AL s @ BRICEBET 2 gNMR OF| BT 2 BHE (D]

MKBG4655V) % Hvstz, F7-, WEEMEME O 7
bHEFAEREE L, ROEMEE TS () ok
(Code. No. 040-26842, Lot. TLL2274), 7+ b > (Code.
No. 018-11933, Lot. No. DCR3477), ¥ A FLZ b k¥
F-d, (Code. No. 048-29062, Lot. TLL1344), &A & / —
)V (Code. No.134-13641, Lot DCM1080), T~ v w KL
L (Cat. No.036-18011, Lot. TLP6263), KU CIL ## o
EAFLvZuy F(CDLL (Code. No. 533-74452, Lot
12B-082) % Fiws 7z,

22 BERUVEE

KL, BAEREA0000l mgD 79 2 7oR
7 (Mettler Toledo UMX2) M L7z, NMR 24— b
¥ v 75 — i & INM-ECA600 (600 MHz) K U JNM-
ECS400 (400 MHz) (HAE 7 #R) 8) #FHL, 737
W7 MMER, NEEEEYE 2 EHES 7V (Oppm) & L,
d % ppm AL TR L7z, NMREBE1Z Wilmad #
528-pp ML 7z, 7ad, WEEEWE R, EBE,
0.1ppm (DSS-d,) 7> & 0.2ppm (1.4-BTMSB-d,) #& K o 1L,
F2 7 P ERRON, WERES LR B0, RS
Ry, ZOMEITHIEL B o7z,

23 HMBEROHEH

FEEE 5 mg, WEMEWEN 1 mg % 2N ZFREE
BEOHD, HEITLH—-OEHFIC AN NMR EIEHEE 1
mLICEE L7z, Z OFHTE 06 mL 2 NMR 50BHE 1o B A
LizboaiBiaRE U, £/, WEEWEN 1 me %
BEICEDED, BB EERICAN NMR HIERLE1
mLIICEREL 72, T OVER 06 mL % NMR 3R & A
L7zd 0% SR L LT,

2.4 gNMR #IESHE

BIA <2 VIR 20 ppm, FUINT 408 BHER
L, A7 P AHULME 5 ppm OMBICERE, UV AR 90
B OVA L7 BUERENCERE L, BDIAAE 45, Fv 9
VorfERE (Resolution) 025 Hz, BEIERS 60 ¥, 4 — + FG
LK BT LEEE, BEREIERE L, MPF8ICL 3
BCFEH v INER, FI—RFe v 2EE L, NEEE
% (AQARI : Accurate guantitative NMR with internal
reference substance) i & b, JFEIE UCEHBIZOWT
3EMIE%To 72, NMR 7 —4 o4z, ARET ()
81 Alice 2 for gNMR %8, WIEEYEDO Y A F v
SUNE—=T7%0ppm &k L, = 27 VETAHHEEIE
F— P R=R T4 VRERTG, 227 METEE—7
ORI EIRE LT, £7-, FRETRESMER, &7
FHEEHREL (%) Ik W BR L7

il

L]

Pharmaceutical and Medical Device Regulatory Science Vol. 45 No.3 (2014) 245 |

3. BREER

3.1 ANEEYBEORHYITFIL

EAEAIICIE, FNFR ORI REKE AR K
FEOTHYBEENTED, NSOTHYY 7 F VAT
158 5880, oNMR DS RY 7Ll LTidhkb
RO ERBWATH S, S, PEEEYE L UCHRL
T3 14-BTMSB-d, £ DSS-d, Iz 2T %, 3800 [EFE
EoRE (W3H0BE) 2EH L, BEOHFEAMY
EENTLBILEWL2ICL, ThdHoEHd, gNMR
DEORRY 7 FMCEDTUZWIT R D EHHIAL 72,

Thbh, 14~-BTMSB-d, ©%417 13 7.3ppm 37T (B
TNy 727ppm, BEA Y/ =)V 1 724ppm, Eron
FoV L 17 26ppm) 12, 14-(Me,Sh ,~C.D, H icHIzk§ 53k
FAEY 7P ADBHBLZ (Fig la, 1b, 1¢), 20
BlEE, BA2 ) —, B bR 7
D OIBLL T TH -7, B oo rivakTld, 022%
Ligh, zunRibafTild, WEHMEEYE O dLhs
EINTWB I ENHME L, £/, Zrudb LT
%, 7.3ppm fHEOFREAREKMS T2 ch{, o
BB O EE TR BEE e v -011ppm, 0.009ppm,
0llppm, 0.17ppm & 4 KOFHL Y 7' F 8B & h (Fig.
1d), Thsov ik, BREEOEZB YT, N
FHMEYE (14- Me,S) ,-CD) ZD b 0 piid 2 izl
SR L LichkET 30 LEES N, £, [FRE
DEFEIF, BAFLryro) FHOEETLEIS -
("ERRE70),

7, EZuw kb bdc 14-BTMSB-d, # %5 L,
T IVERBRE, REEREL, A TH 5 CHCY
CUFVREREEL LT, 5 HEBX DRy (10 B
14 88, 19 B#%) I gNMR 2MET % &, KBk 7
VDEBEICE D7\ —T, 7.3ppm AT DREKEN
> 7+, -011ppm, 0009pm, 0.17ppm D 7' FILER
i, RN L, i 10 AT, Fiig,
-020ppm D 7 FABEEIS N, 0T TP LD PSR
RIS RS U7z, LiedS-C, BZua i iadtT
1, FEERIC 14-BTMSB-d, B4 MET 5 2 L i, WEER
HELEZ N, {ERLD, WEHONMAZ SN TR
EHEOZ oAV LTE, ITVHNKIENELSL I LA
HohtTsh, 2OE 14-BTMSB-d, B4R niz &
T2E, EEROFEER, SENICEIHTEE RS, £k,
5HBME Ollppm DY 7 F VBEIZ 3R EL R
Pofed, OV I FNOEET LAY EICEN LT,
D T FANRELET B L, BRI NI b
Wk, FAHEIREL 72 5.

