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Introduction: Semen Cuscutae is a traditional Chinesemedicine (TCM) that tonifies
the kidneys and preventsmiscarriage. According to Chinesemedicine theory, kidney
deficiency is one of the main causes of recurrent spontaneous abortion (RSA). The
previous studies showed that raw product of Semen Cuscutae (SP) and Semen
Cuscutae processedwith salt solution (YP) have ameliorative effects on RSA, and that
YP is superior to SP. However, the active components of YP to ameliorate RSA remain
unclear and require further studies. The objective of this study is to investigate the
active components of YP in ameliorating RSA.

Methods: First, a ratmodel of RSAwas establishedusing hydroxyurea in combination
with mifepristone. Aqueous decoction of YP was given by gavage to rats. Second,
pregnant rats were sampled on days 5, 7, 9, 10 and 12 during the modelling period.
The content of Hyperin (HY), astragalin (AS) and kaempferol-3-O-β-D-glucuronide
(KA) in blood and liver, heart, spleen, lung and kidney tissues were detected by liquid
chromatography-mass spectrometry (LC-MS). The pharmacodynamic indicators
including progesterone (P), chorionic gonadotropin β (β-HCG), estradiol (E2),
tumor necrosis factor-α (TFN-α), interleukin 4 (IL-4), and tryptophan (TRP) were

OPEN ACCESS

EDITED BY

Qianfeng Gong,
Jiangxi University of Traditional Chinese
Medicine, China

REVIEWED BY

Xianan Sang,
Zhejiang Chinese Medical University, China
Shi-Jun Yue,
Hebei University of Chinese Medicine, China
Yi Tao,
Zhejiang University of Technology, China
Qiao Zhang,
Shaanxi University of Chinese Medicine, China

*CORRESPONDENCE

Xiaoli Wang,
792511843@qq.com

†These authors have contributed equally to
this work

RECEIVED 30 May 2024
ACCEPTED 28 June 2024
PUBLISHED 16 September 2024

CITATION

Yang Z, Chen K, Zhang Y, Xu B, Huang Y,
Zhang X, Liu Z, Wang T, Wu D, Peng T, Lu T,
Cai H and Wang X (2024), Study on
pharmacokinetic and tissue distribution of
hyperin, astragalin, kaempferol-3-O-β-D-
glucuronide from rats with multiple
administrations of Semen Cuscutae processed
with salt solution with effect of treating
recurrent spontaneous abortion.
Front. Pharmacol. 15:1440810.
doi: 10.3389/fphar.2024.1440810

COPYRIGHT

© 2024 Yang, Chen, Zhang, Xu, Huang, Zhang,
Liu, Wang, Wu, Peng, Lu, Cai and Wang. This is
an open-access article distributed under the
terms of the Creative Commons Attribution
License (CC BY). The use, distribution or
reproduction in other forums is permitted,
provided the original author(s) and the
copyright owner(s) are credited and that the
original publication in this journal is cited, in
accordance with accepted academic practice.
No use, distribution or reproduction is
permitted which does not comply with these
terms.

Abbreviations: AS, astragalin; AUC, area under curve; E2, estradiol; ELISA, enzyme-linked immunosorbent
assay; ESI, electrospray ionization; HY, hyperin; IL-4, interleukin-4; IL-6, interleukin-6; IUA, intrauterine
adhesions; KA, kaempferol-3-O-β-D-glucuronide; P, progesterone; QC, quality control samples; RSA,
recurrent abortion; S, raw products of Semen Cuscutae; TGF-β1, transforming growth factor-β1; TNF-α,
tumor necrosis factor-α; UHPLC-Q/TOF-MS, ultra-high performance liquid chromatography and quadrupole
time-of-flight mass spectrometry; VEGF, vascular endothelial growth factor; YP, Semen Cuscutae processed
with salt solution.

Frontiers in Pharmacology frontiersin.org01

TYPE Original Research
PUBLISHED 16 September 2024
DOI 10.3389/fphar.2024.1440810

https://www.frontiersin.org/articles/10.3389/fphar.2024.1440810/full
https://www.frontiersin.org/articles/10.3389/fphar.2024.1440810/full
https://www.frontiersin.org/articles/10.3389/fphar.2024.1440810/full
https://www.frontiersin.org/articles/10.3389/fphar.2024.1440810/full
https://www.frontiersin.org/articles/10.3389/fphar.2024.1440810/full
https://www.frontiersin.org/articles/10.3389/fphar.2024.1440810/full
https://www.frontiersin.org/articles/10.3389/fphar.2024.1440810/full
https://www.frontiersin.org/articles/10.3389/fphar.2024.1440810/full
https://crossmark.crossref.org/dialog/?doi=10.3389/fphar.2024.1440810&domain=pdf&date_stamp=2024-09-16
mailto:792511843@qq.com
mailto:792511843@qq.com
https://doi.org/10.3389/fphar.2024.1440810
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/pharmacology
https://www.frontiersin.org
https://www.frontiersin.org/journals/pharmacology
https://www.frontiersin.org/journals/pharmacology#editorial-board
https://www.frontiersin.org/journals/pharmacology#editorial-board
https://doi.org/10.3389/fphar.2024.1440810


measured by enzyme-linked immunosorbent assay (ELISA) Pearson’s correlation
analysis and grey relational analysis were used to establish the relationship between
the pharmacodynamic indexes and chemical constituents.

