BEFEETHIENS 4], MEEHOBRATIN
SEENT L IEEFLERARTHS. —HT,
EBELEHELUOHEZEZRL, FiT, RHOHE
REETIE, WHOENIR#ETH 5.

T ZTAME T, BRI OMERROF /22
RERS OBRBRIA > R ATHd 5 M E
RBRO-DDOIRERS ORRZ B, HEER
DIy UR—FEOY T DNT, HER
FIfFATIC K O BEREZFE L2 LT, W& OHit
% LC-MS KON TLC THH L, &4 DR RAIRL
SOFEEZETo .

B. WZE5k
1. KRR
1-1. 43

PEREY Y= 1995~2012 FEIZ AT L7z
11 BEZFERALE. Sy ox—EY YT
1993 BTN 2011 FFICAF L7z 5 k2 fER L7z,
TNTNDOFHHM % Table 1 IT/RT.

1-2. fl¥
Jujuboside A (Lot. 00010525-723) X ,

ChromaDex L X DHEA L7z. Oleanolic acid (Lot.
TLL2332) &, FOOEAESE TRMRARHLOBAL
7z. Spinosin (Lot. 213104) %, Apin Chemicals £k
KOWA L7, LC-MS, TLC B UMY 43 1 I 8
L7 EBEBEE, MR —RFObDZMEH
L7z,

2. —REE
LC-MS 73471, LC-20A HPLC system (7R > 7,

LC-20AD; T4 v ¥, DGU-20A;; A— hH > 75,

SIL-20ACyr; 515 L4 —7 >, CTO-20A; PDA H
Hi2%, SPD-M20A; Shimadzu, Japan) 12, MS H&Hi
%%, LCMS-2020 (Shimadzu, Japan) Z##i L T A

L7z. GC-MS 73#713, GC-2010 system (Shimadzu,
Japan)iZ, MS K2R, GC-MS-QP 2010 (Shimadzu,
Japan)Z 5% L CMEA L7z, 'H, PC-NMR 14, JEOL
ECA-800 (Jeol, Japan) THIEL, I I T b
X, TMS 5@ 6 (ppm) ETER L7z, &0 FREE
B85 57113, LCMS-IT-TOF (Shimadzu, Japan) % f
WTHTo 7=, Bsid, MM-300 (Qiagen, Germany)
& % Wid, TI-200 (Irie-Shokai, Japan) %, #R¥%EHIT,
SR-2w (Taitec, Japan) %, #0770 BE#IY, KUBOTA
6900 (Kubota, Japan) % Fl\ /2.

3 HEEEHIfRAT

BRAE, 1 KL (89 30-50mg) ZEAZEHRICKD
WAE X H, MM-300 2 i WT, ML 2%,
Maxwell 16 DNA Purification Kit (Promega, USA)
% T, genomic DNA Zif#IL/z. ZOHD%
BRIZAWT, O DNA EEBIREE DS
WEFNZERE L7254 < —xic kD PCR %
TV, HE OB THEE (5.8S rDNA-ITS2-26S
1DNA) Z&E DNA Wiy Z#iEL/z. PCR EY)
ERELEE ML —J T2 ATLD,
HERFN ZE e Ule. EBRIHIFENTIY, Fasmac
(Japan) DZFLMEATIC X DIfTHN/Z.

4. LC-MS IZ X &5 #7
4-1. B OB

PEERE (C-1~C-11) BRI v > —ER
B (B-1~B-4) &, H"—)V3)l, MM-300 % >
20Hz, 1 min ORETHHL 7. TOHKR 1g ZIE
HRICEBOED, A% /—)L30mL ZA, 20 53
fRZMHE L, 8,000 X g T 10 RhELEEL, £
BARESE L7z, FRIEICAY /—)L 15mL 20
Z, FREOBEZTY, EBAERESBRLUE. 2
EEARESDYE, A%/ —)VTIEREIZ 50 mL IZ
WEL, TNERBHARS L.



4-2. LC-MS D4 #rdett
4-2-1. FEPEY >V D R RES DS (&
t A)
PAFISRT4RM4T LC-MS 4T L7z, o7,
BHATR % 4°C TREL 72
715 I\ reversed-phase Inertsil ODS-3 (2.1 mm i.d.
X 150 mm, 5 pum, GL Sciences, Japan)
BB : 0.1% HCOOH /KiZ/ 7= hUJL =
65/35
Jii#: 0.2 mL/min
1T LIRE: 40°C
HEAR: 1 uL
53 HTiERE: 20 min
PDA B Hi88 (190~800 nm; F =4 —ii £ 190 nm)
MS s
- 7 >ti%: ESI positive/negative mode
3T T4 Y —J A E: 1.5 L/min
RS A A 2277 X i &: 10 L/min
DL #&JE: 250 °C
E—h7 0y ZiikEE: 200 °C
- RHIEREEE: 120 kV
A =T A ABE: 45kV/-45kV
A 2B —T 2 A AEH: 0.6 pA
DLE&E: 0V

4222, ¥ OR—FEY U RS D5
¥ (51 B)

PRIORTREBZRRE, G 4-2-1 SRERICTT
o7z,
BB : 0.1% HCOOH KIFR/ 7T h=hUJL =
77123

4-2-3. Spinosin (3) DTG C)
DIFIORTE&GZRE, &6 4-2-1 EEERICTT

<7z,
B EHE : 0.1% HCOOH /KIZK/7T h=hUJL =
85/15
PDA #H25 (190~800 nm; F =% — ik £ 254 nm)

