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UPLC-Q-TOF/MS; However, it is unclear whether the metabolite in D. nobile is influenced by the planting altitude.
Altitude

Hence, to reveal the different metabolite in D. nobile cultivated at the altitude of 336 m, 528 m,

and 692 m, ultra-high performance liquid chromatography with Q/TOF-MS couple with multivari-
ate analysis were developed. Using the orthogonal partial least squares-discriminant analysis, 19
different metabolites were discovered and then tentatively assigned their structures as alkaloids
and glycosides by comparing mass spectrometry data with in-house database and literature. More-
over, the result of semiquantitative analysis showed the content of dendrobine that was belonged to
alkaloids significantly increased at the altitude of 692 m, whereas the content of glycosides demon-
strated an accumulation trend at the altitude of 528 m. The results could provide valuable informa-
tion for the optimal clinical drug therapeutics and provide a reference for quality control.
© 2022 The Author(s). Published by Elsevier B.V. on behalf of King Saud University. This is an open
access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

1. Introduction

The genus Dendrobium, one of the largest genera in the family Orchi-
dacea, contains approximately 2000 species mainly distributed in the
tropics and subtropics in South Asia, Oceanica (Zheng et al. 2018).
Of these, 74 Dendrobium species and two varieties were reported in
China (Feng et al., 2015). The fresh and dried stems of many Dendro-
bium species, used in Traditional Chinese Medicine (TCM), were doc-
umented as a “‘superior grade” herbal medicine in the ancient book
named as “Shen Nong’s Classic of Materia Medica” (Xu et al. 2013).

D. nobile, also called as “Jin Chai Shi Hu”, is one of the primary
plant sources of Dendrobii Caulis specified in the Chinese Pharma-
copeia. In term of pharmacological effects, D. nobile exhibits effects
of regulating lipid metabolism, protecting the nervous system, anti-
immune activity, antitumor, antifibrosis, antioxidant activity, and
others. Among those effects, protecting the nervous system, regulating
lipid metabolism has been closely related to alkaloids (Huang et al.
2019, Lv et al. 2020). However, for the effect of anti-immune activity,
glycosides were found to stimulate the proliferation of B cells in vitro
(Zhao et al., 2001; Zhao et al., 2003). Due to its broad applications,
overexploitation, low natural reproduction rate, and ecological envi-
ronmental destruction, wild D. nobile resource was listed in Appendix
II of the Convention on International Trade in Endangered Species of
Wild Fauna and Flora (CITES) (Cheng et al. 2019).

To meet the market demands, a wild imitation cultivation method of
D. nobile has been greatly successful at Chishui City, Guizhou Province,
China. D. nobile from Chishui obtained the designation of the national
geographical indication product. At present, the yield of D. nobile from
Chishui has accounted for >90% of the country (Zhang et al., 2020).
As the main producing area of D. nobile, Chishui City has a unique geo-
graphical environment of Plateau. D. nobile is grown at the altitude range
of 230 to 800 m. The active constituents of D. nobile are primarily alka-
loids, sesquiterpenes glycosides, phenanthrene, bibenzyl. The occurrence
of D. nobile over a wide range of altitudinal zones makes it necessary to
study the variation of its metabolic profiles under different altitude.

Due to the superiorities of high resolution, good selectivity, and
shorter analysis time of ultra-high performance liquid chromatography
with Q/TOF-MS (UPLC-Q/TOF-MS), the method has been widely used
as a powerful tool for qualitative analysis of unknown compounds in
TCM (Feng et al., 2020). In this study, UPLC-Q/TOF-MS technology
was applied to obtain the metabolome data of D. nobile. The PCA was
used to describe the profile of the metabolome. The OPLS-DA model
was used to probe the distinct components of D. nobile in different altitude.

2. Materials and methods

2.1. Chemicals and plant samples

Acetonitrile (LC-MS grade), methanol (LC-MS grade), formic
acid (LC-MS grade), and distilled water, used as mobile phase

in LC-MS analysis, were purchased from Merck (Darmstadt,
Germany), CNW Technologies GmbH (Duesseldorf,
Germany) and Watsons (Hong Kong, China), respectively.
Dendrobine (purity > 99%) was purchased from the National
Institutes for Food and Drug Control (Beijing, China). Naph-
thalene (purity > 99%), used as internal standard, was pur-
chased from Sigma-Aldrich (St. Louis, MO, USA).

