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uents from the seeds of Nigella
glandulifera and their hypoglycemic activities†

Qingqing Li,‡a Jing Xu,‡a Yiyu Chen,a Wenli Xie,a Gui Mei,a Xueni Li,a Yu Chen*b

and Guangzhong Yang *a

The seeds of Nigella glandulifera Freyn et Sint. are traditional Uygur medicine used for the treatment of

diabetes. However, the active anti-diabetic constituents in the seeds of N. glandulifera remain unclear. In

the present study, a new delabellane-type diterpene, 8-denicotinoylnigellamine A1 (1), and a new acyclic

sesquiterpene, 2,6,10-trimethyl-6,7,12-trihydroxy-dodec-2-ene (3), together with eight known

compounds including alkaloids (2 and 7), triterpenoid saponins (4–6), and phenolic compounds (8–10),

were isolated from the seeds of N. glandulifera. Their structures were determined by extensive

spectroscopic analyses and quantum chemical calculations. We evaluated the potential protective effects

of the isolated compounds on an insulin resistant HepG2 (IR-HepG2) cell model. The results showed

that compounds 2, 4–8, and 10 could promote the consumption of glucose in IR-HepG2 cells. Those

compounds might be responsible for the anti-diabetic effects of the seeds of N. glandulifera.
1. Introduction

Type 2 diabetic mellitus (T2DM) is a chronic metabolic disease
associated with the abnormal secretion and action of insulin,
characterized by hyperglycemia. It is mainly resulting from
insulin resistance (IR) or insufficient insulin secretion, also
accompanied by abnormal glucose metabolism.1,2 Improving
insulin resistance is an effective method of preventing and
treating T2DM. At present, the clinical treatment of T2DM
mainly depends on insulin and hypoglycemic drugs by chemical
synthesis such as biguanide, sulphonylurea, thiazolidinedione,
and meglitinide,3 which have signicant effects but are
accompanied by some toxic and side effects.4–6 It is important to
seek safe, effective, and affordable new drugs for the treatment
of T2DM.7 Some natural substances have been considered to be
valuable resources for the development of new agents because
of their low toxicity and diverse activities.

Nigella glandulifera Freyn et Sint. belongs to the genus of
Nigella (Ranunculaceae), which is widely distributed in Xinjiang
Uygur Autonomous Region of China. The seeds of N. glan-
dulifera are widely used in traditional Uygur medicine for the
treatment of diabetes, tinnitus, amnesia, amenorrhea, hypo-
kalaemia, and heat stranguria. Previous phytochemical
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investigations showed that the active constituents of N. glan-
dulifera are volatile oil, alkaloids,8–10 triterpenoid saponins,11

and avonoid glycosides.12 Modern pharmacological results
showed that the seeds of N. glandulifera had anti-diabetic
effects.13,14 Some alkaloids from the seeds of N. glandulifera
were reported to have PTP1B inhibitory activity which improved
glucose consumption and glycogen synthesis through PI3K/Akt
insulin signaling pathway.15 To explore new anti-diabetic
compounds from the seeds of N. glandulifera, phytochemical
investigations were carried out in the present study. As a result,
a new delabellane-type diterpene, 8-denicotinoylnigellamine A1
(1), and a new acyclic sesquiterpene, 2,6,10-trimethyl-6,7,12-
trihydroxy-dodec-2-ene (3), together with eight known
compounds were isolated from the seeds of N. glandulifera
(Fig. 1). Moreover, the hypoglycemic activities of these
compounds were investigated using insulin resistance HepG2
cells.
2. Result and discussion
2.1 Structural elucidation of the isolated compounds