Results: The pharmacokinetic results showed that the area under curve (AUC) value of
KA was the largest. The tissue distribution results showed that astragalin was widely
distributed in liver, heart, spleen, lung and kidney in the RSA model rats, while HY was
detected only in the uterus, and KA was detected only in the kidney. The pearson
correlationl analysis showed that KAwas significantly and positively correlated with the
contents of E2, P, β-HCG and TRP. Both AS and HY were significantly negatively
correlated with the content of TNF-α, respectively.

Discussion: This study reveals the pharmacokinetics and tissue distribution of KA,
AS and HY in rats with RSA. It was elucidated that all three were involved in the
regulation of progesterone levels and immune function. It initially revealed the
mechanism of action of YP in enhancing the improvement of RSA, and it provided a
theoretical basis for the quality assessment of YP.

KEYWORDS

recurrent spontaneous abortion, Semen Cuscutae processed with salt solution,
correlation, UHPLC-MS/MS, active substance
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Introduction

RSA refers to spontaneous abortion that occurs at least three
times in the same woman. The incidence of RSA is approximately
1%–5% in women of child-bearing age (La et al., 2021). Patients with
a history of RSA have a similar chance of miscarriage. RSA belongs
to the category of “sliding fetus” in traditional Chinese medicine
(TCM). It is one of the most common complications of pregnancy,
with the characteristics of recurrent pregnancy and abortion. The
causes of RSA are complex. In addition to genetic factors such as
chromosome, luteal insufficiency and other endocrine factors,
infection factors, immune anticoagulant antibody syndrome, pre-
thrombotic state, internal reproductive organ anatomical
abnormalities, and other influencing factors, the cause of RSA is
unknown in 60%–70% of patients (Deng et al., 2022). The severity of
RSA not only affects the physical and mental health of women but
also makes the family and society unstable to a certain extent, which
has gained the attention of scholars at home and abroad. The theory
of “sliding abortion” points out that the essence of innateness is
hidden in the kidney and the kidney andis responsible for
reproduction. The completion of pregnancy lies in the
consolidation of kidney qi (Xu et al., 2023a; Wang et al., 2020).
Therefore, TCM, with the effect of kidney reinforcement, has unique
advantages in improving RSA.

The frequency of use of 14,169 kinds of TCM prescriptions for
recurrent abortion in the obstetrics and gynecology department of
the First Affiliated Hospital of Anhui University of Chinese
Medicine was analyzed and studied by our research group in the
early stage. The results showed that YP was used most frequently. SP
has significant effect on the application of tonifying the kidney and
preventing fetus (Supplementary Figures S1, S2). SP was first
recorded in Shennong’s Classic of Materia Medica and was listed
as a quality medicine at the top grade (Xu et al., 2023b). Modern
pharmacological studies have shown that SP can enhance immunity,
improve reproductive function, result in anti-aging, and protect the
liver (Zhang et al., 2024). The main components of SP mainly
include flavonoids, glycosidic acids, alkaloids, and lignans (Liu et al.,
2021). In addition, it was found that compared with SP, the total
flavonoid content in YP increased (Xu et al., 2023c). As a traditional
holy medicine for “tonifying kidney and preventing fetus,” the
efficacy of YP has long been confirmed in clinical practice (Wang
et al., 2021). It was recorded inMedical Zhongzhongcan Xilu written
by Zhang Xichun’s that “SP has no roots and spreads on grass and
trees, but the grass and trees are not lush. It is good to absorb the
gasification of other things, which can be known by cultivation. The
fetus is in its mother’s womb, and if it absorbs the gasification of its
mother well, it will not fall down. In addition, both male and female
reproduction rely on the kidney for strength. SP can strengthen the
kidney qi, and the body with full kidney qi can nourish the foetus.”
Previous research has shown that there were significant differences
in the 10 components before and after salt processing with salt
solution, and the flavonoids were generally increased after salt
processing (Huang et al., 2022). However, the active substances
of YP that treat RSA are still unclear.

Semen Cuscutae has more active components, with flavonoids
being the most abundant. Modern pharmacology has shown that the
total flavonoids of Semen Cuscutae have estrogenic effects, and KA,
AS, and HY are the direct in vivo effectors of estrogenic effects of

Semen Cuscutae (Sun et al., 2021). HY and KA, among others, can be
used as quality markers for reproductive endocrine regulation, anti-
inflammatory, immune enhancement, and inhibition of oxidative
stress. The estrogenomimetic and anti-inflammatory effects of HY,
AS, KA may reflect the disease state of recurrent miscarriage by
regulating the hormone levels and expression of HY, AS, and KA.
The estrogenomimetic and anti-inflammatory effects of HY, AS, and
KA may reflect the disease state of recurrent miscarriage by
regulating the hormone levels and expression of inflammatory
factors in patients with RSA. Therefore, in this study, three
components, HY, AS, and KA were selected as indicator
components of Semen Cuscutae.