5. HhH Bk
5-1. Frangufoline (2) O HiEf

2y VAR (B-5100¢) %, B—)L3I)),
TI-200 & fiVy, 20 Hz, 1 min DM THIL =,
ZTOMARIZ MeOH (3 L) EMAEER T 24 KERETHH
HU, TNZ2EBOKRLE. Bo5NIF: A%
WE T REEZE U, B Myn31;9.7g) &8/ k.
TUCERE T )L 00 mL)ZEMATHEGEL, i
B8 (Myn31-S;3.7 g) ROREE (Myn31-1S; 4.4 g)
IZHE L7z, AEEO—E (04 g) ZEEB T
(5 mL) IZIAfE I SNAP KP-Sil Samplet (3 g)
(Biotage; Sweden) {Z{F L T SNAP Ultra 11 T L (25
g) T35, Isolera Dalton (Biotage) % )T
n-hexane —EtOAc (4:1—0:1) TIEH L, 4 DOE S
[fr. S(1)-1; 314 mg, fr. S(1)-2; 25.6 mg, fr. S(1)-3; 7.5
mg, fr. S(1)-4; 5.2 mg] &1/, Fr. S(1)-4 (5.2 mg)
IZ n-hexane/EtOAc=2:1 3 mL) ZINZ, Z DHREY)
EUATINHAT L (¢ 1X4 em) IZHHL,
n-hexane —EtOAc (2:1—0:1) TIAEH L, 2 DOME45
[fr. S(1)-4-1; 2.4 mg, fr. $(2)-4-3; 2.5 mg] & & HIT,
frangufoline (2) (fr. S(1)-4-2; 0.4 mg) % 1%7/~.

Frangufoline (2) [5, 6]: White amorphous. HRTOFMS
m/z 5353279 [M+H]" (caled for CiHyN4Oy,
535.3297) '"H-NMR (800 MHz, CDCls): see Table 2.
BC-NMR (200 MHz, CDCl,): see Table 2.

5-2. Oleanolic acid (4) D Big
5-1 TH/7zHif TF )L AlEEE (Myn31-S; 3.7 g)
DO—E8 (1.4 g ZHEETTF)IL (15 mL) ICIEMRX



¥, SNAP KP-Sil Samplet (10 g) IzffL, SNAP
Ultra 717 s (50 g) 12835 L7z, Isolera Dalton %
FAWT n-hexane—EtOAc (2:1—0:1) THHL, 2
DO [fr. S(2)-1; 1.3 g, fr. S(2)-2; 63.4 mg] %
7=, Fr. SQ2)-2 (63.4 mg) ZHEETF )L (3 mL)
IIAfRX 1, KP-SIL (1) I2ff L, SNAP Ultra /7
(10 g) IT%3E L7z, Isolera Dalton % T
n-hexane—EtOAc (1:1—0:1) TEH L, 4 DOES
[fr. S(2)-2-1; 37.2 mg, fr. S(2)-2-2; 2.7 mg, fr.
S(2)-2-3; 6.2 mg, fr. S(2)-2-4; 4.7 mg] ZE1%7=.

—7, RO Ok TFILAIERE (Myn31-S; 1.6
g) ZHETF)L (20 mL) IZIEM S H, KP-SIL (10
g) IZfFL, SNAP Ultra 71 5 (30 g) IZEFE L=,
Isolera Dalton % fi 1 T n-hexane —EtOAc (2:1—0:1)
THEHL, 3 DD, [fr. S(B)-1; 1.4 g, fr. S(3)-A;
12.5 mg, fr. S(3)-B; 34.6 mg] Z157=.

IO TLC NF— 2 ZRLTz fr. S(2)-2-2 (2.7
mg) & fr. S(3)-A (12. 6 mg) Z&HE T fr. C (15.3
mg) & L7z, Zi%E CHCL (4 ml) IR,
SURTINHT A (¢ 2.5 X 5¢em) IZfFL, CHCL
THEHESET, 4 DOESY [fr. C-1; 1.5 mg, fr. C-2;
1.9 mg, C-3; 57 mg, C-4; 20 mg] &£ & HIZ
oleanolic acid (3) (fr. C-5; 2.5 mg) Zf&37=.

Oleanolic acid (4) [7]: White amorphous. 'H-NMR
(800 MHz, CDCl3): 64 5.27 (1H, dd, J=4.0, 3.2 Hz,
H-12), 3.21 (1H, dd, J/=11.2, 4.0 Hz, H-3), 1.12, 1.07,
097, 092, 090, 0.76, 0.74 (3H, s, CH;X7).
C-NMR (200 MHz, CDCl;): & 182.9 (C-28), 143.7
(C-13), 122.7 (C-12), 79.1 (C-3), 55.3 (C-5), 47.7
(C-9), 46.6 (C-17), 45.9 (C-19), 41.7 (C-14), 41.1
(C-18), 39.3 (C-8), 38.8 (C-4), 38.5 (C-1), 37.1 (C-10),
33.9(C-21), 33.2 (C-7), 32.7 (C-22), 32.5 (C-29), 30.8
(C-20), 28.2 (C-2), 27.8 (C-23), 27.3 (C-15), 26.0
(C-27), 23.7 (C-16), 23.5 (C-30), 23.0 (C-11), 184

(C-6), 17.2 (C-26), 15.6 (C-24), 15.4 (C-25).

6. GC-MS 12 &K 2 73047
Razborsek MI et al (2008)D HEZHE L Tiro
8],
6-1. TMS %81k

4-1 TARE L 72BURHENRZ 500 uL 5D, Ei 2
B X L 2 #&
trifluoroacetamide (MSTFA, 100 pL), EJ 2 2(50
pL)Z A, 70°C T 30 ARG S ¥z, vtk
tetrahydrofuran (THF)T 1 mL [ZFHEL, ZhzsH
WrABElE L.

IZ  N-methyl-N-trimethylsilyl

6-2. GC-MS 534t

715 In: DB-5 (30 mX0.25 mmlLD., 0.25 um film
thickness)

Fr UTHA: NUTL

JiE: 0.9 mL/min

FIR 44 105 °C (0.8 min), 12 °C/min to 200 °C (0.1
min), 7 °C/min to 290 °C (6 min), 25 °C/min to 320°C
(10 min).

