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Recently, neuroprotective and anti-inflammatory effects of an extract of Scrophularia striata
Boiss (Sc. st.) (Scrophulariaceae) were shown in rodents. In our study, we investigated the
effects of the Sc. st. extract on anxiety and depression-like behaviors in rats and tried to find
possible mechanisms responsible for these influences. The elevated plus-maze (EPM) and
forced swimming test (FST) were used. The ethanol extract of Sc. st. was perorally adminis-
tered at different doses (20, 50, 100, 160, and 220 mg/kg). We also assessed interaction be-
tween the effective doses of Sc. st. and GABA  receptors in the brain. It was found that Sc. st.
at doses of 100 and 160 mg/kg increased normalized values of the open arm time and number
of entries in the EPM and decreased the immobility time in the FST in comparison with the
control group, indicating anxiolytic and antidepression effects, respectively. Intracerebro-
ventricular administrations of a GABA | receptor agonist, muscimol (0.5, 0.75, and 1 ug/rat),
enhanced the respective Sc. st. effects, while a GABA , receptor antagonist, bicuculline (0.5,
1 and 2 ng/rat), blocked these effects. Thus, anxiolytic and antidepressive effects of the active

components of Sc. st. may be mediated by modulation of the GABAergic system.
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INTRODUCTION

Neuropsychiatric disorders, like anxiety and depres-
sion, are common causes of a reduced quality of
life and, especially, of impaired functioning in aged
subjects [1]. Recent studies showed that increased
levels and severity of anxiety and depression in humans
and animals can be associated with inflammatory
processes in the brain [2, 3].

It is well known that various neurotransmitter
systems, in particular serotonergic, GABA-ergic,
dopaminergic, and glutamatergic ones, are significantly
involved in the regulation and modulation of anxiety
and depression-like behaviors at molecular levels of the
brain structures [4-7]. Moreover, recent studies have
provided substantial evidence that pharmacoactive
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components of certain herbal medicines can effectively
modulate the state of different neurotransmitter
systems in rodents [8].

GABA is an amino acid that acts as the main inhibitory
neurotransmitter in the CNS through different receptor
sites, classified as GABA,, GABA,, and GABA_
receptors [9]. The involvement of GABA , receptors in
the regulation of anxiety and depression has been the
subject of extensive laboratory and clinical studies.
It is well known that GABA-ergic agents and drugs
demonstrate strong anxiolytic and antidepressive
effects in humans and animals. Results of a number
of clinical studies allowed researchers to believe that
GABA | receptor protein is the main molecular target
for anxiolytic drugs and antidepressants in anxiety and
depression disorders [9].

Previous experimental studies have shown
that an extract from Scrophularia striata Boiss
(Scrophulariacea, figword,; hereafter, Sc. st.) possesses
significant neuroprotective and anti-inflammatory
effects [10, 11]. A quercetin flavonoid was isolated
from Sc. st. compounds by Monsef—Esfahani and
colleagues [12]. Several studies demonstrated that
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this flavonoid exerts neuroprotective, anxiolytic, and
antidepressive effects on laboratory animals [13-15].
In our study, we tried to evaluate the effects of the
Sc. st. extract and possible mechanisms of the action
of this drug in the elevated plus-maze and forced
swimming tests (EPM and FST, respectively) in rats.

METHODS

Animals. Male Wistar rats (body mass 240-280 g)
were purchased from the Pasteur Institute of Iran. The
animals were individually housed in standard rat cages.
The colony room was maintained under a 12/12-h
light/dark cycle (light on at 07.00) at 23 + 1°C and
50 £ 5% humidity. Animals were allowed unlimited
access to food and water, except during the behavioral
tests. All experiments were performed between 12.00
and 17.00 h, and each rat was tested only once. All
stages of the study were performed using protocols
approved by the Research and Ethics Committee of
the Tabriz University of Medical Sciences and were
conducted under the recommended conditions of the
Guide for the Care and Use of Laboratory Animals of
the National Institute of Health (NIH; Publication No.
85-23, revised 1985). Eight animals were used in each
group of the experiments. All efforts were made to
minimize animal suffering or discomfort and to reduce
the number of animals used.

