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Chinese prescription Kangen-karyu, comprised of six crude drugs, has received much attention due to its numer-
ous biological activities. The present study reports the anti-aging potential of Kangen-karyu and its related mecha-
nisms under in vivo conditions with senescence-accelerated mice (SAM) and aging rats, and in a cellular system with
stress-induced premature senescence (SIPS). Kangen-karyu attenuated oxidative stress by the inhibition of free radical
generation and lipid peroxidation under the SAM model, suggesting its anti-aging potential. In addition, investigation
with the in vivo natural aging model also showed that Kangen-karyu and its main crude drug, Tanjin, played protective
roles against protein modification and lipid peroxidation in serum and tissue with aging. In particular, Kangen-karyu
exerted a stronger anti-aging effect than Tanjin, suggesting that Tanjin contributes synergistically to the anti-aging ac-
tivity of Kangen-karyu. Kangen-karyu also regulated the glutathione redox cycle, working primarily to maintain
mitochondrial function against the leakage of reactive oxygen species from mitochondria, and led to the inhibition of
nuclear factor-kappa B (NF-xB) to nuclear translocation and regulation of related protein expressions such as
cyclooxygenase-2, inducible nitric oxide synthase, heme oxygenase-1, bax, and bcl-2 proteins. Furthermore, under the
SIPS cellular model, Kangen-karyu extract showed an anti-aging activity and led to increased longevity through the at-
tenuation of oxidative damage with the inhibition of lipid peroxidation and cell cycle regulation. Tts anti-aging activity
results from modulations of NF-«B and the expressions of its related proteins. The present study suggests that Kangen-

karyu has a promising anti-aging potential against oxidative stress-induced aging processes.
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Introduction

Aging is an inevitable biological process that affects
most living organisms. There are several theories of aging,
error-catastrophe, protein modification, free radicals (oxida-
tive stress), mitochondrial DNA, and some developmental-
genetic theories including the longevity gene. The current
view on oxidative damage induced by free radicals with
aging is that aging-related changes are mainly attributed to
molecular and cellular damage caused by free radicals.'?
The production of reactive oxygen species (ROS), including
superoxide (O:"), hydrogen peroxide (H:0:), and the hy-
droxyl radical (-OH), is also inevitable in aerobic organisms
and the accumulation of injuries caused by ROS is an im-
portant factor involved in the determination of the lifespans
of living cells and the whole body. Since the oxidative
stress theory on aging has been considered as the most reli-
able theory, it has been speculated that the antioxidative de-
fense system that protects against the oxidative damage
caused by ROS is suppressed with aging, resulting in func-
tional disorders or tissue injury related to the aging process.
Therefore, it has been suggested that prevention of oxidative
damage through enhancement of the antioxidative defense
status may counteract aging and age-associated disorders.

Many experimental studies support the suggestion that anti-
oxidant agent administration can prevent the development
of age-associated disorders such as cancer,” cardiovascular
disorders,*® and some neurodegenerative disorders.”

Recently, great effort has been made to search for anti-
oxidants without toxicity and side effects, such as traditional
crude drugs, Chinese medicinal prescriptions, and functional
foods. Among the Chinese traditional prescriptions,
Kangen-karyu (Guan-Yuan-Ke-Li), composed of six crude
drugs (Carthami Flos, Paeoniae Radix, Cnidii Rhizoma,
Cyperi Rhizoma, Aucklandiac Radix, and Salviae
Miltiorrhizae Radix), has received much attention due to its
numerous biological activities such as the inhibition of
platelet aggregation and suppression of hypertension.®!)
Furthermore, Takahashi et al.'” demonstrated that Kangen-
karyu improved leaming and memory impairment in senes-
cence-accelerated mice (SAM) by preserving the activities
of choline acetyltransferase and superoxide dismutase
(SOD) in the cerebellum, suggesting that Kangen-karyu has
anti-aging properties. The present study reports the anti-
aging potential of Kangen-karyu and its related mechanisms
under in vivo conditions with SAM and aging rats, and in a
cellular system with stress-induced premature senescence
(SIPS).

