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Abstract:

Background: The present study was designed to investigate the behavioral and neurochemical effects of long-term oral rutin ad-

ministration to old male WAG rats (100 and 200 mg/kg b.w./day). Rutin is a well-known dietary flavonol glycoside with antioxidant

and anti-inflammatory properties.

Methods: First, spatial memory was assessed in the water maze and then the levels of neurotransmitters in selected brain regions

were estimated.

Results: There was enhanced spatial memory in aged rats pretreated with the smaller dose of rutin in the probe trial of the water

maze, nevertheless, augmented levels of noradrenaline in the hippocampi of these animals were not correlated with improved spatial

memory. The increased dopamine levels in the hypothalami of the same group of animals may suggest effects other than behavioral.

Conclusion: Long-term rutin pre-treatment may cause behavioral and neurochemical changes in aged WAG male rats.
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Introduction

Rutin is a common dietary flavonol glycoside com-

posed of quercetin and the disaccharide rutinose. This

plant-derived phenolic pigment has some established

pharmacological effects thanks to its antioxidant and

anti-inflammatory properties, as well as cytoprotec-

tive actions connected with anti-aging and anti-cancer

properties, e.g., [10, 11]. Rutin may scavenge free

radicals and inhibit supraoxide radical production, as

well as enhance the activity of such antioxidative en-

zymes as glutathione peroxidase and reductase [6,

10], so that levels of the reduced glutathione that is

a biological antioxidant may be maintained. Wu et al.

[25] reported an additional antioxidative effect of

rutin when the expression of the peroxisome proli-

ferator-activated receptor (PPAR)-a was increased.

Rutin also exhibits anti-inflammatory effects e.g., [3,

8]. Rutin has vaso- and cardioprotective properties.

Bioflavonoids may strengthen the blood vessel walls,

diminishing the permeability of capillaries and im-

proving blood circulation. Rutin, by reducing the cy-

totoxicity of oxidized LDL-cholesterol and thanks to
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its anti-platelet action [21], may decrease the risk of

atherogenesis. It is suggested that rutin may cross the

blood-brain barrier and influence the central nervous

system (CNS) as it was shown in in vitro models [26].

Silva et al. [22] noticed that rutin may affect the glial

cells’ activity in vitro, however, further examination is

needed to estimate the role of this impact. Some pre-

clinical research has revealed neuroprotective effects

of rutin that seem to be connected with its antioxidant

and anti-inflammatory properties influencing various

intra- and extracellular mechanisms in CNS. Koda et

al. [9] have shown that oral rutin administration may

protect the CA3 region of the hippocampus in rats and

have an impact on their behavior, decreasing the im-

pairment of memory connected with trimethyltin tox-

icity, in a water maze. Rutin pre-treatment reduces in-

farct size and neurological deficits in rats after middle

cerebral artery occlusion as well as protects the anti-

oxidant content of enzymes (glutathione peroxidase,

glutathione reductase, catalase, superoxide dismutase

and glutathione) in the brain [7]. Rutin administration

also protects the brain tissue as was shown in Wistar

male rats with cerebral ischemia followed by reperfu-

sion that were previously g-irradiated throughout the

body [1]. Its supplementation decreased the oxidative

stress and inflammatory reactions induced by ische-

mia and reperfusion in the irradiated rat brain.

Taking into account these data, we hypothesize that

long-term oral pre-treatment with rutin may influence

spatial memory in aged rats. We intended as well to

check the possible alterations in the brain levels of

selected neurotransmitters.

Materials and Methods

Animals

The behavioral effects after 8 weeks of a rutin powder

pre-treatment were investigated in a water maze test

in 18-month old male Wistar Albino Glaxo (WAG)

rats (400–500 g). The rats were housed in typical

plastic cages (26 × 42 cm, 18 cm high) with wood

shavings inside. They stayed in a special animal room

under a 12:12 h light : dark cycle with free access to

water. The rats were acclimatized to laboratory condi-

tions before the behavioral test and the pre-test was

conducted. All the procedures took place between

8:00 a.m. and 4:00 p.m., and each rat was used only

once in the water maze. All animal testing was carried

out according to the European Communities Council

Directive (86/609/EEC) of 24 November 1986, after

approval from the Ethical Committee for Animal Ex-

periments at the Medical University of Warsaw.

