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ABSTRACT ARTICLE HISTORY

Two new triterpene saponins, namely notoginsenoside Ng5 (1) Received 8 September 2019
and notoginsenoside Ng6 (2) were isolated from the leaves of  Accepted 21 September 2019
Panax notoginseng, along with five known ones. Their structures
were determined by chemical methods, NMR and X-ray experi-
ments. The absolute configuration of compound 3 with four sugar
units was confirmed by single crystal X-ray analysis. Compounds
2-4 and 6 inhibited PC12 cell damage induced by serum depriv-
ation, and increased cell viability from 58.7 +6.7% to 66.7 +4.5%,
76.1£6.1%, 64.7+5.2% and 67.2+5.0% at 10 uM, respectively.
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1. Introduction

Panax notoginseng, also referred to as ‘Chinese ginseng’, is a perennial herb with dark
green leaves widely cultivated in Southwestern China. To date, more than 200 chem-
ical compounds have been isolated from this plant and its endophytic fungi, most of
them are the triterpene saponins (Wang et al. 2016; Jin et al. 2017). Recent studies
have shown that Panax notoginseng (P. notoginseng) saponins possessed various bio-
logical effects, including neuroprotection (Liu et al. 2017), anti-cancer (Gu et al. 2017),
anti-depression (Zhang et al. 2016), anti-inflammation (Li et al. 2019) and inhibiting
vascular smooth muscle cell proliferation (Fang et al. 2018), etc. After firstly reporting
the isolation of three novel tricyclic tetranordammarane saponins from the P. notogin-
seng leaves (Liu et al. 2018), we continue with our investigation to further enrich the
diversity of bioactive saponins of this plant. Herein, we present the discovery of seven
dammarane-type saponins, including two new saponins, termed notoginsenoside Ng5
(1) and notoginsenoside Ng6 (2), and five known saponins (3-7) from the ethanolic
and water extracts of this herb. As an important source of neuroprotective constitu-
ents, plants are receiving much attention from science world (Carito et al. 2014; Les
et al. 2017; Venditti and Bianco 2019). In this study, we evaluated, in the serum depriv-
ation-induced PC12 cell damage model, the neuroprotective effects of compounds
1-7 at 10 uM. Owing to the difficulty obtaining high quality crystal, single crystal of
saponins were seldom reported. Here, for the first time, a single crystal of compound
3 was reported to confirm the absolute configuration of 12(R),23(R)-epoxy
dammarane-type saponin.

2. Results and discussion

Compound 1 was isolated as a white powder, [oz]f;5 -8.8 (c 0.10, CH;OH). Its formula
was established as Cs;Hg40,3 by HR-ESI-MS data: m/z 1169.6059 [M + Na]™; calcd for
Cs7H940,3Na, 1169.6078. The presence of hydroxyl, ester and olefin groups were
deduced by the adsorption bands at 3360, 1712 and 1657 cm ™" in its IR spectrum. In
3C NMR spectrum (Table S1, supplementary material), 57 carbon signals were
observed, 30 of them were assigned to the aglycone, including eight methyl carbons
(0c 16.0, 16.2, 16.5, 17.4, 17.9, 22.2, 25.8 and 28.0), three oxygen substituted carbons
(0c 70.1, 83.5 and 89.2) and a pair of olefinic carbons (¢ 125.9 and 131.0). According
to the HSQC spectrum, the proton signals could be assigned to the above 30 carbons,
indicating the sapogenin of 1 was 20(S)-protopanaxadiol (He et al. 2005). Four sugar
units were suggested from four pair anomeric protons/carbons at oy 4.90 (1H, d,
J=7.2Hz, H-1)/dc 1049, 6y 5.32 (1H, d, J=7.8Hz, H-1")/6c 106.2, 6y 5.12 (1H, d,
J=7.2Hz, H-1"")/5c 98.0 and Jy 4.97 (1H, d, J=7.2Hz, H-1"")/6c 105.7 in 'H and 3C
NMR spectra (Table S1, supplementary material). Their absolute configurations were
proved to be D-glucose and D-xylose by the acid hydrolysis and GC analysis of 1.
Besides, the positions and sequences of the sugar moieties were confirmed by HMBC
spectrum according to the correlations (Figure S6, supplementary material) from H-1/
to C-3 (¢ 89.2), H-1" to C-2' (J¢ 84.2), H-1""" to C-20 (5¢ 83.5), and H-1""" to C-6"" (o¢
69.9). Furthermore, apart from 53 carbons due to the skeleton and sugars, the remain-
ing signals of 1 were assigned to a crotonic group (dc 17.8, 123.2, 144.7 and 166.6) (Li
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Figure 1. Structures of compounds 1 and 2.

et al. 2018), and it was placed at C-6" position of glucose according to the HMBC cor-
relations from H-6" [0y 4.99 (d, 11.4), 4.88 (m)] to C-1""""" (6 166.6). Consequently, the
structure of compound 1 was deduced as 3-O-{6-O-[(E)-but-2-enoyl]-f-D-glucopyrano-
syl-(1—2)--D-glucopyranosyl}-3 4,12 ,20(S)-trihydroxy-dammar-24-ene ~ 20-O-f3-D-xylo-
pyranosyl-(1—6)-f-D-glucopyranoside (notoginsenoside Ng5) (Figure 1).