*To whom correspondence should be addressed. e-mail : yokozawa@inm.u-toyama.ac.jp
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Antioxidative effects related to the anti-aging po-
tential of the Chinese prescription Kangen-karyu in
senescence-accelerated mice

Many investigators have developed several models for
studying human aging.'¥ Among them, SAM, one of the
murine models of accelerated aging, established by Takeda
et al.,'" is frequently used to study the aging process. Until
the age of 4 months, senescence-prone inbred strain
(SAMP) animals do not differ from the senescence-resistant
inbred strain either behaviorally or morphologically, but
later, they start to rapidly accumulate senile changes, includ-
ing a moderate to severe decline of physical activity, hair
loss, lack of hair glossiness, skin coarseness, periophthalmic
lesions and cataracts, and increased lordokyphosis of the
spine.’>'® In particular, recently, SAM have attracted con-
siderable attention, because the antioxidative defense sys-
tems of SAM strains, i.e., antioxidant enzyme activities and
antioxidants, are deteriorated with the aging process."”
Furthermore, Nakahara et al.'® demonstrated that the aging
process in SAM is mainly responsible for the mitochondrial
dysfunction induced by oxidative stress from free radicals.
Therefore, SAM are considered to be a useful in vivo model
to evaluate antioxidative activities against aging associated
with oxidative stress.

Studies on the generation of O with aging have pro-
duced conflicting results. Sohal et al.'® reported that O;” in-
creased with aging; on the other hand, Nakahara ef al.'® did
not observe an age-related increase in the generation of ROS
in SAMP 8 mice. Our present results showed that the serum
generation of Oz in younger and older SAMP did not differ
significantly. However, the administration of Kangen-karyu
resulted in lower serum O:" levels than the older control
group levels.”® This suggests that the effect of Kangen-
karyu on Q2" generation contributes to its anti-aging proper-
ties in this animal model through the attenuation of
oxidative stress caused by O.". In addition, the previous
study also demonstrated that the nitrite/nitrate level, reflect-
ing the oxidative end production of nitric oxide (NO), in-
creased significantly with age in SAMP. In the light of the

Table 1 Cr, MG, and MG/Cr ratio in urine

Kangen-karyu in aging process

reports that SAM strains have phenotypes of impaired im-
mune response,’'® and that the synthesis of NO was regu-
lated by many immunological factors, including tumor
necrosis factor-o., interleukin-1, and interferon-o,2V the im-
paired immune response could be related to excessive NO
generation with age in SAMP. However, the administration
of Kangen-karyu resulted in a decrease in the NO level in
older SAMP, suggesting that Kangen-karyu attenuates NO-
induced oxidative damage with aging through regulation of
the immune response.

To investigate the effects on -OH generation, we meas-
ured the wurinary levels of creatinine (Cr) and
methylguanidine (MG). Since MG is synthesized from
Cr by -OH, the MG/Cr ratio is an indicator of ‘OH genera-
tion.”>?" The administration of Kangen-karyu extract inhib-
ited -OH generation significantly (Table 1), implying its
protective effect against ‘OH. The above results suggest
that Kangen-karyu scavenges O2", NO, and -OH, and thus,
it is expected to display benefits against the aging process in
this model.

To counteract oxidative stress from ROS, the human
body has a defense system comprising antioxidative
enzymes and antioxidants. Although the activities of
antioxidative enzymes are not consistently related to anti-
aging to prolong the lifespan, it is clear that antioxidative
enzyme activities contribute to the prevention of oxidative
damage. The result on the elevation of SOD activity by the
administration of Kangen-karyu suggests that it has a pro-
tective effect against aging through protecting organisms
against oxidative insults.””

Changes in the antioxidative defense status and oxida-
tive damage by free radicals with aging are considered to in-
duce the accumulation of oxidized intracellular biomolecules
such as lipids, proteins, and DNA. Malondialdehyde
(MDA) is often used as a biological marker of lipid
peroxidation, though it is not a precise marker.
Accordingly, the changes in MDA we observed in the pre-
sent study may not be entirely due to age-related changes in
lipid peroxidation per se. However, because of the in-
creased levels of other markers we measured, the MDA

Age Grou Cr MG MG/Cr
(weeks) P (mg/ml) (ng/ml) (x10-%)
34 - 0.44 + 0.04* 725 + 0.38™ 16.45 £ 030"
Kangen-karyu 0.50 = 0.05™ 6.59 + 0.22*a 13.12 £ 026"
5 - 032 £ 0.03 1.05 £ 0.18 330 £ 0.32

*p<0.01, **p<0.001 vs. control values of 5 weeks of age; 2p<0.05, bp<0.001 vs. control values of 34 weeks of age.