Under the premise of ensuring sustainable utilization and rep-
resentativeness, thirty-nine batches of fresh stems of D. nobile
were collected from the Good Agricultural Practices (GAP) bases
located in Chishui City, Guizhou Province. Of these, twelve
batches of fresh stem were collected from an altitude of 336 m.
Thirteen batches were from an altitude of 528 m. The other sam-
ples were from an altitude of 692 m. The information in detail is
listed in Table 1. The fresh stems were dried, ground into powder,
passed through a sieve with 300 mesh, and stored at —80 °C. All
D. nobile samples were identified by Dr. Daopeng Tan (School of
Pharmacy, Zunyi Medical University, Zunyi, Guizhou).

2.2. Metabolites profiling in D. nobile

The pulverized powder samples (75 mg) were accurately
weighed then extracted ultrasonically (400 W, 50 kHz) with
1 mL of solvent (methanol: water = 70:30, V/V) for 30 min.
The extracted solution was centrifuged at a rotating speed of
12000 rpm for 5 min. Finally, the resultant supernatant was
used for the UPLC-Q/TOF-MS analysis.

An aliquot of 0.1 mL of multiple batches of sample solu-
tions were added into a 5 mL centrifuge tube and then mixed.
The mixture was centrifuged at 12000 rpm for 5 min. The
supernatant was used as a quality control (QC) sample.

The prepared sample extraction was analyzed by a UPLC-Q/
TOF-MS system that included a 1290 Infinity II UPLC system
(Agilent, MA, USA) and an Agilent 6545 Q/TOF-MS system
(Agilent, MA, USA). UPLC system was equipped with a binary
pump, an online degasser, an autosampler, and a thermostati-
cally controlled column compartment. The separation of an ali-
quot of 0.1 pL sample solutions was performed on a Waters
CORTECS UPLCC18(100mm x 2.1 mm, 1.6 pum), and the tem-
perature of the column oven was maintained at 40 °C. A binary
mobile phase consisted of solvent A (0.1% formic acid in water,
v/v) and solvent B (0.1% formic acid in acetonitrile, v/v). Chro-
matographic separation was conducted at a flow rate of
0.4 mL-min~! following a gradient elution program: 0—
0.5 min, 5% B; 0.5-4 min, 5% — 40% B; 4-5 min, 40%-75%
B; 5-5.1 min, 75%-95% B; 5.1-6.5 min, 95% B; 6.5-6.6 min,
95%—5% B; 6.6—-10 min, 5% B.
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Table 1 The information of D. nobile samples.

Planting Place Harvest Time

Latitude and Longitude

Altitude (m) Number of Samples

Chishui, Guizhou July 2019

E105°53'48"; N28°30'3"
E105°47'2"; N28°26/48"
E105°58'54”; N28°44'25"

336 m 12
528 m 13
692 m 14

Mass-spectrometry detection was performed on an Agilent
6545 Q/TOF-MS system equipped with an electrospray ioniza-
tion (ESI) source in both positive and negative ion modes. The
optimized conditions of ESI source were as follows: gas tem-
perature, 350 °C; drying gas flow rate, 10 L-min~'; nebulizer,
45 psi; shealth gas temperature, 350 °C; shealth gas flow rate,
11 Lemin~!; vecap voltage, 4000 V; nozzle voltage, 1000 V; frag-
mentor, 175 V; skimmer voltage, 65 V. The collision energy at
20 V, 30 V, 40 V were used to obtain sufficient product ion.
The scanned ions were range from 50 to 1200 m/z.

2.3. Quantification of dendrobine in D. nobile

Quantification detection of dendrobine in D. nobile followed
the guidance of China Pharmacopeia (Li et al., 2017b). The
specific experimental procedure was as follows: The powdered
sample (0.25 g) was extracted with 25 mL of extraction solvent
(0.05% formic acid (v/v) in methanol) at 80°C in the flask cou-
pled with a condensation reflux for 3 h. The extracted solution
was cooled, and then compensated the lost weight to primary
volume by adding the extraction solvent. 2 mL of filtrate was
diluted to 5 mL. Finally, the diluted solution that was filtered
through a 0.22 um membrane filter was used for GC analysis.

