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Abstract
To investigate differences in the metabolome of the stem bark of Vitex cienkowskii harvested at three different locations and 
three different seasons, their extracts were analyzed by means of UPLC–ESI–IMS–TOF MSe. One marker metabolite was iso-
lated and chemically characterized, which was identified as the new compound 20,24-dihydroxy,24-hydroxymethylecdysone 
(1). IMS showed two drift time species for 1 which could be used as new and additional characteristic compound parameters 
in compound identification to reduce dereplication and false positives.

Keywords  Non-targeted UPLC–ESI–IMS–TOF–MS profiling · 20,24-Dihydroxy,24-hydroxymethylecdysone · Ion 
mobility · CCS · Conformers

Introduction

About 250 known species of tropical and subtropical trees 
and shrubs of the genus Vitex are known which belongs 
to the family of Verbenaceae [1]. Vitex species has been 
reported to be applied in the traditional medicine to treat a 
wide range of diseases, such as malaria, asthma, wounds, 
allergy, depression, venereal and skin diseases, snake bite, 
and body pain [2]. Cameroonian traditional healers describe 
Vitex cienkowskii Kotschy and Peyritsch as one of the most 
popular plants widely used in many disorders. Previous phy-
tochemical studies revealed the identification of diterpenoids 
[3–6], iridoid glycosides [7, 8], oils [9], flavonoids [6, 10, 
11], ceramide [12], and ecdysteroids [7, 13, 14].

Ultra performance liquid chromatography (UPLC) in 
combination with Time-of-Flight (TOF) mass spectrom-
etry (MS) is one of the methods of choice for unbiased, fast 
and sensitive compound screening, fulfills high-throughput 
demand, and enables the qualification of bioactives and die-
tary biomarkers with high accuracy [15–18]. MS combined 
with ion mobility spectrometry (IMS) could resolve ions 
that may be indistinguishable by MS alone, or to determine 
structural information like rotationally averaged collision 
cross-sectional area (CCS). Very recently, we highlighted 
for several compounds more than one CCS, which we pro-
posed to be hydrogen-bond stabilized rotational isomers in 
the gas phase. We concluded to use all CCS values of one 
compound, and we propose to add also the intensity ratio of 
the conformers as a new and additional characteristic com-
pound parameter in compound identification/screening/data-
base applications to reduce dereplication and false positives, 
and strengthen the identification [19].

In this study, we performed a complete metabolomic 
workflow on V. cienkowskii with the aim of highlighting 
the similarities and/or differences in the metabolite compo-
sition of aqueous ethanolic extracts taken from stem bark 
of different regions (Foumbot F, Lelem Mouantong LM, 
Njimom NJ) as well as at different harvest periods (1–3) 
to identify on one hand which period might be the best 
for isolation of known lead compounds and on the other 
hand to screen and identify geographic and/or harvesting 
period marker compounds. Thus, one marker compound 
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was isolated and characterized via MS as well as 1D- and 
2D-NMR spectroscopy.

Materials and methods

Chemicals

H2O for chromatographic separations was purified with a 
Milli-Q Gradient A10 system (Millipore, Schwalbach, Ger-
many), and solvents used were of HPLC–MS grade (Merck, 
Darmstadt, Germany). Deuterated solvents for NMR exper-
iments were obtained from Sigma-Aldrich (Steinheim, 
Germany).

Plant material

The stem bark of V. cienkowskii was collected in Foumbot (F, 
coordinates 05°35.911′ N; 010°41.346′ E), Lelem Mouan-
tong (LM, coordinates 05°11.321′ N; 009°59.647′ E), as well 
as Njimom (NJ, coordinates 05°48.830′ N; 011°01.111′ E), 
Cameroon, in 2013 end of October (end of raining season, 
1), June (mid of raining season, 2), and January (mid of dry 
season, 3) from the same trees and same time, and identi-
fied at the National Herbarium, Yaoundé Cameroon, where 
a voucher specimen (number 32721HNC) is deposited for 
future reference. The stem bark was air-dried for 14 days and 
then pulverized to a fine powder.