APzl aRE:29°C

BEAE—R: Z7Uw bR

HEAR: 2L

A2 —T7 x—ARE:290°C

A A ALEE: 70 eV

C. ¥RRUEBR
HEERNI Y OX—FEOY VT O
RFEZRFET 572, Table 1 IRLZERFIEK
D, genomic DNA ZFH#I L, PCR IZXkD, #
rDNA @ ITS fHiiz 3T DNA Wi ZHEiEL &
%, WHERSIRT 2T o7z, TORE, hEE 1
Bk, BEFECESIZRL, WOk SH 42
K 184 bp o/, 7272L, 2 T (Aligned



positions: 88, 94) T, 2 WORENEZ>TND
ERAL % 728D 7. Blast search program 2 & % AR
MBEOHKE, BEBREERLINT - XN—2
(DDBJ/EMBL/GenBank; INSD) H® Z. jujuba D
%l (Acc. nos.: GQ434736, DQ146572, JF421556,
GQ434737 etc.) & LR DS ZFRE, LI
—H L7 v OR—FED 4 BED, AWIZIE
FERCEMNERL, WINOokEb2E 181 bp
2oz, 7272 L, 3 &P (Aligned positions: 69, 75,

109) T,2 FOBENELR > TWLHEL 2D 7.

MEMERBEOREE, Z mauritiana OFLF] (Acc.
nos.: KC155274, JQ627047-50, DQ146589 etc.) &
LRI 2R E, BRI Lz, EROEREN
5, FEFER, YR T YA, v O,
AVRFVRAZEFELTNBEZ ENHREIN
7z.

R T TV AROA > RFY ATEL DR
BRI EENTNDNEMERT 5728, Table
IR U724 35T 8 Bufl (C-5, 7, 10, 11; B-1, 2, 3,
4 DAY )=V ITFAEZTNENHEL, &6
A~C T LC-MS 3#7 L7z (Figs. 1~3). T DHEHE,
CFig. 1 1ZBWT, BRT MY ARERFR 8.5
SHEDE—I7 MR 5, 1 2 FFY AEE
DE—INRRDENIRMMo Tl EME, Y
FT R FYACRERARE—I THDE I NN
ShEieol. iz, RERRE 15 2RO E—
71, A RFVARCBEFRD SN0,
TUTIERF Rz TH o7z, Fig. 2 ITHNT,
A > R AR FRR 11 S HEOE—2 2%
DO, TOE—IHTFT M FYAERD 5
NisholzZ EMS, ZNA 2 R AR
HizbDTHDZEMHSNER> 2. —7, Fig.
3 O LC-MS &0, BHARKEHAERFS
(JP16) PERDIEEEMS TdH S spinosin ), Wi
KEENTWE., TDRD, 3 X0, 3Tk

T AR 1 OB RO F 72 12 kE
R E L TTHEYS EBDNS.

ZTIT, ETHRT MY AR E—2
ZRET 20, @momEERSTERE L.
ZTDHRER, m/z1251.5957 25 2, ZHUIBEAULS
Y1 TdH 5 jujuboside A (1) DFEEMIMEEHEE S
N/, T T, 1 DEEMZ LC-MS TH#r L 72851,
ARk D ¥ — 7 ERFFRE RO A ART
JVIR—EL U 7= (Figs. 4~5)Z &G, 32T MY
AR B2k %, jujuboside A EJRIE L7z,

RIZ, A 2 BRIV AT DM ERBROIZDD
FER S DRRZE BN, BRE—7E2FELL
TZRA S EET Oz A > RV ADHETF (100 g)
EALY =)V TERMEL, Bo5N/zTF XD
BLFINIERE VAT AT LI NS
TT7 4 —TRORLUSEEL, m/iz 535[M+H]” D&
BRFA A E—Tzxrdibeal 2 &Rz &
REEEBOITLD, 2 1% mk 5353279 [M+H]" &
KL EMB, CyHpNO, DO TFREFREDE
MThosZ ENHEESNZ. BEIZ, 12 RIVA
N5 ORTFRY I A 01 ROBESERE
ENTHBOP], ENFEEES T RS TEN
5, AMEEMHELOEEEZ DB O EHERL /2.
NMR IZBWT, 2 1, BERLCKDBEHEOREDH
% frangufoline 2)&EFUARYT "IV ZERURZIA,
C-1, -16 D7 2 J)V 7 MIZNZEN 123.1 ppm,
115.5 ppm & @B S T 7= (Fig. 4, Table 2) [5, 6].
'H-'H COSY &0, 6.35 (H-1)IZ 6.67 (H-2)&, 7.12
(H-16)1% 7.03 (H-15) & HHBEAR® 541, HMBC X
0, 6.35 (H-1)IZ 131.9 (C-13) 2 TX 130.4 (C-15)&4H
BN 5Nz Z &M 5 (Fig. 6),2 D C-1,-16 D
AT NEZNEI 1156 ppm, 123.2 ppm &
fRE L7z FELz2 MREBLCOAL 2 RV AR
M oMERBROBEMRTELTHEL TSN
EOMEHEND DD, 12 BRIV ADIFAIZ



BEND22TLC TR TES Ak L L,
2 OERIFMEL, T2, SRR ENRB S
Nizholz7=8, TLC L TOMIBIZHREZ 57z,

ZITC, VPRI R FYARTA V RFYAZEX
OEEICENT 5720, TLC ETHEIF RITEH
B AR Y NRHDOPERE LTz, TORER, &
BRI % n-hexane:EtOAc:HCOOH = 10:5:1 & L,
JEFMD TLC THMLiz& A, 1 2 RFYATH
WT, REE 043 fHEICHREEN S RERAICED
BHARY NEHR L (Fig. 7). TIT, IOk
NEEETHZD, AARY NEHEC, ki
FEROEIE TR D EZIT> 2. BEEL bW
® NMR ZHFE LR, 'HNMR XBNWT, 6
527 ppm IZA LV 7 4 >0 k2B, §3.21 ppm IZ
EROFIAFTObIA, §1.12, 1.07, 0.97,
0.92, 0.90, 0.76, 0.74 ppm IZ 7 AD AF )L 70 b >
BRH 5N, PCNMRIZBWT, 30 A0 7
IR D 5, 6182.9 ppm i H VIR EEHskD T
WRZIVIREDRDENTZZ ENG, ZOHDE
oleanolic acid EHEE L, T D NMR 233 ikE & —
MU, EROTLC RKNMR —F L=l M5,
[d] 543 % oleanolic acid (4) & [EiE L 72[7] (Fig. 4).

