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Abstract
This is the first article to report of the chemical profile of the leaves of Rubus alceifolius Poir, a widely distributed medicinal plant in the Eastern
Hemisphere. Fresh leaves of R. alceifolius were treated by a set of experimental protocols to prepare a lyophilized aqueous extract. A novel
strategy was used to analyze the extract, i.e., The extract was then analyzed using a new strategy, i.e., database-affinity ultra-high-performance
liquid chromatography-quadrupole-Exactive-Orbitrap-tandem mass spectrometry (UHPLC-Q-Exactive-Orbitrap-MS/MS). Using MS/MS at full
elucidation and comparison with the database, 33 compounds were putatively identified, including 12 flavonoid derivatives, 6 phenolic acid
derivatives, 6 caffeoylquinic acids, two tea polyphenols, and others. Especially, 12 isomers have been strictly distinguished, including apigenin vs
2'-hydroxydaidzein, luteolin 7-O-glucuronide vs scutellarin, (+) catechin vs (-) epicatechin, 3-O-caffeoylquinic acid vs 4-O-caffeoylquinic acid vs 5-O-
caffeoylquinic acid, and 3,4-O-dicaffeoylquinic acid vs 3,5-O-dicaffeoylquinic acid vs 4,5-O-dicaffeoylquinic acid. In addition, 21 non-isomeric
compounds were also found under both negative and positive ion models, such as ellagic acid and gallic acid. Structural comparison suggested
that there were biogenetic relationships among the flavonoid derivatives, such as glycosidation and hydroxylation. All these new findings will help
to understand the substance basis of the traditional medicinal functions of R. Alceifolius. The structural comparison suggested biogenetic
relationships between flavonoid derivatives, such as glycosidation and hydroxylation. These findings will allow the scientific community to better
understand R. Alceifolius traditional medicinal functions.

1. Introduction
Rubus alceifolius Poir, is a plant belonging to the Rosaceae family. It is native to the Eastern Hemisphere including Assam, Borneo, Cambodia,
China, East Himalaya, Jawa, Laos, Lesser Sunda Island, Malaya, Myanmar, Sulawesi, Sumatera, Taiwan, Thailand, and Vietnam. However, it has
been recently introduced by humans also introduced into other areas, such as including Burundi, Comoros, Mauritius, Queensland, and Réunion [1],

[2].

The genus Rubus is traditionally used as a medicinal plant around the world by native communities.[3, 4] The leaves of R. alceifolius however have
a sweet and plain flavor taste. According to the traditional Chinese medicine (TCM), they can also be used as a traditional medicine for treatment
of diuresis, detoxification, and bruise healing also broadly used to treat various types of hepatitis in China [5]. In accordance with the Clarivate
database, no chemical studies regarding R. alceifolius leaves have been reported yet [6].

Our team however established a database-affinity UHPLC-Q-Exactive-Orbitrap-MS/MS putative identification strategy [7, 8]. This strategy could
completely elucidate the MS fragment, and definitely give stereo-configuration of chiral compounds, as well as clearly discriminate the isomers [9].
Through the strategy, we tried to accomplish the task of determining the chemical profile of R. alceifolius leaves. This would facilitate to
understanding the substance basis of the traditional function of R. alceifolius leaves and to develop them a natural drug or bio-resource.
Considering the wide distribution and high fertility of R. alceifolius [2], the development of its leaves will promise a broad prospect.

2. Materials and Methods

2.1 Plant materials and chemicals
The mature leaves of “Rubus alceifolius Poir” were clipped in the Guangdong Province Traditional Chinese Medicine Resource Preservation Garden
for 4th National Survey of Traditional Chinese Medicine Resources. The preservation garden locates at Yaowang Hill in Guangzhou University of
Chinese Medicine (23.039º north latitude, 113.388º east longitude, altitude 20 m, Guangzhou, China). The clipped leaves were collected on July 12,
2023 (Fig. 1). Prior to R. alceifolius analysis the leaves were identified with standard literature key. Methanol and water, purchased from Merck
Sigma-Aldrich (Shanghai, China), both for sample solution preparation and apparatus analysis were of mass spectra purity.