In the past decades, many experts and scholars have made
remarkable achievements in the field of basic research on the
medicinal effect of various materials. After the processing of
TCM, the synergistic effect, phase system, and attenuation effect
of the interaction between its components and the body is the
embodiment of these comprehensive effects. Therefore, the in vivo
study process is in line with the basic research mode of synergetic
substances in TCM processing (Su et al., 2022). Pharmacokinetics
study is helpful to reveal the pharmacodynamic substances of
traditional Chinese medicine by studying the pharmacokinetic
parameters of compounds, such as the area under the
concentration–time curve (AUC), elimination half-life (t1/2),
maximum concentration (Cmax), time to peak (Tmax), and tissue
distribution. It is also important to elucidate the interactions of
various components in the body. According to the “homing in
meridian” theory of the role of TCM processing excipients, each
drug has its favorable site of action in the human body. In other
words, each drug or compound has a target organ in the body and
exerts a therapeutic effect at that site. Therefore, it is necessary to
carry out pharmacokinetic and tissue distribution studies of YP to
elucidate its effective substances and mechanisms of action. In this
study, a sensitive, reliable, and accurate ultra-performance liquid
chromatography–tandem mass spectrometry (UHPLC-MS/MS)
method was established for quantitative determination of the
main components of YP in rat plasma and tissues, and it was
successfully applied to the pharmacokinetics and tissue
distribution of YP. The association model of composition change
spectrum and effect index is an important tool to study the in vivo
process of drugs. This model has the characteristics of accuracy and
dynamic change, which plays a unique role in the study of the in vivo
process of TCM.

This paper mainly uses the correlation model of “body
composition–efficacy index” to initially explore the active
substances of YP in the treatment of RSA, which will help in
further enriching the scientific connotation of the theory of the
role of Chinese medicine processing excipients, and it has important
guiding significance for the improvement of Chinese medicine
quality standards and processing technology.

Materials and methods

Materials and reagents

Semen Cuscutae herbal decoction pieces were purchased from
Tongling Wada Chinese Medicine Drinking Tablets Company
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(Tongling, China) and confirmed as the dry matured seed ofCuscuta
australis R. Br. or Cuscuta chinensis Lam. by Professor Liu Shoujin
(Anhui University of Traditional Chinese Medicine). Previous
studies have evaluated the quality of the characteristic profiles of
S and YP (Supplementary Figures S3, S4).

Hydroxyurea tablets (Lot 1C0153D05) were purchased from
Qilu Pharmaceutical Co., Ltd. (Jinan, China). Mifepristone tablets
(Lot 05210302) were purchased from Jiulong Renwei
Pharmaceutical Co., Ltd. (Wuhan, China). HY (Lot DJ0023-
0020), AS (Lot DZ0001-0020), and KA (Lot DS0175-0005) were
purchased from Chengdu Desite Biological Technology co., Ltd.
(Chengdu, China), and three pure compounds were used as
reference standards (purity ≥98%). Estradiol enzyme-linked
immunosorbent assay (ELISA) kits were purchased from
Shanghai Jianglai Biotechnology Co., Ltd. (Shanghai, China).
Formic acid (R050195) was purchased from Sinopharm Chemical
Reagent Co., Ltd. (Shanghai, China).

Pharmacodynamic study

YP and YP water extract preparation
YP preparation: 2 g salt was dissolved in 10 mL water, and 100 g

SP was stirred with the salt solution. After the salt solution was
thoroughly absorbed, they were poured into a frying pan and heated
on a mild fire for 4 min. The drugs were then removed from the
container for cooling. YP water extract preparation: the YP was
soaked in water for 30 min. Next, it was decocted twice with boiling
water (1:10 and 1:8), 30 min for each, and then filtered. The filtrate
was combined and concentrated to 10.8 g/kg.

Establishment, grouping, and morphological
observation of the RSA model

Female and male SPF SD rats (200–220 g) were purchased from
SPF (Beijing) Biotechnology Co., Ltd., and the animal license
number was SCXK (Beijing) 2019-0010. The experimental rats
were given free food and water for a week of adaptive feeding.
The animal experiment involved in this experiment was examined
and approved by the Research Ethics Committee of Anhui
University of Traditional Chinese Medicine, and the approval
number was AHUCM-rats-2022097.

