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ABSTRACT. S-Adrenergic receptorsstAR) are potential targets for antidepressants. Desensitization and
downregulation off-AR are discussed as possible modes of action for antidepressants. We have investigated
the effects of hyperforin and hyperoside, compounds with potentially antidepressant activity from St.
John’s Wort, on the binding behavior and dynamicgsAR in living rat C6 glioblastoma cells, compared

to desipramine (desmethylimipramine; DMI) by means of fluorescence correlation spectroscopy (FCS)
and fluorescence microscopy. FCS-binding studies with the fluorescently labeled ligand Alexa532-
noradrenaline (Alexa532-NA) binding £-AR of C6 cells showed a significant reduction in tgfalAR

binding after preincubation with hyperforin and hyperoside for 3 days, respectively, which was also found
for DMI. This was mainly observed in high-affinity receptdigand complexes with hindered lateral
mobility (D, = 1.1 (£0.4) um?s) in the biomembrane. However, internalizationfefAR was found
neither inz-scans of these C6 cells nor in HEK 293 cells stably transfected with GFP-tBggeldenergic
receptors .AR-GFP) after incubation up to 6 days with either DMI, hyperforin, or hyperoside. Thus,
under these conditions reduction gH-AR binding was not mediated by receptor internalization.
Additionally, preincubation of C6 cells with DMI, hyperforin, and hyperoside led to a loss of second
messenger CAMP aftgh-adrenergic stimulating conditions with terbutaline. Our current results indicate
that hyperforin and hyperoside from St. John’s Wort, as well as DMI, re@peglrenergic sensitivity in

C6 cells, emphazising the potential usefulness of St. John’s Wort dry extracts in clinical treatment of
depressive symptoms.

Depressive disorders are some of the most common mental5, 6). Hyperforin is seen as one of the most important single
diseases, affecting approximately 20% of the populatidn (  active compounds responsible for the pharmacological activ-
Therapy is centered on the use of tricyclic antidepressantsity of St. John’s Wort dry extracts. Among others it inhibits
(TCA), selective serotonin-reuptake inhibitors (SSRI), and the synaptic reuptake of 5-HT and NA,(8). Flavonoids
serotonin-noradrenaline-reuptake inhibitors (SNRI) together are also of therapeutic relevance. Hyperoside and its main
with preparations from St. John’s Wolypericum perfo- metabolite miquelianine, e.g., showed antidepressant effects
ratum L) for the treatment of mild to moderate cas@s-(  in the Porsolt forced-swimming test (FST) in ratg).(

4). The pharmacological mode of action of both synthetic Hyperoside and other glycosylated quercetin-flavonoids
antidepressants and St. John's Wort preparations relies onnfluenced the hypothalamic-pituitary-adrenal-axis (HPA-
noradrenaline (NA) and serotonin (5-HT) neurotransmitter axis) in animals 10).

metabolism. Most antidepressants interfere with synaptic
communication by elevating neurotransmitter concentrations
in the synaptic cleft following inhibition of reuptake. This
results in a delayed adaptive alteration in neurotransmitter
receptor density in certain brain are&3. (For S-adrenergic
receptors £-AR*Y) down-regulation is observed which can
be correlated temporally with clinical antidepressant effects

Using desipramine (desmethylimipramine; DMI) as a
control, we investigated the influence of hyperforin and
hyperoside from St. John's Wort ofi-AR of rat C6
glioblastoma cells, without any previous activation from
presynaptic neurons. This model has already been success-
fully applied to studies on signal transduction and down-
regulation of total5-AR. Therein, DMI influenced the
interaction of G-proteins with effector proteins like adenylyl
* Corresponding author. Prof. Dr. Hanns lbtalein, Institute of cyclase (AC) 11), leading to a densensitization AR (12).
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Steigerwald Arzneimittelwerk GmbH. to those reported previously f@h-AR on A549 cells and

1 Abbreviations: 32-AR, 32-adrenergic receptor; FCS, fluorescence hi | der | imulati diti
correlation spectroscopy; Alexa532-NA, Alexa Fluor 532-arterenol; hiPPocampal neurons under low stimulating conditidt) (

