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Validation of Method for the Identification of Glnsenq Species by
HPTLC Fingerprint

1. Purpose of method to be validated:

The method for the identification of Ginseng species by HPTI ingerprint is suitable
to identify a given sample of plant material as Ginseng I’sQ\FOf one of the species
Panax ginseng, P. quinquefolium, or P. notoginseng (sxn pseudoglnseng) based
on its ginsenoside fingerprint. The three species V'E‘IQQ racteristic fingerprints,

/

which allow a specific identification with certainty. -\
‘\J \\\\,,; ’
2. General acceptance criteria: /\\\ N/
N
The method is valid if: /‘ ‘\b )
e A botanically authenticated sample Aof ax ginseng, P. quinquefolium,

and/or P. notoginseng yields a f|ng I”\TxWhICh is similar to that shown in
section 4.10 of the method with res\p\}st/ to number, position, color, and
intensity of bands and

o All acceptance criteria spemﬁed\m\éei}nons 5.2 t0 5.6 are met and

e Any deviation from the expected- uLf doesn’t exceed those deviations seen
under section 5.7 (Robustness%k QA \
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3. Personnel

3.1 Study director

Name: Eike Reich

Company: CAMAG

Address: Sonnenmattstrasse 11
City: Muttenz, CH 4132
Phone: (41) 61 467 3434

Fax: (41) 61 461 0702
E-mail: eike.reich@camag.com

3.2 Analyst of primary lab

Name: Anne Schibli

Company: CAMAG

Address: Sonnenmattstrasse 11

City: Muttenz, CH 4132

Phone: (41) 61 467 3434 (.

Fax: (41) 61 461 0702 M.

E-mail: anne.schibli@camag.com §
N~

3.3 Analyst of confirmatory lab (also performe \2 tability, 5.4 Repeatability, 5.5
Intermediate precision, 5.7.1 Chamber tvp;ek{\]&S.?.Z Developing distance for
primary lab) CLlLNN

Name: Alison DeBatt \i\ /\\\iﬁi/‘:

Company: CAMAG Scientific@t%?

Address: 515 CorneliusHar é@ ive
City: Wilmington, N.C, 0’
Phone: (910) 343 1830

Fax: (910) 343 183 .

E-mail: tic@camag “S@-f?},&\
N X))
/\L§/
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4. Description of method

4.1 Preparation of test solutions
1 g of powdered raw material is mixed with 10 mL of absolute ethanol, sonicated for
10 min, and centrifuged. The supernatant is used as test solution.

4.2. Preparation of reference solutions
Botanical reference solution: 1 g of powdered raw material is mi dﬁ\ﬂ 10 mL
ofabsolute ethanol, sonicated for 10 min, and centrifuged. The supém\

tant. \ used
as reference solution. ’

& Q\V
Chemical reference solutions: 1 mg of each ginsenoside (Rb1, RbQ ¢, Rd, Re,
Rf, Rg1, Rg2, Rg3, Rh1, Rh2), pseudoginsenoside F11, panaxad})L ar)d panaxatriol
is dissolved in each 5 mL methanol. ( \\
NN

4.3. Preparation of derivatizing reagent (. \\/
Sulfuric acid reagent: 20 mL of sulfuric acid are carefk/aﬁ\é@d to 180 ml ice-cold
methanol. /\\\\

. \x N

r\ _/

4.4. Stationary phase °5 N\
10x10 cm (or 20x10 cm) glass plates HPTLC silica gel 6&!&25} (Merck).
N~ VA
4.5 Sample application é\s
10 ulL of test solution and 5 uL of standard are ap éq\éach as 8 mm bands, at least
2 mm apart, 8 mm from the lower edge and at Ieas\ ,mm from left and right edges

QD) N

of the plate. \ 2
\ N
4.6 Temperature and Humidity o G N~ f\\ /

Record temperature and humidity in the Iabé?\itg

4.7 Chromatography

Chamber type: 10x10 ¢ (of cm) Twin Trough Chamber

Configuration: SaturatecL‘F m|n (filter paper, wetted with developing
solvent, in'tr ugh opposite to the plate)

Developing solvent: Chloroforn}@t yI acetate, methanol, water (15:40:22:9), 5

mL ( re pectively 10 mL) developing solvent per trough.

