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Protective effect of Chinese prescription Kangen-karyu
and its crude drug Tanjin against age-related lipidosis
in rats
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Abstract

We have investigated the effect of the Chinese prescription Kangen-karyu and its crude drug Tanjin
against age-related lipidosis in-vivo in a rat model. The serum and hepatic triglyceride levels were
remarkably elevated in 12-month-old compared with two-month-old rats. However, the administra-
tion of Kangen-karyu and Tanjin extracts significantly decreased these levels. This suggested a pro-
tective role against related pathological conditions as well as hyperlipidaemia. On the other hand,
the reduction of the levels of adiponectin in serum with ageing did not show significant changes in
rats given diets supplemented with Kangen-karyu and Tanjin extracts. Furthermore, the expression
of transcription factors in nuclear hepatic tissue related to lipid metabolism was investigated. The
decline in the expression of nuclear peroxisome proliferator-activated receptor a protein in hepatic
tissue with age was ameliorated by the administration of Kangen-karyu and Tanjin supplements. On
the other hand, the overexpression of sterol regulatory element-binding proteins (SREBP)-1 and
SREBP-2 in old rats compared with young rats showed a tendency to decrease with Kangen-karyu
and Tanjin administration. The decline of hepatic function with ageing was attenuated by Kangen-
karyu and Tanjin, suggesting the beneficial role of Kangen-karyu and Tanjin on lipid metabolism
through the improvement of hepatic function. This study has demonstrated that Kangen-karyu and
Tanjin inhibited the accumulation of triglyceride with regulation of related protein expressions
and they improved hepatic function. Evidence has been provided for the anti-ageing activity of
Kangen-karyu and its crude drug Tanjin against age-related lipidosis.

Introduction

Ageing is considered to be a physiological process that can be potentially accelerated by
degenerative processes associated with lipotoxic insult. The accumulation of lipids in tissues
has the potential to cause deleterious metabolic effects that compromise their normal func-
tionality and increase the susceptibility to degenerative diseases, including inflammatory dis-
eases, dyslipidaemia, atherosclerosis, obesity and diabetes (Kahn & Flier 2000; Unger &
Orci 2001; Unger 2002; Slawik & Vidal-Puig 2006). Aged mammals show increased plasma
concentrations of lipids and reduced mitochondrial (-oxidation of fatty acids (Toth &
Tchernof 2000). In addition, dyslipidaemia can be one of the indicators to define ageing on
the basis of cytological, pathological and clinical phenomena, since dyslipidaemia results in
age-related pathological conditions (Martin 1978). Therefore, agents that can attenuate age-
related lipidosis may show a promising protective potential against the ageing process.
Traditional Chinese prescriptions have attracted much attention due to their beneficial
effects observed with clinical experience accumulated over time. Among them, Kangen-karyu
(Guan-Yuan-Ke-Li), composed of six crude drugs, has been prescribed with modification of
the Chinese prescription developed as an agent against cardiovascular and cerebrovascular
disease. It has received much attention due to its numerous biological activities, such as inhi-
bition of platelet aggregation and suppression of hypertension (Takahashi 1991; Gao etal
2001; Makino etal 2002). Furthermore, our previous work demonstrated that Kangen-karyu
counteracted oxidative stress by the inhibition of reactive oxygen species generation and
regulation of the antioxidative status, and it ameliorated tissue damage associated with age-
ing in an in-vivo system of senescence-accelerated mice and a cellular senescence model
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(Satoh etal 2004a,b, 2005). Moreover, its crude drug, Tanjin,
prevented oxidative damage and mitochondrial dysfunction
with ageing via reduction in the expression of nuclear factor
kappa B and inhibition of the leakage of superoxide in mito-
chondria. On the basis of this evidence, we expected a benefi-
cial role of Kangen-karyu and Tanjin against alterations in
lipid metabolism with ageing. Therefore, this study focused
on the effect of Kangen-karyu and Tanjin against age-related
lipidosis in an in-vivo rat model.

