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To investigate the effect of ginseng on damaged brain activity, we evaluated the cerebral metabolic rate of glucose
(CMRglc) as a functional index in post-ischaemic rats and compared the results with those obtained after the
administration of a ginseng extract. CMRglc was measured using high resolution animal positron emission
tomography with 18F-2-fluoro-2-deoxy-D-glucose (18F-FDG).

The rats subjected to a 30-min occlusion showed a significant reduction of k3, the rate constant for
phosphorylation of 18F-FDG by hexokinase, compared with the normal value. The ginseng pretreatment
prevented the reduction in k3 and CMRglc caused by ischaemia. Although further investigation is needed to
elucidate the mechanism of action, ginseng may be useful for prevention and treatment of ischaemia. © 1997 by
John Wiley & Sons, Ltd.
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INTRODUCTION

Ginseng, utilized in Oriental medicine as a tonic, prophy-
lactic agent and restorative, has been reported to produce
general stimulant effects in mental and physical work
capacity (Brekhman and Dardymov, 1969), significant
altrations in lipid and carbohydrate metabolism (Brekhman
and Dardymov, 1969; Yokozawa and Oura, 1976) and
anabolic protein synthesizing actions (Oura et al., 1971;
Shibata et al., 1976). However, of the papers on the
neuropharmacological effects of ginseng, most are behav-
ioural studies in animals or in vitro studies, and only a few
are in vivo biochemical studies.

Positron emission tomography (PET) enables the quanti-
tation of the regional distribution of positron-emitting
radioisotopes in a selected organ. Since a large variety of
physiologic compounds can be labelled with positron
emitters, this technique can be used to monitor various
biochemical and physiological processes of living tissues.
Glucose is the main substrate for energy production in the
brain. The cerebral metabolic rate of glucose (CMRglc) has
thus provided an index of cerebral function under a wide
variety of conditions, including brain stimulation and
selective lesions. The effect of drugs on regional glucose
metabolism has been probed with 18F-2-fluoro-2-deoxy-D-
glucose (18F-FDG) or 11C-2-deoxy-D-glucose for a number
of drugs such as neuroleptics (Volkow et al., 1986),
amphetamine (Wolkin et al., 1987), alcohol (Volkow et al.,

1989), azidothymidine (Yarchoan et al., 1987) and cocaine
(Baxter et al., 1988). However, PET is still a new technique
in the investigation of the effects of Oriental medicines.

Thus, the effect of ginseng extract on the cerebral
metabolic activity in post-ischaemic rats, and the action
mechanism of ginseng on the CMRglc, were examined
using animal PET.

MATERIALS AND METHODS

Materials. The ginseng extract YM was a gift from
Yamanouchi Pharmaceutical Co., Ltd. (Japan), prepared
from Panax ginseng C. A. Mayer. Four grams of ginseng
root were pulverized and powdered, and the solvent was
extracted with 30% ethanol. The resultant extract was
evaporated to approximately 1 g of a dark brown residue.
The extract contained 1.34% ginsenoside Rb1 wet weight.
Ginsenoside Rb1 was purchased from Extrasynthese Co.
Ltd. (France). Hexokinase and adenosine-59-triphosphate
(ATP) disodium salt were obtained from Sigma Chemical
Co. (USA). The other chemicals used were all of reagent
grade.

Animals. Male Wistar rats (Shimizu Experimental Animal
Supplies, Japan) each weighing 250–300 g (8–9 weeks of
age) were used. The rats were housed at 22 °C under a 12-h
light/12-h dark cycle and had free access to water and food.
Experiments were carried out according to guidelines
stipulated by the Kyoto University Animal Care and Use
Committee.
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Administration of ginseng extract. Treatment with ginseng
extract was initiated after a stabilization period of 4 days.
Rats were injected orally with either a 1 mL saline solution
or ginseng extract YM dissolved in the same volume of
saline. The dose used was 200 mg/kg body weight per day,
for 7 consecutive days before surgery.

Transient forebrain ischaemia. We used the four-vessel
occlusion model of Pulsinelli and Brierley (1979). On day 1,
rats were anaesthetized with pentobarbital (50 mg/kg, i.p.),
both vertebral arteries were electrocauterized, and polyeth-
ylene cuffs were placed loosely around both common
carotid arteries. On day 2, ischaemia was produced by
constriction of the carotid cuffs (four-vessel occlusion) of
conscious rats for 30 min. Rats which became unresponsive
and lost the righting reflex during bilateral carotid artery
occlusion and which showed no seizure during and after
ischaemia were used for the experiment. CMRglc was
measured at 24 h after perfusion.