FAIE LT, oNMR 086, BEEEZEZEST L, S/N

|
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Fig.1 Impurity Signals from “1, 4-BTMSB-d,” in Each Solvent
(a) Acetone-d;, (b) Methanol-d,, (c) Chloroform-d, (d) Enlarged view around 0 ppm in chloroform-d

s NG LT, MEOREN LAS I LItk ?,
UL, FROEER Br7oubVASEAF Ly Ia
U R E o iR AT B, BERE OO
AUy bRETTRL, TAV Y P HBENWS T LEZRL
Tws, LiehtoT, WHEEORRT oNMR OHEMA
BWELT, BZuohlaREXAFLyrral FefET
BRI, BRRARERELCr L, BERHETS L
», BROEHREREEG S0, FHICHEETHD
bDLEZ LN,

78, 14-BTMSB-d, ® 7.3ppm AHED, 14-(MeSi) ;-
COHICHkT 2y 770k, BEWEORE SN
400MHz 7 9 AT, BAY ) —h, F=R P KT
gNMR D3R > 7 F N D—2TCH - 72 7.26ppm LD &
TFNER—AT A VGBI LR S, [y 7
Fovid, HAERHF LT NMR OBEIERRY 7 F L EHR
ELRWI & Lotz (Fig 2).

— 7, DSS-d; D ¥4 iz i, D,O T 059ppm (Me,Si
CHDCD.CD,SO;Na), 1.72ppm (Me,SiCD,CHD CD,SO,Na),
2.88ppm (Me,SiCD,CD,CHDSO,Na) i~ DSS-d, ? 7 & /K

e 7 FVHEREE N, ThbDy 7 F ik, DMSO-
d, Tk, FhFEN, 048ppm, 154ppm, 2.37ppm iCE
HENB I EDEEAL . oDy I FANERSNS
Y, AL DTS QNMR OBEPEN SRR L TXE T
s, LEMoRE L £ CERSERICERT 2729,
MIEXSREEIC bz L, 14-BTMSB-d, ® 7.3ppm fif
SEOTFEHY 7k b, BRIl wbDLEEL
LTz,

3.2 HENRYOTHYS I FIL

IhE TOWET, BENRYERORNMY > 7T hs
BERNEHOL FF N ER—25 1 VHEEL B OESI
i, 20T FNE, gNMRORRE L7230 EAEER

CJERIE LTHEEE R T W B, — T, qNMR OlES4E

ZS/N=100 BA L L WO BENDH 245, S/N=100RRED
ZMTIE, HERRYOSEITT LT 1% T ORHYH
o FFNRIHEIC R bR EAER S Nz, B, B
o NEEMEYE OBE & b, BEEEE 3800 EIRET
S, JAXMBERZ e n b, R 7L EHEE
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Fig.2 QNMR Spectra of Geniposide
(a) Impurity signal from “14-BTMSB-d,” in MeOH-d,, (b) Enlarged veiw of the 6.8-7.7ppm region

WD I EDHERINL L, HED QNMR BIED
B, KO gNMR TOER LB, Fajcksx
(% OEEEET NMR BIE2EMEL, WREL2HEE
Wy 7 Fnoy aldy —BIRHY Y 7P ABEEnd:
W EATERT A MERAHIIA L 7o, EBC, HARER
TEBHEIEDLNTEY, V7 IVETEREICED
Behiznrey) vl S4 av Bl b, )Y
2NT, BER 3800 HREEICES L CHIET S E, Th
FCTEEBNGY 7 F N EEZ TRy 7 Fuhic, R4
FkLEZ NI T ADPHEREN (A< Y VBT
&, 5, 64, A avR=ra do 114 YA avE
= b, ®1247) (Fig. 3, Fig4), £/, ma<y BT,
BEORERA —H—DRLBZuy FEHET L, FhE
nowy bT, N S FDRL B LRI N
(Fig. 3). L7285, EEIC gQNMR TERT T 281,
zhEFnouy P I, BENCAESBEE T NMR AIE
20, Ty 7P VOMBEEAERT A EEETH
BT EDAL D E o Tz, FICREAY OIS 95%
PR THh 3L e, MMEED Y 7 VvoHBREE?E
{, CofEE, FEHCEETCHIDDEEILND.

3.3 WEEEMEOLFEYT N

EEFEOETINR Lz & 50, NERMEEYE Iz, EE
1213, 0.1ppm (DSS-d,) > 5 0.2ppm (1,4-BTMSB-d,) &
EoftEy 7 b &, AR T, IUPAC Ov—iic
HoxY 25°CTHIE U 7= B &y o IR IZ e E o

BOFEL 7 P RBRELE, MTZ20fE2RT,
1,4-BTMSB-d, : 0.219ppm (CD,COCD,), 0.251ppm
(CDCL,), 0.238ppm (DMSO-d,), 0.223ppm (CD,0D),
0.228ppm (CD,CL) .
DSS-ds: 0.102ppm (D,0), 0.069ppm (DMSO-d,),
0.089ppm (CD,0D).