Materials and Methods

Materials

Nonidet P-40 (NP-40), phenylmethane sulfonyl fluoride
(PMSF), 2-amino-2-hydroxymethyl-1,3-propanediol (Tris-Cl),
and protease inhibitor mixture dimethyl sulfoxide solution
(protease inhibitor fluid) were purchased from Wako Pure
Chemical Industries Ltd (Osaka, Japan). Polyclonal antibod-
ies to peroxisome proliferator-activated receptor o (PPAR),
sterol regulatory element-binding proteins (SREBP-1 and -2),
and polyclonal goat anti-rabbit immunoglobulin G (IgG)
were obtained from Santa Cruz Biotechnology (Santa Cruz,
CA). The other chemicals and reagents used were of a high
quality and were obtained from commercial sources.

Preparation of Kangen-karyu extract

The composition of Kangen-karyu used in this study was 2.25¢g
Paeoniae Radix (a root of Paeonia lactiflora PALLAS), 2.25¢g
Cnidii Rhizoma (a rhizome of Cnidium officinale MAKINO),
2.25g Carthami Flos (a petal of Carthamus tinctorius L.),
1.125 g Cyperi Rhizoma (a rhizome of Cyperus rotundus L.),
1.125 g Aucklandiae Radix (a root of Aucklandia lappa DCNE.),
and 4.5 g Salviae Miltiorrhizae Radix (a root of Salvia miltior-
rhiza BUNGE). These herbs were extracted with 25 vol water at
100°C for 1h. After filtration, the solution was evaporated
under reduced pressure to give an extract at a yield of 44%, by
weight, of the starting materials. For analysis of the components
of Kangen-karyu, the aqueous extract was dissolved in aqueous
ethanol (50% v/v) with sonication, and filtered through a
Cosmonice filter (PVDF, 0.45um, Nakarai Tesque, Inc.).
Reverse-phase HPLC analysis was performed using a Cosmosil
5C5-AR II column (250x4.6mm i.d., Nakarai Tesque, Inc.)
with elution gradients of 4-30% v/v (39 min) and 30-75% v/v
(15min) CH;CN in 50 mm H;PO, at a flow rate of 0.8 mL min".
The ultraviolet (UV) absorbance from 200 to 400 nm was moni-
tored and the three-dimensional data were processed by a
JASCO photodiode array detector MD-910. All assigned peaks
were identified by carrying out co-injection tests with authentic
samples and comparing with UV spectral data. Figure 1 shows
the three-dimensional HPLC of Kangen-karyu. The major com-
pounds detected were paeoniflorin, pentagalloyl glucose, ros-
marinic acid, lithospermic acid, and lithospermic acid B.

Preparation of Tanjin extract

The roots (50g) of Tanjin were boiled gently in 1000 mL
water for 1h. After filtration, the solution was evaporated

under reduced pressure to give an extract at a yield of 30%,
by weight, of the starting materials. Analysis of the Tanjin
components was performed according to the method used for
the Kangen-karyu extract described above. The major compo-
nents of Tanjin detected were lithospermic acid B, lithosper-
mic acid, and rosmarinic acid.

Animals and treatments

The animal experiments were ethically approved and fol-
lowed the “Guidelines for Animal Experimentation” offered
by the University of Toyama. Male Wistar rats were pur-
chased from Japan SLC Inc. (Hamamatsu, Japan). The rats
were kept under conventional conditions at 23+ 1°C with an
alternating 12-h light/dark cycle, with food and water freely
available. From eight-months old the diet was supplemented
with one of the extracts at 0.5% or 1.0%, by weight, for four
months. Twelve rats were used for each experimental group.
During this experimental period, the diet in a pair-feeding
schedule was given to all rats (18 g/rat/day), and the intake of
Kangen-karyu or Tanjin extract was estimated to be approxi-
mately 90 and 180 mg/rat, respectively. Body weight was
monitored every week over the four-month period. However,
the initial and final body weights, and body weight gains of
each group were approximately the same. At the end of the
experimental period, blood samples were collected from the
aorta abdominalis and the serum was separated immediately
by centrifugation. The liver was extirpated, immediately fro-
zen by immersion in liquid nitrogen, and kept at —80°C until
analysis. For the experiment, two-month-old male rats were
used for the young age group.

