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Pharmaceutical Properties of Rikkunshito Extract Suppository and Bioequivalence
by Pharmacokinetic Parameters and Effectiveness against Nausea and
Vomiting and Anorexia in Rats

Isamu Murata,™“ Taisei Nishiyama,? Hironori Kawasaki,” Chizuru Naito,” Takeshi Kamata,”
Yoshiyuki Furukawa,? Moeko Iwata,” Masahiro Sugino,?" Yutaka Inoue,? and Ikuo Kanamoto?
aLaboratory of Drug Safety Management, Faculty of Pharmacy and Pharmaceutical Sciences, Josai University;

Keyakidai 1-1, Sakado, Saitama 350-0295, Japan: *Laboratory of Pharmaceutics, Faculty of Pharmacy and
Pharmaceutical Sciences, Josai University, 1-1 Keyakidai, Sakado, Saitama 350-0295, Japan.

(Received February 2, 2018; Accepted May 6, 2018)

In patients with cancer, it is difficult to continue medical treatment owing to nausea and vomiting (NV). Therefore,
it is important to avoid these problems for improving the patient’s QOL. Rikkunshito extract (RK) possesses antiemetic
effects and is used in combination in cancer therapy. However, patients with cancer find it difficult to take the medicine
orally for the treatment of NV and anorexia owing to the characteristic smell and taste of traditional Chinese medicine.
We examined the pharmaceutical properties of RK suppository for hospital use, assessed bioequivalence by using phar-
macokinetic parameters, and determined its effectiveness against NV and anorexia in rats. In this study, RK suppository
was prepared by using RK formulation (A, B, and C) and Witepsol (H and S) (AH, BH, CH, AS, BS, and CS) . Phar-
maceutical properties, namely, hardness, dispersibility, long-term stability, and drug (hesperidin and glycyrrhizic acid)
release were measured for AH, BH, AH, and AS. The pharmacokinetic parameters, effectiveness of substance P against
NV and anorexia, and serotonin-activated ghrelin levels were assessed for BH only. AH, BH, AS, and AS demonstrated
uniform and sufficient hardness. The release rate of oleaginous components, such as glycyrrhizic acid, did not change
significantly, while that of water soluble components, such as hesperidin, decreased when compared with that in powder
formulations A and B. NV and anorexia improved in rats administered BH compared with the control group. BH sup-
pository showed effectiveness in terms of both physicochemical property and bioequivalence for hospital use.

Key words—rikkunshito extract; hospital preparation; suppository; intrarectal administration; nausea and vomiting;
anorexia
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720,30 ZDFid 2 WERET 5 Z &0, AR
FH D QOL D#eFRFRM]_E I & o TR A 2 ki n]
HEICT 2 L CHETHS.

T, SEFEIF A (rikkunshito extract; RK)
WP AFIR G2 T T S basE IR I L TF
MTHDEREINTNS SORKIZ, o k=
R RRREETIER S RSN VI, X5 o RE#
EOFHT 2 2 & TH AFIE BT 2 Bl E
EBRWTAHERND 220 L LB, HEHK
TR ERIEERINESTHDT LU > OREA -
IR FICK D BERARICHEL THOIEAND
.53 ULipLians, OGRS RKO
BEAME OGNS, BEOREI>TS5107 >
AEEXTFEIESRENH D, DAZBESTEEE
HRITT 5 RO BAROIREFEITRAN D 255
MEZOND. ZOXDREFITHL TEEN D
HICHREGTESIEROFEE L THEHBRTFEDORMIE
WSEETHS. 20D BEBNEEGE, RSk
KED A N L A 2 C & %720 Tla < BIVEH % [al5kt
THHCOENBRFETH D, #&OBAZ MO HE
L9554, BNEAOY Z 2 T/ EES NERRE
FH D 7= DIV R EEIZEIC & o TERF A DY)
BREEN T A= DR IBEATRT, S5ITE
B R AT 2 2 SN EAI S L ToR
2fEE XD REICHRT SO EEZ .

AFTEI, SEALKIESCL > THSNAZRKE
AR OYH WS, EWEREEHR/NT A —F &
OB RIC K > THRNEF & U TOR R % i
L.