Quantification of dendrobine in D. nobile also followed the
guidance of China Pharmacopeia. The content of dendrobine
was analyzed using an Agilent 7820 gas chromatograph (Agi-
lent, MA, USA) equipped with a DB-1 column (30 m X
0.25 mm X 0.25 pm, Agilent Technologies). The initial temper-
ature of column oven was 80 °C, and then increased to 250 °C
at a ramping rate of 10 °C per minute, which was held for
5 min. With a split ratio of 1:1, each 1 pL aliquot of samples
was analyzed. The main parameters were as follow: the detec-
tor temperature was 250 °C, the flow rate of air, hydrogen and
makeup gas was 300 mLemin~', 30 mLemin~', and
25 mL+min~', respectively. High purity helium was used as

the carrier gas at a constant flow rate of 1 mL-min~".

2.4. Data pre-processing

The raw MS data were processed with Agilent Mass Hunter
Profinder10.0. Briefly, the raw data were imported into the
software and then subjected to peak matching, peak alignment,
ion fusion, and deconvolution processing. Finally, a data
matrix consisting of metabolic features with m/z value, reten-
tion time, intensity, and sample number was exported as
CSV files. A total of 647, 476 features were detected with pos-
itive and negative ion modes, respectively.

2.5. Establishment of the in-house database for D. nobile

To improve the confidence of the metabolites annotation, an
in-house database of Dendrobium was constructed by retriev-
ing several databases, including Scifinder, Web of Science,

ChemSpider, PubChem and some other available databases.
The detailed information of 430 compounds was collected
and list in an Excel document, including compound names,
molecular formulaes, molecular weights, CAS numbers, and
chemical structures in MOL files. These compounds that
matched the determined molecular formulae were considered
as potential candidates. The chemical structures of these com-
pounds were identified by further matching with the experi-
mental MS/MS data.

2.6. Data analysis

An unsupervised PCA and supervised OPLS-DA were per-
formed using the SIMCA-P 14.0 software (Umetrics AB,
Umea, Sweden). Other visualizations were performed in the
R program (version 4.1.1) using the packages of ggplot2,
pheatmap, and others. The multiple comparisons were per-
formed using one-way ANOVA in the SPSS Statistics 18.0
(IBM, Chicago, USA). p values <0.05 was considered statisti-
cally significant.

3. Results and discussion

3.1. Profiling of metabolome in D. nobile stems with different
altitude

In this study, the non-targeted metabolomics technique was
used to detect the metabolic information of D. nobile cultivated
at the altitude of 336 m, 528 m, and 692 m. The base peak
chromatogram (BPC) profiles of QC sample and typical D.
nobile samples cultivated at the altitude of 336 m, 528 m,
and 692 m are displayed in Fig. 1. The results showed that
the chemical compounds were mainly eluted from one to seven
minutes (Fig. 1A, C). In the BPC of the positive mode, peaks
of D. nobile from different altitudes showed inapparent dis-
crepancy (Fig. 1B). However, in the BPC of the negative mode,
several peaks showed increased trends in the planting altitude
of 528 m (Fig. ID).

All ions detected in both positive and negative modes were
used for the PCA. The constructed PCA model was generated
from four components and explained 52.2% of the total vari-
ance as first principal component (PC1) and second principal
component (PC2) accounted for 39.0% and 13.2%, respec-
tively. In score plots of PCA, the general profile of D. nobile
grown at the altitude of 336 m, 528 m, and 692 m were
observed (Fig. 1E). The samples from the three altitudes were
separated in the direction of t [1], indicating that the con-
stituents with larger loading values in component 1 were
affected by the altitude factor deeper. Thus, based on the pro-
file results of the BPC and the PCA, the relationship of meta-
bolome in D. nobile stems with altitude was considered as an
altitude-dependent style.
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Fig. 1  Effect of growth altitude on the profile of metabolome of D. nobile stems. (A) The BPC of positive modes of the QC sample. (B)

The BPC of positive modes of the stem of typical D. nobile samples cultivated at altitude of 336 m, 528 m, and 692 m. (C) The BPC of
negative modes of the QC sample. (D) The BPC of negative modes of the stem of typical D. nobile samples cultivated at altitude of 336 m,
528 m, and 692 m. (E) Score plots of PCA on metabolome profiles. Each spot represents a D. nobile sample.

