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Abstract — This study investigated the effects of extraction conditions on platycodin D, D,, and D, from the roots of Platycodon
grandiflorus, and predicted optimal extraction conditions using Box-Behnken design-based response surface methodology.
Extraction time, ethanol concentration, liquid-to-solid ratio, and extraction temperature were selected as independent variables.
Twenty-seven experiments were conducted, and the contents of platycodin D, D,, and D, were quantified by UPLC-ESI-QTOF/
MS using EIC peak areas. The quadratic regression models were statistically significant, with coefficients of determination (R?)
of 0.8890, 0.9040, and 0.8960, respectively. Platycodin D and D, were significantly affected by extraction time, ethanol con-
centration, and extraction temperature, whereas ethanol concentration had the greatest effect on platycodin D;. The predicted
optimal conditions were 180.0 min, 0%, 10.0 v/w, and 57.7°C for platycodin D; 60.0 min, 0%, 27.0 v/w, and 20.0°C for platy-
codin D,; and 112.4 min, 39.3%, 30.0 v/w, and 48.7°C for platycodin D,. The differences in the extraction behavior of three
major saponins with the same aglycone under the extraction conditions may be associated with variations in their glycoside
structures, suggesting structure-dependent extraction behavior among structurally related saponins. These results provide useful
information for selecting extraction conditions according to the target saponin.

Keywords — Platycodon grandiflorus, Triterpenoid saponins, Box — Behnken design, Response surface methodology, UPLC-
ESI-QTOF/MS
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Fig. 1. Chemical structures of platycodin D, D,, and D;.
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HHAT7E 0 778 TR 335 EFele] T 27319 A%
2715 AT f:%—r(response)ﬂ z} 115_7401]/\1
=74 ¥ platycodin D, D, % D sheko 7 A&t
AlEdo| M= - 4.31-1] - triterpenoid saponing 5
Z35}7] flsto] AmeiAE AT 272 A3 F 15 g%
F 3t Table 1ol A|A¥ BBD A@x714 we}t 55 73
It} 7+ AdzAd wet shaking incubator (SH-802F,
Seyoung Scientific, Korea)ollA] 100 rpm© 2 F&3 & F
Zdqe 7 Lou“?ﬂ o|-gate] BuljE ¢hds] A|AsIAT
BEEL e 10 mLol S8 5 494 x oA 1087+ 9
A O]’?i‘:]'. ?J’QL T 5 1 mLE F3t] 045 um
PTFE syringe filter (Whatman, UK)Z &3 2}51$] 0.1, oz}l
TA1E A B2 ARS-SFATE ZF BBD A3zl tiste] 3719

10
RS DR ELTC8
BEE8Y| Mz - 47}e] EF§4S HPLC 57 7

o

ol o] HFEEE7F 2 mgmls] §H o' AxEaL,
ol& Hgkgl| 3]A4ste] HF-E =71 200, 100, 50, 25, 12.5,
6.25, 3.13, 1.56, 0.78, 0.39, 0.19 pg/mL?] F8NS T
Act.

Triterpenoid saponin2| &2F — Triterpenoid saponin®] g T2
Altus A-30 UPLC system (PerkinElmer, USA)Z} Impact 1T
QTOF mass spectrometer (Bruker, Germany)S- ©]-835}o] 4~
st 228 AP Acquity UPLC C18 column (150
x2.1 mm, 1.7 pm)2 A3 01, o] 54 0.1% trifluoroacetic
acid (TFA) in water (A)2} acetonitrile:methanol (85:15, v/v)
(B)YE AF&-3te] Table 18] F=14H] 27102 #4381
NE FAZS 10 Lz 313t

