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Abstract
Asthma is associated with chronic systemic inflammation, and inflammatory factors can damage vascular endothelial
cells, thus impairing erectile function (ED). Xuefu Zhuyu decoction (XFZYD) can inhibit inflammation and promote
angiogenesis, which in turn improves asthma as well as ED, but its exact mechanism of action is not yet clear. This study
investigates the mechanism underlying the beneficial effect of XFZYD on asthma-associated ED. High-performance
liquid chromatography-tandem mass spectrometry (HPLC-MS/MS) was used to analyze the constituents of XFZYD, and
network pharmacology analysis was used to predict the target genes of XFZYD. Sprague–Dawley rats in the asthma
model with erectile dysfunction were divided into the model, XFZYD low-, medium-, and high-dose group (3.09, 6.17,
and 12.34 g/kg), with drug intervention for 8 weeks. We assessed the interleukin 6 (IL-6), vascular endothelial growth
factor A (VEGFA), and tumor necrosis factor (TNF) protein levels in the penile tissue. We discovered that after treat-
ment with XFZYD (3.09, 6.17, and 12.34 g/kg), the number of erections significantly increased (1.17 6 0.41, 1.50 6

0.55, and 1.67 6 0.52), the density of endothelial cells in the corpus cavernosum of the penis increased, the expression
level of IL-6 was reduced (7.5%, 21.2%, and 24.4%), the expression level of VEGFA was reduced (7.8%, 25%, and 28.4%),
and the expression level of TNF was reduced (13.5%, 30.6%, and 32.4%). The in vivo experiments indicate that XFZYD
may improve ED in asthma model rats by inhibiting inflammation and reducing vascular permeability. This study provides
new insights into the mechanism of action of XFZYD in the treatment of asthma leading to ED.
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Introduction

Asthma is a common condition characterized by
chronic airway inflammation, which includes
restricted airflow and wheezing, dyspnea, chest tight-
ness, cough, and other symptoms (Papi et al., 2018).
Asthma affects approximately 334 million people
worldwide, and severe cases are associated with dimin-
ished quality of life (QoL), disability, and increased
mortality risk (Vos et al., 2012). Asthma is associated
with chronic systemic inflammation; in this condition,
inflammatory agents can harm vascular endothelial
cells, which compromise erectile function (Chou et al.,
2011). In men, erectile dysfunction (ED) is a common
type of sexual dysfunction that can negatively affect
interpersonal relationships and QoL (Burnett et al.,
2018).

Patients with asthma are more likely to have ED
than patients without asthma. It has been demon-
strated that the severity of ED has positively corre-
lated with the severity of asthma (C. C. Lu, 2012).
According to studies, asthma can increase inflamma-
tory factors such as interleukin 6 (IL-6) and tumor
necrosis factor (TNF), and the protein vascular
endothelial growth factor A (VEGFA), which can
then damage cavernous vascular endothelial cells and
impair erectile function. In addition, it can increase
vascular permeability and aggravate the inflammatory
response (J. S. Wang et al., 2020). In addition, studies
have shown that asthma can cause a decrease in
endothelial nitric oxide synthase (eNOS) levels and
eNOS activity, leading to a decrease in nitric oxide
(NO) levels and cyclic guanosine monophosphate
(cGMP) concentrations in cavernous tissues, resulting
in ED in rats (Zou et al., 2015).

The first-line treatment for ED is phosphodiester-
ase-5 inhibitors (PDE5is), which frequently produce
positive clinical results (L. Chen et al., 2015).
Asthmatic patients presenting with ED do not
respond well to PDE5is (Grigoryan et al., 2018), and
oral PDE5 does not raise circulating GMP levels to
the threshold necessary for erection, even when asth-
matics maintain normal breathing (Dorsey et al.,
2010; Vinay et al., 2021). But at the same time, there is
evidence that Chinese medicine can provide safe and
effective treatments for ED. Chinese medicine plays
an increasingly important role in the treatment of
many diseases and disorders (J. S. Wang, Feng et al.,
2021; J. S. Wang, Li et al., 2021).

XFZYD is a representative formula for the treat-
ment of internal stasis of blood (Han, 2020). In this for-
mula, Prunus davidiana (Carrière) Franch (Rosaceae),
Carthamus tinctorius L (Asteraceae), Angelica sinensis
(Oliv.) Diels (Umbelliferae), and Ligusticum striatum

DC (Umbelliferae) are used to invigorate the blood and
dispel stasis, so that the stasis can be removed without
harming the blood. Bupleurum chinense DC
(Umbelliferae) and Citrus 3 aurantium L (Rutaceae)
clear the liver and Qi, so that Qi can move the blood.
Rehmannia glutinosa (Gaertn.) DC (Araliaceae) cools
the blood and clears heat, whileAngelica sinensis invigo-
rates the blood and moistens dryness, so that the stasis
is removed without harming Yin (Li et al., 2022). The
plant name has been checked with MPNS (http://mpns.
kew.org). Ancient scholars of the Qing Dynasty in
China often applied XFZYD to treat asthma (Zhang,
1977). In addition, modern research has demonstrated
that XFZYD promotes angiogenesis, improves hypoxia
tolerance, regulates blood lipids, inhibits platelet aggre-
gation, and thus improves asthma disease (Z. D. Wu
et al., 2000; J. H. Wu & Chen, 2013). Chinese medicine
believes that the ultimate pathogenesis of ED is blood
stasis, and XFZYD is a good formula to activate blood
stasis; therefore, it has been used in clinical practice for
many years to treat ED (J. S. Chen & Gao, 2017; F.
Zhao, Zhao et al., 2018). In addition, in one study,
patients with ED who received XFZYD had signifi-
cantly higher scores on the 5-item International Index
of Erectile Function scale than control subjects (Lin
et al., 2018).

We used high-performance liquid chromatography-
tandem mass spectrometry (HPLC-MS/MS) and net-
work pharmacology analysis to identify potential tar-
gets of XFZYD, and used animal experiments to
evaluate the effect of XFZYD on asthma-related ED
to better elucidate the mechanism of action of XFZYD
in the treatment of asthma-related ED.

Materials and Method

Full-Spectrum Metabolite Analysis

HPLC-MS/MS was employed for XFZYD component
identification (W. Chen et al., 2013). The XFZYD was
purchased from Dongzhimen Hospital of Beijing
University of Chinese Medicine (BUCM), which was
uniformly procured by the Pharmacy Department of
Dongzhimen Hospital of BUCM from Beijing Kang
Rentang Pharmaceutical Co Ltd. (Beijing, China) and
was the same batch of pellets as the animal interven-
tion. The sample underwent pretreatment, whereby it
was dried and grinded into powder, prior to weighing
and resuspension into a preset volume. The sample
was then filtered and centrifuged to remove particles
and passed through a C18 column (Zorbax eclipse C18
[1.8 mm 3 2.1 mm 3 100 mm] using Q exactive HF
ultimate 3000 LC system; Thermo Fisher Scientific,
Waltham, MA, USA) for analysis, at 30�C. The flow
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rate was 0.3 mL/min, and the mobile phases A and B
were water +0.1% formic acid and pure acetonitrile,
respectively. The injection volume was 2 mL. The com-
pound discoverer v3.1 software (Thermo Fisher
Scientific, Waltham, MA, USA) was employed for the
correction of retention duration and screening of
extracted peaks. The compounds were identified
through secondary mass spectrometry using mzcloud
and mzvault databases (Thermo Fisher Scientific,
Waltham, MA, USA). Compound Discoverer v3.0
software was also used to extract target information
from the original data (positive and negative ion
modes) after extracting the peaks (Garcia & Barbas,
2011).

Target Collection

We used the GeneCards (Rappaport et al., 2017) and
Online Mendelian Inheritance in Man (OMIM) data-
bases (https://omim.org/; Hamosh et al., 2005) to
search for asthma- and ED-related targets. PubChem
(https://pubchem.ncbi.nlm.nih.gov/) and Swiss target
prediction (http://old.swisstargetprediction.ch/) were
employed to obtain the targets of the active compo-
nents of XFZYD collected in HPLC-MS.

Protein–Protein Interaction Network Analysis

Potential protein–protein interactions (PPIs) were
identified using the String database (https://string-db.
org/; Szklarczyk et al., 2017). The data underwent fil-
tering with the smallest interaction score of 0.40 to
augment data reliability. The subsequent PPI informa-
tion was used for network building and analyses.