] &

1. ®E RKIL, YVAIARNETFLIF AN
(EFH) (A A) Aty LT, HE),
75T IARNEBFIGBRKLKB-43 (R 1 v 7 @%%)
(®H B) (7 I Mkt ) Kvas
O — B FE T XMk (BHF C) CINKEREE S 5
MRt #a0) 2 H Uz BEEANL, 77
V—)VRA D H-15 (H) KU S-55 (S) (Gl
thatt, Kk) Z2@#HLE FShoebknoryo >
(tetrahydrofuran; THF), 7t = hNU)l, HEEE,
U gKFE T MU LT, U i KR
F R U D LK, HAETNL RARIKEI, N
N 2 > (hesperidin; HD), N\ Z XL F > (hesperetin;

HT), p-t ROF I ZEFWATI, PAFIVA)
A+ K (dimethyl sulfoxide; DMSO), 7Ot L
> 2771 a—) (propylene glycol; PG) K (X CDDP
FyemisErtkiatt, KB 13, HPLC /' L — R K
DR 2R L. 77U F I F > (glycyr-
rhizic acid; GA) 1%, EEY 1 T2 Atk (6
B) XOBALL., BHOBEIZHWZE—I RiZ
2.25, 1.35 (Cha@sEgkatrt, KBk KU 0.9cc

[HEaE ), F/] 2EHLE AU e
&, AU > BEE EER AR, R KROY S
EY I RS TR, K 2R L
7z.

2. RKEBLAOHFARMEE RKIELHD
HLERIE, A A Z2EFH KOS THELZBDZ
AH KN AS, #HK B #HHK H KOS THHL /-
D% BH U BS, #HIC z&# H KOS THl
FL~=HD%Z CHKUCS &ELT-.

RK &4 4K D E M OEF OREGHRIT, 2.25
cc A>T F—WNICRHAEEREF O R/NEG L &
L7 [AH KON AS (BI%1/ A - g/g) : 2.5/1.25,
BH X BS :2.0/1.25, CH U CS :3.0/1.5]. 7%
B, RO TR A HFN 22D L EMHAL TH
B = ARFNE, WEN1.0kg/m2 LT TH-=T
EMBSERMN SR L 7~ [Supplementary material
Figs. 1(a)-(c)]. RK &F LK DI AIEL, HH
A BRUOCZHOMNLDIFY— [1UF¥ZTA
L7 bR, K] &> THIEL =%, ¢75
pm KB A (HE A7 U — ket ®R) %
AWTKIFREHEICZL, Biad (40-50°C) Tl
IR NTNOEATEE I . TN 5B
REED RK 25 A L=y, #Fa 57—
EA%, |ETIHELSI®2%, lBRicidT 2%
THWREFTICAREF L2, ®H CIE RK #AI 1 &% 1
DORFNTT B Z ENTERMN D /DR S R
4L U7z [Supplementary material Figs. 1(d)—(f)].

3. EBR 1 REIFOR O SRFHE

3-1. HPLC [C& 3 RK #) HD K1 GA DFEE

RK @D HD &I, BT ELHEAEAERF LD
RK F&EiE%E —fkZE LU THlE Lz, &H A KU B
I3, BT FR01gHz0 DR (BAIA:0.188 g,
HHIB:0.146g) ZEVDED, THF (1—4) 50 mL
ZRWTIHEMR Lz, 235 ERIRIE OB (4°C,
20000X g, 20 min) %® LiEZ 0.45um 7 1 )L 5 —
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(P ENZTFT w7, B ZHWTAEL THIEIZ
A, RKHO GA Z&lE, HHEERAER
7D RK E&@iFEE—H WAL THIE L7z, %gETF
ZK) 0.5 g IR T B8 (Al A 1 0.938 g KM
B:0.732¢g) Z2VDED, A% /—)L (1-2) 50mL
ZFHWT 15 R Ui B (4°C, 20000X g,
20min) #%® LiE#E 0.45um 7 4 VY —ZHNTS
i U CHIEICH W,

HD & UF GA @ HPLC HIES X, BT L0
COSMOSIL PACKED COLUMN [+ 51 5 %
7 (KR, AR, BRHEEA 285 KU 254 nm, 715
LIBFEDT40°C, BEHHNK/ 7 & N = MU IV/EEE
[82/18/1 (v/v)] KRO7t h=KMVYU)IL//K/EEFE [30/
60/10 (v/v)], #iEMD 0.6 KX 1.0 mL/min KO
AEM 50 KO 30ul & L7z, WNEREEHEY)E  (inter-
nal standard; 1.S.) AR, p-b ROF P LZEHRE
AFINEFERLUE. 7B, AnimER (HD:O,
2, 4, 8, 10, 12.5, 25 KU 50 ug/mL, GA:O0,
0.125, 0.25, 0.5, 1.25, 2.5, 5, 12.5, 25, 50 K&
U 100 ug/mL) @ 5F & FRIE 0.016 ug/mL K X
0.209 ug/mL, B 3> ho—JL (quality control;
Q.C) Bz ANYF—2 a3 > O#ERIL, Sup-
plementary material Table 1 |[Z/;R L 7=.

