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Abstract

Objectives This study was conducted to examine whether Kangen-karyu, a Chinese pre-
scription, has an ameliorative effect on diabetes-induced alterations such as advanced
glycation endproduct (AGE) formation or the fibrotic response in liver and kidney of type 2
diabetic db/db mice.
Methods Kangen-karyu (100 or 200 mg/kg body weight/day, p.o.) was administered every
day for 18 weeks to db/db mice, and its effect was compared with vehicle-treated db/db and
m/m mice.
Key findings The administration of Kangen-karyu decreased the elevated serum glucose
concentration in db/db mice. The increased serum creatinine and urea nitrogen levels, which
reflect renal dysfunction in db/db mice, were significantly lowered by Kangen-karyu admin-
istration. The db/db mice exhibited the up-regulation of AGEs and its receptor expression
in liver and kidney; however, Kangen-karyu treatment significantly reduced expression
except for the receptor. Moreover, the augmented expressions of fibrosis-related proteins,
transforming growth factor (TGF)-b1, fibronectin and collagen IV were down-regulated by
Kangen-karyu administration.
Conclusions These results provide important evidence that Kangen-karyu exhibits a pleio-
tropic effect on AGE formation and fibrosis-related parameters, representing hepatoprotec-
tive and renoprotective effects against the development of diabetic complications in type 2
diabetic db/db mice.
Keywords AGE; db/db mice; fibrosis; Kangen-karyu; type 2 diabetes

Introduction

In diabetes, chronic hyperglycaemia promotes the formation and accumulation of advanced
glycation endproducts (AGEs), which are heterogeneous products formed by non-enzymatic
reactions between reducing sugars and free amino groups of proteins, lipids and nucleic acids.
AGEs accumulate at sites of microvascular injury in diabetes, including the kidney, retina,
vasculature and even liver, and interfere with protein function.[1,2] Especially,AGEs have been
shown to exhibit a wide range of chemical, cellular and tissue effects implicated in the
development and progression of diabetic nephropathy. Therefore, the design and discovery of
inhibitors that either prevent the formation of AGEs or promote the degradation of existing
AGEs offer a promising therapeutic approach for diabetes-related complications.[3–5]

AGEs are associated with the expression and activation of a number of pathogenic
mediators implicated in the development of diabetic hepatic and renal disease including
nonalcoholic steatohepatitis (NASH) and nephropathy. A recent study revealed that AGEs in
patients with NASH augmented the proliferation and activation of hepatic stellate cells, a
major contributor to liver fibrosis.[6,7] In addition, AGEs are thought to enhance the tran-
scriptional up-regulation of transforming growth factor (TGF)-b1; this appears to be the key
intermediate step for diabetic nephropathy.[8,9] Taken together, the formation of AGEs and
TGF-b-induced fibrosis may markedly contribute to the functional and morphological alter-
ations that result in diabetic complications in the liver and kidney.
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Traditional Chinese prescriptions have attracted much
attention due to their beneficial effects observed during clini-
cal experience accumulated over a long time. Among them,
Kangen-karyu (Guan-Yuan-Ke-Li), a crude drug developed
from a traditional Chinese prescription consisting of six herbs
(Paeoniae Radix, Cnidii Rhizoma, Carthami Flos, Cyperi
Rhizoma, Saussureae Radix and Salviae Miltiorrhizae Radix),
has been clinically used as a treatment for cardiovascular
diseases such as angina pectoris and for cerebrovascular
disorders. Several studies demonstrated that Kangen-karyu
exhibited biological activity such as platelet aggregation inhi-
bition, hypertension suppression, the recovery of learning and
memory impairment induced by senescence, neuroprotection
and an anti-dementia effect in animal experiments.[10–14] In
our previous studies, Kangen-karyu showed favorable amelio-
rative effects on symptoms of fructose-induced metabolic
syndrome, such as hyperglycaemia, hyperlipidaemia and
hypertension, through the reduction of triglyceride and
cholesterol levels with sterol regulatory element-binding
protein-1 expression, and also exhibited protective effects
against diet-induced hypercholesterolaemia in rats.[15,16] In
addition, we reported the beneficial effect of Kangen-karyu on
hyperlipidaemia in streptozotocin-induced type 1 diabetic rats
and type 2 diabetic db/db mice.[17,18] However, little is known
regarding the protective effects of Kangen-karyu on damage
to the liver and kidney caused by AGEs or the TGF-b pathway
in type 2 diabetes. Therefore, we investigated the effects of
Kangen-karyu on AGE formation and fibrosis-related para-
meters in type 2 diabetic tissue damage, especially in liver
and kidney.