Compound 1 was isolated as a white amorphous powder. Its
molecular formula was deduced as C34H40O6 from HR-ESI-MS
spectrum with a pseudo molecular ion peak at m/z 567.27148
([M + Na]+, calcd for C34H40O6Na 567.27171), corresponding to
15 degrees of unsaturation (DOUs). Careful analysis of the NMR
data of 1 (Table 1) displayed the presence of two benzoyl groups.
In addition to these NMR data described above, the 1H-NMR
spectrum of 1 indicated that 1 contained four methyls [dH
1.42 (3H, s); 1.76 (3H, s); 1.80 (3H, s); 1.83 (3H, s)], an oxygen-
atedmethylene [dH 5.35 (1H, d, J¼ 10.8 Hz); 4.75 (1H, d, J¼ 10.8
RSC Adv., 2022, 12, 19445–19451 | 19445
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Fig. 1 Structures of the isolated compounds 1–10 from the seeds of N. glandulifera.
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Hz)], three oxygenated methines [dH 5.45 (1H, d, J ¼ 10.2 Hz);
3.10 (1H, d, J ¼ 9.0 Hz); 4.23 (1H, dd, J ¼ 12.6, 4.8 Hz)], one
olenic proton [dH 5.75 (1H, d, J ¼ 10.2 Hz)]. The 13C-NMR
Table 1 1H and 13C-NMR data of compound 1 (600 MHz, 150 MHz, d in

No 1H-NMR 13C-NMR

1 58.0
2 5.45 (1H, d, 10.2) 74.7
3 5.75 (1H, d, 10.2) 125.3
4 141.0
5 2.47 (1H, m) 38.9

2.35 (1H, m)
6 1.92 (1H, m) 24.1

1.76 (1H, m)
7 3.10 (1H, d, 9.0) 67.3
8 60.9
9 2.31 (1H, m) 47.6

1.45 (1H, t)
10 4.23 (1H, dd, 12.6, 4.8) 73.7
11 2.45 (1H, m) 50.9
12 140.3
13 2.57 (1H, m) 30.0

2.36 (1H, m)
14 2.25 (2H, m) 32.6
15 5.35 (1H, d, 10.8) 68.8

4.75 (1H, d, 10.8)
16 1.80 (3H, s) 17.0
17 1.42 (3H, s) 19.1

19446 | RSC Adv., 2022, 12, 19445–19451
spectra together with HSQC spectrum indicated the presence
of 20 carbon signals, including 5 methines, 4 methyls, 6
methylenes, and 5 quaternary carbons. The above-mentioned
ppm, J in Hz, CD3OD)

No 1H-NMR 13C-NMR

18 126.3
19 1.76 (3H, s) 22.8
20 1.83 (3H, s) 22.6
10 131.5
20 7.72 (1H, dd, 8.4, 1.2) 130.7

30 7.09 (1H, t, 7.8) 129.5

40 7.44 (1H, m) 134.2
50 7.09 (1H, t, 7.8) 129.5
60 7.72 (1H, dd, 8.4, 1.2) 130.7

70 168.1
100 132.1
200 8.09 (1H, dd, 8.4, 1.2) 131.1
300 7.44 (1H, m) 129.9

400 7.63 (1H, td, 7.2, 1.2) 134.5
500 7.44 (1H, m) 129.9

600 8.09 (1H, dd, 8.4, 1.2) 131.1
700 168.4

© 2022 The Author(s). Published by the Royal Society of Chemistry
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Fig. 2 1H–1H COSY and HMBC correlations for compounds 1 and 3.
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evidence indicated that 1 belonged to a dolabellane-type diter-
pene with two benzoyl groups. Compared with NMR data of
nigellamine A1, 1 had one less nicotinoyl signal, suggesting that
1 was denicotinoylated of nigellamine A1.16 The chemical shis
of H-10 being shied upeld from dH 5.70 in nigellamine A1 to
dH 4.23 in 1 conrmed the above inference. HMBC correlations
(Fig. 2) from H-2 to C-70, and H2-15 to C-700 conrmed two
benzyloxy groups were connected to C-2 and C-15 respectively.
Consequently, the planar structure of 1 was determined.
Detailed analysis of ROESY spectrum (Fig. 3) suggested that the
relative conguration of 1 was the same as that of nigellamine
A1. ROESY correlations of H-2 with H-11; H-10 with CH3-17 and
H-11; H-7 with H-3 and H2-15 showed that H-2, H-10, H-11, and
CH3-17 were cofacial and arbitrarily determined as a-congu-
ration. Instead, H-7 and H2-15 were on the other side and
arbitrarily determined as b-conguration. Therefore, the rela-
tive conguration of 1 was accurately determined as shown in
Fig. 1. Based on the modied allylic benzoate rule and ECD
calculations, the absolute conguration of 1 was resolved.16,17

The CD spectrum of 1 displayed a positive cotton effect (CE) at
238 nm, and the optical rotation value of 1 showed
Fig. 3 Key ROESY (HH) correlations of compound 1.