32. RKEFALHNOHWEERER RK ZH%8H
DR, E2U > MlggFAREER (71 M A
T4 FOVHEEL EHR) 2RWTHIE L Z. BEE 2
ET DO HHE A THEL AKX, AH i
s 1/3, 2/3 KORBEH O THT, #H B
X, BESERINBN O THEAAD1/3 K&
O 2/3 DEGrOAZERE L. ZTNENY 057
ERAL D L ER DB E 2 HIE L7z

33. RKERFLAOTHMRER RKEHS
H OBk, HD SHEICK > TilMEid /-
DITBFIDE S 2% 2 4y L= BER & FERICO T
TEMBLUZ., 8H A KB THEL 4%, Lk
RN FENS ZNTNHELIFZAN0.1g FEN
HAAKIEE (BLIK A :0.188 R UVEIKI B 1 0.146 g)
2L, 151 THF (1—4) 50mLIck> T
30 sy ORI OB (4°C, 20000X g, 20
min) L, o= EEZ045um 7 1)V Y —TH
%L T HPLC I CHIEL /=.

3-4. RK EFLFORMLEMHAER LK%
FEPEABRT, HiE (25+£3°C, 60-5%HXHERE) &

DB (5£3°C, 33E10%MHMHEE) 1Ic&>T
FEha Lz, EIREHX, 1> F 2 X—% M-260F
FATwr, LER) NIV KRR
ZiEfIR &7 5 ETAMKICEMR I B2 D&
LT r—4—TFHICRE LTz, £z, WG
1% RK & A A5 & B EALE U 7= I8 NI AU R
JEEN (SANYO SMR-R70SKMB) [ =f &% (¥F),
KB WCREFELZ. RKEFLENT, 1, 3KV 6 »
AR SRRk > TV EERIIL TEA
% HD % HPLC #[5E L 7=.

3-5. RKERLHFIOMHEAE  LHOMHR
BriL, Itoh % O reciprocating dialysis tube (RDT)
119 2 —Hlck B U XA KA HiG B ds HZ-21D
(EARMP TR, KB Z2@#HL TEBL
7. 20cm I2Y)o 72 &HTHE  (Dialysis Membrane Size
27, FOEMISETZE, KPR 13, H5h UokKiC
ZU, MBI 10 2 FEREE L 2ZICTF X
RN TBFNZ 1S AN THW ., BRI
0.05M U > EEREE W (pH7.4), BRikIEE 37+
0.5°C, L FE® 30rpm OFM oz, HEY >
ZIViE, 0, 0.25, 0.5, 0.75, 1, 2, 3, 4, 5, 6,
12 KON 24 BEFEIZICERIL L, BREUZI3E B IZ[FE D
MBI EmAE L2, BB L Y>> 7)o HD K&
" GA EEIZIHPLC ICX> THIE L. 7B, D
NHIUT RK 5 DA HIFEH D R R 2 B 5 i
T 5012, KR IEGEER Y & L TEREN R
HL W) ThH S HD U GA ZefEL L7, 20

4. RER 2 EMEEFHIFEMD - H DENERER

4-1. HD KU HT §#iRA%Z 5%, RK BHEKR
U'RK EFLFIOFE  HD XU HT kN5
WOFE S EIE, DMSO : PG (1:1) BiKIZE->
T 200 mg/mL ML, HG5HEFIC PG KUAHE
BERICTHRL 2. BiIRD» S #5 L B0 HD
BRI 33.33 mg/mL & L 300 ul #5.L 7. #%
%59 2720 DOFEE, 2g #EI B 2 7mL 34
FKICESD TS U ONTIRME 7=, aB, #HE
ADPRFIE L TERUNICHBETE M2 &5,
RK EHAHNC K HUEIZBH OA &Lz

4-2. 4 Wistar JHEME T v (10 B i,
200-300g) 13, HATZ AT > —MAEtIDE
AL @93, =R 23+3°C L OM AR E 55+
15%\ZHERF S 72 12 REFE ARG Y 1 7V OIREE R T
1 ARG E U2 BICEBRICH U2 BTALE 3%
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o 24 Refdain o RHM 2R TRERMLUZ. IX
TOZ v ME, BILT5720I12X> MNVESY —))
F UYL (#E 50 mg/kg, #EFF : 10 mg/kg/h)
DIEMENEFR G I X D MELERIC T v N ASERRIR
IZANU > B 7 A 5000 unit/mL (FF FH #48E
Hn0) &AEB AT 100 fS5HERLZH DTS
¥72RYU TF L >F 2—7 INTRAMEDIC™ PE50
[(AAXRZ ~> T vF V20, Bl 2fA
L 7~. #kN$% 5 (intravenous administration; 1.V.)
%, HD X3 HT R & BFIRN K D %5 L 7=,
# O ¥ 5 (peroral administration; P.O.) FEi,
RK &R Z WS O BEN ST > F Fa—7
[CR) 7F 77 2 4M, HH8] AL THRELZ.
EEN#¢ 5 (intrarectal administration; I.R.) Bl
HREREGHR 24KMETYO IV Ty (HES
B, HE) ZHWTIMZRA U, 7adb, RFZEIC
BT 2B IR, W REEREYFEICH ST
FrE L, 2FEBREFMEMEERDOKE KR
5 1 H28027) %45 CHEMEL 7.

