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The antioxidative activity of Kangen-karyu extract delays
senescence of human lung fibroblasts
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Replicative senescence (RS) of human diploid fibroblasts (HDFs) has become a classical model of aging and
HDFs, such as WI-38 cells, display increased cellular oxidant production associated with RS. Several phenomena asso-
ciated with RS are also observed in stress-induced replicative senescence (SIPS). In particular, SIPS of WI-38 cells
caused by hydrogen peroxide (H20:) is a useful and reasonable cellular aging model for evaluating the effects of poten-
tial anti-aging agents against oxidative stress. We used this well-established model to evaluate the anti-aging effect of
Kangen-karyu, focusing on its antioxidant activity. Treatment of WI-38 cells undergoing SIPS caused by H:0; with
Kangen-karyu extract significantly reduced reactive oxygen species (ROS) generation and lipid peroxidation levels. In
addition, the intracellular GSH levels, reflecting cellular ROS generation, were reduced by treatment with Kangen-
karyu extract. These results suggest that Kangen-karyu attenuated the age-associated increase of cellular oxidative
damage. Moreover, Kangen-karyu extract normalized the Go/G1 phase arrest and reversed the diminished cell viability
resulting from exposure to H202. Furthermore, the extract prolonged the lifespan of WI-38 cells undergoing SIPS.
This study suggests that Kangen-karyu may delay the aging process in cells undergoing SIPS by attenuating oxidative

damage.
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Introduction

Aging is an inevitable physiological phenomenon
caused by several factors and various theories on the aging
process have been suggested. Among them, the most attrac-
tive and predominant theory, the free radical theory of
aging, hypothesizes that various oxidative reactions occur-
ring in an organism (mainly in mitochondria) generate free
radicals which cause multiple lesions in macromolecules,
leading to their damage and aging. Therefore, the oxidative
damage induced by free radicals is believed to contribute to
several age-associated disorders. On the basis of the free
radical theory, research into aging has been carried out
using in vivo models and cellular systems.

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 clas-
sical 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 proliferate and
they become senescent, showing cellular changes related to
the aging process.>” In addition, HDFs, including WI-38
cells, exhibit the stress-induced premature senescence
(SIPS) phenotype after being subjected to many different
sub-lethal stresses, including oxidative stress,® and this
SIPS phenotype is almost identical to the phenotype associ-
ated with RS. Several studies have demonstrated that cells

subjected to hydrogen peroxide (H:0.)-induced oxidative
stress showed senescence, several changes typical of RS and
oxidative damage of several components.>'"” Therefore, we
have used WI-38 fibroblast cells undergoing H,O»-induced
cellular senescence to evaluate potential anti-aging com-
pounds, focusing on the free radical theory of aging.

Antioxidants have been suggested to be promising
agents for delaying the aging process associated with SIPS,
as well as RS. Recently, great effort has been devoted to
searching for antioxidants without toxicity and side effects,
such as traditional crude drugs, Chinese medicinal prescrip-
tions and functional foods. However, studies on the anti-
aging potential and effects on cellular senescence of such
preparations has not been carried out yet. Among the
Chinese traditional prescriptions, Kangen-karyu, which is
comprised of six crude drugs, has received much attention
due to its numerous biological activities, such as inhibition
of platelet aggregation and suppression of hypertension.'>'”
Furthermore, Takahashi et al.'” demonstrated that Kangen-
karyu affected the recovery of learning and memory impair-
ment in the senescence-accelerated mouse by preserving the
activities of choline acetyltransferase and superoxide
dismutase (SOD) in the cerebellum. In addition, our previ-
ous study showed that Kangen-karyu inhibited the oxidative
stress-related aging process in senescence-accelerated mice
through enhancing antioxidative enzyme activity and scav-
enging reactive oxygen species (ROS) and eventually con-
tributing to improvement of tissue dysfunction with age,
suggesting that Kangen-karyu is a potential anti-aging com-
pound.!”

In this study, we used WI-38 human diploid fibroblasts
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with H20:-induced oxidative damage to determine whether
Kangen-karyu has anti-aging effects.

