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Background: We explored the effect of asthma on erectile dysfunction (ED) and the effects of the expression of related
proteins.

Material/Methods: We used a bioinformatics database to predict the targets and pathways associated with asthma and ED. The
rat model of asthma was caused by an ovalbumin solution. The number of erections in 30 min was observed
by injecting apomorphine into the neck at a dose of 100 pg/kg. Rats with no erection were regarded as the
model group (group B), and the previous random 6 normal rats were regarded as the control group (group A).
We used hematoxylin and eosin (HE) to compare the tissue structure of the cavernous body of the penis. Real-
time quantitative polymerase chain reaction (RT-gPCR) and western blotting were used to determine the ex-
pression levels of insulin (INS), interleukin 6 (IL6), albumin (ALB), tumor necrosis factor (TNF), and vascular en-
dothelial growth factor A (VEGFA) at both the protein and messenger ribonucleic acid (mRNA) levels.

Results: HE staining results show that compared with group A, the blood sinus distribution of the cavernous body in
group B was disordered, and the density of endothelial cells and smooth muscle cells decreased significant-
ly. Western blotting and RT-qPCR showed that the levels of IL6, TNF, and VEGFA protein and mRNA in group B
were significantly higher (P<0.05) than those in group A. The levels of INS and ALB were not significantly dif-
ferent between the 2 groups.
Conclusions: On the basis of the results, we found that asthma caused pathological changes in the penises of rats and led
to reduced erectile function via changes in the expression of IL6, TNF, and VEGFA proteins.
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Background

Erectile dysfunction (ED) refers to the inability of a male to
achieve or maintain a complete erection that is sufficient to
achieve satisfactory sexual intercourse [1]. Globally, ED affects
approximately 53% of men between 40 and 70 years of age
and currently affects around 150 million people [2]. Asthma is
a chronic airway inflammatory disease that involves a variety
of cells and cellular components [3]. The global prevalence of
asthma ranges from 1% to 18% and it is currently estimated
that there are approximately 300 million asthma patients world-
wide [4]. A 2011 epidemiological survey carried out in Taiwan
showed that the prevalence of ED in asthmatic patients (0.98%)
was higher than that in nonasthmatic patients and that the se-
verity of ED was positively correlated with the severity of asth-
ma [5]. Another study showed that subjects with asthma ex-
perienced a 1.909-fold (95% confidence interval 1.276-2.856;
P=0.002) increase in incident ED independent of age, the num-
ber of clinical visits to a urologist, and other comorbidities [6].
However, the specific mechanism underlying the relationship
between asthma and ED remains unclear. At the same time, we
found through a literature search that although there are relat-
ed reports on the association between asthma and ED, most of
them are based on population studies and epidemiological sur-
veys. Therefore, the aim of the present study was to use bioin-
formatic analysis to predict the molecular pathways and targets
of asthma and ED, and then verify them through in vitro exper-
iments. Our working hypothesis was that asthma exerts effects
over related proteins to induce systemic inflammation and ex-
tensive vascular endothelial damage, which then leads to ED.

Material and Methods

Ethical approval of the study protocol

The experimental protocol was approved by the Experimental
Animal Ethics Committee of Beijing University of Chinese
Medicine (number: BUCM-4-2019091105-3064).

Experimental animals

Twenty Sprague-Dawley rats (specific pathogen free [SPF],
ages 4-5 weeks, weight range 120-130 g) were purchased
from Speyford (Beijing) Biotechnology Co., Ltd. (license number
SCXK [Beijing] 2016-0002). Rats were maintained in an SPF-
level animal room at Beijing University of Chinese Medicine;
the photoperiod was 12 h of illumination and 12 h of dark; hu-
midity was 55-60%; temperature was 22-26°C. All rats were
acclimatized in these conditions for 7 days with deionized wa-
ter and solid feed. Before experiments, we confirmed that the
rats exhibited normal sexual function by a mating behavior
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Drugs and reagents

Ovalbumin (OVA) was purchased from Sigma (A5503-10G, SJ,
CN) and aluminum hydroxide gel was obtained from Pierce
(n0.77161, SJ, CN). Apomorphine (APO) was purchased from
Sinopharm Group Chemical Reagent Co., Ltd. (A4393, SJ, CN).
All primers were acquired from Invitrogen Biotechnology Co.,
Ltd (SJ, CN). We also purchased a range of assay kits from
Bioss (Woburn, MA, USA), including an insulin gene (INS) kit
(bs-0862R), tumor necrosis factor (TNF) kit (Bs-10802R), in-
terleukin 6 (IL6) kit (bs-0379R), albumin gene (ALB) kit (bs-
0945R), vascular endothelial growth factor A gene (VEGFA) kit
(Bs-20393R), and a B-actin kit (bs-0061R).

