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Screening and selection of anti-glycative materials: Kuromoji (Lindera umbellata)

Masayuki Yagi", Wakako Takabe ", Shigeru Matsumi?, Akihiko Shimode?, Tetsuya Maruyama?,
Yoshikazu Yonei "

1) Anti-Aging Medical Research Center and Glycative Stress Research Center, Faculty of Life and Medical Sciences,
Doshisha University, Kyoto, Japan
2) Yomeishu Seizo Co. Ltd., Tokyo, Japan

Abstract

Aim: We participated in the Cross-ministerial Strategic Innovation Promotion Program (SIP). SIP aims to find materials
made from agricultural crops which have new functions, and to realize the social implementations to launch new products
into markets. This study selected, from plant-derived materials, materials which have strong inhibitory activities against the
formation of advanced glycation end products (AGEs) and high quality of intestinal absorption. Furthermore, we examined
whether or not these materials exerted anti-diastatic actions in experiments with diabetic animal models.

Methods: From extracts of 536 types of plant-derived materials, this study selected materials with strong inhibitory activities
against fluorescent AGE formation (“AGE inhibition”), which were produced in the reaction between human serum albumin
(HSA) and glucose (comparison in each ICsp). Screening was conducted for the examination of AGE inhibition in culture fluid
which passed through intestinal epithelial cells (Caco-2), and furthermore, the AGE inhibition in serum of rats following oral
administration. Aminoguanidine was used as a positive control. Test materials were administered to streptozotocin (STZ)-
induced diabetic rats for 8 weeks. Subsequently, this study examined the metabolic index of glycolipids, diabetic nephropathy
index and cataract stage.

Results: Kuromoji (Lindera umbellata) and yomogi (Artemisia indica var. maximowiczii) were selected by screening, as
AGE inhibition following an absorption test was the same level as aminoguanidine. STZ treated rats (control) showed, in
comparison with rats without STZ treatment, increases in blood glucose, glycoalbumin (GA), triglyceride (TG) and free fatty
acid (FFA), increases in renal tissue TNF-a/IL-6 and decreases in creatinine clearance (CCr). Administration of kuromoji
extract significantly improved TG and FFA. TNF-0/IL-6 in renal tissues and CCr were also significantly improved. Kuromoji
and yomogi extracts both showed effects on the prevention of onset and progression of cataracts.

Conclusion: This study concluded that kuromoji extracts, which were screened and selected in terms of high anti-glycative
activity and characteristic of intestinal absorption, had the effects of prevention of onset and progression of nephropathy and
cataracts in the diabetic rat model. Further examination of kuromoji has been decided to continue for the purpose of social
implementations.

KEY WORDS: kuromoji (Lindera umbellata), Japanese mugwort (yomogi; Artemisia indica var. maximowiczii),
advanced glycation end products (AGEs), diabetic nephropathy, cataract

Introduction

We participated in the Cross-ministerial Strategic
Innovation Promotion Program (SIP). We are a member
of the Development of Functional Agricultural and Food
Products for the Next Generation Program, Technologies for
Creating Next-Generation Agriculture, Forestry and Fisheries
of SIP. The purpose of this project is to contribute to the
vitalization of agriculture, forestry and fishery, acquiring
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new next-generation functionality in agricultural, forest and
fishery products and providing added value to the products.
The budget for this program is as much as 2.5 billion yen for
five years, which is the largest scale in Japan as a program
for the development of functional food and the survey of
medical evidence. Glycative stress has been positioned as a
risk factor for both. It is highly expected that new functional
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food with anti-glycative activity should be developed.

Our research center has examined more than 500
types of food materials. Anti-glycative materials have been
explored ¥ to measure the inhibitory activities against
the formation of advanced glycation end products (AGEs),
where glycation reaction model in vitro was employed with
human serum albumin (HSA) as a target protein. Therefore,
this study has identified more than 100 types of materials
with inhibitory activities against the AGE formation. The
identified materials had the same as or higher activities
than aminoguanidine than the positive control in the HSA
glycation model. The SIP requires, other than experimental
outcomes, the performance of the social implementation to
develop and launch new products into markets. Therefore,
for the development of commercial products created from
these materials, this study examined the absorption property
and the preventive effect of nephropathy and cataracts in
experiments with animal models of diabetes mellitus.

Methods

1. Screening of anti-glycative materials

(1) Materials

Dried materials of 536 types of plants were diluted at a
weight ratio of 10 : 1 (water: dried material) and were extracted
by heating at 95°C for 60 minutes. These materials were
filtrated and then were dried under reduced pressure by an
evaporator. These extracts were examined with positive
control arm using aminoguanidine (Wako Pure Chemical
Industries, Ltd. Chuo-ku, Osaka, Japan).

(2) Methods of Examination
1) Human serum albumin-glucose (HSA-Glu) test system 2

Into the glycation solution consisting of 0.1 mol/L
phosphate buffer (pH 7.4), 8.0 mg/mL HSA and 0.2 mol/L
glucose, plant extracts or aminoguanidine of a positive control,
which were at the stipulated concentration, and were added
to reach 1/10 of volume concentration. Solutions of plant
extracts and aminoguanidine were incubated at 60°C for 40
hours. For a control arm, the solution was distilled with water
instead of plant extracts. After the completion of the glycation
reaction, fluorescent AGEs, which were produced in the
reaction fluid, were measured using a microplate reader
(excitation wavelength: 370 nm, fluorescent wavelength:
440 nm). For analysis of the inhibition rate of each AGE
formation, A is the measurement value of the reaction liquid
where sample solution was added to glycative reaction system,
B is the measurement value of the reaction liquid where
distilled water was added instead of glucose solution, C is
the measurement value of the reaction liquid where distilled
water was added instead of extracts or aminoguanidine,
and D is the measurement value of the control liquid where
distilled water was added instead of glucose solution.
ICso (inhibitory concentration 50%) was calculated in the
following formula:

The inhibitory concentration of AGE formation (%) =
{1-(A-B)/(C-D)} x 100
The strength of activity was evaluated by the relative values
in the following formula, as ICso of aminoguanidine was
designated as one.

The activity value of extracts = aminoguanidine (ICsg) /
plant extracts (ICso)

2) Permeability test in intestinal epithelium absorption model

The permeability test in the intestinal epithelium
absorption model employed POCA® intestinal absorption
kit (DS Pharma Biomedical Co., Ltd., Suita, Osaka, Japan),
where cells derived from human colon cancer (Caco-2) 4
were disseminated on the insert side of a transwell plate.
Culture solution of D-MEM with 10% fetal bovine serum
(Sigma-Aldrich, St. Louis, MO, USA) in the amount of 100
uL, which contained extracts (5 mg/mL) and aminoguanidine
(5 mg/mL), was added to the insert side of the plate. After
the solution was incubated for 3 hours, the inhibitory rate of
the AGE formation in HSA-Glu test system was measured
for culture solution which was permeated to the side of
multiwell. The strength of activity was evaluated by relative
values in the following formula, as the inhibitory rate of
aminoguanidine was designated as 1.