Network Construction and Analysis

Cytoscape v3.8.0 software (https://cytoscape.org/)
was employed for the construction of herb–

compound–target–disease and PPI networks.
Subsequently, the PPI network was further analyzed
with the Cytoscape plugin CytoHubba to identify pri-
mary targets (Ma et al., 2020).

Gene Ontology Activity and Kyoto Encyclopedia of
Genes and Genomes Pathways Enrichment
Analyses

Gene ontology (GO) and Kyoto Encyclopedia of
Genes and Genomes (KEGG) enrichment analysis
databases were employed (DAVID, https://david.
ncifcrf.gov/, version 6.8) to obtain large-scale and
comprehensive biological annotation functional data
for gene or protein activity, which was then utilized
for identification of the most augmented biological
annotation. We imported the common goals into the
DAVID database to analyze the GO and KEGG net-
works (R. L. Zhao & He, 2018).

Plant Names

The detailed plant names of XFZYD are shown in
Table 1.

Drugs and Reagents

The components of XFZYD are Angelica sinensis,
with its root (9 g, no. 19011501), Rehmannia glutinosa,
with its root (9 g, no. 19043301), Peach kernel, with its
seed (12 g, no. 19012131), Safflower, with its flower (9
g, no. 19038641), Fructus aurantii, with its fruit (6 g,
no. 19034622), Red peony, with its root (6 g, no.
19006741), Radix bupleuri, with its root (3 g, no.
19035581), Ligusticum wallichii, with its root (4.5 g,
no. 19014661), Platycodon grandiflorum, with its root
(4.5 g, no. 19015111), and Radix achyranthis bidenta-
tae, with its root (9 g, no. 19006041). In the composi-
tion of XFXYT, Angelica sinensis, Rehmannia

Table 1. Plant Names

Chinese name Family English name Accepted scientific name

Dang Gui Umbelliferae Angelica sinensis Angelica sinensis (Oliv.) Diels
Sheng Di Huang Araliaceae Rehmannia glutinosa Rehmannia glutinosa (Gaertn.) DC
Tao Ren Rosaceae Peach kernel Prunus davidiana (Carrière) Franch
Hong Hua Asteraceae Safflower Carthamus tinctorius L
Zhi Qiao Rutaceae Fructus aurantii Citrus 3 aurantium L
Chi Shao Ranunculaceae Red peony Paeonia lactiflora Pall
Chai Hu Umbelliferae Radix bupleuri Bupleurum chinense DC
Chuan Xiong Umbelliferae Ligusticum wallichii Ligusticum striatum DC
Jie Geng Eustomaaceae Platycodon grandiflorum Platycodon grandiflorus (Jacq.) A.DC
Niu Xi Amaranthaceae Radix achyranthis bidentatae Achyranthes bidentata Blume
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glutinosa, Peach kernel, Safflower, Fructus aurantii,
Red peony, Radix bupleuri, Ligusticum wallichii,
Platycodon grandiflorum, Radix achyranthis bidenta-
tae are dispensed in the ratio of 6:6:8:6:4:4:2:3:3:6. The
concentration of the drug was 0.617 g/mL. The vol-
ume of the drug was 10 mL/kg by gavage.

We purchased ovalbumin (OVA) from Sigma-
Aldrich (St. Louis, MO, USA; CAT. A5503).
Aluminum hydroxide gel was obtained from Pierce
Biotechnology (Shanghai, China; CAT. 77161).
Sinopharm Chemical Reagent Co. (Shanghai, China)
provided the pentobarbital sodium. We obtained the
primers from Invitrogen (Shanghai, China). IL-6
(CAT. BS-20393R), VEGFA (CAT. BS-20393R), and
TNF (CAT. BS-10802R) assay kits were provided by
Bioss (Woburn, MA, USA). eNOS antibody (76198)
was provided by Abcam (Cambridge, UK).
Dihydroethidium (DHE; Sigma, D7008, Saint Louis,
MO, USA), 2- (4-Amidinophenyl)-6-indolecarbami-
dine dihydrochloride (DAPI, Biyuntian, C1002,
Shanghai, China). Horseradish peroxidase-conjugated
immunoglobulin G (H + L) and biotin (CAT. BS-
0295G) were obtained from Bioss. Immunoway
(Plano, TX, USA; CAT. YM3028) produced mouse
monoclonal anti-b-actin antibody.

Experimental Animals

Speyford (Beijing) Biotechnology Co., Ltd. (Beijing,
China) (license number SCXK [Beijing] 2016-0002)
provided 40 specific pathogen-free male Sprague–
Dawley rats, which were maintained at the BUCM
under a 12-hr light/dark cycle and 55% to 60%
humidity at 22�C to 26�C. The rats were 4 to 5 weeks
old and weighed 220 to 230 g. All rats were condi-
tioned with deionized water and solid feed under these
conditions for 7 days. Using the mating-behavior test
and the noncontact penile erection test before experi-
ments, we confirmed that the rats had normal sexual
function (Jia et al., 2020). Experimental Animal Ethics
Sub Committee of the Academic Committee of
BUCM provided ethical approval for the in vivo
experiments (BUCM-4-2019091105-3064).

Establishment of a Rat Model of Asthma and
Screening of the ED Model

The sample size was determined using a resource
equation calculation scheme with the formula: E =
N2K = Kn2K = K(n2 1) (Arifin & Zahiruddin,
2017). Where N is the total number of experimental
units, n is the sample size of each group, K is the num-
ber of treatment groups, and E is the difference

between the two. The number of treatment groups in
this study is four, so Max N = Max n3K = (20 / 4
+ 1) 3 4 = 24. Since four is an even number, the
treatment groups are six rats each, and the corre-
sponding blank group is six rats, for a total of 30 rats.
The experiment needs to consider the attrition rate
due to model failure, animal death, so the total num-
ber of animals in the experiment is 40. All 40 rats were
assigned a number, and their body weights were
recorded. A random number table was used to select
30 rats at random for the asthma model, whereas the
normal group consisted of the remaining 10 rats.

According to the design principles of animal mod-
els, the replicated animal model should strive to reli-
ably reflect human diseases, that is, it can specifically
and reliably reflect a certain disease or a certain func-
tion, metabolism, or structural changes, and it should
have the main symptoms and signs of the disease.
Therefore, rats in the asthma model group were sensi-
tized intraperitoneally on days 0, 7, and 14 with 1 mL
of miscible liquid containing OVA (100 mg) and alu-
minum hydroxide gel (10 mg). The normal group of
rats received an intraperitoneal (i.p.) injection of 1 mL
of sterile physiological saline (0.9%) daily for the first
3 weeks of the experiment. Since day 22, normal and
asthma model rats received sterile saline and 1%
OVA, respectively, by inhalation through a compres-
sion nebulizer (NE-C900; Omron, Kyoto, Japan) at a
rate of 0.2 mL/min for 30 min (Broide et al., 1998;
Xiong et al., 2019). The rats in the asthma model
group were then assessed for behavior, piloerection,
dyspnea, nose scratching, incontinence, and diaphrag-
matic breathing after this procedure was repeated
daily for 3 weeks (Z. R. Wang et al., 2018). After com-
pletion of the observations, rats in each group were
fasted for 12 hr and then anesthetized with 1% sodium
pentobarbital (30 mg/kg body weight), blood was col-
lected from the abdominal aorta, and the rats were
bled and executed. Then, three rats in the asthma
model group and the normal group were randomly
selected and pathological sections of their lungs were
used for model evaluation.

