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Abstract: A rare iridoid featuring an unusual 3-O-8 bridged ether bond, named rotatiridoid (1), was obtained from
Phlomoides rotata (Benth. ex Hook.f.) Mathiesen, along with five known analogues. Its structure was established by
means of HRESIMS, 1D and 2D NMR experiments, and ECD calculations. When evaluated in LPS-stimulated RAW
264.7 macrophages, compound 1 displayed anti-inflammatory activity, suppressing the production of pro-inflammatory

mediators such as NO and ROS at 7.5 uM.
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1 Plant Source

The aerial part of Phlomoides rotata (Benth. ex Hook.f.)
Mathiesen was acquired from Sichuan Neautus Traditional
Chinese Medicine Co., Ltd. Authentication was performed
by Professor Guang-Zhi Wang of the School of Pharmacy,
Chengdu University of Traditional Chinese Medicine. A
voucher specimen (No. 202509012) has been deposited in
the Laboratory of Traditional Chinese Medicine Chemistry at
the School of Pharmacy, Chengdu University of Traditional
Chinese Medicine.

2 Previous Studies

The aerial parts of P rotata are primarily recognized for
their capacity to promote blood circulation, stop bleed-
ing, dissolve blood stasis, and alleviate pain (Cui et al,
2020). Traditionally, this plant has been employed in herbal
medicine to address various conditions, including swelling
and pain resulting from injuries such as falls and frac-
tures, postoperative bleeding, rheumatism, joint pain, and
gynecological bleeding (Li et al., 2010; Zhao et al., 2021). Phy-
tochemical investigations of P. rotata have identified a diverse

*Corresponding Author: Jing Yang.

Email: yangjingc@cdutcm.edu.cn

“These authors contributed equally to this work
Received: September 23, 2026

Revised: October 15, 2026

Accepted: October 16, 2026

Published: November 02, 2026

Copyright © 2026. Published by ACG Publications.

ACG Publications

array of natural products characterized by distinct structural
patterns, including iridoid glycosides, phenylethanoid glyco-
sides, and flavonoids (Li et al., 2021; Ran et al., 2026; Zhu et al.,
2027).

3 Present Study

The powdered aerial parts of P. rotata (30 kg) were extracted
using 95% methanol. The extract was concentrated under
reduced pressure, suspended in water, and subjected to col-
umn chromatography on D101 macroporous resin, which
was eluted with a water-methanol gradient (0% to 100%
methanol). The 30% methanol eluate, which was enriched in
iridoids, was further separated on silica gel (200-300 mesh)
using a methanol-water gradient (25:1 to 1:1, v/v), resulting
in nine fractions (Fr.1-Fr.9).

Fraction 2 (Fr.2) was separated using a Sephadex LH-20
column with a solvent mixture of dichloromethane (DCM)
and methanol (MeOH) in a 11 ratio, yielding subfrac-
tions Fr.2.1 to Fr.2.6. Subfraction Fr.2.4 underwent flash
silica gel chromatography with a gradient of DCM to
MeOH (100:0 to 0:100), resulting in subfractions Fr.2.4.1
to Fr.2.4.13. Subfraction Fr.2.4.6 was further purified using
semi-preparative reverse-phase C;3 high-performance liquid
chromatography (RP-C;3 HPLC) with a solvent compo-
sition of MeOH and H,O (45:55, 10 mL/min), yielding
subfractions Fr.2.4.6.1 to Fr.2.4.6.8. Additionally, subfraction
Fr.2.4.6.4 was purified by semi-preparative RP-C;3 HPLC
with a different solvent ratio of MeOH to H,O (40:60,
3 mL/min), leading to subfractions Fr.2.4.6.4.1to Fr.2.4.6.4.5.
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Table 1. The NMR data of 1*

Position 6 (J, Hz) d¢, type
1 - 1717, C
2 _ _
3 737, s 156.0, CH
4 - 108.2, C
5 3.25,d (4.0) 43.3, CH
6 4.05,d (6.0) 76.8, CH
7 3.81,d (6.0) 81.2, CH
8 - 88.3,C
9 3.11,d (4.0) 447, CH
10 1.55,s 18.4, CHj;
11 - 168.4, C
12 3.65, s 52.1, CH;
13 3.7 s 51.8, CHj;

Note: a: measured in CD; OD using a 600 MHz instrument.