4-3. mAERY>7TU>5  LV. FHEORMARA >
N, 5, 30, 60, 90, 120, 180, 360 fZTX 540 5y
%o 7z, P.O. KO LR. BEOFIMAA > M,
E%0.5, 1, 3, 6, 9, 12 KU\ 24 BfEi#gI1CFT o
. B, ASEERONT—Za—LXOANY > F
FUDLATUEL DY > 22X > Tk % 1 mL
BRHIL, BEEICREOEMERERZRNIZREL 2.
FRIM E N 72 MRV IE S 1255 L /7 BifE (4°C, 4000 rpm,
5min) %, iM% % HECL HIE B K T8RS OR 77
(=80°C) L7=.

4-4. MFH > TIOFAK  HPLCHET 37
DHOIMHES > 7 )VIE, 18 400 ul, A% J—)L 800
uL, 0.1 mg/mL LS. V& 40 uL ZMA THRILT v
DALt @O EE (4°C, 20000Xg, 20 min)
L - THE SN/~ % Dry Thermo Unit [4 1
T KR, BE] #HWTEE N THEHBESE, 50%
ALY J—=)VKEEW®R [% (v/v)] 100 uL \Z R M#E L
THIEL 7z

4-5. HPLC (&2 T v bM#EH HD KU HT O
R EE RK ORNBITIE 22 i 9 2 7201 H
W7z HD 13, ABARNOEEFRIZE > T HT IZ5)
fig2l22 4 % f= R KFE &= L 7= (Supplementary
material Fig. 2). HPLC D413, BB A S
J—=IV/K/ B [42/56/2 (v/v)], IEHED 280

nm, 75 AREMN40°C, #FHiEA 1.0mL/min, 7E
ABMSOuL, LS. 2 p-t ROF I ZHEFEEAF
U, J1 5 A5 Inertsil® ODS-3 (4.6 mm X 150 mm,
¢Sum) ZMHW/=. HD KU HT O E#HE (0,
0.05, 0.125, 0.25, 0.5, 1.25, 2.5, 5, 12.5, 25,
50, 100, 200, 250, 400 fZUX 500 ug/mL) O 7E &
FRRIZ, HD KON HT 7% 0.112 2 TF 0.083 ug/mL,
QC.#ABIZXAENUF—2 3 > DRI, Sup-
plementary material Table 1 {Z;R L 7=.

4-6. EWENRESFHIBAFE  EWEE (PK)
INTGA=F1F, STOHBZH W, miEhiRE-
Fefeldh#R TEA (AUC) 1F, BB AXZEHWTE
WU, BRMAEE (Cha) SOOI A E 2
R (Thao &, SEHEIED S RO LW FHIFIHHE
(B.A.) fB1Z, 0205 24 R £ TD AUC %
THEH L. 728, B.A.fEIZ HD OAHEHE L /-,

5. RBR3: T FOEBTEICHTZ RKDAF
ST

51. ETL7 v bOERRUVLEREEDRE

v M, EMKEZEZ S0, CDDP #%
HB#HONV &5y hORAE i4U HBE) 178
MEMENRINTNWS Z &5, 832 AR5 T
NV Z 3 {fi$ % /=%IZ CDDP #% 5% D h A+ 4
HEICE>TT v hORBITH 2 L/~

Wistar 5 v MZ&KD NVEFTILT Y Mg, 3, §
J T~ 10 mg/kg CDDP % N5 L 7= 1% O il
BHEIUE, 714U IR, SUKEROEREELZE
1 EBICHZ0FMLU . 728, 5 & 10 mg/kg
AT TFHGIE, A T ERENEE L
72\ (data not shown) 72&EMNS, EF)ILELTO
ZEHERWEZEHKBLTETIVLT v MEHD
CDDP | 3 mg/kg IZIRE L7z, BFNOEBHNKE
3, EEEEHERRICEE LI NS, EHEEE
BREICEELURWARIY A Z2REHT 220120
NHNF 09 KA 1.35¢cc A>T F—ZHWTRK
ZE RN HEFOATIER L = 44%]%Z CDDP £
WiE Sy MG L7z, 1.35cc Y1 XD AHFNT,
L < BHEGEHEIESIME T L 22O AEBR T
09cc a7 F—%fEMA L (data not shown).
£z, ZOTPIHERMSREN SHEHKHEIX S HRE &L
7z, 1B, AWUIZRICBT e EEL, Wb KERE
BREMBLE I TRt L, 2¥RBREYEEER
2OKE OKRFZBS + H28027 K& Uf H29034) %15
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THEML 7z

5-2. NVEFHEDHDKRERR T L 1 —IILRUFFE
ffisE Ty bONVEHET DI, r—
MWIZAF Y > RO E R Z A AICREL, 77—
POKRHENE, BRFELUZAFY 2 KOG R [
NT27=201C&MEFLYFINERE L. AV
> BHZ Saito © D HIED BB ITHEH LU /=, A
YR 7IEYdLE 5% (w/w) BEEIETEY
BB D K DT L, F1 Y koD R L 5 i
Bl &M% Tdh > 7z (data not shown).