3.2. Discovery of the differential metabolites with an altitude-
dependent in D. nobile stems

PCA was an effectual method used to describe the profile of
metabolites in D. nobile from the three altitudes, but it is not
sensitive enough to screen the variables with the largest corre-
lations. However, OPLS-DA can achieve this. To further dis-
cover different chemical composition of D. nobile collected
from the three altitudes. The metabolites of 39 D. nobile sam-
ples were analyzed using OPLS-DA, a multivariate statistical
analysis method. The score plots of OPLS-DA are shown in
Fig. 2A-C. The established three OPLS-DA model (336 m vs
528 m, 336 m vs 692 m, 528 m vs 692 m) showed good fitness

(R2X = 0.418, 0.458, 0.581; R2Y = 0.843, 0.891, 0.942) and
predictability (Q2 = 0.666, 0.798, 0.893). The score plots of
OPLS-DA displayed samples from the same altitude were
tightly clustered together, and different altitude groups were
well-segregated, indicating the remarkable differences in
metabolites among these three altitudes.

Furthermore, to better evaluate the changes in metabolite
abundance among altitudes of 336 m, 528 m, and 692 m.
The variable importance in the projection (VIP) plot was used
to find the differential compounds. In this study, VIP value
was set at 2.0, and 41, 31, and 37 differential metabolites were
obtained in the three established OPLS-DA models, respec-
tively. Finally, 19 common differential compounds of D. nobile
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Fig. 2 Discovery of the constituents expressed in D. nobile stems with an altitude-dependent style. (A) Sore plots of OPLS-DA of
metabolites in D. nobile cultivated at altitude of 336 m and 528 m; (B) Sore plots of OPLS-DA of metabolites in D. nobile cultivated at
altitude of 336 m and 692 m; (C) Sore plots of OPLS-DA of metabolites in D. nobile cultivated at altitude of 528 m and 692 m; (D) Venn
diagram of differential compounds detected in the D. nobile from the altitude of 336 m, 528 m, and 692 m; (E) The one-way hierarchical
clustering analysis heatmap of 19 differential compounds in all samples cultivated at altitude of 336 m, 528 m, and 692 m. p indicates

positive ion mode. n indicates negative ion mode.

between 336 m, 528 m, and 692 m were obtained (Fig. 2D). A
heatmap with a one-way hierarchical clustering analysis was
used to reveal the profile of 19 differential compounds in D.
nobile among three altitude groups (Fig. 2E). These con-
stituents were clustered into two clusters based on the expres-
sion pattern and the planting altitude. The content of 14 out of

19 constituents in D. nobile planted at the altitude of 528 m
was higher than the other altitudes, while the content of 5
out of 19 constitutes in D. nobile planted at the altitude of
692 m was higher than the other altitudes. Thus, the above
results confirmed that altitude is one of the main factors affect-
ing secondary metabolites in D. nobile.
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3.3. Qualitative analysis of the differential metabolites with an
altitude-dependent in D. nobile stems

To identify the structures or structural features of the 19 differ-
ential compounds with an altitude-dependent expression style
in D. nobile stems, the in-house database and literatures were
used for metabolite annotation of the unknown features by
comparing accurate mass and fragments. The detailed infor-
mation of 19 compounds, including retention time, adducts,
experimental m/z, theoretical m/z, molecular formula, identifi-
cation, and MS/MS data, is displayed in the Table 1. These
metabolites were classified according to their chemical struc-
ture: 11 glycosides, 6 alkaloids, and 2 unknowns. Figs. 3-5
shows the cleavage pathway and main fragments of the
structure-confirmed compounds in the D. nobile.

Compound 379-n showed a [M—H]™ peak with an m/z
value of 563.3060, with the chemical formula C,;H4505.
The MS/MS spectrum of negative ion mode showed fragment
ions at mjz 401.2472 [M—-H-C¢H,,Os]", 113.0229
[M—H—-C4H(05—Ci6H3,04]", 101.0231 [M—H-C¢H;(Os-
—C17H3204]7, 71.0131 [M—H—C6H1005—C18H3405]7, and
59.0131 [M—H—C6H1005—C19H3405]7. Compound 379-n
was tentatively identified as Dendronobiloside A compared
with literature (Yang et al., 2020) (Fig. 3A).

