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AIM: To study the mechanisms of Rg, antiaging
METHODS:
Northern and Western blot analyses, the levels of ¢-

and nootropic function. Using
fos mRNA and fos protein were determined in the
hippocampus of young and old rats treated with or
RESULTS: The expres-

sion of ¢- fos gene and protein was decreased in the

without ginsenoside Rg; .

hippocampus of aged rats, bur dose-dependently in-
creased in young and aged rats alter the administra-
tion of Rg;. Furthermore, Rg,; increased the level
of cAMP in the hippocampus of both young and old
rats. CONCLUSION: The changes at the genomic
and protein levels, arisen from the increase of
cAMP, provide an explanation aof the mechanisms of

Rg; nootropic and antiaging function.

The c- fos proto-oncogene is the prototype aof

the early-response class of genes. It encodes for a
nuclear phosphoprotein, which after forming a com-
plex with the protein product of another oncogene
c-jurn, binds to the AP-1 sites of DNA, and acts as
a regulatory lactor for gene transcriptionm . The
c- fos gene expression can be considered as a marker
(2]

for neuronal activity!® . Moreover, fos protein is

believed to be involved in processes related to
neuronal plasticity!?'.

Ginsenoside Rg; is one of the impertant phar-
macological principles of ginseng and shares many
pharmacological effects of this plant, such as, facili-
tating learning and memory., and alleviating many
ailments, especially those associated with aging.
Since the c- fos gene expression might be of crucial

importance or newronal activity and cAMP is a fac-
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tor regulating gene expression’ . The present

work was to study the effects of Rg; on c- fos
mENA and protein expression as well as cAMP and
cGMP levels.

MATERIALS AND METHODS

PolyATtract mENA isolation systems and Protoblot
Western blat AP systems were purchesed from Promega Co,
ISA. Human c-fos gene probe { Uncogene Sciences Co,
USA) was a gift from Dr CHEN Jin-Dong  Institute for Can-
cer Research, CAMS, Beijing}. Sheep monocional ¢ fos an-
tibody (Uncogene Sciences Co, USA) was a gift from Prof
WAN Xian-Cai (Institute of Basic Medical Research, CAMS,
Beipng). Rg,, isolated from notogmseng ( Panax pseudo-
girseng Wall var notoginseng (Burk} Hoo et Tseng) with a
purity of 96 % . was supplied by the Guangzhou Institute of
Medicinal Industry. eAMP and cGMFP assay kits were pur-
chased from Chinese Academy of Nuclear Sciences, Beijing

Rats Young (5 months, 175 = 5 20 g) and old (24
months, 515 =5 25 g} £ Wistar rats, obtained from the An-
wmal Breeding Center, Heijing Medical University, were
mamntained under barrier conditions for a minimum of 2 wk
before experiments. Food and water were available ad {6 .
Rg; 10, 20, and 40 mg-kg~ ! were injected ip for 5d. On d
5. after ip Rg; for 1 h, the rats were decapitated, and the
brains were dissected on ice.

Northern blot analysis The induction of c- fos RNA is
known to be rapid and transient, therefore, an early time
point of 1 h was used to characterize ¢- fos mRINA induction in
Total RNA was isclated by a sin-
gie step extraction™. The mRNA was isolated from toral
RNA with Pormega's PolyATtract mRNA jsclation systems

response to Rg; injection.

using paramagnetic particles. Northern blot analysis was per-
formed'®!.  Five ug samples of denatured mRNA from hip-
pocampus were electrophoresed on formaldehvde denatured 1
% aparose gel. mRNA was then transferred avernight onto
0.45 um nutrocellulose (NC} filter by passive diffusich. The
NC filter was baked at B0 T for 2 h to fix the mRNA, which
was hybridized to nick-translated [#P] c¢- fos probe, and the
hybridization was detected by auwtoradiography

Western blot analysis The hippocampus was washed
with ice-cold PBS and cut into small pieces. The tissue frag-
ments were dispersed in 5 volutne of ice-cold suspension buffer
[WaCl 100 mmel: L', Tris: Cl 10 mmol- L *{pH 7.6},
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cdetic actd 1 mmol- L™ (pH 8.07, aprotinin 1 mg+=1.7! and
phenylmethylsulfonyl fluoride 100 mg+L™'], and then added
an equal volume of 2> SDS gel-loading buffer [ Tris- Cl 100
mmel* L™ {pH 6.8), dithothreitol 200 mmol- L', 4 %
SDS. 0.2 % bromophenol blue, and 20 % glvcerol]. The
samples were placed 10 a boding-water bath for 10 min, and
centrifuged at 10 DOD ~ g atr 15 T {or 10 min.

