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Abstract Icaritin (IT) was the main product of intestinal metabolism of main ﬂavonoid compounds in Epimedium.
Our previous study of the intestinal metabolites of IT was mainly focused on detecting the metabolites in rat faeces,
which did not directly reacted and premeditate the complex environment of small bowel. Therefore, in this paper, the
contents of small bowel were collected and analyzed by ultra performance liquid chromatography/quadrupole time
of flight mass spectrometry (UPLC-Q-TOF/ MS), and then the main metabolites and metabolic pathways of IT in
rats small bowel were explained clearly. Finally, six major metabolites were found in rats small bowel after oral
administration of IT, which were m/z 367.1187, 383.1125, 545.1678, 559.1448, 561.1610, and 721.1979,
respectively. These six metabolites and their chemical structures were firstly discovered and identified by us. The
metabolites m/z 559.1448 and 545.1678 were the combinations of m/z 383.1125 and 369.1308 (IT) linked with one
glucuronic acid, respectively. In the intestinal contents, the IT prototype had the highest peak areas, which indicated
that IT mainly existed in the form of prototype. Meanwhile, our results further confirmed that the bioavailability of
IT might be low, and subsequent research would likely focus on improving the biopharmaceutical properties and
enhancing the bioavailability of IT. This study was useful and complementary to our previous findings.
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1. Introduction
Herbal Epimedium has been commonly used in
traditional Chinese medicine for reinforcing the kidney
and strengthening the bone [1]. Studies have demonstrated
that Epimedium consist of seven major ﬂavonoid
compounds, which share a common stem nuclear similar
to their parent aglycone icaritin (IT) [2]. Modern
pharmacology studies found that IT exerted many
pharmacological activities, including antirheumatic [3],
anti-osteoporosis [4,5,6], and antitumor [7]. Our recent
study on the intestinal metabolism of Epimedium
flavonoids had shown that IT was the main product of
intestinal metabolism of all seven ﬂavonoid compounds
under the effect of intestinal enzyme and flora [8].
However, the research methods was incubation flavonoids
at 37°C with rat intestinal enzyme and intestinal flora in
vitro, which could not react the real complexities of IT in
vivo. In small bowel, there were lots of intestinal floras
and hydrolytic enzymes [9,10,11], which could promote
IT to be furtherly metabolized into various metabolites.
Our previous study also found that IT could be quickly
absorbed into blood circulation and reached the maximum
plasma concentration after 15 min, and then rapidly

conversed to its glucuronidation metabolites after 30 min
[12,13]. Meanwhile, IT was mainly excreted through the
bile in the form of glucuronidation (m/z 545.1682 and
545.1661). However, the main metabolites of IT in rats
feces were oxygenase, dehydrogenation, and IT prototype,
in which there was no glucuronidated products been found.
Therefore, a series of complex metabolic changes must
have occured in the small intestine.
Because of plenty of glucuronidated products existed in
the plasma and bile of rats, we believe that the
glucuronidated products should be detected in the
intestines of rats. Therefore, in order to clearly explained
the metabolic pathways and metabolites of IT in intestine,
the contents in small bowel were collected and analyzed
by ultra performance liquid chromatography/quadrupole
time of flight mass spectrometry (UPLC-Q- TOF/MS) in
this paper.
Ultimately, 6 main metabolites of IT in rats intestine
were detected and resolved by UPLC-Q-TOF/MS,
including 4 glucuronidated products and 2 oxidation
products. This study complemented our previous research
work, and provided important datas for the
biopharmaceutical research and drug development of IT.

2. Materials and Methods
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2.1. Materials
IT (purity >98.3%) was prepared in our laboratory.
HPLC-grade acetonitrile, ethanol and methanol were
purchased from Merck (Darmstadt, Germany). MS-grade
formic acid was obtained from Nanjing Chemical Reagent
Co., Ltd (Nanjing, China). Ultrapure water was puriﬁed
by the Milli-Q water puriﬁcation system (Millipore,
Bedford, MA, USA). All the other reagents and chemicals
were analytical grade.