Extraction and isolation

Vitex cienkowskii bark powder from Foumbot (50 g) was 
suspended in a mixture of ethanol/water (2 × 200 ml, 70/30, 
v/v), sonicated (15 min), stirred at RT (20 min), and filtered. 
The filtrate was extracted with hexane (2 × 200 ml), the etha-
nol/water extract was evaporated, and then, the sample was 
freeze-dried. Aliquots (1 g) of the freeze-dried ethanol/water 
extract were dissolved in a water/methanol mixture (10 ml, 
50/50, v/v) and fractionated by means of HPLC using a 
preparative HPLC system (PrepStar, Varian, Darmstadt, 
Germany). Chromatography was performed (λ = 270 nm) 
using an RP column (21.2 × 250 mm, phenylhexyl, 5 μm; 
Phenomenex, Aschaffenburg, Germany) as the station-
ary phase, starting with a mixture (99/1, v/v) of aqueous 
formic acid (0.1% in water, pH 2.5) and ACN increasing 
the ACN content up to 80% within 20 min, and in 1 min 
to 100%. Three fractions (F1-1-3) were collected, concen-
trated under reduced pressure, and freeze-dried. Repurifica-
tion of F1-2 and -3 was performed using ThermoHypersil 
ODS (10 × 250 mm, 5 μm; Kleinostheim, Germany) as the 
stationary phase. The effluent (4.0 ml/min) was monitored 
at 270 nm and an isocratic gradient consisting of a mix-
ture (79/21, v/v) of aqueous HCO2H (0.1% in H2O) and 

ACN was applied. Collected fractions at the retention time 
of 7.5 min were concentrated under reduced pressure and 
freeze-dried twice, affording 1: colorless powder; HRESIMS 
m/z 525.3069 [M-H]− (calcd for C28H47O9, 525.3064); 1H 
NMR (DMSO-d6, 27 °C, 400 MHz) data, see Table S1; 13C 
NMR (DMSO-d6, 27 °C, 100 MHz) data, see Table S2.

Ultra performance liquid chromatography–
electrospray ionisation–ion mobility‑time‑of‑flight 
mass spectrometry (UPLC–ESI–IM‑TOF MS)

Aliquots (2 µl) of the extracts (5 mg/2 ml, 50% MeCN, 
each) were vortexed (1  min), sonicated (10  min), cen-
trifuged (5000  rpm, 10  min), membrane-filtered 
(0.20 µm), and analyzed in five replicates by means of 
UPLC–ESI–TWIMS–TOF MS on a Waters Vion HDMS 
mass spectrometer (Waters, Manchester) coupled to an 
Acquity i-class UPLC system (Waters, Milford) equipped 
with a 2 × 150 mm, 1.7 µm, BEH C18 column (Waters) con-
sisting of a binary solvent manager, sample manager, and 
column oven. Operated with a flow rate of 0.4 ml/min at 
45 °C, the following gradient was used for chromatogra-
phy: starting with a mixture (15/85, v/v) of aqueous HCO2H 
(0.1% in H2O) and MeCN (0.1% HCO2H), the MeCN con-
tent was increased to 90% within 8 min, to 100% within 
4 min, kept constant for 5 min, decreased to 15% within 
0.4 min, and finally kept constant for 0.6 min at 15%. Scan 
time for the HDMSe method was set to 1.0 s. Analyses were 
performed in ESI sensitivity mode using the following 
ion source parameters: capillary voltage 2.3 kV in nega-
tive mode and 3.0 kV in positive mode, source tempera-
ture 120 °C, desolvation temperature 550 °C, cone gas flow 
50 l/h, and desolvation gas 900 l/h. Data processing was 
performed using UNIFI 1.8 (Waters). All data were lock 
mass corrected on the pentapeptide leucine enkephalin 
(Tyr–Gly–Gly–Phe–Leu, m/z 554.2615, [M-H]−) in a solu-
tion (50 pg/µl) of ACN/0.1% HCO2H (1/1, v/v). Scan time 
for the lock mass was set to 2.0 s with an interval of 0.5 min. 
Calibration of the Vion in the range from m/z 50 to 1200 was 
performed using a solution of the MajorMix™ (Waters). 
The UPLC and Vion systems were operated with UNIFI™ 
software (Waters). Collision energy ramp for HDMSe was 
set from 20 to 30 eV. Further details of the Vion IMS qTof 
instrument and processing and detection parameters are 
listed in the Supplementary Material (SM, Table S3). The 
raw data obtained from UPLC–ESI–IMS–TOF MS analysis 
were processed with Progenesis QI using the following peak 
picking conditions: all runs, limits automatic, sensitivity 3, 
and retention time limits 0.5–17 min. Compounds used for 
principal components analysis (PCA) were filtered by means 
of Anova p value ≤ 0.01 and a fold change of ≥ 5. The pro-
cessed data was exported to EZinfo where the matrix was 
analyzed by PCA with pareto scaling. Group differences 
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were calculated using orthogonal partial least-squares dis-
criminant analysis (OPLS-DA) highlighted as S plots.