Determination of triglyceride levels in serum

Serum triglyceride levels were determined using commercial
reagents: Triglyceride E-Test Wako (Wako Pure Chemical
Industries Ltd, Osaka, Japan) based on the Spayd etal (1978)
method.

Determination of adiponectin levels in serum

Adiponectin levels in serum were measured by sandwich
enzyme-linked immunosorbent assay as described by Arita
etal (1999).

Determination of triglyceride levels in hepatic
tissue

Total lipids were extracted by a modified method of Folch et al
(1957), using chloroform/methanol (2:1, v/v). After a 0.25 mL
extraction of lipids was evaporated, the lipid content was
determined using commercial reagents: Triglyceride E-Test
Wako (Wako Pure Chemical Industries Ltd, Osaka, Japan).

Preparation of nuclear fractions

According to the method of Sakurai etal (1997), hepatic
tissue was homogenized with 10 mMm 2-[4-(2-hydroxyethyl)-1-
piperazyl] ethanesulfonic acid (HEPES) buffer (pH 7.9) con-
taining (in mm)10 KCl, 0.1 EDTA, 1 DTT, 0.5 PMSF, and
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protease inhibitor fluid. The homogenate was chilled on ice
for 15 min and then 10% NP-40 was added. The mixture was
vortexed vigorously for 10s and the supernatant was obtained
(cytoplasmic fraction) by centrifugation at 15 000 g for 5 min
at 4°C. The pellet was resuspended in 20 mm HEPES buffer
(pH 7.9) containing 0.4M NaCl, 1mm EDTA, 1 mm DDT,
1 mM PMSF, and protease inhibitor fluid. The mixture was left
on ice for 15 min with frequent agitation. Nuclear extract was
prepared by centrifugation at 15000 g for 5min at 4°C. The
protein concentration of each fraction was quantified using a
commercial kit (Bio-Rad Laboratories, Hercules, CA).

Protein expression

Western blot analysis was performed with 30 pg protein from
the nuclear fraction. The protein was separated by sodium
dodecylsulfate-polyacrylamide gel electrophoresis (SDS-PAGE).
Separated proteins were electrophoretically transferred to a
membrane, blocked with 5% nonfat dry milk solution for 1 h,
and then incubated with the corresponding primary anti-
PPARq, SREBP-1, SREBP-2, and $-actin antibody overnight
at 4°C. After the blots were washed, they were incubated with
goat anti-rabbit and/or goat anti-mouse IgG horseradish per-
oxidase-conjugated secondary antibodies for 90 min at room
temperature. Each antigen—antibody complex was visualized
using enhanced chemiluminescence Western blotting detec-
tion reagents and detected by chemiluminescence with LAS-
1000plus (Fujifilm, Tokyo, Japan). The identification of each
protein was estimated by comparison with the protein mark-
ers of known molecular weight. Band densities were deter-
mined by Scion Image software (Scion Corporation,
Frederick, MD) and quantified as a ratio of the density of the
B-actin band.

Determination of hepatic functional parameters

Hepatic function was determined by the measurements of
alanine aminotransferase (ALT) and aspartate aminotrans-
ferase (AST) using commercial reagents: GPT-UV Test
Wako (Wako Pure Chemical Industries Ltd, Osaka, Japan).

Statistics

The results were expressed as mean *s.e. values (n=12 rats/
group). The effect on each parameter was examined using
one-way analysis of variance. Individual differences between
groups were evaluated using Dunnett’s test and those at
P <0.05 were considered significant.

Results

Triglyceride levels in serum

The effect of Kangen-karyu and Tanjin extracts on the serum
triglyceride level with ageing is shown in Table 1. Although
the level of triglyceride in serum dramatically increased with
age, the administration of Kangen-karyu and Tanjin extracts
at an oral dose of 1.0% decreased it from 202.6 mg dL™! to
124.9 and 103.5 mg dL!, respectively.

Table 1 Effect of Kangen-karyu and Tanjin on triglyceride levels in
serum

Age (months) Group Triglyceride (mg dL™)
2 - 66.9%3.6
12 - 202.6 +15.6*
Kangen-karyu 0.5% 133.1 £6.3%+
Kangen-karyu 1.0% 124.9 £9.8%
Tanjin 0.5% 109.3 £4.8%
Tanjin 1.0% 103.5+6.2%+

#*p <0.001 compared with control values of two-month-old rats;
*P <0.001 compared with control values of 12-month-old rats.

