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ABSTRACT

Background: Rehmannia glutinosa is a perennial herb belonging to the family Scrophulariaceae. Its root has been utilized as a tra-
ditional medicine but the aerial parts (flower, flower stalk, leaf) are not used. We aimed to determine the content of three compounds
[aucubin, catalpol, and y-aminobutyric acid (GABA)] in the different organs of R. glutinosa cultivars (Dakang, Tokang, and Suwon
9)

Methods and Results: The flower, flower stalk, leaf, and root of R. glutinosa were harvested at the end of August. The aucubin and
catalpol contents were analyzed by LC/MS, whereas the GABA content was analyzed by GC/MS. The aucubin content was the
highest in the leaf, while catalpol and GABA were the highest in the flower. The aucubin contents of leaf in Dakang, Tokang, and
Suwon 9 were 1.43, 0.81, and 1.07 mg/g, respectively. The catalpol contents of flower in Dakang, Tokang, and Suwon 9 were 41.06,
28.78, and 37.48 mg/g, respectively, the GABA contents were 0.79, 0.76, and 0.65 mg/g, respectively.

Conclusions: The aucubin, catalpol, and GABA contents were higher in the leaf and flower than that in the root. This study show
that R. glutinosa leaf and flower can be used as a potential supplement.
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2 A8} @) R HEEh shiolA Ak ASa (5

A8 (Rehmannia glutinosaye &3} (Scrophulariaceae)*| ), SURES SR, AR (FEKAE), %

&ale oFgFEEA, VLS VRS S, WEE A st ) 5o Al ARgEo] Stk (Ma et al, 2000).

E¥sle= thdA 4Eolt} (Jeong et al, 2004). = A F9 AEOSZE aucubin, P-sitosterol, carotene, catalpol,

o] A= 9 4, AE AL, AE od%F 5A°l8,  rehmanin, 5S-HMF, GABA (y-aminobutyric acid), BIE}Y] A

2014 A= A S 115ha ot} 20133 A|&Fe] =) A 5o] At} (Morota er al., 1989; Park et al, 1989; Wang
AHEE 1,176 O A} solve FAlolu, Y% gt & et al., 2016).

X

aheh S7FskaL 9lom, vid 1,200 = ol e skl itk AR Ze] AFARS] catalpol iridoid MIGHZ A17H, T
(MAFRA, 2014). =4, A7 Fo) X Jo] 22o]al 91on (Shieh ef dl,

A ghe] o]&H o | mA Flok)] W 75AAFE o R o 2011; Jiang et al, 2015; Zhao et al, 2016), 7+ iridoid
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A aucubin A=, 48l 7HRS g3t oty & Table 1. Experimental conditions of LC-MS.
##] 9t} (Chang, 1998; Reina er al, 2013). GABAE 2 LC-MS condition
AN TS 2k S B e =dEA < Column Develosil ODS-UG-5 (2 x 250 mm)
ko] B o] dEE Ao 2ds, A, ?% Column
ol FAH T 8%°] AE Aoz d#HA Jut (Chapouthier VN .
and Venault, 2001; Watanabe ef al, 2002; Foster and Kemp, oW rate 0.2 mt/min
= = g ZelolA A)SAEe 2 Al Injection 5 ub

2006). 53] GABAE= A = 47871% jﬁi i Aucubin : 390.10 ()
= glom, S e FoollA AlEERl FES Y] lonm/z  Catalpol : 407.00 (-)
S5} Qo) Salidroside : 299.10 (-)

T FgAEL RS o83 AT F2 /15 AR s water in 0. 1% formic acid

. : It

gog AMga] 98 Aolgert (Kim er al, 2001, 2002; g’:;'ﬁs’('e'e Gradient : A(0-100%)

