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Abstract

Diabetic nephropathy is a leading cause of end-stage renal dis-
ease worldwide. The mainstay of diabetic nephropathy has been the
management of hyperglycemia, blood pressure and proteinuria using
hypoglycemic agents, angiotensin-converting enzyme inhibitors and
angiotensin receptor blockers. The application of traditional Chinese
medicine to diabetic nephropathy has received increasing attention
due to its wide availability, weak side-effects and proven therapeutic
mechanisms and benefits. In this paper, we report the case of pa-
tients with diabetic nephropathy, stage 2 or 3. Kangen-karyu extract
(7.5 g/day) was administered three times per day for 6 months. The
estimated glomerular filtration rate was increased at the 6-month
follow-up. The serum creatinine level decreased following adminis-
tration. At that time, somatic and subjective symptoms had partially
disappeared. Here, we present evidence that Kangen-karyu exerts
a renoprotective effect against the development of diabetic nephrop-
athy.
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Background

Diabetic nephropathy is among the main causes of end-stage renal
disease [1]. Multiple factors such as metabolic and hemodynamic al-
terations, oxidative stress, activation of the renin-angiotensin system,
and inflammation may interdepend on various levels, causing pro-
gressive nephropathy [2]. A large number of novel treatment options
has arisen from experimental studies based on the pathogenic factors
of diabetic nephropathy, including intensive glycemic control, precise
blood pressure control, renin-angiotensin-aldosterone system block-
ade, lifestyle modifications such as exercise and dietary restrictions,
and numerous novel agents, but the rate of end-stage renal disease due
to diabetic nephropathy still remains high in spite of the widespread
application of numerous therapeutic approaches focusing on manage-
ment of the factors mentioned above [3-6]. Therefore, interventions
that could effectively delay the progression of diabetic nephropathy
are urgently required.

Kangen-karyu

Traditional Chinese prescriptions have received much attention
as potential sources of novel therapeutic agents due to their multiple
beneficial effects and absence of toxic and/or side effects [7]. Kan-
gen-karyu (Guan-Yuan-Ke-Li in Chinese), one of our major interests
among traditional Chinese medicine agents, has been developed in
Japan by the modification of herbal constituents of Kan-shin No. 2
(Guan-xin No.2 in Chinese) [8]. Kan-shin No. 2 was originally cre-
ated following traditional Chinese medicine practice to cure blood
stagnation, and it has been used to treat thrombosis, myocardial in-
farction and cerebral infarction in China [9]. Kangen-karyu consists
of six herbs (Salviae Miltiorrhizae Radix, Cnidii Rhizoma, Paconiae
Radix, Carthami Flos, Aucklandiae Radix and Cyperi Rhizoma) (Ta-
ble 1), and has been clinically used as a treatment for cardiovascular
diseases such as angina pectoris and cerebrovascular diseases. Many
studies demonstrated that Kangen-karyu exhibits favorable biologi-
cal activity such as anti-aging effects, platelet aggregation inhibition,
hypertension suppression, anti-dyslipidemia, aiding the recovery of
learning and memory impairment induced by senescence, neuropro-
tection, and an anti-dementia effect in animal experiments [10-17].
Although studies have proposed the pharmacological functions of
Kangen-karyu to treat various diseases, we previously reported ev-
idence supporting its preventive and/or therapeutic potential against
diabetes-induced renal damage using db/db mice, a type 2 diabetic an-
imal model [18-20]. The results of our previous study provide import-
ant evidence that Kangen-karyu exerts a renoprotective effect against
the development of diabetic nephropathy. We also provide evidence
supporting the use of Kangen-karyu as a therapeutic agent in a patient
with diabetic nephropathy in the early stage [21]. On the basis of these
findings, we administered Kangen-karyu to diabetic nephropathy pa-
tients, stage 2 or 3, and report its therapeutic usefulness.
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Common name Botanical name Family name

Salviae Miltiorrhizae Radix Salvia miltiorrhiza BUNGE Labiatae

Cnidii Rhizoma Cnidium officinale MAKINO Umbelliferae

Paeoniae Radix Paconia lactiflora PALLAS Paconiaceae

Carthami Flos Carthamus tinctorius L. Compositae
Aucklandiae Radix Aucklandia lappa DCNE. Compositae
Cyperi Rhizoma Cyperus rotundus L. Cyperaceae

Table 1: Composition of Kangen-karyu.

