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LS-RUG-com preparation in a complex extract from mixture of three natural plants. Rubus crataegifo-
lius/unriped, Gardenia jasminoides and Ulmus marcrocarpa that have been widely used in traditional
functional health food. This study was conducted to establish the HPLC analysis methods that can
be used to establish quantitative analysis of R. crataegifolius, G. jasminoides and U. macrocarpa
for standardization of LS-RUG-com preparations. HPLC analysis methods for simultaneous determi-
nation of ellagic acid and geniposide and single determination of catechin-7-O-B-D-apiofuranoside
were established for the quality control of natural plants complex (LS-RUG-com). Validation of HPLC
analysis were performed by checking specificity, accuracy, precision, limit of detection and quantita-
tion, and linearity following ICH (International Council for Harmonisation) guideline. As the result
of quantitative analysis, the contents of ellagic acid, geniposide and catechin-7-O-B-D-apiofuranoside
in each plant extracts were 11.2 mg/g (ellagic acid) and 72 mg/g (geniposide) and 10.2 mg/g
(catechin-7-O-B-D-apiofuranoside). The contents of ellagic acid, geniposide and catechin-7-O-B-D-
apiofuranoside in LS-RUG-com were 4.62~6.82 mg/g (ellagic acid), 19.2~28.8 mg/g (geniposide) and
1.36~2.04 mg/g (catechin-7-O-B-D-apiofuranoside) respectively.
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Ulmus macrocarpa (catechin-7-O-B-D-apiofuranoside)
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Table 1. Analytical conditions of HPLC for analysis of ellagic
acid, geniposide and catechin-7-O-B-D-apiofurano-
side

(A) Ellagic acid and geniposide

Parameter Condition

Column Luna 5u C18(2) / Agilent 1260 series
(4.6x250 mm, 5 um, Phenomenex)

Flow rate 1.0 ml/min

Detector 254 nm

Injection vol. 10 pl
Column temp 40T

Time (min) % AV % B
0.00 95 5
10.00 90 10
20.00 83 17
Mobile phase 35.00 65 35
36.00 30 70
40.00 30 70
41.00 95 5
50.00 95 5

DWater (0.1% Trifluoroacetic acid)
? Acetonitrile (0.1% Trifluoroacetic acid)

(B) Catechin-7-O-B-D-apiofuranoside

Parameter Condition
Column Agilent 1260 series
YMC-Triart C18 (4.6x250 mm, 5 um, YMC)
Flow rate 0.6 ml/min
Detector 280 nm

Injection vol. 10 pul
Column temp 40T

Time (min) % A" % B?
0.00 90 10
40.00 78 22
Mobile phase 45.00 30 70
50.00 30 70
50.10 90 10
60.00 90 10

DWater (0.1% Trifluoroacetic acid)
? Acetonitrile (0.1% Trifluoroacetic acid)
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Table 2. Accuracy for the determination of ellagic acid, geniposide and catechin 7-O-B-D-apiofuraniside

(A) Ellagic acid and geniposide

Adding Concentration (ug/ml)

Number of test

3 (50%) 6 (100%) 9 (150%)
1 103.21 106.07 96.14
2 101.65 96.61 99.87
3 101.87 97.96 99.90
4 99.87 96.66 99.12
Ellagic 5 104.91 101.58 98.85
acid
Average recovery rate 102.30 99.78 98.78
by content (%)
Total average rate (%) 100.28
Recovery rate section (%) 98.78 ~102.30
) Adding Concentration (ug/ml)
Number of Times
12.5 (50%) 25 (100%) 37.5 (150%)
1 95.88 93.09 92.15
2 94.92 98.43 102.30
3 94.39 91.60 101.23
4 92.97 94.12 103.21
Geniposide 5 97.07 93.10 99.60
Average recovery rate 95.05 94.07 99.70
by content (%)
Total average rate (%) 96.27
Recovery rate section (%) 94.07 ~99.70
(B) Catechin-7-O-B-D-apiofuranoside
Adding Concentration (ug/ml)
Number of test
4 (50%) 8 (100%) 12 (150%)
1 100.30 103.69 96.79
2 103.79 96.63 96.54
3 101.38 96.25 97.54
4 98.22 98.50 94.15
5 101.38 98.46 98.17
Average recovery rate by content (%) 101.02 98.70 96.84
Total average rate (%) 98.85
Recovery rate section (%) 96.84 ~ 101.02

A% 34 2 A% 34 (limit of detection; LOD /
limit of quantitation: LOQ)
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Table 3. Repeatability for the determination of ellagic acid, geniposide and catechin-7-O-f3-D-apiofuranoside

(A) Ellagic acid and geniposide

Sample amount

Number of test

10 mg 20 mg 30 mg
1 5.39 5.86 5.09
2 5.43 5.93 5.19
3 5.42 597 5.31
Ellagic 4 5.52 5.75 5.32
acid 5 5.52 5.90 5.26
Analysis value (mg/g) 5.46 5.88 5.23
RSD (%) 1.10 1.46 1.82
RSD interval (%) 1.10~1.82
Sample amount
10 mg 20 mg 30 mg
1 23.89 24.66 2535
2 24.00 24.80 25.46
3 23.86 24.94 26.11
4 23.95 24.02 26.06
Geniposide 5 23.99 24.58 25.74
Analysis value (mg/g) 23.94 24.60 25.74
RSD (%) 0.26 1.43 1.32
RSD interval (%) 0.26 ~1.43
*RSD: Relative standard deviation = standard deviation / mean x 100
(B) Catechin-7-O-B-D-apiofuranoside
Number of test Sample amount
10 mg 20 mg 30 mg
1 1.56 1.53 1.49
2 1.57 1.54 1.47
3 1.51 1.61 1.50
4 1.53 1.52 1.44
5 1.56 1.55 1.49
Analysis value (mg/g) 1.55 1.54 1.48
RSD for sample analysis value (%) 1.48 2.48 1.52
RSD interval (%) 1.48 ~2.48