Table 2 MDA levels in hepatic and renal tissues

Age Grou Hepatic MDA Renal MDA
(weeks) P (nmol/mg protein) (nmol/mg protein
34 - 1.20 = 0.06** 1.69 £ 0.06™
Kangen-karyu 1.04 + 0.03%2 1.63 + 0.08"*

5 - 0.91 = 0.07 1.32 £ 0.04

*p<0.01, **p<0.001 vs. control values of 5 weeks of age; 2p<0.01 vs.

control values of 34 weeks of age.
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levels likely reflect the extent of oxidatively damaged lipids
in SAM. Our data are consistent with other reports® show-
ing increased lipid peroxidation due to the oxidative status
in various tissues. Our study showed that the hepatic and
renal tissue MDA concentrations at 34 weeks of age were
significantly higher than those at 5 weeks of age (Table 2),
indicating that the aging process makes these tissues more
susceptible to oxidative stress, and that increased oxidative
stress induces lipid peroxidation with aging in this animal
model. In contrast, Kangen-karyu significantly reduced the
hepatic MDA concentration, which was associated with the
attenuation of oxidative stress through scavenging free radi-
cals and/or enhancing the defense system. It should be
noted that although lipid peroxidation increased both in the
liver and kidney in these animals, Kangen-karyu decreased
only hepatic MDA, and not renal MDA. The difference be-
tween different organs may possibly depend on how organs
differentially process the accumulated MDA, as the liver has
a higher capacity to metabolize MDA, while renal MDA is
not readily metabolized.

A further study was carried out to elucidate how
Kangen-karyu affects tissue dysfunctions associated with
aging, since aging leads to several characteristics, such as
changes in the biochemical composition and function of tis-
sue, increased mortality after maturation, a progressive de-
cline in physiological capacity, reduced ability to respond
adaptively to environmental stimuli, and increased suscepti-
bility and vulnerability to diseases.?” Therefore, we investi-
gated hepatic and renal functions by measuring serum levels
of alanine amino transferase (ALT), and both urea nitrogen
and Cr, respectively. Older SAMP resulted in functional al-
terations in the liver and kidney in this animal model, and
Kangen-karyu attenuated these changes,”” implying that it
modulated these abnormalities of the liver and kidney of
SAMP,

The changes with age in some of the parameters exam-
ined in this animal model are different from what we know
of human aging. As was discussed above, NO generation
increased with age in SAM, while in humans, it is known to
decline with age. Serum ALT and urea nitrogen levels,
which both increased with age in SAM, do not increase in
humans during the normal aging process. Further, the selec-
tion of animal age, especially young animals (5 weeks of
age) may not be optimal to examine age-associated changes
in this animal model. With these limitations in mind, the
antioxidative activities as demonstrated for these drugs need
be carefully interpreted in terms of the human aging proc-
ess.

Anti-aging activity of the Chinese prescription
Kangen-karyu and its mechanisms in human lung
fibroblasts

Among the various cell types, proliferative cells, such
as human diploid fibroblasts (HDFs), melanocytes, lympho-
cytes, and retinal pigment epithelial cells, display typical
replicative senescence (RS). In particular, the HDFs first
described by Hayflick and Moorhead®” have become a
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classical experimental model of cellular aging and have
been used to study aging-associated molecular changes in
human cells. After serial passage, WI-38 human lung
fibroblast cells, which are HDFs, lose the ability to prolifer-
ate and become senescent, showing cellular changes related
to the aging process.”*® In addition, HDFs, including WI-
38 cells, exhibit the SIPS phenotype after being subjected to
many different sub-lethal stresses, including oxidative
stress,’” and this SIPS phenotype is almost identical to the
phenotype associated with RS. In particular, Wolf et al.’®
reported that H.O»-treated WI-38 cells showed changes in-
dicative of increased oxidative DNA damage, such as ele-
vated 8-hydroxy-2'-deoxyguanosine levels, senescence-
associated B-galactosidase (SA-B-Gal) activity, and Go/G:
cell cycle arrest, indicating RS of the cells. Consistent with
these pieces of evidence, our results also showed that
H>0»-treated WI-38 cells exhibited cellular senescence due
to increased oxidative damage. These findings indicate that
SIPS of WI-38 cells caused by H20: is a useful and reason-
able cellular aging model for evaluating the anti-aging ef-
fects of agents that counteract oxidative stress. We used
this well-established model to evaluate the anti-aging effects
of Kangen-karyu extract and focused on the antioxidant po-
tential and mechanisms responsible for the anti-aging activ-
ity of Kangen-karyu extract.

One of the remarkable changes of HDFs undergoing
cellular aging is a senescence-like morphological change al-
most identical to that observed with SIPS.**#) In addition,
several studies demonstrated that SA-B-Gal activity in-
creases dramatically during RS both in vitro and in vivo.*?
Consistent with these findings, HDFs exposed to H20; dis-
played stress-induced morphological changes indicative of
premature senescence. Moreover, the SA-B-Gal activity
was elevated in HDFs exposed to H.O: (Fig. 1). However,
Kangen-karyu extract exerted a protective effect against
these morphological changes associated with cellular aging
and inhibited the H:0»-induced increase in SA-B-Gal activ-
ity. These results suggest that Kangen-karyu would prevent
H:0:-induced cellular senescence of HDFs.