Materials and Methods

Materials. Basal medium of Eagle (BME) was pur-
chased from Sigma Chemical Co. (St. Louis, Mo, USA).
2' 7"-Dichlorofluorescin diacetate (DCFH-DA), monochlo-
robimane (mBCl) and propidium iodide (PI) were purchased
from Molecular Probes (Eugene, Oregon, USA). Calcium-
and magnesium-free phosphate buffered saline (PBS), hy-
drogen peroxide (H:0:), thiobarbituric acid (TBA) and
3-(4,5- dimethyl - 2- thiazolyl) - 2,5-diphenyl-2H-tetrazolium
bromide (MTT) were purchased from Wako Pure Chemical
Industries Ltd. (Osaka, Japan). Fetal bovine serum (FBS),
trypsin solution and ribonuclease A (RNase) were purchased
from Life Technologies Inc. (Grand Island, NY, USA),
Nakarai (Kyoto, Japan) and Funakoshi (Tokyo, Japan), re-
spectively. Normal human lung diploid fibroblasts (WI-38)
were purchased from the Health Science Research
Resources Bank (Osaka, Japan).

Preparation of Kangen-karyu extract. The composi-
tion of Kangen-karyu used in this study was 2.25 g Paeoniae
Radix (root of Paeonia lactiflora PALLAS), 2.25 g Cnidii
Rhizoma (thizome of Cnidium officinale MAKINO), 2.25 g
Carthami Flos (petal of Carthamus tinctorius L.), 1.125 g
Cyperi Rhizoma (thizome of Cyperus rotundus L.), 1.125 g
Aucklandiae Radix (root of Aucklandia lappa DcNE.) and
4.5 g Salviae Miltiorrhizae Radix (root of Salvia miltiorrhiza
BuNGE). These herbs were extracted with 25 volumes of
water at 100°C for 1 h. After filtration, the solution was
evaporated under reduced pressure to give an extract at a
yield of 44%, by weight, of the starting materials.

Cell culture. WI-38 human diploid fibroblast cells were
cultivated in 10-mm culture dishes containing BME me-
dium supplemented with 10% FBS at 37°C in a humidified
atmosphere of 5% COz in air. The cells were subcultured
with 0.05% trypsin-EDTA in PBS. The end of their
replicative lifespan was considered to have been reached
when they were unable to complete one population doubling
during a 4-week period which included three consecutive
weeks of refeeding with fresh medium containing 10%
FBS.™®

Cellular senescence induced by oxidative stress. WI-
38 cells were seeded at a density of 10° cells/ml in 6- or 96-
well culture plates and incubated for 2 h, as described
above. After treatment with Kangen-karyu extract (5-100
pg/ml) or equivalent volumes per ml of control vehicle
(non-treatment), the cells were treated with 300 pM H:O2
for 60 min. This treatment was started when the population
doubling level (PDL) of the fibroblasts was 37.2 and the
comparison of each group was performed after calibrating
by cell viability. In the experiment comparing the lifespans
of Kangen-karyu extract-treated and non-treated cells, the
media were changed after the addition of H20: and contin-
ued until the cultivated cells reached a crisis.

ROS generation. To measure ROS generation by cells,
we used the methods of Wang and Joseph.'” DCFH-DA is

adapted to the detection of ROS and electron transfer proc-
esses. This assay measures the oxidative conversion of sta-
ble, non-fluorescent DCFH-DA to the highly fluorescent
DCF in the presence of ROS. After treatment with Kangen-
karyu extract in seeded WI-38 fibroblast cells, 100 pM
(final concentration) DCFH-DA was added, the cells were
incubated at 37°C for 15 min and then exposed to oxidative
stress with H20; for 60 min. The fluorescent reaction prod-
ucts were assayed on a microplate reader (Tecan,
Switzerland) with an excitation wavelength of 485 nm and
an emission wavelength of 535 nm.

TBA-reactive substance levels. TBA-reactive substance
levels in media were determined as described by Mihara and
Uchiyama.?® After treatment with Kangen-karyu extract,
the cells were treated with 300 uM H,O», the media were
collected, treated with 0.67% TBA and 20% TCA and
boiled at 100°C for 45 min. The mixtures were cooled with
ice and extracted with n-BuOH. After centrifuging at 4,000
x g for 10 min, the fluorescence of the n-BuOH layer was
measured at an excitation wavelength of 515 nm and an
emission wavelength of 553 nm using a fluorescence spec-
trophotometer (model RF-5300PC, Shimadzu, Kyoto,
Japan).

Intracellular glutathione (GSH) levels. According to
the method of Osseni et al.,*’ mBCl, which is a UV
fluorogen bimane probe, reacts specifically with reduced
GSH through glutathione transferase to form a fluorescent
derivative. After treatment with Kangen-karyu extract and/
or H:0: in 96-well plates for 60 min, the cells were added
to 100 uM (final concentration) mBCl solution and incu-
bated for 60 min. The fluorescent reaction products were
assayed on a microplate reader (Tecan, Switzerland) with an
excitation wavelength of 360 nm and an emission wave-
length of 480 nm.

