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Pharmacokinetics and dopamine/acetylcholine 
releasing effects of ginsenoside Re in hippocampus 
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Aim: To investigate the pharmacokinetics and dopamine/acetylcholine-releasing effects of ginsenoside Re (Re) in brain regions related 
to learning and memory, and to clarify the neurochemical mechanisms underlying its anti-dementia activity.  
Methods: Microdialysis was conducted on awake, freely moving adult male SD rats with dialysis probes implanted into the hip-
pocampus, medial prefrontal cortex (mPFC) or the third ventricle. The concentrations of Re, dopamine (DA) and acetylcholine (ACh) in 
dialysates were determined using LC-MS/MS.  
Results: Subcutaneous administration of a single dose of Re (12.5, 25 or 50 mg/kg) rapidly distributed to the cerebrospinal fluid and 
exhibited linear pharmacokinetics. The peak concentration (Cmax) occurred at 60 min for all doses. Re was not detectable after 240 min 
in the dialysates for the low dose of 12.5 mg/kg. At the same time, Re dose-dependently increased extracellular levels of DA and ACh 
in the hippocampus and mPFC, and more prominent effects were observed in the hippocampus.  
Conclusion: The combined study of the pharmacokinetics and pharmacodynamics of Re demonstrate that increase of extracellular 
levels of DA and ACh, particularly in the hippocampus, may contribute, at least in part, to the anti-dementia activity of Re.
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Introduction
Alzheimer’s disease (AD) is the main cause of dementia and 
cognitive dysfunction among the elderly and is becoming 
a major threat to human health.  The pathogenesis of AD 
involves multiple mechanisms that still have not been clari-
fied.  An imbalance of different neurotransmitters, such as ace-
tylcholine, dopamine, glutamate and serotonin, has been pro-
posed as the neurobiological basis of the behavioral symptoms 
in AD[1, 2].  The central cholinergic pathways play a prominent 
role in memory processes[3, 4], and it is generally accepted 
that progressive neurodegeneration of the cholinergic system 
underlies, at least in part, the cognitive deterioration caused by 
AD[5–7].  Acetylcholinesterase (AChE) inhibition is considered 
one of the most important approaches to therapy, due to the 
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enhancement of acetylcholine (ACh) levels in brain[8, 9].  The 
dopaminergic system has also been found to be impaired in 
AD[10, 11].  Shu et al[12] found that AD patients have significantly 
decreased levels of dopamine (DA) in six cortical regions, 
including the frontal and temporal lobes.  It has been reported 
that selective activation of D1/D5 receptors could protect syn-
apses in AD.  An association has also been observed between 
D2 receptor availability in the right hippocampus and cogni-
tive performance in AD[13, 14].

The central nervous system (CNS) pharmacokinetics (PK) 
of a drug are important determinants in the time course and 
intensity of its effects, if the action compartment of which is in 
CNS.  Understanding how different drugs are metabolized in 
the brain is important because it can provide valuable insights 
pertaining to the pharmacological activities of a drug.  Thus, 
the combined study of PK and pharmacodynamics (PD) is of 
growing importance in the evaluation of drugs acting on CNS 
targets[15, 16].  

To date, therapeutic drugs intended to remedy neurotrans-
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mitter deficits have been studied extensively[17–19].  Ginseng, 
the root of Panax ginseng C A Meyer (Araliaceae), has been 
used as a nootropic and anti-aging agent for more than 2000 
years in China, and it is widely used as a medicinal supple-
ment in Asia, Europe and the United States[20].  Among the 
complex constituents of ginseng, ginsenosides are the major 
components responsible for its biochemical and pharmacologi-
cal actions, which include the regulation of neurotransmitters 
relevant to dementia[17, 21–24].  Ginsenoside Re (Re), one of the 
six major ginsenosides, comprises greater than 70% of the 
total ginsenoside content[25].  Re, Rg1, and protopanaxatriol 
(PPT) belong to the same group of ginsenosides[26].  It has been 
confirmed that Re has improved cognitive function in sev-
eral rat models of memory impairment, as well as in natural 
aging and streptozotocin-induced diabetic models[21-22, 27].  The 
inhibition of AChE activity and the promotion of long-term 
potentiation are believed to underlie these effects.  However, 
several questions remain.  What are the underlying neurobio-
chemical mechanisms of the anti-dementia effects of Re?  Does 
Re display direct activity on the neurotransmitters relevant 
to dementia, and can Re pass through the brain-blood barrier 
(BBB)?  What is the relationship between the PK and PD of Re 
in its target regions?  Our study focuses on these questions.