The characteristics of RS of HDFs include Go/G phase
arrest of the cell cycle*® Our present results also showed
that Go/G1 phase arrest of WI-38 cells resulted from H.O»-
induced oxidative stress, whereas treatment with Kangen-
karyu extract, which attenuated the oxidative status,
normalized the cell cycle by decreasing the proportion of
cells in the Go/G: phase (Table 3), implying that the quies-
cent state of cells including growth arrest is closely related
to cell cycle arrest. Our previous report also demonstrated
that SIPS caused by H:0: increased intracellular ROS gen-
eration.®*" In contrast, pretreatment of Kangen-karyu ex-
tract to WI-38 cells under conditions of SIPS decreased
ROS generation, thereby reducing oxidative stress.
Moreover, Kangen-karyu extract reduced the magnitude of
the level of lipid peroxidation elevation and it was associ-
ated with the attenuation of oxidative stress. These results
clearly indicate that Kangen-karyu can prevent H.O»-
induced growth arrest of HDFs via preventing Go/G: phase
arrest under cell cycle distribution as well as reducing ROS
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24 h

48 h

Kangen-karyu in aging process

72h

None

H,0, (300 M)

H,0, (300 uM) after
Kangen-karyu (100 pg/ml)

Fig. 1 H:0: induced SA-B-Gal activities. HDFs were pretreated with vehicle (BME media) or Kangen-karyu (100 ug/ml) for
24 h before 60 min incubation with H20z2. After removing H202, the cells were incubated with fresh media for 24, 48, and
72 h, and the cell morphology was determined by SA-B-Gal staining and microscopy.

Table 3 Effect of Kangen-karyu extract on cell cycle

Percentage of cells in each phase of cell cycle (%)

Go/Gi S Go/M
~ None 461+ 14 307+ 1.4 232 + 03
H202 (300 pM) 543 £ 1.4 23.0 £ 1.7% 2404
H20:2 (300 uM) plus Kangen-karyu extract (10 pg/ml) 533 = 1.5 23.1 £ 1.9% 23.6 = 05"
H202 (300 puM) plus Kangen-karyn extract (100 pg/ml) 495 £ 1. 70" 29.8 + 2.4% 20.7 £ 0.9%"

#p<0.05, #p<0.01, ##p<0.001 vs. no treatment values; *p<0.05,

generation and oxidative damage.

The enhancement of oxidative stress by several factors,
including ROS generation, results in a loss of cell
viability.*? The viability of WI-38 cells was reduced by
H,0:-induced oxidative damage.*¥ However, pre-treatment
of Kangen-karyu extract improved cell viability by protect-
ing against HO»-induced oxidative damage through the de-
crease in ROS generation and thiobarbituric acid (TBA)-
reactive substance levels. In addition, H,O2-induced HDFs
lose the ability to proliferate and then reach premature

**#p<0.01 vs. H2O2 treatment values.

senescence, whereas Kangen-karyu extract treatment pro-
longed the lifespan of HDF cells (Fig. 2). This indicates
that Kangen-karyu has an anti-aging potential to extend lon-
gevity. Several studies have demonstrated a positive corre-
lation between an organism's cellular lifespan and its
longevity. The proliferative lifespan of fibroblasts de-
creased with aging and fibroblasts derived from patients
with syndromes of premature aging, such as Werner's syn-
drome and Hutchinson-Gilford syndrome, had a reduced
lifespan in vitro.**” Therefore, the present finding of the
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increased longevity of WI-38 cells by Kangen-karyu sug-
gests that this prescription might prolong not only the
lifespan of cells in vitro but also the longevity of the whole
organism.

To investigate the related mechanisms to cellular anti-
aging activity, nuclear factor-kappa B (NF-kB) translocation
to the nucleus was observed. NF-kB is a powerful
transcriptional factor that plays a pivotal role in the regula-
tion of a number of immune and inflammatory response
genes and in the activation of several cellular promoters. In
unstimulated cells, the NF-kB dimer is present in the

36 " i " J
0 2 4 6 8 10 12 14 16
(day)

Fig. 2 H20: induced PDL of HDFs. None, @; H20: treatment, ll; H20:2
plus Kangen-karyu extract treatment, /.