34 E—VDBE—EDEE

HAERT ETid, gNMR i3, SEoHFMBICHAREh,
aNMR CTHEM T E N ERMEDY, REOMEBIBE S
3. ZOREOMIE L HIE L L HPLC EBOH 21T,
HHD v — 7 A L ERFORNRY O ¥ — 7
5, EFhOWNEWEBLHLPIEND, JOHA, R
EOMEZDD DX, NMR THIEIEES NS
aNMR O A DEfE T, BEOMEZHE L HPLC it
T2, HPLC o wu= 75 4k, FoE— 27 2%
EOWMEEL—7DTICER TR E LT, BEIhT
Z DR, BolNEYOEBEPELGNE LIRS,
—fic, HPLC DEBMER & LTRSS h 233D
BB DA, EESABICHESN: UV R IREORER
TLC & 0MERBOEEICL b, REOMED, »7ab
DUVLTREES 1, B, FRfo HPLC Oat R T,
BWamh o bEBFERLT, BB F—-FENh5 20
R FHINIHEOHPLC LovY -7 oBE—izo
WTEREND I Lidhw,

-7, oNMR T, HEOMEORCEECD, ME
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DEMIHTEREICTE B EDSG - OEE, FORE
%, HPLC OEBAES L UCEASNS T L3 BN T
i, EEREMIETSCEAAEL Y, HPLC oz
N AL RO 7 SREONRE— 7 0TI
NBETEBRDIEHD I BT LD LedsT,
QNMR TR 3 2 S0 BMC 1, HPLC TS h
BEBTOE— amﬁ~ﬁﬂ%@%@ré%%w&%xe
. o

N ST Eiﬁﬁﬁfu »&ﬂ%&@ﬁ%&uvbﬁ
574 =< 201 >0, (9358, & LT, EEppEiR,
PR, SR AV A EEER ORI, IO
REYWEEETRVIDEMAVBEEINTEY, TOXE

5, V=2 0BR—ERREITETH D LFEARLT LA

TEDLOERH B

UL, ZO&5EXETHE

FNTVWBETER5E, ©TOEERREED, %

THRESh T 3 HERRETE TR WP LW ) KR
Hb, <201 >TOERBITHEEIN TV AARE, THEL
DEBICBOT, BRI S THRICHEL S5 LE
AbNBREZRFELR Y, Thbb, HPLCIZBWLT,
KBRS ETLHBEO7 L P VU NVRBFERATAETE
¢, HPLCAZ 2 F= P L EFERATRECTHS L0
S—REEIRBREL DD LRI ARETH D LDELD
HEhl, ko7, QNMR CEREREET A&,
EEIZIZ HPLC CHAI NS L WO EEOEREHEES &
DT, E— 9@%~%ﬁ@# BRELUTRETHZED
%nﬁ&ﬁ“)f’w} o L. .
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4. F&o

AW T, gNMR P HAFER G ICIE ST, &5
B DEBRRRICNINCFIAE N 5 £ IR ~NERE
IR E LT, WEEEYE oMY > 7L oL
BESRY ORI > 77 F VL ORRE, WEHEEYE O
v7 O, -7 oMol owTHERL, &
HEER IR T N E QNMR BIE EoEEAP, gNMR
DRBEELTORMESR Lo T &L, gNMR 2 ERIC
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7.
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Studies on Bioequivalence of Kakkonto Decoction and Its Extract Preparation (I)

*Kracie FPharma, Ltd., Kampo Research Laboratories, 3-1 Kanebo-machi, Takaoka, Tovama 933-0856, Japan

HEMIER RS, ERESOBYERLEE 2 HERT S
BEE D72 O DBED—DTH A, EHLFHEFNCHEL
TR, [EEFEFEHOBHEVICOVWT P, [ERFE

iy
jTa =1

s HESEREAERE 68 (1), 9-12 (2014)

BREIX AHF S ICBHOEFEICET % (1)

PEFOESCCUNIER OB ORE OB SR B AH SR
‘7T v T B AATE I SET , © BB R S A AR T

Chikafumi Horii**, Akira Okonogi®, Toshiki Okubo®, Hiroyuki Kamakura®
and Yukihiro Goda”

*National Institute of Health Sciences, 1-18-1 Kamivoga, Setagava-ku, Tokyo 158-8501, Japan

(Received April 15, 2013)

In order to obtain basic information of the bio-equivalence between the Kakkonto decoction and
its extract product, a crossover study was performed involving 6healthy adult males as study
participants randomly divided into 2 groups. The change of concentrations of the two marker
compounds, ephedrine (E) and pseudoephedrine (PE), in human blood plasma was observed after
their oral administration. As the results, no significant differences in the plasma levels between
the decoction and the product were noted at any sampling times. Variance analysis of the
maximum plasma concentration (C,,) and the area under the plasma concentration-time curve
(AUC) on both E and PE revealed no significant differences between the decoction and the
product or between the administration days. The statistical power (1-f ) was determined to be
sufficient (more than 80%) for both C,,.and AUC on PE, but not on E. However, assuming that
the standard deviation was the same as our result for E, when the number of the study
participants is increased to 14 it is revealed that its statistical power become sufficient (more
than 80%) for both C,,.and AUC on E. Since E and PE are known to be important biologically
active components in Kakkonto formula, these results suggest that E and PE may be used as the
marker compounds for the bio-equivalence judgment between preparations, although further
study is needed to clarify this issue.

