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Abbreviations
HRG80 – Hydroponically cultivated red ginseng preparation HRG80
SGP - Standard Ginseng Preparation
NMDA - Ionotropic glutamate agonist N-Methyl-D-aspartic Acid 
AMPA - Ionotropic glutamate agonistamino-3-hydroxy-5-Methyli-
soxazoleproprionic Acid
CGS 19755 - Ionotropic glutamateNMDA receptor antagonist 
cis-4-[Phosphomethyl]-piperidine-2- Carboxylic acid
NBQX - Ionotropic glutamateAMPA receptor antagonist 2,3-Di-
oxo-6-nitro-1,2,3,4-tetrahydrobenzo[f] quinoxaline-7- Sulfonamide
UBP301 - Ionotropic glutamate Kainate receptor antagonist
YM298198 - Metabotropic glutamate Group I receptor antagonist
(RS)-APICA - Metabotropic glutamate Group II receptor antagonist
MSOP - Metabotropic glutamate Group III receptor antagonist

Introduction
 Preparations of Panax ginseng CA Meyer, belonging to the Arali-
aceae plant family, have been used for thousands of years within tra-
ditional Chinese medicine [1]. Research on Panax ginseng has been 
conducted in 64 countries, mainly in Asia (South Korea and China). 
Publications are increasing exponentially. About 39% of them deal 
with preclinical and clinical pharmacology [2], including the effects 
on cognitive functions [3-14]. The main active constituents are be-
lieved to be tetracyclic triterpenoid glycosides - ginsenosides [15,16]. 
Red Ginseng preparation HRG80, obtained by hydroponic cultiva-
tion contains an 8-fold higher content of presumably more active rare  
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Abstract
Background: Root of the Korean red ginseng (Panax ginseng CA 
Meyer) is used in traditional medicinal systems to enhance cognitive 
function. In this study we compared the effects of HRG80 with a 
Standard Ginseng Preparation (SGP) on the excitability of pyramidal 
cells in the hippocampus of rats by using hippocampal long-term 
potentiation.

The aim of the study: The aim of this study was to compare the 
effects of HRG80 with SGP on the excitability of pyramidal cells in 
the hippocampus of rats, and to elucidate a possible mechanism of 
their action by using hippocampal long-term potentiation, a memory 
modelbased on modulation of glutamatergic neurotransmission.

Methods: Red Ginseng preparations were orally administered at 
daily doses of 10 mg/kg, 25 mg/kg, and 50 mg/kg to rats for 1 week 
before ex vivo analysis of the excitability of hippocampus slices was 
performed the following day. Hippocampal slices were stimulated in 

vitro with Single Stimuli (SS) or Theta Burst Stimuli (TBS) in order 
to activate the Schaffer Collaterals targeting pyramidal cells in the 
presence or absence of six various glutamatergic receptor antag-
onists.

Results: Both P.ginseng preparations induced a dose dependent 
increase in the population spike in the presence of SS as well as 
in the presence of TBS leading to Long-Term Potentiation (LTP) 
compared to the placebo (glucose 1% 1 ml/kg). Comparison of the 
efficacy of both P.ginseng preparations revealed asuperior action of 
HRG80 Ginseng, reached considerably and statistically significant-
lyhigher population spike peak amplitudes than SGPin the presence 
of both stimulation modi. Onlyglutamatergic NMDA and Kainate re-
ceptor antagonists selectively reversed the actions of HRG80 and 
SGP.

Conclusion: Ginseng HRG80 preparation from hydroponically 
cultivated roots is more active than SGP. Ginseng induced higher 
excitability of pyramidal cells by modulation of ionotropic glutamate 
NMDA and Kainate receptor mediated transmission.

Keywords: Hippocampus Slices; HRG80; Hydroponic Cultivation; 
Kainate Receptor Agonist; Long-Term Potentiation; Nmda Receptor 
Agonis; Panax Ginseng
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ginsenosides than standard white Ginseng preparation (SGP), which 
is not steam cooked and therefore has minor amounts of rare ginse-
nosides. We hypothesized that HRG80 acts with higher efficacy than 
SGP, due to higher levels of rare ginsenosides [17-19].

 The aim of this study was to compare the effects of HRG80 with 
SGP on the excitability of pyramidal cells in the hippocampus of rats, 
and to elucidate the mechanism of their action with respect to mod-
ulation of glutamatergic transmission. We used electric induction of 
hippocampal Long-Term Potentiation (LTP) in vitro, as a model of 
time and spatial dependent memory [20].

