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1. Introduction

Non-gonococcal urethritis (NGU) is a disease of 
the genitourinary tract caused by pathogens other 
than Neisseria gonorrhoeae (NG), mainly Ureaplasma 
urealyticum (UU), Chlamydia trachomatis (CT), 
Mycoplasma genitalium (MG) and other pathogenic 
microorganisms [1]. In recent years, the incidence 
of NGU has been increasing, seriously affecting the 
quality of life of patients. Typical clinical manifestations 
include urethral discharge, dyspareunia, urethral 
stinging and pruritus, but some patients with NGU may 
have no obvious conscious symptoms [2]. The mild or 
asymptomatic NGU patients are easily ignored and the 
disease is more likely to spread, so more attention should 
be paid to the management of the disease process. The 
treatment of this disease in modern medicine is based on 
antibiotics, with different antibiotics selected according 
to the pathogen and complemented by symptomatic 
treatment such as diuresis and analgesia. However, 
due to the serious clinical abuse of antibiotics, the 
phenomenon of drug resistance and cross-resistance 
of pathogens is very serious, which makes treatment 
difficult [3]. The basic pathogenesis of non-gonococcal 
urethritis is the accumulation of damp-heat in the 
lower jiao and the unfavorable qi-transformation of 
the kidney and bladder. The treatment is to clear heat 
and detoxify, nourish yin and tonify the kidney, and 
resolve turbidity and dampness [4]. Liuwei Dihuang 
decoction is a compound herbal medicine made from 

six herbs, namely, Rehmannia glutinosa, Chinese yam, 
Cornus officinalis, Poria cocos, Zedanpi and Moutan 
cortex, which is a classic formula for nourishing kidney 
yin deficiency and has different degrees of therapeutic 
effects on various diseases [5,6].

Dendrobium officinale Kimura et Migo is a perennial 
epiphytic herb, whose main medicinal part is the 
stem. According to the records of “Shennong’s Herbal 
Classic” and “Compendium of Herbology”, D. officinale 
is mainly used as traditional medicine in China with 
the effect of “removing paralysis and lowering qi, and 
tonify five viscera, relieve fatigue” And modern research 
has found that D. officinale has pharmacological effects 
such as enhancing immunity, anti-fatigue, antioxidant, 
hypoglycemia and hypotension [7-10]. In this study, 
we observed the effect of D. officinale combined 
with Liuwei Dihuang decoction in the treatment of 
NGU, using Liuwei Dihuang decoction as a control, 
and explored its target of action through network 
pharmacology.

2. Materials and Methods

2.1 General data 
100 Male NGU patients admitted to the hospital of 

Guangzhou Institute of Dermatology from May 2019 
to May 2021 were selected and divided into two groups 
according to the treatment method, with 50 cases in each 
group. Inclusion criteria: (1) the patients met the criteria 
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in the Practical Manual of Specialties for Male Diseases, 
and the diagnosis was confirmed by clinical symptoms, 
laboratory tests and medical history; (2) the patients 
met the criteria in the Guidelines for Clinical Research 
on New Chinese Medicines; (3) the patients were aged 
≥18 years and ≤65 years; (4) the patients were recurrent 
male patients; (5) the patients were not treated with 
antibiotics within two weeks; (6) the clinical data were 
complete. The exclusion criteria: (1) those with signs 
and symptoms of urethral discomfort due to other 
reasons; (2) those with malignant tumors; (3) those with 
allergies; (4) those with serious diseases of the heart, 
liver, kidney and other important organs; (5) those with 
other urological diseases. In the control group, the age 
ranged from 22 to 65 years old, with an average of 
35. 36 ± 12. 78 years old; the disease duration ranged 
from 1 month to 24 months, with an average of 11. 63 
± 3. 74 months; among them, 18 cases had Chlamydia 
trachomatis infection, 21 cases had Mycoplasma 
genitalium infection, and 11 cases had Mycoplasma 
urealyticum infection. In the observation group, the age 
ranged from 22 to 65 years, with a mean of 36. 98 ± 14. 
52 years; the disease duration ranged from 1 month to 
24 months, with a mean of 11. 46 ± 3. 83 months; there 
were 22 cases of Chlamydia trachomatis infection, 19 
cases of Mycoplasma genitalium infection, and 9 cases 
of Mycoplasma urealyticum infection. 