Plant Collection, Preparation of the Extract, and
Its Administration. The aerial parts of Sc. st. were
collected in January, 2011 in a Northwestern part
of Iran (in the Ilam region) and dried at 30 + 1°C.
A sample was authenticated by M. Kosari-Nasab,
and there was a voucher specimen of this plant at the
Herbarium of the Tehran University (No. 36501). A
total extract from Sc. st. was obtained as previously
described [10]. The extract was dissolved in water and
used at appropriate concentrations. Different groups of
rats received peroral administrations of various doses
of the Sc. st. extract (20, 50, 100, 160, or 220 mg/kg)
or vehicle (equal volumes) consecutively for 12 days.
The test sessions were performed 60 min after the last
treatment.

Intracerebroventricular (i.c.v.) Injections of the
Drugs Influencing GABA-ergic Effects. Muscimol
and bicuculline (Sigma, USA) were used for i.c.v.
injections in the experiments. Muscimol was dissolved
in sterile 0.9% saline, while bicuculline was dissolved
in a minimal volume of diluted acetic acid and then
diluted to the required volume with vehicle. Control
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animals received saline or vehicle. Drug solutions
were freshly prepared before administration.

Animals were allowed to adapt to the laboratory
conditions for at least one week before surgery.
They were i.p. anesthetized with 50 mg/kg ketamine
hydrochloride + 4 mg/kg xylazine (Alfasan, Woerden,
Holland) and placed in a stercotaxic instrument.
Stainless steel guide cannulas (21-gauge) were
stereotaxically implanted according to the following
coordinates: AP —0.82 mm, ML +1.5 mm, and DV
+2.0 mm related to the bregma [16]. The cannula was
fixed to the skull with acrylic cement. The animals
were then allowed 7 days before the test to recover
from surgery and were handled about 4 min each day
prior to behavioral testing (to minimize a nonspecific
stress). The drugs mentioned above were injected
with a Hamilton syringe through an internal cannula
(27-gauge) terminating 1 mm below the tip of the
guide into the right lateral cerebral ventricle over
a 60-sec-long period. The inner cannula was left in
place for additional 60 sec to allow diffusion of the
solution and to reduce the possibility of a reflux. The
injections were made 5 min before testing [17]

Different groups of rats received i.c.v.
microinjections of the GABA, receptor agonist
muscimol (0.5, 0.75, and 1.0 pg/rat). The other groups
were injected with the GABA, receptor antagonist
bicuculline (0.5, 1.0, and 2.0 pg/rat). These rats were
compared with the vehicle control groups. The test
session was performed 5 min after i.c.v. injections.

Elevated Plus-Maze (EPM) Test. The EPM was
a plus-shaped apparatus constructed from wood and
elevatedtoa 50 cmheightabovethe floor. The apparatus
with an open roof had a central platform (10 x 10 cm),
two open arms (50 x 10 cm), and two equalized closed
arms (50 X 10 x 50 cm) opposite to each other. Testing
was performed in the center of a quiet and dimly lit
room. The behavior data were collected by a “blind”
observer using a mirror suspended above the EPM.
Five minutes after the respective i.c.v. drug treatment,
rats were placed individually at the center of the EPM,
facing one of the open arms. The observer measured
(i) time spent in the open arms, OAT, (ii) time spent
in the closed arms, CAT, (iii) number of entries into
the open arms, OAE, and (iv) number of entries into
the closed arms, CAE, during 5-min-long test periods.
An entry was defined as all four paws of the animal
inside the arm. The EPM was cleaned with distilled
water after each testing. The open-arm activity was
quantified as an OAT value relative to the total time
spent in any arm, and the OAE was normalized with
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respect to the total number of entries into any arm; the
data obtained were expressed as percentage. Total arm
entries (OAE + CAE) were used as an index of the
intensity of locomotor activity (LMA) [17, 18].

Forced Swimming Test (FST). Rats were
individually placed into a transparent glass cylinder
(height 80 cm, diameter 30 c¢cm) filled for 40 cm with
water maintained at 23 £ 1°C. The water was changed
after each test. For the first exposure, rats were placed
in the water for 15 min (pre-test session). Twenty-four
hours later, animals were placed in the water cylinder
again for a 5 min session (test session), and total
duration of immobility within this time was measured.
Each rat was judged to be immobile when it ceased
struggling and remained floating motionless in the
water and making only movements necessary to keep
its head above the water. A decrease in the duration
of immobility has been qualified as an index of the
antidepressant-like effect [19].