FMELRZ 4 231 2RI ATRENZONE
ND DD, TNTNDAY ) —)VITFA%
GC-MS TH#r L7z (Fig. 8). TOHEE, 1> RFw
ADIFALD, 4 OFGHERFFREAKRITAA
R MVIR—BTHE—V &R L. —F, F

CHMicBnT, Y2 T R FYADIZFANSIT,

4 13, mENniah o7z (LOD, 2.8 ug; Fig. 9). LA
EOZENS, 4 131 R FVAZERNTHS
ZEMBHENERD T,

D. %@
BELCOERRBROBERS RRT > RFY
AT HHERBROEERD EHER L. TD

- 44

WE BRI Y ACERNERS ELT,
jujuboside A (1)%&, 1 > R AR REYRRRS
& LT, frangufoline (2) 5 T\ oleanolic acid (4)% [H
EL7z. 413, BEEORSTIZNHOD, 2
ER2D, TFZAO TLC 54T CHRINFTRE, BDOY
3T by ATH U TRHREHRARY MIENZ
GC-MS KBWIRHRNRE—V2HITLI LN
5, YRT hFVARKRA Z RFVAD 2 BEHD
HEEEZHRTLHEICRD, 4 212 FFY AR
NI LMERBOEERS ETHIIENEEE
EZ5D.
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3. spinosin 4. oleanolic acid

Fig. 4 {L&Y) 1~4 OREER.
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Fig. 5 PEEBRE{AY /=)L ITFZ(A)K jujuboside A () (B)D LC-MS 7 Hi(5:4: A)
WRZZE DT AANRT RIUVC) (left; MeOH extract, right; standard sample)

Leu

Fig. 6 Frangufoline (2)(> COSY #HBH(bold), key HMBC #HPg(arrows)



Fig. 7 37 bV A(a~c), 1 > RFV A(@~HEMEAH 4 D TLC
JEBRYAIE: n-hexane:EtOAc:HCOOH=10:5:1
Lanes a to fare C-5, -7, -11, B-2, -3, -4, respectively:
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R
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h )
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gt:g

Fig. 8 Mass chromatograms at m/z 600 of methanol extracts from Z. jujuba (A) and Z. mauritiana (B) on GC-MS

analysis.
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Fig. 9 Calibration curve for quantitative determination of 4 on GC-MS analysis



Table 1 MER{-KROZ OEEIAIEDAFEH H R OEM]
Bk No. AFEA BEHE

C-1 20124 12 . HERAAL
C-2 2011 4F 12 4 FEAL
C-3 200104 11 B A EFHE
C-4 20094 12 HE#IL
C-5 20094 8 H  PEBkYE
C-6 2008 4E 12 H A ERATE
C-7 2007412 A HERAAE
C-8 2006 £ 11 B P EAAE
C-9 1999 4 9 A EHESEUIB] o
C-10 1997 % 9 H rrEwRTAE
C-11 199544 6 A Hr L
B-1 199343 A Ty V—
B-2 20114E 1 A Ty V-
B-3 2001143 A Ty T—
B-4 20114 1 A Ty T
B-5 201143 H Ty N—




Table 2. NMR data for 2 (CDCl;)

Su O
position 2 (800 MHz) ref, [6] (80 MHz) 2 (200 MHz) ref. [6] (2C
1 6.35 (1H, d, J=8.0 Hz) 6.35 (7.6) 115.6° 123.1
2 6.66 (1H, dd-like, J=9.6, 8.0 Hz)  6.67 (10.2, 7.6) 125.7 125.9
3-NH  6.45 (1H, d, J=9.6 Hz) 6.46 (10.2) — —
4 — — 167.5 167.8
5 4.02 (1H, ddd , J= 7.2, 4.0, 3.2 Hz) 4.03 (7.6, 3.6) 52.7 52.7
6NH 5.67 (1H, d, J=7.2 Hz) 5.67 (7.6) — —
7 — — 171.8 171.5
8 4.49 (1H, dd , J=9.6, 6.4 Hz) 4.50 (10.3, 7.2) 55.3 55.4
9 5.00 (1H, d, J=6.4 Hz) 5.01 (7.2, 1.7) 81.7 81.9
11 — — 156 156.2
12 7.19° (1H, dd, J=8.0, 2.0 Hz) 7.06, 7.12 123 122.8
13 7.06" (1H, d, J=8.0 Hz) 7.06, 7.12 131.9° 131.8
14 — — 132.0° 132
15 7.03° (1H, d, J=8.0 Hz) 7.06, 7.12 130.4 130.3
16 7.12° (1H, dd , J=8.0, 2.0 Hz) 7.06, 7.12 123.2° 115.5
170 1.32-1.14 (overlapped) 1.20 (11.4, 3.6) 39.1 39.4
17p 1.68 (1H, ddd . J=11.2, 4.0, 3.2 Hz) 1.69 (11.4) 39.1 39.4
18 1.08 (1H, m) 1.11 (6.6) 24.5 24.5
19 0.64° (1H, d, J=6.4 Hz) 0.61 (6.5) 23.3 23.1
20 0.59° (1H, d, J=6.4 Hz) 0.65 (6.6) 20.5 20.6
21-NH 7.89 (1H, d, J=9.6 Hz) 7.88 (10.3) — —
22 — — 172.7 172.7
23 3.20-3.18 (overlapped) 3.2(8.2) 70.5 70.6
240 2.84 (1H, d, J=16.0, 8.8 Hz) 2.85 (15.8, 8.2) 30.6 30.9
24p 3.20-3.18 (overlapped) 3.2 (15.8) 30.6 30.9
25 — — 140.5 140.4
26 7.27-7.23 (overlapped) 7.2 129.1 128.8
27 7.27-7.23 (overlapped) 7.2 128.6 129
28 7.17 (1H, dd, J=7.2, 6.6 Hz) 7.2 126.3 126.2
29 7.27-7.23 (overlapped) 7.2 128.6 129
30 7.27-7.23 (overlapped) 7.2 129.1 128.8
32 2.24 (6H, s) 2.25 42.0 41.9
33 2.24 (6H, s) 2.25 42.0 41.9
34 1.92 (1H, ddd, J=7.2,6.4,1.6 Hz) 1.9(6.8,6.7,1.7) 29.4 29.4
35 1.00° (18, d, J=7.2 Hz) 1.02 (6.7) 20.5 20.4
36 1.28°(1H, d, J=7.2 Hz) 1.29 (6.8) 15.1 15.1

“*: interchangeable, : 2D-NMR & & 0 #E L 7=.
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Code # Supplier batch
52241 10710657
52242 10704842 -
52243 10694287
52244 10687583
52245 10715608
52246 10699092

Hik

VIR 7151

i lg 2 20mL O =MAT7 T AINTED L
727K 10mL Z A TEMN L., SRR E Lz,
Vi F7 -2

Afh1gZ20mLD=/AT7 5 A& D, 7K 10mL
A, 30 MR L TEMN L., AR E L
EBEFESIH 15mm FREFOKSHK Smm  [Hix
B 600rpm).