*RSD: Relative standard deviation = standard deviation / mean x 100
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e 22 2 AldR o 5ol (Specificity)S 218
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HEM =0l

Table 22} 2] ellagic acid ¥7} % 3, 6 2 9 pg/mloll

w2} 247} 102.30, 99.78, 2 98.78%2] 3| &S Bl
O 1, geniposide”t H7FHE F% 12.5, 28.0 & 37.5 ug/mlol

Table 4. Reproducibility for the determination of ellagic acid,
geniposide and catechin-7-O-B-D-apiofuranoside

(A) Ellagic acid and geniposide

Day of sample test

Number of test

2022.08.04 2022.08.06
1 5.39 5.68
2 5.43 5.64
Ellagic acid 3 542 5.52
4 5.52 5.59
5 5.52 5.54
Analysis value (mg/g) 5.46 5.59
RSD (%) 1.14
D f 1
Number of test ay of samp'e fest
2022.08.04 2022.08.06
1 23.89 23.15
2 24.00 22.68
Geniposide 3 23.86 23.08
4 23.95 23.45
5 23.99 23.14
Analysis value (mg/g) 23.94 23.10
RSD (%) 2.52

*RSD: Relative standard deviation = standard deviation / mean
x 100

(B) Catechin-7-O-B-D-apiofuranoside

£

g} 2tz 95.05, 94.07 2 99.70% 3] 5&0] YEGT B
& HHAE LS-RUG-com®] 7% ellagic acid®] A%+
5] 82 100.28%°] 3L, 3| 4& TIH%)= 98.78~102.30.2

of

B

2 g5t %3 geniposided] AA| 3 FE-E 96.27%
ola1, 34& TIH%)E 94.07~99.70% & E o] HEA

(accuracy)S 2213} tH(Table 2A). Table 2B2} Zo]
Catechin 7-O-B-D-apiofuranoside 7} 5% 4, 8 & 12 pg/ml
off whek 242} 101.02, 98.70 B 96.84%°] 3]F&o] &
Atk B3 HAE LS-RUG-come] 7§ Catechin 7-O-p-
D-apiofuranoside®] HAAE 3|82 98.85%°] 1L, 3|
& TH%)= 96.84~101.02%Z 7 &4 (accuracy)©] &<
=] tH(Table 2B).

HUM(precision) &0l

O ¥HEA : B4 9] WHEA (repeatability) &1 2 ella-
gic acid g ok RSDTIHE 1.10~1.82% = A= 2
0., geniposide ol ok RSD T3HS 2+ 0.26~1.43
%OE A FOFAA AR |TAF AxZ 2 g
tlo]A Zhol=Qlol] F-etsl S Th(Table 3A). 49| whE
A &<l 23} Catechin 7-O-B-D-apiofuranoside 3ol o gk
RSDT7H-2 1.48~2.48% 2 &RIF ] om, &) F o oFF ek
2 1477154 F AEEZ 54 (repeatability)©] @ 2] d]
o] Zhol=glel H33l S th(Table 3B).

@ AEA : A A (reproducibility) &< 23} LS-RUG-
com¥] ellagic acid 3% FHEFZHXHRSDY%)E 1.14%=E
1= 0™, geniposide Tl Tt 2o EFHXHRSD%)
= 2.52%Z 31= ] ellagic 2 geniposide 30| 4] F 2]
FERIAA A7 E AREAIICIE gl FF

Table 5. Determination of ellagic acid, geniposide and cat-
echin-7-O-B-D-apiofuranoside LOD (limit of detec-
tion) and LOQ (limit of quantification)

(A) Ellagic acid and geniposide

Sample LOD (ug/ml) LOQ (ug/ml)
Ellagic acid 0.118 0.395
Geniposide 0.468 1.561

Day of sample test

Number of Test

2023.01.17 2023.01.19
1 1.53 1.52
2 1.54 1.61
3 1.61 1.56
4 1.52 1.59
5 1.55 1.55
Analysis value (mg/g) 1.54 1.56
RSD (%) 0.85

*RSD: Relative standard deviation = standard deviation / mean
x 100

LOD =3.3 x o/s, LOQ=10 % o/s
o : standard deviation of the response, s : slope of the calibra-
tion curve

(B) Catechin-7-O-B-D-apiofuranoside

Sample LOD (ug/ml) LOQ (ug/ml)
Catechin-7-0-p-D 0.182 0.608
apiofuranoside

LOD =3.3 xo/s, LOQ=10 % o/s
o : standard deviation of the response, s : slope of the calibra-
tion curve
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A& 7 Z3HA (limit of detection)= 0.118

2 A, A
mlZ 15 011’4- Geniposide®] 4%, A&
AF A=

A (linit of quantitation)=
A=

pg/ml
0.395 pg/
0.468
1.561 pg/mlZ 321 =] A TH(Table
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Fig. 1. Chromatogram of standard solution (ellagic acid, genoposide and Catechin-7-O-p-D-apiofuranoside) and treated solution
(ellagic acid, geniposide and Catechin-7-O-f-D-apiofuranoside).
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Fig. 2. Calibration curves of (A) ellagic acid and (B) genoposide and (C) catechin-7-O-B-D-apiofuranoside.
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