© 2022 The Author(s). Published by the Royal Society of Chemistry
dextrorotation, which was contrary to nigellamine A1 (2). These
ndings suggested that the absolute conguration of 1 was the
same as the enantiomer of nigellamine A1. Furthermore, the
ECD calculations for (1S, 2S, 7S, 8S, 10R, 11S)-1a and its enan-
tiomer (1R, 2R, 7R, 8R, 10S, 11R)-1a0 were carried out by the
TDDFT/ECD method at the B3LYP/6-31+G(d) level. The results
showed that the calculated ECD data of (1R, 2R, 7R, 8R, 10S,
11R)-1a0 was consistent with the experimental ECD data. Thus,
the absolute conguration of 1 was determined as depicted in
Fig. 4.

Compound (3) was puried as a slight yellow oil and
assigned the molecular formula as C15H30O3 by HR-ESI-MS
spectrum with a pseudo molecular ion peak at m/z 281.20871
([M + Na]+, calcd for C15H30O3Na, 281.20872), corresponding to
one degree of unsaturation (DOUs). In the UV spectrum, the
maximum absorption observed at 205 nm showed that 3 had no
obvious conjugate system. The 1H-NMR spectrum of 3 (Table 2)
exhibited one olen proton [dH 5.32 (td, J ¼ 7.2, 1.2 Hz)], three
tertiary methyl groups [dH 1.61 (s), 1.67 (s), 1.49 (s)], one
Fig. 4 Calculated ECD spectrum of and experimental ECD curves of 1.

RSC Adv., 2022, 12, 19445–19451 | 19447
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Table 2 1H and 13C-NMR data of compound 3 (600 MHz, 150 MHz, d in ppm, J in Hz, C5D5N)

No 1H-NMR 13C-NMR No 1H-NMR 13C-NMR

1 1.61 (3H, s) 18.0 8 2.01 (1H, m) 29.8
1.81 (1H, m)

2 131.0 9 1.87 (1H, m) 35.7
1.70 (1H, m)

3 5.32 (1H, td, 7.2, 1.2) 126.6 10 1.93 (1H, m) 30.5
4 2.59 (1H, m) 23.1 11 1.90 (1H, m) 41.6

2.42 (1H, m) 1.62 (1H, m)
5 2.10 (1H, td, 13.2, 4.8) 39.1 12 3.96 (2H, m) 60.6

1.83 (1H, m)
6 74.6 13 1.67 (3H, s) 26.2
7 3.82 (1H, d, 10.8) 78.8 14 1.49 (3H, s) 23.5

15 0.99 (3H, d, 6.6) 20.3
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secondary methyl [dH 0.99 (d, J ¼ 6.6 Hz)], an oxygenated
methylene [dH 3.96 (2H, m)], one oxygenated methines [dH 3.82
(1H, d, J ¼ 10.8 Hz)]. Detail analysis of 13C-NMR, DEPT
combined with HSQC spectrum displayed 15 carbon signals
assignable to four methyls, three methines (including one sp2

carbon at dC 126.6 and one oxygenated carbon at dC 78.8), six
methylenes (including one oxygenated carbon at dC 60.6), one
oxygenated tertiary carbon at dC 74.6, one sp

2 quaternary carbon
at dC 131.0. The above-mentioned data indicated that 3
belonged to an acyclic sesquiterpene with three hydroxy groups
and one double bond. Further analysis of the 1H–1H COSY,
HSQC, and HMBC spectra led to the elucidation of two struc-
tural fragments as a 4-methyl-3-pentenyl and 4-methyl-1,6-
hexanediol group. The HMBC correlations from H3-14 to C-5,
C-6, and C-7 showed that CH3-14 and 4-methyl-3-pentenyl
linked to 4-methyl-1,6-hexanediol group through one oxygen
tertiary carbon C-6 [dC 74.6 (s)]. Therefore, the structure of
compound 3 was determined as shown.

