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Total Anthocyanin Content, Total Phenolic Content, and Antioxidant Activity of

Various Blueberry Cultivars Grown in Togane, Chiba Prefecture, Japan

Yuma Shibata !, Kosuke Ohara (KJFUE 4f) ?, Kaori Matsumoto ?, Tetsuya Hasegawa -2,
Masayuki Akimoto %)

1 Graduate School of Pharmaceutical Scinences, Josai International University,
2 Faculty of Pharmaceutical Sciences, Josai International University

1 Gumyo, Togane, Chiba, 283-8555 Japan (*Correspondence)

More than fifty cultivated varieties of blueberries are grown under the same processing
conditions on the farm at Chiba Prefectural Agricultural College in Japan. The fruits from 51
blueberry cultivars, including 16 rabbiteye (RE) cultivars (Vaccinium ashei Reade) and 35
highbush (HB) cultivars (Vaccinium corybosum L.), were evaluated for total anthocyanin
contents, phenolic contents, and their contribution to antioxidant activity among cultivars. Total
anthocyanin contents varied from 0.74+0.21 ("Barkley") to 4.27+0.18 ("Suwannee") mg as
cyanidin-3-glucoside (Cy-3-GC) equivalent/g fresh-weight (fw), with phenolic contents in the
range of 0.77+0.14 ("Floridablue") to 3.69+0.89 ("Suwannee") mg of gallic acid equivalent
(GAE)/g fw, which strongly correlated with antioxidant activities assessed using the DPPH and
ORAC methods, respectively. Total anthocyanin and phenolic contents were both significantly
higher (p<0.05) in RE blueberries than in HB blueberries. Furthermore, the total phenolic values
were significantly higher for the RE family than for the HB family (p<0.01). In comparisons of
two species, the major anthocyanidin identified were malvidin in RE blueberries and delphinidin
in HB blueberries. This result suggests that some RE blueberries, especially "Suwannee,"
"Homebell" and "Climax," are suitable supply sources with high in vitro antioxidant capacity.

This study would be helpful to the quality-oriented cultivation of blueberry.
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Polyphenol Contents and Glycolytic Enzyme (a-Glucosidase and a-Amylase)
Inhibitory Activities of the Ethanol Extractions of Colored Rice Grown in Togane,
Chiba Prefecture, Japan
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Yuma Shibata ", Kumi Konishi?, Kosuke Ohara (JJF/E41)?, Kaori Matsumoto ?, Tetsuya

Hasegawa !2*), Masayuki Akimoto "2

1) Graduate School of Pharmaceutical Scinences, Josai International University,
2 Faculty of Pharmaceutical Sciences, Josai International University

1 Gumyo, Togane, Chiba, 283-8555 Japan (*Correspondence)

Basic studies were conducted to estimate the effects of postprandial blood glucose
fluctuations, polyphenol contents and glycolytic enzyme inhibitory activity in colored rice
cultivated in Togane City, Chiba Prefecture, Japan. Using an 80% ethanol extract of each rice
(black rice, red rice, hulled rice and white rice) as a sample, the amounts of total anthocyanin,
total proanthocyanidin, and total polyphenol were measured. The inhibitory effect on
a-glucosidase and a-amylase were measured in vitro using rat intestinal acetone powder and
porcine pancreatic a-amylase, respectively, as an enzyme source.

Red rice had the highest total polyphenol content and total proanthocyanidin content among all
rice varieties. Total polyphenol content and total proanthocyanidin content of all rice samples
were decreased due to steamed cooking. The total anthocyanin content was high in black rice
and below the detection limit in other rice.

The a-glucosidase inhibitory activity was higher in colored rice than in white rice. There was a
significant correlation between the total polyphenol content of the rice extract and the
a-glucosidase inhibitory activity. There was no significant difference in a-amylase inhibitory

activity between the rice samples. However, as with the a-glucosidase inhibitory activity, there
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was a correlation between the total polyphenol content of the rice sample and the a-amylase
inhibitory activity.

These results suggest that polyphenols may be involved in the a-glucosidase inhibitory activity
and a-amylase inhibitory activity of colored rice. In addition, steaming process reduced
polyphenol content and glycolytic enzyme inhibitory activity of all the rice samples. On the
other hand, the glycolytic enzyme inhibitory effect of colored rice, even when colored rice is
ingested as a meal, are lower than that of acarbose, a therapeutic drug for diabetes, was

suggested.
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LT M7 RN T=VE, 707 b T2V BRI ORAY 7 ) —vazil
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NHDH LM 1510 AR LA BKRIZOWTHIMEiZIT 72, &5, 2R bHORY

SRR ETEE ORGSR L UC, ROBERBIEHEETHLT IV R—R2 &2 HNTIE
PE&E LRI LT,

[Fi:]
1. 8t

IRAK (V% AR =1 FE: Oryza sativa subsp. japonica) & 2K (¥ R = FE: Oryza sativa
subsp. japonica) |3 THE R A AT O PG [E PR KT - BREEAL S IS TRebs LINFE L7 K %
Wiz, KRB L OBERIITRESO Y ¥ R=IFEEZEH Lz, 7 AV AR — ARt
WT¥, Zy MpETE M MRBIOT P 0-7 X7 —BIZv 7~ - 7R
F e DX NI DBIEA LT DM LTz, £ O OREEII R E 72 iE—Hih 2 vz,

2. KBTI

W oy e R P E RBRIC W IKEBHE, IO FIE TR L 17,

TEEN I LT 0 BB HE L7122k 1 g 2B IC AN, ~FV Rk E 3mL Nz, 5457
e D Uiz, w048 (3000 rpm, 60 min, 4°C) L7=%%, EEOA~FH U EEEY VLT
Wi U7z, 7RI 80% =% / — /L% 3 mL M2 10 43 IR E I ALER L 7= 1%, .00 B (3000
rpm, 30 min, 4°C) L, EEAZEIX L7, B UCHMHEEEEZ I HIC2EEVEL, B5h
7= b B E SO L O & KRR & Lz, RECKOEAE, MRS » 7 70 mL %
% AERERIZ A, JKIEZK 100 mL 20 2 7C 30 43R K L=k, 2R BRI AR TR
U7, MREt:, BEZEmiE il (Free Zone®, Labconco co.) T 24 BEEZEE L7728 D &b
BtE L, RfRIC= % 7 — /LTl U CRBCKERBRAIR & LT,

3. MRV 72/ —NEEOHE

BARY 7z ) —VEBOWEIZIE, 74—V T A MEEHWT S, KRR
500 uL, 7K 500 uL, 7 =/ — LalEEAIRIK 1 mL 2 3R ICEE, BT HEER L
2o IR T3 MMER, 10% (wiv) REET N YU w7 AVEIR | mL 20z CTHREEFL,
S HIZ 60 43 HHE L, 750 nm (231 2WOL K 2 73 6 EE R (UVmini-1240, SEERAERT)
THIE LTz, ARV 7= /) —/VERITER T Y E (mg GAE/g) TR L7,
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4. VTV P T=VvEEOHIE

—H 5 DOFENZHE LT IS FEFHDT > b7 = (delphinidin, cyanidin, malvidin,
peonidin 35 & T petunidin @ glucoside, galactoside 33 J2 (N arabinoside) % HPLC {&IZ &LV &
BL, ZoORMERT V hT=vBE L,

e L7k 1 g 2B IC AN, ~F VU miEZ 3mL A TS5 0MiIRE 5 Lz,
047 EE (3000 rpm, 60 min, 4°C) L7z, WD FEO~FH U EAIY FrE, 7Rk
(20.5% b U 7 VA a FEER/A0% A 2 ) —/VIKEEHE 3 mL Z A2 10 53 R S AL L 72 %%,
w053 (3000 rpm, 30 min, 4°C) LT EEAZEIL L7, FREICFEEROMEEELZ 5
W22 [ VIR LT EBAEZGDOE, ZHERT v b7 = ERHO HPLC itk e L
72o HPLC O43#r&t1%, 517 & : Develosil ODS-HGS5 (4.6 mmx150 mm) FFAHE2E, &
BhHE 0 0.5% ~ U LA g E G e 20% A & — VKRR, VEE : 2.0 mL/min, 77 A
F—7 R 40C, MR 0 520nm & L7z,

5. B7uTY N TEUrEROHE

W77 b T =YV o EHREROWEITIE, N=U COfSREEE FWZ 20, kL
72K 100mglZ A% /—/v ImL, 1% (W) S=YU /A% 7 —2mL, 25% (v/v) HilE/
AL =) 2mL ZIAREINL, ZOMELHL L, 30CTIS e 5 Lk, &
HIZAZ )=/ ImL ANz THEE L, =058 (3000 rpm, 10 min, r.t.) L C EEHEZ1
7oo B AV B AL 500 nm (2351 WL 2 43 0 JEEEEE (UVmini-1240) 12 X 0 HIE
Lic, 707 by 7 =0 G8IE(H)-D T F Y48 (mg CE/g) TR L,

6. o-ZNavF—EHEEREORHE

4-AF N7 RY 7 2 Jbeg-D-Z 3L K (4-MU-0-D-Glu) 7 a-7 /L3 #—F|C
FVENMETHD 4-AF LT _NY T2y (4-MU) & 7L a— A KGR 5
PR A FIH LA L 7= 2D

-7 N A X —REEREIL, 7 MEET 2 R UMmAE g 120.1 M MESTEE K (pH6.0)
9mL ZNN %, K L7eh B ERLE AT > 2%, =058 (3000 rppm, 60 min, 4°C) L
TR EEAZ 20 5RO &R LT,

0-7 b a v X —BEERIR 50 pL I KFBHAR 10 pL F 72135 Mx i & LT 0.2 mg/mL
T ANVER—AKEHR 10 uL &M%, 0.1 M MES &M 640 uL, =512 033 M
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4-MU-0-D-Glu 300 uL 1%, 37°C T30 501 > FaX— |k L, 0%, 7V > ik
W (pH10.3) 3mL Z N2 ChUSZEEIE L, AR L7z 4-MU %4866 R (RF-5300PC, &
FERUERT) TR 366 nm, H#EHEFR 450nm (Z CER Lz, REOMRb 0 ITHEE R %
MmzizbDrary ba—L e Lz,