DMI, desipramine. A correlation between lateral receptor mobility and receptor
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state has also been demonstrated for the GABZeptor WI, a GLK 3250 TO1 continuous-wave diode-pumped solid-
(16). The effect of hyperforin, hyperoside, and DMI on the state laser (Lasos), and a iXon DV 860 Bl camera (Andor
lateral mobility of 5-AR after binding of a fluorescently = Technologies) used in combination with a 4-fold magnifier.
labeled noradrenaline derivative (Alexa532-NA) was inves- Laser power was 2 mW. For excitation a 532 nm line with
tigated in C6 cells using fluorescence correlation spectros- an intensity of 1.87 kW/cfhwas used. Exposure time was
copy (FCS). FCS is a powerful method allowing measure- 10 ms with a kinetic cycling time of 10.22 ms. Alexa532-
ments of particle dynamics on subcellular compartments NA concentration was 1 nM.

within living cells under real time conditiond 7, 18). FCS Fluorescence Microscopyluorescence microscopy was
is therefore well suited for the observation of receptaand performed with a fluorescent microscope Axiovert 100M,
interactions, using receptor fusion proteins or fluorescently oil immersion objective Plan Neofluar 180 NA 1.3;
labeled ligandsX9). Due to its noninvasive qualities, FCS camera, Axiocam HRm; lamp, HBO 50; software, Axiovision
allows insights into the physiological regulatory mechanisms 3.1 (Zeiss).

for membrane receptors at the single molecular 1e26] ( Pictures shown are representative of 3 independently
21). performed experiments.

Furthermore, effects of DMI, hyperforin, and hyperoside ~ Data AnalysisData from FCS calibration measurements
on the distribution of3.-AR-GFP fusion proteins in stably ~ With free dye in solution and from fluorescently labeled

transfected HEK 293 cells have been investigated. ligand in solution, respectively, were calculated with the
three-dimensional autocorrelation function (eq 1) according
EXPERIMENTAL PROCEDURES to a three-dimensional Gaussian volume:
Materials. Desipramine-HCI| was purchased from ICN n
Biomedicals. Hyperforin was obtained from HWI-Analytics. szNj

Hyperoside was obtained from Roth Chemicals. All reagents = 1 1

for cell culture were from Gibco BRL. Isoprenaline-sulfate G)=1+ N 14+ )

and terbutaline-hemisulfate were purchased from Sigma. All [ QN2 Ut '\ 1+ (Wy/Z) T/TDJ-
other reagents were obtained from Merck or Sigma and of J; "

the highest purity available. ()

Fluorescence Correlation SpectroscogyCS measure-
ments were performed with a ConfoCor instrument (Zeiss) and
equipped with an argon laser LGK 7812 ML 2 (Lasos) and .
a water immersion objective C-Apochromat,>63NA 1.2 Q = a9, (2)
(Zeiss). Size of the illuminated volume element was 0.19
fL. For excitation the 514 nm line was used. Power density
in the focal plane, measured before the objective, pyasm
= 14.2-109 kW/cn?. The emitted fluorescence was sepa-
rated from the excitation light with a dichroic filter and a Lo : Y
bandpass filter; wavelength splitting at 514 nm: FT 540, SPeciés in the volume elementrp, is the mean diffusion
EF 530-600 (Zeiss). The fluorescence intensity fluctuations time constant of the §pe0|¢shrough the volume. element,
were detected by an avalanche single photon counting® IS the guantum yield factow; is the absorption cross
module SPCM-AQ series (E & G Optoelectonics). The section,»; is the quo_rescenqe quantum yleldz'agds the
signal was correlated online to data acquisition with a digital quoresc_enc«_a detect|_0_n efficiency of _the SPEGIES
hardware correlator ALV-5000 (ALV). Prior to experiments, 1€ diffusion coefficienD; and the diffusion time constant
the volume element of observation was calibrated. For this 70 In the focus correlate as shown in eq 3:
purpose, autocorrelation functions for the dye diffusion of )
10 nM tetramethylrhodamine (TMR) (Invitrogen) in binding _ @Yo 3
buffer were recorded. The radip = 0.19 um andz, = TD] o 4DJ. (3)
1.08 um were calculated (according to eqs 1 and 3) from
the determined diffusion time constant for TMR and a A simplified autocorrelation functiorG(z) (eq 4), which
diffusion coefficient of ZSthZ/S (22) Laser cell scans were accounts for a two-dimensional diffusion of recep{t}mand
performed by moving the focus in thedirection through  complexes in the cell membrane and the same count rate
the cell to characterize the initial autofluorescence and the per molecule for all fluorescent Componemté_e_, all Q
fluorescence intensity after Ilgand incubation in C6 cells. are the Same)’ was used for data ana|ysis of the ||gand
Cells which showed a typical 2-peak profile, with the cytosol pinding studies:
representing an area of low fluorescence, were chosen for