Compound 2 was isolated as a white powder, [oc]2D5+ 27.8 (c 0.10, CH30H). Its for-
mula was established as CsgHog0,; by HR-ESI-MS data: m/z 1249.6182 [M + Na]*; calcd
for CsgHog0,7Na, 1249.6188. The presence of hydroxyl and olefin groups were deduced
by the adsorption bands at 3385 and 1647 cm ™' in its IR spectrum. Its '"H NMR spec-
trum (Table S1, supplementary material) presented eight aglycone methyl singlets at
oy 0.83, 0.89, 1.00, 1.11, 1.29, 1.57, 1.57 and 1.61, and two olefinic proton signals at J
6.10 (1H, d, J=15.6Hz) and 6.22 (1H, m). Two olefinic carbons (6c 122.7 and 142.4)
and five anomeric carbons (5c 98.3, 103.2, 104.3, 104.8 and 106.4) were observed from
the ">C NMR spectrum (Table S1, supplementary material) of 2. By comparing the '*C-
and 'H-NMR data with references, the core of compound 2 was identical to the agly-
cone of notoginsenoside Fh5 (Liu et al. 2017). The absolute configurations of sugars
were proved to be D-glucose, D-xylose and L-arabinose by the acid hydrolysis and GC
experiments of 2. Furthermore, the positions and sequences of the sugar moieties
were established by the correlations from H-1" (1H, 4.95, d, J=6.3Hz) to C-3 (6. 88.9),
H-1" (1H, 5.54, d, J=7.8Hz) to C-2’ (6 83.0), H-1""" (1H, 5.44, d, J=6.3Hz) to C-2" (6¢
84.5), H-1"" (1H, 5.19, d, J=7.8Hz) to C-20 (5. 83.4), and H-1"""" (1H, 5.01, d,
J=6.0Hz) to C-6""" (6. 69.1) in HMBC spectrum (Figure S15, supplementary material).
Finally, in the view of the above evidences, compound 2 was established as 3-O-f-D-
xylopyranosyl-(1—2)--D-glucopyranosyl-(1—2)-f-D-glucopyranosyl-3/3,123,20(S), 25-
tetrahydroxydammar-23-ene 20-0O-a-L-arabinopyranosyl-(1—6)--D-glucopyranoside
(notoginsenoside Ng6) (Figure 1).

Compound 3 was isolated as a colourless crystal (MeOH/H,0, 1:1). Its formula was
established as Cs3HggO,, by HR-ESI-MS data: m/z 1075.5673 [M — HI'; calcd for Cs3Hg;0,5,
1075.5694. Its '"H NMR spectrum presented eight aglycone methyls from corresponding
singlets at Jy 0.82, 0.93, 1.08, 1.11, 1.28, 1.50, 1.68 and 1.82 and an olefinic proton from
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Figure 2. ORTEP drawings of compound 3.

singlet at dy 5.54 (1H, d, J=7.2Hz). Its "*C NMR spectrum presented two olefinic carbons
(0c 129.2 and 131.1) and four anomeric carbons (6¢ 99.3, 105.1, 106.0 and 106.3). By com-
paring their NMR data with those of literature, compound 3 was determined as quinquefo-
loside-L,, (Jiang et al. 2008). Finally, according to the X-ray crystallography analysis [Cu Ko,
Flack parameter: 0.03 (8)] of 3, its absolute configuration was unquestionably confirmed,
as depicted in Figure 2. Crystallographic data of 3 can be accessed via the Cambridge
Crystallographic Data Centre (CCDC: 1897315).

The remaining saponins were established as notoginsenoside LX (4) (Li et al. 2014),
ginsenoside F5 (5) (Li et al. 2016), notoginsenoside LK1 (6) (Li et al. 2019) and notogin-
senoside Fc (7) (Yang et al. 1983). All the isolated compounds were tested for their
neuroprotective effect on serum free induced PC12 cell. Compounds 2-4 and 6 were
active against serum deficiency induced PC12 cell damage (Figure S1, supplementary
material), and increased cell viability at 10uM from 58.7+6.7% to 66.7 +4.5%,
76.1+6.1%, 64.7+5.2% and 67.2 + 5.0%, respectively.