Flow-cytometric cell cycle analysis. After treatment
with Kangen-karyu extract and/or H>02, the cells were col-
lected by centrifugation, fixed for at least 30 min at 4°C in
3 ml 70% ice-cold EtOH, washed twice with PBS, incu-
bated with RNase solution for 30 min at 37°C and then
treated with PI at 4°C for 30 min. The cells were analyzed
on a FACSCalibur flow cytometer (Becton Dickinson, CA,
USA) with laser excitation at 488 nm using a 639-nm band
pass filter to collect the red PI fluorescence. The percent-
ages of cells at various phases of the cell cycle, namely
Go/Gi1, S and Go/M, were assessed using ModFit LT soft-
ware (Verity Software House, Topsham, ME, USA) in the
analysis data.”?

Cell viability. Cell viability was assessed using the MTT
colorimetric assay.’”¥ To the cells treated with Kangen-
karyu extract and/or H20: in each well of a 96-well culture
plate, a 100-pl aliquot of MTT solution (1 mg/ml) was
added, the cells were incubated for 4 h at 37°C and the me-
dium containing MTT was removed. The incorporated
formazan crystals in the viable cells were solubilized with
100 pl dimethyl sulfoxide and the absorbance at 540 nm of
each well was read using a microplate reader (Model 3550-
UV, Bio-Rad, Tokyo, Japan).

Lifespan evaluation. To evaluate the cellular lifespans
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using the Cristofalo and Charpentier method,'® the popula-
tion doubling level (PDL) was determined as current PDL =
last PDL + log: (collected cell number/seeded cell num-
ber).

Statistics. Results are presented as means T S.E. of five
replicates for each of the independent experimental condi-
tions. The effect of Kangen-karyu extract on each parame-
ter was evaluated using Dunnett's test and differences at
p<0.05 were considered to be statistically significant.

Results

ROS generation. Figure 1 shows the effect of Kangen-
karyu extract on ROS generation by WI-38 cells treated
with Kangen-karyu extract together with H>O.. Exposure of
H:O; to WI-38 cells led to marked ROS generation.
However, treatment with 10, 50 and 100 pg/ml Kangen-
karyu extract prior to exposure to 300 uM H:0: decreased
ROS generation significantly and concentration-dependently.

TBA-reactive substance levels. As shown in Fig. 2, the
TBA-reactive substance level, a parameter of lipid peroxida-
tion, of H:O»-treated WI-38 cells increased significantly
compared with that of non-treated cells. When WI-38 cells
were cultured with 5 ug/ml Kangen-karyu extract, the TBA-
reactive substance level decreased dramatically to below the
level of non-treated cells, but cells treated with concentra-
tions over 5 pg/ml did not show a further decrease in TBA-
reactive substance levels.

Intracellular GSH levels. The effect of Kangen-karyu
extract on the intracellular GSH level of WI-38 fibroblasts
treated with H2O: is shown in Fig. 3. The intracellular GSH
level of the H2O2-exposed cells increased significantly com-
pared to that of non-treated control cells (from 100 to 150%,
p<0.001). In contrast, Kangen-karyu extract pre-treated cells
showed significant concentration-dependent decreases in the
levels of intracellular GSH.
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Fig. 1 Effect of Kangen-karyu extract on ROS generation. #p<0.001 vs.
no treatment values; *p<0.01, **p<0.001 vs. H202 treatment values.

Cell cycle. Table 1 shows the effect of Kangen-karyu ex-
tract on the cell cycle disturbance induced by H.O.. After
treatment with H>O,, the proportion of WI-38 cells in the
Go/G1 phase increased significantly from 46.1 to 54.3%, but
Kangen-karyu extract (100 pg/ml) pre-treated cells showed
a significant decrease in this proportion from 54.3 to 49.5%.
The percentage of S-phase cells was decreased by H,O»
treatment, but Kangen-karyu extract (100 pg/ml) pre-treated
cells showed a higher percentage of S-phase cells than
HzO:-treated control cells. Although the percentages of
non-treated cells and H.O»-treated control cells in the Go/M
phase did not differ, Kangen-karyu extract (100 pg/ml) pre-

_treated H20;-exposed cells had a lower percentage of cells

in the Go/M phase than the non-treated and H>O,-treated
control cell cultures.

Cell viability. H>O:-exposed cells showed significantly
decreased cell viability compared with non-treated cells
(»<0.001). However, treatment with 5, 10 and 25 pg/ml
Kangen-karyu extract prior to H2O:2 exposure resulted in sig-
nificant and concentration-dependent increases cell viability
from 61.9% to 654, 67.0 and 74.6%, respectively.
Treatment with more than 25 pg/ml Kangen-karyu extract
did not improve cell viability further and viability reached a
plateau.