Compound 355-n displayed pseudo-molecular ions of m/z
559.2741 [M—H]™, with the molecular formula C,7H44015.
In the negative ion mode, the fragment ions at m/z 179.0559
[M—H—-C,H3,0¢] ", 119.0347 [M—H—-C;;H3,04—C,H,0,] ",
89.0244 [M—H—-C;,;H3,04—C,H40,—CH,0] ", and 59.0135
[M—H-C,H3,04—C,H40,—CH,O—CH,O]™ were observed.
According to the mass spectra data obtained in this study
and the previous study (Ye and Zhao 2002), compound 355-
n was tentatively identified as Dendronobiloside C (Fig. 3B).
Compound 302-n had the same [M—H]™ ions and similar frag-
ments ions (m/z 179.0559, m/z 119 0.0347, m/z 89.0244) as the
compound 355-n. Moreover, it also showed the fragments ions
at m/z 71.0142 [M—H-C,,H;,04—C,H40,—CH,0- H,0],
and 379.2067 [M—H—C4H,04]™ (Fig. 3C). The above cleav-
age pathway of compounds showed the two compounds have
the same parent nucleus structure. Finally, compound 302-n
was tentatively identified as Dendronobiloside D (Ye and
Zhao 2002).

Compound 124-n (tg = 2.75 min) showed [M—H]™ ion
peak of 445.2053 in the negative ion mode, with the chemical
formula C,;H34019. In the MS/MS spectrum, it generated
fragment ions at mj/z 385.1810 [M—H—-C5HgO], 299.1479
[M—H—-C4H(04], 265.1439 [M—H-C¢H,O4], 239.1656
[M—H-C;H,,0,]", and 181.1235 [M—H-C;H;,0;,—Cs;H¢-
O] (Fig. 4A). Comparing the MS/MS data with the literature
(Zhao et al., 2003, Yoo et al. 2021), it was tentatively identified
as Dendromoniliside D. In the positive ion mode, compound
189-p displayed [M+Na]" with an m/z value of 469.2044.
The retention time (tg = 2.74) of compound 189-p was as
same as compound 124-n. Thus, compound 189-p was also
tentatively identified by an in-house database as Dendromonil-
iside D.

Compound 188-n (tg = 3.02 min) showed a [M—H] ™ peak
with an m/z value of 445.2072, with the molecular formula
C,1H34010. The MS/MS spectrum showed fragments ions at
m/z 283.1528 [IM—H—-CgH,00s] ", 221.1546 [M—H—-CgH,(,O5-
—C,HgO,]", 161.0440 [M—H-C;5sH,,05]7, 101.0240

[M—-H-C,;5H,,05—C;H40,] ",
—C,H40,—C], 59.0135 [M—H-C;5H,4,05—C,H,40,-
—C—CH,0]™ (Fig. 4B). Thus, compound 188-n was
tentatively identified as Dendroside G compared to the litera-
ture (Ye et al. 2002). In the positive ion mode, compound 314-
p displayed [M +Na]™ with an m/z value of 469.2037 at the
retention time (tg = 3.02) of compound 188-n. Therefore,
compound 314-p was tentatively identified by an in-house
database as Dendroside G.

Compound 140-n (tg = 2.83 min) may be a new sesquiter-
pene glycoside compared with the in-house database. The m/z
value of the new compound is 445.2078 [M—H]". Compound
140-n shared the same molecular formula and m/z value with
124-n, and 188-n. The MS/MS spectrum of compound 140-n
showed fragment ion with m/z values of 283.1522 [M—H—Ce¢-
H,Os]", 265.1439 [M—-H-CH,,0s—H,0]", 221.1512
[M—H-C¢H;,05s—H,0—CO,] ", 113.0225 [M—H—-C;6H»304]-
~, 59.0131 [M-H-C,;cH,307,-C3H,0] . Moreover, based on the
above fragments of compound 140-n, two fragments ion at m/z
values of 283.1528, 59.0131 were as same as compound 188-n.
We assume the parent nucleus structure of compound 140-n
was similar to compound 188-n. The detail cleavage pathway
of new compound 1 was displayed in Fig. 4C. In the positive
ion mode, compound 227-p displayed the [M+ Na] ™ ion at
m/z 469.2055 at retention time (tg = 2.82 min) of compound
140-n. Thus, compound 227-p may be a new compound.