Identification of molecular targets

We identified the molecular targets of asthma and ED via the
GeneCards database (https://www.genecards.org/) and the
OMIM database (https://omim.org/). The separate targets of
asthma and ED were then intersected and considered as po-
tential targets for asthma and the development of ED. We used
these targets for further network construction and analysis.

Protein—protein interaction (PPI) network analysis

The STRING database (https://string-db.org/) was used to iden-
tify potential PPIs. To improve the reliability of the data ob-
tained, the PPIs were further filtered, the minimum interac-
tion score was set to 0.40, and the remaining PPIs were used
for network construction and analysis [8].

Network construction and analysis

Cytoscape software (version 3.7.1, https://cytoscape.org/) was
used to construct an asthma-ED-target network and a PPI net-
work. The Cytoscape plug-in ‘cytohubba’ was then used to
further analyze the PPI network to identify essential targets.

Gene Ontology (GO) and Kyoto Encyclopedia of Genes and
Genomes (KEGG) enrichment analysis

The biological information annotation database (DAVID, https://
david.ncifcrf.gov/, version 6.8) provides systematic and compre-
hensive biological annotation of function for genes or proteins
on a large scale and can be used to identify the most signifi-
cantly enriched biological annotations. We imported the most
common targets for asthma and ED into the DAVID database,
set the ‘identifier’ as ‘official gene symbol’ set the ‘type list’
to ‘gene list’ and limited the ‘species setting’ to ‘human.” We
then performed GO and KEGG pathway analyses for the com-
mon targets of asthma and ED [9].
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Construction and verification of a rat model of asthma

All 20 rats were allocated a number and their individual weights
were recorded. A random number table was then used to ran-
domly select 14 rats for asthma modeling (the asthma mod-
eling group), and the remaining 6 were considered the nor-
mal group. In the first 3 weeks of the experiment, the normal
group of rats was injected (intraperitoneally) with 1 mL of ster-
ile saline every day; on days 0, 7, and 14 the asthma modeling
group was sensitized by injecting 1 mL of miscible liquid (in-
traperitoneally) containing 100 mg of OVA and 10 mg of alu-
minum hydroxide gel. From the 22" day of the experiment,
the normal group was given sterile saline through a compres-
sion atomizer (NE-C900, DL, CN) at a rate of 0.2 mL/min for 30
min; the asthma modeling group was given 1% OVA (atom-
ized) at a rate of 0.2 mL/min over the course of 30 min; the 2
groups received this treatment once a day for 3 weeks. After
3 weeks, we evaluated the asthma modeling group in terms
of behavior, the presence of upright fur, shortness of breath,
nose scratching, incontinence, and abdominal breathing, as
described previously [10].

Screening of the ED model

Rats in the asthmatic model group were weighed and placed in
a quiet observation box for 10 min with dim lighting. Each rat
then received a subcutaneous injection of APO into the neck
at a dose of 100 pg/kg. The status of each rat was recorded by
video camera for 30 min after the injection to assess wheth-
er erection occurred. Erection was defined as the protrusion,
swelling, or growth of the penis [11]. Rats that did not expe-
rience erection were considered to be experiencing asthma-
induced ED and were included in the model group. Among 14
rats in the asthmatic model group, a total of 6 rats failed to
achieve an erection and was identified as model rats with asth-
ma-induced ED (group B); the previous 6 normal group rats
were regarded as the control group (group A).

Staining using hematoxylin and eosin (HE)

All rats in groups A and B were weighed and anesthetized by
intraperitoneal injection with 3% pentobarbital sodium solu-
tion (0.1 mL/100 g). After the pain reaction of the rat disap-
peared, the ventral foreskin of the penis was cut with tissue
scissors, the penis was separated, the glans (including penile
cartilage) was removed, and 50-100 mg of the middle penile
tissue was cut for subsequent staining and observation. After
collecting and washing all the penile tissue of rats in groups
A and B, a section from each penis was embedded in paraf-
fin, cut into thin slices (5 pym thick), and stained with HE. Each
specimen was then observed and photographed using an opti-
cal microscope (L340099, Olympus, TKY, Japan) equipped with
a digital camera [12].