-7 v a v X —BHEEMNE, TFORICY TUIDHESR (%) & LTHEH L,

o — Zas B —PILERY%)
B <1 | 2 b e VORI — *Eﬁ*%ﬁt?ﬁ&f) 100
oy b e — L R

7. o7 7 —PHEFEROHIE

0-7 2 7 —BOHEKGNE, FIRET TN 0T R T —BOERICE Y v a—2
~NEMENDOSERA L, S UEEEZAVTIEHME L 2, o7 I 7 —VYREEKIE, 7
2R o-7 X 7 —€ 3845 mg & S0 mM itk R U U AL SmM bV T L AT
20 mM PIPES #E#K (pH6.9) 50 mL (22 B L7z, a-7 I 7 —BEEREHK 750 uL &K
FRBHAR 250 L £ 77213 0.2 mg/mL 7 A /L AR — A KERHE 250 uL &2 72 FO&#E 1.0 mL %
37C T30 5314 »F =~— k L7, PIPES #EER CAllM L7z 1.5% /IR IET v 7" Wik
0.5mL Z /1% T 10 s3It &, 0.5N HEEE-0.5 N BEFRIRIE (1:5) 2.5 mL Z 2 i %
{EILEE721%, £ 04mL Z8EL, I UHRK (0.005%= 7FE L 0.05%3 7{kh Y T4
R) 5.0 mL % 1 2 3¢ o S, 3 YOt EERE (UV mini -1240) T 660 nm (235 1F 2 W 2
E LTz, WBORDICEERE X mbDEary ha—L b L,

o-7 I 7 —EEEEMERIL, HBONTUOLEZ L FORUTY TTOHEFEE (%) & LT
B L,

a—7 7 —EBHEE%)
_(4_ KRR e U — B & 0 )R 100
ay hu— (R L - BRD Y )ROLE
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1. Aok ) —VHHERORT v " T =V &8, B7uT7 VTV U EER
FOBRY 7=/ —NER

BEKROBFZNRIZIRY 7=/ —VIZHERT D EEZE2 LTS, £2T, ABEKT

27— NAHIHIROBARY 7= ) —VEBREZRET DL L bIC, R 7=/ —VHTHD

Ty T =2rBIOTeT Y b T =Y OEEERE LT,

R Y 7 = ) — )VEBITIKEETORE Tl (3.15+£0.25 mg GAE/g) kb %<,

WWNTECK (0.76 £0.05 mg GAE/g) IZZ < G ENTWe, LavL, HREUZ XV & &K

TL, kL EXTITIER CEICZR -7 (Fig. 1),

L

S i = n N W in e

el OEX = RERHK

n=3, mean * s.d.

rd

—

=

#7Y 7/ —NE (mgGAE/g)

[0 [0 e
o )

ok wk CES
Fig. 1 Kiigp oAV 7=/ -1V E

10



Y BB R

18 OEXK mRERK
16
14 n=3, mean * s.d,
12
10

= N & o

17 nd " n.d. n.d.
BA A b2 S =F 3

B7a7Y TV VE (mg CElg)
- -]

Fig.2 KB ERPOBRITOP > PPV E

% 0.25

g e O%EX wiRERK

o8l 0.2

A n=3, mean * s.d.

1 0.15

I~

A 0.1

e

b 0.05

gé 0 - n.d. n.d. n.d. n.d. n.d. n.d.
mA A E2% 3 BX

Fig.3 RKHBEDPOET P ToVE

TaT T =V AR B E S EEN, BK LRBLIUOBPKROEEIID R
Motz (Fig.2), 7 b7 =3 BKICORE EN, Lok Tl S e s~ 7= (Fig
3). B, SHEEELEZISHEOT > by T =009 b, BRICEEN TV DX
cyanidin-3-glucoside & peonidin-3-glucoside ? 2 Ffi C, Hi&Z DR T > b o7 = & DK 90%

11
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TV,
WO Ta T v T = EBBIONT U T 2 EEIT, MR 72—

L FERRICHED LT,

2. AKX F ) —/VHIHED a-7 Va2 v X —PHRERE

T MEET ' R TR U7 S R O 4-MU-0-D-Glu 725 4-MU O
ARREEET HZ LT, AEKMIMHIED a-7 Va4 —BIHEEEZ G L7 (Fig
4y, WEETOF ERMEERDO 2> b — Ukt % a-7 v a3 o X —BRREGREE, Bk
BLOTRKENZN LI 6.81 £8.00%35 LN 8.74+£4.89% Th v, LHKEFAXKLY L EWIE
FRPG LT, TR TIEZK L L THEICE W o- 7L 3 & 2 —BRRETEMER 2 5
Niz, —75, FREEBRTIIMIRT S LICLY e a s F—PHEEENED L,
ok & DEFTA LN L o,

o-7 a3 v A —ERHEERICK T D B IR T H D8 DB RIFIEHRIET LR — A
D o-ZNavH—ERERL, WTHLOEBRKXILYV LFEEICEWERE ST,

Q\E 40 * k
ﬁ 35 T * % ‘
30
= 2
| 20 ¥
™ 15 F |
™ 10
n
a2 5
= FHAHE—R B ot LK 3%

Fig. 4 KiHBEDa-7 NV X —ERER

O4E% mREEE  n=6, meantS.D. * p<0.05, * % p<0.01

3. AXxTZ ) —NVHIHKRO o7 7 —BEEEN
7 o-7 X7 — 8B TR LT E R R IR T O FIEMET o s T a—
DOEMEEZHIET S Z & T, HEKMEED o-7 2 7 —BIEE 274 L2 (Fig. 5).
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RERAT O KRB D 2 > b r— Tkt 3% o-7 I 7 —BRHEEMEE, Bk, KK, XK
BLOEKT, ZNE167.01 + 18.75%, 78.47 + 8.68%, 67.36 + 9.38%35 & 18 65.63 + 6.25%
Thole, TNOHAFEERIOKHEBOGEREIT RN oTc, KT HZ&ITEY, T
TOKT a-7 I 7 —BHFEEDORD N A LT, B, FABLOZKITAEXKE T
WD LEARBICEV 0-7 I T —BIHEREREF LTV, E2, THAR—A LT
L&, WITNOFEXDS a7 27 —EHEEERITIARITERWEER E 2o 7203, o-7 13
UHE =BT A EEEIC AR S & =T o 72 (Fig. 5).

*
* *
& %k
g 100 * *| |
% 80 * ok 1 [* . ’Hi
o 60
‘-‘;J 40
™
ue 20
~ I
s 0
Thrfi—2 BA DI XK [=ES
Fig. 5 KiMHREDe-7 I 7 —EHEE
D&% miREREK n=6, meanzS.D. % % p<0.01
[(E£]

HEKOBR) 7z /) —VER, 7aT7 VM T2V EBBLUHRT Vb T =
VEBROMNEEIToTE A (Figs. 1-3), MRV 7= /) —LEGRLETuT v hoT =
VUBRIIFRADR b o L bEL, RKEENDANOKREIOZNThOERIZIE, FE
RENHELNTZ, KERICL DAY 7= ) —VEBOEITLZK, AXKITHITHRE,
BRTITRBEETH 720, MEELRK, BROFNZK, HKEY bEroT,
W7a7 s T =V UER BRI VIRT L, RS TR, 13EA S SN
Mmole, T o M T =ramiEBERNE L, BRUATIIRBRFALU T Ch o7, £
7o, BARORT VR T =0 ERLMAICEI VKT L,

13
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BOKOTEERAFERSIELTL, R 72 ) —LO—FETHHZ L =RT by
T=UREBEREPRESINTND Y, Fe, BRIZEIFEIT M7 =00, Ak
7T =VUREEL, PUMEIER L OBERHRE SN TG 2, SEHAVZR
BIERALERRKORARY 72 ) —VER, 707V T =V EREBLURT v b
VT =UEEDS, INLICHELTERRE T,

KD o-7 Vv a s X —BHEEEIX A KIS TE NS 12D, KERT 5 & 21T HAD
N7 fe o7tz (Fig. 4), KHEORARY 7 = 7 — V&8 (Fig. 1) & o-Zvav ¥ —¥
FHEENEZ 72y b LT 2A, MBFBDORIZAERFENA LIV (Fig. 6), KEARATO o-
7 X7 —BEIE IR CER L SN o 1o B, IRERZIT A KIZH R TH A
KOFGBAHEBEIZEW o-7 X 7 —EHFEEZ R L (Fig. 5). £72, a7/ vavyx—E
PLETRIE & ARk, KEtORARY 7=/ — V&R (Fig. 1)& o-7 2 7 —BIHEEEIC
HAAREN A BT (Fig. 7).
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0.5 11 1.5 2 25 3 35 4
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INHEDOZ EMD, FEKD a-7 N a v L —BHEGFES LW a-7 2 7 —BHEGE
i, AV 7= —VERBEE L TOAAREES R S o, £z, WMok b R
FEICE Y, RY 7=/ —VEGE EEE SRR EEEIMET Lz, ZhiE, 7o
VT2 EIFILOETIRY 7o )= VEENBNIRZE 51625 20CHD Z LIZER L
TWbEBEx LN, LieioT, FEKREZEERME L TEIT 254681, MNEGHH
ZRET, BAETIRR EOFECEI VL) TR EORERAELETHD I L HIRE
SNz,

2 RUBEPRIFIEIRE & U CHREE A STV D T VR —AD a-7 v a v X —VHEG
HEBE D 0-7 I 7 —BHEEET, WIThoXKY bAEEICENST, TANLVR—AD
EHEGE L COMHE - AL, 11100 mg, 1 B 3EEBERNICRKHE SN TS, BF
1 [EZ 2 & 3 &5 B &I 500-700 mL & Wb iu T b O T, A RO EER TR E
L7727 VAR —ADRE 02mg/mL 1%, 7TOILVFA—AZRALTHrOEEL LT L X
O LENOREICITNE R ENTE D, —J, AlEMEH U7 KEURHA R 1
0.11g/mL, T 72HOHLKD 1 g EEANNZ EEAS ImL ITHIH L72b D TH D, KD
D 15 % 150 g FREE L ET S &, AKITRARIC L Y HEL T 22 512250
T, 1BOH0DOAEKIT 68 g FREICHY T 5, Zihva HikE 500 mL THIS & KR
1%0.136 g/mL & 725 DT, AEEH L7 KBRS IRIR E I EE ORFEETHLH L5

15
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ZHiID,

A EK DO WEE 53 il 32 P EAE NIBE RIS TR IE T W VAR — AT AL LN DT
»H o7z, Adisakwattana © 27 & Akkarachiyasit © 291%, T2 h VT =T R0F OEUER
ThHHT U AT =N, e adv X —EBLWa-7 I 7 —BICkHT 2 HEEEL A
THZEE, INDLETANR—ZELHH LG EIS, HREORIEPGON-ZZ L%
WELTVD, INDLO/MRIT, HFEROLIIIRY 7=/ — L2 ETeRMIIHEE /IR
BERIHEER 24 L, BRIEHED EFICEHEIRIC/ERT 5720, BERPEESZOT
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J. Nutr. Sci. Vitaminol., 67(3), 201-209 (2021)

Total Anthocyanin Content, Total Phenolic Content, and Antioxidant Activity of

Various Blueberry Cultivars Grown in Togane, Chiba Prefecture, Japan

Yuma Shibata (:Z H#8EE) 1, Kosuke Ohara ?, Kaori Matsumoto (F¥A457>8 ¥ )2, Tetsuya
Hasegawa (2113 H) 12, Masayuki Akimoto (Fk e HE2) 1-2%)