NF-xB

DAPI

None H,0, (300 uM)
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cytosol as an active complex with the inhibitory protein IxB.
In response to cell stimulation with agents such as phorbol
esters,”” tumor necrosis factor-o.,*>** interleukin-1,> UV
light,’”*® hypoxia,™ lipopolysaccharide,’” and H:0, the
NF-xB dimer dissociates from IxkB and translocates to the
nucleus, which is followed by NF-«B activation. Our pre-
sent study demonstrated that HDFs under the condition of
SIPS caused by H:0: showed NF-xB translocation to the
nucleus from the cytosol, suggesting that cells undergoing
premature RS may display NF-kB translocation following
oxidative stress. In addition, oxidative stress was demon-
strated to contribute to the age-related increase of NF-xB in
vivo. Therefore, the prevention of NF-kB translocation re-
sulting from oxidative stress we observed suggests that
Kangen-karyu exerts an anti-aging effect through NF-xB
modulation (Fig. 3). The translocation into the nucleus and
activation of NF-kB induce the expression of several pro-
teins, such as cyclooxygenase (COX), inducible nitric oxide
synthase (iNOS), heme oxygenase-1 (HO-1), bax, and
bel-2.%Y Our previous study also demonstrated that Kangen-
karyu extract regulates related proteins to NF-kB modula-
tion.*” Tt prevented the overexpression of HO-1 and bax
proteins induced by H20,, suggesting that the Kangen-karyu
extract regulates the expression of these proteins.

Among the theories of aging, the mitochondrial theory
proposes that oxidative stress leads to injury of the genome
and mitochondrial membranes of somatic differentiated
cells,? and that such injured cells display a decline in the
mitochondrial membrane potential.®> The fluorescent dye
thodamine 123 is frequently used as a mitochondrial mem-
brane potential probe because it is well characterized, causes

i

H,0, (30 uM) after  H,0, (300 pM) after
Kangen-karyu Kangen-karyu
(10 pg/mi) (100 pg/mi)

Fig. 3 H202 induced NF-kB translocations of HDFs. HDFs were pretreated with vehicle (BME media) or Kangen-karyu (10 and 100
pg/mi) for 24 h before 60 min incubation with H202. After removing H202, the cells were incubated with fresh media for 0 h, and NF-
kB translocations were determined by immunofluorescence and DAPI staining.
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None

H,0, (300 uM)

H,O, (300 uM) after
Kangen-karyu (100 pg/ml)

Fig. 4 H202 induced mitochondrial membrane potentials of HDFs. HDFs were pretreated with vehicle (BME media) or Kangen-karyu
(100 pg/ml) for 24 h before 60 min incubation with H2O2. After removing H20z, the cells were incubated with fresh media for 0, 24,
and 48 h, and mitochondrial membrane potentials were determined by rhodamine123 staining.

no loss of mitochondrial coupling, and is not toxic at low
concentrations.®® Moreover, dye accumulation and the re-
sulting fluorescence intensity of cells are stable, allowing
accurate measurement of cellular fluorescence characteris-
tics. In the present study, H:O»-treated HDFs certainly
showed increased rhodamine 123 fluorescence compared
with untreated HDFs (Fig. 4). This is consistent with the re-
sults of Lee et al.,* who showed that premature senescence
induced by H20: led to a decline of the mitochondrial mem-
brane potential. However, Kangen-karyu extract prevented
this decline, suggesting that Kangen-karyu extract protects
mitochondria from mitochondrial oxidative stress and dys-
function.

Under the cellular senescence model induced by oxida-
tive stress, Kangen-karyu extract showed an anti-aging ac-
tivity through the attenuation of oxidative damage with the
inhibition of lipid peroxidation and cell cycle regulation.
Eventually, it could delay the cellular aging process with a
protective effect against aging-related morphological
changes. Furthermore, the present study also indicated that
the anti-aging activity is attributable to the modulation of
NF-«kB and expression of its related proteins.

Anti-aging properties of the Chinese prescription
Kangen-karyu and Tanjin in aging rats

In the previous section, we described the anti-aging ac-
tivity of Kangen-karyu in an SAM model. We found that
Kangen-karyu ameliorated tissue damage and oxidative
stress associated with aging in the SAM model.® However,
the SAM model is not exactly identical to the natural aging
process, although it is considered to be a useful in vivo
model for aging research. Therefore, the present section
demonstrated how Kangen-karyu affects the aging process
in a model more closely related to human aging using rats
allowed to proceed along the natural aging process with
time. The rodent model on aging research is the most fre-
quently employed. It is known that the lifespan of rats is
approximately 36 to 48 months; 7-10 weeks-old (natal), 3-6
months-old (young), 12 months-old (adult), and 36-38
months-old (old). By the free radical theory of aging, vari-
ous oxidative reactions occurring in an organism (mainly in
mitochondria) generate free radicals which cause multiple
lesions in macromolecules, leading to damage and aging.?
Therefore, we focused on the accumulation of damage
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caused by oxidative stress and protein expressions during
the aging process, and evaluated the anti-aging effects of
Kangen-karyu and its crude drug, Tanjin. Nomura et al.*¥
also reported that Tanjin, the main extract with the greatest
amount of Kangen-karyu, effectively protects against learn-
ing deficits caused by aging in SAM. Accordingly, Tanjin
extract is also expected to play a crucial role in retarding the
aging process.

