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A B S T R A C T

Dihydrocapsaicin is the main bioactive component in Capsicum plants, which is widely used in China and India as
a food drug and additive. In this study, the biotransformation of dihydrocapsaicin was performed using four
cultivated human intestinal fungal strains in vitro. Eight metabolites, including seven previously undescribed
metabolites (1 and 3�8) and one known analog (2), were obtained. Numerous spectroscopic data, such as NMR
and HRESIMS, were collected to determine their structures. Based on the structures of the dihydrocapsaicin
metabolites, the main biotransformation reactions were revealed to be hydroxylation, alcohol oxidation, and
lactylation. In particular, the lactylation of hydroxyl groups is mainly mediated by Rhizopus oryzae R2701. In
addition, metabolite 1 showed significant inhibitory effect on lysine-specific demethylase 1 (LSD1) (IC50 1.99
μM). Therefore, the biotransformation of dihydrocapsaicin by intestinal fungi afforded various derivatives, which
were important resources for developing LSD1 inhibitors and potential application in cancer treatment.
1. Introduction

Lysine-specific demethylase 1 (LSD1) contributes significantly to
mediate the genes expression involved in diseases, such as cancer, adi-
pogenesis, inflammation, and cardiovascular diseases [1, 2, 3, 4, 5, 6, 7,
8]. Many tumors, such as glioblastoma [9], breast [3,10], prostate [11],
lung [12], and gastric cancers [13], have been found to overexpress
LSD1. To date, most developed LSD1 inhibitors are chemically synthe-
sized, whereas few natural LSD1 inhibitors have been identified. How-
ever, bioactive natural products play a crucial role in developing novel
drugs.

Dihydrocapsaicin and capsaicin are both known as the major consti-
tutes with various biological activities in Capsicum plants, such as hot
peppers [14]. Dihydrocapsaicin exerts anticancer activities against
various malignant tumors, such as breast cancer, colorectal cancer, and
glioma [15]. Recently, capsaicin and its metabolites were identified as an
efficient LSD1 inhibitor [16,17]. In this study, we found that dihy-
drocapsaicin is also a natural LSD1 inhibitor with an inhibition of 76.5%
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at 10 μM, and the new discovery has attracted our interest because
dihydrocapsaicin derived from natural product can be used for designing
new LSD1 inhibitors.

Biotransformation has been extensively studied because it has been
identified as an effective technique for converting plentiful or inexpen-
sive organic compounds into otherwise scarce or costly analogs [18].
Previous studies reported that biotransformation products of the capsa-
icin side chain have similar biological activities as those of capsaicin by
reason of similar structures [14,19]. Therefore, to search for more
bioactive LSD1 inhibitors, dihydrocapsaicin was biotransformed by
human intestinal fungi, which led to the identification of eight metabo-
lites, including 7 newmetabolites (1 and 3�8) and one known analog (2)
(Figures 1 and 2). In addition, metabolites (1�8) were evaluated for their
inhibitory effect on LSD1. Notably, metabolite 1 showed significant
inhibitory activity against LSD1, with an inhibition rate of 80.7%, which
was stronger than that of dihydrocapsaicin. Furthermore, metabolite 1
showed strongest inhibitory effect on LSD1 (IC50 1.99 μM). Therefore,
metabolite 1 could be used to develop biological agent to combat cancer
i).

mber 2022
rticle under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-

mailto:liangguobiao6708@163.com
mailto:lidw87@163.com
http://crossmark.crossref.org/dialog/?doi=10.1016/j.heliyon.2022.e12325&domain=pdf
www.sciencedirect.com/science/journal/24058440
http://www.cell.com/heliyon
https://doi.org/10.1016/j.heliyon.2022.e12325
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
https://doi.org/10.1016/j.heliyon.2022.e12325


Figure 1. Hypothetical biotransformation pathway of dihydrocapsaicin by Candida parapsilosisM8011, Aspergillus japonicus Y4009A, and Aspergillus fumigatus PB4204:
(A) hydroxylation; (B) alcohol oxidation; (C) esterification.