Keywords: bio-equivalence; Kakkonto; ephedrine; pseudoephedrine; blood plasma level
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vEIVOTHETHL. SR AHEEEDO—DOT
A TOMBBGTHBEL 7= NV (E) RUTVA
Kz 7= FU Y (PE) Z20MdRe LT, BMRGHMLE
BRAERG T AHFNONT, FRFNE L MBS L
Fok EOMBPRENERZI S 2L L, WFOREEIZD
TN R T T o o0 THET 5.

X B B &

EMEIE~7 74 7 3 H V8%, PEIEREIL7
VT ARG LER E F NN, 72, Bd IEERIE
B U PE-d ERIZ AR Y Lz b oF Fvi. & MILE
A=y NAFEE NATHZTNFOA3I5)—)
(HFBD) @Y —€74 v y—HALr7 474y 7HH
FTHEFLRBE S T AT ROBERR = F VLB AL
S5 000 BB RTER T FRENE V2. K3 Mill-Q ([
RIVETE) L VBEH AL 0EHn FoiEhk
ORI & THREFRSE A/

2. BBIOHEE” ,

wWENE, LI v ar 8g, wA T 4g YAV 4g,
43y VYYIYI3g HrU2g avFav
1g RUUKS00ml ZAIA, gk L, #—¥4MEER
BEEA B2 T, PRICHEB LD EREEH & L
KFHFIZEIR 167mg, PEROImg 8T 5.

I A BNLE ) & RS, ARSITLhBL
P2 T IR AR The B L. REFIC
E it 140mg PEWS8Ilmg #&H+ 5.

3. BEFE

WEERIE6 & L, BAEBIC2 7 V—T7E L Ihb
oW, BH, TFARAO s axF - N—FHEBRE T o
fo. HZTN— TR, R AMH 2514, 2 AR B
THEZESG Lo/ Vv— Tk A8H %, =% A8H] %
BH Lz v— T BRI 2 %5 Ui, 5, 1545, 30 40,
60 77, 120 53, 240 FHIZBR ML % 77V, Z s 2 iticft L7z,

R OREEILRERIEERERA Y U 70 >
y — R EEE A4k (UMIN-CTR) 2B WTREL, %
MR T TR CHEL T /2. I EDEE T MR
T2 5520, BERATH 0 21 B DU ILB A L 7o, AR,
B Ao [BRIFRICHE T 2 M8 ity #
HENANNEEMSOGREAGEERE S, RO ZERE
SEGEEMER OMARHEEEZBESTORET T
EhEL 7z,

4. A HEY

v MM Iml i B-dy 1AEIE (03 ug/ml). PE-d, ViEE
I (03 ug/mb) B 1ml & 5mol/l AKEEILF + ) & A
W0 ul Mz, ~NFH o /EEEIFL (9/1) 5ml T2 [H
ML BREZ S, HFBI 100 1l 0z 50C T
155 HMRE L 728, Olmol/ 1/ % 4mlmA,. ke D, &
DrHEte, BREECEKREE S M) YAk Bz, BT
FCRME L7z SRS T /BRI L (9/1) 200 ul F

Wz, #0951 ulx GCMS IZEA L 72

5. EBRUMIEHG

GC-MS 3 B HLERT QP-2010 & Hv 7 :

57 2 1E DB-1701 (032mm 1d.x30m, J&W H4 =
VT4 T4y 2B RV EALRE, 44 BEE
WZFENFN200, 220CE L7 oL —7 0 DRER
STENTRIEMEA 70C & L, 2 5B ERIFHE 40C /min O 5-#5E
T200CETHEL, 9 B LAE. Fr U T7H AL
Ay A%, h 9 AWE% 30ml/min ICEEE L,
ATy FLAEAN (IX=VRE25) Rffod. A4
LixBEFmzEs 4 ke L, A4 bz A v F—1E 70eV
Y17 E PEWUE (d), PE (d) ODE=%1) ¥4
F 2k LT 254, 257 % i%%E L, selected ion monitoring
(SIM) =iz & HiflsEL 7.

BRRUVEER

WE R LR ARERR S50 E LU PE O Mg B
BEEFNFNTFg 1 LU Fig 21 2RL7z B5 LA
EIFABEFOE RV PEDEENET (E i 16%, PE
2 10%) BBz, FnEROMBERRER 52X
BRFERELHTPERICELVLO L LTHIEE 2T/
ETARL. BWEETOZIBMIZBITS E XU PE olll4E
PRECHELEREOONT FHFOBEHRELZIRL
72, Table 112 E M U°PE @ T, Cowe AUC, & U8 MRT
FRLT BWCBIL T, Cuwtd, %#13580ng/ml, —F
ABAL 6l4ng/ml TH o7z AUC I, ##11L 188ng - h/
ml, ¥ AEHNL 195ng - h/ml TH o7 F7- MRT iF,
BRI 2050, F AEFHNE20lh TH o7/ PEICEL
T, Cu &, HH1Z 3620ng/ml, T F A H| I 380ng/
ml TdH -7 AUC I, HHid 120ng - h/ml, =% A8
#FiX 12lng - h/ml TH o 7. EHMTE RUPE @ Cs
EAUCIKEERETDON D o7 72, MRT 3,
WENE 198h =% AH)id 204h TH - 72, MRT 1EH % H#
BT U ERET A EWMIGRE ISR TAZ &b, ER
U PE OWIGREIZHHAM TEIFED LN Vb D EE L
L.

