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Abstract — Beta vulgaris L. (Amaranthaceae), commonly known as beetroot, is distributed across regions of the Americas, Europe,
and Asia and is rich in diverse phytochemicals such as betalains, flavonoids, polyphenols, and saponins. These metabolites have
been associated with a broad spectrum of biological effects, including regulation of lipid metabolism, anti-inflammatory effects,
prevention of cardiovascular diseases and diabetes. As part of our ongoing efforts to discover compounds with novel phar-
macological potential, the roots of B. vulgaris were investigated. This study led to the isolation of four feruloyl amide derivatives
from the EtOAc fraction: N-trans-hibiscusamide (1), N-trans-feruloylhomovanillylamine (2), N-trans-feruloyltyramine (3), and
S-(—)-3-(4-hydroxy-3-methoxyphenyl)-N-[2-(4-hydroxy-phenyl)-methoxyethyl]acrylamide (4). Their chemical structures were
identified through comprehensive spectroscopic analyses, such as 1D/2D NMR and LC-MS analyses. Among the isolates, com-
pounds 1 and 4 were isolated from B. vulgaris for the first time. Moreover, in silico molecular docking simulation revealed that
all of the compounds exhibited stronger binding affinities toward PPAR-a than the control ligand, highlighting their potential

as promising PPAR-a agonists.

Keywords — Beta vulgaris, Feruloyl amide, Molecular docking simulation, PPAR-a

Beta &2 57824 0 2 H]E53}(Amaranthaceae)oll &3
AEo R, HA ERAIAM = ®eolsol2HChenopodiaceae)
of £F7% it vl oF 16571 &34 2,050F ©]
o] AEg xFehe HlwA & o], 1 7Fe-H| Beta -2
AE o RFTS B 2k 88 ERo R dEA 9l
o1 Beta 48 AA B. vulgaris, B. maritima, B. adanensis2)]
Al olto 2 FREW, o] Z B. maritima (sea beetyp= AJHl-&
beeti7-2] 23502 IGHTE? A FE)S] Bew= T2 &=
o} JeNd B0l w2k sugar beet (B. vulgaris ssp. saccharifera),
leaf beet (B. vulgaris ssp. cicla), forage beet (B. vulgaris ssp.

crassa), garden beet (B. vulgaris ssp. rubra) 522 YdTHD

*WAIKZHE-mail) . yuny@ewha.ac.kr, iyoun@swu.ac.kr
(Tel): +82—2—-3277-3047, +82-2-970-1144

226

ol IEE2 Wl IH, o 7=, A 24, SRE
phytochemical 74 oA FH- WolS Holw, 27kA}
571574 AEEAM 5 94 9 ¥ 7HAIE Adh

Y] E(Beta vulgaris L.
Hr I 719 TF Ao R FHE o] F opAlo}h, {4,
ofr|g]7} 5 thefet A Qo= FilkEo] A AAH o= de
A= AL ik Sl Al A AY 52 TR
HIEZ 216 Anfatal QAThY W E BE]= betalains, flavonoids,
polyphenols, saponins ‘5 TFet AlF 2] S T3kl U=
2o BIEem ) HZ AFeXE HE Bt A4
Al 249 g A0 5 v Aleld &) e 2o
HE Rt 58] AdA 430 G 7k AEA
AP Foll 7148 5 rhe sl A=A oA

B 715y 2ARAY o) F2u k. wa

gt

=

—=


https://crossmark.crossref.org/dialog/?doi=10.22889/KJP.2025.56.4.226&domain=http://journal.ksp.or.kr/&uri_scheme=http:&cm_version=v1.5

Vol. 56, No. 4, 2025

& AR 5 feruloyl amide Al¥ 3}FEELS 4ks}
A Aol e A= & LA Urh 0
Aol A= v E ¥aolA] E2]3t feruloyl amide AlE
ol thal gt gt £48 Fel 8o FxE 4
3L AN A &A 02 83l & EAEAHAEH 0]
AL Fate] 19 AMPK, CTSS, PPAR-a/d/y & o2 3
FEA kel A% HATE S Aokt AR A=
ARSE darE|Et 20)d ol Mt WEE S 7] W
o, A3} A AAES Fral] 28 vl 7] =
L ES oS st &8st 2 Axt, 23 3t
EE50] U 8415 5 PPAR-ool Ti&l 7FE <738k 4
FolUAIE Hole 2102 Yelsitt. mebs] & Al =
PPAR-0E FHOE we]H SHEE0] 4% 54 Jeo4hs
e AFHor Bsto 2 HIE 2 feruloyl amide
AL sgFEE] AU 2 & 71K 7198 7S
gRlstarzt st

ol2fgt A7 FZE HIE -2 feruloyl amide 71E SHeHE<]
Aegd ' |91E gPdetal, 3% 715 aRlEA S &8