The suppernants. equvalent to 30 — 40 g of protein (30
LY, were separated by SDS-polyacrylamide gels, and then
translerred irom the gel to a NC filter with an electrophoresis
systerns'”  The NC filter was incubated with anti- fos anti-
body (1:1 000 dilution} for 1 b, and then transferred w a so-
lution of the secondary anthody (1:1500 dilution) conjugated
The wviolet color developed by

subsequent reaction with alkaline phosphates subsurate soluton

with alkaline phosphatase.

provided a visual indication of fos protein.

latracellular cAMP and cGMP determinations The in-
tracellular cAMP and eGMP contents were mieasured™ . The
hippocampus was placed in ice-cold 10 % tnchlorcacenc acid
(TCA).
10 nun}

saturated with water for 4 times o remove TCA  The meds-

Homogenates {5 % ) were centnifuged (800 > g,
The supernatants werd extracted by diethy] ether

The residue
was dissolved in 0.5 ml. buffer [ Trs+Cl 50 mmol+ L~ (pH
7.5). containing edetic avid 4 mmol* L™ {or cAMP assay,
and NaAC 50 mmol< L~ 1(pH 6.2) for cGMP assay;. cAMP

and cGMP concentrations were determuned using assay kirs.

um was dried at B0 T under a stream of air.

Proteins were determined™ .
Statistics Data were cxpressed as T 1 5 and evaluated by
t test.

RESULTS

The control rats had

levels of c-fus

c-fos gene expression
extremely low, or undetectable,
mRNA; treatment with Rg, elicited a dramatic in-
crease of c-fos mRNA in the hippocampus of young
and old rats . The expression of ¢- fos mRNA from
old rats was lower than that from voung rats. The
maximal effect was obtained at 20 mg - kg~ ' for
young rats, and 40 mg-kg ! for old ones. But at
the higher dase over 20 mg-kg ! in young rats, the
effect promoting c-fos gene expression by Rg
decreased (Fig 1).

Sos protein expression Since the levels of fos
protein in control rats were very low, staining was
barely detectable on NC filter.

with Rg, for 1 h, the intensities of staining on NC

After treatment

filter were notahly greater, indicating that the levels
of fos protein increased. Densitometric scanning

showed that the effects of Rg, on fos protein

expression of old rats was dose-dependent. In
voung rats, however, the fos protein levels did not
rise in proportion to dose. The maximal dose was
20 mg-kg™!. Thus, qualitatively, the level of fos
protein mirrored that of ¢ fos mRNA in young and
old rat hippocampus (Fig 2) .
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Fig 1. c¢-fos mRNA expression in hippocampos from young
{lapnes 1 — 4) and aped (lames 5 — 8) rats treated with Rg; .
Arrows indicate the migration TRNA. A) Northerm blot
analysis: B) densitometric analysis.
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Fig 2. Western blot analysis of fos protein in hippocampns
from young (lanes 1 — 4) and aped {lanes 5 —8) rats treated

with Rg,. A) Western blot analysis: B) Densitometric
analysis.

cAMP and ¢<GMP level
young rats, decreases of the cAMP and ¢cGMP levels

In comparison with
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were found in the hippocampus of aged rats, which

t9° Afrer treat-

was in agreement with the repor
ment with Rg;, the cAMP content obviously in-
creased, but ¢GMP concentration showed no abvi-
ous changes, so the ratic of cAMP/cGMP in-
creased .

cAMP level occurred at 20 mg+kg ! for young rats

The optimal increase induced by Rg;, in

and 40 mg-kg ! for old ones, snggesting that the
changes of cAMP levels were consistent with those
of c- fo. mRIMNA and fos protein expression in Rg; -
treated rats {Tab 1).

Tab 1. Effects of Rg; on cAMP and ¢GMP levels in hip-
pocampus of rats. n =06 rats, ¥ .

