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Abstract

Guided by the MS/MS-based molecular networking, eight previously undescribed clerodane diterpenoid glycosides,
designated tinospinosides F-M (1-8), along with 12 known analogues (9—20), were isolated from the tuberous

roots of Paratinospora sagittata. Structural elucidation of the undescribed compounds was achieved through com-
prehensive spectroscopic analyses (NMR, HRESIMS), with their absolute configurations confirmed via single-crystal
X-ray diffraction, TD-DFT/ECD computational analyses, and chemical degradation. Immunomodulation evaluation

on all the isolates revealed that compounds 6 and 7 exerted significant promoting effect toward NO production

in RAW264.7 macrophages. Further study demonstrated that 6 could enhance the release of immune cytokines (e.g.,
TNF-a) and upregulate the protein expression of iINOS and COX-2, which was potentially mediated through the activa-
tion of NF-kB signaling pathway.
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1 Introduction

The genera Paratinospora and Tinospora, two closely
related genera in the family Menispermaceae, are
predominantly found in the tropical and subtropi-
cal regions of Asia, Australia, and Africa [1-3]. Before
2025, plants of genus Paratinospora (P. sagittata and
P. dentata) belong to the genus Tinospora, while Wei
Wang et al. formally established the new genus Para-
tinospora based on a combined analysis of plastid and
nuclear DNA sequence data [4, 5]. Medicinal plants
in the Paratinospora/Tinospora genera are extensively
employed as folk medicine in countries of Southeast
Asia as immunomodulatory agents [6—8]. Bioactive
constituents in genera Paratinosporal/ Tinospora such as
alkaloids and diterpenoids also demonstrate significant
activities including anti-inflammatory, antimicrobial,
antiviral and antioxidant effects [1-3]. Paratinospora
sagittata (Oliv.) Wei Wang, commonly known as “Jin
Guo Lan” in traditional Chinese medicine, holds a
prominent position in the Chinese Pharmacopeia [9].
Its rhizomes are extensively utilized for their thera-
peutic potential in fever reduction, detoxification, alle-
viation of swelling and pain management [10]. Previous
studies on the chemical constituents of this species
have primarily focused on the EtOAc soluble part of its
EtOH extract, with the main components identified as
diterpenoids [11-15]. To the best of our knowledge, the
n-BuOH soluble part has not been investigated before.

As a continuation of our research on diterpenoids
from family Menispermaceae [16—18], the current study
employed a targeted isolation using MS/MS-based
molecular networking analysis, which revealed char-
acteristic signatures of clerodane diterpenoid glyco-
sides within the #-BuOH soluble part of P sagittata.
This approach led to the isolation and identification of
20 clerodane diterpenoid glycosides, including eight
previously undescribed compounds. The structures of
the undescribed compounds were determined through
extensive spectroscopic analyses, with their absolute
configurations further confirmed by single-crystal X-ray
diffraction, TD-DFT/ECD computational method, and
chemical methods. The immunomodulatory effects of all
isolated compounds were assessed in RAW264.7 cells.
This study details the isolation, structure elucidation,
and the observed immunomodulatory activities of these
compounds.

2 Results and discussion

2.1 Molecular networking analysis

Tuberous roots of P sagittata (30 kg) were powdered
and then extracted with 95% EtOH at room tempera-
ture to give a residue, which was suspended in H,O and
then partitioned successively with EtOAc and n-BuOH.
The n-BuOH partition was further separated into four
fractions (A—D) by D101 macroporous resin and silica
gel column chromatographies. Subsequently, HPLC-
HRESIMS/MS data of the four fractions were uploaded
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to Global Natural Products Social Molecular Network-
ing database to construct a molecular network, which
revealed three major clusters and several minor clusters.
According to the previous recognition of the MS/MS
data of clerodane diterpenoids, the diagnostic ions are
the fragment ions at m/z 377 > m/z 317 - m/z 299 [18].
Then, the fragment ions at m/z 317 — 299 in the MS—-MS
data of one cluster in the n-BuOH fraction suggested
the presence of clerodane diterpenoids, which primarily
presented in fractions B and C (see Fig. 1). Subsequently,
further in-depth investigation led to the isolation of eight
undescribed clerodane diterpenoids and 12 known ana-
logues (1-20, Fig. 2).