Yoo et al, 2004), A= A7Z7S2E YEZ ol&sH=
A7 Wol &=L U= ARt (Lee er al, 2014; Ju
et al., 2015; Park and Lee, 2015). 53], 214toll- = YollA
ksl &4, ginsenoside B4, P4 B4 T A B
o] Za=|o] ko™ (Han et al, 2004; Lee er al, 2004),
AAl 71578 sPdE 98 B 715 AEe] Y8R o8y
ULk &S] A= tigh o]gstel| gk BAl= of
AR gl Ao, datolX= oF 12,000 =o] A4kE o
o] &HI e AR HIEHIT (Kim ef al, 2011). A5
739 98 o]83}3A} aucubin catalpolS #2435 A7t F
FollA Bazd vk 2lovk (Wang er al, 2016), oF7t
Al Gt A= oleldt A7t Bard vprt gith weba
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2. Aucubin, catalpol &4
Aucubin?} catalpol EFFE Sigma-Aldrich AIF (St.
Louis, MO, USA)S 313t AME-3IAAL, Serti¢ & (2015)

o
o] WS o]&3t] aucubint catalpol®] TS SIS
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Course : 0 - 10 min, 100% A; 10 - 15 min, 50% A;
15 - 30 min, 5% A; 30 min 100% A

G
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Fig. 1. Selected ion chromatogram (A) and mass spectra (B,
C) of catalpol and aucubin from R. glutinosa root.
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Aucubin} catalpol ¥5E-2 Sigma-Aldrich A% (St. Louis,
MO, USA)S FY3ate] ARESISITE AHS 10 mge] 71z 2|3
< methanol (MeOH) 950 /4 9} UF-EFEZDZA salidroside
(50 ppm in MeOH) 50 1 E3tlo] L3)ste] 23 F=3
5, syringe filter (0.5 m)= o Fete] ARESEATE EA4S
Agilent 6120 LC-MS System (Agilent Technology Inc., Santa
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Table 2. Experimental conditions of GC-MS.

GC-MS condition

Column ~ RO-OMS . .

(length: 30.0 m, thickness: 0.25 1m, diameter: 0.25 £m)

4 min isothermal heating at 100C, followed by an
Column . . - o o
oven increase with a ramping rate of 10°C/min up to 320C,

with a hold time of 11 min.
Injection 280C
temp
lon source 200C
temp
Interface 280C
temp
Gas He
Injection 1 b
Flow 1.0 mé/min
Targetion  piiiol, 319.10; GABA, 304.10
(m/2)
(i
T
5o GABA

P
]
[}
UJ) .
min § L} ] '] il 5 n ] L] 5 k] o £
w (® fn
\
9 ! [M-15] \ / M
§ * ki) MW 319

) i Wl BB ] Moo R W
min g 10 1 bl el m k) L & 0 L 0

Fig. 2. Extracted ion chromatogram (A) and mass spectrum
(B) of GABA from R. glutinosa root.

Clara, CA, USA)S ©] &30, ¥AFAL Table 13 72t}
3. GABA 24

GABA®] S Park 5 (2012)9] HPHS o]&ale] =3}
Ak TFELS GABA (Sigma-Aldrich Co., St Louis, MO,
USA)E 78t AREsIith e 10mg o] Az A|gs

1 mé solvent (MeOH : H,O:CH;Cl=2.5:1:1)2} WHEFEZ
2] ribitol (200 ppm ribitol) 60 s EFteNel] Gafsle] A
Bt & A=dls 574 Axsle] 53 2 methoxyamine
hydrochloride 2} N—methyl -N-trimethylsilyltrifluoroacet amideE
Y7 incubation ¥ ¥ EAjo] AMEEIITE 4L GCMS-
QP2010 Ultra system (Shimadzu, Kyoto, Japan)yg ©]-&3}51
31, #4278 Table 29} 2t}

4. SAEAM
AHe et A3 e HFA £ TFAEAF (Means +
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SD)E YERAUL, A3 A= SAS Enterprise Guide 4.2
(Statistical Analysis System, 2009, SAS Institute Inc., Cray,

NC, USA)E B4 gom, Ag7re] f97F e o]
Duncan’s Multiple Range Test (DMRDZE 594 5% (p

<0.05)914 A=31

R
1. Aucubin®} catalpol &3
Fig. 1& A &A FZ&3¢ atalpol-T'Jr aucubin®] MS
chromatogram 3}  spectrum< 253 It} Catalpol 3
aucubin Serti¢ 5 (2015)2] # 722 ] FZ3 & LC-MS
TAS Ttk AHEAS s EEEEES 5.00, 2.50,
125, 0.63, 0.31, 0.16, 0.08 ppme] F=HZ ek =<l