3. Experimental section
3.1. Plant materials

Leaves of P. notoginseng were acquired in Wenshan, Yunnan province of China, in
2015, and authenticated by associate Prof. Lin Ma of our school. A sample (ID-22816)
of P. notoginseng leaves has been deposited at our herbarium.
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3.2. Instruments and chemicals

See SI-1 in supplementary material.

3.3. Extraction and isolation

See SI-2 in supplementary material. The air-dried leaves of P. notoginseng (25 kg) were
successively extracted with ethyl alcohol and water. The ethanolic extract was applied
to a diatomite column, a D101 column, silica gel column, MPLC system and p-HPLC to
give compounds 3 (25mg), 4 (18 mg), 5 (6 mg), 6 (10mg), 7 (8 mg). And the water
extract was subjected to a PRP-512B column, Sephadex LH-20 gel CC, MPLC system
and p-HPLC to obtain compounds 1 (20mg) and 2 (8 mg).

3.3.1. Notoginsenoside Ng5 (1)

White powder, [oc]%s—8.8 (c 0.10, CH30H); UV (CH30H) Amax (log €): 203 (3.22) nm; IR
(microscope) vmax: 3360, 2936, 1712, 1657, 1384, 1074cm™"; HRESIMS m/z 1169.6059
[M 4 Na] ™" (calcd for Cs;Ho40,3Na, 1169.6078); '>*C NMR (150 MHz, CsDsN) and '"H NMR
(600 MHz, CsDsN) spectral data are listed in Table S1, supplementary material.

3.3.2. Notoginsenoside Ng6 (2)

White powder, [a]5+ 27.8 (¢ 0.10, CH30H); UV (CH3OH) Amax (log ¢): 203 (3.25) nm; IR
(microscope) vmax: 3385, 2970, 2938, 1647, 1388, 1079, 1047 cm™"; HRESIMS m/z
1249.6182 [M+Na]™ (calcd for CsgHogO57Na, 1249.6188); '*C NMR (150 MHz, CsDsN)
and '"H NMR (600 MHz, CsDsN) spectral data are listed in Table S1, supplemen-
tary material.

3.4. Acid hydrolysis of new saponins (1 and 2)

See SI-3 in supplementary material.

3.5. Absolute configuration of sugars

See SI-4 in supplementary material.

3.6. Neuroprotection bioassays

Neuroprotection bioassays were carried out as described by Li, Chen, et al (Li et al.
2011), and compounds 1-7 were tested for neuroprotective activity against serum
deprivation induced PC12 cell by using MTT method. Results were expressed as
the means £ SD.

4, Conclusions

In this chemical investigation of P. notoginseng leaves led to the discovery of seven tri-
terpene saponins, including two new saponins (1 and 2), together with five known
ones (3 — 7). The single crystal data of 12(R),23(R)-epoxy dammarane-type saponin (3)
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was reported for the first time. Bioactive experiment results revealed that compounds
2-4 and 6 showed moderate neuroprotective effects on serum deficiency treated
PC12 cell at 10 uM, but their structure—activity relationship still need to be explored.

Disclosure statement

All authors declare no conflicts of interest.

Funding

This work was supported by grants from the National Natural Science Foundation of China (No.
81730093), CAMS Innovation Fund for Medical Sciences (No. 2016-I12M-2-003 and 2017-12M-3-
010), and independent project of State Key Laboratory of Bioactive Substance and Function of
Natural Medicines (No. GTZA201803).

References

Carito V, Venditti A, Bianco A, Ceccanti M, Serrilli AM, Chaldakov G, Tarani L, De Nicolo S, Fiore
M. 2014. Effects of olive leaf polyphenols on male mouse brain NGF, BDNF and their recep-
tors TrkA, TrkB and p75. Nat Prod Res. 28(22):1970-1984.

Fang HH, Yang SL, Luo YY, Zhang C, Rao Y, Liu RJ, Feng YL, Yu J. 2018. Notoginsenoside R1
inhibits vascular smooth muscle cell proliferation, migration and neointimal hyperplasia
through PI3K/Akt signaling. Sci Rep. 8(1):7595.

Gu CZ, Qiao YJ, Wang D, Zhu HT, Yang CR, Xu M, Zhang YJ. 2017. New triterpenoid saponins
from the steaming treated roots of Panax notoginseng. Nat Prod Res. 32(3):294-301.