2.2 Structure elucidation

Compound 1, a colorless gum, had the molecular for-
mula of Cy¢H3,0,; established by HRESIMS (11 degrees
of unsaturation). 1D NMR and HSQC data revealed sig-
nals for two ester carbonyl groups (6 175.8 and 171.0), a
B-substituted furan unit [§}; 6.53 (1H, dd, /J=1.8, 0.7 Hz),
7.52 (1H, t, J=1.7 Hz) and 7.61 (1H, m); §. 109.7, 125.4,
141.5 and 145.2], a trisubstituted double bond [Jy; 6.84
(1H, d, J=3.6 Hz); 6 136.7 and 137.5], a 3-glucose moi-
ety [0y 3.18, 3.28, 3.33, 3.35, 3.67, 3.90 and 4.50 (1H, d,
J=7.8 Hz); 6 62.8, 71.8, 75.1, 78.0, 78.1 and 104.1] and
two methyl groups [6;; 0.94 and 1.39 (each 3H, s); § 22.7
and 30.2]. The gross structure for 1 was accomplished by
interpretation of 2D NMR data, especially HMBC and
"H-'H COSY data (Fig. 3). In the '"H-'H COSY spec-
trum, the cross peaks of H-10/H,-1/H-2/H-3 suggested
the presence of the key fragment (C-10/C-1/C-2/C-3).
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Then, the HMBC correlations from protons of a tertiary
methyl (H;-19) to C-4, C-5 and C-10 established the
formation of ring A. Moreover, the '"H-'"H COSY cor-
relations of H-6/H,-7/H-8 and the HMBC correlations
from H,-7 and H-10 to C-8 and C-9, together with the
HMBC correlations from H;-20 to C-8, C-9 and C-10
constructed the six-membered ring B. The 'H-'H
COSY correlations from H,-11 to H-12 together with
the HMBC correlations from H-14 and H-16 to C-12
attached the furan ring to C-12. Key HMBC correlation
from H-1" (§; 4.50) to C-2 suggested that the sugar moi-
ety was attached to C-2. As nine of 11 degrees of unsatu-
ration were accounted by the aforementioned furan ring,
double bond, carbonyl groups, sugar moiety and the basic
6/6 bicyclic framework, the remaining two degrees of
unsaturation required two additional rings in the struc-
ture of 1. Thus, the key HMBC correlation from H-12 to
the ester carbonyl carbon at §- 174.6 (C-17) and H-6 to
another ester carbonyl carbon at - 171.0 (C-18) indi-
cated the formation of 12,17-lactone bridge and 6,18-lac-
tone bridge, respectively.

The relative configuration of 1 was mainly based
on NOESY spectrum (Fig. 4). NOESY correlations of
H,;-19/H-6 and H-10, H-6/H-8 and H-7 at 6 2.47, H-8/
H-10 and H-12, indicated their spatial proximity and a
random determination of the a-orientation of these pro-
tons. Conversely, NOESY cross peaks between the H;-20
with H-2 and H-7 at §;; 1.43, revealed the S-orientation
for CH;-20 and H-2. The S-configuration of the ano-
meric proton was established by analyzing the coupling
constant of the anomeric proton (J=7.8 Hz). Subsequent
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Fig. 1 MS/MS-based molecular networking of the n-BuOH fraction of P sagittate
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Fig. 2 Chemical structures of compounds 1-20

acid hydrolysis confirmed that the retention time of
the obtained product matched exactly with that of the
standard D-glucose. Finally, the experimental ECD spec-
trum of 1 matched the calculated ECD spectrum of the
(2R,5R,6R,85,95,105,125)-isomer (Fig. 5). Thus, the struc-
ture of 1 was fully characterized and was given the triv-
ial name tinospinoside F, following tinospinosides A—E
reported from the same species [19, 20].

HRESIMS analysis of compound 2 revealed a quasi-
molecular ion at m/z 556.2393 [M+NH,]* (calcd for
CyH330,,N*, 556.2389), indicative of a molecular for-
mula of C,,H,;,0,, and isomeric with borapetoside A
(9) [21]. The 1D NMR data of 2 showed high similarity
to those of 9 with the major differences being attributed
to the chemical shift of H-12 (d}; 5.63 in 2; 6;; 5.90 in 9),
indicating that 2 was the 12-epimer of 9. Detailed 2D
NMR data analyses further secured the planar structure
of 2, which was the same as that of 9. The relative con-
figuration of 2 was established mainly by NOESY experi-
ments (Fig. 4) and 1D NMR data. The chiral centers in
rings A and B were assigned to be the same as those
in 9 based on the highly matched 1D NMR data. Key
NOESY correlations of H;-20/H-12 and H-8 supported

the orientation of H-12 as 8. The absolute configuration
of 2 was determined by comparison its experimental
ECD curve with its theoretical one. Thus, the structure of
compound 2 (tinospinoside G) was assigned.