Chemicals

In the experiment, the rutin powder (Rutin DAB10,

Kaden Biochemicals, Hamburg, Germany) was added

to 2% ethylcellulose solution (5 ml) to form the

suspension that was given to the rats by gastric

gavage. The animals were divided into three groups:

R100 (the rats were treated with 100 mg of powder/kg

b.w./day, n = 6), R200 (200 mg of powder/kg

b.w./day, n = 8) and control rats (Con, given the solu-

tion of ethylcellulose, n = 10). The 18-month-old rats

were treated for 8 weeks and throughout the period of

behavioral testing during the experiment. The bio-

chemical analysis was performed after the experi-

ment.

BEHAVIORAL ASSESSMENT

Water maze test

The animals were trained in a water maze for four

days. Memory was estimated by two trials – the

former on the 5th day, given 24 h after the previous

training, which consisted of four trials daily. The lat-

ter – after the reversal platform test had taken place on

the10th day of the experiment.

A modified version of the Morris water maze was

used [24]. A 1.40 m diameter pool was filled with wa-

ter of temperature of 23°C. The area of the water

maze was divided into four quadrants designated NE,

NW, SE and SW. The animals were trained to locate

a transparent hidden plexiglas platform, placed 1 cm

below the water surface. The pool was surrounded by

different cues for spatial coordination. The animals

from each group were given one session of four trials

daily for four consecutive days. During every trial the

rat was located in the water with its face turned to the

wall of the pool at one of three equally spaced starting

points. These points were situated in quadrants with-

out the platform and changed on each trial and day.

The hidden platform was located in the SE (South-

east) quadrant. A trial was terminated when the rat

reached and entered the platform, or after 60 s had
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elapsed. If the animal did not find the platform within

this time, it was placed on the platform for 15 s before

the next trial was initiated. The first memory test was

conducted on the 5th day, 24 h after the previous train-

ing. There was no platform in the SE sector during the

probe trial when the rats were allowed to swim for

60 s before the end of the session. After two days of

rest, the animals repeated the training, searching for

the cued task in the SE sector. In the reversal platform

test on the 9th day the hidden platform was transferred

to the centre of the NW quadrant and the rats learned

the place of the new target. The second memory test

took place on the 10th day. The cued task was re-

moved and the animals were swimming for 60 s look-

ing for both targets – the older in the SE quadrant and

the newer in the NW quadrant as well. The visible

platform test was carried out on the 11th day. The ani-

mals had to find the well-signed platform placed 1 cm

over the water surface in four trials from different

starting points to the cued target.

Post mortem examination was carried out not less

than 24 h after the completion of behavioral testing.

Data from the water maze (latencies to locate the

platform, distance travelled, swimming speed, number

of crossings in a target area and time spent in the goal

quadrant) were recorded by a VHS image collecting

system and analyzed by Chromotrack software (Chro-

motrack, San Diego Instruments).

BIOCHEMICAL ASSESSMENT

Monoamines

The concentrations of monoamines and metabolites in

selected brain regions were estimated. Biochemical

measurements were carried out 24 h after the last be-

havioral trial. The rats were decapitated, their brains

immediately removed and dissected out on an ice-

cold plate according to the method of Glowinski and

Iversen [5], into the following regions: prefrontal cor-

tex, hippocampus, hypothalamus and striatum. Each

tissue was placed in a dry ice-cooled polypropylene

vial, weighed, and stored in a deep freezer at –80°C

until assayed. To precipitate proteins, tissues were ho-

mogenized in 1 ml of ice-cold 0.1 M perchloric acid

(HClO4), and centrifuged (13,000 × g for 15 min).

The supernatant was filtered (0.2 µm pore size filter;

Whatman) and examined for neurotransmitter content

as described previously in [23]. Dopamine (DA; stan-

dard substance supplied by RBI), its metabolite, 3,4-

dihydroxyphenylacetic acid (DOPAC; RBI); 5-hydro-

xytryptamine (5-HT; Sigma); 5-hydroxyindolacetic

acid (5-HIAA; Sigma); 3,4-dihydroxyphenyletha-

nolamine (NA; Sigma) and homovanillic acid (HVA;