 Hippocampal slice preparation is a validated model for direct 
analysis of the interaction of substances with living neuronal tissues, 
through theta burst stimulation [21,22]. Due to the preservation of the 
three-dimensional structure of the hippocampal tissue, substance ef-
fects on the excitability of pyramidal cells can be studied in a unique 
manner. The stimulation of Schaffer Collaterals leads to release of 
glutamate, resulting in excitation of the postsynaptic pyramidal cells. 
The result of electrical stimulation was recorded as a so-called popu-
lation spike (pop-spike) (Figure 1).

 The amplitude of the resulting population spike represents the 
number of recruited pyramidal cells. The advantages of the model 
are the possibility of recording in vitro for 8 hours, and also the abil-
ity to modify the excitability of the system. Analysis of hippocam-
pal pyramidal cell activity by examining changes in amplitude of the 
population spike, in response to therapeutic interventions, is useful 
for assessment of their potential efficacy to investigate brain function 
under strictly controlled laboratory conditions.

 In the present study, we used this model under ex vivo conditions. 
Ginseng preparations, HRG80 or SGP, were administered daily for 
a week, and the hippocampus was removed the following day for 
in vitro characterization of the sensitivity of the intra-hippocampal 
pathway to electric stimulation. When the repetitive administration 
succeeded in changing the communication structure within the hip-
pocampus, either higher or lower population spike amplitudes were 
recorded. Within a second set of experiments of our study, the mecha-
nism of action of the preparation under investigation was analyzed by 
testing several modulators of neurotransmission, with respect to their 
ability to change neuronal transmission in an agonistic or antagonistic 
manner, depending on the effect of the preparation.

Materials and Methods
Test sample and reference standard

 Powdered Red Ginseng HRG80 preparation (6.2% rare and 7.6% 
total ginsenosides) was obtained from hydroponically cultivated 
Korean ginseng (P.ginseng Meyer) root in controlled conditions to 
contain 12–15% total ginsenosides and 10-12% bioavailable (or rare) 
ginsenosides at Botalys S. A. (Batch No. PGC-190301-001; Ath, Bel-
gium). Harvested roots were air-dried and steamed to red ginseng. 
The red ginseng was then powdered and sifted at 300 µm and stan-
dardized for the content of rare ginsenosides and the ginsenoside pro-
file. HRG80preparation was standardized for the content of the rare 
ginsenosides Rh1, Rg2, Rg6, Rh4, Rg3, PPT, Rk1, C(K), Rh2, Rh3 
and PPD (calculated as ginsenoside Rb1) and for the total ginseno-
sides Rg1, Re, Rf, Rh1, Rg2, Rb1, Rc, Rb2, Rd, Rg6, Rh4, Rg3, PPT, 
Rk1, C(K), Rh2, Rh3 and PPD.

 The reference standard, P. ginseng Meyer powdered root (Batch 
No. 38837487; Arkopharma Laboratories, Carros, France), contained 
0.8% rare and 2.6% total ginsenosides. The reference standard was 
analyzed and certified by Botalys S.A.

In vitro assay on hippocampal slices 

 Hippocampal slices were obtained from 22 adult male CDrats 
at the age of 2 months (Charles River Wiga, Sulzbach, Germany). 
Rats were kept under a reversed day/night cycle for 2 weeks prior 
to the start of the experiments to allow recording of in vitro activity 
from slices during the active phase of their circadian rhythm [23]. 
Animals were exsanguinated under ether anesthesia; the total brain 
was removed and the hippocampal formation was isolated under a mi-
cro stereoscopic vision system. The midsection of the hippocampus 
was fixed to the table of a vibrating microtome (Rhema Labortech-
nik, Hofheim, Germany) using a cyanoacrylate adhesive, submerged 
in chilled bicarbonate-buffered saline (artificial cerebrospinal fluid 
[ACSF]: NaCl: 124 mM, KCl: 5 mM, CaCl2: 2 mM, MgSO4: 2 mM, 
NaHCO3: 26 mM, glucose: 10 mM), and cut into 400 µm thick slices. 
All slices were pre-incubated for at least 1 h in Carbogen saturated 
ACSF (pH 7.4) in a pre-chamber before use [24]. 