1 Graduate School of Pharmaceutical Scinences, Josai International University,
2 Faculty of Pharmaceutical Sciences, Josai International University

1 Gumyo, Togane, Chiba, 283-8555 Japan (*Correspondence)

More than fifty cultivated varieties of blueberries are grown under the same processing
conditions on the farm at Chiba Prefectural Agricultural College in Japan. The fruits from 51
blueberry cultivars, including 16 rabbiteye (RE) cultivars (Vaccinium ashei Reade) and 35
highbush (HB) cultivars (Vaccinium corybosum L.), were evaluated for total anthocyanin
contents, phenolic contents, and their contribution to antioxidant activity among cultivars. Total
anthocyanin contents varied from 0.74+0.21 ("Barkley") to 4.27+0.18 ("Suwannee") mg as
cyanidin-3-glucoside (Cy-3-GC) equivalent/g fresh-weight (fw), with phenolic contents in the
range of 0.77+0.14 ("Floridablue") to 3.69+0.89 ("Suwannee") mg of gallic acid equivalent
(GAE)/g fw, which strongly correlated with antioxidant activities assessed using the DPPH and
ORAC methods, respectively. Total anthocyanin and phenolic contents were both significantly
higher (p<0.05) in RE blueberries than in HB blueberries. Furthermore, the total phenolic values
were significantly higher for the RE family than for the HB family (p<0.01). In comparisons of
two species, the major anthocyanidin identified were malvidin in RE blueberries and delphinidin
in HB blueberries. This result suggests that some RE blueberries, especially "Suwannee,"
"Homebell" and "Climax," are suitable supply sources with high in vitro antioxidant capacity.

This study would be helpful to the quality-oriented cultivation of blueberry.
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The Journal of Holistic Sciences, 15 (2), 19-31 (2021) #3CEE

Polyphenol Contents and Glycolytic Enzyme (a-Glucosidase and a-Amylase)
Inhibitory Activities of the Ethanol Extractions of Colored Rice Grown in Togane,
Chiba Prefecture, Japan

REEFEXTIS/—ILHHERORI Iz /— LV EBLBEE S RERIETEEICEAT S8
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Yuma Shibata (:Z H# %) D, Kumi Konishi (/INE/A 3E) ?, Kosuke Ohara?, Kaori Matsumoto
(AN F V)2, Tetsuya Hasegawa (F2) 11#7H,) 2% Masayuki Akimoto (FkcHE=) -2

1) Graduate School of Pharmaceutical Scinences, Josai International University,
2 Faculty of Pharmaceutical Sciences, Josai International University

1 Gumyo, Togane, Chiba, 283-8555 Japan (*Correspondence)

Basic studies were conducted to estimate the effects of postprandial blood glucose
fluctuations, polyphenol contents and glycolytic enzyme inhibitory activity in colored rice
cultivated in Togane City, Chiba Prefecture, Japan. Using an 80% ethanol extract of each rice
(black rice, red rice, hulled rice and white rice) as a sample, the amounts of total anthocyanin,
total proanthocyanidin, and total polyphenol were measured. The inhibitory effect on
a-glucosidase and a-amylase were measured in vitro using rat intestinal acetone powder and
porcine pancreatic a-amylase, respectively, as an enzyme source.

Red rice had the highest total polyphenol content and total proanthocyanidin content among all
rice varieties. Total polyphenol content and total proanthocyanidin content of all rice samples
were decreased due to steamed cooking. The total anthocyanin content was high in black rice
and below the detection limit in other rice.

The a-glucosidase inhibitory activity was higher in colored rice than in white rice. There was a
significant correlation between the total polyphenol content of the rice extract and the
a-glucosidase inhibitory activity. There was no significant difference in a-amylase inhibitory

activity between the rice samples. However, as with the a-glucosidase inhibitory activity, there
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was a correlation between the total polyphenol content of the rice sample and the a-amylase
inhibitory activity.

These results suggest that polyphenols may be involved in the a-glucosidase inhibitory activity
and a-amylase inhibitory activity of colored rice. In addition, steaming process reduced
polyphenol content and glycolytic enzyme inhibitory activity of all the rice samples. On the
other hand, the glycolytic enzyme inhibitory effect of colored rice, even when colored rice is
ingested as a meal, are lower than that of acarbose, a therapeutic drug for diabetes, was

suggested.
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Evaluation of the Palatability of Isosorbide by Human Gustatory Sensation and

Electric Taste Sensor

Takahiko KAGAYA" , Yuji YOSHIYAMA? | Koichiro ATSUDA3¥ | Kaori MATSUMOTO
S (AADEB V), Tetsuya HASEGAWAY (E43)11#7H), Masayuki AKIMOTO™ (BkHE2),
and Kenji SUGIBAYASHI®

U Department of Hospital Pharmacy, Kitasato Institute Hospital, 2 Center for Clinical Phar
macy and Clinical Sciences, Kitasato University School of Pharmacy, * Department of Ph
armacy, Kitasato University Hospital, ¥ School of Pharmaceutical Sciences, Kitasato Unive

rsity, ¥ Faculty of Pharmaceutical Sciences, Josai International University. (*Correspondenc

e)

The present study examined the ability of common household drink products to ma
sk the unpalatable taste of a commercial isosorbide liquid formulation (ISO-L) . ISO-L,
marketed as ISOBIDE, was mixed with a number of common soft drinks, and healthy a
dult volunteers evaluated the resulting tastes. The electronic taste system o-ASTREE (E-t
ongue) was used in parallel to evaluate taste combinations. Several drinks satisfactorily
masked the unpalatable taste of ISO-L. Although the taste of ISO-L was not fully maske
d by the mineral water dilution, it was masked well by orange juice. In addition, the el
ectronic taste system not only differentiated tastes, but also ranked the extent of masking

in the same order as that by human volunteers. ISO-L may conveniently be prepared as
a more palatable formulation using common household drinks, particularly orange juice.
The dilution of ISO-L with a beverage represents an effective strategy for increasing co
mpliance by patients. The electric taste evaluation method described in the present study

may be used in initial screening for palatability.
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Daikenchuto, a traditional kampo medicine, facilitates mucosal hyperemic
responses through activation of TRPA1- and TRPV1-expressing sensory

nerves in rat stomach

Yoshikubo M!, Tashima K (FHIE/ZS A)" 2, Raimura M!, Watanabe Y', Noma Y',
Horie S (J{T{21R)">

! Laboratory of Pharmacology, Faculty of Pharmaceutical Sciences, Josai International
University, Togane, Chiba, Japan
2 Center of Pharmacological Kampo Research, Josai International University, 1 Gumyo,

Togane, Chiba, Japan

Daikenchuto is a traditional Kampo medicine used to treat cold sensations and dysmotility
in the abdomen. This study investigated the roles of transient receptor potential ankyrin 1-
and transient reporter potential vanilloid 1-expressing sensory nerves in
daikenchuto-induced  gastric mucosal blood flow by pharmacological and
immunohistochemical analyses using male Sprague-Dawley rats. Gastric mucosal blood
flow was measured in ex vivo stomachs using a laser Doppler flowmeter. Transient receptor
potential ankyrin 1 activator allyl isothiocyanate or transient reporter potential vanilloid 1
activator capsaicin were applied for 10 min, and daikenchuto was applied for 10 or 30 min
to the rat stomach. Transient reporter potential vanilloid 1  blocker
N-(4-tbutylphenyl)-4-(3-chlopyridin-2-yl)  tetrahydropyrazine-1(2H)-carboxamide  and
transient receptor potential ankyrin 1 blocker A-967079 were also administered
intragastrically. Capsaicin and allyl isothiocyanate increased gastric mucosal blood flow
immediately after the intragastric application, which was almost completely inhibited by
N-(4-t-butylphenyl)-4-(3-chlopyridin-2-yl)  tetrahydropyrazine-1(2H)-carboxamide and

A-967079, respectively. Daikenchuto increased gastric mucosal blood flow in a
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concentration-dependent manner. A-967079 significantly inhibited the increase in gastric
mucosal blood flow induced by daikenchuto. In contrast,
N-(4-t-butylphenyl)-4-(3-chlopyridin-2-yl) tetrahydropyrazine-1(2H)-carboxamide inhibited
the responses to daikenchuto only in the late phase but not in the initial phase. Interestingly,
in the deafferentation of capsaicin-sensitive sensory fiber in rats, the increased gastric
mucosal blood flow induced by daikenchuto was only decreased in the late phase. Although
transient receptor potential ankyrin 1- and transient reporter potential vanilloid
l-immunoreactive fibers were observed around the submucosal blood vessels of normal
subjects, they were completely absent in the deafferentation of capsaicin-sensitive sensory
fibers. Thus, daikenchuto increases gastric mucosal blood flow via transient receptor
potential ankyrin 1- and transient reporter potential vanilloid 1-co-expressing sensory

nerves in rat stomachs.
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Juvenile social defeat stress exposure results in later onset of irritable bowel

syndrome-like symptoms in mice

Matsumoto K', Takata K', Yamada D?, Usuda H?, Wada K3, Tada M', Mishima Y*, Ishihara
S* Horie S (J{T{£75)°, Saitoh A%, Kato S!

! Division of Pathological Sciences, Department of Pharmacology and Experimental
Therapeutics, Kyoto Pharmaceutical University, Yamashina, Kyoto, 607-8414, Japan

2 Laboratory of Pharmacology, Faculty of Pharmaceutical Sciences, Tokyo University of
Science, Chiba, Japan.

3 Department of Pharmacology, Shimane University Faculty of Medicine Graduate School
of Medicine, Shimane, Japan.

4 Department of Internal Medicine II, Shimane University School of Medicine, Shimane,
Japan.

3 Laboratory of Pharmacology, Faculty of Pharmaceutical Sciences, Josai International

University, Chiba, Japan

Irritable bowel syndrome (IBS) is the most common functional gastrointestinal disorder.
Traumatic stress during adolescence increases the risk of IBS in adults. The aim of this
study was to characterize the juvenile social defeat stress (SDS)-associated IBS model in
mice. Juvenile mice were exposed to an aggressor mouse for 10 min once daily for 10
consecutive days. Behavioral tests, visceral sensitivity, immune responses, and fecal
bacteria in the colon were evaluated in 5 weeks after SDS exposure. Social avoidance,
anxiety- and depression-like behavior, and visceral hypersensitivity were observed. Juvenile
SDS exposure significantly increased the number of 5-HT-containing cells and calcitonin
gene-related peptide-positive neurons in the colon. The gut microbiota was largely similar
between the control and juvenile SDS groups. The alterations in fecal pellet output, bead

expulsion time, plasma corticosterone concentration, and colonic 5-HT content in response
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to restraint stress were exacerbated in the juvenile SDS group compared with the control
group. The combination of juvenile SDS and restraint stress increased the noradrenaline
metabolite 3-Methoxy-4-hydroxyphenylglycol (MHPG) content and MHPG/noradrenaline
ratio in the amygdala when compared with restraint stress in control mice. These results

suggest that juvenile SDS exposure results in later onset of IBS-like symptoms.
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Horie, S. & Tashima, K.: Localization of thermosensitive TRPV1 in
Gastrointestinal Tracts and Its Change in Gastrointestinal Disease Model
Animals
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Takao Namiki, Syunji Horie (J&{T.{£75): The neurogenic inflammation in the gastric

mucosa induced by allyl isothiocyanate, a TRPA1 activator, leads to the impaired
gastric motility in rodents: involvement of substance P and calcitonin gene-related
peptide

The 23rd Korea-Japan Joint Seminar on Pharmacology (23rd KJJISP) (Korea-Japan Joint
Session of the 28th Annual Meeting of the Korean Association of Basic Medical Scientists)
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Reproductive Health Services; Attitudes and Practice in Japanese Community
Pharmacists

S. Yamamura ([LUAS B #E) !, T. Terajima (375511 !, J. Navarrete 2, C. A. Hughes 2, N. Yuksel 2,
T. J. Schindel 2, T. Sriboonruang 3, P. Anantachoti 3, C. Patikorn 3.