ANIMAL STUDY

Western blotting detection

To detect the expression levels of INS, ALB, TNF, IL6, and VEGFA
proteins, we removed a portion of cavernous tissue from each
rat. These tissues were placed into ice-cold tissue lysis buf-
fer and homogenized. The homogenate was then centrifuged
at 12,000 revolutions per minute for 10 min to allow collec-
tion of the supernatant. Protein concentration in each lysate
was determined using a bicinchoninic acid protein assay kit
and the concentrations adjusted with radioimmunoprecipita-
tion assay buffer and boiled for 5 min. Each sample was then
separated by 10% sodium dodecyl sulfate-polyacrylamide
gel electrophoresis and transferred to a polyvinylidene fluo-
ride (PVDF) membrane. We diluted the primary antibody, in-
cubated at 4°C overnight, and washed with Tris-buffered sa-
line with Tween (TBST) at room temperature on a decolorizing
shaker 3 times for 5 min each time. Then the secondary anti-
body was diluted 1: 3000 with TBST. After incubating at room
temperature for 30 min, the PVDF membrane was washed 3
times with TBST on a decolorizing shaker at room tempera-
ture for 5 min each time. The 2 electrochemiluminescence re-
agents A and B were mixed in a medium volume in a centri-
fuge tube, and after fully contacting the PYDF membrane, they
were placed in a fully automated chemiluminescence imaging
system to read the data [13].

Real-time quantitative polymerase chain reaction (RT-
qPCR) detection

A PCR instrument (SLAN-96P, SJ, CN) was used for RT-qPCR.
When extracting total ribonucleic acid (RNA), TRIzol reagent
was added to homogenized tissue to maintain the integrity of
RNA in the sample and to inhibit RNA degradation. The purity
and concentration of total RNA was determined, and comple-
mentary deoxyribonucleic acid prepared by reverse transcrip-
tion. The primer sequences are shown in Table 1. After adding
samples to 96-well plates, fluorescent qPCR was undertak-
en for amplification. The number of cycles (Ct value) experi-
enced by the fluorescence signals in each reaction tube when
it reached the set threshold was recorded. The difference in
gene expression was determined by the 24 method [14].

Statistical analysis

All analyses will be performed using SPSS software (version
26.0, Armonk, NY, USA), with a two-sided P value <0.05 con-
sidered significant. Continuous variables will be compared us-
ing the t test or Wilcoxon rank-sum test as appropriate. Since
the indicators we collect are all measurement data, the exper-
iment is randomly grouped. After testing, the normality test
was P>0.05 and the variance homogeneity test P>0.05, so the
independent sample t test was used.
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Table 1. Specific primer information. Primers were purchased from Invitrogen Biotechnology Co. Ltd. (SJ, CN) and tested by Beijing

Huaying Biotechnology Research Institute.

Fragment length Annealing

o : _7?
GeneBank Primer name Primer sequence (5’-3’) (bp) temperature (°C)
B-Actin 1F CCTCACTGTCCACCTTCCA 66.0
NM 0311443 120
B-Actin 1R GGGTGTAAAACGCAGCTCA 65.0
INS 1F TCTGTCAACTTTGCCGACT 64.3
D2 8 B I
INS 1R AACCGTGTCTTCGTCCAG 64.4
IL6 1F CTCACGCACCGATGTCT 64.2
XM 021075147.1 109
IL6 1R AGGCTGTGGGCTCAATC 64.3
ALB 1F GCTGCTGACTTTGTTGAGG 64
NNEEERIPI et IR
ALB 1R GTAATCGGGGTGCCTTCT 63.9
TNF 1F CAGCCAGGAGGGAGAAC 63.9
NRIEEEIRAEE) CEI
TNF 1R GTATGAGAGGGACGGAACC 63.9
VEGFA 1F CATCAAGCTCTCTCCTCCA 63.2
G B I
VEGFA 1R GGCCTCTTCTTCCACCA 63.5

Results

Collection of targets

The flow chart for our study is shown as Figure 1. Genecard
screening allowed us to identify 500 asthma targets and 500
ED targets. After intersection, 103 targets were identified that
related both asthma and ED (Figure 2).

