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Introduction

» Legislation
Among the various prerequisites for a perfect quality proof of these herbal drugs, authentication and safety

proof take first precedence. Identification was in former times primarily synonymous with the macroscopic
and microscopic botanical authenticity. Since that time, however, chemical composition and particularly
the complex entities of the low molecular constituents have become of greater interest for oral medicinal
application and thus in evaluating the pharmacological effects and therapeutic efficacy of the plant drug
extracts obtained by decoction or other extraction processes.

* Independent of the specific national drug regulations for countries around the world, there is also an inter-
national consensus that all TCM drugs must meet certain, stipulated high-quality standards. Additionally,
it must be guaranteed that all TCM drugs prescribed by physicians are safe for patients. The safety proof
aims mainly to exclude any kind of possible falsifications of the herbal drugs and the limitation of concen-
trations of heavy metals, aflatoxins and defined microbial adulterations.

* Applied Methods of the Qualified Proof

The main method used is TLC (thin layer chromatography), which allows us to present the visualized main
characteristic constituents in the form of coloured TLC photographs. The second method, used globally, is
HPLC (high pressure liquid chromatography) in the form of a so-called fingerprint analysis. This tech-
nique allows us to detect the complex entities of all low molecular constituents of a plant drug extract, with
the advantage that the single constituents can be made visible in the form of peak profiles. Additionally,
the single constituents can be quantified by using online recordable UV spectra with the diode array tech-
nique. It is also possible to gain preliminary information as to which chemical structure type the single
compounds may belong. From this year forward, LC-MS (liquid chromatography-mass spectroscopy) is
also available for the analysis of plant extracts whose chemical compositions have previously been only
minimally investigated.

* Publication of the Analytical Monographs of Investigated Herbal Chinese Drugs
The following volumes were published by Springer, Vienna and New York, with financial support from the
TCM Clinic Bad Kétzting; Wagner, H., Bauer, R., Melchart, D., Xiao, P-G., Staudinger, A. (Eds.)

— Vols. I'and I (2011) containing 80 analytical monographs

— Vol. Il (2015) containing 23 analytical monographs

— Vol. IV (2016) containing 22 analytical monographs

— Vol. V (in preparation; publication scheduled for February/March 2017)

* Note: All single analytical monographs that are already edited can be downloaded at http://www.springer.
com/de/book/9783709107621
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Introduction

Prospects for the Improvement of the Quality Proof of Chinese Herbal Drugs

1. Authenticity of TCM drugs not definitely assessable

Some herbal drugs are not yet produced under controlled cultivation but originate from wild collections. Even
if they are derived from cultivations, it must be taken into account that they can originate from quite varied
climate zones and that they may be harvested under a variety of conditions. Therefore, their chemical authen-
ticity and homogeneity within a defined plant species often cannot be guaranteed. We have thus investigated
as many herbal drug samples as we were able to acquire from different districts, climate zones and markets in
China, as well as reference drugs from some German herbal drug firms that also import herbal drugs from
China.

2. For 5-10% of imported plant drugs from China, we do not receive specific information about the plant part
(Flos, Fructus, Semen, Folium, Cortex or Radix and Rhizoma) from which they were collected. Such drugs are
specified as “herba” analogues. For these drug samples, it cannot be expected that the TLC and HPLC chemi-
cal fingerprints are very homogenous. Not all parts of a herbal drug contain the same chemical constituents.
The documentation in the corresponding herbal analytical monographs confirms this judgement (see e.g.
Herba Leonuri, Vol. II; Herba Lysimachiae, Vol. I1I; or Herba Violae, Vol. IV). Therefore, it will be necessary
that this discrepancy has to be corrected in the future. Otherwise, it cannot be expected that the results of clini-
cal application can be reproduced.

3. Uncertain botanical nomenclature

The non-uniform nomenclature for the same plant in various regions of China can cause impermissible substi-
tutions or falsifications. This occurred some years ago when the root of Stephania tetrandra (Hanfangji) was
mistaken for the root of Aristolochia fangji (Guanfangji). The latter of both contains the carcinogenic
aristolochic acid which can produce severe nephrotoxic side effects. A similar Chinese drug is the tetraploid
Acorus tatarinowii which differs in a very high content of carcinogenic f-asarone from that of the diploid
Acorus calamus, known officially in most western countries. Meanwhile special chromatographic methods
were developed and described in the analytical monographs to avoid such falsifications.

4. Great variability of plant species

Several herbal drug monographs of the Chinese Pharmacopoeia list more than two species or subspecies and
sometimes up to eight species labelled as synonyms, subspecies or subvarieties. It is assumed that all species
contain the same constituents in the same amount. In our 20 years running TLC- and HPLC-fingerprint inves-
tigations, we have shown that in many cases considerable differences were detectable between the single spe-
cies and the main official drugs. Correspondingly, it may be suggested that a great number of the “subspecies”
do not possess the same pharmacological and therapeutic efficacy. This fact must be recognized and taken into
consideration!
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Guidelines for the Experimental Work

Source of the Herbal Drugs

As discussed in the preceding paragraph, the herbal drugs must originate from clearly identified botanical spe-
cies. Additionally, it must be taken into consideration that differences in cultivations, climatic conditions, time of
harvest, drying and storing conditions can cause slight chromatographic deviations which cannot be avoided and
are normal. Therefore, it is worthwhile to investigate as many herbal drug samples of one species as can be
obtained from different geographic and ecological areas.

Extraction Conditions

The chosen extraction procedures should be fast but efficient according to present scientific knowledge and inclu-
sive of the total entity of the low molecular constituents of a herbal drug. This can be achieved in most cases using
alcohol (MeOH or EtOH). Additional fingerprints can be obtained by extraction using petroleum ether/hexane or
chloroform (for lipophilic compounds) or water/water-acetone mixtures (for tannins, high polymeric procyani-
dins and amino acids) as solvents. Polysaccharides and proteins can be characterized via their sugar or amino acid
fingerprints after enrichment and acidic or enzymatic hydrolysis.

Chromatographic Conditions

Plates/Columns
* For the chromatography TLC- or HPTLC-standardized Silica Gel F254 (Merck) plates, in some specific
cases also aluminium oxide- or cellulose-coated plates (Merck) are used. HPTLC plates are precoated with
Silica Gel of an average particle size and a narrow size distribution of 5 um (as opposed to TLC material
of 15 pum average particle size and a broader size distribution).

* For all HPLC-analysis reversed phase C-18 or C-8 columns (LiChroCART® 125-4/250-4 LiChrospher®
100 RP-18 (5 pm), Merck or LiChroCART® 125-4/250-4 LiChrospher® 60 RP select B (5 pm), Merck)
can be used with a Merck HITACHI L-4500 A Diode Array Detector.

Detection/Solvent System

In the appendix of Volumes 1 and 2 (p. 451/1009), the most used reagents and basic solvent systems in TLC and
HPLC are listed for the detection of main structure types of drug constituents in herbal drugs.

Reference Compounds

The availability of reference compounds which are characteristic of any herbal drug and at the same time repre-
sent the main pharmacologically active constituents of any plant facilitates the identity (quality) proof of a herbal
drug and is a requirement for quantitation determination. If they cannot be isolated in the researcher’s own labora-
tory, some of them can also be purchased from special firms. In Germany the firm PhytoLab in Vestenbergsgreuth
(www.phytolab.com) offers many reference compounds which are listed as “marker compounds” in the Chinese
Pharmacopoeia.
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Guidelines for the Experimental Work

Reproducibility of the Fingerprint Analysis

If the same technical conditions described are used, it can be expected that even with the use of instruments from
other firms, nearly identical TLC and HPLC fingerprints must be obtained. If, however, for any reason, the grade
of separation and/or the Rf'and Rt values deviate from those stipulated in the monographs, the sequence and the
overall TLC zone and HPLC peak profiles must in any case be identical.

Photography

The TLC chromatograms were developed by a Canon PowerShot G2 digital camera in a CAMAG Reprostar 3
cabinet using winCATS software (www.camag.com).
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Cortex Albiziae — Hehuanpi

Pharmacopoeia: '!  Pharmacopoeia of the People’s Republic of China, English Edition Vol. I, 2010

Official drug: [ Silktree Albizia Bark is the dried stem of A/bizia julibrissin Durazz. (Fam. Fabaceae).
The drug is collected in summer and autumn, and dried in the sun.

Origin: China, Japan, India, Iran and Ethiopia
Description of Quilled and semi-quilled, 40—80 cm long, 0.1-0.3 cm thick. Outer surface greyish-
the drug: [ brown, somewhat longitudinally wrinkled, some shallowly fissured, with dense and

distinct transversal elliptical lenticels, brown or brownish-red, occasionally showing
prominent transversal ribs or some large rounded branch scars, and often covered with
patches of lichens; inner surface pale yellowish-white, smooth, with fine and dense
longitudinal striation. Texture hard und fragile, easily broken, fracture fibrously
laminated, pale yellowish-white.

Pretreatment of the Foreign matters are eliminated, washed clean, soaked well, cut into slivers or pieces,
raw drug: [ and dried in the sun.

Medicinal use: ! It is used as tonic, stimulant and sedative for treatment of melancholy and insomnia,
also for treatment of traumatic diseases.

Effects and indications of Cortex Albiziae according to Traditional Chinese Medicine !¢

Taste: Sweet

Temperature: Neutral

Channels entered:  Orbis hepaticus, o. cardialis, o. pulmonalis, o. lienalis

Effects (functions): To remove depression and tranquilize the mind. Activate blood and disperse
swelling, anti-inflammatory, treating of swelling and pain of the lungs, skin ulcers,

and wounds
Symptoms and Disquietude of heart spirit, depression and insomnia, lung abscess, sore and
indications: swelling, pain caused by injuries from falls

H. Wagner et al. (eds.), Chromatographic Fingerprint Analysis of Herbal Medicines, Vol. 4,
DOI 10.1007/978-3-319-32328-2_1, © Springer International Publishing Switzerland 2016



Cortex Albiziae — Hehuanpi

Main constituents: 3 ¢-14
- Lignan glucosides

(—)-Syringaresinol-4-O-p-D-apiofuranosyl-(1 — 2)-p-D-glucopyranoside, syringaresinol tri- and tetraglycoside

- Lignans and derivatives

derivatives of 3,4,5- methoxyphenol (lyoniresinol, vomifoliol and icariside ES)

- Saponins

Julibroside I-1II, A|—-A,, By, Cy, J,-J5, J; and Jo, Ji6, J17, J21 Joo—J31, J32, J34, J35, saponins with prosapogenins
machaerinic acid methyl ester, acacic acid lactone, acacigenin B, machaerinic acid lactone,
16-deoxyacacigenin B, julibro triterpenoidal lactone A (16p-isomer of acacic acid lactone) julibrogenin A

- Flavone glucosides

7, 3',4’'-trihydroxyflavone, quercetin-3-O-p-D-galactopyranoside, quercetin-

- Other compounds: syringic acid, p-sitosterol, a-spinasterol-3-O-3 -D-glucopyranoside

COOH

MeO OMe

OH

OH

{+]

OH
HO

HO

R

Julibroside | -O-glc Julibroside C1
Julibroside Il -OH

Julibroside lll -NHAc R

Glaberide | Lyoniresinol

Syringic acid

(-)-Syringaresinol-4-0-B-D-apiofuranosyl-(1-2)-B-D-glucopyranoside

Fig. 1 Formulae of the main constituents of Cortex Albiziae [!-3 79101

3-0-a-L- rhamnopyranoside




Cortex Albiziae — Hehuanpi

Reported pharmacological effects; (3-5-7-10-13. 15]
- antioxidant effect

- anti- inflammatory

- sedative effect

- anxiolytic effect

- anti-tumoral effect by induction of apoptosis type (human acute leukemia junket T-cells)

TLC Fingerprint Analysis:

Drug samples Origin

1 Cortex Albiziae/ Albizia julibrissin Province Henan (China)

2 Cortex Albiziae/ Albizia julibrissin Province Shanxi (China)

3 Cortex Albiziae/ Albizia julibrissin Province Sichuan (China)

4 Cortex Albiziae/ Albizia julibrissin Sample of commercial drug, obtained from HerbaSinica
(origin: Hunan China)

5 Cortex Albiziae/ Albizia julibrissin Sample of commercial drug, obtained from China Medica
(origin: Beichuan, Sichuan)

6 Cortex Albiziae/ Albizia julibrissin Sample of commercial drug, obtained from TCM-Clinic Bad

Koétzting (Charge: K07.01.2003)

1. TLC-fingerprint analysis of Saponins and Lignans:

Reference compounds Rf of Fig. 2a Rf of Fig. 2b
Tl Syringaresinol diglucoside 0.61 0.71

T2 Oleanolic acid 0.98 —

T3 Saccharose 0.16 -

T4 Syringic acid - 0.97




Cortex Albiziae — Hehuanpi

1. Extraction: 2 g powdered drug is extracted with 20 ml of 80 % methanol under reflux for 1 h.
The extract is cooled, filtrated and evaporated to dryness. The residue is dissolved
in 2 ml methanol and filtered over Chromafil® filtration unit, type 0-20 pm/25 mm.

2. Reference Each 0.5 mg is dissolved in 0.5 ml ethanol
compounds:

3. Separation parameters:

Plate: HPTLC Silica gel 60 F,s,, Merck

Applied amounts: Cortex Albiziae extracts: 10 pl each
Reference compounds: 10 pl each

Solvent system: Chloroform + methanol + glacial acetic acid + water
(7.5+4+1.5+1.25)

Detection: a) Anisaldehyde — sulphuric acid reagent

0.5 ml anisaldehyde is mixed with 10 ml glacial acetic acid, followed by 85 ml
methanol and 5 ml sulphuric acid in that order.

The plate is sprayed with 10 ml and then heated at 110 °C for 7—10 min.
Evaluation is carried out under visible light.

b) Trichloroacetic acid- potassium hexacyanoferrate-iron-1l1-chloride reagent (TPF)

1) 25 % trichloroacetic acid in chloroform.

2) 1% aqueous potassium hexacyanoferrate mixed with an equal volume of 5%
aqueous iron-III- chloride.

The plate is sprayed with solution (1) and heated at 110 ° C for 10 min. It is then
sprayed with solution (2) and evaluated in VIS.

Front

LRf0.5

- Start

o o
1 2 3 T1 T2 T3 4 5 6

Fig. 2a Thin layer chromatogram of the 80 % methanol extracts of Cortex Albiziae, sprayed with anisaldehyde-
sulphuric acid reagent (VIS)
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Fig. 2b Thin layer chromatogram of the 80 % methanol extracts of Cortex Albiziae, sprayed with
Trichloroacetic acid- potassium hexacyanoferrate-iron-III-chloride reagent (VIS)

4) Description of TLC-fingerprint

Fig. 2a: The TLC is characterised by one dark brown zone at Rf=0.98 (Oleanolic acid) and 7-8 weak brown
zones from~Rf'=0.70 down to Rf=0.25. In the first Rf-range from 0.70 till~Rf=0.55 violet brown coloured
lignan (glycosides) appear with the reference compound syringaresinol diglucoside at Rf=0.61. In the second
Rf-range from Rf=0.55 till~Rf=0.15 some of the yellow- brown zones above saccharose could be not
assigned to the julibrosides with 3-4 sugar moites. The genuine julibrosides I, II or III (see formula Fig. 1)
could not be identified. According to the literature they were never isolated in genuine form and only
registered as “prosapogenins” after partial hydrolysis by NMR and MS- spectroscopy!

Fig. 2b: The Cortex Albiziae extracts were developed in the same solvent system but sprayed with the TPF-
reagent. The lignan (glucosides) appear in the upper Rf- range in pigeon blue coloured zone. The saponins
cannot be detected with the TPF- reagent.
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HPLC-Fingerprint Analysis:

1. Sample preparation: The same extracts used for TLC-fingerprint analysis
2. Injection volume:  Cortex Albiziae extracts: 7 pl each
3. HPLC parameter:
Apparatus: MERCK HITACHI D-6000 A Interface
MERCK HITACHI L-4500 A Diode Array Detector
MERCK HITACHI AS-2000 Auto sampler
MERCK HITACHI L-6200 A Intelligent Pump
Separation column: LiChroCART® 250-4 LiChrospher® 100 RP-18 (5 pm), Merck
Precolumn: LiChroCART® 4-4 LiChrospher® 100 RP-18 (5 um), Merck
Solvent System: A: 0.1% H;PO, (Millipore Ultra Clear UV plus® filterd)
B: Acetonitrile (VWR)

Gradient: 5-18% B in 15 min., (flow: 0.8 ml/min)
18-40% B in 35 min., (flow: 0.8 ml/ min)
40-95% B in 10 min., (flow: 1 ml/min)
95-100% B in 5 min., (flow: 1 ml/min)

Total run time: 65 min

Detection: 215 nm

Retention times of the main peaks

Peak Rt (min) Compound

1 6.0 Syringic acid

2 11.0-18.0 Triterpene glucosides

3 21.2 (—)-Syringaresinol-4-O-f-apiofuranosyl- (1 — 2)-p-D-glucopyranosid
4 26.8 Lignan diglucoside

5,6 37.4,47.21 Triterpene oligoside

7 62.6 a-Spinasterol

8 67.5 Oleanolic acid

4) Description of the HPLC-Figures 3a, 3b and 3¢

The extract samples 2,3 and 6 show a very similar peak profile with main peaks in the Rt -range A between
Rt=20 and 28 with Peak No. 3 (Rt=21.2) which could be assigned to (—)-Syringaresinol-4- O-
B-apiofuranosyl-(1 — 2)-p-D- glucopyranoside. The prominent peak 4 in the same range (Rt =26.8) might be
related to a second lignan glycoside. The peaks in the Rt- range of 11.0-20.0 can be assigned to triterpene
oligo-glycosides and the peaks between Rt = 35.0 and 70.0 to sterols inclusive oleanolic acid
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Absorbance (AU)

0 5 10 15 20 25 30 35 40 45 50 55 60 65 70
Retention time (min)

Fig. 3a HPLC-fingerprint analysis of the 80 % methanol extract of Cortex Albiziae, sample 2
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Fig. 3b HPLC-fingerprint analysis of the 80 % methanol extract of Cortex Albiziae, sample 3
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Fig. 3¢ HPLC-fingerprint analysis of the 80 % methanol extract of Cortex Albiziae, sample 6
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Fig. 4 On line UV-spectra of the main characteristic peaks of Cortex Albiziae
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Conclusion

With TLC and HPLC the authentication of Cortex Albiziae can be easily achieved based on the lignan glycosides.
The triterpene oligosids are only present in very low concentration, therefore not suitable as marker compounds.
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Pharmacopoeia: [!! Pharmacopoeia of the People’s Republic of China, English Edition
Vol. I, 2010
Official drug: !-% Ash bark is the dried branch bark or stem bark of Fraxinus rhynchophylla

Hance, Fraxinus chinensis Roxb., Fraxinus szaboana Lingelsh. or
Fraxinus stylosa Lingelsh. (Fam. Oleaceac)

The drug is collected in spring and autumn and dried in the sun.

Origin: % Mainly in Chinese provinces such as Gansu, Hebei, Heilongjiang, Henan,
Jilin, Liaoning, Shaanxi, Shandong, Shanxi and Sichuan. Available or
cultivated also in Japan, Korea, Russia and Vietnam

Description of the drug: ! Branch bark:

Quilled or channelled, 1060 cm long, 1.5-3 mm thick. Outer surface
greyish-white, greyish-brown to blackish-brown, or alternated in patches,
even or slightly rough, with greyish-white and rounded dotted lenticels,
and fine oblique wrinkles, some with branch scars; inner surface
yellowish-white or brown, smooth. Texture hard and fragile, fracture
fibrous, yellowish-white. Odor, slight; taste, bitter

Stem bark:

Slat pieces, 3—6 mm thick. Outer surface greyish-brown, with rimose
furrows and reddish-brown rounded or transversal lenticels. Texture hard,
fracture relatively fibrous.

Medicinal use: ") Mainly used to treat chronic bronchitis, further inflammatory diseases and

bacterial dysentery

Effects and indications of Cortex Fraxini according to Traditional Chinese Medicine '3 7111

Taste: Bitter, astringent

Temperature: Cold

Channels entered: Orbis hepaticus et felleus, Orbis intestini crassi, Orbis stomachi

Effects (functions): To clear heat and dry dampness, astringe to check dysentery, check vaginal
discharge, and improve vision

Symptoms and Dampness-heat diarrhea and dysentery, red or white vaginal discharge, red

indications: painful swelling eyes, nebula

H. Wagner et al. (eds.), Chromatographic Fingerprint Analysis of Herbal Medicines, Vol. 4,
DOI 10.1007/978-3-319-32328-2_2, © Springer International Publishing Switzerland 2016
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Main and minor constituents: 237,916l

Coumarins:

Phenylpropane
derivatives:

Terpene:

Esculin, esculetin, escuside, fraxin, fraxetin, fraxidin, fraxinol, scopoletin,
isoscopoletin, scopolin, cichoriin

Syringin (= Eleutherosid B), lariciresinol, cycloolivil, coniferyl alcohol,
dehydroconiferyl alcohol, coniferyl aldehyde

Stylosin

Secoiridoid glycosides: Chinensisol, oleuropein, neooleuropein, ligustroside, salidroside, frachinoside

Lignans:

Other compounds:

Pinoresinol, acetoxypinoresinol, pinoresinol-4-O-f-p-glucopyranoside,
8-hydroxypinoresinol, medioresinol, syringaresinol, balanophonin, ficusal

Flavonoids (rhoiflorin, cosmosiin), saponins, sterols, phenolic acids

HOCH, O
0]
OH HO O O
| SO
=
OH HO
Esculin Esculetin
=0
H,C =
MeO N
HO (0] 0
OH
Fraxetin
HO\@\/\
O-glu
Oleuropein Salidroside

Fig. 1 Formulae of the main compounds of Cortex Fraxini > 1% 13]
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Reported pharmacology: - antiallergic 10 11 151
- anti-asthmatic "]
- expectorant [ 7]
- antioxidant ['% ']
- anti-arthritis !> 3]
- anti-dysenteric 2
- antitussive > ]
- sedative "]
- analgesic - 11 5]
- diuretic [7- 10. 11, 13]
- anticonvulsive "]
- immunomodulatory effects (% ' 13- 13]
- anticancer [1% 11> 13]
- inhibition of low-density lipoprotein oxidation (LDL) 1
- anticoagulant [0 11 13]
- antibacterial ['% ' 1]

- antibiotic "]

TLC-Fingerprint Analysis !'”]
Drug samples Origin

Cortex Fraxini / Fraxinus chinensis Province Hunan, China

2 Cortex Fraxini / Fraxinus Province Liaoning
rhynchophylla
3 Cortex Fraxini / Fraxinus szaboana Beijing, China
4 Cortex Fraxini / Fraxinus excelsior ~ Sample of commercial drug (firm Finzelberg)
5  Cortex Fraxini / unknown species ~ Sample of commercial drug (firm Galke)
6  Cortex Fraxini / unknown species Sample of commercial drug (Munich pharmacy, origin: Hanzhong,
Shaanxi)
Reference compounds of Fig. 2 Rf
T1 Esculetin 0.89
T2 Esculin 0.60
T3 Fraxetin 0.96
T4 Fraxin 0.44
T5 Oleuropein 0.70
T6 Syringin 0.42
T7 Lariciresinol 0.90
T8 Salidroside 0.61

13



Cortex Fraxini — Qinpi

1. Extraction:

2. Reference compounds:
3. Separation parameters:
Plate:
Applied amounts:
Solvent system:

Detection:

4. Description:

1.0 g powdered drug is extracted with 10 ml methanol under reflux for 10 min.
The extract is cooled, filtered and evaporated to dryness. The residue is dissolved
in 1 ml methanol

each 0.5 mg is dissolved in 0.5 ml methanol

HPTLC Silica gel 60 F,s4, Merck
Cortex Fraxini extracts: each 5 pl, Reference compounds: each 10 pl
Ethyl acetate + methanol + water (15.4 + 3 + 1.6)

Iron(III)-chloride / Potassium ferricyanide.

a) 4.5 g ferric chloride are dissolved in 10 ml water.
b) 1 g potassium ferricyanide is dissolved in 10 ml water.

Solution a and solution b are mixed (1:1), the plate is sprayed with the reagent and
evaluated in VIS.

Apart from sample 1 and 2 all extract samples show a rather homogeneous zone profile of 6 dark blue
zones which could be very well assigned to the eight references T1 — TS8.
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Fig. 2 Thin layer chromatogram of the methanol extracts of Cortex Fraxini, sprayed with Iron(IlI)-chloride /
Potassium ferricyanide (VIS)
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HPLC Fingerprint Analysis: "8

1. Extraction:

2. Injection volume:
3. HPLC parameter:
Apparatus:

Separation column:
Precolumn:

Solvent:

Gradient:
Flow:
Detection:

1.0 powdered drug is extracted with 10 ml methanol under reflux for 10 min. The
extract is cooled, filtered and evaporated to dryness. The residue is dissolved in 1 ml
methanol and filtered over Chromafil®, type 0.20 pm

Cortex Fraxini extracts: each 5 pl

MERCK HITACHI D-6000 A Interface

MERCK HITACHI L-4500 A Diode Array Detector

MERCK HITACHI AS-2000 Autosampler

MERCK HITACHI L-6200 A Intelligent Pump

LiChroCART® 250-4 LiChrospher® 100 RP-18 (5 pm), Merck
LiChroCART® 4-4 LiChrospher® 100 RP-18 (5 pm), Merck

A: 0. 1% Phosphoric acid / Water (Millipore Ultra Clear UV plus® filtered)
B: Acetonitrile (VWR)

5-25% B in 55 min, 25-55% B in 5 min, Total runtime: 60 min
1.0 ml/min

210 nm

Retention times of the main peaks

peak Rt (min) compound
1 153 Esculin
2 21.8 not assignable
3 22.8 Esculetin
4 23.8 Fraxin
5 25.2 not assignable
6 27.6 Fraxetin
7 29.8
8 32.8
9 38.6 L not assignable
10 41.7
11 42.9
12 50.0 Oleuropein / Lariciresinol
13 57.5 not assignable

15
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4. Description of the HPLC-Figures
The HPLC-fingerprint analysis shows analogue to TLC a fairly well peak profile.
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Fig. 3a HPLC fingerprint analysis of the methanol extract of Cortex Fraxini, sample 3
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Fig. 3b HPLC fingerprint analysis of the methanol extract of Cortex Fraxini, sample 5
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Absorbance (AU)
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Fig. 4 On line UV-spectra of the main peaks of Cortex Fraxini

Note: According to the Chinese Pharmacopeia 2010 Cortex Fraxini contains not less than 1.0% of the total
amount of esculin and esculetin, calculated with reference to the dried drug. !

Conclusion

The authentication of Cortex Fraxini is very well stipulated with the TLC and HPLC chromatographic
fingerprints.
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Fructus Arctii — Niubangzi

Pharmacopoeia: !

Official drug: [

Synonyms: >

Origin: ¢

Description of the drug: "

Processing: !

Medicinal use: [*7]

Pharmacopoeia of the People’s Republic of China, English Edition Vol. I, 2010

Great Burdock Achene is the dried ripe fruit of Arctium lappa L.
(Fam. Asteraceae).

The infructescence is collected in autumn when ripe, and dried in the sun, the
fruit is tapped out, removed from foreign matter, and dried again in the sun.

Fructus Bardanae, Semen Bardanae, Semen Lappae majoris, Lappa communis
Coss et Germ., L. edulis Sieb., L. major Gaerth., L. minor DC.

Mainly in Chinese provinces such as Zhejiang, Sichuan, Hubei, Hebei and
Henan, and in north-eastern China, Asia and Europe.

Long-obovate, slightly flattened, somewhat curved, 5-7 mm long, 2—3 mm
wide. Externally greyish-brown, purplish-black mottled, with several
longitudinal ribs, usually one to two middle ribs relatively distinct. Summit
obtuse-rounded, slightly broad, with a circular ring at the top, and a pointed
remain of style in the center; base slightly narrowed, bearing surface pale in
colour. Pericarp relatively hard, cotyledons 2, yellowish-white, oily. Odour,
slight; taste, bitter, slightly pungent and numb.

Fructus Arctii (stir-baked)

The clean Fructus Arctii is stir-baked as described under the method for simple
stir-baking (Appendix II D) until it becomes inflated and slightly scented. The
drug is broken to pieces before use.

Treatment of common cold, cough, diabetes and headache.

Effects and indications of Fructus Arctii according to Traditional Chinese Medicine ['-3-5 814

Taste: Pungent and bitter
Temperature: Cold
Channels entered: Orbis pulmonalis, o. stomachi, o. intestini crassi
Effects (functions):  To disperse wind-heat, diffuse the lung to promote eruption, remove toxin and
soothe the throat
Symptoms and Common cold caused by wind-heat, cough, profuse sputum, measles, rubella,
indications: swelling and sore of throat, mumps, erysipelas, swelling abscess, sore and toxin
H. Wagner et al. (eds.), Chromatographic Fingerprint Analysis of Herbal Medicines, Vol. 4, 19

DOI 10.1007/978-3-319-32328-2_3, © Springer International Publishing Switzerland 2016




Fructus Arctii — Niubangzi

Main constituents: - Butyrolactone lignans and lignan glycosides >3 522!
Arctiin, arctigenin, isoarctigenin, arctigenic acid, arctignan E, neoarctin A + B,
diarctigenin, 7,8-didehydroarctigenin, matairesinol, matairesinoside, lappaol
A-F+H, isolappaol C

- Caffeoylquinic acids ['%7-20. 23]

Chlorogenic acid, 1,5-dicaffeoylquinic acid

Minor constituents: - Fatty acids (e.g. arachidic acid, stearic acid, palmitic acid, linoleic acid),
sterols (p-sitosterol, daucosterol), gobosterin -3 8 16-18]

Reported pharmacology: - anti-inflammatory [7>% 11, 13, 14,1619, 23]
- hepatoprotective [ 723
- anti-mutagenic % 13!
- chemopreventive [
- cytotoxic [7-% 13221
- inhibits platelet aggregation [>-% 10:13. 14]
- antibiotic !
- diuretic [5-11.19.23]
- antidiabetic / hypoglycemic [ 12, 16-18,20.21]
- anti-proliferative [ 10-13. 15,22, 23]
- anti-carcinogenesis [7-% 10-14.22]
- calcium antagonist [ 13 14.22]
- anti-tumorpromoting effects - '7-20]
- enhancement of anti-coagulation )
- anticancer U1 13. 18]
- antioxidant 11 14 23]
- antibacterial (']
- anti-viral [11,23]
- immunosuppressive activities ['!)
- antimicrobial !4 16-23]

- inhibitory activity of diabetic retinopathy / nephropathy ['42!]
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0 0]
MeO McO !
Gle-0 HO
| OMe OMe¢ OMe
OMe OMe OH
Arctiin Arctigenin Matairesinol
Fig. 1 Formulae of the main compounds of Fructus Arctii >7
TLC-Fingerprint Analysis
Drug samples Origin
1 Fructus Arctii / Arctium  Sample of commercial drug obtained from firm HerbaSinica (origin: Anhui)
lappa
2 Fructus Arctii / Arctium  Sample of commercial drug obtained from TCM-Clinic Bad K&tzting
lappa (Charge: K14.03.2001)
3 Fructus Arctii / Arctium Sample of commercial drug obtained from TCM- Clinic Bad Kétzting
lappa (Charge: K01.09.2005)
4 Fructus Arctii / Arctium  Sample of commercial drug obtained from firm China Medica (origin:
lappa Neiqiu, Hebei)
Reference compounds Rf
T1 Arctigenin 0.89
T2 Arctiin 0.46
1. Extraction: 1.0 g powdered drug is extracted under reflux with 10 ml methanol for 30 min.
The extract is filtered, evaporated to dryness and the residue is dissolved in 1 ml
methanol
2. Reference 1.0 mg is dissolved in 1.0 ml methanol
compounds:

21



Fructus Arctii — Niubangzi

3. Separation parameters:

Plate: HPTLC Silica gel 60 Fys,, Merck

Applied amounts:  Fructus Arctii extracts: each 10 pl, Reference compounds: 10 pl
Solvent system: Dichloromethane + methanol + water (10 + 2 + 0.25)

Detection: 1. 10 % ethanolic sulphuric acid

The plate is sprayed with 8 ml reagent and heated at 110 °C for 10 min. The plate
is evaluated in VIS (Fig. 2a)

2. For visualization of Arctigenin
Solution I: 1% aqueous potassium hexacyanoferrate (I1I)

Solution II: 5% aqueous iron(III) chloride

Solution I and II are mixed (1:1); the plate is sprayed with 8 ml reagent and
evaluated in VIS (Fig. 2b)

4. Description of Fig. 2a:

Arctiin (T2) as dominant constituent of Frcutus Arctii appears in VIS as strong brown-purple zone at Rf=0.46.
Arctigenin (T1) is not clearly detectable with this spray reagent. The other brown zones in the upper and deep
Rf-range could be not identified but can be assigned to other butyro-lignans and resp. lignan glycosides.

- Front

P — I I

oo
vemranme.

v ——— e
- e s L Start
1 2 3 4 T1/T2

Fig. 2a Thin layer chromatogram of the methanol extracts of Fructus Arctii, sprayed with 10 % ethanolic
sulphuric acid (VIS)
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Fig. 2b Thin layer chromatogram of the methanol -Front

extracts of Fructus Arctii, sprayed with C¢FeK;N¢/FeCl,

solution (VIS)

LRF0.5

-'!
- a ‘ ‘ - Start
1 2 3 4

T

Description of Fig. 2b:

With the C¢FeK;N¢/FeCl; reagent all characteristic constituents of Fructus Arctii can be detected as blue
zones divided over the whole Rf-range. Arctigenin (T1) is also detectable as distinct blue zone.