Sigma) – were measured by high pressure liquid chro-

matography (HPLC) with electrochemical detection

(L-3500A detector; Merck) and a glassy carbon-

working electrode. The electrochemical potential was

set at 0.8 V with respect to a silver/silver chloride

(Ag/Ag Cl) reference electrode. The mobile phase

comprised 58 mM sodium phosphate (Sigma), 31 mM

citric acid (Sigma), 1 mM octane sulfonic acid (Ald-

rich), and 27 µM ethylenediaminetetraacetic acid

(EDTA; Sigma) in deionized, distilled (18.3 mW)

ultrapure water containing 1% acetonitrile (Merck)

and 12% methanol (Merck). Monoamines were sepa-

rated on a C-18 column (250 mm × 4 mm, reverse

phase, Nucleosil, 5 µm particle size; Macherey-

Nagel, Germany) and the mobile phase flow rate was

maintained at 0.8 ml/min. Samples were quantified by

comparison with standard solutions (external calibra-

tion) and concentrations calculated with Eurochrom

2000 software (Knauer, Germany). Contents of neuro-

transmitters and metabolites were expressed as ng/ml

of the homogenates. The final amount of monoamines

in the tissue sample was expressed as ng/g wet tissue.

Statistical analysis

All the results were presented as the mean values

± standard error. Two-way repeated measures ANOVA

(dose × day) was used to assess differences during

water-maze testing, and one-way analysis of variance

for comparison between neurotransmitters and me-

tabolites of the groups. All post-hoc tests were per-

formed by the Newman-Keuls and Fisher (LSD) test

to identify any significant differences. All the hypo-

theses tested used a significance level of 0.05.

Results

BEHAVIOR – WATER MAZE RESULTS

Acquisition trials (days 1–4, trials 1–16)

ANOVA analysis for particular day of training and es-

cape latency is presented as follows: day 1: F (2, 21) =
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1.52, p = 0.24, day 2: F (2, 21) = 2.76, p = 0.86, day 3:

F (2, 21) = 0.36, p = 0.7, day 4: F (2, 21) = 0.65, p =

0.53. The values of mean total escape latency during

learning (days 1–4, Tab. 1) were the same within the

groups (R100: 29.17 ± 3.71 s; R200: 33.94 ± 3.21 s;

Con: 36.55 ± 2.88 s), [F (2, 21) = 1.24, p = 0.31].

ANOVA analysis for a particular day of training and

swim distance is presented as follows: day 1: F (2, 21)

= 2.21, p = 0.14, day 2: F (2, 21) = 0.59, p = 0.57, day

3: F (2, 21) = 0.3, p = 0.75, day 4: F (2, 21) = 0.99, p =

0.39. The total swim distance was the same among the

groups (R100: 5.41 ± 1.08 m; R200: 7.82 ± 0.93 m;

Con: 7.31 ± 0.83 m), [F (2, 21) = 1.53, p = 0.24].

The results did not show a significant mean effect

for swimming speed either on particular days [day 1:

F (2, 21) = 2.11, p = 0.15, day 2: F (2, 21) = 0.32, p =

0.73, day 3: F (2, 21) = 0.47, p = 0.63, day 4: F (2, 21)

= 1.21, p = 0.32] or in the whole training (days 1–4)

[R100: 0.12 ± 0.02 m/s; R200: 0.16 ± 0.01 m/s; Con

0.15 ± 0.01 m/s; F (2, 21) = 1.52; p = 0.24].

The first probe trial – memory test (day 5, trial 17)

The number of crossings over the area of the previous

platform position in the SE quadrant was the same in

both R100 (4.33 ± 0.92) and in R200 groups (2.75

± 0.92) as well as in controls (2 ± 0.39) [F (2, 21)

= 2.48; p = 0.11] (Fig. 1). The animals treated with rutin

spent the same time in the target quadrant (SE), where

the platform was situated during acquisition trials

(R100: 25.49 ± 1.96 s; R200: 21.18 ± 1.86 s) as did the

control animals (Con: 19.79 ± 1.58 s) [F (2, 21) = 2.45,

p = 0.11]. Swimming speed did not differ among groups

[R100: 0.35 ± 0.03 m/s; R200: 0.27 ± 0.02 m/s; Con

0.28 ± 0.01 m/s; F (2, 21) = 3.26; p = 0.06].