Compound 3, a colorless gum, possessed a molecular
formula of C,qH;,0,, by analysis of its HRESIMS data
(mlz 577.2279 [M +H]", caled for CygH350,,", 577.2280).
The 1D NMR data and HSQC spectrum exhibited signals
for an acetyl group [y 2.17 (3H, s); 6 172.0 and 20.8],
a f3-substituted furan unit [y 7.46 (1H, brs), 7.42 (1H,
brs) and 6.42 (1H, brs); - 143.7, 139.8, 123.7 and 108.6],
two ester carbonyl groups (d- 171.6 and 168.7), two
trisubstituted double bonds [6;; 6.99 (1H, s), 6.49 (1H,
t, J=3.4 Hz); §- 138.4, 136.7, 136.7 and 136.2] and two
methyl groups [y 1.37 (3H, s) and 1.17 (3H, s); d- 27.9
and 22.3]. The aforementioned NMR data of 3 exhib-
ited high resemblance with those of 10 (borapetoside F
[22]), except for the additional signals of an acetyl group.
In the HMBC spectrum, the cross-peak from H,-6' (6
4.39 and 4.31) to the carbonyl of acetyl group (5 172.0)
suggested that the 6'-OH in 10 was acetylated in 3.
Detailed 2D NMR correlations including 'H-'H COSY
and HMBC analysis supported that planar structure
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of 3 as depicted. The relative configuration of 3 was
assigned the same as that of 10 by their highly-matched
1D NMR data. As shown in Fig. 5, the experimental ECD
curve of 3 matched the calculated ECD spectrum of the
(5R,65,95,108,12S5)-isomer. Thus, the structure of 3 was
fully characterized and given the trivial name tinospino-
side H.

Similar with compound 3, the NMR data of compound
4 (tinospinoside I) also showed high resemblance with
those of 10. Extensive comparison of the 1D NMR data
of 4 with those of 10 revealed that the glucopyranose unit
in 10 was replaced by a xylopyranose unit in 4. Further
2D NMR analysis supported the planar structure of 4 as
shown in Fig. 3. The xylopyranose unit was determined as
D-configuration by HPLC comparison with those of the
standard ones. While the absolute configuration of the
aglycone of 4 was the same as that of 3 by their highly-
matched ECD curves.

Compounds 5 and 6 were assigned the same molecu-
lar formula C,H;350,, by HRESIMS analyses and their
1D NMR data showed high resemblance. With the aid of
full 2D NMR experiments, the 1D NMR data of 5 and 6
were completely assigned and exhibited high similarity to
those of tinopanoid T (12) [23], the co-isolated analogue
in current research. A detailed comparison revealed that
the key structural difference among these analogues was
the site of acetylation. Whereas compound 12 is acety-
lated at the 6'-O position, compounds 5 and 6 are acety-
lated at the3'-O and 4'-O positions, respectively. These
structural assignments were unambiguously supported
by the chemical shift comparisons of H-3', H-4' and
H-6' in the three structures, as well as their HMBC cor-
relations to the corresponding acetyl carbonyl carbons.
The configurations of 5 and 6 were determined to be

A 0
ZHO Rs
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~o Yo
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5 OH OH OAc
6 OH OAc OH
12 OAc OH OH
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identical with those of 12 based on their consistent NMR
coupling patterns, NOESY data and ECD curves. Their
structures were further secured by chemical correlation
with 12. The alkaline hydrolysis of 5, 6 and 12 gener-
ated the same product 13 (Fig. 6), which was verified by
comparison of their NMR data. The absolute configura-
tion of 12 was determined by single crystal X-ray diffrac-
tion [CCDC number: 2376200; Frack parameter= —0.01
(10)]. Hence, the structures of 5 and 6 were established as
depicted and given the trivial names tinospinosides J and
K, respectively.

Compound 7 was isolated as a colorless gum and had
the molecular formula of CyH;,0,, as determined by
HRESIMS. The 1D NMR data of 7 bore a resemblance to
those of 13 [24], except for the replacement of the glu-
copyranose unit in 13 by a xylopyranose unit in 7. This
assignment was further confirmed by the 'H—"'H COSY
correlations of H-1'/H-2'/H-3'/H-4'/H,-5', together with
the HMBC correlations of H-1'/C-12. The relative config-
uration of the aglycone of 7 was assigned to be the same
as that of 13 by comparing their highly matched 1D NMR
data. Especially, the configuration of H-12 was deter-
mined by the empirical rule established by Gao et al. [25],
the coupling constants between H-12 and H-11 (/=9.9,
3.3 Hz) suggested the relative configuration of H-12 was
§*. The absolute configuration of 7 was determined by
ECD comparison with those of 5 and 6, nearly identical
cotton effects revealed that they have the same absolute
configuration in the aglycone part. Thus, compound 7
was assigned as depicted and named tinospinoside L.

Compound 8, a colorless gum, had the molecular for-
mula C,¢H;,0,, as determined by the HRESIMS ion
at m/z 545.1993 [M+Na]* (caled for C,H;,0,;Na*,
545.1993). The 1D NMR data together with HSQC