Figure 2. Hypothetical biotransformation pathway of dihydrocapsaicin by Rhizopus oryzae R2701.
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cell migration and invasion. In this study, LSD1was identified for the first
time as a target of metabolite 1, which can provide a novel scaffold for
further optimization of LSD1 inhibitor. Herein, we report details of the
biotransformation procedures and hypothetical biotransformation
pathway of dihydrocapsaicin and the isolation, structure elucidation, and
inhibitory effect on LSD1 of the metabolites.
2

2. Materials and methods

2.1. Apparatus

Bruker 600MHz spectrometer was used to acquire NMR spectra of the
isolated metabolites. AB SciexX500r TOF mass spectrometer was used to
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acquire HRESIMS data. UltiMate 3000 instrument equipped with a DAD
detector was used to collect analytical HPLC data. A liquid chromatog-
raphy instrument equipped with an YMC RP C18 (250 � 20 mm, 5 μm)
preparative column was used for the purification of metabolites. The
separation of metabolites was performed in column chromatography
using 200�300 mesh silica gel. TLC was carried out for the detection and
analysis of metabolites using silica gel GF254 plates (2.5� 7.5 cm, 5� 10
cm). Acetonitrile and methanol (chromatographic-grade) were obtained
from Sigma–Aldrich, and chemical grade solvents for all other solvents
(Kemiou Chemical Reagent Co., Ltd.). Spots on silica gel plates were
observed by spraying with a mixture of a 10% sulfuric acid and 95%
ethanol solution followed by heating or the naked eye under UV light.

2.2. Microorganisms and culture media

In this research project, all human intestinal fungi were gifted by
Professor Xiaochi Ma's laboratory (Dalian Medical University), which
was approved by the Ethics Committee of Xinhua Hospital affiliated with
Dalian University (XH2020A008).

Further, the gut fungal strains in this study were cultivated from
human feces and identified as Candida parapsilosis (ID: M8011), Asper-
gillus fumigatus (ID: PB4204), Aspergillus japonicus (ID: Y4009A), and
Rhizopus oryzae (ID: R2701), which were deposited at the Dalian Medical
University. We performed all cultures and metabolism experiments on
human intestinal fungi in potato medium. In general, the potato medium
was prepared as the followed protocol: Peeled potato (200 g) was boiled
in water for 30 min, filtered the solution, added 20 g of glucose, and then
diluted to 1 L with water. Sterilization of potato media at 121 �C for 20
min was performed.

2.3. Biotransformation of dihydrocapsaicin by fungi

Four strains of the intestinal fungi were screened in order to evaluate
their metabolic capability for dihydrocapsaicin.

The fungi were cultured in the potato medium (50 mL) was stored in
Erlenmeyer flasks (100 mL), then the incubation was continued at 32 �C,
170 rpm for 48 h. The dihydrocapsaicin (2.0 mg) dissolved in DMSO (20
μL) was transferred to each flask, and then incubated for 5 days. The
culture of fungi without dihydrocapsaicin was used as the blank group.
After the co-incubation, the corresponding metabolites were extracted
from the fungal fermentation broths with ethyl acetate, which was
detected for the metabolites by HPLC in order to evaluate the metabolism
of dihydrocapsaicin. On the basis of the screening experiments, the
preparative experiments for the metabolites of dihydrocapsaicin were
performed in 400 mL potato medium. The 15 mg of dihydrocapsaicin
dissolved in 0.1 mL DMSO was added to the flasks, which were the pre-
culture of fungi for 48 h. We extracted fermentation broths with ethyl
acetate after coincubation for 5 days, and separated metabolites from the
ethyl acetate extract.

2.4. Extraction and isolation of metabolites

In general, the fermentation broths were filtered and extracted by
ethyl acetate (the same volume, three times). The ethyl acetate fraction
was evaporated under vacuum at 45 �C.

Dihydrocapsaicin (200 mg) was biotransformed by Aspergillus fumi-
gatus PB4204: The ethyl acetate extract (1.1 g) of fermentation was
fractionated into 18 fractions by MPLC (ODS) using a gradient eluent
consisting of MeOH–H2O (10:90 to 100:0) mixtures containing the tri-
fluoroacetic acid (0.3‰, v/v). Fraction 12 was further separated by
preparative HPLC to obtain 1 (83.0 mg) and the mobile phase was
constituted by MeOH/H2O (45:55) containing the trifluoroacetic acid
(0.3‰, v/v).