2.2 Treatment 
Treatment group: Dendrobium officinale powder 

3g, Rehmannia glutinosa 30g, Cornus officinalis 12g, 
Chinese yam 15g, Rhizoma Alismatis 12g, Moutan 
cortex 12g, Poria cocos 12g, Rhizoma Chuanxiang 15g. 
1 dose per day, add 1000ml of water, boil 300ml, take 
200ml orally twice a day.

In the control group, 30g of Rehmannia glutinosa, 
12g of Cornus officinalis, 15g of Chinese yam, 12g of 
Zedoary, 12g of Dandruff, 12g of Poria cocos, 15g of 
Chuanxiang Dioscorea, the dosage is the same as that of 
the treatment group.

Both groups took 14 days as a course of treatment. 
After a course of treatment, the drug was discontinued 
for 5 days and the symptoms and signs disappeared, i.e. 
laboratory tests were negative for mycoplasma and chla-
mydia.

2.3 Chlamydia or mycoplasma test
Before specimen collection, patients should stop us-

ing systemic and local antibiotics for more than 1 week. 
Male patients should not urinate for more than 2 hours. 
Use disposable sterile cotton swab to take secretions 
from 2~4 cm of the anterior urethra. Squeeze and rotate 
the test piece on the bottle wall near the liquid surface 
for several times to make the sample in the test piece 

penetrate into the culture solution. Take 50 μ L Add 1~2 
drops of sterile liquid paraffin to each hole of the reac-
tion plate (except the control hole), cover the reaction 
plate, incubate in a 37 ℃ constant temperature incubator 
for 24~48h, observe each time, and make records. Use 
the drug sensitivity test kit produced by Zhuhai Lizhu 
Reagent Co., Ltd. to test, and judge the results in strict 
accordance with the instructions.

2.4 Efficacy criteria 
Apparent effect: clinical symptoms disappeared, chla-

mydia or mycoplasma 2 times negative; effective: symp-
toms disappeared, chlamydia or mycoplasma 1 time 
positive, 1 time negative; improved: symptoms reduced, 
chlamydia or mycoplasma 2 times positive; invalid: no 
improvement or aggravation of symptoms, no change of 
chlamydia or mycoplasma. Total effective rate = appar-
ent rate + effective rate.

2.5 Compound information collection
Using “Dendrobium officinale” and “Dendrobium 

officinale Kimura et Migo” as keywords, the compounds 
of Dendrobium officinale were obtained from the liter-
ature by using the scifinder database. Discover Client 
software was used to map the 3D chemical structures of 
the compounds and obtain the SMILES molecular de-
scriptor information of the compounds.

2.6 Prediction of disease targets for compound 
action

The docking simulation tool SwissTargetPrediction 
(swisstargetprediction.ch) (probability > 0) and SEA 
(sea.bkslab.org) (P < 0.05) were used to predict the 
targets of the chemical components of D. officinale, 
respectively, and the set of targets of compound action 
was obtained. Subsequently, we searched the OMIM, 
DisGenet, and genecards databases for protein-coding 
genes related to NGU urethritis using the keyword “ure-
thritis” to obtain the set of disease-related proteins. By 
taking the intersection of the two collections, the po-
tential targets of D. officinale for the treatment of NGU 
were discovered.

2.7 KEGG enrichment
KEGG pathway enrichment was performed using 

webgestabltR for the potential targets of D. officinale for 
the treatment of NGU, and the enrichment conditions 
were set as follows: gene number N≤5, FDR ＜ 0.01. 
The key pathways were screened by WSC (weighted set 
cover) method.

2.8 Compound-target-pathway network analysis
Based on the association of “compound-target” and 

“target-pathway”, a compound-target-pathway network 
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was constructed. The nodes in the network represent compounds, targets and pathways, and the links between the 
nodes correspond to “compound-target” and “target-pathway” respectively. The “compound-target-pathway” net-
work was visualized and analyzed by cytoscape v3.9.2, and the incoming node degree and outgoing node degree 

Figure 1. Potential mechanism of action of D. officinale in the treatment of NGU
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of different types of nodes were calculated by network 
analyzer plug-in. The outgoing node degree of a com-
pound node represents the number of adjacent targets, 
the incoming node degree of a target node represents the 
number of adjacent compounds, and the incoming node 

degree of a pathway represents the number of related 
targets.