Lifespan. To evaluate the effect of Kangen-karyu extract
on the lifespan of cells undergoing H.O:-induced cellular
senescence, we compared the PDLs. As represented in Fig.
5, H20:2-exposed cells had a reduced lifespan compared with
non-treated cells (from PDL 44.2 to PDL 38.2). In contrast,
treatment with 100 pg/ml Kangen-karyu extract dramati-
cally extended the lifespan of WI-38 cells from PDL 38.2 to
PDL 40.2.

Discussion

SIPS of HDFs has become a classical model for aging
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Fig. 2 Effect of Kangen-karyu extract on TBA-reactive substance levels.
#p<0.001 vs. no treatment values; *p<0.01 vs. H202 treatment values.
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Fig. 3 Effect of Kangen-karyu extract on intracellular GSH levels.
#p<0.001 vs. no treatment values; *p<0.001 vs. H202 treatment values.
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Fig. 4 Effect of Kangen-karyu extract on cell viability.

Table 1 Effect of Kangen-karyu extract on cell cycle.

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

Go/Gi S G/M
None 46.1 = 14 307 = 14 232 £ 03
H202 (300 uM) 54.3 = 1 .4## 23.0 = 1.7# 224 *+ 04
H0: (300 pM) plus Kangen-karyu extract (10 pg/ml) 533 = 1.5 23.1 £ 1.9# 23.6 = 0.5°
H:0: (300 uM) plus Kangen-karyu extract (100 pg/ml) 495 =+ 1.7%" 29.8 * 24™ 20.7 = 0.9%*

#p<0.05, #p<0.01, #¥¥p<0.001 vs. no treatment values; *p<0.05, **p<0.01 vs. H2O; treatment values.

0 2 4 6 8 10 12 14 16
(day)

Fig. 5 Effect of Kangen-karyu extract on PDL (none, @; H202 treatment,
M H>02 plus Kangen-karyu extract treatment, /).

research, as senescence is caused by exhaustion of the cellu-
lar proliferative potential, a change in electron transport po-
tential, suppression of antioxidant defenses and oxidant
generation.” WI-38 human fibroblast cells also displayed
increased cellular oxidant production associated with RS.
Furthermore, after exposure to several triggers, including
H:02, hyperoxia or tert-butylhydroperoxide (t-BHP), the

phenomena associated with RS are also observed in HDFs
showing the morphological phenotype of senescence (de-
creased cell saturation density and increased cell surface
area and volume), a large increase in the population of cells
showing senescence-associated -galactosidase activity, ex-
pression of senescence-associated genes, mitochondrial DNA
deletion and cell cycle regulation disorders.'®*?% In par-
ticular, Wolf et al.'V reported that H.O»-treated WI-38 cells
showed changes indicative of increased oxidative DNA
damage, such as elevated 8-hydroxy-2'-deoxyguanosine
levels, senescence-associated P-galactosidase activity and
Go/Gi cell cycle arrest, indicating RS of the cells.
Consistent with these pieces of evidence, our results also
showed that H:O:-treated WI-38 cells exhibited cellular se-
nescence due to increased oxidative damage. These find-
ings indicate that SIPS of WI-38 cells caused by H:O: is a
useful and reasonable cellular aging model for evaluating
the anti-aging effects 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 potential of this extract.

Against SIPS, antioxidants play crucial roles in the pre-
vention of cellular senescence. Okada and Okada®” re-
ported that antioxidants with free radical-scavenging
activity delayed cellular aging-dependent degeneration by
increasing GSH and catalase activities in human fibroblasts.
Therefore, we expected Kangen-karyu extract to show anti-
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aging effects on HO,-treated HDFs due to its antioxidative
activity.

ROS, including 02" and H:0:, are produced by the bio-
chemical pathways of all aerobic cells in which mitochon-
dria are the major sites of aerobic energy.”® Aged animals
have defective mitochondria that can produce higher levels
of ROS than those of their young counterparts, suggesting
that mitochondrial ROS levels of some organs and cells in-
crease with aging. Furthermore, increased ROS genera-
tion under conditions of RS and SIPS caused by several
triggers, including H>O: and t-BHP, induced cell death.3®
Our study also showed that SIPS caused by H,O: increased
intracellular ROS generation. In contrast, Kangen-karyu ex-
tract pretreatment of WI-38 cells under conditions of SIPS
decreased ROS generation, thereby reducing oxidative stress
(Fig. 1).