Adiponectin levels in serum

Table 2 shows the effect of Kangen-karyu and Tanjin extracts
on adiponectin, which is related to carbohydrate and lipid
metabolism. Although the adiponectin level of 12-month-old
rats was dramatically lower compared with two-month-old
rats, their administration increased the adiponectin level, but
not significantly.

Triglyceride in hepatic tissue

As shown in Figure 2, the triglyceride level in hepatic tissue
of 12-month-old rats increased remarkably compared with
that of two-month-old rats. The levels of triglyceride in the
liver of 12-month-old rats (38.9 mg (g tissue) 1) decreased to
25.9 and 25.4mg (g tissue)~! by the administration of 1.0%
Kangen-karyu and Tanjin extracts, respectively.

Expression levels of nuclear PPARco, and SREBP-1
and -2 proteins

Figures 3 and 4 show the expression of transcriptional factors
related to lipid metabolism on nuclear hepatic tissue. The
expression of nuclear PPAR« protein in hepatic tissue was
reduced with age, while the administration of Kangen-karyu
and Tanjin extracts increased the level (Figure 3). On the other
hand, SREBP-1 and SREBP-2 proteins, which are related to
the metabolism of fatty acids, triglyceride, and cholesterol,
showed elevations in expression with age. The rats adminis-
tered Kangen-karyu and Tanjin showed a significant decrease
in the level of SREBP-1 and SREBP-2 (Figure 4).

Table 2 Effect of Kangen-karyu and Tanjin on adiponectin levels in
serum

Age (months) Group Adiponectin (ug mL™)
2 - 7.28+0.56
12 - 3.10+0.14*
Kangen-karyu 0.5% 3.45+0.10%
Kangen-karyu 1.0% 3.31+0.14%
Tanjin 0.5% 3.52+0.17*
Tanjin 1.0% 3.42+0.11%

#P <0.001 compared with control values of two-month-old rats.




45 ¢
40 |
35+
30 I I
25 ¢
20
15

Triglyceride level (mg(g liver)™)

C2 C KKO0.5KK1.0 T0.5 T1.0

12-month-old rats

Figure 2 Triglyceride in hepatic tissue. Rats were administered one of
the following: Kangen-karyu 0.5%, KKO0.5; Kangen-karyu 1.0%, KK1.0;
Tanjin 0.5%, T0.5; or Tanjin 1.0%, T1.0. Control rats 2-month-old, C2;
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Figure 3 Western blot analysis of PPARa protein expression in the
hepatic nucleus. The molecular mass of PPAR«a was approximately
55kDa. Rats were administered one of the following: Kangen-karyu
0.5%, KKO0.5; Kangen-karyu 1.0%, KK1.0; Tanjin 0.5%, TO0.5; or Tanjin
1.0%, T1.0. Control rats 2-month-old, C2; control rats 12-month-old, C.
#P<0.001 compared with control values of two-month-old rats;
*P<0.01, **P<0.001 compared with control values of 12-month-old
rats.

Hepatic functional parameters

Figure 5 represents the effect of Kangen-karyu or Tanjin on
hepatic function with age. While the serum ALT and AST
levels, as parameters of hepatic function, of 12-month-old
rats increased significantly compared with those of two-
month-old rats, they were significantly decreased by the
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administration of Kangen-karyu or Tanjin extracts (Figure 5),
especially the serum AST level, which showed a tendency
to decline to the normal value after the administration of
Kangen-karyu or Tanjin.

Discussion

Protection from lipidosis with age is considered to ameliorate
the pathological conditions related to ageing. This is because
the accumulation of lipids such as triglyceride, cholesterol
and fatty acids is responsible for degenerative diseases related
to ageing, including cardiovascular disease, diabetes, coro-
nary heart disease, hepatitis, renal failure and dementia
(James 2001; De Caterina etal 2006). Therefore, to investi-
gate the protective role of Kangen-karyu and its crude drug
Tanjin from ageing, this study focused on their effects against
age-related lipidosis under an in-vivo rat model.