"P>0.05, "P<0.05, “P<0.01 vs young rat control;
P>0.05, *P<0.05, "P<0.01 vs aged rat control.

Rg,/ nmol/ g protein cAMP/
mgrkg ! cAMP cGMP GMP
Young rats
D 5.5+1.9 0.78=-0.12 6.987
10 7.1+1.,2b D.81 = 0.99" 8.79¢
20 12.8+2.1° 0.90~0.13" 14.167
40 9.3=1.6° D.86-0.12" 10.802
Aged rats
b 4.0=0.8" 0.62=-0.11° £.419
pit 5.6=x1.0¢ 0.6 =0.14 £.072
20 §.2+1.3" 0.72=0.10° 11.375
410 10.7 = 2.4 0.73=0.12¢ 14.858
DISCUSSION

Recent rapid accumulation of papers on ¢ fos
gene expression in the central nervous system
{CN5) has raised interest in the physiological sig-
nificance of those findings. This interest is spurred
by an emerging consensus that elevated o fos
expression is a good marker of long-term cellular
response. It is widely accepted that learning and
memory are the feature of neuronal networks
c-fos Proto-oncogene expression and jfos protein
biosynthesis are critical for the acquisition of learn-
ing and the establishmermt of a long-lasting memory

trace 1 .

In our previcus study, Rg, was found to

It the
pr&sent experiment, results showed that Rg; in-

improve learning and memory in animals,

cteased the c- for mRNA and fos protein levels in
the hippocampus of rats. These finding provided

an explanation of the molecular mechanisms of Rg,

nootrapic action and other action on CMNS.

Aging is accompanied by a number of biochemi-
cal, electrophysiolocal and morphological changes in
the brain.

paradigms of neuronal plasticity decreased as a result

Learning, memory and in wvitro

These changes are helieved to be the
The steady-
state levels of the proto-oncogene ¢ fos mRMNA and

of senescence.

end result of altered gene expression.

cAMP were decreased in aged rat brain ¥ . Gin-
seng, a tonic in the Traditional Chinese Medicine,

can be used for trearment and prevention of many
diseases, especially those associated with aging or
In this study, Rg;. in-
jected for 5 d, increased the levels of c- fos mRNA

and fos protein as well as contents of cAMP 1n aged

low physioclogical function.

rats. Thus, Ginsencside Rg; might become an ef-
fective agent for the treatment of age-related learn-
ing and memory deficits and other senile diseases.
The results of our investigation showed that the
increase in cAMP content, caused by Rg; in the hip-
pocampus of both young and old rat, was accompa-
nied by a similar rise in c- fos mRNA and fos pro-
tein levels. cAMP is an important intracellular sec-
ond messenger in many tissues. The elevation of
intracellular cAMP levels induces ¢-fos expres-

13) " Therefore, our results indicated that the

sion
action of Rg; on expression of c- fos mRMA and fos
protein was mediated through a cAMP-dependent

mechanism.
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superoxide dismutase activities in mice
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AIM: To study if Coriolus versicolor polysaccha-
rides ( CVP} influence the superoxide dismutase
{SOD) activities in mire. METHODS: Normal,
turnor-bearing, and radiated ICR mice were injected
ip with CVP daily for 3— 15 d. The SOD activity
was assaved by epinephrine autoxidation test. RE-

! Correspondence to wice-prof WE1 Wen-Shu, now in Fuzhou M:ili-
tary Medical College, Fuzhouw 350003, Chine .
Received 1994-04-26 Accepred 1995-05-29

SULTS: The SOD activities in lymphocytes and
thymus were increased by CVP in both the normal
mice with aor without delayed hypersensitivity

(DDH ).

only inhibitory effects on tumor, growth and SOD

In tumor-bearing mice, CVP exerted not

activity in tumor tissue but also complete or partial
restorative effects on the suppressed DH and on the
declined SOD activities in lymphocytes, spleen, and
thymus. The total SOD and manganese-containing
SOD ( MnSOD) activities in lymphaocytes and thy-
mus were dose-dependently enhanced by CVP (5 ~
20 mg+ kg ') on d 3 after the tumor transplanta-
In the mice exposed to ®Co (3 or 6 Gy},

tion.
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