The female and male rats were mated (mating ratio 2: 1). Vaginal
smears of female rats were examined daily in the early morning hours.
The pregnancy rate of rats was 50%. Day 0 of pregnancy is defined by the
presence of a large number of spermon the vaginal smear or the dropping
of a vaginal plug (Supplementary Figure S5). Finally, 30 pregnant rats
were randomly categorized into five groups (n = 6): 5-day group, 7-day
group, 9-day group, 10-day group, and 12-day group. Hydroxyurea
combined with mifepristone by gavage was used to establish the RSA
model. The groups were given hydroxyurea (450 mg/kg) daily in the
morning, and the 10.8 g/kg water extract of YP was administered in the
afternoon for the groups. The 12-day group was given mifepristone on
day 11 at a dose of 3.75 mg/kg (Wang et al., 2021). After 24 h of
mifepristone administration, serum, blood plasma, and tissue samples of
the liver, heart, spleen, lung, kidney, and uterus were obtained from each
group of rats after being anesthetized by intraperitoneal injection with
pentobarbital (30mg/kg). After anesthetizing the rats, the surrounding fat
and other tissues were stripped, and the uterus and kidney were weighed.

Plasma and tissues (liver, heart, spleen, lung, kidney, and uterus) taken at
5, 7, 9, 10, and 12 days were used for pharmacokinetic and tissue
distribution studies, respectively.

Calculation of organ index
During the experiment, the behavior of the rats was observed

daily, and their body weight was recorded. The organ index of the
liver, heart, spleen, lungs, kidneys, and uterus was calculated using
the following formula: organ index = organ weight (g)/body
weight (g) × 100%.

Biochemical index detection
On days 5, 7, 9, 10, and 12 of pregnancy, rats were anesthetized

by intraperitoneal injection of 20% Ultane, and blood was collected
from the abdominal aorta. After 2 h at room temperature, the
sample was centrifuged for 3,500 r/min at low temperature for
10 min, the upper serum was separated, and the levels of serum IL-4,
TNF-α, P, E2, and other indexes were detected by ELISA.

Statistical analysis
The levels of serum progesterone (P), estradiol (E2), tumor

necrosis factor-α (TNF-α), interleukin-4 (IL-4), rat chorionic
gonadotropin (β-CG), and tryptophan (TRP) were measured and
calculated according to the instructions of the kit. GraphPad Prism
software (version 8.0, GraphPad Software, United States) was used
to statistically analyze the experimental data. The data in the
experiment were finally expressed as �x ± s. Significance analysis
was performed using the one-way analysis of variance (ANOVA)
and was used for statistical comparison. In this experiment, p <
0.05 was regarded as the threshold of significance.

Pharmacokinetic study

YP and YP water extract preparation
The preparation method of YP and YP water extract was the

same as that described in the part of “pharmacodynamic study/YP
and YP water extract preparation” above.

Establishment, grouping, and morphological
observation of the RSA model

The experiment of the establishment, grouping, and
morphological observation of the RSA model was the same as
that described in the part of “pharmacodynamic study” above.

Sample preparation
Rat tissue samples were homogenized with ice saline solution

and centrifuged at 12,000 rpm for 15 min, and the supernatant
was taken out.

In a 1.5-mL EP tube, 10 μL solution of IS was added to 100 μL of
plasma samples, and 300 μL methanol was added to precipitate
protein. The mixture was vortexed for 2 min and centrifuged at
12,000 rpm for 10 min at 4°C. The supernatant was transferred to a
new EP tube and then dried under nitrogen at 35°C. The dried
residue was re-dissolved with 100 μL methanol:water (50:50, v/v)
solution. After being centrifuged at 12,000 rpm for 10 min at 4°C, a
10-μL aliquot of the supernatant was injected into LC–MS/MS
for analysis.
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Preparation of standards, calibration standards,
and quality control samples

Appropriate amounts of KA, HY, and AS were accurately
weighed and prepared with methanol with mass concentrations
of 0.200 mg/mL, 0.200 mg/mL, and 0.204 mg/mL, respectively.
Glipizide was dissolved in methanol and further diluted to 200 ng/
mL to obtain the IS solution. Seven aliquots of 90 μL blank plasma
were spiked with 10 μL of a mixed standard solution of KA, HY, and
AS to yield calibration standards with concentrations in the range of
1–1,000 ng/mL KA, 1–1,000 ng/mL HY, and 1–1,000 ng/mL AS.
Quality control (QC) samples were independently prepared in a
similar manner to obtain three levels of samples: low, medium, and
high concentrations for each analyte.

Chromatographic and mass spectrometry
conditions

The chromatographic separation was performed on an
ACQUITY UPLC®BEH C18 (2.1 × 100 mm, 1.7 μm) with the
column temperature maintained at 35°C. Mobile phase A
consisted of methanol and mobile phase B consisted of 0.1%
formic acid. The flow rate was 0.3 mL/min, and the injection
volume was 5 μL. The gradient elution procedure was as follows:
0–5 min, 45 %–80%A; 5–5.5 min, 80%–45%A;
5.5–6.0 min, 45%A.