The activity value of extracts = inhibitory rate of plant
extracts / inhibitory rate of aminoguanidine

3) Test using blood serum of rats which extracts were
administered to

SD male rats at 5 week-old (Charles River Laboratories
Japan, Inc. Kohoku-ku, Yokohama, Kanagawa, Japan) were
kept for one-week to be prepared for the test. Then, plant
extracts (2 g/kg weight) and aminoguanidine (1 g/kg weight)
were administered to the rats after 16-hour fasting. Blood
sampling from jugular vein was conducted with an injector
heparin sodium treated 1 hour pre, 1 hour after and 3 hours
after administrations. Blood sampling was centrifuged to
obtain blood plasma of 500 pL. This blood plasma was
deproteinized using Nanosep® Centrifugal Devices (Pall
Corporation, Port Washington, NY, USA) to obtain samples.
Furthermore, the AGE formation inhibitory rate was measured
in HSA-Glu test system. The strength of activity was evaluated
by relative values in the following formula, as AUC (area
under curve) of aminoguanidine was designated as one.

The activity value of extracts = AUC of plant extracts /
AUC of aminoguanidine

2. Streptozotocin (STZ)-induced diabetic rats
(1) Materials

Dried and ground plants of trunks and branches of
Lindera umbellata (kuromoji) and leaves of Artemisia indica
var. maximowiczii (yomogi) were diluted at a 10 : 1 ratio
(distilled water: dried plants), which were extracted by heating
at 95°C for 60 minutes. After filtrated, extracts were condensed
using continuous vacuum evaporator and then were lyophilized,
which were obtained as subject materials.

(2) Animal experiments
1) Animals

SD rats at 6-week old (Japan SLC, Inc., Nishi-ku,
Hamamatsu, Shizuoka, Japan) arrived and were reared in a
barriered facility under the following environment:
temperature: 24 + 2°C, humidity: 50 + 10%, lighting time:
12 hours a day (7:00-19:00). After one week of preliminary
period rearing, SD rats were examined in experiments.

2) Rearing management

Through the periods of both preliminary rearing and
administrating test material, SD rats were kept separately in a
breeding cage, which was made from polycarbonate (W26 x
D42 x H18 cm). In the cage, animal bedding made of fir tree
(bedding for experimental animals soft wood chips: Japan
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SLC, Inc.) was used.

3) Feed and drinking water

Labo MR Stock Powder (Nosan Corporation, Nishi-ku,
Yokohama, Kanagawa, Japan) or Labo MR Stock Powder
added to test materials were supplied to be freely consumed.
Also, drinking water, which was well water disinfected with

chlorine, was free to drink using water supply bottles.

4) Production of diabetic animal models and construction
of groups

After the period of rearing for preparation, seven-week-
old rats were given intraperitoneal injections of STZ with 60
mg/kg weight. One week later, a partial blood sample was
collected from the caudal vein under non-fasting conditions,
followed by the measurement of blood glucose level (Simple
blood sugar measuring instrument, One-touch Ultra: Johnson
& Johnson, Chiyoda-ku, Tokyo, Japan). Animals with blood
glucose level 300 mg/dL. or more were divided into groups
without deviation of blood glucose level and weight (Statlight
Grouping Soft: Yukms Co. Ltd., Asao-ku, Kawasaki, Japan).
The grouping structure was as follows:
Group without treatment: untreated rats were given Labo MR
Stock Powder (n = 8).
Control group: STZ administered rats were given Labo MR
Stock Powder (n = 8).
Group with the administration of yomogi: STZ administered
rats were given Labo MR Stock Powder combined 2%
extracts of leaves of yomogi (n = 8).
Group with the administration of kuromoji: STZ
administered rats were given Labo MR Stock Powder
combined 2% extracts of kuromoji (n =7).
Rats were maintained for 8 weeks with free access to subject

materials.

5) Method of measurement
i) Weight and intake amount
Weight and intake amount were measured once a week.
ii) Ophthalmological test
Eight weeks after the beginning of administration, cataract
stage examinations were conducted to observe corneas and
crystalline lenses of both eyes under isoflurane anesthesia
using a portable slit lamp (SL-5: Kowa Company. Ltd., Naka-
ku, Nagoya, Aichi, Japan). Assessment of cataract stage was
as follows:
Stage 0: Normal
Stage 1: Early cataract (discrete anterior and posterior
cortical opacities)
Stage 2: Immature cataract (development of opaque lenses
from the cortex to the inner core)
Stage 3: Mature cataract (severely opaque lenses and white
pupils)
iii) Blood sample collection, hemoglobin Alc (HbAlc)
measurement and biochemical examination
On the completion day of the 8-week administration, 16-
hour fasting was conducted from the evening to the next
morning. Then, whole blood collection was performed from
abdominal aorta under isoflurane anesthesia followed by
HbAlc measurement for some portion of blood (HbAlc
measurement device: Siemens Healthcare Diagnostic,
Shinagawa-ku, Tokyo, Japan). Blood serum sampling was
separately obtained from the remainder of the blood and was
kept frozen. At a later time, measurements were performed
by enzymatic method in blood glucose (Glu,) glycoalbumin

Glycative Stress Research

(GA), urea nitrogen (BUN), creatinine (CRE), amylase (AMY),
triglyceride (TG), and free fatty acid (FFA).
iv) Renal function

After whole blood collection, severance of the abdominal
aorta and the caudal vena cava was performed as euthanasia.
Right renal gland was collected and was measured by weight,
to which was added phosphate buffer saline (PBS) 4 times as
much as the weight, homogenated and centrifuged. Tumor
necrosis factor-a (TNF-o) and interleukin-6 (IL-6) in
supernatant were measured using Rat OptEIA ELISA
Set (BD Pharmingen [Becton, Dickinson and Company],
Franklin Lakes, NJ, USA) and protein was measured using
BCA Protein Assay Kit (Takara Bio INC., Kusatsu, Shiga,
Japan), which was shown as a value per protein mg. For
the assessment of creatinine clearance (CCr,) urine
sampling was performed (V) for 16 hours at the 8 week
after administration. Cr concentration value in urine was
measured (uCr.) From serum creatinine concentration (serum
Cr concentration) (sCr.) CCr was calculated in the following
formula and CCr was shown as a value per one minute:

CCr=(uCr/sCr)xV

6) Ethical review on animal experiments

This research abided by “Act on Welfare and Management
of Animals” (Act No. 105 of October 1, 1973, Revision June
22, 2005) and “Standards relating to the Care and Keeping
and Reducing Pain of Laboratory Animals” (the Ministry
of Environment Notification No. 88 of April 28, 2006.) This
study was given review and approval based on Guide for the
Care and Use of Laboratory Animals.

7) Data analysis

Results were shown as mean + standard deviation (SD).
To provide a statistical processing system, student’s t-test was
employed for comparison between two groups and multiple
comparison tests of Bonferroni corrections was employed for
comparison among multiple groups; p < 0.05 is regarded as a

significant difference.

Results

1. Screening of anti-glycation materials

Materials which proceeded to the next step of screening
from 536 types of plant extracts were shown in Table 1,
as results of examinations in inhibitory actions (ICsp) to
inhibit the fluorescence AGE formation in HSA-Glu reaction
system in vitro. Data which had already been published was
excluded.

Sample materials with stronger inhibitory effects against
the formation of AGEs than aminoguanidine, which were
more than 5 times larger than aminoguanidine in ICso, were
the following: ([ ] shows ICsp rate to aminoguanidine).