Dihydrocapsaicin (100 mg) was biotransformed by Candida para-
psilosisM8011: The total ethyl acetate extract (0.5 g) of fermentation was
separated into 15 fractions by MPLC (ODS) using a gradient eluent
3

consisting of MeOH–H2O (10:90 to 100:0) mixtures containing the tri-
fluoroacetic acid (0.3‰, v/v). Fraction 12 was separated by preparative
HPLC to obtain 3 (8.0 mg) and the mobile phase was constituted by
MeOH/H2O (45:55) containing the trifluoroacetic acid (0.3‰, v/v).
Fraction 13was separated by preparative HPLC to obtain 2 (10.5 mg) and
the mobile phase was constituted by MeOH/H2O (65:35) containing the
trifluoroacetic acid (0.3‰, v/v).

Dihydrocapsaicin (80 mg) was biotransformed by Aspergillus japonicus
Y4009A: The ethyl acetate extract (0.6 g) of fermentation was fraction-
ated into 22 fractions by MPLC (ODS) using a gradient eluent consisting
of MeOH–H2O (10:90 to 100:0) mixtures containing the trifluoroacetic
acid (0.3‰, v/v). Metabolite 3 (7.5 mg) was obtained from fraction 14 by
the preparative HPLC, with the mobile phase as MeOH/H2O (44:55,
0.03% TFA v/v). Metabolite 4 (6.5 mg) was obtained from fraction 18 by
the preparative HPLC, with the mobile phase as ACN/H2O (40:60, 0.03%
TFA v/v).

Dihydrocapsaicin (300 mg) was biotransformed by Rhizopus oryzae
R2701: The ethyl acetate extract (7.0 g) of the cultures of fungi was
fractionated into 10 fractions by silica gel column chromatography using
a gradient eluent consisting of petroleum ether�ethyl acetate (7:1 to 0:1)
mixtures. Fraction 10 was separated by preparative HPLC, with mobile
phase: ACN/H2O (60:40) containing the trifluoroacetic acid (0.3‰, v/v)
to obtain 5 (4.4 mg), 6 (12.5 mg), 7 (11.0 mg), and 8 (3.5 mg).

2.4.1. 9,50-dihydroxydihydrocapsaicin (1)
Colorless solid; 1H, and 13C NMR data were listed in Tables 1 and 2,

respectively; HRESIMS, ion peak m/z 338.1973 [M – H]– (calcd. for
C18H28NO5

–, 338.1973).

2.4.2. 8-methyl N-vanillylcarbamoyloctanoic acid (3)
Colorless solid; 1H, and 13C NMR data were listed in Tables 1 and 2,

respectively; HRESIMS, ion peak m/z 336.1820 [M – H]– (calcd. for
C18H26NO5

–, 336.1816).

2.4.3. 8-methyl N-vanillylcarbamoyloctanoic acid methyl ester (4)
Colorless solid; 1H, and 13C NMR data were listed in Tables 1 and 2,

respectively; HRESIMS, ion peak m/z 350.1975 [M – H]– (calcd. for
C19H28NO5

–, 350.1973) and 396.2030 [M þ COOH]– (calcd. for
C20H30NO7

–, 396.2028).

2.4.4. 4-lactyloxy-nordihydrocapsaicin (5)
Colorless solid; 1H, and 13C NMR data were listed in Tables 1 and 2,

respectively; HRESIMS, ion peak m/z 380.2078 [M – H]– (calcd. for
C20H30NO6

–, 380.2079) and 426.2140 [M þ COOH]– (calcd. for
C21H32NO8

–, 426.2133).

2.4.5. 9-lactyloxy-dihydrocapsaicin (6)
Colorless solid; 1H, and 13C NMR data were listed in Tables 1 and 2,

respectively; HRESIMS, ion peak m/z 394.2242 [M – H]– (calcd. for
C21H32NO6

–, 394.2235).