 During the experiment, the slices were held and treated in a special 
super-fusion chamber (List Electronics, Darmstadt, Germany) [25] at 
35℃ [26]. The preparation was super-fused with ACSF at 180-230 
mL/h. Electric stimulation (200 µA constant current pulses of 200 
µs pulse width) of the Schaffer Collaterals within the CA2 area and 
recording of extracellular field potentials from the pyramidal cell 
layer of CA1 [24] was performed according to conventional electro-
physiological methods, using the Labteam Computer system Neuro-
Tool software package (MediSyst GmbH, Linden, Germany). Mea-
surements were performed at 10 min intervals to avoid potentiation 
mechanisms. The results of four stimulations, each 20 s apart, were 
averaged for each time point. After obtaining three stable responses to 
SS, LTP was induced by applying a Theta Burst Stimulus (TBS). The 
mean amplitudes of three signals were averaged to give mean abso-
lute voltage values (Microvolt) ± Standard Error (SE) of the mean for 
four slices for one of the experimental conditions. Four or five slices 
from one rat were used per day.

 Slices were used one day after the daily oral administration of 
HRG80 Panax Ginseng, Arkopharma Panax Ginseng (SGP), or glu-
cose 1%, for one week by use of an intra-gastric gavage. Ten slices  

Figure 1: Documentation of an original signal (from one slice) showing the effects 
of using Single Stimuli (SS) or Theta Burst Stimulation (TBS) in the presence of Ar-
tificial Cerebro-Spinal Fluid (ASCF), glucose 1% - 1ml/kg, HRG80 25 mg/kg, SGP 
25 mg/kg (for 1 week) in slices from 2 month old rats. The amplitude is calculated 
from baseline to the down reflection of the signal (shaded). Scales: Time is given in 
milliseconds (ms), amplitude in millivolts (mV).
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from 2 animals were averaged to give one final value for each dosage. 
HRG80 Panax Ginseng was administered daily at a dosage of 10 mg/
kg, 25 mg/kg, and 50 mg/kg. Arkopharma Panax Ginseng was admin-
istered daily at a dose of 10 mg/kg, 25 mg/kg, and 50 mg/kg.

Statistical analysis

 The results are reported as mean ± SD (standard deviation) or ± 
SE for the indicated number of experiments. All statistical tests were 
two-sided tests and p-values <0.05 wereregarded as significant. The 
Wilcoxon and Mann Whitney Utests were also used throughout all 
experimental analyses for comparison of results obtained by vehicle 
administration andtiming with respect to electrophysiological data. 
Two-way ANOVA was used to examine interaction effectsand dose 
dependent responses between the two treatments, HRG80 and SGP.

Results
Dose dependence of ginseng induced excitatory neuro-
transmission in rat hippocampal slice preparations ex vivo

 The study comprised of two sets of experiments. The first one 
aimed to compare effectiveness of HRG80 with effectiveness of SGP 
by analysis of dose-response relationships.Both preparations were 
repeatedly administered to rats in three doses for one week. The hip-
pocampal slices were prepared on the day following the last day of 
treatment, and the excitability of the pyramidal cells was tested in 
vitro by stimulation of the Schaffer collaterals by means of single 
electric stimuli, as well as theta burst stimulation leading to long-term 
potentiation. 

 Examples for responses (amplitudes of population spikes) to sin-
gle stimuli (SS) or theta burst stimulation (TBS) are shown for a sin-
gle slice from a rat under the placebo condition (glucose 1%, 1 ml/
kg a day for 1 week), an HRG80treated animal (25 mg/kg a day for 
1 week) and anSGP treated animal (25 mg/kg a day for one week) in 
Figure 1. The HRG80 treated animalsclearly showed higher ampli-
tudes (given in mV) in the presence of Single Stimuli (SS), as well as 
after Theta Burst Stimulation (TBS).

 The intra-gastric administration of placebo resulted in an average 
amplitude of 1151 µV in the presence of single electric stimuli (Fig-
ure 2). Theta Burst Stimulation (TBS) led to average amplitude of 
2723 µV.