The remaining eight known compounds were identied as
nigellamine A1 (2),16 3-O-[b-D-xylopyranosyl-(1 / 3)-a-L-rham-
nopyranosyl-(1 / 2)-a-L-arabinpyranosyl]-hederagenin (4),18 a-
hederin (5),18 decaisoside E (6),19 nigellicine (7),20 yangambin
(8),21 nigephenol A (9),22 5,7-dihydroxy-6-(3-methybut-2-enyl)
isobenzofuran-(13H)-one (10)23 by comparison spectroscopic
data with the literature data.
Table 3 Effect of compounds 1–10 on the cell viability in HepG2 cells

Compound

Cell viability

0 mM 10 mM 20 mM

1 100.00% 97.27 � 3.45% 93.91� 3.05%
2 100.00% 97.19 � 1.04% 93.08 � 1.43%
3 100.00% 94.76 � 1.94% 83.50 � 3.68%
4 100.00% 96.11 � 2.98% 93.05 � 3.98%
5 100.00% 98.57 � 0.57% 93.39 � 1.23%
6 100.00% 96.33 � 1.34% 92.23 � 0.55%
7 100.00% 99.30 � 1.45% 92.32 � 1.02%
8 100.00% 94.52 � 5.42% 92.59 � 1.39%
9 100.00% 96.59 � 2.83% 99.78 � 2.92%
10 100.00% 94.50 � 2.24% 93.27 � 1.28%

19448 | RSC Adv., 2022, 12, 19445–19451
2.2 Glucose consumption of IR-HepG2 cells

The seeds of N. glandulifera exhibit multiple biological activi-
ties, such as being anti-inammatory, anti-diabetic, anti-
oxidative and hepatoprotective.24–27 N. sativa, another
commonly used medical plant belongs to the same genus,
exerts anti-diabetic and immune-modulatory effects.28,29 Based
on the distinct hypoglycemic activities, anti-diabetic effects of
the constituents from these plants were further analyzed. The
alkaloids, such as nigelladines A-C, exert an anti-diabetic effect
by activating PI3K/Akt insulin signaling pathway and inhibiting
PTP1B.13 In the present study, phytochemical investigation of
the seeds of N. glandulifera led to the isolation of three struc-
tural types of natural products, including terpenes (1–6), alka-
loids (7), and phenolic compounds (9 and 10). The anti-diabetic
effects of these compounds were still unknown. The major
contributor to the pathogenesis of T2DM is IR, which refers to
the decreased responsiveness of peripheral blood cells (liver,
muscle, and adipose tissue) to glucose metabolism, resulting in
an abnormal homeostatic response to blood glucose.30 For the
establishment of IR model, human hepatoblastoma HepG2
cells were used as reported.31 Moreover, metformin was chosen
as the positive control because it could promote hepatic glucose
consumption in IR HepG2 cells.32–34 The hypoglycemic activity
of these isolated compounds was determined using the IR-
IC50 (mM)30 mM 40 mM 50 mM

90.71 � 2.77% 76.58 � 2.77% 68.00 � 2.91% 68.07
91.01 � 0.97% 87.66 � 0.84% 87.70 � 1.57% 308.3
60.27 � 3.33% 36.31 � 1.62% 33.36 � 1.90% 33.95
85.90 � 0.77% 82.95 � 0.51% 76.91 � 2.78% 120.2
89.38 � 1.16% 76.11 � 1.73% 73.33 � 2.58% 98.49
87.40 � 1.81% 84.46 � 3.47% 69.35 � 1.71% 185.4
78.38 � 2.34% 73.81 � 3.72% 68.36 � 2.16% 72.56
80.22 � 3.79% 76.22 � 1.66% 68.57 � 2.12% 78.61
89.44 � 2.28% 78.22 � 3.65% 62.37 � 4.10% 56.08
91.06 � 0.79% 87.28 � 2.54% 75.33 � 1.89% 96.76

© 2022 The Author(s). Published by the Royal Society of Chemistry
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Table 4 Glucose consumption of compounds 1-10 in IR-HepG2 cellsa (mM)