Compound 171-n showed the [M—H] ™ ion at m/z 413.2173.
In the negative ion mode, the six fragment ions (m/z 350.1051,
m/z 293.1501, m/z 265.1447, m/z 216.1370, m/z 101.0241, m/z
59.0132) were detected in the MS/MS spectrum. According
to an in-house database, compound 171-n may be Dendrono-
biloside E or Dendromoniliside A. Since they have the same
molecular weight and fragment ions, the accurate structure
needs to be further identified (Table 2). Compound 332-n dis-
played the [M—H]™ ion at m/z 561.2917. The three fragment
ions (m/z 413.2159, m/z 399.2380, m/z 119.0352) in the nega-
tive ion mode were detected in the MS/MS spectrum. How-
ever, due to a lack of reference standards, compound 332-n
was tentatively identified as atractyloside D or isomer.

Compound 329-p was identified as dendrobine, which
belongs to dendrobine-type alkaloids, compared with the stan-
dard. Dendrobine showed a [M +H] " parent ion peak with an
m/z value of 264.1977 (C1sH2sNO5). In the MS/MS spectrum
of the positive ion mode, it generated fragment ions at m/z
218.1910 [M+H-CH,0,]", 176.1441 [M+H-CH,0--
C;Hg) ™", 145.1014 [M + H-CH,0,-C3H4-CH3NH,]
105.0699 [M +H-CH,0,-C3H¢- C4HoN] ™, 70.0655 [M+H-
CHQOQ-C3H6- Cg[’llo]Jr (Flg SA)

Compound 375-p (tg = 3.32 min) showed [M+H]" ions
with an m/z value of 280.1926, with a molecular formula of
Ci6HosNOj. A fragment ion at m/z 262.1804 in the positive
ion mode was obtained by losing a H>O. Another fragment
ion at m/z 263.1884 was obtained by losing a hydroxyl. Other
predominant fragment ions appeared at m1/z 220.1339 [M + H-
H,0-C;Hg] ™", 164.1439 [M + H-H,0-C3;H4-C5H,0]
207.1985 [M+H-OH-C,0,]" (Fig. 5B). Compound 375-p
was identified using an in-house database and literatures as
Dendramine (Inubushi et al. 1966, Okamoto et al. 1966). Com-
pound 323-p displayed [M +H]" ions with an m/z value of
280.1905, with the same molecular formula as compound
375-p. Moreover, the retention times (tg = 3.06 min) of com-
pound 323-p were closed to compound 375-p. Thus, com-

89.0244 [M—-H-C,5H»405-
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Table 2 Identification of the different compounds of D. nobile by UPLC-Q/TOF-MS.
1D RT Adducts Experimental Theoretical Molecular Identification MS/MS
formula
379-n 391 [M—H]J- 563.3060 563.3073 Cy7Hy304, Dendronobiloside A 401.2472;113.0229;101.0231;
71.0131;59.0131.
355-n 3.77 [M—H]- 559.2741 559.2760 Cy7H4401» Dendronobiloside C 179.0559;119.0347;89.0244;
59.0135.
302-n 3.51 [M—H]J- 559.2730 559.2760 Cy7Hy401, Dendronobiloside D 379.2067;179.0552;119.0338;
89.0239;71.0142.
124-n 2.75 [M-—H]- 445.2053 445.2079 C,1H340,¢ Dendromoniliside D 385.1810;299.1479;265.1439;
239.1656;181.1235.
189-p 2.74 [M+Na] 469.2044 469.2052 C,1H34049 Dendromoniliside D 309.1248;165.1274.
+
188-n 3.02 [M—H]- 445.2072 445.2079 C,1H34049 Dendroside G 283.1528;221.1546;161.0440;
101.0240;89.0244;59.0135.
314-p 3.02 [M+Na] 469.2037 469.2044 C,1H34049 Dendroside G 469.2044,407.2023;305.1038;
+ 247.1278.
140-n 2.83 [M—H]- 445.2078 445.2079 C,1H340: New compound 283.1522;265.1439;221.1512;
113.0225;59.0131.
227-p 2.82 [M+Na] 469.2055 469.2044 C,1H340,¢ New compound NA
+
171-n 298 [M-—H]- 413.2173 413.2181 C,1H3405 Dendronobiloside E/ 350.1051;293.1501;265.1447;
Dendromoniliside A 216.1370;101.0241;59.0132.
332-n 3.66 [M—H]- 561.2917 561.2890 C,7H4601» Atractyloside D or isomer 413.2159;399.2380;119.0352.
329-p 3.09 [M+H] 264.1977 264.1958 C6H>5NO, Dendrobine 218.1910; 176.1441;
+ 145.1014;
105.0699; 70.0655.
375-p 332 [M+H] 280.1926 280.1907 CsH,5NO; Dendramine 263.1884;262.1804;220.1339;
+ 207.1985;164.1439.
323-p 3.06 [M+H] 280.1905 280.1907 Ci6H25sNO3 Isomer of Dendramine NA
+
547-p 422 [M]+ 332.2596 332.2584 C, H34NO, N-isopentenyl-dendrobinium 264.1965;218.1890;176.1431;
69.0697.
545-p 422 [M+H] 264.1958 264.1970 CsH>5NO, Fragment of N-isopentenyl- 176.1434;122.0970;108.0810.
+ dendrobinium
383-p 342 [M+H] 306.2073 306.2064 C3H,7NO; 40142-19-6 or isomer 292.1860;263.1867;233.0591;
+ 175.1476;133.1012;107.0852.
190-p 2.74 [M+H] 471.1812 471.1802 Cs9H5405 Unknown NA
+
402-p 3.50 [M+H] 263.1267 263.1278 C,5sH 304 Unknown NA
+