Asthma model rats were weighed and placed in a
quiet, dimly lit observation box for 10 min.
Apomorphine (APO, 100 mg/kg) was subcutaneously
injected into the neck of every rat. The behavior of
each rat was recorded on a video camera for 30 min
after injection to see if penile erection—defined as the
protrusion, swelling, or growth of the penis—took
place (Park et al., 2018). Twenty-four of the 27 rats in
the asthma model group reduced the number of erec-
tions, and these rats were diagnosed with asthma-
related ED. Twenty-four rats were arbitrarily
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separated into the asthma model group (Group M, n
= 6), low-dose XFZYD group (Group D, n = 6),
medium-dose XFZYD group (Group Z, n = 6), high-
dose XFZYD group (Group G, n = 6), and the nor-
mal rats served as the control group (Group C, n= 6).
Group C and Group M rats were administered deio-
nized water via gavage; Group D rats were adminis-
tered by gavage 3.09 g/kg XFZYD granule suspension
was made in deionized water (33 the human dose);
Group Z rats were administered by gavage 6.17 g/kg
XFZYD granule suspension prepared with deionized
water (63 the human dose); and Group G rats were
administered by gavage 12.34 g/kg XFZYD granule
suspension prepared with deionized water (123 the
human dose), with drug intervention for 8 weeks. All
rats were routinely fed and administered once at 10:00
a.m. daily, and corresponding drugs were given via
gavage according to the standard of 10 mL/kg body
weight. The experimental group of rats underwent
APO erectile induction and penile erection recording
after 8 weeks of drug intervention. The procedure fol-
lowed the same guidelines as the model screening stage.
The indicators of humane endpoints are the following
six: (1) persistent recumbency or inability of the rat to
get up or walk; (2) persistent anorexia or 20% weight
loss in 3 days; (3) excessive or prolonged hyperthermia
or hypothermia; (4) diarrhea lasting 2 to 3 days; (5)
genital or rectal prolapse; and (6) difficulty breathing
or walking due to fluid in the abdomen.

Reactive Oxygen Species Analysis

At the end of the experiment, rats in each group were
fasted for 12 hr, then anesthetized with 1% sodium
pentobarbital (30 mg/kg body weight). The euthanasia
used in this experiment was the bloodletting execution
method, and blood was collected from the abdominal
aorta and bled to sacrifice the rats. Frozen sections of
penile tissue were thawed, and histochemical strokes
were drawn surrounding the tissue to keep liquid from
spreading. DHE was diluted in phosphate buffer sal-
ine (PBS), and the tissue was incubated with the dye at
37�C for 30 min without light. Then, the slides were
incubated in PBS (pH 7.4) on a destaining shaker.
After washing thrice in the dark (5 min each time), the
sections were dried lightly, prior to DAPI staining and
incubation at room temperature for 10 min without
light for nuclear staining. The slides were PBS rinsed
(pH 7.4) thrice on a destaining shaker in the dark (5
min each time). Next, they underwent mounting with
an antifluorescence quenching mounting medium,
prior to observation with a Nikon fluorescence micro-
scope, and photography.

Histological Analysis

The middle region of the penile tissue was fixed in 4%
paraformaldehyde and incubated in a dehydration
box. Subsequently, the specimen was subjected to
series-based alcoholic dehydration, wax-block embed-
ding, slicing, xylene dewaxing, hematoxylin staining,
alcohol differentiation, rinsing, anhydrous ethanol-
based dehydration, eosin staining, xylene clearing,
neutral resin fixation, and microscopic imaging.

Detection of IL-6, VEGFA, TNF, and eNOS Protein
Levels by Western Blotting

Expression levels of IL-6, VEGFA, TNF, and eNOS
in penile tissues were determined with western blot-
ting. Penile tissue samples were obtained, weighed,
homogenized in the radioimmunoprecipitation assay
buffer on an ice bath, and centrifuged. After centrifu-
gation for 10 min, the supernatant was taken out and
BCA protein quantitative assay kit (GPP1815,
GenePool) was applied to determine the protein con-
centrations. The SDS-PAGE gel was prepared, and
the protein was added to the sample well using a
microsampler. Protein samples were then separated by
electrophoresis and transferred to polyvinylidene
fluoride (PVDF) membranes. After blocking mem-
branes with 5% bovine serum albumin (BSA), the pri-
mary antibodies of IL-6 (rabbit, bs-4539R,
AB_11047924, 1:500, Bioss), VEGFA (rabbit,
ab214424, AB_3064726, 1:500, Abcam), TNF (rabbit,
ab205587, AB_2889389, 1:500, Abcam), eNOS
(mouse, 76198, AB_1310183, 1:500, Abcam), and b-
actin (mouse, ab6276, AB_2223210, 1:3,000, Abcam)
were incubated with membranes over night at 4�C.
Subsequently, the relevant second antibody Goat
Anti-Rabbit IgG, HRP (ab6721, AB_955447, 1:5,000,
Abcam) or Goat Anti-Mouse IgG, HRP (ab6789,
AB_955439, 1:5,000, Abcam) was used to incubate the
above membranes for 2 hr. The protein signals were
observed by the enhanced chemiluminescence (ECL)
reagents (GPP1824, GenePool). An automatic chemi-
luminescence imaging system was used to visualize
protein bands (Y. T. Huang et al., 2019).

Real-Time Quantitative Polymerase Chain Reaction

Penile tissues were placed in a mortar and grinded rap-
idly thrice. Subsequently, 1 mL of the TRIzol reagent
was added to extract total RNA. The isolated RNA
was quantified and reverse-transcribed to cDNA using
a reverse transcription kit. Target gene products were
amplified as follows: predenaturation at 95�C for 15
min, denaturation at 95�C for 10 s, annealing, and
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extension at 60�C for 30 s for 40 reactions.
Subsequently, 2-MMCt values were calculated. The rela-
tive target gene expression was quantified and com-
pared with the endogenous control b-actin gene
expression. Table 2 displays the primer sequences used
in this experiment.

Statistical Analyses

All data analyses employed SPSS 22.0 software. Data
with normal distribution are presented as mean 6

standard deviation. Homogeneous variance data were
assessed using one-way ANOVA, and intergroup pair-
wise comparison was done via the least significant dif-
ference test. Nonparametric rank-sum tests were
employed for data with nonnormal distribution.
Unordered count data were assessed via the chi-square
test. p \ .05 indicated statistical significance.

Results

Full-Spectrum Analyses of Metabolites

The HPLC-MS/MS full-spectrum analysis of
XFZYD yielded 173 compounds. Table 3 displays the
qualitative data for the metabolites.

Target Identification, Construction of a PPI Network,
and Topologic Analysis

We identified 994 XFZYD targets using PubChem
and Swiss Target Prediction and 500 asthma-related
and 500 ED-related targets using GeneCards. Forty-
one targets with XFZYD, asthma, and ED overlap
(Figure 1A). We further analyzed 41 overlapping tar-
gets through network construction using the String
database. Cytoscape was used to construct a PPI net-
work (Figure 1B). The top 10 targets of the degree
parameter according to the Cytoscape cytoHubba

plugin were albumin (ALB), IL-6, VEGFA, TNF, IL-
1B, chemokine (C-X-C motif) ligand (CXCL)8, angio-
tensin I-converting enzyme, coagulation factor II, IL-
2, and beta-2 adrenergic receptor (Figure 1C and
Table 4). The key targets were ALB, IL-6, VEGFA,
and TNF. Cytoscape was employed for traditional
Chinese medicine (TCM) compound–target–disease
network generation (Figure 2).

GO and KEGG Pathway Enrichment Analyses

Forty-one targets were analyzed using DAVID v6.8,
which involved 200 cell biological processes (BP), 22
cellular components (CC), 26 molecular functions
(MF), and 41 signaling networks (SN). Figure 3 illus-
trates the five leading BP and SN based on p values.

Validation of the Rat Asthma Model

The rats in the asthma model group displayed anxiety,
piloerection, dyspnea, diaphragmatic breathing, nose
scratching, and incontinence. The control rats did not
show any of these symptoms. HE staining results
showed that the alveolar walls of the rats in the con-
trol group were clear and complete, the bronchial
lumen was regular, the smooth muscle and blood ves-
sel walls were not significantly thickened, and there
was no obvious inflammatory cell infiltration.
Incomplete alveolar walls, massive infiltration of
inflammatory cells around the trachea and in the pul-
monary interstitium, and thickening of smooth muscle
and vascular walls were all present in the rats in the
model group’s lung tissue (Figure 4).