PET determination and analysis. The methods for measuring
CMRglc and cerebral blood flow (CBF) using an animal
PET camera (SHR 2000, Hamamatsu Photonics Co., Japan)
have been previously described in detail (Magata et al.,
1995). Briefly, rats were anaesthetized with sodium pento-
barbital and catheters were inserted in a femoral vein and
artery.18F-FDG (11.1–25.9 MBq) was administered via the
femoral vein for a 15 s period. Arterial blood samples were
taken at 10, 20, 30, 40 and 50 s, and at 1, 3, 5, 10, 20, 30,
40, 50 and 60 min after 18F-FDG injection. Plasma
radioactivity was counted with a NaI well scintillation
counter (Packard Auto-Gamma 500, Packard Instruments,
USA). Glucose in plasma was determined using a commer-
cial reagent (Glucose B-Test Wako, Wako Pure Chemical
Industries, Japan) based on the glucose-oxidase method.
Dynamic PET scanning (30 s38 frames followed by
2 min328 frames) was initiated at the time of 18F-FDG
injection.

Estimation of permeability of radioactive glucose derivatives
through blood–brain barrier. The permeability of 18F-FDG
or 14C-DG through the blood–brain barrier (BBB) was
determined from the brain uptake index (BUI) under normal
or ischaemic condition according to the method of Old-
endorf (1970). After anaesthesia of Wistar rats with an i.p.
injection of sodium pentobarbital, the right common carotid
artery was surgically exposed. The test mixture contained
20 kBq/mL of radioactive glucose derivative and 40 kBq/
mL of tritiated water (a freely diffusible internal reference)
mixed in 0.2 ml of saline. The rat was decapitated at 15 s
after the injection of the test solution through the right
carotid artery. The radioactivity in the cerebral hemisphere
ipsilateral to the carotid injection was immediately
counted.

BUI was calculated by the following equation:

BUI=

14C or 18F in brain
3H in brain

14C or 18F in injected mixture
3H in injected mixture

3100

Statistical analysis. All data are expressed as mean±SD. The
significance of differences in the CBF of normal and post-
ischaemic conditions was analysed by unpaired t-tests. The

rate parameters and CMRglc among groups were statisti-
cally analysed by a Dunnett multiple comparison test.
Differences with p<0.05 were considered significant.

RESULTS AND DISCUSSION

We recently reported that PET measurements of CMRglc
and rate parameters are useful for assessing the effect of
drugs based on kinetic characteristics, and for quantifying
changes produced by drug administration (Magata et al.,
1995). PET is a tool for investigating in vivo biochemistry
and physiology in normal and pathological states. Physio-
logical variables in animals have rarely been studied with
PET tracer methodologies, mainly because of limitations
with spatial resolution. Since the region of interest (ROI)
covers a narrow area on the small brain of rat, an area less
than twice the spatial resolution of a PET scanner may be
underestimated. However, the animal PET system
(SHR2000) used in this study has a spatial resolution of
3.0 mm in the plane of section and 4.5 mm axially at the
centre (Watanabe et al., 1992). The total system sensitivity
is approximately 20.0 kcps/mCi/mL. Therefore, the resolu-
tion capacity of the system is sufficient for rats.

Quantification of CMRglc values with FDG can be
performed using the three-compartment model (Fig. 1).
Total brain radioactivity measured by the PET scanner was
then corrected for radioactivity in the blood, assuming that
the cerebral blood volume (CBV) was 4% of the brain
weight (Ingvar et al., 1991). Using the corrected data and
plasma concentration of glucose, rate parameters were
estimated. The CMRglc was calculated from the equation:

CMRglc=
Cp

LC
3

(K13k3)

(k2+k3)

where Cp is the plasma glucose concentration and LC is the
lumped constant, which accounts for differences in the
transport and phosphorylation of FDG and glucose (Ratib et
al., 1982). A lumped constant (LC) of 0.6 (Ingvar et al.,
1991) was used to estimate cerebral glucose utilization rates
from the steady-state phosphorylation rate of FDG.