Developing distance: 80 mm from lower edge of plate (72 mm from application
posmen}

Drying: \AEth go d air (hair dryer)

4.8 Derivatization

The plate is immersed wﬁo}reégent for 1 s, then heated at 100°C for 5 min.

4.9 Documentation
a) After derivatization under white light
b) After derivatization under UV 366 nm
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4.10 Images of chromatograms
.

o { L

: — — —_—
a \

1: Ginsenosides Rb1, Rb2, Rc, Rd M\/
2: Ginsenosides Rb3, Re, Rf, Rg3 /E\ |
3: Ginsenosides Rg1, Rg2, Rh1, Rh2 UA‘NJJ
4: Pseudoginsenoside F11, panaxatriol, panaxadiol(’r )
5: Panax ginseng (Asian ginseng) C %
6: Panax quinquefolium (American ginseng), cultivat
7: Panax notoginseng (syn. Panax pseudoginse

/\‘\
4.11 Evaluation of results: Q&/
i _

4.11.1 After derivatization under white light* %

All standards on tracks 1-4 appear as br ' ands. Bands of different intensities

matching ginsenoside Rb1, Rc, Rd, Re, , and Rg2 are seen in all Ginseng

samples (ginsenoside Rc is not seen i notoginseng).

¢ Aband corresponding to ginsenosid is seen in P. ginseng only.

e Pseudoginsenoside F11 is only'd in P. quinquefolium.

e P. notoginseng shows an inte yand about the position of ginsenoside Rh1
(probably notoginsenoside R1). P. ginseng and P. quinquefolium have only a
weak zone below this point. Q

* In P. ginseng, the intensity of all bands is similar, whereas P. quinquefolium and
P. notoginseng show prominent bands for ginsenosides Rb1, Re, and Rg1.
Additional brown to green k@/ een above ginsenoside Rh2 and below Rb1 in

the samples.

p
aR

4.11.2 After derivatization er UV 366 nm

A similar picture is seén\\i@t better differentiation of the compounds can be made
due to the coloration of the zones. Ginsenosides Rb1, Rb2, Rc, Rd, Rb3, Rg3, and
Rh2 are blue (panaxadiol derivatives), and ginsenosides Re, Rf, Rg1, Rg2, Rh1, and
Pseudoginsenoside F11 are brownish (panaxatriol derivatives).

4.12 System suitability test:
The result obtained in the test is suitable for evaluation if the following requirements
are met:
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In P. ginseng, the ginsenosides Rg1 and Rf must be seen as two distinct zones (red
box in Image 4.10).

In P. quinquefolium, pseudoginsenoside F11 and ginsenoside fﬁ%@\be seen as
two distinct zones (blue box in Image 4.10). %

In P. notoginseng, the ginsenosides Rd and Re must be seen 's}m}ct zones
(yellow box in Image 4.10). %
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5. Validation
5.1 Materials
5.1.1 Chemicals and solvents
Name Manufacturer Quality-
Ethanol Merck p.a-
Methanol Acros p.al L)
Chloroform Acros p.a-_
Ethyl acetate Merck p.a.
Sulfuric acid Merck pa
Water In house (]
5.1.2 Samples and Reference materials ~ /K\\\
Botanical reference material DY O )
Sample Name Source / Lot NN Authentication
Panax ginseng white body 6 yr | AHP #433A /ﬁx\ﬁ Yes
old NIy
Panax quinquefolium 5 yr old AHP #443 ¢ — Yes
root whole dried @ 40°C £ sw
(\ /
Panax pseudoginseng black AHP 175 * Yes
(Notoginseng) ~ (ﬁ\
N
Additional samples (" N
Sample Name Séurce /Lot Authentication
Panax quinquefolium leaf from | AHP #449/ Yes
4 yr old root AR
Panax quinquefolium root tails. |/At 59 Yes
u\ \\\\\ \
Panax quinquefolium wild 7-10 \Alil/? #354 Yes
yr old root whole /
Panax quinquefolium wild 1% AHP #64 Yes
old root whole
Panax ginseng Shih Ch b\dy AHP #474 Yes
#10 (DX
Panax ginseng Kifin-' /| AHP #469 Yes
Head/Body #1 )
Panax ginseng white whole AHP #460 Yes
root
Panax notoginseng CAMAG Yes
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Adulterants