wherewy is the radius of the observation volume in the focal
plane, z, is the radius of the observation volume in the
z-direction,D; is the translational diffusion coefficient of the

speciesj, N, is the average number of molecules of the

FCS measurements if the magnitude of fluorescence did not 1 n Y;

exceed certain boundaries. For the ligand binding studies, G(r)=1+— Z— (4)
taking the position of the half-maximal autofluorescence of N&=1+ T/TDJ,

the upper membrane, the focus took in fast diffusing free

ligand and slow diffusing receptetigand complexes. wherey; is the fraction of the speciggo the autocorrelation

Single Particle TrackingTrajectories of single receptor amplitudeN is the total number of molecules in the detection
ligand complexes were measured with a TE2000 mikroscopevolume element, andp, is the diffusion time constant of
(Nikon) equipped with a CFl objective Plan Apo VC 60x the species j.
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For parametrization and fitting of the autocorrelation
function G(z), a nonlinear least-squares minimization was
performed according to the Marquardt algorithB3)(

Alexa532-NA. Synthesis, analytics, and specificity of
fluorescently labeled noradrenaline (Alexa532-NA) atghe
AR were reported by our group previousl{s.

C6 Cells.Rat C6 glioblastoma cells (DSMZ, No. ACC
550) were cultivated in DMEM-F12 mediurt glutamine
2 mM + penicillin/streptomycin 100 U/ml+ 5% fetal calf
serum in 10 cm cell culture dishes (Falcon) at &7 and
5% CQG and saturated humidity. Cells were used for
experiments between passages 10 and 30.

Stable Transfection of HEK293 Cellduman embryonic
kidney cells (HEK293) (DSMZ, No. ACC 305) were stably
transfected with DNA encoding th&-AR as a GFP fusion
protein (3,AR-GFP) @4). The 3,AR-GFP plasmid (2uQ)
was mixed with ExGene-reagent (Fermentas) (Gl9
following the manufacturer’s instructions and added to the

cells in 3.5 cm cell culture dishes (Sarstedt) in a density of
~25 000 cells for 3 h. Transfected cells were selected by

adding G418-sulfate (5Q0g/mL; PAA Laboratories GmbH)

Prenner et al.
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comparing control cell levels with cells incubated with 2/ and
1 uM Alexa532-NA ( = 3) (*p < 0.05).
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for 10 min and further incubated, where indicated, with
10 uM of the S,-adrenergic agonist terbutaline-hemisulfate

72 h after transfection to the culture medium. Transfected ©" With phosphate buffer solution (10 mM PBS pH 7.4: KH

cells were identified after 2 weeks by fluorescence micros-
copy. Cells were further seeded into 96-well cell culture
dishes (Sarstedt) to establish the clonal HEK2@R-GFP
cell line. Cells were cultivated in DMEM-F12 mediur
glutamine 2 mM+ penicillin/streptomycin 100 U/mb- 5%
fetal calf serum in 10 cm cell culture dishes (Falcon).

PO, 0.26 g, NaHPO,-7H,0 2.17 g, NaCl 8.71 g, aqua bidest.
ad 1000.0 mL) in control cells for 30 min at 3T. The
intracellular concentration of cyclic adenosine monophos-
phate (cCAMP) was determined with a HitHunter cAMP
Assay-kit for adherent cells based on EFC (enzyme fragment
complementation)-chemiluminescence-detection (Discov-

Cells were used for experiments between passages 10 an§RX), following the manufacturer’s instructions. The 96-well

30.
Live Cell Experimentd-or live cell FCS, single particle

tracking, and fluorescence microscopy experiments, cells
were plated onto heat-sterilized glass coverslips for micros-

copy (#1, @ 18 mm, Menzel-Gdar) in a density of 2.5
5 x 10* cells/cn? in 12x multiwell chambers (Nunc) and
cultivated for 2 to 4 days at 37C and 5% CQ in an
incubator. Cells were then grown to #80% confluency

plates were measured using a fluorescence reader Tecan
GENios (Tecan) using chemiluminescence mode at 1 s/well.
Data processing was done with Magellan 3.0 software
(Tecan).