% oY Mg
w3

o o

=i s
7Fs7dE BAske vl $83 71% ARE Algeitke HelA
s7 oJul g Zer),

=2 R+

i

ASE - BIE(B. vulgaris) B2 (AZFHF 11.3 kg)E Al
T AAZA A9 F=kgAEd FeeHelelA
2021 1290 il o grokgA = B 9%
o] TA AT TEHE(BA393) olstoi x|t st oFsl)
g AAESIErA Aol Baaith

717] & Al2F — B3 E= JASCOAKR] polarimeter P-20002
o]-g-3lo] =3It} CD spectra= JASCOAM] J-1500 CD
spectrophotometerS- ©]-8-3td =43} th NMR spectrats
AgilentAF2] 400-MR DD2E- ©]-8-51> S 3131} Mass spectra
£ AgilentAl] 6230 TOF LC/MSE ©]&-3t] 4319t
313HE2] H2]= MerckAH] silica gel (63-200 pm), YMCAFS]
RP-18 (150 pum), GE Healthcare*}2] Sephadex LH-20<- ©]-8-3F
open column chromatography$} Teledyne IscoAF2] CombiFlash®
Rf MPLCE ©]-8-3}¢] RediSep” C18 AHO=E a3}t
TLC 412 MerckAF] Silica gel 60 F,s, &t RP-18 Fyg, 5 AHE-
3kttt HPLC= YLAFS] quaternary pump (YL9110 Plus),
UV/Vis detector (YL9120) 7312} Waters*}2] controller (600),
PDA detector (996) “gH| 2 F 27FA] A|2=HlS ARE-319AL,
AH-S YMCAF] Actus Triart C18 (250 x 20 mm LD., 5 um, 12
nm)e} Actus Triart C18 ExRS (250 x 20 mm LD, 5 uum, 8 nm)
ARESISATE ARS-EE 7] Bl BT i skaellA sk
Om, NMR & &= ARE-E HghE-2 Cambridge Isotope
LaboratoriesA ol 4] - 81od AL&-31T)

227
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hexane, EtOAc, n-BuOH2| =02 H-3]5}31 7 553
n-hexane 1+ 37 g, EtOAc %] 6 ¢ 2 n-BuOH 39 171 g&
AT} o]F EtOAc £ 6 g2 silica gel column (@ 4x40 cm)
ol 43 CH,Cl,:MeOH (19:1)2} EtOAc:MeOH (7:3) &1 =
SEAZ F WS 100%2 AlF 1o, o]5 TLC #41<
Ealo] Ay e B (F-1-F-7)CE Urdth 23 F2
(2.8 g)°ll i3l Sephadex LH-20 column (@ 3x80 cm)=
ARE-31] CH,CL:MeOH (1:4)S &2 §3A17 o4l 7] 9]
T (F-2-1~F-2-6)0 2 Wit o]F &9 F-23 (24 o)
RP-18 columns ©]-8-3l MeOH:H,0 (1:4)E |12 &
AlA Tl 7]9] B8 (F-2-3-1-F-2-3-5)0. & LFrIT o] 5 28]
F-2-3-1 (1.9 g)°ll thale] RP-MPLCE 2 A|3le] MeOH:H,0
(1:4)2 12 &£AA A 7)2] E&)(F-2-3-1-1~F-2-3-1-
6)° % U2l o]F #3] F-2-3-149} F-2-3-1-5 (282 mg)=
23t silica gel column (@ 2x30 cm)ell A3 CH,Cl,:MeOH
(49:1)S M2 XA 25 o] B8)(F-2-3-1-4+5-1~F-
2-3-14+5-20)0 2 WFRITt. o5 &9 F-2-3-14+54 (47 mg)
o] thale] RP-HPLC (ACN:H,0=1:4, 0.05% TFA in H,0)Z
Fyste] SHHE 1 (28 me)t 3Hek= 2 (16 me)E 28kt
8] F2-3-14+5-5 (10 mg)ll thsled RP-HPLC (MeOH:H,0=73,
0.05% TFA in H,0)& 33t 3= 1 (5 mgys F7H=
&tk £3 F-2-3-1-4+5-6 (34 mg)°ll th3le] RP-HPLC
(ACN:H,0=1:4)F F3j3l s3E& 3 (17 me) & 4
(2 mg)E skt