Table 212 E @, Table 312 PE @ C X T AUCIZD
WTDSHGH OREEE FNFIUR L7, FRE8EE R 0%
SEHoOEHEFRII >V TOEEERRO LMY, HERE
WKEBIEHDERRLNL 00, MEEFRREER IR
Thot. FIT, KREBOMKED 1-47" 2ko, +
SIS B R BE L7z, o E B LT,

NTWRWI EAFHII LA —J), PEIEL T, AUC
T90%. Coue TSO%THYH, THLBHAPES LT
LIEPHBILY. EWCELCHEMOIES D X2 S
BEEPLLTOELLRVWEREL THEDEZEE L
Z A, —BOAENT, EILHERELEL 14 DB &2 AUC
WO Coue ODRRHTIHR0% BB R 722 & H 5, HiBRE %
WedEEIBLTO oo s Bons L%
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Fig. 1. Ephedrine ® M2 EHFE (mean = SD. Fig. 2. Pseudoephedrine @ MEEFEFEHERE (mean =
n=6) (@ : =% 2#H O &HH) SD, »n=6) (@ : =% 28 O &)
Table 1. % F 7213 = % A8 HH 51 @ Ephedrine (E) & U Pseudoephedrine (PE) @
Tlnax’ sz\x' ‘A'UC' & O\\\ MRT*
T nax Crnax AUC MRT
(h) (ng/ml) (ng/ml - h) (h)
E i1 2 58070 188 =22 205+008
I REF 1 614+150 19549 201+010
PE il 2 362+69 120=19 1.98+0.09
I ABFH| 1 380=87 121 =24 204 =0.06
T e B R MU AR S PR, C L S NEE ARG AUC : M08E AP FE IR T IAE, MRT : 139 e,
LI = FERE (1=6).
Table 2. E O4#GHTER
EENEN SERA HHE VN i Wiy 14 5% FRAUE
3 1299 1 1299 0.169 7.71
FEEER 5405 1 5405 0.007 771
AUC W 11,349 5 2,270 2,946 6.26
80 14,567 11 1,324
R 3,082 4 7705
LEER SEHH B AR ER SrEt 5% FRFLE
A 35.34 1 35.34 0.407 771
H5HR 56.18 1 56.18 0.647 7.71
Crnx BB 968.8 5 1938 2232 6.26
&EF 1,408 11 1280
K 3472 4 86.81
FREY (VA ML RE0, ThoRBFOEERSZRELT, B8

SE, BATEESN/EENSTHH ERFPEOM  HHH & EERBERE T A RH O SFEO—E 2 R
FhRE2EEL, ENLTORERICOWTOREENMR  RATREARESN. LA ->T s Lahid
HETo7, FOMKRE, Bl onTHEERZERTZ L BT EA ORSE O OERILe O L 21k b
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Table 3. PE Q480
EHER  FHA HEE O RRESE At 5% IRAE
A 2.248 1 2.248 0.025 771
FEFHA 65.14 1 65.14 0.717 7.71
AUC s 4439 5 887.8 9.771 6.26
&F 4870 11 4427
= 3634 4 90.86
BHEE  FHH BEE SRS SEit 5% RAME
HEH| 10.20 1 10.20 0.887 771
i 39.79 1 39.79 3463 7.71
Crnax B 5288 5 1058 9.203 6.26
=t 624.7 11 56.79
R 4597 1149

A REMEARIE S, B o /- H o R & I6H
WL EZ bR,
EHMFEKNOEEE TH A EFIIRRITHY, W
AN IS SRR ET NS, Lo, 4R
& {772 E KU PE 221 TREE O RSEOFME 1T
ZENTELRWILIEHELATHA. BREIZOWVWTIL,
AARERA BV TEREE LCERUPE DA, &%
IXIEINHEF TR VRO IICEEND
TNFVIFUBPEREENT S, TREOESLIFE
WAL ) AMREENE L SN BA, &8, I - A
DEBEROT T EETREWICER L, B LTI LE
WA B EEbDNAS.

W O—EIL, EEFER 2R mhe EER -
EERSEELXag M)~V v ABAeEE]| [E
AL R ORENE T ORI S O GG UM A3 0V E T
Tr& EIBTANCE S 20098 ], RO OMEIIEICZE S b
DTHY T ZIEHT 5. '
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Studies on Bioequivalence of Shoseiryuto Decoction and Its Extract Preparation (I)

Chikafumi Horii **, Akira Okonogi® Toshiki Okubo ? Hiroyuki Kamakura®
and Yukihiro Goda”

‘Kampo Research Laboratories, Kracie Pharma, Ltd., 3-1 Kanebo-machi, Takaoka, Toyama 9330856, Japan
*National Institute of Health Sciences, 1-18-1 Kamivoga, Setagaya-ku, Tokyo 158-8501, Japan

(Received October 15, 2013)

In a previous report (Horil, C,, et al., Shoyakugaku Zasshi, 68 (1), 9-12, 2014), we studied the bio-
equivalence of Kakkonto decoction and its extract preparation and the result suggested that
ephedrine (E) and pseudoephedrine (PE) from Ephedrae Herba might be used as marker
compounds for a hio-equivalence judgment between preparations. In this study, we deal with
Shoseiryuto, the formulation of which also involves Ephedrae Herba.