2.2. Animals and Drug Administration
Animal experiments were carried out according to the
Guide for the Humane Use and Care of Laboratory
Animals and were approved by the Animal Ethics
Committee of Jiangsu Provincial Academy of Chinese
Medicine. Sprague-Dawley rats (SLAC Lab Animal
Center, Shanghai, China), with the body weight of 250 ±
20 g, were allowed to acclimatize for 7 days before the
experiment. Animals were kept in cages with a standard
laboratory diet and tap water under climate-controlled
conditions (25°C, 55% humidity, and 12 h of light
alternating with 12 h of darkness).
Twelve hours before the experiment, the rats were
fasted overnight and only provided deionized water. The
rats were divided into 2 groups: IT group and blank
control group. Each group contained 6 rats. IT preparation
containing 5 % sodium carboxymethyl cellulose [14] were
orally administered to IT groups at a single dose of 80
mg/kg body weight [15] while blank control group was
administered with sodium carboxymethyl cellulose.

2.3. Samples Collection and Preparation
Rats were sacrificed after 10 hours [13], and then
abdominal cavity was opened along the midline. Firstly,
find out the entrance of the bile duct in the small bowel.
Secondly, cut off the intestine at 2 cm from the distal of
the bile duct entrance. Thirdly, along the intestines have
been cut down to find the cecum, an then cut off the whole
small bowel at 2 cm from the distal of the cecum.
Eventually, the intestinal tissues were homogenized, and
extracted by ultrasonic wave with 10 mL ethanol for 30
minutes. Immediately, the extracted solution were
refrigerated centrifugation at 12000 r/min and -20°C for
30 min. The supernatants were transferred out and filtrated
0.22 μm micron microporous membrane before being
injected and analyzed by UPLC-Q-TOF /MS.

2.4. Instrumentation
UPLC-Q-TOF/MS.

and

Conditions

of

UPLC-QTOF-MS/MS,
a
powerful
hyphenated
technique [16,17], was used for proﬁling studies of the
metabolites of the active ingredients with high resolution,
high sensitivity [18,19,20,21]. Chromatography was
performed using an ACQUITY UPLC system (Waters
Corp., Milford, MA, USA) equipped with a conditioned
autosampler at 4°C. The separation was carried out on an
Acquity UPLC BEH C18 column (ID, 1.7 μm; 2.1 × 50
mm; Waters, Milford, MA, USA). The column
temperature was maintained at 30°C. The mobile phase
consisted of 0.1% formic acid water (solvent A) and
acetonitrile (solvent B). The linear gradient elution
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program of IT was as follows: 0-3 min, 5-50% B; 3-6 min,
50-100% B; 6-9 min, 100% B; 9-10 min, 100-5% B; 1011 min, 5% B. The injection volume was 5 μL.
The high mass resolution experiments were performed
on a Synapt Q-TOF mass spectrometer (Waters, Milford,
MA) equipped with an ESI source under the positive ion
mode. The capillary and cone voltages were 2000 and 40
V, respectively. The desolvation gas (nitrogen) was set to
700 L/h at 350°C, and the source temperature was 120°C.
Mass range was scanned from 50 to 1200 Da and
corrected during acquisition using an external reference
(lock spray) consisting of a solution of 600 ng/mL leucine
enkephalin (m/z 566.2771) infused at a rate of 5 μL/min.
The transfer CE and trap CE to acquire MS date were 4
and 6 eV, respectively, whereas the transfer CE was 15 eV
and the trap CE was ramped from 25 to 40 eV to acquire
MS/MS data. The raw data was acquired and processed by
MassLynx (version 4.1; Waters).