He KJ, Liu Y, Yang Y, Li P, Yang L. 2005. A dammarane glycoside derived from ginsenoside Rbs.
Chem Pharm Bull. 53(2):177-179.

llina Krasteva, Stefan Nikolov, Maki Kaloga & Gisela Maye. 2007. A new saponin lactone from Astragalus
corniculatus. Natural Product Research. 21(10):941-945. doi:10.1080/14786410701526008

Jiang HP, Qiu YK, Cheng DR, Kang TG, Dou DQ. 2008. Structure elucidation and complete NMR
spectral assignments of two new dammarane-type tetraglycosides from Panax quinquefolium.
Magn Reson Chem. 46(8):786-790.

Jin ZX, Gao L, Zhang L, Liu TY, Yu F, Zhang ZS, Guo Q, Wang BY. 2017. Antimicrobial activity of
saponins produced by two novel endophytic fungi from Panax notoginseng. Nat Prod Res.
31(22):2700-2703.

Les F, Venditti A, Casedas G, Frezza C, Guiso M, Sciubba F, Serafini M, Bianco A, Valero MS,
Lépez V. 2017. Everlasting flower (Helichrysum stoechas Moench) as a potential source of bio-
active molecules with antiproliferative, antioxidant, antidiabetic and neuroprotective proper-
ties. Ind Crop Prod. 108:295-302.

Li DW, Cao JQ, Bi XL, Xia XC, Li W, Zhao YQ. 2014. New dammarane-type triterpenoids from the
leaves of Panax notoginseng and their protein tyrosine phosphatase 1B inhibitory activity. J
Ginseng Res. 38(1):28-33.

Li J, Wang RF, Zhou Y, Hu HJ, Yang YB, Yang L, Wang ZT. 2019. Dammarane-type triterpene oli-
goglycosides from the leaves and stems of Panax notoginseng and their anti-inflammation
activities. J Ginseng Res. 43(3):377-384.

Li KK, Li SS, Xu F, Gong XJ. 2018. Six new dammarane-type triterpene saponins from Panax gin-
seng flower buds and their cytotoxicity. J Ginseng Res. doi:10.1016/j.jgr.2018.12.008.

Li KK, Xu F, Gong XJ. 2016. Isolation, purification and quantification of ginsenoside Fs and F; iso-
meric compounds from crude extracts of flower buds of Panax ginseng. Molecules 21(3):315.


https://doi.org/10.1080/14786410701526008
http://10.1016/j.jgr.2018.12.008

NATURAL PRODUCT RESEARCH 7

Li YR, Cheng W, Zhu CG, Yao CS, Xiong L, Tian Y, Wang SJ, Lin S, Hu JF, Yang YC, et al. 2011.
Bioactive neolignans and lignans from the bark of Machilus robusta. J Nat Prod. 74(6):
1444-1452.

Liu XY, Li CJ, Chen FY, Ma J, Wang S, Yuan YH, Li L, Zhang DM. 2018. Nototronesides A-C, three
triterpene saponins with a 6/6/9 fused tricyclic tetranordammarane carbon skeleton from the
leaves of Panax notoginseng. Org Lett. 20(15):4549-4553.

Liu XY, Wang S, Li CJ, Ma J, Chen FY, Peng Y, Wang X, Zhang DM. 2017. Dammarane-type sapo-
nins from the leaves of Panax notoginseng and their neuroprotective effects on damaged SH-
SY5Y cells. Phytochemistry 145:10-17.

Venditti A, Bianco A. 2019. Sulfur-containing secondary metabolites as neuroprotective agents.
Curr Med Chem. doi:10.2174/0929867325666180912105036.

Wang T, Guo R, Zhou GH, Zhou XD, Kou ZZ, Sui F, Li C, Tang LY, Wang ZJ. 2016. Traditional
uses, botany, phytochemistry, pharmacology and toxicology of Panax notoginseng (Burk.) F.H.
Chen: a review. J Ethnopharmacol. 188:234-258.

Yang TR, Kasai R, Zhou J, Tanaka O. 1983. Dammarane saponins of leaves and seeds of Panax
notoginseng. Phytochemistry 22(6):1473-1478.

Zhang HL, Li Z, Zhou ZL, Yang HY, Zhong ZY, Lou CX. 2016. Antidepressant-like effects of ginse-
nosides: a comparison of ginsenoside Rbs and its four deglycosylated derivatives, Rgs, Rh,,
compound K, and 20(S)-protopanaxadiol in mice models of despair. Pharmacol Biochem
Behav. 140:17-26.


https://doi.org/10.2174/0929867325666180912105036

	Abstract
	Introduction
	Results and discussion
	Experimental section
	3.1. Plant materials
	Instruments and chemicals
	Extraction and isolation

	Notoginsenoside Ng5 (1)
	Notoginsenoside Ng6 (2)
	Acid hydrolysis of new saponins (1 and 2)
	Absolute configuration of sugars
	Neuroprotection bioassays

	Conclusions
	Disclosure statement
	References