2o
=

< LC-MS AAF e LOD (limit of detection)=
0.000954 ppmo|o™, FFEHC] T TS AAls] A
24 2] (catalpol, y=0.3500x +0.0704, R2=0.9976; aucubin
y=0.4842x +0.0618, R2=0.9978)% =9, ©] 4L o] &
A A %LE—@'% ATt

Aucubin®] 73-F- 50l “dAglo] Hraol Hjs] x|l gt
Fo] Egkon, BopEZE 9 (110+0.04mgg) > 2 (0.56+
022mg/g)> 3=t (041+0.15mg/g)>* 2] 020+ 0.04mg/g)
To® o] w3k 53] Hefel Bls) el aucubing]
Shgol 7P Eokor, FEHE B ool glo] Fed H
3 642 7P B aucubin FF ZolE BT aEld
EZoM = Yo Bl vla] 53uu B2 aucubin ¥ 2}
olF HoH, £ 95 4R FF FolME MY B
aucubin $HgF x}o]E HSIT} (Table 3).

Catalpol> AJA|ge] A BT 0w A4 ke A%
ol Wol e S & 7 AUAL, FeHEE 2 3578+
6.32mg/g)> T (31.73+7.88mg/g)> A (27.06 +6.84 mg/g) > B
2] (18.87+6.35mg/g) =& Shafo] =kt BiElo] catalpol
SS9 9% (2524 +0.96 mg/g) > E7H(18.83 +£0.32 mg/
2> (1254 £0.17 mglg) £o& w3hom, dolMe &5
Zroll fe]AR1 zkel7h It 53] Erejrt} 3ol A catalpol
Shgo] Btow, FHE B ool ol fald] Hls) 33
Wl 2 7P =& catalpol T ZolE BHAY, B 9 9
& Byl vla] 2ol oF 1.58] E=& catalpol T 2JolE

HST} (Table 4).

Wang 5 (2016)°] 9k &% ulth YollA aucubin}
catalpol®] &=F xfo]7} il it 2 APdM= F5
ulth oA aucubin catalpol &5 ZFol7t = A= 1}
Elstth 53] Wang 5 (2016)°] 2313t vl w2 aucubin
o] gteFo] HoJAH catalpole] Fgo] WolAl= 9] A
AE BRIt i, & AfolMe 22 A4S B

3L X%



Ol&k

[H0

K - 2ATHE -

Foi

Table 3. Content of aucubin in the different part of R. glutinosa
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Table 5. Content of CABA in the different part of R. glutinosa

cultivar. cultivar.

A:ﬁ;gn Dakang Tokang Suwon 9 ((:mAg?g/? Dakang Tokang Suwon 9
Root 0.22 +0.06° 0.15+0.05° 0.22 + 0.06" Root 0.14 £0.01°  0.16 +0.05* 0.08 £ 0.02°
Leaf 143 +0.04* 0.81+0.04> 1.07+0.02% Leaf 0.24 £ 0.02* 0.15+0.01° 0.07 £ 0.03¢

Flower Stalk ~ 0.56 £ 0.07*  0.26 £ 0.02° 0.41 + 0.01° Flower Stalk ~ 0.28 £ 0.02° 0.50 £ 0.01°  0.44 + 0.02"
Flower 0.77 £0.02*° 034 +0.09° 0.58+0.07° Flower 0.79 £ 0.03* 0.76 £0.08* 0.65 + 0.03"

Means values £ SD form triplicate separated experiments are shown.
*Means within a column followed by the same letter are not
significant based on the DMRT (p < 0.05).

Table 4. Content of catalpol in the different part of R. glutinosa

cultivar.

Cg;g}g)ol Dakang Tokang Suwon 9
Root 12.54 £0.17° 18.83 £0.32° 25.24 + 0.96
Leaf 21.09 £0.73* 34.57 £2.39° 25.52+£19.33°

Flower Stalk ~ 35.39 + 1.29% 22.68 +0.90" 37.11 +1.18°

Flower 41.06 +2.37° 28.78 £0.82° 37.48 +0.92°

Means values £ SD form triplicate separated experiments are shown.
*Means within a column followed by the same letter are not
significant based on the DMRT (p < 0.05).