Table II. A gradient elution method for UPLC-ESI-QTOF/MS

& Metals (Siheung, South Korea)oll X 7} 3} AR5} T}, Time (min) Flow rate (mL/min) A (%) B (%)
ETEZE AMES triterpenoid saponin “Ji-%1 platycodin 0 0.3 780 22.0
D, D, ¥ D;= Ambo Institute (Daejeon, South Korea)ol| 4] 5 0.3 73.0 27.0
FA5le] ARE-EG T 2 9] Aok 15 AR ARS-EFI T 15 0.3 72.1 279
HISEOMEAM A8 M| — S2}X 2 5H triterpenoid saponin 30 0.3 10.0 90.0
9 2 21& AHg5] 915104 BBD 7] RSME 46 31 0.3 78.0 220
st EHHSE 2247k B 5, A58y 35 0.3 78.0 22.0
Table I. Independent variables and their coded levels used in the Box — Behnken design
Independent variables Symbol -1 0 1
Extraction time X, 60 120 180
Ethanol concentration X, 0 20 40
Liquid-to-solid ratio X 10 20 30
Extraction temperature X, 20 40 60
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Table III. Selected ions of three triterpenoid saponins used for EIC analysis and quantification

Compounds Selected ion (m/z) Calculated ion (m/z) Ion form
Platycodin D 1337.5660 1337.5627 [M+TFA-H]~
Platycodin D, 1499.6184 1499.6156 [M+TFA-H]"
Platycodin D, 1499.6170 1499.6156 [M+TFA-H]”

QTOF/MS: ESI negative ion modedi|A] #4]3}1 o,
capillary voltage 4,000 V, end plate offset 500 V, nebulizer
gas 2.5 bar, drying gas 8.0 L/min ¥ drying gas temperature
200°CE A7 3F30Tt. MS HOTEE m/z 50-2,000 2104
full—scan mode= 33T, Platycodin D, D, % D= i
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9]d-2 F-4H4] (analysis of variance, ANOVA)S- -3l p<0.05
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Fig. 2. Representative extracted ion chromatograms (EICs) of platycodin D, D,, and D; standards and P. grandiflorus root extract.
(A) Mixed standard solution of platycodin D, D,, and D; (100 pg/mL); (B) P. grandiflorus root extract. Insets show the correspond-
ing mass spectra of platycodin D, D,, and D,.
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ol&-& 7|FC & EICE ¥t Platycodin D,8}F D= ©1/3
AAZ FA3 [M+TFA-H] ©]12<l m/z 1499.61700] &<l
o, HEE AJ7ke] 22} 1562 2 7.79 minZ 337}
EsA e = ATt

Platycodin D, D, % D,°] A%S fl5lo] 5 F-849

Table IV. Linear ranges and correlation coefficients of calibration curves

Compounds Range (ng/mL) Slope (a)? Intercept (b)* Regression (R?)
Platycodin D 0.19-200 206687 491228 0.9964
Platycodin D, 0.19-200 150232 76388 0.9942
Platycodin D, 0.19-200 78911 -14304 0.9977

Slope and intercept represent @ and b in ¥ =ax + b linear model. ¥ means peak area and x, concentration.
Table V. Box-Behnken design and experimental responses for platycodin D, D,, and D,
Coded variables Observed values (ug/g'FW)*
Run order - - -
. X, X, X, Platycodin D Platycodin D, Platycodin D,