Sample Name Source / Lot Authentication

Eleutherococcus senticosus CAMAG Yes

(Sibirian ginseng)

4

Standards (marker compounds, chemical references ~ 1’\
Name Source

Ginsenoside Rb1 ChromaDex 07?18\0790/3
Ginsenoside Rb2 ChromaDex  07195-812
Ginsenoside Rb3 ChromaDex07197-215
Ginsenoside Rc ChromaDex 07201-206
Ginsenoside Rd ChromaDex 07206-381
Ginsenoside Re ChromaDex 07211-518
Ginsenoside Rf ChromaDex 07216-508
Ginsenoside Rg1 'ChromaDex 07221-110
Ginsenoside Rg2 ChromaDex 07222-801
Ginsenoside Rg3 [ChromaDex 07223-920
Ginsenoside Rh1 _|ChromaDex 07228-106
Ginsenoside Rh2 ~ (ChromaDex 07229-016
Pseudoginsenoside F11 /" < |ChromaDex 16345-126
Panaxadiol N hromaDex 16053-013
Panaxatriol [ ChromaDex 16054-016

()

5.1.3 Plates AN

TLC plate Size /Source’ | Batch

Glass plates HPTLC Si60 | 10x10 ﬂs@« OB 347651

F254 cm

Glass plates HPTLC Si 60 | 20x10 £ <| Merck OB 526793

F254 cm_ [ \

AN

5.1.4 Instruments \ §\ -~/

Instrument Manuerer Serial Number
Automatic TLC Sampler 4 | CAMAG 061104

DigiStore using Canon G5 @»{%AG 070705

camera i

TTC 20x10 cm /| CAMAG n. a.

TTC 10x10 cm — | CAMAG n. a.

ADC 2 with humldlty—rr \\JC}MAG 120425

control 1+

TLC Plate Heater III ) | CAMAG 981109

Immersion Device [l | CAMAG 090301

Mill KB5/10 IKA 00.183107

Centrifuge EBA21 Hettich 0000799-01-00
Ultrasonic Bath TPC25 Telsonic 2003043

Balance AG245 Mettler-Toledo 1114402254
5.1.5 Software
| Software | Manufacturer | Version
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WinCATS CAMAG 1.3.3-1.34
VideoScan CAMAG 1.02.00
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5.2 Stability (performed by confirmatory lab)

5.2.1 Stability of analyte in solution and on the plate
The same procedure is performed in parallel for each Ginseng cies.

2t

Description of experiment:

One portion of each BRM is extracted according to sectio
are applied onto a 20x10 cm plate according to sections 4 .5, The sample and the
plate with the applied sample (wrapped in aluminum foil) are set aside. After 3 hours
another portion of the same BRM is extracted according to

uL of this solution

OMdato
(B) fresh sample applied immediately prior to C'li |
(C) sample prepared 3 hours prior to chromatogra :; v-(i
Acceptance criteria:

The sample is stable for at least 3 hours i ioh and 3 hours on the plate prior to

chromatography.

Results:

No difference is seen in between four\ chromatograms of each species. The
samples of the three Ginseng speci able on the plate and in solution for at

least 3 hours. §< % §
Q
Images: x
se

Panax ginseng P. quinquefgﬂliym_P. netoginseng Panax ginseng . quinquefolium P. notoginseng

Sample on the pl

Fresh sample
Sample pr e
Fresh sampl i

Accepted: YES

hours prior to chromatography (A)

ediately prior to chromatography (B)

ours prior to chromatography (in solution) (C)

d immediately prior to chromatography (identical with 2) (B)

ol N
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5.2.2 Stability of analyte during chromatography
The same procedure is performed in parallel for each Ginseng species.

Description of experiment:

One portion of each BRM is extracted according to section 4.2. 10 are applied as
spot at the lower right corner of a 10x10cm plate (10 mm fro 1\“ ch edge). The plate
is developed and dried according to section 4.6. The pll' 1ow turned 90° to the

right and developed a second time according to sectio th a fresh portion of
developing solvent.

The plate is derivatized and documented according t ion 4.8 and 4.9.
Acceptance criteria:
re located on the diagonal
ion of the two solvent fronts.