Fig. 6 A Chemical transformation from 5,6 and 12 to 13; B Ortep drawing of 12
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spectrum showed signals for a fS-substituted furan
ring [6,; 7.48 (1H, d, J=1.5 Hz), 7.42 (1H, dd, J=1.5,
0.9 Hz) and 6.44 (1H, d, /=0.9 Hz); §. 144.5, 1415,
127.9 and 110.0], a f3-glucopyranosyl moiety [6y; 4.15
(1H, d, J=7.7 Hz), 3.88 (1H, dd, J=11.8, 2.3 Hz), 3.64
(1H, dd, J=11.8, 6.3 Hz), 3.23 (1H, m), 3.20 (1H, m),
3.16 (1H, m) and 3.13 (1H, m); 6 100.6, 78.0, 77.8, 75.3,
72.0 and 63.2], a trisubstituted double bond [J;; 6.87
(1H, t, J=3.6 Hz); 6 138.6 and 135.1] and two methyl
groups [y 1.24 (3H, s) and 1.19 (3H, s); ¢ 30.0 and
22.2]. The planar structure of 8 was mainly achieved
by 'H-'H COSY and HMBC correlations. Analysis of
the 'H-'H COSY spectrum revealed key correlations
between H-10/H,-1/H,-2/H-3 and H-6/H,-7/H-8, sug-
gesting the presence of two crucial fragments (C-10/
C-1/C-2/C-3 and C-6/C-7/C-8). HMBC correlations
from H;-19 to C-4, C-5, C-6 and C-10, and from H;-20
to C-8, C-9, C-10 and C-11 aided to establish the 6/6
fused rings of rings A and B. The 'H-'H COSY correla-
tion between H,-11 and H-12, along with HMBC cor-
relations from H-12 to C-13, C-14 and C-16, revealed
that the furan ring was attached to C-12. A key HMBC
correlation between H-6 and the ester carbonyl at .
172.3 (C-18) indicated the formation of an intramo-
lecular lactone bridge between C-18 and C-6. Further-
more, a crucial HMBC signal between H-8 and the
carboxyl group at d- 177.9 (C-17) defined the attach-
ment position of the carboxyl group. Finally, the HMBC
correlation between H-12 (Jy; 5.25) and the anomeric
carbon (6. 100.6) confirmed the linkage of the glucose
unit to C-12. The relative configuration of 8 was mainly
determined by NOESY correlations and 'H-'H cou-
pling constants. Key NOESY correlations of H;-19/H-6,
H-10 and H-6/H-7 at &y 2.27 suggested that these pro-
tons were cofacial, leading to a tentative assignment of
an a-orientation for these protons. While the NOESY
correlations from H;-20 to H-8 and H-7 at &y 1.59,
together with the small coupling constants between
H-8 and H,-7 (J=4.4, 3.4 Hz) suggested that these
protons were in f-orientation. The coupling constant
between H,-11 and H-12, interpreted similarly to the
case of 7, suggested an S* configuration at H-12. The
absolute configuration of 8 was established as shown
by comparing the ECD curve with the calculated one.
Thus, compound 8 was assigned as depicted and named
tinospinoside M.

The known compounds borapetoside A (9) [21],
borapetoside F (10) [22], (2R,5R,65,95,105,125)-15,16-
epoxy-2-hydroxy-6-0O-(3-D-glucopyranosyl)-cleroda-
3,7,13(16),14-tetraen-17,12-o0lid-18-oic ~ acid = methyl
ester (11) [21], tinopanoid T (12) [23], rumphioside I
(13) [24], borapetoside B (14) [21], borapetoside C (15)
[21], tinospinoside C (16) [26], tinosineside A (17) [27],
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tinosineside B (18) [16], 1-deacetyltinosposide A (19)
[27], tinosinenoside B (20) [28] were determined by com-
paring their NMR data with those in the literature.

2.3 Immunomodulatory activity

Macrophages, a crucial type of immune cell originating
from monocytes, are fundamentally important players
in the body’s immune response. Immune cells secrete
cytokines (e.g., NO, TNF-a) to stimulate the immune
response, making these molecules useful quantifiers of
cellular activation [29, 30]. In current study, all the iso-
lates were first evaluated for their impact on the cell
growth of RAW264.7 macrophages but no significant
effect was found on cell survival. Further study on the cul-
ture supernatant revealed that several diterpenoids could
enhance the NO production in RAW264.7 cells, with
LPS (200 ng/mL) used as the comparable drug (Table 1).
Selected for further study due to its high activity, com-
pound 6 demonstrated the ability to dose-dependently
increase the release of NO (Fig. 7A) and TNF-«a (Fig. 7B).
iNOS, an inducible enzyme that catalyzes NO produc-
tion from L-arginine, plays a crucial role in the immune
system [31], while COX-2 and NO often act synergisti-
cally during immune responses [32]. As shown in Fig. 7C,
compound 6 effectively upregulated the protein expres-
sion of these two enzymes in RAW?264.7 cells. NF-xB
signaling plays a key role in expressing proteins related to
inflammation and immunity, and it has a close relation-
ship with the genes encoding iNOS and COX-2 [33, 34].
Therefore, western blot analysis was employed to deter-
mine whether the immunomodulation effect involves
the activation of the NF-«B signaling pathway. Results
showed that the phosphorylation of NF-kB and IxB-
a could be activated by 6 in a dose-dependent manner,