A crossover study was performed involving 6 healthy adult males as study participants
randomly divided into 2 groups. A change in concentrations of the two marker compounds, E
and PE, in human blood plasma was observed after their oral administration. As the results, no
significant differences in the plasma levels between the decoction and the product were noted at
any sampling times. Variance analysis of the maximum plasma concentration (C,,.) and the area
under the plasma concentration-time curve (AUC) on both E and PE revealed no significant
differences between the decoction and the product or between the administration days. The
statistical power (1- ) is determined to be insufficient (less than 80% ) for both C,,,, and AUC on
E and PE. However, assuming that the standard deviation is the same as our result for E, when
the number of the study participants is 10 it is revealed that its statistical power becomes
sufficient (more than 80% ) for both C,,, and AUC on E.

Since E and PE are known to be important biologically active components in Shoseiryuto
preparations as well as Kakkonto ones, these results also suggest that E and PE may be used as
the marker compounds for their bio-equivalence judgment, although further studies on bio-marker
compounds derived from other crude drugs than Ephedrae Herba are needed to discuss this
issue.

Keywords: bio-equivalence; Shoseiryuto; ephedrine; pseudoephedrine; blood plasma level
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FISHICET ABIRIER SO LT v, RAWTH B
AFER L FUE L T 5@ AR ST LR R G
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TAHRBEZIT) CLEARTEETHLLEELLNS, LT
Do T, L HHEWNIZ, S0k IZESEERFMT 2 08
FLEREDSEFNL. KRBT, EHFRTEAN
BWT, #BLEIEGEEINL, BERFEFHOREE
ZOWTERMBEF 2T v BigE Lz
BLAEINTFTZ, ZFAPERERFHFIELETH S
BRGICOWT, FHIRO S A8 A RS RIZE MRER
EEffv, BHORER o7 F) v (E) RUE7TY
4 RFZ72 FY ¥ (PE) 120w, EHRTRENI VT,
FEEER I A3 EM E LD 5 B ED piRE % 17
W, BRI Y. KRR TCIE, B NSE B A
RFCZFAE LTEBENTED, 2o HREHARE
FlH&0 20124 11 A 16 HEFI Lo [EHFHEFISEO £
B 1I2BWT, EHFRAOKHBEEMNETIEERD
WASES OSBRI Y, MARFLS THH/IEE
BUEXNRE L NFESOLFEEAEE I, vy
Xy, hy¥avw, hyUv, rAe, ¥4y T3
PRUONCFOSHIETHL. SR MHEREEDO—D
THhbH AT DOIRERGTHDE QU PE 205G s L
T, MEEGHH L ERANTES T AHFNI OV T,
FNENEZ Y MRS L SnmitrmEEHER 2 H S »
L, MEORSEIS OV TEBEY G 21T 720 TH

H5Y 5.
E

EEMIEEE—T 74 v 3 7 Vills, PEEEIEIR 7
W AR TR ZNENE W T/ E-d 1EERIE
KU PE-d, BEEEIZ A Y L2 b o Hlvrz, b b
=Y N4 F8E N-~NFFZT7ntaf Iy, -
(HFBD EH—€E74 v v—HALVF 174y i3
FEERLE ST, AT ROEEE TV IZE R
FELS000 fE MR E M E F N E V2. KIZMilli-Q (H
RIVATE) LW RSN 0RHG. ZFolEhy
DOFHFEIL L CHEFR S & A7,

2. HHOHAR"

RN, BRI A Y 3g, Y Y s 3g ArFay
3g, WV 3g A4k 3g WAL 3g TV 3g
NV 6g KRUUKSAOmL Az, mEdhHi L, -4
HMrER, BRESELZIT, PRICHBELZIDEINEE
A S L7z, REPFIZE K 116mg, PEESImg # 48
BT 5.

IR ZHFNIEH &R U4, Besiaci L
7207V INERB LY AMK 60g FEH L. KEP
W ZEZ1llmg PEIF52mg 2 8HT 5.

3. ®‘BEFZE

WBCERIE6 & L, BERBIZ27V—-TE L Thb

122w, HEl, TFRARFO s 0AF N E T o
fo. BN TIIGR, ¥ AMARRSH, 2 8B
THAEES L v — 7o 285 %, =5 A8% %
BE L7 V=TGR &S L &5, 159,305
60 43, 12043, 240 4, 480 W icfRME {7y, 26 %5
L7

WERE DFEEIL KERREERERA Y M7 — 7%
v 7 —RRHBRESE (UMIN-CTR) 2B8WTREL, £
FiRERE CILIE CHEE 1T o7, A HEOBAEF L
Byo i, REEfi0 o2 BUBIEEE Lo R
gei, EAESME O TR 2 MBS 7 25w,
R NN R BRSO R EA MM E RS R OB LB
SEMEEMEONEHHERLZES TOREL T T
ehti L7z,