The elevation of serum lipids is a major risk factor of age-
related disease or organ dysfunction. The results demon-
strated that the level of triglyceride in serum dramatically
increased with ageing, while the administration of Kangen-
karyu or Tanjin led to a reduction in the triglyceride level.
The accumulation of triglyceride with ageing could be a
cause of pathological conditions such as atherosclerosis.
Therefore, the decreasing effect on triglyceride level would
play a protective role against its related pathological conditions.
In addition, Yokozawa etal (2006) reported the protective
effects of Kangen-karyu and Tanjin against hypercholester-
olaemia through their regulation of cholesterol levels and
inhibition of lipid peroxidation. Kangen-karyu led to a
decrease in the atherogenic index, along with a decrease in
low density lipoprotein cholesterol and increase in high density
lipoprotein cholesterol. This suggested that Kangen-karyu
would probably play a beneficial role against hyperlipidaemia
and its related degenerative diseases.

One of the proteins that decrease with ageing is adiponec-
tin. Adiponectin is the most abundant secretory protein in adi-
pocytes and has been shown to enhance insulin sensitivity,
improve the plasma clearance of fatty acids, glucose and trig-
lyceride, and suppress hepatic glucose production (Berg etal
2001; Zhu etal 2004). This suggested that carbohydrate and
lipid metabolism with ageing could be affected by adiponec-
tin. The results showed the decline of adiponectin in serum
with ageing (Table 2). The administration of Kangen-karyu
or Tanjin increased the level, but not significantly. Calorie
restriction is one dietary factor that elevates the level. Zhu
etal (2004) reported that rats fed a calorie-restricted diet
exhibited a significant increase in plasma adiponectin accom-
panied with a significant decline in the plasma triglyceride
level, which may have contributed to a decline in tissue tri-
glyceride accumulation via modulation of the expression of
key transcription target genes involved in fatty acid oxidation
and energy use. The administration of Kangen-karyu and
Tanjin showed an inhibitory effect against the accumulation
of triglyceride with ageing, whereas they elevated the adi-
ponectin level, but not significantly.

Among the fatty acid-regulated nuclear receptors, PPAR is
the most extensively characterized. PPAR« plays an important
role in fatty acid metabolic homeostasis through regulation of
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target genes encoding enzymes for fatty acid S-oxidation and
fatty acid transporters (Schoonjans etal 1997; Aoyama etal
1998; Palmer etal 1998; Leone etal 1999). Among three iso-
forms of PPAR that have been cloned, PPAR« is mainly
expressed in the liver, digestive tract, and kidney (Desvergne &

Wahli 1999; Kaplan etal 2001). In addition, the administra-
tion of agents capable of activating PPAR« can restore the
cellular redox balance by lowering of lipid peroxidation in tis-
sue, and an elimination of constitutively active nuclear factor
kappa B loss in the spontaneous production of inflammatory



cytokines (Erol 2005). This indicated that the prevention of
lipidosis in the ageing process might be an important mecha-
nism for anti-ageing; thus, PPAR« activation may be a good
candidate as an anti-ageing agent. Therefore, the effect of
Kangen-karyu and Tanjin on the expression of PPAR« pro-
tein has been observed. Consistent with other studies, the
expression of PPAR« protein was found to decrease in old
rats compared with young ones. However, the administration
of Kangen-karyu or Tanjin elevated the protein levels, sug-
gesting their role as PPAR« activators.