Table 1 The enhancement of NO production of compounds
1-20

No Relative NO level (%) No Relative NO level (%)
No
40 pmol/L 20 pmol/L 40 pmol/L 20 pmol/L

1 50+02 6.1+14 11 7417 10.0+£1.0
2 142+09 126+0.6 12 26+2.1 37102
3 63£15 104+14 13 55406 42409
4 38+07 33402 14 56+19 106+2.1
5 12.8+0.1 106+0.1 15 60£26 102+1.9
6 472422 385+0.6 16 10.0+£0.7 71+£1.1
7 248+10 16.2+0.9 17 112+12 11.5+23
8 1.1+£15 -05+1.6 18 123+1.6 8.1+0.7
9 72+29 99+06 19 76+1.1 83+10
10 14403 54409 20 34114 55+24

Results are expressed as average SD (n=3)
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Fig. 7 Macrophage immunomodulatory activities of 6. A Relative NO level in the culture supernatant of RAW264.7 cells and cell viability

in RAW264.7 cells. B Effect of compound 6 on production of TNF-a in the RAW264.7 cells. C Compound 6 increased the protein levels of iNOS
and COX-2 in RAW264.7 cells. D Compound 6 increased the protein levels of p-NF-kB and p-IkB-a in RAW264.7 cells. The data represent

the mean + SD from three independent experiments. *p <0.05, **p <0.01 and ***p <0.001 compared with the control group

while the total amounts of NF-kB and IkB-a were not
obviously altered (Fig. 7D). Thus, the immunomodula-
tory activity of 6 might related to the activation of NF-xB
signaling pathway.

3 Experimental

3.1 Plant materials

The tuberous roots of Paratinospora sagittata (Oliv.) Wei
Wang were collected in Aug 2018 in Jinghong, Yunnan
province, China. A voucher specimen has been deposited
at School of Biological Science and Technology, Univer-
sity of Jinan (Accession number: npmc-047).

3.2 Extraction and isolation

The tuberous roots of P sagittata (30 kg) were air-dried
and powdered, then extracted with 95% EtOH at room
temperature for three consecutive weeks. The EtOH
extract was dissolved in water and partitioned with
equal volumes of EtOAc and #-BuOH using a separat-
ing funnel. The #-BuOH fraction (760 g) was subjected
to chromatography on a D101 macroporous resin col-
umn using a gradient of EtOH-water (30%, 50% and
90%) to yield three fractions. The 30% EtOH eluent was
further purified by silica gel column chromatography
(CQ), eluting with a gradient of PE-EtOAc—MeOH (3:1:0
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to 0:1:5), resulting in four sub-fractions (A-D). Directed
by MS/MS-based molecular networking, diterpenoid-
containing fractions B (20 g) and C (56 g) were selected
for separation. Fraction B was subjected to silica gel CC
and eluted with CH,Cl,- MeOH (100:1 to 5:1) to obtain
three subfractions (B1—B3). Subfraction B2 was sepa-
rated by RP-C,; CC (MeOH-H,0, 2:8 to 8:2) and Sepha-
dex LH-20 CC (MeOH), yielding B2a—B2c. Subsequent
semi-preparative HPLC of B2a (61% MeOH-H,0) gave
15 (2.3 mg, tg=11 min) and 10 (3.6 mg, ty=15.5 min);
B2b (59% MeOH-H,0) gave 13 (3.7 mg, t;=18 min), 6
(3.0 mg, tz=21 min), 5 (8.0 mg, t;=22.5 min) and 12
(22.3 mg, t=29.5 min); B2c (55% MeOH-H,0) gave
4 (1.2 mg, tz=12 min), 7 (2.6 mg, t;=15.5 min) and 3
(3.4 mg, t;=18 min). Fraction C was subjected to silica
gel CC and eluted with PE-EtOAc-MeOH (5:1:0 to 0:1:6)
into C1-C3. Subfraction C2 was separated by silica gel
CC (CH,Cl,-MeOH, 100:1 to 5:1) to obtain C2a—C2d.
C2b was subjected to RP-C;3 CC (MeOH-H,0, 3:7 to
7:3), yielding C2b1-C2b4. C2b2 purification via Sepha-
dex LH-20 CC (MeOH) and semi-preparative HPLC
(48% MeOH-H,0) afforded 20 (7.8 mg, ty=13 min), 16
(3.0 mg, tg=16 min) and 1 (1.5 mg, tz=18 min). C2b3
was purified by Sephadex LH-20 CC (MeOH), RP-C,4
CC (MeOH-H,0O, 3:7 to 10:0), and semi-preparative
HPLC (43% MeOH-H,0) to yield 14 (3 mg, t; =8 min),
11 (4.0 mg, tz=9.5 min) and 9 (6.0 mg, t=10.5 min).
C2c was purified by Sephadex LH-20 CC (MeOH) and
RP-C;3 CC (MeOH-H,0, 3:7 to 10:0), yielding C2cl-
C2c5. Semi-preparative HPLC of C2c3 (38% MeCN-
H,0) gave 2 (1.7 mg, tz=10.5 min) and 17 (6.0 mg,
tg=11.5 min), while C2c4 (28% MeCN-H,O) gave 18
(1.5 mg, t=15.5 min), 8 (3.6 mg, t;=18.5 min) and 19
(0.9 mg, tg=22.5 min).