Erection Time After XFZYD Treatment

The erection amount in Group M (0.67 6 0.51) was
markedly reduced, compared with Group C (2.33 6

0.52; p \ .05). After treatment with XFZYD, Groups

Table 2. The Primer Sequences for RT-qPCR

Primer name Primer pairs (5# to 3#) Fragment length (bp) Annealing temperature (�C)

IL6 Forward CTCACGCACCGATGTCT 109 64.2
Reverse AGGCTGTGGGCTCAATC 64.3

VEGFA Forward CATCAAGCTCTCTCCTCCA 91 63.2
Reverse GGCCTCTTCTTCCACCA 63.5

TNF Forward CAGCCAGGAGGGAGAAC 93 63.9
Reverse GTATGAGAGGGACGGAACC 63.9

eNOS Forward CCATCATGGACCACCACACA 83 60
Reverse GGACCAGCCAAATCCAGTCT 60

b-actin Forward CCTCACTGTCCACCTTCCA 120 66
Reverse GGGTGTAAAACGCAGCTCA 65
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Table 3. Ingredient Separation and Identification of Xuefu Zhuyu Decoction Medicine by HPLC-MS

tR (min) Name Formula Mppm Ion species
Heoretical

molecular weight

4.567 5#-S-methyl-5#-thioadenosine C11H15N5O3S 0 [M+H]+ 297.08956
11.779 Ibufenac C12H16O2 0 [M+H]+ 192.11503
11.962 Dimefuron C15H19ClN4O3 1 [M+H]+ 338.11457
0.878 N-(2,4-Dimethylphenyl)formamide C9H11NO 0 [M+H]+ 149.08406
0.821 Betaine C5H11NO2 0 [M+H]+ 117.07898
0.804 Boc-Asp-OH C9H15NO6 21 [M+H]+ 233.08994
0.875 D-(+)-pipecolinic acid C6H11NO2 0 [M+H]+ 129.07898
0.869 Argininosuccinic acid C10H18N4O6 21 [M+H]+ 290.12263
1.227 3-Methylhippuric acid C10H11NO3 0 [M+H]+ 193.07389
6.467 Cyclo(leucylprolyl) C11H18N2O2 0 [M+H]+ 210.13683
1.423 L-Norleucine C6H13NO2 0 [M+H]+ 131.09463
0.844 DL-b-Leucine C6H13NO2 0 [M+H]+ 131.09463
0.832 D-(+)-Proline C5H9NO2 1 [M+H]+ 115.06333
0.855 DL-Stachydrine C7H13NO2 0 [M+H]+ 143.09463
1.15 4-Guanidinobutyric acid C5H11N3O2 0 [M+H]+ 145.08513
1.269 L-Tyrosine C9H11NO3 0 [M+H]+ 181.07389
2.334 L-Phenylalanine C9H11NO2 0 [M+H]+ 165.07898
1.152 N-Acetylhistamine C7H11N3O 0 [M+H]+ 153.09021
0.76 DL-Arginine C6H14N4O2 0 [M+H]+ 174.11168
1.328 L-Isoleucine C6H13NO2 0 [M+H]+ 131.09463
1.176 L-Pyroglutamic acid C5H7NO3 0 [M+H]+ 129.04259
1.274 2-Hydroxycinnamic acid C9H8O3 0 [M+H]+ 164.04734
6.642 4-Coumaric acid C9H8O3 0 [M+H]+ 164.04734
6.962 Scopoletin C10H8O4 0 [M+H]+ 192.04226
4.554 7-Hydroxycoumarine C9H6O3 0 [M+H]+ 162.03169
1.982 Metharbital C9H14N2O3 0 [M+H]+ 198.10044
1.175 Uracil C4H4N2O2 1 [M+H]+ 112.02728
12.361 Bis(4-ethylbenzylidene)sorbitol C24H30O6 21 [M+H]+ 414.20424
17.017 Oleamide C18H35NO 21 [M+H]+ 281.27186
13.706 9-Oxo-10(E),12(E)-octadecadienoic acid C18H30O3 21 [M+H]+ 294.21949
9.963 9-Oxo-ODE C18H30O3 21 [M+H]+ 294.21949
0.852 S(8)-(2-methylpropanoyl)dihydrolipoamide C12H23NO2S2 24 [M+H]+ 277.11702
7.098 Naringin C27H32O14 0 [M+H]+ 580.17921
10.645 Icaritin C21H20O6 21 [M+H]+ 368.12599
7.12 Kaempferol-7-O-glucoside C21H20O11 21 [M+H]+ 448.10056
11.185 Nobiletin C21H22O8 21 [M+H]+ 402.13147
8.107 Chrysin C15H10O4 0 [M+H]+ 254.05791
9.779 Naringenin C15H12O5 21 [M+H]+ 272.06847
11.707 Tangeritin C20H20O7 21 [M+H]+ 372.1209
6.707 Hyperoside C21H20O12 21 [M+H]+ 464.09548
5.401 (-)-Epicatechin C15H14O6 0 [M+H]+ 290.07904
7.326 Hesperidin C28H34O15 0 [M+H]+ 610.18977
7.342 Hesperetin C16H14O6 21 [M+H]+ 302.07904
7.424 Diosmetin C16H12O6 0 [M+H]+ 300.06339
7.299 Prunin C21H22O10 21 [M+H]+ 434.1213
6.65 Eriodictyol C15H12O6 21 [M+H]+ 288.06339
6.731 4#,7-Dihydroxyflavanone C15H12O4 21 [M+H]+ 256.07356
10.006 3#,5,7-Trihydroxy-4#-methoxyflavanone C16H14O6 21 [M+H]+ 302.07904
19.131 1-Stearoylglycerol C21H42O4 21 [M+H]+ 358.30831
0.819 Glycerophosphocholine C8H20NO6P 21 [M+H]+ 257.10282
1.154 Adenine C5H5N5 0 [M+H]+ 135.0545
1.2 Guanine C5H5N5O 0 [M+H]+ 151.04941
4.633 4-Indolecarbaldehyde C9H7NO 0 [M+H]+ 145.05276
4.63 Trans-3-indoleacrylic acid C11H9NO2 0 [M+H]+ 187.06333
4.592 Indole C8H7N 1 [M+H]+ 117.05785
5.506 2,3,4,9-Tetrahydro-1H-b-carboline-3-carboxylic acid C12H12N2O2 0 [M+H]+ 216.08988
12.449 Sedanolide C12H18O2 0 [M+H]+ 194.13068
7.927 Senkyunolide H C12H16O4 0 [M+H]+ 224.10486
8.99 5-O-Methylgenistein C16H12O5 21 [M+H]+ 284.06847
10.502 Formononetin C16H12O4 0 [M+H]+ 268.07356

(continued)
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Table 3. (continued)

tR (min) Name Formula Mppm Ion species
Heoretical

molecular weight

7.865 Ononin C22H22O9 0 [M+H]+ 430.12638
13.24 5,7,3#,4#-Tetrahydroxy-6,8-diprenylisoflavone C25H26O6 21 [M+H]+ 422.17294
8.853 (5S,6S)-5-Hydroxy-4-methoxy-6-

[(E)-2-phenylvinyl]-5,6-dihydro-2H-pyran-2-one
C14H14O4 21 [M+H]+ 246.08921

11.796 Licochalcone A C21H22O4 21 [M+H]+ 338.15181
7.105 Naringeninchalcone C15H12O5 21 [M+H]+ 272.06847
5.505 2-Naphthylamine C10H9N 0 [M+H]+ 143.0735
0.827 Diethylpyrocarbonate C6H10O5 21 [M+H]+ 162.05282
0.829 Acetylcholine C7H15NO2 0 [M+H]+ 145.11028
0.783 Choline C5H13NO 2 [M+H]+ 103.09971
0.805 Muramic acid C9H17NO7 21 [M+H]+ 251.1005
5.49 Amygdalin C20H27NO11 21 [M+H]+ 457.15841
5.316 Chlorogenic acid C16H18O9 0 [M+H]+ 354.09508
0.815 Galactinol C12H22O11 21 [M+H]+ 342.11621
9.704 5-Phenylcyclohexane-1,3-dione C12H12O2 21 [M+H]+ 188.08373
17.183 Muscone C16H30O 21 [M+H]+ 238.22967
0.779 Kanosamine C6H13NO5 0 [M+H]+ 179.07937
0.84 Glucose 1-phosphate C6H13O9P 21 [M+H]+ 260.02972
0.8 D-Raffinose C18H32O16 0 [M+H]+ 504.16903
1.377 Acetophenone C8H8O 1 [M+H]+ 120.05751
11.513 N2-[2-(tert-Butylthio)ethyl]-4,6-bis(4-fluorophenoxy)-