HPLC-Fingerprint Analysis: **

1. Extraction:

2. Injection volume:

3. HPLC parameter:
Apparatus:

Separation column:
Precolumn:

Solvent system:

Gradient:

Flow:

Detection:

1.0 g powdered drug is extracted under reflux with 10 ml methanol for 30 min. The
extract is filtered, evaporated to dryness and the residue dissolved in 1 ml methanol.
The extract is filtered over Chromafil®, Type 0.20 pm

Fructus Arctii extracts: each 2.5 pl

MERCK HITACHI D-6000 A Interface

MERCK HITACHI L-4500 A Diode Array Detector

MERCK HITACHI AS-2000 Autosampler

MERCK HITACHI L-6200 A Intelligent Pump

LiChroCART® 250—4 LiChrospher® 60 RP select B (5 pm), Merck
LiChroCART® 44 LiChrospher® 60 RP select B (5 um), Merck

A: 0.1% phosphoric acid/water (Millipore Ultra Clear UV plus® filtered)
B: acetonitrile (VWR)

5-30% B in 5 min, 30% B for 20 min, 30-95 % B in 10 min, 95% B for 20 min
total runtime: 55 min

0.6 ml/min

280 nm

23



Fructus Arctii — Niubangzi

Retention times of the main peaks

Peak Rt (min) Compound
1 11.6 Chlorogenic acid
2 14.2 Caffeoylquinic acid isomer
3 18.3 Arctiin
4 37.1 Arctigenin
_ 3
2.0 =
2 153
@ 3
2 T
S 103 4
8 K 2
o 3
< K
0.5 —_ 1
0.0 3 A
0 5 10 15 20 25 30 35 40 45 50 55

Retention time (min)

Fig. 3a HPLC-fingerprint analysis of the methanol extract of Fructus Arctii, sample 3

Absorbance (AU)

0.0

ANAARARAAAARAAAA AN

10

15

20 25 30 35 40 45 50 55
Retention time (min)

Fig. 3b HPLC-fingerprint analysis of the methanol extract of Fructus Arctii, sample 4

24




Fructus Arctii — Niubangzi

324.2

0.6

218.1

0.5

0.4

0.3

0.2

Absorbance (AU)

0.1

0.0

200 220 240 260 280 300 320 340 360 380 400
Wavelength (nm)

3.4

227.8

278.8

Absorbance (AU)
&
IRARAAAANAAAAAAAAAAAAAARRA A AN AN

280 300 320 340 360 380 400
Wavelength (nm)

N
o
o
\%
N
o
N
NN
o
N
[e2]
o

Fig. 4 On line UV-spectra of the main peaks of Fructus Arctii extracts

4. Description of the HPLC-Figures

The Fructus Arctii extract samples 3 and 4 provide a characteristic peak profile which shows besides the
caffeoylquinic acids (Peak 1=chlorogenic acid, 2), arctiin (3) at Rt=18.3 and arctigenin (4) at Rt=37.1.

Note: According to the Chinese Pharmacopeia 2010 Fructus Arctii contains not less than 5.0 % of arctiin,
calculated with reference to the dried drug !,

Conclusion

The methanol extracts of Fructus Arctii show in the chosen TLC- and HPLC-analysis the same distinct authentic
chromatographic profiles.
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Fructus Corni — Shanzhuyu

Pharmacopoeia: !

Official drug: [

Origin: 7

Description of the drug: "

Pretreatment of the raw drug: !

Processing: !!!

Medicinal use:

Pharmacopoeia of the People’s Republic of China, English
Edition Vol. I, 2010

Asiatic Cornelian Cherry Fruit is the dried ripe sarcocarp of
Cornus officinalis Sieb. et Zucc. (Fam. Cornaceae).

The fruit is collected in later autumn and early winter when the
pericarp turns red, baked over a soft fire or treated with boiling
water for a moment, removed from kern in time and dried

Eastern China (especially in the area between Huangho and
Yangtse, Anhui, Gansu, Henan, Hubei, Hunan, Jiangsu, Jinagxi,
Shaanxi, Shandong, Shanxi, Sichuan, Zheijiang), Korea and
Japan.

Irregular flaky or bladdery, 1-1.5 cm long and 0.5—-1 cm wide.
Externally purplish-red to purplish-black, shrunken, lustrous.
Sometimes with a rounded scar of persistent calyx at the apex
and a scar of fruit stalk at the base. Texture soft. Odour, slight;
taste, sour, astringent and slightly bitter.

Pulp of Fructus Corni:
Foreign matters are eliminated and kerns are remained.

Pulp of Fructus Corni (processed with wine)

The pulp of Fructus Corni is stewed or steamed as described
under the method for stewing or steaming with wine
(Appendix II D) until the wine is absorbed entirely.

For treating allergy, hepatitis, theumatoid arthritis, nephritis and
for external treatment of itchy skin conditions.

H. Wagner et al. (eds.), Chromatographic Fingerprint Analysis of Herbal Medicines, Vol. 4,
DOI 10.1007/978-3-319-32328-2_4, © Springer International Publishing Switzerland 2016
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Effects and indications of Fructus Corni according to Traditional Chinese Medicine ['-57-1

Taste: Sour and astringent

Temperature: Warm tendency

Channels Orbis hepaticus, orbis renalis

entered:

Effects To tonify and nourish kidney and liver, astringe to secure collapse
(functions):

Symptoms and
indications:

Dizziness, tinnitus, sore pain in the low back and knees, impotence, seminal emission,
uroclepsia, enuresis, frequent urination, flooding and spotting, vaginal discharge,
profuse sweating, collapse, interior heat and wasting-thirst. Spermatorrhea,
hemorrhage, thamurgia, lumbago, vertigo, and night sweats. Reducing blood glucose,
treating osteoporosis. Metrorrhagia and leukorrhea

Main constituents:

Iridoid glycoside / aglycones

6, 7,9, 11-30]

Tannins, tannic acid and

Gallotannins @ 6 7 % 11, 12,15, 16,
18, 19, 21, 24-26, 29]

Organic / phenolic acids * & -
12, 17, 30]

Triterpenoids © ° 15 21. 301

Flavonoids [© '3

Volatile flavor components ! 24

Loganin, secoxyloganin, loganic acid, logmalicid A + B, cornuside,
morronoside, 7-a-morroniside, 7-B-morroniside, 7-a-O-
methylmorroniside, 7-p-O-methylmorroniside, 7-a-O-ethylmorroniside,
7-p-O-ethylmorroniside, morroniside acetate, sweroside

cornel iridoid glycoside, cornin (verbenalin)

2,3-di-O-galloyl-D-glucose; 1,2,3-tri-O-galloyl-p-D-glucose; 1,2,6-tri-O-
gallyol-p-D-glucose; 1,2,3,6-tetra-O-gallyol-p-D-glucose; cornusiin A-C,G;
7-0-galloyl-D-sedoheptulose; gemin D; isoterchebin; tellimagrandins
1+1I; oenothein C; isorugosin B; gallic acid; tannic acid; ellagic acid
Caffeic acid, tartaric acid, malic acid, succinic acid, citric acid, p-coumaric
acid, protocatechuic acid

Oleanolic acid, ursolic acid

Kaempferol, kaempferol-3-O-f-D-galactopyranoside; kaempferol-3-O-f3-
D-rutinoside (nicotiflorin), quercetin, quercetin-3-O-p-D-glucuronide
methyl ester, quercetin-3-O-p-D-glucopyranoside (isoquercitrin),
quercetin-3-O-p-D-galactopyranoside (hyperoside)

Benzyl cinnamate, iso-butyl alcohol, iso-amyl alcohol, furfural, methyl
eugenol, iso-asarone, f-phenyl ethyl alcohol, trans-linalool oxide,
elemicine
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Minor constituents:

Furan derivatives (e.g., 5-hydroxymethylfurfural) [ 15-16-26] ' polysaccharides [ 7-!!- 12 and triterpen-saponins

[7,9,25,30]

Fructus Corni — Shanzhuyu

HO

HO

CH

Morroniside

g COOH

Loganic acid Sweroside

Fig. 1 Formulae of the main compounds of Fructus Corni ['% '3
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Reported main pharmacological activities:

anti-inflammatory [7-% 12 16,17, 23,27, 28, 30]

anti-diabetic (1320 23.27.25. 30

anti-hyperlipidemic / anti-hypertriglyceridemic activity [ 1%-20

immunomodulatory [1-13.16]

neuroprotective [ 14221

anti-cancer ! 16]

TLC-Fingerprint Analysis

Drug samples

Origin

1 Fructus Corni / Cornus officinalis Sample of commercial drug (Caelo)

2 Fructus Corni / Cornus officinalis Sample of commercial drug (TCM-Clinic, Bad Kotzting)
3 Fructus Corni / Cornus officinalis Sample of commercial drug (TCM-Clinic, Bad Koétzting)
4 Fructus Corni / Cornus officinalis Sample of commercial drug (TCM-Clinic, Bad Kotzting)
5 Fructus Corni / Cornus officinalis Sample of commercial drug (HerbaSinica, origin: Shanxi)
6 Fructus Corni / Cornus officinalis Sample of commercial drug (China Medica, origin: Zheijiang)
Reference compounds of Fig. 2a/b Rf

T1 Loganin 0.50

T2 Loganic acid 0.24

T3 Oleanolic acid 0.95

T4 Sweroside 0.47
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1. Extraction: 1.0 g powdered drug is ultrasonicated with 10 ml ethanol for 30 min. The extract is
filtered, evaporated to dryness and the residue dissolved in 1 ml ethanol.

2. Reference Each 1.0 mg is dissolved in 1.0 ml methanol
compounds:

3. Separation parameters:
Plate: HPTLC Silica gel 60 F254, Merck
Applied amounts:  Fructus Corni extracts: each 5 pl, Reference compounds: each 10 pl (T1-T3), 20 pl (T4)
Solvent system: Ethyl acetate water + methanol + water (15 +4 +3.5)

Detection: Anisaldehyde — Sulphuric acid reagent

0.5 ml anisaldehyde is mixed with 10 ml glacial acetic acid, followed by 85 ml
methanol and 5 ml concentrated sulphuric acid, in that order.

The plate is sprayed with 10 ml, heated at 110 °C for 10 min, then evaluated in VIS
and under UV 366 nm

Note: The reagent has only limited stability and is no longer useable when the colour
has turned to red-violet.

4. Description:

L:.’..'_'. e e SRR _ LRFO5
. !ﬂ
: | - Start
1 2 3 4 5 6 T1 T2 T3 T4

Fig. 2a Thin layer chromatogram of the methanol extracts of Fructus Corni, sprayed with Anisaldehyde —
Sulphuric acid reagent (VIS)

Description of Fig. 2a:

The TLC in VIS is characterized by brown/red zones on the front at Rf=0.95/ 0.99 (oleanolic acid, T3) and
any of the volatile compounds (e.g. asarone). A violet zone appears at Rf= 0.50 (loganin, T1), direct
underneath at Rf= 0.49 sweroside (T4), a further violet zone at Rf= 0.24 (loganic acid, T2) and at the low
Rf-range a broad zone between Rf'= 0.18 and Rf'= 0.07, which might contain cornusiin A-C and other
gallotannins.
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Rf0.5

Start

2 3 4 5 6 T T2 T3 T4

Fig. 2b Thin layer chromatogram of the methanol extracts of Fructus Corni, sprayed with Anisaldehyde —
Sulphuric acid reagent (UV 366 nm)

Description of Fig. 2b:

This TLC under UV 366 nm shows the same pattern of zones but with primarily light red or weak grey coloured
zones. The assignment of the main red zones is the same as in Fig. 2a, except the grey zones between Rf= 0.5
and Rf= 0.85. These may be assigned to the different triterpenoids. The gallotannins or galloglycosides are
again centred around Rf'=0.18.

HPLC-Fingerprint Analysis

1.  Sample
preparation:

2. Injection
volume:

1.0 g powdered drug is ultrasonicated with 10 ml ethanol for 30 min. The extract is
filtered and evaporated to dryness. The residue is dissolved in 1 ml ethanol and filtered
over Millipore® filtration unit, type 0.45 pm

Fructus Corni extracts: each 10 pl

3. HPLC parameter:

Apparatus:

Separation
column:

Precolumn:

Solvent:
Gradient:

Flow:

Detection:
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MERCK HITACHI D-6000 A Interface

MERCK HITACHI L-4500 A Diode Array Detector

MERCK HITACHI AS-2000 Autosampler

MERCK HITACHI L-6200 A Intelligent Pump
LiChroCART® 250-4 LiChrospher® 100 RP-18 (5 pm), Merck

LiChroCART® 4-4 LiChrospher® 100 RP-18 (5 pm), Merck

A: 0.001 % Phosphoric acid/Water (Millipore Ultra Clear UV plus® filtered)

B: Acetonitrile (Fa. VWR)

0% B for 5 min, 0—-100% B in 60 min, 100% B for 5 min, total runtime: 70 min
1.0 ml/min

210 nm



Retention times of the main peaks

Peak Rt (min) Compound

~N N L B

15.3
18.6
19.2

21.0
19.9
21.9
63.1

Gallic acid
Loganic acid

Not identified iridoid
glycoside (morroniside?)

Loganin
Sweroside
Not identified
Oleanolic acid

Fructus Corni — Shanzhuyu

Absorbance (AU)

0 5 10
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Retention time (min)
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Fig. 3a HPLC-fingerprint analysis of the extract of Fructus Corni, sample 1

Description of Figs. 3a and 3b:

We see an accumulation of 6 peaks (peak 1-6). The non-identified compound at Rt=19 might be assignable to
morroniside (3) according to the UV-spectrum. Peak 6 shows nearly the same UV-profile as gallic acid (1) and

could be assigned to a more lipophilic galloylester.
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Absorbance (AU)
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Retention time (min)
Fig. 3b HPLC-fingerprint analysis of the extract of Fructus Corni, sample 6
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Fig. 4 On line UV-spectra of the main peaks of Fructus Corni
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Note: According to the Chinese Pharmacopeia 2010 Fructus Corni contains not less than 0.60 % of loganin,
calculated with reference to the dried drug ™.

Conclusion

The methanol extracts of Fructus Corni show in the chosen TLC- and HPLC-analysis the same distinct authentic
chromatographic profiles.
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Fructus Kochiae — Difuzi

Pharmacopoeia: !

Official drug: [

Origin: 23

Synonym:

Description of the drug: !

Medicinal use: 510

Pharmacopoeia of the people’s Republic of China, English Edition Vol. I,
2010

Belvedere Fruit is the dried ripe fruit of Kochia scoparia (L.) Schrad.
(Fam. Chenopodiaceae = Amaranthaceae)

The plant is collected in autumn when the fruit is ripe, dried in the sun, the
fruit is gathered, and removed from foreign matters.

Mainly in Chinese provinces such as Shandong, Jiangsu, Henan and Hebei;
Asia, Europe, widely naturalized in Africa, Australia, North and South
America.

Bassia scoparia

Oblate-spheroidal, five-pointed star shape, 1-3 mm in diameter,
surrounded by a persistant perianth. Externally greyish-green or pale
brown, with 5 membranous winglets, the centre of dorsal surface having a
slightly prominent, pointed fruit stalk scar and 5-10 radial veins;
membranous pericarp visible when the perianth stripped, translucent. Seeds
flattened-ovoid, about 1 mm long, black. Odour, slight; taste, slightly bitter.

Used for the treatment of external skin dermatomycoses and cutaneous
pruritus. It is also used as remedy of diabetes mellitus and rheumatoidal
arthritis and as diuretic agent.

Effects and indications of Fructus Kochiae according to Traditional Chinese Medicine -1~

Taste:

Bitter, sweet

Temperature:

Cold

Channels entered:

Orbis vesicalis, o. renalis

Effects (functions):

To clear heat and drain dampness, and dispel wind to relieve itching.

Symptoms and
indications:

Slow and painful urination, pudendal itching, vaginal discharge, rubella,
eczema, itching of skin.

H. Wagner et al. (eds.), Chromatographic Fingerprint Analysis of Herbal Medicines, Vol. 4, 37
DOI 10.1007/978-3-319-32328-2_5, © Springer International Publishing Switzerland 2016



Fructus Kochiae — Difuzi

Main constituents:

Minor constituents:

Reported pharmacology:

38

-Triterpene saponins P10 12 14-19]

oleanolic acid, oleanolic acid 3-O-glucuronide, momordin Ic (= kochioside Ic),
momordin IIc (momordin Ic 28-p-D-glucopyranosyl ester), momordin Ic
6’-methyl ester, 2’-O-f-D-glucopyranosyl-momordin Ic, 2°-O-p-D-
glucopyranosyl-momordin Ilc, kochianoside I-IV, scoparianosides A-C

-Flavonol glycosides *")
Quercetin-7-0O-B-D-glucopyranoside, quercetin-7-O-f-D-sophoroside,

quercetin-3-0-p-D-apiofuranosyl-(1 — 2)-p-D-galactopyranoside,
quercetin-3-0O-B-D-apiofuranosyl-(1 — 2)-p-D-galactopyranosyl-
7-0O-B-D-glucopyranoside, quercetin-3-O-a-L-rhamnopyranosyl-(1 — 6)-
B-D-galactopyranosyl-7-O-f -D-sophoroside, quercetin-3-O-f3-
D-galactopyranosyl-7-O-p-D-glucopyranoside

Alkaloids ['>15.21]
Phytoecdysteroids ['*)
Fatty acids (5-hexadecenoic acid) 2

-anti-fungal '

-anti-inflammatory -7 10.17.23]

-antiallergic [ 639171

-antipruritic > 8% 171

-inhibitory activity against dermatomycoses !*
-hepatoprotective !

-analgetic effect [

-antinociceptice !

-peripheral antinociceptive [ 7% 10:17.23]
-antidiabetic [

-pro-apoptotic 1%

-gastroprotective effects (1%

-inhibits ethanol and indomethacin-induced gastric mucosal lesions ['”!
-inhibits glucose uptake in the small intestine !”!

-induces HepG2cell apoptosis in a ROS-mediated PI3K and MAPK
pathway-dependent manner (14 1¢]

-contraction of the ileum caused by histamine or barium chloride ['*!
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OH Momordin Ic R=H
(= Kochioside Ic)

OH Scoparianoside R=0H

OH Kochianoside IV

OH

Fig. 1 Formulae of the main compounds of Fructus Kochiae 1*!
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TLC-Fingerprint Analysis

Drug samples Origin

1 Fructus Kochiae / Kochia Sample of commercial drug obtained from China Medica (origin: Hebei,
scoparia China)

2 Fructus Kochiae / Kochia Province Jiangsu, China
scoparia

3 Fructus Kochiae / Kochia Sample of commercial drug obtained from TCM- Clinic Bad Kotzting
scoparia (Charge: K30.08.2000)

4 Fructus Kochiae / Kochia Province Heilongjiang, China
scoparia

5 Fructus Kochiae / Kochia Province Shanxi, China
scoparia

1. TLC-Fingerprint Analysis of the Triterpene Saponins [’

Reference compounds of Fig. 2 Rf
Tl Momordin Ic 0.64
T2 Oleanolic acid 0.98

1. Sample preparation 1.0 g powdered drug is extracted under reflux with 10 ml ethanol (70 %) for 1 h.
The extract is evaporated to dryness and the residue dissolved in 1 ml ethanol.

2. Reference compounds 0.5 mg are dissolved in 0.5 ml methanol.

3. Separation parameter

Plate: HPTLC Silica gel 60 Fys,, Merck

Applied amounts: Fructus Kochiae extracts: each 10 pl, Reference compounds: each 10 pl
Solvent system: Chloroform + methanol + water (16 + 9 + 2)

Detection: 10 % ethanolic Sulphuric acid

The plate is sprayed with 8 ml reagent and heated at 105 °C for 10 min. The plate
is evaluated in VIS (Fig. 2a) and under UV 366 nm (Fig. 2b).
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Fig. 2a/b Thin layer chromatogram of the methanol extracts of Fructus Kochiae sprayed with 10 % ethanolic
sulphuric acid (a=VIS, b=UV 366 nm)

4. Description of Fig. 2a, b:

2a: The VIS-TLC of the Fructus Kochiae extracts is characterised by main dark brown zones at Rf=0.64
(Momordin Ic, T1) and at Rf=0.18 one of the Kochianosides A, B or C. Further weak zones between
Rf=0.25 and 0.48 and Rf=0.63 and 0.92 can be assigned to the other triterpenglycosides and glycoside
esters. Oleanolic acid (T2) possesses the Rf=0.98.

The extract samples 1 and 2 of Chinese origin differ from the other extracts samples by lacking or only
weak presence of the polar triterpenoside at Rf=0.18.

2b: Under UV 366 nm the extracts show the same triterpene saponin pattern with a green fluorescent
background.

2. TLC-Fingerprint Analysis of the Flavonol Glycosides

Reference compound of Fig. 3 Rf
T3 Isoquercitrin 0.71
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1.

Sample preparation:

Reference compound:

Separation parameter:

Plate:
Applied amounts:
Solvent system:

Detection:

1.0 g powdered drug is extracted under reflux with 10 ml ethanol (70 %) for 1
h. The extract is evaporated to dryness and the residue dissolved in 1 ml
ethanol.

0.5 mg is dissolved in 0.5 ml methanol.

HPTLC Silica gel 60 F,s,, Merck

Fructus Kochiae extracts: each 10 pl, Reference compound: 10 pl

Ethyl acetate + formic acid + glacial acetic acid + water (10 + 1.1 + 1.1 + 2.6)
Natural products — Polyethylene glycol reagent (NP/PEG)

I: 1% diphenylboric acid-f-ethylamino ester
(= diphenylboryloxyethylamine, NP) in methanol

II: 5% Polyethylene glycol-4000 (PEG) in ethanol (80 %)
The plate is sprayed first with solution I and then with solution II.

After 1 h the evaluation is carried out under UV 366 nm.

Rf0.5

Start

1 2 3 4 5 T3

Fig. 3 Thin layer chromatogram of the methanol extracts of Fructus Kochiae sprayed with NP/PEG reagent
(UV 366 nm)
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4) Description of Fig. 3:

In the deep Rf-range appear from Rf=0.65 to the start 9—10 yellow and orange fluorescent zones which
can be assigned to the known or not yet identified flavon- and flavonol di-, tri- and tetraglycosides of
quercetin or kaempferol (e.g. sophorosides, gentiobiosides etc.).

HPL.C-Fingerprint Analysis

1. Sample preparation: 1.0 g powdered drug is extracted under reflux with 10 ml ethanol (70 %) for 1 h.
The extract is evaporated to dryness and the residue dissolved in 1 ml ethanol.
The extract is filtered over Chromafil® filtration unit, type 0-20 pm/25 mm.

2. Injection volume: Fructus Kochiae: each 10 pl

3. HPLC parameter:
Apparatus: MERCK HITACHI D-6000 A Interface
MERCK HITACHI L-4500 A Diode Array Detector
MERCK HITACHI AS-2000 Autosampler
MERCK HITACHI L-6200 A Intelligent Pump
Separation column: LiChroCART® 125-4 LiChrospher® 100 RP-18 (5 pm), Merck

Precolumn: LiChroCART® 4-4 LiChrospher® 100 RP-18 (5 um), Merck

Solvent system: A:0.001 % phosphoric acid/water (Millipore Ultra Clear UV plus® filtered)
B: acetonitrile (VWR)

Gradient: 0% B for 5 min,

0-30% B in 25 min,
30-100% B in 30 min,
100% B for 10 min
total run time: 70 min
Flow: 1.0 ml/min
Detection: 215 nm

Retention times of the main peaks:

Peak Rt (min) Compound

A 19.0-23.0 Flavon-/flavonol glycosides
1 43.1 Momordin Ic

2 55.5 Oleanolic acid
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Fig. 4a HPLC-fingerprint analysis of the ethanol extract of Fructus Kochiae, sample 3
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Fig. 4b HPLC-fingerprint analysis of the ethanol extract of Fructus Kochiae, sample 4
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Fig. 5 On line UV-spectra of the reference compounds of Fructus Kochiae

4) Description of the HPLC-Figures

The ethanol extracts of Fructus Kochiae extracts provide in the Rt-range A of Fig. 4a, b the accumulation of
9-12 flavon(ol) di-, tri- and tetraglycosides as evidenced by the characteristic UV-spectra with the two maxima
at 250-260 nm and 330340 nm. The triterpene saponins appear with the main peaks at Rt=38.0, 41.0 and 43
(1, Momordin Ic) and Rt=55 (2, Oleanolic acid). They possess the characteristic UV end-absorptions at

200 nm (Fig. 5).

Note: According to the Chinese Pharmacopeia 2010 Fructus Kochiae contains not less than 1.8 % of momordin
Ic, calculated with reference to the dried drug .

Conclusion

Fructus Kochiae extracts can be easily authenticated by their characteristic TLC-fingerprints and HPLC-graphs.
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Pharmacopoeia: !

Official drug: [

Synonyms: %3

Origin: ¢

Description of the
drug:

Medicinal use: "]

Toxicity: [

Pharmacopoeia of the People’s Republic of China, English Edition Vol. I, 2010

Malaytea Scurfpea Fruit is the dried ripe fruit of Psoralea corylifolia L. (Fam.
Leguminosae)

The infructescence is collected in autumn when the fruit is ripe, dried in the sun, the
fruit is gathered, and then removed from foreign matters.

Cullen corylifolium, Cullen corylifolia, Lotodes corylifolia, Psoralea patersoniae,
Trifolium unifolium

India, Southern Africa and China (Henan, Anhui, Guangdong, Shaanxi, Shanxi,
Jiangxi, Sichuan, Yunnan and Guizhou), Vietnam and Burma

Reniform, slightly flattened, 3—5 mm long, 2—4 mm wide, about 1.5 mm thick.
Externally black, blackish-brown or greyish-brown, with finely reticulate wrinkles.
Apex obtuse-rounded, with a small prominence and the depressed end showing a
scar of fruit stalk. Texture hard. Pericarp thin, uneasily stripped from seed; seed 1,
cotyledons 2, yellowish-white, oily. Odour, aromatic; taste, pungent and slightly
bitter.

Used together with UV light to treat psoriasis, vitiligo, leukoderma, leprosy and
mycosis fungoides. The herb can also be used to treat alopecia and menorrhagia.

The herb contains furanocoumarins which may also have a phototoxic effect. In high
doses teratogenic effects have been found in animal studies.

Effects and indications of Fructus Psoraleae according to Traditional Chinese Medicine (!>

Taste:

Pungent and bitter

Temperature:

Warm

Channels entered:

Orbis renalis, o. lienalis

Effects
(functions):

To warm the kidney and assist yang, absorb qi to relieve panting, warm the spleen to
check diarrhea

Symptoms and
indications:

Deficiency of kidney yang, impotence, menstruation disorders and seminal emission,
enuresis and frequent urination, cold pain in the lower back and knees, pianting
caused by kidney deficiency, diarrhea before dawn, asthma. Treatment of bone
diseases

Topical application: skin diseases such as vitiligo, psoriasis, leukoderma, leprosy and
alopecia

H. Wagner et al. (eds.), Chromatographic Fingerprint Analysis of Herbal Medicines, Vol. 4,
DOI 10.1007/978-3-319-32328-2_6, © Springer International Publishing Switzerland 2016
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Main constituents: - (Furano)coumarins > 6-10.12-23]

Psoralen (ficusin), isopsoralen (angelicin), psoralidin

- Flavonoids 2 6 8 9 12-16, 18-20,22,24]

Bavachalcone, isobavachalcone (corylifolinin), bavachin, isobavachin,
neobavaisoflavone, broussochalcone, bavachinin, corylin, corylinin, psoralenol,
corilyfol A,B,C,E, corylifolin, bavacoumestan B, corylinal, 6-prenylnaringenin,
daidzein, genistein, biochanin A

- Meroternen()ids [3,8,9,12-15, 18, 19, 22, 24]

A',3-hydroxybakuchiol; A3,2-hydroxybakuchiol; 12,13-dihydroxybakuchiol;
12,13-epoxybakuchiol; 13-hydroxyisobakuchiol, bakuchiol, 3-hydroxybakuchiol
- phenolics &% 131

Protocatechualdehyde, 3-hydroxybenzaldehyde, p-hydroxy-benzaldehyde,
hydroquinone

- benzofuran glycosides 3 1% 1]

Corylifonol, isocorylifonol, psoralenoside, isopsoralenoside

Minor constituents: - linoleic acid, linolenic acid

- essential oil (caryophyllene; a-humulene; (+)-aromadendrene; naphthalene;
1,2,3,4-tetrahydro-1,6-dimethyl-4-(1-methyl)-,(1S-cis); (-)-caryophyllene oxide;
trans-caryophyllene; methyl hexadecanoate; phenol; 4-(3,7-dimethyl-3-ethenylocta-
1,6-dienyl); limonene; a-elemene; y-elemene; B-caryophelenoxide; 4-terpineol;
linalool; geranylacetate 1 1¢]

- uracil, sophoracoumestan A [/

Reported pharmacology:

- antidiabetic %2
- phytoestrogenic 10 141517, 18]

- antibacterial/antiviral (>3 12- 14-18.20.22]
- dna/topoisomerase ii polymerase inhibitory activity >3 % 14

- antitumor 3 11> 13-19,22,24]
- antihyperglycemic [ 1319
- antidepressant [ 1% 20]

_ antioxidative [3,6,8,9,11-14, 16, 18, 20, 22]

_ antiplatelet [8, 13, 14, 16, 18, 22]

- hepatoprotective [ 13201

- antimicrobial [ 1 18. 19]

- anti-inflammatory [ 12 16. 19. 221
- cytotoxic [-21:24]

TLC-Fingerprint Analysis

Drug samples

1 Fructus Psoraleae / Psoralea
corylifolia

2 Fructus Psoraleae / Psoralea
corylifolia
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- antiallergic ']

- insecticidal "]

- anticancer !> 20211

- antidermatophytic/antifungal [!3- 14 1
- skin-photosensitizing [ 2]

- antipsoriatic 1622

- hemostatic ['7)

- immunoenhancing [17- 18.20.21]

- anti-aging ['7)

- neuroprotective '8!

Origin
Sample of commercial drug obtained from TCM-Clinic Bad K&tzting

(Charge: K30.08.2000)

Sample of commercial drug obtained from TCM-Clinic Bad Kétzting
(K08.10.2004)
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Fig. 1 Formulae of the main compounds of Fructus Psoraleae 3!
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Drug samples Origin
3 Fructus Psoraleae / Psoralea Sample of commercial drug obtained from HerbaSinica (origin:
corylifolia Gansu)
4 Fructus Psoraleae / Psoralea Sample of commercial drug obtained from Munich pharmacy (origin:
corylifolia Jiangjin, Chongqing)
5  Fructus Psoraleae / Psoralea Sample of commercial drug obtained from TCM-Clinic Bad Kotzting
corylifolia (A28.06.2002)
Reference compounds of Fig. 2a—d Rf
T1 Psoralen 0.65
T2 Isopsoralen 0.72
T3 Bavachinin 0.68
T4 Isobavachalcone 0.58
1. Extraction: 1.0 g powdered drug is extracted with 10 ml methanol under reflux for 30 min. The
extract is filtered, evaporated to dryness and the residue dissolved in 1 ml methanol.
2. Reference 1.0 mg is dissolved in 1.0 ml methanol
compounds:
3. Separation parameters:
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Plate:
Applied amounts:

Solvent system:

Detection:

HPTLC Silica gel 60 F,s4, Merck

Fructus Psoraleae extracts: each 8 pl

Reference compounds: each 10 pl

Petroleum ether (60-90 °C) + ethyl acetate + glacial acetic acid (10 + 10 + 0.4)
1. Potassium hydroxide reagent (KOH)

The plate is sprayed with 8 ml 10 % ethanolic KOH and evaluated in VIS (Fig. 2a)
and under UV 366 nm (Fig. 2b).

2. Anisaldehyde — Sulphuric acid reagent

0.5 ml anisaldehyde is mixed with 10 ml glacial acetic acid, followed by 85 ml
methanol and 5 ml concentrated sulphuric acid, in that order.

The plate is sprayed with 10 ml, heated at 110 °C for 10 min and evaluated after
30 min in VIS (Fig. 2¢).

Note: The reagent has only limited stability and is no longer useable when the
colour has turned to red-violet.
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4. Description:

In Fig. 2a the MeOH extract samples of Fructus Psoraleae 1-5 provide in the TLC (sprayed with KOH)
three yellow/orange zones in the Rf<range Rf=0.5 up to Rf=0.75 which could be identified as Psoralen
(T1), Isopsoralen (T2), Bavachinin (T3) and Isobavachalcone (T4). In the deeper Rf-range (Rf=0.25—
0.45) further pink zones of minor concentration could be detected.

In Fig. 2b Psoralen and Isopsoralen appear under UV 366 nm as blue-white fluorescent zones, partly
overlapped by Bavachinin and Isobavachalcone. All other compounds in the deeper Rf-range are also
detectable as blue-white fluorescent zones.

I - Front

LRf 0.5

- Start

1 2 3 4 5 T1 T2 T3 T4

Fig. 2a Thin layer chromatogram of the methanol extracts of Fructus Psoraleae, sprayed with 10 % ethanolic
KOH (VIS)

Front

Rf0.5

Start

1 2 3 4 5 T T2 T3 T4

Fig. 2b Thin layer chromatogram of the methanol extracts of Fructus Psoraleae, sprayed with 10 % ethanolic
KOH (UV 366 nm)
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- Front

LR/ 0.5

- Start

3 4 5 T T2 T3 T4

Fig. 2¢ Thin layer chromatogram of the methanol extracts of Fructus Psoraleae, sprayed with Anisaldehyde —
Sulphuric acid reagent (VIS)

Description of Fig. 2c:

The TLC of Fig. 2¢ is sprayed with anisaldehyde-sulphuric acid. In VIS all five Fructus Psoraleae
extracts show in the upper Rf-range blue-grey zones, whereas isobavachalcone appears as yellow-orange
zone (T4, Rf=0.58). Two violet zones at Rf=0.40 could be not assigned to any psoralen constituent.