Biological macromolecules such as proteins, lipids, and
nucleic acids are the targets of oxidative stress with age.5?
In particular, amino groups in proteins react non-
enzymatically with reducing sugars to produce advanced
glycation endproducts (AGEs). AGEs not only modify
protein properties but also induce biological damage in
vivo.®® AGEs are irreversibly formed, accumulated with
aging, arteriosclerosis, and diabetes mellitus, and are espe-
cially associated with long-lived proteins such as
collagens.®” An increase in serum AGEs with age is a risk
marker of aging and age-related diseases.®®’® On the other
hand, Hunt e al.”V have reported that in plasma samples,
AGEs and protein glycation appeared to be linearly corre-
lated. 5-Hydroxymethylfurfural (5-HMF) is involved in the
non-enzymatic browning process and non-enzymatically
bound glucose in serum is released as 5-HMF.>7
Therefore, we evaluated 5-HMF levels to determine the ex-
tent of serum glycosylated protein (Table 4). The serum
glycosylated protein levels of 12-month-old rats increased
compared with 2-month-old rats. However, the groups fed
Kangen-karyu and Tanjin extracts showed decreased serum-
glycosylated protein levels, although the reduction in

Table 4 Glycosylated protein level in serum

Age Glycosylated protein
(months) Group (nmol/mg protein)
2 18.73 £0.29
12 2232 £ 0.70%

19.70 = 0.56*"
20.59 = 0.38**"
2044 £ 0.54%"
22.14 + 0.41%

Kangen-karyu, 0.5%
Kangen-karyu, 1.0%
Tanjin, 0.5%
Tanjin, 1.0%

#p<0.05, #p<0.01 vs. control values of 2 months of age;
*p<0.001 vs. control values of 12 months of age.
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glycosylated protein levels accounts for the comparison
with 12-month-old control rats under the present model.
This suggests that Kangen-karyu and Tanjin would protect
against protein modification and biological damage with
aging. Our previous study also showed that both serum and
hepatic levels of TBA-reactive substance at 12 months of
age were significantly higher than those at 2 months of age,
indicating that the aging process makes the tissues more
susceptible to oxidative stress, and that this elevation of oxi-
dative stress with aging induces lipid peroxidation (data not
shown). In contrast, Kangen-karyu and Tanjin significantly
decreased the levels of TBA-reactive substance in serum
and hepatic tissue. These results indicate that Kangen-karyu
and Tanjin attenuate oxidative stress under the in vivo rat
model with the natural aging process.

The level of oxidized glutathione (GSSG) with age in
hepatic tissues increased without changes in the reduced
glutathione (GSH) level, and therefore the GSH/GSSG ratio
dramatically decreased (Table 5). In addition, the 12-
month-old rats showed higher GSH-Px activities, probably
related to increased oxidative damage with age, while
Kangen-karyu and Tanjin attenuated the GSH-Px activities
of hepatic tissues against aging. The present results suggest
that Kangen-karyu and Tanjin regulate the glutathione redox
cycle to maintain the cellular redox condition against age-
related oxidative stress. Miquel®® reported that changes in
the redox (GSH/GSSG) ratio are much more striking in the
mitochondria than in the extramitochondrial compartment
and lead to oxidative damage of mitochondrial DNA, which
relates to mitochondrial dysfunction.” The effect of
Kangen-karyu on the glutathione redox cycle with age
would also probably be related to the amelioration of
mitochondrial dysfunction.

The expressions of several proteins such as HO-1,
COXs, iNOS, bax, bcl-2, caspase, and cytochrome ¢ from
the heart, liver, kidney, brain, and other tissues led to
changes with aging.®) When ROS was produced in mito-
chondria with aging, cytochrome ¢ was dramatically re-
leased from mitochondria into the cytosol.” This is an
early event in aging and age-related apoptosis, leading to the
generation of O2"."® The present study demonstrated that
the expression of cytosolic cytochrome ¢ in 12-month-old
rats increased compared with 2-month-old rats, but its in-
crease was prevented in rats fed Kangen-karyu and Tanjin

Table 5 GSH and GSSG levels, GSH/GSSH ratio, and GSH-Px activity in hepatic tissues