B H %

B DM 40mm 12725 & 5 NEHY 15mm D
BIZEBOOEBMR 1. AR Z A 72,
BEOERZHWV, SOBTONXZRFL, HO O
ik 1 SR PHRIROBE 2 ik L7z,
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RIZIRELEZD, BEEKTABERES
KRBT 1 RCEEFR) O EEAMICE T 2

BWT, BEEKT T BEEKET 1R
Wi anhsi3®nstEz2bE, BRi2sA%
THAINZOTREREIBRIITRETHS &
EP BEBRLTWB . TINVT 7 —bT > 7> L85
FIWT7—bF T WCBELTH, D EP OF
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Pregelatinized Starch

KR sXFr 7y (AF), PyvEwasFr sy (BR) XEALv4vaFr 7Ty (B

B) BKEHICIMBAL A7 7L b DR BRICER L bDTH 5.
IR EXRBRBE~BEEEOBRIIH T, KBLRUEIZ AW,

AGFEREETHLE, $HEOBH~PLPTEHLRTEH AR TH 5.

ARICKEMZBEE, BFEL, MBLOobROBERS,

AR TS — v (95)ICIRIT Iz,

(1) ERIg/KsOmLZ2HE, L{PEBERLE, BEL-OVROKERS.

(2) (NTEZOVROBCIVRFAHIWEZMALLE, WRBREa~FTEEE2ET S,

AR

(1) B 7UAY FFH40gK160mL 2MZ, I HhERETH-2ODROEEL
F WD pH 1E 4.0~70 TH 3, '

(2) BESE AR10ghi~r %>y LoGANPEEK (1—~4) 2mL %%, KEET
EFEEE L7tk BFMEVL CRILT 2. %k, TR Iml 2A0Z, HEL CMELL 725, 550
~600°C CHEL, KILT 2. RIWIES LT, PROBEBTHEL, TOBRELELET.
Wk, B 2mL 2 MA, AR ECEKEEL, BEYEEREIBCHEL, #38 10mL 2MA T
25 EmMRET 5.

KT 2 ) =NI7FvA VERB1IBEEMA, 7y e 7 RBEZRIHFREE D ETHEML
FER 2mL 2MA, HERLGIFEBL, K10mL THRY, ABRUKEZ X 7B Ah
AKEMATSOmL LT3, ZhERRKE L, REExT5. BB~ 7 %> Akl
IR (1—4) 2ml KBS 1ml RUIEEE 2ml 20X, KB ETEHEL, Bichm ETEH
WEL, BEYERERIWECHEL, MTHREOFRE & FERICEREL, SHEXERR 2.0 mL UK
EMATS0mL £33 (20ppm BLF).

(3) v AHK10ghl b, E3FL LI vREELAML, HEEB 2HAV I AR L hEEE
T, HELBEBE< 27 05K /)~ (95) %K (1—-10) H10mL &L, &7
FHEB 10mL 2Nz, KR ETINRELTELPT.

A AFORD D IC e BEER 20mL # &£ b, ARRCEETS (2ppm HUT).

(4) BB KFE20gzrb, HEEF FU Y LTAMYER (1-2) 200mL 2%, RO
BB ABT3 AWI0mL 7> 7B 3mL 20X, 0.01molL 2 7 HEE CREET
PECYETHEITCHETSLE, ZOEWE, 05mLBUTTHS (0.003%LT).

(5) BLHWE XRRS50gicfHTd ) —A20ml 2MA, Bk (31) 1mlL 2MXTH
R, WELBBKRLET A, O, FicELUEma sy A 05mL 2I0A T
HEIRYE, SOMHET 2 LE, HEFER, BEXIEER2ELRL.
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Partly Pregelatinized Starch

ZREFbPYEDaCFr ISy (HE) 2ALFCEETXEMETTHRAL T, CARAR
PELHIC TN T 7L b O EBELEZDDTH B,
MR FTRIEE~FEHBOMET, CBLRTRIEZY,
FRAERT L E, RENESAVOBEE» 62D, LELEECKER > TENLZ-
Tw5,
AREWKEMZADLE, BEL, ABLLEKERS.
BREIY /=98I EA LB TR,
rERER
(1) KJ1gleKks0mL 2%, I »ERLHLE, ABLAEKRLES.
(2) (NTHEZBRCIATVRRARLI~2H2MA 5L E, RIEE~FEBEZETS.
(3) (1)THLBEE2EHRL, BET2LE, BELZOVROEERS.
MEEER
(1) BEXi7nhy wEREES(1) BB pH i3 4.0~70TH 5.
(2) E€E FR10gichiB~r 3oy o2bAfWAR (1-4) 2l 2MA, AKBET
EHEHGE LI, BAMBRLUTRMT 2. B, WEBImL 2MA, ERLCMEL 7, 550
~600°C CHEL, KILT 5. BIWHES L2 1Z, HBRSIBECTEL, TOREEELERT.
Bt EFoml 2MA, KBLCERREEL, BEYRERIFCEL, 85 10mL 2MA T
2OMMBT 2. X7/ -A79v4vRRIBEMR, 7rET7TRREBRIHBAEL
B ETHEML, FEEEE 2mL 2MZ, HEL 558U, K 10mL THY, 2HRVKEEZE
b¥, FRAIT-FWAN, KEMZTS0mL 275, IhezlREe L, REETH. BRI
W~ %o aEKOYEE (1-4) 2mL, FiEg1mL ROERE 2mL 2%, KBETE
R, BB ETREGEL, BEYEEBIBTEL, UTHREOHASE L BEICEREL,
MEXEHE 2.0 mL RUKEMATS0mL £ 3 (20 ppm BLT).
(3) X ARE10g2lLb, FAKICLOVBRBEZAYL, BKEB2HAV 2 HKIC L A%
75 (2ppm BLF).
(4) HHiEE AR20g2Ly, BEBF MY YL HAKOYWERK (1>5) 200mL 0%, KDY
B, 2815, AH100mL 7 vy 7V 3mL 2, 0.0lmol/L 2 U ERCHET
2EEAETHIECHETSLE, ZOBIROSmLUTTH S (0.003%LLT).
(5) BM{MYWE ARsOghHdHzy/—N20mL %Mz, FICEE 31) 1mlEMATH
BRY, DELBEBKRL TS, oW, FcsLama vh VY A 05mL ZMAT
DERYE, S5OMKET 2L E, R3FR, BENEERE2EL 0V,
EREE 13%BT (1g, 105°C, 3EEHE). '
HWEIED 05%BLT (2g).
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Starch, pregelatinised