HPLC-Fingerprint Analysis

1.
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Extraction:

Injection volume:

HPLC parameter:
Apparatus:

Separation column:

Precolumn:

Solvent system:

Gradient:

Flow:
Detection:

1.0 g powdered drug is extracted with 10 ml methanol under reflux for 30 min.
The extract is filtered, evaporated to dryness and the residue is dissolved in 1 ml
methanol. The extract is filtered over Chromafil®, Type 0.20 pm.

Fructus Psoraleae extracts: each 5 pl

MERCK HITACHI D-6000 A Interface

MERCK HITACHI L-4500 A Diode Array Detector
MERCK HITACHI AS-2000 Autosampler

MERCK HITACHI L-6200 A Intelligent Pump
LiChroCART® 250-4 LiChrospher® 100 RP-18 (5 pm), Merc
LiChroCART® 4-4 LiChrospher® 100 RP-18 (5 pm), Merck
A: 0.1% phosphoric acid/water (Millipore Ultra Clear UV plus® filtered)
B: acetonitrile (VWR)

0% B for 5 min,

0-100% B in 60 min,

100% B for 5 min

total runtime: 70 min

1.0 ml/min

210 nm
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Retention times of the main peaks

Peak Rt (min) Compound

1 22.7 Psoralenoside?

2 23.0 Isopsoralenoside?
3 353 Psoralen

4 359 Isopsoralen®

5 41.2 Not identified

6 42.0 Not identified

7 434 Not identified

8 43.9 Not identified

9 46.0 Bavachromene®
10 47.9 Isobavachalcone
11 48.9 Bavachinin

12 50.2 Not identified

13 52.9 Not identified
14 574 Bakuchiol?

*According to references: [1%2%

11
12 34 56 910h2 14
14

1.2 = 7
1.0 =
0.8 =

0.6 = 13

Absorbance (AU)

0.4

WA

0.0 =

0 5 10 15 20 25 30 35 40 45 50 55 60 65 70
Retention time (min)

Fig. 3a HPLC-fingerprint analysis of the methanol extract of Fructus Psoraleae, sample 3
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4. Description of the HPLC-Figures

All extract samples show a very homogenous peak profile consisting of 16 detectable compounds
inclusive all characteristic psoralens and prenylated flavones, flavanones and chalcones as shown in
Fig. 1 and the corresponding TLC Figures 2a—c. The concentration of the detected constituents is also
comparable with those of the TLC (e.g. peaks 9 and 10; bavachromene and isobavachalcone).

Absorbance (AU)

0 5 10 15 20 25 30 35 40 45 50 55 60 65 70
Retention time (min)

Fig. 3b HPLC-fingerprint analysis of the methanol extract of Fructus Psoraleae, sample 4

Abs or bance (AU)

0 5 10 15 20 25 30 35 40 45 50 55 60 65 70
Retention time (min)

Fig. 3¢ HPLC-fingerprint analysis of the methanol extract of Fructus Psoraleae, sample 5

54



Fructus Psoraleae — Buguzhi

~
) 3.0 <
3 S © E 5,12
3.0 « N 1-4 E
25 A 25 3
= 520 3
2 -
3 203 L3
(o) [] -
8 152 o g 15 3 2
€ o] s = 2
g Q k] 3 a
5 1.0 5 1.0 =
2 E
2 k] E
< 053 <05 3
0.0_- 0,0-E
B M s L M L Lt M L i Mt et Mt s s e et i | L ASAALARAL NAALARAL MAALIRAY NSRS WA MARALARANL MAALUMAL ML ML
200 220 240 260 280 300 320 340 360 380 400 200 220 240 260 280 300 320 340 360 380 400
Wavelength (nm)
Wavelength (nm)
3.0 3 1.4 2 78,14
25 3 12 ] S
3 &
3 3 5 1.0 =
2 0 =
2 2.0 E g
8 153 g 087
] 3 S 06 -
£ 1.03 2
g 3 § 0.4 -
< 053 < 0.2 -
0.0 3 0.0 .
5 v 1 v 1 v 1 1 v 1 v 1 ¥ 1 v I ¥ 1 v 1 T T T T T T T T T T T L T L T ¥ I
200 220 240 260 280 300 320 340 360 380 400 200 220 240 260 280 300 320 340 360 380 400
Wavelength (nm) Wavelength (nm)
0.7 =
; 13
0.6 =
= S 05 -
B < 3 o
< 8 0.4 - 3
8 ] 3 <
£ 2 03 =
o o -
1 [7] [s]
] 8 02 - &
a < E ©
()
< 0.1 -
0.0 =
| AL A Rl Rl MRkl Mk bl AAAL bkt RAAAL AR R M) bl LAt bk Rl MR A | Lt el b bl L M
200 220 240 260 280 300 320 340 360 380 400 200 220 240 260 280 300 320 340 360 380 400
Wavelength (nm) Wavelength (nm)

Fig. 4 On line UV-spectra of the main peaks of Fructus Psoraleae extracts
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Note: According to the Chinese Pharmacopeia 2010 Fructus Psoraleae contains not less than 0.7 % of the total

amount of psoralen and isopsoralen, calculated with reference to the dried drug. !

Conclusion
The authentication of Fructus Psoraleae is easy to carry out by TLC as well as HPLC.
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Fructus Trichosanthis — Gualou
Semen Trichosanthis — Chaogualouzi

Pharmacopoeia: !
Official drug: [

Origin: [
Description of the drug: [

Pretreatment of the raw
drug: !

Medicinal use: >4

Pharmacopoeia of the People’s Republic of China, English Edition Vol. I, 2010

Fructus: Snakegourd Fruit is the dried ripe fruit of Trichosanthes kirilowii
Maxim. or Trichosanthes rosthornii Harms (Fam. Cucurbitaceae)

The drug is collected with fruit stalk in autumn, and dried in ventilated shade.

Semen: Snakegourd Seed is the dried ripe seed of Trichosanthes krilowii
Maxim. or Trichosanthes rosthornii Harms (Fam. Cucurbitaceae). The ripe
fruit is picked in outumn and dissected. The seed is collected, washed clean,
and dried in the sun.

Mainly in chinese provinces such as Anhui, Sichuan and Henan.

Fructus: Subspherical or broadly ellipsoidal, 7-15 cm long, 6—10 cm in
diameter. The outer surface orange- red or orange-yellow, shrunken or
relatively smooth, Apex with a rounded style scar, base slightly acute, with
remains of fruit stalk. Varying in weight. Texture fragile, easily split, the inner
surface yellowish-white, with reddish yellow reticulation sarcocarp orange-
yellow, viscous, adhering to many seeds into a mass.

Seeds of Trichosanthes kirilowii: Flattened- elliptical, 12—15 mm long, 610
mm wide, about 3.5 mm thick. Externally pale brown to brown, smooth with a
circle or furrow along the edge. Apex relatively acute, with a hilum, base
obtuse or relatively narrow. Testa hard; tegmen membraneous, greyish-green,
cotyledons 2, yellowish-white, oily. Odour, slight; Taste, weak.

Seeds of Trichosanthes rosthornii: Relatively large and flattened, 15-19 mm
long, 8-10 mm wide, about 2.5 mm thick. Externally brown, the circular
furrow distinct and rather near the inner par. Apex even and truncate.

Fructus: Fruit stalk and soil are eliminated, the fruit is flattened and cut into
slivers or pieces.

Semen: Foreign matter and blighted seeds are eliminated, the seeds are washed
clean, and dried in the sun and broken into pieces before use.

The fruits are used as antipyretic, expectorant, and to treat Angina pectoris.
The seeds possess a laxative activity for treatment of constipations.

H. Wagner et al. (eds.), Chromatographic Fingerprint Analysis of Herbal Medicines, Vol. 4, 59
DOI 10.1007/978-3-319-32328-2_7, © Springer International Publishing Switzerland 2016



Fructus Trichosanthis — Gualou, Semen Trichosanthis — Chaogualouzi

Effects and indications of Fructus and Semen Trichonsathis according to Traditional Chinese
Medicine -4

Taste: Fructus: slightly bitter and sweet
Seeds: sweet
Temperature: Fructus: cold
Seeds: cold
Channels entered: Orbis pulmonalis, Orbis stomachi, Orbis intestini crassi

Effects (functions):  To clear heat and flush away phlegm, soothe the chest and dissipate binds,
moisten dryness and lubricate intestine

Symptoms and Fructus: Phlegm- heat cough, oppression in the chest and hypochondriac pain
indications: Semen: Dryness cough with greasy phlegm, constipation caused by intestinal dryness

Main constituents: P14
Fructus and seeds:
- Triterpenoids:

karounidiol [D:C-Friedo-oleana-7,9 (11)-diene-3 alpha,29-diol] and 7-oxodihydrokarounidiol [7-oxo0-D:C-
friedo-olean-8-ene-3 alpha,29-diol], 7-oxodihydrokarounidiol [7-0x0-D:C-friedo-olean-8-ene-3 alpha,29-diol],
7-oxodihydrokarounidiol [7-ox0-D:C-friedo-olean-8-ene-3 alpha, 29-diol],

bryonolic acid (3 beta-hydroxy-D:C-friedo-olean-8-en-29-oic acid) and bryononic acid (3-oxo-D:C-friedo-
olean-8-en-29-oic acid),

- Phytosterols:

Stigmastane-3 ,6a-diol, poriferastane-3f,6a-diol, stigmast-5-ene-3[3,4p-diol, poriferast-5-ene-3p3,4p-diol, and
poriferasta- 5,25-diene-3p,4p-diol

- Lignans:

Hanultarin [(-)-1-O-feruloylsecoisolariciresinol], (-)-secoisolariciresinol. 1, 4-O-diferuloylsecoisolariciresinol,
(-)-pinoresinol and 4-ketopinoresinol

-Proteins:

a and B-kirilowin, trichokirin, karasurin

-Lipids:

triglycerides, glycolipids and phospholipids contain the unsaturated fatty acids linoleic and oleic acid and the
saturated palmitic acid, trichosanic acid (punicic acid)

- Saccharides:

mono- and oligosaccharides, monosaccharides: rhamnose, galactose and glucose, oligosaccharides: a mixture
of tri- and tetrasaccharides
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Fructus Trichosanthis — Gualou, Semen Trichosanthis — Chaogualouzi

H3C CH3

3, 29-dibenzoyl-karounitriol Karounidiol

OH

HO
Bryonolol

Ry=Ry=H [(+) Pinoresinol]
Ry/Rp="-0 [Ketopinoresinol]

R, = R, = H, [(-)-secoisolariciresinol]

R=feruloyl, R=H,
Hanultarin [(-)-1-O- feruloylsecoisolariciresinol]

R4=R,= feruloyl, [1,4-O-diferuloylsecoisolariciresinol]

HaCO

Fig. 1 Formulae of the main constituents of Semen and Fructus Trichosanthis
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Reported pharmacological activities of Fructus und Semen: 7% 11-15.16]

- expectorant

- febrifugal

- inhibitory activity on protein synthesis in cell-free rabbit reticulocyte lysate system

- anti-tumor promoting effects (karounidiol)

- anti-inflammatory effect and analgesic effect (Triterpens)

- analgesic effect
- laxative effect

TLC Fingerprint Analysis

Drug samples

1 Fructus Trichosanthis / Trichosanthes kirilowii

1*  Fructus Trichosanthis / Trichosanthes kirilowii
(seeds are removed)

2 Fructus Trichosanthis / Trichosanthes kirilowii

2*  Fructus Trichosanthis / Trichosanthes kirilowii
(seeds are removed)

3 Fructus Trichosanthis / Trichosanthes kirilowii
Fructus Trichosanthis / Trichosanthes rosthornii

5  Fructus Trichosanthis / Trichosanthes kirilowii
Maxim

6  Fructus Trichosanthis / Trichosanthes kirilowii
Maxim

7  Semen Trichosanthis / Trichosanthes kirilowii
Maxim

Origin
Sample of commercial drug, obtained from
HerbaSinica (origin: Anhui)

Sample of commercial drug, obtained from
HerbaSinica (origin: Anhui)

Sample of commercial drug, obtained from China
Medica

Sample of commercial drug, obtained from China
Medica

Provence Hebei (China)
Province Shanxi (China)

Sample of commercial drug, obtained from TCM-
hospital Bad Kétzting (Charge: 19613112014)

Sample of commercial drug, obtained from TCM-
hospital Bad Kotzting (Charge: 19601072004)

Sample of commercial drug, obtained from Firm
China Medica

1. TLC-fingerprint analysis of Triterpenoids and Lignans:

Reference compounds of Fig. 2a Rf

T1 Stigmasterin 0.77

T2 (+)— Pinoresinol 0.25

1. Extraction: 2 g powdered drug are extracted with 20 ml 80 % ethanol under reflux
for 1 h. The extract is cooled, filtered and evaporated to dryness. The
residue is dissolved in 1 ml ethanol and filtered over Chromafil®
filtration unit, type 0-20 pm/25 mm.

2. Reference compounds: Each 1 mg is dissolved in 0.5 ml ethanol
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3. Separation parameters:
Plate: HPTLC Silica gel 60 F,s,, Merck
Applied amounts: Semen / Fructus Trichosanthis extracts: 20 pl each
Reference compounds: 10 pl each
Solvent system: cyclohexane + ethyl acetate + methanol (6 +2 + 1)
Detection: Anisaldehyde- sulphuric acid reagent:

0.5 ml anisaldehyde is mixed with 10 ml glacial acetic acid, followed by
85 ml methanol and 5 ml sulphuric acid in that order.

The plate is sprayed with 10 ml and then heated at 110 °C for 7-10 min.
Evaluation is carried out under visible light.

—— - —  — 'I*Front
o s
—-— s - -
5. = - .
‘ - RfO0.5
-
— R | —— — ‘
- \
_— - - s ‘ - Start
)
1 2 3 4 T1 T2 5 6 7 1* 2

Fig. 2a Thin layer chromatogram of the 80 % ethanol extracts of Semen- Fructus Trichosanthis sprayed with
Anisaldehyde — sulphuric acid reagent, detected under VIS

4. Description of Fig. 2a:

The Fructus Trichosanthis extracts 1-6 are characterized by about 12 more or less brown zones
distributed over the whole Rf-range with one zone at Rf0.77 (=T1 Stigmasterin) and at Rf0.25
(=T2 (+) Pinoresinol). The triterpenoids of the karoundiol type may be assignable in the Rf- range
0.25 up to the TLC solvent front. The Semen Trichosanthis extract 7 differs from those of Fructus
extracts by stronger brown coloured zone in the middle and higher Rf-range. This shows that the
Semen drug of Trichosanthes kirilowii is the dominant drug part. The Fructus Trichosanthis after
removement of all seeds is shown in extracts 1* and 2*.
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2. TLC-fingerprint analysis of lignans:

Reference compounds of Fig. 2b Rf
T2 (+)— Pinoresinol 0.75
1. Extraction: The same extract used for TLC-fingerprint analysis (1)

Reference compound: 10 pl
Solvent system: Chloroform + methanol (85 + 15)
Detection: Potassium hexacyanoferrate-iron-I1I-chloride reagent (PF)

1% aqueous potassium hexacyanoferrate mixed with an equal volume of 5%
aqueous iron-III- chloride.

The plate is sprayed with 10 ml solution and evaluated in Vis.

+ Front

_RF0.5

“‘ e S | Stat

7 1 2 T2 1* 2

Fig. 2b Thin layer chromatogram of the 80 % ethanol extracts of Semen and Fructus Trichosanthis
Trichosanthis sprayed with potassium hexacyanoferrate-iron-IlI-chloride reagent (PF) (VIS)

TLC- Discription of Fig. 2b:

The TLC of Semen Trichosanthis extract sample 7 sprayed with Potassium hexacyanoferrate-iron-I1I-chloride
reagent (PF), provides in VIS the strong blue coloured zones of pinoresinol and many other blue zones from
Rf=0.25 up to the Pinoresinol which might be assigned to other lignans derivatives.

64



Fructus Trichosanthis — Gualou, Semen Trichosanthis — Chaogualouzi

HPLC-Fingerprint Analysis

1. Sample preparation: The same extract used for TLC-fingerprint analysis (1)

2. Injection volume:
3. HPLC parameter:
Apparatus:

Separation column:

Precolumn:

Solvent System:

Gradient:

Flow:

Detection:

Semen and Fructus Trichosanthis extracts 30 pl each

MERCK HITACHI D-6000 A Interface

MERCK HITACHI L-4500 A Diode Array Detector

MERCK HITACHI AS-2000 Autosampler

MERCK HITACHI L-6200 A Intelligent Pump

LiChroCART® 250 -4 LiChrospher® 100 RP-18 (5 pm), Merck
LiChroCART® 4-4 LiChrospher® 100 RP-18 (5 pm), Merck
A:0.001% aq. H;PO,: (Millipore Ultra Clear UV plus® filtered)
B: Acetonitril (VWR)

0-42% B in 25 min

42-90% B in 25 min

90-100% B in 5 min

100% B for 15 min

total run time: 70 min

1 ml/min

210, 230 and 254 nm

Retention times of the main peaks recorded at 210, 230 and 254 nm

Peak

(O N S

O 0 9

10,11, 12

13

14

15

A, B (only in Fructus)

Rt (min) Compound
16.3 Not identified
18.6 Not identified
20.1 Lignan (e.g. Hanultarin)
23.2 Ketopinoresinol?
24.4 Lignan
(e.g 1,4-O- diferuloylsecoisolariciresinol
26.6 Pinoresinol
32.1 Not identified, (-)-secoisolariciresinol?
37.8 Triterpene (e.g karounidiol)
43.5 3, 29 Dibenzoyl-karounitriol?
51.1-53.8 Triterpenoid
57.1 Triterpenoid
59.0 Triterpenoid
65.3 Stigmasterin
54.0, 55.6 Sterols
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Fig. 3a HPLC-fingerprint analysis of the 80 % ethanol extract of Semen Trichosanthis (Sample 7) detected at
(210 nm-red) and (230 nm-black)

Absorbance (AU)

0 5 10 15 20 25 30 35 40 45 50 55 60 65 70

Retention time (min)

Fig. 3b HPLC-fingerprint analysis of the 80% ethanol extract of Semen Trichosanthis (sample 7) detected at 254nm
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Absorbance (AU)
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Fig. 3¢ HPLC-fingerprint analysis of the 80 % ethanol extract of Fructus Trichosanthis (sample 2) detected at

210nm
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Fig. 3d HPLC-fingerprint analysis of the 80 % ethanol extract of Fructus Trichosanthis (sample 2) detected at

254nm
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Absorbance (AU)
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Fig. 3e HPLC-fingerprint analysis of the 80 % ethanol extract of Fructus Trichosanthis sample 2* (with semen
removed), detected at 210 nm
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Fig. 4 On line UV-spectra of the main peaks of Semen and Fructus Trichosanthis
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Fig. 4 (continued)

4. Description of the HPLC-Figures

Description of semen extract sample 7 at different UV-wavelength (210, 230, and 254 nm): the peak
profile of the Semen extract samples are characterized by a high concentration of peak 1-8 in the

Rt — range from Rt=15 till 40, which show an assembly of lignans. In the second Rt- range from Rt
40.0-55.0 appear the various triterpenoids and phytosterols (e.g. stigmasterin’s compounds).

The HPLC-fingerprint of the Fructus samples shows only a small amount of the lignans. The two main
peaks A/B are triterpenoids. This peak profile is very similar in the one Fructus Trichosanthis after
removement of all seeds.

Conclusion

From the different TLC and HPLC- fingerprints Semen and Fructus Trichosanthis can be easily distinguished
from each other by the dominance of lignans in Semen Trichosanthis (see Fig. 3a and b).
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Fructus Viticis — Manjingzi

Pharmacopoeia: !

Official drug: [

Origin: ]

Description of the drug: !!!

Processing: !!!

Medicinal use: [

Pharmacopoeia of the People’s Republic of China, English Edition Vol. I, 2010

Shrub Chastetree Fruit is the dried ripe fruit of Vitex trifolia L. var. simplicifolia

Cham. or Vitex trifolia L. (Fam. Verbenaceae).

The drug is collected in autumn when ripe, removed from foreign matter, and
dried in the sun.

Mainly in Chinese provinces such as Fujian, Guangdong, Guangxi, Jiangsu,
Liaoning, Taiwan, Yunnan, Hebei, Henan, Shaanxi, Shanxi, Anhui, Shandong,
Jiangxi and Zheijiang; also in Hong Kong, Australia and Pacific Islands.

Speroidal, 4-6 mm in diameter. Externally greyish-black or blackish-brown,
covered with greyish-white frost-like hairs, bearing four longitudinal shallow
furrows; apex slightly concave, with greyish-white persistent calyx and short
fruit stalk at base. Calyx is 1/3-2/3 length of the fruit, 5-toothed, two of them
relatively deep and covered with densely pubescent. Texture light and hard,
uneasily broken. Transverse section showing 4 loculi, each with 1 seed. Odour,
characteristic and aromatic; taste, weak and slightly pungent.

Fructus Viticis (stir-baked)

The clean Fructus Viticis have to be stir-baked gently as described under the
method for simple stir-baking (Appendix II D). Break into pieces before use.

Due to the similar constituents with Fructus Agni casti it can be used for the
treatment of premenstrual symptoms, usually menstruation tempo anomalies
and mastodynia.

Effects and indications of Fructus Viticis according to Traditional Chinese Medicine ['>>7-%]

Taste: Pungent and bitter
Temperature: Mild cold
Channels entered: Orbis vesicalis, o. hepaticus, o. stomachi

Effects (functions):  To disperse wind-heat, clear and soothe head

Symptoms and Common cold caused by wind-heat, cough, headache, gum swelling and pain, red
indications: eyes and hyperdacryosis, dim and blurred vision, diziness and vertigo

H. Wagner et al. (eds.), Chromatographic Fingerprint Analysis of Herbal Medicines, Vol. 4,
DOI 10.1007/978-3-319-32328-2_8, © Springer International Publishing Switzerland 2016
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Main constituents: - Flavones "
Vitexicarpin (= casticin)
- Diterpenoids -3 10111
Vitextrifolin A-H, vitexifolin E,F; vitexilactone, vitexilactone B, previtexilactone,
deacetylvitexilactone, rotundifuran, viteagnusin I, negundol, dihydrosolidagenone,
6-acetoxy-9-hydroxy-13 (14)-labden-16,15-olide, abietatriene 3f-ol

Minor constituents: - Fatty acids (stearic acid, palmitic acid, palmitoleic acid, linoleic acid, myristic acid,

oleic acid), sterols (p-sitosterol, p-sitosterol-3-O-glucoside) !

Rotundifuran Vitexilactone

Fig. 1 Formulae of the main compounds of Fructus Viticis - '!!
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Reported pharmacology: - antipyretic "]
- antibiotic [
- analgesic ")
- sedating ["!
- anti-oxidative ¥

TLC Fingerprint Analysis

Drug samples Origin

1 Fructus Viticis / Vitex trifolia var. Sample of commercial drug obtained from HerbaSinica (origin:
simplicifolia Shandong)
2 Fructus Viticis / without botanical ~ Sample of commercial drug obtained from TCM- Clinic Bad Koétzting

assignment (Charge: 24711102003)

3 Fructus Viticis / without botanical ~ Sample of commercial drug obtained from China Medica
assignment

4 Fructus Viticis / without botanical ~ Province Guangxi (China)
assignment

5 Fructus Agni casti tot. / Vitex Sample of commercial drug obtained from Caelo

agnus-castus®

*For comparison

Reference compound Rf
T Casticin 0.18
1. Extraction: 1.0 g powdered drug is ultrasonicated with 10 ml ethanol (90 %) for 1 h. The
extract is filtered, evaporated to dryness and the residue is dissolved in 1 ml
ethanol.
2. Reference compound: 1.0 mg is dissolved in 1.0 ml methanol

3. Separation parameters:

Plate: HPTLC Silica gel 60 F,s4, Merck

Applied amounts: Fructus Viticis extracts: each 10 pl, Reference compound: 10 pl
Solvent system: Toluene + ethyl acetate (9 + 2)

Detection: 10 % ethanolic sulphuric acid

The plate is sprayed with the reagent, heated at 110 °C for 10

minutes and evaluated in VIS
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Fig. 2 Thin layer chromatogram of the ethanol extracts of Fructus Viticis, sprayed with 10 % ethanolic sulphuric

acid (VIS)

4. Description:

The five Vitex extract samples are characterized by a fairly equal zone profile with 8—10 brown-violet
zones from the TLC-solvent front down to the solvent start with one dominant zone in sample 1 and 5
at Rf=0.68 (rotundifuran) and the yellow zone of casticin (T) at Rf=0.18. The Vitex extract sample 5
possess the highest content of casticin (see also HPLC-Fig. 3c¢).

HPL C-Fingerprint Analysis

1. Extraction:

2. Injection volume:

3. HPLC parameter:
Apparatus:

Separation column:

Precolumn:

Solvent system:

Gradient:

Flow:
Detection:

74

1.0 g powdered drug is ultrasonicated with 10 ml ethanol (90 %) for 1 h. The extract
is filtered, evaporated to dryness and the residue is dissolved in 1 ml ethanol. The
extract is filtered over Chromafil®, Type 0.20 pm.

Fructus Viticis extracts: each 10.0 pl

MERCK HITACHI D-6000 A Interface

MERCK HITACHI L-4500 A Diode Array Detector

MERCK HITACHI AS-2000 Autosampler

MERCK HITACHI L-6200 A Intelligent Pump
LiChroCART® 250-4 LiChrospher® 100 RP-18 (5 pm), Merck
LiChroCART® 4-4 LiChrospher® 100 RP-18 (5 pm), Merck
A: 0.001 % phosphoric acid/water (Millipore Ultra Clear UV plus® filtered)
B: acetonitrile (VWR)

0% B for 5 min,

0-90% B in 50 min,

total runtime: 50 min

1.0 ml/min

210 nm
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Retention times of the main peaks

Peak Rt (min) Compound

1 16.8 Not identified Diterpenoid
2 19.7 Not identified Diterpenoid
3 22.4 Not identified Diterpenoid
4 27.4 Not identified Diterpenoid
5 37.8 Casticin
6 43.7 Not identified
1.4 3
122
g 1.0 .
8 0.8 :
§ E
5 0.6 =
2 .
< 0.4 -
. 2
0.2 I 3 6
E 1 4
0.0 = _L‘l ——h A
0 5 10 15 20 25 30 35 40 45 50 55
Retention time (min)

Fig. 3a HPLC-fingerprint analysis of the methanol extract of Fructus Viticis, sample 1
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1.4—-
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Fig. 3b HPLC-fingerprint analysis of the methanol extract of Fructus Viticis, sample 3
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Fig. 3¢ HPLC-fingerprint analysis of the methanol extract of Fructus Agni casti tot., sample 5

4. Description of the HPLC-Figures

The HPLC-graphs show analogue to the TLC a very homogenous pattern of 6 peaks with the dominant
peaks 2 and 5 (casticin).
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Fig. 4 On line UV-spectra of the main peaks of Fructus Viticis extracts
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Note: According to the Chinese Pharmacopeia 2010 Fructus Viticis contains not less than 0.03 % of vitexicarpin,
calculated with reference to the dried drug !'*

Conclusion

Although the exact botanical assignment of some Vitex samples is not available the presence of the characteristic
compound of Vitex species is sufficient for authentication.
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Fructus Xanthii — Cang’erzi

Pharmacopoeia: ! Pharmacopoeia of the People’s Republic of China, English Edition Vol. I, 2010

Official drug: [ Siberian Cocklebur Fruit is the dried ripe fruit with involucre of Xanthium
sibiricum Patr. (Fam. Asteraceae).

The drug is collected in autumn when ripe, dried and removed from stalk, leaf
and other foreign matter.

Synonym: > Xanthium strumarium L.
Origin: [ In most regions of China, including Hong Kong.

Description of the drug: ['! Fusiform or ovoid, 1-1.5 cm long, 0.4-0.7 cm in diameter. Externally yellowish-
brown or yellowish-green, with hooked spines throughout. Summit with 2
relatively thick spines, separated or linked up, base with a fruit stalk scar. Texture
hard and flexible, the centre of transverse section showing a septum and 2 loculi,
each having an achene. Achene slightly fusiform, relatively even at one side,
apex with a protruding remains of style, pericarp thin, greyish-black, with
longitudinal wrinkles. Testa membranous, pale grey, cotyledons 2, oily. Odour,
slight; taste, slightly bitter.

Medicinal use: >3 539 Application for headaches, tinnitus, toothache, malaria and mumps. Treatment of
chronic sinusitis, ozena, topical application for chronic rhinitis and intramuscular
administration for back pain.

Toxicity: 1% Overdose can lead to nausea, vomiting, diarrhea, abdominal pain. Boiling or
stir-baking reduces toxicity.

Effects and indications of Fructus Xanthii according to Traditional Chinese Medicine [!- 46 3-1¢]

Taste: Pungent and bitter, sweet

Temperature: Warm

Channels entered:  Orbis pulmonalis, o. hepaticus

Effects (functions): To dispers wind-cold, relieve the stuffy nose, dispel wind-dampness

Symptoms and Wind-cold headache due to rheumatism and skin pruritus, nasal congestion, nasal
indications: discharge, allergic rhinitis, sinusitis, urticarial, arthritis, itching caused by rubella,
spasm caused by fixed impediment

H. Wagner et al. (eds.), Chromatographic Fingerprint Analysis of Herbal Medicines, Vol. 4, 79
DOI 10.1007/978-3-319-32328-2_9, © Springer International Publishing Switzerland 2016



Fructus Xanthii — Cang’erzi

Main constituents:

 Phenol carboxylic acids 7% 19
Chlorogenic acid; neochlorogenic acid (=5-caffeoylquinic acid); cryptochlorogenic acid (=4-caffeoylquinic
acid); caffeic acid; 1,4-dicaffeoylquinic acid; 1-caffeoylquinic acid; cynarin (=1,5-dicaffeoylquinic acid);
1,3,5-tri-O-caffeoylquinic acid; isochlorogenic acid A (=3,5-dicaffeoylquinic acid); isochlorogenic acid B
(=4,5-dicaffeoylquinic acid); isochlorogenic acid C (=3,4-dicaffeoylquinic acid); chlorogenate, ferulic acid

* N- and S-containing glycosides (some derived from monoterpenoids) * 31517
-3B-norpinan-2-one-3-O-f-D-apiofuranosyl-(1 — 6)- f-D-glucopyranoside; (6Z)-3-hydroxymethyl-7-
methylocta-1,6-dien-3-01-8-O- B-D-glucopyranoside; (6E)-3-hydroxymethyl-7-methylocta-1,6-dien-3-0l-8-O-
B-D-glucopyranoside; 7-[(p-D-apiofuranosyl-(1 — 6)-B-D-glucopyranosyl)
oxymethy]-8,8-dimethyl-4,8-dihydro-benzo [1,4] thiazine-3,5-dione
-xanthiside, xanthiazinone, xanthiazone, xanthienopyran, 5-hydroxypyrrolidin-2-one, adenosine, (+)
sibiricumin A, (-)-sibiricumin A

Minor constituents:

Fatty oils, alkaloids, essential oils, diterpenes, saponins, flavones, sesquiterpene lactones, thiazinediones,
amino acids, vitamin C, linoleic acid, oleic acid, palmitic acid, stearic acid, p,y,e-sitosterin, lecithin,
cephaeline, xanthostrumarin, ceryl alcohol, resin (363 10. 14, 16]

Chlorogenic acid R= “OH

Neochlorogenic acid R= “OH

(0]
HO OH HO /Q
0" " NOH

N OOH

Caffeic acid
HO Cynarin
OH
NH,

OH —N
k@’N
74
Adenosine \ / \
HO  OH

NVN

Fig. 1 Formulae of the main compounds of Fructus Xanthii [3 4]
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Reported pharmacology: - anti-inflammatory [ 14-161
- anti-allergic ['%
- antibiotic [1*]
- decrease of serum glucose "
- analgesic activity 1% %

TLC Fingerprint Analysis

Drug samples Origin

1 Fructus Xanthii (praep.) / Xanthium  Sample of commercial drug obtained from HerbaSinica (origin: Jilin,
sibiricum China)

2 Fructus Xanthii (praep.) / Xanthium  Sample of commercial drug obtained from China Medica (origin:

sibiricum Anhui, China)

Fructus Xanthii / Xanthium sibiricum Province Neimeng, China

Fructus Xanthii / Xanthium sibiricum Province Dongbei, China

5 Fructus Xanthii / Xanthium sibiricum Sample of commercial drug obtained from TCM-Clinic Bad Ké&tzting

(Charge: K30.08.2000)

EENINON)

1. TLC-fingerprint analysis of phenol carboxylic acid: ['*]

Reference compounds of Fig. 2 Rf
Tl Chlorogenic acid 0.37
T2 Cafteic acid 0.94
T3 Hyperosid 0.46
1.  Extraction: 1.0 g powdered drug is extracted with 10 ml methanol under reflux for 20 min. The
extract is filtered, evaporated to dryness and the residue is dissolved in 1.0 ml
methanol.
2. Reference 1.0 mg is dissolved in 1.0 ml methanol

compounds:
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Separation parameters:

Plate:

Applied amounts:
Solvent system:
Detection:

HPTLC Silica gel 60 F,s54, Merck
Fructus Xanthii extracts: each 10 pl, Reference compounds: each 10 pl
Ethyl acetate + formic acid + water + toluene (20 +2 +2 + 1)
Natural products — Polyethylene glycol reagent (NP/PEG)
I: 1% diphenylboric acid-f-ethylamino ester
(= diphenylboryloxyethylamine, NP) in methanol
II: 5% Polyethylene glycol-4000 (PEG) in ethanol (80 %)

The plate is sprayed first with solution I and then with solution II. After 1 h the
evaluation is carried out under UV 366 nm.

Front

Rf0.5

Start

2 3 4 5 T T2 T3

Fig. 2 Thin layer chromatogram of the methanol extracts of Fructus Xanthii, sprayed with NP/PEG (UV 366 nm)
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4. Description:

The TLC sprayed with NP/PEG and evaluated under UV 366 nm is characterized by 6—7 main white/blue
fluorescent zones from the TLC-front down to the solvent start.