For mass spectrometry conditions, the analyte and IS were
ionized in the ESI negative ion mode. The ion source
temperature was 500°C, the ion spray voltage was –4,500 V,
Gas1 was 50 psi, Gas2 was 50 psi, and the MRM mode for
quantification of KA was m/z 461.0→284.7. The MRM mode for
quantification of HY was m/z 463.2→300.0. The MRM mode for
quantification of AS was m/z 447.1→283.9. The MRM mode for
quantification of IS was m/z 444.1→319.0 (Figure 1).

Method validation
Selectivity validation

Blank plasma and kidney samples were collected for selectivity
validation, and the blank samples were mixed with KA, AS, HY, and
IS solutions for further testing. Rat plasma and kidney tissues 2 h
after continued dosing of YP on the fifth day were collected to
determine the KA, AS, and HY. All samples were processed
according to the methods described in the part of “sample
preparation.”

Linearity validation
The linearity of the standard curve was determined by plotting the

peak area ratio (KA, AS, and HY/IS, y-axis) versus their concentration
(x-axis) in plasma using a weighted linear least-squares regression
model (1/x2). The samples were processed according to the methods
described in the part of “sample preparation.”

Lower limit of quantitation validation
The lower limit of quantitation (LLOQ) was defined as the

lowest concentration of three analytes that were precisely added
to the blank plasma for detection. The samples were handled in
the same manner as described in the part of “sample
preparation.” The relative standard deviations (RSDs) of the
concentrations of the three analytes in the samples were
calculated.

Accuracy and precision validation
The intra-day and inter-day precision and accuracy of the three

analytes in the rat plasma, liver, heart, spleen, lung, kidney, and
uterus tissues were obtained by analyzing the low and high
concentration QC samples in six replicates on day one and three
consecutive days, respectively.

Extraction recovery and matrix effect validation
The extraction recovery of KA, AS, and HY was evaluated at low,

middle, and high concentration levels by comparing the peak areas
of the two analytes in the blank plasma-spiked samples with those of
the post-extraction spiked samples. The matrix effect was measured
at three concentration levels by comparing the peak areas of the
analytes from the post-extraction spiked blank samples to those of
the aliquots of methanol spiked with the same standard.

Stability validation
The stability of the analytes in the rat plasma, liver, heart, spleen,

lung, kidney, and uterus tissues, including short-term and freeze–thaw
stability, was evaluated at low and high concentration levels in six
replicates under diverse conditions: 12 h at room temperature (short-
term stability), 4 weeks at −20°C (long-term stability), and after three
freeze–thaw cycles (freeze–thaw stability).

Statistical analysis
Data regarding KA, AS, and HY from plasma concentration–time

curves were evaluated using DAS 2.0 software (Mathematical
Pharmacology Professional Committee of China, Shanghai, China).
Pharmacokinetic parameters were analyzed using SPSS 21.0 software.

Tissue distribution study
A study was conducted to study the distribution of KA, AS, andHY

in the liver, heart, spleen, lung, kidney, and uterus tissues. The grouping,
administration, and tissue sampling of rats were the same as previously
mentioned in part of “pharmacokinetic study/establishment, grouping,
and morphological observation of RSA model.”

Gray relationship analysis of
pharmacodynamics and pharmacokinetics

Gray correlation analysis (GCA) was performed using the data
processing system SPSS software (version 23.0, IBM, United States) to
establish the pharmacodynamics and pharmacokinetics relationship,
that is, the relationship between the components and efficacy.

Results

The therapeutic effect of YP on RSA rats

Assessments of body weight and organ index
To explore the therapeutic effect of YP on RSA, we treated RSA

rats with YP decoction at doses of 10.8 g/kg for 12 days. There was a
slow increase in the body weight of pregnant rats in the 5-, 7-, 9-, 10-,
and 12-day groups, and the body weight of rats in the 7-day group
was significantly higher than that of rats in the first day of the
gestation group (p < 0.01). The gradual increase in uterine
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coefficients and decrease in liver coefficients during the side
modeling and administration of the drug suggest that YP has a
protective effect on the fetus (Figures 2A–C).

Effects of YP on serum biochemical indicators
The results of biochemical indicators showed that compared

with the 5-day group, the serum concentrations of E2, P, β-HCG,
IL-4, and TRP in the 10-day group increased significantly,

whereas the concentration of TNF-α decreased significantly.
These results showed that YP may cause improvement in rats
with RSA by regulating E2, P, β-HCG, TRP, IL-4, and TNF-α.
Compared with the 10-day group, the serum concentrations of E2,
P, β-HCG, and TRP in the 12-day group decreased significantly,
whereas the concentration of IL-4 and TNF-α increased
significantly. This shows that the establishment of RSA is
successful (Figures 3A–F).

FIGURE 1
Chemical structure of three compounds and mass spectrum of each component to be detected and the internal standard compound. (A) Hyperin,
(B) astragalin, (C) kaempferol-3-O-β-D-glucuronide, and (D) glipizide. (E) Mass Spectrometry of Hyperin, (F) Mass Spectrometry of astragalin, (G) Mass
Spectrometry of kaempferol-3-O-β-D-glucuronide, (H) Mass Spectrometry of glipizide.