The sample is stable during chromatography if@l
connecting the application position with the interse
onal-(see images below). The samples
b@ during chromatography.
~ P. notoginseng

Results:
Very few minor spots are located off the diag
of the three Ginseng species are regarded a

Images:
Panax ginseng

- .qumqu efolium,

e
1k

E

y »

/B

NN

"

-

. ‘T!

Accepted: YES, with the following limitation: two faint zones in the fingerprints
of P. ginseng and P. notoginseng and one faint zone in the fingerprint of P.
guinquefolium may be due to artifacts.
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5.2.3 Stability of derivatization/result
The same procedure is performed in parallel for each Ginseng species.

Description of experiment:

One portion of each BRM is extracted according to section are applied and
chromatographed according to section 4.3-4.8. After documentation under white light
(4.9), the plate is observed for 1 hour. An image is taken after
1h. The images are compared visually and with the help
Acceptance criteria:

The derivatization yields a stable result, if there is no signifi
within 30 min.

change in the image

Results: o @
The plate obtained in experiment 5.2.1 was us
The overall intensity of zones decreases slightly e, but no zone disappears.

Images / Densitograms: %
238

N
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Frofile height & '

1600

= >

1200

00 o

oo 0. 0z 0z 0.4 0s 06 or oz o9 1.0

Rf distance down track P_ glnseng
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Frofile height

3000

2000 A

1000 A

Frofile height

Fooo —

P notoginseng

Accepted: YES
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5.3 Specificity

5.3.1 Identification of Ginseng root samples by comparison to botanical
reference materials (BRM) and detection of adulteration

Description of experiment:
Test solutions of various Ginseng samples and of one adul
senticosus) are prepared according to section 4.1. The BR
quinguefolium, and P. notoginseng are prepared accordin tion 4.2 (botanical
reference solution). All samples are applied onto the same ccording to section

4.5. Following chromatography (section 4.7) and derivatjzation (section 4.8) the plate
is documented (section 4.9) and the results compars@ose shown in section

4.10.
. o)
Acceptance criteria: E%k

therococcus
nax ginseng, P.

The method is specific for Panax ginseng, P. qu ium, and P. notoginseng if
the fingerprints obtained with the test solutions frepresenting Ginseng are similar to
only one of the fingerprints shown in section 4-1( h respect to number, position,
color, and intensity of bands matching the chromatogram of the corresponding BRM

Furthermore, the method is specific if the fir
different from those of any Ginseng BRM wi
intensity of bands.
Note: In this test the individual sa

authenticated samples must pass.
Q
Results:

The method is specific. All raw ms ples meet the acceptance criteria and the

fingerprint of the adulterant (Ele coccus senticosus) is significantly different.
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Ginsenosides Rb1, Rb2, Rc, Rd
Ginsenosides Rb3, Re, Rf, Rg3
Ginsenosides Rg1, Rg2, Rh1, Rh2
Pseudoginsenoside F11, panaxa iol
White Panax ginseng (Asian ginse
White Panax ginseng (Asian gi
Kirin Panax ginseng (Red Asiz
: Shih Chu Panax ginseng (Re

9*:  cultivated Panax quinqu y Q‘;r erican ginseng)
..\@'é merican ginseng), root tails only
American ginseng)

10.: cultivated Panax quinquefo
efolium
12-13:wild Panax quinquefoliu erican ginseng)
e

PN RLON2

11:  leaves of Panax quinquefol

14*-15: Panax notoginse ax pseudoginseng)

16:  Adulterant Eleuther senticosus (Siberian ginseng)
*BRMs

Accepted: YES Q

[]
C
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5.4 Repeatability (performed by confirmatory lab)
The same procedure is performed in parallel for each Ginseng species.

One portion of each BRM is individually prepared according to section 4.2. Onto
three 20x10 cm plates, three aliquots of 10 uL of each reference solution are applied
according to section 4.5. The plates are chromatographed (section 4.7) subsequently
using the same chamber but fresh portions of the developing solvent and fresh filter
paper. The plates are derivatized and documented according to 4.8-4.9.

The results across each plate and from plate to plate are evaluated. e Rf
values of three prominent zones (ginsenosides Rb1, Re, and Rg1) are [ for
acros each plate.

Acceptance criteria:

The repeatability of the method is acceptable if: %

All fingerprints on each plate are identical with respect to number, position; color, and
intensity. Across each plate the zones — due to the same comp — form parallel

lines with no disturbance (waves or curves) and

The Rf values for each of the three zones on the three pL@te - ary more than
0.02 and the system suitability test (4.12) is met.