No. Compound Rf

1 Caffeic acid (T2) 0.94
2 Isochlorogenic acids 0.83
3 Dicaffeoylquinic acids (e.g. Cynarin) 0.69
4 Chlorogenic acid (T1) 0.37
5 5 or 4-monocaffeoylquinic 0.15
6 acids (crypto- or 0.11
7 neochlorogenic acid) start

Flavonol glycosides were detectable in the extract samples 14 as orange fluorescent zones below and above of
chlorogenic acid (Rf=0.46 (T3=Hyperoside); 0.44; 0.31).

2. TLC-fingerprint analysis in a more lipophilic solvent system for the detection of terpenoids of essential
oils and fatty acids: ['*

Reference compound of Fig. 3a/b  Rf
T4 Linoleic acid 0.18

1. Extraction: 1.0 g powdered drug is extracted with 10 ml methanol under reflux for 20 min.
The extract is filtered, evaporated to dryness and the residue is dissolved in
1.0 ml methanol.

2. Reference compound: 1.0 mg is dissolved in 1.0 ml methanol
3. Separation parameters:
Plate: HPTLC Silica gel 60 F,s54, Merck
Applied amounts: Fructus Xanthii extracts: each 10 pl, Reference compound: 10 pl
Solvent system: Toluene + ethyl acetate (9 + 1)
Detection: 10 % ethanolic sulphuric acid

The plate is sprayed with 8 ml reagent and heated at 110 °C for 10 min. The
plate is evaluated in VIS (Fig. 3a) and under UV 366 nm (Fig. 3b).
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Front

Rf0.5

Start

Fig. 3a/b Thin layer chromatogram of the methanol extracts of Fructus Xanthii, sprayed with 10% ethanolic
sulphuric acid (a=VIS, b=UV 366 nm)

4. Description:

In Fig. 3a all five extracts show in the low and middle Rf-range a very homogeneous pattern of light brown
coloured zones which could be assigned to mono- and sesquiterpenoids apart of linoleic acid
(T4, Rf=0.18).

In Fig. 3b the same zones appear with light blue fluorescence.

Note: Both figures with their characteristic zone profiles provide an additional definite authentication for
Fructus Xanthii.

3. TLC-fingerprint analysis of the nucleoside Adenosine: ['®]

Reference compound of Fig. 4a/b  Rf
T5 Adenosine 0.66

1. Extraction: 1.0 g powdered drug is extracted with 10 ml methanol under reflux for 20 min. The
extract is filtered, evaporated to dryness and the residue is dissolved in 1.0 ml methanol.

2. Reference 1.0 mg is dissolved in 1.0 ml methanol
compound:
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3. Separation parameters:
Plate: HPTLC Silica gel 60 F,s54, Merck
Applied amounts: Fructus Xanthii extracts: each 10 pl Reference compound: 10 pl
Solvent system:  n-butanol + ethanol + glacial acetic acid + water (12 +4 +4 + 6)
Direct evaluation: UV 254 nm (Fig. 4a)

Spray reagent: Potassium permanganate/sodium hydroxide solution

0.5 g potassium permanganate is dissolved in aqueous sodium hydroxide solution
(1 mol).

The plate is sprayed with 8 ml reagent and evaluated in VIS (Fig. 4b).

- Front

@O C O dCh @)

L Rf0.5

- Start

Fig. 4a/b Thin layer chromatogram of the methanol extracts of Fructus Xanthii, sprayed with KMnO,/NaOH
solution (a) UV 254 nm, (b) VIS

4. Description:
Adenosine (T5) shows in Fig. 4a a black zone at Rf=0.66 under a green fluorescent background.

In Fig. 4b the extract samples 1-5 provide light green zones from the solvent front down to Rf=0.45. The
green zone at Rf=0.66 can be assigned to Adenosine.
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HPL C-Fingerprint Analysis

1. Extraction: 1.0 g powdered drug is extracted with 10 ml methanol under reflux for 20 min. The
extract is filtered, evaporated to dryness and the residue is dissolved in 1.0 ml
methanol. The extract is filtered over Chromafil®, Type 0.20 pm.

2. Injection volume:  Fructus Xanthii extracts: each 15 pl

3. HPLC parameter:
Apparatus: MERCK HITACHI D-6000 A Interface
MERCK HITACHI L-4500 A Diode Array Detector
MERCK HITACHI AS-2000 Autosampler
MERCK HITACHI L-6200 A Intelligent Pump
Separation column: LiChroCART® 250-4 LiChrospher® 100 RP-18 (5 pm), Merck
Precolumn: LiChroCART® 4-4 LiChrospher® 100 RP-18 (5 pm), Merck
Solvent system: A: 0.1% phosphoric acid/water (Millipore Ultra Clear UV plus® filtered)
B: acetonitrile (VWR)
Gradient: 10-22% B in 15 min,
22% B for 5 min,
22-40% B in 15 min,
total runtime: 35 min
Flow: 1.0 ml/min

Detection: 210 nm

86



Retention times of the main peaks

Fructus Xanthii — Cang’erzi

Peak Rt (min) Compound

1 2.3 Not identified

2 3.0 Adenosine

X 5.5 Not identified

3 9.6 Chlorogenic acid

4 10.6 Not identified

5 15.3 Not identified

6 19.3 Unknown flavonoid

7 21.8 Unknown chlorogenic
8 23.5 acid isomers/

9 28.6 dicaffeoylquinic acids

Absorbance (AU)

10

15 20 25 30 35
Retention time (min)

Fig. 5a HPLC-fingerprint analysis of the methanol extract of Fructus Xanthii, sample 1
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Absorbance (AU)

0.8 =

0.7 =

0.6 =

0.5 =

0.4 =

0.3 =

0.2 =

0.1 =2

0.0
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0

S B L B B N BN B L B N L BN B L N L BL B L NN B L B R L B N DL I L B I B I

5

10

15 20 25 30 35
Retention time (min)

Fig. 5Sb HPLC-fingerprint analysis of the methanol extract of Fructus Xanthii, sample 4

Absorbance (AU)

0.8 =

0.7 =

0.6 =

0.5 =

0.4 =

0.3 =

0.2 =

0.1 =

0.0 =

15 20 25 30 35
Retention time (min)

Fig. 5¢ HPLC-fingerprint analysis of the methanol extract of Fructus Xanthii, sample 5
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Fig. 6 On line UV-spectra of the main peaks of Fructus Xanthii extracts

4. Description of the HPLC-Fig. 5a, b, ¢

Peak 1 and 2 can be assigned to the nucleosides Guanin (1) and Adenosin (2), identified with reference
compound). Peak 3 is chlorogenic acid as the only monocaffeoylquinic acid. The peak numbers 4—6 with
the characteristic double maxima at 257 and 348 nm can be assigned to flavonoids. The peak 7-9 possess a
very similar UV-spectrum as peak 3 (chlorogenic acid) and can be identified as dicaffeoylquinic acids (see
also TLC-Fig. 2).

Conclusion

The TLC of Figs. 2 and 3a/b are sufficient for authentication of Fructus Xanthii but can be definitely assessed be
the additional detection of the nucleosides adenosine and guanosin. The HPLC confirms the TLC authentication
by a very similar HPLC-peak profile.
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Herba Artemisiae annuae — Qinghao
Folium Artemisiae argyi — Aiye

Pharmacopoeia: !
Official drugs: !

Origin; 1238101

Description of the drugs: [

Medicinal use: [

Toxicology of Folium
Artemisiae argyi: ¥

H. Wagner et al. (eds.), Chromatographic Fingerprint Analysis of Herbal Medicines, Vol. 4,

Pharmacopoeia of the People’s Republic of China, English Edition Vol. I, 2010

Herba Artemisiae annuae

Sweet Wormwood Herb is the dried aerial part of Artemisia annua L. (Fam.
Asteraceae).

The drug is collected in summer at flowering, removed from older stems, and
dried in the shade.

Folium Artemisiae argyi
Argy Wormwood Leaf is the dried leaf of Artemisia argyi
Lévl. et Vant. (Fam. Asteraceae).

The drug is collected in summer before flowering, removed from foreign
matter, and dried in the sun.

Herba Artemisiae annuae

China, northern Vietnam, Siberia and India. It is also found in Iran,
Afghanistan, Australia, Italy, Malaysia, Romania, Spain, Turkey, Hungary and
the United States.

Folium Artemisiae argyi
China, Korea, Mongolia and Russia.

Herba Artemisiae annuae

Stems cylindrical, frequently branched at the upper part, 30-80 cm long,

2—6 mm in diameter; externally yellowish-green or brownish-yellow, with
longitudinal ridges; texture slightly hard, easily broken, fracture medullated in
the centre. Leaves alternate, dark green or brownish-green, rolled and
crumpled, easily broken, when whole, 3-pinnatipartite, the segments and
smaller segments oblong or long-elliptical, pubescent on both surfaces. Odour,
characteristically aromatic; taste, slightly bitter.

Folium Artemisiae argyi

Mostly crumpled and broken, short petioled. When whole, ovate-elliptical,
pinnatipartite, segments elliptical-laceolate, margin irregularly dentate; upper
surface greyish-green or dark yellowish-green, sparsely pubescent and
glandular-punctate, lower surface densely greyish-white tomentose. Texture
soft. Odour, delicately aromatic; taste, bitter.

Herba Artemisiae annuae is mainly used in combination with mefloquin for the
treatment of malaria. Folium Artemisiae argyi is mainly used for the treatment
of menstrual disorders.

High dosages may result in side-effects such as dry mouth, nausea, vomiting,
gastric problems, diarrhoea and dizziness. Extremely high doses may provoke
bleeding during pregnancy and cause abortion.
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Effects and indications of Herba Artemisiae annuae according to Traditional Chinese Medicine '
11,13, 14]

Taste: Bitter and pungent

Temperature: Cold

Channels entered:  Orbis hepaticus, o. felleus

Effects (functions): To clear deficiency heat, relieve streaming bone, release summerheat, interrupt
malaria, abate jaundice

Symptoms and Warm pathogen damaging yin, fever at night and cool in the morning, yin deficiency
indications: fever, steaming bone and consumptive fever, fever induced by summer pathogen
malaria, dampness-heat jaundice

Effects and indications of Folium Artemisiae argyi according to Traditional Chinese Medicine -4

Taste: Pungent and bitter

Temperature: Warm

Channels entered: Orbis hepaticus, o. renalis, o. lienalis

Effects To warm the meridian stanch bleeding, dissipate cold and relieve pain
(functions):

Symptoms and Hematemesis, epistaxis, flooding and spotting, profuse menstruation, vaginal bleeding
indications: during pregnancy, cold pain in the lower abdomen, menstrual irregularities caused by
cold, infertility caused by uterine coldness; topical application: itching of skin

Main constituents of Herba Artemisiae annuae:

- Sesquiterpenes >3 78 10.12715]

Artemisinin [-IV (qinghaosu), deoxyartemisinin, artemisinic acid, dehydro-artemisinic acid, artemisilactone,
artemisinol, epoxyarteannuinic, arteannuin B

- Flavonoids [ 6 7- 10 15]

Hyperoside, isoquercitrin, luteolin, apigenin, peduletin, artemetin, astragalin, casticin, chrysosplenol D,
kaempferol, patuletin, quercetin, rutin, chlorogenic acid, caffeic acid, vitexin

Minor constituents: - Coumarins (aesculetin, coumarin, isofraxidin, scopoletin, scopolin, tomentin),
essential oils (pinene, 1,8-cineol, borneol, phenol, cuminic aldehyde, artemisia
ketone, linalool, p-cymene, thujone, camphor), steroids, phenolics (syringaldehyde),
terpenes (costunolide, stigmasterol, friedelin) [ 6.7 10.13. 14]
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Main constituents of Folium Artemisiae argyi:

- Sesquiterpenes and —lactones %21

Spathulenol, juniper camphor, chamazulene, f-caryophyllene, p-caryophyllene alcohol, caryophyllene oxide,
chrysartemin A + B, a-cedrene, elemol, clovandiol, eudesmanolides

- Triterpenes > 3-21.25]

Glutinone, fernenone, lupenone, simiarenol, a-amyrin acetate, f-amyrin acetate, ethyl palmitate, ethyl oleate,
ethyl linoleate, lupenyl acetate, 24-methylene-cycloartanone, trans-phenyllitaconic, gult-5-en-3f-yl acetate,
dammara-20,24-dien-3-yl acetate, cycloartenyl acetate, cycloart-23-en-3f3,25-diol, cycloart-23-en-3f3,25-diol
monoacetate, arteminolides

- Flavonoids / caffeoylquinic acid > '8 2021, 24-26]

Eupatilin, jacoesidin, apigenin, ladanein, hispidulin, chryseriol, naringenin, 5-hydroxy-6,7,3’,4’,-
tetramethoxyflavone, isochlorogenic acid A, 5,6-di-hydroxy-7,3’,4’-trimethoxyflavone, 5,6,4’-trihydroxy-7,3’-
dimethoxyflavone, 5,7,3’-trihydroxy-6,4",5’-trimethoxyflavone, nepetin

_ Essential Oil [5,17, 18,19, 22, 23, 25]

*Monoterpenes: -pinene, 3-carene, camphene, t-terpinene, 1R-a-pinene, myrcene, 1,8-cineole (eucalyptol),
carveol, a-phellandrene, camphor, isoborneol, carvone

*Terpenalcohols: borneol, longiborneol, linalool, 4-terpineol, menthol, nerolidol, dihydrocarveol, a-terpineol
*Sesquiterpenes: humulene, -cubebene, a-gurjunene, (Z)-p-farnesene, d-cadinene, a-bergamotene
*Terpenesters: bergamiol, bornyl acetate, cedryl acetate, nerol acetate, geranyl acetate, geranyl isovalerate
*Ketones: menthone, 3-octanone

*Aromatic compound: o-cymene

Minor constituents: - Coumarins (scopoletin, isoscopoletin, trans-O-coumaric acid), glycosides, polyacetylenes,
steroids/sterols, sesquiterpene, ketones (moxartenolide, moxartenone), fatty acids
(13-0x0-9 (Z2),11 (E)-octadecadienoic acid; 13-o0x0-9 (E),11 (E)-octadecadienoic acid;
9-0x0-10 (E),12 (E)-octadecadienoic acid) [ 1015 18.21]

Reported pharmacology:

Herba Artemisiae annuae Folium Artemisiae argyi
- anti-parasitic / antimalarial & ¢ 8-10. 12, 15] - antiasthmatic effect %)
- antipyretic [* ¢ - antimutagenic 23
- antibiotic ™ - inhibition of proliferation of human ccrf-cem leukemia cells
- antibacterial 1 7- % 10] - gastroprotective effect %!
- anticancer 6 12 16] - activity against pruritus
- cytotoxic &8 - antiinflammatory 1"
- antitumor [7-%- 191 - analgesic 519
- anti-inflammatory % 6.7.8. 101 - anxiolytic ¥
- antifungal (6] - antidepressant &
- sedative P!

- antifungal 123!
- antihistaminic [1%- %3]
- antitumor 3
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Artemisinin
MeO
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Fig. 1 Formulae of the main compounds of Herba Artemisiae annuae and Folium Artemisiae argyi™
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TLC-Fingerprint Analysis

Drug samples Origin
1 Herba Artemisiae annuae / Artemisia annua Sample of commercial drug obtained from
HerbaSinica (origin: Neimeng, China)
2 Herba Artemisiae annuae / Artemisia annua Sample of commercial drug obtained from Caelo
(origin: Sichuan, China)
3 Herba Artemisiae annuae / Artemisia annua Province Henan, China
Folium Artemisiae argyi / Artemisia argyi Sample of commercial drug obtained from China
Medica (origin: Jiange, Sichuan, China)
5  Folium Artemisiae argyi / Artemisia argyi Sample of commercial drug obtained from TCM-
Clinic Bad Koétzting (Charge: 19112072004)
6  Folium Artemisiae argyi / Artemisia argyi Province Henan, China
Herba Artemisiae scopariae / Artemisia Sample of commercial drug obtained from China
scoparia or A. capillaris® Medica (origin: unknown)

2For comparison

1. TLC-fingerprint analysis of Sesquiterpenes

Reference compound of Fig. 2 Rf
T1 Artemisinin 0.38
1. Extraction: 1.0 g powdered drug is extracted with 20 ml methanol under reflux for 30 min. The
extract is filtered, evaporated to dryness and the residue is dissolved in 1 ml methanol.
2. Reference 1.0 mg is dissolved in 1.0 ml methanol
compound:

3. Separation parameters:
Plate: HPTLC Silica gel 60 F,s4, Merck
Applied amounts: Herba Artemisiae annuae extracts: each 10 pl
Folium Artemisiae argyi extracts: each 30 pl
Herba Artemisiae scopariae extract: 30 pl

Reference compound: 10 pl

Solvent system: Hexane + ethyl acetate + glacial acetic acid (16 + 4 + 0.2)

Spray reagent: 1 ml of diluted sulphuric acid (50 % v/v) is mixed with 10 ml of p-hydroxybenzaldehyde
in methanol (2 % w/v).

The plate is sprayed with the solution and heated for 10 min at 110 °C. After 30 min
the plate is evaluated in VIS.
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Front

Rf0.5

Start

Fig. 2 Thin layer chromatogram of the different Herba and Folium Artemisiae methanol extracts, sprayed with
p-hydroxybenzaldehyde / sulphuric acid (VIS)

4. Description:

The Herba A. annuae extracts 1-3 show a very homogenous profile of grey and violet coloured zones in
the deep, middle and upper Rf-range with artemisinin (T1) as dominant orange brown zone in sample 2
and a weaker concentration in sample 3. The Folium A. argyi extracts 4—6 differ from the Herba extracts by
much stronger grey/blue/black coloured zones in the corresponding Rf-ranges. It can be supposed that the
deep blue coloured zones originate from essential oil compounds such as linalool, borneol or terpineol.
Artemisinin is not detectable in these extracts.

The Herba A. scopariae extract 7 shows a very similar TLC-profile as those of extracts 1-3 but also without

artemisinin.

2. TLC-fingerprint analysis of Flavonoids, Coumarins and Phenolcarboxylic acids **!

Reference compounds of Fig. 3 Rf

T2 Isofraxidin

T3 Hyperoside

T4 Astragalin

T5 Scopoletin

T6 Chlorogenic acid

0.94
0.69
0.28
0.98
0.59

1. Extraction:

1.0 g powdered drug is extracted with 20 ml methanol under reflux for 30 min.
The extract is filtered, evaporated to dryness and the residue is dissolved in 1 ml
methanol.

2. Reference compounds: 1.0 mg is dissolved in 1.0 ml methanol
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3. Separation parameters:
Plate: HPTLC Silica gel 60 F,s,, Merck
Applied amounts: Herba Artemisiae annuae extracts: each 10 pl
Folium Artemisiae argyi extracts: each 30 pl
Herba Artemisiae scopariae extract: 30 pl

Reference compound: 10 pl

Solvent system: Ethyl acetate + formic acid + glacial acetic acid + water (20 +2.2 +2.2 +5.2)
Spray reagent: Natural products — Polyethylene glycol reagent (NP/PEG)

I: 1% diphenylboric acid-p-ethylamino ester

(= diphenylboryloxyethylamine, NP) in methanol
II: 5% Polyethylene glycol-4000 (PEG) in ethanol (80 %)

The plate is sprayed first with solution I and then with solution II. After 30 min
the evaluation is carried out under UV 366 nm.

Front
R/ 0.5
Start
1 2 3 T2 T5 4 5 6 7
T3 T6
T4

Fig. 3 Thin layer chromatogram of the different Herba and Folium Artemisiae methanol extracts, sprayed with
NP/PEG (UV 366 nm)

4. Description:

All Herba and Folium Artemisiae extracts 1-7 are characterized by a very homogenous TLC-profile with
blue, green and orange fluorescent zones with scopoletin (T5) and chlorogenic acid (T6) as dominant
zones in all samples. Hyperoside (T3) is detectable in samples 1-3 and 7. The blue-violet zone at
Rf=0.45 in samples 1-3 may be assigned to scopolin.
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HPLC-Fingerprint Analysis >

1.1. Extraction: 1.0 g powdered drug is extracted with 20 ml methanol under reflux for 30 min.
The extract is filtered, evaporated to dryness and the residue is dissolved in 1 ml
methanol. The extract is filtered over Chromafil®, Type 0.20 pm.

1.2. Sample derivatisation: 0.1 ml sample (extract or artemisinin) is transferred into a 1 ml measuring flask.
0.4 ml 0of 0.2 % (m/v) NaOH solution is added in the flask, and then left to react at
50 °C for 30 min. After cooling during 10 min, 0.1 ml of ethanol is added. Finally
the flask is filled with acetic acid 0.2 N. All solutions are filtered over Chromafil®,
Type 0.20 pm before injection.

2. Injection volume: Herba Artemisiae annuae extracts: each 20 pl, Folium Artemisiae argyi exracts:
each 40 pl, Herba Artemisiae scopariae extract: 40 pl

3. HPLC parameter:
Apparatus: MERCK HITACHI D-6000 A Interface
MERCK HITACHI L-4500 A Diode Array Detector
MERCK HITACHI AS-2000 Autosampler
MERCK HITACHI L-6200 A Intelligent Pump
Separation column:  LiChroCART® 250-4 LiChrospher® 100 RP-18 (5 pm), Merck

Precolumn: LiChroCART® 4-4 LiChrospher® 100 RP-18 (5 um), Merck

Solvent system: A: phosphate buffer 5 mM, pH 6.3 (Millipore Ultra Clear UV plus® filtered)
B: methanol (VWR)

Gradient: 0-20% B in 20 min,

20—40% B in 35 min,

40-100% B in 17 min,

Total runtime: 72 min
Flow: 1.0 ml/min

Detection: 260 nm
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Retention times of the main peaks

Peak Rt (min) Compound

1 13.8 Chlorogenic acid

2 14.9 Not identified

3 16.6 Not identified

4 20.3

5 26.4 Not identified chlorogenic acid isomers
6 32.0

7 383 Not identified

8 42.0 Isofraxidin or Scopoletin
9 57.0 Artemisinin

10 70.4 Not identified

0.06

0.05

0.04

0.03

Absorbance (AU)

0.02

0.01

0.00

0 5 10 15 20 25 30 35 40 45 50 55 60 65 70

Retention time (min)

Fig. 4a HPLC-fingerprint analysis of the methanol extract of Herba Artemisiae annuae, sample 2

4. Description of Fig. 4a:

The HPLC-graph of the MeOH-extract of Artemisia annua is characterised by relative high concentrations
of chlorogenic acid (peak 1) and several other chlorogenic acid isomers (dicaffeoylquinic acids, peak 4-7)
according to their similar UV-spectra and the detection in TLC at Fig. 3 (samples 1-3). The peak 8 can be
assigned to the cumarins isofraxidin or scopoletin. Artemisinin (peak 9) could be identified with a
reference compound. Its low concentration in the Herba extract can be explained with the low portion of
leaves in the herbal drug sample. Artemisinin was isolated only from leaf material . Peak 10 may be one
compound of the essential oil.
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Fig. 4b HPLC-fingerprint analysis of the methanol extract of Folium Artemisiae argyi, sample 4

Description of Fig. 4b:

This figure shows only low concentrations of the compounds 1,2 and 6,7 inclusive Artemisinin (9) but a high
concentration of the lipophilic terpenoids or acetylenic acids.
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Fig. 4c HPLC-fingerprint analysis of the methanol extract of Herba Artemisiae scopariae, sample 7

Description of Fig. 4c:

Artemisia scoparia MeOH extract contains only chlorogenic acid (peak 1) and one chlorogenic acid isomer (peak 6).
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Fig. 5 On line UV-spectra of the main peaks of the different Artemisia extracts
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Fig. 5 (continued)
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Note

The Chinese Pharmacopeia 2010 describes for Folium Artemisiae argyi a cineole content not less than 0.050 %,
calculated with reference to the dried drug. [

Conclusion

The extract authentication of the three Artemisia species, 4. annua, A. argyi and A. scoparia is very difficult
because all three species do not contain any prominent marker compound in high concentrations which without
phytochemical enrichment could be not unequivocally identified.
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Herba Ephedrae — Mahuang

Pharmacopoeia: ! Pharmacopoeia of the People’s Republic of China, English Edition Vol. I, 2010

Official drug: "2 Ephedra is the dried herbaceous stem of Ephedra sinica Stapf, Ephedra intermedia
Schrenk et C.A. Mey. or Ephedra equisetina Bge. (Fam. Ephedraceae).

The drug is collected in autumn and dried in the sun.

Origin: > Mainly in Chinese provinces such as Shanxi, Hebei, Gansu and Shaanxi, and in
Xinjiang, Inner Mongolia and Ningxia.

Description of the  Herb of Ephedra sinica
drug: [

Slenderly cylindrical, infrequently branched, 1-2 mm in diameter. Some with a few brown
woody stems. Externally pale green to yellowish-green, with fine longitudinal ridges,
slightly rough. Nodes distinct, internodes 2—6 cm long. Scaly leaves on the nodes
membranous, 3—4 mm long, with 2 lobes (rarely 3), acutely triangular, apex greyish-white,
reversed, base tubular and reddish-brown in colour. Texture light, fragile, and easily broken,
fracture slightly fibrous with greenish-yellow edge and subrounded reddish-brown pith.
Odour, slightly aromatic; taste, astringent and slightly bitter.

Herb of Ephedra intermedia

Frequently branched, 1.5-3 mm in diameter, rough. Membranous scaly leaves 2—-3 mm
long, with 3 lobes (rarely 2), apex acute. Fracture showing a triangular rounded pith.

Herb of Ephedra equisetina

Frequently branched, 1-1.5 mm in diameter, without rough feeling. Internodes 1.5-3 cm
long. Membranous scaly leaves 1-2 mm long, with 2 lobes (rarely 3), the upper part
short-triangular, greyish-white, apex infrequently reversed, base brownish-red to
brownish-black.

Processing: !!! Herba Ephedrae (processed with honey)

The sections of Herba Ephedrae are stir baked as described under the method for stir-baking
with honey (Appendix II D, Chinese Pharmacopoeia (2010)) until it is not sticky to fingers,
using 20 kg of refined honey per 100 kg of Herba Ephedrae.

Medicinal use: “'?! Used for clinical treatment of bronchial asthma, nasal congestion, anaphylactic reaction,
hypotension, common cold, hay fever and upper respiratory allergies.

It is also commonly used in some western countries as dietary supplement and as
slimming aid.

H. Wagner et al. (eds.), Chromatographic Fingerprint Analysis of Herbal Medicines, Vol. 4, 107
DOI 10.1007/978-3-319-32328-2_11, © Springer International Publishing Switzerland 2016



Herba Ephedrae — Mahuang

Effects and indications of Herba Ephedrae according to Traditional Chinese Medicine '-35 13]

Taste:

Pungent, mild bitter

Temperature:

Warm

Channels entered:

Orbis pulmonalis, o. vesicalis

Effects (functions):

To promote sweating and dissipate cold, diffuse the lung to relieve panting, and
promote urination to alleviate edema

Symptoms and

Common cold caused by wind-cold, oppression in the chest, panting and cough,

indications: edema caused by wind
Herba Ephedrae (processed with honey) can moisten the lung to suppress cough,
and can be used for panting and cough after relieving exterior pattern
Toxicity: ['*! Strong sweating may occur if administered in high doses or over long periods of time.

Main constituents:

Minor constituents:

108

Blood pressure may be raised, restlessness, tremor, arrhythmias and mydriasis may
occur. Symptoms of ephedrine poisoning are: sweating, raised temperature, epigastric
pain, dry heaves, vomiting, seizures.

- Alkaloids '

(-)-Ephedrine, (+)-pseudoephedrine, pseudomethylephedrine, (-)-methylephedrine,
(-)-norephedrine, (+)-methyl-pseudoephedrine, (+)-norpseudoephedrine,
benzoyl-pseudoephedrine, 2,3,5,6-tetramethylpyrazine, ephedroxane,
3,4-dimethyl-5-phenyl-oxazolidin-2-one

- Essential oil >3 ¢!

o,a,4-trimethyl-3-cyclohexan-1-methanol; o/p-terpineol, 1-acetyl-1,3-dimethyl-
3-cyclohexane; 6,10,14-trimethyl-2-pentadecanone; 3,7,11,15-tetramethyl-2-hexadecen-
1-ol; docosane, limonene, (+)-4-carene, 1-methyl-4-(1-methylethenyl)-cyclohexanol,
n-hexadecanoic acid

- 4-(2-eicosyloxycarbonyl-vinyl)-benzoic acid, 4-(2-docosyloxycarbonyl-vinyl)
-benzoic acid, benzo [a] pyrene (1,6-dinitropyrene, 3,9-dinitrofluoranthene), phenolics
(eg catechin, epicatechin, epigallocatechin, o-coumaric acid glucoside, vitexin-2’
-O-rhamnoside, quercetin-3-D-galactoside (= hyperoside), kaempferol- rhamnoside),
lipids [6, 11, 14, 16]




Fig. 1 Formulae of the two main alkaloids of Herba Ephedrae !

Herba Ephedrae — Mahuang
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Reported pharmacology:

- anti-inflammatory 1% '3

- sympathomimetic ['*!

- diaphoretic 15 % 12 14.15]

- antihistaminic

- diuretic 5 1415

- hypoglycemic P!

- antiangiogenic activity !4
- anticoagulative %!

- immunosuppressive !

- antioxidative 1!

TLC Fingerprint Analysis

Drug samples

1

W

Herba Ephedrae/Ephedra sp.
Herba Ephedrae/Ephedra sp.
Herba Ephedrae/Ephedra sp.
Herba Ephedrae/Ephedra sp.

Herba Ephedrae/Ephedra sp.

origin

- antiviral [

- antiobesity agent 1!

- cardiovascular effects [

- antiasthmatic [ 6% 12, 14.15]

- antimutagenic/anticarcinogenic !4
- antitumor activity !4

- antipyretic [

- respiratory effects [

- antitussive

Sample of commercial drug obtained from firm China Medica

(Charge: 12 0519)
Province Shanxi (China)
Province Hebei (China)

Sample of commercial drug, obtained from TCM-Clinic Bad Ké&tzting

(Charge: K 07.06.1999)

Sample of commercial drug, obtained from TCM-Clinic Bad Ké&tzting

(Charge: K 20.12.2000)
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Herba Ephedrae — Mahuang

Reference compound of Fig.2  Rf

T Ephedrine 0.44

1. Extraction: 1 g powdered drug is extracted under reflux with 1 ml 10% NH; and 10 ml
methanol for 30 min. The extract is filtered, evaporated to dryness and the residue
is dissolved in 1.5 ml methanol.

2. Reference compound: 1.0 mg is dissolved in 1.0 ml methanol
3. Separation parameters:
Plate: HPTLC Silica gel 60 F,s4, Merck
Applied amounts: Herba Ephedrae extracts: each 5 pl
Reference compound: 10 pl
Solvent system: Dichloromethane + methanol + ammonia solution (25 %)
8+2+0.2)
Detection: 2% ethanolic Ninhydrine solution

The plate is sprayed with 8 ml reagent and heated at 110 °C for 10 min. The plate is
evaluated in VIS.

= Front

-Rf 0.5
L TS

— - e - e

Fig. 2 Thin layer chromatogram of the NH;- Methanol extracts of Herba Ephedrae, sprayed with Ninhydrin
reagent (VIS)
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4. Description:

Herba Ephedrae — Mahuang

All five Ephedrae herb extracts show at Rf=0.47 a broad brown zone of Ephedrine accompanied by a weak
zone above Ephedrine at Rf=0.58 and a strong on the solvent start. Their identities could be not destined.

HPL.C-Fingerprint Analysis

1. Extraction:

2. Injection volume:

3. HPLC parameter:
Apparatus:

Separation column:
Precolumn:

Solvent system:

Gradient:

Flow:
Detection:

1 g powdered drug is extracted under reflux with 1 ml 10% NH; and 10 ml methanol
for 30 min. The extract is filtered, evaporated to dryness and the residue is dissolved
in 1.5 ml methanol. filtered over Millipore®, Type 0.45 pm and injected into the
HPLC-apparatus.

Herba Ephedrae extracts: each 20 pl
Ephedrin 1 mg/ml MeOH: 30 pul

MERCK HITACHI D-6000 A Interface

MERCK HITACHI L-4500 A Diode Array Detector

MERCK HITACHI AS-2000 Autosampler

MERCK HITACHI L-6200 A Intelligent Pump

LiChroCART® 250-4 LiChrospher® 60 RP select B (5 pm), Merck
LiChroCART® 4-4 LiChrospher® 60 RP select B (5 pm), Merck

A: 2.0 g hexanesulfonic acid/1 1 water (Millipore Ultra Clear UV plus®
filtered) + H;PO, 85 % (pH=3.0)

B: acetonitrile (VWR)
5% B for 5 min,
5-65% B in 30 min
total runtime: 30 min
1.0 ml/min

210 nm

Retention times of the main peaks

Peak Rt (min) Compound

1 1.7 Not identified
2 10.9 Not identified
3 12.9 Flavonoid

4 14.2 Flavonoid

5 14.9 Ephedrine

6 15.7 Not identified
7 21.1 Not identified
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Fig. 3a HPLC-fingerprint analysis of the methanol extract of Herba Ephedrae, sample 1
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Fig. 3b HPLC-fingerprint analysis of the methanol extract of Herba Ephedrae, sample 3
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Fig. 3¢ HPLC-fingerprint analysis of the methanol extract of Herba Ephedrae, sample 4
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Fig. 4 On line UV-spectra of the main peaks of Herba Ephedrae extracts
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Herba Ephedrae — Mahuang

Description of the HPLC- fingerprint:

The fingerprint is characterized by an assembly of five distinct peaks in the Rt- range between Rt 10.3 and
16.2 (No. 2, 3,4, 5 and 6) with Ephedrine in the center at Rt=14.8. The other peaks might be derivatives
of Ephedrine as described on page 108, under “Main constituents” or flavonoids (No. 3 and 4). The peak 1
at Rt =1.7 could not be identified. Peak No. 7 might be derive from a caffeic acid derivative.