 Both preparations enhanced the responses to single and theta burst 
stimulation. However, higher doses of SGP were needed to achieve 
effects compatible to the effects of HRG80 (Figure 2). Repeated ad-
ministration of HRG80 at the doses of 10 mg/kg, 25 mg/kg, and 50 
mg/kg for 1 week led to statistically significant increases in the pop-
ulation spike amplitude in comparison to the placebo during single 
Shock Stimulation (SS) as well as during TBS. Peak values of 1996 
µV after single stimuli and 4787 µV after TBS were measured after 
administration of 50 mg/kg (Figure 2A).Repeated administration of 
SGPat the doseof 10 mg/kg did not show increases in the amplitude 
of the population spike in comparison to controls after SS (Figure 
2B). Only higher doses of 25 mg/kg or 50 mg/kg SGPsignificantly 
increased the population spike amplitude in comparison to the pla-
cebo during single Shock Stimulation (SS), as well as during TBS, 
reaching amplitudes of 1693 µV and 4377 µV, respectively (p<0.01), 
Figure 2B.

 Direct comparison ofthe dose-response curves of HRG80 and 
SGPreveals a clear quantitative difference in the increasein ampli-
tude of the population spikes in the presence of SS (Figure 3A, p 
<0.0001),as well as in the presence of TBS, (Figure 3B, p = 0.0001). 
The effect of HRG80 on the amplitude of the population spike is sig-
nificantly stronger than the effect of SGP at the lowest dose of 10 mg/
kg (Figure 3A).

Figure 2: Effects of: A - HRG80 (10, 25 and 50 mg/kg), B - SGP (10, 25 and 50 mg/
kg) and Placebo (glucose 1% 1 ml/kg) on pyramidal cell activity in terms of changes 
in population spike amplitudes (as voltage on the ordinate). Results as obtained after 
single stimuli (mean of 10-40 min) or after theta burst stimuli (mean of 50-80 min). 
Data are given as mean ± S.E.M. of n=10 slices from 2 animals/group. SS=single 
stimuli, TBS=theta burst stimuli.

Figure 3: Effects of HRG80 and SGP supplementation for 1week on hippocampal 
pyramidal cell population spike amplitudes (µV, mean ± SEM) after A - single stim-
uli (SS, from 20-40 min), and B -theta burst stimuli (TBS, from 60-80 min)ex vivo. 
Statistically significant interaction effects between dose and response (mV) of two 
treatments (p = 0.0004) were observed in SS (p<0.0001, two-way ANOVA) and TBS 
(p=0.0001, two-way ANOVA), indicating that the HRG80 treatment was more bene-
ficial than the ginseng control treatment SGP. *- p<0.05, ** - p <0.01, ***-p<0.001, 
ns – not significant in Bonferroni post-tests.
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Effects of selective glutamatergic receptor antagonists on 
ginseng induced excitatory neurotransmission in the rat 
hippocampal slicepreparation ex vivo

 Ginseng preparations HRG80 and SGP were orally administered 
by gavage in equipotent doses of 25 mg/kg for HRG80 and 50 mg/kg 
SGP correspondingly for1 week.

 In order to test a possible interaction of ginseng preparations with 
various glutamate receptors, HRG80 and SGP were orally admin-
istered by gavage in equipotent doses of 25 mg/kg for HRG80 and 
50 mg/kg SGP correspondingly for 1 week and glutamatergic neu-
rotransmission of isolated hippocampal slices was analyzed in vitro 
by addition of their selective antagonists: CGS 19755 - ionotropic 
glutamate NMDA receptor antagonist, NBQX - ionotropic glutamate 
AMPA receptor antagonist, UBP301 - ionotropic glutamate Kainate 
receptor antagonist, YM298198 - metabotropic glutamate Group I 
receptor antagonist, (RS)-APICA - metabotropic glutamate Group II 
receptor antagonist, and MSOP - metabotropic glutamate Group III 
receptor antagonist.

 Tables 1 and 2 show that only NMDA and Kainate receptor antag-
onists prevent HRG80 (Table 1) and SGP (Table 2) induced enhance-
ment of the population spike amplitude, in the presence of SS and 
TBS.

Discussion
 Herbal preparations of the underground parts of P. ginseng have 
been used in the traditional medicine systems of Eastern Asia for 
centuriesfor many conditions, including aging-related neurodegen-
eration and memory decline [1,27]. In the European Union, herbal 
preparations of P. ginseng have been used for at least for 30 years 
as a “tonic in case of tiredness, weakness, and decreased mental and 
physical capacity, as well as to improve concentration and to improve  

the general condition during convalescence” [28]. An increasing body 
of scientific evidences suggests that ginseng is an effective and safe 
treatment for impaired cognitive functions [5,6,8,9,12-14,29-31].