Results: x

All chromatograms look very similar with respect to number, position, color, and

intensity of zones. No disturbances are seen and system suitability test is met.

Images:
Panax ginseng, P. quinquefolium, P. Iggfgoinseng (3& nating)

A154-050531-02
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A154-050531-03 /§

(N

Rf-values | A154-050531-01 | A154-050531-02 | A154-050531-03 | ARf
Rg1 0.35 0.36 {_.0.36]0.01
Re 0.26 0.26 ~-0.27 | 0.01
Rb1 0.15 0.16 .7 0.16 [ 0.01

\\\ —/
AN
rylab)

inseng species.

Accepted: YES

\

5.5 Intermediate precision (performed by confirma
The same procedure is performed in parallel for each

@@ days. Onto one 20x10 cm
s

termined for each track on each plate
ates on different days) and variations

Description of experiment:

Repeat the experiment described under 5.4
plate, three aliquots of 10 uL of the solutio
The Rf values of three prominent zones are
(one plate prepared during experiment 5.4,(2 p
of average Rf values from plate to pIate@

Acceptance criteria:

The intermediate precision of the methgd,is aceeptable if:

All fingerprints on each plate are identi ith respect to number, position, color, and
intensity. Across each plate the to the same compounds — form parallel
lines with no disturbance (waves or, curves) and

The average Rf values for each o hree zones on the three plates don’t vary
more than 0.05 and the system suit@?ility test (4.12) is met.

Results:

All chromatograms look very
intensity of zones. No disturba

ilar with respect to number, position, color, and
e seen and the system suitability test is met.

Images: (

uui\ |
":E'H] |
e

il
i

A154-050601-01
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A1 54-050606-0&
-

S

Rf-values | A154-050531-01 [ A154-050601-01 A154@é-01 ARf
(Comparison) ,
Rg1 0.35 035] /o 0.350.0
Re 0.26 0.26 0.26 0.0
Rb1 0.15 0.15] "\ 0.16 | 0.01
—

Accepted: YES

5.6 Reproducibility (performed by primary lab
The same procedure is performed in parallel for each

inseng species.

Description of experiment:
The confirmatory lab repeats the experim
Acceptance criteria:

i!:ribed under 5.4 (Repeatability).

eptableif:

h respect to number, position, color, and
intensity. Across each plate the zones — due to the same compounds — form parallel
lines with no disturbance (waves or) and the average Rf values for each of
the three zones on the three plates don’t vary more than 0.02.

The reproducibility is acceptabl Rf obtained in this test are not significantly
different from those in obtai tion 5.4 (<0.05 if using plate from the same
manufacturer, <0.07 for plate rent manufacturers) and the system suitability
test (4.12) is met.
Results:

All chromatograms devel
number, position, color,
system suitability test i
the image obtained in
devices and settings.

d by the confirmatory lab look very similar with respect to
intensity of zones. No disturbances are seen and the
e color/brightness of the image differs slightly from
lab. This could be due to different documentation

Im_gg €s:

Bt

Plate P47_050726_03
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Plate P4 6 04

47 _050726_05

Rf-values Plate ng@% Plate ARf | A154-050531- | ARf
P47_0507 | P47 P47_0507 01
26 03 2604 26 05 (Comparison)
Rg1 0.38 0.38 0.36 0.02 0.35[0.03
Re 0.28 0.29 0.27 0.02 0.26 | 0.03
Rb1 016 (.]10.18 0.16 0.02 0.15 | 0.03

Accepted: YES
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5.7. Robustness
The same procedure is performed in parallel for each Ginseng species.

5.7.1 Chamber type (performed by confirmatory lab)

Description of experiment:

The method is executed according to section 4 using the BRMs: Instead of a Twin

Trough Chamber a Horizontal Chamber of comparable si sed (saturated
W

mode). Acceptance criteria:

The fingerprints obtained in both chambers are similar
position, color, and intensity of zones. The Rf values obta
significantly different from those described in section 4.1
suitability test (4.12) is met. In the case of differences betwe
a Horizontal Chamber must be excluded.