Forsythia koreana A [11.11], Syzygium aromaticum A
[9.33], Aspalathus linearis [9.33], Camellia sinensis (L.)
Kuntze [7.64], Camellia sinensis A, [7.64], Rhus javanica
[6.74], Camellia sinensis [6.46], Cinnamomum verum [6.31],
Forsythia suspense B [6.03], kuromoji_branch [5.80],
kuromoji_branch and leaf [5.69] , Origanum majorana [5.60],
Castanea crenata_shell [5.60], Spatholobus suberectus Dunn
[5.09], Rubus suavissimus A [5.08].

The second screening assessed the inhibitory actions
against the AGE formation after permeating intestinal

- 319 -



Screening of Anti-Glycative Materials: Kuromoji

00°0
00°0
00°0
00°0
00°0
00°0
00°0
00°0
00°0
00°0
10°0
<00
€00
60°0
S1o
810
[aa
§T0
¥€0
Iv°0
o
9%°0
L0
060
0s°0
650
Lo
SLO
SLO
SLO
8L°0
80°1
o'l

(€~T=u)
1S9) WNIAS JBYy

€€°0
8¢°0
o
¥¥°0
9%°0
9%°0
S0
69°0
Lo
001
€0
9¢°0
€20
9%°0
0¥°0
Il
SOl
86°0
6€°0
L0
71
€0
STV
IS0
S0
€9°0
¢9'0
LT0
Y10
16°0
S0
SCl
€€°0

(r=u
159} Z-008)  [9pOwW N[D-VSH

1671
9¢'1
01
S6°0
0L0
SI'e
SI'e
09°¢
68°0
SLO
¥0°C
L8°0
€9
0s°¢
69°¢
6C'C
6¢’1
09°'¢C
ILT
LT'T
90°I1
8¢°C
9v°9
98°I1
¥9'L
[4: 3
9¢°0
861
08¢
L9
€C°6
0TI

(c=u

IV "IN "L 32 Suay) “A D soprotadsp snovsdiq
wnuanosa wnildosdo,]
1 pqID SNLO]

1 v1ad suviSny

D2101p DIUIWIJ

pIDPL0D DIUKNYNOY
1D wnu1adsKyon.ay
pupv.iolvw wnunsii()
p3UO0] DWNIIND)

vy soiddsorq

DOUDISD 0SVIUD]J
SISUULS D1]]IUID))

WNA2A WNUWOUDUUL))
DISIA DIADEDL]

pivo1ds vyua
DID]]PqUIN DAIPUIT
SNNUUD SNYIUDIIE]
DS0122dS DIUIOAISAISDT
wnuva3uNnq WNjKxoyIUn7
SISUUIYD DISOW
tadidoply wnuod jod

'} "OOH win.Loa wnidng)y
DID]2 DYDY

SISUULS D1]]2UD))

I SIUNWUL0 DUNIUIULIO))
SISUULS DI]]IUID))
DIPUID] WNUOWDUUIY)

Sopr0UIIN DIUUWOINT

ueng 19 UeYS BJRIIASIq JWINRIN Suaosaqnd po1jaduyy

DID]]PqQUIN DA2PUIT
voruvavl snyy
wnoDWOLD wniSczLg

11201A0UIXDUL "TRA DIIPUT DISIUIILY

QWIBU OIJTJUAIOG

Lo

[2] Z4
i
VIR
FE=
[d] &
ALERL
SR Tt > 3
TH TH
Ealll
e
¥

HH
TR
(V] oty
ERARCER S
Sl sEHm
¥msu
WAk

=

Sy
e

e S F 0
=
¥R
EHERE
ol
ST
A
L

+ L

=
19108IRYD
asaury)

rUSQRU ‘UBPNYOY
[erey] eqos

BY OU BAMNY]

U1 0p) Ny *[pads] rwninyIuQ
oords|y

[g] rwepnyjoq
uemoly
BUBIOARIA ‘weIofIe|A
uoy ) ‘oLIouLIny,
'Y OU IyBY]
0S-UdZeyS
eyo-uRyg
uowreuur)) ‘ryroyy
KI119qmens prip
[v] wurwreadsg
[eyepa] Howoinyy
Jue) OU LTEMBRWIH
BUO BqRURY
oysey]

nfoy]

apeL

oAyIm-req

ow ou eIeJ,
BYOURQ BMY
BSNYIYNS],

[v] eyo-nieng
ane T ‘nlioyyen
'Y NyYoO0J,

opN

[epa] 1fowornyy
1ysteqon ‘ysnyg
[v] oy
130wox

oweu asoueder

joo1 snoruodel snoesdiq
[119ys] resaym>ong
SOABQ[ ALIdQINA

Poos JnujeAp

Qa1ds|y

[g] erudnyinoy

uemoly

wetolTejy

orIowIny,

SOABO[ UOWWISIO]
urejue[q

©J] 95180D)

uoweuur)

K119qMEIIS PITAA
jurwreadg

[o3er110J] lowoiny ‘eIopur|
Spo9s Iomoryung

©J) eQRURY

19ddad uenyorg

B[SOW 9sauTy)) ‘nISuery
poamirewIg

asiue 1e)g

sjnoids eisie

BUOURQ BMY

esnyINS],

[V] ©a1 y1o-ng

[oane T ‘yed Aeg

Jeo[ erurodng

opn

[331m1] owoiny ‘eropury
muren

‘[v] 2r0D

jrom3nuw osaueder

swreu ysijiSug

aupruvn3ounun JSUIDSY oy :£114139D 2ayPIA)S-uUD Y31y YJM Sq12Y pup $ajqnia3aa Jo 3s1 ajdwns ayJ ‘[ 2]qv.J,

- 320 -



Glycative Stress Research

00°0

(¢~z=u)
159] WNIAS 18y

10°0 c0'¢
10°0 [N
00 -
€00 9¢°1
€00 €81
¥0°0 40!
S00 e
c00 €€°6
S00 cel
90°0 el'l
LO0 44
L0O0 €09
80°0 90°0
80°0 Il
600 -
60°0 Yoy
110 6C'Y
cro -
Y10 -
10 0Ty
91'0 6L'C
LT°0 60°S
L1°0 001
81°0 ore
0C0 891
10 0Ty
T 0 00°¢
9C°0 €571
LT0 -
LT0 [4: 83
0€0 8¢°1
Se0 LE']
6C°0 6L°1
(1=u)  (=v

159} -008)  [9pOwW N[D-VSH

SN2U12200 SNJOISDY ]
‘qopa] vsojid pruow sy
DUDIP]OqaLSs SNINGUIDS
SDUIIL[JO SNUIIDWSOY
2UDSINA WNINIIUI0,]

10D WNID))
QourH punSOULIOf 4DqUIDPINDIT

S14D2UI] SNYID]DASYy

piriadid X vyua

*SIQUOSY 10 uneaq 'y (1) puiuiu vpadiua)

DIDUIQIN] SNJNISIY
psuadsns viyifs.1o4

DO1SIUOP SNV

1dny] (eeN) pqniduo) vuioysarn
SnuK]09s DADUL)

1 visadid x vy

snuviploqais xvundoyuvoy
SU20S2INLf DIJ1IdJ

pavndo.na vaj()