Ty MR R & UL E O sham B,
3.0 mg/kg CDDP #5-L 7= control #, RK (%[ B)
MEWEREO®RE L2 1 FE%ZIC 3.0mg/ kg
CDDP #5-L 7z P.O. B XU BH 445 & B 5 N % 5
L7= 1 BEff$%12 3.0 mg/kg CDDP # 5 L 7= L.R. B
DAFT T, EYOREGYA I, BAE
BEFRDABIEIT A R IA > OfEEICB T %
HlH- S EE T RS > O FHIEEOEN? 2
BEIZ AT TF R GR 1 RERi O AR5 & U
e 7B, Ty MIREEMEE LT CDDP K
VMG 2 HATR O A > S UG8 & B A
MERE I N=fER 7 — 2 THEL, 1 HANZHES
B-%BICERICH L 7~ (Supplementary material
Fig. 3). BIRHIMIE, SHM &L 24 ReflED 1+
U, EEER, SUKE, KREZEERLE A
F U 2RO EE R OBEE, FNEN O R
HIRAFRICERIC/R D X TH M (40°C, 48h) =H
hFY) CREEREIEEOERE L. /R
B, EEEEHEREZ &K, AU CEREEEL
& U CTOREE U CRHEiZ17 - /2.

5-3. NVfiD/-HDH4 > TILERRUTY T X
AP, EOP=ZCRUSTLUCAIE NV K
DEMRGENREZHSNITT 272012, MEHIR
(CSP), IiFH MIRHPH T AL A P, CSF JO
MmiEFto b= ROmEF OEELEnzr 1Y
> (TIIET LY ) EBEEL 2. FEERET AL
& ® sham, control, P.O. KX L.R. BED 4 FEIZH
Tz, EYERG1 KOVS HEZICHEEFDZ v M3,
FIRMLERNIC XK > TCSF, FTREFIREK DML
T MR 22 MLV B OV, SRR 381 &K > TR 2 £/
L., Zhzhod > FIIVRESHEIE B,
Substance P ELISA Kit (Cayman), Serotonin ELISA
Kit (774, EHE) KU Active Ghrelin ELISA

kit Dafb3Ei (), Hat] OB WSHEIC
W7z, 2B, RWFFEIZBT 2EWERIL, WEK
FEREBEBMHE I > Tt L, 2FEBRBYEH
ZEARDOEKR GRAFS : H28027 K UF H29034)
G CHEMLU .

6. FRETERORENT T3, M R
AETRL U, T—FOLld, 2 HMOkEIT
Students #-test, 3 # i @ Lk #% 1% Tukey-Kramer
test, RHIZEMKBRAERIT, 0 AZERLL
Dunnett’s test 2 Efn L 7=. ZHI|X, p<0.05 TH
BLLE.

& R

1. RFFe04FE AEL 2 RK SH LA O
W, BE A KO B RN EAF H oS [ THE
FEix AR nismo = [Fig. 1(a)], 1/3
EROMEEE, AH KUY AS, BH 2 U8 BS BER T Huls
T5HESEHATHIT 2 EMENK 20%FEERX T
L7, —%, HD Og&EH M3 I X TOHIITH
WTHLE A AY 3.17+£0.00-3.44+0.01 mg, H%| B
7 4.29+0.13-4.55+0.07mg T»H > /= [Fig. 1
], EfiEtEalbicBnT, ®iEMAEFELZ RK
SHEAK O HD S RE, #ARE 05 H) #og&E
LT 5 ABNSTXTO RK G0 LKBETH
10% DEL WK TFZRL, TOHROEEIZ6 7 HE
TR F Lo Tz. —7F, WERE L RK 7%
#lo HD & &ld, #AME 01 H) BoSEICHL
T1HHENSK10%DEFEL WK FZERL, 6 #H
BIZIZ 0 7 AT L TRI20% FEER T L /=,
6 n AZIZHBWNWT, WERE L RK &7 ALAHF
HD & &13, ®WRMAFICHL TSN TEL W
X FZE/RL7= (Table 1),