Repeated training (day 8, trials 18–21)

The values of mean latency (R100:10.24 ± 5.03 s; R200:

21.1 ± 4.36 s; Con: 22.4 ± 3.9 s) [F (2, 21) = 2.02,

p = 0.16] (Tab. 1) as well as the speed of swimming
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Tab. 1. Effects of chronic oral administration of rutin in aged Wistar male rats on latencies to SE quadrant target obtained during behavioral testing

Behavioral test Day Con (s) R100 (s) R200 (s)

Acquisition trials

day 1 47.26 ± 3.09 40.76 ± 4.11 49.71 ± 3.07

day 2 42.67 ± 2.91 34.89 ± 3.94 33.37 ± 4.01

day 3 30.37 ± 3.46 23.26 ± 4.44 27.26 ± 4.02

day 4 25.9 ± 3.24 17.77 ± 3.44 25.39 ± 3.86

days 1–4 36.55 ± 2.88 29.17 ± 3.71 33.94 ± 3.21

Repeated training day 8 22.4 ± 3.9 10.24 ± 5.03 21.1 ± 4.36
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Fig. 1. Effects of chronic oral rutin ad-
ministration on number of crossings
over the target area in SE quadrant in
aged Wistar male rats in the first probe
trial in the water maze (5th day)



[F (2, 21) = 1.52, p = 0.24] were the same among

groups.

Reversal platform test (day 9, trials 22–25)

The values of mean escape latency to the new position

of the platform in the NW quadrant were the same

within the groups (R100: 38.57 ± 5.38 s; R200: 35.05

± 4.66 s; Con: 30.32 ± 4.17 s) [F (2, 21) = 0.77, p =

0.47] as well as the values of mean speed during

swimming (R100: 0.17 ± 0.02 s; R200: 0.16 ± 0.02 s;

Con: 0.14 ± 0.01 s) [F (2, 21) = 0.82, p = 0.45].

We estimated working memory by dividing the

value of latency in trial 23 (test probe) by the value of

latency in trial 22. There were no significant differ-

ences among animals in this index [R100: 0.59 ±

0.15; R200: 0.64 ± 0.13 and Con: 1.77 ± 0.9; F (2, 21)

= 1.1, p = 0.35].

The second probe trial – memory test (day 10,

trial 26)

An analysis of variance demonstrated significant dif-

ferences between groups in the number of crossings

over the previous localization of the platform in the

SE quadrant in the probe trial on day 10 (R100: 4.33 ±

1.52; R200: 1.5 ± 0.42; Con: 1.7 ± 0.3) [F (2, 21) =

4.03; p = 0.033] (Fig. 2). The post-hoc examination

showed an increased number of crossings in R100 vs.

Con (p 0.02, Fisher test). The number of crossings

over the new position of the platform in the NW quad-

rant was the same in the tested groups (R100: 2 ± 0.37;

R200: 1.75 ± 0.96; Con: 2.0 ± 0.56) [F (2, 21) = 0.04;

p = 0.96].

The time spent by groups of rats in the particular

target quadrants was the same [both in SE as the pre-

vious target – R100: 20.53 ± 2.84 s; R200: 22.68

± 1.44 s; Con: 18.61 ± 1.02 s; F (2, 21) = 1.71; p = 0.2

and in NW as the new target – R100: 8.71 ± 0.67 s,

R200: 9.17 ± 1.55 s; Con: 12.29 ± 1.06 s; F (2, 21) = 2.73;

p = 0.088].

The results did not show a significant mean effect

for total swimming speed [R100: 0.27 ± 0.01 m/s;

R200: 0.29 ± 0.02 m/s; Con 0.3 ± 0.02 m/s; F (2, 21)

= 0.71; p = 0.5].

Visible platform test (day 11, trials 27–30)

The values of mean latency (R100:8.75 ± 3.71 s; R200:

12.94 ± 3.21 s; Con: 16.3 ± 2.87 s) [F (2, 21) = 1.31,

p = 0.29] as well as the speed of swimming [F (2, 21)

= 1.37, p = 0.28] were the same among groups.
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in the second probe trial (10th day); * p < 0.05 (vs. Con, Fisher test)



BIOCHEMISTRY

Monoamine levels in selected brain regions

The levels of monoamines and their metabolites as

well as the metabolite DOPAC/DA and 5HIAA/5HT

ratio values in the prefrontal cortex, hippocampus, hy-

pothalamus and striatum are demonstrated in Table 2.