We investigated the intracerebral PK of Re in the present 
study, as well as the effects of acute administration of Re on 
DA and ACh release in the mPFC and HIP, which are target 
regions for the treatment of AD.  The relationship between 
the PK and PD for Re was also explored.  For these purposes, 
the present study was carried out by in vivo microdialysis on 
freely moving rats following the administration of Re using 
HPLC-ECD and LC-MS/MS.

Materials and methods
Animals and treatment protocol
Adults male Sprague Dawley rats (Taconic) were obtained 
from Vital River Laboratories (Beijing, China) and weighed 
230–250 g at the start of the experiment.  The rats were housed 
in groups of two in plastic wire mesh cages (50 cm×30 cm×18 
cm) in the animal house.  They were maintained in a tempera-
ture controlled environment with a 12:12 h light/dark cycle 
and continuous access to food and water.  Re was injected 
once, subcutaneously, in a volume of 1 mL/kg saline at doses 
of 50, 25, or 12.5 mg/kg.  The control group received the same 
volume of saline alone.  The animals used in this study were 
cared for in accordance with internationally accepted prin-
ciples for laboratory animal use and care (NIH publication No 
86–23, revised 1985).

Drugs and reagents
Re (98.5% purity) was obtained from Beijing Xinliheng Phar-
maceutical Technology Development Co, Ltd. Digoxin [inter-
nal standard (IS)], DA standard and d9-ACh were purchased 
from Sigma (USA).  HPLC-grade methanol, methanoic acid, 
ethanoic acid, isopropanol and acetonitrile were all from Tedia 
(Fairfield, USA).  Water was purified with a Milli-Q system 
(Millipore, France).

Surgery and microdialysis
Microdialysis experiments were conducted according to the 
procedures outlined by Li et al[26].  Briefly, the rats were anes-
thetized with sodium pentobarbital (50 mg/kg, ip) and placed 
in a stereotaxic frame (RWD Life Science, China).  Stainless 
steel guide cannulas with dummy probes were implanted 
according to the methods described by Paxinos and Watson 
(1998).  The rats received cannula implantations for the mPFC 
[AP=-3.2 mm; L=1.4 mm (10° inclination); DV=-1.2 mm from 
the bregma], HIP (AP=5.6 mm; L=5.0 mm; DV=-5.2 mm 
from the bregma), or the third ventricle (AP=4.5 mm; L=-2.4 
mm (18° inclination); DV=-5.7 mm from the bregma).  The 
implanted cannulas were anchored by two screws driven into 
the skull and fixed by dental acrylic cement.  

On the second or third day after cannulation, dialysis probes 
were implanted into the mPFC, HIP or the third ventricle, and 
a thin tube with incisions was embedded under the skin on the 
back while the animals were administered slight anesthesia 
with diethyl ether.  The rats were housed individually over-
night in a dialysis cage, and the probes were perfused with 
artificial cerebrospinal fluid (Dulbecco’s: 138 mmol/L NaCl, 
8.1 mmol/L Na2HPO4, 2.7 mmol/L KCl, 1.5 mmol/L KH2PO4, 
0.5 mmol/L MgCl2, and 1.2 mmol/L CaCl2 without cholinest-
erase inhibitor) at 0.4 µL/min overnight.

On the experimental days, the perfusion rates were 
increased to 1.5 μL/min.  After 1 h of equilibration, dialysates 
were collected in polyethylene vials every 30 min throughout 
the experiments.  The first three samples obtained from the 
mPFC or HIP before administration were used to establish the 
baseline values of DA or ACh (samples from -60, and -30 min), 
and the first two samples from the third ventricle (samples 
from -60 and -30 min) were used to establish the baseline 
levels of Re in the brain prior to its administration.  Subse-
quently, the rats received one subcutaneous injection of drug 
or vehicle.  The samples collected from 0 to 210 min in the 
mPFC or HIP were used for neurotransmitter analysis, and the 
dialysates of cerebrospinal fluid from 0 to 360 min were ana-
lyzed to describe the pharmacokinetics of Re in the brain.  The 
locations of the dialysis probes were verified at the end of each 
experiment by brain dissection.  