Note According to the Chinese Pharmacopeia 2010 Herba Ephedrae contains not less than 0.80 % of the total amount
of ephedrine hydrochloride and pseudoephedrine hydrochloride, calculated with reference to the dried drug. [

Conclusion

Although apart from Ephedrae herb the accompanying constituents could be not difficultly determined, the
authenticity of Ephedra extract can be easily confirmed by TLC and HPLC.

References

10.

11.

12.

13.
14.

15.

16.

. Pharmacopoeia of the people’s republic of China, English edition Vol. I, People’s Medical Publishing House, Beijing (2010)
. Paulus, E., Ding, Y.-H.: Handbuch der traditionellen chinesischen Heilpflanzen, Karl F. Haug Verlag, Heidelberg (1987)
. Zhang, Z.Z.: An illustrated Chinese materia medica in Hong Kong. School of Chinese Medicine/Hong Kong Baptist University, Hong

Kong (2004)

. Ganzera, M., Lanser, C., Stuppner, H.: Simultaneous determination of Ephedra sinica and Citrus aurantium var. amara alkaloids by

ion-pair chromatography. Talanta 66(4), 889—894 (2005)

. Tang, W., Eisenbrand, G.: Handbook of Chinese medicinal plants — chemistry, pharmacology, toxicology, vol. 1. WILEY-VCH Verlag

GmbH & CoKgaA, Weinheim (2011)

. Schaneberg, B.T., Crockett, S., Bedir, E., Khan, I.A.: The role of chemical fingerprinting: application of Ephedra. Phytochemistry

62(6), 911-918 (2003)

. Ranieri, T.L., Ciolino, L.A.: Rapid selective screening and determination of ephedrine alkaloids using GC-MS footnote mark.

Phytochem. Anal. 19(2), 127-135 (2008)

. Zhong, L.Y., Gong, Q.F,, Zhu, J., Chen, F.: Comparative analysis of essential oil components in Ephedra and its processed products by

GC-MS. J. Chin. Pharmaceut. Sci. 19(1), 67-73 (2010)

. Deng, D., Deng, H., Zhang, L., Su, Y.: Determination of ephedrine and pseudoephedrine by field-amplified sample injection capillary

electrophoresis. J. Chromatogr. Sci. 52(4), 357-362 (2014)

Xiao, Y.G., Wang, Q.H., Liang, J., Yang, B.Y., Li, G.Y., Kuang, H.X.: Development and application of a rapid and efficient CZE
method coupled with correction factors for determination of monosaccharide composition of acidic hetero-polysaccharides from
Ephedra sinica. Phytochem. Anal. 22(2), 103—111 (2011)

Lv, M., Chen, J., Gao, Y., Sun, J., Zhang, Q., Zhang, M., Xu, F., Zhang, Z.: Metabolomics based on liquid chromatography with mass
spectrometry reveals the chemical difference in the stems and roots derived from Ephedra sinica. J. Sep. Sci. 38(19), 3331-3336 (2015)

Li, H.X., Ding, M.Y., Lv, K., Yu, J.Y.: Separation and determination of ephedrine alkaloids and tetramethylpyrazine in ephedra sinica
stapf by Gas chromatography-mass spectrometry. J. Chromatogr. Sci. 39(9), 370-374 (2001)

Hempen, C.-H., Fischer, T.: A materia medica for Chinese medicine, english edition. Elsevier GmbH, Urban & Fischer, Munich (2009)

Nam, N.H., Lee, C.W., Hong, D.H., Kim, H.M., Bae, K.H., Ahn, B.Z.: Antiinvasive, antiangiogenic and antitumour activity of Ephedra
sinica extract. Phytother. Res. 17(1), 70-76 (2003)

Lv, M., Sun, J., Wang, M., Huang, W., Fan, H., Xu, F,, Zhang, Z.: GC-MS based metabolomics study of stems and roots of Ephedra
sinica. J. Pharm. Biomed. Anal. 114, 49-52 (2015)

Tellez, M.R., Khan, I.A., Schaneberg, B.T., Crockett, S.L., Rimando, A.M., Kobaisy, M.: Steam distillation-solid-phase microextrac-
tion for the detection of Ephedra sinica in herbal preparations. J. Chromatogr. A 1025(1), 51-56 (2004)

114



Herba Violae — Zihuadiding

Pharmacopoeia: ! Pharmacopoeia of the People’s Republic of China, English Edition Vol. I,
2010
Official drug: [ Tokyo Violet Herb is the dried herb of Viola yedoensis Makino (Fam.

Violaceae). The drug is collected in spring and autumn, removed from
foreign matter and dried in the sun.

Origin: southern China, Japan and Korea

Description of the drug: ! Frequently crumped into masses. The main roots long- conical, 1-3 mm in
diameter, pale yellowish- brown, with fine longitudinal wrinkles. Leaves
basal, greyish- green, when whole, lanceolate or oval lanceolate, 1.5-6 cm
long, 1-2 cm wide; apex obtuse, base truncate or somewhat cordate, margin
obtusely, serrate, both surfaces pubescent; petioles slender, 2—6 cm long,
the upper part with distinct narrow wings. Pedicels slender tubular.
Capsules elliptical or 3-splitted; seeds numerous,
pale brown. Odour slight.

Pretreatment of the raw drug: "' Foreign matters are eliminated, washed clean, cut into pieces and dried.

Medicinal use: P! It is used to treat many skin diseases, i.e eczema, impetigo, acne, pruritus
cradle cap, furthermore used to treat upper respiratory tract infections with
fever.

Effects and indications of Herba Violae according to Traditional Chinese Medicine -3~

Taste: Bitter and pungent
Temperature: Cold
Channels entered: Orbis cardialis, orbis hepaticus
Effects (functions): Cools heat, disinfects and detoxifies, Eczema, burns and unclerations, breaks up
lumps, clears damp- heat, cools blood
Symptoms and Inflammation, red and swollen eyes, painful throat obstruction, ear pain and
indications: swelling, mumps
H. Wagner et al. (eds.), Chromatographic Fingerprint Analysis of Herbal Medicines, Vol. 4, 115

DOI 10.1007/978-3-319-32328-2_12, © Springer International Publishing Switzerland 2016



Herba Violae — Zihuadiding

Main constituents:

- Flavonoid glycosides: [**

Flavone di-C-glycosides: Apigenin 6-C-p-D- glucosyl-8-C-a-L-rhamnoside (Violanthin)
apigenin 6,8-di-C-a-L-arabinopyranoside, apigenin 6-C-a-L-arabinopyranosyl-8-C-f-D-
glucopyranoside (isoschaftoside), apigenin 6-C-p-D-glucopyranosyl-8-C-a-L-
arabinopyranoside (schaftoside), apigenin
6-C-p-D-glucopyranosyl-8-C-B-L-arabinopyranoside (neoschaftoside), apigenin
6,8-di-C-B-D-glucopyranoside (vicenin-2), apigenin 6-C-a-L-arabinopyranosyl-8-C-p-D-
xylopyranoside, apigenin 6-C-f-D-xylopyranosyl-8-C-a-L-arabinopyranoside, luteolin-
8-C-glucoside (orientin), luteolin 6-C-p-D-glucopyranoside (isoorientin) and luteolin
6-C-a-L-arabinopyranosyl-8-C-p-D-glucopyranoside (isocarlinoside), isovetexin
(saponaretin), kaempferol-3-O-p-D-glucosyl(1—2)-p-D-glucosyl-7-O-a-L-rhamnoside

- Coumarins: P Esculetin, scopoletin, isoscopoletin, 6-hydroxymethyl-3-
pyridinol,5,5-bi (6,7- dihydroxycoumarin), 6,6,7,7-tetrahydroxy-5,8-bicoumarin,
dimeresculetin, euphorbetin

- Sesquiterpens: > 'Y Yedoensin A, yedoensin B, versicolatone B, loliolide,
dehydrololiolide, madolin W, aristoyonnolin E, and madolin Y

- Cyclotides: ['> 3] Peptide E, cycloviolacin Y5, and cyclovolacin VY1

OH O

R1=a-L-rha R2=B-D-glu(1-2)-B-D-glu
Kaempferol-3-O-3-D-glucosyl(1—2)-3-D-
glucosyl-7-O-a-L-rhamnoside

R4 Rs
Apigenin 6,8-di-B-D-glucoside B-D-glu B-D-glu
Apigenin 6-C-a-L-arabinosyl-8-C-f3-D-Xyloside o-L-ara B-D-xyl
Apigenin 6,8-di-C-o-L-arabinoside o-L-ara a-L-ara
Apigenin 6-C-B-D-glucosyl-8-C-a-L-arabinoside B-D-glu o-L-ara
Apigenin 6-C-B-D-glucosyl-8-C-B-L-arabinoside B-D-glu B-L-ara
Apigenin 6-C-B-D-glucosyl-8-C-a-L-rhamnoside(Violanthin) B-D-glu o-L-rha

HO O O

R= OH, Esculetin
= R= OCHjs, Scopoletin

R

Fig. 1 Formulae of the main constituents of Herba Violae 7
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Reported pharmacological activities:

-a- glucosidase inhibition activity [
-anti- HIV effect 6 1314

-anti- inflammatory activity [7- *!

-antimicrobial activity [’ ¢!

-antioxidant activity !"!

-sedative effect "]

-antihypertensive effect ")

-anti- influenza A HINT activity (cycloviolacin Y5) [2-15]

-anti-coagulant activity [

TLC Fingerprint Analysis

Drug samples

1
2

Herba Violae/ Viola yedoensis
Herba Violae/ Viola yedoensis

Herba Violae/ Viola yedoensis

Herba Violae/ Viola yedoensis

Herba Violae cum Floribus conc./
Viola tricolor as reference drug

Origin

Herba Violae — Zihuadiding

Sample of commercial drug obtained from firm HerbaSinica
Sample of commercial drug, obtained from TCM-Clinic Bad

Kotzting (Charge: 30.08.2000)

Sample of commercial drug, obtained from TCM-Clinic Bad

Kotzting (Charge:19.06.1995)

Province Hebei (China)

Firm Caeser & Lorenz GmbH (Germany)

Reference compounds of Fig. 2

Tl
T2
T3
T4
TS
T6
T7
T8
T9
T10
TI11
TI12

Scopoletin
Orientin
Isoorientin
Luteolin-7-O-glucosid
Violanthin
Esculetin
Vitexin
Schaftoside
Esculin
Rutin
Saponaretin
Vicenin-1

Rf

0.95
0.65
0.54
0.68
0.34
0.94
0.73
0.29
0.50
0.43
0.61
0.30
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Herba Violae — Zihuadiding

1. Extraction: 1.0 g of the powdered drug with 10 ml methanol are ultrasonicated for 30 min with
10 ml methanol. The extract is filtered and the filtrate evaporated to dryness. The
residue is dissolved in 2 ml methanol and filtered over Chromafil® filtration unit,
type 0-20 pm/25 mm

2. Reference compounds: Each 1 mg is dissolved in 1 ml methanol

3. Separation parameters:

Plate: HPTLC Silica gel 60 F,s,, Merck

Applied amounts: Herba Violae extracts: 10 pl each
Reference compounds: 5 pl each

Solvent system: ethyl acetate + glacial acetic acid + formic acid + water
20+22+22+2.6)

Detection: Natural products — Polyethylene glycol Reagent (NP/PEG)

I: 1% diphenylboric acid-p-ethylamino ester

(= diphenylboryloxyethylamine, NP) in methanol

II: 5% polyethylene glycol-4000 (PEG) in ethanol
The plate is sprayed first with solution I and then with

solution II. The evaluation is carried out in UV 366 nm.

Front
-Rf 0.5
- Start
1 2 3 4 5 T T3 T4 T6 Ts T9 T11
T2 T5 T7 T10 T12

Fig. 2 Thin layer chromatogram of the methanol extracts of Herba Violae sprayed with NP-PEG reagent
(UV 366 nm)
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Herba Violae — Zihuadiding

Description:

The Herba extract samples 1-4 show due to a quite different leaf-root-and flower composition a very
heterogeneous zone pattern. In the most representative extract sample 3 appears on the solvent front a mixture
of scopoletin/esculetin T1, T6 followed in the middle Rf-range the green fluorescent zone of saponaretin at
Rf'=0.70 (T11) and a further orange zone of isoorientin (T3), esculin (T9) and rutin (T10). The following
downwards zones are the flavonoid- C- glycosides violanthin (T5) and vicenin-1 (T12). Extract sample 1 and
2 possess a similar zone profile only in the deep Rf- range. The extract sample 4 contains only a mixture of the
cumarins scopoletin and esculetin (T1+T6) inclusive a green fluorescents one, probably violanthin (TS5).

The extract sample 5 derives from the species Viola tricolor which is not official in the Chinese
Pharmacopoeia and only known in western countries. This species is a low growing species with abundant
amount of flowers with a high concentration of flavonoids.

HPLC-Fingerprint Analysis

1. Sample 1.0 g of the powdered drug with 10 ml methanol are ultrasonicated for 30 min. The extract
preparation: is filtered and the filtrate evaporated to dryness. The residue is dissolved in 2 ml methanol
and filtered over Chromafil® filtration unit, type 0-20.

2. Injection Herba Violae extracts: 20 pl each
volume: Reference compounds: 10 pl each

3. HPLC parameter:
Apparatus: MERCK HITACHI D-6000 A Interface

MERCK HITACHI L-4500 A Diode Array Detector
MERCK HITACHI AS-2000 Autosampler
MERCK HITACHI L-6200 A Intelligent Pump
Separation LiChroCART® 250 -4 LiChrospher® 100 RP-18 (5 pm), Merck

column:
Precolumn: LiChroCART® 4-4 LiChrospher® 100 RP-18 (5 um), Merck
Solvent A:0.0001% aq. H;PO, (Millipore Ultra Clear UV plus® filtered)
System: B: Acetonitrile (VWR)
Gradient: 0-5% B in 5 min, flow: 1.0 ml/min

5-30% B in 35 min, flow: 0.8 ml/min

30% B for 5 min, flow: 0.8 ml/min

total run time: 45 min
Detection: 340 nm
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Herba Violae — Zihuadiding

Retention times of the main peaks

Peak Rt (min) Compound

1 21.1 Esculin

2 26.0 Esculetin

3 27.5 Not identified flavone
4 28.2 Vicenin-1

5 29.3 Not identified flavone
6 30.1 Schaftoside

7 30.9 Isoorientin

8 31.2 Orientin

9 32.5 Violanthin

10 332 Vitexin

11 34.0 Rutin

12 353 Luteolin-7-glucoside
13,14 36.7,37.6 Not identified flavones
B (Sample 4) 33.8 Scopoletin

A,C (sample 4) 31.0,40.4 Not identified coumarins

0.20 2 6 10

0.15

0.10

Absorbance (AU)

0.05

0.00

0 5 10 15 20 25 30 35 40 45
Retention time (min)

Fig. 3a HPLC-fingerprint analysis of the methanol extract of Herba Violae, sample 1
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Fig. 3b HPLC-fingerprint analysis of the methanol extract of Herba Violae, sample 4

Absorbance (AU)

0 5 10 15 20 25 30 35 40 45
Retention time (min)

Fig. 3¢ HPLC-fingerprint analysis of the methanol extract of Herba Violae cum Floribis conc., sample 5

4. Description:

Fig 3a: The Herba Violae extract sample 3 is characterized by the main peaks 1 (esculetin), 6 (schaftoside)
and 10 (vitexin). This peak profile corresponds with the TLC Fig. 2a (extract sample 3).

Fig. 3b: The Herba Violae extract sample 4 is characterized by the main peaks 1 (esculin), peak 2

(esculetin), peak 6 (schaftoside) and B (scopoletin). This main peak profile corresponds with that of TLC
Fig. 2a (extract sample 4)

Fig. 3c: The Violae tricolor extract sample 5 is characterized by the peaks 9 (violanthin), 10 (vitexin) and
11 (rutin). This peak profile corresponds again with the TLC Fig. 2a of extract sample 5.
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Fig. 4 On line UV-spectra of the main compounds (peaks) of Herba Violae

Conclusion

Although the authentication of Chinese Herba drugs is often difficult because of the changing amounts of leaves,
stems, flowers and roots in the various available herbal drug samples, the identification of the characteristic cou-
marins and flavone- C- glycosides is sufficient indication for the botanical authentication of Herba Violae.
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Lignum Sappan — Sumu

Pharmacopoeia: ! Pharmacopoeia of the People’s Republic of China, English Edition Vol. I, 2010

Official drug: [ Sappan Wood is the dried heart wood of Caesalpinia sappan L.
(Fam. Caesalpinaceae).

The drug is collected mostly in autumn, removed from the white sap wood and
dried.

Origin: -1 Cultivated mainly in the Chinese provinces such as Hainan, Taiwan, Fujian,
Sichuan, Yunnan, Guangdong, Guangxi and Guizhou. Available and exported
also from Cambodia, India, Indonesia, Laos, Malaysia, Myanmar, Taiwan,
Thailand, Vietnam and America.

Description of the drug: ['! Long cylindrical or semicylindrical owing to cutting lengthwise, 10—100 cm
long, 3—12 cm in diameter. Externally yellowish-red to brownish-red, with traces
of knife cutting, usually showing longitudinal cracks. Texture compact and hard.
Transversely cut surface somewhat lustrous, annual rings distinct, sometimes
dark brown, loose and bright-dotted pith visible. Odour, slight; taste, slightly
astringent.

Medicinal use: The medicinal use is multivalent. Mainly used for the prevention and treatment
of cardiovasculary and inflammatory diseases, as antidiabetic, against
menorrhagia, as immunomodulatory drug, antithrombotic and antioxidants and
several other internal and external complaints.

Effects and indications of Lignum Sappan according to Traditional Chinese Medicine [-3¢13]

Taste: Sweet, salty, pungent

Temperature: Neutral

Channels Orbis cardialis, o. hepaticus, o. lienalis

entered:

Effects To activate blood, to eliminate stasis, disperse swelling and relieve pain
(functions):

Symptoms and  Injuries from falls and tights, fracture and sinew injury, stasis and stagnation, swelling

indications: and pain, amenorrhea and dysmenorrhea, postpartum stasis and obstruction, stabbing
pain in the chest and the abdomen, swelling and painful abscesses, caruncles, ulcers,
tetanus and cellulitis. As expectorant and emmenagouge. Treatment of diarrhea,
diabetes, epilepsy and traumatic diseases, leprosy and dysentery

H. Wagner et al. (eds.), Chromatographic Fingerprint Analysis of Herbal Medicines, Vol. 4, 125
DOI 10.1007/978-3-319-32328-2_13, © Springer International Publishing Switzerland 2016



Lignum Sappan — Sumu

Main constituents:

Homoisoflavonoids/Phenolic  Brazilin, brazilein, brazilane, tetraacetylbrazilin, 3'-O-methylbrazilin,

compounds 1114291 4’-O-methylbrazilin, hematoxylin, sappanchalcone, 3-deoxysappanchalcone,
sappanone A + B, 3-hydroxysappanone B, 3-deoxysappanone B,
3’-deoxysappanone B, sappanol, episappanol; 3’-deoxy-4-O-
methylsappanol; 3'-deoxy-4-O-methylepisappanol; 3'-O-methylsappanol;
3’-O-methylisosappanol; 3’, 4-O-methylsappanol, 4-di-O-
methylepisappanol, caesalpin J+P, 7,3’,4’-trihydroxy-3-benzyl-2H-
chromene, caesalpiniaphenol G+H, quercetin-3,7-di-O-methyl ether

Protosappanins/dibenzoxin Protosappanin A-D, E-1 and E-2, isoprotosappanin B, protosappanin A
derivatives [0 11 14.16.20.23.26.27. 291" dimethy] acetal, protosappanin C dimethyl acetal, caesappin A+B,
10-O-methyprotosappanin B, 10-O-methyliso-protosappanin B, neoprotosappanin

Minor constituents:

- essential oil (ocimene), sappanin (=4-(3,4-dihydroxyphenyl)benzene-1,3-diol) %

- triterpenoids, steroids, oxygen heterocycles [7- 10131

- 3’-deoxy-4-O-methylepisappanol, palmitic acid, (+)-lyoniresinol, (+)-(8S,8'S)-bisdihydrosiringenin ¢!

- 3,8-dihydroxy-4,10-dimethoxy-7-0x0-[2] benzopyrano[4,3-b] benzopyran; rhamnetin; 3, 7-dihydroxy-
chroman-4-one; dimethyladipate ['”!

- 2-methoxy-3-hydroxyxanthone [*)
- campesterol, stigmasterol, B-sitosterol, daucosterin (= daucosterol), hematein '7-20-2¢]

- (3R,4S)-3-(4'-hydroxybenzyl)-3,4-dihydro-2"-3"-dimethyl-3H-[ 1,3]dioxolo[4,5-c]chromen-7-ol; (3R,4S)-3-(3'-
methoxy-4'-hydroxybenzyl)-3,4-dihydro-2",3”-dimethyl-3H-[ 1,3 ]dioxolo[4,5-c]chromen-7-ol; (aS)-a,2",4,4'-
tetrahydroxydihydrochalcone 2!

- isoliquiritigenin 2’-methyl ether, pluchioc acid %
- 4-(7-hydroxy-2,2-dimethyl-9pH-1,3,5-troxa-cyclopenta[a]naphthalene-3-lymethyl)-benzene-1,2-diol 24
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OH
Brazilin Hematoxylin Sappanin
HO OMe OH HO o] OH
(seVsulinso¥oy
o o
Sappanchalcone Sappanone A

HO  OH

Protosappanin A Protosappanin E

Fig. 1 Formulae of the main compounds of Lignum Sappan [*
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Reported pharmacology:

- analgesic [5, 8, 14, 15, 20, 22, 26, 30, 31] _ antibacterial [5,8, 15,21, 35]

- anti-inflammatory 15 715 20722, 25-27. 30-40] - anti-microbial [6-9-22.25.26,33-35]

- positive inotropic ['?! - anti-viral [ 34

- anti-hypercholesteremic (!4 20-25.41] - vasorelaxation [6: 3334, 36,37, 39]

- hypoglycemic activity (57910 13.33. 38, 39] - modulation of immune function/immunomodulative/
- anti-platelet aggregation [5,33] immune-suppressive [7,10, 11,13, 16, 25, 34, 36, 38, 39, 42]

- anti-oxidative [6-9-11,22,31,32, 34,35, 38, 39] - anti-complementary [6-8, 10, 13,20, 22, 25, 30, 38]

- anti-convulsant [7- 10 13.34.38.41] - cytotoxic [7-13:31]

- anti-tumoral [>% 38 4] - anti-atherosclerosis !

- anti-allergic 2123 27.40] - spasmolytic [*3%

- anti-edemic 1] - depressing/supporting effects on central nervous
- hemodynamic [ system inhibitory activity in CNS [20:25.41]

- antibiotic [! - anti-influenza [21:23:24.27.40]

- sedative ['% 14201 - neuroprotective [2! 23 27.40.42]

- hypnotic 1" - anti-proliferative 3234

- antineoplastic [? - aldose reductase inhibition/lens-aldose reductase
- anti-hepatotoxicity/hepatoprotective [5- 7 10-13.33. 36.37] inhibitory effect (23 36.37]

TLC-Fingerprint Analysis

Drug samples Origin

Lignum Sappan/ Caesalpinia sappan Sample of commercial drug (China Medica, origin: Yunnan)

Lignum Sappan/ Caesalpinia sappan Province Vietnam, China

Lignum Sappan/ Caesalpinia sappan Province Guangxi, China

Lignum Sappan/ Caesalpinia sappan Province Guangdong, China

Lignum Sappan/ Caesalpinia sappan Sample of commercial drug (TCM-Clinic, Bad Kétzting, 28717012010)
Lignum Sappan/ Caesalpinia sappan Sample of commercial drug (TCM-Clinic, Bad Kétzting, 30.08.2000)
Lignum Sappan/ Caesalpinia sappan Sample of commercial drug (TCM-Clinic, Bad Koétzting, 26.04.2004)
Lignum Sappan/ Caesalpinia sappan Sample of commercial drug (TCM-Clinic, Bad Koétzting, 01.06.2013)

0 3N N KW=

Reference compounds of Fig. 2, 3a/b Rf

T1 Brazilin 0.59
T2 Hematoxylin 0.36
1.  Extraction: 0.5 g powdered drug are extracted with 5 ml methanol under reflux for 15 min.

The extract is filtered, evaporated to dryness and the residue is dissolved
in 0.5 ml methanol.

2. Reference compounds: 1.0 mg is dissolved in 1.0 ml methanol
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3. Separation parameters:

Plate: HPTLC Silica gel 60 F,s,, Merck

Applied amounts: Lignum Sappan extracts: each 10 pl; Brazilin: 5 pl; Hematoxylin: 10 pl
Solvent system: Chloroform + acetone + formic acid (12 + 6 + 1.5)

Direct evaluation: The plate is dried and evaluated the next day under UV 254 nm (Fig. 2).
Detection: 10 % ethanolic Sulphuric acid

The plate is sprayed with 8 ml reagent and heated at 110 °C for 10 min.
The plate is evaluated in VIS (Fig. 3a) and under UV 366 nm (Fig. 3b).

4. Description of Fig. 2:

This TLC gives an excellent and homogeneous overview on the chemical composition of the
homoisoflavonoids and protosappanins in all 8 Lignum Sappan extract samples.

Front

Rf0.5

Start

1 2 3 4 5 6 7 8 T T2

Fig. 2 TLC of the methanol extracts of Lignum Sappan, without chemical treatment (UV 254 nm)
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Fig. 3a TLC of the methanol extracts of Lignum Sappan, sprayed with 10 % ethanolic sulphuric acid (VIS)

S~
H-nnﬂel-

1 2 3 4 5 6 7 8 T1 T2

Fig. 3b TLC of the methanol extracts of Lignum Sappan, sprayed with 10% ethanolic sulphuric acid (UV 366 nm)

Description of Fig. 3a and 3b:

Fig. 3a shows in VIS the sprayed TLC of the 8 methanol extract samples of Lignum Sappan.

In the Rf-range between Rf0.35 and 0.75 are detected the red/orange homoisoflavonoids with Brazilin
(T1, Rf=0.59) and Hematoxylin (T2, Rf=0.36). The orange zones at Rf=0.70 and 0.75 can be assigned

to the Sappanchalcone and Sappanone A. Protosappanin A and E may be visible under UV 366 nm

in deeper Rf-range in Fig. 3b as weak green/yellow fluorescent zones. In this Figure the homoisoflavonoids
appear also with green/yellow fluorescent between Rf=0.36 and 0.60.
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HPL C-Fingerprint Analysis

1. Extraction:

2. Injection volume:

3. HPLC parameter:
Apparatus:

Separation column:
Precolumn:

Solvent system:

Gradient:

Flow:

Detection:

0.5 g powdered drug are extracted with 5 ml methanol under reflux for 15 min.
The extract is filtered, evaporated to dryness and the residue is dissolved
in 0.5 ml methanol. The extract is filtered over Millipore® filtration unit, Type 0.45 pm.

Lignum Sappan extracts: each 5 pl

MERCK HITACHI D-6000 A Interface

MERCK HITACHI L-4500 A Diode Array Detector

MERCK HITACHI AS-2000 Autosampler

MERCK HITACHI L-6200 A Intelligent Pump
LiChroCART® 250-4 LiChrospher® 100 RP-18 (5 pm), Merck
LiChroCART® 4-4 LiChrospher® 100 RP-18 (5 um), Merck
A:0.0001 % phosphoric acid/water (Millipore Ultra Clear UV plus® filtered)
B: acetonitrile (VWR)

5-45% B in 40 min,

Total runtime: 40 min

1.0 ml/min

285 nm

Retention times of the main peaks

Peak Rt (min) Compound
1 13.5 Hematoxylin
2 16.3 Brazilin
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Fig. 4a HPLC-fingerprint analysis of the methanol extract of Lignum Sappan (sample 2)

N

05 3
0.4 3
0.3 3

0.2 3 ]

Absorbance (AU)
1

0.1 3
0.0 | \JJ

0 5 10 15 20 25 30 35 40
Retention time (min)

Fig. 4b HPLC-fingerprint analysis of the methanol extract of Lignum Sappan (sample 4)
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Fig. 4c HPLC-fingerprint analysis of the methanol extract of Lignum Sappan (sample 8)
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200 220 240 260 280 300 320 340 360 380 400
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Fig. 5 On line UV-spectra of the main peaks of Lignum Sappan extracts

4. Description of the HPLC-Figures:

The methanol extract sample 2, 4 and 8 detected at 285 nm possess in the Rt-range between 13.0 and 20.0
their main peaks of Hematoxylin (1, Rt=13.5) and Brazilin (2, Rt=16.3). Hematoxylin and Brazilin are
characterized by UV ., at 279 nm (Fig. 5). The other peaks of the not assignable homoisoflavonoids in the
Rt-range 23.0 and 35.0 possess UV ., at 254 and 283 nm. The sappanchalcones can be identified by their
longwave maxima at 359 nm.
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Note: The Chinese Pharmacopeia 2010 describes for Lignum Sappan a brazilin content not less than 0.5 % and
for protosapponin B not less than 0.5 %, calculated with reference to the dried drug. !

Conclusion

The Lignum Sappan extracts can be easily authenticated by their characteristic Brazilin and Hematoxylin
constituents.
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Radix Gentianae macrophyllae — Qinjiao

Pharmacopoeia: !

Official drug: -2

Origin: 7

Description of the
drug: [

Medicinal use: 14

Pharmacopoeia of the People’s Republic of China, English Edition Vol. I, 2010

Largeleaf Gentian Root is the dried root of Gentiana macrophylla Pall., Gentiana
straminea Maxim., Gentiana crassicaulis Duthie ex Burk. or Gentiana dahurica Fisch.
(Fam. Gentianaceae).

According to the description the former three species are known as “Qinjiao” and
“Mahuajiao”, respectively. The latter is known as “Xiaoqinjiao”.

The drug is collected in spring and autumn, removed from soil; “Qinjiao” and
“Mahuajiao” are softened in the sun, either piled up until the drug becomes reddish-
yellow or greyish-yellow on the surface, spread out and dried in the sun; or dried in the
sun directly after collecting; as for “Xiaoqinjiao”, the black bark is rubbed off while
fresh and dried in the sun.

North of China (Gansu, Henan, Shanxi, Hebei, Shaanxi, Heilongjiang, Liaoning, Nei
Mongol, Ningxia, Shandong). It is also grown in the continental Yunnan, Szuchuan.
Siberia, Mongolia and Kazakhstan.

Qinjiao

Subcylindrical, the upper part thick and the lower part thin, twisted, 10-30 cm long,
1-3 c¢m in diameter. Externally yellowish-brown or greyish-yellow, with longitudinal or
twisted wrinkles. Remains of stem bases and fibrous pericladium occurring at the apex.

Texture hard and fragile, easily broken, fracture slight oily, bark yellow or brownish-
yellow, wood yellow. Odour, characteristic; taste, bitter and slightly astringent.

Mahuajiao

Subconical, frequently expanded by some small roots gathered, up to 7 cm in diameter.
Externally dark brown, rough, with fissures, showing reticulated pits. Texture lax and
fragile, easily broken, fracture frequently rotten-wood-shaped.

Xiaoginjiao

Subconical or subcylindrical, 8-15 cm long, 0.2—1 cm in diameter. Externally

brownish-yellow. Main root frequently 1, having fibrous pericladia on the remains of
stem bases, often branched at the lower part. Fracture yellowish-white.

Treatment of diverse diseases, such as diabetes, hypertension, apoplexy, paralysis,
osteoarthritis and rheumatism.

H. Wagner et al. (eds.), Chromatographic Fingerprint Analysis of Herbal Medicines, Vol. 4, 137
DOI 10.1007/978-3-319-32328-2_14, © Springer International Publishing Switzerland 2016
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Effects and indications of Radix Gentianae macrophyllae according to Traditional Chinese
Medicine [1-5 811, 13, 15, 16]

Taste: Pungent and bitter

Temperature: Neutral, cold

Channels Orbis stomachi, oo. hepaticus et felleus

entered:

Eftects To dispel wind-dampness, clear dampness-heat, relieve impediment pain, relieve
(functions): deficiency heat

Symptoms and  Painful impediment caused by wind-dampness, hemiplegia caused by wind-stroke,
indications: hypertonicity of the sinews and vessels, sore pain in joint and bone, dampness-heat

jaundice, bone-steam ing and tidal fever, infantile malnutrition with accumulation and
fever. Treatment of hepatitis, constipation, stomachic and choleretic ailments

Main constituents:

Minor constituents:

138

- Secoiridoid glycosides [!- 811, 13, 14, 16-21]

Gentiopicroside (= gentiopicrin), 6’-O-p-D-glucosyl-gentiopicroside, 6’-O-f-D-
glucopyranosylgentiopicroside, loganic acid, sweroside, swertiamarin, swertiapunimarin
(=6’-O-p-D-glucopyranosylsweroside), trifloroside, rindoside

- Triterpenoids and sterols ["-® 132! Roburic acid, a-amyrin, oleanolic acid,
[B-sitosterol, B-sitosterol-3-O-gentiobioside, daucosterol, stigmasterol

- alkaloids (gentianine, gentianidin), essential oil * 12 15]

- chromenes (2-methoxyanofinic acid, macrophylloside C,D) 1!

- disaccharide (gentiobiose) [

- benzoic acid derivative (methyl 2-hydroxy-3-(1-p-D-glucopyranosyl)oxybenzoate) [*!

- flavonoids/flavone derivatives (kurarinone, kushenol I, vitexin, isovitexin,
macrophylloside A +B, isoorientin, isoorientin-4’-O-glucoside) [ 10 13!