pound 323-p was tentatively deduced as an isomer of Den-
dramine using an in-house database.

Compound 547-p (tg = 4.22 min) produced an [M] " ion at
m/z 332.2596 (C5;H3,NO;), and the characteristic fragment
ions at m/z 264.1965 by losing side chain (CsHy) on nitrogen
were obtained. Interestingly, the ion was found in agreement
with traits of the dendrobine [M +H]" ion. Moreover, frag-
ment ions at m/z 218.1890, and 176.1431 were also in accord
with the fragment ions of dendrobine. Thus, compound
547-p was tentatively deduced as  N-isopentenyl-
dendrobinium comparing with the literature (Wang et al.,
2016). Compound 545-p (tg = 4.22 min) produced an ion with
m/z 264.1958 [M +H] " that was the same as the with fragment
ion of compound 547-p. Due to the same retention time as
compound 547-p, compound 545-p was tentatively character-
ized as a fragment of N-isopentenyl-dendrobinium.

Compounds 383-p display the [M+H]" ion at m/z
306.2073. The six fragment ions (m/z 292.1860, m/z 263.1867,
m/z 233.0591, m/z 175.1476, m/z 133.1012, m/z 107.0852.) were
detected in the MS/MS spectrum of the positive ion mode.
Since the above fragment ions didn’t belong to the character-

istic fragment ions of 1H-Cyclopent[cd]indole-5-carboxylic
acid, decahydro-1,7b-dimethyl-7-methylene-6-(1-methylethyl)-
2-ox0-, methyl ester, (2aa,4aa,5b,6a,7aa,7ba) - (9CI) (CAS
Registry Number: 40142-19-6). Hence, compound 383-p was
tentatively identified as 40142-19-6 or isomer. Meanwhile,
compounds 190-p, 402-p showed the [M+H]" ion at m/z
471.1812 and 263.1267, respectively. The molecular formula
of the two compounds was calculated as C,oH,40¢ and
C;5H304 using Qualitative Analysis B.07.00 software. How-
ever, fragment ions of compounds 190-p, 402-p were not
detected due to the weak intensity. Therefore, the structures
of the above compounds were still not clear.

3.4. Semi-quantitative analysis of the 12 structure-confirmed
altitude-dependent constituents and quantitative analysis of
dendrobine

The structures of a total of 12 compounds were confirmed by
combining the MS/MS spectrum data. They were classified
into alkaloids and sesquiterpene glycosides. Data of peak area
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Fig. 6 Comparing intensity of 12 identified compounds in the stems of D. nobile from different altitude. The asterisk indicates significant
differences (*P < 0.05) and the letters “ns” indicate no significant differences.