FIGURE 2
Rat body weight (A), changes of uterine coefficient (B), and changes of liver coefficient (C). Uterus: comparison of 12-day group, ##p < 0.05, △△p <
0.05, ***p < 0.001.
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Pharmacokinetic study

Optimization of UHPLC-MS/MS
To obtain appropriate retention times, good separability,

and symmetrical peak shapes, 0.1% formic acid aqueous
solution (methanol) was chosen as a suitable mobile phase.
According to the comprehensive consideration of the matrix
effect and determination efficiency, the final optimized
gradient elution program was as follows: 0–5 min, 45%–80%

methanol; 5–5.5 min, 80%–45% methanol; 5.5–6.0 min,
45% methanol.

To optimize theMS spectra, the positive and negative ion modes of
the first-order mass spectrometry of the analytes and IS solutions were
investigated. It was found that theMS detection of HY, AS, and KAwas
sensitive in the negative ion mode, whereas IS responded in both the
positive and negative ion modes. Therefore, the negative ion mode was
selected for the determination, and the optimized MS parameters to
achieve maximum responses are summarized in Table 1.

FIGURE 3
Changes of serum P (A), E2 (B), IL-4 (C), TNF-α (D), β-HCG (E), and TRP (F). Different letters in the figure indicate significant differences among the
samples (p < 0.05).
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Method validation
Specificity

The retention times of HY, AS, KA, and IS are shown in Figure 4.
The chromatograms of the three analytes and IS in the blank plasma,
blank plasma spiked with the analytes and IS, and plasma samples
collected after oral administration of YP for 5 days 2 h were compared.
The same sample treatments and comparisons were performed for
kidney tissues. The results showed symmetric peaks of the analytes
and IS with no endogenous substance interferences, stable baselines,
and high specificity (Supplementary Figure S6).

Linearity and LLOQ
The standard curve and linear regression equation of the

analytes that were established by detection of the plasma and
kidney samples containing various concentrations of HY, AS,
KA. HY, AS, KA, exhibited good linearity, with correlation
coefficients (R2) ≥ 0.99. The LLOQs of naringin and paeoniflorin
are listed in Supplementary Table S1. The results showed that the
method was suitable for the quantitative analysis of the two analytes
and met the pharmacokinetic requirements.

Accuracy and precision
The results showed that the intra- and inter-day precisions of the

three analytes were within 14.72%, and the accuracy ranged
from −14.38% to 14.32% (Supplementary Table S2). All analysis
values were within the accepted criteria, proving that the method
was accurate and reliable for the target analytes.

Extraction recovery and matrix effect
The recovery of the analytes was greater than 90.87%, and the

matrix effects were between 91.84% and 107.21%. The above results

showed that the analysis of the three analytes in the plasma and kidney
tissue had no obvious matrix effect (Supplementary Table S3).

Stability
The short-term stability and freeze–thaw stability of the analytes in the

plasma and kidney tissue were evaluated and are shown in Supplementary
Table S4. The results displayed RSD values less than 14.04%, indicating
that the biological samples were stable during these stability tests.

Pharmacokinetic evaluation

The validated LC–MS/MS method was successfully applied to
the pharmacokinetic study of HY, AS, and KA in rat plasma after
oral administration of the YP decoction. As depicted in Figure 4,
double peaks appeared in the concentration–time curve of HY in
RSA rats administered YP. The first peak concentration of HY
appeared at 7 days, and the second peak concentration appeared at
10 days. In addition, the second peak concentration was much
higher than the first one. Compared with the other two compounds,
the area under the curve of KA is the largest (Figures 4A–C).

Tissue distribution of the analytes in
rat tissues

The tissue distribution of AS was extensive in rats, and they were
examined in the liver, heart, spleen, lung, kidney, and womb tissues
(Figures 5A–C). AS was detected in the heart tissue on the 7th day.
The concentration of AS reached the maximum on the 9th day in
womb tissue, and that of other tissues reached the maximum on the

TABLE 1 Mass spectrometry conditions of three components and the internal standard.

Compound Parent ion (m/z) Daughter ion (m/z) DP/V CE/V ESI

Kaempferol-3-O-β-D-glucuronide 461.00 284.80 −102.7 −27.93 —

Hyperin 463.20 299.60 −118.86 −36.13 —

Astragalin 447.10 283.80 −102.90 −34.07 —

Glipizide 444.10 319.00 −113.25 −27.12 —

FIGURE 4
In vivo process and correlation analysis of three components in YP. (A) Blood concentration–time curve of KA, (B) blood concentration–time curve
of HY, (C) blood concentration–time curve of AS, and (D) thermogram of correlation coefficient between blood components and pharmacodynamic
indexes of YP.
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10th day. Compared with the 10-day group, the concentration of AS
in the liver, heart, lung, and uterus decreased rapidly in the 12-day
group. HY was only detected in the womb, and the concentration
reached the peak on the 10th day and decreased rapidly on the 12th
day. KA was only detected in renal tissue, reaching the peak on the
9th day, and still having a high concentration on the 12th day.