The regulation of gene transcription by fatty acids is
attributed to changes in the activity or abundance of at least
four transcriptional factor families: PPAR, liver X receptor
(LXR), hepatocyte nuclear factor-4a (HNF-4a), and SREBPs.
These transcription factors are members of the superfamily of
sterol and thyroid hormone nuclear receptors (Pegorier etal
2004). Among three SREBP isoforms, SREBP-1c preferen-
tially enhanced the transcription of genes involved in fatty
acid, triglyceride and phospholipid synthesis, whereas
SREBP-1a and SREBP-2 activated genes involved in choles-
terol synthesis. Consistent with evidence that SREBPs in the
liver, kidney, adipose tissue, and brain were increased with
ageing (Jiang etal 2005a, b), we found in this study that
SREBP-1 and -2 proteins in the liver were increased with age,
but Kangen-karyu and Tanjin suppressed the expressions of
these proteins (Figure 4). Therefore, the results suggested that
administration of Kangen-karyu or Tanjin extracts protected
against an accumulation of triglyceride and cholesterol in
hepatic tissues with ageing through their regulation of tran-
scription factors, such as PPARa and SREBPs. SREBPs
directly repress transcription of insulin receptor substrate-2,
and inhibit hepatic insulin signalling that regulates lipogenesis
by insulin and glucose (Ide etal 2004). SREBP-1c controls
gene expression of lipogenic enzymes and its expression is
nutritionally regulated in the liver and adipose tissue (Shimano
2001; Horton etal 2002). Thus, it has been regarded as a
mediator for insulin action on gene transcription. The effect
of Kangen-karyu and Tanjin on SREBPs suggested a promis-
ing role to regulate the insulin sensitivity and lipid metabo-
lism, although the further study on insulin level has to be
supported. Furthermore, to elucidate clearly the effects on the
lipid profile in hepatic tissue with ageing, studies on other
transcriptional factors, such as LXR«a and HNF-4¢, and dia-
cylglycerol acyltransferase, which is a key enzyme exclu-
sively devoted to the synthesis of triglyceride (Coleman et al
2000; Sanguino et al 2004), must be conducted.

The ageing process leads to several characteristics, such as
changes in the biochemical composition, function of tissues,
and progressive decline in the physiological capacity, eventu-
ally resulting in an increase in the susceptibility and vulnera-
bility to diseases (Troen 2003). In particular, one of the most
remarkable age-related changes is the decline in hepatic func-
tion and size. The liver plays a key role to facilitate mitochon-
drial B-oxidation of fatty acids, and increased lipid
accumulation in the liver develops with ageing. This change
in hepatic function with ageing accelerates the states of
reduced (-oxidation and insulin resistance; therefore, the reg-
ulation of lipid metabolism with the ageing process may be
one of the reasons for the anti-ageing activity. We investi-
gated hepatic function by measuring serum levels of ALT and
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AST. Old rats showed elevations in the levels of ALT and
AST compared with young rats, indicating hepatic functional
changes with ageing. On the other hand, the decline of
hepatic function with ageing was attenuated by Kangen-karyu
and Tanjin supplements (Figure 5). The results support the
beneficial role of Kangen-karyu and Tanjin in lipid metabo-
lism through the improvement of hepatic function.

Conclusion

Kangen-karyu and Tanjin showed protective activity from
age-related lipidosis under a rat model. The administration of
Kangen-karyu and Tanjin extracts inhibited the accumulation
of triglyceride with ageing. They also ameliorated the decline
in the expression of PPAR« protein in hepatic tissue with age.
On the other hand, the overexpression of SREBP-1 and
SREBP-2 proteins in old rats compared with young rats
showed the tendency to decrease, and the decline of hepatic
function with ageing was attenuated by Kangen-karyu and
Tanjin. This study has provided evidence for the anti-ageing
activity of Kangen-karyu and its crude drug Tanjin against
age-related lipidosis through their beneficial effects on lipid
metabolism and improvement of liver function. Tanjin is
attributed to the synergistic and/or additive anti-ageing effect
of Kangen-karyu. The active components of Kangen-karyu
which lead to its anti-ageing activity have to be elucidated,
along with their related mechanisms.

References

Aoyama, T., Peters, J. M., Iritani, N., Nakajima, T., Furihata, K.,
Hashimoto, T., Gonzalez, F. J. (1998) Altered constitutive expres-
sion of fatty acid-metabolizing enzymes in mice lacking the per-
oxisome proliferator-activated receptor a (PPAR«). J. Biol. Chem.
273: 5678-5684

Arita, Y., Kihara, S., Ouchi, N., Takahashi, M., Maeda, K., Miyagawa, J.,
Hotta, K., Shimomura, 1., Nakamura, T., Miyaoka, K., Kuriyama,
H., Nishida, M., Yamashita, S., Okubo, K., Matsubara, K.,
Muraguchi, M., Ohmoto, Y., Funahashi, T., Matsuzawa, Y. (1999)
Paradoxical decrease of an adipose-specific protein, adiponectin,
in obesity. Biochem. Biophys. Res. Commun. 221: 286-289