Materials and Methods

Materials
Protease inhibitor cocktail (Cat. #160–19501) was purchased
from Wako Pure Chemical Industries, Ltd (Osaka, Japan). The
Bio-Rad protein assay kit (Cat. #500–0006) and pure nitrocel-
lulose membrane were purchased from Bio-Rad Laboratories
(Tokyo, Japan). b-Actin, o-phthalaldehyde, phenylmethylsul-
fonyl fluoride (PMSF) and N-ethylmaleimide (NEM) were
purchased from Sigma Chemical Co. (St Louis, USA). Rabbit
polyclonal antibodies against TGF-b1 (sc-146), fibronectin
(sc-9068), receptor for AGEs (RAGE) (sc-5563) and collagen
IV (ab6586) were purchased from Santa Cruz Biotechnology,
Inc. (Santa Cruz, USA) and Abcam, Ltd (Abcam, Cambridge,
UK). Monoclonal anti-Ne-(carboxyethyl)lysine (CEL) anti-
body and anti-glycolaldehyde (GA)-pyridine antibody, and
polyclonal anti-Ne-(carboxymethyl)lysine (CML) antibody
were kindly provided by Dr R. Nagai (Kumamoto University,
Japan). Goat anti-rabbit and goat anti-mouse IgG horseradish
peroxidase (HRP)-conjugated secondary antibodies were
purchased from Santa Cruz Biotechnology, Inc. ECL Western
Blotting Detection Reagents were purchased from GE Health-
care (Piscataway, USA).

Preparation of Kangen-karyu extract
Kangen-karyu in the form of a dried powder extract was
supplied by Iskra Co., Ltd (Tokyo, Japan). The composition of
Kangen-karyu used in this study was: 2.25 g of Paeoniae

Radix (Paeonia lactiflora Pallas root, Paeoniaceae), 2.25 g
of Cnidii Rhizoma (Cnidium officinale Makino rhizome,
Umbelliferae), 2.25 g of Carthami Flos (Carthamus tinctrius
L. petal, Compositae), 1.125 g of Cyperi Rhizoma (Cyperus
rotundus L. rhizome, Cyperaceae), 1.125 g of Aucklandiae
Radix (Aucklandia lappa Dcne. root, Compositae) and
4.5 g of Salviae Miltiorrhizae Radix (Salvia miltiorrhiza
Bunge root, Labiatae). This prescription was 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.
Each sample was dissolved in 50% aqueous ethanol with
sonication, and filtered through a Cosmonice filter (PVDF,
0.45 mm; Nacalai Tesque, Inc., Kyoto, Japan). Reverse-phase
high-performance liquid chromatography was performed
using a Cosmosil 5C18-AR II column (250 ¥ 4.6 mm i.d.;
Nacalai Tesque, Inc.) with elution gradients of 4–30%
(39 min) and 30–75% (15 min) CH3CN in 50 mm H3PO4 at a
flow rate of 0.8 ml/min. The UV absorbance from 200 to
400 nm was monitored with a JASCO MD-910 photodiode
array detector (Jasco, Tokyo, Japan). All assigned peaks were
identified by carrying out co-injection tests with authentic
samples and comparing with UV spectral data. Figure 1
shows the chromatogram obtained for Kangen-karyu. The
major compounds detected were paeoniflorin, pentagalloyl
glucose, rosmarinic acid, lithospermic acid and lithospermic
acid B. A voucher specimen was deposited in the herbarium of
the University of Toyama.