! Faculty of Pharmaceutical Sciences, Josai International University, Gumyo 1, Togane, Chiba
283-8555, Japan

2 Faculty of Pharmacy and Pharmaceutical Sciences, College of Health Sciences, University of
Alberta, Edmonton, AB T6G 2H1, Canada

3 Faculty of Pharmaceutical Sciences, Chulalongkorn University, Bangkok 10330, Thailand

The provision of sexual and reproductive health (SRH) services is an important part of a
community pharmacist’s role in many countries. However, such services are not traditionally
provided by pharmacists in Japan. We surveyed the practice and attitudes regarding the
provision of SRH services among Japanese community pharmacists with a focus on reproductive
health (RH) topics. The participants were asked about the provision of RH services, attitudes
toward their role as SRH providers, and self-reported confidence in providing education to
patients on RH topics. We obtained 534 effective responses. About half of the participants
reported providing RH services, and only 21% were involved in dispensing emergency
contraception pills. Although the proportion of pharmacists providing education on these topics
was considerably lower, about 80% recognized the importance of their role as SRH advisors.
Confidence in providing patient education about RH topics depended on their experience in
providing such services. Most participants were interested in additional SRH training (80%).
Our results suggest that training programs could help to expand Japanese community
pharmacists’ roles as SRH providers and increase their confidence in the education of patients.
This study provides useful insights to expand pharmacists’ roles in Japan as providers of

comprehensive SRH services.
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Predictive value of the cardio-ankle vascular index for cardiovascular events in
patients at cardiovascular risk
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BACKGROUND: Arterial stiffness is an important predictor of cardiovascular events;
however, indexes for measuring arterial stiff; ness have not been widely incorporated into
routine clinical practice. This study aimed to determine whether the cardio-ankle vascular index
(CAVI), based on the blood pressure—independent stiffness parameter B and reflecting arterial
stiffness from the origin of the ascending aorta, is a good predictor of cardiovascular events in
patients with cardiovascular disease risk facqy tors in a large prospective cohort.

METHODS AND RESULTS: This multicenter prospective cohort study, commencing in
May 2013, with a 5-year follow-up period, included patients (aged 40-74 years) with
cardiovascular disease risks. The primary outcome was the composite of cardio7 vascular death,
nonfatal stroke, or nonfatal myocardial infarction. Among 2932 included patients, 2001 (68.3%)
were men; the mean (SD) age at diagnosis was 63 (8) years. During the median follow-up of 4.9
years, 82 participants experienced primary outcomes. The CAVI predicted the primary outcome
(hazard ratio, 1.38; 95% CI, 1.16-1.65; P<0.001). In terms of event sub types, the CAVI was
associated with cardiovascular death and stroke but not with myocardial infarction. When the
CAVI was incorporated into a model with known cardiovascular disease risks for predicting
cardiovascular events, the global y2 value increased from 33.8 to 45.2 (P<0.001), and the net
reclassification index was 0.254 (P=0.024).

CONCLUSIONS: This large cohort study demonstrated that the CAVI predicted

cardiovascular events
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Association between cerebral infarction risk and medication adherence in atrial
fibrillation patients taking direct oral anticoagulants

Y. Akagi !, A. Iketaki ', R. Nakamura ', S. Yamamura (IL#F 8 %) 2, M. Endo 3, K. Morikawa 3, S.
Oikawa 4, T. Ohta >, S. Tatsumi °, T. Suzuki 7, A. Mizushima #, K. Koido 1, T. Takahashi °
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Direct oral anticoagulants (DOACs) are available for nonvalvular atrial fibrillation patients. The
advantage of DOACs is that regular anticoagulation monitoring is not required. However,
adherence to the recommended regimen is essential. We investigated the association between
medication adherence and the risk of cerebral infarction in patients taking DOACs. Patients
admitted to any of the participating hospitals for cerebral infarction from September 2018 to
February 2020 and prescribed DOACs before admission were defined as the case group, and
patients hospitalized for diseases other than cerebral infarction, except for bleeding disorders, and
prescribed DOACs before admission were defined as the control group. A nested case—control

study was adapted, and 58 and 232 patients were included in the case and control groups,
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respectively. Medication adherence was assessed by the pharmacists through standardized
interviewing. The adjusted odds ratio for the risk of cerebral infarction for low-adherence
patients (<80% adherence rate) against goody adherence patients (100% adherence rate) was 9.69
(95% confidence interval, 3.86-24.3; p < 0.001). The patients’ age and other background
characteristics were not found to be risk factors for cerebral infarction. In conclusion, low
adherence is a risk factor for cerebral infarction in patients taking DOACs. Pharmacists should

focus on maintaining >80% adherence to DOAC therapy to prevent cerebral infarction.
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A thesis for the degree of Master of Science in Pharmacy Practice, Faculty of Pharmacy and
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Research Project: Community Pharmacists’ Roles in Sexual and Reproductive
Health: Practices and Attitudes Toward the Provision of Services

J. Navarrete !, C. A. Hughes !, N. Yuksel !, T. J. Schindel !, S. Yamamura (ILIFJEHf) 2 M. J.
Makowsky !

1. Faculty of Pharmacy & Pharmaceutical Sciences, University of Alberta, Edmonton, Alberta,
Canada T6G 1C9

2. Faculty of Pharmaceutical Sciences, Josai International University, Chiba, Japan

Objectives: The primary objective was to explore Alberta community pharmacists’ practices and
attitudes towards the provision of sexual and reproductive health (SRH) services. Secondary
objectives were to examine self-reported confidence in providing SRH education, additional
training preferences, as well as factors influencing pharmacists’ confidence and delivery of
extended SRH services.

Methods: This was a cross-sectional web-based survey of community pharmacists. An email
invitation to complete the survey was sent to practicing pharmacists in Alberta (Canada). The
survey was open for an 8-week period between June and August 2020. Summary statistics, and
univariate and multivariate regression were used for the analyses.

Results: A total of 303 responses were analyzed. Sixty-six percent of participants were female,
67% had additional prescribing authorization (APA), and 97% had injections authorization. The
majority of participants reported providing patient education on several SRH topics. Almost all
participants (99%) reported extending prescriptions for combined hormonal contraceptives. Of
those with APA, 40% reported currently providing initial prescribing services for combined
hormonal contraceptives. At least 90% of participants with injections authorization reported
administering injectable contraceptives and human papilloma virus (HPV) vaccine. Most
participants (93%) agreed that offering advice on SRH is an essential part of their role. However,
self-reported confidence in providing patient education varied depending on the SRH topic. The
number of services provided and the country of first pharmacy degree were significant and
independent predictors of overall confidence in providing SRH education. Most participants

(84%) expressed interest in additional training related to at least one SRH topic. 80
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Conclusion: Based on our results, community pharmacists in Alberta are engaged in providing
several SRH services and overall, have a positive attitude towards their SRH role. Preliminary
data suggest that there is opportunity to expand pharmacists’ roles in SRH. Future research is
needed to understand more in-depth why pharmacists are not providing SRH services and how

to support the adoption of extended services.
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The Effects of Cigarette Extract on the Vitamin C Contents of Broccoli Sprout:
second report

Michiko Goromaru-Shinkai', Hideaki Ichiba!, Katsue Nakazawa!, Kenji Narusuye', Yoshikazu
Nishiguchi (¥ H B —) 2and Jun Kuroda!

! Department of Pharmaceutical Practice, Faculty of Pharmaceutical Sciences, Toho University,
Miyama 2-2-1, Funabashi, Chiba 275-8510, Japan.
2 Laboratory of Pharmacology, Faculty of Pharmaceutical Sciences, Josai International

University

Summary We know that quitting smoking is very difficult, and it is important to educate young
children before they run into cigarette smoking. We already published the model of practical
examination by learning about why children must not smoke, al- though adults were allowed to
smoke. This study is aimed at explaining why children should avoid smoking through an
illustration using broccoli sprouts. In this study, the vitamin C(ascorbic acid)content of broccoli
sprout in different growth stages exposed to cigarette extract was measured immediately after
extract treatment. The ascorbic acid content per milligram wet weight was higher in group
1(exposed from the earli- est growth stage)than that in the other groups both in the stems and the
leaves. At the same time, we recalculated the value of ascorbic acid content per milligram of
sowed seed, and the ascorbic acid content in group 1 was significantly lower than that in the
other groups. In other words, when broccoli was fed on cigarette water at the early stage, it
hardly grows up, but ascorbic acid content per wet weight was higher than non-cigarette
treatment. However, when the vitamin C content is converted to sowed seed weight rather than
wet weight, different elements are visible. Group 1(grown from seeds with cigarette extract)and
group 4(grown with tap water until the end of the experiment)had the lowest and highest amount
of vitamin C taken from 1 g of the sown seeds, respectively. Thus, the longer the tobacco
exposure period, the lower the sown seed content is due to the consumption of vitamin C. We
believe that these results are meaningful in educating people about smoking avoidance and
cessation.
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Vitamins as markers of nutrition: What vitamers do we measure?