SNUISSIADNS SNGNY

wnuimbp wnip1ialg

UUN(J $N0a.12gns snqojoyinds
2UDIINA WNUDSLL()

SN1L0]1]O SN10YI10))

pupIUOU PI2.1NIDS

smpa310 uododoquify)

wna dadig

“Jewrey| Wn1jof1iou wnudyIuns£ay)
N SNUN.AJ

dzyuny (7]) s1suau1s D1]jIUD))
wnpsadid wnjKxoyuvy

SISUULS D1]]IUID))

D42 f1onu 0quINjIN

QWIBU O[JTJUAIOG

[ 51 =9y
k- Al
T
R

£l
& nl gy

e

(6] 3¢ Rl B
BRI B
CENT
L]
(6] 3R
FE B
R

0 4 s
DR
NI
LA

3 4 1
GIER!
¥

S
7
T
BRI
CE T
W 3
2t

[ 53t o
ST Y
M

5

Gl

I9)0RIRYD
asouIy)

[eAes] " owreweuey
BSNYNINSIUIS
K112919p[H

Arewasoy

[ouudj

oAy In-owry ‘Aeme[re)

njoIoy

[g] ea1 soqiooy
jurwroddog
"0BOIYSNQQ ‘0S-nyoysnjen
[e1ey] 1yoog,

[dg] ey-0&3uay

1y o3ury

TYSOPIYEY ‘0S-Udsuay
oyonIy

BY3eH

13030 ‘1503 )
oyosIys

[Jeal] 2AlO

[d] eyo-uay,

Iqerepy

ON Y

eyyey-vURy ‘OUL3AI0)
BATOUYO[OIN

KioaeS

SSBISUOW |
oysoy-o0Iny[

[euey] ny1yf

[myruey] swn

©a) Surpealreq
oysues

BUYO-NOAY

oAey]

oweu asoueder

[yreays] ueaq Jouunr J[ILOS
059304y

K119919p[q

AIewasoy]

[ouudj

Keme[e)

wngooms BSOWIO)

iy wnSjeoms [nynneag

[d] ea1 soqiooy

jurwraddog

I9MO[J 391p ‘epadnua)

[11oys] mnu3soyo asioy asauedef
[d] Jea[ 19m0[J [[9q USp[OD
1y opddy

Jooyare asaury)

oyonIy

jurwraddog

JeoorIfRIY

e[rad ordand jo g ‘oyossig
Jes[ aAllO

©9) A119g3[OR[q 9SAUIYD) “BYI-UAL],
uayorIg

BIB[NONAI BINI[IA

oue3aIQ

MOT[BUT S,M3f

Ki0AeS

SSBISUOW |

1oddad yoerg
wnwayuesAIy)D

[ysarj] wnid

©d) Surpealreq

1oddad asoueder

©J) UJID)

Jeor snmo

swreu ysiisug

- 321 -



Screening of Anti-Glycative Materials: Kuromoji

- 00°0
- 00°0
- 00°0
- 00°0
- 00°0
- 00°0
- 00°0
- 00°0
- 00°0
- 0070
- 00°0
- 00°0
- 00°0
- 00°0
- 00°0
- 00°0
- 00°0
- 00°0
- 000
- 00°0
- 00°0
- 00°0
- 00°0
- 00°0
- 00°0
- 00°0
- 00°0
(€~T=u) (1=u

1S9) WNJIAS JBY 1S9} ¢-00B)) [opow N[D-YSH

90°0
€5°0
6Tl
40!
0c'y
88°0
10
0L°0
0’1
€8°0
8C°0
06T
¥9°¢
601
10°0
000
Lv'C
it
IL0
080
660
gTe
(€=

nqopiq o3yuin

1ypy soildsorq

wnuud wWnuIuny)
s1423donyinays D12IND N
DAS110 "TeA DANDS DINIODT
appurdnffo 1aq13uiy
winjof1iou wnuayIupsEay)
SNIDUD] SNJINAI)

20[np "TeA SU2]02an.LS winidy
20Inp “IRA SU2]02AD.AS winidy
nysun sn.aj)

WNI1JISDG WNUII(O)

DO1IDI1 "TeA DIODAI]O DIISSDAG
S1Npa DLOYfISSDJ

SNAYDS SNI0.47)

“wIxeN (109n7Z 12 p[oqals) snowodpl sajisviag

S141S24]LS DA

psowads sajauouavy)
DO1SIULOP SNIDIA

DI1ISIUOP SNV
WNIDGIDGDYL WNIYY
sypuidiffo vssijap

DUDILOY DIYILSA0]

wg'f () 2wodnq wnijoqr)
‘19 0ov.4p sdosouowanq
“zzeIn uissiqinl viziqy

DIPGIDQq DLID]]2INIS

QWIBU JJTJUAIOG

*QAIND I9pUN BAIE ‘DY ‘9S00N[3 ‘N[O ‘Ununge Wnles uewny ‘ySH {Uonenuaduod £1031quyuig,)g ‘0S|
‘("] Se QuIpIuUBNIOUIWE PIWNSSE UdYM SINOY ¢ 10J uoniqryur 93e1uad1ad Jo DNy JO ONel st passaldxa a1 s)Nsay "INoy-¢ pue - ‘-() Je paureiqo wnras 3y pue parjdde A[jeio usaq sey sjdwes yors 19)je [opow N[DH-YSH Y Ul PauIexd
Sem WNIOS JBI JO SUonoe AI0)IqIYUT :1$9) WIS Jey () [ St QUIPIUENSOUuTE PAWnSse uaym uoniqryur ageiuadrad jo oner se passardxa orom s)[nsal oy, ‘[opoul njD-ySH oyl Sursn ‘1oke [[90 g-00e)) oy ySnoay) passed usoq sey yorym afduwes
ora Jo suonoe A10)1qIyul :3$3) Z-008)) "() [ S QUIPIUBNFOUIWUER PAWNSSE UAYM 05T JO o1kl sk passaldxa aIe s)[nsal Ay [, *9s09n[3 pue yYSH U9aMIdq [9pOU UOHOBAI ) Ul pauleXa a1om [dwes yora Jo suonoe A1031qIyur :;[opow N[D-ySH

S

[v] iy

&

(V] g © W
R=E

V] %

(V] Bk HFF

[ %] (kA
Ay it
ey 1Y
70
s H
W rdr 3
RSN
PIAbS

|
]

[
[

LEE B
Wk B
Y MY
(V] g
(V] SRR
£l

g

FOHY
HOR

I9)08IRYD
asaury)

'Y OY9[
vl ey

urwny

[v] rwo3o3y

[v] @on19[ Auung
[v] esoys

[v] myny-oAnyoyg
[emey] eyIng
[0y ] L19p0)

[ey] 190D
1dury)

nnfeq

1[00001q e3nsjeH
JInay uoIssed
ueInjes

Bing

108-1U9qNs )
ayog
pros-oururys osury
urIo o3uny
qreqnuy

[v] wieq uowog
[v] ey-0A3uay
Dlesny]

INENPE)|
queyon
uaIIysuey

oweu asoueder

8qO[1q 03YUID)