Verification of the Cannula Position. At the end
of the behavioral tests, each rat was euthanized by a
chloroform overdose, and then 1 pl of a 1% methylene
blue solution was injected i.c.v. as a marker of the
injection site. Brains were removed after decapitation
and fixed in a 10% formalin solution for at least 10
days. The brains were sliced, and the sites of injection
were verified according to the atlas [16]. Data from
animals with the injection sites located outside the
ventricular region were not used in the analysis.

Statistics. All analyses were performed using IBM
SPSS Statistics, version 20. Since the numerical data
displayed the normal distribution and homogeneity
of the variance, one-way ANOVA was used for
comparison between the effects of different doses of
drugs and those of vehicle. Two-way ANOVA was
used for evaluation of interactions between drugs.
Following a significant F value, post hoc analysis
(Tukey’s-test) was performed for assessing specific
group comparisons. Differences with P < 0.05 between
experimental groups at each point were considered
statistically significant.

RESULTS

Effects of the Sc. st. Extract on Anxiety-Related
Behavior in the EPM Test. Figure 1 shows the effects
of oral administration of different doses of the Sc. st.
extract or vehicle consecutively for 12 days. One-way
ANOVA and post hoc analysis revealed that the effects
of Sc. st. were significant at the doses of 100 and
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F i g. 1. Effects of peroral administration of different doses of an
extract from Scrophularia striata or vehicle consecutively for 12
days on rat behavior in the elevated plus-maze test. Doses of the
extract (20, 50, 100, 160, and 220 mg/kg) are shown below. Bars
represent normalized means + s.e.m. (n = 8) of open-arm time, %
(A), open-arm entries, % (B), and indices of locomotor activity
(C). #*P<0.01 and ***P < 0.001, compared to the control (Contr.)

group.
P u c. 1. BBy iepopajibHOTO BBEACHHS ekcTpakTy Scrophularia

striata B pi3HHX 103ax abo po3uMHHHUKA (mpoTsiroM 12 aHIB) Ha
MOBEIHKY IIypiB Y IiJHATOMY JIAa0ipHHTI.

160 mg/kg. Administrations of Sc. st. increased the
OAT (F; ,,, =4.17, P <0.005) and OAE (F; ,, =5.89,
P < 0.001) but did not significantly change LMA
(F =0.65, P> 0.05). These data indicate that clear

(5,42)
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anxiolytic effects are induced following administration
of the Sc. st. extract in the medium doses used. Smaller
doses of the extract provided only insignificant effects.
The highest dose (220 mg/kg) exerted weaker effects
on the OAT and OAE; a trend toward some suppression
of LMA was observed in this group.

Effects of i.c.v. Injections of the GABA, Receptor
Agonist and Antagonist on Anxiety Behavior in the
EPM Test. Left segments of the panels in Fig. 2 illus-
trate the effects of i.c.v. injections of different doses
of muscimol. A one-way ANOVA and post hoc analy-
sis revealed that the effect of muscimol was signifi-
cant at the dose of 1 pg/rat. Muscimol increased the
OAT (F, ,;,=5.69, P <0.005) and OAE (F ; , =3.31,
P < 0.04), but induced no significant change in LMA
(F(s, 2 = 0.31, P> 0.05). These data indicate that clear
anxiolytic effects were induced following i.c.v. admin-
istrations of the GABA , receptor agonist; the doses
of 1.0 ug and, to a lesser, 0.75 pug were found to be
effective.

However, rats i.c.v. infused with bicuculline (right
segments of the panels in Fig. 2) showed significant
decreases in the OAT (F, . = 6.93, P < 0.002) and
OAE (F 5 ,,, = 6.91, P < 0.002) at the dose of 2 pg/rat.
The LMA changed insignificantly (Fs 2 = 0.53,
P > 0.05). Thus, certain anxiogenic responses were
observed following injections of the GABA , receptor
antagonist in all doses used, but such effects were
especially obvious at the 2.0 ug dose.