Sachiko Kiuchi', Hiroshi Thara?", Yoshikazu Nishiguchi (¥4 I1B#—) 3, Noriko Ishihara?, Nobue
Ito?, Takeyoshi Murano?, Hiromitsu Yokota* and Naotaka Hashizume’
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Institute of Science, 15-8 Choshi, Chiba 288-0025, Japan

2Medical Technology Course, Faculty of Science, Toho University, 2-2-1 Miyama, Funabashi,
Chiba 274-8510, Japan

3Laboratory of Molecular Cell Biology, Department of Clinical Pharmacy, Faculty of
Pharmaceutical Sciences, Graduate School of Pharmaceutical Science, Josai International
University, | Gumyo, Togane, Chiba 283-8555, Japan

“Keio University Hospital, Office of Clinical Laboratory Technology, 35 Shinanomachi,
Shinjuku, Tokyo 160-8582, Japan

SKSO Corporation, 1-9-7 Shibaura, Minato, Tokyo 105-0023, Japan

Summary Nutritional assessment of vitamins is performed not only using a dietary
questionnaire but by also determining the deficiency or the abundance of certain vitamins in
blood or urine speci- mens. Every vitamin has several vitamers (defined as compounds with a
molecular structure similar to that of a particular vitamin, which is comparable to “isomers” in
chemical analysis). Therefore, there is a need for knowledge of the vitamers that we measure as
markers of nutrition. Herein, we summarize the findings published to date on the vitamers of
four vitamins (vitamin A, vitamin D, vitamin B1, and vitamin C), as the Japanese tend to be
deficient in their daily intake of these four vitamins. The physiological functions, blood

concentrations, and half-lives of the vita- mers were considered in this review.
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Assessing the Potency of p-Lactamase Inhibitors with Diverse Inactivation
Mechanisms against the PenA1 Carbapenemase from Burkholderia multivorans

Michiyoshi Nukaga (88 # 5%)!, Michael J Yoon?, Magdalena A Taracilia, Tyuji Hoshino?, Scott
A Becka?, Elise T Zeiser2, Joseph R Johnson?, Krisztina M Papp-Wallace?

"Department of Pharmaceutical Sciences, Josai International University, Togane City, Chiba 283-
8555, Japan.

ZResearch Service, Louis Stokes Cleveland VAMC Cleveland, Ohio 44106, United States.
3Graduate School of Pharmaceutical Sciences, Chiba University, Chuo-ku, Chiba 263-8522, Japan.

Burkholderia cepacia complex (Bcc) poses a serious health threat to people with cystic fibrosis or
compromised immune systems. Infections often arise from Bcc strains, which are highly resistant
to many classes of antibiotics, including B-lactams. f-Lactam resistance in Bec is conferred largely
via PenA-like B-lactamases. Avibactam was previously shown to be a potent inactivator of PenAl.
Here, we examined the inactivation mechanism of PenAl, a class A serine carbapenemase
from Burkholderia multivorans using B-lactamase inhibitors (B-lactam-, diazabicyclooctane-, and
boronate-based) with diverse mechanisms of action. In whole cell based assays, avibactam,
relebactam, enmetazobactam, and vaborbactam restored susceptibility to piperacillin against
PenAl expressed in Escherichia coli. The rank order of potency of inactivation in vitro based
on kinae/K1 o1 ko/K values (range: 3.4 x 10%to 2 x 10° M s7!) against PenAl was avibactam >
enmetazobactam > tazobactam > relebactam > clavulanic acid > vaborbactam. The contribution of
selected amino acids (S70, K73, S130, E166, N170, R220, K234, T237, and D276) in PenAl
toward inactivation was evaluated using site-directed mutagenesis. The S130A, R220A, and
K234A variants of PenAl were less susceptible to inactivation by avibactam. The R220A variant
was purified and assessed via steady-state inhibition kinetics and found to possess increased Ki.
app Values and decreased kinact/Ki o1 k2/K values against all tested inhibitors compared to PenAl.
Avibactam was the most affected by the alanine replacement at 220 with a nearly 400-fold

decreased acylation rate. The X-ray crystal structure of the R220A variant was solved and revealed
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loss of the hydrogen bonding network between residues 237 and 276 leaving a void in the active
site that was occupied instead by water molecules. Michaelis-Menten complexes were generated
to elucidate the molecular contributions of the poorer in vitro inhibition profile of vaborbactam
against PenAl (ko/K, 3.4 x 10> M! s71) and was compared to KPC-2, a class A carbapenemase that
is robustly inhibited by vaborbactam. The active site of PenAl is larger than that of KPC-2, which
impacted the ability of vaborbactam to form favorable interactions, and as a result the carboxylate
of vaborbactam was drawn toward K234/T235 in PenAl displacing the boronic acid from
approaching the nucleophilic S70. Moreover, in PenAl, the tyrosine at position 105 compared to
tryptophan in KPC-2, was more flexible rotating more than 90°, and as a result PenAl's Y105
competed for binding with the cyclic boronate vs the thiophene moiety of vaborbactam, further
precluding inhibition of PenA1 by vaborbactam. Given the 400-fold decreased k»/K for the R220A
variant compared to PenAl, acyl-enzyme complexes were generated via molecular modeling and
compared to the PenAl-avibactam crystal structure. The water molecules occupying the active site
of the R220A variant are unable to stabilize the T237 and D276 region of the active site altering
the ability of avibactam to form favorable interactions compared to PenAl. The former likely
impacts the ability of all inhibitors to effectively acylate this variant enzyme. Based on the
summation of all evidence herein, the utility of these newer B-lactamase inhibitors (i.e., relebactam,
enmetazobactam, avibactam, and vaborbactam) in combination with a f-lactam

against B. multivorans producing PenA1l and the R220A variant is promising.
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Identification of the Inhibitory Compounds for Metallo-B-lactamases and

Structural Analysis of the Binding Modes

Taichi Kamo !, Keiichi Kuroda !, Shota Kondo !, Usaki Hayashi !, Satoshi Fudo 2, Tomoki
Yoneda*, Akiko Takaya !, Michiyoshi Nukaga (88 & % 3%) 4, Tyuji Hoshino !

!Graduate School of Pharmaceutical Sciences, Chiba University.
HILIFE (Institute of Biotechnology), University of Helsinki.
3Division of Applied Chemistry, Graduate School of Engineering, Hokkaido University.

“Faculty of Pharmaceutical Sciences, Josai International University.

Metallo-B-lactamases (MBLs) are significant threats to humans because they deteriorate many
kinds of B-lactam antibiotics and are key enzymes responsible for multi-drug resistance of
bacterial pathogens. As a result of in vitro screening, two compounds were identified as potent
inhibitors of two kinds of MBLs: imipenemase (IMP-1) and New Delhi metallo-B-lactamase
(NDM-1). The binding structure of one of the identified compounds was clarified by an X-ray
crystal analysis in complex with IMP-1, in which two possible binding poses were observed.
Molecular dynamics (MD) simulations were performed by building two calculation models
from the respective binding poses. The compound was stably bound to the catalytic site during
the simulation in one pose. The binding model between NDM-1 and the compound was
constructed for MD simulation. Calculation results for NDM-1 were similar to those of IMP-
1. The simulation suggested that the binding of the identified inhibitory compound was also
durable in the catalytic site of NDM-1. The compound will be a sound basis for the
development of the inhibitors for MBLs.
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SWI/SNF chromatin remodeling complex is required for initiation of sex-

dependent differentiation in mouse germline

Toshiaki Ito!, Atsuki Osada', Masami Ohta', Kana Yokota', Akira Nishiyama?, Yuichi

Niikura CHTE 5 —)*, Tomohiko Tamura?, Yoichi Sekita!, and Tohru Kimura'

'Laboratory of Stem Cell Biology, Graduate School of Science, Department of Biosciences,
School of Science, Kitasato University, 1-15-1, Kitasato, Minami-ku, Sagamihara, Kanagawa
252-0373, Japan.

“Department of Immunology, Yokohama City University Graduate School of Medicine, 3-9
Fukuura, Kanazawa-ku, Yokohama, Kanagawa 236-0004, Japan.

3Faculty of Pharmaceutical Sciences, Josai International University, 1 Gumyo, Togane, Chiba

283-8555, Japan.

Sexual reproduction involves the creation of sex-dependent gametes, oocytes and sperm. In
mammals, sexually dimorphic differentiation commences in the primordial germ cells (PGCs)
in embryonic gonads; PGCs in ovaries and testes differentiate into meiotic primary oocytes
and mitotically quiescent prospermatogonia, respectively. Here, we show that the transition
from PGCs to sex-specific germ cells was abrogated in conditional knockout mice carrying a
null mutation of Smarcbl (also known as Snf35) gene, which encodes a core subunit of the
SWI/SNF chromatin remodeling complex. In female mutant mice, failure to upregulate
meiosis-related genes resulted in impaired meiotic entry and progression, including defects in
synapsis formation and DNA double strand break repair. Mutant male mice exhibited delayed
mitotic arrest and DNA hypomethylation in retrotransposons and imprinted genes, resulting
from aberrant expression of genes related to growth and de novo DNA methylation.
Collectively, our results demonstrate that the SWI/SNF complex is required for transcriptional

reprogramming in the initiation of sex-dependent differentiation of germ cells.
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Clofibric acid increases molecular species of phosphatidylethanolamine
containing arachidonic acid for biogenesis of peroxisomal membranes in

peroxisome proliferation in the liver.

Hiroaki Miura®, Hiroki Mizoguchi®, Mino Amano-Iwashita®, Rie Maeda-Kogure®, Akio

negishi¢, Ayako Sakai®, Tomoaki Toyama®, Hiroshi Kawai¢, Atsushi Mitsumoto (YA 5)

4, Naomi Kudo®

2 Research and Development Laboratories, Maruho Co., 1 Awatacho, Chudoji,
Shimogyo-ku, Kyoto 600-8815, Japan

b School of Pharmacy and Pharmaceutical Sciences, University of Toyama, 2630 Sugitani,
Toyama 930-0194, Japan

¢ Faculty of Pharmacy and Pharmaceutical Sciences, Josai University, 1-1 Keyakidai,
Sakado, Saitama 350-0295, Japan

4 Faculty of Pharmaceutical Sciences, Josai International University, 1 Gumyo, Togane,

Chiba 283-8555, Japan

The biogenesis of peroxisomes in relation to the trafficking of proteins to peroxisomes has
been extensively examined. However, the supply of phospholipids, which is needed to
generate peroxisomal membranes in mammals, remains unclear. Therefore, we herein
investigated metabolic alterations induced by clofibric acid, a peroxisome proliferator, in
the synthesis of phospholipids, particularly phosphatidylethanolamine (PE) molecular
species, and their relationship with the biogenesis of peroxisomal membranes. The
subcutaneous administration of clofibric acid to rats at a relatively low dose (130 mg/kg)
once a day time-dependently and gradually increased the integrated perimeter of
peroxisomes per 100um? hepatocyte cytoplasm (PA). A strong correlation was observed

between the content (Wmol/mg DNA) of PE containing arachidonic acid (20:4) and PA (2 =
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0.9168). Moreover, the content of PE containing octadecenoic acid (18:1) positively
correlated with PA (r? = 0.8094). The treatment with clofibric acid markedly accelerated the
formation of 16:0-20:4 PE by increasing the production of 20:4 and the activity of acyl
chain remodeling of pre-existing PE molecular species. Increases in the acyl chain
remodeling of PE by clofibric acid were mainly linked to the up-regulated expression of the
Lpcat3 gene. On the other hand, clofibric acid markedly increased the formation of
particular PE molecular species is related to increases in the mass of peroxisomal

membranes in peroxisome proliferation in the liver.
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Effects of applicator type on the safety and efficacy of commercial minoxidil
products

