) S.E
Gray (Polyporaceae) extracts (Jung et al., 2004). It has
been well established that during prolonged exercise
the development of fatigue is closely related to the
depletion of glycogen stores in liver tissue (Avakian and
Evonuk, 1979). Infusions prepared using fermented
leaves of Bergenia crassifolia L. (Saxifragaceae) signifi-
cantly enhanced the maximum swimming capacity of
mice by increasing glucose utilization and by decreas-
ing the lactate level compared with the control treat-
ment (Shikov et al., 2010). Although R. rosea and P. alba
at a dose of 12 mg/kg exhibited a prolongation effect on
swimming times and an increase in the glucose level,
neither had a significant effect on the changes in the
lactate and glycogen levels compared with the control
treatment in the current study. Only at the higher dose
of 72mg/kg of P. alba was a significant increase in the
glycogen level registered, while the glucose level of
these mice tended to decrease but was not different
from that of the controls. The swimming time of mice in
the 72mg/kg P. alba group was the highest.

Table 3 . Effect of extracts on spontaneous locomotor activity and anxiety-related parameters in the open field test.

Number of squares

Group crossed Head dips Rearing Grooming Central time
Control 25.4+4.6 12.5+1.8 9.9+1.5 5.4+0.8 5.6+2.6
RR 19.1+2.1 10.6+1.9 5.3+1.2% 4.6x1.0 2.2+1.2
PA12 32.1+£0.5% 31.4+3.4% 9.0+£2.2 2.6+0.7% 5.9+2.3
PA36 25.1+6.5 10.3+2.3 9.8+£4.7 2.0+£0.5% 3.3+1.9
PA72 26.4+6.4 15.1+3.1 8.0+£1.7 1.6+0.6* 2.6+1.6

Data are expressed as the mean + SEM. RR, R. rosea; PA12, P. alba at 12mg/kg; PA36, P. alba at 36 mg/kg; and PA72, P. alba at 72mg/kg.
*Values are significantly different from that of the control group as assessed by Student’s ¢-test at p<0.05.
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Our results suggest that P. alba at the low and middle
doses administered for 7 consecutive days made mice
resistant to physical fatigue by increasing glucose pro-
duction, which is formed in muscle by glycogenolysis.
Glycogen stored in muscle is a major source of fuel, and
the depletion of these stores has been shown to corre-
late closely with exhaustion. Two stimuli of muscle gly-
cogenolysis are known: (i) muscle contractions, during
which calcium released from the sarcoplasmic reticu-
lum is believed to increase phosphorylase a activity by
activating phosphorylase b kinase; and (ii) epineph-
rine, which by increasing cyclic adenosine monophos-
phate generation sets in motion the cascade reaction
leading to the conversion of phosphorylase b to phos-
phorylase a (Soderling and Park, 1974). Recently, it was
demonstrated that an extract of R. rosea significantly
prolonged the duration of exhaustive swimming in rats
and stimulated adenosine triphosphate (ATP) synthesis
in muscle during exercise (Abidov et al., 2003). Perfumi
and Mattioli (2007) have speculated that, in addition
to the enhancement of the catecholaminergic system,
the ability of R. rosea to increase the swimming time
involves an improvement in cellular energy metabo-
lism, based in part on ATP.

To explain the complex mechanisms underlying the
adaptogen activity of P. alba extract, the antioxidant
effects of P. alba should also be considered (Oszmianski
et al., 2007). Indeed, it is known that exercise generates
free radicals when it is exhaustive and that P. alba is rich
in phenolic compounds that can protect the nervous sys-
tem from oxidative damage by such free radicals (Kelly,
2001). However, the test used here did not allow us to
determine the exact mechanism, and further appropriate
studies are needed.

The analysis of anxiety-related parameters revealed
marked alterations in the anxiety of the P. alba-treated
mice. P. alba showed anxiolytic-like activities that coun-
teracted anxiety in mice subjected to an aversive stimu-
lus in two experimental models. The light/dark test is a
common test system to detect anxiety-related behavior
(Perfumi and Mattioli, 2007; Pitsikas et al., 2008). In this
experiment, mice treated with R. rosea and P. alba at a
dose of 72 mg/kg spent more time in the light chamber of
the box than did the control animals. However, the effects
of both extracts were not significant.

The open-field test is used to evaluate the animal’s
emotional state. Animals removed from their acclima-
tized cage and placed in a novel environment express
anxiety and fear and show alterations in all or some
parameters, such as a decrease in ambulation and in
the exploration time in the center of the open field
with increase peripheral movement. These parameters
are attenuated by anxiolytics (Woode et al., 2010). The
administration of P. alba at a dose of 12 mg/kg induced
a significant increase in the head-dip frequency (2.6
times) and in the number of squares crossed (1.3
times) and a significant decrease in grooming (in 2.1
times) compared with the control treatment (Table 3).

© 2011 Informa Healthcare USA, Inc.
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A number of studies have evaluated the head-dip
frequency as an indicator of anxiety: low values seem
to reflect high anxiety conditions, whereas high val-
ues indicate a low anxiety level (Takeda et al., 1998;
Casarrubea et al., 2010). This factor is also a measure
of exploratory activity. Grooming is an important
component of a rodent’s behavioral repertoire, and
it is the initial behavioral response to stressful situa-
tions and is used by animals to lower arousal (Kalueff
and Tuohimaa, 2004). The grooming was significantly
decreased in a dose-dependent manner in the P. alba-
treated mice. This result suggests a decrease in anxi-
ety. All observations support our hypothesis that the
administration of P. alba extracts stimulate exploratory
activity and produce an anxiolytic effect.

It is known that numerous pathways are involved in
the pathophysiology of anxiety states and that a great
number of neurotransmitters participate in the underly-
ing mechanisms of this disease. However, the behavioral
tests used here did not allow us to determine the exact
mechanisms responsible for the anxiolytic effect of P
alba, and therefore, further appropriate studies are
needed.

Conclusion

The current findings, to our knowledge, demonstrate
for the first time that P. alba extracts significantly
increased swimming endurance time and that they
have anxiolytic-like action with a predominant loco-
motor component. The pharmacological mechanism(s)
that might account for the effects of P. alba has yet to be
determined. Further studies will be required to assess
the generality of the current findings with respect to
behavioral paradigms.
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