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Separation of a Herbal Drug: Glycyrrhizic Acid

e Structure of Glycyrrhizic Acid (Mw: 823)
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Analytical separation of glycyrrhizic acid on polystyrenic and
polymethacrylic adsorbents
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Figure. Separation of glycyrrhizic acid on polystyrenic and polymethacrylic adsorbents.
Conditions:
(A) Adsorbent, CHP5C (10um); Column size, 150mm x 4.6mm |.D.;
Eluent, MeOH/20mM Citrate (pH4.0)=65/35; Flow rate, 0.5ml/min.
(B) Adsorbent, CMG20/C10 (10um); Column size, 150mm x 4.6mm |.D.;
Eluent, MeOH/20mM Citrate (pH4.0)=55/45; Flow rate, 0.5ml/min.

Sample: GRS AR (SHER B2 Eo DI M RRTEAR Reserved

Note: CHP5C is abolished and substitute is CHP20/C10.



Analytical Separation of Taxol on a Polystyrenic Adsorbent
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Figure. Separation of taxol on a polystyrenic adsorbent.
Conditions:

© MESBRINLCHERROAF Cbkgeratioh MINMRi SRS ReQ@BRe?-6mm I.D.;
Eluent, AcCN/H20=60/40; Flow rate, 0.5ml/min.



Analytical separation of curcumins on polystyrenic and
polymethacrylic adsorbents

(A) CHP5C (Polystyrenic) (B) CMG20/C10 (Polymethacrylic)
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Figure. Separation of curcumins on polystyrenic and polymethacrylic adsorbents.

Conditions:
(A) Adsorbent, CHP5C (10um); Column size, 150mm x 4.6mm |.D.;
(B) Adsorbent, CMG20/C10 (10um); Column size, 150mm x 4.6mm I.D.;
Eluent, AcCN/0.04M phosphoric acid=50/50; Flow rate, 0.46ml/min.

_ Sample: Curcumin (Sigma C-1386, 1mg/ml). Ilrgzjection: 12.5pl.
© Mitsubishi Chemical Corporation All Rights Reserved.

Note: CHP5C is abolished and substitute is CHP20/C10.



Analytical Separation of Vitamins on a Polymethacrylic Adsorbent
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Figure. Separation of water-soluble vitamins on a polymethacrylic adsorbent.

Conditions:
Adsorbent, CMG20/C04 ( 4um); Column size, 150mm x 4.6mm 1.D.;

© MEkishiscCNEHIBM ICerpbesei i AD)RIPALS; Reewragr].0.5ml/min.

Flow rate, 0.5ml/min; Temperature, 55°C.



Example of Scale-up Separation

e Separation of tea catechins

m Optimization of elution conditions using CHP5C
(Abolished, substitute is CHP20/C10)

m Semi-preparative separation using CHP50/P20, CHP50/P30
m Preparative separation and fraction analysis

- Purity and recovery of (-)-epigallocatechin gallate

Resin Column size Resin Loadability Loading Purity Recovery
volume amount
CHP5C 150 x 2.50m| 0.05g/L 125ug
(10pm) 4.6mml.D.
CHP50/P20 465 x 374ml 0.50g/L 187mg 99% 82%
(18um) 32mml.D.
CHP50/P30 435 x 2770ml 1.01g/L 2800mg 99% 61%
(30um) 90mmi.D.
© Mi ishi. Chemical G tion All Righ
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UV 280nm (AU)

Separation of tea extract on a column packed with
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Figure. Separation of tea extract on a column packed with analytical polystyrenic adsorbent.

Conditions: Adsorbent, CHP5C (10um); Column size, 150mm x 4.6mm I.D.;

Eluent, MeQH/0.01M ic acid=35/6 rate 46m|/m
© MBI BRI Pb S TRRRTO AL R E 6 Reserve
Note: CHP5C is abolished and substitute is CHP20/C10.
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Figure. Separation of tea extract on a column packed with analytical polymethacrylic adsorbent of 10um.
Conditions: Adsorbent, CMG20/C10 (10um); Column size, 150mm x 4.6mm |.D.;
Eluent, MeOH/0.01M Acetic acid=60/40; Flow rate, 0.46ml/min.