Effects of the Sc. st. Extract alone or in Combi-
nation with i.c.v. Injections of Muscimol or
Bicuculline on Anxiety Behavior. Figure 3 illustrates
the effects of oral administration of effective doses
of the Sc. st. extract or of vehicle consecutively for
12 days alone or in combination with i.c.v. injections
of muscimol (1 pg/rat) or bicuculline (1 pg/rat)
on anxiety-related behavior in the EPM test. In the
GABA, agonist-treated groups, one-way ANOVA
revealed that muscimol significantly increased the
OAT and OAE at the Sc. st. extract dose of 160 mg/kg,
indicating lower levels of anxiety-related behavior in
the Sc. st.+muscimol group in comparison with the
water+muscimol (OAT: F(2,21) = 7.49, P < 0.005, and
OAE: F, ,,, = 4.25, P < 0.03) or watertsaline (OAT:
Fa g = 21.43, P < 0.001, and OAE: F, , = 12.08,
P <0.001) control groups. Bicuculline i.c.v. injections
noticeably decreased the OAT and, to a somewhat
lesser extent, OAE, as compared with the control
indices. In addition, in the GABA , antagonist-treated
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Fi g. 2. Effects of intracerebroventricular injections of the GABA
receptor agonist or antagonist on rat behavior in the elevated plus-
maze test. Control rats were treated with saline (1 pl/rat, Contr.),
different doses of muscimol (0.5, 0.75, and 1.0 pg/rat), or bicuculline
(0.5, 1.0, and 2.0 pg/rat) 5 min before the EPM test. A-C) Open-arm
time, % (A), open-arm entries, % (B), and locomotor activity (C).
*P < 0.05, **P < 0.01, and ***P < 0.001, compared to the control
group. Other designations are similar to those in Fig. 1.

P u c. 2. BrmuBu BHYTpIIIHBONITYHOUYKOBHX yBEAEHb aroHiCTa Ta

aHTgFOHi(;Ta I'AMK ,-perienTopis Ha MOBEIIHKY IIypiB y HiAHATOMY
naGipuHTI.
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groups, one-way ANOVA revealed that bicuculline did
not alter the OAT (F, , = 1.47, P> 0.05) and OAE
(F, ,, = 1.43, P > 0.05) at all doses of Sc. st. in
comparison with the water+muscimol control group.
At the same time, bicuculline significantly decreased
the former index, OAT (F, ,, = 5.96, P < 0.004) and,
somewhat but insignificantly, OAE (F(3, 2% = 1.71,
P >0.05) at all doses of Sc. st. in comparison with the
water+saline control group. No significant changes
were observed in the LMA in all groups. Thus,
bicuculline nearly completely eliminated anxiety-
suppressing effects of the Sc. st. extract in the EPM
test.

Two-way analyses revealed that there were no
significant interactions between most effective doses
of Sc. st. (Factor A) and muscimol (Factor B) on the
OAT [Factor A: F(z, 0 = 15.17, P < 0.001; Factor
B: F ,, = 42.62, P < 0.001, and Factor (A X B):
Fio s = 0.4, P>0.05], OAE [Factor A: F, = 11.99,
P < 0.001, Factor B: F(1,42) = 11.24, P < 0.003, and
Factor (A X B): F(z’ ) = 1.27, P > 0.05], and LMA
[Factor A: F(z, o = 1.39, P > 0.05, Factor B: F(1,42) =
= 1.6, P > 0.05, and Factor (A x B): F 0.45,
P> 0.05].

However, two-way analyses revealed that significant
interactions were observed between most effective
doses of Sc. st. (Factor A) and bicuculline (Factor B)
on the OAT [Factor A: F, . =7.92, P <0.002, Factor
B: F(l’ o = 90.63, P < 0.001, and Factor (A x B):

a2 = 4.48, P < 0.02] and OAE [Factor A: F(z‘ o =
= 6.58, P < 0.004, Factor B: F(l’ 2 = 38.44,
P<0.001,and Factor (AxB):F , ,, =4.45,P<0.02]. No
significant interaction was found with respect to LMA
[Factor A: F(z‘42 =0.35,P>0.05, Factor B: F(l‘42 =0.14,
P> 0.05, and Factor (A x B): Fio s =037, P>0.05].