Experimental animals and treatment
Animal experiments were performed according to the ‘Guide-
lines for Animal Experimentation’ approved by the Ethics
Committee of the University of Toyama (Registration No.
S-2006 INM-22). Six-week-old male C57BLKS/J db/db and
age-matched non-diabetic m/m mice were purchased from
Japan SLC Inc. (Hamamatsu, Japan). Mice were maintained
under a 12-h light–dark cycle and housed at a controlled
temperature (23 � 3°C) and humidity (about 60%). The mice
were allowed free access to laboratory pellet chow (compris-
ing 24.0% protein, 3.5% lipids and 60.5% carbohydrate;
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Figure 1 Three-dimensional HPLC analysis of Kangen-karyu showing
its major compounds.
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CLEA Japan Inc., Tokyo, Japan) and water. After adaptation
(at 6 weeks of age), the glucose level of blood taken from the
tail vein was measured, and then db/db mice were divided into
three groups (n = 8/group). Kangen-karyu was orally admin-
istered every day at a dose of 100 or 200 mg/kg body weight,
respectively, by gavage, while vehicle-treated db/db mice
were orally given water. The dose of Kangen-karyu used in
this study was chosen based on the data obtained in our
previous studies.[15–18] The non-diabetic m/m mice (n = 6) as a
normal control group were used for comparisons with diabetic
groups. The body weight, food intake and water intake were
measured every day during the administration period. After 18
weeks of administration, blood samples were collected by
cardiac puncture from anaesthetized mice. The serum was
immediately separated from blood samples by centrifugation.
Subsequently, mice were perfused with ice-cold physiological
saline after cardiac puncture, and the liver and kidney were
harvested, snap-frozen in liquid nitrogen and stored at -80°C
until analyses.

Measurement of serum parameters
Serum glucose was measured using a commercial kit (Glucose
CII-Test, Cat. #439–90901; Wako Pure Chemical Industries,
Ltd, Osaka, Japan). Serum leptin (Cat. #200726; Morinaga
Institute of Biological Science, Yokohama, Japan) levels were
measured based on enzyme-linked immunosorbent assays.

Measurement of hepatic and renal
functional parameters
Hepatic functional parameters (alanine aminotransferase
(ALT), aspartate aminotransferase (AST)) were measured
using a Wako kit (Transaminase CII-Test, Cat. #431–30901).
Renal functional parameters (creatinine and urea nitrogen)
were measured using CRE-EN Kainos (Cat. #000215) and
BUN Kainos (Cat. #000048), obtained from Kainos Labora-
tory Inc. (Tokyo, Japan).

Measurement of hepatic and renal
glucose content
The hepatic and renal glucose levels were determined by
employing the method of Momose et al.,[19] with minor modi-
fications. Hepatic and renal tissue were homogenized with
ice-cold 0.9% NaCl buffer, and then the homogenate was
deproteinized with 0.15 m Ba(OH)2 and 5% ZnSO4. The super-
natant was obtained by centrifugation at 1670g for 15 min, and
then the glucose level was evaluated using a Wako kit (Glucose
CII-Test; Cat. #439–90901), as described above.

Preparation of post-nuclear fraction
The post-nuclear fraction was extracted from the liver and
kidney of each mouse. In brief, the hepatic and renal tissue
were homogenized with ice-cold lysis buffer (pH 7.4) con-
taining 137 mm NaCl, 20 mm Tris-HCl, 1% Tween 20, 10%
glycerol, 1 mm PMSF and protease inhibitor cocktail. The
homogenate was then centrifuged at 2000g for 10 min at
4°C. The protein concentration of post-nuclear fraction was
determined using a Bio-Rad protein kit (Cat. #500–0006;
Bio-Rad Laboratories, Hercules, USA).