2.4.6. 4-lactyloxy-dihydrocapsaicin (7)
Colorless solid; 1H, and 13C NMR data were listed in Tables 1 and 2,

respectively; HRESIMS, ion peak m/z 394.2232 [M – H]– (calcd. for
C21H32NO6

–, 394.2235) and 440.2303 [M þ COOH]– (calcd. for
C22H34NO8

–, 440.2290).

2.4.7. 5-[2-(2-hydroxypropanoyloxy) propanoyloxy]-dihydrocapsaicin (8)
Colorless solid; 1H, and 13C NMR data were listed in Tables 1 and 2,

respectively; HRESIMS, ion peak m/z 466.2453 [M – H]– (calcd. for
C24H36NO8

–, 466.2446).

2.5. Inhibitory effects on LSD1

The assay kit of LSD1 (Cayman Chemical) was used to evaluate the
inhibitory effects of dihydrocapsaicin (DHC) and metabolites on LSD1.



Table 1. The 1H NMR (600 MHz) data in DMSO-d6 for metabolites 1 and 3�8. (δ in ppm, J in Hz).

No. 1 3 4 5 6 7 8

2 2.10 t (7.8) 2.10 t (7.8) 2.09 t (7.2) 2.12 m 2.10 t (7.2) 2.12 m 2.11 t (6.6)

3 1.51 m 1.50 m 1.50 m 1.82 m
1.71 m

1.51 m 1.81 m
1.72 m

1.51 m

4 1.24 overlap 1.23 overlap 1.23 overlap 4.77 m 1.24 overlap 4.81 m 1.49 m

5 1.24 overlap 1.23 overlap 1.23 overlap 1.52 m 1.24 overlap 1.48 m 4.79 m

6 1.23 overlap 1.22 overlap 1.21 overlap 1.12 m 1.24 overlap 1.24 m 1.47 m

7 1.34 m
0.98 m

1.50 m
1.31 m

1.51 m
1.35 m

1.47 m 1.30 m
1.09 m

1.12 m 1.09 m

8 1.45 m 2.29 m 2.41 m 0.85 d (6.6) 1.72 m 1.48m 1.46 m

9 3.24 dd (10.8,7.8)
3.15 dd (10.8, 7.8)

0.86 d (6.6) 3.95 dd (10.2, 6.0)
3.82 dd (10.2, 6.0)

0.83 d (6.6) 0.83 d (6.6)

10 0.81 d (6.6) 1.03 d (7.2) 1.06 d (7.2) 0.87 d (6.6) 0.84 d (6.6) 0.84 d (6.6)

20 6.32 d (1.8) 6.79 d (1.8) 6.79 d (1.8) 6.80 d (1.8) 6.80 d (1.8) 6.80 d (1.8) 6.79 d (1.8)

50 6.69 d (8.4) 6.69 d (7.8) 6.69 d (8.4) 6.69 d (7.8) 6.69 d (7.8) 6.69 d (7.8)

60 6.31 d (1.8) 6.62 dd (8.4,1.8) 6.62 dd (7.8,1.8) 6.62 dd (8.4,1.8) 6.63 dd (7.8,1.8) 6.63 dd (7.8,1.8) 6.62 dd (7.8,1.8)

70 4.07 d (6.0) 4.13 d (6.0) 4.13 d (6.0) 4.13 d (6.0) 4.14 d (6.0) 4.13 d (6.0) 4.13 d (6.0)

200 4.10 q (7.2) 4.14 q (6.6) 4.10 q (6.6) 4.99 q (6.6)

300 1.25 d (7.2) 1.25 d (6.6) 1.24 d (6.6) 1.41 d (6.6)

2000 4.20 q (7.2)

3000 1.29 d (7.2)

OCH3-9 3.59 s

OCH3-30 3.71 s 3.73 s 3.73 s 3.74 s 3.73 s 3.74 s 3.73 s

OH-40 8.78 s 8.80 s 8.80 s 8.80 s 8.80 s 8.80 s 8.80 s

NH 8.12 t (6.0) 8.15 t (6.0) 8.15 t (6.0) 8.15 t (6.0) 8.15 t (6.0) 8.18 t (6.0) 8.17 t (6.0)

COOH 12.0 s

Table 2. The13C NMR (150 MHz) data in DMSO-d6 for metabolites 1 and 3�8. (δ
in ppm).