Effects of the Sc. st. Extract on Depression
Behavior in the FST. Figure 4A shows the effects
of oral administration of different doses of the Sc. st.
extract or vehicle consecutively for 12 days. One-way
ANOVA and post hoc analysis revealed that the effects
of Sc. st. were significant at the doses of 100 and
160 mg/kg. This extract decreased the total duration
of immobility segments (F; ,, =5.73, P <0.001). The
results indicate that some antidepressant-like effects
are observed following administration of the Sc. st.
extract.

Effects of i.c.v. Injections of the GABA, Receptor
Agonist and Antagonist on Depression Behavior.
Figure 4B (left part of the panel) illustrates the effects
of i.c.v. injections of different doses of muscimol.
One-way ANOVA and post hoc analysis revealed that

(2, 42) =
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F i g. 3. Effects of an extract from Scrophularia striata (Sc. st.)
alone or in combination with intracerebroventricular (i.c.v.)
injections of muscimol or bicuculline on anxiety behavior of rats
in the elevated plus-maze test. Animals were treated with oral
administration of the effective doses of the Sc. st. extract or vehicle
consecutively for 12 days; then, the rats received i.c.v. injections of
saline (1 pl/rat), muscimol (1 pg/rat), or bicuculline (1 pg/rat) 60
min after the last treatment with the extract and 5 min before testing.
Each bar represents mean + s.e.m. (n = 8) of open-arm time, %
(A), open-arm entries, % (B), or locomotor activity (C). Significant
differences: *P < 0.05, **P < 0.01, and ***P < 0.001, compared to
the control (Contr.) group; *P < 0.05 and **P < 0.01, compared to
the water+muscimol control group.

P u c. 3. Bumsu excrpakry Scrophularia striata, BBenenoro
i30150BaHO 200 B KOMOIHAmiAX 13 BHYTPINIHHOILTYHOYKOBHMH
1H’ €KIISIMI MyCcLIUMOITY a00 OiKyKyIiHY, Ha TOKa3HUKH TPHBOXKHOCT1
IIypiB TIPY TECTYyBaHHI B MiHATOMY Ja0ipUHTI.
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the effect of muscimol was significant at the dose
of 1 pg/rat. Muscimol decreased the total duration
of immobility (Fs 5 = 592, P < 0.004) in the
FST. The data show that i.c.v. administration of the
GABA ,receptor agonist in sufficient doses exerts an
antidepressive effect in the FST.

However, rats i.c.v. infused with different doses of
bicuculline significantly increased the total duration
of immobility periods (F(& 2% = 6.04, P < 0.004) at
the dose of 2 pg/rat. These observations show that
depression manifestations intensified in the FST
following injection of the GABA , receptor antagonist
(Fig. 4B, right part of the panel).

Figure 4C illustrates the effects of oral
administration of effective doses of the Sc. st. extract
or of vehicle consecutively for 12 days alone or in
combination with i.c.v. injections of muscimol
(1 pg/rat) or bicuculline (1 pg/rat) on the depression-
related parameter in the FST. In the GABA, agonist-
treated groups, one-way ANOVA revealed that
muscimol significantly decreased the total duration of
immobility at the Sc. st. dose of 100 mg/kg. Lower
levels of depression in the Sc. st.+muscimol group in
comparison with the water+muscimol (F, , = 3.68,
P < 0.04) or watertsaline (F<3, 2 = 12.48, P < 0.001)
control groups were observed. In addition, in the
GABA, antagonist-treated groups, one-way ANOVA
revealed that bicuculline did not alter the total duration
of immobility (F, ,,=0.75, P> 0.05) at all doses of
Sc. st. in comparison with the water+muscimol control
group but significantly increased the total duration of
immobility (F ; , =8.30, P < 0.001) at all doses of the
extract in comparison with the water+saline control
group. Again, no significant change was observed in
the LMA index.