1 1 1 0 0 11.0 £ 0.6 43 0.1 225 £ 1.3

2 1 -1 0 0 304 £ 09 2.6 £ 05 6512

3 -1 -1 0 0 212 £03 47 £ 05 75 +02

4 -1 1 0 0 11.0 £ 0.8 47 £0.8 245 £ 26

5 1 0 1 0 202 £33 33+09 21519

6 1 0 -1 0 21.0 £ 0.8 4.1 £ 0.1 19.7 £ 0.1

7 -1 0 -1 0 82+ 04 41 x0.1 126 £ 1.3

8 -1 0 1 0 13.1 £ 0.7 48 £ 04 18.8 £ 04

9 1 0 0 1 143t 04 3.6 £ 0.1 203 £ 1.9

10 1 0 0 -1 11.0 £ 0.2 5.0 £ 06 184 £ 1.5

11 -1 0 0 -1 6.6 £ 0.7 49109 108 £ 1.5

12 -1 0 0 1 11.8 £ 0.1 48 £ 0.6 178 £ 3.9

13 0 1 1 0 11.3 £ 09 43102 282 +29

14 0 1 -1 0 7.6 £ 0.9 48 £ 0.1 174 £ 1.1

15 0 -1 -1 0 274 £ 09 3.6 £ 0.5 8713

16 0 -1 1 0 192 £ 09 45 % 0.1 67112

17 0 1 0 1 6.9 + 0.8 5.6 £ 0.7 193 £ 03

18 0 1 0 -1 5.6 £ 0.6 40 £ 0.7 162 £ 1.1

19 0 -1 0 -1 94 0.7 5903 6.1 £0.1
20 0 -1 0 1 379t 14 1.7 £ 0.1 102 £ 0.7
21 0 0 1 1 10.5 £ 0.1 4104 175 £ 1.7
22 0 0 1 -1 9.0 £0.1 44 £ 0.6 15.1 £0.8
23 0 0 -1 -1 124 £ 0.6 5003 20.5 £ 1.5
24 0 0 -1 1 104 £ 0.8 40=x02 13.8 £ 1.1
25 0 0 0 0 175t 1.5 54102 219 £ 2.1
26 0 0 0 0 176 £ 1.5 5304 212 £ 2.1
27 0 0 0 0 16.5 £ 0.5 41 £ 0.6 233 £28

*Values are expressed as mean £+ SD. Three independent extraction replicates were prepared for each condition and each extract was
analyzed in triplicate by UPLC-ESI-QTOF/MS. X1, extraction time (min); X,, EtOH concentration (%); X;, Liquid to solid ratio (v/

w); X,, extraction temperature (°C)
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EIC peak areas ©]8-3t] A#HS AATh A2 0.19-
200 pg/ml =77 AABAIFRY7T 0.994-0.9982 =
2)2473& e ATH(Table V). ZF AlEl4] Aojzl 7k A
o] vFF A7l sligehe vl=e] HAE alld A
2 gato S AR

BBD-RSM0|| IH2 platycodin D, D, ¥ D2 £& S
4 — Box-Behnken designol] we} A 27/l 2327104
A& FZE0) st platycodin D, D, ¥ D,o] &3S &+
25139tk 2 A3} platycodin D] 3RS 5.6-37.9 ug/g FW,
platycodin D,= 1.7-5.9 ng/g-FW, platycodin D;v= 6.1-28.2
ng/g FWel 918 yeh} FZ3x710l we} 7 479 g
o] A& thE S YERATHTable V).

7} Ao ghEks ukego 7 slo 23} J RS 44
gt A3}, platycodin D, D, ¥ D,¢] AR 25 SAA
02 $2]3151.0.0 (p=0.001, p<0.001 & p=0.001), AZA 4
(R*= 247+ 0.8890, 0.9040 2 0.8960°-F EPST) H3F
adjusted R== ZF2} 0.7575, 0.7920 2 0.77542 e} 7} 3]
Arge] AyES Frpxoz golg 4= 31t} Platycodin
DS} DA E FEAIZL, ehe B 2 FELw7t folg
Qe oD F BeHE Y ek o) 2Een
7re] weARgo] o3k Ao g LERtth R, platycodin
DolM = ollehs w9 o] 7P FElatlen, oleks
ot AEthEuin] 7he] wEARgo] felsiiith BEgh
platycodin DM = FE25E9] A&, platycodin D,
ANe FEANY e w29 AlFdol, platycodin DOl
A dfhE Tt FE259 Aol 2t ol v
ERtTt. ZF Aol vigh 23} 317 g A3t 37 d o] A%
T Table VIO JERN ST

WS- HEEA A3}, platycodin D} D= olghe: F9t
FEEe 29 wE MZ g8 wheS YERTHFig.
3A and 3B). Platycodin D= 22 |- FEoAM FE52
L7t STkl wet ehgo] S7kek REH, platycodin D= &
A3k 2NN FE2L7t S7HERES o] Aade A

e

S UERlTE 53] 7 AR oeks st FE2E
7He] WS ARE(X X0l T 0 E FoJslgl ot whE ke
A E e AT
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BrH] 7he] S ARE(X X )0l frelskAl YERsTHFig. 30).
ol gt Ail= FRAOE fFARRE Aol siHEte 3=
Z719] tigt vkgo] MR OE F IS HofFETh