Western blot analyses
For the determination of RAGE, CEL, CML, GA-pyridine,
TGF-b1, fibronectin and collagen IV, 30 mg of protein from
each post-nuclear fraction was electrophoresed through
an 8–15% sodium dodecylsulfate polyacrylamide gel
(SDS-PAGE). Separated proteins were transferred to a nitro-
cellulose membrane, blocked with 5% (w/v) skimmed milk
solution for 1 h, and then incubated with respective primary
antibodies overnight at 4°C. After the blots were washed, they
were incubated with IgG HRP-conjugated secondary anti-
body for 1.5 h at room temperature. Each antigen–antibody
complex was visualized using ECL Western Blotting Detec-
tion Reagents and detected by chemiluminescence with
LAS-4000 (Fujifilm, Tokyo, Japan). Band densities were
determined using ATTO Densitograph Software (ATTO Cor-
poration, Tokyo, Japan) and quantified as the ratio to b-actin.
The protein expression levels are expressed relative to those
of m/m mice (represented as 1).

Statistical analysis
Data are expressed as means � SEM. Significance was
assessed by one-way analysis of variance followed by Dun-
nett’s multiple comparison test (SPSS 11.5.1 for Windows,
2002; SPSS Inc., USA). P < 0.05 was considered significant.

Results

General characteristics
After the 18-week treatment, db/db mice showed a significant
increase in body weight gain and liver and kidney weights
compared with m/m mice (Table 1). However, there were no
significant weight changes among the experimental db/db
mice groups (Veh, K-100 and K-200). Also, db/db mice
exhibited type 2 diabetic characteristics, such as hypergly-
caemia and hyperleptinaemia compared with m/m mice, but
Kangen-karyu administration significantly reduced serum
glucose and leptin concentrations at a dose of 200 mg/kg.
Typical hepatic functional parameters, serum ALT and AST
levels, among db/db groups showed no difference (Table 2).
The serum creatinine and urea nitrogen levels, renal func-
tional parameters, in db/db vehicle mice were elevated com-
pared with m/m mice (1.57 fold and 1.47 fold, respectively),
whereas these augmented levels were significantly decreased
in Kangen-karyu 200 mg/kg-administered db/db mice (83.3%
(P < 0.05) and 78.2% (P < 0.01), respectively) (Table 2).

Hepatic and renal glucose levels
The levels of glucose in both liver and kidney of the vehicle-
treated db/db mice were significantly elevated compared with
those of m/m mice (Figure 2). Kangen-karyu administration
led to marked reduction of the hepatic and renal glucose levels
of db/db mice from the lower dose.

AGE-related protein expression in liver
and kidney
Since Kangen-karyu treatment attenuated hyperglycaemia
and decreased glucose levels in the liver and kidney, we
further investigated expression of AGE-related proteins,
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Figure 2 Effect of Kangen-karyu on mouse hepatic (a) and renal (b) glucose content. m/m, misty; Veh, vehicle-treated db/db mice; K-100,
Kangen-karyu 100 mg/kg body weight-treated db/db mice; K-200, Kangen-karyu 200 mg/kg body weight-treated db/db mice. The results are presented
as the means � SEM (n = 6 or 8). *P < 0.05, **P < 0.01, ***P < 0.001 vs vehicle-treated db/db mouse values.

Table 1 Biochemical analyses

Item m/m db/db
Veh K-100 K-200

Body weight gain (g/18 weeks) 4.7 � 0.2*** 18.9 � 1.1 17.9 � 1.5 18.7 � 1.4
Tissue weight (g)

Liver 1.47 � 0.10*** 4.08 � 0.20 3.90 � 0.36 3.62 � 0.59
Kidney 0.31 � 0.01** 0.39 � 0.01 0.42 � 0.01 0.43 � 0.02