E WM 2 1T 5 72D D RDT EIC & % 46 H]
M5O HD MU GA i # % Fig. 2 1IT/R L7z, #
#l A @ HD frH 2L, 3705 24 R £ TO MM
IZHNT, MARBMBEICHL T AH KU AS BENE
LU<{E&»n>o7z [24 K% : AH and AS: 63.8+0.3
and 56.8+8.9%, BH and BS: 79.8+0.2 and 74.9+
3.8%, Fig. 2(a)]. #%] B @ HD ftiRIZ, 1215
4 B £ TOHIMICHBNT, BRBEMBICEHL
T BH MBS #03# L <Ko 7= [Fig. 2(a)].
—7, GA JHZITEHF A R B DR R BB
U T, EDAKIHE S BHE A MITBISR S N>
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Fig. 1. Hardness and Content Uniformity Testing in Each Part of Rikkunshito Extract Suppository

a) Hardness and b) content uniformity testing. Black bar: AH; diagonal bar: AS; gray bar: BH; and shaded bar: BS groups. Values are shown as the mean +
S.E.M. (n=6 respectively), not significant (Tukey’s test) .

Table 1. Amount of Hesperidin in Rikkunshito Extract Suppositories during Stability Test

Storage period (month)

Storage type Condition Formulation
0 1 3 6
AH 100.0£1.0 89.2+5.4* 89.4+2.4% 88.8+3.2%
Constant .
25+3°C AS 100.0+0.8 94.9+1.8* 97.3+2.3* 92.8+2.0*
temperature
hamb 60+5% BH 100.0£+0.9 90.0+11.6* 90.0+4.4* 87.5+1.2%
chamber
Hesperidin BS 100.0%1.7 91.441.3* 91.243.1% 89.5+0.4%
(%) AH 90.0+1.3* 86.8+1.1* 82.6+1.4%+
. 5+3°C AS 104.4+2.2% 95.0+3.0* 87.0£0.6%¢
In refrigerator .
33+10% BH 87.4+0.6* 82.6+1.9* 78.6+3.0%¢
BS 88.0+1.3* 83.3+2.3* 77.8+1.8%#

Values are shown as the mean+S.E.M. (n=6 respectively). *p<{0.05 vs. 0 month by identical series (Dunnett’s test) . *p< 0.05 vs. formulation A or B series
(Tukey’s test) .
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--0--B powder --¢--BH -<--BS
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0 . , ) 0 QS . , - )
0 3 6 12 24 0 3 6 12 24
time (h) time ()

Fig. 2. Release Profile of Rikkunshito Extract Suppository by RDT Method

a) Hesperidin release rate and b) glycyrrhizic acid release rate. Open circle: crushed medicine, A powder only; closed circle: AH; gray circle: AS; open dia-
mond: crushed medicine, B powder only; closed diamond: BH; and gray diamond: BS groups. Values are shown as the mean+S.E.M. (n=3 respectively), *p<
0.05 vs. A or B powder, p<0.05 vs. AH, and *p<{0.05 vs. AS group (Tukey’s test).
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Table 2. Pharmacokinetic Parameters of Hesperidin and
Hesperetin in Rats

Cmax Tmax BA0—24h
Group
(ug/mL) (h) (%)
HD P.O. 110.8+2.6 1.3+1.0 31.7%£3.5
I.R. 237.4+5.1%* 0.8+0.2 44.6+2.3
P.O. 161.1+8.4 0.8+0.2
HT
L.R. 45.2+1.8* 0.8+£0.3

Values are shown as the mean+S.E.M. (n=3 respectively). *p<{0.05
vs. P.O. group (t-test).

7= [24 H;f#1#% : AH and AS: 87.0+17.0 and 84.2+
12.7%, BH and BS: 77.1+3.2 and 91.9%+2.1%, Fig.
2()].

2. T MILBPKNTA-Y  HAEIAL,
LEOHBFN O > T —ITFRIET D BRICRB DR S
N5 &R, HMHENRHEBOREREI D BIFESECH
9 24%1XBH OA &L L7z, HD KU HT @ PK
INT A—#1Z, Table2 iZ;rL7=. LR.BEO HD @
INT A—=%1Z, P.O. BRI T Coax DE L < &
<, Tpax EIZ/NS WHHTZ/RL 2. LR, BED BA
HIZPO. HEFEETHo. —FH, HT D)\ T
A—FEHIZ, #H BHICHTIZEEN TR
7280, Chax MO Ty lEDHE L7z, LR EED Cpax
13 P.O. FEE L U T L <K<, T XA
Tholk.