© S@gg@%{%%@%ﬁg%@gﬁl@E?Zgﬂcéfgmﬁ Igg(gr?-@é?e%hin and (-)-epicatechin;

4=(-)-epigallocatechin gallate; 5=(-)-gallocatechin gallate and (-)-epicatechin gallate.
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Chromatographic separation of tea extract on
polystyrenic adsorbents with various particle sizes

(A) CHP5C (10um) (B) CHP50/P20 (18um) (C) CHP50/P30 (30um)
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Figure 14. Chromatographic separation of tea extract on polystyrenic adsorbents with various particle sizes.

(A) Adsorbent, CHP5C (10um); Column size, 150mm x 4.6mm |.D.; Eluent, MeOH/0.01M Acetic acid=40/60; Flow rate, 0.46ml/min.
Sample: Polyphenon 60 (10mg/ml). Injection: 10pul.

(B) Adsorbent, CHP50/P20 (18um); Column size, 250mm x 10mm I.D.; Eluent, MeOH/0.01M Acetic acid=40/60; Flow rate, 2.18ml/min.
Sample: Polyphenon 60 (10mg/ml). Injection: 47ul.

(C) Adsorbent, CHP50/P30 (30um); Column size, 250mm x 10mm I.D.; Eluent, MeOH/0.01M Acetic acid=40/60; Flow rate, 2.18ml/min.
Sample: Polyphenon 60 (10mg/ml). Injection: 47pl.

Note: CHPSC is abolished agl gehstiisdtCidi781H#0al Corporation All Rights Reserved.



Preparative separation of tea extract on polystyrenic
adsorbent CHP50/P20
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Figure. Preparative separation of tea extract on a column packed with polystyrenic adsorbent of 18um.
Conditions: Adsorbent, CHP50/P20 (18um); Column size, 465mm x 32mm |.D. (374ml);
Eluent, 0-185min: MeOH/0.01M Acetic acid=35/65;
185-350min: MeOH/0.01M Acetic acid=50/50; Flow rate, 7.48ml/min (SV = 1.2).
Sample: Polyphenan 60 (10mg/ml). Injection: 18.7ml (0.05BV).
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4=(-)-epigallocatechin gallate; 5=(-)-gallocatechin gallate; 6=(-)-epicatechin gallate; 7=caffeine.



HPLC area of each fraction (UV 280nm)

Elution profile of each catechin derivative on polystyrenic
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Figure. Elution profile of each catechin derivative determined by the fraction analysis.

Conditions: Adsorbent, CHP50/P20 (18um); Column size, 465mm x 32mm I.D. (374ml); Eluent, 0-185min: MeOH/0.01M Acetic acid=35/65;185-
350min: MeOH/0.01M Acetic acid=50/50; Flow rate, 7.48ml/min (SV = 1.2). Sample: Polyphenon 60 (10mg/ml).

Injection: 18.7ml (0.05BV).

Identification: 1:(-)-epigalI@aﬂﬁgﬁ@ﬁ:a@ﬂmggle@%&%ﬁ%—ﬁ-eﬂqah@ﬁfgiq:\x@g@?v%&)-galIocatechin gallate; 6=caffeine; 7=(-)-

epicatechin gallate.
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Output voltage of UV detector

monitored at 280nm (mV)

Preparative separation of tea extract on polystyrenic
adsorbent CHP50/P30
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Figure. Scale-up preparative separation of tea extract on a column packed with polystyrenic adsorbent of 30um.
Conditions: Adsorbent, CHP50/P30 (30um); Column size, 435mm x 90mm |.D.;

Eluent, 0-190min: MeOH/0.01M Acetic acid=35/65;

190-350min: MeOH/0.01M Acetic acid=50/50; Flow rate, 55ml/min.

Sample: Polyphenon 60 (20mg/ml). Injection: 140ml.

Peak @ ditfscdiishi TCiierepigdl 0 cateotanior A diglotin Regerepitatechin;

4=(-)-epigallocatechin gallate; 5=(-)-gallocatechin gallate; 6=(-)-epicatechin gallate; 7=caffeine.



Elution profile of each catechin derivative on polystyrenic
adsorbent CHP50/P30
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Figure. Elution profile of each catechin derivative determined by the fraction analysis.
Conditions: Adsorbent, CHP50/P30 (30um); Column size, 435mm x 90mm |.D. (2770ml); Eluent, 0-190min; MeOH/0.01M Acetic acid=35/65; 190-
350min: MeOH/0.01M Acetic acid=50/50; Flow rate, 55ml/min (SV = 1.2). Sample: Polyphenon 60 (20mg/ml).