There are some limitations of quantitation accuracy in
these experiments. First, there might be an anaesthetic effect
on the animals during PET scanning. However, the
anaesthesia level is not so deep that the CMRglu in this
study was as low as reported values obtained under
anaesthesia by pentobarbital (Otsuka et al., 1991). We also

Figure 1. Schematic diagram of the 18F-FDG kinetic models. Ca
represents the concentration in the arterial plasma, and Ce and
Cm represent the 18F-FDG and 18F-FDG-6-P concentrations in the
brain ROI, respectively. The total 18F concentration in the tissue,
C, is the sum of the concentrations of 18F-FDG and 18F-FDG-6-P.
The rate parameter of unidirectional transport of FDG from
plasma to brain (K1), rate constants of FDG return to the plasma
compartment (k2), FDG phosphorylation by hexokinase (k3) and
FDG-6-P dephosphorylation by G6Pase (k4) in the brain were
expressed accordingly.
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compared CMRglc in the animals under the same level of
anaesthesia in all cases in this study. Moreover, we adopted
conventional homogeneous tissue models of the FDG
method. Although regional heterogeneity in cerebral FDG
uptake and CMRglc need to be considered, the ROIs were
positioned on the whole brain region of the PET images
since the ischaemic lesion occupied most of the brain region
in this study.

The rate parameters and CMRglc obtained under the
some conditions are given in Table 1. The k3 was
0.10±0.04 in the normal condition, but it was reduced
significantly to 0.05±0.01 in the post-ischaemic condition,
indicating that the present method can be used to detect
metabolic changes in experimental cerebral ischaemia. k2
may be relatively insensitive to changes in the cerebral
ischaemia.

The post-ischaemic group showed a significantly higher
K1 value than the normal group. K1 represents glucose
influx from the blood vessels into the brain parenchyma,
and is the product of CBF and glucose extraction fraction by
the brain (Crane et al., 1983). Thus, CBF was estimated in
the normal and post-ischaemic conditions. There was no
significant difference in CBF between the normal
(60±7 mL/100 g/min) and post-ischaemic (56±10 mL/
100 g/min) groups. Following the Oldendorf methodology
(Oldendorf, 1970), the BUI of 18F-FDG was 55±11 in the
normal group, and 72±9 in the post-ischaemic non-treated
group, respectively. Thus, the increase of K1 in the post-
ischaemic brain might be due to the alteration of glucose
extraction.

Under the ischaemic condition, only the differences in k3

and CMRglc were significant between the ginseng-treated
and the untreated group. k3 in the ginseng-treated group
showed no significant change compared with the normal
group. This means that energy production required for
maintenance of cell viability is retained even under the post-
ischaemic condition. Intracellular pH change (Hsu et al.,
1994) or radical production (Zhang and Piantadosi, 1994)
has been reported under the ischaemic condition. These
intracellular chemical changes may induce deactivation of
glycolytic enzymes with a resulting decrease of k3 in the
untreated ischaemic group. The ginseng extract protected
the enzyme activity against those chemical changes because
an antioxidant effect of ginseng has been reported (Han et
al., 1989). Although further investigations are needed to
understand this effect of ginseng, these results indicate that
ginseng pretreatment protected neuronal tissue from the
consequence of a cerebral ischaemia and that the protective
effect is reflected in maintenance of glucose metabolism.

Among the ingredients of ginseng extract, saponins are
known to have various pharmacological actions on the
central nervous system. To elucidate the influence of
ginseng extract on energy metabolism, we investigated the
effect of ginsenoside Rb1 because of its high concentration
in dried Panax root (0.47%) (Sanada et al., 1974).
Ginsenoside Rb1 administration (5 mg/kg, coinjection with
18F-FDG) increased the average CMRglc by a factor of 1.7
(Table 2). K1 was not changed, but, k3 was significantly
increased. Furthermore, the BUI of 14C-DG in the presence
of ginsenoside Rb1 (47±7) was not changed in comparison
with 14C-DG itself (48±7). These results are in good
agreement with the absence of change of K1 and the
increase in k3 in ginseng-treated group. The mechanism of
this effect of ginsenoside Rb1 should be further studied
biochemically and other components of the Panax root
examined to clarify the components responsible for the
protective effect against ischaemia.

In conclusion, a high resolution animal PET, revealed that
ginseng pretreatment protected against ischaemia and
prevented the reduction of CMRglc in the post-ischaemic
condition. Although further investigation is needed to
elucidate the action mechanism, ginseng extract may be
useful for prevention and treatment of ischaemia.
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