Compound NG MG Met

Concentration

2.5 mM 5.0 mM 10.0 mM 12.5 mM 15 mM

1 5.90 � 0.56 3.47 � 0.77 8.49 � 0.79 3.92 � 0.61 4.59 � 0.45 4.71 � 0.17 5.60 � 0.47 5.56 � 0.69
2 6.08 � 0.30 3.74 � 0.62 9.90 � 0.42 4.77 � 0.79 7.01 � 0.72 6.98 � 0.72 7.90 � 0.52 8.56 � 0.58
3 5.82 � 0.81 1.33 � 0.43 9.42 � 0.41 2.06 � 1.27 2.43 � 0.67 2.66 � 0.56 2.86 � 0.71 2.44 � 0.60
4 5.26 � 0.53 2.09 � 0.66 8.82 � 0.53 5.75 � 0.39 6.95 � 0.71 7.38 � 0.62 8.32 � 0.61 8.59 � 0.73
5 5.49 � 0.40 2.90 � 0.48 9.48 � 0.64 6.31 � 0.96 6.95 � 0.22 7.75 � 0.84 8.97 � 0.37 9.99 � 0.95
6 6.25 � 0.40 2.91 � 0.84 9.52 � 0.26 5.67 � 0.76 5.93 � 0.94 8.59 � 1.46 9.73 � 0.39 11.97 � 0.72
7 5.53 � 0.29 2.45 � 0.55 9.20 � 0.59 6.75 � 0.51 8.01 � 0.56 8.47 � 0.46 9.01 � 0.50 9.48 � 0.93
8 5.81 � 0.17 2.45 � 0.86 9.78 � 0.83 6.47 � 0.17 7.97 � 0.57 8.25 � 0.34 8.97 � 0.47 9.76 � 0.48
9 5.67 � 0.59 3.50 � 0.40 9.87 � 0.79 4.64 � 0.57 4.24 � 0.92 4.77 � 0.47 4.79 � 0.65 4.51 � 0.76
10 5.98 � 0.20 2.97 � 0.93 9.49 � 0.51 8.96 � 0.90 9.15 � 0.90 9.15 � 0.38 10.57 � 0.84 11.01 � 0.86

a NG: normal group; MG: model group; Met: metformin.
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HepG2 cell model. Firstly, cell viabilities of all isolated
compounds were evaluated by CCK-8 method. As shown in
Table 3, all isolated compounds showed no signicant effects
on the viability of HepG2 cells at concentrations below 20 mM.
Therefore, ve concentrations of 2.5, 5, 10, 12.5, and 15 mM (cell
viability > 90%) were used for further analysis. As shown in
Table 4, compared to the normal group, the glucose consump-
tion of the model group was signicantly decreased, which
demonstrated IR-HepG2 cell model was successfully built up. At
a concentration of 5 mM of compounds 2, 4–8, 10, the glucose
consumption increased to 5.93–9.15 mM which had no signif-
icant difference from the normal group. Among them, the
glucose consumption of compound 10 at 12.5 and 15 mM were
10.57 � 0.84 and 11.01 � 0.86 mM, respectively, both of which
were higher than the positive control of metformin (9.49 � 0.51
mM). Triterpenoid saponins (4–6) signicantly increased
glucose consumption in IR-HepG2 cell model at 15 mM. These
ndings showed that these compounds could improve the IR of
HepG2 cells and may have anti-diabetic effects.
3. Experimental section
3.1 General experimental procedures