UOWWISIO

urwny

UI9J yornsQ

90N1)9[ JBO[-PIY ‘0SSOI O[[0]
[v] 103urH

[v] wnwayuesKiyo d[qrpyg
[199d] uojowrarepy

[M1eas] K100

[3ear] K1012D

10ad snni)

[iseq

jnoids 1j00001g

JINIJ UOISSeq

uoijjes

nqronng

mo[[ewr anjg

doumnb asoueder
pros-oueurys o[ddy

ur1o o[ddy

qreqnuy

[v] wieq uowag

[V] Jes[ 1omo[J [[9q usap[oD
QUWIOZIYI WNNoqr)

a1l 9nx ‘poojq s,uo3erg
‘iduexen

BjRqIeq BLIB[[INOS

swreu ysijidug

- 322 -



epithelial cells, using intestinal epithelial absorption models.
In consideration of potential commercial products, 11 sample
materials were newly added: Sambucus sieboldiana, Prunus
mume_flesh, Perilla frutescens, Olea europaea, Malva
sylvestris, Malus domestica Shinano Gold, Ginkgo biloba,
Fragaria vesca, Cynara scolymus, Citrus unshiu, and
Citrullus lanatus_peel. The total number of sample materials
in the second screening was 93 types of plants. Among these
samples, 5 types had smaller ICso than aminoguanidine:
Syzygium aromaticum A [1.55], Polygonum hydropiper
[1.41], kuromoji_branch and leaf) [1.21], Helianthus annuus_
seed) [1.05], and Diospyros kaki_leaf [1.003]. Forsythia
koreana showed strong in vitro activity to inhibit the AGE
formation but extremely weak inhibition activity after
permeating intestinal epithelial cells.

The third screening was the examination where 34 types
of sample materials were assessed, taking into consideration
absorption and metabolism of extracts in rats which test
materials were administered to. Only 2 types, yomogi [1.16]

Glycative Stress Research

and Syzygium aromaticum-Choji_A [1.08] had stronger AGE
inhibition than aminoguanidine of the materials which were
absorbed and metabolized inside rat serum. Next, Rhus
Javanica [0.78], kuromoji_branch [0.755], Angelica pubescens
Maxim.f. biserrata Shan et Yuan [0.754] and Eucommia
ulmoides [0.748] were shown. Kuromoji_branch and leaf
showed relatively strong activity [1.21] in intestinal epithelium
absorption models but low activity [0.18] in the rat absorption
test.

2. Evaluation of streptozotocin (STZ)-induced
diabetic rats

To contemplate future application of functional food
and the results of the screenings, yomogi and kuromoji were
selected to examine the effectiveness for glycative-stress-
induced disorders.

Fig. 1,2 show the transitions of weight and intake volume
following STZ treatment. There was no significant difference
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Fig. 1. Change of body weight in the STZ-induced diabetic rats.

No treatment group (n = 8), STZ-treated group (n = 8), STZ & YO-treated group (n = 8) and STZ & KU-treated group (n =7).
Results are expressed as mean + SD (shown in STZ-treated group and STZ & LU-treated group). STZ, streptozotocin; YO,
yomogi (Japanese mugwort; Artemisia indica var. maximowiczii); KU, kuromoji (Lindera umbellata); SD, standard deviation.
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Fig. 2. Change of food intake amount in the STZ-induced diabetic rats.

No treatment group (n = 8), STZ-treated group (n = 8), STZ & YO-treated group (n = 8) and STZ & KU-treated group (n =7).
Results are expressed as mean + SD (shown in STZ-treated group and STZ & KU-treated group). STZ, streptozotocin; YO,
yomogi (Japanese mugwort; Artemisia indica var. maximowiczii); KU, kuromoji (Lindera umbellata); SD, standard deviation.
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in weight and intake amount among three groups: the control
group, the group with the administration of yomogi and the
group with the administration of kuromoji.

Fig. 3 shows the results of blood tests eight weeks after
the administration of test materials. There was no significant
difference in Glu, GA and HbAlc between the control, the
yomogi group and the kuromoji group. As for the serum AMY,
the kuromoji group (1,224 + 176 TU/L) showed significantly
higher than the control (1,009 + 134 TU/L, p < 0.05). As for
the serum TG, the kuromoji group (217 + 95 mg/dL) showed
significantly lower than the control (379 + 150 mg/dL, p <
0.01). As for serum FFA, the kuromoji group (512 + 114 nEq/

L) showed significantly lower than the control (811 + 126
LEq/L, p <0.05).

Fig. 4 shows the results of the renal function tests (BUN,
CRE and CCr) and TNF-a and 1L-6 in renal tissues, which
were conducted 8 weeks after administration of test materials.
As for renal weight, the kuromoji group (0.91 + 0.10 g/100g
body weight) was significantly lighter than the control
(1.02 + 0.06 g/100g body weight, p < 0.05). As for the
serum TNF-a and 1L-6 in renal tissues, the kuromoji group
(TNF-a: 0.72 + 0.20 ng/mg protein, IL-6: 5.68 + 1.60 ng/mg
protein) showed significantly lower than the control (TNF-a.:

2000 18

= 1800 T
N
= 1600 g
>- —_—~
s 1400 X
< %_' 1200 .
—_~ I
o8 4000 o
59 >
£ E 800 o
o 600 c
N 00 C
> 4
(0] 200

0

HbA1lc TG FFA
m No treat = Control ® YO-treated KU-treated

STZ-induced DM rats

Fig. 3. The values of blood markers after 8§ week treatment by kuromoji and yomogi in the STZ-induced diabetic rats.
Results are expressed as mean = SD. No treatment group (n = 8), STZ-treated group (n = 8), STZ & YO-treated group (n = 8) and STZ &
KU-treated group (n =7). GLU, glucose; GA, glycoalbumin; AMY, amylase; TG, triglyceride; FFA, free fatty acid; STZ, streptozotocin; YO,
yomogi (Japanese mugwort; Artemisia indica var. maximowiczii); KU, kuromoji (Lindera umbellata); SD, standard deviation.
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Fig. 4. The renal function index after 8 week treatment by kuromoji and yomogi in the STZ-induced diabetic rats.
Results are expressed as mean + SD. No treatment group (n = 8), STZ-treated group (n = 8), STZ & YO-treated group (n = 8) and STZ &
KU-treated group (n =7). TNFa, tumor necrosis factor-a; IL-6, interleukin-6; BUN, blood urea nitrogen; CRE, creatinine; CCr, creatinine
clearance; STZ, streptozotocin; YO, yomogi (Japanese mugwort; Artemisia indica var. maximowiczii); KU, kuromoji (Lindera umbellata);

SD, standard deviation.
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0.98 + 0.21 ng/mg protein, IL-6: 7.51 + 1.27 ng/mg protein,
p < 0.05) and inflammatory cytokine in the tissue was kept
low. There was no significant difference in serum BUN and
CRE. The kuromoji group showed a significantly higher CCr
value (2.57 + 0.14 mL/min) than that of the control (2.12 +
0.38 mL/min, p < 0.05). The renal function was maintained.
There was no significant difference in the above-
mentioned index between the yomogi group and the control.

Fig. 5 shows assessments of the cataract stage 8 weeks
after the administration of test material. The control had a
higher ratio of cataract stage 2 (immature cataract), while the
kuromoji group and the yomogi group had a higher ratio in
cataract stage 0 (normal) and stage 1 (early cataract), which
indicates that cataracts were light, slight or mild.