2.9 Statistical analysis 
Data were expressed as mean ± SEM and compared 

between two groups using an independent samples 
t-test with SPSS Statistics 18.0 (IBM, Chicago, USA) 
and a one-way ANOVA comparing differences between 
multiple groups, p < 0.05 was considered statistically 
significant.

3. Results

3.1 Treatment results 
In the treatment group, 33 cases were significant 

effect, 9 cases were effective, 6 cases were improved, 2 
cases were ineffective, and the total effective rate was 
84%. In the control group, there were 16 cases with 
significant effect, 13 cases with effective effect, 15 cases 
with improvement, and 6 cases with ineffective effect, 
with a total effective rate of 58% (Table 1). By t-test 
analysis, the difference was significant (P<0.05), and the 
treatment group was better than the control group.

3.2 Screening of potential action targets of D. 
officinale for the treatment of NGU

A total of 314 compounds of D. officinale were 
collected from the database, mainly flavonoids, 
terpenoids and lignans. By potential action target 
prediction, 314 compounds could act on 1446 targets. 
On the other hand, 1626 protein-coding genes associated 
with NGU were obtained from the database. Through 
target intersection, a total of 240 proteins related to 
D. officinale that could potentially act on NGU were 
obtained and corresponded to 135 compounds.

3.3 Analysis of KEGG pathway of action targets
WebgestabltR was used to enrich the KEGG pathway 

of the potential action targets of D. officinale. The 
analysis revealed that a total of 238 potential action 
targets were biologically active (Figure 1A). Further 
KEGG pathway enrichment results showed that 

Dendrobium compounds could potentially regulate 
123 targets. The WGC was used to screen 11 important 
pathways, among which the MAPK pathway was 
associated with inflammation.

(A) Bioactivity analysis of potential targets of D. 

officinale compounds for the treatment of NGU; (B) 
KEGG pathway enrichment analysis of potential targets; 
(C) “Compound-target-pathway” network: yellow 
triangular nodes represent D. officinale compounds, 
orange circular nodes represent potential targets, and red 
square nodes represent pathways. The light green line 
represents the potential action of “compound-target”, 
and the dark green line represents the association of 
“target-pathway”.

3.4 Compound-target-pathway network analysis
The compound-target-pathway network was 

constructed based on the associat ion between 
compounds, targets and MAPK pathways, and important 
compounds and targets were screened. Among them, 
there were 95 compounds and 31 targets. The important 
compounds and targets were screened according to the 
node degree of compound exit and node degree of target 
entry, as shown in Table 2.

4. Discussion

Non-gonococcal urethritis (NGU) is caused by 
Chlamydia or Mycoplasma infection, and it mostly 
manifests clinically as Yin deficiency and Damp-Heat 
coexistence. In the control group, Liuwei Di huang 
formula was added and subtracted, taking its three 
clearing and three tonic functions, and supplemented 
with Dioscorea alba to clear the turbidity, but the 
efficiency was low. In the group with D. officinale, 
its power of nourishing Yin and clearing heat was 
taken into account to improve immunity. D. officinale 
polysaccharide components have the effect of enhancing 
the immunity of the body, increasing the cellular 
immune function and humoral immune function, 
enhancing the function of mononuclear macrophages, 
and destroying the proliferation of Chlamydia in 
mononuclear macrophages [11,12]. Therefore, the 
application of D. officinale can improve the efficacy of 
dermatological venereal diseases caused by low immune 
function in clinical practice [13].

Table 1. The results of comparison of efficacy between the two groups
Batch Samples significant effect effective improvement ineffective
Treatment group 50 33 9 6 2
Control group 50 16 13 15 6
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In the present study, we investigated the changes of 

urethral burning itch, urinary urgency, urinary frequency 
and painful urination scores in the two groups before 
and after treatment and the recurrence within 6 months 
after treatment, and found that Liuwei Dihuang formula 
combined with D. officinale could better improve 
symptoms and reduce recurrence in the treatment of male 
non-gonococcal urethritis, with better near- and long-
term efficacy and no increased risk of adverse reactions 