Construction and topological analysis of the asthma-ED
network and the PPI network

The 103 overlapping targets for asthma and ED were analyzed
by the STRING database. Cytoscape software was used to con-
struct a PPl network for the 103 targets. The ‘cytohubba’ plug-
in was then used to analyze the PPI network and identified the
top 5 degrees as key targets: INS (ranked 1), IL6 (ranked 2),
ALB (ranked 3), TNF (ranked 4), and VEGFA (ranked 5) (Figure 3,
Table 2). Cytoscape software was then used to construct an
asthma-ED network (Figure 4).

GO biological process enrichment analysis

Enrichment analysis of the 103 targets using DAVID version 6.8
further indicated the involvement of 157 cell biological process-
es, 12 cell components, 20 molecular functions, and 52 signal-
ing pathways. The top 5 biological functions and signal path-
ways were then selected on the basis of P values (Figures 5, 6).

Verification of the asthma model

Rats in the asthma model group showed evidence of 6 different
types of symptoms. They exhibited anxiety, upright fur, short-
ness of breath, obvious abdominal breathing, nose scratch-
ing, and incontinence; none of the control rats exhibited any
symptoms. Twelve rats that had developed asthma were then
used to investigate the ability to achieve erection (Table 3).

Erection analysis

Rats in group A (controls) achieved a mean of 2+0.82 erec-
tions. In contrast, no erections were observed in group B.
Consequently, there was a statistically significant difference
between groups A and B with respect to the number of erec-
tions achieved during the experimental period (P<0.05, Table 4).

Structural analysis of the corpus cavernosum

HE staining showed evidence of spongy trabeculae and an even
distribution of blood sinus in the corpus cavernosum of rats in
group A, with some red blood cells evident in the sinus cavity.
The trabecular sinus contained a large amount of smooth muscle
and some small blood vessels; there was no proliferation of the
interstitial tissue. In contrast, the blood sinus distribution with-
in the corpus cavernosum of rats from group B was disordered
and there was a reduction in the density of endothelial cells and
smooth muscle cells. The number of collagen fibers of group B
was also increased compared with rats in group A (Figure 7).
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Figure 1. Study flow chart. On the basis of the DAVID database, we predicted the proteins and pathways associated with asthma
and erectile dysfunction (ED). We used real-time quantitative polymerase chain reaction and western blotting to measure
expression of insulin, albumin, vascular endothelial growth factor A, tumor necrosis factor, and interleukin 6 proteins and
messenger ribonucleic acid in rat penis cells of each group. The results of in vivo experiments were consistent with the
prediction results of bioinformatics analysis. Asthma can induce systemic inflammation and extensive vascular endothelial
damage, which then leads to ED.

Figure 2. Venn diagram: intersection of targets for asthma and
Asthma targets for erectile dysfunction (ED). On the basis

of DAVID database, we predicted the intersection

of targets for ED and targets for asthma. Individual
targets for ED are shown as a blue circle. Individual
targets for asthma are shown as a red circle. The
intersection of these targets is shown as a yellow
circle.

Expression of INS, ALB, TNF, IL6, and VEGFA proteins, as
determined by Western blotting

Compared with group A, the levels of IL6, TNF, and VEGFA pro-
teins were significantly increased in group B (P<0.05). There
were also significant differences in the levels of INS and ALB
protein when comparing the 2 groups (Figure 8).

Indexed in:  [Current Contents/Clinical Medicine] [SCI Expanded] [ISI Alerting System]
[ISI Journals Master List] [Index Medicus/MEDLINE] [EMBASE/Excerpta Medica]
[Chemical Abstracts/CAS]

This work is licensed under Creative Common Attribution- 927491-5
NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0) € 1




Wang J. et al.:
Biological network analysis of effect of asthma on erectile dysfunction
© Med Sci Monit, 2020; 26: €927491

ANIMAL STUDY

A B

KITLG GNRH1 NR3C1 = F2 FGFR1 ICAM1 CCL2 ZIC2 ' INS

GPR29 GHRL IL18 CD4 ALB ENSG PLAU POMC IL17A

IFNG CSF3 ADM GIG25 HLA IL1B NPPAADCYAP1HRH2
PDGFRA PF4 CRH AKR1B1 GLI2 IL16 COMT LIFR F3

CASP8 KNG1 TGFB1 NPS IL4 SST B7RP1 IL6 TIMP1
NOS2 CYP3A4ADRA1B VIP  KLK3 EDN1 MPO AGTR1 TACR1
HLA-DRB1FGF8 PDE4A NOS1 TLR9 MBP IGFBP3 BGLAP ACE

VCAM1 CRP NGF ADIPOQ BDNF CXCL8 SUFU GAL LEP

CFTR VEGFA IL2 SHH CD40LG TAC1 CALCA ARG1 PTCH1

SOD1 SELP SELE ADA CAT TNF SIX3 SOD2 NPY

ARG2 SFTPD OPRM1SLC6A4 BMP6

Figure 3. Protein—protein interaction (PPI) network. (A) PPI network built by Cytoscape v3.7.1. (B) PPI network processed by a
Cytoscape v3.7.1 plug-in called cytoHubba. The node color is proportional to the degree of PPI.