Ginsenoside Re detection in brain microdialysis samples
The analytical method for Re detection was developed based 
on Liu’s study[27].

Liquid chromatographic conditions 
The LC-MS/MS system consisted of a Waters auto-sampler, a 
Waters 2795 LC pump, a Quattro premier triple-quadrupole 
mass spectrometer and a Waters MassLynxTM 4.0 workstation 
(Waters, USA).  Chromatographic separations were performed 
using a Waters Symmetry C18 Column (2.1 mm×50 mm, 3.5 
µm), the temperature of which was maintained at 22 °C.  An 
injection volume (20 µL) of sample was kept in an auto sam-
pler at 4 °C.  Separation of the analytes was achieved using 
a gradient elution (0.05% methanoic acid-water-acetonitrile, 
each organic phase containing 0.05% ethanoic acid) at a flow 
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rate of 0.3 mL/min with continuous 5% acetonitrile and a lin-
ear gradient of 12%–85% methanol for 2 min, 85% methanol 
for 2 min, and 12% methanol for 4 min.  The retention time 
(Table 1) was approximately 2.82 min for Re and 3.10 min for 
the internal standard (IS).

Mass spectrometric conditions 
The positive ionization mode in electrospray MS/MS was 
chosen, and data were acquired using multiple reaction moni-
toring (MRM) incorporating a molecular weight scan from 
m/z 100 to 1100.  The electrospray MS/MS parameters were 
applied as follows: electrospray capillary voltage was 3.5 kV; 
ultrapure nitrogen (500 L/h) was used as the nebulizer; cone 
gas was administered at a rate of 50 L/h; and source and des-
olvation temperatures were set at 105 and 350 °C, respectively.  
With the collision energy off, the analytes yielded predomi-
nantly [M+Na]+ for Re and protonated molecular ions for the 
IS.  Each of the precursor ions was subjected to collision-in-
duced dissociation (CID) to determine the resulting daughter 
ions.  Argon was used as the collision gas at a flow rate of 0.24 
mL/min.  The acquired data were quantified using Masslynx 
4.0 (Waters Corp, USA).  The monitor ion and collision energy 
are shown in Table 1.  

Biochemical assay
Sample preparation
The dialysate sample (10 μL) was transferred to a 200 μL 
microtube, and 5 μL DA stabilizing agent (10% methanoic 
acid) was added.  Then, the sample was vortex mixed for 30 s 
and prepared for DA detection.  The dialysate sample (20 μL) 
was transferred to a 96-well plate, added to 5 nmol/L ACh-d9 
in 50 μL diluent (isopropanol:acetonitrile 4:6, 0.1% methanoic 
acid), vortexed for 30 s and prepared for ACh detection.

Determination of DA[26, 28, 29] 
The pH-adjusted supernatant (20 µL) was directly applied to 
a high-performance liquid chromatography system (10AD, 
SHIMADZU, Japan) with an electrochemical detector (5200A 
Coulochem II, ESA, USA) and analyzed with a CLASS-VP 
workstation (SHIMADZU, Japan).  DA was separated on 
an analytical reverse phase column (AtlantisTM HILIC Silica, 
2.1×100 mm, 3 μm, Waters, USA).  The mobile phase (75 
mmol/L sodium acetate trihydrate, 24 mmol/L citric acid,  
1.2 mmol/L sodium dodecyl sulfate, 0.5 mmol/L EDTA-2Na, 
10 mol/L NaOH, pH=5.4) was degassed (Eicom DG-300) and 

pumped at a flow rate of 0.3 mL/min.  