Results: \

The Rf values vary far more than the acceptance a. The use of a Horizontal
Chamber is not permitted. x

Images: \

Twin Trough Chamber - Horiz amber

to number,
this test are not
05) and the system
e results the use of

Rf-values TTC HDC ARf
(A154-050531-01)

Rg1 [ .0.35 0.42 | 0.07

Re LU0 0.26 0.33|0.07

Rb1 0.15 0.23]0.08

Accepted: No. The use of a @rizontal Chamber is not permitted.

&
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5.7.2 Developing distance (performed by confirmatory lab)
The same procedure is performed in parallel for each Ginseng species.

Description of experiment:

The method is executed according to section 4 using only the BRMs.
The developing distance is decreased to 70 mm from the lower edge of plate.
Acceptance criteria: 5

The fingerprints obtained with different developing distance: e

to number, position, color, and intensity of zones. The Rfv ined in this test
are not significantly different from those described in ' .10 (<0.05) and the
system suitability test (4.12) is met. In the case of diﬁ{%ﬁ between the results,
the developing distance of less than 80 mm yields in\;glid Sults.

: s%%ilar with respect

Results:

The Rf values are not affected by the reduczg %/;%%ng distance. However, the

original developing distance of 80 mm gives tk ssion of a better separation.
The system suitability test is met. \

// B

Images:
70 mm _
Rf-values 70 mm 80 mm ARf
( (A154-050531-01)
Rg1 N ') 0.35 0.350.0
Re ) 0.27 0.26 | 0.01
Rb1 ~ 0.16 0.15] 0.01
Accepted: YES

5.7.3 Waiting times
Because theLG’am
and the deriv

example. For

e

FO 70.002.07 Version 1

o s

n is not critical,
Iéjzee section 5.2.1-5.2.3.

g%
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the experiment was not performed in this
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5.7.4 Relative humidity
The same procedure is performed in parallel for each Ginseng species.

Description of experiment:
Five plates are prepared according to section 4 using only one

The plates are developed in an automatic chamber with Y
CAMAG). Prior to chromatography (4.6), the plates are -
solutions or molecular sieve during 10 min at different relat
humidity covering a range of about 5-60%RH should be tested.

Alternatively, results of plates developed under differe«@lative humidity are

of each species.
/ control (ADCZ2,
itioned over salt
ivi\/ midity. Relative

compared. \/
Molecular sieve: 1.5%RH A
Magnesium chloride: 35%RH /\k
Potassium thiocyanate: 47%RH o \(\\ )
Sodium chloride: 68%RH \/\\ )
Ambient humidity: 40%RH \/\\N
/S )

. . ﬁ‘\\:/

Acceptance criteria: MDD

The fingerprints obtained under different relaﬁ%ﬂe\ﬁﬁdity are similar with respect to
number, position, color, and intensity, and the %é suitability test (4.12) is met. In
this case the relative humidity does not affec result. In the case of differences of
the results, the method may require the cque{relative humidity.

QARNY
Results: \i\ /\\sﬁi/‘:
Only small variations in Rf values @Wmedium rel. humidity (1.5-47%) are
observed. The lowest zones of th grams developed with 47%RH are less
resolved. However, this is not relev the identification or discrimination of any
Ginseng species. The system suitability test is met for chromatograms between 1.5%

and 47%RH. //N
Band broadening and decr;éfaSerQT\ paration power are seen at high humidity

(>68%). The chromatogram should not be developed without humidity control when
the surrounding relative humidﬁy\e\ eeds 50%.
N
Images: ~ Y
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Left: Panax ginseng, Middle: P. quinquefolium, Right: P. notoginseng
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Rf-values 1.5%RH 35%RH 40%RH 47%RH 68%RH
Rg1 0.18 0.18 0.19 0.17 0.26
Re 0.28 0.28 0.30 0.27\7\\\\“ 0.34
Rb1 0.36 0.36 0.38 0.35 " 1040
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Accepted: YES zx/
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6. Conclusions, Approvals@n\d%m natures

-/
6.1 Conclusions of primary IabN\N

N
Date: The method is valid/\ Analyst of primary lab:
August 10, 2005 L Signature removed
SRy

N

6.2 Conclusions of,,su{b\s%ajn '<t'rnq lab
{ f’J \,,7/‘
)
Date: -/ Analyst of substantiating lab:

Signature removed

6.3. Final approval of study director

Date: The method is valid Study director:
August 10, 2005
Signature removed
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