Optical rotations were measured in MeOH on an Autopol IV
polarimeter (Rudolph Research Analytical, Hackettstown, NJ,
USA). UV spectra was obtained on a UH5300 UV-VIS Double
Beam spectrophotometer (Hitachi Co., Tokyo, Japan). ECD
spectra was recorded on a Chirascan Plus spectrometer (Applied
Photophysics Ltd, London, England). 1D and 2D NMR spectra
were recorded on a Bruker AVANCE IIITM 500 MHz or 600 MHz
spectrometers (Bruker, Ettlingen, Germany) using tetrame-
thylsilane (TMS) as an internal reference standard. Chemical
shis (d) have been expressed in ppm and the coupling
constants (J) have been given in Hz. High-resolution electro-
spray mass spectroscopy was performed on a Thermo Scientic
Q Exactive Orbitrap LC-MS/MS System (HR-ESI-MS) (Thermo
Scientic, Waltham, MA, USA). High-performance liquid chro-
matography (HPLC) was conducted on an Ultimate 3000 HPLC
system (Dionex Co., Sunnyvale, CA, USA) equipped with an
Ultimate 3000 pump and Ultimate 3000 Variable Wavelength
© 2022 The Author(s). Published by the Royal Society of Chemistry
detector, as well as a semi-preparative YMC-Pack ODS-A column
(250 � 10 mm, 5 mm) and a preparative YMC-Pack ODS-A
column (250 � 20 mm, 5 mm) from YMC Co., Ltd (Kyoto,
Japan), column chromatography (CC) was conducted on silica
gel (200–300 mesh and 300–400 mesh, Qingdao Haiyang
Chemical Industry Co., Ltd., Qingdao, China). Chromato-
graphic grade acetonitrile was purchased from Chang Tech
Enterprise Co., Ltd (Taiwan, China). Dulbecco's Modied Eagle
Medium (DMEM) and 0.25% pancreatin were obtained from
Wuhan Procell Life Science Technology Co., Ltd. (Wuhan,
China). The glucose kit was obtained from Shanghai Rongsheng
Biotech Co., Ltd. (Shanghai, China). Metformin hydrochloride
tablets were obtained from Sino-American Shanghai Squibb
Pharmaceuticals Ltd. (Shanghai, China). Cell counting kit-8
(CCK8) was obtained from ABclonal Technology Co., Ltd.
(Wuhan, China). Glucose solution and palmitate acid (PA) were
obtained from Sigma-Aldrich Co., Ltd. (St. Louis, MO, USA).
Fetal bovine serum (FBS) was obtained from Zhejiang Tianhang
Biotechnology Co., Ltd. (Hangzhou, China).
3.2 Plant materials

Dried seeds of N. glandulifera were acquired in October 2018
from Xinjiang Uygur Autonomous Region, P. R. China, and
identied by Prof. Xinqiao Liu, School of Pharmaceutical
Sciences, South-Central Minzu University. The voucher speci-
mens were deposited in the herbarium of School of Pharma-
ceutical Sciences, South-Central Minzu University.
3.3 Extraction and isolation

Dried seeds of N. glandulifera (9.8 kg) were defatted with
petroleum ether three times, and then extracted with 50% EtOH
three times (12 h each time) at room temperature. The
combined EtOH extracts were evaporated under vacuum to yield
crude extract, and then suspended in the distilled water, and
extracted successively with ethyl acetate (EtOAc), n-butanol to
yield EtOAc extract (120 g), and n-butanol extract (140 g). The
EtOAc extract was isolated by silica gel column chromatog-
raphy, using petroleum ether-CH2Cl2–MeOH gradient as eluent
to yield 7 fractions (Fr. A.1 � Fr. A.7). Fr. A.3 (2.8 g) was
RSC Adv., 2022, 12, 19445–19451 | 19449
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repeatedly fractionated by normal and reversed phase silica gel
chromatographic column and further puried by semi-
preparative HPLC to obtain compound 1 (1.0 mg, MeOH-0.1%
formic acid, 78 : 22, tR ¼ 40.2 min), 2 (1.0 mg, MeOH-0.1%
formic acid, 85 : 15, tR ¼ 28.0 min), 8 (2.0 mg, MeCN–H2O,
78 : 22, tR ¼ 38.5 min). Fr. A.5 (2.0 g) was subjected to repeated
ODS CC with MeOH–H2O (30 : 70 to 90 : 10) and semi-
preparative HPLC to afford compound 3 (2 mg, MeCN–H2O,
37 : 63, tR ¼ 19.1 min), 7 (2 mg, MeCN-0.1% formic acid ¼
23 : 77, tR ¼ 25.8 min) and 9 (2 mg, MeCN–H2O, 25 : 75, tR ¼
30.1 min). Fr. A.6 (2.8 g) was puried by ODS CC, using MeOH–