Oxidative stress-induced damage has effects on intra-
cellular biomolecules, such as lipids, proteins and DNA,
that are attributed to cellular senescence. Morliere and
Santus®" reported that exposing human skin fibroblasts in
culture to t-BHP, ultraviolet-A and H-O: resulted in the re-
lease of high levels of TBA-reactive substances into the
media, an index of lipid peroxidation. The present study
showed that the TBA-reactive substance level detected in
the medium of WI-38 cells also increased significantly in
response to exposure to H.0:. In contrast, treatment with
Kangen-karyu extract reduced the magnitude of the lipid
peroxidation level elevation and this was associated with the
attenuation of oxidative stress. However, it should be noted
that the changes in the TBA-reactive substance levels of
Kangen-karyu-treated cells we observed in the present study
may not have been entirely concentration-dependent.
Conversely, Kangen-karyu extract reduced ROS generation
concentration-dependently. The difference between these
effects may be due to the different sites of analysis: ROS
generation was measured in cells in the endogenous oxida-
tive state, whereas TBA-reactive substance levels were
measured in the culture media and reflected exogenous oxi-
dative damage.

Antioxidant defense systems that include antioxidant
enzymes and antioxidant compounds play crucial roles in
protecting against cellular senescence caused by free radi-
cals. However, our study showed that intracellular GSH
levels of HDFs treated with H>O; increased compared with
those of non-treated HDFs. We propose that exposing HDFs
to high concentrations of H:O: resulted in a strong oxidative
status and consequently, the HDFs up-regulated the antioxi-
dant defense system in order to resist cellular oxidative
damage. The present results are supported by those of oth-
ers who demonstrated that GSH levels of contact-inhibited
quiescent HDFs increased following HO»-treatment. In ad-
dition, these cells did not show the signaling of cell death
induced by DNA damage, such as p38 MAP kinase activa-
tion or Bax over-expression, phenomena that are meant to
resist oxidative stress.*” However, Kangen-karyu extract
prevented the GSH level increase, reflecting relatively low
oxidative status and ROS generation after H,O:-treatment.
Accordingly, the ability of Kangen-karyu extract to

attenuate the oxidative status could mean this prescription
has anti-aging potential.

The characteristics of RS of HDFs included Go/G
phase arrest of the cell cycle.!” Our present results also
showed that Go/G:1 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/G1 phase (Table 1), implying there is a corre-
lation between a quiescent state of cells, such as growth ar-
rest, and the antioxidant defense system. Our results clearly
indicate that Kangen-karyu can prevent H,O;-induced

- growth arrest of HDFs by preventing Go/G: phase arrest

under cell cycle distribution as well as reducing ROS gen-
eration and oxidative damage.

The enhancement of oxidative stress by several factors,
including ROS generation, results in diminished cell viabil-
ity.” The viability of WI-38 cells was reduced by H:O;-
induced oxidative damage. However, Kangen-karyu extract
pre-treatment improved cell viability by protecting against
H20:-induced oxidative damage, reflected by decreased
ROS generation and TBA-reactive substance levels (Fig. 4).
H,O: treatment induced apoptotic cell death and/or cell
cycle arrest by contact inhibition and resistance to oxidative
stress-induced apoptosis, phenomena which are irreversible.’?
The present results demonstrated that treating cells with 25
pg/ml or more Kangen-karyu extract did not improve cell
viability in a concentration-dependent manner. These ob-
servations suggest that some of the H.O,-exposed cells were
undergoing apoptosis, the associated oxidative stress of
which is never protected, on account of the high concentra-
tions of H>O> to which they were exposed.

In addition, H>O-induced HDFs lose the ability to pro-
liferate and then reach, whereas Kangen-karyu extract treat-
ment prolonged the lifespan of HDF cells (Fig. 5). Several
studies have demonstrated a positive correlation between an
organism's cellular lifespan and its longevity. The prolifera-
tive lifespan of fibroblasts decreased with aging and
tibroblasts derived from patients with syndromes of prema-
ture aging, such as Werner syndrome and Hutchinson-
Gilford, had a reduced lifespan in vitro.>*" Therefore, the
present finding of prolongation of the lifespan of WI-38
cells by Kangen-karyu suggests that this prescription might
prolong not only the lifespan of cells in vitro but also lon-
gevity of the organism.

In this study, we used H20:-treated HDFs as an in vitro
aging model and demonstrated that Kangen-karyu extract
protected against cellular senescence by reducing oxidative
damage through the inhibition of ROS generation and regu-
lation of the antioxidative status. In addition, our results
suggest that Kangen-karyu extract may delay the aging
process by virtue of its antioxidative effects.
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