ol2] g xfol= B Fxol mE Bvi-sigtE % &2
X A AE, EEAY 54, 28| FEH A 9
AE 8 Tol B oRE A3 7hsAdol AUk
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7 Fg/g 0] A3FS T w7 wjolct. 410
53], platycodin D,°] 7-¢- w2 259} H|w A e 3=
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2 259} 71 FEAA Hizle] ASE T FEA]
b 2o fis] A= thE 1S YERHS HojErh o
P02 GAZ e & 259 FE2ALS IF HAAE
o] el 24 wsE fud 4 Aok g =2t
loll= 7H 2 dzz700] W} platycodin D $Hge] 22t
A g Aol Harxo] ek wEba] 2 AtellA] vERd
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T2A wskel A EHAS 7S L H e ATk

SHA, platycodin D= platycodin D % D2} @2] ofjghe
X0 YRS AR A ko, oleks FE AR
-&wlH] 7] s Aol folakA Yebsttt. 53] platycodin
D= oeE F=7}F S7Hg) wet o] Srkehe A

i

ol

-+

o>

[
<|

ox L

N

Table VI. Quadratic regression equations and model fitting statistics for platycodin D, D,, and D,

Compouds Regression equation R*>  Adjusted R Model p-value
Y = 17.224 + 2.981X, — 7.665X, — 0.305X, + 3.142X, — 0.607X > + 1.779X,>
Platycodin D — 1.807X,? — 4.858X,% — 2.299X,X, — 1.435X,X; — 0.486X,X, + 2.969X,X; 0.8890  0.7575 0.001
— 6.811X,X, + 0.864X,X,
Y =4.954 — 0.439X, + 0.391X, — 0.024X, — 0.449X, — 0.397X,2 — 0.410X,?
Platycodin D,  — 0.377X,? — 0.144X,> + 0.438X,X, — 0.367X,X; — 0.334X,X, — 0.360X,X; 0.9040  0.7920 <0.001
+ 1.478X,X, + 0.176X.X,
Y =22.125 + 1.406X, + 6.882X, + 1.262X; + 1.006X, — 1.802X,* — 5.188X,’
Platycodin D;  — 1.859X,? — 3.671X,2 — 0.237X,X, — 1.085X,X; — 1.265X X, + 3.189X,X; 0.8960  0.7754 0.001

~ 0.255X,X, +2.258X,X,

R?, coefficient of determination; adjusted R?, adjusted coefficient of determination; p-value, probability value; X, extraction time (min);
X,, EtOH concentration (%); X;, Liquid to solid ratio (v/w); X,, extraction temperature (°C)
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Fig. 3. Response surface plots showing the effects of extraction variables on platycodin D, D, and D, contents. Effect of EtOH
concentration and extraction temperature on (A) platycodin D and (B) platycodin D2; (C) effects of EtOH concentration and liquid

/ solid ratio on platycodin D3.
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Table VII. Predicted optimized conditions for the extraction of each saponin based on RSM modeling

Compounds Time (min) EtOH (%) Liquid/solid (v/w) Temp. (°C) Yield (ug/g-FW)
Platycodin D 180.0 0.0 10.0 57.7 38.1
Platycodin D, 60.0 0.0 27.0 20.0 6.3
Platycodin D, 112.4 393 30.0 48.7 27.1

Total 180.0 0.0 11.4 45.1 524

% p-glucosidase®] E“Jo|t platycodin DA platycodin
DEO| 724 HES AF RIS = FUe =, ool o
g AHA AAIAE IV fsiMe I F7149L
A7F B8t

Platycodin D, D, ¥ D,°| /& £&X7 & - 3%
P& olg3te] ZH e ol At He FERUS AF
g+ A3}, platycodin D] ¢ll&- #3712 FZA1ZF 180.0 min,
NEE F= 0.0%, AEIHEH] 100 (viw) B FE2=
57.7°C 9o, olw<] o= g2 38.1 pg/g FWTHTable
VII). Platycodin D= F&A1ZF 60.0 min, e+ 55 0.0%,
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