1,3,5-triazin-2-amine
C21H22F2N4O2S 23 [M+H]+ 432.14315

1.343 1,2-di-O-methyl-4-[(2R)-2,4-dihydrobutyramido]-4,6-
dideoxy-alpha-D-mannopyranoside

C12H23NO7 21 [M+H]+ 293.14745

0.818 Ethyl 4-(4-fluorophenyl)-2-[(tetrahydro-2-
furanylcarbonyl)amino]-3-thiophenecarboxylate

C18H18FNO4S 23 [M+H]+ 363.09406

5.669 (S)-N-a-benzoylarginine ethyl ester C15H22N4O3 21 [M+H]+ 306.16919
9.903 (3b,5j,9j)-3,23-Dihydroxy-1-oxoolean-12-en-28-oic acid C30H46O5 21 [M+H]+ 486.33452
7.105 7-Hydroxy-2-(4-hydroxyphenyl)-4-oxo-3,4-dihydro-2H-

chromen-5-yl b-D-glucopyranoside
C21H22O10 21 [M+H]+ 434.1213

6.053 [(3R,5R,6S,8S)-3-(b-D-Glucopyranosyloxy)-6-hydroxy-8-
methyl-9,10-dioxatetracyclo[4.3.1.02,5 03,8]dec-2-
yl]methyl benzoate

C23H28O11 21 [M+H]+ 480.16316

1.152 5-(acetylamino)-2,6-anhydro-3,5-dideoxy-D-erythro-non-2-
enonic acid

C11H17NO8 21 [M+H]+ 291.09542

9.545 {(3R,5R,6S,8S)-3-[(6-O-Benzoyl-b-D-glucopyranosyl)oxy]-6-
hydroxy-8-methyl-9,10-
dioxatetracyclo[4.3.1.02,5.03,8]dec-2-yl}methyl
benzoate

C30H32O12 0 [M+H]+ 584.18938

0.801 DA9185000 C12H10OS 0 [M+H]+ 202.04524
1.186 Phloroglucinol C6H6O3 0 [M+H]+ 126.03169
6.622 Vanillin C8H8O3 0 [M+H]+ 152.04734
6.056 Coniferyl aldehyde C10H10O3 21 [M+H]+ 178.06299
10.9 Limonin C26H30O8 0 [M+H]+ 470.19407
10.157 Glycyrrhizin C42H62O16 0 [M+H]+ 822.40379
10.157 18-b-Glycyrrhetinic acid C30H46O4 21 [M+H]+ 470.33961
8.518 Berberine C20H17NO4 21 [M+H]+ 335.11576
1.252 Adenosine C10H13N5O4 21 [M+H]+ 267.09675
1.157 Adenosine 5#-monophosphate C10H14N5O7P 21 [M+H]+ 347.06308
1.152 3-Hydroxy-2-methylpyridine C6H7NO 2 [M+H]+ 109.05276
1.179 6-Hydroxypicolinic acid C6H5NO3 0 [M+H]+ 139.02694
0.835 Methyl isonicotinate C7H7NO2 0 [M+H]+ 137.04768
6.729 Ecdysterone C27H44O7 0 [M+H]+ 480.3087
0.868 Ecgonine methyl ester C10H17NO3 0 [M+H]+ 199.12084
16.775 2,2#-Methylenebis(4-methyl-6-tert-butylphenol) C23H32O2 0 [M+H]2 340.24023
5.616 Isophthalic acid C8H6O4 24 [M+H]2 166.02661
1.855 Gallic acid C7H6O5 24 [M+H]2 170.02152
11.959 Dimefuron C15H19ClN4O3 3 [M+H]2 338.11457
9.776 Butylparaben C11H14O3 23 [M+H]2 194.09429
1.275 L-Tyrosine C9H11NO3 23 [M+H]2 181.07389
1.156 Citric acid C6H8O7 23 [M+H]2 192.027

(continued)
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Table 3. (continued)

tR (min) Name Formula Mppm Ion species
Heoretical

molecular weight

5.787 Caffeic acid C9H8O4 23 [M+H]2 180.04226
6.958 Ferulic acid C10H10O4 23 [M+H]2 194.05791
4.904 Esculin C15H16O9 0 [M+H]2 340.07943
7.544 Azelaic acid C9H16O4 23 [M+H]2 188.10486
15.977 Oleic acid alkyne C18H30O2 0 [M+H]2 278.22458
11.948 (+/2)12(13)-DiHOME C18H34O4 0 [M+H]2 314.24571
9.608 Corchorifatty acid F C18H32O5 0 [M+H]2 328.22497
5.762 {(1R,2R)-2-[(2Z)-5-(Hexopyranosyloxy)-2-penten-1-yl]-3-

oxocyclopentyl}acetic acid
C18H28O9 1 [M+H]2 388.17333

12.065 (+/2)9,10-dihydroxy-12Z-octadecenoic acid C18H34O4 0 [M+H]2 314.24571
7.1 Naringin C27H32O14 0 [M+H]2 580.17921
6.613 Licuroside C26H30O13 1 [M+H]2 550.16864
10.137 Hispidulin C16H12O6 0 [M+H]2 300.06339
9.778 Naringenin C15H12O5 0 [M+H]2 272.06847
6.706 Quercetin-3b-D-glucoside C21H20O12 1 [M+H]2 464.09548
8.894 Eriodictyol C15H12O6 0 [M+H]2 288.06339
5.405 Catechin C15H14O6 0 [M+H]2 290.07904
10.006 3#,5,7-Trihydroxy-4#-methoxyflavanone C16H14O6 0 [M+H]2 302.07904
6.517 2-(6-Hydroxyhexyl)-3-methylenesuccinic acid C11H18O5 0 [M+H]2 230.11542
4.642 DL-Tryptophan C11H12N2O2 22 [M+H]2 204.08988
10.5 Formononetin C16H12O4 0 [M+H]2 268.07356
6.733 3#-C-Glucosylisoliquiritigenin C21H22O9 1 [M+H]2 418.12638
5.824 Phlinoside A C35H46O20 2 [M+H]2 786.25824
7.339 4,5-Dicaffeoylquinic acid C25H24O12 0 [M+H]2 516.12678
6.183 D(-)-Amygdalin C20H27NO11 0 [M+H]2 457.15841
5.319 Chlorogenic acid C16H18O9 1 [M+H]2 354.09508
0.789 Stachyose C24H42O21 0 [M+H]2 666.22186
7.495 Lusitanicoside C21H30O10 1 [M+H]2 442.1839
9.224 4-(4-Ethoxyphenyl)-4-oxobutanoic acid C12H14O4 21 [M+H]2 222.08921
0.821 Sucrose C12H22O11 0 [M+H]2 342.11621
0.85 D-(+)-Xylose C5H10O5 24 [M+H]2 150.05282
0.791 D-(-)-Mannitol C6H14O6 23 [M+H]2 182.07904
0.833 D-(-)-Quinic acid C7H12O6 23 [M+H]2 192.06339
0.833 D-Saccharic acid C6H10O8 22 [M+H]2 210.03757
5.456 Neochlorogenic acid C16H18O9 1 [M+H]2 354.09508
0.856 D-Glucono-1,5-lactone C6H10O6 22 [M+H]2 178.04774
5.487 [(6-O-

Hexopyranosylhexopyranosyl)oxy](phenyl)acetonitrile
C20H27NO11 1 [M+H]2 457.15841