HIROAKI TODO?, MIYUKI SAITO #, HIROMICHI SUZUKI ?, YUTAKA INOUE ¢, KOZO
TAKAYAMA * and KENJI SUGIBAYASHI (#2 kB2 ) *ab

2 Faculty of Pharmacy and Pharmaceutical Sciences, Josai University, 1-1 Keyakidai, Sakado,
Saitama 350-0295, Japan
b Josai International University, | Gumyou, Togane, Chiba 283-8555, Japan

It is important when developing effective and safe pharmaceutical products to select adequate
active components and formulations as well as to design their containers and devices. Minoxidil
was developed as a direct over-the-counter (OTC) drug in 1999 and has long been marketed only
by one original company. Recently, many generic products have been marketed. However, the
shape and type of the containers for these generic products differ from that of the original
product, leading to a possibility that the amount of minoxidil applied by patients may differ. In
the present study, the original and three typical generic products with 5% minoxidil external
formulations were evaluated for their filling amounts, single application amounts, extent of
distribution on application, ability to reach the scalp, and dripping properties. As a result,
statistically significant differences were found in the filling amounts and ability to reach to the
scalp between the products due to differences in the nozzle shape of the container. In addition, a
large variation was observed in some of the generic products in terms of the drug liberation.
These results indicate that it is important to suitably design and adequately evaluate the
container for OTC products such as minoxidil formulations, which can exhibit toxicity from

overuse, and that are easily purchased by consumers.
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Application of diphenyldramine ointment to the eyelids for allergic conjunctivitis

Mitsuhiro Kamimura ", Takako Ohnishi ?, Hisao Terada ®, Atsuto Mouri ?, Takahiro Naoi ©,
Hiroaki Todo ¢, Kenji Sugibayashi (#Z#KE&¥k) ¢

2 Department of Respiratory Medicine, National Hospital Organization Disaster Medical Center,
Tokyo, Japan

b Department of Opthalmology, National Hospital Organization Disaster Medical Center, Tokyo,
Japan

¢ Department of Pharmacy, National Hospital Organization Disaster Medical Center, Tokyo,
Japan

4 Faculty of Pharmacy and Pharmaceutical Science, Josai University, Saitama, Japan

Introduction : Allergic conjunctivitis is treated with oral anti-allergy agents or topical eye drops,
but the response is often incomplete, and symptoms persist. We considered that topical treatment
with an antihistamine ointment (diphenhydramine-Restamin Cream®) on the eyelids could be
effective as supplemental therapy. This study investigates the efficacy and safety of Restamin
Cream® for allergic conjunctivitis.

Methods : In patients with allergic conjunctivitis, Restamin Cream® was applied to both eyelids
twice a day for 2 weeks. There was a 2-week observation period before treatment and a 2-week
washout period after treatment. Patients recorded symptoms (eye itching and watering) on a
visual analogue scale for the entire 6-week period. Assessment of quality of life, evaluation of
conjunctivitis, and measurement of visual acuity and intraocular pressure were conducted at the
start of observation, at initiation of treatment, at completion of treatment, and at the end of
washout.

Results : 7 patients were enrolled; 5 completed the study and 2 discontinued due to adverse
reactions. The quality of life score and objective ocular findings improved in all 5 patients.
Visual analogue scale scores for itching and watering also improved significantly in 3 and 2
patients, respectively. Adverse reactions included local skin irritation in 3/7 patients, and
transient blurred vision and eye pain in 1 patient each. There were no changes of visual acuity or
intraocular pressure.

Conclusions : Application of diphenhydramine ointment to the eyelids was effective for allergic

conjunctivitis.
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Enhancement of skin permeation of a hydrophilic drug from acrylic-based
pressure-sensitive adhesive tape

Takamasa Suzuki !, Tomohiro Aoki?, Masato Saito 2, Ichiro Hijikuro 3, Shoko Itakura 2, Hiroaki
Todo 2, Kenji Sugibayashi (A2 #KE2 k) 12

! Graduate School of Pharmaceutical Sciences, Josai University, 1-1 Keyakidai, Sakado, Saitama
350-0295, Japan

2 Faculty of Pharmacy and Pharmaceutical Sciences, Josai University, 1-1 Keyakidai, Sakado,
Saitama 350-0295, Japan

3 Farnex Inc., Tokyo Institute of Technology Yokohama Venture

Purpose : Penetration enhancers are necessary to overcome a formidable barrier function of the
stratum corneum in the development of topical formulations. Recently, non-lamella liquid crystal
(NLLC)-forming lipids such as glycerol monooleate and phytantriol (PHY) are gaining
increasing attention as a novel skin permeation enhancer. In the present study, fluorescein
sodium (FL-Na) was used as a model hydrophilic drug, and acryl-base pressure-sensitive
adhesive (PSA) tape containing NLLC forming lipids, mono-O-(5,9,13-trimethyl-4-tetradecenyl)
glycerol ester (MGE) or PHY, was prepared to enhance drug permeation through the skin.
Methods : A PSA patch containing FL-Na was prepared by mixing FL-Na entrapped in NLLC
and acrylic polymer. FL permeation through excised hairless rat skin, and also human skin, was
investigated. Changes in lipid structure, folding/unfolding state of keratin in the stratum
corneum, and penetration of MGE into the stratum corneum were investigated using confocal
Raman microscopy.

Results : Enhanced FL permeation was observed by the application of a PSA patch containing
MGE and PHY. Especially, dramatically enhancement effect was confirmed by 15% of MGE
contained formulation. Penetration of MGE provided diminished orthorhombic crystal structure
and a peak shift of the aliphatic CHj3 vibration of keratin chains toward lower wavenumbers.
Conclusion : The present results suggested that the formulation development by adding MGE
may be useful for improving the skin permeation of mal-permeable drugs such as hydrophilic
drugs.
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A lipid-based depot formulation with a novel non-lamellar liquid crystal forming
lipid

Akie Okada !, Hiroaki Todo !, Shoko Itakura ', Ichiro Hijikuro 2, Kenji Sugibayashi (FZ#REZ¥R) !

! Faculty of Pharmacy and Pharmaceutical Sciences, Josai University, 1-1 Keyakidai, Sakado,
Saitama 350-0295, Japan

2 Farnex Co., Inc., Tokyo Institute of Technology Yokohama Venture Plaza, 4259-3 Nagatsuta,
Midori-ku, Yokohama 226-8510, Japan

Purpose : Non-lamellar liquid crystal (NLLC)-forming lipids have gained attention as a novel
component because of their ability to self-assemble upon contact with body fluids. In this study,
a novel NLLC-forming lipid, mono-O-(5, 9, 13-trimethyl-4-tetradecenyl) glycerol ester
(C17MGE), and a model drug with a middle molecule weight, leuprolide acetate (LA), were
used to confirm the usefulness of C17MGE as an excipient for depot formulations with sustained
release properties.

Methods : A self-constructed depot formulation was prepared by mixing C17MGE and different
types of phospholipids. The constructed NLLC structure was evaluated using small angle X-ray
analysis and cryo-transmission electron microscopy. In vitro release and blood concentration
profiles of LA were investigated.

Results : The NLLC structure was confirmed by small angle X-ray analysis. LA release was able
to be modified by adding different ratios of various phospholipids to C17MGE. Formulations
containing 1, 2-dioleoyl-sn-glycero-3-phosphoglycerol sodium salt with a mixing ratio of 12%
or 24% (Mpopgi2 or Mpopcas, respectively) exhibited sustained release profiles of LA. In
addition, the blood concentration of LA was detected over 21 days or more after administration
of Mpopai2, and the absolute bioavailability was calculated to be about 100%.

Conclusions : A depot formulation using C17MGE was useful to achieve sustained release of LA.
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Use of silicone membrane permeation to assess thermodynamic activities of ionic
liquid and their component cation and anion

Keniji Mori (& —)," Eri Usuzaka,? Takeshi Oshizaka (#4558 i%),* Chihiro Takei (i H:T-%R),
Hiroaki Todo.” and Kenji Sugibayashi (]2 #KEX k)" b

Faculty of Pharmaceutical Sciences, Josai International University, 1 Gumyo, Togane, Chiba
283-8555, Japan.

® Faculty of Pharmacy and Pharmaceutical Sciences, Josai University, 1-1 Keyakidai, Sakado,
Saitama 350-0295, Japan.

Ionic liquid (IL) was prepared by mixing lidocaine and ibuprofen as a cation and anion,
respectively, at various ratios. We determined the permeation of both compounds from the IL
through a silicone membrane selected as a model biological membrane, and mathematically
analyzed the permeation data from the viewpoint of the thermodynamic activities of lidocaine,
ibuprofen, and the IL. As a result, IL and ibuprofen diffusely permeated through the membrane
in the case of applying IL preparations with a molar fraction of ibuprofen of 0.5 or higher. The
IL was thought to separate into lidocaine and ibuprofen in the receiver. On the other hand, when
applying IL preparations with a molar fraction of lidocaine of 0.5 or higher, IL and lidocaine
permeated. The permeation rate of IL itself was maximized when the applied IL was prepared
using equimolar amounts of lidocaine and ibuprofen, and it decreased when the fraction of
lidocaine or ibuprofen increased by more than 0.5. Their membrane permeation rates increased
with an increase in their activity, and no more increase was found when the drugs were saturated
in the IL. These membrane permeation profiles reflected well the mathematically calculated ones

according to the concept of activity.
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Effect of lontophoresion the intradermal migaration of medium molecular weight
drugs

Kenji Sugibayashi (#Z#KE2¥K),"*® Mika Futaki,® Miyu Hashimoto,* Asuka Fukuhara,* Kengo
Matsumoto,* Takeshi Oshizaka (4 3 i5),> Shoko Itakura,* and Hiroaki Todo?

2 Faculty of Pharmacy and Pharmaceutical Sciences, Josai University; Saitama 350-0295, Japan

® Faculty of Pharmaceutical Sciences, Josai International University; Chiba 283-8555, Japan.