- 5-carboxyl-3,4-dihydrogen-1H-2-benzopyran-1-one, erythrocentauric acid !




Radix Gentianae macrophyllae — Qinjiao

Gentiopicroside Y R = 6"-O-B-D-glucopyranosyl-
= Gentiopicrin OGicR gentiopicroside
Sweroside Y R = 6'-O-beta-D-glucopyranosylsweroside
OGIcR (= Swertiapunimarin)

Loganic acid Swertiamarin

OGilc

Fig. 1 Formulae of the main compounds of Radix Gentianae macrophyllae ['*!

Pharmacology: - antidiabetic [7-% 19
- anti-inflammatory [ 1112 15.16]
- antihepatotoxic/hepatoprotective [ 1 14 16]
- antihistamine activity [* ¢
- antioxidant (']
- antiulcerogenic activity %!
- anti-analgesic '
- anti-hypertensive [!3!
- sedative [

- antifungal [ 1. 16]
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TLC Fingerprint Analysis

Drug samples

AW N —

Origin

Radix Gentianae macrophyllae/ Gentiana sp. Province Neimeng, China

Radix Gentianae macrophyllae/ Gentiana sp. Province Yunnan, China

Radix Gentianae macrophyllae/ Gentiana sp. Province Qinghai, China

Radix Gentianae macrophyllae/ Gentiana sp. Sample of commercial drug obtained from China Medica

(origin: Abazhou, Sichuan)

5 Radix Gentianae macrophyllae/ Gentiana sp. Sample of commercial drug obtained from HerbaSinica

(origin: Gui zhou)

6 Radix Gentianae macrophyllae/Gentiana sp. Sample of commercial drug obtained from TCM-Clinic Bad

Kétzting (imported 2000)

7  Radix Gentianae macrophyllae/ Gentiana sp. Sample of commercial drug obtained from TCM-Clinic Bad

Kétzting (imported 2004)

Reference compounds of Fig. 2a/b Rf

T1 Oleanolic acid
T2 Gentiopicroside
T3 Loganic acid
T4 Sweroside

0.98
0.55
0.24
0.51

1. Extraction:

2. Reference compounds:

3. Separation parameters:

Plate:
Applied amounts:

Solvent system:

Detection:
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1.0 g powdered drug is extracted with 10 ml ethanol under reflux for 30 min. The
extract is filtered, evaporated to dryness and the residue is dissolved in 1 ml
ethanol.

1.0 mg is dissolved in 1.0 ml methanol

HPTLC Silica gel 60 F,s5,, Merck

Radix Gentianae macrophyllae extracts: each 10 pl; Reference compounds: each
10 pl

Ethyl acetate + methanol + water (10 +2 + 1)

10 % ethanolic sulphuric acid
The plate is sprayed with 8 ml reagent and heated at 110 °C for 10 min. The plate
is evaluated in VIS (Fig. 2a) and under UV 366 nm (Fig. 2b).
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Fig. 2a Thin layer chromatogram of the ethanol extracts of Radix Gentianae macrophyllae, sprayed with 10 %
ethanolic sulphuric acid (VIS)

front

Rf 0.5

Start

1 2 3 4 5 6 7 T1/ T3 T4
T2

Fig. 2b Thin layer chromatogram of the ethanol extracts of Radix Gentianae macrophyllae, sprayed with 10 %
ethanolic sulphuric acid (UV 366 nm)

Description of Fig. 2a:

* Red-brown zones on the solvent front at Rf=0.98; oleanolic acid (T1) with sterols.

* A weak purple zone at Rf=0.78; not identified, probably, triterpene- or sterol-monoglycosides.

A strong brown zone at Rf=0.55 (gentiopicroside=T2) and directly below at Rf=0.51 sweroside (T4).

* In the deep Rf-range are detectable at Rf=0.24 loganic acid (T3) and between Rf=0.25 and the solvent start
several strong brown zones which can be assigned to the corresponding secoiridoid diglyosides.

Description of Fig. 2b:

This TLC recorded at UV 366 nm provides a very similar TLC of compounds as those of Fig. 2a but with a
dark blue fluorescent background.
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HPL C-Fingerprint Analysis

1. Extraction:

2. Injection volume:

3. HPLC parameter:
Apparatus:

Separation column:
Precolumn:

Solvent system:

Gradient:

Flow:

Detection:

1.0 g powdered drug is extracted with 10 ml ethanol under reflux for 30 min. The
extract is filtered, evaporated to dryness and the residue is dissolved in 1 ml ethanol.
The extract is filtered over Chromafil®, Type 0.20 pm.

Radix Gentianae macrophyllae extracts: each 15 pl

MERCK HITACHI D-6000 A Interface

MERCK HITACHI L-4500 A Diode Array Detector

MERCK HITACHI AS-2000 Autosampler

MERCK HITACHI L-6200 A Intelligent Pump
LiChroCART® 250-4 LiChrospher® 100 RP-18 (5 pm), Merck
LiChroCART® 4-4 LiChrospher® 100 RP-18 (5 um), Merck
A: 0.1% acetic acid/water (Millipore Ultra Clear UV plus® filtered)
B: acetonitrile (VWR)

5-50% B in 20 min,

50-100% B in 5 min,

100% B for 10 min

total runtime: 35 min

1.0 ml/min

254 nm

Retention times of the main peaks
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Peak Rt (min) Compound

1 9.3 Loganic acid
2/3 10.4/10.6  Not identified
4a 11.7 Gentiopicroside
4b 11.7 Sweroside

5 15.8 Not identified

6 24.2 Not identified




Radix Gentianae macrophyllae — Qinjiao

Absorbance (AU)
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Fig. 3a HPLC-fingerprint analysis of the ethanol extract of Radix Gentianae macrophyllae, sample 2

Absorbance (AU)

0 5 10 15 20 25 30 35
Retention time (min)

Fig. 3b HPLC-fingerprint analysis of the ethanol extract of Radix Gentianae macrophyllae, sample 5
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Fig. 3¢ HPLC-fingerprint analysis of the ethanol extract of Radix Gentianae macrophyllae, sample 6

4.
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Description of the HPLC-Figures:

The HPLC-graphs of Radix Gentianae macrophyllae extracts of sample 2 and 5 show the same peak profile
with loganic acid (1) at Rt=9.3, unidentified peaks 2/3 at Rt=10.4 and 10.6 which may be assigned to the
secoiridoid 6’-O-glucosides of gentiopicroside and sweroside or swertiamarin. Peak 4 at Rt=11.7 consists of
a mixture of gentiopicroside (a) and sweroside (b). The peaks 5 and 6 with different UV-spectra could be not
assigned to any of the other constituents reported in the literature.

In extract sample 6 the peak magnitude of loganic acid (1) and that of the compounds of 2/3 correspond
with the lower concentrations of the diglycosides as shown in the TLC in Fig. 2a.
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Fig. 4 On line UV-spectra of the main peaks of Radix Gentianae macrophyllae extracts
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Note: According to the Chinese Pharmacopeia 2010 Radix Gentianae macrophyllae contains not less than 2.5 %
of the total amount of gentiopicrin and loganin, calculated with reference to the dried drug.

Conclusion

The bitter tasting herbal drug Radix Gentianae macrophyllae can be definitely authenticated by the described TLC
and HPLC.
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Pharmacopoeia: [

Official drug: [

Origin:

Description of the drug: "

Pretreatment of the raw drug: [

Medicinal use: ©

Pharmacopoeia of the People’s Republic of China, English Edition Vol. 1,
2010

Snakegourd root is the dried root of Trichosanthes kirilowii Maxim. or
Trichosanthes rosthornii Harms (Fam. Cucurbitaceae)

The drug is collected in autumn and winter, washed clean, peeled, cut into
segment or sliced longitudinally, and dried.

Chinese Provinces: Jiangsu, Zhejiang, Shandong and Anhui, Henan

Irregular cylindrical, spindle-shaped, or in pieces, 8—16 cm long, 1.5—

5.5 cm diameter. Externally yellowish-white or pale brownish-yellow, with
longitudinal wrinkles, rootlet scars and slightly concave transverse lenticel-
like streak. Some remained with yellowish-brown outer bark. Texture
compact, fracture white or yellowish, starchy, wood yellow somewhat,
radially arranged in section and striated in longitudinally cut section.
Odour, slight; taste, slightly bitter.

The drug is collected in autumn and winter, washed clean, peeled, cut into
segment or sliced longitudinally, and dried.

Pulmonary and cardiovascular diseases, Angina pectoris, treatment of
diabetes mellitus.

Effects and indications of Radix Trichosanthis according to Traditional Chinese Medicine !'*

Taste: Bitter and sweet
Temperature: Cold
Channels entered: Orbis pulmonalis, o. stomachi, o. intestini crassi
Effects (functions):  To clear heat and purge fire, engender fluid to quench thirst, disperse swelling and
expel pus
Symptoms and Vexation and thirst caused by heat disease, lung heat and dryness cough, interior
indications: heat wasting-thirst, sore and ulcer, swelling and toxin
H. Wagner et al. (eds.), Chromatographic Fingerprint Analysis of Herbal Medicines, Vol. 4, 147

DOI 10.1007/978-3-319-32328-2_15, © Springer International Publishing Switzerland 2016
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Main constituents: [+ 1314 16]

- Triterpenoids Cucurbitacin B, isocucurbitacin B, cucurbitacin D, isocucurbitacin D,
3-epi-isocucurbitacin B, dihydrocucurbitacin B, dihydroisocucurbitacin E,

byronolic acid

- Proteins Trichosanthin, karasurin, karasurin-A, karasurin-B and C
- Amino acids L-citrullin, L-arginin, tryptophan
- Polysaccharides Various Polysaccharides composed of glucose, galactose, fructose, mannose, xylose

or arabinose and galactose

R, R, R; A2 A22/23
Cucurbitacin B OH =0 COCHj, - +
Isocucurbitacin B =0 OH COCHj4 - +
Dihydrocucurbitacin B OH =0 COCH;z - -
Dihydroisocucurbitacin B =O OH COCHj4 - -
Cucurbitacin D H =0 H - +
Isocucurbitacin D =0 OH H - +
Dihydrocucurbitacin E OH =0 COCHj, + -
o H
J]\ I CO,H
H 2
L-Citrullin

Fig. 1 Formulae of the main constituents of Radix Trichosanthis >
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Reported pharmacological activities:
- antioxidant (in vitro and in vivo) &
- anti-inflammatory ['!]
- immunomodulatory !
- effective against trophoblastic neoplasmen [
- diabetes prevention [1% 2]
- effective in abortion induction 1%

- anti-hepatitis B viral effect [

TLC Fingerprint Analysis

Drug samples Origin

Radix Trichosanthis/ Trichosanthes kirilowii Province Hebei (China)

Radix Trichosanthis/ Trichosanthes kirilowii Province Henan (China)

Radix Trichosanthis/ Trichosanthes kirilowii Province Shanaxi (China)

Radix Trichosanthis/ Trichosanthes rosthornii Province (unknown)

Radix Trichosanthis/ Trichosanthes Province (unknown)

kirilowii

6 Radix Trichosanthis/ Trichosanthes kirilowii Sample of commercial drug, obtained from TCM-Clinic Bad
Maxim Kotzting (Charge: K20.12.2000)

7 Radix Trichosanthis/ Trichosanthes kirilowii Sample of commercial drug, obtained from TCM-Clinic Bad
Maxim Kotzting (Charge: K08.10.2004)

8 Radix Trichosanthis/ Trichosanthes kirilowii Sample of commercial drug, obtained from China Medica
Maxim

9 Radix Trichosanthis/ Trichosanthes kirilowii Sample of commercial drug, obtained from Herba Sinica

Maxim (origin: Hebei)

WD AW N =

1. TLC-fingerprint analysis of Amino acids:

Reference compounds of Fig. 2  Rf
T1 L-Citrullin 0.36

T2 L-Argenin 0.22
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1. Extraction: 2 g powdered drug with 10 ml 80 % ethanol are ultrasonicated for 30 min. and
filtered. The filtrate is used as the test solution.

2. Reference compounds: Each 1 mg is dissolved in 0.5 ml ethanol

3. Separation parameters:

Plate: HPTLC Silica gel 60 F,s,;, Merck

Applied amounts: Radix Trichosanthis extracts: 10 pl each
Reference compounds: 10 pl each

Solvent system: n-Butanol + absolute ethanol + glacial acetic acid + water
(12+4+4+2)

Detection: Ninhydrin-Solution

Dissolve 2 g Ninhydrin in 100 ml ethanol
The plate is sprayed with the solution and heated at 100 °C for 5-10 min. The
evaluation is carried out under VIS.
4. Description of TLC-fingerprint analysis Fig. 2:
All Radix Trichosanthis samples are characterized by a deep red-violet zone of L-citrullin (T1) at

Rf=0.39. Another weak orange zone at Rf=0.24 can be assigned to L-arginin (T2). Further not identified
amino acids in lower concentration appear in the upper Rf — range between Rf=0.50 and 0.72.

- Front
LR/ 0.5
- - L e e -
- Start
4 5 T T2 6 7 8 9

Fig. 2 Thin layer chromatogram of the 80 % ethanol extracts of Radix Trichosanthis sprayed with ninhydrin
reagent (VIS)
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2. TLC-fingerprint analysis of Triterpenes: "’
Reference compounds of Fig. 3 Rf of Fig.3a Rf of Fig. 3b, ¢

T3
T4

Cucurbitacin B 0.84 0.68
Cucurbitacin D 0.72 0.32

1. Extraction:

2. Reference compounds:
3. Separation parameters:
Plate:
Applied amounts:

Solvent system:

Detection:

2 g powdered drug are extracted with 15 ml ethanol under reflux for 15 min.
The extract is cooled, filtered and evaporated to dryness. The residue is
dissolved in 1 ml ethanol and filtered over Chromafil® filtration unit,

type 0-20 pm/25 mm.

Each 0.5 mg is dissolved in 0.5 ml ethanol

HPTLC Silica gel 60 Fys,, Merck

Radix Trichosanthis extracts: 30 pl each

Reference compounds: 10 pl each

a) chloroform + ethyl acetate + methanol (8 + 6 + 2)
b) ethyl acetate + toluene (7.5 + 2.5)

Vanillin — Phosphoric acid reagent:

1 g vanillin is dissolved in a small amount of ethanol and filled up to 100 ml
with 50 % aqueous phosphoric acid.

The plate is sprayed with this solution, heated for 10 min at 105 °C and
evaluated in VIS and at 366 nm.

4. Description of the Fig. 3a, 3b and 3c:

The TLC in Fig. 3a with solvent (a) shows in VIS in the Rf—range between Rf=0.65 and Rf=0.85, 5-6
violet/light blue zones. In the same Rf— range are detectable also the cucurbitacins T3 and T4 with
distinct pink colour (very low concentration). The colour differences of the other zones may be due to
overlapping of other triterpenoids.

In Fig. 3b the cucurbitacins B and D of the extracts 3 and 8 apear analoge to the reference compounds
T1 and T2 in violet pink colours.

In the TLC of Fig. 3¢ with solvent (b) detected at UV 366 nm appear the cucurbitacins of the extracts
and the reference with distinct characteristic carmin red fluorescent colour as reported in the literature !¢,
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a - Front

-Rf0.5

_ - - T R SN e WEe - Start
1 2 3 4 5 T3 T4 6 7 8 9

Fig. 3a The TLC of the ethanol extracts of Radix Trichosanthis sprayed with Vanillin-Phosphoric acid reagent
(VIS)

; . - Front - Front
-
- -
-
Rf 0.5
~Rf0.5
-
- = |
e Start Start
1 3 T3 T4 8 1 3 T3 T4 8

Fig. 3b, ¢ Thin layer chromatogram of the ethanol extracts of Radix Trichosanthis sprayed with Vanillin-
Phosphoric acid reagent and detected (b) under VIS (¢) at UV 366 nm VIS
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HPL C-Fingerprint Analysis

1. Sample preparation: 2 g powdered drug are extracted with 15 ml ethanol under reflux for 15 min. The

2. Injection volume:

3. HPLC parameter:
Apparatus:

Separation column:

Precolumn:

Solvent System:

Gradient:

Flow:

Detection:

extract is cooled, filtered and evaporated to dryness. The residue is dissolved in 1 ml
ethanol and filtered over Chromafil® filtration unit, type 0—20 pm/25 mm

Trichosanthis Radix extracts: 50 pl each

Reference compounds: 20 pl each

MERCK HITACHI D-6000 A Interface

MERCK HITACHI L-4500 A Diode Array Detector

MERCK HITACHI AS-2000 Autosampler

MERCK HITACHI L-6200 A Intelligent Pump

LiChroCART® 250 -4 LiChrospher® 100 RP-18 (5 pm), Merck
LiChroCART® 4-4 LiChrospher® 100 RP-18 (5 pm), Merck
A:0.001% aq. H;PO,: (Millipore Ultra Clear UV plus® filtriert)
B: Acetonitrile (VWR)

0-40% B in 40 min,

40-100% B in 20 min,

100% B for 12 min

Total run time: 72 min

1 ml/min

230 nm

Retention times of the main peaks recorded at 230 nm®

Peak Rt (min) Compound

1 3.19 Amino acid

2 6.45 Amino acid

3 11.95 Tryptophan

4 14.34 Aromatic amino acid

5 20.39 Aromatic amino acid?

6 37.14 Cucurbitacin D

7 41.88 Cucurbitacin B

8 45-52 Cucurbitacins mixture

9 52.5,53.11 Isocucurbitacin B +mixture
10 58.99 Dihydrocucurbitacin (E or B)

“L-citrullin is detectable only with other chromatographic condition ['*!
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4. Description of the HPLC-Fig. 4a, b and c:

The peaks profile of Radix Trichosanthis can be divided into two Rt —ranges between Rt 2.0 and Rt 22.0
and between Rt=35.0 and 60.0. In the first appear the various aromatic amino acids with peaks No.

1, 2, 3, 4 and 5 inclusive tryptophan at Rt=11.95. The second contains cucurbitacins D and B at Rt=37.1,
41,9 respectively, the Peaks 8 and 9 can be assigned to isocucurbitacin B + mixture according to their
UV-spectra with max at 232 and 235 nm. Peak 10 might be assignable to dihyrocucurbitacins (B or E) !'7,

Absorbance (AU)

0 5 10 15 20 25 30 35 40 45 50 55 60 65 70
Retention time (min)

Fig. 4a HPLC-fingerprint analysis of the ethanol extract of Radix Trichosantis (sample 4)

Absorbance (AU)

0 5 10 15 20 25 30 35 40 45 50 55 60 65 70

Retention time (min)

Fig. 4b HPLC-fingerprint analysis of the ethanol extract of Radix Trichosantis (sample 8)
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Absorbance (AU)

Retention time (min)

Fig. 4c HPLC-fingerprint analysis of the ethanol extract of Radix Trichosantis (sample 9)
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Fig. 5 On line UV-spectra of the main compounds (peaks) of Trichosanthis Radix
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Conclusion

The authentication of the Radix Trichosanthes kirilowii or Tr. rosthornii extracts can be confirmed by the TLC and
HPLC-detection of the characteristic cucurbitacins.
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Pharmacopoeia: ! Pharmacopoeia of the People’s Republic of China, English Edition Vol. I,
2010

Official drug: [ Mulberry Twig is the dried young branch of Morus alba L. (Fam.
Moraceae)

The drug is collected from late spring to early summer, removed from
leaf, and dried in the sun, or cut into slices while fresh, and dried in the

sun.
Origin: China, Indochina, Japan and Philippines
Description of the drug: ! Long cylindrical, branched occasionally, varying in length, 0.5-1.5 cm in

diameter. Externally greyish-yellow or yellowish-brown, with numerous
yellowish-brown dotted lenticels and fine longitudinal striations, with
greyish-white and slightly semicircular leaf scars, and yellowish-brown
axillary buds. Texture hard and tenacious, uneasily broken, fracture
fibrous. Slices 0.2—-0.5 cm thick, bark relatively narrow, wood yellowish-
white, medullary rays radiate, pith white or yellowish-white. Odour,
slight; taste, bitter.

Pre-treatment of the raw drug: [!!  The unsliced twigs are washed clean, soften thoroughly, cut into thick
slices, and dried in the sun.

Medicinal use: - The twigs of Morus alba have been applied for the treatment of joint
swellings, rheumatic pains, arthritis, arthrosis and against spasms.

Effects and indications of Ramulus Mori according to Traditional Chinese Medicine ['-3
Taste: Neutral
Temperature: Bitter
Channels entered: Orbis hepaticus
Effects (functions): To dispel wind-dampness, and disinhibit the joint
Symptoms and Wind-dampness impediment disease, numbness and sore pain in the joint,
indications: shoulder and arm
H. Wagner et al. (eds.), Chromatographic Fingerprint Analysis of Herbal Medicines, Vol. 4, 157

DOI 10.1007/978-3-319-32328-2_16, © Springer International Publishing Switzerland 2016



Ramulus Mori — Sangzhi

Main constituents: - Stilbenes 7%
Resveratrol, oxyresveratrol, dihydrooxyresveratrol, (cis)-mulberroside A

- Flavonoids/chalcones [ =14
Rutin, hyperosid (= hyperin), quercetin, isoquercitrin, kaempferol, dihydrokaempferol,
morin (= 3,5,7,2' 4'-pentahydroxyflavone), dihydromorin, mulberrin (= kuwanon C),
cyclomulberrin, butein, prenylflavonoids (morusin)

- Coumarins (7-hydroxycumarin, scopoletin) & 11

Minor constituents: Tannin, betulinic acid, a-amyrin, moracin A-H, maclurin, saccharides (arabinose,
xylose, stachyose, raffinose), 4-hydroxycinnamic acid ! 12}

OH
Oxyresveratrol R=H O
cis-mulberroside A R =Glc

Scopoletin Morin

Fig. 1 Formulae of the main compounds of Ramulus Mori
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Reported pharmacology:

- immune-stimulating 43 12]

- antineoplastic

- antibiotic/antibacterial [+ 21

- antihypertensive [+ 12!
- spasmolytic

- anti-obesity [

- anti-aging

- hepatoprotective ¥
- strong radical scavenging [
- anti-oxidant (81115

- anti-inflammation [> 8121
- analgesic '

- anti-hyperlipidemia 5 11- 1]
- anti-hyperglycemia ['- 1]

- neuroprotective [ 1°]
- anti-HIV 1%
- anti-viral

- anti-herpetic [
- anti-atherogenic 1%

TLC Fingerprint Analysis

Drug samples

AW N —

7
8

Ramulus Mori/ Morus alba
Ramulus Mori/ Morus alba
Ramulus Mori/ Morus alba
Ramulus Mori/ Morus alba

Ramulus Mori/ Morus alba

Ramulus Mori/ Morus alba

Cortex Mori/ Morus alba?
Folium Mori / Morus alba?

Origin

Beijing, China

Province Hunan, China
Province An Guo, China

Ramulus Mori — Sangzhi

Sample of commercial drug, obtained from China Medica (origin:

Langzhong)

Sample of commercial drug, obtained from HerbaSinica (origin:

Guangxi)

Sample of commercial drug, obtained from TCM-clinic Bad Koétzting

(Charge: K20.12.2000)

Beijing, China
Beijing, China

aFor comparison

1. TLC-fingerprint analysis of the flavonoids: ['*]

Reference compounds of Fig. 2

T1
T2
T3
T4

Mulberrosid A
Rutin
Hyperosid
Morin

Rf

0.30
0.46
0.67
0.96
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Ramulus Mori — Sangzhi

1. Extraction:

2. Reference compounds:

3. Separation parameters:

Plate:
Applied amounts:
Solvent system:

Spray reagents:

4. Description of Fig. 2:

1.0 g powdered drug is extracted with 7 ml ethanol (95 %) for 2 h, filtered and
evaporated to dryness. The residue is dissolved in 1 ml ethanol

1.0 mg is dissolved in 1.0 ml methanol.

HPTLC Silica gel 60 F,s,, Merck

Ramulus Mori extracts: each 10 pl, Reference compounds: each 10 pl

Ethyl acetate + formic acid + glacial acetic acid + water (20 + 2.2 +2.2 + 5.2)
Natural products — Polyethylene glycol reagent (NP/PEG)

I: 1% diphenylboric acid-p-ethylamino ester

(= diphenylboryloxyethylamine, NP) in methanol

II: 5% Polyethylene glycol-4000 (PEG) in ethanol (80 %)

The plate is sprayed first with solution I and then with solution II.

After 30 min the evaluation is carried out under UV 366 nm.

The extract samples 1-6 are characterized by a fairly homogeneous pattern of 6—8 blue fluorescent zones in
the Rf-range 0.15-0.80. In this Rf-range Mulberrosid A (T1) can be identified at Rf=0.30. The flavonoid
Morin (T4) could be detected as blue-green fluorescent zone at Rf=0.96. In the extract samples 2 and 6 the
main constituents are hardly visible. The flavonol-glycosides Rutin (T2) and Hyperosid (T3) could be only
detected in extract sample 8 (Folium Mori) which was chromatographed for comparison. The extract sample
7 (Cortex Mori), however, shows a blue fluorescent zone profile which is similar to that of Ramulus Mori.

Front

Start

4 5 6 T T2 T3 T4 7 8

Fig. 2 Thin layer chromatogram of the methanol extracts of Ramulus Mori sprayed with NP/PEG reagent

(UV 366 nm)
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2. TLC-fingerprint analysis of stilbenes: (73

Reference compounds of Fig. 3a/b

T1
T4
TS
T6
T7

Mulberrosid A
Morin
Resveratrol
Oxyresveratrol
Morusin

Rf

0.13
0.77
0.87
0.86
0.91

Ramulus Mori — Sangzhi

1. Extraction:

2. Reference compound:
3. Separation parameters:
Plate:
Applied amounts:
Solvent system:
Detection:

Description of Fig. 3a/b:

1.0 g powdered drug is extracted with 7 ml ethanol (95 %) for 2 h, filtered and
evaporated to dryness. The residue is dissolved in 1 ml ethanol

1.0 mg is dissolved in 1.0 ml methanol.

HPTLC Silica gel 60 F,s,;, Merck

Ramulus Mori extracts: each 10 pl, Reference compounds: each 10 pl

Ethyl acetate + methanol + water (20 + 2.6 + 2)

10 % ethanolic sulphuric acid

The plate is sprayed with 8 ml reagent and heated at 105 °C for 10 min. The
evaluation is carried out in VIS (Fig. 3a) and under UV 366 nm (Fig. 3b).

In Fig. 3a appear the constituents in VIS with brown colour, in Fig. 3b with blue/green or yellow-brown
colour. In the TLC the stilbene derivatives are detectable in VIS and under UV 366 nm at Rf=0.87
(resveratrol, T5), at Rf=0.86 (oxyresveratrol, T6) and at Rf=0.13 (mulberoside A, T1). The flavonoid

morin (T4) appears at Rf=0.77 and morusin (T7) at Rf=0.91.
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a Detection in VIS

- Front

=y

LR/ 0.5

- Start

& Front

Rf 0.5

Start

1 2 3 4 5 6 T T4 5 T6 T7 7 8

Fig. 3a/b Thin layer chromatogram of the methanol extracts of Ramulus Mori, sprayed with 10 % eth. H,SO,
(a=VIS, b=UV 366 nm)

HPLC-Fingerprint Analysis: ['""]

1. Extraction: 1.0 g powdered drug is extracted with 7 ml ethanol (95 %) for 2 h, filtered evaporated
to dryness. The residue is dissolved in 1 ml ethanol and filtered over Chromafil®

filtration unit, type 0-20 pm/25 mm.

2. Injection volume: Ramulus Mori extracts: each 20 pl
Cortex Mori extract: 20 pl
Folium Mori extract: 20 pl
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Ramulus Mori — Sangzhi

3. HPLC — Parameter:
Apparatus: MERCK HITACHI D-6000 A Interface

MERCK HITACHI L-4500 A Diode Array Detector
MERCK HITACHI AS-2000 Autosampler
MERCK HITACHI L-6200 A Intelligent Pump
Separation column:  LiChroCART® 250-4 LiChrospher® 60 RP-select B (5 pm), Merck

Precolumn: LiChroCART® 4-4 LiChrospher® 60 RP-select B (5 pm), Merck

Solvent System: A: 0.1% Phosphoric acid/Water (Millipore Ultra Clear UV plus® filtered)
B: Acetonitrile (VWR)

Gradient: 0-40% B in 33 min,

40-60% B in 12 min,

60—-100% B in 5 min,

100% B for 20 min,

Total runtime: 70 min
Flow: 0.6 ml/min

Detection: 260 nm

Retention times of the main peaks

Peak Rt (min) Compound

1 4.6 Unknown

2 5.7 Unknown

3 21.9 Unknown acid?
4 243 Unknown

5 24.5 Mulberrrosid A
6 27.7 Unknown

7 30.0 Unknown

8 33.2 4-hydroxycinnamic acid
9 53.6 Unknown

10 59.0 Unknown

11 65.5 Morusin

A 26.0 - 34.0 Flavonoids
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Ramulus Mori —

Sangzhi

Absorbance (AU)

0.35

0.30

0.25

0.20

0.15

0.10

0.05

0.00

30 35 40 45 650 55 60

Retention time (min)

Fig. 4a HPLC —

fingerprint analysis of the methanol extracts of Ramulus Mori (sample 4)

Absorbance (AU)

0.35

0.30

0.25

0.20

0.15

0.10

0.05

0.00

10

15 20 25 30 35 40 45 50 55 60 65 70

Retention Time (min)

Fig. 4b HPLC —
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fingerprint analysis of the methanol extract of Cortex Mori (sample 7)




Ramulus Mori — Sangzhi

0.35
0.30
0.25
0.20

0.15

Absorbance (AU)

0.10

0.05

0.00

0 5 10 15 20 25 30 35 40 45 50 556 60 65 70

Retention Time (min)

Fig. 4c HPLC — fingerprint analysis of the methanol extract of Folium Mori (sample 8)

4. Description of the HPLC-Figures:

The Ramulus Mori extract sample 4 shows a fairly similar peak profile as Cortex Mori extract sample 7
but with different concentrations of the single constituents. In the extract sample 8 of Folium Mori appears
in the Rt-range 26.0-34.0 (A) a great assembly of flavonoids and with lacking the constituents 9—11.
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Fig. 5 On line UV-spectra of the main peaks of Ramulus, Cortex and Folium Mori
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Fig. 5 (continued)

Conclusion

Ramulus Mori extracts can be easily authenticated by characteristic TLC-pictures and HPLC-graphs in contrast

to Cortex and Folium Mori.
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Semen Celosiae — Qingxiang

Pharmacopoeia: !

Official drug: [

Origin: >3

Description of the drug: [

Pretreatment of the raw drug: [

Medicinal use: >4

Pharmacopoeia of the People’s Republic of China, English Edition Vol.
I,2010

Feather Cockscomb Seed is the dried ripe seed of Celosia argentea L.
(Fam. Amaranthaceae).

Southern China, south Asia, Sri Lanka, Africa, America

Oblate, a few rounded- reniform, 1-1.5 mm in diameter. Externally
black or reddish-black, lustrous, somewhat raised in center, with a hilum
on the slightly dented lateral side. Testa thin and brittle. Odour, slight;
tasteless.

The Plant is cut up or the infructescence is picked up in autumn when
the fruit is ripe, dried in the sun, and the seed is gathered and removed
from foreign matters.

It is used for eye and hepatic diseases, treatment of jaundic,
inflammation, metrorhagia, gonorrhoea, healing of wounds and injuries.

Effects and indications of Semen Celosiae according to Traditional Chinese Medicine - 3!

Taste: Bitter

Temperature: Mild cold

Channels entered: Orbis hepaticus, o. felleus, o. renalis

Effects (functions): To clear the liver and purge fire, improve vision and remove nebule, Treatment of
hepatitis, caligo corneae and hypertension, sarcoptidosis. Antipyretic, antispasmodic,
anticancer, diuretic, anti-inflammatory and antibacterial

Symptoms and Red eyes caused by liver heat, nebule, blurry vision, dizziness caused by liver fire
indications:
H. Wagner et al. (eds.), Chromatographic Fingerprint Analysis of Herbal Medicines, Vol. 4, 169

DOI 10.1007/978-3-319-32328-2_17, © Springer International Publishing Switzerland 2016



Semen Celosiae — Qingxiang

Main constituents:

Minor constituents:

170

- Triterpenoids with Saponins >~ 6717 18]

Celosins (A-QG), oleanolic acid, celosin (H-J), 3-O-p-D-xylopyranosyl-(1 — 3)-p-D-
glucuronopyranosyl-polygalagenin 28-O-p-D-glucopyranosyl ester, 3-O-f-D-
glucuronopyranosyl-medicagenic acid

28-0O-p-D-xylcopyranosyl-(1 — 4)-a-L-rhamnopyranosyl-(1 — 2)-p-D-fucopyranosyl
ester, and 3-O-p-D-glucuronopyranosyl-medicagenic acid 28-O-a-L-
arabinopyranosyl-(1 — 3)-[B-D-xylopyranosyl-(1 — 4)]-a-L-

rhamnopyranosyl-(1 — 2)-p-D-fucopyranosyl ester

- Bicyclic peptides [+ 6 10- 1113, 14 18]

Moroidin, celogentin A, celogentin B, celogentin C

- Cyclic nonapeptide:

Celogenamide A

- Phenolic glycoside

4-O-p-D-Apifuranosyl-(1 — 2)-p-D-glucopyranosyl-2-hydroxy- 6-methoxyacetophenone
-Di-and Poly-Saccharides [

Saccharose, celosian

Kaempferol, quercetin, p-sitosterol, palmatic acid, stigmasterol, daucosterol,
2-hydroxyoctadecanoic acid, stearic acid, palmatic acid and 4-hydroxyphenethyl
alcohol



Semen Celosiae — Qingxiang

R, R, Ry R, Rs R R, Rg

Celosin A OH glcA-ara CH, CH; H (CHy), COOH CHO
Celosin B OH glcA-gal CH, CH; H (CHy), COOH COOH
Celosin C H H COOH CH;, H (CH;), COO-fuc-rha-glc-xyl COCH
Celosin D H H COOH CH;, H (CHj), COO-fuc-rha-glc-xyl-ara COOH
Celosin E OH glcA CH, COOH H (CH;), CH, COOH
Celosin F OH xyl CH,4 COOH CH; =CH, COOH COOH
Celosin G H glc CH,4 CH; H (CHj), COO-fuc-rha-gicA COOH
Cristatin OH glcA CH, CH; H (CHy), COOH COOH
(Celosiacristatea)

NH

\—Nw
HN

Daucosterol

Celogentin C

H
COR

CH

3
Celogentin AR =0OH
Celogentin B R = His

Fig. 1 Formulae of the main constituents of Semen Celosiae [+ 7114
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Reported pharmacological activities:
The crude EtOH extract in vitro >89 16]

anticancer activity
anti-inflammatory activity
antidiabetic activity
antipyretic activity
antispasmodic activity
diuretic activity

antibacterial activity

The aqueous extract in vitro

exhibition of antimetastatic effects

« the acidic polysaccharide celosian was reported to exert hepatoprotective effects in mice [7-#!