No. 1 3 4 5 6 7 8

1 171.9 171.9 171.9 171.2 171.9 171.2 171.5

2 35.4 35.3 35.3 31.1 35.4 31.1 34.9

3 25.4 25.3 25.3 29.5 25.3 29.6 21.1

4 28.8 28.7 28.6 73.5 28.6 73.1 33.0

5 29.2 28.6 28.5 31.2 29.0 33.5 74.8

6 26.4 26.6 26.5 33.8 26.1 22.4 31.2

7 32.9 33.2 33.2 27.3 32.6 38.1 33.6

8 35.3 38.7 38.6 22.3 32.1 27.3 27.3

9 66.3 177.5 176.3 22.5 68.5 22.4 22.2

10 16.8 17.0 16.9 16.5 22.4 22.4

10 129.7 130.5 130.5 130.3 130.5 130.3 130.4

20 102.7 111.6 111.6 111.7 111.6 111.7 111.7

30 148.2 147.4 147.4 147.4 147.4 147.4 147.4

40 132.8 145.3 145.3 145.4 145.4 145.4 145.4

50 145.6 115.2 115.1 115.2 115.2 115.2 115.1

60 108.1 119.6 119.6 119.7 119.7 119.7 119.7

70 42.0 41.8 41.8 41.9 41.8 41.9 41.8

100 174.4 174.6 174.4 170.1

2 00 66.0 65.9 66.0 68.5

300 20.5 20.5 20.5 16.8

1000 174.1

2000 65.5

3000 20.3

OCH3-9 51.3

OCH3-30 55.7 55.5 55.5 55.5 55.5 55.5 55.5
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Generally, using fluorescence method to detect the production of H2O2
about the enzymatic reaction mediated LSD1. Resorufin (highly fluo-
rescent compound) is produced by the reaction of H2O2 and ADHP (10-
acety-3,7-dihydroxyphenoxazine) in the presence of horseradish perox-
idase (HRP).

A solution of DMSO was used for dissolving all compounds, and their
inhibition effects were measured at the final concentration of 10 μM.
According to the operation method of assay kit, adding assay buffer (120
μL), LSD1 (20 μL), HRP (20 μL), fluorometic substance (10 μL) and in-
hibitor or DMSO (initial activity well) (10 μL) to three wells, after
addition of peptide (10 μL), the reaction was performed at 37 �C for 30
min. The resorufin fluorescence was measured for the fluorescence in-
tensity at emissionwavelength (585�595 nm) and excitationwavelength
(530�540 nm).

The percent inhibition was calculated as [(initial activity-sample)/
initial activity] �100. All experiments were carried out three times.
Data are expressed as mean � SD. Statistical analyses were performed by
Student’s t-test.

Active compound solutions were suitably diluted (0.5, 1.0, 2.0, 5.0
and 10 μM) and their inhibition studies were determined. IC50 value of
compound 1 was calculated using the CurveExpert 1.3 software.

3. Results and discussion

3.1. Identification of metabolites 1–8

The molecular formula of 1 was found to be C18H29NO5 with 5 de-
grees of unsaturation by HRESIMS with the [M – H]– ion peak at m/z
338.1973 (calcd. for C18H28NO5

–, 338.1973) in combination with the
NMR data (Tables 1 and 2). The 1H NMR spectrum displayed signals
attributable to one 3,4,5-trisubstituted phenyl moiety [δH 6.32 (d, J¼ 1.8
Hz, H-20) and 6.31 (d, J¼ 1.8 Hz, H-60)], one nitrogen-bearing methylene
group [δH 4.07 (d, J ¼ 6.0 Hz, H-70)], one methoxy group [δH 3.71 (s,
OCH3-30)], one oxygen-bearing methylene group [δH 3.24 (dd, J ¼ 10.8,
7.8 Hz, H-9a) and 3.15 (dd, J ¼ 10.8, 7.8 Hz, H-9b)], one methylene
4