1.86 Sibiricose A3 C19H26O13 1 [M+H]2 462.13734
4.565 Bioside C20H30O12 1 [M+H]2 462.17373
6.188 (3R,5R)-1,3,5-Trihydroxy-4-{[(2E)-3-(4-hydroxy-3-

methoxyphenyl)-2-
propenoyl]oxy}cyclohexanecarboxylic acid

C17H20O9 0 [M+H]2 368.11073

12.768 N-(3-Chloro-4-morpholinophenyl)-6-oxo-1,4,5,6-
tetrahydro-3-pyridazinecarboxamide

C15H17ClN4O3 4 [M+H]2 336.09892

5.694 3,4-Dihydroxyphenylacetic acid C8H8O4 24 [M+H]2 168.04226
6.75 D(+)-Phenyllactic acid C9H10O3 24 [M+H]2 166.06299
6.32 Agnuside C22H26O11 1 [M+H]2 466.14751
10.153 Glycyrrhizin C42H62O16 1 [M+H]2 822.40379
6.257 Paeoniflorin C23H28O11 0 [M+H]2 480.16316
6.053 Albiflorin C23H28O11 0 [M+H]2 480.16316
13.969 18-b-Glycyrrhetinic acid C30H46O4 0 [M+H]2 470.33961
4.627 Mussaenosidic acid C16H24O10 0 [M+H]2 376.13695
1.174 Guanosine monophosphate C10H14N5O8P 0 [M+H]2 363.058
0.845 Cabotegravir C19H17F2N3O5 24 [M+H]2 405.11363
1.183 Uridine C9H12N2O6 0 [M+H]2 244.06954
0.867 N-[4-(2-Pyrimidinylsulfamoyl)phenyl]benzamide C17H14N4O3S 3 [M+H]2 354.07866
0.803 (2E)-3-[3-(Trifluoromethyl)phenyl]acrylic acid C10H7F3O2 0 [M+H]2 216.03981
0.877 5-(acetylamino)-2,6-anhydro-3,5-dideoxy-L-glycero-L-altro-

non-2-enonic acid
C11H17NO8 0 [M+H]2 291.09542

5.039 4-Acetyl-3-hydroxy-5-methylphenyl b-D-glucopyranoside C15H20O8 1 [M+H]2 328.11582

(continued)
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Z and G experienced significantly more erections (1.50
6 0.55; 1.67 6 0.52) than Group M (p \ .05), and
Group D experienced significantly more erections
(1.17 6 0.41) but without statistical significance (p .

.05; Table 5).

Reactive Oxygen Species Levels in Rats Following
Drug Intervention

The content in Group M was markedly elevated, com-
pared with Group C (p \ .05). Following drug treat-
ment, reactive oxygen species (ROS) levels in Groups
D, Z, and G were obviously reduced, relative to
GroupM (p \ .05; Figure 5).

Histologic Analysis of Corpus Cavernosum

In Group C, cavernous trabeculae and evenly distribu-
ted blood sinuses were visible after corpus cavernosum
tissue samples were stained with hematoxylin-eosin
(HE) and examined under a light microscope. Red
blood cells filled the sinus space, and endothelial cells

Table 3. (continued)

tR (min) Name Formula Mppm Ion species
Heoretical

molecular weight

5.354 3-[2-(b-D-Glucopyranosyloxy)-4-methoxyphenyl]propanoic
acid

C16H22O9 0 [M+H]2 358.12638

0.814 MFCD01051705 C17H19ClN4O2S 3 [M+H]2 378.09172
7.365 7-Hydroxy-2-(4-hydroxyphenyl)-4-oxo-3,4-dihydro-2H-

chromen-5-yl b-D-glucopyranoside
C21H22O10 0 [M+H]2 434.1213

3.178 2-[(5-Benzyl-6-methyl-4-oxo-1,4-dihydro-2-
pyrimidinyl)sulfanyl]-N-(1,5-dimethyl-3-oxo-2-phenyl-
2,3-adihydro-1H-pyrazol-4-yl)acetamide

C25H25N5O3S 3 [M+H]2 475.16781

5.256 (1S,4aS,7S,7aS)-7-Hydroxy-1-{[6-O-(4-hydroxybenzoyl)-b-
D-glucopyranosyl]oxy}-7-methyl-1,4a,5,6,7,7a-
hexahydrocyclopenta[c]pyran-4-carboxylic acid

C23H28O12 0 [M+H]2 496.15808

7.327 4,2#,4#-Trihydroxy-6#-methoxychalcone 4,4#-di-beta-
glucoside

C28H34O15 1 [M+H]2 610.18977

6.899 2-(3,4-Dihydroxyphenyl)ethyl 3-O-(6-deoxy-b-L-
mannopyranosyl)-6-O-[(2E)-3-(3,4-dihydroxyphenyl)-2-
propenoyl]-b-D-glucopyranoside

C29H36O15 1 [M+H]2 624.20542

0.811 Butyl ({5-isobutyl-3-[4-({4-oxo-2-propyl-6-[(2-
thienylcarbonyl)amino]-3(4H)-
quinazolinyl}methyl)phenyl]-2-thienyl}sulfonyl)carbamate

C36H40N4O6S3 21 [M+H]2 720.211

Figure 1. (A) Intersection of Xuefu Zhuyu Decoction
Targets, Asthma Targets, and Erectile Dysfunction Targets; (B)
PPI Network Built by Cytoscape (3.7.1); (C) PPI Network
Processed by Cytoscape (3.7.1) Plugin (cytoHubba)

Table 4. Key Target Genes as Determined by the CytoHubba
Plugin in Cytoscape

Rank Name Score

1 Albumin (ALB) 28
2 Interleukin 6 (IL-6) 26
3 Vascular endothelial growth factor A (VEGFA) 24
4 Tumor necrosis factor (TNF) 24
4 Interleukin 1 beta (IL-1B) 23
6 C-X-C motif chemokine ligand 8 (CXCL8) 22
6 Angiotensin I converting enzyme (ACE) 22
6 Coagulation factor II, thrombin (F2) 22
9 Interleukin 2 (IL2) 21
9 Adrenoceptor beta 2 (ADRB2) 21
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lined the inner wall. There was a lot of smooth muscle
and a few small blood vessels in the trabecular sinus.
The density of endothelial and smooth muscle cells was
reduced. The distribution of blood sinusoids was disor-
dered in Group M. Collagen fibers were also more in
number than in Group C. After 8 weeks of XFZYD
treatment, the blood sinusoids were distributed more
regularly in Groups D, Z, and G than in Group M,
endothelial cells density increased, and the number of
collagen fibers was relatively decreased (Figure 6).

IL-6, VEGFA, TNF, and eNOS Expression Following
XFZYD Treatment

Western blotting (p \ .05) revealed that the levels of
the proteins IL-6, VEGFA, and TNF in penile tissue
were higher in Group M (0.95 6 0.02; 1.16 6 0.03;
1.11 6 0.03) than in Group C (0.65 6 0.03; 0.71 6

0.03; 0.67 6 0.02). The expression of all three proteins
were downregulated in the D, Z, and G groups (0.88
6 0.03, 1.07 6 0.03, 0.95 6 0.02; 0.74 6 0.02, 0.87
6 0.02, 0.77 6 0.03; 0.71 6 0.02, 0.83 6 0.03, 0.74

Figure 2. The Network Construction for Herbal–
Compound–Targets–Disease

Figure 3. Analyses of Pathway Enrichment Using GO and KEGG Databases
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6 0.02) than GroupM (p \ .05). eNOS protein levels
in Group M (0.12 6 0.04) were drastically reduced,
compared with Group C (0.69 6 0.04; p \ .05). After
drug treatment, eNOS protein levels in the D, Z, and
G groups (0.34 6 0.03; 0.48 6 0.04; 0.56 6 0.02)
were markedly higher, compared with Group M (p \
.05; Figure 7A and 7B). The mRNA levels of IL-6,
VEGFA, TNF, and eNOS showed similar trends
(Group M: 1.93 6 0.12, 1.54 6 0.12, 2.95 6 0.09,
0.22 6 0.06; Group D: 1.77 6 0.07, 1.45 6 0.06,
2.75 6 0.06, 0.60 6 0.05; Group Z: 1.36 6 0.08,
1.25 6 0.04, 1.72 6 0.07, 0.80 6 0.06; Group G:
1.33 6 0.07, 1.23 6 0.03, 1.51 6 0.05, 0.87 6 0.05;
all p \ .05; Figure 7C).

Discussion

There have been few studies on ED in patients with
asthma, and it is unclear what causes the two

Figure 4. HE Staining of Lung Tissue in Groups C and M (3100 and 3400). (A) In Group C: The Alveolar Walls Were Clear and
Complete, the Bronchial Lumen Was Regular, the Smooth Muscle and Blood Vessel Walls Were Not Significantly Thickened, and
There Was No Obvious Inflammatory Cell Infiltration (Arrowsffiffl�Ð). (B) In Group M: The Lung Tissue Structure Was
Disordered, Incomplete Alveolar Walls, Massive Infiltration of Inflammatory Cells Around the Trachea and in the Pulmonary
Interstitium, and Thickening of Smooth Muscle and Vascular Walls (ArrowsðÞþ¼)

Table 5. Erectile Times of Rats in Each Group After Drug
Intervention

Group N Erectile times

C 6 2.33 6 0.52
M 6 0.67 6 0.51*
D 6 1.17 6 0.41
Z 6 1.50 6 0.55**
G 6 1.67 6 0.52**

Note. Differences with p \ .05 were considered statistically significant.