2.2 Authentic standards
D-gluconic acid (Cas. 526-95-4, C6H12O7, M.W. 196.155, 98%) and (+)-catechin (Cas. 154-23-4, C15H14O6, M.W. 290.27, 98%) were from Merck-
Sigma Co., Ltd. (Shanghai, China). Quinic acid (Cas. 77-95-2, C7H12O6, M.W. 192.16, 98%), methyl gallate (Cas. 99-24-1, C8H8O5, M.W. 192.16, 98%),
and 5-hydroxymethylfurfural (Cas. 67-47-0, C6H6O3, M.W. 126.111, 98%) were obtained from Herbest Biotech Co., Ltd (Baoji, China). Viscidulin I
(Cas. 92519-95-4, C15H10O7, M.W. 302.24, 98%) was obtained BioBioPha Co., Ltd. (Kunming, China). Chlorogenic acid (Cas. 327-97-9, C16H18O9,
M.W. 354.31, 98%), epicatechin (Cas. 490-46-0, C15H14O6, M.W. 290.27, 97%), and tiliroside (Cas. 20316-62-5, C30H26O13, M.W. 594.52, 98%) were
from Sichuan Weikeqi Biological Technology Co., Ltd. (Chengdu, China). Caffeic acid (Cas. 331-39-5, C9H8O4, M.W. 180.16, 98%), cis-4-
hydroxycinnamic acid (Cas. 501-98-4, C9H8O3, M.W. 164.16, 98%), isochlorogenic acid B (3,4-dicaffeoylquinic acid, Cas. 14534-61-3, C25H24O12,
M.W. 516.45, 98%), luteolin 7-O-glucuronide (Cas. 29741-10-4, C21H18O12, M.W. 462.36, 97%), ellagic acid (Cas. 476-66-4, C14H6O8, M.W. 302.28,
98%), isoquercitrin (Cas. 482-35-9, C21H20O12, M.W. 464.38, 98%), isochlorogenic acid C (Cas. 57378-72-0, C25H24O12, M.W. 516.45, 98%), baicalin
(Cas. 21967-41-9, C21H18O11, M.W. 446.37, 97%), 2’-hydroxydaidzein (Cas. 7678-85-5, C15H10O5, M.W. 270.24, 98%), scutellarin (Cas. 27740-01-8,
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C21H18O12, M.W. 462.37, 98%), cosmosiin (Cas. 578-74-5, C21H20O10, M.W. 432.38, 98%), isochlorogenic acid A (Cas. 2450-53-5, C25H24O12, M.W.
516.45, 97%), astragalin (kaempferol 3-O-glucoside, Cas. 480-10-4, C21H20O11, 448.38, 97%), apigenin (Cas. 520-36-5, C15H10O5, M.W. 270.24, 98%),
6-gingerol (Cas. 23513-14-6, C17H26O4, M.W. 294.39, 98%), kaempferol (Cas. 520-18-3, C15H10O6, M.W. 286.24, 98%), and ferulic acid (Cas. 1135-
24-6, C10H10O4, M.W. 194.184, 98%) were obtained from Chengdu Alfa Biotech. Ltd. (Chengdu, China). Cryptochlorogenic acid (Cas.905-99-7,
C16H18O9, M.W. 354.311, 97%), quercetin 3-O-β-D-glucuronide (Cas. 22688-79-5, C21H18O13, M.W. 478.36, 97%), 5-caffeoylquinic acid (Cas. 906-33-
2, C16H18O9, M.W. 354.309, 98%), gallic acid (Cas. 149–91 − 7, C7H6O5, M.W. 170.1, 99%) were obtained from Biopurify Phytochemicals, Ltd.
(Chengdu, China). Betaine (Cas. 107-43-7, C5H11NO2, M.W. 117.148, 98%) was from Shanghai Yuanye Biotechnology Co., Ltd. (Shanghai, China).
Ethyl stearate (Cas. 111-61-5, C20H40O2, M.W. 312.53, 98%) and (+)-4-cholesten-3-one (Cas. 601-57-0, C27H44O, M.W. 384.638, 98%) were from TCI
Chemical Co. (Shanghai, China).