% of tissue weight (g/100 g body weight)
Liver 5.75 � 0.37** 7.75 � 0.41 7.41 � 0.61 7.02 � 1.24
Kidney 1.23 � 0.08*** 0.75 � 0.03 0.80 � 0.05 0.82 � 0.05

Serum glucose (mg/dl) 136.6 � 4.1*** 483.3 � 10.3 442.8 � 24.6 436.6 � 13.4*
Serum leptin (ng/ml) 1.95 � 0.31*** 19.87 � 0.91 19.27 � 1.11 15.43 � 0.33**

m/m, Misty; Veh, vehicle-treated db/db mice; K-100, Kangen-karyu 100 mg/kg body weight-treated db/db mice; K-200, Kangen-karyu 200 mg/kg
body weight-treated db/db mice. The results are presented as the means � SEM (n = 6 or 8). *P < 0.05, **P < 0.01, ***P < 0.001 vs db/db
vehicle-treated mouse values.

Table 2 Hepatic and renal function parameters in serum

Parameter m/m db/db
Veh K-100 K-200

ALT (IU/l) 36.80 � 2.37* 92.92 � 15.07 83.81 � 8.24 80.85 � 12.95
AST (IU/l) 11.17 � 0.46*** 56.74 � 3.97 50.96 � 6.61 42.19 � 7.34
Creatinine (mg/dl) 0.23 � 0.01*** 0.36 � 0.02 0.30 � 0.02* 0.30 � 0.02*
Urea nitrogen (mg/dl) 15.24 � 0.51** 22.44 � 2.03 18.46 � 1.33 17.54 � 0.75**

m/m, Misty; Veh, vehicle-treated db/db mice; K-100, Kangen-karyu 100 mg/kg body weight-treated db/db mice; K-200, Kangen-karyu 200 mg/kg
body weight-treated db/db mice. The results are presented as the means � SEM (n = 6 or 8). *P < 0.05, **P < 0.01, ***P < 0.001 vs db/db
vehicle-treated mouse values.
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such as RAGE, CEL, CML and GA-pyridine by employing
Western blotting analyses. Expression levels of AGE-related
proteins were enhanced in the db/db mice liver and kidney
compared with those of m/m mice (Figure 3). In Kangen-
karyu-treated db/db mice, up-regulated RAGE protein
expression exhibited no changes in the liver and kidney
(Figure 3a and 3e); however, the increased expression of CEL,
CML and GA-pyridine were significantly attenuated in the
liver and kidney (Figure 3b–3d, 3f and 3g), except for renal
GA-pyridine (Figure 3h).

Fibrosis-related protein expression
Next, we quantified TGF-b1, fibronectin and collagen IV
protein expression (Figure 4). The fibrosis-related protein
expression in vehicle-treated db/db mice was significantly
augmented in both liver and kidney compared with m/m mice.
However, treatment with Kangen-karyu suppressed these
proteins in the liver and kidney of db/db mice; especially,
collagen IV was attenuated nearly to normal levels in both 100
and 200 mg Kangen-karyu-treated groups.

Discussion

Diabetes is a metabolic disorder that generates unfavorable
alterations in various tissues and causes complications trig-

gered by hyperglycaemia, dyslipidaemia, oxidative stress,
inflammation and advanced glycation.[20] Among these patho-
genic factors in diabetes, hyperglycaemia-induced oxidative
and carbonyl stress (so-called glucotoxicity) plays a central
role in the initiation and progression of diseases related to
diabetes.[21] In this study, C57BLKS/J db/db mice developed
obesity-induced diabetes, showing hyperglycaemia and
hyperleptinaemia, as a result of leptin resistance as well as
uncontrolled food intake and systemic fuel metabolism.[22,23]

However, Kangen-karyu administration moderated hyper-
glycaemia and hyperleptinaemia. Also, hepatic and renal
functional parameters, such as ALT, AST, creatinine and urea
nitrogen levels, were all increased in the serum of type 2
diabetic db/db mice; however, ALT and AST were slightly
reduced and creatinine and urea nitrogen were significantly
lowered by Kangen-karyu treatment. These results show that
Kangen-karyu treatment may ameliorate diabetic pathological
conditions induced by hyperglycaemia and hyperleptinaemia,
and may lead to improvement in the impaired hepatic and
renal function of db/db mice.