*p \ .05, the M group versus the C group; **p \ .05, the Z and G

groups versus the M group.

Figure 5. ROS Levels in Rats in Each Group After Drug
Intervention (3100, Black = 5, Gamma = 1, White = 255)
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conditions to coexist. In this study, XFZYD was
found to enhance erectile function in asthmatic rats.
Our network pharmacology analysis identified ALB,
IL-6, VEGFA, and TNF as potential XFZYD targets.
However, previous studies revealed that the ALB pro-
tein expression in an asthma-associated ED model
and the control did not differ (J. S. Wang et al., 2020).
Therefore, we focused on IL-6, VEGFA, and TNF in
our study as potential mediators of the beneficial
effects of XFZYD on asthma-associated ED.

The inflammatory response and immune regulation
of asthma, including its induction and exacerbation,
are significantly influenced by inflammatory media-
tors. The proinflammatory cytokine IL-6, produced
mainly by monocytes and macrophages, has been
implicated in bronchial asthma, and its detection is
useful in evaluating the condition and tracking the
effectiveness of treatment (Siwiec et al., 2009).
Overexpression of IL-6 during immune response and
inflammation can enhance the proliferation and dif-
ferentiation of different cell types, which can alter
erectile function (Proboszcz et al., 2017). TNF-a is an
inflammatory cytokine associated with type-1 helper
T cells that have been linked to the pathogenesis of
asthma (Cazzola & Polosa, 2006). TNF increases vas-
cular permeability and activates T cells, eosinophils,
and mast cells as neutrophil and monocyte chemokine
(Diouf et al., 2007). The peripheral blood TNF level
of patients with asthma was shown to be elevated than
that of patients without asthma, which was positively
correlated with the severity of the disease.

A potential risk factor for the pathophysiological
process of ED is low-grade systemic inflammation.
The inflammatory process of ED involves the trans-
formation of complex interactions between cytokines,
chemokines, and adhesion molecules. Numerous clini-
cal studies have shown a strong correlation between
the increased expression of clinical inflammatory mar-
kers and mediators and the occurrence and develop-
ment of ED (Araña Rosaı́nz Mde et al., 2011;
Vlachopoulos et al., 2006). Proinflammatory and
inflammatory cytokines are primarily responsible for
completing the inflammatory response. The body pro-
duces a variety of proinflammatory cytokines, includ-
ing IL-6, TNF-a, and so on (Zimmerman, 2002). The
occurrence of asthma increases IL-6, TNF-a proin-
flammatory cytokines, and inhibits eNOS and activ-
ity. NO is a powerful smooth muscle relaxation factor,
and eNOS is the key enzyme to generate NO. Any
cause that reduces eNOS activity and thus NO pro-
duction could be the pathogenesis of ED (Musicki &
Burnett, 2006). Studies have shown that eNOS is loca-
lized in vascular endothelial cells and smooth muscle
cells in the corpus cavernosum of the rat penis and
plays an important role in the relaxation of the corpus
cavernosum (Carneiro et al., 2010; Long et al., 2012;
Luboshitzky et al., 2002). According to the findings of
our study, asthmatic model rat erection frequency
decreased, IL-6 and TNF protein expression
increased, and eNOS protein expression decreased.
IL-6 and TNF protein expression decreased, eNOS
protein expression increased, and the number of

Figure 6. HE Staining of Penile Tissue of Rats From the C, M, and T Groups (3200 and 3400). (A) In the C Group: The Blood
Sinuses Were Evenly Distributed, With Red Blood Cells in the Sinus Space and Endothelial Cells Covering the Inner Wall (Arrows
ffiffl). (B) In the M Group: The Distribution of Blood Sinusoids Was Disordered, and the Density of Endothelial Cells and Smooth
Muscle Cells Was Reduced (Arrows�Ð). (C) In the D, Z, and G Group: The Distribution of Blood Sinuses Was More Regular and
the Density of Endothelial Cells Was Increased, the Number of Collagen Fibers Was Relatively Reduced (ArrowsðÞþ¼½�).
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erections increased after treatment with XFZYD. One
of the mechanisms underlying the deterioration of
erectile function is the increase in inflammatory fac-
tors brought on by asthma, which results in penile
cavernous ischemia and hypoxia. XFZYD can
improve the erectile function of asthmatic rats by low-
ering the expression of IL-6 and TNF protein and
increasing the expression of eNOS protein.

The glycosylated peptides VEGF-A, VEGF-B,
VEGF-C, VEGF-E, and placental growth factors are
members of the VEGF family (X. Zhao, Yu et al.,
2018). VEGF is highly expressed in tissues rich in

blood vessels, such as the trachea and the lung (H. Y.
Lu et al., 2016). Inflammatory cells like neutrophils,
lymphocytes, monocytes, and eosinophils also pro-
duce VEGF. VEGF induces airway remodeling by
causing structural changes to the vascular extracellu-
lar matrix and interstitial edema in asthma (X. Zhao,
Yu et al., 2018). VEGFA overexpression worsens by
increasing vascular permeability and inflammation
(Urios et al., 2019). In the present study, the asthma
model group had upregulated VEGFA protein expres-
sion, reversed by XFZYD treatment. This proves that
one of the mechanisms of decreased erectile function

Figure 7. (A) Electrophoretogram of Three Proteins (IL6, VEGFA, TNF, eNOS) in Rats From the C, M, D, Z, and G Groups. (B)
The Expression Levels of Three Proteins (IL6, VEGFA, TNF, eNOS) in Rats From the C, M, D, Z, and G Groups Determined Using
Western Blotting. (C) The mRNA Expression Levels of Three Proteins (IL6, VEGFA, TNF, eNOS) in Rats From the C, M, D, Z, and
G Groups Determined Using Western Blotting.
Note. Data are expressed as the mean 6 SEM. Differences with p\ .05 were considered statistically significant.
# p\ .05, the M group versus the C group; *p\ .05, the D, Z, and G groups versus the M group.
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in patients with asthma is vascular remodeling
induced by VEGFA.

Damage caused by an increase in ROS such as
superoxide radicals, hydrogen peroxide, and hydroxyl
radicals that cause the body’s oxidation levels to
exceed its antioxidant defenses is known as oxidative
stress (Dua et al., 2019). The balance between ROS
and antioxidants is a state of imbalance. ROS func-
tions as a signal molecule to regulate physiological
processes under normal conditions. The overproduc-
tion of ROS will exacerbate the severity of patients
with bronchial asthma by causing lipid peroxidation,
modified protein, oxidative DNA damage, and dam-
age to multiple organelles, impairing their function.
Huang found that in the smoking-induced ED rat
model, the level of ROS in rat penile tissue was signifi-
cantly elevated, resulting in enhanced penile tissue
apoptosis. In addition, the integrity of the penile
endothelium was damaged, resulting in endothelial
dysfunction and, ultimately, the occurrence of ED (Y.
C. Huang et al., 2015). According to our study, the
asthma model group’s level of ROS significantly
increased, and the smooth muscle cells in penile tissue
decreased. It demonstrated that XFZYD enhances the
erectile function of rats through specific antioxidant
stress when the level of ROS significantly reduced,
and the number of erections increases after the inter-
vention of XFZYD.

Conclusions

We discovered that XFZYD improved erectile func-
tion in rats with asthma-associated ED while lowering
IL-6, VEGFA, TNF, and ROS expression levels in
penile tissue and increasing the expression level of
eNOS. The above results suggest that XFZYD may
improve erectile function in asthma model rats by
inhibiting inflammation and reducing vascular perme-
ability. Although further studies are necessary to eluci-
date the precise mechanism, this article systematically
explored the possible targets associated with XFZYD
to improve asthma-induced ED, which provides the
theoretical basis and experimental data for future
pharmacological studies. More importantly, this study
provides new research ideas for interdisciplinary
research on TCM treatment, which is worth promot-
ing and learning.
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Mathieu, J. F., Gaye, A., Thiaw, O. T., & Deloron, P.