Discussion

Kuromoji

Kuromoji tree belongs to the Lauraceae, or laurel family
and is indigenous to Japan, which is widely distributed from
Kyushu to Hokkaido in Japan. The trunks contain an aromatic
essential oil component and the branches are used as herbal
medicine called Usho. Usho has various beneficial drug
effects to improve the alimentary system under the following
conditions: kakuran which means ictus solis or illness in
summer, senki, which means abdominal pain, fukucho,
which means sense of distension, and shukujiki, which
means maldigestion. Also, the branches and leaves emit a
refreshing fragrance and are used as a material for high-
end toothpicks. Kuromoji essential oil, which is extracted
by steam distillation from branches and leaves, is used as
perfume and soap. Kuromoji essential oil contains linalool,

M Stage 3 [MIStage 2

Glycative Stress Research

cineol and geraniol -®. These oil components also contribute
to forest bath effect .

It has been reported that kuromoji essential oil
provides diversified effects, such as anti-tumor activity 'V,
anti-inflammatory activity '?, mentally and physically relaxing
activity 131 stress-relief activity '>!%, anti-bacterial activity 7
on various bacteria, periodontal disease bacteria, and
candida. Kuromoji essential oil has a less potent anti-
oxidative activity'® than the essential oil of cypress leaves,
cypress foliage and cryptomeria leaves. It has been reported
that analysis of electro cardiogram examinations revealed
an increase in parasympathetic nerve system activities,
a decrease in sympathetic nervous system activities, an
increase in salivary secretion'® and a significant decrease in
ratio of o wave of electroencephalogram ¥, which enhances
the dominance of parasympathetic nerve system activities.

Kuromoji leaves contains linderatin'® of the dihydrochalcone
strain and linderatone!” of flavanones. Kuromoji branches
contain kaempferol, quercetin, afzerin, avicularin, hyperin,
isoquercitrin and rutin as flavanones 2. Tannin contained
by kuromoji extracts is reported to have anti-pepsin activity
and anti-tumor activity V. Hexahydrodibenzofuran derivative
of kuromoji branch extracts has functions to control the
production of melanin pigments *?.

This study confirmed that kuromoji has, other than the
activities mentioned above, inhibitory activities against the
formation of in vitro AGEs in the HSA-Glu reaction model.
Furthermore, it was shown that these activities were exerted
even after the permeation of intestinal epithelium and after
digestion and absorption in rats. Also, kuromoji extracts
exerted inhibitory activities against the AGEs formation and
showed effects resulting in prevention and progression of
nephropathy and cataract formation after kuromoji extracts
were administered to streptozotocin-induced diabetic rats.

It has been reported that cataract formation deeply relates

Cataract stage

Stage 1 Stage 0

100%
80%
60%
40%
20%

0%

Right Left Right Left Right Left

Control YO-treated KU-treated

STZ-induced DM rats

Fig. 5. Cataract prevention by kuromoji and yomogi (Japanese mugwort).

The graph shows the ratio of each stage of cataract in the STZ-treated rats. STZ-treated group (n = 8),
STZ & YO-treated group (n = 8) and STZ & KU-treated group (n =7). Stages are classified as follows:
Stage 0, normal; Stage 1, early phase; Stage 2, inmatured phase; Stage 3, matured phase.
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to glycative reactions of crystallin protein in the crystalline
lens. Trapa japonica extracts are reported to inhibit glycation
of crystalline by glyoxal treatment. The data of kuromoji
extracts showed the inhibitory effects on cataract formation
and there is a possibility that kuromoji may have a similar
mechanism to inhibit the glycation of crystallin protein??.
Kuromoji administration elevated amylase values, which had
been reduced by STZ treatments. Pancreatic amylase reflects
pancreatic function. Thus, it was assumed that the administration
of kuromoji could improve pancreatic functions, which were
lowered by STZ treatment.

Glycative stress shows the physical states where aldehyde
is likely to be produced ***: diabetes, dyslipidemia, metabolic
syndrome, excessive alcohol intake and chronic kidney disease
(CKD). STZ-induced rats showed high values in Glu, TG and
FFA. Aldehyde, which resulted from these conditions, reacts
with protein in the body and initial indexes of glycation
reaction such as GA and HbAIc became high, which induces
the formation and accumulation of AGEs. Furthermore, AGEs
bond with RAGE (Receptor for AGEs) on the cell surface
of macrophage system. Signal activation of AGEs/RAGE
mediates the production of inflammatory cytokine. Thus,
tissue injuries, such as nephropathy and cataracts, could be
improved. Pocyanidin B2, which is contained in kuromoji
extracts, inhibits the production of IL-6 and TNF-a in
macrophage culture stimulated by lipopolysaccharide '?. This
finding and view supports the results of examination where
IL-6 and TNF-o were significantly lowered in the renal
glands of diabetic rats of the kuromoji group. In addition of
kuromoji inhibitory activities against the formation of AGEs,
there was a possibility that kuromoji also inhibited the
activation of AGEs/RAGE signal. Further examinations need
to be conducted in the future.

Yomogi

Yomogi is a perennial of the asteraceae family and
is used diversely. The leaves are used as yomogi-mochi,
glutinouns rice dumpling with a green color and a
characteristic flavor, and dried leaves are made into moxa
for kyu, moxibustion 2¢?”. Yomogi is used as shoyaku, a type
of herbal medicine. The herbal medicine is called gaiyo,
which has the functions of a blood coagulant and improves
problematic symptoms during pregnancy. Kyukikyogaito has
functional effects in the cases of continuous vaginal bleeding,
hematemesis after a miscarriage and abdominal pain during
pregnancy. Hakuyoto is administered for hematemesis
and hemorrhage. It is reported that skin external agents
containing yomogi extracts have anti-pruritic effects **% and
mitigating atopic dermatitis *-*?. Yomogi extracts are widely
used for skin external products such as soap ** and cosmetics.

The chemical components of yomogi were essential oil,
flavonoid, polyphenol and others?”. The main components in
the flavor are the following: cineol, thujone, 3-caryophyllene,
borneol and camphor (these 5 components are terpenoids **),
and in addition, nonacosane, and hentriacontane (these two
are hydrocarbons *). Apart from that, yomogi contains
tannin, palmitic acid, oleic acid, and linoleic acid (these are
fatty acids), and vitamin A, B1 and B24.

Yomogi leaf extracts have been reported to have choleretic
action*”, growth stimulation of vascular endothelial cells *®,
inhibitory activity against angiotensin-converting enzyme
(ACE) #, reductive activity on age-related body odor and
uraroma ¥, and anti-inflammatory activity 3. Our research
center has confirmed that polyphenol contained in yomogi

extracts has inhibitory effect against the formation of
AGEs*%2, Caffeic acid and chlorogenic acid, which are isolated
as tannin from yomogi extracts, have inhibitory activities
against lipid peroxidation -5, improving actions for
lipometabolism (decrease in TG and decrease in lipid
peroxide)*5¥ and inhibitory activities against histamines
disengagement 55, These stabilization activities are
characteristic to yomogi, which is the reason that yomogi
is used for the purpose of inhibiting atopic dermatitis and
skin itching.