Jensen (1991)°] HE.3I3t catalpol AEA “dZolA aucubin
catalpol ¢l = ATAZ Wsizl=dl, olefst o|f wiEol
aucubin3} catalpol®] &2 AHAIAE Zt= Zo =2 AZtE

e H9 HE R 24 3 =4 ol tEr, 5
A AR BEn o 29oA =4 Yeidtle A7+ds
7} kg AHE Aoa] Bol] B HT}H (Choung, 2002; Ha
et al, 2012; Wan et al, 2012; Oh, 2013; Le et al,
2015). 53] Le 5 (2015)° 3+ A4 AFollA= 4170
9] saponin A notoginsenoside O, notoginsenoside P,
notoinsenoside Q, notoinsenoside S, ginsenoside Fc, ginsenoside

Ral, ginsenoside Ra2 5 7719] saponin ¥E2]olX= X8 4

Z5A] &SITE Wang 5 (2016)2 X34 Yol aucubin}
catalpolo] FHrEo] AS & 5 Ao, B tigh A+

A7t 7] wio] At gl gk A vuEs &
T7F fideh 2 A3 oshd ejrv el aucubint
catalpolo] o] FHrEo] S & F UL, oE T3l

T MRS,
aucubin?} catalpole ©]-&3 73$

T AGRE olg5
£ 7] o £20)7] uhe] /15HAE AR ol87ks
o] glrka ke,

2. GABA 24
Park 5 (2012)2] W3} 7o) GABAE trimethylsilyl (TMS)

k
ester =A%} & F GC-MS #49& 331t} Fig. 2= A%+

19

Means values + SD form triplicate separated experiments are shown.
*Means within a column followed by the same letter are not
significant based on the DMRT (p < 0.05).

ol FZ¥ GABA F=A9] selective ion chromatogram
(SIM)2 233 )k LOD (limit of detectiony> 0.001 ng
o]dom, standard®] F=H, 5, 1, 0.1, 0.05 g o2 A4S
AAsle] A A (y=0.0575x+ 0.0006, R2=0.9999)2
TREAAL, o] 21 o] &aliA] RS AAFTH

GABA®] 73-5- Ao Shgo] Heje] ghfunt 8-S &
T AN, FAEEE F (0.73+0.07 mglg) > 2] (041 =
0.12mg/g)> 2 (0.16 +0.08 mg/g) > ¥] (0.13 +0.04 mg/g) &=
o= o] Wkt 53] o] HelHtt GABA o] =%
o, FFERE HH 9 939 o] el Hjg 79|
7 =& GABA T #0)E Bt} 183 oM £
o] #glo] Hla] 5.7l B GABA g o2 H o,
B 42 FF FoME 7P WS GABA & A0lE
RS} (Table 5).

Yang 5 (2014)°] °JshH Aol Sl E719] &9
(4.90 mg/g)T 2 (530 mg/g)ol GABA7} SHHHEASS B
3L, Kim 5 (2013)0] <8P SgollA] Helol] vis)] =)
°] GABA gho] E9tom, 53] Hel (1.55 mg/g)ll Hlal
(8.51 mg/gollA 5.58u B GABA & Zol7h Bt
stk 2 AdoME A (&, =, A)elA GABA7H
FHrElo] AL, Bl vlsl] A dFelA GABA 3] =
AUt 2y AgeX s Fadhes tEAl do] ozt 2o
Al GABA 3 o]z} Wol UEbton, 2 Ajo]x 790 =
H =A Uepstt ok82E FAHEA GABAY tigh A
7F A4 (Yang et al, 20143 3% (Kim et al, 2013)
oA A77F HA o AF7A A FAkEellA GABA®]
gk A7E QU7 wliitel] 2 AA R oJo)7t kAl AlsE
3k GABAE 1 AAR 771G AFoE 2olal 7] o

A AL 71544F 95249 ol8rksAdel A
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