H2O gradient (30 : 70 to 90 : 10) as eluent, to yield 7 fractions
(Fr. A.6.1–Fr. A.6.7). Fr. A.6.2 was separated by semi-preparative
HPLC to afford compound 10 (2 mg, MeCN–H2O, 42 : 58, tR ¼
22.3 min). The n-butanol extract was applied to D101 macro-
porous resin using H2O–EtOH as eluent to give 12 fractions. Fr.
B.11 and Fr. B.12 were puried by repeated semi-preparative
HPLC to afford compound 4 (50.0 mg, MeOH-0.1% formic
acid, 77 : 23, tR ¼ 26.1 min), 5 (10.0 mg, MeOH-0.1% formic
acid, 77 : 23, tR ¼ 28.2 min), 6 (1.0 mg, MeOH-0.1% formic acid,
70 : 30, tR ¼ 20.0 min).

8-denicotinoy.lnigellamine A1 (1): white amorphous powder;
[a]24D ¼ +25.0� (c 0.19, MeOH); UV (MeOH) lmax (log 3): 230
(4.46), 270 (3.46) nm; ECD (3.47 � 10�3 M, MeOH) l(q): 204
(�27.40), 238 (+7.62) nm; 1H-NMR (600 MHz, CDCl3) and

13C-
NMR (150 MHz, CDCl3): see Table 1; HR-ESI-MS m/z
567.27148 [M + Na]+(calcd for C34H40O6Na, 567.27171).

2,6,10-trimethyl-6,7,12-trihydroxy-dodec-2-ene (3): light
yellow oil; [a]24D ¼ +11.3� (c 0.20, MeOH); UV (MeOH) lmax (log 3):
205 (3.22) nm; 1H-NMR (600 MHz, C5D5N) and

13C-NMR (150
MHz, C5D5N) see Table 2; HR-ESI-MS m/z 281.20871 [M +
Na]+(calcd for C15H30O3Na, 281.20872).

3.4 ECD calculation

The absolute conguration of 1 was determined by quantum
chemical TDDFT calculation of its theoretical ECD spectrum
according to a previously reported method.35

3.5 Cell viability

HepG2 cells (1.0 � 105 cells/well) were grown in a 96-well plate
at 37 �C in a DMEM medium containing 15% fetal bovine
serum. Aer treatment with different concentrations of
compounds 1–10 (10, 20, 30, 40, and 50 mM) for 24 h, the
supernatant was removed. 100 mL DMEM and 10% CCK-8 were
added to each well, and incubated at 37 �C for 30 min. The
absorbance was measured at 450 nm with a microplate analyzer
to calculate the cell viability.

3.6 Glucose consumption in IR-HepG2 cells

The IR-HepG2 cell model was induced by palmitic acid (PA) as
previously reported.36,37 Briey, aer 12 h serum-free starvation,
HepG2 cells were cultured in high glucose (30 mM) DMEM plus
PA (0.25 mM) as the model group, and high glucose DMEM plus
PA in the presence of compounds 1–10 with different concen-
trations (2.5, 5.0, 10, 12.5 and 15 mM) for 24 h. The glucose
concentration in the medium was determined using a glucose
19450 | RSC Adv., 2022, 12, 19445–19451
assay kit (Nanjing Jiancheng Bioengineering Institute) accord-
ing to the instruction. The amount of glucose consumption was
calculated by the initial glucose level minus the glucose level
remaining in the medium. Metformin hydrochloride (2 mM)
was used as the positive control.

4. Conclusion

In summary, phytochemical studies on the seeds of N. glan-
dulifera resulted in the separation of two previously unde-
scribed compounds (1 and 3) together with eight known
compounds (2, 4–10), including two dolabellane diterpenes (1
and 2), one acyclic sesquiterpene (3), triterpene saponins (4–6),
one alkaloid (7), and three phenolic compounds (8–10). More-
over, the hypoglycemic activity of the isolated compounds was
determined by the IR-HepG2 cell model. The results showed
compounds 2, 4–8, 10 could promote the glucose consumption
of IR-HepG2 cell. These ndings illuminate the active
compounds of the seeds of N. glandulifera in the treatment of
T2DM andmay offer new strategies for alleviating the hepatic IR
of T2DM.
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