The purpose of the present study was to evaluate whether iontophoresis (IP) accelerates the
intradermal migration rate of medium molecular weight drugs. Sodium polystyrene sulfonate
(PSA) and fluorescein isothiocyanate-dextran (FD) were used as model medium molecular
weight acidic and non-electrolyte drugs, respectively. Low molecular weight acid and
non-electrolyte drugs were also used for comparison. Drug-loaded excised split-layered skin (SL
skin) was used in the experiment. SL skin was prepared using (i) whole skin was split once, (ii)
the drug solution was applied on the lower skin, and (iii) the upper skin was layered onto the
lower skin containing the drug solution as in the original skin. The effect of constant-current
cathodal or anodal IP was applied to the SL skin, and the time course of the cumulative amount
of drug migration from the SL skin through the dermis to the receiver was followed. In cases
without IP and with anodal IP, the intradermal migration rates of medium molecular weight
drugs were much lower than those of small molecules. The driving force for drug migration was
thought to be simple diffusion through the skin layer. In contrast, cathodal IP significantly
increased the intradermal migration rate of PSA not but of FD or low molecular weight drugs.
This IP-facilitated migration of PSA was probably due to electrorepulsion. These results suggest
that IP can be used to increase the intradermal migration of medium molecular weight charged

drugs.
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Latent structure analysis of wet-granulation tableting process based on structural
equation modeling

Hiroki Katayama, Shoko Itakura, Hiroaki Todo, Kenji Sugibayashi (#2#KE2¥X), and Kozo

Takayama”

Department of Pharmaceutical Sciences, Faculty of Pharmacy and Pharmaceutical Sciences,
Josai University; 1-1 Keyakidai, Sakado, Saitama 350—0295, Japan.

Quality by design (QbD) is an essential concept for modern manufacturing processes of
pharmaceutical products. Understanding the science behind manufacturing processes is crucial;
however, the complexity of the manufacturing processes makes implementing QbD challenging.
In this study, structural equation modeling (SEM) was applied to understand the causal
relationships between variables such as process parameters, material attributes, and quality
attributes. Based on SEM analysis, we identified a model composed of the above-mentioned
variables and their latent factors without including observational data. Difficulties in fitting the
observed data to the proposed model are often encountered in SEM analysis. To address this
issue, we adopted Bayesian estimation with Markov chain Monte Carlo simulation. The
tableting process involving the wet-granulation process for acetaminophen was employed as a
model case for the manufacturing process. The results indicate that SEM analysis could be

useful for implementing QbD for the manufacturing processes of pharmaceutical products.
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Improvemnt of skin permeation of caffeine, a hydrophilic drug, by the application
of water droplets provided by a novel humidifier device

Hiroaki Todo,"*? Yuya Hasegawa*® Akie Okada,*® Shoko Itakura®® and Kenji Sugibayashi (2
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 Graduate School of Pharmaceutical Sciences, Josai University; 1-1 Keyakidai, Sakado,
Saitama 350-0295, Japan

b Faculty of Pharmacy and Pharmaceutical Sciences, Josai University; 1-1 Keyakidai, Sakado,
Saitama 350-0295, Japan.

Recently, a novel humidifier that sprays water fine droplets equipped with a copolymer,
poly(3,4-ethylene dioxythiophene)—poly(styrene sulfonate) (PEDOT/PSS) was developed.
PEDOT/PSS in the humidifier absorbs water from the environment and releases fine water
droplets by heating. In the present study, the effect of hydration on the skin barrier, stratum
corneum, was first determined by the application of fine water droplets using the humidifier. The
skin-penetration enhancement effect of a model hydrophilic drug, caffeine, was also investigated
using the humidifier and compared with a conventional water-evaporative humidifier. More
prolonged skin hydration effect was observed after application of the fine water droplet release
humidifier using PEDOT/PSS than that using a conventional humidifier. In addition, markedly
higher skin permeation of caffeine was observed in both infinite and finite dose conditions.
Furthermore, higher skin permeation of caffeine from oil/water emulsion containing caffeine
was observed in finite dose conditions by pretreatment with the humidifier using PEDOT/PSS.
This device can provide water droplets without replenishing water, so it is more convenient for
enhancing the skin permeation of chemical compounds from topical drugs and cosmetic

formulations.
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Effect of rubbing application on the skin permeation of active ingredients from
lotion and cream

Akinari Abe,*® Hiromichi Suzuki,® Sayaka Amagai,* Miyuki Saito,* Shoko Itakura,* Hiroaki
Todo,** and Kenji Sugibayashi (AZ#KEE k)"

 Graduate School of Pharmaceutical Sciences, Josai University; 1-1 Keyakidai, Sakado,
Saitama 350-0295,Japan

bResearch & Development Headquarters Self-Medication, Taisho Pharmaceutical Co., Ltd.;
1-403 Yoshinocho, Kita-ku, Saitama 331-9530, Japan.

Effect of rubbing application on the skin permeation of a hydrophilic drug caffeine (CAF) and
lipophilic drug rhododendrol (RD) from lotion and cream were investigated. Skin permeation of
CAF was markedly increased by rubbing action independent of the formulation type. In addition,
the skin penetration-enhancement effect was affected by the rubbing direction: rubbing
application against the direction of hair growth showed the highest permeation compared with
rubbing applications along the direction of hair growth and in a circular pattern on the skin. On
the other hand, no enhancement effect was observed by the rubbing actions on the skin
permeation of RD, regardless of formulation type. Change in the infundibula orifice size of hair
follicles by the rubbing and following skin stretching may be related to the higher skin
permeation for CAF. In contrast, high RD distribution into the stratum corneum may be a reason
why no enhancement effect was observed by the rubbing action. These results can be helpful to

predict safety and effectiveness of topically applied formulations.

66



AR AT DR

Chem. Pharm. Bull., 69 (11), 1088-1096 (2021)

Design and optimization of scored tablets with concave surface and application of
Bayesian estimation for solving scaleup problem

Hiroki Katayama,® Yoshiharu Maeda,” Tsubasa Sato,® Asami Mogi,* Shoko Itakura,? Hiroaki
Todo,* Kenji Sugibayashi (#£#E2¥%),* and Kozo Takayama™*

? Department of Pharmaceutical Sciences, Faculty of Pharmacy and Pharmaceutical Sciences,
Josai University; 1-1 Keyakidai, Sakado, Saitama 350-0295, Japan

bDepartment of Engineering, Design Division, Hata Tekkosho Co., Ltd.; 59 Kitashosakaimachi,
Nishikyogoku, Ukyo-ku, Kyoto 615-0802, Japan

¢ Department of CMC Research Laboratory, Kyorin Pharmaceutical Co., Ltd.; 1848 Nogi,
Nogi-machi, Shimotsuga-gun, Tochigi 329-0114, Japan.

From the viewpoint of self-medication, it is valuable to develop patient-friendly scored tablets
that possess dividing uniformity. In this context, we attempted to optimize the preparation
conditions for a tablet with a unique shape, such as a concavely curved scored tablet (CCST).
Employing a design of experiment and a response surface method incorporating a thin-plate
spline interpolation, and a bootstrap resampling technique, the optimal preparation conditions for
CCST were successfully developed. To make it possible to scaleup the optimal solution
estimated on a trial-scale, a Bayesian estimation was applied. Credible ranges of critical
responses in large-scale manufacturing were estimated as a posterior probability from the
trial-scale experiment as a prior probability. In terms of the large-scale manufacturing, the
possibility of solving the scaleup problem was suggested using Bayesian estimation.
Furthermore, a simulation study using a finite element method revealed that strong tensile
stresses generated along the tip of the score line in CCST when an outer force was applied to the
back surface of CCST. An advantage in dividing uniformity is indicated by the unique shape of
CCST.
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Skin permeability and transdermal delivery route of 30-nm cyclosporin A-loaded
nanoparticles using PLGA-PEG-PLGA triblock copolymer
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Chiba, 278-8510, Japan
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The aim of this study was to investigate the skin permeability of a hydrophobic drug when using
poly(DL-lactide-co-glycolide)-block-poly(ethylene glycol)-block-poly(DL-lactide-co-glycolide)
triblock copolymers (PLGA-PEG-PLGA) as a drug carrier. Two types of PLGA-PEG-PLGA
nanoparticles with an average particle size of 30 nm and poly(DL-lactide-co-glycolide) (PLGA)
nanoparticles for comparison were prepared using a combination of an antisolvent diffusion
method with preferential solvation. Cyclosporin A was used as a hydrophobic model drug. From
the results of the in vitro release test, it was confirmed that the release of the drug from the
nanoparticles was relatively fast in the PLGA-PEG-PLGA nanoparticles. This result suggested
that, compared to PLGA nanoparticles, the thermodynamic activity of PLGA-PEG-PLGA
nanoparticles increased and the diffusion of the drug into the stratum corneum was promoted.
The results of studies on skin permeability using rat skin and a transdermal delivery route
showed that PLGA-PEG-PLGA nanoparticles were useful for efficient drug skin permeation and
can deliver the drugs deep into the epidermal and dermal layers. Additionally, in the membrane
permeability tests using Strat-M®, which imitates human skin, the membrane permeation amount
of the drug was significantly increased when PLGA-PEG-PLGA nanoparticles were used
compared with when PLGA nanoparticles were used.
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Effect of the conformation of poly(L-lactide-co-glycolide) molecules in organic
solvents on nanoparticle size
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! Faculty of Pharmaceutical Sciences, Tokyo University of Science, 2641, Yamazaki, Noda,
Chiba, 278-8510, Japan
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Controlling the size of nanoparticles is important for drug delivery methods such as pulmonary
administration, transdermal administration, and intravenous administration. In this study, we
have investigated the effect of polymer conformation in organic solvents on the size of the
nanoparticles. Poly(L-lactide-co-glycolide) (PLLGA), a promising nanoparticle carrier, was used
as the polymer. A mixed solution of dichloromethane, which is a good solvent, and a lower
alcohol (methanol, ethanol, and 1-propanol), which is a poor solvent, was used as the solvent for
dissolving PLLGA. An oil-in-water emulsion was prepared by sonication using the mixed
solution of organic solvents in which PLLGA was dissolved as a dispersed phase and an amino
acid aqueous solution as a continuous phase. Nanocomposite particles were prepared from the
emulsion using a spray dryer and redispersed in purified water to obtain the PLLGA
nanoparticles. The conformation of PLLGA molecules in the organic solvents was evaluated by
analyzing the results of the viscosity measurements. The polymer coil radius and the volume per
polymer coil were observed to decrease with the increase in the ratio of the lower alcohol in the
solvent, whereas these values tended to decrease with the use of more hydrophilic lower alcohols.
In addition, based on the results of the calculated entanglement index, it was found that when the
hydrophobicity of the dispersed phase is reduced, the polymers were hardly entangled with each
other. These results were significant, specifically when the ratio of the lower alcohol in the
solvent was low. Estimation of the Pearson's correlation coefficients indicated that there were
positive correlations between these indices and the mean volume diameter of PLLGA
nanoparticles. This study shows that changing the composition of the dispersed phase, in which
the PLLGA is dissolved, can change the conformation of the PLLGA molecules and control the
size of the PLLGA nanoparticles.
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A Rat Model of Oral Mucositis Induced by Cancer Chemotherapy for Quantitative
Experiments