N-trans-hibiscusamide (1) — dark brown oil; HRESIMS m/z
374.1597 [M + H]" (caled for C,0H,,NO,, 374.1598); 'H NMR
(CD,0D, 400MHz) § 7.44 (1H, d, J/~15.6 Hz, H-7), 7.11
(1H, d, /=2 Hz, H-2), 7.02 (1H, dd, J=2, 8.4 Hz, H-6), 6.79
(1H, d, /=84 Hz, H-5), 6.52 (2H, s, H-2' and H-6"), 6.41 (1H,
d, J=15.6 Hz, H-8), 3.88 (3H, s, OCH;-3), 3.82 (6H, s, OCH,-
3" and OCH;-5"), 3.50 (2H, t, J=6.8 Hz, H,-8"), 2.77 (2H, t,
J=12 Hz, Hy-7); 3C NMR (CD,0D, 100MHz) & 169.3 (C=0,
C-9), 149.9 (C-4), 149.34 (C-3), 149.29 (C-3' and C-5"), 142.1
(CH, C-7), 135.1 (C4"), 131.3 (C-1"), 1283 (C-1), 1232 (CH,
C-6), 1188 (CH, C-8), 116.5 (CH, C-5), 111.6 (CH, C-2), 107.1
(CH, C-2’ and C-6'), 56.8 (CH,, OCH,-3' and OCH,-5"), 56.4
(CH,, OCH;-3), 42.4 (CH,, C-8), 36.7 (CH,, C-7").

N-trans-feruloylhomovanillylamine (2)—dark brown oil;
HRESIMS 1% 344.1493 [M + H]" (caled for C,oH,,NOs, 344.1492);
'H NMR (CD,0D, 400MHz) & 7.43 (1H, d, /~15.6 Hz, H-7),
7.11 (1H, d, 1.6 Hz, H-2), 7.02 (1H, dd, J=2, 84 Hz, H-6),
6.82 (1H, d, J/=1.6 Hz, H-2), 6.79 (1H, d, /=8 Hz, H-5), 6.72
(1H, d, J=8 Hz, H-5"), 6.67 (1H, dd, J=2, 8 Hz, H-6'), 6.41
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(1H, d, J=15.6 Hz, H-8), 3.88 (3H, s, OCH,-3), 3.83 (3H, s,
OCH;-3'), 3.49 (2H, t, J=7.2 Hz, H,-8"), 2.77 (2H, t, J=7.2
Hz, H,-7); C NMR (CD;0D, 100MHz) § 169.3 (C=0, C-9),
1499 (C4), 149.4 (C-3), 149.0 (C-3"), 146.1 (C4"), 142.1 (CH, C-
7), 132.1 (C-1"), 128.3 (C-1), 1233 (CH, C-6), 122.3 (CH, C-©),
1188 (CH, C-8), 116.5 (CH, C-5), 1163 (CH, C-5), 113.5 (CH,
C-2", 111.6 (CH, C-2), 5645 (CH,, OCH,-3), 56.4 (CH,,
OCH,-3'), 42.5 (CH,, C-8'), 36.3 (CH,, C-7).