Nonenzymatic glycation is caused by the reaction of
sugar and amino moiety, and in the last stage, stable glycation
products, AGEs, are formed. Protein glycation and AGE
formation are accompanied by increased free radical activity
that contributes to the molecular damage in diabetes. The
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formation and accumulation of AGEs in various tissues are
known to irreversibly progress during normal aging and at an
extremely accelerated rate in diabetes due to hyperglycaemia.
Therefore, we investigated whether Kangen-karyu treatment
effectively suppressed the formation of AGEs, such as CEL,
CML and GA-pyridine, which are thought to be major AGE
products.[24,25] One of the major AGEs, CEL, is reported to
form during the reaction of methylglyoxal with lysine resi-
dues and it accumulates in human lens proteins with age.[26]

Also, CML accumulates with lipid peroxidation in glomerular
lesions, resulting in structural and functional alterations in
extracellular matrix (ECM) proteins.[27] In addition, GA is a
Maillard-reaction intermediate and can be formed by the reac-
tion of l-serine with the myeloperoxidase system. GA reacts
with proteins to form AGEs, such as GA-pyridine, which is
specific for protein modification by GA. It was reported that
GA-pyridine accumulates in atherosclerotic lesions and in
the mesangium in renal disease.[25,28] Moreover, RAGE is
activated by AGEs, and AGE–RAGE interaction increases
reactive oxygen species (ROS) generation with the subse-
quent activation of nuclear factor (NF)-kB and release of
pro-inflammatory cytokines.[29] In this study, type 2 diabetic
db/db mice showed an augmented hepatic and renal glucose

content; however, Kangen-karyu treatment significantly
reduced those levels. The glucose-lowering activity of
Kangen-karyu, at least in part, influenced the down-regulated
expression of hepatic and renal AGEs in db/db mice.
However, enhanced RAGE expression in db/db vehicle mice
was not changed by Kangen-karyu treatment. These results
suggested that Kangen-karyu could modulate hepatic and
renal AGE formation via lowering the tissue glucose content,
which was not associated with RAGE expression.

Tissue fibrosis is characterized by the excessive pro-
duction, deposition and contraction of the ECM, which is
associated with diabetic nephropathy, liver cirrhosis and
arteriosclerosis.[30,31] The TGF-b pathway plays a critical role
in renal pathophysiology by promoting ECM deposition
and fibrosis; TGF-b promotes fibroblast proliferation and
increases the synthesis of a number of ECM proteins, includ-
ing collagens and fibronectin, via binding to serine/threonine
kinase receptors on the plasma membrane and subsequently
activating Smad molecules and additional signalling proteins
that coordinately regulate gene expression or cytoplasmic
processes.[32] In fact, TGF-b is reported to express in excess in
areas of progressive ECM accumulation, and TGF-b blockade
successfully inhibited renal sclerotic and fibrotic changes.[33,34]
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Figure 4 Effect of Kangen-karyu on mouse hepatic and renal fibrosis-related protein expression. Representative Western blotting analysis of hepatic
tissue ((a) TGF-b1, (b) fibronectin and (c) collagen IV) and renal tissue ((d) TGF-b1, (e) fibronectin and (f) collagen IV). m/m, misty; Veh,
vehicle-treated db/db mice; K-100, Kangen-karyu 100 mg/kg body weight-treated db/db mice; K-200, Kangen-karyu 200 mg/kg body weight-treated
db/db mice. The results are presented as the means � SEM (n = 6 or 8). *P < 0.05, **P < 0.01 vs vehicle-treated db/db mouse values.
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In this study, experimental type 2 diabetes resulted in the
increased protein expression of TGF-b1, fibronectin and col-
lagen IV, whereas these elevated expressions were markedly
reduced by Kangen-karyu administration in both the liver and
kidney. Of note, fibronectin (liver), TGF-b1 (kidney) and col-
lagen IV (liver and kidney) expressions were fully recovered,
to the levels of m/m mice, by Kangen-karyu treatment at a
dose of 200 mg/kg. These results demonstrated that the
anti-fibrotic effects of Kangen-karyu are associated with the
down-regulation of fibrotic cytokines, TGF-b1 and the ECM
components fibronectin and collagen IV in the liver and
kidney of type 2 diabetic mice.