In comparison between yomogi and kuromoji, both have
the same level of inhibitory effect against the formation of
AGEs. However, yomogi has an advantage in stabilizing mast
cells and kuromoji exerted an anti-inflammatory effect
against macrophage. It is assumed that these differences
produced the results in this examination where kuromoji
significantly decreased cytokine in renal tissues but yomogi
did not show a significant difference.

Conclusion

As a part of the SIP Program, this study performed
screenings and selections from five hundred and 36
agricultural, forest and fishery materials to evaluate plant-
derived materials, focusing on the inhibitory effects against
the formation in vitro fluoresce AGEs, permeability in
intestinal epithelium and absorption activities in model rats.
Selection of kuromoji extracts and yomogi extracts was
performed to identify materials, focusing on domestic
availability of materials and application to functional food
production. The resulting data of the examination of STZ-
induced diabetes mellitus model rats revealed that kuromoji
extracts had effects on improving TG and FFA and preventing
the onset and progression of diabetic nephropathy. Furthermore,
effects to prevent the onset and progression of cataracts were
also recognized in kuromoji and yomogi extracts. We have
decided to continue further examination of kuromoji, taking
it into consideration to prepare for social implementation of
commercialized products.

Acknowledgement

This work was supported by the Japanese Council
for Science, Technology and Innovation, SIP (Project ID
14533567), “Technologies for creating next-generation
agriculture, forestry and fisheries” (funding agency: Bio-
oriented Technology Research Advancement Institution,
NARO).

Conflict of Interest Statement

The present study was supported by a SIP cooperative
company, Yomeishu Seizo Co. Ltd.

- 326 -



Reference

1) Hori M, Yagi M, Nomoto K, et al. Inhibition of advanced
glycation end product formation by herbal teas and its
relation to anti-skin aging. Anti-Aging Med. 2012; 9: 135-
148.

2) Parengkuan L, Yagi M, Matsushima M, et al. Anti-glycation
activity of various fruits. Anti-Aging Med. 2013; 10: 70-76.

3) Ishioka Y, Yagi M, Ogura M, et al. Antiglycation effect of
various vegetables: Inhibition of advanced glycation end
product formation in glucose and human serum albumin
reaction system. Glycative Stress Res. 2015; 2: 22-34.

4) Okawara M, Tokudome Y, Todo H, et al. Effect of
[-cyclodextrin derivatives on the diosgenin absorption in
Caco-2 cell monolayer and rats. Biol Pharm Bull. 2014;
37: 54-59.

5) Tomono T, Otsuka K, Yano K, et al. Recommended daily
dose of sesame lignans has no influence on oral absorption
of P-glycoprotein substrates in rats. Biol Pharm Bull. 2015;
38: 1960-1963.

6) Ikeda I, Tamakuni K, Sakuma T, et al. Resistant
maltodextrin decreases micellar solubility of lipids and
diffusion of bile salt micelles and suppresses incorporation
of micellar fatty acids into Caco-2 cells. J Nutr Sci Vitaminol
(Tokyo). 2016; 62: 335-340.

7) Kuroda M, Sakurai K, Mimaki Y. Chemical constituents
of the stems and twigs of Lindera umbellata. ] Nat Med.
2011; 65: 198-201.

8) Kim KH, Moon E, Ha SK, et al. Bioactive lignan
constituents from the twigs of Lindera glauca. Chem Pharm
Bull (Tokyo). 2014; 62: 1136-1140.

9) Nonaka S, Otani K, Nitta N, et al. Study of healing by the
fragrance of the forest at Kumano-Kodo. Annual report of
Wakayama Prefectural Research Center of Environment
and Public Health. 2009; 54: 25-28. (in Japanese)

10) Akakabe Y. The relaxation effect of aroma in forest bath
(shinrinyoku) for human. Aroma Research. 2010; 11: 156-
161. (in Japanese)

1) Maeda H, Yamazaki M, Katagata Y. Kuromoji
(Lindera umbellata) essential oil-induced apoptosis and
differentiation in human leukemia HL-60 cells. Exp Ther
Med. 2012; 3: 49-52.

12) Maeda H, Yamazaki M, Katagata Y. Kuromoji (Lindera
umbellata) essential oil inhibits LPS-induced inflammation
in RAW 264.7 cells. Biosci Biotechnol Biochem. 2013; 77:
482-486.

13) Akakabe Y, Kamikawa T. The relaxation effect of the bark
oil of Lindera umbellata. The Japanese Journal of Taste
and Smell Research. 2011; 18: 591-594. (in Japanese)

14) Yamagami A, Imura H, Shibuya K, et al. Effects of aroma
on saliva secretion and activities of autonomic nerves
and brain: Essential oil of kuromoji and bergamot. The
Japanese Journal of Taste and Smell Research. 2012; 19:
453-456. (in Japanese)

15) Saito A, Sato K, Chiba R. Influence of personal preference
for essential oil scents on physiological responses:
Comparison of essential oils from Cryptomeria japanica
leaves and from Lindera umbellata branches and leaves
Aroma Research. 2015; 16: 260-265. (in Japanese)

16) Tsutsui N, Igarashi K, Fukui K, et al. Stress relieving effect
of kuromoji (Lindera umbellata) essential oil: Medical
aromatherapy for stress relief during dental treatment (part
1). The Journal of Japan Society for Dental Hygiene. 2017,
11: 73-84. (in Japanese)

Glycative Stress Research

17) Chiba R, Sato M, Tsuruta K, et al. Antibacterial activity of
two Japanese endemic tree essential oils on oral bacteria
and Candida. Aroma Research. 2016; 17: 376-380. (in
Japanese)

18) Tanaka H, Ichino K, Ito K. A novel dihydrochalcone,
linderatin from Lindera umbellata var. lancea. Chemical
& Pharmaceutical Bulletin. 1984; 32: 3747-3750.

19) Tanaka H, Ichino K, Ito K. A novel flavanone, linderatone,
from Lindera umbellata. Chemical & Pharmaceutical
Bulletin. 1985; 33: 2602-2604.

20) Takizawa N. Studies on the constituents of Lindera
species: (I) On the flavonoid compounds of Lindera
families. The Japanese Journal of Pharmacology. 1984;
38: 194-197. (in Japanese)

21) Kato M, Ezaki N, Tsutsumi S, et al. Pharmacological studies
on Lindera umbellata ramus: (III) Effect of the crude
extracts of Lindera umbellata ramus on experimental
gastric ulceration in rats. The Japanese Journal of
Pharmacology. 1982; 36: 350-355. (in Japanese)

22) Mimaki Y, Kameyama A, Sashida Y, et al. A novel
hexahydrodibenzofuran derivative with potent inhibitory
activity on melanin biosynthesis of cultured B-16 melanoma
cells from Lindera umbellata bark. Chem Pharm Bull
(Tokyo). 1995; 43: 893-895.

23) Uemura T, Takeshita S, Yamada M. The effectiveness of
the peel extract of water chestnut (Trapa bispinosa Roxb.)
in an a-crystallin glycation model with glyoxal. Glycative
Stress Res. 2017; 4: 104-108.