3. v bOEBERVHAY EBIREICLD NV

RIE~NDOBEZNHEEEM  Control FE o @ il BHE HY
a)
30 ~ =<O--sham —e=—control
=-0--P.O. —e+—1R.
C
_% 20 .
E
=
=]
&
=
é 10 A
2
0

time (day)

kaolin intake (g )

®13, sham BT L TEY R G512 O FEIH H &
L <{&/M> 7= [sham group: 16.7+1.6-20.4+0.6 ¢
vs. control group: 5.9+1.8-9.8+2.4 g, p<0.05, Fig.
3(a)]. P.O. JOF LR. #£ 0¥ il BHEHU R, con-
trol FEICLERT 3 HENSHEEFITHE < 5 HRIZIX
sham £ [sham: 19.6+0.8 g vs. P.O.: 19.8+1.1 and
L.R.: 18.9+0.9 g, p<0.05, Fig. 3(a)] L% TH>
7e. —7, control BED 1A Y HEHUEIL, sham #f
L T1HEICELL &M >/ [sham group:
0.9+0.3 vs. control group: 6.9+1.1 g, p<0.05, Fig.
3()]. P.O. XU'LR. DA A »EBH=EIT, —H
H® control FEICHERTEL <&Mo /= [P.O.: 2.5
+0.5and I.R.: 1.8+0.3 g, p<0.05, Fig. 3(b)]. #¥
BE#ZI1IHEBOY TR AP, O KUY
LU > fi#ild, Fig. 4i1Z;”RL7J=. Control BEOH T X
& AP KROtO NI, sham B & gL T
ARICES, ZLVY VRERZFREFTHo/=. P.O.
KMOVLR. #OIME, RMOCSFHHYT AL > AP
EUtoO b= fElE, control BEICHARTEL <K
< sham #E[FA%ETH >z, P.O. KU LR, DM
7Ly fEI3EL < EH U7z (control: 30.6+
3.0 vs. P.O.: 48.8+4.4 and L.R.: 51.4+7.0 fmol/
mL). P.O. XU'LR. QYT A4 > Z P, Oh
ZUROT L) AEIEE IR EE RS TS T,

% £
AWFEIE, RK &4 BH O kO & Y

10 --O--sham —e—control
-=0=--P.0. —e+—]R.

time (day)

Fig. 3. Effect of Normal Food and Kaolin Intake along with Rikkunshito Extract Suppository on Cisplatin-induced Nausea and

Vomiting and Anorexia in Rats

a) Assessment of appetite after normal food intake and b) assessment of nausea and vomiting after kaolin intake. Open circle: sham; closed circle: control;
open diamond: P.O.; and closed diamond: I.R. groups. Values are shown as the mean+S.E.M. (n=3 respectively) . *p<0.05 vs. sham and *p<0.05 vs. control

group (Tukey’s test) .
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Effect of Rikkunshito Extract Suppository on Substance P, Serotonin, and Ghrelin Levels

a) Serum substance P, b) urine substance P, ¢) CSF substance P, d) serum serotonin, €) CSF serotonin, and f) plasma acylated ghrelin. White bar: sham;
black bar: control; gray bar: P.O.; and diagonal bar: I.R. groups. Values are shown as the mean+S.E.M. (n=3 respectively), *p<{0.05 vs. sham, »p<0.05 vs. con-

trol group (Tukey’s test).

LRI SFEE L, ROBE & O EYFRIFES
% PK /NI A—F 2 NV ITHTD2HEGMEICES T
AFAf L 7z,

bbb, B THEANTHEINSRBHEHSE
U CHlifE P EE A 2 52 4R U A1) FH i PR O J1 D — Y 7 5
HELUTHHEH, BEadT2EROSMEICTEND
BREOREMERT S SEHFZEIRLZ. bihibh
ML /- RK S8 LK OEENL, 3.6-9.5 kg/cm?
ThHolz., HIRHIN TS RFIEEREIL, 2-20kg/
cm? 20 TH B I M5, FHKOHHNOLEILTR
WwWeEEz2 607 [Fig. 1(a)]. MAT, HWZARH
FHEGEIZ I —ITERR]EE T dH - =0Y [Fig. 1(b) ],
BH BITHA A ST SH5E HD FEMNED S
7Z. TIFHoORK ® HD G813, H+HLikE#K
R DARBETHLFAEREICHESNTWDRE
#ipH (16-48mg) WTH o720, AREBRTHHL
HAIBIIEAA XIDENZ LICHRK L (data
not shown) . Zbihﬂ”)hii, P BRI R D A 3R
EEALTWDAICERLT, ZOaEKEEE

FEIEMERRMICKAIL, TNENORS TR EEN
21 HD KU GA2 % #4R L T RK O PRI
RNENEE ORI 2175 7. BFME L 2 8HA A
K OVB @ HD fHiz1E, 3 B & T2 D RK
BIR L A% Oz R L2, 3 R LA O IR
VIR A DEFNC R 5949 50%, HH] B A 75%
¥ E o7 [Fig. 2(a)]. ZOERIZ, H-15 KD
S-55 HA D@L, 33.5-35°CFETH D (ABFIE
HIAR A I®H-15 KO8 S-55 EE3FRAXEL D), %
HIERBRBHIA & & B ICAFNT, BB, @Rl T