Determination of ACh[30, 31] 
A liquid chromatography-tandem mass spectrometry method 
has been developed and validated for the determination of 
ACh in rat brain dialysate sampling by microdialysis.  The 
LC–MS/MS analysis system was described above.  The sepa-
ration of ACh was carried out using a Symmetry C18 column 
(50 mm×2.10 mm, 3.50 μm, Waters, USA) which was main-
tained at 25 °C.  The mobile phase consisted of 200 mmol/L 
ammonium formate in water, CH3CN and water (4:75:21) for 
2.82 min with a flow rate of 0.30 mL/min.  The injection vol-
ume was 20 µL.  

The eluates were detected using a triple-quadrupole mass 
spectrometer equipped with an electrospray ionization (ESI) 
source at 105 °C.  Nitrogen was used as sheath gas and aux-
iliary gas and was delivered at 45 psi and 2 L/min, respec-
tively.  The capillary temperature was 400 °C.  The collision 
gas, argon, had a flow rate of 0.24 mL/min.  The analysis was 
carried out using selected reaction monitoring mode that was 
set to detect a specific transition for ACh (m/z 146→87) and IS 
(d9-ACh m/z 155→87).

Statistical analysis
The average baseline levels of DA or ACh (time points of -60, 
-30, and 0 min) were designated as 100%, and the ratio of the 
concentration of each sample to the average baseline levels 
was calculated.  The levels of DA and ACh were analyzed 
using the repeated measures analysis of variance (ANOVA) 
procedure of the general linear model (SPSS 16.0).  Fisher’s 
protected least significant difference post hoc pairwise com-
parison was used to determine group differences.  Percentage 
of AUC (pAUC), represented the changes of the neurotrans-
mitters affected by Re, was analyzed by one-way ANOVA.  A 
probability P<0.05 was considered significant.  All results are 
given as the mean±SD.

Pharmacokinetic parameters of Re in dialysate samples were 
determined using Drug and Statistics for Windows software 
(DAS Version 2.0).  Drug concentrations below the LLOQ were 
deemed to be zero.  

Results
Pharmacokinetics of Re in the brain
After subcutaneous administration, Re was detected in CSF 
dialysates.  The peak concentration (Cmax) occurred at 60 min 
for all doses (Figure 1).  Re was not detectable after 240 min in 
the dialysates of the 12.5 mg/kg group.  The pharmacokinetic 
parameters of Re were calculated using the DAS software and 
are shown in Table 2.

The baseline levels of DA and ACh in the mPFC and HIP
Basal extracellular DA levels were 1.89±1.90 (fmol/10 μL) 
and 3.90±2.77 (fmol/10 μL) in the dialysates obtained from 
the mPFC and HIP, respectively.  The basal extracellular ACh  
levels were 1.80±0.54 (fmol/10 μL) and 4.16±0.60 (fmol/10 μL) 
in the mPFC and HIP, respectively.

Table 1.  The main parameters of Re and the major fragment ions 
observed in LC-MS/MS.

   Compound               Rt (min)               Channel
       Cone         Col

                                                                                               volt (V)  energy (V) 
 
Ginsenoside Re 2.82 969.40–789.50 80 45
Digoxin 3.10 781.30–651.30 20 10
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The effects of Re on DA in the mPFC and HIP
As shown in Figure 2A, dose-dependent increases in extracel-
lular DA concentrations were detected in the mPFC after Re 
12.5, 25, and 50 mg/kg was given (F(1,8)=107.156, P<0.0001; 
F(1,9)=626.494, P<0.0001; F(1,8)=1259, P<0.0001, respectively).  
The maximum increments were 24.08%±3.93% (12.5 mg/kg, 
n=5), 55.48%±2.70% (25 mg/kg, n=6), and 65.44%±4.82% (50 
mg/kg, n=5) compared to the control group.

As shown in Figure 2B, after subcutaneous injection of 
ginsenoside Re at 12.5, 25, and 50 mg/kg, extracellular DA 
concentrations in the HIP were also significantly increased in 
a dose-dependent manner [F(1,8)=191.739, P<0.0001; F(1,9)=1556, 
P<0.0001; F(1,8)=746.091, P<0.0001, respectively].  The maxi-
mum increments were 28.73%±1.48% (12.5 mg/kg, n=5), 
63.05%±2.82% (25 mg/kg, n=6), and 64.76%±1.51% (50 mg/kg, 
n=5), respectively, compared to the control group.