(mﬁrichs) Group (mmo?j:I_tIissue) (mm(()}l/sgsgssuc) GSH/GSSG ratio (uniﬁilg-;r)i)tein)
2 - 10.83 £ 1.11 0.07 £ 0.01 164.8 = 8.9 1142 £ 29
12 - 10.92 * 3.27 0.21 + 0.03* 49.1 = 6.2" 138.1 =+ 5.6*
Kangen-karyu, 0.5% 10.28 * 2.96 0.16 £ 0.02%%" 69.2 + 13.2#" 127.7 + 6.9%"
Kangen-karyu, 1.0% 14.98 + 3.01 0.18 + 0.03% 83.4 + 7.9#" 129.8 + 4.6
Tanjin, 0.5% 12.31 = 237 0.18 + 0.03* 683 * 8.6M" 128.1 = 7.0%"
Tanjin, 1.0% 12.63 * 2.44 0.19 * 0.03* 67.7 * 7.0%* 132.0 * 3.3%

#p<0.01, ##p<0.001 vs. control values of 2 months of age; *p<0.05, **p<0.01, ***p<0.001 vs. control values of 12 months of age.

NI | -El ectronic Library Service



Medi cal

and Pharmaceutical Society for WAKAN- YAKU

160

extracts (Fig. 5). A stronger effect with Kangen-karyu than
Tanjin was observed, suggesting that the effect of the pre-
scription Kangen-karyu can be attributed partly to the syner-
gistic and/or additive effect of its crude drug. The present
investigation also provides new evidence that both Kangen-
karyu and Tanjin inhibit the leakage of O.” in mitochondria
and attenuate the cellular state against oxidative damage.
The increase in age-related NF-xB activity is elicited
through the enhanced degradation of IkB induced through
phosphorylation by IxB kinase during aging.”"™® Our study
demonstrated that although the expression of cytoplasmic
IkB protein in hepatic tissue in 12-month-old rats was lower
than that in 2-month-old rats, NF-xB (p65) protein in the
nuclear fraction showed an increase with aging. Although
Kangen-karyu and Tanjin extracts did not affect the expres-
sion of cytoplasmic IkB, Kangen-karyu extract significantly
reduced the expression of nuclear NF-xB (Fig. 6). ROS in-
duces the activation of NF-xB activity, and NF-xB, in turn,
up-regulates the synthesis of anti-apoptotic members, the
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bel-2 family,” and increases the transcription of genes that
encode protective enzymes such as iNOS and COX-2.V
The present result showed that the level of bcl-2 expression
in 12-month-old rats showed a tendency to increase com-
pared with that of 2-month-old rats, and the level of bax
protein increased with aging (Fig. 5). Consistent with the
present study, similar observations of the overexpression of
bax and reduced expression of bcl-2 with aging have been
well demonstrated.***? The increase in the bax/bcl-2 ratio
with aging by other studies indicates the possible role of the
mitochondrial bax/bcl-2 apoptotic signaling pathway in
aging 3% Kangen-karyu and Tanjin extracts prevented the
changes in bcl-2 and bax protein expressions with aging,
implying that Kangen-karyu and Tanjin would play crucial
roles in protecting against mitochondrial dysfunction with
aging through the regulation of bax and bcl-2 protein levels.
Furthermore, these changes enhance the release of
cytochrome ¢ from mitochondria into the cytosol and lead to
mitochondrial dysfunction with age, as reported by Bernardi
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Fig. 5 Effect of Kangen-karyu on cytoplasmic cytochrome c, bel-2, and bax proteins of aged rats. The protein levels were quantified by densitometry.
#p<0.01, #p<0.001 vs. control values of 2 months of age; *p<0.05, **p<0.001 vs. control values of 12 months of age.
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Fig. 6 Effect of Kangen-karyu on nuclear NF-kB and cytoplasmic IxB proteins of aged rats. The protein levels were quan-
tified by densitometry. #p<0.05, #p<0.01, ##p<0.001 vs. control values of 2 months of age; *p<0.05 vs. control values

of 12 months of age.
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et al® Further study is also needed on the comparison of
protein expression of cytoplasmic bax with that of the
mitochondrial fraction under this model for the elucidation
of the role of bax protein in the aging process.

Feng et al.*® reported that ROS induces the expression
of COX-2 protein, the key enzyme in proinflammatory
prostanoid synthesis, and COX-2 is induced readily by
cytokines, hormones, growth factors, and tumor promoters
in selected tissues.¥® INOS is also readily inducible by
proinflammatory cytokines, and has a close relationship
with ROS generation, and the induction of its gene expres-
sion increases in aged mice and rats.> In addition, HO-1 is
ubiquitously expressed and is inducible, which degrades
heme to free iron and a prooxidant. It also contributes to the
antioxidant defense mechanisms of the cells, and enhanced
oxidative stress during aging is accompanied by a compen-
satory induction of HO-1.%) The present results demon-
strated that COX-2, iNOS, and HO-1 protein expressions in
12-month-old rats were dramatically increased compared
with 2-month-old rats. Although Kangen-karyu extract
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administration did not lead to changes in COX-2 protein ex-
pression, iNOS and HO-1 protein expressions were reduced
significantly by treatment with this prescription (Fig. 7). On
the other hand, Tanjin extract dramatically reduced the ex-
pressions of COX-2, iNOS, and HO-1 proteins.