Table 2. Information relating to the 5 key target genes, as
determined by the cytohubba plug-in in Cytoscape

software.
Rank Gene name Score (degree)

1 IL6 79
""""""" > w75
I me
""""""" s w1
5 VEGFA &5

Expression of INS, ALB, TNF, IL6, and VEGFA messenger (m)
RNA, as determined by qPCR

Compared with group A, the levels of IL6, TNF, and VEGFA
mRNA were significantly increased in group B (P<0.05). There
were no significant differences in the levels of INS and ALB
mRNA when comparing the 2 groups (Figure 9).

Discussion

In this study, we combined data from bioinformatics analy-
sis and animal experiments to test a hypothesis and iden-
tify a specific mechanism for the association between asth-
ma and ED for future research. Our experimental results are

consistent with our original hypothesis, although the specific
mechanism underlying the relationship between asthma and
ED remains unclear. To the best of our knowledge, this is the
first study to demonstrate a link between asthma and ED us-
ing an experimental rat model.

Increased levels of the TNF cytokine over an extended period
of time in the plasma of asthmatic rats could act as a ubig-
uitous inflammatory factor. The role of TNF has already been
demonstrated in a range of pathophysiological mechanisms
associated with asthma, including inflammation and respon-
siveness of the airways [15]. Previous studies have found that
the expression levels of TNF in the peripheral blood of patients
with asthma are higher than those without asthma and that
the expression levels of TNF are positively correlated with the
severity of asthma. TNF is also known to directly inhibit the
expression of endogenous nitric oxide synthase (eNOS) mRNA
and thereby reduce the activity of the eNOS protein [16]. TNF
can also inhibit the activity of eNOS by blocking the degrada-
tion of asymmetric dimethylarginine, thus reducing the pro-
duction of NO [17]. Researchers have also found that TNF-o
knockout rats show increased expression levels of neuronal
NOS (nNOS) in cavernous tissues, thus indicating that TNF-o
suppresses the expression of nNOS in cavernous tissues; this
mechanism will reduce the level of NO, the main messenger
induced by penile erection, thus resulting in ED. The expres-
sion and activity of eNOS and nNOS both play an essential
role in regulating penile erection [18].
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Heparin binding

Neuropeptide hormone activity

In addition, IL6 is a versatile cytokine that participates in im-
mune responses and inflammatory processes and is known to
promote the proliferation and differentiation of various cells;
it can also induce T cells to express IL2 receptors. Both im-
mune and inflammatory responses will also have an influence
on erectile function [19]. Under pathological conditions, high

This work is licensed under Creative Common Attribution-
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expression of VEGF binds to its receptors, which can cause
structural changes in the extravascular matrix and interstitial
edema, induce airway remodeling, and aggravate the symp-
toms of asthma [20]. At the same time, VEGFA overexpression
can increase vascular permeability, aggravate the inflammato-
ry response, and further aggravate the occurrence of ED [21].
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Table 3. Observation index. + Denotes the degree: the more +, the greater the degree.

Number Anxiety Upright fur

Obvious
Shortness of A Nose .
abdominal 3 Incontinence
breath . scratching
breathing

Table 4. Number of erections (x+s, n=6) of rats in each group.
Number of erections in 30 min was observed by
injecting apomorphine (APO) into the neck at a dose
of 100 pg/kg. Group B was compared with group A,