Hippocampus

Statistically significant differences in hippocampal

monoamine content among the groups of rats were

observed in noradrenaline levels [F (2, 21) = 7.28, p =

0.004]. Further analysis (post-hoc tests) proved a se-

vere increase of NA concentration in the R100 group

in comparison to control rats (510.73 ± 80.05 vs.

233.57 ± 43.63 ng/g of wet tissue; p < 0.01 Newman-

Keuls test). There were no differences in other mono-

amines and their metabolite concentrations in the hip-

pocampus [DA: F (2, 21) = 0.4, p = 0.67, DOPAC:

F (2, 21) = 1.55, p = 0.23, HVA: F (2, 21) = 0.32,

p = 0.73, 5-HT: F (2, 21) = 1.06, p = 0.37, 5-HIAA:

F (2, 21) = 0.048, p = 0.95, DOPAC/DA ratio: F (2,

21) = 2.44, p = 0.11, 5HIAA/5-HT ratio: F (2, 21) =

0.9, p = 0.42].

Prefrontal cortex

In the prefrontal cortex statistically significant differ-

ences were noticed in the levels of the noradrenaline

metabolite homovanillic acid – HVA [F (2, 21) = 4.83,

p = 0.02]. Both R100 and R200 groups of animals had

decreased HVA content in comparison to control rats

(R100: 20.18 ± 2.73 ng/g; R200: 19.62 ± 3.24 ng/g vs.

Con 39.80 ± 6.86 ng/g; p < 0.05 NK). There were no
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Tab. 2. Effects of chronic oral administration of rutin on monoamine and metabolite levels (± SE) in selected brain regions in aged male rats.
* p < 0.05; ** p < 0.01, *** p < 0.001 (vs. Con, NK test)

Monoamine and
metabolite levels in ng/g

of wet tissue

Brain region

Group Prefrontal cortex Hippocampus Hypothalamus Striatum

NA

Con

R100

R200

205.15 ± 20.00

336.79 ± 86.46

206.79 ± 32.44

233.57 ± 43.63

510.73 ± 80.05**

257.94 ± 42.33

1326.88 ± 223.93

2202.10 ± 89.30*

1696.82 ± 201.90

208.03 ± 26.60

191.32 ± 22.15

244.08 ± 54.36

HVA

Con

R100

R200

39.80 ± 6.86

20.18 ± 2.73*

19.62 ± 3.24*

25.07 ± 7.09

26.38 ± 2.75

31.03 ± 3.68

–

–

–

376.20 ± 37.50

358.49 ± 26.42

393.42 ± 56.97

DA

Con

R100

R200

127.30 ± 36.89

74.22 ± 11.04

169.00 ± 86.33

34.32 ± 10.22

42.51 ± 10.23

28.91 ± 7.98

226.39 ± 32.29

541.94 ± 46.59***

334.96 ± 51.05

6052.74 ± 690.73

5224.40 ± 341.03

5690.85 ± 772.39

DOPAC

Con

R100

R200

39.02 ± 7.58

20.53 ± 2.40

28.02 ± 5.01

30.43 ± 9.01

32.88 ± 9.32

13.88 ± 4.69

43.32 ± 6.18

109.98 ± 10.06***

67.79 ± 4.69*

962.30 ± 108.45

729.49 ± 58.52

959.68 ± 139.18

DOPAC/DA

Con

R100

R200

0.82 ± 0.35

0.29 ± 0.03

0.30 ± 0.05

0.94 ± 0.18

0.77 ± 0.16

0.47 ± 0.07

0.21 ± 0.03

0.20 ± 0.01

0.22 ± 0.02

0.17 ± 0.02

0.14 ± 0.003

0.17 ± 0.01

5-HT

Con

R100

R200

509.83 ± 45.19

473.97 ± 16.16

593.12 ± 43.21

407.79 ± 84.74

562.87 ± 139.85

356.17 ± 73.70

916.99 ± 79.66

943.22 ± 72.00

909.70 ± 59.35

363.72 ± 32.51

382.31 ± 21.35

438.88 ± 59.75

5-HIAA

Con

R100

R200

389.39 ± 43.92

410.35 ± 24.10

398.63 ± 47.29

447.46 ± 65.80

477.79 ± 29.77

454.71 ± 79.46

669.08 ± 55.82

600.43 ± 12.01

642.71 ± 57.96

411.34 ± 22.40

331.36 ± 4.08

399.76 ± 48.49

5-HIAA/5-HT

Con

R100

R200

0.80 ± 0.10

0.87 ± 0.07

0.74 ± 0.15

1.24 ± 0.10

1.13 ± 0.24

1.48 ± 0.20

0.75 ± 0.06

0.66 ± 0.07

0.75 ± 0.10

1.19 ± 0.09

0.88 ± 0.05

1.01 ± 0.19



differences in other monoamines and their metabolites

concentrations in the prefrontal cortex [DA: F (2, 21)