24)Nagai R, Mori T, Yamamoto Y, et al. Significance of
advanced glycation end products in aging-related disease.
Anti-Aging Med. 2010; 7: 112-119.

25)Ichihashi M, Yagi M, Nomoto K, et al. Glycation stress
and photo-aging in skin. Anti-Aging Med. 2011; 8: 23-29.

26) Ishii R, Kuratome J, Ogino R, et al. The possible use of the
Japanese mugwort in the traditional medicine. The Journal
of Japan College Association of Oriental Medicine. 2010;
33: 26-30. (in Japanese)

27)Toda S. Research on antioxidative effect of yomogi. The
Bulletin of Kansai University of Health Sciences. 2012; 6:
20-32. (in Japanese)

28) Hamashita Y, Mokuma M, Nishimura S. Nirsing care for
“itching™ A trial of bed bith using yomogi (Japanese
mugwort). Nursing. 1982; 2: 1657-1661. (in Japanese)

29) Mokuma M, Hamashita S, Nishimura S. Continuing care
of patients complaining of being unable to sleep due to
itching. Effect of bed bath with mugwort decoction for
better sleep. Nursing. 1986; 6: 1068-1073. (in Japanese)

30) Mishima S, Miwa K, Komatsu H, et al. Active nursing
assistance to relieve the feeling of pruritus. Trial of
cleaning with Artemisia vulgaris indica. Annual of Gifu
Municipal Hospital. 1988; 8: 159-163. (in Japanese)

31) Nakashio S, Inoue K, Suganuma M, et al. Anti-itching
effect of Yomoneol on pruritus in patients with chronic
renal failure. Progress in Medicine. 1989; 9: 1259-1263.
(in Japanese)

32) Urushibara Y, Yuki K, Sato S, et al. Trial application of
yomogi lotion on the patients complain of itching. Zenjinkai
Annual Research Report. 1990; 11: 75-77. (in Japanese)

33) Furube Y, Ikeuchi Y, Kato T, et al. On antipruritic effects
of mufwortlotion (Artemisia vulgaris indica lotion) using
a soft extractive for external rse. Medicine and Drug
Journal. 1990; 26: 115-118. (in Japanese)

- 327 -



Screening of Anti-Glycative Materials: Kuromoji

34) Yuki W, Ikeuchi Y, Makino N, et al. Hemostatic effect of
Artemisia vulgaris indica lotion for pruritus cutaneus of
dialysis patient. Zenjinkai Annual Research Report. 1991;
12: 23-26. (in Japanese)

35) Tezuka T, Kusuda S, Higashida T, et al. The clinical effects
of mugwort extract on pruritic skin lesions. Skin Research.
1993; 35: 303-311. (in Japanese)

36) Muroi N, Oishi R, Kimura S, et al. Antihistaminic activity
of Artemisiae folium extract and its clinical effect on
pruritus cutaneous. Journal of the Nippon Hospital
Pharmacists Association. 1994; 20: 10-16. (in Japanese)

37) Mitsui R, Yoshii M. Preparation and clinical experience of
yomogi ointment for itching. Advances in Nursing Art and
Science: ANAS. 1994; 6: 125-130. (in Japanese)

38) Matsuura K, Ogawa R, Koinuma M, et al. Antipruritic
effect of mugwort lotion for postburn hypertrophic scar
patients. Japan Journal of Burn Injuries. 2003; 29: 50-56.
(in Japanese)

39) Tamaki A, Muratsu M. Clinical trial of SY skin care
series containing mugwort extract. Skin Research. 1994;
36: 369-378. (in Japanese)

40) Shoji A, Inoue A, Tani S, et al. Clinical trial of skin care
compress containing mugwort extract. Skin Research.
1998; 40: 501-506. (in Japanese)

41) Sugiura M, Hayakawa R, Sugiura K, et al. Atopic dermatitis
and chemicals: Application of yomogi-containing lotion
on dry scalp in the patients with atopic dermatitis. Skin
Reserach. 2000; 42(Suppl.22): 1-4. (in Japanese)

42) Hioki C, Arai K, Arai M. Evaluation of volatile oil of
Artemisia princeps for treatment of atopic dermatitis:
herbal ointment including volatile oils of four herbal
medicines. Japanese Journal of Aromatherapy. 2010; 10:
25-32. (in Japanese)

43) Kanamori R. Verification of antibacterial actios of yomogi
extract (Yomoneol). Infection Prevention (Kansen Boushi).
2002; 12: 35-38. (in Japanese)

44) Tsuchiya F, Yajima T, Kawaguchi T. Analysis of major
constituents in essential oils stean-distilled from Chinese
herbs II. The Journal of Holistic Sciences. 2012; 6: 1-8. (in
Japanese)

45) Toda S, Ohnishi M, Kimura M, et al. Research on essential
oil of moxa (No.1). The Japan Society of Acupuncture and
Moxibustion. 1988; 38: 330-333. (in Japanese)

46)Okuda T, Hatano T, Agata I, et al. Tannins in Artemisia
montana. A. princeps and related species of plant.
Yakugaku Zasshi. 1986; 106: 894-899. (in Japanese)

47)Okuno I, Uchida K, Namba T. Choleretic activity of
Artemisia plants. Yakugaku Zasshi. 1984; 104: 384-389.
(in Japanese)

48)Kaji T, Kaga K, Miezi N, Ejiri N, Sakuragawa N. A
stimulatory effect of Artemisia leaf extract on the
proliferation of cultured endothelial cells. Chem Pharm
Bull (Tokyo). 1990; 38: 538-540.

49) Kimoto K, Shimizu E, Kuroda H. Research on ACE
inhibitors in food. Bulletin of Tokyo Kasei University.
1998; 38: 59-63. (in Japanese)

50) Osada K, Curran M, Kurachi M, et al. Effect of an orally
ingested mugwort and mushroom extract mixture on urine
odor from aged mice. Biosci Biotechnol Biochem. 2008;
72: 1249-1256.

51) Park JM, Han YM, Lee JS, et al. Nrf2-mediated
mucoprotective and anti-inflammatory actions of
Artemisia extracts led to attenuate stress related mucosal
damages. J Clin Biochem Nutr. 2015; 56: 132-142.

52) Ishioka Y, Yagi M, Ogura M, et al. Polyphenol content of
various vegetables: Relationship to antiglycation activity.
Glycative Stress Res. 2015; 2: 41-51.

53) Hatano T, Okuda T, Togawa Y. Tannin active ingredient of
Mugwort class and its lipid peroxidation inhibitory effect.
Journal of Traditional Medicines. 1985; 2: 124-125. (in
Japanese)

54)Kimura Y, Okuda H, Okuda T, et al. Studies on the
activities of tannins and related compounds from medicinal
plants and drugs. VII. Effects of extracts of leaves of
Artemisia species, and caffeic acid and chlorogenic acid
on lipid metabolic injury in rats fed peroxidized oil. Chem
Pharm Bull (Tokyo). 1985; 33: 2028-2034.

55) Kimura Y, Okuda H, Okuda T, et al. Studies on the activities
of tannins and related compounds from medicinal plants
and drugs. VL. Inhibitory effects of caffeoylquinic acids
on histamine release from rat peritoneal mast cells. Chem
Pharm Bull (Tokyo). 1985; 33: 690-696.

- 328 -