 Ginsenosides, the main active ingredients of Panax ginseng, ex-
hibit neuroprotective effects in different animal models of neurode-
generative diseases [32-34]. However, biological activity of various 
ginsenosides in various test models is quite different due to their 
structure dependent bioavailability and selectivity to various recep-
tors [33,35].

 In our study, we compared biological activity of hydroponically 
cultivated red ginseng preparation HRG80, containing 7-fold higher 
amounts of rare ginsenosides and 3-fold more total ginsenosides than 
SGP with the aim of obtaining evidence supporting claims that rare 
ginsenoside enriched ginseng preparations have superior activity.

 The results of ourstudy revealed that ginseng preparations HRG80 
and SGPsignificantly increase population spikes in the presence of SS 
in all tested doses, except of the dose of 10 mg/kg of SGP (Figure 2B).

 This observation is in line with a previous publication by Zhu et al. 
2015 [34], where chronic intraperitoneal injection of ginsenoside Rg1 
at the doses of 1 - 10 mg/kg for 30 days facilitated weak TBS-induced 
Long-Term Potentiation (LTP) in acute hippocampal slices from mid-
dle-aged animals and promoted memory and hippocampal long-term 
potentiation.

 The results of our study are also in line with another publication 
[36], where red ginseng had excitatory effects on substantia gelatino-
sa neurons via the activation of glutamate receptors.

 The amplitudes of the population spikes after administration of 10 
mg/kg of SGP were not significantly different from those after pla-
cebo administration, whereas HRG80 induced a highly statistically 
significant increase in the population spike. A medium dosage of 

 

Table 1: Effects of six selective glutamate receptor antagonists on HRG80- (25 mg/kg 
daily for 1week, ex vivo) induced excitability of pyramidal cells in the hippocampus 
of rats. Hippocampal pyramidal cell population spike amplitudes (µV, mean ± SEM) 
after Single Stimuli (SS) and Theta Burst Stimuli (TBS). Summary of results from 
8-10 slices with each antagonist.

Table 2: Effects of six selective glutamate receptors antagonists on SGP- (50 mg/kg 
daily for 1week, ex vivo) induced excitability of pyramidal cells in the hippocampus 
of rats. Hippocampal pyramidal cell population spike amplitudes (µV, mean ± SEM) 
after Single Stimuli (SS) and Theta Burst Stimuli (TBS). Summary of results from 
8-10 slices (GRS) with each antagonist. SS

Significance 
of difference TBS

Significance 
of difference 

 [µV]
HRG80 vs. 
antagonist p

[µV]
HRG80 vs. 
antagonist 

Mean (SEM)  Mean (SEM) p

 60-80 min  100-120 min  

HRG80 -1697.17 (45.92)  -3957.57 (88.46)  

+CGS19755 
0.25µM

-1242.65 (46.98) <0.01 -2915.54 (87.26) <0.01

+NBQX 0.05 
µM

-1715.92 (51.32) n.s. -4061.13 (195.48) n.s.

+UBP301 
0.025 µM

-1219.44 (34.97) <0.01 -2875.83 (59.10) <0.01

+YM298198 
0.05 µM

-1782.96 (29.19) n.s. -3797.79 (54.54) n.s.

+RS-APICA 
0.10 µM

-1817.25 (37.85) n.s. -3778.46 (77.87) n.s.

+MSOP 0.05 
µM -1736.33 (55.23) n.s. -3776.17 (58.24) n.s.

 SS 
Significance 
of difference TBS

Significance 
of difference 

 [µV]
SGP vs. 

antagonist p
[µV]

SGP vs. 
antagonist p 

 Mean (SEM)  Mean (SEM)  

 60-80 min  100-120 min  

SGP -1693.67 (37.36)  -4377.97 (54.25)  

+CGS19755 
0.25µM

-1154.16 (30.62) <0.01 -4178.96 (123.12) <0.01

+NBQX 0.05 
µM

-1850.46 (21.02) <0.05 -4164.75 (88.46) n.s.

+UBP301 
0.025 µM

-1142.66 (18.22) <0.01 -2924.50 (157.62) <0.01

+YM298198 
0.05 µM

-1888.29 (31.29) <0.01 -4232.46 (113.46) n.s.