= 0.6, p = 0.56, DOPAC: F (2, 21) = 2.13, p = 0.14,

NA: F (2, 21) = 2.54, p = 0.1, 5-HT: F (2, 21) = 1.94,

p = 0.17, 5-HIAA: F (2, 21) = 0.06, p = 0.95,

DOPAC/DA ratio: F (2, 21) = 1.47, p = 0.25,

5HIAA/5-HT ratio: F (2, 21) = 0.26, p = 0.77].

Striatum

There were no differences in any tested monoamine and

metabolite concentrations in the striatum [DA: F (2, 21)

= 0.34, p = 0.72, DOPAC: F (2, 21) = 1.13, p = 0.34,

NA: F (2, 21) = 0.46, p = 0.64, HVA: F (2, 21) = 0.13,

p = 0.88, 5-HT: F (2, 21) = 0.89, p = 0.43, 5-HIAA:

F (2, 21) = 1.53, p = 0.24, DOPAC/DA ratio: F (2, 21) =

1.18, p = 0.33, 5HIAA/5-HT ratio: F (2, 21) = 1.47,

p = 0.25].

Hypothalamus

Statistically significant differences were noted in the hy-

pothalamus in the levels of dopamine [F (2, 21) = 12.88,

p = 0.00022] and its metabolite, DOPAC [F (2, 21) = 22.7,

p = 0.00001]. Dopamine concentration was greater in

the R100 group (541.94 ± 46.59 ng/g) than in the

R200 (334.96 ± 51.05 ng/g, p < 0.01 NK) and in Con

(226.39 ± 32.29 ng/g; p < 0.001 NK). Both R100 and

R200 groups of animals had an increased DOPAC

content in comparison to control rats (R100: 109.98

± 10.06 ng/g, p < 0.001 NK; R200:67.79 ± 4.69 ng/g,

p < 0.05 NK vs. Con 43.32 ± 6.18 ng/g). Statistically

significant differences in monoamine content among

the groups of rats were also observed in noradrenaline

levels [F (2, 21) = 4.22, p = 0.029]. Post-hoc tests

showed enhanced NA concentration in the R100 group

in comparison to control rats (2202.1 ± 89.3 vs. 1326.88

± 223.93 ng/g; p < 0.05 NK). There were no differences

in serotonin and its metabolite, 5-HIAA concentration

[5-HT: F (2, 21) = 0.047, p = 0.95, 5-HIAA: F (2, 21) =

0.4, p = 0.67] as well as in DOPAC/DA [F (2, 21) =

0.12, p = 0.89] and 5HIAA/5-HT ratio [F (2, 21) = 0.33,

p = 0.72] in the hypothalamus.

Discussion

The data of this research have suggested that rutin

may change behavior in aged, otherwise healthy, rats.

This remains consistent with the report of rutin-

induced memory improvement in an animal model of

trimethyltin toxicity [9] as well as Alzheimer disease

[15] or high cholesterol-induced cognitive deficits

[16]. In our experiment, the long-term oral administra-

tion of rutin resulted in an significant increase of spa-

tial memory in aged rats pretreated with the smaller

dose (R100) as measured by the number of crossings

over the submerged platform in the second probe trial

in the water maze. Improvement in the R100 group

was also seen in acquisition trials (days 1–4) as a de-

crease of latency to the target platform (Tab. 1). Rutin

pre-treatment did not affect working memory esti-

mated in the Reversal Platform Test on the 9th day.

Because of the same values of latency and the swim-

ming speed among all animals in the Visible Platform

Test it may be proved that their motivation, motor and

visual abilities did not influence the results of the

cued trials in the water maze.