Two-way analyses revealed that there were no
significant interactions between most effective doses
of Sc. st. (Factor A) and muscimol (Factor B) on the
total duration of immobility [Factor A: Fo s =91,
P < 0.002, Factor B: F(1,42 =15.43, P < 0.001, and
Factor (Ax B): F, ,, = 1.05, P>0.05]. These analyses
also revealed that there were no significant interactions
between most effective doses of Sc. st. (Factor A) and
bicuculline (Factor B) on this parameter [Factor A:
F(z’ 2 = 5.65, P < 0.008, Factor B: F o = 114.21,
P < 0.001 and Factor (A x B): F =0.17, P> 0.05]

(1,
B (2, 42) .
in the FST test.
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F i g. 4. Effects of an extract from Scrophularia striata (Sc. st.)
alone or in combination with intracerebroventricular (i.c.v.)
injections of muscimol or bicuculline on depression behavior in
the forced swimming test. A) Oral administration of different doses
of the S. s. extract or vehicle consecutively for 12 days, B) i.c.v.
injections of the GABA , receptor agonist or antagonist, and C) oral
administration of the Sc. st. extract alone or in combination with
i.c.v. injections of muscimol or bicuculline. Results of statistical
analysis and post-hoc comparisons are described in Results. Each
bar represents mean + s.e.m. (n = 8) of total duration of immobility.
Significant differences: *P < 0.05, **P < 0.01, and ***P < 0.001,
compared to the control (Contr.) or saline group; P < 0.05,
compared to the water+muscimol control group.

P u c. 4. BuuBu exctpakty Scrophularia striata, BBEISCHOTO
i30150BaHO 200 B KOMOIHAmiAX 13 BHYTPINTHHOILTYHOYKOBHMH
iH’eKmissME ~ MycuuMmody abo  OiKyKymiHy, Ha [OKa3HUKH
JIETIPECUBHOCTI LIYPIB y TECTaX BUMYIICHOTO [JIaBaHHSI.
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DISCUSSION

To our knowledge, this is the first report on
pharmacological effects of Sc. st. on neuropsychiatric
indices in experimental animals. Our results
demonstrated that administration of the Sc. s¢. extract
decreases the levels of anxiety and depression-like
behaviors in rats. As was mentioned above, a recently
published study conducted by Monsef-Esfahani et al.
[12] showed the presence of a quercetin flavonoid
among effective compounds of this plant. On the
other hand, some authors reported that quercetin can
decrease the anxiety and depression levels [13, 14] and
also demonstrated a relationship between the quercetin
effects and the activity of neurotransmitter systems in
the CNS [19-21]. Thus, mental-related behaviors can
be altered through indirect mechanisms. To explore
this issue further, we investigated the interaction
between the effects of Sc. sz. and the GABA-ergic
cerebral system. In this regard, i.c.v. microinjections
of muscimol decreased the levels of anxiety and
depression, whereas administration of bicuculline in
this brain site increased the levels of the respective
disorders. The exact role of GABA-ergic networks
in various areas of brain in the regulation of anxiety
and depression has not been clearly recognized. Our
data agree with the results of previous studies, which
demonstrated that the GABA-ergic system plays an
important role in the regulation and control of anxiety
and depression, and that GABA-ergic agents or drugs
exert powerful anxiolytic and antidepressive effects in
humans and animals [9]. Moreover, another part of our
study showed that co-administration of bicuculline
with the Sc. st. extract decreased anxiolytic and
antidepressant-like effects, while co-administration
of muscimol with this extract increased the respective
effects relative to the control group. These findings
demonstrate that the GABA, agonist can enhance
anxiolytic and antidepressive influences of active
components of Sc. sz, while the GABA, antagonist
considerably blocks these effects.

Furthermore, it is well known that stress activates
the hypothalamic-pituitary-adrenal (HPA) axis mostly
via stimulation of corticotrophin-releasing factor
(CRF) release from the hypothalamus. In the next
step, CRF stimulates secretion of adrenocorticotropin
(ACTH) from the anterior pituitary and also that of
the stress hormones, such as cortisol in humans and
corticosterone in rodents [13]. As a consequence,
it should be emphasized that the CRF system is
responsible for the regulation of anxiety and depression-
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related behaviors. In line with this, a recent report
demonstrated that quercetin attenuates stress-induced
behavioral effects. It also decreases CRF expression
in the brain [13]. On the one hand, numerous recent
studies described anti-inflammatory effects of the
Sc. st. extract in rodents, and the presence of quercetin
flavonoid in this plant was identified [10, 12]. On the
other hand, several studies demonstrated antioxidant,
anti-inflammatory, neuroprotective, anxiolytic, and
antidepressive effects of quercetin in experimental
models [13, 14]. Collectively, it is conceivable in the
light of presented evidence that the effects of Sc. st.
could be mostly related to the presence of quercetin
among the constituents of this plant.