2.3 Preparation of sample solution and authentic standard solution

2.3.1 Preparation of lyophilized aqueous extract and corresponding sample
solution
To avoid the possible insoluble impurity and solvent effect [10], R. alceifolius leaves were extracted using distilled water. The extraction process
mainly included mashing, soaking, boiling, filtering, and lyophilizing steps. The design of these steps was consulted with the previous report [11]

and intuitively described as Fig. 2. Thereafter, a brown lyophilized powder was obtained, which was then re-dissolved using 80% methanol at 30
mg/mL. The methanolic solution was then re-filtered using a 0.45 µm organic filter membrane, to afford a sample solution. For further analysis, the
sample solution was stored at 2–6 ℃.

2.3.2 Preparation of authentic standard solution
All authentic standards listed in Section 2.2 were dissolved in methanol at a concentration of 30 µg/mL, respectively. Each solution was
transferred into a flask and subsequently filtered through a 0.45 µm membrane. Afterwards, the filtrate was stored at 2–6 ℃for further analysis
[12].

2.4 Putative identification using software and MS spectra elucidation
The main operations regarding injection, data acquisition, and analysis were controlled by the Xcalibur 4.1 package (Thermo Fisher Scientific Inc.,
Waltham, MA, USA). The package mainly included a TraceFinder General Quan software, a m/zVault software, and a FreeStyle viewing software.
These were equipped in the UHPLC-Q-Exactive Orbitrap-MS apparatus. Before data acquisition, the background sign was zeroed using a blank
solvent. The acquired data were then exported to TraceFinder General Quan for m/z extraction, to afford corresponding MS spectra [13].

Among the main parameters are mass range: 100–1500 Da; mass tolerance: 5 ppm; S/N threshold: 5; isotopic pattern fit threshold: 90%. Xcalibur
4.1 was used to screen the MS spectra and corresponding top 5 secondary spectra. By comparing with authentic standards in four parameters
(retention time, molecular ion peak, MS/MS profile, and characteristic fragments), the compounds were preliminary nominated by TraceFinder and
putatively identified by manual [14].

3. Results

3.1 Putative identification based on database-affinity UHPLC-Q-Exactive-Orbitrap-
MS analysis

3.1.1 Main experimental results of all identified compounds

3.1.2 TIC diagrams under negative model and positive model

3.1.3 Collection of structures of all identified compounds

3.1.4 Typical MS/MS spectra and fragmenting pathway elucidation

4. Discussion
A negative ion model indicated that R. alceifolius leaves extract enriched 30 compounds. In addition, three compounds were also found under the
positive ion model. Thus, the study has putatively identified 33 compounds in total, by means of the database-affinity UHPLC-Q-Exactive-Orbitrap-
MS/MS strategy. From the angle of nominal level values, ellagic acid and gallic acid showed the highest abundance (Table 1 and Figs. 3–4).
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Table 1
The main experimental results of 33 putatively identified compounds (1–33)

No. RT

min

Name Molecular
ion

Observed

m/z
value

Theoretical

m/z value

Error

(δ
ppm)

Nominal
level

Characteristic
MS/MS
fragment
peak

m/z

Bioactive effect

1 0.52 quinic acid C7H11O6
− 191.0553 191.0561 4.1872 1.87×107 173.0450,

155.0344,
127.0395

No report

2 0.55 D-gluconic acid C6H11O7
− 195.0503 195.051 3.5888 1.09×105 177.0395,

159.0288,
129.0185

No report

3 0.57 betaine C5H12NO2
་ 118.0863 118.0863 0 1.03×106 74.0609,

58.0659
neuroprotection
[15]

4 0.84 gallic acid C7H5O5
− 169.0133 169.0142 5.3250 2.59×107 125.0239,

107.0133
antioxidant [16]