TLC Fingerprint Analysis

Drug samples Origin
1 Semen Celosiae / Celosia argentea Sample of commercial drug, obtained from HerbaSinica (origin: ???)
2 Semen Celosiae / Celosia argentea Sample of commercial drug, obtained from China Medica
3 Semen Celosiae / Celosia argentea Sample of commercial drug, obtained from TCM-Clinic Bad Kétzting
(Charge: K07.01.2003)
1. TLC-fingerprint analysis of Triterpenoid saponins and Disaccharide:
Reference compounds of Fig. 2a Rf
T1 Oleanolic acid 0.98
T2 Daucosterol 0.91
T3 Saccharose 0.32
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1. Extraction: 2.0 g powdered drug with 10 ml 80 % ethanol are sonicated for 1 h. The extract
is filtered and evaporated to dryness. The residue is diluted with 0.5 ml methanol
and filtered over Chromafil® Type 0.20 pm.

2. Reference compounds: Each 0.5 mg is dissolved in 0.5 ml MeOH

3. Separation parameters:
Plate: HPTLC Silica gel 60 F,s4, Merck
Applied amounts: Celosiae Semen extracts: 40 pl each

Reference compounds: 20 pl each

Solvent system: Chloroform + methanol + water (6.4 +5 + 1)
Detection: Liebermann- Burchard reagent

5 ml acetic anhydride and 5 ml concentrated sulphuric acid are added carefully
to 50 ml absolute ethanol while cooling in ice. The reagent must be freshly
prepared.

The plate is sprayed with the solution and heated at 110 °C for 5—10 min. The
evaluation is carried out under UV 366 nm and VIS.

4. Description of Fig. 2a, b:

Fig 2a: The ethanol extracts of Semen Celosiae show at Rf=0.32 the dominant black colour zone of
saccharose (T3), the 7-8 pink/grey zones above saccharose (T3) comprise e.g. oleanolic acid at Rf=0.91
(T2) followed by the triterpene- di-and triglycosides of celosins A- G till the Rf- range above saccharose.

In Fig 2b appear the same Celosia- constituents with light grey or pink, white and brown fluorescent
zones, maybe partly superimposed by phenolic glycosides (see main constituent p. 171).

Rf 0.5 Rf 0.5

Start

1 2 3 T1 T2
1 2 3 T1 ¥§ T

Fig. 2a, b Thin layer chromatogram of the 80 % ethanol extracts of Semen Celosiae sprayed with Liebermann-
Burchard reagent a) under VIS and b) at 366 nm
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2. TLC-fingerprint analysis Cyclo peptides:
1. Extraction: The same extract used for TLC (1)
2. Reference compounds: not applied

3. Separation parameters:

Plate: HPTLC Silica gel 60 F,s,, Merck

Applied amounts: Semen Celosia extracts: 30 pl each

Solvent system: n-Butanol + ethanol + glacial acetic acid + water (6 +2 + 2 + 2)
Detection: Ninhydrin:

Dissolve 2 g Ninhydrin in 100 ml ethanol.

The plate is sprayed with the solution and heated at 100 °C for 5-10 min. The
evaluation is carried out under Vis.

The plate is sprayed with this solution, heated for 5 min at
105 °C and evaluated in VIS.

4. Description of Fig. 2c:
With ninhydrin appear the Peptides between Rf=0.20 and Rf=0.65 with violet colour. An assignment
of the different zones to the various dipeptides was not possible, because of lacking reference
compounds.

S - Front
-
-Rf 0.5
- Start
1 2

Fig. 2¢ Thin layer chromatogram of the 80 % ethanol extracts of Semen Celosiae (Cyclic peptides) sprayed with
Ninhydrin and detected under VIS
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HPL C-Fingerprint Analysis

1. Sample preparation: The same extracts are used as for the TLC (see above).
2. Injection volume: Semen Celosiae extracts: 50 pl each
3. HPLC parameter:

Apparatus: MERCK HITACHI D-6000 A Interface

MERCK HITACHI L-4500 A Diode Array Detector
MERCK HITACHI AS-2000 Autosampler
MERCK HITACHI L-6200 A Intelligent Pump
Separation column: LiChroCART® 250-4 LiChrospher® 100 RP-18 (5 pm), Merck

Precolumn: LiChroCART® 4-4 LiChrospher® 100 RP-18 (5 um), Merck

Solvent System: A:0.0001 H;PO, (Millipore Ultra Clear UV plus® filtriert)
B: Acetonitril (VWR)

Gradient: 0-40% B in 40 min,

40-100% B in 25 min,
total run time: 65 min
Flow: 1 ml/min

Detection: 210 nm

Retention times of the main peaks

peak Rt (min) compound
1 2.6-6.8 B Amino acids, peptides
2 9.9 — or non-cyclic
3 12.6 peptides
4 36.0-43.0 B Not
5 45.3 — identified
6 49.0-52.0
7 54.4 Daucosterol
8 59.9 Oleanolic acid
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Absorbance (AU)
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Retention time (min)

Fig. 3a HPLC-fingerprint analysis of the 80 % ethanol extract of Semen Celosiae (sample 1)

Absorbance (AU)
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25 30 35 40 45 50 55 60 65

Retention time (min)

Fig. 3b HPLC-fingerprint analysis of the 80 % ethanol extract of Semen Celosiae (sample 2)
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Fig. 3¢ HPLC-fingerprint analysis of the 80 % ethanol extract of Semen Celosiae (sample 3)
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Fig. 4 On line UV-spectra of the mean peaks of Semen Celosiae
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Fig. 4 (continued)

4.

Description of the HPLC- fingerprints of Semen Celosiae- ethanol extracts:

The peak profiles with peak No. 1-3 show the presence of amino acids or cyclopeptides, whereas the peak
7 and 8 can be identified as daucosterol and oleanolic acid.

Conclusion

For
For

the authentication of Semen Celosiae ethanol extracts the TLC — fingerprints method has definite preference.
the exact HPLC- identification of the cyclopeptides and minor compounds, a precedent fractionation of

extract would be necessary.
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Semen Nigrum Sesami — Heizhima

Pharmacopoeia: !

Official drug: [

Origin: 1/

Description of the drug: [

Pretreatment of the raw drug: [

Medicinal use: [

Pharmacopoeia of the People’s Republic of China, English Edition Vol. 1 2010

Black Sesame is the dried ripe seed of Sesamum indicum L.

(Fam. Pedaliceae). The plant is collected in autumn when the fruits are
ripe, dried in the sun. The seed is gathered, removed from foreign matter
and dried in the sun.

Chinese Provinces Henan, Shandong, Hubei, Anhui, Sichuan, Jiangxi, and
Hebei

Flattened- ovoid, about 3 mm long, and 2 mm wide. Externally black,
smooth or reticulately wrinkled. A dotted brown raphe at the apex. Testa
thin, cotyledons 2, white, oily. Odour, slight; taste sweet, slightly oily
aromatic.

The drug is eliminated from foreign matter, washed clean, dried in the
sun, and broken into pieces before use.

Used as a general tonic, for the treatment of dizziness, tinnitus, impaired
hearing, and also as laxative against constipation.

Effects and indications of Semen Nigrum Sesami according to Traditional Chinese Medicine [

Taste: Sweet

Temperature: Neutral

Channels entered:  Orbis hepaticus, orbis renalis, orbis intestini crassi

Effects (functions): To tonify the liver- kidney, replenish essence and blood and moisten the intestines

Symptoms and Deficiency of essence and blood, dizziness and blurred vision, tinnitus and
indications: deafness, premature graying, hair loss after recovering from an illness, constipation
caused by intestinal dryness

H. Wagner et al. (eds.), Chromatographic Fingerprint Analysis of Herbal Medicines, Vol. 4, 181
DOI 10.1007/978-3-319-32328-2_18, © Springer International Publishing Switzerland 2016




Semen Nigrum Sesami — Heizhima

Main constituents -

- Lignans: Sesamin, sesamolin, episesamin, sesamolinol, sesaminol, and epi-sesaminol, sesanoglin

- Lignans glucosides: Sesaminol mono-, di-, and triglycosides, pinoresinol mono-, di-, and triglycosides

- Sterols: p-Sitosterol and spinasterol

- Sesam oil: Composed mainly of glycerol esters of oleic acid and linoleic acid, eicosenoic acid

- Protein: Albumin, o- globulin, glutelin, protamine

Episesamin

Sesamin Sesamol
(O2n
jo i
Oo_ .0
H- -H
N0
ol 0
0 {
Sesamolin
Sesaminol

Sesaminol glucoside
Sesaminol diglucoside
Sesaminol triglucoside
Sesangolin

O-Gluc-Gluc-
O-Gluc-Gluc-Gluc
-OCHj3

Fig. 1 Formulae of the main constituents of Semen Nigrum Sesami !>
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Reported pharmacological effects:

- anti-hypertensive effect "]

Semen Nigrum Sesami — Heizhima

- inhibitory activity for cholesterol absorption and biosynthesis [

- antioxidation effect [']

- laxative effect (sesame oil) ["!

- hypoglycemic effect (flavonoids) [/}

- inhibition of malignant melanoma (linoleate in triglyceride form) [

- cancer preventive (meristic acid) ["!

- neuroprotective effect [!- 12!

- chondroprotective effect (sesamin) [13]

- anti-inflammatory effect 3]

- anti-proliferation and anti- angiogenic effect on cancer cells (%]

TLC Fingerprint Analysis

Drug samples

1

Semen nigrum Sesami / Sesamum
indicum

Semen nigrum Sesami / Sesamum
indicum

Semen nigrum Sesami / Sesamum
indicum

Semen nigrum Sesami / Sesamum
indicum

Semen nigrum Sesami / Sesamum
indium

Semen nigrum Sesami / Sesamum
indium

Origin

Sample of commercial drug, obtained from firm China Medica,
Guangyuan Sichuan, China

Sample of commercial drug, obtained from firm Herba sinica Hillsboro
GmbH, Anhui, China
Guangxi, China

Vietnam
Yunnan, China

Sample of commercial drug, obtained from TCM-Clinic Bad Kétzting
(Charge:56513072004)

Reference compounds of Fig. 2

Tl
T2
T3
T4
TS5

Rf
Sesamin 0.81
[-sitosterol 0.73
Linoleic acid 0.67
Saccharose 0.16
Oleic acid 0.69
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Semen Nigrum Sesami — Heizhima

1. Extraction: 2 g powdered drug are sonicated with 10 ml 80 % ethanol for 1 h, filtrated and
evaporated to dryness. The residue is

dissolved in 1 ml ethanol.
2. Reference compounds: Each 1.0 mg is dissolved in 1 ml ethanol
3. Separation parameters:
Plate: HPTLC Silica gel 60 F,s5,, Merck (20 x 20)
Applied amounts: Semen nigrum Sesami extracts: 20 pl each
Reference compounds: 10 pl each
Solvent system: 1) Chloroform + Methanol (10 + 10)
2) Chloroform + Diethyl ether (18 + 2)

The plate is developed in solvent system 1 about 6 cm, then dried in air and
developed in solvent system 2 approx. 15 cm.

Detection: 20 % ethanolic sulphuric acid
The plate is sprayed with 15 ml 20 % sulphuric acid, heated for 10 min at 120 °C
and detected in VIS.
- P S - Front
e v

; 5 R O Y

g . a . - . I
. — — - L Start
1 2 3 T

T2 T3 T5 4 5 6
T4

Fig. 2 Thin layer chromatogram of the 80 % ethanol extracts of Semen Sesami nigrum sprayed with 20% ethanolic
sulphuric acid (VIS)
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4. Description of Fig. 2:

Semen Nigrum Sesami — Heizhima

The Semen Sesami ethanol extract samples 1 — 6 show in the Rf- range from 0.75 till the solvent front 3
brown spots with the dominant (main) sesamin (T1), episesamin at Rf=0.87 and at Rf=0.91 which might
be assignable to another constituent (e.g. sesamolin).

In the Rf- range from Rf0.60 up to Rf=0.80 appear with yellow brown colour linoleic acid (T3), oleic acid
(T5) and the phytosterol p- sitosterol (T2). Saccharose was identified at Rf=0.16 (T4). In the Rf- range
Rf=0.15 till Rf=0.50 the three dark brown and pink brown spots might be identical with mono-, di- and
triglycoside of sesaminol.

HPL C-Fingerprint Analysis

1. Sample preparation: 2 g powdered drug are sonicated with 10 ml 80 % ethanol for 1 h, filtered and

2. Injection volume:

3. HPLC parameter:
Apparatus:

Separation column:

Precolumn:

Solvent System:

Gradient:

Flow:

Detection:

evaporated to dryness. The residue is dissolved in 1 ml ethanol, filtered over
Chromafil®, Type 0.20 pm and injected into the HPLC apparatus.

Semen nigrum Sesami extracts: 50 pl each

Reference compound: 20 pl

MERCK HITACHI D-6000 A Interface

MERCK HITACHI L-4500 A Diode Array Detector

MERCK HITACHI AS-2000 Autosampler

MERCK HITACHI L-6200 A Intelligent Pump
LiChroCART® 250-4 LiChrospher® 100 RP-18 (5 pm), Merck
LiChroCART® 4-4 LiChrospher® 100 RP-18 (5 pm), Merck
A: Sodium phosphate buffer pH 2 (Millipore Ultra Clear UV plus® filtered)
B: Acetonitrile (VWR)

0-15% B in 5 min.

15-30% B in 25 min.

30-100 %B in 25 min.

100% B for 10 min.

total run time: 65 min

1 ml/min

215 nm
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Semen Nigrum Sesami — Heizhima

Retention times of the main peaks

Peak Rt (min) Compound

1 11.9 Not identified
2 14.3 Not identified
3 16.9 Not identified
4 243 Sesaminol triglucoside
5 32.0 Sesaminol mono- or
diglucoside
6 46.2 Not identified
7 474 Sesamin
8 48.6 Sesamolin?
9 50.8 Linoleic acid
10 62.0—64.0 Fatty acids?
1.4 -' 1E
1.2 =
~ 1.0
) 3
<
3 0.8-
g -
8 06—
5 o
3 044
< 4
0.2 = 9
0.0 = "‘“""

0 5 10 15 20 25 30 35 40 45 50 55 60 65
Retention time (min)

Fig. 3a HPLC-fingerprint analysis of the 80 % ethanol extract of Semen nigrum Sesami, sample 1
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Semen Nigrum Sesami — Heizhima

Absorbance (AU)

0 5 10 15 20 25 30 35 40 45 50 55 60 65
Retention time (min)

Fig. 3b HPLC-fingerprint analysis of the 80 % ethanol extract of Semen nigrum Sesami, sample 3
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Fig. 3¢ HPLC-fingerprint analysis of the 80 % ethanol extract of Semen nigrum Sesami, sample 5
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Semen Nigrum Sesami — Heizhima

Fig. 4 On line UV-spectra of the main peaks of Semen nigrum Sesami
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Semen Nigrum Sesami — Heizhima

4. Description of Fig. 3a, b and ¢ of HPLC- fingerprints:
In the HPLC of the 80 % ethanol extract samples appear in opposite order to the TLC between Rt=20.0
and 35.0 the Lignan tri-, di-, and mono-glycosides of sesaminol. The main peaks at 47.5 and Rt=48.5 are
Sesamin and Episesamin (overlapped) and Sesamolin. Between 62.0 and 64.0 appear only in the extract
sample 5 double peaks which might be related to other fatty acids.

Conclusion

The authentication of Semen nigrum Sesami extracts can be definitely evidenced by the TLC-and HPLC-analysis,
shown in Figs. 2 and 3a, b, ¢ and corresponding UV- spectra of Fig. 4.
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Semen Sinapis — Jiezi

Pharmacopoeia: !

Official drug: [

Origin:

Description of the drug: "

Pretreatment of the raw drug: [

Processing: !!!

Medicinal use: [

Toxicity: 1

Pharmacopoeia of the People’s Republic of China, English Edition Vol.1
2010

Mustered Seed is the ripe seed of Sinapis alba L. or Brassica juncea (L.)
Czern. et Coss. (Fam. Cruciferae). The former is known as “Bai Jiezi”
(Semen Sinapis albae). the latter is known as “Huang Jiezi” (Semen
Brassicae junceae).

Chinese Provinces Yunnan, Fujian, Guangdong and Sichuan

Bia Jiezi Spherical, 1.5-2.5 mm in diameter. Externally greyish-white to
pale yellow, finally reticulated, with an obvious point —like hilum. Testa
thin and brittle, after cutting, white folded cotyledons visible, oily. Odour,
slight; taste pungent.

Huang Jiezi Relatively small, 1-2 mm in diameter. Externally yellow to
brownish-yellow, a few dark reddish —brown. Odour, characteristic and
pungent when triturated and moistened with water.

The plant is cut up in late summer and early autumn when the fruit is ripe,
and dried in the sun. The seeds are tapped out and removed from foreign
matter.

Semen Sinapis (stir- baked)

The clean drug is stir- baked as described under the method for stir-baking
(Appendix II D, Chinese Pharmacopoeae) until it becomes pale yellow to
dark yellow (stir- baked Baijiezi) or dark yellow to brown (stir-baked
Huangjiezi) and pungent scented.

Bronchitis, Influenza infection, urinary tract infections and external
application of rheumatic pains.

Because of its strong irritating properties, the drug should be not used
topically in patients with sensitive skin. If taken in large amounts, the
seeds may provoke gastrointestinal symptoms. Long-term ingestion
carries the danger of nerve damage, whilst long-term topical application
may lead to skin damage. Since the seeds may cause sensitization, they
should be not used in children less than 6 years of age.

H. Wagner et al. (eds.), Chromatographic Fingerprint Analysis of Herbal Medicines, Vol. 4, 191
DOI 10.1007/978-3-319-32328-2_19, © Springer International Publishing Switzerland 2016



Semen Sinapis — Jiezi

Effects and indications of Semen Sinapis according to Traditional Chinese Medicine '

Taste:

Pungent

Temperature:

Warm

Channels entered:

Orbis pulmonalis, o.stomachi

Effects (functions):

To transform cold phlegm, dislodge Phlegm-wind, move and regulate qi,
dissolve swelling and dislodge phlegm

Symptoms and indications:

Thin white sputum, wheezing cough, stifling sensation in the chest, respiratory
complaints

Cramps, Paresthesia, heaviness, and pain in the limbs, facial nerve paralysis,
spasms, epilepsy, hemiplegia, migraine, neuralgia, arthritis

Descends the lung qi, cough, difficult breathing. Qi movement in the channels:
nodules swelling, pain

Swelling, nodules, phlegm in the channels, joint pain, pain in the extremities

Pain in the extremities, joint pain, swelling ulcers due to cold phlegm, nodules,
pain, wheezing, cough, copious thin white sputum

Main constituents: >34 7-10,12-19]

- Glucosinolates

- Phenolic Compounds

- Further sulfur containing
compounds:

- Fatty acids:
- Proteins:
- Others:

192

Sinalbin from S.alba — enzymatic reaction
—4-Hydroxybenzylisothiocyanate

Sinigrin (2-propenylglucosinolate) from Brassica juncea.

Sinigrin — enzymatic reaction — 2-Propenyl isothiocyanate

Cis- and trans-sinapine (the choline ester of sinapic acid), sinapic acid,
sinapoyl glucose, Kaempferol-sinapoyl-trihexoside1-O-f-D-glucopyranosyl
sinapate, Sinapoyl-hexoside, Disinapoyl hexoside, trisinapoyl-dihexoside
and sinapoyl conjugate

By thermal degradation in aqueous solution : Di-2-propenyl sulfide,

Di-2- propenyl disulphide, Di-2-propenyl trisulphide, di-2-propenyl-
tetrasulfide, 2- di-propenyl thiocyanate, 3H-1,2-dithiolene, 2-vinyl-4H-1,3-
dithiin, 4H-1,2,3-trithiin, 5-methyl-1,2,3 4-tetrathiane and N, N’-di-2-
propenyl thiourea as major compound

Erucic acid, oleic acid, lionoleic acid, linolenic acid, eicosenoic acid
Albumin, globulin, glutelin, proteine

[B-Sitosterol




Semen Sinapis — Jiezi

SOsH
~
Sinalbin Sinigrin
O Sinapic acid:R =OH
R — OMe Sinapine: R =(Choline)
HGC\+/CH3
N -
OH HaC/ o)
OMe
0]
~ OH
Erucic acid

Fig. 1 Formulae of the main constituents of Semen Sinapis > 'V

Reported pharmacological effects [>7-8 11-16]

- radical-scavenging activity (antioxidative)

- antioxidation effect

- anti-inflammatory and anti-androgen activities (sinalbin)

- chemoprevetive efficacy (sinigrin)

- inhibition of the prostatic hyperplasia induced by testosterone propionate

- inhibition of the permeability of capillary vessel in mice skin induced by histamine
- reduction of the exacerbation frequency of chronic lung diseases in winter

- antibacterial activities
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TLC Fingerprint Analysis!'”

Drug samples

Origin

1 Semen Sinapis Praep., Sinapis alba Sample of commercial drug, obtained from China Medica (Germany)
2 Semen Sinapis, Sinapis alba Sample of commercial drug, obtained from Cfm, (origin: Zhongjiang,
Sichuan (China))
3 Semen Sinapis, Sinapis alba Sample of commercial drug, obtained from TCM-Clinic Bad Ké6tzting
(Charge: K30.12.2003)
4 Semen Sinapis, Sinapis alba Sample of commercial drug, obtained from TCM-Clinic Bad Koétzting
(Charge: 16.06.1995)
5  Semen Sinapis, Sinapis alba Canada
6  Semen Sinapis, Sinapis alba Provence Sichuan, China
7  Semen Sinapis, Sinapis alba Provence Hebei, China
Reference compounds of Fig. 2a, 2b Rf
T1 Sinalbin 0.58
T2 Sinigrin 0.53
(n.a) Sinapin 0.25
(n.a) Sinapic acid 0.91
*Not applied
1. Extraction: 1 g powdered drug is sonicated with 50 ml methanol for 1 h, filtered and evaporated to
dryness. The residue is dissolved in 2 ml methanol.
2. Reference Each 1.0 mg is dissolved in 1 ml ethanol
compounds:
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3. Separation parameters:

Plate: HPTLC Silica gel 60 F,s,, Merck

Applied Semen Sinapis extracts: 20 pl each

amounts: Reference compounds: 20 pl each

Solvent n-Butanol + ethanol + glacial acetic acid + water (6 +2 +2 + 2)

system:

Detection: A) Trichloroacetic acid-potassium hexacyanoferrat-iron-I1I-chloride reagent (TPF)

Solution (a) 25 % trichloroacetic acid in chloroform.

Solution (b) 1% aqueous potassium hexacyanoferrat mixed with an equal volume of 5%
aqueous iron-chloride.

The plate is sprayed with solution (a) and heated at 100 °C for 10 min, followed with
solution (b) and evaluated in VIS.

B) Dragendorff reagent

Solution (a) 0.85 basic bismuth nitrate in 10 ml glacial acetic acid and 40 ml water under
heating. If necessary, filter.

Solution (b): 8 g potassium iodide in 30 ml water
Stock solution: (a)+(b) are mixed 1:1.

Spray reagent: 1 ml stock solution is mixed with 2 ml glacial acetic acid, followed with
10 % aqueous sodium nitriteand evaluated in VIS.

i -Front

. - i
ey " ——
R g
. e o em

el Wl

AW Arean L Start

1 2 3 4 T T2 5 6 7

Fig. 2a Thin layer chromatogram of the methanol extracts of Sinapis Semen sprayed with Trichloroacetic
acid-potassium hexacyanoferrat-iron-I1I-chloride reagent (TPF) (VIS)
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Fig. 2b Thin layer chromatogram of the methanol extracts of Semen Sinapis sprayed with Dragendorff reagent

(VIS)

4.

Description of Fig. 2a and 2b:

Fig. 2a: All seven Semen Sinapis methanol extracts show in VIS 4 -5 dark blue zones with Sinalbin at
Rf=0.58 (T1) partly overlapped with sinigrin which in Sinapis alba is contained only in low
concentration. In Sinapis nigra it is reported to be the dominant compound. The blue zone at Rf=0.24
might be identical with sinapin the choline derivative of Sinapic acid (see also Fig. 2b). The blue zones
in the front zone (Rf=0.85 — 0.95) might be Sinapic acid and phenol carboxylic acid derivatives.

Fig. 2b: The Dragendorff sprayed TLC shows in Sinapis extracts 1-3 strong brown zones at Rf=0.30 and
0.20, whereas in the extracts 4, 5, 6 and 7 only one main brown zone at Rf=0.16 could be detected. The
brown zone at Rf=0.24 might be assigned to Sinapin.

HPL C-Fingerprint Analysis

1. Sample preparation: 1 g powdered drug is sonicated with 50 ml methanol for 1 h, filtered and evaporated

to dryness. The residue is dissolved in 2 ml methanol, filtered over Chromafil® Type
0.20 pm and injected into the HPLC apparatus.

2. Injection volume:  Sinapis albae semen extracts: 20 pl each
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3. HPLC parameter:
Apparatus:

Separation column:

Precolumn:

Solvent System:

Gradient:

Flow:

Detection:

Semen Sinapis — Jiezi

MERCK HITACHI D-6000 A Interface

MERCK HITACHI L-4500 A Diode Array Detector

MERCK HITACHI AS-2000 Autosampler

MERCK HITACHI L-6200 A Intelligent Pump
LiChroCART® 250-4 LiChrospher® 100 RP-18 (5 pm), Merck
LiChroCART® 4-4 LiChrospher® 100 RP-18 (5 pm), Merck
A: 0.08 mol/L potassium dihydrophosphate (Millipore Ultra Clear UV plus® filtered)
B: Acetonitrile (VWR)

0-40% B in 40 min.

40-100% B in 20 min.

100% B in 5 min.

Total run time: 65 min.

1 ml/min

254 and 326 nm

Retention times of the main peaks recorded at 254 and 326 nm

Peak Rt (min) Compound
6.10 Sinalbin

2 10.37 1-O-p-D-
glucopyranosyl sinapate

3,6 14.1,15.1,20.4 Phenol carboxylic acids
derivatives

4 17.9 Sinapic acid derivative

5 17.93 Sinapic acid

7 31.2 Sinapine derivative

8 34.21 trans-Sinapine

9 36.21 cis-Sinapine
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4. Description of the HPLC-Fig. 3a, b, ¢, d:

The HPLC-graph recorded at 254 and 326 nm is dominated by the peak (1) of Sinalbin and the peaks of
cis/trans of sinapin (peak 8/9). Differences consist in the peak intensities between Rt 13 and 32 which we
have assigned to phenol carboxylic acid derivatives with conspicuous UV-maxima around 330 nm as
characteristic for sinapic acid and sinapine

Absorbance (AU)

0 5 10 15 20 25 30 35 40 45 50 55 60 65
Retention Time (min)

Fig. 3a HPLC-fingerprint analysis of the extract of Semen Sinapis albae (sample 1) at 254 nm (red) and
at 326 nm (black)

Absorbance (AU)

0 5 10 15 20 25 30 3 40 45 50 55 60 65
Retention Time (min)

Fig. 3b HPLC-fingerprint analysis of the methanol extract of Semen Sinapis albae (sample 2) at 254 nm (red)
and at 326 nm (black)
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Absorbance (AU)

0 5 10 15 20 25 30 3 40 45 50 55 60 65
Retention Time (min)

Fig. 3¢ HPLC-fingerprint analysis of the methanol extract of Semen Sinapis albae (sample 3) at 254 nm (red)
and at 326 nm (black)

Absorbance (AU)

0 5 10 15 20 25 30 35 40 45 50 55 60 65
Retention Time (min)

Fig. 3d HPLC-fingerprint analysis of the methanol extract of Semen Sinapis albae (sample 4) at 254 nm (red)
and at 326 nm (black)
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Fig. 4 UV-spectra of the main peaks of the methanol extract of Semen Sinapis

Note: The Chinese Pharmacopeia 2010 demands for Semen Sinapis a content not less than 0.4 % sinapine cyanide

sulfonate, calculated with reference to the dried drug. ™

Conclusion

The authentication of Sinapis alba Semen extracts can be definitely evidenced by the TLC-and HPLC-analysis,
which is shown in Figs. 2a, b and 3a, b, ¢, d and corresponding UV- spectra of Fig. 4.
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Pharmacopoeia: ! Pharmacopoeia of the People’s Republic of China, English Edition Vol. I, 2010
Official drug: [ Cowherb Seed is the dried ripe seed of Vaccaria segetalis (Neck.) Garcke (Fam.
Caryophyllaceae).

The plant is collected in summer when the fruit is ripe but not dehiscent, and
dried in the sun, the seed is tapped out, removed from foreign matter, and dried
again in the sun.

Synonym: Vaccaria hispanica (Mill.) Rauschert, Vaccaria pyramidata (Medik)
Origin: B Mainly in Chinese provinces such as Jiangsu, Hebei, Henan and Shaanxi.

Description of the drug: !!! Spheroidal, about 2 mm in diameter. Externally black, a few in reddish-brown,
somewhat lustrous, with fine and dense granular protuberances and a concave
longitudinal furrow on one side. Texture hard, endosperm white, embryo curved in
a ring, cotyledons 2. Odour, slight; taste, slightly astringent and bitter.

Processing: ! Semen Vaccariae (stir-baked)

The clean Semen Vaccariae are stir-baked as described under the method for
simple stir-baking (Appendix II D) until most of the seeds are burst.

Medicinal use: Metabolic Syndrome (diabetes, hypertension) and various inflammatory diseases.

Effects and indications of Semen Vaccariae according to Traditional Chinese Medicine (! + 13!
Taste: Bitter

Temperature: Neutral
Channels entered: Orbis hepaticus, o. stomachi
Effects (functions): To activate blood to unblock the meridian, promote lactation and disperse swelling,
disinhibit urine and relieve stranguria
Symptoms and Amenorrhea, dysmenorrhea, agalactia, swelling and pain caused by acute mastitis,
indications: slow and painful stranguria
H. Wagner et al. (eds.), Chromatographic Fingerprint Analysis of Herbal Medicines, Vol. 4, 203

DOI 10.1007/978-3-319-32328-2_20, © Springer International Publishing Switzerland 2016
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Main constituents:

Minor constituents:

204

- Triterpene sapogenins >
Segetalic acid, vaccaric acid, quillaic acid, gypsogenin, gypsogenic acid,
3,4-secogypsogenic acid

_ Saponins [2-4, 7-11, 13]

Vaccarosides A-I, vaccaroid B, dianoside G, segetoside A-I
- Flavonoids 1> > 8 10-121

Vaccarin, isovitexin, apigenin-6-C-arabinosyl glucoside

- Cyclic peptides 1> 71

Cyclic pentapeptides (segetalin A-H), cyclic heptapeptide

- alkaloids, phenolic acids, steroids >
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R
Segetalic acid OH
Vaccaric acid H
Ho
°
_0 - O _H
H

I Vaccarin

Quillaic acid

Vicenin-1

Fig. 1 Formulae of the main compounds of Semen Vaccariae ¥
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Reported pharmacology: - estrogen-like activity [7-°-11]
- vasorelaxant acitivity [7-1*]
- anti-angiogenic activity > 2!

- growth-inhibitory activity on luteal cells, HL-60 cells and endothelial cells !

TLC Fingerprint Analysis

Drug samples Origin

1 Semen Vaccariae / Vaccaria segetalis Sample of commercial drug obtained from TCM-Clinic Bad Kotzting
(Charge: K30.08.2000)
2 Semen Vaccariae / Vaccaria segetalis Sample of commercial drug obtained from TCM-Clinic Bad Kotzting
(Charge: K01.09.2005)
3 Semen Vaccariae praep. / Vaccaria ~ Sample of commercial drug obtained from China Medica (origin:
segetalis Neiqiu, Hebei)
4 Semen Vaccariae praep. / Vaccaria ~ Sample of commercial drug obtained from HerbaSinica (origin:
segetalis Anhui)

1. TLC-fingerprint analysis of flavonoids

Reference compound of Fig. 2 Rf
T1 Vicenin-1* 0.29

*used as reference compound because of similar structure as vaccarin

1. Extraction 1.5 g powdered drug is extracted under reflux with 20 ml methanol for 30 min. The extract
is filtered, evaporated to dryness and the residue is dissolved in 2 ml methanol.