The effect of Re on ACh in the mPFC and HIP
Ginsenoside Re (12.5, 25, and 50 mg/kg, sc) also dose-depend-
ently increased extracellular ACh concentrations in the mPFC 
[F(1,8)=21.866, P=0.002; F(1,8)=90.542, P<0.0001; F(1,8)=99.488, 
P<0.0001, respectively].  The maximum increments were 
32.98%±9.25% (12.5 mg/kg, n=5), 58.994%±0.92% (25 mg/kg, 
n=6), and 80.86%±8.80% (50 mg/kg, n=5), respectively, com-

pared to the control group (Figure 3A).
Release of ACh was also increased by Re (12.5, 25, and 50 

mg/kg, sc) in the HIP [F(1,8)=359.054, P<0.0001; F(1,9)=162.954, 
P<0.0001; F(1,8)=153.966, P<0.0001, respectively].  The maxi-
mum increments were 34.89%±0.28% (12.5 mg/kg, n=5), 
64.70%±1.04% (25 mg/kg, n=6), 89.27%±1.51% (50 mg/kg, 
n=5), respectively, compared to the control group (Figure 3B).  

Comparison of the effects of Re on extracellular DA or ACh levels 
in the mPFC and HIP
Percentage of AUC was used to assess the effect of Re on DA 
and ACh levels in the mPFC and HIP.  As shown in Figure 4A, 
Re (50 mg/kg, sc) had stronger effects on the release of ACh in 
the HIP than in the mPFC (P<0.05, compared with ACh levels 
in the mPFC).  The same trends were observed for DA levels 
(Figure 4B), though the differences were not statistically sig-
nificant.  

Discussion 
Ginsenoside Re has recently been studied extensively; how-
ever, the metabolic and pharmacokinetic profiles of this 
compound have not yet been completely described[22].  The 
rapid absorption and low bioavailability of Re in rats have 
been reported in preclinical studies.  Liu et al report that 
Rg1, F1, Rh1, and PPT are metabolites of Re that can be 
detected in the plasma and urine of healthy subjects after 
oral administration[27].  However, as a nootropic agent, noth-

Table 2.  Compartment model parameters of Re.

Group/                AUC(0–t)          AUC(0–∞)                        t1/2z                   tmax               Cmax

Parameter          (ng/mL·min)   (ng/mL·min)         (min)         (min)    (ng/mL) 
  
50 mg/kg 757.78 857.72 129.40 60 3.72
25 mg/kg 379.69 484.39 151.88 60 2.19
12.5 mg/kg 166.28 177.79 143.94 60 0.56

PK parameters of Re were determined by DAS, n=3 in each dose level.

Figure 1.  The concentration-time curve of ginsenoside Re in dialysates 
of cerebrospinal fluid.  Re at dose of 12.5, 25, and 50 mg/kg was 
subcutaneously injected to rats at 0 min, and the dialysates collected at 
from -30 min to 360 min were detected of Re using LC-MS/MS.  Data are 
mean±SD (n=3) of the concentration of Re in CSF. 

Figure 2.  Time-course effects of ginsenoside Re (12.5, 25, and 50 
mg/kg, sc) on extracellular dopamine in the mPFC (A) and in the HIP (B).  
The arrows indicate drug injection times.  Each sample was collected at 
a flow rate of 1.5 µL/min for 30 min.  Data are mean±SD (n=5−6) of the 
dialysate dopamine levels, expressed as a percentage of each predrug 
baseline dopamine value.
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ing is known about the pharmacokinetic characteristics of 
Re in brain, which is deemed to be the target region for its 
action that affects cognitive processes.  No evidence has been 
reported previously on whether Re and other ginsenosides 
cross the BBB.  In this study, Re was detected in CSF dialysate 
soon after subcutaneous administration and reached peak CSF 
concentrations in 60 min.  Both the AUC and Cmax increased 
proportionally with dose.  These results suggest that Re can 
rapidly pass through the BBB and that the kinetic parameters 
show linear features in the brain.  Thus, we report that Re can 
transverse the BBB and that its PK parameters in the brain 
provide evidence for the pharmacological actions of Re on the 
CNS.  Whether the metabolites of Re can traverse the BBB and 
whether they are also involved in its pharmacological actions 
are important issues we will continue to explore[32].  