Regarding the initiation and progression of diabetic tissue
damage in the liver and kidney, a complicated reciprocal
relationship with hyperglycaemia, AGEs and fibrosis seems
to exist. There is increasing evidence about the relationship
between AGE and TGF-b. That is, the diabetic condition
activates the TGF-b-dependent Smad signalling pathway to
stimulate collagen synthesis,[35] and also AGE-RAGE-
mediated ROS generation activates TGF-b-Smad signalling
and subsequently induces hypertrophy and fibrosis by auto-
crine production of angiotensin II.[36] In this study we found
that Kangen-karyu administration to db/db mice could
markedly inhibit AGE formation as well as fibrosis-related
protein expression, and thus we successfully confirmed the
efficacy of Kangen-karyu on this pathway. However, in addi-
tion to the TGF-b-dependent pathway, there is other evidence
that AGEs induce connective tissue growth factor and
promote ECM accumulation,[37] but also that the mitogen-
activated protein kinase (MAPK)-Smad signalling cross-talk
pathway is a key mechanism in diabetic scarring, because
AGE-induced Smad activation and collagen synthesis are
inhibited by ERK/p38 MAPK inhibitors, but not by TGF-b
blockade, representing the TGF-b-independent pathway.[38,39]

Hence, these mechanistic details of Kangen-karyu need to be
identified in future studies.

Although the detailed mechanisms of Kangen-karyu
against diabetes were not clarified in this study, Kangen-karyu
significantly reduced the serum triglyceride and AGE levels,
the lipid peroxide levels in both the serum and hepatic tissue,
and the expression volumes of CML, RAGE, NF-kB, induc-
ible nitric oxide synthase and cyclooxygenase-2, that were
increased in streptozotocin-induced diabetic rats.[17] These
effects of Kangen-karyu may be attributed to its antioxidant
activity, resulting from the harmonization of its six compo-
nents, because all components are commonly known to be
rich in antioxidant compounds.[40–45] Similar effects, in which
Kangen-karyu may improve oxidative stress via the regulation
of dyslipidaemia, were observed in type 2 diabetic db/db
mice.[18,46] It is well known that antioxidant agents effectively
regulate biochemical factors due to oxidative stress.[47–50]

Based on our continual studies, along with the present expe-
riment, Kangen-karyu may function as an ameliorator of
oxidative stress and show beneficial effects on diabetes and
diabetic complications.

We also carried out an investigation of the side effects
or toxicity of Kangen-karyu (data not shown). The results
showed normal ranges of haematological data, such as ALT,
AST, creatinine and urea nitrogen, as well as changes in body
and tissue weights, although the maximum concentration

for oral administration was of a higher level (1000 mg/kg
body weight/day) than the dose used for clinical adminis-
tration (7.5 g/day, 125 mg/kg body weight/day). Therefore,
we suggest that Kangen-karyu is safe and non-toxic.

Conclusions

This study supports the concept that, in hyperglycaemia, AGE
formation and TGF-b-related fibrosis are associated with the
progression of diabetic complications. Kangen-karyu treat-
ment effectively alleviated these unfavorable conditions in the
presence of diabetic damage of the liver and kidney. There-
fore, this study suggests that Kangen-karyu exerts its hepato-
protective and renoprotective potential through the inhibition
of AGE formation and fibrosis-related diabetic complications
in the liver and kidney of type 2 diabetics.
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