3.2.1 Tinospinoside F (1)

Colorless gum; [a]2D5—63 (c 0.34, MeOH); UV (MeOH)
Ao (log €) 211 (3.88); ECD (c 6.5x107* M, MeOH) A,
(A€)229 (+3.91) nm, 260 (+2.30) nm; 'H and *C NMR
data see Tables 2 and 3; HRESIMS (pos.) m/z 543.1836
[M+Na]* (caled for CygH3,0,;Na¥, 543.1837).

3.2.2 Tinospinoside G (2)

Colorless gum; [@]% +26 (c 0.09, MeOH); UV (MeOH)
Amax (log €) 209 (4.14); ECD (c 17x107™* M, MeOH) A
(Ag) 224 (+0.10) nm, 238 (—0.21) nm, 251 (—0.08) nm;
'H and '¥C NMR data see Tables 2 and 3; HRESIMS
(pos.) m/z 556.2393 [M+NH,]" (calcd for Co H;40,,N*,
556.2389).

3.2.3 Tinospinoside H (3)
Colorless gum; [a]2D5+ 186 (¢ 0.20, MeOH); UV (MeOH)
.., (log €) 207 (3.74); ECD (c 2.6 x107* M, MeOH) 1

max max
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(Ag) 210 (+3.03) nm, 226 (+39.40) nm, 252 (—10.14)
nm; 'H and *C NMR data see Tables 2 and 3; HRESIMS
(pos.) m/z 577.2279 [M+H]" (caled for CyHs304,%,
577.2280).

3.2.4 Tinospinoside | (4)

Yellow gum; [¢]®+122 (¢ 0.60, MeOH); UV (MeOH)
Amax (log €) 212 (4.25); ECD (¢ 3.0x10™* M, MeOH) A,
(Ag) 209 (—3.20) nm, 227 (+36.60) nm, 251 (—11.66)
nm; 'H and *C NMR data see Tables 2 and 3; HRESIMS
(pos.) m/z 527.1889 [M+Na]* (caled for C,,H;,0,,Na",
527.1888).

3.2.5 Tinospinoside J (5)

Yellow gum; []% —40 (c 0.55, MeOH); UV (MeOH) A,
(log &) 214 (3.76); ECD (c 4.8x10™* M, MeOH) A_,, (Ae)
218 (+4.01), 247 (—3.79) nm; 'H and *C NMR data see
Tables 2 and 3; HRESIMS (pos.) m/z 601.2253 [M + Na]*
(caled for C,gH340,,Na*, 601.2255).

3.2.6 Tinospinoside K (6)

Yellow gum; [a]2D5—50 (¢ 0.25, MeOH); UV (MeOH)
Aoy (log €) 215 (3.92); ECD (¢ 3.5x10™* M, MeOH) A,
(Ag) 221 (+5.27) nm, 246 (—5.00) nm; 'H and *C NMR
data see Tables 2 and 3; HRESIMS (pos.) m/z 601.2258
[M+Na]* (calcd for CygH340,,Na*, 601.2255).

3.2.7 Tinospinoside L (7)

Colorless gum; [a]2D5—20 (c 0.10, MeOH); UV (MeOH)
Aoy (log €) 211 (4.10); ECD (c 0.97x10™* M, MeOH)
Lyae (A€) 207 (=0.67) nm, 222 (+6.93) nm, 250(— 5.74)
nm; 'H and '*C NMR data see Tables 2 and 3; HRESIMS
(pos.) m/z 529.2041 [M+ Na]* (caled for C,,H;,0,,Na",

529.2044).

3.2.8 Tinospinoside M (8)

White gum; [«]¥+82 (c 0.69, MeOH); UV (MeOH)
Aoy (l0g €) 210 (3.95); ECD (¢ 3.2%x107* M, MeOH) A,
(Ag) 209 (—6.71) nm, 252 (+3.69) nm; 'H and *C NMR
data see Tables 2 and 3; HRESIMS (pos.) m/z 545.1993
[M +Na]* (caled for C,¢H;,0,;Na™, 545.1993).