group [δH 2.10 (t, J ¼ 7.8 Hz, H-2)], and one methyl group [δH 0.81 (d, J
¼ 6.6 Hz, H3-10)] (Table 1). Two exchangeable protons at δH 8.12 (t, J ¼
6.0 Hz, NH) and 8.78 (s, OH-40) could be found in the 1H NMR spectrum
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(Table 1). In addition to carbon resonances corresponding to the above
units, the 13 C NMR spectra displayed the presence of one nitrogen-
bearing carbonyl carbon (δC 171.9, C-1) (Table 2). The NMR data
showed that 1 was an analog of dihydrocapsaicin. Analysis of NMR
spectra of 1 and dihydrocapsaicin demonstrated that the 4-hydroxy-3-
methoxybenzyl moiety and methyl group (C-9) in dihydrocapsaicin
were replaced by the 3,4-dihydroxy-5-methoxybenzyl unit and hydrox-
ymethyl group (δC 66.3, C-9) in 1, respectively. This was confirmed by
the HMBCs for OCH3-30/C-30, H-20, H-60/C-40, H2-70/C-10, C-20, and C-60,
and H2-9/C-7 and C-10 (Figure 3). Thus, 1 was determined to be 9,50-
dihydroxydihydrocapsaicin.

Metabolite 3 was determined as molecular formula (C18H27NO5) by
NMR and HRESIMS data. Comparison of the NMR data between 3 and
dihydrocapsaicin suggested the difference was the substitution of the
methyl unit (C-9) in dihydrocapsaicin by a carboxyl unit in 3. This was
verified by 2D NMR data (Figure 3). The HMBCs for H3-10 and H-8/C-9,
together with the chemical shift (δC 177.5, C-9), confirmed the above
supposition (Figure 3). Finally, 3 was assigned as 8-methyl N-vanillyl-
carbamoyloctanoic acid.

Metabolite 4 was assigned molecular formula (C19H29NO5) by HRE-
SIMS, which showed fourteen more mass units than 3. NMR spectra of 4
closely resembled those of 3, except for the presence of signals for a
methoxy group. Comparison of the NMR data of 4 and 3 indicated that
carboxyl carbon (C-9) was shielded by ΔδC �1.2 ppm. The other carbon
resonances were shifted by ΔδC� �0.2 ppm. These data suggested 4 was
the methyl analog of 3. The key HMBCs for OCH3-9/C-9 proved that the
methoxy group was connected to C-9 (Figure 3). Therefore, 4 was iden-
tified as 8-methyl N-vanillylcarbamoyloctanoic acid methyl ester.

The molecular formula (C20H31NO6) of metabolite 5was found by the
HRESIMS. Its NMR data were similar to nordihydrocapsaicin, except for
the presence of signals for a carbonyl carbon (δC 174.4, C-100), an
oxygenated carbon (δC 66.0, C-200), and a methyl carbon at (δC 20.5, C-
300). This indicated that 5 was a lactyloxy derivative of nordihy-
drocapsaicin, which was confirmed by the HMBCs for H-200 and H3-300/C-
100 and the 1H–1H COSY correlation of H-200/H3-300 (Figure 3). Although
the HMBCs for H-5/C-100 was not observed in 5, the molecular formula
and chemical shift of C-4 (δC 73.5) suggested that the lactyloxy group
must be connected to C-4. Therefore, 5 was identified as 4-lactyloxy-
nordihydrocapsaicin.

The molecular formula (C21H33NO6) of metabolite 6 was found by
HRESIMS. NMR data showed that 6 was a lactyloxy derivative of dihy-
drocapsaicin. This was verified based on the 2D NMR data, especially by
Figure 3. Key HMBC (from H to C) and 1H–1H C

5

the HMBCs for H2-9 and C-100 (Figure 3). Thus, 6 was determined as 9-
lactyloxy-dihydrocapsaicin.

The spectroscopic data of metabolite 7 showed that it was a lactyloxy
derivative of dihydrocapsaicin with the molecular formula C21H33NO6.
The HMBCs for H-4/C-100 showed the lactyloxy unit was located at C-4
(Figure 3). Thus, 7 was identified as 4-lactyloxy-dihydrocapsaicin.