Injection: 140ml (0.05BV). . 8 E . . .
Identification: 1:(-)-epigallocatec%n';vy;aljl-t%h?g]éh%;@%l-%%llca é’c’ﬂ?r?;’ C?é?&&é‘i'lm%%‘&% I:\)g%\ﬁa%ygqu)-gallocatechin gallate; 6=caffeine; 7=(-)-

epicatechin gallate.
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Chromatograms of soybean crude extract and
Isoflavones on analytical polystyrenic adsorbent

Figure. Chromatograms of soybean crude extract and isoflavones on analytical polystyrenic adsorbent.
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Adsorbent, CHP5C (10um); Column size, 150mm x 4.6mm |.D.; Eluent, MeOH/0.1M ammonium acetate=80/20; Flow rate, 1.00ml/min.

(A) Sample: Soybean crude extract. Injection: 10.0pl.
(B) Sample: Daidzein (100ug/ml). Injection: 1.0ul.
(C) Sample: Genistein (100ug/ml). Injection: 1.0pl.

Note: CHP5C is abolished and substitute is CHP20/C10.

© Mitsubishi Chemical Corporation All Rights Reserved.
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Separation of soybean crude extract on polystyrenic
adsorbents with various particle sizes

(A) CHP5C (10um) (B) CHP50/P20 (18um) (C) CHP50/P30 (30um)
0.27 0.27
0.24 | 0.24 |
021 021
S o018 ¢ 0.18
2’0-15 r 0.15
gowr 0.12
o)
; 0.09 0.09 |
i > 006 r 0.06 |
5 WA S~
-0.03 0.0:..........
0 5 10 15 20 25 30 0 10 20 30 40 50 o 0 20 20 0 %
time (min) time (min)

Figure. Chromatographic separation of soybean crude extract on polystyrenic adsorbents with various particle sizes.

(A) Adsorbent, CHP5C (10um); Column size, 150mm x 4.6mm |.D.; Eluent, MeOH/0.1M ammonium acetate=80/20; Flow rate, 0.46ml/min.

Sample: Soybean crude extract. Injection: 12.5pl.
(B) Adsorbent, CHP50/P20 (18um); Column size, 250mm x 10mm |.D.; Eluent, MeOH/0.1M ammonium acetate=80/20; Flow rate, 2.18ml/min.

Sample: Soybean crude extract. Injection: 100ul.
(C) Adsorbent, CHP50/P30 (30um); Column size, 250mm x 10mm I.D.; Eluent, MeOH/0.1M ammonium acetate=80/20; Flow rate, 2.18ml/min.

Sample: Soybean crude extract. Injection: 100ul.
Note: CHP5C is abolished and substitute is CHP20/C10.

© Mitsubishi Chemical Corporation All Rights Reserved.



Preparative separation of soybean crude extract on
polystyrenic adsorbent CHP50/P20
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Figure. Preparative chromatographic separation of soybean crude extract on polystyrenic adsorbent
with fine grade particle size of 18um.

Conditions:
Adsorbent, CHP50/P20 (18um); Column size, 465mm x 32mm |.D.;

Eluent, MR Mits ubishhrbraomcal depsraoatoo -l RightsBeseatimed.

Sample: Soybean crude extract. Injection: 37.4ml (0.1BV).



Applications from Patents — Separation of
Herbal Drugs

Examples of HP20

m [(-Glucuronidase inhibitor from “KEIGAI” used for antitumor agent
- Jpn. Kokai Tokkyo Koho JP 05043469
(Tsumura and Co.; Yakult Honsha Co., Ltd., Japan)
m Saikosaponin from “MISHIMASAIKO” (Bupleurum falcatum L.)
for anti-inflammatory
- Jpn. Kokai Tokkyo Koho JP 09067388 (Shiseido Co Ltd, Japan)

m Pilocarpine from Pilocarpus jaborandi (Citrus) used for perspiration promoter
- Jpn. Kokai Tokkyo Koho JP 09188628 (Tsumura and Co., Japan)

m  Mutation inhibitors comprising condensed tannins from Diospyros Kaki
Thunb (persimmon)
- Jpn. Kokai Tokkyo Koho JP 09315985 (Kanebo, Ltd., Japan)

m  Anti-HIV agent from A. hypogaea (peanut)
- Jpn. Kokai Tokkyo Koho JP 11246431

(Agency of Industrial Sciences and Technology; Tokiwa Shokubutsu Kagaku
Kenkyusho Ltd., Japan)

© Mitsubishi Chemical Corporation All Rights Reserved.