Clinical studies
Study population

The study cohort was previously diagnosed with diabetic nephrop-
athy at Shinseikai Toyama Hospital. Both sexes (3 men and 2 women;
54-73 years, 64.0 + 3.8 years) and two stages of diabetic nephropathy
(3, stage 2; and 2, stage 3) were represented. The patients continued
to receive existing treatments: hypoglycemic agents (metformin: 750
mg/day, ipraglifiozin: 50 mg/day), an antihypertensive agent (termis-
artan: 20 mg/day), antilipidemic agent (atrovastatin: 5 mg/day), and
antacid-laxative (magnesium oxide: 990 mg/day). In addition, Kan-
gen-karyu extract (7.5 g/day) was administered three times a day for
6 months. During the administration of Kangen-karyu extract, regular
tests were performed to assess its effect on diabetic nephropathy. At
that time, a medical interview including questions on the somatic and
subjective symptoms was conducted during the study.

Laboratory data and physical characteristics on adminis-
tration of Kangen-karyu for 6 months

From samples obtained at the first timepoint, hemoglobin Alc
(HbA1lc) was 7.52%, showing poorly controlled blood glucose. The
estimated glomerular filtration rate (eGFR) was 79.2 mL/min/1.73
m?, and this corresponded to a serum creatinine (Cr) level of 0.71
mg/dL. The urinary albumin and protein levels were 56.1 and 425
mg/g Cr, respectively, indicating stage 2 to 3 diabetic nephropathy.
After the administration of Kangen-karyu extract for 6 months, eGFR
was subsequently increased from 79.2 to 88.2 mL/min/1.73 m? at the
6-month follow-up, and serum Cr was slightly decreased compared
with the first timepoint. The urinary albumin level increased from
56.1 to 71.0 mg/g Cr. Urinary protein excretion also increased to 506
mg/g Cr. There was, however, no significant change in the HbAlc on
the administration of Kangen-karyu extract.

Moreover, to identify the therapeutic usefulness of Kangen-karyu
extract to improve the renal function of diabetic nephropathy patients,
we investigated the eGFR and serum Cr levels in patients from the 6th
month prior to Kangen-karyu extract administration. As shown in Ta-
ble 2, the eGFR level of diabetic nephropathy patients was gradually
decreased as time progressed until 6 months, indicating renal func-
tion decline. On the other hand, the administration of Kangen-karyu
was increased from 79.2 to 80.7 mL/min/1.73 m? at 1 month, 81.9
mL/min/1.73 m? at 3 months, and 88.2 mL/min/1.73 m? at 6 months.
When the rate of variability in eGFR was calculated using the for-
mula shown in Table 3, its value was significantly recovered by Kan-
gen-karyu administration. Additionally, a slight increase of serum Cr
that progressed in diabetic nephropathy patients was progressively
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decreased by the administration of Kangen-karyu at the 6-month
follow-up, as shown in Table 2. The rate of variability in serum Cr
was significantly decreased by Kangen-karyu (Table 3). GFR is the
most accurate index for assessing overall kidney function and im-
portant tool for making diagnostic decisions in clinical practice [22],
but the method is not applicable to daily practice because it is time
consuming, labor intensive, and expensive. Kidney function usually
is assessed from serum Cr concentration alone. However, serum Cr is
affected by Cr generation, including muscle mass and dietary intake,
in addition to GFR [23]. Therefore, we used the eGFR on the equation
proposed by the Japanese Society of Nephrology [24].