NI EEZ N 2T, 8
A O RNEE] B IR TEN > 72 01F, 8

ADHIZEHEAET ST abilahiik T A7) O FmiE
HIERAPICERT % EH5 2, BE A KU B % /KIE
HERAOR)ZFL 7Y A=)V THELZEZ
%, ZTOAFIOKRHRIT, 24 BEEH#IC 55.6£5.6 &
U 68.3+1.1% T, #AI A IXHAIBITHARTELL
KFRLZ (p<0.05). WxIZ, WAIA OFHRN
Kz R U723l abEiEi T X TIVICK 55
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G PEERIC & o THF & DM BEMER ML /2 &
RNz, —F, GAKHZEIT HD OffHiZE) &
PERTRRIRS R 28 2R L2 hy, £ RK
AN IR THRBROEMZ R L 72 2 EN SR O
KO EEZ T T IR OYEFIEEIC K -
THHMENRES EEZ 5N BEID K S 7N
S 2 ERT DRI, EELBMIIC K > THME
WERZELCD I EEEBIN.

bhvbiud, EWFNFESEEZFMT 520D
PK /N5 XA —# B NV HIMED 720 O
225cc FIa 2T F—ITRBEHOEMIR 1 DDA
A& U CTHESR W AE THEEE <> HD S % o B T
Ho7 BH ##R L7z, SLHOEBNEGIE, #&
O 5 &2 E HD O BAHIEZFZ% TH - 7208
Cunax T Tonax 75 HD OIRINIZZ < DR L K
NXN2EMEHFLE (Table2)., —F, HT ®
Coax 1, OGN EZNEEGITHART 3.5 55
Mmolz. ROE5OHE, HDIXGNMEL ENE
T 5#E (e-rhamnosidase X 1% S-glucosidase X i3
endo-f-glucosidase) 12 & > T HT IZ/fiE ST
PO END), ERENERGOSE, HD 30 FzE%
IR I NDZ ERRB L. L LR
5, BOBEOEAEIZ HD AP icitiEns~
&3, HD 75 HT ANO i —iBIcR 54, HD
DEFRNINTWDHREHESE Z 5Nz, [k
2, EBAESOEEICHT tfnhicsmt /-
Z&iE, HD /S HT AR EINTIRINEIN TV S
AlREMEE R L7,

PN AKNT K D NV FEBIL, L ERIRIENES 4 AKX
EORBHICHEET SLEZABI W
(chemoreceptor trigger zone; CTZ) ZEIEHIELL T
Mg I AR ARG S 5 RO THILE ICHEIET 2
1527 0 AN SO0 R 2 piEIC XD
7t CTZ 2T 2R ENDH 5. bbb
NIEMZFREEZBEICHR— T 57291T,
CTZIZGEHETHDYTAY AP ENTDH a1 —F
JOar1ZEREOtO = 2N 50N
3ZBEEROREEITONTHAEL, AKMEERILES
DT LY OEMLICDOWTEE L. #FHLEE
FI)V5 v biE, Malik % Saeki 5 ERBEICH AU >
BROEINZRLZZENS NVIREENHB T2
EEZEZ BN 03D £ CDDPIZXB A 8
BRI T ALY > A P AL L, 03 RK 1380

KOEBNESIZR S TICREOMEERT I EN
HoMERS 2. — A, FIHERZRT 20O
WZEY O IRBITNLETH 503,323 RK 13 CSF
T2 ZAPREORZE2ETEETVE
ZEMS, FRBITICE > THHIER LZ &%
Z5N, TONRIIHBEGRIZITKAELRNT &2
5/ U7z [Figs. 4(c) and (e)]. F/z, HiAK
LD BEHAEDL, o= ik TRAEER
WEZOZ LY Zaibhiiflang 2 & ThIER D
IN5M, RRIEIFERKITHMD ST KN
CSFtOohZ Mz FL, mMH7 LY EZ
W= Z &% [Figs. 4(d)-(f)], RKicto k=25
BRREGTEER RN ENFEY TN TS Z &M
5, tO b2 OZAEREEMEH TR WA=
ZLZDHDIERAT 2N E N EAVREE S
Nz, \BIZ, fiR L 2B GREDEVWNRL
HD XU HT O—H QWA J =X L DiEWE, H
NMEICBEE L 7a)h o 72 0Y, 513 HD > HT O
YA TNEERTFICONWTHLLHART 24
EhbDHEEZON. DI ENS, AT
F8L 7z RK B R LFINEA B 2 A HITK - T
PG D 2 & THAPEMICLEND, ROKEEE%
U WA [R5 2 SR B RS 22 N KB A1 1T
AEFHL, ISR FE A BENEAIOE R % 12
HIsH0TH-o .

SiEE AZEICHED D T I TR TEN
TSR LU BT £ 7

FzEAER BRI R EFEAH RIS 7R W,
ZDWMXLDE T4
> 17 Supplementary materials (& T-{&) 25 A
TWa.
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