The post-mortem examination of rutin pre-treated

aged rats revealed some alterations in brain neuro-

transmitter content. Numerous studies have proven

that the consolidation and retrieval of memory is

modulated by catecholamines such as noradrenaline

or dopamine [12, 14]. Noradrenaline blockers infused

into the hippocampus impair contextual memory re-

trieval in mice e.g., [20] while the systemic infusion

of adrenomimetics (activation of b-adrenergic recep-

tors in the brain) improves memory performance e.g.,

[14, 17, 18]. On the other hand, aging results in

changes in brain neurotransmission systems reducing

monoamine levels and enzyme activity connected

with their synthesis, decreasing receptor sensitivity or

increasing monoamine turnover to prevent depletion

in their content. The brain transmitter content in

steady-state conditions may be used as an index of the

number of neuronal elements present in the tissue [4].

The augmented levels of noradrenaline in the hip-

pocampus of the animals of the R100 group in our re-

search – in the structure that is related to spatial and

stimulus-response learning – may suggest a relation-

ship with ameliorated spatial memory, however, there

is no correlation between hippocampal noradrenaline

levels and the number of crossings in R100 rats [r =

0.253, p = 0.63, F (1, 4) = 0.237].

Enhanced NA concentration was also noticed in the

R100 group in comparison to control rats in the hypo-

thalamus; moreover, there were statistically significant

differences in the levels of dopamine and its metabo-

lite DOPAC in the same brain structure. Dopamine
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concentration was greater in the R100 group than in

the R200 and Con. Both R100 and R200 groups of

animals had increased DOPAC content in comparison

to control rats but without the significant differences

in the DOPAC/DA ratio among all the groups. The

increased levels of DOPAC may reflect the greater

activity of DA neurons, but the turnover of dopamine

remained stable within all groups tested.

The best-known dopaminergic neurons in the

hypothalamus are those that comprise the tuberoin-

fundibular (TI) DA system. The cells of these neu-

rons, which are located in the hypothalamic arcuate

and periventricular nuclei, project to the external

layer of the median eminence. There is also the incer-

tohypothalamic (IH) DA system whose neurons proj-

ect into the surrounding anterior, dorsomedial and

posterior regions of the hypothalamus as well as

innervate the hypothalamic paraventricular nucleus

and provide to some extent the innervation of the

amygdala and horizontal diagonal band of Broca [19].

The potentiation of dopamine transmission in the

hypothalamus mainly results in the decrease of pro-

lactin release, and may cause subsequent divergent

effects. The activation of motivation-dependent

behavior due to the triggering stimuli is connected

with brain ascending dopaminergic projections. Le

Moal and Simon [13] described a mesocorticolimbic

network consisting of the mesolimbic and mesocorti-

cal pathways (linking the ventral tegmental area –

VTA with nucleus accumbens septi – NSA or the

frontal cortex, respectively) as an important part of

the reward system. Some substances may modify the

release neurotransmission or mimic its action, induc-

ing pleasurable effects. However, in our research, rutin

administration did not affect the striatal levels of do-

pamine and consequently the reward system as well

as motor activity: the distance and the speed of swim-

ming of all rats in the water maze were the same.

The amelioration of spatial memory could also be

linked with other properties of rutin powder. Lu et al.

[15] indicated that the cholinergic system plays an im-

portant role in cognitive performance. D-Galactose-

induced decrease in this kind of neurotransmission

was improved in mice by troxerutin administration as

seen in the water maze as well as in biochemical in-

vestigation, e.g., inhibition of acetylcholinesterase ac-

tivity, increase in the expression of ACh receptor A7

that contributed to restoring the impaired brain func-

tions. The same authors [16] demonstrated that troxe-

rutin attenuates cognitive impairment in the water

maze and oxidative stress induced by brain insulin re-

sistance in mice fed a high-cholesterol diet by influ-

encing multiple intracellular mechanisms.

The results of our study indicate that the various ef-

fects of rutin administration depend on the dose.

Some effects may be weaker after administration of

the greater dose (e.g., spatial memory in the water

maze or noradrenaline and dopamine content in the

hypothalamus) and could be described as an example

of hormesis because of a non-linear, biphasic activity

of rutin [2].

In conclusion, our study revealed that long-term ru-

tin pre-treatment may cause behavioral and neuro-

chemical changes in aged WAG male rats. It cannot

be excluded that rutin may exert this effect at least to

some extent by affecting brain dopaminergic and

adrenergic systems, but further studies are needed to

elucidate its complex mechanism of action.
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