Correlation analysis

To further confirm whether YP can alleviate recurrent abortion
induced by gavage of hydroxyurea combined with mifepristone by

regulating serum biochemical indexes, the correlation between
flavonoids and serum biochemical indexes was analyzed (Figure 4D).
There was a significant positive correlation among KA, E2, and β-HCG
(p < 0.05). However, AS and HY were negatively correlated with TNF-α
(p < 0.05), and AS was positively correlated with β-HCG (p < 0.05). The
mechanism of this study can be seen in Figure 6.

Discussion

RSA is a complex disease caused by a variety of pathogenic
factors. It is the most common complication of human pregnancy,

FIGURE 5
(A) Tissue distribution characteristics of AS, (B) tissue distribution characteristics of KA, and (C) tissue distribution characteristics of HY.

FIGURE 6
Mechanism of Semen Cuscutae salted on recurrent spontaneous abortion.
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with a high prevalence of approximately 10%–15% (Li et al., 2021a;
Li et al., 2021b). β-HCG, P, and E2 can respond to embryonic
development (Mi et al., 2021; Chen, 2018; Xiang, 2018). Other
studies have shown that there is also a strong association
between Th1/Th2 cytokines and the development of RSA. In this
study, pregnant rats in the 5-, 7-, 9-, and 10-day groups all showed
the following symptoms: rats curled up and hugged, dry and dull
hair, thinning, weight loss, and sticky and loose stools in the anus. In
addition, the longer it goes on, the more pronounced the symptoms
become. After the abortifacient was given, there was bruising in the
uterus after autopsy in the group on day 12, indicating the success of
the RSA model. Studies have shown that when miscarriage occurs,
maternal expression of Th1-type cytokines such as TNF-α is
elevated, whereas the expression of Th2-type cytokines such as
IL-4 was downregulated. This dysregulation of the immune
homeostasis mediated by Th1- and Th2-type cytokines is one of the
mechanisms leading to the occurrence of miscarriage (Kolanko et al.,
2019). In the present study, we found an overall decreasing trend in
Th1 type of inflammatory factor, which was elevated by the
administration of the abortifacient. Meanwhile, Th2-type
inflammatory factors were generally elevated. This suggests that
YP can effectively regulate the levels of pregnancy hormones and
Th1/Th2 cytokines in RSA. It corrects immune dysfunction, reduces
miscarriage rates, and improves pregnancy outcomes. At the same time,
P, E2, β-HCG, andTRP tended to increase with the duration of gestation
and decreasedwith the administration ofmifepristone. It has been found
that β-HCG is secreted and produced by syncytiotrophoblast cells of the
chorionic villi. The level of β-HCG increased exponentially in the first
trimester of pregnancy, and then it decreased rapidly. Its main function
is to stimulate the corpus luteum of pregnancy and secrete P and E2,
which is beneficial for embryo development (Zhou, 2019), which is
mutually confirmed by the results of this study. Tissue distribution
experiments showed that AS could be detected in the heart, liver, spleen,
lung, kidney, and uterus, indicating that AS could be widely distributed
and metabolized in rats. Especially in the liver and kidney tissues, the
concentration is higher, indicating that the kidney, liver, and uterus are
the core target organs of the active ingredients of YP distribution. It also
shows that YP can improve the distribution, absorption, andmetabolism
of KA in the body and promote its absorption in the kidney tissue, which
is consistent with the traditional theory of “salt into the kidney channel,”
while YP into the liver and kidney channel.

Transforming growth factor-β1 (TGF-β1) has been reported to be a
secreted protein. It can induce inflammation in intrauterine adhesions
(IUA) by enhancing the expression of pro-inflammatory factors such as
TNF-α and IL-6 (Ai et al., 2020). HY has been shown to have anti-
inflammatory pharmacological effects. In addition, as amain ingredient
in Shou Zi Wan, it is widely used in the treatment of unexplained RSA.
It is hypothesized that HY is closely related to uterine function, which
coincides with the detection of chrysin in the uterus. Another study
showed that kaempferol improves the doxorubicin-induced renal
structure and function in rats by attenuating impairments in urine
output, albumin/creatinine excretion, and creatinine clearance. It can
also exert a nephroprotective effect by activating and upregulating SIRT
1, which in turn activates Nrf 2 and inhibits NF-κB p65 (Alagal et al.,
2022). It can be hypothesized that KA has a close association with the
kidneys, and therefore, this component can be detected in renal tissues.