Metabolite 8 was assigned molecular formula (C24H37NO8) by HRE-
SIMS. The HMBCs for H-2000 and H3-3000 /C-1000, H-200 and H3-300 /C-100, and
H-200/C-1000, in combination with chemical shifts of these proton and
carbon resonances, determined the presence of the 2-(2-hydrox-
ypropanoyloxy) propanoyloxy group (Figure 3). Analysis of NMR spectra
of 8 and dihydrocapsaicin demonstrated that 8 was a 2-(2-hydrox-
ypropanoyloxy) propanoyloxy derivative of dihydrocapsaicin. Although
the HMBC correlation of H-5/C-100 of 8 was not observed, the molecular
formula and chemical shift (C-5) confirmed the 2-(2-hydrox-
ypropanoyloxy) propanoyloxy unit must be connected to C-5. Finally, 8
was determined to be 5-[2-(2-hydroxypropanoyloxy) propanoyloxy]-
dihydrocapsaicin.

The remaining metabolite was identified as N-vanillyl-9-hydroxy-8-
methyloctanamide (2) which had been reported [14].

3.2. LSD1 inhibition activity assay

In this work, we evaluated the inhibitory effects of dihydrocapsaicin
and metabolites 1�8 on LSD1 (Figure 4). As a result, the inhibitory ef-
fects of most of the metabolites against LSD1 were found to be in the
range of 25–60% at 10 μM. Notably, metabolite 1 and dihydrocapsaicin
displayed significant inhibitory effect on LSD1, with inhibition of 80.7%
and 76.5% at 10 μM, respectively. Furthermore, metabolite 1 as the LSD1
inhibitor showed an IC50 value of 1.99 μM (Figure 5). Interestingly,
metabolite 1 showed a higher LSD1 inhibition rate than dihy-
drocapsaicin, although they differed from each other; only C-9 and C-50

in dihydrocapsaicin were both replaced by hydroxyl groups. However, it
is unclear for the detailed mechanism of this result and need to be further
studied.

As now, many reversible and irreversible LSD1inhibitors have been
reported, but only a few of them are natural. For instance, baicalin was
found to be the first LSD1 inhibitor (IC50 3.01 μM) [20], and α-mangostin
was regarded as the first xanthone-based LSD1 inhibitor (IC50 2.81 μM)
[21]. Notably, it has been reported capsaicin (IC50 0.6 μM) and capsaicin
analogue (9,50-dihydroxycapsaicin) (IC50 1.52 μM) both showed signifi-
cant inhibitory effect on LSD1 [17]. In our study, the metabolite 1
OSY correlations of metabolites 1 and 3�8.



Figure 4. The inhibitory effects of metabolites 1�8, dihydrocapsaicin (DHC),
and capsaicin (AC) on LSD1 at 10 μM. All experiments were carried out three
times, and data were shown as mean � standard deviation. **, P < 0.01; ***, P
< 0.001; ****, P < 0.0001.

Figure 5. The concentration-dependent inhibitory effect of metabolite 1
against LSD1.
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showed similar inhibitory effect against LSD1 as 9,50-dihydrox-
ycapsaicin. These results suggest metabolite 1 may serve as a potential
backbone for further development as an inhibitor of LSD1.

4. Conclusions

In the biotransformation of dihydrocapsaicin by four intestinal fungi
(Aspergillus japonicus Y4009A, Rhizopus oryzae R2701, Candida para-
psilosisM8011, and Aspergillus fumigatus PB4204), seven new metabolites
(1 and 3�8) and one known analog (2) were afforded. The structures
were unambiguously determined using NMR and HRESIMS spectra.
Based on the structures of the dihydrocapsaicin metabolites, the main
biotransformation reactions were revealed to be hydroxylation, alcohol
oxidation, and lactylation. Metabolite 1 displayed strongest inhibitory
effect on LSD1 (IC50 1.99 μM) in an in vitro bioassay. The above results
indicated that biotransformation of dihydrocapsaicin by intestinal fungi
was an effective method to produce LSD1 inhibitors for potential use as
therapeutics in cancerous disease (glioblastoma, et al.).
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