3. Results and Discussion
In this paper, our study demonstrated that six major
metabolites of IT were found except its prototype. There
were m/z 367.1187, 383.1125, 545.1678, 559.1448,
561.1610, and 721.1979, respectively. Meanwhile, their
contents order was tentatively determined from their peak
areas, as follows: m/z 369.1308, 545.1678, 561.1610,
721.1979, 559.1448, 367.1187, and 383.1125. These six
metabolites and their chemical structures were firstly
discovered and identified by us. After carefully analyzing
the structures of metabolites, it was found that the
metabolites m/z 559.1448 and 545.1678 were the
combinations of m/z 383.1125 and 369.1308 (IT) linked
with one glucuronic acid, respectively.
In the intestinal contents, the IT prototype had the
highest peak areas 7892.90, which indicated that IT
mainly existed in the form of prototype. According to the
value of peak areas, the metabolites m/z 545.1678 was the
second high with the peak areas 3335.50, which was
integrated with one glucuronide at the position C-3rd. It
was interesting that the metabolites m/z 561.1610 and
559.1448 were also integrated with one glucuronide at the
position C-3rd. The metabolites m/z 721.1979 was
integrated with two glucuronides at C-3rd and C-7th
position, respectively. However, the content of m/z
721.1979 was lower than others.
Our previous study found that the main metabolites of
IT in rats bile were m/z 545.1678 and 721.1979 [12],
which were further excreted into the intestine via the bile
duct. Our previous study also found that there was little
glucuronide conjugate in rats faeces. This phenomenon
indicated that the glucuronide conjugates could be all
finally hydrolyzed by a large number of intestinal bacteria
and enzymes in intestine, and then excreted through the
feces. However, in the metabolic processes throughout the
small intestine, there were still plenty of glucuronidation
products.
The metabolism of the active substance in small bowel
was very complex. The intestinal microflora comprised a
complex ecosystem of a large variety of bacteria which
could affect the metabolism of the active substance in vivo
[11], especially lactase phlorizin hydrolase (LPH).
Meanwhile, the main function of LPH enzyme in small
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bowel was to hydrolyze the glucuronidation products.
Therefore, plenty of the glucuronidation products m/z
721.1979, 545.1678, 559.1448, and 561.1610 of IT in the
small bowel would be hydrolyzed into their homologous
prototype finally, such as m/z 369.1308, 383.1125, or
367.1187. That was why we did not detect out the
glucuronidation conjugates of IT in rat feces. This
phenomenon was complementary to our previous findings.

The metabolic processes of IT in small intestine was a
complex process, and its main metabolic way was
hydrolyzed by intestinal bacteria and related enzymes. A
large number of IT was excreted in the form of its
prototype via feces [8]. These results indicated that the
bioavailability of IT might be low, and subsequent
research would likely focus on improving the
biopharmaceutical properties and enhancing the
bioavailability of IT.

4. Conclusions
Table 1. Metabolites of IT in osteoporotic rats (n=3) parts permillion, mg/L.
Metabolites

Formulas

tR(min)

Molecular Weight (m/z)

PPM (μg/L)

Peak areas

P

C21H20O6

10.12

369.1308

-8.1

7892.9

N1

C21H18O6

11.38

367.1187

1.50

47.0

N2

C21H18O7

9.82

383.1125

-1.40

2.5

N3

C27H28O12

7.21

545.1678

3.50

3335.5

N4

C27H26O13

5.74

559.1448

0.60

58.8

N5

C27H28O13

5.76

561.1610

0.40

97.1

N6

C33H36O18

5.95

721.1979

-0.10

82.7

Figure 1. Chemical structures of IT

Figure 2. Chromatograms of the metabolites of IT in rats small bowels
P: prototype of IT; N1: C21H18O6, m/z 367.1187; N2: C21H18O7, m/z 383.1125; N3: C27H28O12, m/z 545.1678; N4: C27H26O13, m/z 559.1448; N5:
C27H28O13, m/z 561.1610; N6: C33H36O18, m/z 721.1979.
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Figure 3. The mass spectral fragmentation of main metabolites of IT in rats small bowels
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Figure 4. The metabolic pathways of IT a in rats small bowels
A large number of glucuronidation conjugates would be left in the small bowel, which could be further hydrolyzed into their corresponding prototypes
by intestinal bacteria and related enzymes. Meanwhile, plenty of IT was excreted in the form of its prototype via feces.
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