In this study, we combined the results of gray correlation and
Pearson correlation analyses to hypothesize that kaempferol, KA,

AS, and HY may be the active ingredients of SP for the treatment of
RSA. By reviewing the literature, the author found that kaempferol is
an important flavonoid compound in S. It can promote primordial
follicle activation and cell proliferation by regulating the PI3K/AKT
signaling pathway. It also has the effect of promoting the diastolic
effect of rat uterine smooth muscle (Santos et al., 2019). It provides
theoretical support for the development of this ingredient for use in
abortion-improving drugs. AS can upregulate the expression of
ATP-binding transporter proteins A1 and G1 in macrophages. It
promotes cholesterol efflux, inhibits inflammatory responses, and
significantly reduces the secretion of inflammatory factors such as
TNF-α and IL-6 (Zhao et al., 2021). HY inhibits macrophage
chemotaxis, activates macrophages, and promotes macrophage
differentiation from pro-inflammatory M1 subtype to anti-
inflammatory M2 subtype. This mechanism is thought to be
mediated by the direct regulation of NR4A1 by chrysosplenetin
(Sun et al., 2021). Kaempferol has a significant inhibitory effect on
COX1 and COX2. Once the cyclooxygenase pathway is activated,
the membranes of the phospholipids rupture, resulting in the
production of arachidonic acid, which is further converted via
cyclooxygenase to prostaglandin analogs, causing inflammation.
Thus, KA may prevent inflammation by inhibiting the
cyclooxygenase pathway and thereby preventing inflammation.
This is in keeping with the gray correlation results of this study,
where all three active ingredients had a strong relationship with
inflammatory factors. In addition, in angiogenesis mechanism
studies, molecular docking results showed that kaempferol binds
well to the target. Kaempferol promotes angiogenesis by reducing
the reactive oxygen species (ROS) metabolism through the
inhibition of the NF-κB pathway and upregulation of related
transcriptional pathways (Imran et al., 2019). KA, HY, and AS
are highly correlated with the estrogenic effects of total flavonoids
from SS (Yue et al., 2023). This corroborates with the results of the
present study. The results of this study provide data support and
theoretical backing for further investigation of the efficacy and
mechanism of these three components in the treatment of RSA.

It is innovative and feasible to investigate the molecular
mechanisms of the three active components of Semen Cuscutae. In
the future, mass spectrometry imaging technology will be used to
pinpoint the target of action of KA, AS, HY, and proteomics,
transteomics, transgenics, and other components of Semen
Cuscutae. Furthermore, metabolomics will be used to study the
three active ingredients from a multi-omics perspective. Relevant
pathway proteins can be characterised through Western Blot
experiment, and cellular experiment can be performed for the
verification of the mechanism to explore the potential molecular
mechanisms of the three active components of Semen Cuscutae to
improve recurrent miscarriage using multi-omics technology.

Conclusion

In conclusion, this paper mainly uses the correlation model of
“body composition–efficacy index”, and we initially investigated the
pharmacodynamics, pharmacokinetics and tissue distribution of
HY, AS and KA in YP in the treatment of RSA. This research
will help to further enrich the scientific connotation of the theory of
the role of Chinese medicine processing excipients, and it has
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important guiding significance for the improvement of Chinese
medicine quality standards and processing technology.
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SUPPLEMENTARY FIGURE S1
Network diagram of high-frequency drug association rules.

SUPPLEMENTARY FIGURE S2
Frequency of use of common herbs for the treatment of slippery fetus and
fetal movement.

SUPPLEMENTARY FIGURE S3
HPLC characterization of 20 batches of Semen Cuscutae and salt-processed
Semen Cuscutae tablets.

SUPPLEMENTARY FIGURE S4
Control characteristic profiles and HPLC plots of Semen Cuscutae, salt-
processed Semen Cuscutae, and mixed controls.

SUPPLEMENTARY FIGURE S5
Micrograph of rat vaginal smear (A): diestrus vaginal smear (B): estrus vaginal
smear (a large number of keratinised cells) (C): diestrus vaginal smear (a
small amount of keratinised cells) (D), rat vaginal sperm smear. keratinised
cells) (C): diestrus vaginal smear (a small amount of keratinised cells) (D), rat
vaginal sperm smear.

SUPPLEMENTARY FIGURE S6
Typical chromatogram of index components and internal standard in the
plasma and tissues of recurrent spontaneous abortion rat model. (A): blank
plasma; (B): blank plasma+ astragaloside; (C): blank plasma+ hyperoside;
(D): blank plasma+ kaempferol -3-O-β-D glucuronide; (E): blank plasma+
internal standard; (F): administration of plasma (astragaloside); (G):
administration of plasma (hyperin); (H): administration of plasma
(kaempferol -3-O-β-D -glucuronide); (I): administration of plasma (internal
standard); (J): blank organization; (K): blank tissue+ astragaloside; (L): blank
tissue+ hyperoside; (M): blank tissue+ kaempferol-3-O-β-D-glucuronide;
(N): blank organization+ internal standard; (O): administration organization
(astragaloside); (P): administration tissue (hyperin); (Q): administration tissue
(kaempferol-3-O-β-D-glucuronide); (R): administration organization
(internal standard).
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