4. W HE

t MEE ] mL 2 E-dy $EEEE (03ug/mL), PEd; i
FEtE (03ug/mL) B 1mL & Smol/L AKEE{bF ~V
LEWS0uL #MA, ~NFH L/ FEBTF L (9/1) 5mL
T2EIME LA FHELHHY, HFBI 100l 2z
50C T 16 - MIMiE L 72 %, 01lmol/L 5B % 4mL Nz,
e, BlaBEE ARBICEKRRF VYA E
WA, WET Tl L7z, ShuaAF oo/ B =51 (9/1)
200ul 2hz, F0I9H 1yl % GC-MSIZEA L,

5. EBERUDHEL

GC-MS & B #err GCMS-QP 2010 % Fva 7z,

515 L4 DB-1701 (0.32mm id. X 30m, J&W ¥ 1 1.~
T4 T4y oE) A, EALRE, 44 BIRER
FNEN20, 230CE LA DT F—T 0 ORERE
XHEMEL 70T L L, 35 9 EEE 40°C/min OFRE
T20CTETHEL, 9B FHERIFELA. FxUTHAK
EAN) T AT, AT AEE 30mL/min IZRREL,
ATYw UVAFEAN OS—TBIR 25 BiTol A4
LR EFEHEA 4 ML L, A F b F N F =1L 70eV
& L7z E, PERUE(dy), PE(dy) DE=ZFV 744
vk LT 254, 257 % B8 L, selected ion monitoring (SIM)
FIZE DllE L.

o

BRRUEE

BRI O L% ARAIR RO E KU PE O i
BN ThFig 1 R Fig 2 2R L7 &5 L7ziBHl
ELFARHFOE RV PE DEESET (E1245%, PE
H19%) Bhbcw, ThFhofEphRER %2
AP EEFHHPERBIIE LWL DL LTHIEZ NI
BETRLZ Cpp FERIEERIZB T 2 MEDRREOR
BEOFEHEE LTHEH L F/ Thn (T &I
2B B M REOFIEORSE LR LCHRE LT
B L7z, AUC 13514 SR F T MEE iR 0 Fig
b LI lhEL Y mEme LCHERLZ

BFI TOZREMIZ B 5 E KU PE OIS REICH
BLREIROLNT, FHKOBREHEB LR, Table 1
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IZE RO PE ® Ty Cowe AUC, B IUSMRT %75 L 72,
EWCBEL T, Coutd, HHIE416ng/mL. = F ABANE
429ng/mL T& - 7. AUCIE, B # L 256ng/mL - h.
IR ARENE 252ng/mL - h TH-7. T/ MRT I, &

Al 186h, =& ARANL 181h TH-7. PEICEALT,

Coa 'X, BFNL 187 ng/mL, —F ABANL 198ng/mL T
Ho7z. AUCIE, BHFNE 110ng/mL - h, =% A HHT

115ng/mL - h T o 7:. BHBECTE RV PE D C,,, &

50
3 x — 40 —_
[= )
Eﬂ i m g
K I 5 %
5 2
S 3
s e g
3 4 5 5 7 8
Time (h)
Time (h)
Fig. 1. Ephedrine O Mg HEEHER 8D, n=6 ) . , N
& ( z .elnjr;ez 3] OOR ?;%??‘JT (mean 7= Fig. 2. Pseudoephedrine o Ml 4¥ & & ## (mean *
’ T SD, n=06)(@®: =x28H O &H)
Table 1. #&#F F /213 =% A RHI 58 Ephedrine (E) XU Pseudoephedrine (PE) @ T.... Chw AUC, BT
MRT™
T nax Crrax AUC MRT
th) (ng/mL) (ng/mL - h) (h)
E Al 2 416 = 6.1 256 £ 349 1.86 = 0.05
T R EFH 2 429 £ 59 252 = 334 181 = 007
PE Pl 2 187 = 22 110 = 155 184 = 0.06
I % A BFH| 2 198 = 31 115 = 164 178 = 007

¥ Thae: REMATFIRERH, C..: REIETFRE, AUC : Mm% TETE MRT : FHHEERM, EILF

B = BEFE (= 6).

Table 2. E O4##%E

LR ENH Tl EH AT EL an 1di8 5% [R5 E

B 4875 1 4875 00992 771

S 54.24 1 54.24 01104 771
AUC WiBRE 9,640 5 1928 3923 6.26

48t 11,709 11 1,064

5 1,966 4 492

HH 494 1 494 0.2161 771

B 3571 1 3571 1562 771
Cnes WERE 2333 5 46.66 2041 6.26

4 3654 11 3322

W 9144 4 2286
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Table 3. PE D44 ##E

EEHEN FAA R Nl a1 SrEait 5% R 5
#HH| 86.27 1 86.27 0.6351 771
e A 7 111.0 1 111.0 08173 7.71
AUC W 1.895 5 379.1 2791 6.26
& 2,636 11 2396
TR 543.3 4 1358
A 352 1 352 0.541 7.71
g 41 850 1 850 1.31 771
Couax WBRE 35.7 5 714 110 6.26
aEr 737 11 6.70
Wi 26.0 4 6.51
AUCKAEELZEZRIRO O o/, 72, MRT L A#C 116 ng/mL - h, PE 4% T 113 ng/mL - h, T