Nuclear magnetic resonance spectroscopy

1D and 2D NMR spectroscopy 1H, 1H-1H-gCOSY, gHSQC, 
gHMBC, and 13C were performed on an Avance III 
400 MHz spectrometer with a BBO probe (Bruker, Rhein-
stetten, Germany).

Results and discussion

As V. cienkowskii is one of the most popular plants widely 
used in many disorders in Cameroon [1, 7, 12], the question 
arose as to whether the aqueous ethanolic stem bark extract 
of three different located trees and three different harvest-
ing periods might be differing in its chemical composition.

To investigate the metabolites composition, we con-
ducted an untargeted metabolomic approach using 
UPLC–ESI–TWIMS–TOF MS with simultaneous acquisi-
tion of low- and high-collision energy mass spectra (MSe). 
Using the Progenesis QI workflow consisting of import data, 
review alignment, experiment design setup, peak picking, 
review deconvolution, review compounds, and compounds 
statistics, unsupervised statistics were performed to evalu-
ate if any differences in the metabolomes were detectable. 
Compounds used for PCA were filtered by means of Anova 
p value ≤ 0.01 and fold change of ≥ 5 resulted in the PCA 
displayed in Fig. 1. Analysis of each stem bark extract in 
five replicates showed a rather good clustering of each rep-
licate in close proximity, thus confirming the reproducibil-
ity of the UPLC–ESI–TWIMS–TOF MS profiling method. 
Inspection of the PCA output illustrated that the largest dif-
ferences were observed between LM1 and F2 along PC1, 
whilst NJ 1, 3 and F1 could be clearly separated along PC2 
from all other samples (Fig. 1). To visualize similarities and 
differences between region and/or harvesting period, S plots 
of data pairs of accurate mass and retention time of each 

metabolite were calculated (Fig. 2). As the y-axis of the S 
plot denotes confidence of a metabolite’s contribution to the 
group difference and the x-axis denotes the contribution of a 
particular metabolite to the group difference, the S plots of 
F1 vs F3 indicate the ion m/z 525.3067 (1) showing by far 
the highest difference between the harvest periods (Fig. 2). 
The trend plot of all three locations and harvest periods for 
m/z 525.3067 is summarized in Fig. 3. Based on the relative 
abundance of the compound, F1 represents the best mate-
rial to isolate 1. In fact, in F2 and F3 as well as LM1 and 
LM3, compound 1 was not detectable with this approach. 
In contrast, NJ1-3 and LM2 contained minor amounts of 
1. Consequently, differences between the regions Foumbot, 
Lelem Mouantong, and Njimom and/or harvesting periods 
could be detected, but the whole data give no clear picture. 
This observation is supported by other metabolites gained 
by means of S plot as well as trend plot (data not shown) as 
either, e.g., for 1 in all Foumbot samples or in all samples 
from the same season/period, a similar abundance could be 
expected. Here, more biological replicates and/or a method 
for the accurate quantitation of 1 might be helpful in the 
future.  

Therefore, compound 1 (Fig. 4) was isolated via prepara-
tive and semi-preparative HPLC from F1 as a colorless pow-
der and showed a pseudomolecular ion peak m/z 525.3069 
[M-H]− (calcd. 525.3064, +0.6 ppm) in the HR–ESI–MS 
(Fig. S2, S3, SM), corresponding to the molecular formula 
of C28H46O9. The high-collision energy mass spectrum 
(MSe) (Fig. S4–S6, SM) highlighted characteristic m/z of 
479.3007 (C27H43O7), 319.1905 (C19H27O4), 301.1797 
(C19H25O3), and 159.1017 (C8H15O3) which are in line with 
the chemical structure displayed in Fig. 4 and 5 as well as 
Figs. S4–S6, SM.

The 1H NMR features of compound 1 were indicative of 
an ecdysteroid, revealing a number of 1H NMR signals high-
lighting similarities in both the splitting patterns as well as 
chemical shift values as compared with those of pinnataster-
one and 24-epi-pinnasterone [20], makisterone C, 20-hydrox-
yecdysone and 20-hydroxy,24-hydroxymethylecdysone [21], 

Fig. 1   Score plot (comp [1] vs. comp [2]) of UPLC–ESI–TWIMS–TOF MS full-scan analysis (50–1200 Da, ESI−, sensitivity resolution mode) 
of V. cienkowskii stem bark extract of different regions as well as harvesting times (five replicates per sample)
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panuosterone, paxillosterone, 25-hydroxy-panuosterone, and 
25-hydroxyatrotosterone [22, 23].