3.3 LC-MS/MS and molecular networking analysis
Details were the same as we formerly described [18].

3.4 Absolute configuration determination of the sugar
unitin 1-8

Compounds 1-8 bear a 5-glucose/xylose moiety whose

absolute configurations were determined by chemi-

cal derivatization as we reported before [35], and com-

pounds 1 and 7 were chosen as the model molecule.
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Table 2 "H NMR data for compounds 1—8 at 600 MHz
No 19 27 3b 4t 59 6° 7° 87
1 241,dd (15.2, 1.83,m 195 m 1.95,m 195 m 1.91, m (2H) 1.92, m (2H) 201, m (2H)
7.7)
2.17,ddd (15.2, 1.66,m 159, m 159, m 1.74, m
8.7,6.6)
2 476,ddd (8.7,  2.10,dq (140, 235 m 236,m 247, m 241, m 240,m 241, m (2H)
7.7,3.6) 3.2)
173, m 223, m 224, m 234, m 230, m 231, m
3 6.84,d (3.6) 4.02,dd 3.2, 6.49,1(34) 6.56,1(3.2) 7.03,t1(3.8) 7.01,t(3.5) 7.00,t(3.9) 6.87,1(3.6)
2.2)
6 4.56,dd (10.6, 5.02,dd (127, 529,s 445,s 541,d(.1) 547,d (6.0) 545,d(6.1) 4.68,dd (11.1,6.9)
7.3) 3.8)
7 247,ddd (140, 236,m 6.99, s 6.90, s 1.99, m 2.19,m 215, m 2.27,ddd (14.2,
7.3,2.3) 6.9,34)
1.43,dd (14.0, 2.20,q(124) 217, m 1.97,d(126) 1.96,d (12.5) 1.59,ddd (14.2,
2.7) 11.1,44)
8 2.90,dd (128, 2.80,ddd (12.4, 2.90,m 2.75, brd (5.5) 2.69, brd (5.5) 3.00,dd (44,34)
23) 5.1,1.7)
10 2.35,dd (1.6, 1.75,d (5.1) 1.80,m 1.80,dd (9.8, 1.40,dd (5.0, 149, m 147,d(4.1) 213, m
6.6) 3.5) 24)
11 2.25,dd (14.6, 271, m 2.35,dd (145, 236, m 2.26,dd (149,  2.21,dd (148, 1.67,dd (150,  2.34,dd (15.0,9.8)
4.4) 35) 9.8) 10.1) 29)
1.95,dd (14.6, 1.83, m 2.02,dd (14.5, 203, m 1.58,dd (14.9, 1.67,dd (14.8, 217, m 1.56,d (15.0)
12.2) 11.7) 2.6) 1.6)
12 5.52,dd (12.2, 563,dd (119, 517,dd (117, 5.17,dd (116, 5.35,dd (9.8, 5.33,dd (10.1, 5.25,dd (9.9, 5.25,dd (9.8,1.9)
4.4) 4.0) 35) 33) 26) 1.6) 3.0)
14 6.53,dd (1.8, 6.57, m 6.42, brs 642, brs 6.53,brd (1.9) 6.49, brs 6.48, brs 6.44,d (0.9)
0.7)
15 7.52,t(1.7) 7.52,1(1.8) 742, brs 742, brs 744,1(1.8) 740, brs 740, m 742,dd (1.5,0.9)
16 761, m 762, m 746, brs 746, brs 7.55,d (1.5) 749, brs 747, m 748,d(1.5)
19 139,s 1.26,s 137,s 1.18,s 132,s 132,s 132,s 1.24,s
20 0.94, s 122,s 1.17,s 138,s 132,s 1.28,s 1.25,s 1.19,s
1 4.50,d (7.8) 4.30,d (7.8) 441,d(7.3) 4.35,d(7.3) 4.28,d(7.8) 4.32,d(7.7) 4.20,d(7.3) 4.15,d(7.7)
2 3.18,dd (9.2, 3.15,dd (8.8, 338, m 3.38,dd (8.7,7.3) 3.30,m 343,t(85) 3.31,t(8.1) 3.16,m
7.8) 7.6)
3 335 m 331, m 3.56,m 3.50,dd (8.7, 481, m 3.65,t(9.2) 342, m 323, m
8.3)
4 328, m 329, m 337, m 3.73,m 338, m 4.83,1(9.5) 3.66, m 3.20,m
5' 333, m 323, m 3.56,m 402,dd (115, 324, m 333, m 395dd (116,  3.13,m
4.9) 5.2)
3.28,dd (115, 317, m
10.2)
6 3.90,dd (119, 3.85,dd (119, 4.39, brd (12.0) 3.87,dd (11.8, 371, m 3.88,dd (11.8,23)
2.2) 23) 2.1)
367,dd (119, 368,dd (119, 4.31,dd (120, 3.64,dd (11.8, 3.56,dd (124, 3.64,dd (11.8,6.3)
5.9) 5.4) 6.7) 5.9) 3.8)
OCH; 3.74,s 3.75,s 3.72,s 3.73,s 3.73,s
OAc 217,s 2.09,s 2.13,s
?in CD;0D
®in CDCl

3.5 ECD Calculations

The ECD calculations of compounds 1-3 and 8 were
performed according to the previously described method

[36].