* P<0.05.
Group Number of erections
A 2+0.82
B 0*

Of interest, the levels of INS and ALB proteins obtained from our
experiments are not consistent with our predictions. Western
blot showed that there were no significant differences in the
expression of INS and ALB protein levels when groups A and
B were compared. However, previous research has shown that
INS is related to lung function and bronchial hyperresponsive-
ness and can regulate endocrine function by lowering blood
sugar, thus improving ED [22]. ALB is also regarded as a diag-
nostic indicator for the damage to glomerular and renal tubu-
lar function caused by asthma attacks [23]. Therefore, we be-
lieve that the observed inconsistencies with regard to INS and
ALB may be related to different modeling methods.
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In summary, we found that asthma can cause ED in rats via a
mechanism that involves TNF, IL6, and VEGFA proteins. Only
a small number of reports has been published that relate to
the mechanisms underlying the association between asth-
ma and ED. Furthermore, it is evident from the literature that
treatment options for patients with this condition are not suf-
ficient. Our current research combined bioinformatics and ex-
perimental research in an innovative manner such that we
could provide an initial explanation of the mechanisms un-
derlying ED in asthmatics. Our findings will be useful in de-
veloping new treatments.

Our work had some limitations that need to be considered. For
example, our predictions did not include indicators related to
sex hormones; thus, we did not assay for these hormones in
our animal experiments. We believe that the hypoxic mecha-
nisms associated with asthma can also lead to endocrine dys-
function. Our work is therefore limited because hormone lev-
els are closely related to erectile function. Further research
should now be carried out and include the detection of hor-
mone levels. Such experiments will provide more rigorous
guidance for the clinical treatment of ED caused by asthma.
In addition, the sample size of our experiment is small, and
the results are only preliminary and should be used with cau-
tion. We will further verify the relationship between asthma
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Figure 7. Analyses of penis tissue in rats using hematoxylin and eosin (HE) staining. The penis tissue of rats was stained with HE to

observe pathologic changes in the penis under electron microscopy (n=6 animals per group). In group A: (i) the blood sinuses
are abundant and neatly arranged (arrows ® @); (ii) tissue gap is small (arrows @); (iii) nucleus is abundant (arrows ®).

In group B: (i) the blood sinuses are significantly reduced (arrows ®); (ii) smooth muscle fibers are disorderly arranged and
tissue gaps increase (arrows ®); (iii) the nucleus is reduced (arrows @).

This work is licensed under Creative Common Attribution- Indexed in:  [Current Contents/Clinical Medicine] [SCI Expanded] [ISI Alerting System]
NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0) e927491-9 ] Jou'rnals Master List] [Index Medicus/MEDLINE] [EMBASE/Excerpta Medica]
[Chemical Abstracts/CAS]




Wang J. et al.:

AN I MAL STU DY Biological network analysis of effect of asthma on erectile dysfunction

© Med Sci Monit, 2020; 26: €927491

B-actin l

A8 | | 69k

" o
ALB INS IL6 TNF VEGFA

Western blotting

Figure 8. Expression of insulin (INS), albumin (ALB), tumor necrosis factor (TNF), interleukin 6 (IL6), and vascular endothelial growth
factor A (VEGFA) in rat penis. (A) The red bar chart represents expression of INS, ALB, TNF, IL6, and VEGFA in group A; the
blue bar chart represents expression of these substances in group B. Values are mean+SEM (n=6 animals per group). The t
test was used. Group B was compared with group A, * P<0.05. (B) Western blotting showing expression of INS, ALB, TNF, IL6,
and VEGFA proteins. B-Actin is a loading control.

and erection by expanding the sample size. We suggest that

‘1 ma it can be improved in terms of sample size and the detection
msB i} of various hormones.
3_
*
_ Conclusions
% 21
& * Asthma causes the body to be in a state of prolonged chron-
ic inflammation by causing the increase of IL6 and TNF. In the
14 case of systemic inflammation, inflammatory factors can dam-
age the human vascular endothelial cells and reduce the level
of VEGFA and other proteins. Therefore, the decline of erectile
0- function in asthmatic rats may be caused by damage to cor-
ALB INS IL6 TNF VEGFA .
pus cavernosum vascular endothelial cells and the decrease
of VEGFA expression or activity in plasma with high concen-
Figure 9. Expression of the messenger ribonucleic acid (mRNA) trations of IL6 and TNF.
of insulin (INS), albumin (ALB), tumor necrosis factor
(TNF), interleukin 6 (IL6), and vascular endothelial Conflict of interest

growth factor A (VEGFA) in rat penis. The red bar
chart represents expression of the mRNA of INS,

ALB, TNF, IL6, and VEGFA in group A; the blue bar
chart represents expression of the mRNA of these
substances in group B. Values are mean+SEM (n=6
animals per group). The t test was used. Group B was
compared with group A, * P<0.05.
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