Applications from Patents — Separation of
Herbal Drugs

e Example of HP20

m Adsorption properties of lycopene from broth of Blakeslea trispora by

Macroporous resin
- Zhongguo Shengwu Gongcheng Zazhi (2010), 30(4), 71-76

e Example of HP21

m Food for tooth decay prevention from Oolong Tea
- Jpn. Kokai Tokkyo Koho JP 04178320 (Suntory, Ltd., Japan)

m Separation of phenylalanine and cinnamic acid
Jpn. Kokai Tokkyo Koho (1986), JP 61194056 A

e Example of HP2MGL

m Method for production of saponins from Cynanchum by using methacrylic or
aromatic adosrbents-

Jpn. Kokai Tokkyo Koho (2005), JP 2005289957 A

© Mitsubishi Chemical Corporation All Rights Reserved.



Applications from Patents — Separation of

e Example of SP207

Herbal Drugs

Xanthone glycosides for improvement of brain functions from “ENSHI”
- Jpn. Kokai Tokkyo Koho JP 07179487 (Tsumura &; Co, Japan)

Extraction and purification of artemisinin from plant material
Faming Zhuanli Shenqging (2013), CN 103059039 A

Method for extraction and purification of tripterine
Faming Zhuanli Shenging (2013), CN 103059094 A

Recovery and concentration of antioxidants from winery wastes
Molecules (2012), 17, 3008-3024

Method for extracting polyphenols from cinnamomum cassia and application
of cinnamomum cassia polyphenol extract in treating non-insulin-dependent
diabetes mellitus

Faming Zhuanli Shenqing (2011), CN 102274244 A

Deodorization of Soybean Proteins by Enzymatic and Physicochemical
Treatments (hexanal removal)

Journal of Agricultural and Food Chemistry (2002), 50(6), 1652-1658

Blood sucrose-reducing chinese medicinal composition containing cinnamon

polyphenol and its preparation method
© Mit ubl hi Chemical Co oration All

Rights Reserved.
Faming Zhuanli S enqlng (2012), CN 10237

9289 A



Applications from Patents — Separation of
Herbal Drugs

e Example of SP825

m  Optimization of sulforaphane separation from broccoli seeds by
macroporous resins —

Separation Science and Technology (2008), 43(3), 609-623
m Method for preparing tobacco essence containing Aloe extract
Faming Zhuanli Shenqging (2013), CN 103045370 A

m Separation of injectable salidroside by column chromatography of
macroporous resins for treating myocardial ischemia

Science China: Chemistry (2012), 55(7), 1435-1444

e Example of HP20SS

m  Comparative Study of Chromatographic Medium-Associated Mass and
Potential Antitumor Activity Loss with Bioactive Extracts Journal of Natural
Products (2013), 76(4), 642-647

© Mitsubishi Chemical Corporation All Rights Reserved.



Applications from Patents — Separation of
Herbal Drugs

- Jpn. Kokai Tokkyo Koho JP 05043469
(Tsumura and Co.; Yakult Honsha Co., Ltd., Japan)

e [-Glucuronidase inhibitor from “KEIGAI”" used for antitumor agent

KEIGAI MeOH HP20 MeOH Elution
Bud Extraction 50% - 10L +
(9.9kg) (36L) Adsorption 100% - 10L
CHP20/P50 ODS Luteolin -3'-
Adsorption + Chromatography ——> glucuronide
50%EtOH Elution 45%MeOH 93mg

© Mitsubishi Chemical Corporation All Rights Reserved.




Applications from Patents — Separation of
Saikosaponins
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Applications from Patents — Separation of
Herbal Drugs

e Saikosaponin from “MISHIMASAIKO” (Bupleurum falcatum L.)

for anti-inflammatory
- Jpn. Kokai Tokkyo Koho JP 09067388 (Shiseido Co Ltd, Japan)

Mishimasaiko 0.5%KOH + HP20 Impurity
%MeO . .
Root 75/Me_ i Adsorption Elution —>
Extraction

(409) (1.2L) (100ml,SV=6) 25%MeOH

Saikosaponin Evaporation Saikosaponin
— Elution

MeOH or EtOH 950mg

© Mitsubishi Chemical Corporation All Rights Reserved.