5 1.18 5-
hydroxymethylfurfural

C6H7O3
་ 127.0389 127.039 0.7872 1.15×106 109.0290,

81.0340
No report

6 1.81 5-caffeoylquinic acid C16H17O9
− 353.088 353.0878 0.5664 6.86×105 191.0553,

179.0339,
173.0439,
135.0442

antioxidant, anti-
inflammation [17]

7 2.82 (+)-catechin C15H13O6
− 289.072 289.0718 0.6919 6.63×104 245.0814,

203.0708,
151.0395,
109.0290

antioxidant [18]

8 3.03 methyl gallate C8H7O5
− 183.0292 183.0299 3.8245 3.81×105 168.0059,

140.0110,
124.0160,
111.0082

anti-tumor, anti-
inflammatory,
antioxidant [19]

9 4.17 chlorogenic acid C16H17O9
− 353.0878 353.0878 0.0000 2.68×106 191.0554,

173.0446,
161.0239,
109.0283

antioxidant[20]

cytoprotection [21]

10 4.43 caffeic acid C9H7O4
− 179.0341 179.035 5.0269 1.80×106 135.0446,

117.0340
antioxidant [22]

11 4.98 cryptochlorogenic
acid

C16H17O9
− 353.0881 353.0878 0.8496 6.04×105 191.0556,

173.0447,
161.0235,
135.0446

anti-inflammation
[23]

12 7.25 (-) epicatechin C15H13O6
− 289.0716 289.0718 0.6919 3.82×105 245.0813,

221.0809,
203.0708

antioxidant [24]

13 7.77 cis-4-
hydroxycinnamic acid

C9H7O3
− 163.0393 163.0401 4.9068 3.27×105 119.0493,

117.0337,
93.0335

antioxidant [25]

14 8.73 ferulic acid C10H9O4
− 193.0499 193.0506 3.6260 1.80×105 178.0259,

149.0594,
134.0363

antioxidant [26]

15 9.26 isochlorogenic acid B C25H23O12
− 515.118 515.1195 2.9119 5.15×105 353.0874,

191.0554,
173.0446,
135.0441

anti-virus [27]

16 9.34 luteolin 7-O-β-D-
glucuronide

C21H17O12
− 461.0703 461.0725 4.7715 2.33×106 285.0399,

151.0031,
133.0285

anti-virus [28]

Note: The original MS spectra, and identification process were detailed in Suppl. 1–33. The m/z value in bold means the diagnostic fragments.
The m/z values below 50 were also found by the Xcalibur 4.1 software package, despite the fact that the scan mode, the m/z range was set to
100–1500 in the mass spectra. In the square brackets, the m/z value represents the peak of the molecular ion. Nominal level values were
obtained by the Xcalibur 4.1 software package. Three compounds (3, 5, and 33) with “+” in the Molecular ion were identified under the positive
ion model. Negative ion models were used to identify all other compounds. The positive ion model was the supplement of negative ion model.
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No. RT

min

Name Molecular
ion

Observed

m/z
value

Theoretical

m/z value

Error

(δ
ppm)

Nominal
level

Characteristic
MS/MS
fragment
peak

m/z

Bioactive effect

17 9.35 quercetin 3-O-β-D-
glucuronide

C21H17O13
− 477.0670 477.0675 1.0480 1.65×106 301.0351,

255.0296,
227.0344,
151.0027

antioxidant [29]

18 9.38 ellagic acid C14H5O8
− 300.9988 300.999 0.6645 6.36×107 283.9962,

257.0092,
229.0135,
200.0187,
145.0286

antioxidant [30]

19 9.51 isoquercitrin C21H19O12
− 463.0885 463.0882 0.6478 2.15×105 300.0276,

271.0248,
255.0298,
243.0301,
151.0028,
107.0129

antioxidant, anti-
virus [8]

20 9.82 isochlorogenic acid C C25H23O12
− 515.1197 515.1195 0.3883 2.38×106 353.0877,

179.0342,
173.0447
135.0442

antiinflammation
[31]

21 9.84 baicalin C21H17O11
− 445.0784 445.0776 1.7974 1.75×106 311.0561,

269.0456,
113.0234

anti-virus [32]