Statistical Data Ealuation. Statistical significance of
results was proven with one factorial analysis of variance
(ANOVA). All data points from live cell FCS experiments
represent mean valueg:) standard deviation (SD) of 5

before using in experiments. Preincubation of the cells was Measurements per cell from at least 3 different cells.

done for 3 to 6 days by addition of AM desipramine-HClI
(stock solution 1 mM in HO (aqua ad injectabilia)),
hyperforin (stock solution 1 mM in methanol), and hypero-
side (stock solution 1 mM in 50% methanol (v/v)) to the

culture medium. Control cells and any other cells were added
a maximum of 0.1% methanol as vehicle. Prior to measure-

ments cells were washed three times with Lockes’ solution
pH 7.4 (NaCl 9.00 g, KCI 0.42 g, Cagtlihydrate 0.34 g,
MgCl, hexahydrate 0.20 g, NaHG00.30 g, HEPES
1.26 g,p(+)-glucose monohydrate 3.96 g, aqua bidest. ad
1000.0 mL) at 37°C. The coverslips were mounted on a
coverslip carrier above the microscope objective with an
incubation volume of 40@L. For the ligand binding studies,
C6 cells were incubated for 15 min with 10 nM Alexa532-
NA in Lockes’ solution. All measurements were performed
at 20°C, and cells were used for at best 60 min. Data of all
experiments were analyzed with Origin 7.5 software
(OriginLab Corp.).

cAMP-AssayC6 cells were seeded in a density of 6000
cells/well in 96-well cell culture dishes (Sarstedt) and

Experiments were performed at least twice independently.
Results withp-values <0.05 were determined statistically
significant, and results witp-values<0.01 were determined
statistically highly significant.

RESULTS

f2-Adrenergic receptoe-AR) binding studies on C6 cells
were performed using FCS and a fluorescently labeled
noradrenaline (Alexa532-NA). Alexa532-NA binds selec-
tively to 8-AR (15) and mediated a dose-dependent increase
in intracellular cAMP formation. After incubation of C6 cells
with 0.54M and 1uM of Alexa532-NA, respectively, CAMP
levels increased by 27.1+(1.1)% and 55.2 £10.6)%
(n=3) (Figure 1). C6 cells incubated with 10 nM Alexa532-
NA for 15 min showed a total binding of 4.26:0.53) nM
(n=72). Under these conditions endocytotic internalization
of receptor-ligand complexes was not found in laser-aided
C6 cellz-scans, whereas stronger stimulation of cells with 1
uM terbutaline led to internalization of receptdigand
complexes (Figure 2). Analysis of the binding data revealed

pretreated, where indicated, with test substances for 3 daysa diffusion time constant ofsee = 39.9 &2.3) us and a

in 100 uL of DMEM-F12 medium+ glutamine 2 mM+
penicillin/streptomycin 100 U/mk+ 5% fetal calf serum at
37°C, 5% CQ in an incubator. The cells were serum-starved

diffusion coefficient 0Dfee = 214.0 (=11.8)um?/s for freely
diffusing Alexa532-NA, whereas the receptdigand com-
plex showed two different lateral mobilities withizy = 0.65
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Ficure 2: Cellzscans of single C6 cells: (A) unincubated control
cell; (B) cell incubated with 10 nM Alexa532-NA for 15 min; (C)
cell incubated with 10 nM Alexa532-NA for 15 min and subsequent
incubation with 1uM terbutaline for 20 minz-scans shown are
representative of at least 3 scans performed independently.

(£0.36) ms D; = 15.4 @8.5) um?/s) andpir, = 9.37
(£3.38) ms D, = 1.1 (0.4) um?/s) (Figure 3A). Trajec-
tories of single receptetligand complexes characterizing
the lateral mobility of g,-adrenergic receptors on the
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Ficure 3: Autocorrelation curves (red, fit functions) derived from
30 s FCS measurements in the biomembrane of C6 cells incubated
with 10 nM Alexa532-NA for 15 min; control cells (Agpirn =

1.15 ms (36%)pirz = 8.14 ms (20%)) and cells preincubated
for 3 days with 1/AM DMI (B, Tpift = 0.59 ms (28%),‘6Diff2 =
11.40 ms (4%)), hyperforin (Cepirn = 0.83 ms (24%)oir2 =
12.00 ms (7%)), and hyperoside (Bpirz = 0.67 ms (16%),
Toie = 11.32 ms (5%)).