Applications from Patents — Separation of
Herbal Drugs

e Pilocarpine from Pilocarpus jaborandi (Citrus) used for

perspiration promoter
- Jpn. Kokai Tokkyo Koho JP 09188628 (Tsumura and Co., Japan)

Pilocarpus Water Extraction Evaporation HP20
jaborandi (70-100° C x Resolubilize Adsorption |—
(1.5kg) 6hr, 10L) to 1.2L (1.2kg)
MeOH Alumina MeOH Pilocarpine
— Elution Adsorption Elution
(8L) (2kg) (3.2L) 4.75¢

CHa— CH, CHs

© Mitsubishi Chemical Corporation All Rights Reservied. O N



Applications from Patents — Separation of
Persimmon Tannins

© Mitsubishi Chemical Corporation All RightsReserved.



Applications from Patents — Separation of
Herbal Drugs

e Mutation inhibitors comprising condensed tannins from

Diospyros Kaki Thunb (persimmon)
- Jpn. Kokai Tokkyo Koho JP 09315985 (Kanebo, Ltd., Japan)

Diospyros EtOH HP20 Washing
Kaki Thunb Addition Adsorption
Juice to 1000L (1000L) (2000L)
EtOH Evaporation Freeze-drying Condensed
— Elution Tannins
(2000L) 30kg

© Mitsubishi Chemical Corporation All Rights Reserved.




Applications from Patents — Separation of
Herbal Drugs

e Anti-HIV agent from A. hypogaea (peanut)
- Jpn. Kokai Tokkyo Koho JP 11246431
(Agency of Industrial Sciences and Technology; Tokiwa Shokubutsu

Kagaku Kenkyusho Ltd., Japan)

Thin Skin Water Extraction HP20 70% Acetone
of Peanuts (90 - 95° C x Adsorption Elution
(279KkQg) 2hr, 2000L) (400L) (1200L)
Concentrated EtOH Addition Concentration Target
— to 20L + + Compounds
to 20L Filtration Spray-drying 190g

© Mitsubishi Chemical Corporation All Rights Reserved.




Applications from Patents — Separation of
Herbal Drugs

e Food for tooth decay prevention from Oolong Tea

- Jpn. Kokai Tokkyo Koho JP 04178320 (Suntory, Ltd., Japan)

Oolong Tea Water Extraction Cerite Freeze-drying
Leaves (90° Cx Addition + + Resolubilization
(1009) 15min, Filtration to 600ml
TO00mL)
HP21 Water 2L, Evaporation Target
—— Adsorption Effluent + Compounds
(300ml) Collected Freeze-drying 6.49

© Mitsubishi Chemical Corporation All Rights Reserved.




New Application: Normal Phase Separation with synthetic adsorbents

M Separation of carotenoide of Bacillus firmus GB1
M 15t purification by styrene body adsorbent of 100um

®_Final purification donewith 10,0 packed column

X The separation was difficult with silica gel in normal phase mode or ODS
In reversed phase mode.

With our styrene body synthetic adsorbent, these difficulties were solved
due to its strong interaction by pi-pi interaction.
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4,4’-diapolycopene dioic acid (1) [1.0 mg]
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4,4’-diapolycopene dioic acid dimethylester (2) [2.6 mg]
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HO _
A Y Y Y S Y 0 Y Y 6 )
o)

4,4’-diapolycopene.dioic.acid-monemethylester (3) [0.9 mg]




Data obtained by Professor Shindo and Assistant professor Oosawa of Nippon women university

Isolation scheme for 4i4’-diagolxcogene dioic acid (1)

extracted by MeOH with sonication
partitioned with n-hexane — MeOH (1:1)

partitioned with t-buthyl methy ether — MeOH - H,O (5:1:5)

HP20SS column n-hexane — EtOH (1:3)

preparative HPLC

(Dcolumn: Develosil C30-UG-5 (10 x 250 mm)
solvent: t-bme — MeOH (1:9) — t-bme — MeOH - H,0 (70:26:4)
linear gradient, flow rate: 3 mL/min
@column: MCI GEL CHP20/C10 (4.6 x 250 mm)
solvent: CH,CI, 100% — CH,CIl,— MeOH (5:1)
linear gradient, flow rate: 1 mL/min

4,4'-diapolycopene dioic acid (1) [Rt 17.2 min, 1.0 mg]

© Mitsubishi Chemical Corporation All Rights Reserved.
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