2. Reference 1.0 mg is dissolved in 1.0 ml methanol
compound:

3. Separation parameters:

Plate: HPTLC Silica gel 60 Fys,, Merck

Applied Semen Vaccariae extracts: each 15 pl, Reference compound: 10 pl

amounts:

Solvent Ethyl acetate + glacial acetic acid + formic acid + water (10 + 1.1 + 1.1 + 2.6)
system:

Detection:  Natural products — Polyethylene glycol reagent (NP/PEG)

I: 1% diphenylboric acid-f-ethylamino ester
(= diphenylboryloxyethylamine, NP) in methanol
II: 5% Polyethylene glycol-4000 (PEG) in ethanol (80 %)

The plate is sprayed first with solution I and then with solution II. After 1 h the evaluation
is carried out under UV 366 nm.
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Rf 0.5

Start

1 2 3 4 T

Fig. 2 Thin layer chromatogram of the methanol extracts of Semen Vaccariae, sprayed with NP/PEG reagent
(UV 366 nm)

4.  Description of Fig. 2:

The Semen Vaccariae extracts samples 1—4 show in the solvent system commonly used for flavonoids a

very homogenous pattern of blue and green fluorescent zones distributed over the whole TLC plate. Due
to the similar structure of vicenin-1 it can be assumed that the strong green zone at Rf=0.14 is vaccarin
which contains one sugar more than vicenin-1.

2. TLC-fingerprint analysis of triterpene sapogenins and saponins

Reference compound of Fig. 3a/b Rf
T2 Quillaja saponin mixture 0.30
1. Extraction: 1.5 g powdered drug is extracted under reflux with 20 ml methanol for 30 min.

The extract is filtered, evaporated to dryness and the residue is dissolved in
2 ml methanol.

2. Reference compound: 1.0 mg is dissolved in 1.0 ml methanol
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3. Separation parameters:

Plate: HPTLC Silica gel 60 F,s54, Merck

Applied amounts: Semen Vaccariae extracts: each 15 pl, Reference compound: 10 pl

Solvent system: Chloroform + glacial acetic acid + methanol + water
(6+3.2+1.2+0.8)

Detection: Anisaldehyde — Sulphuric acid reagent

0.5 ml anisaldehyde is mixed with 10 ml glacial acetic acid, followed by 85 ml
methanol and 5 ml concentrated sulphuric acid, in that order.

The plate is sprayed with 10 ml, heated at 110 °C for 10 min and evaluated
after 30 min in VIS (Fig. 3a) and under UV 366 nm (Fig. 3b).

Note: The reagent has only limited stability and is no longer useable when the
colour has turned to red-violet.

- Front
-

- R/ 05 R 05

- Start

Start

Fig. 3a/b Thin layer chromatogram of the methanol extracts of Semen Vaccariae, sprayed with Anisaldehyde —
Sulphuric acid reagent (a=VIS, b=UV 366 nm)
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4. Description of Fig. 3a/b:

HPL C-Fingerprint Analysis

1.

Semen Vaccariae — Wangbuliuxing

Fig. 3a/b: In the Rf-range from solvent start till Rf=0.5 the brown zones of the triterpene glycosides
(saponins) of Semen Vaccariae such as vaccarosides A-I, vaccaroid B or segetoside A-I acid are visible. As
reference is applied the saponin mixture of Quillaja (T2). In the upper TLC-range from Rf=0.85 till the
solvent front appear the corresponding sapogenins (triterpenoic acids) of Semen Vaccariae in red-violet

colour.

Fig. 3a/b: The triterpene saponins are detectable under UV 366 nm as blue fluorescent zones and the three
sapogenins as auburn zones.

Extraction:

Injection volume:

HPLC parameter:
Apparatus:

Separation column:

Precolumn:

Solvent system:

Gradient:

Flow:

Detection:

1.5 g powdered drug is extracted under reflux with 20 ml methanol for 30 min.
The extract is filtered, evaporated to dryness and the residue is dissolved in 2 ml
methanol. The extract is filtered over Chromafil®, Typ 0.20 pm.

Semen Vaccariae extracts: each 10 pl

MERCK HITACHI D-6000 A Interface

MERCK HITACHI L-4500 A Diode Array Detector

MERCK HITACHI AS-2000 Autosampler

MERCK HITACHI L-6200 A Intelligent Pump
LiChroCART® 250-4 LiChrospher® 100 RP-18 (5 pm), Merck
LiChroCART® 4-4 LiChrospher® 100 RP-18 (5 um), Merck
A: 0.05% phosphoric acid/water (Millipore Ultra Clear UV plus® filtered)
B: acetonitrile (VWR)

0% B for 5 min,

0-100% B in 60 min,

100% B for 5 min

total runtime: 70 min

1.0 ml/min

210 nm
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Retention times of the main peaks

Peak Rt (min) Compound
1 21.8 i
2 234 —  Flavonoids
3 25.0 B
4a 62.8 h
4b 64.2 —  Sapogenins
4¢ 65.6 _

4. Description of the HPLC-Figures:

The HPLC-peaks 1-3 of the extract samples 1 and 3 can be identified as main flavonoid-C-glycosides of
Semen Vaccariae. The peaks 4a—c are identical with the triterpenic acids (sapogenins) of Semen Vaccariae.

1.4 =

1.2 =

1.0 =

0.8 =

0.6 =

Absorbance (AU)

0.4 =

0.2 =

0.0 =

0 5 10 15 20

2
4

<4
a
g‘wlj'l"

C
|
25 30 35 40 45 50 55 60 65 70

Retention time (min)

Fig. 4a HPLC-fingerprint analysis of the methanol extract of Semen Vaccariae, sample 1
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Absorbance (AU)

4a
P l ——

25 30 35 40 45 50 55

Retention time (min)

60 65

70

Fig. 4b HPLC-fingerprint analysis of the methanol extract of Semen Vaccariae, sample 3
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271.6
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Fig. 5 On line UV-spectra of the main peaks of Semen Vaccariae extracts

Note: According to the Chinese Pharmacopeia 2010 Semen Vaccariae contains not less than 0.40 % of vaccarin,

calculated with reference to the dried drug. [

Conclusion

The TLC-pictures and HPLC-graphs provide a significant authentication of Semen Vaccariae.
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Semen Plantaginis — Cheqgianzi
Herba Plantaginis — Chegiancao

Pharmacopoeia: [

Official drugs: [

Origin: >3

Description of the drugs: !

H. Wagner et al. (eds.), Chromatographic Fingerprint Analysis of Herbal Medicines, Vol. 4,

Pharmacopoeia of the People’s Republic of China, English Edition
Vol. I, 2010

Semen: Plantain Seed is the dried ripe seed of Plantago asiatica L. or
Plantago depressa Willd. (Fam. Plantaginaceae).

The fruit-spike is collected in summer and autumn when the seeds are
ripe and dried in the sun. The seeds are rubbed out and removed from
foreign matter.

Herba: Plantain Herb is the dried herb of Plantago asiatica L. or
Plantago depressa Willd. (Fam. Plantaginaceae)

The drug is collected in summer, removed from soil, and dried in the
sun.

China (Heilongjiang, Jilin, Liaoning, Hebei, Shandong, Shanxi,
Shaanxi, Gansu, Qinghai, Inner Mongolei, Henan, Guizhou, Anhui,
Jaiangxi, Sichuan)

Semen Plantaginis: Ellipsoid, irregularly oblong or triangular oblong,
slightly flattened, about 2 mm long, 1 mm wide. Externally yellowish-
brown to dark brown, with fine wrinkles, and a greyish-white concave
pointed hilum on one side. Texture hard. Odour, slight; taste, weak.

Herb of Plantago asiatica: Roots fascicle, fibrous. Leaves basal. Long
petioled; lamina crumpled, when whole, ovate-elliptical or broadly ovate,
6—-13 cm long, 2.5-8 cm wide; externally greyish- green or blackish-
green, with 5—7 distinct arched veins; obtuse or short acute at the apex,
broadly coneate at the base, margin entire or irregularly sinuate-dentate.
Spikes several, with along scape. Capsules circumscissile, calyx
persistent. Odour, slightly aromatic; taste, slightly bitter.

Herb of Plantago depressa: Main roots straight and long. Lamina
relatively narrow, long-elliptical or ellipticalanceolate, 5-14 cm long,
2-3 cm wide.
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Pretreatment of the raw drugs: 41 Semen Plantaginis: Elemination of foreign matters.

Medicinal use: -4

Semen Plantaginis (processed with salt):

The clean Semen Plantaginis is stir-baked as described under the
method for processing with salt-water (Appendix II D) until it cracks,
sprayed with salt-water and stir-baked to dryness.

Herba Plantaginis: The drug is eleminated from foreign matter,
washed clean, cut into section and dried.

Semen Plantaginis is used for the treatment of edema, dysuria, painful
urination, cough, and ophthalmic infection. Herba Plantaginis is used
for the treatment of edema with oligoriae, also for infection and painful
urination, cough, hemoptysis, and carbuncle.

Medicine 12461

Effects and indications of Semen and Herba Plantaginis according to Traditional Chinese

Taste:

Semen: sweet

Herba: sweet

Temperature:

Semen: cold

Herba: cold

Channels entered:

Effects (functions):

Semen: Orbis pulmonalis, o. intestini tenuis, o. hepaticus, o. renalis

Herba: Orbis linalis, o. hepaticus, o. pulmonalis, o. intestini tenuis

Semen: promotes urination, cools heat, clears damp- heat, dislodges phlegm, stops
coughing, diffuses the lung, soothes the throat and expels pus. To brighten the eyes

Herba: to clear heat, disinhibit urine and relive stranguria, to dispel phlegm, cool the
blood, and remove toxin

Symptoms and
indications:

Semen: painful bladder dysfunction, rough scanty urination, edema, painful urination,
couch and profuse sputum, oppression and discomfort in the chest, sore throat and
hoarseness, lung abscess with pyemesis. Heat of the liver, visual impairment, red
eyes, red eyes due to wind- heat

Herba: heat stangury with slow pain, edema and small quantity of urination, diarrhea
caused by summer heat dampness, phlegm- heat cough, hematemesis and epistaxis,
swelling abscess, sore and toxin
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Published constituents: (134 7-10]

Phenylethanol glycosides: Plantaginoside, acteoside (verbascoside), isoacteoside, calcerolioside B,
leucoscoposide, martynoside, isomartynoside, plantainoside (A-F), plantasioside.

Plantamajoside (Herba)

Flavonoide glycosides: Plantaginis Herba : Homoplantaginin (hispidulin-7-O-D-glucoside), plantaginin
(scutellarein 7-O-D-glucoside), luteolin, luteolin-7-glucoside,
plantagoside (from Semen)

Iridoid glycosides: Aucubin, catalpol, geniposidic acid
Triterpenoides: Ursolic acid, palmitates of f-sitosterol, f-sitosterol, stigmasterin
o CH,OH
o o0 OH % OH
490X
HO
HO l.40 OH HO — Pg
OH
HO
OH HO Plantainoside

R= CH,OH Plantamajoside

R =CHs, Verbascoside(acteoside)
OH
OH HO\Tjij/OH
HO " SN0,
0 OH
O
X
R

Geniposidic acid R= COOH

Aucubin R= H
H
OH | OH
o
HO\;IQ;I:”O ilm o ] OH
oH O (6] OH
Homoplantaginin (Plantaginis Herba) Plantagoside (Plantaginis semen)

Fig. 1 Formulae of the main constituents of Semen and Herba Plantaginis [+ 3 1!
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Reported pharmacological activities:

- antioxidant with very low toxicity (in vitro and in vivo) 811121

diuretic (Seeds and Herba) 4
expectorant (Seeds and Herba) 4
hemostatic agent (Herba) 4

anti- inflammatory

immunomodulatory activity (Seeds) ' 13!

plantagoside showed a potent inhibitory activity against jack bean a-mannosidase '

hepatoprotective [!!]

antibacterial ['1

TLC Fingerprint Analysis

Drug samples

1

Semen Plantaginis / Plantago asiatica L. or
Plantago depressa Willd

Semen Plantaginis / Plantago asiatica L. or
Plantago depressa Willd

Semen Plantaginis / Plantago asiatica L. or
Plantago depressa Willd

Semen Plantaginis / Plantago asiatica L.

Semen Plantaginis / Plantago asiatica L. or
Plantago depressa Willd
Herba Plantaginis / Plantagio asiatica L. or
Plantago depressa Willd
Herba Plantaginis / Plantago asiatica L. or
Plantago depressa Willd

Origin

Sample of commercial drug, obtained from firm China
Medica Province Shifang, Sichuan (China)
Sample of commercial drug, obtained from China Medica

Sample of commercial drug, obtained from TCM-Clinic
Bad Kotzting (Charge: A 22.08.02)

Sample of commercial drug, obtained from Firm Herba
Sinica (origin: Hebei)

Sample of commercial drug, obtained from TCM-Clinic
Bad Kotzting (Charge: K 30.08.2000)

Province Hebei (China)

Province Henan (China)
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1. TLC-fingerprint analysis of Phenylethanol glycosides and iridoides:

Reference compounds of Fig. 2a Rf
T1 Aucubin 0.32
T2 Verbascoside (Semen) 0.75
T3 Catalpol 0.26
1. Extraction: 1 g powdered drug is extracted with 10 ml methanol under reflux for 20 min. and

filtered. The filtrate is evaporated to dryness; The residues are dissolved in 1 ml
MeOH and used as the test solution.

2. Reference compounds: Each 1 mg is dissolved in 1 ml ethanol

3. Separation parameters:

Plate: HPTLC Silica gel 60 F,s,, Merck
Applied amounts: Semen, Herba Plantaginis extracts: 10 pl each
Reference compounds: 10 pl each
Solvent system: ethyl acetate + glacial acetic acid + formic acid + water (8§ + 1 + 1 + 2)
Detection: Anisaldehyde- sulphuric acid reagent:

0.5 ml anisaldehyde is mixed with 10 ml glacial acetic acid,
followed by 85 ml methanol and 5 ml concentrated sulphuric acid, in that order.

The plate is sprayed with about 20 ml reagent and heated at 105 °C for 5-10 min.
The evaluation is carried out under Vis and at 366 nm.

L’m - - -—f Front
- _— o —
f— e
-
— LRf0.5
| —
- B
- = .
— - Start
1 2 3 4 T T2 T3 5 6 7

Fig. 2a Thin layer chromatogram of the methanol extracts of Semen and Herba Plantaginis sprayed with
anisaldehyde- sulphuric acid reagent (VIS)
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Description of Fig. 2a:

All 1-5 samples of Semen Plantaginis show in the deep Rf- range from start till Rf~0.25 three weak grey
zones. None of them can be assigned to any defined compound. In the upper Rf — range appear from
Rf=0.50 till Rf=0.83 ca.5 grey zones with one green and one blue zone. The grey zone at Rf=0.75 is
identical with Verbascoside (T2) whereas in the deep Rf value one of the two grey zones on the solvent
start and Rf=0.15 might be geniposidic acid. The Herba Plantago extracts samples 6 and 7 differ from the
Semen extracts by two strong zones at Rf=0.75 (Verbascoside) and above of this at Rf=0.78 a non-
identified compound. In the deep Rf- range of the Herba extract appear in high concentration Aucubin
(T1), catalpol (T3) and again geniposidic acid analogue to the Semen extract sample.

2. TLC-fingerprint analysis of flavonoids
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. Extraction:

Reference compounds:

Separation parameters:
Plate:

Applied amounts:

Solvent system:

Detection:

Reference compounds of Fig. 2b  Rf

T1  Luteolin 0.98
T2  Luteolin-7-O-glucoside 0.71
T3  Rutin 0.43
n.a*  Verbascoside 0.67
"not applied

The same extract from TLC (1)

Each 0.5 mg is dissolved in 0.5 ml methanol

HPTLC Silica gel 60 F254, Merck

Semen Plantaginis extracts: each 25 pl

Herba Plantaginis extracts: each 10 pl

Reference compounds: each 10 pl

Ethyl acetate + formic acid + glacial acetic acid + water (100 + 11 + 11 + 26)
Natural products — Polyethylene glycol Reagent (NP/PEG)

I: 1% diphenylboric acid-f-ethylamino ester

(= diphenylboryloxyethylamine, NP) in methanol

II: 5% polyethylene glycol-4000 (PEG) in ethanol

The plate is sprayed first with solution I and then with

solution II. The evaluation is carried out in UV 366 nm.



Semen Plantaginis — Chegianzi, Herba Plantaginis — Chegiancao

Front

Rf0.5

Start

1 2 3 4 5 6 7 T T3
T2

Fig. 2b Thin layer chromatogram of the methanol extracts of Semen and Herba Plantaginis sprayed with NP/
PEG reagent (UV 366 nm)

Description Fig. 2b:

The Plantago semen extract samples 1-5 show with the exception of extract sample 2 a very homogeneous
TLC- zone profile with green/white fluorescene zones in the Rf-range of 0.4 up to the solvent front with the
dominant zone of verbascoside at Rf=0.67. Extract sample 2 differs from the others by a strong white
fluorescent zone at Rf=0.98 under the solvent front. The brown zones in extract samples 3, 4, and 5 could be
not correctly assigned to any characteristic compound.

The Herba Plantaginis extract samples 6 and 7 are characterized again by the dominant verbascoside zone
overlapped by luteolin-7-glucoside (T2). The strong flavonoid glycoside at Rf=0.67 might be identical with
luteolin-O-diglucoside

HPL C-Fingerprint Analysis

1. Sample preparation: 1 g powdered drug is extracted with 10 ml methanol under reflux for 20 min. The
extract is cooled, filtrated and evaporated to dryness. The residue is dissolved in 1 ml
methanol and filtered over Chromafil® filtration unit, type 0—20 pm/25 mm

2. Injection volume:  Plantaginis Semen extracts: 30 pl each
Plantaginis Herba extracts: 20 pl each

Reference compounds: 10 pl each
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3.

HPLC parameter:
Apparatus:

Separation column:
Precolumn:
Solvent System:
Gradient:

Flow:

Detection:

MERCK HITACHI D-6000 A Interface

MERCK HITACHI L-4500 A Diode Array Detector

MERCK HITACHI AS-2000 Autosampler

MERCK HITACHI L-6200 A Intelligent Pump

LiChroCART® 250 -4 LiChrospher® 100 RP-18 (5 pm), Merck
LiChroCART® 4-4 LiChrospher® 100 RP-18 (5 pm), Merck
A:0.0001 % aq. H;PO,: (Millipore Ultra Clear UV plus® filtriert)
B: Acetonitril (VWR)

1 ml/min
210 nm

Retention times of the main peaks recorded at 210 nm
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Peak

0 3N N B W

o)

10
11,12
13
14,15,16

Rt (min)

2.5
32

4.1

8.3

17.8

21.4
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25,6

27.8

29.6
31.0,38.3
39.9
(40-50)

Compound

Catalpol

Geniposidic acid

Aucubin

Not identified

Not identified

Phenylethanol glycoside?

Phenylethanol glycoside?

Not identified phenylethanoid from (Herba)
Verbascoside (Semen) or Plantamajoside (Herba)
Luteolin-7-O- glucoside? (Herba)

Not identified phenylethanoid glycoside
Hispidulin-7-O-glucoside

Not identified flavones
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0.30

0.25

0.20

0.15

0.10

Absorbance (AU)

0.05

0.00

0 5 10 15 20 25 30 35 40 45 50

Retention time (min)

Fig. 3a HPLC-fingerprint analysis of the methanol extract of Semen Plantaginis sample 1

o

Absorbance (AU)

0 5 10 15 20 25 30 35 40 45 50

Retention time (min)

Fig. 3b HPLC-fingerprint analysis of the ethanol extract of Semen Plantaginis sample 3
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(7]

Absorbance (AU)

2.0 91 ‘/9
1.5 -
1.0 <
0.5 iy
T 14
= 13 15 46
0.0

0 5 10 15 20 25 30 35 40 45 50

Retention time (min)

Fig. 3¢ HPLC-fingerprint analysis of the ethanol extract of Herba Plantaginis sample 6

o

Absorbance (AU)

o
o

1.5

0.5

0.0

10 15
11 121314 16

0 5 10 15 20 25 30 35 40 45 50

Retention time (min)

Fig. 3d HPLC-fingerprint analysis of the ethanol extract of Herba Plantaginis sample 7
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Fig. 4 On line UV-spectra of the main compounds (peaks) of Semen, Herba Plantaginis

4. Description of the HPLC fingerprints

Fig. 3a and 3b

(Plantaginis Semen):

The HPLC- peak profile of MeOH-extract of Semen Plantaginis (extract sample 1 and 3) is characterized
by the peaks 1—4 in the Rt-range 2.0—10.0 which can be assigned to Catalpol (Rt=2.50), Geniposidic acid
(Rt=3.23) and (Aucubin Rt=4.11). The second Rt-range between 25.0 and 32.0 (numbered with 9 and 11)
were identified as verbascoside and another not identified phenylethanol glycoside respectively.

Fig. 3c and 3d

(Plantaginis Herba):

The extract samples 6 and 7 show a quite different peak profile. Beside the characteristic peaks of extract
sample 1 and 3 there are further small 10 peaks in the Rt-range from 17.0 to 50.0 which can be assigned
analogous their UV- spectra to the class of Phenylethanol (peaks 6, 7, 8, 9, 11, 13, 14) and flavonoids

(peaks: 10, 12,

15, 16)
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Conclusion

The authentication of both drugs is possible by TLC and HPLC without any difficulties.
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Spica Prunellae — Xiakucao

Pharmacopoeia: ! Pharmacopoeia of the People’s Republic of China, English Edition Vol. I, 2010

Official drug: [ Common Selfheal Fruit-Spike is the dried fruit-spike of Prunella vulgaris L.
(Fam. Lamiaceae).
The drug is collected in summer when the spike becomes brownish-red,
removed from foreign matter, and dried in the sun.

Origin: > Mainly in Chinese provinces (Anhui, Henan, Jiangsu, Zheijiang), Korea and
Japan. Northern Hemisphere (Europe, northwestern Africa, North America)

Descriptions of the drug: ! Cylindrical, somewhat flattened, 1.5-8 cm long, 0.8—1.5 cm in diameter; pale
brown to brownish-red. The whole spike composed of several or up to ten or
more whorls of persistent calyx and bracts, each whorl with two opposite
bracts, fan-shaped, apex acuminate, striations of vein distinct, the outer surface
with white hairs. Each bract with three flowers, the corolla often fallen off,
persistent calyx bilabiate, with four small brown ovoid nutlets, when white
convex at the acute end. Texture light; Odour, slight; taste, weak.

Medicinal use: ” Spica Prunellae is used in western herbal medicine in the form of a hot water
infusion sweetened with honey to treat inflammatory affections of mouth and
throat sores.

Effects and indications of Spica Prunellae according to Traditional Chinese Medicine ('3 °1¢]

Taste: Pungent, bitter

Temperature: Cold

Channels entered: Orbis hepaticus, o. vesicalis, o. lienalis, o. felleus, o. pulmonalis

Effects (functions):  To clear the liver and purge fire, improve vision, dissipate binds and disperse
swelling

Symptoms and Red painful swelling eyes, eyeball pain at night, headache and dizziness, scrofula,

indications: goiter, acute mastitis, mammary hyperplasia, distending pain in the breasts

As a remedy for sore throat, fever and wounds
Used to treat high blood pressure, diseases of the lymphatic system and
tuberculosis

Widely used for human tuberculosis, thyroid gland swell, jaundice, infectious
hepatitis, bacillary dysentery, pleuritic, hypertension and cancer

H. Wagner et al. (eds.), Chromatographic Fingerprint Analysis of Herbal Medicines, Vol. 4, 225
DOI 10.1007/978-3-319-32328-2_22, © Springer International Publishing Switzerland 2016
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Main and minor constituents:

Triterpenoic acids [ % 13 17-22.27]

Phenol carboxylic acids 7% 12

13, 18-20, 23, 24]

Flavonoids [5,7-9, 12-14, 20, 23]

Di- / Triterpenes [ 13- 18.20-24]

Polysaccharide &8 9 14.15.24]

Anthocyanidins ['*!

Other [6 8 9 14, 15,24]
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ursolic acid; oleanolic acid; betulinic acid; euscaphic acid,;
hydroxyursolic acid; hydroxyoleanolic acid; 2a,3a,19a,24-tetrahydroxyurs-
12-en-28-oic acid-28-O-D-glucopyranoside; 2a,3,19a,24-tetrahydroxyurs-
12-en-28-oic acid-28-0-D-glucopyranoside; 2a,3a,24-trihydroxyurs-12-en-
28-oic acid-28-B-D-glucopyranoside; 2a,3a, 19a-trihydroxyurs-12-en-28-
oic acid-28-B-D-glucopyranoside; 2a,3a,19a-trihydroxyurs-12-en-28-oic
acid-28-B-D-glucopyranosyl-(1 — 2)-p-D-glucopyranoside

rosmarinic acid; caffeic acid; p-coumaric acid; chlorogenic acid; ellagic
acid; 2-hydroxy-3-(3’,4’-dihydroxyphenyl) propanoic acid

rutin; quercetin; hyperoside; quercetin 3-O-$-D-glucopyranoside
(miquelianin); kaempferol 3-O-a-L-rhamnopyranosyl (1—6)-f-D-
glucopyranoside; kaempferol 3-O-f-D-glucopyranoside (astragalin);
acacetin-7-O-p-D-glucopyranoside

trans-phytol; vulgarisin A; p-amyrin; lupeol; lupenone; chiratenol; uvaol;
tanshinone [; 2a,3p-dihydroxy-lup-20(29)-ene; 3p-13p-dihydroxyolic-11-
ene-28-oic acid

prunellin

cyanidin
delphinidin

essential oil, bitter principles, tannins, saponins (16-oxo-17-demethyl-
3p,24-dihydroxylolean-12-en-3-O-f-D-glucuronoside =prunelloside A),
polyphenols, carbohydrates, coumarins, sterols, organic acids; rhein;
polygalacerebroside; a-spinasterol; stigmasterol; B-sitosterol; daucosterol;
[-amyrenone; stigmast-7, 22-dien-3-one; 3,4,a-trihydroxy-methyl
phenylpropionate; butyl rosmarinate
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OH
HO N
o OH

HO Rosmarinic acid
(0}
HO N R1 R2
OR2 Caffeic acid OH H
p-coumaric acid H H
R1

OH

OH

Hyperoside

R = H = Oleanolic acid
R = glucopyranosyl

R = H = Ursolic acid
R = glucopyranosyl

Fig. 1 Formulae of the main compounds of Spica Prunellae
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Reported pharmacological activities:

anti—inﬂammatory [5-7,10, 12, 16, 18, 19, 21, 22, 24]

antioxidant [7,9,12,13,15, 21,22, 24]

antibacterial / antibiotic [ 1% 1315, 16,18, 21-23]

antihypertonic (1% 15 18]
anti-tumor activity [+ 71819211
antiestrogenic activity

- anti-ageing (¢

- antioomycete [¢]

- antifungal %21

- immunomodulatory activity [* 113221
- antiallergic [1%2122]

- antirheumatic %!

induction of apoptosis activity in tumor cells 4 - antipyretic %
antidiabetic / anti-hyperglycemic 5% 10- 13, 18.21. 23] - diuretic ['> 19
antiviral activity against HIV-1 and herpetic keratitis - hepatoprotective 12!

[6,7,9,10, 12,13, 15, 16, 18, 19, 21-23]

TLC-Fingerprint Analysis

Drug samples

AN N AW N =

Spica Prunellae / Prunella vulgaris
Spica Prunellae / Prunella vulgaris
Spica Prunellae / Prunella vulgaris
Spica Prunellae / Prunella vulgaris
Spica Prunellae / Prunella vulgaris
Spica Prunellae / Prunella vulgaris

- vasodilatoric actions !
- antimutagenic [

Origin

Province Anhui, China

Province Zheijiang, China

Sample of commercial drug (HerbaSinica, origin: Anhui)
Sample of commercial drug (TCM-Clinic, Bad Kétzting)
Sample of commercial drug (Caelo)

Sample of commercial drug (Pharmacy, Munich, origin: Anhui)

1. TLC-fingerprint analysis of the flavonoids and phenol carboxylic acids: !
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Reference compounds of Fig. 2 Rf

T1  Caffeic acid 0.75
T2  Hyperoside 0.43
T3  Rosmarinic acid 0.26




1. Extraction:

2. Reference compounds:

3. Separation parameters:

Plate:
Applied amounts:
Solvent system:

Detection:

4. Description of Fig. 2:

Spica Prunellae — Xiakucao

2.5 g powdered drug are ultrasonicated with 35 ml ethanol (70 %) for 30 min,
filtered and evaporated to dryness. The residue is dissolved in 1 ml ethanol.

Each 0.5 mg is dissolved in 0.5 ml methanol

HPTLC Silica gel 60 F,s,, Merck

Spica Prunellae extracts: each 15 pl; Reference compounds: each 10 pl
Ethyl acetate + methanol + water (20 + 2.7 + 2)

Natural products — Polyethylene glycol reagent (NP/PEG)

I: 1% diphenylboric acid-f-ethylamino ester

(= diphenylboryloxyethylamine, NP) in methanol

II: 5% Polyethylene glycol-4000 (PEG) in ethanol (80 %)

The plate is sprayed first with solution I and then with solution II.

After 30 min the evaluation is carried out under UV 366 nm.

The ethanol extracts of Spica Prunellae are characterized in the upper Rf-range by caffeic acid (T1). In the
middle and lower Rf-range appear three flavonol-glycosides [hyperoside (T2), rutin (Rf=0.26), quercetin-
3-glucuronid (Rf=0.09)] and rosmarinic acid (T3).

Front

Rf0.5

Start

3 4 5 6 T1 T2 T3

Fig. 2 Thin layer chromatogram of the ethanol extracts of Spica Prunellae, sprayed with NP/PEG (UV 366 nm)
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2. TLC-fingerprint analysis of triterpenoids: !
Reference compounds of Fig. 3a,b Rf

T4  Oleanolic acid 0.36
TS5  p-Amyrin 0.66
1. Extraction: 1.0 g powdered drug are shaken with 10 ml diethyl ether for 1 h, filtered and

evaporated to dryness. The residue is dissolved in 0.5 ml ethanol.

2. Reference compounds: Each 0.5 mg is dissolved in 0.5 ml methanol.

3. Separation parameters:

Plate: HPTLC Silica gel 60 F,s4, Merck

Applied amounts: Spica Prunellae extracts: each 15 pl; Reference compounds: each 10 pl
Solvent system: Petroleum ether (60—90 °C) + ethyl acetate + cyclohexane (10 + 6 + 4)
Detection: 10 % ethanolic Sulphuric acid

The plate is sprayed with 8 ml reagent and heated at 110 °C for 10 min. The plate
is evaluated in VIS and under UV 366 nm.

- - Front
C— — -
g
LRF0.5
L —
—_— — - Start
1 2 3 4 5 6 T4 T5

Fig. 3a Thin layer chromatogram of the ethanol extracts of Spica Prunellae, sprayed with 10 % Sulphuric acid
(VIS)
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Front

Rf0.5

Start

1 2 3 4 5 6 T4 T5

Fig. 3b Thin layer chromatogram of the ethanol extracts of Spica Prunellae, sprayed with 10% Sulphuric acid
(UV 366 nm)

4. Description of Fig. 3a and b:
The chromatogram shows in the upper Rf-value with violet/brown colour (VIS) p-sitosterol at Rf=0.95,
B-amyrin (T5) at Rf=0.66 and oleanolic acid (T4) at Rf=0.36. The weak coloured 4-5 zones between
-amyrin and oleanolic acid might be other triterpenoids (e.g. betulinic acid). The zones in the lower and
deep Rf-range can be assigned to the various triterpenoic (e.g. ursolic) acids monoglycosides.

HPLC-Fingerprint Analysis

1. Sample preparation: 2.5 g powdered drug are ultrasonicated with 35 ml ethanol (70 %) for 30 min,
filtered and evaporated to dryness. The residue is dissolved in 1 ml ethanol and
filtered over Chromafil® filtration unit, type 0—20 pm/25 mm.

2. Injection volume: Spica Prunellae extracts: each 15 pl
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3. HPLC parameter:
Apparatus: MERCK HITACHI D-6000 A Interface
MERCK HITACHI L-4500 A Diode Array Detector
MERCK HITACHI AS-2000 Autosampler
MERCK HITACHI L-6200 A Intelligent Pump
Separation column: LiChroCART® 250-4 LiChrospher® 60 RP-select B (5 pm), Merck

Precolumn: LiChroCART® 4-4 LiChrospher® 60 RP-select B (5 um), Merck

Solvent: A: 0.1% Phosphoric acid/Water (Millipore Ultra Clear UV plus® filtered)
B: Acetonitrile (VWR)

Gradient: 0% B for 5 min,
0-100% B in 60 min
100% B for 5 min,

Total runtime: 70 min

Flow: 1.0 ml/min

Detection: 210 nm

Retention times of the main peaks

Peak Rt (min) Compound

1 16.7 Not identified

2 17.8 Not identified

3 19.9 Not identified

4 22.2 Caffeic acid

5 24.5 Quercetin-3-glucuronide?
6 25.3 Hyperoside

7 27.9 Rosmarinic acid

8 32.0 Not identified

9 59.6 Oleanolic acid
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Absorbance (AU)

0 5 10 15 20 25 30 35 40 45 50 55 60 65 70

Retention time (min)

Fig. 4a HPLC-fingerprint analysis of the ethanol extract of Spica Prunellae, sample 2

Absorbance (AU)

0 5 10 15 20 25 30 35 40 45 50 55 60 65 70

Retention time (min)

Fig. 4b HPLC-fingerprint analysis of the ethanol extract of Spica Prunellae, sample 4
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Fig. 4c HPLC-fingerprint analysis of the ethanol extract of Spica Prunellae, sample 5

4. Description of the HPLC-figures:

All Spica Prunellae samples apart of sample 5 show a characteristic HPLC-fingerprint profile with the
dominant rosmarinic acid (peak 7). The also dominant peak 8 in sample 5 might be an isomer of
rosmarinic acid.
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Fig. 5 UV-spectra of the main characteristic peaks of the HPLC-fingerprint of Spica Prunellae

Note: The Chinese Pharmacopeia 2010 describes for Spica Prunellae a total amount of rosmarinic acid not less
than 0.20 % with reference to the dried drug. [
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Conclusion

TLC and HPLC-fingerprints show characteristic zone- and peak profiles for authentication of Spica Prunellae.
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