trajectory and the brightness of the probe as a function of
time was plotted in Figure 4A,B. C6 cells stimulated with
terbutaline showed increased diffusion time constants for the
lateral mobility with tpirn = 1.53 £1.64) ms andrpi, =
89.37 -107.16) ms. Dissociation constantskyf; = 3.97
(£1.26) nM andKp, = 0.63 +0.66) nM for the different
mobility fractions could be derived from FCS saturation
binding experiments witBmax: = 3.88 ¢0.28) nM anByaxz
=0.98 &0.14) nM representing low and high affinity states

biomembrane of C6 cells after Alexa532-NA binding were of the receptorligand complex § = 36) (Figure 5).
measured by single particle tracking (SPT). An exemplary Treatment of cells with 1M of DMI, hyperforin, and
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Ficure 4: Trajectory (A) and fluorescence intensity (B, receptor
ligand complex M), background fluorescenc®)) of a singlef,-
adrenergic receptor after Alexa532-NA binding at C6 cells. Number
of frames= 34, trajectory duration= 347 ms,D = 0.9 um?/s

calculated by mean square displacement analysis.

Alexa532-NA bound (nM)

Ficure 5: FCS saturation binding experiment with Alexa532-NA
in the upper biomembrane of C6 cell®)(Fraction of receptoer
ligand complexes withtpira, (O) fraction of receptorligand
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in C6 cells when pretreated for 3 days withu4 of DMI,
hyperforin, and hyperoside, respectively. Control cells
revealed an increased chemiluminescence signal of 107 RLU
(relative light units) for 6.33 pmol cAMP/25 000 cells after
stimulation with 10uM of terbutaline for 30 min compared

to the basal values. Under the same conditions, pretreated
cells showed a significant decrease in chemiluminescence
of 47.4 26.3)% for DMI, 61.1 £10.8)% for hyperforin,

and 61.9 £28.8)% for hyperoside (Figure 6) compared to
control cells. For internalization studies HEK293 cells stably
expressing g3-AR-GFP fusion protein (HEK29RAR-
GFP) were treated up to 6 days with @AM of DMI,
hyperforin, and hyperoside, respectively. In contrast to
control cells stimulated with 10M isoproterenol for 30 min
(Figure 7B) exclusive treatment with DMI, hyperforin, and
hyperoside, respectively, led to no internalizatiorseAR-

GFP in these cells (Figure 7C,D,E).

DISCUSSION

Antidepressants mainly interfere with central neurotrans-
mitter signaling, e.g., inhibition of either neurotransmitter
reuptake or monoamine oxidase activity, followed by adap-
tive changes in the density of serotonin ghiédrenergic
receptor -AR) subtypes. Synthetic selective serotonin-
reuptake inhibitors (SSRI), serotonin-noradrenaline-reuptake
inhibitors (SNRI), and tricyclic antidepressants (TCA), as
well as St. John’s Wort dry extracts are used for the treatment
of depressive disorders. To further investigate the influence
of hyperforin and hyperoside, major components of St. John’s
Wort dry extracts, on membrane associated receptors, we
determined the binding behavior and lateral mobility of
ligand activatedi,-adrenergic receptorg4{AR) after sub-
chronic treatment of rat C6 glioblastoma cells, in comparison
to desipramine (DMI).

C6 cells serve as an approved model for the investigation
of regulatory processes at the single cellular level without
any presynaptic input from neurotransmittets, (25, 26).
Binding studies for thef,-AR were performed using
fluorescence correlation spectroscopy (FCS) and a fluores-
cently labeled noradrenaline derivative (Alexa532-NA) in
C6 cells expressing thg,-AR at low density on the cell
surface 27, 28). The f,-selective binding behavior of
Alexa532-NA has been described previouslg)( A dose-
dependent increase of intracellular cAMP level was found
after incubation of C6 cells with Alexa532-NA aif-AR
binding which clearly indicated the functionality of the ligand
(Figure 1). Incubation of C6 cells with 10 nM Alexa532-
NA resulted in a total binding of 4.26H40.53) nM. Two
different diffusion time constants for the recepttigand
complex were obtained with a fraction ratigi 1/tpis 2 Of

hyperoside, respectively, for 3 days decreased the Alexa532-1.9 (Figure 3A, Table 1). From the diffusion time constants

NA binding significantly, compared to control cells

Toirt 1 and Tpiir 2, diffusion coefficients oD; = 15.4 (£8.5)