EUROPEAN PHARMACOPOEIA 8.0

Limit:

- impurity A: maximum 0.1 per cent.

Oxidising substances (2.5.30): maximum 20 ppm, calculated
as H,0,.

Use a mixture of equal volumes of methanol R and water R

as solvent.

Sulfur dioxide (2.5.29): maximum 50 ppm.

Iron (2.4.9)

- For pregelatinised hydroxypropyl starch obtained from
maize, potato, cassava or rice: maximum 20 ppm.

Dissolve the residue obtained in the test for sulfated ash in
20 mL of dilute hydrochloric acid R and filter. The filtrate
complies with the test for iron.

~ For pregelatinised hydroxypropyl starch obtained from
pea: maximum 50 ppm.
Dissolve the residue obtained in the test for sulfated ash in
50 mL of dilute hydrochloric acid R and filter. The filtrate
complies with the test for iron.

Loss on drying (2.2.32) determined on 1.000 g by drying in

an oven at 130 °C for 90 min:

~ maximum 15.0 per cent for pregelatinised hydroxypropyl
starch obtained from maize, cassava, rice or pea;

- maximum 20.0 per cent for pregelatinised hydroxypropyl
starch obtained from potato.

Sulfated ash (2.4.14): maximum 0.6 per cent, determined on

1.0 g.

Microbial contamination

TAMC: acceptance criterion 10° CFU/g (2.6.12).

TYMC: acceptance criterion 10° CFU/g (2.6.12).

Absence of Escherichia coli (2.6.13).

Absence of Salmonella (2.6.13).

ASSAY

Nuclear magnetic resonance spectrometry (2.2.33).

Internal standard solution. Disperse 50.0 mg of
3-trimethylsilyl-1-propanesulfonic acid sodium salt CRS in
about 5 g of deuterium oxide R1, weighed to the nearest

0.1 mg. Store in a sealed bottle.

Test solution. Dry 5.000 g of the substance to be examined

at 130 °C for 90 min. Weigh 12.0 mg of the dried substance
ina 5 mm NMR tube. Add 0.1 mL of deuterium chloride
solution R and 0.75 mL of deuterium oxide R1. Cap the tube,
mix, and place it in a boiling water-bath until a clear solution
is obtained (3 min to maximum 1 h). When a clear solution is
obtained, allow to cool to room temperature. Dry the exterior
of the tube and weigh to the nearest 0.1 mg. Add 0.05 mL

of the internal standard solution and weigh to the nearest

0.1 mg. Determine the mass of the internal standard solution
introduced. Mix thoroughly.

Apparatus: FT-NMR spectrometer operating at minimum
300 MHz.

Acquisition of 'H NMR spectra. The following parameters
may be used:

sweep width: 8 ppm (- 1.0 to + 7 ppm);

~ irradiation frequency offset: none;

- time domain: at least 64 K;

pulse width: 90°;

~ pulse delay: 10 s;

dummy scans: 0;

— number of scans: 8.

Use the CH, signal of the internal standard for shift
referencing. The shift of the singlet is set to 0 ppm.

Record the FID signal.

Call the integration sub-routine after phase corrections and
baseline correction between — 0.5 ppm and + 6 ppm.

1

Measure the peak areas of the doublet from the methyl groups
of the hydroxypropyl function at + 1.2 ppm (A,), and of the
methyl groups at 0 ppm of the internal standard (4,) without
BC-satelljtes.

Results: measure the signal coming from the 3 protons of
the methyl group in the hydroxypropyl function; calculate
the percentage content of hydroxypropyl groups using the
following expression:

Yo P Wixm o 100
Ay 100 218 m

3 = numerical value representing the 3 methyl groups
in the internal standard;

A, = area of the methyl groups in the internal standard;

A, = area of the methyl groups of hydroxypropyl;

b = percentage content of 3-trimethylsilyl-1-
propanesulfonic acid sodium salt CRS;

W, = mass fraction of the internal standard in the
internal standard solution, in milligrams per
gram;

M, = mass of the internal standard solution in the NMR
tube, in grams;

218 = molar mass of the internal standard, in grams
per mole;

59 = molar mass of the hydroxypropyl group, in grams
per mole;

m = mass of the substance to be examined in the NMR
tube, in milligrams.

LABELLING

The label states the botanical source of the starch and the type
of modification.

IMPURITIES
H OM

oH  and enantiomer

HiC

A. (2RS)-propane-1,2-diol (propylene glycol).
01/2010:1267
STARCH, PREGELATINISED

Amylum pregelificatum

DEFINITION

Pregelatinised starch is prepared from Maize starch (0344),
Potato starch (0355) or Rice starch (0349) by mechanical
processing in the presence of water, with or without heat, to
rupture all or part of the starch granules, and subsequent
drying. It contains no added substances but it may be
modified to render it compressible and to improve its flow
characteristics.

CHARACTERS
Appearance: white or yellowish-white powder.
It swells in cold water.