N-trans-feruloyltyramine (3)—yellow oil; HRESIMS m/z
314.1383 [M +H] (caled for C,gH,NO,, 314.1387); 'H NMR
(CD,OD, 400MHz) 5 743 (1H, d, J=15.6 Hz, H-7), 7.10 (1H, d,
J=1.6 Hz, H-2), 7.05 (2H, d, J=8.4 Hz, H-2' and H-6"), 7.01
(1H, dd, J=2, 8 Hz, H-6), 6.78 (1H, d, /~8.4 Hz, H-5), 6.72
(2H, d, /~84 Hz, H-3' and H-5"), 6.39 (1H, d, /~15.6 Hz, H-8),
3.87 3H, s, OCH,-3), 346 (2H, t, =72 Hz, H,-8), 2.75 (2H, t,
J=12 Hz, H,-7'); *C NMR (CD,0D, 100MHz) & 168.3 (C=0,
C-9), 156.0 (C4"), 1495 (C4), 1485 (C-3), 1412 (CH, C-7),
1303 (C-1%), 129.8 (CH, C-2' and C6), 127.0 (C-1), 122.4 (CH,
C-6), 117.5 (CH, C-8), 115.6 (CH, C-5), 1153 (CH, C-3' and C-
5%, 110.5 (CH, C-2), 5.4 (CH,, OCH,-3), 41.6 (CH,, C-8"),
34.9 (CH,, C-7').

S-(—)-3-(4-hydroxy-3-methoxyphenyl)-N-[2-(4-hydroxyphenyl)-
methoxyethyl]acrylamide (4)—yellow oil; [a]3’ = -22.5° (¢ 0.04,
MeOH); CD (MeOH) A (A¢) 198 (-7.92), 208 (-2.71), 223 (-5.48),
289 (-1.84), 319 (-2.36) nm; HRESIMS /= 344.1494 [M + H]'
(caled for C,oH,,NO;, 344.1492); 'H NMR (CD,0D, 400MHz)
6 743 (1H, d, /~=15.6 Hz, H-7), 7.16 (2H, d, /=8.4 Hz, H-2'
and H-6), 7.09 (1H, d, J=2 Hz, H-2), 7.00 (1H, dd, /=2, 84 Hz,
H-6), 6.78 (2H, d, J=8.4 Hz, H-3' and H-5'), 6.75 (1H, d, /=8
Hz, H-5), 6.43 (1H, d, J=15.6 Hz, H-8), 4.24 (1H, dd, J=4.8,
8.2 Hz, H-7), 3.87 (3H, 5, OCH,-3), 3.50 (1H, dd, J=438,
13.8 Hz, H-8b), 3.40 (1H, dd, /<84, 14 Hz, H-8'a), 321 (3H, s,
OCH;-7); C NMR (CD,0OD, 100MHz) § 168.5 (C=0, C-9),
157.9 (C4'), 151.3 (C4), 149.0 (C-3), 141.6 (CH, C-7), 130.3
(C-1, 1283 (CH, C-2' and C-6), 126.0 (C-1), 122.7 (CH, C-6),
116.7 (CH, C-8), 116.1 (CH, C-5), 115.5 (CH, C-3' and C-5),
1104 (CH, C-2), 824 (CH, C-7'), 55.8 (CH,, OCH,-7'), 5.3
(CH,, OCH,-3), 46.1 (CH,, C-8).
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Fig. 1. Chemical structures of the compounds 1-4 from B. vul-
garis.
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Fig. 2. CD spectrum of 4 in MeOH: A (Ag) 198 (-7.92), 208 (-2.71), 223 (-5.48), 289 (-1.84), 319 (-2.36) nm.
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Table 1. Docking energy (Kcal/mol) of the compounds 1-4 from B. vulgaris and fenofibric acid with PPAR-a

PPAR-a
Compound Autodock Vina Autodock 4 LeDock Dock 6
Fenofibric acid” 7.2 -8.4 =35 -37.9
Compound 1 -8.1 -8.9 —4.6 —44.5
Compound 2 -7.9 -9.6 —4.7 —42.4
Compound 3 -8.1 -9.5 -49 -39.6
Compound 4 -7.9 -8.7 —4.8 —45.6
“Fenofibric acid was used as a positive control.
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Fig. 3. In silico docking simulations of the compounds 1-4 against PPAR-a in Autodock Vina. (A) Pharmacophore analysis of
PPAR-a with the control, fenofibric acid. (B) Pharmacophore analysis of PPAR-o with compound 1. (C) Pharmacophore analysis
of PPAR-a with compound 2. (D) Pharmacophore analysis of PPAR-a with compound 3. (E) Pharmacophore analysis of PPAR-a
with compound 4.
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