The COSY, 13C, 1H-13C HSQC, as well as 1H-13C HMBC 
NMR spectra (Figures S8–S12, SM) indicated the presence 
of one carbonyl carbon (δC 202.7), seven methine, eight 
methylene, five methyl carbons, and seven further carbons 
which were quite similar to that of the phytoecdysteroids 
mentioned above, and especially, to 20-hydroxy,24-hydroxy-
methylecdysone [21]. Compared to 20-hydroxy,24-hydroxy-
methylecdysone, the elemental composition only differed by 
one oxygen atom in 1, no proton signals could be observed 
at C-atom 24, and also the chemical shift of its carbon 24 
of 41.4 ppm is indicative. Exemplified selected key HMBC 

Fig. 2   S-Plot of F1 vs. F3 stem bark extract

Fig. 3   Chemometric trend plot illustrating normalized abundance (area) of compound 1 

Fig. 4   Key HMBC correlations and chemical structure of compound 
1 
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correlations are the coupling of H-(7) at 5.62 ppm to C(9 
and 14), of H-(5) at 2.20 ppm to the methyl group C(19) 
and of H3C-(18) to C(14). The correlation of the proton 
of the hydroxy function at position C(20) to the C-atom 
(17) highlighted the linkage of the alkyl motif to the ster-
oid system and the cross-coupling of the hydroxy func-
tion at position C(25) as well as of the two methyl groups 
26, 27 to the C-atom (24) are indicative for the structure 
of the alkyl chain. Further important HMBC correlations 
are summarized in Fig. 4 and the complete assignments 
of 1H and 13C NMR signals are given in Tables SM1 and 
SM2. Consequently, the new compound 1 was named 
20,24-dihydroxy,24-hydroxymethylecdysone. The absolute 
configuration of 1 at carbon 24 stays unclear, as on one hand 
no proton signals were located at C(24), which might help 
to disclose this information via chemical shift and potential 
coupling constants, and, on the other hand, literature data 
are puzzling. Vokac et al. determined the absolute stereo-
chemistry of paxillosterone and panuosterone as [C-24R] or 
in 25-hydroxyatrotosterone as [C-24S] and in 25-hydroxy-
panuosterone supposed as [C-24R] with extensive NMR 
experiments including amongst others a derivatization step 
[22, 23]. Darwish and Reincke indicated [C-24S] for makis-
terone C, 20-hydroxyecdysone, and 20-hydroxy,24-hydroxy-
methylecdysone, but no proof was stated in their work [21].

In principle, ecdysteroids represent an interesting group 
of natural compounds which play in insects a crucial hor-
monal role controlling molting and development [24]. Worth 
mentioning, in the light of this study, in plants, they appear 

to serve as part of the chemical defence against non-adapted 
herbivores [25], which might explain the high abundance of 
1 just in the F1 sample. Ecdysteroids are unable to interact 
with the hormonal system of mammals, but despite of this, 
a number of rather beneficial metabolic effects have been 
attributed to humans: a mild anabolic activity of ecdyster-
oids undoubtedly exists, and these compounds can also influ-
ence both glucose and lipid homeostasis, altogether resulting 
in a so-called adaptogenic or “antistress” effect [26, 27]. 
20,24-dihydroxy,24-hydroxymethylecdysone (1) is a new 
compound and may be used in further biological studies.

Recently, we highlighted mainly for polyphenols more 
than one drift time species by means of ion mobility sepa-
ration, which we proposed to be hydrogen-bond stabilized 
conformers in the gas phase [19]. Again, for 1, two drift time 
species (6.83 and 9.65 ms) could be detected which yielded a 
CCS of 222.2 and 304.1 Å2 (Fig. 5). These two CCS values 
of 1 could be used now as new and additional characteristic 
compound parameters in compound identification/screen-
ing/database applications to reduce dereplication and false 
positives and strengthen the identification.

Conclusion

Non-targeted UPLC-ESI-TWIMS-TOF MS profiling of 
the aqueous ethanolic stem bark extract of V. cienkowskii 
revealed the new compound 20,24-dihydroxy,24-hydroxy-
methylecdysone (1) in high abundance sample F1, which, 

Fig. 5   Drift time distribution of compound 1 
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then, was isolated and chemically characterized. In plants, 
ecdysteroids play an important role in chemical defence 
against non-adapted herbivores, which might explain the 
high abundance of 1 just in the F1 sample. 1 showed two 
drift time species which could be used now as new and 
additional characteristic compound parameter in compound 
identification to reduce dereplication and false positives, and 
may be used in further biological studies on the glucose and 
lipid homeostasis.
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