IDENTIFICATION

A. Examined under a microscope using a mixture of equal
volumes of glycerol R and water R it presents irregular,
translucent, white or yellowish-white flakes or pieces with
an uneven surface. Under polarised light (between crosse!
nicol prisms), starch granules with a distinct black cross
intersecting at the hilum may be seen.

. Disperse 0.5 g in 2 mL of water R without heating and add
0.05 mL of iodine solution R1. A reddish-violet or blue
colour is produced.

3306

See the information section on general monographs (cover pages)



EUROPEAN PHARMACOPOEIA 8.0

Starches, hydroxyethyl

TESTS
pH (2.2.3): 45 t0 7.0.
Progressively add 3.0 g to 100.0 mL of carbon dioxide-free

water R, stirring continuously. Determine the pH when a
homogeneous solution is obtained.

Oxidising substances {2.5.30). It complies with the test for
oxidising substances. Use a mixture of equal volumes of
methanol R and water R as solvent.

Sulfur dioxide (2.5.29): maximum 50 ppm.
Iron (2.4.9): maximum 20 ppm.
Dissolve the residue obtained in the test for sulfated ash

in 20 mL of dilute hydrochloric acid R. Filter. The filtrate
complies with the test.

Foreign matter. Examined under a microscope using a
mixture of equal volumes of glycerol R and water R, not more
than traces of matter other than starch granules are present.

Loss on drying (2.2.32): maximum 15.0 per cent, determined
on 1.000 g by drying in an oven at 130 °C for 90 min.

Sulfated ash (2.4.14); maximum 0.6 per cent, determined on
1.0g.

Microbial contamination

TAMC: acceptance criterion 10° CFU/g (2.6.12).
TYMC: acceptance criterion 10? CFU/g (2.6.12).
Absence of Escherichia coli (2.6.13).

Absence of Salmonella (2.6.13).

LABELLING ,
The label states the type of starch used as starting material.

FUNCTIONALITY-RELATED CHARACTERISTICS

This section provides information on characteristics that are
recognised as being relevant control parameters for one or
more functions of the substance when used as an excipient (see
chapter 5.15). This section is a non-mandatory part of the
monograph and it is not necessary to verify the characteristics
to demonstrate compliance. Control of these characteristics can
however contribute to the quality of a medicinal product by
improving the consistency of the manufacturing process and
the performance of the medicinal product during use. Where
control methods are cited, they are recognised as being suitable
for the purpose, but other methods can also be used. Wherever
results for a particular characteristic are reported, the control
method must be indicated.

The following characteristics may be relevant for pregelatinised
starch used as filler, binder or disintegrant in tablets and in
hard capsules.

Cold-water-soluble matter. Transfer 100 mL of water R

at 25 + 1 °C into a beaker and add 1.000-3.000 g of the
substance to be examined while stirring. Continue to stir for
10 min. Transfer 35 mL of the dispersion to a centrifuge tube
and centrifuge at 3000 g for 15 min. Transfer 25 mL of the
supernatant to a crucible that has previously been dried in an
oven at 120 + 2 °C for 4 h and weighed to the nearest 0.1 mg.
Evaporate to dryness on a water-bath, then place the crucible
in an oven at 120 % 2 °C for 4 h. Allow to cool in a desiccator.
Weigh the crucible to the nearest 0.1 mg again.

Determine the percentage of cold-water-soluble matter using
the following expression:

100
(B - A) x 29 x 100
100~-C
§ X S5
= initial crucible mass, in grams;
final crucible mass, in grams;

= loss on drying, in per cent;

w0 w o>
]

= sample mass, in grams.

Particle-size distribution (2.9.31 or 2.9.38).
Powder flow (2.9.36).
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STARCHES, HYDROXYETHYL

Amyla hydfoxyethyla
oR1 7'
° |
OR }R
RO [o}
OR Jn

R =-[CHCHOlyH (7' = 0,1, 2...)
R1 = -[CH,CH,0lH (1" = 0 or 1) or glucose

[CeH ,0,(C,H,0),], with x = molar substitution
[9005-27-0]

DEFINITION

Hydroxyethyl starches are partially substituted -
poly(2-hydroxyethyl)ethers of waxy maize starch or potato
starch, which primarily consist of amylopectine. The type

of hydroxyethyl starch is defined by 2 numbers: the mean
molecular weight (Mw) and the number of hydroxyethyl
groups per anhydroglucose unit expressed as the molar
substitution (MS). Hydroxyethyl starch is also characterised
by the number of hydroxyethyl groups located at the C2
group over the number of hydroxyethyl groups located at C6,
expressed as the C2/C6 ratjo. The parameters Mw, MS and
C2/C6 ratio are determined by the reaction conditions of the
production,

PRODUCTION

Hydroxyethyl starches are produced from waxy maize starch
or potato starch by acidic hydrolysis and reaction with
ethylene oxide and purified by ultrafiltration.

CHARACTERS
Appearance: white or almost white powder.

Solubility: freely soluble in water and in dimethyl sulfoxide,
practically insoluble in anhydrous ethanol.

Hydroxyethy! starches are hygroscopic until they reach a water
content of about 12 per cent to 15 per cent.

IDENTIFICATION

First identification: A, C.

Second identification: B, C.

A. Infrared absorption spectrophotometry (2.2.24).
Comparison: medium Mw hydroxyethyl starch CRS.

Results: the spectrum obtained shows the same absorption
bands as the spectrum obtained with medium Mw
hydroxyethyl starch CRS. Due to the difference in the
substitution of the substance, the intensity of some
absorption bands can vary.

B. To 5 mL of solution S (see Tests), add 0.1 mL of 0.05 M
iodine. A reddish-brown or blue-violet colour appears.

C. Molecular weight (see Tests).

TESTS

Solution 8. Dissolve 5.0 g of the substance to be examined
(dried substance) in carbon dioxide-free water R and dilute to
100.0 mL with the same solvent.

Appearance of solution. Solution S is not more opalescent
than reference suspension I (2.2.1).

General Notices (1) apply to all monographs and other texts
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+ PH (791)

Sample solution: Progressively suspend 3.0 g of Prege-
latinized Hydroxypropyl Potato Starch in 100.0 mL o
carbon dioxide-free water, stirring continuously. Deter-
mine the pH when all the solid is wetted.