Kangen-karyu administration
-6M -3M -IM oM M M 60M
eGFR 84.6 80.3 79.2 79.2 80.7 81.9 88.2
(mL/min/1.73 m?) | +9.4 +7.9 +5.8 +88 | +83 +7.9 +9.0
Serum Cr 0.67 0.70 0.70 0.71 0.70 0.68 0.64
(mg/dL) +0.14 | £0.06 | £0.05 | £0.07 | £0.07 | £0.05 | £0.09

Table 2: Changes in eGFR and serum Cr before and after Kangen-karyu administra-
tion.

M, months. Values are expressed as the mean + S.E. of 5 patients.

(At the start of administration — 6
months before administration) / 6

(At the start of administration — 6
months after administration) / 6

eGFR -0.894+0.288 1.491+ 0.406"

Serum Cr 0.007+0.002 -0.012+0.003"

Table 3: Rate of variability in eGFR and serum Cr before and after Kangen-karyu
administration.

Significance: *p<0.01 vs. (at the start of administration - 6 months before administra-
tion)/6 values.

Regarding the physical characteristics, there was no significant
change in the parameters such as body mass index (BMI), soft lean
mass (SLM), body fat mass (BFM), visceral fat area (VFA), or per-
cent body fat (PBF) on the administration of Kangen-karyu extract.
At the 6-month follow-up of patients, somatic and subjective symp-
toms such as stiff shoulder, headache, coldness of the limbs, and
fatigability had disappeared. The score using the questionnaire had

decreased from 38.6 to 27.2 at follow-up, being a significantly lower
(30%) score.

Discussion

The utilization of traditional Chinese medicine to treat patients
with diabetic nephropathy has received increasing attention due to its
wide availability, weak side-effects, and proven therapeutic mecha-
nisms and benefits. In the present patients, there was an improvement
in diabetic nephropathy following the administration of Kangen-karyu
for 6 months. Because of the short follow-up period, the effect of the
long-term administration of Kangen-karyu on progressive nephropa-
thy remains unknown. However, eGFR was subsequently increased
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from 79.2 to 88.2 mL/min/1.73 m? at the 6-month follow-up. The
serum Cr level decreased from 0.71 to 0.64 mg/dL. In addition, the
score using the questionnaire was significantly decreased during the
follow-up. We present the therapeutic option using Kangen-karyu
to treat renal disease patients with diabetic nephropathy. Interesting
findings were also obtained with regard to eGFR: the level of eGFR
gradually decreased at 6, 3, 1, and 0 months prior to Kangen-karyu
extract administration. The administration of Kangen-karyu for 6
months increased this level, and the rate of variability in eGFR was
significantly recovered. There were, however, no improvements in
the urinary albumin or protein levels on the administration of Kan-

gen-karyu.

Albuminuria is characterized clinically as an early predictor of the
progression of diabetic nephropathy [25]. Proteinuria is a universal
finding in patients with progressive renal disease, and considered a
measure of the severity and determinant of diabetic renal disease pro-
gression [26], whereas eGFR is estimated using endogenous plasma
or serum filtration markers, most commonly Cr [27,28]. We showed
that Cr reacts with hydroxyl radicals to quantitatively and non-enzy-
matically produce 5-hydroxycreatinine, which partially decomposes
to methylguanidine, a stronger uremic toxin. These reactions have
been reported to occur not only in vitro but also in vivo [29]. More-
over, we suggested that the efficacy of Kangen-karyu on diabetic ne-
phropathy in type 2 diabetic db/db mice was dependent on several
oxidative stress-related parameters and exerted a renoprotective ef-
fect [18-20]. Thus, Kangen-karyu may function as an ameliorator of
oxidative stress and show beneficial effects for diabetic nephropathy
patients. In addition, the score using the questionnaire was decreased
during the follow-up. Herein, we present the therapeutic option of
Kangen-karyu to treat patients in the early phase of diabetic nephrop-
athy.

Conclusion

We report evidence supporting the use of Kangen-karyu as an ad-
junctive therapy for patients with diabetic nephropathy corresponding
to stage 2 or 3. Kangen-karyu exhibits good efficacy in the treatment
of patients with diabetic nephropathy.
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