(Figure 3B-D, Table 1). For treated cells similar diffusion um?#s andD, = 1.1 (#0.4) um?s were calculated. Photo-
time constants and diffusion coefficients, respectively, were bleaching of bound Alexa532-NA was investigated by

found for the two different receptefigand states (Table 1).
In untreated control cells the Alexa532-NA binding was
distributed between thayix andrpir, fractions with a ratio
of 1.9. Due to the fact that the reduction @fAR binding

in treated cells mainly correlated with a decrease incthg
fraction, toim /Toire ratios increased to 5.3 for DMI, 3.4 for
hyperforin, and 4.0 for hyperoside (Table 1). Decreg$ed

measuring trajectories of singl-AR-Alexa532-NA com-
plexes on the biomembrane of C6 cells. A typical trajectory
of 34 frames over 347 ms and a spatial extent of ap-
proximately 0.5x 1.6 um? is given in Figure 4A. The
evaluation of the brightness of each spot clearly demonstrated
the photostability of Alexa532-NA, although minor blinking
effects were found in the fluorescence intensity (Figure 4B).

AR binding resulted in reduced intracellular cAMP formation Thus, the different diffusion time constants for bound
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Table 1: Binding Parameters of Alexa532-NA and Kinetics of Recefdigand Complexes (RLC) in C6 Cefls

RLC
Alexa532-NA  fractionpiri, fractionzpirz, fraction ratio
i [MS] D [um?/s] Toifrz [MS] D, [um?/s] total binding [%] normalized  normal ized Toifr1/ Toifr2
control 0.6540.36) 15.4485) 9.37¢(3.38) 1.1¢04) 100¢ 12.4) 0.6540.12) 0.354 0.10) 1.9
DMI2a 0.61 (@ 0.05) 16.442.7) 14.31410.76) 0.740.5) 62.0&12.6)® 0.84 (¢ 0.20) 0.16 { 0.08) 5.3
hyperforit  0.87 @ 0.26) 11.544.0) 9584 3.66) 1.0&0.4) 53.1&9.3)**b 077 0.12) 0.2340.12) 3.4
hyperoside 0.80 & 0.27) 12.5¢4.2) 10.704£5.29) 09 0.5) 59.4¢8.8)**> 0.80 & 0.14) 0.20 & 0.03) 4.0

2C6 cells preincubated with M desipramine (DMI), 1uM hyperforin, 1uM hyperoside for 3 days, respectivelyp* < 0.05;p** < 0.01;
p*** < 0.001.°n = 72.

140 reduction in total Alexa532-NA binding of 38.0% mainly
1 caused by a decrease in the high-affinity receptigand
fraction with 7pis » (Table 1, Figure 3B). Whereas values
100_' for 7pi 1 and Tpirr 2 Stayed almost unchanged, the fraction

] ratio Tpir 1/7pirr 2 changed significantly from 1.9 to 5.3
80 -
.
40-
20—-
o .

. (Table 1). A decrease in totgi-AR density after DMI
ot mpeﬁof\“

120

intracellular cAMP [%)]

receptof-ligand complex withrpis 2 in the high affinity state

ae which was described before as the high conformational
Wy o° o receptor state resulting from the temporary liganeceptor

. : _ Gs-protein trimer 80). One possible explanation could be

Ficure 6: Accumulation of intracellular cAMP in C6 cells after - . . . -
stimulation with 10uM terbutaline for 30 min. Control cells and changes in the. |ntgract|0n Of_ occupied receptors with
cells preincubated for 3 days with AM DMI, hyperforin, and regulatory proteins like Gprotein after DMI treatment,
hyperoside. Differences between basal cAMP levels and terbutaline-already reported for neutrophilé,-AR after treatment of
stimulated cAMP are presented £ 3) (*p < 0.05). panic disorder (PD) patients with the structurally related

imipramine B1). Alterations in the interaction of Gorotein

treatment has also been shown in C6 cells in radioreceptor
. assay experiment7). Interestingly, HEK293 cells over-
expressingf,-AR as a GFP-fusion construct showed no
receptor internalization after DMI treatment. Our findings
lead us to the conclusion that reduction in total Alexa532-
NA binding is due to a decrease in the formation of the
oW ]