Issei Takeuchi (7N —Ji%)'?, Riko Kawamata!, Kimiko Makino!*
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Oral mucositis, which occurs frequently in the treatment of cancer, is a major problem. In this
study, we aimed to develop a rat model of oral mucositis induced by cancer chemotherapy for
quantitative measurement. A model animal of oral mucositis was prepared by injecting an acetic
acid aqueous solution into the buccal mucosa of rats to which a 5-FU solution had been
previously administered. The doses of 5-FU and acetic acid were examined, and a treatment
experiment using Kenalog® was performed. The optimal dose of the 5-FU solution and the
optimal concentration of the acetic acid aqueous solution were 40 mg/kg and 25%, respectively.
Treatment with Kenalog® confirmed that this model mimics immunocompromised oral
mucositis. Compared with a mouse model, oral mucositis can be easily observed in this model

and provides a large amount of oral mucosal tissue.
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Drug Delivery Properties of Nanocomposite Particles for Inhalation: Comparison
of Drug Concentrations in Lungs and Blood
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Nanocomposite particles are suitable for inhalation; however, their systemic migration has not
been confirmed. The aim of this study was to compare drug concentrations in lungs and blood
after inhalation of nanocomposite particles. Rifampicin (RFP) was used as a model drug.
Nanocomposite particles were prepared from dichloromethane with RFP and poly(DL-lactic
acid-co-glycolic acid) (PLGA) dissolved in an amino acid aqueous solution using a spray dryer.
Measurement of RFP concentrations in lung and blood of mice was performed by in vivo tests.
Compared with the oral administration group as a control, the RFP concentration in the lungs
was significantly higher in the inhalation group. In addition, studies with a fluorescent substance
suggested sustained release of drugs from nanocomposite particles in the lungs. Nanocomposite

particles deliver pulmonary drug in an efficient and sustained manner.
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Therapeutic effects of GGsTop® gel in a mouse model of 5-fluorouracil-induced
oral mucositis with reduced white blood cells
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To produce a model animal for oral mucositis induced by anticancer drugs, it is necessary to
maintain an immunosuppressive state. We determined the optimal dose and frequency of
5-fluorouracil for model mouse production. In addition, we used this model to investigate the
effect of GGsTop® gelation on the therapeutic effect of oral mucositis. Changes in body weight
and white blood cell count were measured to determine the optimal dosing schedule. The
therapeutic effect of GGsTop® gel using chitosan was evaluated by observing changes in ulcer
area for three weeks and measuring collagen and glutathione concentrations in oral mucosal
tissue. The optimal dose and frequency of 5-fluorouracil were found to be 50 mg/kg every four
days. It was revealed that the therapeutic effect of GGsTop® was enhanced by gelation.

GGsTop® gel is suggested to be a promising formulation for the treatment of oral mucositis.
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Effects of polyvinyl alcohol on drug release from nanocomposite particles using
poly(L-lactide-co-glycolide)
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The effects of polyvinyl alcohol (PVA) on the release behavior of polymer nanoparticles from
nanocomposite particles using amino acids were investigated. Rifaximin (RFX) was used as a
hydrophobic drug model. RFX-loaded poly(L-lactide-co-glycolide) (PLLGA) nanoparticles
were prepared using an antisolvent diffusion method. They were then spray-dried with equal
amounts of amino acids to prepare the nanocomposite particles. The mean diameters of
nanocomposite particles were 2.86-5.42 um. The particle size increased as the concentration of
PVA aqueous solution increased. The mean diameters of RFX-loaded PLLGA nanoparticles
were 150-160 nm; however, the particle size distributions of those prepared using 0.25% (w/v)
PVA aqueous solution differed significantly immediately after preparation and after redispersion
from nanocomposite particles. The release test results of nanocomposite particles revealed that
those prepared using 0.25% and 0.50% (w/v) aqueous PVA solutions rapidly released RFX. In
contrast, particles prepared using 2.00 and 4.00% (w/v) PVA aqueous solution showed sustained
drug release. The results of drug release tests of nanoparticles redispersed from nanocomposite
particles showed that the nanoparticles prepared using 0.50% and 2.00% (w/v) PVA aqueous
solution suppressed the initial burst. Therefore, we considered that the results of the drug release
behavior of the nanoparticles in these particles reflectsreflect the release behavior of the
nanoparticles from the nanocomposite particles. These results indicate that the rate of
redispersion from nanocomposite particles to nanoparticles can be controlled by changing the

concentration of PVA aqueous solution.
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Effects of GGsTop® on Collagen and Glutathione in the Oral Mucosa Using a Rat
Model of 5-Fluorouracil-induced Oral Mucositis
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To evaluate the usefulness of GGsTop® for oral mucositis, a quantitative study focusing on oral
mucosal tissues is necessary. In this study, we aimed to quantify collagen and glutathione using a
rat model of 5-fluorouracil-induced oral mucositis. Changes in ulcer area and erythrocyte count
were measured to confirm the usefulness of GGsTop® for oral mucositis. The effect of GGsTop
on collagen was evaluated by observing oral mucosal tissue sections and measuring the collagen
concentration in the tissues. The total glutathione concentration and the oxidized glutathione
concentration were measured, and the concentration of the reduced form was calculated.
GGsTop® shortened the treatment period for oral mucositis without affecting the white blood
cell count. In addition, GGsTop® promoted collagen production and alleviated oxidative stress

conditions. GGsTop affects collagen and glutathione in the treatment of oral mucositis.
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lontophoretic transdermal delivery using chitosan-coated PLGA nanoparticles for
transcutaneous immunization
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Transdermal administration of poly(DL-lactide-co-glycolide) (PLGA) nanoparticles using
iontophoresis (IP) is useful for efficient drug delivery to hair follicles. In this study, we
investigated the possibility of using it in allergen immunotherapy. Hen egg-white lysozyme
(HEL) was used as a model antigen. We successfully prepared PLGA nanoparticles with a mean
volume diameter of 98.4 + 36.8 nm using an antisolvent diffusion method. The PLGA
nanoparticles were coated with chitosan hydroxypropyltrimonium chloride to shield the
PLGA-derived negative charge. The surface charge number density was calculated to be 1.28 %
102 M, confirming that the particles had positive charges. An uptake test into dendritic cells was
performed using fluorescently labeled HEL. The results of FACS measurement showed that the
usage of the nanoparticle carrier increased the mean fluorescence intensity by 5.6 times. An ex
vivo skin accumulation study was carried out using abdominal mouse skin and a Franz-type
diffusion cell with and without IP. When IP was applied to the nanoparticles, the HEL
concentration in mouse skin was 9.6 times higher than that without IP and 2.1 times higher than
that of the HEL solution. Images of skin sections confirmed that HEL was efficiently delivered
to hair follicles using IP and nanoparticle carriers. HEL-specific IgG1 and IgG2a titers were
determined in an in vivo percutaneous immunoreactivity study. Ten weeks after the initiation of
the test using IP and the nanoparticle carrier, HEL-specific IgG1 and 1gG2a titers were 7.4x10*
and 6.6x10%, respectively. Both values were higher than those obtained by subcutaneous
injection of HEL solution, indicating the effectiveness of the combined use of IP and

nanoparticle carriers.
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Oral care is recommended for the prevention of the onset of oral mucositis associated with
anticancer drug administration. However, there are few reports examining the utility of oral care
guidance by pharmacists. Therefore, in the present study, we investigated the effects of oral care
guidance by pharmacists on the onset of oral mucositis in patients taking oral anticancer drugs.
Pharmacists in several pharmacies provided oral care guidance to patients who use the oral
anticancer drug capecitabine or tegafur/gimeracil/oteracil potassium combination regimen.
Following the provision of oral care guidance, the patients were classified into four groups
according to their status of performance of oral care at home and the period from the initiation of
anticancer drug administration to oral care guidance. A three-month follow-up survey regarding
the onset of oral mucositis was subsequently conducted. Furthermore, risk factors for the onset
of oral mucositis were analyzed using logistic regression analysis. Sixteen males and 22 females
(median age: 61 years) were included. For the early-intervention group, the incidence of oral
mucositis tended to be higher in the non-oral-care group (30.0%) than that than in the oral-care
group (9.1%), although the difference was not significant (p = 0.311). Conversely, for the
non-early-intervention group, the incidence rate was similar in the oral-care and non-oral-care
groups (12.5% vs. 11.1%), and no significant difference was observed (p = 1.000). Moreover,
the risk of the onset of oral mucositis was significantly associated with older age (odds ratio:
1.218; 95% confidence interval: 1.040-1.428). The results of this study suggest that the
provision of oral care guidance at pharmacies during the early stage of anticancer therapy might
facilitate the prevention of the onset of oral mucositis. However, the results also suggested that
the effects of oral care guidance alone might be insufficient for patients with advanced oral

mucosal disease.

85



(& - ARE - i)

Pex RgeA (GrBEEE)

% 58 % [BIFRIRSREERFE UEE/ARTE) ], F0E [TV K], H61E [T
NVRRTuRE], 862 [REME], %63% [ZOMONIWRER], 5643l NhE
RIR1, #65E TIREREE], 566 = [HRERME - JFHE]

HYRIERY: GT 10 iR, 383-453, FALAL, X (2021 4F4 A)

IR Oy HEEE )

CHAPTER3.ESIE & Z TR A HEEE [ I o « D EIEGERE)
LSRR EIRAIAT T 3 2 FOLETRR 362-370, A AL EETS Q02147 H)

[F3%]
FHAE, AR, SRS, O, IR, fex KA, BERZ: BERETE
BEICHT D 3 & SGLT2 FHEIRDOBEEMA IOV T, 55 54 [0 H AFEAIRI S A K=,
&, 2021.9

PR, EIHE, e EOE, U, RS, EaxREA BERRRE
BE TR B2 O MR T 3K SGLT2 FLEEK DB 520 E. 5 54 [0 H ARZKARI S FI K%,
=i, 2021.9

CORMERE, WO, —JERI, S, KiERE T, fEx RIUA: EEEERRBE TN
T 5ME=2 s b —/V HEEOHEEFREICOWT. § 54 [0 HARERIMS RS, 18
[if], 2021.9

w AN, IWAEREE, REE, e, WO, i), mmed, e REA

RRIERIZRIT 2 REBRRNC X 2RMBREIBEER. 7§ 54 [F 0 AREAESATRS, @&
[if], 2021.9

86



R, EHAGRE, RS, O, SR, BEEe, AR YE TV TF
v UF T FF U R ERERERE O EMEES MERE TERICE 2 28I OV T.
% 54 v H AREFIENS TR, &6, 2021.9

(G ]
Ve e R 3R b AR — FRANE & BiAIE « BAHE — . B BBl B IE T S OF K2,
T, 2021.11.24.

MO - TR S VR LSO, REHHRD Ly, T4, 2021.11.1

87