Subsequently, subfraction Fr.2.4.6.4.3 underwent further
purification via semi-preparative reverse-phase quaternary
ammonium Cl18 high-performance liquid chromatography
(RP-QA CI18 HPLC) with a solvent mixture of MeOH and
H,0 (26:74, 3 mL/min), resulting in three subfractions, from
which 1 (Fr.2.4.6.4.3.1, 4.0 mg, tz = 33.6 min) was isolated
(Figure 1).

Fraction 3 (Fr. 3) was fractionated using C;g column chro-
matography, resulting in the isolation of fractions Fr.3.1 to
Fr.3.8. Subsequently, Fr.3.5 was separated using a Sephadex
LH-20 column with a DCM-MeOH solvent system (1:1),
yielding fractions Fr.3.5.1 to Fr.3.5.4. From Fr.3.5.3, which
underwent flash chromatography (DCM-MeOH, 100:0 to
0:100), fraction Fr.3.5.3.4 was further purified by semi-

to Fr.3.5.3.4.9. Fraction Fr.3.5.3.4.4, subjected to silica gel
chromatography (DCM-MeOH, 8:1), produced fractions

Figure 1. The structures of 1-6

Fr.3.5.3.4.4.1to Fr.3.5.3.4.4.4. Fraction Fr.3.5.3.4.4.2 was puri-
fied by RP-C;3 HPLC, using a MeOH-H,O solvent system

while Fr.3.5.3.4.4.2.2 underwent further purification (ACN-
H,0, 25:75), resulting in 2 (15.1 mg, tg = 23.4 min). Fraction
Fr3.5.3.4.3, processed through silica gel (DCM-MeOH,

Fr.3.5.3.4.3.2 was purified by RP-C;3 HPLC (MeOH-H,0,
37:63), yielding 3 (10.7 mg, tz = 28.6 min), while fraction
Fr.3.5.3.4.3.2.2 underwent further purification (MeOH-H,O,
39:61) to yield 5 (5.2 mg, tg = 24.8 min). From Fr.3.5.4,
which underwent flash chromatography (DCM-MeOH,
100:0 to 0:100), fraction Fr.3.5.4.3 was subjected to silica gel
chromatography (DCM-MeOH, 40:1 to 0:100), producing

purified by RP-C;3 HPLC (MeOH-H,0, 55:45), yielding
fractions Fr.3.5.4.3.2.1 to Fr.3.5.4.3.2.6, from which 4 (7.3 mg,
tg = 35.6 min), and 6 (12.2 mg, tz = 24.2 min) were isolated
through further RP-C,;3 HPLC purification.

Compound I: yellow gum; [0t]5 = —90.0 (c = 0.03, MeOH);
IR (KBr): 3311, 1636, 1443, 1217, 1100, 1017 cm™'; UV(MeOH)
Amax 245 (2.34) nM; ECD (c 0.73 mM, MeOH) Amax (A€)
244 (-0.23) nm; HRESIMS m/z 295.0784 [M + Na]* (calcd.
295.0794). For details on the 'H and '*C NMR data, see
Table 1.

Rotatiridoid (1) was isolated as a yellow gum. The HRES-
IMS ion peak at m/z 295.0784 [M + Na]* indicates the
molecular formula of 1 should be C;;H;60;. The absorp-
tion in IR spectrum indicated the existence of hydroxyl
(3311 cm™), and ester group (1636 cm™!). The 'H-NMR
spectrum of 1 indicated the presence of an olefinic proton,
two oxy-methines, two methoxy groups, two methines and
a methyl. The *C NMR and HSQC spectra of 1 display
12 carbon resonances which classified two ester carbonyls
(C-land C-11), a pair of olefinic carbons (C-3 and C-4), two
oxy-methines (C-6, C-7), two methines (C-5, C-9),a sp3 qua-
ternary carbon (C-8), two methoxy signals (C-12 and C-13)
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<% NOESY

— 'H'HCOoSY <= HMBC

Figure 2. The key 'H-'H COSY, HMBC and NOESY correlations
of 1

and a methyl (C-10). The '"H-'H COSY correlations of H-
9/H-5/H-6/H-7 along with HMBC correlations of H-3/C-4,
5, 8, 11; H-9/C-1; H-10/C-7, 8, 9; H-12/C-1 and H-13/C-11
generated the planar structure of 1 (Figure 2).