Therefore, our experiments showed that the extract
of Sc. st. effectively decreases the levels of anxiety
and depression in rats. Although the mechanisms
providing suppression of these disorders under the
conditions tested are likely complex, the above
evidences suggest that the GABA-ergic system may
mediate, to a conciderable extent, the effects of the Sc.
st. extract. More studies are needed to investigate more
fully these pharmacological effects and the respective
involvement of different neurotransmitter systems.
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VYACTb TAMK-EPI'TYHOI CUCTEMU B
AHKCIOJITUYHUX TA AHTUJAEINPECUBHUX EOEKTAX
EKCTPAKTY SCROPHULARIA STRIATA Y LIIYPIB

! Nocniguuii neHTp HelipoHayk TaOpU3BKOTO MEIUYHOTO
yHiBepcurety (Ipan).

2 Docniguuii uentp Xaiisu Tabpusskoro yHiBepcurery (Ipan).
3 Tabpusbkuii MeanuHuii yHiBepcuret (Ipan).

PeszwowMme

HeurojaBHO B €KCIIEPUMEHTAX Ha TpU3yHAX OyJin MpPOJEMOH-
CTpOBaHI HEHPONMPOTEKTHBHI Ta MPOTU3amaibHI €(EeKTH eKC-
TPaKTy paHHUKA cMyracTtoro, Scrophularia striata Boiss (Sc.
st., Scrophulariaceae). Mu mocriaKyBanu BIUIMBH €KCTPAKTY
Sc. st. Ha aCMEKTHU MOBEAIHKH IIYpPiB, OB’ SI3aHi 3 TPUBOXKHICTIO
Ta JACHPECHBHICTIO, 1 HaMarajucs 3°siCyBaTH MEXaHI3MH, Bin-
MOBiaJbHI 3a peani3anilo NUX BIUIMBIB. TecTyBadu MOBEAIHKY
B migHsATomy nabipunaTi (I1JI) 1 B TecTi BUMyIIEHOTO TIaBaHHS
(TBII). 20, 50, 100, 160 a60 220 Mr/Kr cyX0i pe4OBUHH CIIUPTO-
BOTO €KCTPAKTY Sc. Sf. YBOAMIHMCS MEPOPAIBHO y BUIVISAAL BOA-
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HOTO PO34MHY. MU TAaKOX JOCIIIKYBaJIU B3a€EMOJIII0 EKCTPAKTY
Sc. st. B edpexTuBnux n03ax i FAMK  -penentopis y ronosuomy
Mo3ky. ExkcrpakT y no3ax 100 ta 160 mr/kr 3abe3nedyBaB Bipo-
rifHe 301TpUICHHS HOPMOBAaHHMX 3HAYEHb yacy nepeOyBaHHA y
Bigkputii rinni [1J] i yucna BXoniB 1o Hel 1 3MEHIIYBaB TPHUBa-
nicTe nmepiony Hepyxomocti B TBII mopiBHSHO 3 BIiANOBIAHUMHU
3HAYCHHSMHM B KOHTPOJIBHIN I'pymi; Le CBiAYMIO, BiIMOBigHO,
PO AaHKCIONITHYHHI Ta aHTUIENPECUBHUN epeKkTu. BHyTpim-
HBOILTYHOYKOBI BBeleHHA aronicta TAMK ,-penentopiB myc-
uumony (0.5, 0.75 1 1 MKr Ha TBapHHY) MOCHJIIOBAIN BiAMOBi-
ni epexrn Sc. st. Anrtaronict xe TAMK ,-penenTopis GikyKkysin
(0.5, 11 2 Mkr Ha mypa) 6imokyBaB ui epexkru. TakKuM YHHOM,
AHKCIONITHYHI Ta aHTHUACHPECHBHI €(PEKTH aKTUBHUX KOMIIO-
HEHTIB Sc. st. MOKYTb OIOCEPEAKOBYBATHCS MOAYJALIEI0 CTaHy
I'’AMK-epriunoi cucremu.
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