+RS-APICA 
0.10 µM

-1827.79 (42.85) <0.05 -4110.25 (61.78) <0.01

+MSOP 0.05 
µM -1882.83 (37.36) n.s. -4209.08 (54.25) n.s.

http://dx.doi.org/10.24966/ACIM-7562/100106


Citation: Dimpfel W, Schombert L, Panossian AG (2020) Panax Ginseng Preparations Enhance Long Term Potentiation in Rat Hippocampal Slices by Gluta-
matergic NMDA and Kainate Receptor Mediated Transmission. J Altern Complement Integr Med 6: 106.

• Page 5 of 9 •

J Altern Complement Integr Med ISSN: 2470-7562, Open Access Journal
DOI: 10.24966/ACIM-7562/100106

Volume 6 • Issue 3 • 100106

25 mg/kg of HRG80 reached the maximum value of 50 mg/kg of SGP 
(Figure 2A). Overall, HRG80 was more active thanSGP in increasing 
of population spikes both in the presence of SS (p <0.0001, Figure 
3A) and in the presence of TBS, (p = 0.0001, Figure 3B). Conse-
quently, we conclude that the superior activity of HRG80 is presum-
ably due to the inherent high amount of rare ginsenosides, assuming 
no other substantial differences exist in the chemical composition of 
HRG80 and SGP. 

 As a matter of fact, besides ginsenosides, a lysophosphatidic ac-
id-proteins complex, gintonin [37] has been reported to increase LTP 
[3] via interaction with glutamate NMDA receptors in rats [38].

 Memory improvement effects of ginsenosides are associated both 
with their effects on neurogenesis [39] and synaptic plasticity-related 
protein expression [40-42]. These mechanisms include a plethora of 
intermediate steps and molecular targets, including glutamate mediat-
ed synaptic neurotransmission, which plays an important role in im-
pairment of synaptic plasticity (learning) and long-term potentiation 
of memory.

 Hypoactivity of glutamate mediated neurotransmission is asso-
ciated with impaired neuronal plasticity, while hyperactivity of the 
glutamatergic system leads to neurodegeneration and neuronal dys-
function in the central nervous system [43]. Many drugs and natural 
compounds have biphasic dose dependent effects on glutamate medi-
ated neurotransmission, which are mostly characterized as adaptive 
stress response (hormesis) [44-51]. The dose range of the reversal 
effect from hypo- to hyperactivity of neurotransmission depends on 
the neurotoxicity of the ligands.

 As an example, the neurotoxin Kainic Acid (KA) activates a gluta-
mate ionotropic receptor, resulting in impairment of hippocampus-de-
pendent learning and spatial memory due to degeneration of pyra-
midal neurons and astrocyte damage, amongst others [32]. Kainate 
receptors play a crucial role in the control of synaptic integration and 
spike transmission efficacy at hippocampal mossy fiber synapses and 
are likely important for spatial information processing [52].

 In contrast, ginsenosides, which are not toxic over a wide range 
of doses, protect glia, neurons, and cognitive function in a rat model 
of neurodegeneration.Pretreatment with ginsenosides at the doses of 
30 or 40 mg/kg in rats significantly protected their pyramidal neu-
rons against KA-induced acute excitotoxicity and delayed their inju-
ry. Ginsenosides also prevented memory impairments and protected 
astrocytes from KA induced acute excitotoxicity [32]. Their action 
leads to maintaining glutamate homeostasis which is very important 
for improving memory and cognitive functions.

 Overall, maintenance of synaptic homeostasis that, is common 
for adaptogens per se [53], is key for effective cognitive functioning. 
Ginseng is an adaptogen [53-56], which in relatively small doses acti-
vates adaptive stress resonance and therefore protects against further 
stressful exposures, e.g. KA excitotoxicity (Figures 4 and 5).

 In the second set of experiments of our study we aimed to elu-
cidate the possible mechanism of action related to glutamater-
gic transmission within the hippocampus. Six different glutamate 
receptor antagonists were tested to reverse ginseng induced modula-
tion of excitability of the pyramidal cells.

 The neurotransmitter glutamate is known to activate several class-
es of metabotropic receptors and three major types of ionotropic 
receptors: Alpha-Amino-3-hydroxy-5-methyl-4-isoxazolepropionic 
Acid (AMPA), Kainate and N-Methyl-d-Aspartate (NMDA) [57]. 
Since the synapses between Schaffer collaterals and the hippocampal 
pyramidal cells use glutamate as a neurotransmitter, several glutama-
tergic receptors contribute to the enhancement of transmission. Glu-
tamate not only interacts with GTP-binding protein coupled receptors 
(i.e., metabotropic glutamate receptor subtypes) but also binds to 
various ionotropic ligand-gated glutamate receptors, which include 
AMPA, Kainate and NMDA receptors [58,59].