Alexab32-NA molecules were not caused by photobleaching 1 . . . )
effects. Slower diffusion time constants f85-AR ligand and 8-AR, with resulting changes in the ratio of high and

complexes in hippocampal neurons and alveolar type Il cells !s(igt(;?jng‘;;nragrqe?r?lcLrjlka)(;?i%tr?ro?tggséeﬁivsvi?és%sﬁzn 1d3emon-
825; 2:’ I:Zsrggcltivelly.?hzr:/i%Senr:sﬁuabﬁﬁezd relci%gya(?]d 32). In our exper.iments similgr results h.ave been obta@ned
these cells the fraction of hindered, i.e., slower lateral with C6_ cells prelncubate_d with hyperforin gnd_ hyperoside,
receptor mobility was clearly increased during internalization "€SPectively. A decrease in total Alexa-NA binding of 46.9%
processes. Similar results were found for the GAB#ad  [oF hyperforin and 40.6% for hyperoside was observed,
the benzodiazepine receptd6( 21). Thus, differences in characterized by a ;h|ft of the corresponplmg autocorrelatl(_)n
Tom, May result from the different cell types and their CUrveson the FCS’tlme scgle (Tablg 1, Flgqre 3C,D). Despite
different internalization behavior aftgg-AR stimulation with ~ CFP-taggedfz-AR’s showing no internalization in the
Alexa532-NA in nanomolar concentrations. Comparison of Présence of hyperforin and hyperoside in our experiments,
B2-AR down-regulation to internalization in BEAS-2B cells @ decrease ifi-AR density in rats after treatment for 2 weeks
showed that weak agonist stimulation caused down-regula-With @ hyperforin-rich St. John's Wort extract has been
tion in the absence of significant internalizatio?8). To reported, although this stqdy did not differentiate between
detect internalized recepteligand complexes, C6 cells receptor subtypes7]. DMI-like results were found for the
stimulated with 10 nM Alexa532-NA were scanned by fraction ratiozpis 1/7pi 2, which was 3.4 for hyperforin and
moving a sharply focused laser beam alongziuirection. 4.0 for hyperoside, caused by a significant decrease in the
Individual fluorescent events correlating with the appearance humber of high affinity>-AR-ligand complexes withpi

of receptor-ligand complexes in the cytoplasm were not 2. The resulting reduction ifi.-adrenergic sensitivity of C6
found in contrast to C6 cells which were stimulated with cells under the influence of DMI, hyperforin, and hyperoside,
10 nM Alexa532-NA together with M of terbutaline respectively, was demonstrated by a reduction of intracellular
(Figure 2). Under the same conditionscans with intensive ~ CAMP concentration after stimulation with terbutaline
events in the fluorescence track indicating internaliged (Figure 6). For DMI such an influence of-AR and

AR have been published for A549 cells5j. From saturation ~ downstream cAMP production in C6 cells has already been
binding experiments low and high affinity states of receptor ~ reported using radioreceptor assayp,(13, 27). For hyper-
ligand complexes were found with dissociation constants of forin and hyperoside, however, a reduced responsiveness of
Kp1 = 3.97 &1.26) nM andKp, = 0.63 £0.66) nM which the S-adrenergic stimulated AC/cCAMP signaling pathway
correlated with the mobility fractionspi 1 and pir 2, is, to our knowledge, reported here for the first time.
respectively. Preincubation of C6 cells with DMI led to a Antidepressant effects of hyperforin and hyperoside from St.
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Ficure 7: Fluorescence microscopy of HEK282R-GFP cells. (A) Unstimulated control cells; (B) control cells stimulated with:1D
isoprenaline for 20 min; (C) cells incubated withuM DMI for 6 days; (D) cells incubated with &AM hyperforin for 6 days; (E) cells

incubated with 1uM hyperoside for 6 days.

John’s Wort in in vitro and animal models have been

described previously7( 9, 10, 33). The mode of action of

synthetic antidepressants, as well as of St. John’s Wort, is
basically attributed to synaptic communication of the neu-
rotransmitters noradrenaline and serotonin. Effects of single
compounds from St. John’s Wort on the postsynaptic
regulation of3-AR have not yet been described. A more
detailed view on such effects concerning receptor subtypes
is of interest because it has been shown that the ratio of the

B1-IB2-AR distribution in cells influences AC activity dif-

ferently 34, 35). Our work presents data on the reduction
in B,-adrenergic sensitivity of C6 cells with the isolated
compounds hyperforin and hyperoside. It therefore provides
an insight into the mode of action and the therapeutic
relevance of St. John’s Wort preparations for the treatment

of mild to moderate depression and anxiety symptoms.
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