Berg, A. H., Combs, T. P., Du, X., Brownlee, M., Scherer, P. E.
(2001) The adipocyte-secreted protein Acrp30 enhances hepatic
insulin action. Nat. Med. 7: 947-953

Coleman, R. A., Lewin, T. M., Muoio, D. M. (2000) Physiological
and nutritional regulation of enzymes of triacylglycerol synthesis.
Annu. Rev. Nutr. 20: 77-103

De Caterina, R., Zampolli, A., Del Turco, S., Madonna, R., Massaro,
M. (2006) Nutritional mechanisms that influence cardiovascular
disease. Am. J. Clin. Nutr. 83: 421S-426S

Desvergne, B., Wahli, W. (1999) Peroxisome proliferator-acti-
vated receptors: nuclear control of metabolism. Endocr. Rev.
20: 649-688

Erol, A. (2005) PPAR« activators may be good candidates as anti-
aging agents. Med. Hypotheses 65: 35-38

Folch, J., Lees, M., Sloane Stanley, G. H. (1957) A simple method
for the isolation and purification of total lipids from animal tis-
sues. J. Biol. Chem. 226: 497-509

Gao, M., Ikeda, K., Noguchi, T., Mori, K., Yamori, Y. (2001) Stud-
ies on the preventive effect of ‘Kangen-karyu’, Chinese herbal
medicine, on stroke in SHR-SP. J. Trad. Med. 18: 245-250



694 Eun Ju Cho etal

Horton, J. D., Goldstein, J. L., Brown, M. S. (2002) SREBPs: activa-
tors of the complete program of cholesterol and fatty acid synthe-
sis in the liver. J. Clin. Invest. 109: 1125-1131

Ide, T., Shimano, H., Yahagi, N., Matsuzaka, T., Nakakuki, M.,
Yamamoto, T., Nakagawa, Y., Takahashi, A., Suzuki, H., Sone, H.,
Toyoshima, H., Fukamizu, A., Yamada, N. (2004) SREBPs sup-
press IRS-2-mediated insulin signaling in the liver. Nature Cell
Biol. 6: 351-357

James, R. W. (2001) Diabetes and other coronary heart disease risk
equivalents. Curr. Opin. Lipidol. 12: 425-431

Jiang, T., Liebman, S. E., Lucia, M. S., Li, J., Levi, M. (2005a) Role
of altered renal lipid metabolism and the sterol regulatory element
binding proteins in the pathogenesis of age-related renal disease.
Kidney Int. 68: 2608-2620

Jiang, T., Liebman, S. E., Lucia, M. S., Phillips, C. L., Levi, M.
(2005b) Calorie restriction modulates renal expression of sterol
regulatory element binding proteins, lipid accumulation, and age-
related renal disease. J. Am. Soc. Nephrol. 16: 2385-2394

Kahn, B. B., Flier, J. S. (2000) Obesity and insulin resistance. J.
Clin. Invest. 106: 473-481

Kaplan, F., Al-Majali, K., Betteridge, D. J. (2001) PPARs, insulin
resistance and type 2 diabetes. J. Cardiovasc. Risk 8: 211-217

Leone, T. C., Weinheimer, C. J., Kelly, D. P. (1999) A critical role
for the peroxisome proliferator-activated receptor o (PPAR«) in
the cellular fasting response: the PPAR«a-null mouse as a model of
fatty acid oxidation disorders. Proc. Natl. Acad. Sci. USA 96:
7473-7478

Makino, T., Wakushima, H., Okamoto, T., Okukubo, Y., Saito, K.,
Kano, Y. (2002) Effects of Kangen-karyu on coagulation system
and platelet aggregation in mice. Biol. Pharm. Bull. 25: 523-525

Martin, G. M. (1978) Genetic syndromes in man with potential rele-
vance to the pathobiology of aging. Birth Defects Orig. Artic. Ser.
14: 5-39