Acceptance criteria: 4.5-8.0

o LOSS ON DRYING (731): Dry about 1 g at 130° for 90 min:
it loses NMT 20.0% of its weight.

ADDITIONAL REQUIREMENTS

» PACKAGING AND STORAGE: Preserve in well-closed contain-
ers. Store at room temperature. :

o USP REFERENCE STANDARDS (11)
USP Propylene Glycol RS

Pregelatinized Starch

DEFINITION
Pregelatinized Starch is Starch that has been chemically and/
or mechanically processed to rupture all or part of the
granules in the presence of water and subsequently dried.
ome types of Pregelatinized Starch may be modified to
render them compressible and flowable in character.

IDENTIFICATION
o A water slurry of it is colored orange-red to deep blue by
iodine TS.

IMPURITIES
Inorganic Impurities
o ReSIDUE o IGNITION (281): NMT 0.5%, determined on a
2.0-g test specimen
¢+ IRON (241): NMT 20 ppm
Analysis: Dissolve tﬁe residue obtained in the test for
Residue on Ignition in 8 mL of hydrochloric acid with
the aid of gentle heating, and dilute with water to
100 mL, Dilute 25 mL of this solution with water to
47 mL.
o LIMIT OF SULFUR DIOXIDE
Sample solution: Mix 20 g with 200 mL of a 1-in-5 so-
lution of anhydrous sodium sulfate, and filter.
Analysis: To 100 mL of the clear filtrate add 3 mL of
starch TS, and titrate with 0.07 N iodine VS to the first
permanent blue color.
Acceptance criteria: NMT 2.7 mL is consumed
(80 ppm).

SPECIFIC TESTS
» MICROBIAL EMUMERATION TESTS (61) and TESTS FOR SPECI-
FIED MICROORGANISMS (62): it meets the requirements of
the tests for absence of Salmonella species and Escherichia
coli. The total aerobic microbial count does not exceed
1000 cfu/g; and the total combined molds and yeasts
count does not exceed 100 cfu/g.
o pPH (791): 4.5-7.0
Prepare a slurry by weighing 10.0 £ 0.1 g in 10 mL of
alcohol and by Jiluting with water to 100 mL. Agitate
continuously at a moderate rate for 5 min, then cease
agitation and immediately potentiometrically determine
the pH to the nearest 0.1 unit.
* Loss oN DRrYNG (731): Dry a sample at 120° for 4 h: it
loses NMT 14.0% of its weight.
¢ OXIDIZING SUBSTANCES
Sample: 5g
Analysis: To the Sample add 20 mL of a mixture of
equal volumes of methanol and water, then add 1 mL
of 6 N acetic acid, and stir until a homogeneous sus-
pension is obtained. Add 0.5 mL of a freshly prepared,
saturated solution of potassium iodide, and allow to
stand for 5 min.
Acceptance criteria: No distinct blue, brown, or purple
color is observed.
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ADDITIONAL REQUIREMENTS

o PACKAGING AND STORAGE: Preserve in well-closed contain-
ers. No storage requirements specified.

o LABELING: Label it to indicate the botanical source from
which it was derived.

Pregelatinized Modified Starch

DEFINITION

Pregelatinized Modified Starch is Modified Starch that has
been chemically or mechanical!?/ processed, or both, to
rupture all or part of the granules to produce a product
that swells in cold water. .

IDENTIFICATION
o A

Sample: 0.69g

Analysis: Transfer the Sample to a 25-mL glass vial with
a plastic cap. Add 9.4 g of water, cap, and shake vigor-
ously to evenly disperse the starch. Add 10 g of 2% (w/
w) NaOH solution, cap, and shake vigorously for 1 min
to create a smooth mixture, Evaluate within 1 min.

Acceptance criteria: The final solution is translucent to
opaque with a fluid consistency. A yellow tint of the
final solution is acceptable.

e B. An aqueous dispersion of Pregelatinized Modified
Starch is colored orange-red to deep blue by iodine TS.

IMPURITIES
o RESIDUE ON IGNITION (281)
Sample: 2.0+0.1¢g
Acceptance criteriaz NMT 1.5%
o LIMIT OF SULFUR DIOXIDE
Sample solution: Mix 20.0 + 0.1 g of Pregelatinized
Modified Starch with 100 mL of 95% alcohol, and stir
for several min to completely wet the starch.
Analysis:  Slowly add 100 mL of water to the Sample
solution, and stir until a smooth suspension is obtained.
Allow the starch mixture to set undisturbed until most
of the starch has settled, and filter the aqueous portion
through paper (Whatrman No. 1 or equivalent). To
100 mL of the clear filtrate add 100 mL of water. Add
3 ml of starch TS, and titrate with 0.01 N iodine VS to
the first permanent blue or purple color.
Acceptance criteriaz  NMT 1.7 mbL of 0.010 N iodine is
consumed (NMT 0.005%).

SPECIFIC TESTS

o PH (791)

Sample: 10.0£0.1¢g

Analysis: Wet the Sample with 10 mL of alcohol, then
ditute with water to 300 mL to obtain an aqueous dis-
persion. Stir continuously at a moderate rate for 5 min,
and determine the pH to the nearest 0.1 unit.

Acceptance criteria: 3.0-9.0

o Loss oN DRYING (731)

Analysis: Dry at 120° for 4 h.

Acceptance criteria: NMT 15%

o MICROBIAL ENUMERATION TESTS (61) and TESTS FOR SPECI-
FIED MICROORGANISMS (62): The total aerobic microbial
count does not exceed 1 x 103 cfu/g, and the total com-
bined molds and yeasts count does not exceed 1 x 102
cfu/g. It meets the requirements of the tests for absence
of Salmonella species and Escherichia coli.

o IRON (241)

Sample: The residue obtained in the test for Residue on
Ignition (281)

Analysis: Dissolve the Sample in 8 mL of hydrochloric
acid with the aid of gentle heating. Dilute with water to
100 mL in a volumetric flask. Dilute 25 mL of this solu-
tion with water to 47+ 1 mL.