and good safety. This is due to the polysaccharide 
content of D. officinale can enhance immune function 
and inhibit the reabsorption of water and electrolytes 
by the renal tubules to produce diuretic effects. Poria 
officinale can antagonize the activity of aldosterone and 
produce diuretic effect, Poria cocos polysaccharides 
can improve the body’s immune function, enhance 
their ability to resist disease. The triterpenoids and 
alkaloids contained in Zedoary have an inhibitory 
effect on Staphylococcus aureus, S. pneumoniae and 
Mycobacterium tuberculosis. The aqueous extract of 
Cornus officinalis, chlorogenic acid, and isochlorogenic 
acid have a broad in vitro antibacterial spectrum, 

inhibiting or killing Gram-positive bacteria, negative 
bacteria, and viruses. In this study, we compared the 
effects and mechanisms of Liuwei Dihuang formula 
combined with D. officinale in the treatment of male 
non-gonococcal urethritis and found that they could 
inhibit the expression of inflammatory factors and exert 
anti-inflammatory effects. This is because the diuretic 
drug in Liuwei Dihuang formula promotes urination, so 
that pathogens, endotoxins, and inflammatory exudates 

are resolved by urination, which reduces the damage to 
the urethral mucosa. D. officinale, a herbal medicine that 
clears heat and detoxifies the body, has antibacterial, 
antiviral, anti-mycoplasma, chlamydia and trichomonas 
pharmacological effects, and exerts synergistic anti-
infective effects with Liuwei Dihuang formula.

The regulation and control of inflammation is 
mediated by inflammatory mediators, which can play 
a role through a variety of cellular signaling pathways, 
such as: Serine/threonine-protein kinase B-raf (BRAF), 
mitogen activated protein kinase (MAPK), nuclear 
factor ΚB (NFκB). P38 mitogen activated protein 
kinase (P38/MAPK) is an important member of the 

Table 2 Important targets and compounds of D. officinale in the treatment of NGU

Target Target name Compound 
volume

Compound Compound name Target volume

BRAF Serine/threonine-protein kinase 
B-raf 34 DOC_085 Esculin methyl ether 10

NFKB1 Nuclear factor NF-kappa-B 
p105 subunit 33 DOC_039 Dendrocandin G 10

IGF1R Insulin-like growth factor 1 
receptor 32 DOC_096 Kaempferol 3-O-glu-

coside
8

FOS Protein c-Fos 32 DOC_091 1-O-p-Coumaroyl-
glucose

8

RAF1 RAF proto-oncogene serine/
threonine-protein kinase 25 DOC_075 Koaburside 8

EGFR Epidermal growth factor recep-
tor 25 DOC_070 Di-O-methylcrenatin 8

FGFR1 Fibroblast growth factor recep-
tor 1 23 DOC_032 Dendrocandin J 8

FLT3

Fetal liver kinase-2

19

DOC_034 2,3-Dimethoxy-
benzoic acid 
4-O-β-D-apiofurano-
syl (1→2)-β-D-glu-
copyranoside

7

FGF2 Fibroblast growth factor 2 17 DOC_029 Dendrocandin N 7
HRAS GTPase HRas 14

MAP2K1 Dual specificity mitogen-acti-
vated protein kinase kinase 1 14

KIT Mast/stem cell growth factor 
receptor Kit 14
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MAPK family. Phosphorylation of P38/MAPK protein 
(pP38 protein) can initiate the inflammatory cascade 
through the MAPK pathway, phosphorylate downstream 
protein kinases and transcription factors, and up 
regulate the expression of inflammatory mediators 
such as monocyte chemotherapeutic protein1 (MCP-
1), TNF-α. BRAF gene mutation drives the excessive 
proliferation of microglia by activating ERK, changes 
the gene expression of microglia, and produces various 
inflammatory factors. D. officinale may play its anti-
NGU role by inhibiting BRAF gene or affecting the 
ATP binding site of pP38 protein, making it unable to 
bind with ATP, thus losing the kinase activity, blocking 
the inflammatory cascade reaction, and inhibiting the 
production of downstream inflammatory factors.

5. Conclusion 

In conclusion, the combination of Liuwei Dihuang 
formula and D. officinale in the treatment of non-
gonococcal urethritis can reduce the inflammatory 
response, improve the symptoms, enhance the efficacy 
and reduce recurrence.
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