 Tables 1 and 2 show that HRG80- as well as SGP-induced ex-
citatory neurotransmission in the hippocampal slices is selectively 
mediated by only two ionotropic glutamate receptors - NMDA and 
Kainate receptors. It is very unlikely that the minor effects of other 
glutamate receptors antagonist NBQX, YM298198 and (RS) APICA 
(Tables 1 and 2) have therapeutic significance.

 Overall, both HRG80 and SGP seem to act by interfering only 
with glutamatergic NMDA receptor- and Kainate receptor-mediated 
neurotransmission in the rat hippocampus.

 The results of our study are in line with the results of other stud-
ies where panaxadiol saponins (termed as the Rb fraction) protected 
the pyramidal neurons and maintained microglial homeostasis against 
Kanic acid-induced excitotoxicity [32].

 Involvement of NMDA receptors in the neuroprotective activity 
of ginsenosides hasbeen demonstrated in several studies [35,60-62],  

Figure 4: Inhibitory effects of: A - ionotropic glutamate NMDA receptor antago-
nistCGS 19755 (0.25 μM, red line), and B - ionotropic glutamate Kainate receptor 
antagonist UBP301 (0.025 μM, yellow line) on HRG80- (25 mg/kg daily for 1 week) 
induced increase of excitability of rat hippocampal pyramidal cells ex vivo (green 
lines). Data are given as mean ± S.E.M. of n=10 (green line) or n=8 (red line) slices 
from 2 animals/group. SS=single stimuli, TBS=theta burst stimuli.
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however none of them suggest that ginseng activates LTP via acti-
vation of glutamatergic NMDA receptors. In contrast, Kimand col-
leagues (2002) “suggest that the inhibition of NMDA receptors by 
ginseng, in particular by ginsenoside Rg3, could be one of the mecha-
nisms for ginseng-mediated neuroprotective actions [35]”. 

 It is noteworthy that inhibition of NDMA receptors was observed 
in vitro in comparatively high concentrations - 100 mg/l, while in our 
study activation was observed at doses of 25-50 mg/kg in rats, which 
corresponds to a concentration in blood of 10 mg/l (assuming that 
the oral bioavailability of ginsenosides is about 1-5%). That is in line 
with the hormesis concept related to dose-dependent reversal effects 
of drugs [44-51].

 In a preceding investigation into Gingko extract marketed for im-
provement of mental functions, an increase in pyramidal cell response 
was shown on SS. However, there was also a difference in the effect 
of Ginseng, since the extent of the increase of LTP was significant-
ly lower and hardly reached statistical significance in the presence 
of Ginkgo extract [63,64]. Thus, Ginseng is similar in its action in 
comparison to Gingko regarding improvement of communication at 
Schaffer collaterals after single shock challenge but differs quantita-
tively with respect to TBS for induction of long-term potentiation. 
The present results indicate a profound difference in the mechanism 
of action between Ginseng and Ginkgo based on the use of a total of 
different glutamate receptor modulators.

 The effect of Ginseng could be traced to depend only on NMDA- 
and Kainate-receptor mediated signaling. The effect of ginkgo extract  
was much less specific since it could be attenuated by the presence of 
an NMDA receptor antagonist, one competitive and two non-compet-
itive AMPA antagonists, as well as antagonists of the metabotropic 
mGluI and mGluII glutamate receptors[Dimpfel, unpublished]. Thus, 
one can conclude from the experiments in which glutamate receptor 
antagonistswere explored that Ginseng mediated signaling is specif-
ic - via specific interaction only with NMDA receptors and Kainate 
receptors.

Conclusion
 Ginseng HRG80 preparation from hydroponically cultivated roots 
is more active than SGP in an electrophysiological hippocampal 
long-term potentiation model. HRG80- and SGP-induced activation 
of pyramidal cells in the hippocampus is selectively mediated by two 
ionotropic glutamate receptors, NMDA and Kainate, suggesting their 
potential beneficialeffects on aging related decline of cognitive func-
tions, and specifically on spatial memory.
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