The relative configuration of 1 was deduced from the
NOESY correlations observed between H-5/H-6, H-6/H-7,
H-7/H-10, and H-9/H-10, as illustrated in Figure 2. This con-
figuration results in a nearly 80-degree dihedral angle among
H-5, C-5, C-6, and H-6 explaining the nearly zero coupling
constant observed between these two protons (Figure 2). The
relative configuration of the diol moiety is indicated to be
erythro, as confirmed by the NOESY correlations of H-3/H-
7 (Figure 2). The absolute configuration of the diol moiety
was established by Snatzke’s method (Zhang et al., 2026a).
The positive Cotton effects observed at 300 nm (IV band)
and 382 nm (II band) in the ICD spectrum of 1 indicate the
positive torque angle between the complexation of 1 with
Mo, (OAc), (Figure 3A) (Liu et al., 2026). Hence, the absolute
configuration was established to be 58, 6S, 7S, 8S, 9S which
further confirmed through ECD comparisons (Figure 3B)
(Han et al., 2026).

According to the SciFinder database, 1 was isolated as a
new natural product. This compound is relatively novel, and
we have not identified any structurally similar congeners.
Among the currently reported compounds, the one with

— ICDof 1

300, 4.30

ICD (mdeg)

-104

J

—2“ T T T T T T T T T 1
250 275 300 325 350 375 400 425 450 475 500
Wavelength (nm)

the closest structural resemblance is jatamanin L (Lin et al.,
2010). The primary differences between jatamanin L and
1 include the oxidation and addition at carbon 3, which
form a methyl ester moiety, as well as the formation of
a double bond between carbons 4 and 11 in jatamanin L.
In contrast, the newly reported compound (1) retains the
characteristic double bond between carbons 3 and 4, typ-
ical of iridoids, and features an oxygen bridge connecting
carbons 3 and 8. Notably, the two compounds exhibit sig-
nificant differences in their NMR spectra; further details
are provided in Table S1. In addition, 2-6 were identified
as 6-O-syringyl-8-O-acetyl-shanzhiside methyl ester (2)
(Tanaka et al., 1985), 6-methoxy-7,8-dehydropenstemono-
side (3) (Li et al, 2017), 6-O-syringyl-8-hydroxy-sha-
nzhiside methyl ester (4) (Tanaka et al., 1985), 6-O-
veratroyl-shanzhiside methyl ester (5) (Kato et al., 2012),
5.9-epi-6-methoxy-7,8-dehydropenstemonoside (6) (Liet al.,
2017).

To evaluate the anti-inflammatory activity of 1, its cyto-
toxicity was initially assessed in macrophages (Xiao et al.,
2026). As 1 did not exhibit significant cytotoxicity at con-
centrations ranging from 3.75 to 60 uM (Figure 4A),
concentrations of 7.5, 15, and 30 UM were selected for sub-
sequent anti-inflammatory experiments. NO and ROS are
critical inflammatory molecules involved in LPS-induced
macrophage activation (Liu et al., 2026; Nguyen et al., 2026).
As illustrated in Figures 4B-4D, LPS stimulation markedly
increased NO production and intracellular ROS accumu-
lation, as well as upregulated the protein expression of
iNOS and COX-2. Compared to dexamethasone (DXM) at
a concentration of 30 uM, which served as a positive con-
trol (Zhang et al., 2026b), 1 significantly attenuated these
LPS-induced inflammatory responses in a concentration-
dependent manner. Collectively, these findings suggest that
1 exhibits in vitro anti-inflammatory activity and antiox-
idant capacity, potentially by suppressing the expression
of inflammatory enzymes and reducing excessive NO and
ROS production.

B -

exptl. 1
""" caled. 55,685,75,85,95-1
""" caled. 5R,6R,75,8R,98-1

CD (mdeg)

T T T T T 1
200 225 250 275 300 325 350 375 400

Wavelength (nm)

Figure 3. A.ICD spectrum of 1; B. The calculated ECD curves and experimental ECD spectrum of 1
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Figure 4. Anti-inflammatory activity of 1 on LPS-stimulated RAW264.7 macrophages. A: Viability of RAW264.7 cells following
treatment with 1 at indicated concentrations. B: Suppressive effects of 1 on NO production in LPS-stimulated RAW264.7
cells; dexamethasone (DXM, 30 pM) served as a positive control. C: ICso value for NO inhibition by 1. D: Intracellular
ROS levels detected by DCFH-DA staining and flow cytometry, with mean fluorescence intensity (MFI) quantified. E:
Expression of iNOS and COX-2 detected by Western blot, with relative band intensities quantified against Tubulin as an

internal control. All values are expressed as mean =+ SD.

#H#E

p < 0.0001 vs. DMSO group;

#H#

p < 0.001 vs. DMSO group;

4 p < 0.0001, ***p < 0.001, **p < 0.0, *p < 0.05 vs. LPS group; ns, no significance.
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