WAL 184h, ¥ AH3 1.78h TH o 72. MRT 137464
FEDR U EMRET 5 EWIUHEFIRET L2 b, ER
U'PE OWNUGEEICHAE TESED LNV DL EZ
Lz,

Table 242 E @, Table 3 {2 PE & C,,. XU AUC 2D
WTOGHGITOREE FNENR LI, R5EER U
SRMOEHERICOVTH HFEEERD SN, HHE
WEBIELDERRAON oo, MEFhiEEERILES
THhotz, #2T, KHBOBE T 1-27 2%k, |
DMUMD D B e E Lz, #OK2 EIZBL W,
AUC T 88%, Cuoe T62%, PEIW B L Tk AUCT
68%, Coux TA8%BTHYH, EMAUCT% B 2 D
DO, WEITZRLPRT5THDL Z LB L. HEmM
DELDEFHRER A IERL L THEDLSRWERELT
ML ZFELLE A, — o AR 5, Bl 6#EE
P10 DHEIZ AUC R Cope DI HAT80% 22 722
D, WEBREHEERLTETSRBRE DB LD
LEZ N

BT AMEE, ERUPE OImEEEHER 2 feE s L
TIT>TWh, LMHFHTTFT Y ORGENEL L (IEFE
W3g BEWiE4g) 729, ERVPEDHRESE Ilmg 72
DICHE L CHEO Cp KNAUC Of5R &, BIRGTH
LN bDEREEITok. DR, Co. i3/ FEE
B L T, EAEHAIT359ng/mL, & A KT 369ng/
mL, PE 73%%| T 367ng/mL, T % ZAHT 388ng/mL T
HHOIH L, BEWBTIX EHPEHT347ng/mL, T
% ZH)T 368ng/mL, PE #%%#IT 398ng/mL, % AH
T418ng/mL &% -7z, F7z, AUCIZEIL Tk, BIR%
DEFEIZEHLETL BHETOEE N THEERTo 7
ETAH, AFEHTIE, EPEH T2 ng/mL-h, TF

R VUIMES 20 25 230 Sn - S (VR

FAHIT123ng/m - h L THADIIx L, BRBTIE, E
MEFRT11.3ng/mL -+ h, TF AHIT 117 ng/mL - h, PE
PRI 132 ng/mL-h, =% ZAH T 133 ng/mL-h &% -
72, %, PE TOMEN, Cuu LUAUC L&, /INEED
SVERBOFFREEMPIRONLPEETER
EDF—=FIIBVTY, IR AR SR E L
R ZEEREDT, NHEIH TOME L BREG TOREIC
KERENEIRVWLDLEZ LN

Pk, BACTHZESN/ZIBERSTHL E LG PE oM
WA REE A T NEER OSSO W T ORBIRE
o7 ZOME ERUPEICOWTE, HWEEHE
BT I PR EE LB, FARTT R ZBANIHL
KIF DOEEED— & FERRIR A BEEI R S v,
FRRROBREDOHKRLEDELE, ERVPEE, <
R ELEFLFOREEOHOBEILEW IR AT
BEMEAH B EE 2 BT

BN FEEOEEE TH L EFEIKRYTH Y, W7
LihsoT, &
B% 4T -7 E RO PE 7200 CHH B o REEOFM 21T
ZETELRVWIEEHL2TH L. AFEEIIOVTIE,
HASEBA ICB W TEREE LTE RUPE DWHZ, v %
IXINEINLENF T ) YR S TILETRS
FOFNV)FUBPHEEN TV, INLDNS bR
Bar& ) ) BARESE Z 6N DD, Atk WL - ACHE
DEBRRMAESLREMICERE L, BET LTV RE
BHoLEZLNS.

AWFFED—#IL, EESEREMREMB S [ERn -
EFRBSHESEL X2 T M) -1 22 AREREE] [
TFRA DR R U SO O AR O dn B
Pre EIRSTANIBE T 2HI9E] RUZ OMERTIZRICL 2 LD
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Discrimination between Prepared Glycyrrhiza and Glycyrrhiza by TLC
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Prepared Glycyrrhiza is an important crude drug used in Kampo products and formulae
such as Shakanzoto. However, no identification test evaluating a characteristic maker
constituent for quality control of this crude drug has been established. In this paper, we
compared the constituents of Prepared Glycyrrhiza and those of Glycyrrhiza by TLC and
found three spots which exist in Prepared Glycyrrhiza but not in Glycyrrhiza. These spots
were formed when Glycyrrhiza was heated above 130°C for more than 30 min. Among
these three spots, two originated from sugars and were also found in heat-treated Astragalus
Root. However, the other spot was characteristic for Prepared Glycyrrhiza and suitable as
an indicator spot for an identification test of Prepared Glycyrrhiza. We developed a method
to detect this spot by TLC which can be used as an identification test of this crude drug in

the Japanese Pharmacopoeia.

Keywords: Prepared Glycyrrhiza, Identification test, TLC, Leguminosae
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Spot A
R; 0.6)

Fig.1 TLC Comparison of Glycyrrhiza (a) and Prepared Glycyrrhiza (b) (Condition I)

Solvent system; ethyl acetate/methanol/water (20:3:2), Detection; Spraying 4-methoxybenzaldehyde Test
Solution then heated at 105°C.

Red arrow indicates the spot specific for Prepared Glycyrrhiza (Spot A, R 0.6).

<«— SpotB
(Ri0.3)

Fig.2 TLC Comparison of Glycyrrhiza (a) and Prepared Glycyrrhiza (b) (Condition II)
Solvent system,; ethyl acetate/methanol/water (7:2:1), Detection; Spraying 1,3-naphthalenediol Test
Solution then heated at 105°C.

Red arrow indicates the spot specific for Prepared Glycyrrhiza (Spot B, R;0.3).
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