22 9.86 2’-hydroxydaidzein C15H9O5
− 269.0456 269.0455 0.3717 1.38×106 241.0516,

225.0553,
181.0653

No report

23 9.9 scutellarin C21H17O12
− 461.0725 461.0727 0.4338 6.40×105 285.0399,

267.0293,
241.0501

antioxidant [33]

24 9.9 cosmosiin C21H19O10
− 431.0985 431.0984 0.2320 5.31×105 268.0378,

211.0395,
151.0029,
117.0336

neuroprotection
[34]

25 9.93 isochlorogenic acid A C25H23O12
− 515.1212 515.1195 3.3002 7.83×105 353.0873,

173.0450,
135.0446

antioxidant [35]

26 10.00 astragalin C21H19O11
− 447.093 447.0933 0.6710 7.30×106 284.0321,

255.0296,
227.0344,
211.0395,
183.0446

anti-virus [32]

27 10.62 viscidulin I C15H9O7
− 301.0349 301.0354 1.6609 3.51×105 151.0031,

133.0290,
121.0290,
107.0133

enzyme inhibition
[36]

28 10.86 tiliroside C30H25O13
− 593.1295 593.1301 1.0116 3.18×106 447.0927,

285.0399,
255.0293,
227.0344

cytoprotection [37]

29 11.26 kaempferol C15H9O6
− 285.0406 285.0405 0.3508 6.80×105 255.0300,

229.0506,
108.0207,
93.0340

anti-virus [38]

30 11.38 apigenin C15H9O5
− 269.0454 269.0455 0.3717 1.16×106 225.0553,

181.0647,
151.0027,
117.0335

anti-virus [38]

Note: The original MS spectra, and identification process were detailed in Suppl. 1–33. The m/z value in bold means the diagnostic fragments.
The m/z values below 50 were also found by the Xcalibur 4.1 software package, despite the fact that the scan mode, the m/z range was set to
100–1500 in the mass spectra. In the square brackets, the m/z value represents the peak of the molecular ion. Nominal level values were
obtained by the Xcalibur 4.1 software package. Three compounds (3, 5, and 33) with “+” in the Molecular ion were identified under the positive
ion model. Negative ion models were used to identify all other compounds. The positive ion model was the supplement of negative ion model.
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No. RT

min

Name Molecular
ion

Observed

m/z
value

Theoretical

m/z value

Error

(δ
ppm)

Nominal
level

Characteristic
MS/MS
fragment
peak

m/z

Bioactive effect

31 12.8 6-gingerol C17H25O4
− 293.1752 293.1758 2.0466 2.97×106 236.1050,

221.1541,
205.1229,
148.0520

antioxidant [39]

32 16.16 ethyl stearate C20H39O2
− 311.2956 311.2956 0 8.32×104 133.0653,

119.0497
neurodevelopment
[40]

33 16.79 (+)-4-cholesten-3-one C27H45O+ 385.3456 385.3465 2.3356 2.28×105 367.3353,
123.0804,
109.0650

antitumor [41]

Note: The original MS spectra, and identification process were detailed in Suppl. 1–33. The m/z value in bold means the diagnostic fragments.
The m/z values below 50 were also found by the Xcalibur 4.1 software package, despite the fact that the scan mode, the m/z range was set to
100–1500 in the mass spectra. In the square brackets, the m/z value represents the peak of the molecular ion. Nominal level values were
obtained by the Xcalibur 4.1 software package. Three compounds (3, 5, and 33) with “+” in the Molecular ion were identified under the positive
ion model. Negative ion models were used to identify all other compounds. The positive ion model was the supplement of negative ion model.

As seen in Suppls. 1–33, all identified compounds have been fully elucidated for their MS spectra fragmenting. These fragmenting pathways
adhered to classical MS spectra principles, such as retro Diels-Alder fragmenting [42]. The full elucidation of isoquercitrin was a good example,
through which the δ values were found to vary from 0.0 ppm to 3.9 ppm (Fig. 5). So low δ values have witnessed the high reliability of our putative
identification. Similar high reliabilities could also be observed in other MS spectra fragmenting elucidations (Suppls. 1–33).