were performed a student’s ¢ test that was employed to under-
stand that the altitude-dependent style of those structure-
confirmed constituents was an apparent trend and statistically
significant (Fig. 6). Among all structure-confirmed alkaloids,
the content of dendrobine (compound 329-p) of D. nobile cul-
tivated at the altitude of 692 m was the significantly highest
compared to 528 m (p < 0.05). However, Dendramine (com-
pound 375-p) and N-isopentenyl-dendrobinium (compound
547-p) failed to pass the test between the two groups. More-
over, the content of sesquiterpene glycosides, including Den-

dronobiloside A (compound 379-n), Dendronobiloside C
(compound 355-n), Dendronobiloside D (compound 302-n),
Dendromoniliside D (compound 124-n, 189-p), new com-
pounds (compound 140-n, 227-p), and Dendroside G (com-
pound 188-n, 314-p) of D. nobile cultivated at the altitude of
528 m were the highest (p < 0.05) and passed the test between
the two groups.

Dendrobine is used to be considered as a represented con-
stituent of D. nobile and used as an index to control quality
of D. nobile in some countries or regions like China, we con-
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of D. nobile from different altitude. The asterisk indicates
significant differences (*P < 0.05) and the letters “ns” indicate
no significant differences.

ducted an absolute quantification detection of dendrobine in
D. nobile using gas chromatography. The absolute quantifica-
tion of dendrobine was used to perform the statistic results
using percentage content. The same as the data from mass
spectrometry, data from the GC also reassured that den-
drobine content in D. nobile showed a altitude-dependent style.
The difference of dendrobine content between the altitude of
336 m and 528 m was not passed the statistical examination.
Moreover, the difference of dendrobine content between the
altitude of 336 m and 692 m, 528 m and 692 m also passed
the statistical examination (p < 0.05, Fig. 7). Thus, the study
showed the altitude-dependent expression pattern of metabo-
lites in D. nobile based on the visualized data and the statisti-
cally significant level. The above compounds could be able to
use as the marker to identify D. nobile from different planting
altitude.

In most cases, the content of alkaloids, a class of natural-
existing nitrogen-containing compounds in plants, increased
along with the altitude. It has been shown that total alkaloids
were expressed in an altitude-dependent style, at least in some
famous medicinal plants such as Meconopsis quintuplinervia,
Coptis chinensis (Yang et al., 2006; Liu et al. 2016). Moreover,
to data, the content of some alkaloids, including isomitra-
phylline, berberine and palmatine isolated from Uncaria
tomentosa, and Coptis teeta were increased while the plants
were cultivated at high altitudes (Zhang et al., 2008, Honorio
et al. 2017). Thus, it was not surprising that the content of
alkaloids such as dendrobine was highest at an altitude of
692 m in the present study.

Glycosides were also broadly expressed in lots of plants. In
most cases, the contents of flavonoid glycosides are isolated
from the medical herbs such as Hippophae rhamnoides, Ginkgo
biloba, Indocalamus latifolius, and Calluna vulgaris were the
positive altitude-dependent (Rieger et al. 2008, Kaur et al.
2012, Ni et al. 2013, Ma et al. 2016). Meanwhile, the anthra-
quinone glycoside content in rhubarb and saikosaponins of
Bupleuri Radix showed the same trend as flavonoid glycosides
(Wang et al., 2013, Li et al., 2017a). However, the expression
level of sesquiterpene-type glycosides such as Dendrono-

biloside A, Dendronobiloside C, Dendronobiloside D, Den-
dromoniliside D, New compound, Dendroside G in D. nobile
cultivated at the altitude of 528 m was increased. The
altitude-dependent expressions of the sesquiterpene-type gly-
cosides were reported for the first time.

4. Conclusion

In conclusion, alkaloids and sesquiterpene glycosides are the main
compound affected by altitude. This result was shown as follows: the
contents of alkaloids in stems of D. nobile were found to increase at
an altitude of 692 m, whereas the content of sesquiterpene glycosides
was increased at an altitude of 528 m. Combining the different phar-
macological effects of alkaloids and sesquiterpene glycosides, we con-
clude the following recommendations for clinical treatment: D. nobile
cultivated at the altitude of 692 m is more suitable for treating neuro-
logical diseases, while D. nobile cultivated at the altitude of 528 m is
more suitable for improving immunity. Thus, in addition to den-
drobine, it is worth considering that sesquiterpene glycosides might
be another kind of quality-related constituent and could also use as
a quality marker in D. nobile.
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