3.6 NO production and cell viability assays

RAW?264.7 macrophages (5x10* cells) were cultured at
37 °C in 96-well flat plates, in the presence or absence
of various concentrations of compound 6 for 24 h, in a
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Table 3 '3C NMR data for compounds 1—8 at 150 MHz
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No 19 2¢ 3° 40 59 6° 7° 8°
1 27.1 2022 204 204 174 164 166 184
2 74.2 280 248 249 25.2 242 243 258
3 1367 799 136.7 1372 1439 1424 1425 1386
4 1375 82.0 1384 1381 1355 1342 1345 1351
5 411 468 416 417 404 39.2 394 402
6 858 772 827 82.1 845 829 829 85.5
7 27.9 276 1362 1374 303 295 29.7 29.7
8 433 479 136.7 1359 479 465 466 479
9 37.7 375 37.0 37.0 406 393 394 39.7
10 538 480 478 479 472 456 457 438
11 464 409 451 451 480 469 4638 488
12 716 739 706 706 69.5 69.0 68.7 68.8
13 1254 1268 1237 1237 1276 1258 1259 1279
14 109.7 109.5 1086 1086 1103 10838 1089 1100
15 1452 1452 1437 143.7 1445 1437 1438 1445
16 1415 1414 1398 1398 1416 140.1 1403 1415
17 1758 1751 168.7 16838 180.6 1785 1783 1779
18 1710 1806 1716 1711 1683 166.8 167.0 1723
19 30.2 206 223 28.1 276 27.1 273 300
20 22.7 244 27.9 219 220 218 218 222
1 104.1 105.0 105.0 1055 1006 98.7 994 1006
2 75.1 75.1 70.0 73.7 736 744 738 753
3 781 7738 76.1 764 79.1 744 76.5 780
4 718 714 740 694 70.2 709 70.0 720
5 780 780 738 65.5 777 74.1 65.5 778
6' 628 626 63.7 62.7 614 63.2
OMe 524 523 52.1 51.7 518
OAcC 1720 1727 1716

208 211 209
“in CD,0D
bin CDCly

humidified and 5% CO,-containing incubator. The nitrite
accumulation in the culture medium was measured using
Griess reagent at 540 nm on the microplate reader. The
relative NO level was calculated according to the follow-
ing formula: [1- (Agpple = Aplani)/ (ALps = Apjani)] X 100%.
While the viability of the cultured cells was measured
by CCK-8 method. 10 yL. CCK-8 was added to each well
at the final 2—4 h of culture. To the end of the culture,
we measured the OD values with microplate reader at
450 nm.

3.7 Measurement of immune cytokine

TNEF-a concentrations in culture medium of RAW?264.7
macrophages pretreated with presence or absence of
various concentrations of compound 6 for 24 h, were
measured using commercial ELISA kits following
manufacturer protocols. The concentration of TNF-a

was calculated from 450 nm OD values using standard
curves.

3.8 Western blot analysis

Cells in 6-well plates were treated with varying concen-
trations of compound 6 for 24 h and LPS (200 ng/mL) is
used as a reference standard in current experiment, then
lysed in extraction buffer containing protease inhibitors;
protein concentrations were determined by BCA assay.
Equal protein amounts underwent 10% SDS-PAGE fol-
lowed by PVDF membrane transfer. After blocking with
5% skim milk, membranes were incubated overnight at
4 °C with primary antibodies (iNOS, COX-2, phospho-
NF-«xB, NF-«xB, phospho-IkB-a, IkB-a), washed thrice
with TBST, incubated 1 h at room temperature with
HRP-conjugated secondary antibody (1:3000), washed
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again thrice with TBST, and finally detected using ECL
on a Chemi-Doc XRS system.

4 Conclusion

Plants of the genus Paratinospora have long been used in
Asian traditional medicine to treat immune-related dis-
eases. This study focused on the previously unexplored
n-BuOH partition of P, sagittata extract. Guided by MS/
MS-based molecular networking, we isolated and identi-
fied eight previously undescribed clerodane diterpenoid
glycosides and 12 known analogues. Comprehensive
spectroscopic analysis elucidated the novel structures,
with absolute configurations confirmed by single-crys-
tal X-ray diffraction, TD-DFT/ECD calculations, and
chemical derivatization. Selected diterpenoids modu-
lated macrophage activity by enhancing NO production,
potentially through NF-kB pathway activation. The cur-
rent study has confirmed that the clerodane diterpenoids,
which are the main chemical constituents of the n-BuOH
soluble part of its EtOH extract of P sagittata, exhibit
immunomodulatory activity. These findings demonstrate
immunomodulatory potential of P sagittata, aligning
with the traditional uses of Paratinospora species, sug-
gesting that clerodanes may be the pharmacologically
active substances responsible for the immune-regulating
effects of Paratinospora species. However, due to the
limited number of compounds investigated thus far, the
structure—activity relationship (SAR) regarding how this
structural class promotes macrophage function remains
unclear. Further studies with a larger sample size are
needed to fully elucidate the SAR.
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