More importantly, our putative identification has successfully discriminated isomers, e.g., luteolin 7-O-β-glucuronide (16) and scutellarin (23). Both
of them showed a strong base peak m/z 285 and a weak molecular ion peak m/z 461, resulting in highly similar MS/MS profiles. Nevertheless, our
new method has effectively distinguished between these two isomers [43]. Furthermore, three mono-caffeoylquinic acid isomers (i.e., 6, 9, and 11)
have also been strictly discriminated. Similarly, three dicaffeoylquinic acid isomers (i.e., 15, 20, and 26) have been clearly discriminated as well
(Figs. 3–4 and Suppls. 5, 20, and 26).

The discrimination of isomers, together with the aforementioned full MS spectra elucidation, became our obvious advantage over other UHPLC-Q-
Exactive-Orbitrap-MS/MS analyses, such as Wu’s analysis. The analysis did not fully elucidate MS spectra; consequently, it did not discriminated
isomers and not drawn the stereo-configuration of chiral atoms [44]. Similar limitations were also found in the newest analyses by Song’s team [45]

and Liu’s team [46]. Liu’s anaysis has identifed a compound named “4-O-dicaffeoylquinic acid”. Undoubtedly, this erroneous was far inferior to our
strict discriminations invovling mono-caffeoylquinic acid isomers and dicaffeoylquinic acid isomers. These advantages further suggested the
high-reliability of our database-affinity UHPLC-Q-Exactive-orbitrap-MS/MS putative identification. This has offered a premise for the biogenetic
relationship analysis of 33 compounds.

As seen in Fig. 4, the leaves of R. alceifolius contained 12 flavonoids; however, most of them showed certain biogenetic relationships. Tiliroside
(28), for example, is an acylation product of astragalin (26) by cis-4-hydroxycinnamic acid. The acylation could be catalyzed by acyltransferases
[47]. Alternatively, astragalin and cis-4-hydroxycinnamic acid were formed from the hydrolysis of β-glucosidase and other enzymes [48].
Nevertheless, the co-existence of 13, 26, and 28 has clearly suggested that there was a biogenetic relationship among them. Other biogenetic
relationships were also illustrated in Fig. 4, including glycosidation, hydroxylation, hydroxyccinnamoylation, oxidization, and dimerization. These
prevalent biogenetic relationships might further suggest that these identified compounds were host compounds, rather than invasive or guest
substances, that drive the growth of plants. When combined with their bioactive effects (Table 1 right column), it can be further inferred that these
identified compounds are likely to be important components of R. alceifolius leaves used in traditional medicine.

4. Conclusions
In this study a novel database-affinity UHPLC-Q-Exactive-Orbitrap-MS/MS analytical approach is utilized and putatively identified 33 compounds
from Rubus alceifolius leaves for the first time. Notably, twelve isomeric compounds have been clearly distinguished from one another, and some
biogenetic relationships have been found among these compounds. These new findings contribute to the scientific community's understanding of
the chemistry of this medicinal plant.
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Figures

Figure 1

Photos of R. alceifolius Poir. A, for its leaves; B, for its fruit; C, for its leaf vein (micrograph view, 40×)
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Figure 2

Flow chart of preparation of lyophilized aqueous extract from R. alceifolius leaves

Figure 3

The total ion current (TIC) chromatogram of R. alceifolius leaves in the UHPLC-Q-Exactive-orbitrap-MS analysis. (A) The negative ion mode; (B) the
positive ion mode. The positive ion mode served as a supplement to the negative ion mode. A positive ion model was symbolized by “a”.
Considering the layout space, the TIC diagram under the positive ion model was not shown in the main text.
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Figure 4

The structures, configurations, and biogenetic relationship of 33 identified compounds. Knot line with “iso” connected two isomers.
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Figure 5

Typical fragmenting pathways comprising retroDiels-Alder of flavonoid (isoquercitrin as example)
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