Palmer, C. N., Hsu, M. H., Griffin, K. J., Raucy, J. L., Johnson, E. F.
(1998) Peroxisome proliferator activated receptor a expression in
human liver. Mol. Pharmacol. 53: 14-22

Pegorier, J. P., Le May, C., Girard, J. (2004) Control of gene expres-
sion by fatty acids. J. Nutr. 134: 24445-2449S

Sakurai, H., Shigemori, N., Hisada, Y., Ishizuka, T., Kawashima, K.,
Sugita T. (1997) Suppression of NF-xB and AP-1 activation by
glucocorticoids in experimental glomerulonephritis in rats: molec-
ular mechanisms of anti-nephritic action. Biochim. Biophys. Acta
1362: 252-262

Sanguino, E., Ramon, M., Michalik, L., Wahli, W., Alegret, M.,
Sanchez, R. M., Vazquez-Carrera, M., Laguna, J. C. (2004) Lack

of hypotriglyceridemic effect of gemfibrozil as a consequence of
age-related changes in rat liver PPAR«. Biochem. Pharmacol. 67:
157-166

Satoh, A., Yokozawa, T., Cho, E. J., Okamoto, T., Sei, Y. (2004a)
Antioxidative effects related to the potential anti-aging proper-
ties of the Chinese prescription Kangen-karyu and Carthami Flos
in senescence-accelerated mice. Arch. Gerontol. Geriatr. 39:
69-82

Satoh, A., Yokozawa, T., Tanaka, T., Okamoto, T., Sei, Y. (2004b)
The antioxidative activity of Kangen-karyu extract delays senes-
cence of human lung fibroblasts. J. Trad. Med. 21: 87-93

Satoh, A., Yokozawa, T., Kim, Y. A., Cho, E. J., Okamoto, T., Sei, Y.
(2005) The mechanisms underlying the anti-aging activity of the
Chinese prescription Kangen-karyu in hydrogen peroxide-induced
human fibroblasts. J. Pharm. Pharmacol. 57: 1335-1344

Schoonjans, K., Martin, G., Staels, B., Auwerx, J. (1997) Peroxi-
some proliferator-activated receptors, orphans with ligands and
functions. Curr. Opin. Lipidol. 8: 159-166

Shimano, H. (2001) Sterol regulatory element-binding proteins
(SREBPs): transcriptional regulators of lipid synthetic genes.
Prog. Lipid Res. 40: 439452

Slawik, M., Vidal-Puig, A. J. (2006) Lipotoxicity, overnutrition and
energy metabolism in aging. Ageing Res. Rev. 5: 144-164

Spayd, R. W., Bruschi, B., Burdick, B. A., Dappen, G. M.,
Eikenberry, J. N., Esders, T. W., Figueras, J., Goodhue, C. T.,
LaRossa, D. D., Nelson, R. W., Rand, R. N., Wu, T. W. (1978)
Multilayer film elements for clinical analysis: applications to rep-
resentative chemical determinations. Clin. Chem. 24: 1343-1350

Takahashi, H. (1991) Clinical trial of prescription of Kaketsukao.
Clin. J. Chinese Med. 12: 145-151

Toth, M. J., Tchernof, A. (2000) Lipid metabolism in the elderly.
Eur. J. Clin. Nutr. 54 (Suppl. 3): S121-125

Troen, B. R. (2003) The biology of aging. Mt. Sinai J. Med. 70: 3-22

Unger, R. H., Orci, L. (2001) Diseases of liporegulation: new
perspective on obesity and related disorders. FASEB J. 15:
312-321

Unger, R. H. (2002) Lipotoxic diseases. Annu. Rev. Med. 53: 319-336

Yokozawa, T., Cho, E. J., Sasaki, S., Satoh, A., Okamoto, T., Sei, Y.
(2006) The protective role of Chinese prescription Kangen-karyu
extract on diet-induced hypercholesterolemia in rats. Biol. Pharm.
Bull. 29: 760-765

Zhu, M., Miura, J., Lu, L. X., Bernier, M., DeCabo, R., Lane, M. A.,
Roth, G. S., Ingram, D. K. (2004) Circulating adiponectin levels
increase in rats on caloric restriction: the potential for insulin sen-
sitization. Exp. Gerontol. 39: 1049-1059