(2007). IL-12 producing monocytes and IFN-gamma and

TNF-alpha producing T-lymphocytes are increased in

placentas infected by Plasmodium falciparum. Journal of

Reproductive Immunology, 74(1–2), 152–162.
Dorsey, P., Keel, C., Klavens, M., & Hellstrom, W. J.

(2010). Phosphodiesterase type 5 (PDE5) inhibitors for

the treatment of erectile dysfunction. Expert Opinion on

Pharmacotherapy, 1(7), 1109–1122. https://doi.org/10.

1517/14656561003698131
Dua, K., Malyla, V., Singhvi, G., Wadhwa, R., Krishna, R.

V., Shukla, S. D., Shastri, M. D., Chellappan, D. K.,

Maurya, P. K., Satija, S., Mehta, M., Gulati, M., Hans-

bro, N., Collet, T., Awasthi, R., Gupta, G., Hsu, A., &

Hansbro, P. M. (2019). Increasing complexity and inter-

actions of oxidative stress in chronic respiratory diseases:

An emerging need for novel drug delivery systems. Che-

mico-Biological Interactions, 299, 168–178. https://doi.

org/10.1016/j.cbi.2018.12.009
Garcia, A., & Barbas, C. (2011). Gas chromatography-mass

spectrometry (GC-MS)-based metabolomics. Methods in

Molecular Biology, 708, 191–204. https://doi.org/10.

1007/978-1-61737-985-7_11
Grigoryan, V. A., Gazimiev, M. A., Demidko, Y. L., & Bai-

duvaliev, A. M. (2018). Dosage forms of sildenafil in the

management of erectile dysfunction. Urologiia, 2018(1),

159–162.

Hamosh, A., Scott, A. F., Amberger, J. S., Bocchini, C. A.,

&McKusick, V. A. (2005). Online Mendelian Inheritance

in Man (OMIM), a knowledgebase of human genes and

genetic disorders. Nucleic Acids Research, 33,

D514–D517. https://doi.org/10.1093/nar/gki033
Han, Z. H. (2020). Pharmacological analysis of Xuefu

Zhuyu decoction and examples of proven cases. Inner

Mongolia Traditional Chinese Medicine, 39, 69–71.
Huang, Y. C., Chin, C. C., Chen, C. S., Shindel, A. W., Ho,

D. R., Lin, C. S., & Shi, C. S. (2015). Chronic cigarette

smoking impairs erectile function through increased oxi-

dative stress and apoptosis, decreased nNOS, endothelial

and smooth muscle contents in a rat model. PLOS ONE,

10(10), Article e0140728. https://doi.org/10.1371/journal.

pone.0140728
Huang, Y. T., van der Hoorn, D., Ledahawsky, L. M.,

Motyl, A. A. L., Jordan, C. Y., Gillingwater, T. H., &

Groen, E. J. N. (2019). Robust comparison of protein

levels across tissues and throughout development using

standardized quantitative western blotting. Journal of

Visualized Experiments: JoVE, 182(146), 10379159438.

https://doi.org/10.3791/59438
Jia, R. B., Shao, Y. F., Jiang, W. X., Chen, J. M., Zheng, J.

W., Su, S. Z., & Wang, Y. L. (2020). Effect of antidepres-

sant Puyu capsule on sexual function of male rats and its

mechanism. Chinese Pharmacology Bull, 36, 282–288.
Li, S., Liu, S. P., Wu, Y., Liang, L. J., Xie, Z. H., & Shi, Z.

C. (2022). Shi Zhichao’s experience in the treatment of

difficult diseases with blood mansions and blood stasis

tang. Jilin Traditional Chinese Medicine, 42, 900–902.
Lin, S. H., Huang, H. B., & Lin, X. Q. (2018). Effect of mod-

ified Xuefu Zhuyu decoction on 60 cases of impotence.

Chinese Foreign Medicine Journal, 37, 173–175.
Long, T., Liu, G., Wang, Y., Chen, Y., Zhang, Y., & Qin,

D. (2012). TNF-a, erectile dysfunction, and NADPH

oxidase-mediated ROS generation in corpus cavernosum

in high-fat diet/streptozotocin-induced diabetic rats. The

Journal of Sexual Medicine, 9(7), 1801–1814. https://doi.

org/10.1111/j.1743-6109.2012.02739.x

Lu, C. C. (2012). Asthma and risk of erectile dysfunction in

Taiwan – Patient-based or population-based? The Jour-

nal of Sexual Medicine, 9(3), 943. https://doi.org/10.1111/

j.1743-6109.2011.02575.x
Lu, H. Y., Zhao, G. L., & Fu, M. F. (2016). Polymorphisms

in the vascular endothelial growth factor (VEGF) gene

associated with asthma. Genetics and Molecular

Research: GMR, 15(2), 10.4238/gmr.15027880. https://

doi.org/10.4238/gmr.15027880
Luboshitzky, R., Aviv, A., Hefetz, A., Herer, P., Shen-Orr,

Z., Lavie, L., & Lavie, P. (2002). Decreased pituitary-

gonadal secretion in men with obstructive sleep apnea.

The Journal of Clinical Endocrinology and Metabolism,

87(7), 3394–3398. https://doi.org/10.1210/jcem.87.7.8663
Ma, T. T., Zhang, G. L., Dai, C. F., Zhang, B. R., Cao, K.

X., Wang, C. G., Yang, G. W., & Wang, X. M. (2020).

Scutellaria barbata and Hedyotis diffusa herb pair for

breast cancer treatment: Potential mechanism based on

16 American Journal of Men’s Health

https://doi.org/10.1111/j.1743-6109.2010.01762.x
https://doi.org/10.1111/j.1743-6109.2010.01762.x
https://doi.org/10.1097/01.all.0000199798.10047.74
https://doi.org/10.1097/01.all.0000199798.10047.74
https://doi.org/10.1016/j.eururo.2015.03.031
https://doi.org/10.1016/j.eururo.2015.03.031
https://doi.org/10.1093/mp/sst080
https://doi.org/10.1093/mp/sst080
https://doi.org/10.1111/j.1743-6109.2011.02242.x
https://doi.org/10.1111/j.1743-6109.2011.02242.x
https://doi.org/10.1517/14656561003698131
https://doi.org/10.1517/14656561003698131
https://doi.org/10.1016/j.cbi.2018.12.009
https://doi.org/10.1016/j.cbi.2018.12.009
https://doi.org/10.1007/978-1-61737-985-7_11
https://doi.org/10.1007/978-1-61737-985-7_11
https://doi.org/10.1093/nar/gki033
https://doi.org/10.1371/journal.pone.0140728
https://doi.org/10.1371/journal.pone.0140728
https://doi.org/10.3791/59438
https://doi.org/10.1111/j.1743-6109.2012.02739.x
https://doi.org/10.1111/j.1743-6109.2012.02739.x
https://doi.org/10.1111/j.1743-6109.2011.02575.x
https://doi.org/10.1111/j.1743-6109.2011.02575.x
https://doi.org/10.4238/gmr.15027880
https://doi.org/10.4238/gmr.15027880
https://doi.org/10.1210/jcem.87.7.8663


network pharmacology. Journal of Ethnopharmacology,

259, 112929. https://doi.org/10.1016/j.jep.2020.112929
Musicki, B., & Burnett, A. L. (2006). eNOS function and

dysfunction in the penis. Experimental Biology and Medi-

cine, 231(2), 154–165. https://doi.org/10.1177/153537020

623100205
Papi, A., Brightling, C., Pedersen, S. E., & Reddel, H. K.

(2018). Asthma. The Lancet, 391(10122), 783–800.

https://doi.org/10.1016/S0140-6736(17)33311-1
Park, J., Chai, J. S., Kim, S. W., Paick, J. S., & Cho, M. C.

(2018). Inhibition of Jun N-terminal kinase improves

erectile function by alleviation of cavernosal apoptosis in

a rat model of cavernous nerve injury. Urology, 113,

253.e9–253.e16. https://doi.org/10.1016/j.urology.2017.

11.040
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