Re has proved to have potential as a cognition enhancer, 
but the mechanisms underlying its cognitive effects remain 
unclear.  It is well known that the levels of extracellular neu-
rotransmitters in the brain are closely related to cognitive 
function, especially DA and ACh, which play key roles in 
the regulation of cognitive processes[33–35].  Therefore, in this 
study, we chose these two crucial neurotransmitters and two 
regions believed to play major roles in learning and memory 
to investigate intracerebral evidence for the potential anti-de-
mentia activity of Re on neurotransmitter levels.  The present 
study indicates that Re (12.5, 25, and 50 mg/kg, sc) can dose-
dependently increase levels of DA and ACh in the mPFC and 
HIP 30 to 90 min after administration and that these effects 
gradually decline after 90 min.  The changes in DA and ACh 
levels in selected brain areas after acute administration of Re 
may contribute to its anti-dementia actions.  In addition, high-
dose Re exhibited a stronger effect on the release of ACh in the 
HIP than in the mPFC.  A similar trend was evident for DA 
levels, though there was no statistically significant difference.  
These results indicate that Re has a selective mode of action on 
the HIP.  

According to the results of the CNS PK and PD studies, 
dose-dependent features are observed in both PK and PD of 
Re, suggesting a relationship between effect compartment 
concentrations and observed effects.  However, the maximal 
effect of Re occurs after tmax; this hysteresis suggests the pos-
sibility that metabolites of Re participate in or dominate the 
pharmacological actions.  Accordingly, we infer a relationship 
between the pharmacokinetics of Re in CSF and its effects on 
neurotransmitters.  However, further studies on PK/PD mod-
eling and the metabolic products of Re are necessary.

We chose the subcutaneous route of drug administration 
to clarify the direct effects of Re on neurotransmitters and to 
minimize irritation to the animals.  However, this method of 
administration is not typical, as it bypasses the issue of bio-
availability.  It has been reported that the absolute bioavailabil-
ity of Re is only 7.06% in rats[32] and 0.19%–0.28% in mice[36].  
This poor bioavailability is possibly due to biotransformation 
to Rh1 and G-F1 by intestinal microflora before absorption 
into the blood[37].  Consequently, if Re is administered orally, 
most of it will be degraded in the gastrointestinal tract and 

Figure 3.  Time-course effects of ginsenoside Re (12.5, 25, and 50 mg/kg, 
sc) on extracellular acetylcholine in the mPFC (A) and in the HIP (B).  The 
arrows indicate drug injection times.  Each sample was collected at a flow 
rate of 1.5 µL/min for 30 min.  Data are means±SD (n=5) of the dialysate 
acetylcholine levels, expressed as a percentage of each predrug baseline 
acetylcholine value. 

Figure 4.  Effects of Re on the percent net AUC of extracellular dopamine 
(n=5−6) (A) or acetylcholine (n=5) (B) levels in the mPFC are compared 
with that in the HIP.  Data are mean±SD of p-AUC of dopamine and 
acetylcholine, bP<0.05 compared with acetylcholine levels in the mPFC. 
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only a small portion will be absorbed into the blood plasma.  
Thus, the activity of Re in brain may be weakened or insignifi-
cant as a result of oral administration.  At the same time, the 
metabolites of Re in the gastrointestinal tract may represent 
the actual cause of its systematic effects.  So there is a possibil-
ity that the metabolites of Re are involved in its effects on neu-
rotransmitter levels.  However, further exploration is needed 
to determine whether metabolites in the gastrointestinal tract 
can be reabsorbed into the plasma, pass through the BBB and 
affect the brain.  In subsequent research, we intend to compare 
intracerebral PD using the oral and subcutaneous routes of 
administration.  The influence of bioavailability on intracere-
bral PD may then be apparent.  

In conclusion, after subcutaneous administration ginseno-
side Re passes through the BBB, it shows linear characteristics 
of PK in brain and influences cognitive mechanisms by induc-
ing the release of DA and ACh in specific brain regions.
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