This study demonstrated that the aging process over
time resulted in increases in protein glycation and lipid
peroxidation, and functional alterations in the liver with
changes in related protein expressions, whereas Kangen-
karyu and Tanjin attenuated these changes, implying that
they modulate these abnormalities caused by aging.
Furthermore, the present study indicated that Kangen-karyu
and Tanjin exert anti-aging activities under the in vivo aging
model with different mechanisms. Kangen-karyu works
mainly to maintain mitochondrial function against the leak-
age of ROS from mitochondria, elevates the level of bcl-2
protein expression, and prevents the release of cytochrome
¢ from mitochondria. In addition, Kangen-karyu amelio-
rates the glutathione redox cycle, prevents accumulating
GSSG levels, and strongly elevates the GSH/GSSG ratio.
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Fig. 7 Effect of Kangen-karyu on COX-1, COX-2, iNOS, and HO-1 proteins of aged rats. The protein levels were quantified by
densitometry. #p<0.01, #p<0.001 vs. control values of 2 months of age; *p<0.001 vs. control values of 12 months of age.
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Fig. 8 Schematic overview of the action mechanism of Kangen-karyu against oxidative stress-induced aging.

On the other hand, Tanjin did not have a remarkable role in
protecting mitochondria from aging compared to Kangen-
karyu, whereas it attenuated the protein expressions of
inducible genes such as COX-2, iNOS, and HO-1. Tanjin
is attributed to the synergistic and/or additive anti-aging ef-
fect of Kangen-karyu.

Conclusion

The serial studies on the anti-aging potential of
Kangen-karyu under in vivo aging models and the SIPS cel-
lular system indicated that Kangen-karyu exerted anti-aging
properties through its attenuation of oxidative stress with
aging. Furthermore, we could propose a schematic over-
view of the possible action mechanisms of Kangen-karyu
against oxidative stress-induced aging (Fig. 8). The aging
process increases oxidative stress such as ROS generation
and accumulation of oxidative damage in tissue/cells.
Oxidative stress induces NF-kB translocation from the
cytosol to the nucleus (activation of NF-kB), leading to an
increase in the translocation of genes related to the
proinflammatory reaction such as COX-2 and iNOS. These
proteins have a close relationship with ROS generation.
Furthermore, these changes enhance the release of
cytochrome ¢ from mitochondria into the cytosol through

the regulation of bax and bcl-2 proteins, eventually leading
to mitochondrial dysfunction with aging. However,
Kangen-karyu works mainly to maintain mitochondrial
function against the leakage of ROS from mitochondria and
led to the inhibition of NF-kB nuclear translocation and
regulation of related protein expressions such as COX-2,
iNOS, HO-1, bax, and bcl-2 proteins. In addition, Kangen-
karyu regulates the glutathione redox cycle that maintains
the cellular redox condition against age-related oxidative
stress. This supports Kangen-karyu as a promising anti-
aging agent.
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Kot bonfEl: & 2 0BFIc>0T, ZLEEETF V=
v Z (SAM) &5 » b, & 512 stress-induced prema-
ture senescence (SIPS) %+ - 7-MIfaR % A WKET L iR
RHET S, SAMIcBWT, WiERIE 7Y -5 VhVE
H & RE R L2 INH L CEBR(E X b L RIREERRRRIL,
IWERAE T 5 2 EMRBE N, HHENE/LE FVERY
RERICBVWTS, Wik &z 0FEOHSN, Eick -
THU 2 &R EBMCEEER LT LREFRER LI, C
D& S ER, WO ABE L D EWEREZRL,
STEEICER OMBEERMBRE S N, BB TR, sy
FAYVUFE Y 2 A A 7 VOHFFHRI b ay FITH OO
WEFEHORLAHELTI b3y F ) TEIEEZHERL,
NF-£B O~OBTOMH E vy atrF v —€-2,
HER-BICBROKER, ~osA4FV 7 +F—+¥-1, bax,
bel-2 Z0OEARBAEFL T\, &51, SIPSHlaEF
WAERWIEET, W IEERELoIEIC X 5L
BEOWE LM ZHIE L, JrEtrEH & MiaFamoit
BERLTOIN, ZOLIBEHIE NF-kB EEHREO
HENCER L TWic, DIk, ARFFRICB W CECEER B
R M2 oFEINZELBRICHL, FBEREET
5 R SRR X L,
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